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Addendum for Revision 1.0

1

Addendum for Revision 1.0

Table 1. MCF51QW256RM Rev 1.0 addendum

Location

Description

Table 36-137,
“Wait and guard time
calculations”/Page 850

Updated C7816[TTYPE] = 0 value of Wait time parameter and C7816[TTYPE] = 1 value of
Character wait time and Block wait time the following table.

Parameter  RESEt value C7816[TTYPE] =0 C7816[TTYPE] =1
[ETU] [ETU] [ETU]

Wait Time 9600  |((WI+1)x960x (GTFD +1))-1 Not used

Character Not used Not used 11 4 2(CWI-1)

wait time

Block wait time | Not used Not used 10 + 2B x 960 x (GTFD + 1)

Figure 21-1,
“Multipurpose Clock
Generator (MCG) block
diagram”/ Page 366

Added the following Note below Multipurpose Clock Generator (MCG) block diagram:
Note: MCGPLLCLK is gated by LOCK signal

2

Revision history

Table 2 provides a revision history for this addendum.

Table 2. Revision history table

Revision

Substantive changes

Date of release

1.0

* Initial release. Updated the “Wait and guard time calculations” table in chapter 36, “Serial
Communication Interface (SCI) / Universal Asynchronous Receiver/Transmitter (UART).”
* Added Note below “Multipurpose Clock Generator (MCG) block diagram.”

07/2013

MCF51QW256 Reference Manual Addendum, Rev.1

Freescale Semiconductor



h

How to Reach Us:

Home Page:
freescale.com

Web Support:
freescale.com/support

Information in this document is provided solely to enable system and software
implementers to use Freescale products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits based on the

information in this document.

Freescale reserves the right to make changes without further notice to any products
herein. Freescale makes no warranty, representation, or guarantee regarding the
suitability of its products for any particular purpose, nor does Freescale assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
damages. “Typical’ parameters that may be provided in Freescale data sheets and/or
specifications can and do vary in different applications, and actual performance may
vary over time. All operating parameters, including “typicals,” must be validated for each
customer application by customer’s technical experts. Freescale does not convey any
license under its patent rights nor the rights of others. Freescale sells products pursuant
to standard terms and conditions of sale, which can be found at the following address:

freescale.com/salestermsandconditions.

Freescale, the Freescale logo, AltiVec, C-5, CodeTest, CodeWarrior, ColdFire, C-Ware,
Energy Efficient Solutions logo, Kinetis, mobileGT, PowerQUICC, Processor Expert,
QorlQ, Qorivva, StarCore, Symphony, and VortiQa are trademarks of Freescale
Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, ColdFire+,
CoreNet, Flexis, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC
Engine, Ready Play, SafeAssure, SMARTMOS, TurboLink, Vybrid, and Xtrinsic are
trademarks of Freescale Semiconductor, Inc. All other product or service names are
the property of their respective owners.

© 2013 Freescale Semiconductor, Inc.

Document Number: MCF51QW256RMAD
Rev.1
07/2013

L £

Z “freescale"

semiconductor


http://www.freescale.com/salestermsandconditions

g |

MCF51QW256 Reference Manual

Document Number: MCF51QW256RM
Rev. 1, 01/2013

<&,

Z“ freescale



MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Contents
Section number Title Page
Chapter 1
Preface
Lol OVEIVIBW .ttt ettt ettt ettt ettt ettt e b bt e a e a e bt bt eh bt sa e b s a e b e 47
1.1.1 PUIPOSE. ..ttt ettt et e bt e e a bt e bt e e bt e at e e bt e e bt e b bt et et e e baeebeenaee s 47
| R N 14 1 31 Lo SO O SRRSO 47
1.2 COMVENLIONS. ...ttt ettt ettt st b e ettt et e a ettt et et sb et e b sa e bt e bt eaeeb e e bt e bt e st et esn et e s esaesae e e b e 47
1.2.1 INUINDETING SYSTEIMS. ..eutteeutteiieette et ettt et te sttt e bt e et e e sttt e sbtesatee sttt eateesabeesabesabeesabeeseesabeesnseebeesabeesnteenbeesnseenseean 47
1.2.2 TYPOZIaPRIC NOTALION. ...c..eitietieuiietiettete ettt ettt et e et et ee et e bt enbeese e b e et e emtees e e beenbeemeeabeenseenbesmeesbeenseensesneas 48
1.2.3  SPECIAL TEIMNIS. .ttt ettt ettt ettt ettt s b et e a e sb e bt et s bt e bt e st sbeenbeeatesbeenbe et s bt e bt entenaees 48
L.204  REZISIET TESEL. ..t etieeiiieiieetteeite ettt et e ettt et e et e sttt et e sab e e s st e eabeesab e e bt e sa bt e eabeeabeesabeeesbeeabeesabeenbeesabeennseenbaesnseenseean 49
Chapter 2
Introduction
2.1 MCEF5TQW256 INTOQUCION. ....cettiieeiiieeiiieesiteeeiteeeetieeesibeeesbeeeessaeesaseesassasessssaeasssessssesesssseessssesesssesesssseessssesassseeennns 51
2.2 MCF51QW256 FEattre SUMIMATY.......cectteuieitieteetieteeiteetteteettesteenteeteeteeseesteentesseenteeneeaseenteeneenseanseeseeseeneenseensesneenaeenes 52
2.3 MOCESTQW256 FEALUIE SEL......ccuviiieiiiiieeiiie et e ettt e ettt e eeta e e e ettt e e e ateeeeetaaeeesareeeasasseeeassseeeassseeaassseeaesssesesssseeesnsseeannes 55
2.4 Part Numbers and PaCKa@INg........c.cueoiiiiiiiiiieiit ettt ettt ettt st et e e bt e et e hb e e bt e et e st e e naeeeanes 57
2.4.1 FOTIMAL. ...ttt et b e e bt et esb e sbt e e bt e s bt e e st e e sbteebeesabeesateebee s 57
24.1.1 FIELAS. ..ttt ettt ettt ettt 57
242 Orderable Part NUMDETS..........ccccoiiiiiiiiiiiiiiic e 58
Chapter 3
Chip Configuration
3.1 INEFOQUCTION. ...ttt a e a e 59
3.2 0T IMOAUILS. ...ttt ettt et e a ettt et e et e st et e et e e bt et e e et e ebeeme e e et ea et eh e e bt e et e bt ea b e eb e en b e en s e bt enteeneenteeneenaeenee 59
3.2.1 Version 1 (V1) ColdFire Core ConfigUuration..............couereerierierienieenenienteneeteeitesieente et eieesteesesinesieenieens 59
3.2.2  Debug CONTIGUIATION. . c.utitieiiiietieeite ettt ettt ettt et e sttt et e e sbee s bt e satesateesbbeesbeenbeesabeestesabeenseesaseeseesaseennes 60
3.3 SYSLEIMN IMOAULLS. ...ttt et ettt ettt et e a et e et e e bt e et saeeebeemeeeeeemeees e e beem e e bt eabeebeen b e en b e bt enbeeheenteeneenaeenee 61
331 Crossbar SWItCh CONTIGUIATION. «...c..eitiiiitietieitete ettt ettt sb ettt et ebte bt et eanesbeens 61
3.3.1.1 Crossbar Switch Master ASSIZNMENTS. .....cc.uiitierieritierieeieenieeitesite et e steebeesbeesieesireenseesareenes 62

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 3



h o
g |

Section number Title Page
3.3.1.2 Crossbar Switch SIave ASSIZNMENLES. ....c...eiiuiiiiiiiiieiieeiee ettt st e st esaee e 62
3.3.2  Peripheral Bridge ConfigUration..........c..cecuietiruieriieiintieieeiiesteet ettt et teeste e e esee bt e teeteesbeenbeeseesbeenseeseenseans 62
33.2.1 Peripheral Bridge INterfaces.........cooeiiiriiiiiiiiiiieeeecetee st 63
3.3.2.2 Memory Map and Module RegIStEr ACCESS....cc.utrtiiriiiniiiiiieniteriie ettt ettt s 63
3.3.3  DMA Controller CONTIGUIATION. ... eeiuterttetieiieetieetiesteete et et etesetesteeste e bt eseeeateestesseesseeseeseebesneesseesneenseanseans 63
3.3.3.1 DIMA REQUESE SOUICES. c..ceuveeutiiientieitentieiteitenttet et ete et ste et este s bt et ebeenteestesbeeteeueenaeentesbeenaeenee 64
3.3.4  Interrupt Controller (INTC) CONfiUIAtION. .....ccouiiiiiiiieiieeite ettt sttt ettt e st e sbaesbee e 64
334.1 INterrupt Priority IEVEIS. ... .co.eiiuieiieie ettt 65
3342 Interrupt Channel ASSIZNIMENTS. ......c..eiitirtirtiiieriieteeieie ettt ettt ettt et e e ebee e eae 65
3.35 Low-Leakage Wakeup Unit (LLWU) Configuration...........c.covieerieiiniieniiieeieesiiee ettt 68
3351 LLWU WaKEUDP SOUICES....c.eerviririieiieiieiieiietetente sttt sttt ettt ettt sa st et sttt et aeaenaenes 69
3352 LLWU FEZISTET TESCL...euveeutiutentiriieieeitenteeiteste ettt et ete et ebtesaeeatesaeestesbeesaesbeesbesbeenbesbsenteeseenaeenee 69
3.3.6  Computer Operating Properly (COP) Watchdog Configuration.............cocceevveriernieniieeneeniienieesie e 70
3.3.6.1 COP CLOCKS. ..ttt et ettt h e bt et b et e e bt et e e st et e emte e bt eneeeneenteeneenaeenes 70
3.3.6.2 COP WaACHAOZ. ...ttt ettt ettt sbe b e 70
337 PMC CONTIGUIATION. .c.utiiiitiiiieitie ittt ettt et sttt bt e et e e bt e e bt e s at e e bt e eabeesbteeabeessbeenbeesabeesbseeseesabeenssesnseenas 72
33.7.1 |\ (O (e d R ) (T AP SPRRRT PR 72
3.3.8  System Mode Controller (SMC) CONfIGUIAtION. ...c..ccuertiriiriieiintieierieete ettt ettt 73
3.3.8.1 SIMC TEEISTET TESEL..ueerutieireeiiieriteesiteetee sttt et e st esate et e e sabeesbeesabeesabeeabeesabeesatesabeesasesnbeesnbeenaeesanes 73
3.3.9  System Integration Module (SIM) Configuration...........c.ceceeireriririneninieeneeieeesie e 74
3.3.9.1 SIIM TEZISET TESEL...c.eeutieiteiiieitete ettt ettt ettt ettt sttt et st a et satesbe et eatesate bt e et ebeesbeenaeeaee 74
3.4 CIOCK MIOGUIES........oiiiiiiiiiiiiicicee et st sa b e b s sa e b s s eb e 74
3.4.1  Multipurpose Clock Generator (MCG) COnfiguration.............cueecueeueeierienieseesieesiiesiiesiee e seeeseeeseeeneeeeens 74
34.1.1 MCG oscillator-frequency trim settings: factory and CuStOmL...........coceevvereereriencenenneeneennennn 75
342 OSC CONTIGUIAION. ..eeutteeititiiieetteette et te st et e st e ettt e st e sttt e s bt e ettt e baeebtesbaeeabeesabeeeaseesabeeeaseesabeesaseesnbeennneenns 76
3421 Real Time ClOCK OVEIVIBW. ......eeuiiriiiieitieieittete et teie et te et ete st ettt te st eae bt ebe st ebeeseenseeneenaeenes 77
3.5  Memories and Memory INTEITACES. .....c..coouiiiiriiiiiiiiiiieee ettt ettt sttt et 77
3.5.1 RAM CONTIGUIATION. ...ttt ettt ettt ettt et e st e et e sa bt e bt e e bt e s bt e sabeesabe e seesabeesnbeesabeesaneenseean 77
35.1.1 RAM OVEIVIEW. ..ttt ettt ettt ettt ettt et e e e ae et e e st e e st e et eseeeseenteeseenbeeneesaeenteeneenaeenes 78

MCF51QW256 Reference Manual, Rev. 1, 01/2013

4 Freescale Semiconductor, Inc.




b -

g |

Section number Title Page
3512 RAM SIZES ..ottt 78
3513 RAM Retention in LOW POWer MOdES. ........coouieiiiiiiieiieiieiieeceeecee et 78
35.14 RAM GCCESSES. ..c.veviiiiiiieiieiieitet ettt sttt sttt sttt ettt ettt sae e 79
3.5.2  Flash Memory Controller COnfigUIAtION. ... ...cecuiiiriieriieiiieeiie ettt et ettt et e e sabeesaeee e 79
3.5.3  Flash Memory COnfIGUIALION. .......cceriruiriiririietinttettetese sttt sttt sttt sttt se ettt ae et sae st b b e nes 79
3531 FIaSh MEMOTY TYPES....ccutteutiritiiteteeie ettt ettt sttt ettt ettt 80
3532 FIaSh IMEIMOTY SIZES...uutiiutiiiiiieiieeiteeite ettt ettt ettt e bb e et esat e e bt e st e s abeenbeesabeenaneeanes 80
3533 FIasSh MEMOTY IMAP. ....ccueiiiieiieie ettt ettt ettt ettt et st b et e e e eneeseeenaeenes 81
3534 FIASH SECUIILY .....eenteiniiiiteieeitete ettt ettt sae et b e 82
3535 FLasSh MOGES........oiiiiiiiiiiiiiiic e s 82
3.5.3.6 Erase All F1ash CONEENES. .....c..couiiiuieiiiiieiieieete ettt ettt ettt ettt ettt et esee et seeenaeenee 82
354  System Register File CONfIgUIAtION. ....c..eoouiiiiriiiiiriiiieieeiee ettt ettt ettt e sinenaeeas 82
3.54.1 REIStEr file AELALIS. ..c..veeiiiiiieiiecet ettt ettt ettt ettt et e s e 83
3.5.5  EZPOIt CONFIGUIATION. c...ettitiiieiiie ittt ettt ettt ettt et et e es e et e e s bt et e eateeseesaeesaeeneeentesseesbeenseenteeneenseanseans 83
3.5.5.1 EZPort and BDM......c..cciiiiiiiiiiiiiiiicice e 84
3552 Flash Option Register (FOPT)......cc.uoiiiiiiiiiiieee ettt e 84
3553 EZPOIT CLOCKING. ...ttt ettt ettt et s st s bt et et ese e bt enee st e seeeaeenee 84
3.0 SECUIILY IMOMUIES.....c.eeimiiiiiiitieitete ettt et e et ettt b e et h e s bt et sht e sbe e et e at e sbte bt eatesbe e bt esteebeesbee et eaee 85
3.6.1 CAU CONTIGUIALION. ..ttt ettt ettt et e st e ste e et e e s te e bt e sabeesabeeabeesabeenaeesabeesaseebeesabeesabeenbeesnseenaeean 85
3.60.2  RINGA CONTIGUIALION. 1..teiutetieteeiteitieste ettt et te st e e este bt eteeatesbeesbe et ee bt embeebee bt entesseenbeensesseanbeensenseenseeneenseans 85
3.6.2.1 Module register width and serialization Of aCCESSES.....c..eevuiriiriiriieriiriinierieeee e 86
3.6.3 CROC CONTIGUIALION. ...ttt ettt ettt ettt ettt et sat e st e e bt e e bt e e bt esabeesabeesabeeeabeeabaeenseesabeesabeenaseasaneenseean 86
3.6.3.1 Module register width and serialization Of aCCESSEeS........eeruiriirieriiariieieeieriiee e e 87
BT TIIMIEIS ottt st st b e h e e h bt b e h e bt e a e h et a e a ettt ettt e et sa et sa s 87

3.7.1

FIeXTimer CONfIGUIALION......ccutiiiiiiiieiieeite ettt ettt ettt e et e st e e s bt e sabeesabeesabeesabeebteesneenseean 87
3.7.1.1 Instantiation INFOrMAtION........c..eiiiiiiiiiiii et 88
3.7.1.2 FTM External CLOCK OPtiONS. .....ccoueouterieriiniieieniieteeiteniteteeitete ettt sttt ettt e 89
3.7.13 FTM registers ClassifiCation ..........c.covieeiiiiiiiriieiieesiceite ettt ettt ettt 89

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
3.7.2 Low-Power Timer (LPTMR) COnfiguration............coeueiriiiiiiiniienieeriieeie ettt sttt sttt esine e 89
3.7.2.1 LPTMR OVEIVIBW.......eeitieiieiieie ettt ettt ettt ettt ettt et est e ae et e saeeaesseenae e st ebeeseebeeneenteeneenaeenes 90
3722 Instantiation INfOrmMation...........cccoueiiiiiiiiiiiiiiiiiic e 90
3723 LPTMR TEZISTET TESL...eeuvieiiieiieeiitesiteettesteesiteeteesibe ettt ebeesateesbbeeabeessbeebtesabeessbeenseesabeenanesnnes 91
3.7.3  Modulo Timer CONTIGUIALION. .......cceririirtiriirtietinteetteteete sttt sttt sae et sae et ae et besae st b saesaenes 91
3.7.3.1 IMTIIML OVEIVIEW....cuiiiiiiiiiiieiieie sttt sttt 92
3.8 Communication INTEITACES.........coiiiiiiiiiiiiiii e 92
3.8.1 SPI CONTIGUIALION. ....ueuiiitiiitintietiett ettt ettt et st ettt s a bt ettt et e e e st e bt saeebeeseeneeanennennenaens 92
3.8.1.1 SPI INStANTIALION. .....euiiiiiiitiiii ettt ettt s st s 93
3.8.1.2 SPIBAUA RALE.......oiiiiiiiciiicieieceeee ettt 93
3.8.2  IIC CONTIGUIALION. ....cutiutiitinietiitetet ettt ettt ettt ettt b et b et b sa et b sa et e b st et e naesaeenenaesaenes 94
3.8.2.1 Instantiation INfOrmMation...........cccceviiiiiiiiiiiiiiiiiiice e 94
3.8.3 UART CONTIGUIATION. ...ttt sttt ettt ettt e sbt e et e s bt e e beesabeeeabeesabeesabeessteesabeesseesneenseenn 94
3.8.3.1 Instantiation INFOrMAatioN. ..........oooiiiiiiiiiii ettt 95
3.8.3.2 UART WaKEUP. ...ttt ettt ettt sttt sttt sttt 95
3.8.33 UART support for opto-isolated interface. ........cocueevueeriiiiiiiiiiiiiieiieiiieeeeeeece e 95
3.9  Human-Machine INterfaces (HIMI).........cocuiiiuiiiiiieiiiiiiiecie ettt ettt e e te e e b e e sibeesaaeebaaesseeesbeeesseessseessseenseeas 96
39.1 EGPIO CONTIGUIALION. .....corttiuiiiiiieiieitiettet ettt ettt ettt et ea bbbt et et e eatesatesbe e bt enteeaeesbeenbeebeeas 96
39.1.1 EGPIO OVEIVIEW......oiiiiiiiiiiiiiiiiiiiiiecce e s 96
39.1.2 Instantiation INfOrMAatION............coviiuiiiiriiiiiiiicieietecee ettt 96
3.9.2  RGPIO CONFIGUIATION. ¢..cettintiiitieititieteet ettt ettt ettt sttt ettt sbte bt e bt eatesbeesbe e bt eseesbeesbeenbeeabesbeenbeans 97
3.9.2.1 Instantiation INfOrmation..............cccoiviiiiiiiiiiiiiiiiii 97
3922 Simple Square-Wave GENeration...........ccceveveieiereieieieietentetetestetetessesaensessessensesaesaessenaens 98
393 External Interrupt (IRQ) Module ConfigUuration............ccoeeuereeririenernienieieetesie ettt sieeas 99
Chapter 4
Memory Map
4.1 INEEOAUCHION. ...ttt et st e ettt ettt ettt et et a bt ea e ea e bt sae et 101
4.2 SYSEM MEMOTY IMAP...c..eiiiiiiiieiiteite ettt et h e et e st e st esatesab e e s bt e eab e e bt e s bt e satesa bt e sbbeeabeesbbeenbeenbeesabeenaeeeates 101
4.3  Read-after-write sequence and required serialization of MEMOIY OPETALIONS. ........cceeruerriieiieiieiieneeenieenieesee e eneeans 106

MCF51QW256 Reference Manual, Rev. 1, 01/2013

6 Freescale Semiconductor, Inc.




h o
g |

L ______________________________________________________________________4
Section number Title Page
Chapter 5
Clock Distribution
S.1 0 INETOAUCHION. c..ceiiiiiiiciiiie ettt ettt ettt et et et eae st b e ea e bt b e ea e b b st 109
5.2 ClOCK dISTITDULION. .....cviiiiiiiiiiiee ettt 109
5.3 High-Level Device Clocking DIagramil.......ccccoeeiriririiiriiieieicieietetetete sttt et 109
5.4 DeViICe CIOCK SUMMATIY....cutiiiiiiiiiiiiiteie ettt sttt sttt et sttt et sbee bttt sbe e et eatesbe e bt eatesbee bt eaeesbee bt eseesbeenaeenee 111
5.5 ATCRITBCTUTE. ...t eh b et 112
5.6 ClOCK diVIAET T@QUITEIMEIES. .. .eeueetieuteeueetteueerteeteetterteestesteentesteenteeseebeemeesbeemteaseenseesse st emseeseenseeseenteenseaseenseeseenseeneeneeenes 113
5.7 CLOCK GALNG. ...ttt ettt ettt et b et e a e b et eh s bt e st e bt et ea et bt emt e eb e e bt e st e eb e e bt ea b e eb e et ebe e bt et ebee e eaee 113
5.8 MOAUIE CIOCKS. .....oiiiiiiiiiiiiiiiie e e s st et s 113
5.8.1  VLPR MOAE CLOCKINEZ. .....eeutieuieiiieiiiestiett ettt ettt b et e bt et et e s et e sae et e enteeaeeeseeeaeenbeenseenseeneeanean 114
5.8.2  UART CIOCKING. ....ecutiitiiiiiiieitetteteeet ettt ettt ettt ettt eb b e b e et e bt e s bt et eatesbeenbeembesbsesbeenbeenaesaeen 114
5.83  PMOC 1 KHZ CLOCK. ... ittt 114

Chapter 6
Reset and Boot

0.1 RESEL..uiiiiiiicii bbbt 117
6.1.1 IMICU T@S@E SOUICES. c.uveeueeeueeteentteneeeueetteneeattenteenteeueastamteesee st eateesee st anseeseanseenseese e st antees e e st enseeseenseanseeneanseans 117
6.1.1.1 POWer-0n 1St (POR).......ooiiiiiiiieii ettt ettt e e et e e e e ab e e e eaaeeeeaseeaan 118

6.1.1.2 External Reset Pin (PIN)......coooviiiiiiiee ettt e e et e e eeeaaraeeeeeeeannes 118

6.1.1.3 COP watchdog (WDOG) tIMET ... ..ecueeiieuiieiieieeiestt ettt ettt sttt st e et et e st e e et eseeeneesseenaeenes 119

6.1.1.4 Mllegal opcode detect (ILOP)......coouiiiiiiiiiiiieeiee ettt 119

6.1.1.5 Tllegal address detect (TLAD).......coiiiiiieiiieiieciee ettt sttt ettt 119

6.1.1.6 Multipurpose Clock Generator 10ss of clock (LOC).......coiiiiiiiiieiiieeeeeee e 120

6.1.1.7 Low voltage detect (LVD)...cc.oiiiiiiiiiiieiteeeeee ettt 120

6.1.1.8 Low leakage wakeup (WAKEUP)......coc.oiiiiiiiiiiieet et 120

6.1.1.9 Stop mode acknowledge error (SACKERR) ....c..cociiiiiiiiiiiiiiiiiniecenceceecceeese e 121

6.1.1.10  Background debug forced reset (BDFR).......ccceiiiiiiiiiiiiiiiiiiiiceccecececeeee e 121

6.1.2  MOU RESLLS......oviiiiiiiiicii ettt 121
6.1.2.1 POR ONLY ottt sttt ettt ettt et b ettt b et nae e 121

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 7




h o
g |

|
Section number Title Page
6.1.2.2 Chip POR DOt VLS ..ottt st 121

6.1.2.3 CHIP POR .ottt sttt ettt b ettt 122

6.1.2.4 Chip Reset N0t VLS ..ottt ettt st 122

6.1.2.5 Early Chip RESEL ....oouiiiiiieeiie ettt ettt sttt e e 122

6.1.2.6 CRIP RESEL ..ttt ettt ettt ettt et e bt et s et e bt et e sae e bt eneesseenaeenee 122

6.2 BOOT..ciiiieiieieee et b ke a et e a et a e ae e h e h e bbbt et e eb e b st 123
6.2.1 BOOt SOUITES. ...ttt e st e st sa bbb s 123

0.2.2  BOOE OPLIOMNS. ...eetteutieuteeiieetiet ettt et et et et e bt e e e et e e bt eatees e e bt ea b e esteeheea bt ea b e eh e e bt enbeeh e e bt eabeenteebe e bt enteeneebeenneenean 123

0.2.3  FOPT DOOt OPTIONS. . .teuttiuteeiieitteieete sttt ettt ettt ettt ettt et st sb e et e st e s bt e bt satesbe e bt eatesbeenbeeatesbeenbeenaesaeen 124

.24 BOOU SEQUEIICE. . ..eeeueieeuiieeutiesiite sttt eite et e et e st e e sateesbteebeeeabeeeabeesabeessbeeaseeeabeeeabeesabeessbeebbeanbeesabeeenseenabeessbeebeean 124

Chapter 7
Power Management
Tl INETOAUCTION. ...ttt e b e b e bbb 127
T2 POWET INOGES. .....eiiiiieiieiite ettt ettt a ettt e et e s bt e et esa bt e bt e e et e e s bt e eab e e sa bt e eb bt e et e e sab e e bt e et e eehbe e bee st e e naeeeanee 127
7.3 Module Operation in LoOwW POWET IMOGES. .......cc.coiiriiiiiiiiiiiiiiceet ettt ettt sttt et 128
Chapter 8
Security

Bl INIFOQUCTION. c..eiiiiieiiiiciicie ettt et ettt et ettt e a et e b et e bt eaeeb e e b saeeae b sae et 131
8.2 FLASI SECUITLY....eeiiieiteeiit ettt ettt e a ettt et e et e st eeab e e sab e e bt e e bt e e st e sabbeeasteeabeeeabeesabeessbeenseeensbeenbeean 131
8.3 Flash SECUIILY OPLIONS. .....ieuiiitieiieiietteiie ettt ettt ettt te et e e beee e e bt eabe s st e beenteebeeneeesee st amteeseenteenteeseenseeneenseeneeeseeaeenee 132
8.3.1 BaCKAOOT KEY ACCESS. ....veeientieiieeiieniteieetest sttt sttt ettt ettt et eat e s bt et et ebeesbe et e eatesbe e bt eanesbeenbeens 132

8.3.2  FreesCale FaCIOTY ACCESS...ciiuiiiiiiiitiiieette ettt ettt et ettt e ettt e bt e et e st e e s st e e ba e s beesabeesabeebeeebaesabeees 132

8.3.3  MasS Erase DiISADIE. ... .ccuiiuiiiiiiiiie ettt ettt et et a e et et e eneenaeens 132

8.4 EnNabling FIash SECUITLY......cooutiiiiiiiiiiitiiereete ettt ettt et ettt e bt e bttt e bt sbe et ebt e bt e teebeesbee e enee 133
8.5  Unsecuring the MCU using BackdOOr KeY ACCESS.....cccuuiiiiiiiiiiiiiiieiiteiieeiee sttt ettt ettt et e s en 133
8.6 Unsecuring the MCU using the Erase All Blocks COMMANG..........ccoiiiiiiieiiinieniieieeieie e 135
8.7  Security Interactions With Other MOAUIES...........cccoiiriiiiiiiiiiiiicee ettt s 135
8.8 Security INteractions With €ZPOTt.........cooiiiiiiiiiieiit ettt et ettt e st e st e e it e et esabeenaee s 135
8.9  Security Interactions With DEDUG........ccoociiiiiiiiiiiiieee ettt ettt et s 135

MCF51QW256 Reference Manual, Rev. 1, 01/2013
8 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
Chapter 9
Signal Multiplexing and Signal Descriptions
0.1 INETOAUCHION. ...ttt ettt et ettt et e a e bt e aeeae st beeb e bt ebesaeebe b saeeae b e 137
9.2 Signal MultipleXing INTEETAION. .....cc.eertiiriieiiieiieeite ettt ettt ettt e sttt e bt e et e e sb bt e bt e eabeesabeebeesabeesabeenbeesabeenaeenases 137
9.3 POrt MUX CONIOL FEATUIES. ....c..eeuiitieiieiieie ettt ettt et e e ea e bt s et e te s st e beesee bt esee bt enseseentenseeneeneeenes 138
9.4  Signal Multiplexing and Pin ASSIZIIMENES. .......ccouiriirtiiiirieriereetenie ettt ettt ettt ettt st et s beesbesbee b e sbeebeebeenaeenee 139
0.5 PINOUE DIAZIAML ...couiiiiiiiiie ittt ettt et ettt e s at e e bt e s bt e e st e e bt e e bt e e ab e e sab e e bt e eabeesabeebbeeabaeeabeesabeeaeenass 141
9.6  Module Signal Description TabIes..........ccceieiririiriiniiniicieiee ettt ettt ettt ettt ae et ae e e 142
9.6.1 COTE MOAUIES. ...ttt st sttt sa et sa s 143
9.0.2  SYSLEIM IMOAUIES. .....eeeuiiiiiiieiieeite ettt ettt et st e st e bt e e bt e e ab e e bt e e bt e sabeessbeeabeesabeenbesabeeenbeenneen 143
9.0.3  CIOCK IMOAUILS. ...ttt ettt ettt b et e a e e h e e bt et ees e e e bt embeembeebeenbeeateeseesbeenbeemeesneeseensesnean 143
9.6.4  Memories and MemoOry INTEITaCes. .....c..ciuiiiiiiiiiiiiiiece ettt 143
9.6.5  TIMEr MOUIES.......ooiiiiiiiiiiiii e s s e s s 144
9.6.6  CommUNICAION INEEITACES. ... .iouiiitiiii ittt et ettt b et ebe e s bt et et e eeeesbeenbeeneesneas 145
9.6.7 Human-Machine Interfaces (HMI)..........coooiiiiiiiiii ettt ettt et e e etae e e e eareeeeees 146

Chapter 10
Port Mux Control
LO.1 PINIMIUX CONEIOL .ottt s et ettt b e s bbbt ettt nesn e 149
10.2 Memory Map and REZISIETS. ......eertiiiiiiiieeie ittt ettt ettt ettt e b e st e et e st e e bt e s bt e s st e ebeesabeesatesabeesabeenbeesabeanaeesases 149
10.2.1 Port A Pin Function 0 Register (MXC_PTAPFO).......cccciiiiiiiiiieieeie ettt 150
10.2.2  Port A Pin Function 1 Register (MXC_PTAPFEL)...cccccoociiiiiiiiiiiieiniteeteeeteeeste ettt 151
10.2.3  Port A Pin Function 2 Register (MXC_PTAPE2).......cooiiiiiiieeeee ettt 151
10.2.4  Port A Pin Function 3 Register (MXC_PTAPFE3).......cooiiiiiieee e 152
10.2.5 Port B Pin Function 0 Register (MXC_PTBPFO)......cc..cocteiiiiiiriiiiiieniieeenteseeeeeseee s 153
10.2.6  Port B Pin Function 1 Register (MXC_PTBPFE)......ccccooiiiiiiiiiieieeece ettt 153
10.2.7  Port B Pin Function 2 Register (MXC_PTBPFEF2)......cccocoiiiiiiiiiiieeeee et 154
10.2.8  Port B Pin Function 3 Register (MXC_PTBPE3)......ccccoiiiiiiiiiiiiiintieeeteeeeeesese et 155
10.2.9  Port C Pin Function 0 Register (MXC_PTCPEO)......c.c.coootiiiiiiieiienitesieeite ettt 156
10.2.10 Port C Pin Function 1 Register (MXC_PTCPFEF1)......ccciiiiiiiiiiiieiieeee et 156

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 9



h -

g |

|
Section number Title Page
10.2.11 Port C Pin Function 2 Register (MXC_PTCPE2)......ccccoiiiiiiiiiieeieeiereee ettt 157
10.2.12 Port C Pin Function 3 Register (MXC_PTCPE3)......cccuoiiiiiiiiiieieeeeee e 158
10.2.13 Port D Pin Function 1 Register (MXC_PTDPE)....c..coccciiiiiiiiiiiinieiitie ettt 158
10.2.14 Port D Pin Function 2 Register (MXC_PTDPE2).......ccoouiiiiiiiiiiieieee ettt 159
10.2.15 Port D Pin Function 3 Register (MXC_PTDPE3).......ccciiiiiiiiiiieee ettt 160
Chapter 11
Core
IO O 01 0T 1817 510 )3 OSSOSO PRSPPI 161
LI ToT  OVIVIEW . cuiiiiiiietee ettt s bbb et st besae et sae e b e 161
11.2 Memory Map/RegiSter DESCIIPLION. ....etiriiiiiitiiieette ettt ettt ettt ettt ettt et e et e s bt e st e esabeesabeesabeebeeebbeeseesnbaesnseesases 163
11.2.1  Data re@isters (DO—D7).....cc.iouiiiiiet ettt ettt ettt et st e st e bt eateeseesbe e beenteeseesbeenbesnneeneas 165
11.2.2  Address re@iSters (AD—AD).....cc.eriiriiriiiieieetete ettt ettt ettt b et e bt et ebt e s bt et s bt eaaesbeennesbeens 166
11.2.3  Supervisor/user stack pointers (A7 and OTHER _AT).....c.cooiiiiiiiiiiiiiiiece ettt 166
11.2.4  Condition code re@ister (CCR).......oiiuiiiiiiieie ettt ettt sttt e b et e e eseeseeesaeas 168
11.2.5  Program COUNLET (PC)....ccouiiiiiiiiiiiiiiieieeteett ettt ettt ettt ettt et st s bt e b et et saaenbees 169
11.2.6  Vector base 1€ZISTET (VBR)....coiuiiiiiiiieiee ettt ettt ettt e st e st e e bt e s beenaee s 169
11.2.7  CPU configuration re@ister (CPUCR).........cociiiiiiiiiere ettt ettt ettt sbe e saeans 170
11.2.8  Status TEEISTET (SR).cueieuiiriiiiiiiieieeit ettt ettt ettt eb et e bttt eatesbtenbe et e esbesaaenbeen 173
11.3  FUNCUHONAL DESCIIPIION. ¢ .utteittiiieeitteite ettt ettt ettt ettt et et et e e bt e eabeeabteeabeebte e bt e eabeeabeesabeesatesabeeenseenbeesabeanaeesases 174
11.3.1  InStrucCtion S@t ATCHITECIUIE. ......eetieiiiiiieitieteeie ettt ettt ettt et ettt e s et e bt e st e esteete e bt enbeenbeeseesbeenbeensesneennean 174
11.3.2  EXCeption ProCesSSiNg OVEIVIEW......ccoueiiiiiiiiiriieieeiteiteeite ettt ettt ettt sttt e bt ettt e bt e sbee bt e beeabeeanesaaenbees 175
11.3.2.1 Exception Stack Frame Definition...........cocuieiiiiriiiiieiiieiieerieeite ettt 178
11.3.2.2  S08 and ColdFire Exception Processing COMPAriSON...........cecueruirieeerieniineenieniineerenresieeenennes 179
11.3.3  ProCeSSOI EXCEPIIONS. ....eetiiitieiiieiieettett ettt ettt ettt sttt ettt sb e st e bt eb e eb e e bt e bt e st e ebbe st s e bt enbeeabesaaenbeen 180
11.3.3.1 ACCESS BITOT EXCEPUON. ..cutiiiiiiiiii ittt sttt sttt ettt e s e 180
11.3.3.2  Address Error EXCEPIION. .. .couiiuieiieiieiieit et ettt ettt ettt ettt e b e e eneeneeens 181
11.3.3.3  Tllegal InStruction EXCEPLION. .....ccuiviiriiiiiiiiiiiiieitestceiceit ettt ettt 182
11.3.34 DAVIAE-BY-ZETO0...cc. ittt sttt ettt et st st e it 183
11.3.3.5  Privile@e VIOLAtON. c...eeueiiiieiieieeiieit ettt sttt ettt et ettt e bttt e be et e eneeeaeeneens 183
MCF51QW256 Reference Manual, Rev. 1, 01/2013
10 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
11.3.3.6 TTACE EXCOPUION. ¢...tiiiiteiieeite ettt ettt ettt et e bt e e sate e bt e bt e ebeesbeesabeesnbeesans 184

11.3.3.7  Unimplemented Line-A OPCOL. ......cccuiiiiiiiiiiieiieriiee ettt seens 184

11.3.3.8  Unimplemented Line-F OPCoOde........cc.cocuiriiriiniiiiiniiiiinieinteesece et 185

11.3.3.9 DEDUZ INLEITUDPL .ttt ettt sttt ettt et e st e e sab e et esabeesabeesbbeenaneeanes 185

11.3.3.10 RTE and Format Error EXCEPLION .........cccieiiiiiiiiiiiiiieiieieeieeie sttt 185

11.3.3.11 TRAP InStruction EXCEPLION. .....cccueetiriiiiiiiiriiiiieitesitete ettt ettt ettt 186

11.3.3.12  Unsupported InStruction EXCEPLON. ....cc..eeviiiiiiiiiieiiiieiiieeiee ettt 186

11.3.3.13  INterrupt EXCEPIION. .. eetiiiieiiieiie ettt et ettt et e bt et e teeneesaeesaeesaeeneens 186

11.3.3.14  Fault-on-Fault Halt...........ccccoiiiiiiiiiccc s 186

T1.3.3.15  ReESEE EXCOPLION. ...ceiutiiiiiiiieiie ettt ettt ettt et sab et esab e e nbee st e ebeesnbeenbee e 187

11.3.4  Instruction EXecution TImINg.......cccoociririiiiiiiiiiienieent ettt ettt 190
11.3.4.1 TIMING ASSUMPLIOIIS. . .vettentieiterttetieiteettent ettt ettt et sbe et eate st esaeeatesbtesaeestesaeesaeeaesaeesbeenaeene 190

11.3.4.2  MOVE Instruction Execution TImes...........ccccccoviiiiiiiiiiiniiiiiiiiccceieceeeen 191

11343 Standard One Operand Instruction Execution Times...........ccccvieieviinieienieneeicnenieecieneeeens 192

11.3.44  Standard Two Operand Instruction EXecution Times........cccccevuereeniriinienennienienieieeieneenens 193

11.3.4.5  Miscellaneous Instruction Execution Times...........cccccceviiiiiiiiiiiiiiiiiiiiicceeen 194

11.3.4.6  EMAC Instruction EXecution TimeS........ccueeruirieriirieiinieie oottt 195

11.3.4.7  Branch Instruction EXecution TImEs...........cccccueoiiiiiiiiiiniiniiinieniieeeceeeeeeeec e 197

Chapter 12
Enhanced Multiply-Accumulate Unit (EMAC)

12,1 INEEOQUCTION. c..coviiiiiiictiiicic ettt ettt ettt ettt e a et et e bt eb e bt ea e b e e b sa e b e b saeene b e 199
L2101 OVEIVIEW .ottt s b bbb e sa bbb s a e s s 199
12.1.1.1 Introduction t0 the MAC . ........oiiiiiee ettt ettt ettt e e e 200

122 Memory Map/RegiSter DEfINItiON. .......ovueiiiriiiiiiiiiieteet ettt sttt et sttt et e e eae 201
12.2.1  MAC Status RegiSter (IMACSR).....coiiiiiiiiiie ettt sttt et ettt st et e beesbeenaae s 202

12.2.2  Mask RegIStEr (IMASK)......ioieiieitieittee ettt ettt ettt et b et et e eae e e bt e bt enbeeseeebe e beenbesneesneas 204

12.2.3  Accumulator Re@iSters (ACC0-3)....c..oiiiriiiiiieieiieteeteete ettt ettt ettt sttt e sbeeaesaees 206

12.2.4  Accumulator Extension Registers (ACCeXtO1, ACCEXI23)..ccuiirriiriieriienieeniiiesireenieeesteenieeesireeieeesae e s 206

MCF51QW256 Reference Manual, Rev. 1, 01/2013
Freescale Semiconductor, Inc. 11



h o
g |

|
Section number Title Page
123 FUNCHONAL DESCIIPUION. 1 uttiittiiieeittetie ettt ettt ettt ettt ettt et ettt e bt e eabeeabee e bt e sateeabeesabeeabeesabeeastesabeesnseanseesabeanseesases 208
12.3.1  Fractional Operation IMOME..........cc.eeiiiiiiiieiieii ettt ettt ettt et et et et e et e et esbeenbeentesseesbeenbeensesneas 210
12.3.1.1 ROUNAING. ..ttt ettt et sttt sb ettt e bt sbee e ene 210

12.3.1.2 Saving and Restoring the EMAC Programming Model.............cooceiiiiiiniiiinieeniiieiee e 211

12.3.1.3  MULS/MULU. ..ottt sttt ettt ettt sttt et be st naes e b 213

12.3.1.4  Scale Factor in MAC or MSAC INStruCtionS.......c.ccuevieriirininiiieieieieieie e 213

12.3.2  EMAC INStruction SEt SUMIMATY .....cccuutirtitiitieeiieitieeieesiteesiteestteestteeteesbeesaseesaseassaeeabaeebeesabeesaseessseesssesnseen 213

12.3.3  EMAC Instruction EXeCUtION TIMES.......ceouiiieiiieiieiteiieiie ettt et ettt et see e s aesbeenaesieans 214

12.3.4  Data RePIESENTAION. ... .eouvirtiiiieiiieiiitiete ettt ettt ettt et et b et et s bt e b e et e e st e sbe e beesbesatenbeenbeeanenbeen 215

12.3.5  IMAC OPCOUES. ...cenniiiiieiiiette ettt sttt sttt e et e b e et et e st e e bt e sat e e bt e sab e e bt e sabeeaseesabeenbeesaseenstesabeenbeesasesseenas 215

Chapter 13
System Integration Module (SIM)

13,1 INErOQUCTION. c..c.eiiiiiiiciiiici e e e a e ea e b sa e a e b s en b e 221
I3 101 FEALUTES. ..ceueteeiieeiee ettt b e et e e et e s bt e bt e e bt e e s bt e e bt e e e bt e e bt e st e e ebbe e bt e e bt e s bt e sateenbee s 221

13.1.2  MOAES OF OPCIATION. ¢...cuetiiiiniieiteeiteett ettt ettt ettt ettt st sb e sb ettt ebe e bt et e ea bt eb e e s bt e bt e st e eabesbbenbeenbeenbesbaenbeen 221

13.2  Memory Map and REZISIETS. ......eeiiiiiiiiiieeiie ettt ettt ettt b e st e e st e e bt e st e e sabeeabeesabeesstesabeesabeenbeesabeannnesases 222
13.2.1 System Options Register 1 (SIM_SOPT1).....ccueiiiiiiiieit ettt ettt 224

13.2.2  System Options Register 2 (SIM_SOPT2).....cc.coriiiiiiiiiieeieteitet ettt s 225

13.2.3  System Options Register 3 (SIM_SOPT3).....cooiiiiiiiiiee ettt st sttt e s n 225

13.2.4  System Options Register 4 (SIM_SOPT4).....c.ooiiiieiet ettt ettt eeeeaeas 226

13.2.5 System Options Register 5 (SIM_SOPTS).....ccueiiiiiiiiieiieeteetetetee ettt 227

13.2.6  System Options Register 6 (SIM_SOPTO)......cccuiiiiiiiiiiiieieee ettt sttt st n 228

13.2.7  System Options Register 7 (SIM_SOPT7).....ccuiiiiiieiee ettt ettt ettt e 228

13.2.8  System Options Register 8 (SIM_SOPTE).....c.eoriiriiiiiiiieeteteet ettt 229

13.2.9  COP Service Register (SIM_SRVCOP).......cccuiiiiiiiiiiieeieeteseeeeest ettt ettt et e s 230
13.2.10 Oscillator 1 Control Register (SIM_OSCL)..c..iiiiiiiiiiieeiee ettt ettt 231
13.2.11 System Device Identification High Register (SIM_SDIDH).........ccccocceriinirniniiniiienieeeieneee e 232
13.2.12 System Device Identification Low Register (SIM_SDIDL).........cocctiiiiiiriiiiiieiieeiee ittt 232
13.2.13 System Clock Gate Control Register 1 (SIM_SCGCT)...cc.uiiiiriiiiiiiiiieieeit ettt 232

MCF51QW256 Reference Manual, Rev. 1, 01/2013
12 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
13.2.14 System Clock Gate Control Register 3 (SIM_SCGC3)....cccuiiriiiiiiiiieiiie ettt 234
13.2.15 System Clock Gate Control Register 4 (SIM_SCGC4A)......coiiiiiiiiiieeiierieeit ettt 234
13.2.16 System Clock Gate Control Register 5 (SIM_SCGCS)...c..coriimiriiriiniiniieiteieeiteee ettt 236
13.2.17 System Clock Gate Control Register 6 (SIM_SCGCO).....cc..eeriiiiiiiiieiiieeiieeiee ettt 237
13.2.18 Flash Configuration Register 1 (SIM_FCEFGI).......cccciiiiiiiiieiieeee et 238
13.2.19 Flash Configuration Register 2 (SIM_FCFEFG2)........cccccotiiiiiiiiiiiieiieiicee ettt 238
13.2.20 Clockout Register (SIM_CLEKOUT).......coccoiiiiriiriieieerceeeeese et 239
13.2.21 Clock Divider 0 Register (SIM_CLKDIVO)......ccuiiiiiiiieiieieeieieeeeeee ettt 239
13.2.22 SPI Wakeup Control Register (SIM_SPIWKUP)........cccoeiiriiriiiiiiiieieeetescee et 240
13.2.23 FTM Fault Configuration Register (SIM_FTM_FAULT).....cccccevotiiiiiitiiieiieeee ettt 241
13.2.24 Flash Configuration Register (SIM_SPCR).......ccciiiiiiiiiieiiieeee et st 242
13.2.25 Unique Identification Register (SIM_UIDH3).......ccccooiiiiiiiiiiiienieteteeee ettt 243
13.2.26 Unique Identification Register (SIM_UIDH2)..........cooiuiiiiiiiiiieiiie ettt e 243
13.2.27 Unique Identification Register (SIM_UIDHI).......ccccoiiiiiiiieiieieee et 244
13.2.28 Unique Identification Register (SIM_UIDHO).......c..ccoctiiiiiiiiinieniericieeeie ettt 244
13.2.29 Unique Identification Register (SIM_UIDMH3).........cooiiiiiiiiiiiiieiieerieeie ettt et e 245
13.2.30 Unique Identification Register (SIM_UIDMH2).........ccciiitiiiiriieiieieteieeee et 245
13.2.31 Unique Identification Register (SIM_UIDMHI)......cc.cociiiiimiiniiiiniiiiiieneeeetescee sttt 246
13.2.32 Unique Identification Register (SIM_UIDMHO).........cooottiiiiiiiiiieiiierieeie et e 246
13.2.33 Unique Identification Register (SIM_UIDML3)........ccciiiiiiiiieiieieet ettt 247
13.2.34 Unique Identification Register (SIM_UIDML2).........ccctiiitriiriiniiniiieeie ettt 247
13.2.35 Unique Identification Register (SIM_UIDML)....ccc.coiiiiiiiiiiiieiiieiieeriteeecere ettt 248
13.2.36 Unique Identification Register (SIM_UIDMLO)........ccctiitiiiiieiieiieit ettt 248
13.2.37 Unique Identification Register (SIM_UIDL3)......cccoctiiiiriiriinieienieieeieetete ettt 249
13.2.38 Unique Identification Register (SIM_UIDL2)........ccioutiiiiiiiiiieiiteiiterieeite sttt st n 249
13.2.39 Unique Identification Register (SIM_UIDLI).....c.cccectriiirininininiincnteincneeesie ettt 250
13.2.40 Unique Identification Register (SIM_UIDLO)......cc.ccctiiiiiiriiniiiinieeeteeeete ettt s 250

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 13



h o
g |

|
Section number Title Page
Chapter 14
Crossbar Switch
T4.T INEEOAUCHION. c...eiiiiiiieiieiict ettt ettt ettt et et eb et e bt bt e bt ea e eb e e b sa e s e e b saeene b e 251
TAT.T FRATUIES. ...ttt ettt 251
142 Memory Map / Register DEfinition.........cccuiiuieriiiieiiiieie ettt st st sae st et ebe e bt ese et e st e sbeeneeneeenes 251
14.3  FUNCHONAL DESCIIPIION. 1. ettt ettt ettt ettt et b ettt et b e et s bt et eb e e bt e et e s bt ea b e ebe et e ebsesbeeateebeenbeebeenaeenee 252
14.3.1  GENETAL OPETALION. ....cueiiiiieiieeitee ittt et ee ettt et e et e s bt e et e e sab e e s abeeabeesabe e sbeeabaeeaseesabeensbesabeesabeastesabeesnseenseean 252
| TN o) 13 1 o) FO OSSR 253
14.3.2.1 Arbitration During Undefined Length BUursts..........cccooeviiiiiiiiniiniiniiiicnicceceeeee e 253
14.3.2.2 FiX@d-Priority OPETAtION. .....ciiuieiiieiiieeiiterteette ettt ettt ettt et et e e st e st esabeesabeebaeebeesans 253
14.3.2.3  Round-robin Priority OPEIAtION. .......cc.eerueeeertiertieteeieeieesteesteeteeteseeesteesteeeesaeesseeneeenseeseesseeneeans 254
14.3.2.4  Priority BIEVAION. ...c..eotiiiiiiiiieiieritceeteetest ettt ettt et sttt e enneens 254
14.4  Initialization/application INTOTMAION. ........eeiuiiiitiieiie ettt ettt et e e e st e st e s ate e bt e ebbeeaeesabeeenbeesanes 255
Chapter 15
Interrupt Controller (INTC)
15,1 INErOQUCTION. c....uiiiiiiiiiiiii et a e ea e b sa e aeene s en b e 257
ST N B € )< o 4 (<) OSSR URSRRRRO 258
I5.1.2 FRALUIES. ...ttt ettt s eh bbbttt ea ettt et et ettt b et se e e 261
15.1.3  MOAES Of OPETAION. ..c.uuiiiutiieiieiiieette ettt et e et e st e et e st e e st e e sttt e sabeesabeesabeesteesabeenseeessbeenbeeensbesnbeeensaeenseean 262
15.2  EXternal Signal DeSCIIPIION. ...ccutitiitietieteetieite ettt ettt ettt e steete et e st e enbeeatesaeebeeaeeeaee bt eatesaeebeeneesaeebeeneeeseeeeenes 262
15.3 Interrupt Request Level and Priority ASSIZNIMENTS.......couiriiiiriiniiiiiniieniteienitete ettt ettt e ettt e e etesaee e ene 262
154 Memory Map and REZISIETS. ......uertiiiiiiiiieeie ettt ettt ettt ettt e st e e ee st e e bt e st e e sabeeabeesabeesbtesabeesabeenbeesabeenseesases 263
15.4.1 Interrupt Mask Register High (INTC_IMRH).......ccccoiiiiiiiiiiieee et 264
15.4.2 Interrupt Mask Register Low (INTC_IMRL)......ccciiiiiiiiniiiiiiiiiciceeetc ettt 266
15.4.3  Force Interrupt Register (INTC_FROC).......coiuiiiiiiiiiieeee ettt ettt s n 270
15.4.4 INTC Programmable Level 6 Priority Registers (INTC_PLOPH).........ccccovoiiiiiiiiiiinieeeeee e, 271
15.4.5 INTC Wakeup Control Register (INTC_WCR)....c..ccotiiiiiiiiiiiiiiiiiietetee et 272
15.4.6  Set Interrupt Mask Register (INTC_SIIMR).....cc..ooitiiiiiiiiiiiiiitect ettt ettt 273
15.47  Clear Interrupt Mask Register (INTC_CIMR)......ccoiiiiiiiiiiiieieee ettt e 274
MCF51QW256 Reference Manual, Rev. 1, 01/2013
14 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
15.4.8 INTC Set Interrupt Force Register (INTC_SFROC)......ccoiiiiiiiiiiiiiieieieete ettt 275

15.4.9 INTC Clear Interrupt Force Register (INTC_CFRC)......cccccoiiiininininiiieiececene et 276
15.4.10 INTC Software IACK Register (INTC_SWIACK).....cccccoriiriimiiiiiiiiieteitee ettt 277
15.4.11 INTC Level-n IACK Registers (INTC_LVLAIACK)......ccoccooeimiiniiiieicnceeeeeeeeeee e 277

15.5  FUNCHONAL DIESCIIPIION. 1...eeeteutieiietieite et iett ettt ettt ettt et e e te s bt e bt es e e bt e aeesbeesaeeaeembees e e b e emseebeenbeeseenteenseebeenteeneenbeeneenseenes 278
15.5.1 Handling of Non-Maskable Level 7 Interrupt ReqUESES........cccueeieriiiiiniiniiiiiciiccteeeeeeeeee e 278

15.6  Initialization INfOrMAtION.........cociiiiiiiiiiiiii e s s 279
15.7  Application INTOTMAION. ....c..ceiiiiiiiiiiiitt ittt ettt ettt se et et e et et eat et eb e bt besae b e b e 279
15.7.1 Emulation of the HCS08's 1-Level IRQ Handling............coccooiiiiniiiininiiiiiicieiceececee e 279

15.7.2  USing INTC_PLOP{ 7,0} REZISETS......cuerueuiriiieiiriiieiiitcieiteeee ettt 280

15.7.3  More 0n SOFtWAre TACKS. ......oouiiiieeee ettt ettt ettt ettt ettt esteebe e beenbeeneeeneas 281

Chapter 16
Low Leakage Wakeup Unit (LLWU)

LT B Vi 0T 1817 510 )3 OO P RSP RPRRP 285
LO.1.T  FRALUIES. ...ttt ettt et b ettt ettt et et ettt a et sae e ene e 285

16.1.2  MOAES OF OPETALION. ....ceutieieiiritieiteeite et te ettt e et e et e et esabe e sttt e s bbeebtesbeeeabtesabeesabeesabeesabeesabeesaseeseeensneanseean 286
16.1.2.1 VLS TNOAES. ...ttt ettt ettt ettt e a et e et e ea e s b e e bt eseeeseeeneenbeeneesaeeseeenneenee 286

16.1.2.2  Non-low 1eakage MOGES. ......ccoveiieriiriiriiieniieeeeit ettt sttt sanenieens 286

16.1.2.3 DEDUZ MOME.....eeiutiiiiieteee ettt ettt e st et e bt e et e st e st e e bt e e aeeeanes 286

16.1.3  BIOCK QIAZIAIMN. ....eiuiiiiiiiiieie ettt ettt sttt et b et e et e e bt et e e meesaeeabeemeesseenbeeneesseebeenseenean 286

16.2 LLWU SIi@NAl AESCIIPIIONS. ..c.eteuiiiitiriieieiteiitente ettt ettt ettt sttt et sbe et ea e sbt e bt satesb e e bt eatesbee bt estesbee bt eaeesbeenaeenee 287
16.3  Memory map/TeZiSter AETINTIION. .......iiuiiiiiiiiieete ettt ettt st e et e sab e e bt e e bt e s bt e sabeesabeesateenbaeenseesases 288
16.3.1 LLWU Pin Enable 1 register (LLWU_PEL)........cccooiiiiiiieieee ettt 289

16.3.2 LLWU Pin Enable 2 register (LLWU_PE2)........ccccooiiiimiiiiiiiiiiiiee ettt 290

16.3.3 LLWU Pin Enable 3 register (LLWU_PE3).......c.ccccciiiiiiiiiiieeeceeees e 291

16.3.4 LLWU Pin Enable 4 register (LLWU_PE4)........cccooiiiiiii ettt 292

16.3.5 LLWU Module Enable register (LLWU_ME)......cc.ccoctiiiiiiiiiiiiiiiteteetesit ettt 293

16.3.6 LLWU Flag 1 register (LLWU_FL)...c..ccooiiiiiiiiiceeceeeeteeeeee et 295

16.3.7 LLWU Flag 2 register (LLWU_F2)......cccooiiiiiiiiiieicceteeeteet ettt 296

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 15




h o
g |

|
Section number Title Page
16.3.8  LLWU Flag 3 register (LLWU_EF3)......ccooiiiiiiiiicineeeeee et 298
16.3.9 LLWU Pin Filter 1 register (LLWU_FILT1)...c.coiiiiiiiiieiiiieieeeeeee et 300
16.3.10 LLWU Pin Filter 2 register (LLWU_FILT2).......cociiiiriiiiinieieeeeeetee ettt sttt 301
16.3.11 LLWU Reset Enable register (LLWU_RST)...cc..oiiiiiiiiiiiiiiiieite ettt sttt 302
16.4  FUNCHONAL AESCIIPION. ...c.teiutetieiteetiet ettt ettt ettt ettt ettt et e e st et e es et e es e eheemeeeseeaeeeaeebeemeesbeemeeabeemseebeanteeseenbeeneenseenes 303
16.4.1  VLLS MOAES....c.uiiiiiiiiiiiiiiiieiieiieietetet ettt ettt ettt bbb bbbttt s e sae e 303
16.4.2  INIHAIZATION. ....ccuiiiiiiiiiiiiiiiiiicice et e 303
Chapter 17
Reset Control Module (RCM)
I7.1 INErOQUCTION. ...cuiiiiiii ittt e a e b e ea e b sa e n e ne s en b e 305
17.2  Reset memory map and regiSter AESCIIPLIONS. ......eeiutetietietiertieteete et ee st ettt e et e st e et et e enteeseesbeebeenseensesaeesseenseenseenes 305
17.2.1 System Reset Status Register 0 (RCM_SRS0).......cooiiriimiiiiiiieieientetee ettt 306
17.2.2  System Reset Status Register I (RCM_SRST).....ooiiiiiiiiiiiiiee et 307
17.2.3  Reset Pin Filter Control register (RCM_RPFC).........cccoiiiiiiiieieeeee e 309
17.2.4  Reset Pin Filter Width register (RCM_RPEFW).....cccooiiiiiiiiiiiiietet e 310
17.2.5 Mode Register (RCM_MR)......ccocciiiiiiiiiiiiiciieeec ettt 311
Chapter 18
System Mode Controller (SMC)
I8.1  INTrOQUCTION. ......iiiiiiiiiiitiic it a e e b e ae e neeae e en b e 313
LT\ (o6 (o) o) 1S 1 (o) FO OO OSSR 313
18.3  Memory map and re@iSter deSCIIPLIONS. «...c.eeutriiiriiriertete ittt ettt ettt ettt ettt e bt e bt ea b e s bt et et e e bt eate bt ebeebeenaeenee 315
18.3.1 Power Mode Protection register (SMC_PMPROT)......cccccooiiiiiiiiiiiieciteieeeete ettt 315
18.3.2 Power Mode Control register (SMC_PMCTRL)........cccuiiiiiiiieiiet ettt s 316
18.3.3  VLLS Control register (SMC_VLLSCTRL)....c..ccotiittiiiiiiiieiie ittt 318
18.3.4 Power Mode Status register (SMC_PMSTAT)......oiiiiiiiiiiteeteee ettt ettt n 319
18.4  FUNCHONAL AESCIIPION. ...ttt ettt ettt ettt et e e et e et e bt e st e b e es e eheeaeees e e e e eaeebeemeesbeemsesbeemseebeenteeseenteeneenseenes 320
18.4.1  POWer MOAE rANSILIONS. ....c.eiuiiuiiiiiiieiieiieiieit ettt ettt ettt et sa et st st s se e 320
18.4.2  Power mode entry/eXit SEQUENCINE. ... cccuvterurterireerieteriieeriteertteesttesbteeteesbeesbeesateesabeesaseessseensseesssesnseeessaesnseeas 322
18.4.2.1 StOP MOAE ENLIY SEQUEIICE. ......veeeentieetetieueeetteteeteeteseeenteeseebesnee bt eseesbeensesseenseaseeneesseensesneenseenean 323
MCF51QW256 Reference Manual, Rev. 1, 01/2013
16 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
18.4.2.2 StOP MOAE EXIt SEQUETICE. ..cuuveeutierurieriteetteeite sttt esiteetee sttt estteeabeesabeestteeabtesabeesaseenseesaseessbeenseesanes 324

18.4.2.3  Aborted StOP MOAE EIIY...c..eeuiiiuietiiieitieteeiie sttt ettt ettt et eete st ebeeaeesbe et e ese e beeneeeseenbeeneenanans 324

18.4.2.4  Transition to Wait MOAES.......ccueriiiiiriiriiiiiiieieie ettt st s 324

18.4.2.5 Transition from stop modes to Debug mode............coceeviiiiiiiiiiiniiiieieee e 324

18.4.3  RUIN MOUES. ...ttt ettt ettt e a et a e et e et e s bt e e e e bt em b e ebeemb e e s e entees e e bt eaeesbeemeeeaeensesaeensesneennesneans 324
18.4.3.1  RUNIMOME.....c.iiiiiiiiiiieiinieietirtetette ettt ettt ettt sttt sttt st enenaenea 325

18.4.3.2 Very-Low Power Run (VLPR) MoOde.........ccooiiiiiiiiiiiiiiiiiieeeeeeee e 325

18.4.3.3 BDM in Run and VLPR MOdE........cc.cooiiiiiiiiiieiieiiee ettt 326

18.4.4 WALt IMOMUES.......oiuiiiiiiiiiiieitietett ettt ettt et b e e ettt et et e et b sb et e b bt a e ae 326
18.4.4.1  WAIT IMOME. ..ottt ettt sttt ene e 326

18.4.4.2 Very-Low-Power Wait (VLPW) MOde........cccoiiiiiiiiiiiet ettt 327

18.4.43  BDM in Wait and VLPW MOdE..........ccccuiiiiiininiiiiiiiieicieiciec et 327

L84S SLOP IMOGES. ...ttt ettt ettt ettt e a e et e st e ettt e bt e e ab e e bt e e bt e e st e e bt e eastesateessbeenbeesabeensteeabeeenneenseean 327
I8.4.5.1  STOP MOME......ciitiriiiiitiiitirteitrt ettt ettt ettt sttt sttt et b ettt e bt sbe st et eneebenaenea 328

18.4.5.2  Very-Low-Power Stop (VLPS) MOd@........cciriiriiiiiiiiiiiieieieeeteeeeetesie e 329

18.4.5.3 BDM in Stop and VLPS MOES........ooriiiiiiiiiiiieiieeteeiteste ettt sttt ettt st 329

18.4.54  Very-Low-Leakage Stop (VLLSX) MOES.....c..eeriiiiriaieiieniieieeiiesie ettt 330

18.4.5.5  BDM iIn VLLSX MOMES.......ccciriiiiiiiiiiiiiiiienicicieieeeeeit ettt 331

Chapter 19
Power Management Controller (PMC)

19,1 INEEOQUCHION. c...eiiiiiiiitiiicic ettt ettt ettt et et et ea e et e bt eb e bt eb e et e e b sa e b e b saeene b e 333
L9.2 FRALUIES. ...ttt e e s e e e e b b s h b et e s 333
19.3  Low-voltage detect (LVD) SYSIBIM......cciririirtirtirtetitetetetet ettt ettt sttt et ettt et ettt et eae b b saeenesbe e 333
19.3.1  LVD IESEE OPETALION. ....ceuviiiieiiinieritentteteett ettt ettt ettt et e at et eat e bt et eat e s bt e bt ebeesbeeatesbee bt emaesbeenaesatesbeentesneen 334

19.3.2  LVD INLEITUPL OPETALION. ..cuteeiiieitieriieeiteniteetteeiteettesiteeteesiteetee sttt ebeesaseeabeesaseenseesaseeseesaseebeesasesnbeesnsesseenas 334

19.3.3  Low-voltage warning (LVW) INteITUPL OPETALION. .......ccueuiruirririieieiintiniteitetente sttt nae vt eae e 334

19.4 T/O TEEEIMEION. ....ueiiiieiieiieiiee ettt ettt a ettt a bbbt be s bbb sa et e sa et besae et et e 335
19.5 Memory map and re@iSter AESCIIPIIOMS. ...eeutirutieriieetterieerite ettt et e st e stte et e e sibeebtesabeesatesabeesabeesstesabeesabeenbeesaseanseesases 335
19.5.1 Low Voltage Detect Status And Control 1 register (PMC_LVDSCI).....ccccoenininiinininininrcicneeeeeeeenne 335

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 17



h o
g |

|
Section number Title Page
19.5.2 Low Voltage Detect Status And Control 2 register (PMC_LVDSC2).......cooviiiiiiiiiiiniiiiiieiiieereeseeeee 337

19.5.3 Regulator Status And Control register (PMC_REGSC).....c..ccccoirimimininiiieieiecreneneee et 338

Chapter 20
DMA Controller

B O B Vi (0T 1817 (0 ) 3 USRS 341
20,101 OVEIVIEW .ottt ettt b et s b et s b et be s b e st b e s a e st s sa e et e 341

20.1.2  FEATUIES. ...cuiiiiiiiiiciie et et e et 342

20.2  DMA TTaNSTEI OVEIVIBW. ...c..eiuieitieteetieteeteetteteette st ete et e e bt et e st e es b e et ee bt emse et e entees e et e enseeseenseeneeaseenseeseenbeensesseenseeneeneeenes 343
20.3  Memory Map and REGISTETS. ......ovutiiiiiiiiriierieete sttt sttt ettt ettt ettt b e et e b et eeb e et eb e e bt et sbe et e ebee e enee 344
20.3.1 DMA Request Control Register (DMA_REQQ).......ccoouiiiiiiiiiiiiieiiieciee ettt et 345

20.3.2  Source Address Register (DIMA_SARZL)....ccuiiiiiieieeett ettt sttt ettt et seeaneas 349

20.3.3  Destination Address Register (DMA_DAR).......cocuiriiiiiniiiiteit ettt 350

20.3.4 DMA Status Register / Byte Count Register (DMA_DSR_BCR7)......ccooviiiiiiiiiniiiiiciceeieeee e 350

20.3.5 DMA Control Register (DIMA_DCRIL).......coieiuiiuieiteieeit ettt ettt ettt et sae et st ee et ae e aesnnans 353

20.4  FUNCHONAL DESCTIPIION. ¢ ..eutiutieitietiete ettt ettt sttt ettt ettt ettt ettt e s bt et e bt et eb b e bt eabesb e ea b e eb e et e ea b e bt eateebeenteebeenaeenee 356
20.4.1 Transfer Requests (Cycle-Steal and Continuous MOAES)........cooverriieriieniieiiieeiieeite ettt sree e 357

20.4.2 Channel Initialization and STATTUD........cceertiriertieiertt ettt ettt ettt et e esee bt et e sbeeaeeseeensesbeeaesseensesnnens 357
204.2.1 Channel PrioritiZation. ..........ccuccuiiiiiiiiiiiiiicieieetee st 357

20.4.2.2 Programming the DMA Controller ModUle..........c.c.coriiriiiniiinienieeiieeieeiee e 358

20.4.3 Dual-Address Data Transfer MOE. .........ccuoiiiiuieiiiieiieeee ettt ettt seeesbeebe e e eneas 359

20.4.4  Advanced Data Transfer Controls: AUtO-ALIZNMENT.......c...coctiriiriiiiiiiiniereeteeteeteeie ettt 360

20.4.5  TEIMUENATION. .....oiiiiiiiiiitette et b e s st b e s e e b s a e sa b e e e s b e s sa e e 361

Chapter 21
Multipurpose Clock Generator (MCG)

211 INErOAUCTION. ...ttt b e e 363
21101 FEALUIES. ...ttt ettt ettt ettt et e bttt e st e bt et e e et e b e em bt emteeh e e bt ea b e es e e bt embeemee bt embeemeesbeenbeemeesneeseenseenean 363

21.1.2  MOAES OFf OPETALION. ......euiiiiiiiitieiie ittt ettt ettt ettt sb e b et e e et esbtesbe et e et e eateebtesbeebeenbeesnesbaenbeen 366

21.2  EXternal Signal DESCIIPION. ...c..utiiiiiiiieiiieiieeeie ettt ettt ettt ettt et e et e st e e bbe e bt e esbeesabeesabeenbeeeabeesabeesabeenaeenases 367

MCF51QW256 Reference Manual, Rev. 1, 01/2013
18 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
21.3  Memory Map/RegiSter DEfINItION. . ...cccuiiriiiiiiiieitieriteet ettt ettt ettt e st s bt e st e e bt esabeenbeesateebaesaeeenses 367

21.3.1 MCG Control 1 Register (IMCG_C1)..uiiuiiiieieiieieiit ettt ettt ettt et sb et see e e seeeaesseeaesnnans 367
21.3.2 MCG Control 2 Re@ister (IMCG_C2)...cueiiiiiiiieiiiitiienitetest ettt ettt ettt et bt eae s eaesanens 369
21.3.3  MCG Control 3 Register (IMCG_C3).....uiiiieiiiiiieiiie ettt sttt ettt sttt sttt st et e st e st esseesbeesabeenaee e 370
21.3.4  MCG Control 4 Register (IMCG_C4)...oueeiieiieiieiieiet ettt ettt ettt ettt et saeeaee et eaesaeeaesseenesnnens 370
21.3.5 MCG Control 5 Re@ister (IMCG_CS)...couiiiiriiiieiienieetenitete sttt ettt et ettt et st ae st eaesanens 372
21.3.6  MCG Control 6 RegiSter (IMCG_CO)......ccuieruiiiiiiiiieiieite sttt ettt ettt sttt sttt e st e st e sbeenbeesabeenaee e 373
21.3.77  MCG Status RegiSter (IMCG_S).....eetieiieiieieeie ettt ettt ettt ettt ettt ettt st eseeesae et e eaeenbeenteeneesneeanean 374
21.3.8  MCG Auto Trim Control Register (MCG_ATC)...c..cooiiriiiiiiiiiiiniiiteieeeee ettt 376
21.3.9 MCG Auto Trim Compare Value High Register MCG_ATCVH).......cooviiiiiiiiiiiiiieiiieeeceeeeeeeen 376
21.3.10 MCG Auto Trim Compare Value Low Register (MCG_ATCVL).....c.cccoiiiiiiiieieeneeeeee e 377
21,4 FUNCHONAL DESCIIPIION. ¢..ceutiiteiieiteetieteeit ettt ettt ettt ettt et sb et e bt e bt eat e sb e e bt ebb e bt eabesb e es bt et s et e eabesbeentesbeenaeenee 377
21.4.1  MCG MOAE StAtE QIAZTAIMN. ¢...eeeutreeiiertieeteeetee st ettt et e ettt ebteeabeesabeeeateesateesateebeeestesabeesabeesaseesaseensseenssesseean 377
21.4.1.1 MCG MOAES OF OPETALION. ....eueeeieneeeiieiteeteettete ettt ettt ettt e bt este bt enbees e beenee st eneesneeneeeseenaeenes 378

21.4.1.2 MCG mMOd@ SWILCRING....cueiuiiiiiiriiiiiiieeiteett ettt sttt ettt et et e b eas 381

21.4.2  LOW POWET Bt USAZE.......eiiiiiiiiiiitiiitete ettt ettt ettt e st e bt e at e e bt e sab e e s bt e sabeesabeesabeessbeenbeen 382
21.4.3  MCG Internal Reference CLOCKS........oouiiiiiiiiiii ettt sttt st et e e eeeas 382
21.4.3.1 MCG Internal Reference ClOCK..........ccueiiiiiniiiiiiiiiiiiii i 382

21.4.4  External Reference ClOCK..........ccoiiiiiiiiiiiiiiii i 383
21.4.5 MCG Fixed freqUenCy CLOCK .......c.ooiiiiiiieiieeee ettt ettt ettt st be et st e et e esaeeaeeneas 383
21.4.6  MCG Background Debug Controller CLOCK..........cccutiiiiiiiiiiiiiiieiieeieeeeeste sttt 383
21477 MOCG PLL CLOCK ..ttt ettt et 384
21.4.8  MCG AULO TRIM (ATM) ..ottt ettt ettt ettt b ettt b et b e 384
21.5 Initialization / Application INfOIMAtION. ........c.eoutiriiiiiiiiiiite ettt ettt st et s e e 385
21.5.1 MCG module initialiZation SEQUENICE. .....c..eerurirrteeriieeiteeeteeriteettesiteesteeebeesteeebee s bt esbaeebeesseeenbeesaseesbaeeseenseeas 385
21.5.1.1 InitialiZing the MCG.....couiiiiiie ittt st b et be et st esee e e enee 385

21.5.2  USIng @ 32.768 KHZ TEFRIEIICE. ....c..eeuiiriiiiiiiiieiiiieeeee ettt ettt ettt ettt 387

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 19



h o
g |

|
Section number Title Page
21.5.3  MCG MOAE SWILCHIIIZ. ..eeuttiiiiiiieitie ettt ettt sttt ettt ettt e et e sttt e s st e ebeesabeeesbeesabeenaeesabbesnseesateesabeenseean 388
21.5.3.1 Example 1: Moving from FEI to PEE mode: External Crystal = 4 MHz, MCGOUTCLK

FIEQUENCY = 48 IMHZ.....c..oiiiiiiiiii et 389

21.5.3.2  Example 2: Moving from PEE to BLPI mode: MCGOUTCLK frequency =32 kHz................ 393

21.5.3.3  Example 3: Moving from BLPI to FEE mode..........c..cecevvieiiiiinininininieicccncseeeeeeeeeae 395

Chapter 22
Oscillator (OSC)

B2 B Vi (0T 1117 510 ) 3 OO 399
222 Features and MOAES........c.coiiuiiuiiiiiiieieiet ettt sttt ettt ettt sa e bt ea et ettt et et n s 399
22.3  BIOCK DHAGTAM.....ueiiiiiiiiiiiiiit ettt ettt e sa e e bt e eab e e s ab e e bt e sa bt e sa bt eab e e eabeeeab e e bt e enbeesab e e bbeeabeesabeenaeenates 400
22,4 OSC SiZNAl DESCIIPLIOMNS. .....eetieuteeieeiteettesteeteetee st eteesteette bt eateeseesteen et eseeeseenseenteeseeaseenseamseeseesseenseeneesseenseensesneesseenseenes 400
22.5 External Crystal / ReSonator CONNECTIONS. .......cc.eetirttirtieieriientiete ettt ettt et et st sbeebeeatesbeesaeeseesbeenaeeneesseesaeeneeenee 401
22.6  External CloCK CONMNECTIONS.........ccuiiuiiiiiiiiiiiiiiiiiie ittt s s s 403
227  Memory Map/RegiSter DEfINItIONS. ......c.eoueiitieiiriieiieie ettt ettt ettt et e ettt esae et saeeste et e saeenbeeneesseeneeenee 403
22.7.1 OSC Memory Map/Register Definition...........cccouiriiririiniiniiieiiencccet ettt 404
22.71.1 OSC Control Register (OSCX_CR).....cciuiiiiiiiiiiiieeieeiee ettt 404

22.8  FUNCHONAL DIESCIIPIION. ¢...eutiutieiiietietteite ettt ettt et testeetesaeebe e s eesbeeaeesbeenbeeseen bt esse bt emseebeenseeseenteenseeseenseeneenseeneeneeenes 405
22.8.1  OSC MOGUIE SEALES......cueeuiiuiiiiiiieiieiieieitet ettt ettt sttt s st sae st ae e 405

22.8. 1.1 OFfeee et ettt st 406

22.8.1.2  OSCIUIALOr SEATT-UP.....ieuiieiieiieieeieet ettt ettt ettt sttt ettt e sae e te et e eaeesbeenbeeneeeneanseens 406

22.8.1.3 OSCIIAOT SEADIE.......cuiiiiiiiiiiiciieiic e e 407

22.8.1.4  External Clock MOdE.........cccoiiiiiiiiiiiiiiiiiiiiicicic s 407

22.8.2  OSC MOAUIE IMOGES.......eeiieiietieiteetiet ettt ettt ettt ettt et e s bt et e s bt e e e bt ea b e eseenbeese e bt eneeeaeeneesseensesneensesseennesnnans 407
22.8.2.1 Low-Frequency, High-Gain MOdE.........c...coiriiriiiiiniiiiicieieeiteetesetee e 408

22.8.2.2 Low-Frequency, LOW-POWET MOGE.........cccceeriiiiiiiiieiiieiit ettt 408

22.8.2.3  High-Frequency, High-Gain MoOde..........ccoeiuiiiiiiiiiiiieie ettt 408

22.8.24  High-Frequency, LOW-POWer MOde.........ccceioiiriiiiiniiniiiiiieiieeteeteie ettt 409

22.8.3  COUMLET....uiiiiiieit e e h b b e a e b b e h bbb s e e 409

22.8.4 Reference Clock Pin REQUITEMENES. ......cc.ecuiriiriiiiiiieieiiienieetente ettt ettt st 409

MCF51QW256 Reference Manual, Rev. 1, 01/2013
20 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
22,9 RESCL...uiiiiiiiictie bbb a e ettt ea e 409
22.10 LOW POWET MOAES OPEIALION. ....eueeeutientieiieetieteeeteetteteeteette bt etesieesbeeteseeesteeseeseesaeenseemeesseeaeaneesaeenseeneesaeenseeneesseeneeenee 410
2211 IIECTTUPES ettt ettt ettt ettt ettt ettt a e bttt e h s et e et e bt et e eh b e bt eat e e bt et e ea bt eb e emt e eb e e bt e et e eb e e bt ea b e eb e et e eat e bt entesbeenaeenee 410

Chapter 23
Real Time Clock (RTC)

23,1 INEEOQUCHION. c..eiiiiiiiciitiec ettt et ettt ettt e a e bt eae bt b e eb e bt b sa et be s et 411
23,101 FRALUIES....cviiiiiiiici ettt s 411

23.1.2  MOAES OF OPETALION. ... ..euiitieieeieeie sttt et ettt et e bt et e s e esteeb e e st e e bt eabeeaeesseeeaee bt enbeeneeeseesaeenbeenseansesneesneas 412
23,121 WAl MOMC.....cniiiniiiiciiiciiicttc ettt ettt et 412

23,122 SOP MOME.....oiiniiiiciiiieeee et ettt 412

23.1.3  DESIZN OVEIVIEW......eeutiiietieiieitieiteett et et et etee bt et esteeseesaeemeeabeeateabeemteebeanbeeseenteeseenteenee st emeesseeneesseensesseensesnnans 412

23.2  SIZNAL DESCIIPHION. ....cutitieitieitett ettt ettt ettt ettt ettt e b et e bt e sbe e st e sb e e st e sbeeabe s bt embe e bt e st e eb s et e ebe e bt entesbeentesbeenaesneen 413
232.1  EXTAL32K, XTAL32K ..ottt 413

23.3  MemoOry Map and REGISTETS........eouieiiiieiieiieite ettt ettt ettt ettt et e et s bt et e e bt et e es e e beeat e et e en b e eb e et e eneeebeenseeneeneeeneenaeenes 413
23.3.1 RTC Year and Month Counters Register (RTC_YEARMON).......cccccoviriiiiiniinienienieneenteseesieeeieesieeiees 414

23.3.2 RTC Days and Day-of-Week Counters Register (RTC_DAYS)..ccc.ooviiiriiiiiiiieiieeeeeeeeeeseeee 415

23.3.3 RTC Hours and Minutes Counters Register (RTC_HOURMIN)..........ccocteiieiiiiiinieniieeeieceeseeeee e 416

23.3.4 RTC Seconds Counters Register (RTC_SECONDS)......c.ccotiiiiiiiiiiieiienieneenit ettt 417

23.3.5 RTC Year and Months Alarm Register (RTC_ALM_YEARMON).......coootiriiiiniiiniieniieniee et 418

23.3.6 RTC Days Alarm Register (RTC_ALM_DAYS). ..ottt sttt st s 418

23.3.7 RTC Hours and Minutes Alarm Register (RTC_ALM_HOURMIN)........cccccooiiiiiiiniiniiiieieeeeieeieeeen 419

23.3.8 RTC Seconds Alarm Register (RTC_ALM_SECONDS).......ccccceiimiriiininieieieeeeeeee e 419

23.3.9 RTC Control Register (RTC_CTRL)......cotiiiiieieeieieee ettt et st 421
23.3.10 RTC Status Register (RTC_STATUS).....cotiiiiiiienieteeeeeteete sttt sttt ettt 422
23.3.11 RTC Interrupt Status Register (RTC_ISR)....cccuiiiiiiiiiiiiiiiiieieeteee ettt 423
23.3.12 RTC Interrupt Enable Register (RTC_IER).......cccoiiiiiiiiiiieieeeee ettt 426
23.3.13 RTC Daylight Saving Hour Register (RTC_DST_HOUR)......c.coceeriiiiiimiiniiniiiiinieneeeeeceeseeseee e 428
23.3.14 RTC Daylight Saving Month Register (RTC_DST_MONTH)........cccccectimiimiiniinienieieceeeieeeeeeeeee e 429
23.3.15 RTC Daylight Saving Day Register (RTC_DST_DAY ). .coiiiiieiiiiieieiieeee ettt 430

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 21



h o
g |

|
Section number Title Page
23.3.16 RTC Prescaler Register (RTC_PRESCALER).......ccceiiitiiiiiiieieeee ettt s 430

234 FUNCHONAL DIESCIIPIION. 1.t utiutieitietieteetie ettt ettt ee et e te st e e et sae e bt e s ee bt eaeeabeenbeese e bt esse bt emseebeenteeseenbeenseebeenseeseenseeneenaeenee 431
23.4.1 Time and Calendaring FUNCHOMNS. .......c..coriiiiiiiiiitie ettt ettt ettt 431

2342 RTC PreSCaler.....ccuoiuiiiiiiiiiiiiiiiicc et e 432
23.4.2.1 Compensation using the Prescaler BIOCK...........oooiiiiiiiiiiiiieeeee e 433

23.4.3  RTC ISOLAION. ...c.cuiiiiiiiiiieiciietetetete ettt bbb s e e s st sb e sa et s bt s st 434

Chapter 24
Flash Memory Controller (FMC)

241 INEFOQUCTION. c..eiiiiiieiieit ettt ettt ettt ettt ekt et e s e st be e bt et e e bt eaeeb e ebesaeeue b e sueeaenes 435
24101 OVEIVIEW. .ttt st b e e s e b s h e e b e s se e s s e 435

24.1.2  FEALUIES. ..ottt ettt ettt ettt et e et e bt et e e st e bt et e es e e e bt em bt emteeh e e bt em b e es e e bt embeemee bt enteeneeehe e bt enteene e beenneenean 435

242 MOAES OF OPCTALION. .. .euveitetieieeite sttt ettt ettt ettt sbt e s bt et s bt sb e et eate s bt e s bt eatesbeesbe e et eatesbeeteemeesbee bt esaesbeenbeenaeenee 436
24.3  EXternal SIZNAl deSCIIPIION. .c.utiruieitieriteeteetie ettt et ettt e bt e bt e bt e st e e sheesabeesatesabe e bbeeabeebeeeabeesbeesabeessbesaseenbbesnseeseean 436
24.4  Memory map and re@iSter A@SCIIPLIONS. .. .c.teruiiiertieieitiete ettt eete et eteete e bt estesbeeateesee bt esee bt enseeseenteeseenseenseeseenseeneeneeenes 436
24.5  FUNCHONAL AESCIIPIION. c..c.ttiutiiieitieitetteit ettt ettt sttt ettt eb e bt e e eb e st sb et e bt et s bt e bt ebte s bt esbesbeeabesbeeabeebeenbeebeeaeeaee 437

Chapter 25
Flash Memory Module (FTFL)

25.1  INEFOQUCTION. c..eiiiieiiiieit ettt ettt ettt et ettt et e st et e bt e bt e bt eaeeb e e b e s aeeue b saeeae s 439
25,101 FRALUIES....cviiiiiiiiicii et 440
25.1.1.1 Program Flash Memory FEatUIes. ........cccueiiiriiiiiiieiieie et 440

25.1.1.2  FIeXNVM MemOry FEAtUIES......cccueriiriiiiiiiiriieieeieeiteteeest ettt ettt ettt 440

25.1.1.3  FIeXRAM FEaUIES......ccocuiiiiiiiiiiiiiiiiiiicic et s 440

25.1.1.4  Other Flash Memory Module FEatures. .........c.cerieiieiiieiiinienieiieieee et 441

25.1.2  BIOCK DIAZIAMI..cutiiiiiiiiiiiiiieitetteteet ettt sttt b e bt et s bt e bt eabesbte s bt e bt sabesbeenbeeaaesaees 441

25.1.3  GLOSSATY .eeiutteeniieette ettt ettt ettt ettt e he e e bt et e st e e a bt e s a bt e a bt e bt e e bt e e bt e e bt e ea bt e e bt e ea bt e e abeenh bt e eabeenhteenbbeeabee s 442

25.2  EXternal Signal DESCIIPIION. ... ccutiutiiiiitieteeieit ettt ettt ettt ettt e st e e te e tesae e beeatesaeebeemeesatebeemeesateeeeneesaeeseeneesneeneeenes 444
25.3  MemoOry Map and REZISIEIS. ...c..ceuirtiiiiriiiiieiteeieet ettt ettt ettt sttt eat e s bt et b bt et s bt et e bt et e eatesbe et e sbeenaeenee 444
25.3.1 Flash Configuration Field DeSCIiPON. ......eiiuiiiiiiiiiiiie ettt ettt ettt ettt et ettt e sbaeebeenaee s 445

MCF51QW256 Reference Manual, Rev. 1, 01/2013
22 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
25.3.2  Program FIash IFR IMap.......cocuiiiiiiiiiiiieieetet ettt ettt et et ba e et e s et e bt e sabeesbaeenbeenaee s 445
25.3.2.1 Program Once FIeld.........cc.ooiiiiiiiiie e st 445

25.3.3  Data FIash TFR MaP.....cc.coiiiiiiiiiiteeee ettt sttt st sttt et sttt st st e bt st sae e st e saeenaesaees 446
25.3.3.1  EEPROM Data SEt SIZE.....cc.coveuirieuirieiieiiieiirieieeteseete ettt sttt sttt 446

25332 FIeXNVM Partition COde.......cceeiuieiiiiiiitieieeie ettt ettt ettt e sse et enteeneesneens 447

25.3.4  ReEZIStEr DESCIIPLIONS. ...cutiiiiiieiiieiteeiteie ettt ettt ettt ettt sb et et et e s bt et ebaesb e e bt eabesbaesbeebeeaaenaees 448
25.34.1 Flash Option Register (FTFL_FOPT).......coccuiiiiiiiiieeieeteee ettt 450

25.34.2 Flash Security Register (FTFL_FSEC).....c.cooiiiiiiiiiee et 450

25.34.3 Flash Configuration Register (FTFL_FCNFG)........cccccocceiiiiiiiiiiiiiiiinieiceceeeeeeeee e 452

25.344 Flash Status Register (FTFL_FSTAT)...cccutoiitiiiiiieeeteteete sttt 454

25.34.5 Flash Common Command Object Registers (FTFL_FCCOBR).......c.ccccevieiienieniiieieceene 455

25.34.6 Program Flash Protection Registers (FTFL_FPROT)......cccccoceeiiiriiiniiniinicnicicecceeee e 456

25.34.7 Data Flash Protection Register (FTFL_FDPROT)........cccciiiiiiiiiiiiiiiieiiieciceeeeeeee e 458

25.34.8 EEPROM Protection Register (FTFL_FEPROT)........ccccciiiiiiiiiiie e 459

254 FUNCHONAL DIESCTIPIION. ¢ ..eutiutieitietiete ettt ettt ettt ettt sttt sttt et e s bt et e bt et eb b e bt eatesbeea b e eb s e bt ebbenbeeaseebeenteebeenaeenee 460
25.4.1  Program Flash MEMOTY SWaP....cc.coiuiiriiriiieiiieiteite ettt ettt et ettt e sttt e st e et e sate e bt e sase e beesnbeeaeesas 460
25.4.2  FLaSH PrOTECTION. ...cueitiiiieitieiteit ettt ettt sttt e bt et s bt et e e bt eabees e et e e st e bt emeeeaeeneeseeensesneensesneensesnnans 460
25.4.3  FIEXINVIM DESCIIPHON. c...euteiuiitieitetieiteettete ettt ettt ettt ettt s b et s bt et s bt et ebtesbe e bt e sbeeatesbeeatesbeemaesbeennenanens 462
254.3.1 FlexNVM Block Partitioning for FIEXRAM.........ccccuiiiiiiiiiiiieniienieetcete e 462

25432  EEPROM USEI PerSPECtiVE. ... .eouiiiiiiiiieiieiieiiett ettt sttt ettt et st e e e eneens 463

25.4.3.3  EEPROM Implementation OVEIVIEW........c.ceuiriirieriieniienieenieenieeieeteeteeitesisesiaesieesieesaeenaeeseeas 464

25434  Write endurance to FlexRAM for EEPROM...........cccccociiiiiiiiiniiiiiiiicciccee 465

25,44 TIE@ITUPES. .uteeuteeuteeteete et ette et et e et e et e bt es e e et e et e emtees e e bt embees e e b e ea b e emeeeaeenbeembeee e e bt embeese e beenseeneeebe e bt enbeene e beenaeanean 466
25.4.5 Flash Operation in LOW-POWET IMOAES......c..cooueiiiriiriiiiiciieneeicet ettt s 467
25451 WAt MOE......cuiiiiiiiiiiiiiceec ettt 467

25.4.5.2  SEOP MOME... ittt ettt et ettt et h bt e e s e bt et e e st e b e enteeneeeneen 467

25.4.6  Functional Modes Of OPEIation........c..cccoeiruiiiiriirienieeiieteete sttt ettt sttt sae ettt eatesbe e bt e bt ebeesresbaesaees 467
25.4.77 Flash Reads and IZNOTed WITLES........eeruiiiiiieriieiieeeitie ettt ettt ettt et et e bt e ettt e sbtesbeeebaeenbee s 468
25.4.8  Read While WIIte (RWW)....c.iiiiiiiiiiieiicie ettt ettt 468

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 23



b -

g |

Section number Title Page
25.4.9  Flash Program and ETaSe.........c.cooiiiiiiiiiiiiiiieeie ettt ettt st ettt e st e bt e sabe e bt e sabeenaee e 468
25.4.10 Flash Command OPEIAtIONS........cceeueererueruirririeriietietenieetestesteetestesteetestesaestessesaestessesaessessessestenbesaessesbesaessensenee 469

25.4.10.1  Command WTIte SEQUEIICE. ........ccuerutiriirtiriieitinteeite sttt ettt ettt sttt ettt ees et eaee e ene 469
25.4.10.2  Flash Commands...........cccciiiiiiiiiiiiiiiii e 471
25.4.10.3  Flash Commands bY MOde.........c.coouiiiiiiiiiieiieieteee ettt st e e b ens 474
25.4.10.4  Allowed Simultaneous Flash Operations.........c.cccoceeruirieriiniiiiinieniieieeeeseeiceee e 475
25.4.11 Margin Read COMMANAS.........coitiiiiiiiiieiiierie ettt ettt et ettt ettt ebt e e sbteebeeebteebeeesbbesnbeeebsesbeeesaesaseees 475
25.4.12 Flash Command DeSCIIPIION. .......eeuiruteieieierieeieite ettt ettt et ettt e et e bt este st e eneeeaee et eneesseenaesneenseeneesseensesneas 476
25.4.12.1 Read 1s Block Command.............ccoecueiiiiiiiiiiiiiiieieiee ettt 477
25.4.12.2  Read 1Is Section ComMaNd.........ccoccuiviiiiiiiiiiiiiiiiiiiii s 478
25.4.12.3  Program Check COmMMANQ........coeeiiiriiiiieiiiieieieetceseeetese ettt 479
25.4.12.4 Read Resource COmmMANd............cooueviruiiiiiiniiiiiiii ettt s 480
25.4.12.5 Program Longword COMMANA..........ccueriiiiiiiiiiiniienie ettt ettt sttt et et ebee s ebee e 482
25.4.12.6  Erase Flash Block COMMAN.........ccccoiiiiiiiiiieiieie ettt et 483
25.4.12.7  Erase Flash Sector Command...........cc.cccoiviiiiiiiiiiiiiiiiieneeeceeeeeree e 484
25.4.12.8  Program Section COMMANA..........ccocuiiiiieriiieniienieerie ettt ettt ettt e siteebe e sibeebeeeaaeeaee s 487
25.4.12.9 Read 1s All Blocks COMMANG.........coiuiiiiiiieiiiiiiee ettt sttt se et et e e nbeens 490
25.4.12.10 Read Once Command..........c..coevuieuiiiiiiiiniiiiiiieiiec ettt et 491
25.4.12.11 Program Once COMMANG.........c.eoiiiiriieriieiieeiieetieeieeit et e sttt esbee st esabeebeesabeesatesbeesseenaees 491
25.4.12.12 Erase All BIocks COMMANQ........cc.coiiiiiiiiiiiiiiet ettt ettt saeens 492
25.4.12.13 Verify Backdoor Access Key Command...........ccceeuerieriiniiiienienieneenieeiesieeseesieeee e 494
25.4.12.14 Swap Control COMMEANG..........eeiiiiiiiiiiieiiierite ettt e sttt e st e s bt e sbbeesbeesabeesneenaees 495
25.4.12.15 Program Partition COmMMANQ............coiiriiiriiiiieiieieeie ettt et s siee e seeenaee e ens 501
25.4.12.16 Set FlexRAM Function Command.............c.ccocueieiiiniiiiniiiiniinieiieieeeie e 503
25413 SECUTILY .. utteeutteeitteeite ettt ettt ettt ettt e st ettt e bt e e bt e s abeeeab e e eat e e sabeeabeeeab b e eab e e sabeeeab e e st e e bteeabaeenbeesabeesabeenateensbeebee s 505
25.4.13.1 Flash Memory Access by Mode and SeCUTItY..........ccceerierieriirienienie et 505
25.4.13.2  Changing the SECUITLY StAte.......ccerriiriiriiriiriiiieriereee ettt et sttt et s e e 505
25414 RESEE SEQUEIICE. ... eeeutieiuiieeiteeitte st e et e sttt e ettt e st e e sttt e bteebte e baeeabtesabeeeabeesabeeeabeesabeesabeesabeesabeensseesnbeensteensbeenseeen 507

MCF51QW256 Reference Manual, Rev. 1, 01/2013

24

Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
Chapter 26
EzPort
20,1 OVEIVIBW...uiiiiiiiiiiieit ettt ettt ettt ettt et ettt et et e s e bt et e bt e ae bt e b e eae bt e b e ea bt b e ea et e be st 509

20.1.1  INEFOQUCTION. ...ttt s e s s s sa e s s e 509

20.1.2  FEALUIES. ...c..eeutieuieetiet ettt ettt ettt ettt et et e e st e bt et e ea e e e bt ea bt eaeeeh e e bt em b e e st e bt embeeme e beeabeeneeebe e bt eneeene e beenneenean 510

20.1.3  MOAES OF OPCIATION. ¢...eutiiiiiieiiieiteetteett ettt ettt ettt et be e st e et ea bt sbtesbee bt eat e ebtesb e e bt eabeesbesbaesbeebeensessaenbeen 510

26.2  EXternal SIZNAl deSCIIPIION. .e.utirtieiiieiieeteeite ettt et ettt e bt e e bt et e e s bt esueesab e e s aeeeabeebbeeabeenbeesabeesbtesabeessnesabeenbaesnseenseean 511
26.2.1  EZPort CIOCK (EZP_CK)...c.oouiiiiiieiiiiietie ettt bttt 511

26.2.2  EzPort Chip Select (EZP_CS).....ciriiiriiiiieiriciricirteteie ettt ettt ettt 511

26.2.3  EzPort Serial Data In (EZP_D)......ooooiiiiiieiee ettt e e et e e et e e e e e e earaeeeeeeeennaes 512

26.2.4  EzPort Serial Data Out (EZP_Q).......oooioueiieeeeeee oot e e e e e e e e e e eerae e e 512

26.3  Command defINItION. ......cc.coiiiiiiiiiiiieie ettt 512
26.3.1  COmMMANA AESCIIPLIONS. ...eeutieiutieriieeieeeiteeit e et ettt et e st e ebtesateesateeabeesateebeesaseebeeeabeessaeenbeessseebeesaseenbaeenseensnean 513
26.3.1.1 WIIEE ENADIE. ... .ottt ettt ettt ettt et ste e seesae e be e enee 513

260.3.1.2  WIIte DISADIE.....ciiiiiiiiiiicicce e e 513

26.3.1.3 Read Stattus REZISIET....cc.uiiiiiiiiieiiierieeee ettt ettt et beeeabeesabeesans 513

20.3.1.4  REAA DAtA....c.eiiiiiiieieeeeeee ettt e h ettt b ettt e b et eneenbeens 515

26.3.1.5  Read Data at High SPeed.......ccceiiiriiiiiiiiiiiiieie e 515

26.3.1.6 SECHION PrOZIAM. ... eiiiiiiiii ittt st ettt e sttt s bte st e sebeeaeeeans 516

26.3.1.7 SEOLOT EIASC...... e eutitieie ittt ettt ettt st b e et b e e e e bt en b et e en b e eseenteeseebeeneenaeenean 516

260.3.1.8  BUIK BEIase....cccoiiiiiiiiiiiiiicc e s 516

26.3.1.9 EZPOTt RESEE CRIP.c..tiiiiiiiiiiieiiiee ettt et ettt st e st e e bbeeaeesans 517

26.3.1.10  WTIite FCCOB REZISEIS. ... ceiuiiuiiitieiietieieitieie ettt ettt ettt ettt ettt te st eseesbeeatesbeeneesbeeneeeeeenes 517

26.3.1.11 Read FCCOB Registers at High Speed...........ccoceririiniiniiiiniiiiiineiceeceeeeeeee e 517

26.3.1.12  Write FIEXRAM.....ooiiiiiiiiiieeee ettt et 518

26.3.1.13  Read FIEXRAM......ooiiiiiiiiieeteseeet ettt sttt ettt sttt st be e 518

26.3.1.14 Read FIeXRAM at High SPEed........c.coiriiriiiiiniiiiiniiienet et 519

26.4  Flash memory map fOr EZPOIT ACCESS.....c.utiiiiiiiiiiieit ettt ettt ettt et et e st e sbae et esabeesaeesans 519

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 25



h o
g |

|
Section number Title Page
Chapter 27
Cryptographic Acceleration Unit (CAU)

271 INEFOQUCTION. ...ttt ettt ettt et et ettt et et e s et eae e bt e bt eaeeb e ebesaeeue b e saeene s 521
27.2 BIOCK DHAZTAM. ...ttt ettt ettt e s et e sat e st e e s ab e e bt e s e bt e sa b e e bt e eabteeabeebbeenbeesabeensbeenbeesabeenaeenntes 521
B T O )< 7 () OO OO SRRRRPR 522
274 FEALUIES......euiiiiieiitetecee ettt sttt a e et a et b e b et b e b b s h b b e h b h e et b e a e st b h e st be e a e sa bt 522
27.5  REZISIET AETINMILION. ¢...eieutieiieitiesite ettt ettt ettt ea e sb bt et e e bt e e bt e shtesabeesabeeabe e bteeabeebeeeabeensbesabeessbeeabeensseenbeenseean 522
27.5.1  Status Register (CAU_CASR). .. .ottt ettt et et e s bt e b e et e eseesbeebeeneeseeenbeenaeeneas 524

27.5.2  AccUMUIAOr (CAU_CAA). .. o ettt e e e ettt e e et e e e e ta e e e etbeeeesaseeeeeasaeeesasaaeesareeeenans 525

27.5.3 General Purpose RegiSter (CAU_CA)....coiiiiiiiiieeiteeee ettt ettt et sttt st e st saa e e abeeaee s 525

27.6  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt ettt et e et e bt es e e bt ee et e ent e et e eneeese e bt saee bt emeesbeemseebeenseeseenseeneenseeseenneenes 526
27.6.1  Programming MOEL.......c...ooiiriiiiiiiiiii ettt sttt et b ettt sbt e bt e naees 526

27.6.2  COPTOCESSOT INSIIUCTIONS. ...eeutieiutieiiiietieette ettt ettt et eb e stt e e bt e sateesateeabeesabe e seesabeesabeeabeesabeennbesabeeenseenseeen 526

27.6.3  CAU COMMANMS. ...ttt ettt ettt ettt e st e et e eate st e e et eateabeeaeeeaeeabeeatesseebeemeesatenbeemeesneensesneesseensesnean 526
27.6.3.1 Coprocessor No Operation (CNOP)......cocucoiiiiiriiriiiieiiecetee et 528

27.6.3.2 Load RegiSter (LDR)......coiuiiiiiiiiieiiteee ettt sttt ettt e st et e s e 528

27.6.3.3 Store REZISTET (STR)...uvtiuiieiieiieie ettt ettt et ettt ettt et et e s e e enee 528

27.6.34 Add t0 Re@iSter (ADR)...ccueiiiiiiiiiieieet e e 529

27.6.3.5 Reverse and Add to Register (RADR).....cccoiiiiiiiiiiieniieteeee et 529

27.6.3.6 Add Register to Accumulator (ADRA).....cc.oiiiiiiiieeee et 529

27.6.3.7  EXCIUSIVe OF (XOR).....ioiiuiriiiriiiiiiieiitcit ettt ettt 529

27.6.3.8  Rotate Left (ROTL).....coooiiiiiiiiicieereereee et 529

27.6.3.9 Move Register to Accumulator (IMVRA)......coouiiiiiiiiie e 530

27.6.3.10 Move Accumulator to Register (IMVAR)....cc.cooiiiiiiiiiiiiiiniriccreeeteeee e 530

27.6.3.11  AES Substitution (AESS).....c.coiiiiiiiiiiieeeeree ettt 530

27.6.3.12  AES Inverse Substitution (AESIS).......c.ooi e 530

27.6.3.13  AES Column Operation (AESC)......cccuciiiiiiiiiiiiieiieiieee ettt 530

27.6.3.14  AES Inverse Column Operation (AESTC)......ccccuiiiiiiiiiiiiieiiieeeeeeete et 530

27.6.3.15  AES Shift ROWS (AESR)...c.ceuiiiiiiiiiiiiiiieenee ettt ettt ettt 531

MCF51QW256 Reference Manual, Rev. 1, 01/2013
26 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
27.6.3.16  AES Inverse Shift ROWS (AESIR).....ccccooiiiiiiiiiiieicceeeeeeeee e 531

27.6.3.17  DES RoOUNA (DESR)...c..cutiiiiiieiitiiieitertetee ettt 531

27.6.3.18 DES Key Setup (DESK)...c..cooiiiiiiiiiiieieeiesiteseee sttt sttt st 532

27.6.3.19  Hash Function (HASH)........ccooiiiiiiiiecceeree et 532

27.6.3.20  Secure Hash Shift (SHS).......ooo i e 533

27.6.3.21  Message Digest Shift (IMDS)..c..coiiiiiiiiiiiiente ettt st st 533

27.6.3.22  Secure Hash Shift 2 (SHS2).....ccociiiiiiiiiiieceeeeecee e 534

27.6.3.23  Tllegal command (TLL)......cceeriiiiiiiiieiiee ettt ettt te bt be et eneeeneens 534

27.7  Application/initialization INfOIMATION. ......c..eevtiiiiriiriiiiiete ettt ettt ettt et sebe st st esbeenee e e eaee 534
2771 COAE EXAMPLE....eeueiiniiiiiiieite ettt ettt ettt et e st e bt e sat e s hb e e bt e sabe e bt e sab e e bt e eabeessteenbeesabeebaesabeenbaeenbeenaeean 534

27.7.2  ASSCMDIET EQUALE VAIUES. ....cuieuiiiiiiitieie ettt ettt ettt et e e st e st e e et saee s bt ente e st e steenbesseesbeeasesneenseeneesnean 535

Chapter 28
Random Number Generator Accelerator (RNGA)

B T B Vi (0T 1117 510 ) 3 OO 537
28101 OVEIVIEW ..ottt ettt s a et s b et s a e et b b st s a e sa b s st st e 537

28.2  MOAES OF OPETALION. .....eeitiiuiie ettt eitte ettt e ettt e et eit e sttt ettt e bt e e bt e sabe e bt e eabeesabeeeabe e sbeensteeabeeeabeesateenbbeenbeesabeesateenbbeeseenases 538
28.3  Memory map and re@ister defINItION. .......cc.eiuiiiuiiieie ettt ettt st e b st et e bt e b e ese et e e st e beeneenaeenee 538
28.3.1 RNGA Control Register (RING_CR)...c...ooiiiiiiiiiiiiiiieniteteeteet ettt sttt 539

28.3.2 RNGA Status Register (RING_SR)........ccoiriiiiiiiiiieieeeeee e e 540

28.3.3 RNGA Entropy Register (RNG_ER).......coooiiiiiiiiieee et 542

28.3.4 RNGA Output Register (RING_OR).....ccuoriiriiiiiiiiiieniteiee ettt ettt ettt 543

28.4  FUNCHONAL AESCTIPLION. ...eeutiiiiiieiieeiterite ettt ettt ettt et e bt e et e e bt e e bt e shtesabeesubesabeesbbeeabeebeesabeenbtesabeesstesaseenbaesnseenseean 543
28.4.1  RNGA OULPUL REGISTOT......eitietieiieitieit ettt ettt ettt ettt st et e et e s te e bt e st e sbeenbesaeesaeanbesseeabeensesneenseensesnean 544

28.4.2 RNGA Core/Control Logic BIOCK.......cccuiiiiiiiiiiiiiiiiiieeeeee ettt 544
28.4.2.1  RNGA Control BIOCK ......c.ccoiiiiiiiiiiiiiieiieeeeeeree et 544

28.4.2.2  COTE ENZING. ..ottt ettt ettt ettt ettt et b ettt n e bt et e e enee 545

28.5 Initialization/application INFOTTATION. ....c..eerttiriiiiiriiert ettt ettt et ettt st e bt e b e eaee 545

MCF51QW256 Reference Manual, Rev. 1, 01/2013
Freescale Semiconductor, Inc. 27



h o
g |

|
Section number Title Page
Chapter 29
Cyclic Redundancy Check (CRC)

201 INEFOQUCTION. ...ttt ettt ettt ettt et et ettt et et ea e bt e bt et e e bt eaeeb e b e saeea e b e sueeae s 547
20,101 FRALUIES....cviiiiiiiiiiic e et 547

29.1.2  BIOCK QIAZIAIMNL c..cueiiiiiiiieicctitese ettt ettt ettt ettt ettt a et b et ne e 547

20.1.3  MOAES OF OPCIATION. ¢..eutitiiiieitieiteetteett ettt ettt st et et et s bt bt et eatesheesbee bt eat e ebtesb e e bt eabeebbesbaenbeebeensesbaenaeen 548
29.1.3.1 RUN MOE......oiiiiiiiiiiii s 548

29.1.3.2  Low-power modes (Wait OF STOP).....cceevueruiririeiiieniinienieetentente sttt sttt ettt 548

29.2  Memory map and re@iSter AESCIIPLIONS. .......evuteruiriirtieie ettt ettt ettt ettt sb et sbe et et et e e st e sbee bt eaeesbeestesbeenaeenee 548
29.2.1 CRC Data register (CRC_DATA)........ccciiiieieiieieieeeese ettt s 549

29.2.2  CRC Polynomial register (CRC_GPOLY ).....cccoeoueiiriimiiniiiiniiieieictce sttt sttt e 550

29.2.3  CRC Control register (CRC_CTRL)....cceoitiiiiiiiiinititinieeesit ettt ettt ettt ettt st sae e b sanens 550

20.3  FUNCHONAL AESCTIPLION. ...eeuuteiuiieiteeieerite ettt et ettt et et eab e e sb b e et e e bt e e bt esbtesabeesubeeabeesbteeabee bt e eabeesseesabeessbesabeennsesnseenseean 551
29.3.1 CRC initialization/reiNTtaliZAtION. .......eouietieiietietteteee ettt ettt ettt sttt e et eneesbeebesseesneebeeneeeneas 551

29.3.2  CRC CAlCUIALIONS. ...ttt et sttt ettt eae s 552
29.3.2.1 L60-DIt CRC ...ttt sttt et 552

29322 32-DIE CRC .ttt b bbbt b ettt 552

20.3.3  TranSPOSE TRALUIE. ......cueeutiriiiiieieeiteett ettt ettt ettt et ea e bttt e bt sb b e bt et e e bt e s b e et e eabesbe e bt eabesbeenbeenbeeaaenneen 553
29.3.3.1 TYPES OF LTANSPOSE....eeetieiiieitieeitee sttt ettt sttt e st e st e st e e sabe e sabe e st e esabeesabeesabeesabeesaseesanes 553

29.3.4  CRC result COMPICIMEGNL. ......c.eitiiiiiietetitertesteetente sttt sttt ettt ettt ettt ettt ettt e et e s e st ebenaesaenenae 555

Chapter 30
Miscellaneous and Error Status Module (MESM)

T2 B 633 (o6 11 (<5 10 | USRS 557
B0.1.1  OVEIVIEW. .ottt sttt bbb e b b s bbb s bbb sa e b b sa et s b sa et saesae s 557

B0.1.2  FRATUIES.....eeiiiiiiiiiiie et sttt st s 560

30.1.3  MOAES Of OPEIALION. .. .ceuuieutieutieiiietteetieit et eteeteeteeste e bt eateeaeeste e bt e et emteesteeseeseenbeenseeseesatesseenbeenseeneeeneenseanseans 561

30.2  External Signal DESCIIPLION. ..c..cevtiriiiiiriiieite ettt ettt ettt ettt et sbt ettt sb e e bt et ebeesae e et ebeesbee e eaee 561
30.3 Memory Map and RegiSter DEfINItION. ......covuiiiiiiiiiiiiieiiie ettt ettt sttt e st e st e ebeesabeesateebeesabeenaeen 561
30.3.1 MESM Platform Configuration Register 0 (MESM_PLTCFGO)..........ccccteiiriiiiiieienieeeeeeeieee e 562

MCF51QW256 Reference Manual, Rev. 1, 01/2013
28 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
30.3.2 MESM Platform Configuration Register | (MESM_PLTCEFGI).....cccccovviiiiiiiiiiniiiiieieesieeeeeee e 563

30.3.3 MESM Error Detecting Code Control Register (MESM_EDCCR).......ccccoiiiiiiiiiiiinieiieeeeeceeeeeene 564

30.3.4 MESM Error Detecting Code Status Register (MESM_EDCSR)....c..coccooviiiiiiniiniiniiiiccceeceeeeeeies 566

30.3.5 MESM Parity Error Generation Register (MESM_PEGR).........ccocciiiiiiiiiiiiiiceceee e 567

30.3.6 MESM Fault Address Register (MESM_FADR).......cccooiiiiiiiiieieieee ettt 569

30.3.7 MESM Fault Attribute Register (MESM_FATR).....cc.cooiiiiiiiiiiiiteeteeteeeeee et 570

30.3.8 MESM Fault Read Data Register (MESM_FRDR)...........cccoiiiiiniiiiiiiinieceseeeeeeeeeee s 572

30.4  FUNCHONAL DESCIIPIION. .. ceutttiiteeiteetieteett ettt ettt et et e et e ete e te e st e sbeeaeesae e beeaee bt eaeeabeenbeese e bt emteebeenbeessenbeensesseenseeneeeeenes 573
30.4.1 Nibble Parity Generation and CheCKing...........ccoveriiiiiiiiiriiiiiiieicencete ettt sttt 573

30.4.2  RAM Parity INTHAIZAION. .....c..eiiiiiiiiiiieiie ettt ettt e st e bt e st e e bt e sate e bt e saneennee 574

30.4.3 RAM Read BuS TIMINEZS. .. .eoueeiuieiiriieit ettt ettt ettt e sttt e et e be et e s bt eabeeseeabeestesbeenbeeseenbeensesseenbeennenseans 574

30.4.4  Error Handler ROULINES.........cooouiiiiiiiiiiiiiiiiiciecce ettt s 576

Chapter 31
Modulo Timer (MTIM)

311 INEEOQUCTION. c.eiiiieiieiicit ettt ettt ettt ettt ettt et e bt ae e bt e b e e bt eaeeu e eb e s aeebe b sueebenes 579
BL.2 0 FEALULES ..ottt e e b b e a bbb e b e s s 579
31.2.1  BIOCK DHAZIAI ...ttt ettt ettt s a ettt e ae et e et e e st e bt ent e e st e ebeenteenbeeseenteenseeneanseans 580

31.2.2  MOAES Of OPETALION ....eoniiiiiiiiiieiieetiett ettt ettt ettt et sb e sb et e bt ea bt ebeesb e e bt enbeeaae e st e sbtesbeenbeentesatesbeenbeenneans 580
31221 MTIMIO in Walt MOAE ......ceviiiiiiiiiieiieciececeee e 580

31.2.2.2  MTIMIO in SEOP MOGES.......eeutieiiieiieeiieeiie ettt ettt ettt ettt ettt e b e b e b e nbeeaeeneeenes 580

31.2.23  MTIMI16 in Active Background MOdE ........c..ccoeevieriiiieniiniiieeieeteeteeee et 581

31.3  External Signal DESCIIPLION .oo..uiiiiiriiiiiiiiie ettt ettt ettt ettt e st et e s b e e bt e s it e e sabeeabeesabeesabeesbbeenbeesabeesabeenseean 581
31.3.1 TCLK — External Clock Source Input into MTIIMI6 ........c.cccuiiiiiiiiiiiiiiiieiieie et 581

31.4  Memory Map and RegiSter DESCIIPIIONS. ....ecuerutiriiiiiiiertterieete ettt ettt sttt st sbe et e sbee bt et sbeesaee e enee 582
31.4.1 MTIMI6 status and control re@ister (IMTIMX_SC).....cooiiiriiiiiiiiiieiiieeiee ettt st 582

31.42 MTIMI16 clock configuration register (MTIMX_CLK).......ccciiiiiiiiieiienieitetee e 583

31.43 MTIMI16 counter register high (MTIMX_CNTH)......cccooiiiiiiiiiiiiiiiiceeceeetee e 584

31.44 MTIMI16 counter register oW (MTIMX_CNTL)....cccuiiiiiiiiiiiiiiiteecte et 585

31.4.5 MTIM16 modulo register high (MTIMX_MODH).......ccccooiiiiiiiiiiieiee et 586

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 29



h o
g |

|
Section number Title Page
31.4.6 MTIMI16 modulo register low (MTIMX_MODL)......cccccoiiiiiiiiiiiiiiie ettt st 587
31.5  FUNCIONAL DESCIIPIION «..eoutiiiitieiieetieteetiet ettt e bttt ettt et e ste e et e st e et e shee bt e st e bt eaeeebeenbeese e bt emteebeenbeeseenbeenseeseenteeneeeeanee 587
31.5.1 MTIMI16 Operation EXAMPIE ......cc.coouiriiriiiiiniiiiiieniteieeitettetete ettt sttt ettt et 589
Chapter 32
Low Power Timer (LPTMR)
32,1 INEFOQUCTION. c..eiiiiiiiieit ettt ettt et et ekttt et e st se e bt et e bt eaeeb e b s aeeae b sae st 591
32101 FRATUTIES. ...ttt st s 591
32.1.2  MOA@S Of OPETALION. ...c..eviiieiieiiititete sttt ettt ettt ettt a ettt eae ettt ettt sa et s bt eb e bt et ean et enaensenaennes 591
32,2 LPTMR SIZNAL AESCIIPIIONS. .. .eevteuiiriiiriierteeiteeite ettt ettt ettt ettt st eb et et b e s bt e bt e bt saaesbtesbeesbeeatesbeenbeenaeebeesbeenbeeneeenee 592
32.2.1 Detailed siZNal AESCTIPLIONS. .....eeiurieriieiiiieeiieetie ettt ettt et ettt et e sbeesbeesabeesabeesbteesbbeenbeesbeesaseesabeesaneens 592
32.3  Memory map and re@ister defiNITION. .......cocuiiiuiiiriiirtieret ettt ettt ettt s 592
32.3.1 Low Power Timer Control Status Register (LPTMRX_CSR)...c..ccoceeriiriiniiiiniiiierienieeieseeieeeseeeeeeniens 593
32.3.2 Low Power Timer Prescale Register (LPTIMRX_PSR)......ccociiiiiiiiiiiiiieeee e 594
32.3.3 Low Power Timer Compare Register (LPTMRX_CMR).....ccccccoviririnininininenincncscecne e 596
32.3.4 Low Power Timer Counter Register (LPTMRX_CNR).....c.ccocciiiiiiiniiiiiiieieeienteieeeeeee et 596
324 FUNCHONAL AESCTIPIION. ..ccuuieiuiiiiieeiieette ettt ettt ettt sttt e st e e bt e s bt e e bt e s at e et e e sabeeabeessbeeaseessbeenbeennteeabeessbesabeesabesnseenns 597
32.4.1  LPTMR POWET QA TESEL.....c.eiutiuriuiinieniitententeetentesteste sttt sttt ettt ettt ese et ettt eas et ess e te st et enenaetenaesaennes 597
32,42 LPTMR CIOCKING. c...ctiiitiiiitiitetieitete sttt ettt bttt sttt s b et s he e bt s bt s b sbtenbeeb b e bt e st enbe et esbeenee 597
32.4.3  LPTMR prescaler/GltCh fIlLer.......ooiiiiiiiiiieiieeie ettt st ettt st et e sbaesanee e 597
3243.1 Prescaler @nabled..... ..o et 598
32432  Prescaler DYPASSEA......cocoriiiiiiiiiiiiiiieteeteet ettt st s 598
32.4.3.3  GHEICK FIIET ..ot 598
32434  GLUECh filter DYPASSEA.....cuiriiriiriiriieiiiiieiieicteet ettt sttt 598
32,44 LPTMR COMPALE.....ctirutitieititieiteeteete sttt sttt sttt ettt ettt eat e bt eatesb e e st e s bt esaesbeenbesbe e bt sbb e bt eb b e bt eseenbeentenaeenee 599
3245  LPTMR COUNET......oouiiiiiiiiiiiiieititecie ettt s eb s s a et 599
32.4.6  LPTMR hardWare trIEET. ......ccouteiiriieieeiierte ettt ettt ettt ettt esae e be e s tesbeebe e st enbeeseesbeanbesseenbeenseeseenbeennansnans 600
32,477 LPTMR IIEEITUPL. c..eeuteeitetieitenteeite ettt sttt sttt ettt et et et eat et e e sb e et s bt eae s bt e bt sbte s bt ebbenbeebb e bt este bt entenbeenee 600
MCF51QW256 Reference Manual, Rev. 1, 01/2013
30 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
Chapter 33
FlexTimer (FTM)

3301 INEFOQUCTION. ..ttt ettt ettt ettt ettt ettt e a e bt e bt et e bt eaeeb e b e saeebe b sueeae s 601
33. 1.1 FIeXTimer PRIlOSOPIY . ...ceiuitiiiiiiiieiiieete ettt ettt ettt e st ettt et eeab e e sbteeatesabeesabeenbteebaesaseenes 601
33.1.2  FRATUIES ..ttt ettt ettt ettt et ettt et e e e et et e ea et ea e et e e a et e st e bt en et ea e e bt e a bt en b e ekt et e enbeehe et e enteent e beenbeeneenneans 602
33.1.3  MOAES Of OPEIALION. ...c.utitiiieenieiiieeite sttt ettt ettt ee et b et ea e s bt e s bt e bt et e eatesbeesue e bt eateebeesbeenbeenbeebtesbeenbeans 603
33,14 BIOCK QIAGTAIM...cuuiiiiiiiiiiiiie ettt ettt ettt ettt e s et e bt e e bt e s ab e e sat e e bt e eabeesabeesatesabeesabeensaeebaesnneees 603
33.2  SHZNAL AESCIIPIION. ..ttt ettt ettt ettt ettt et e et e bt et e e bt es e e ebeem b e es e en b e es e et e emeeebeemeeebeemeeeaeemseeseenbeeseenbeeneenseeneenaeenes 606
33.2.1 EXTCLK — FTM exXternal CIOCK. .......cc.ccciiiiiiniiiiiiiiiiiiiciet et 606
33.2.2 CHn — FTM channel () I/O PIN.....cocueiiiiiiiiiiiiieeie ettt sttt sttt sttt e st e st esibeesanee e 606
33.2.3  FAULT]) — FTM FaUlt INPUL. c..c.coviietiieiiiteiet ettt ettt ettt ettt 606
33.2.4 PHA — FTM Quadrature Decoder Phase A INPUL.......ccccoiiiiiniiniiniiiiiietcsteeeiceeee et 607
33.2.5 PHB — FTM Quadrature Decoder Phase B INPUL..........cooouiiiiiiiiiiiiiiiiiicteee e 607
33.3 Memory map and re@ister AeINItION. ......cc.eecuirieriiiiete ettt ettt ettt ettt ettt e s bt et e s bt e be b e et e ebe et e ene et e eneeneeenee 607
33.3.1  MoOdUIE MEMOTY IMAP....cutittetieitietieteeiteettete ettt et e eateetteste et e eate st eesteeateebeesteeateebeenbeeateebeesbeenbeebaenbeenbestaenteans 607
33.3.2  ReEZISIET AESCTIPLIONS. 1. uveeueiieiteeiiiesitteeite ettt et e ettt ettt et e et e e sabe e bt e ebtesabeesabeesteeabeesabeenseeestesabeesabeensteebaesaneens 608
33.3.3  Status and Control (FTIVIX_SC)......oi oot e e e e e e et e e e et e e e etaeeeeetaeeeeennens 611
33.3.4  Counter High (FTMX_CNTH)....ccooiriiiriiiiiiiieietrtetee ettt 612
33.3.5 Counter Low (FTMUX_CNTL)....ccocoiiiiiiiiiiiiiieeiree ettt 613
33.3.6  Modulo High (FTMX_MODH)......cccctmiiiiirieiitiieintetet ettt ettt ettt 614
3337  Modulo Low (FTMX_MODL).....c.coioiiiriiieiniiieiintetniese ettt ettt ettt 614
33.3.8 Channel Status and Control (FTMX_CRSC).......ccoomiiiiriieee et et e e eareeee s 615
33.3.9 Channel Value High (FTMX_CRVH).....cccooiiiiiiiiieie ettt sttt 618
33.3.10 Channel Value LOW (FTMX_CRVL)....ccuuiiioiiieeiee ettt et et e e e e aa e e e abeeeeareeeeaneas 619
33.3.11 Counter Initial Value High (FTMX_CNTINH)........coiiiiiiiiiieiiieee ettt e 619
33.3.12 Counter Initial Value Low (FTMX_CNTINL).....c..ooiiiiiiieie e et 620
33.3.13 Capture and Compare Status (FTIMX_STATUS).....cctiiiiiiriiiieeieeterteeee ettt 621
33.3.14 Features Mode Selection (FTMX_IMODE).........ccooiuiiiiiiiiiiiiieeeee ettt 622
33.3.15 Synchronization (FTIMX_SYINC)......eoiiiiiiiieiietiee ettt et e sttt st e et ettt e eseesbeenteensesneenaeans 624

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 31



h o
g |

|
Section number Title Page
33.3.16 Initial State for Channel Output (FTMx_OUTINIT)......cccceeiiiiiiiiiiiieeiieeiieeee ettt 626
33.3.17 Output Mask (FTMX_OUTMASK)......coueuiriieiinieietenietet ettt ettt ettt 627
33.3.18 Function for Linked Channels (FTMx_COMBINER)..........ccccoiiiiiiiiiiiciie et e 629
33.3.19 Deadtime Insertion Control (FTMx_DEADTIME).........c..oooiiiiiiiiiiiiee e 630
33.3.20 External Trigger (FTMX_EXTTRIG).....cc.coitiiieiieiieiiee ettt ettt esaeeeeens 631
33.3.21 Channels Polarity (FTIMX_POL)......cccucotiiiiiiiiiiiteteteet ettt ettt ettt ettt e e sinenaeens 632
33.3.22 Fault Mode Status (FTIMX_FMS)......ccooiiiiiiiieiiieceseee ettt 634
33.3.23 Input Capture Filter Control (FTMX_FILTERZ).....cc.cooiiiiiiiii ittt 636
33.3.24 Fault Input Filter Control (FTMx_FLTFILTER).......cccocoiiiiiiiiiiiiiiniiieienteeeteeeeeteseee et 637
33.3.25 Fault Input Control (FTMX_FLTCTRL).......ccoetiiiiirieiirieieiieerieeetceeeeeete ettt 637
33.3.26 Quadrature Decoder Control and Status (FTMx_QDCTRL)........ccciteiiieriieiieeiieeie et seve e 639
33,4 FUNCHONAL DESCIIPIION. ¢..ceutiitiiieitietieieeit ettt ettt ettt ettt et sttt e bt e bt e st e sb e et s b s e bt eabesbees b e et s et e eatesbeesneebeenaeenee 640
33141 CIOCK SOUICE......cuiiiiiiiiiictii ettt st s s 641
334.1.1 CoUNLEr CIOCK SOUICE. ... eeutiiiiiiiieie ettt sttt et ettt et e e e e 641

33142 PIESCALCT...c.uiiiiiiiiiciicc ettt et st 642
33143 COUNLRT. ...ttt e h bbb sa e s 642
33.43.1 UD COURNTIME. ¢ttt ettt ettt ettt ettt et e ae et eat e b e et e ese et e emtees e e beemeeeseenteeneanbeeneesaeenteeneenaeenes 642

33432 UP-dOWN COUNTINE...cutitientirieiteeitenieeitente ettt stt ettt ettt ettt sbeeste bt et e sbeebesbs e beee s e bt eneenbeenee 645

33.4.3.3 FTee TUNNING COUNTET. .. ..eiiutiiiiiiiieeiieeitee sttt ettt ettt et e st e st e bt e e bt e s bt e eabeesabeesabeenbaeenseesanes 646

R I A 1011111 (<) o (1<) PSS USSR 647

33.4.4  INPUL CAPLUIE TMOUE. ....cetiuiieiiiiieitieteete sttt ettt ettt ettt et eat ettt s bt et e bt esaesbeebesbe e bt ebe e b e eb b e bt ebse bt eneenaeenee 647
33.4.4.1 Filter for input Capture MOAE........cccueiiiiiiiiiiiiieeiie ettt ettt e s e e 648

33.4.5 Output COMPATe MOMUE.......c.eeuriuiiuiimieiieitetetet ettt ettt et et ettt et et e st et e tesae s e tesae et enaestestenuesteesenuesaeanes 649
33.4.6 Edge-aligned PWM (EPWM) MOG@........cotimiimiiiiiniiniieieeiteit ettt sttt ettt st sae ettt sbeeaeens 651
33.4.7 Center-aligned PWM (CPWM) MOGE........ccciiiiiiiiiiiiiiieniit ettt ettt sttt ettt 653
33.4.8  COMDING MOME. ... .coueiiiiitieie ettt ettt ettt ettt et e st e e te e st e e st et e e st e es e e bt eaeees e e bt enteeneeebeenseenseeseenseenseeseanseans 655
33.4.8.1 ASymmEtrical PWIML....coiiiiiiiiiiii ettt 662

33.4.9  COMPIEMENLATY MIOME. ....c..eiiiiiiiieritierite ettt ettt ettt ettt e st ettt st e e st e e s ab e e bt e eabeeeabeesbeeebtesabeesabeesaeebaesnseens 662

MCF51QW256 Reference Manual, Rev. 1, 01/2013
32 Freescale Semiconductor, Inc.



b -

g |

L ______________________________________________________________________4
Section number Title Page
33.4.10 Update of the registers With WIite DULTETS.......c.eiiiiiiiiiiiiiie e 663
33.4.10.1  CNTINH L FEEISIEIS. . ..eeueieueeiieitieieett et eiteette st et e bt enteeatesseesieesseesaeeaeenteeaeeessesseesbeenseenseeneeenes 663
33.4.10.2  MODH L T@ISTEIS. ....eettiiiiieiitieiientteiteiteette sttt ettt st sttt e sttt eb e st be bt et satesbeesbeenaeeneeeaee 663
3314103  CVHIL TEZISIETS  ..eeuteititeieeitee st ettt ettt et e bt e st e sttt e bteeatesabeesabeesateesabeebeeebeesabeesnbeesnseenns 664

33.4. 11 PWM SYNCRIOMIZAION. ......iouiitieiiietieie ettt ettt ettt ettt et et et et e e st e eneeeaeenbesaeebeeseebeeseebeassenbeeneenseeneenseenes 665
334111  HArAWAr® trIZ@ET...c.eeeutiiieiieieeiteeit ettt sttt ettt ettt ettt et b ettt et s bt e bt e bt saeesaeenaeeneeeae 665
334.11.2  SOFtWATE IIZEOT . eeeutiiiieiieeiie ettt ettt ettt et ettt et e st e bt e eabe e bt e s bt eabeesabeebeesaseenbeesaneenses 666
33.4.11.3  BOUNAATY CYCIC..c.utieuiiiiiitieitieie ettt ettt ettt ettt e et e et et e et e en e eseeeneesbeebeeneeenes 667
33.4.11.4 MODH:L registers SyNChIrONIZAtioN.........ccouteuiriirieriineenieiienieete ettt 668
33.4.11.5 CnVH:L registers SYNChIONIZAtION. ......ccuverteiriierieeiieiieesite et esiteete et et ebee st saeesateebeesareenns 670
33.4.11.6 OUTMASK register SyNChroNiZation. ........co.eeiierieriieniieieeie ettt 670
33.4.11.7 FTM counter SYNCRIONIZAtION. ......cc.eevueiiiriiriiiienitenieee sttt s 672
33.4.11.8  Summary of PWM SYNCRTONIZAION. ......cciiuiiiiiiiiiiiieiie ettt ettt ettt e siae e 674

33.4.12 DEAALIME INSETLION. .....eeuteiiieitieteeiteetee et ete et teste et e eaeesteeste e et eueesaeeateeseeeseenteeaeeeseebeeateeneeaseenseensenseanteensenseanseans 676
33.4.12.1 Deadtime INSEIrtiOn COIMET CASES.......cueruiruiruiereieriiareeieeiretetesteeseestetesteste st essesesesaeeueeneesnenens 677

33413 OULPUL MASK....eeiitieiieeite ettt ettt e sa bt e sat e et e st e e s at e e bt e eabeesabeeeabeeabaeenbeesabeesabeebeeenbeesabee e 679
334,14 FAULE CONIOL. ...ttt ettt ettt ettt e et e at e e a e et e eatees e e bt eaeees e e ebeemteenteebeenseenseeseenseenseeseanseans 680
33.4.14.1  Automatic fault CIEATING. .......coveiiiriiiiiriiiieeet ettt 682
33.4.14.2  Manual fault CIEATING.....ccc.vtirieiiiieiiieeiie ettt et ettt st e st e bt e sabeesabeesaneenes 683

33.4.15 POIATIEY COMIIOL .. ueiitiiititieie ettt ettt ettt et e st et e ea e eh e et e eatesbeemeesseenbeesee bt emeesbeensesseenbeeseenbeensennnans 683
33416 INItAIZAION. ....c.eiiiiiiiiiiiiieiee ettt sttt 684
33417 TFRALUIES PIIOTILY..eeeueieiutieritieititeiteette et e sttt et e et e st e e sttt ettt e bt e s abeesabeenbeeeabeeeabeesabeesteeabeeenbeesabeesabeenseesnbaesaneenns 684
33.4.18 Channel trig@ET OULPUL......c.eeutieuietietieteeete ettt et e e et e te st teste e bt esteesteesee et e ebeenbeeaaeemeesaeesseenbeenseeneeeneenseanseans 684
33.4.19 INitIAliZAION TITIZZET .. eeutitieititteiieettete sttt ettt ettt ettt ea et eat et eat e s bt et e s bt emaesbeebesbee bt sbbe bt eb s e bt ebse bt entenbeenee 685
33.4.20 CaAPLUIE tESE TNOUE. ......eeiteiuiieriiieiieeite ettt et et e e sttt e bt e sht e et e e sbteeabeesbbesabeesbbeeabeenbtesabeestesabeenseesaseenseesnneenses 687
331421 DA .otk h bbbt h e h bbbt h et s bbb bbbt ens 688
33.4.22 Dual €dge CAPLUIE MOGC. ... .eiuieuiiriiiiieitentteieett ettt ettt et ettt e e s bte bt e st e sbeeseesbe e bt satesbeesbesbeebesbsenbeeaneninens 689
33.4.22.1  One-Shot CAPLUIE MOMC. ....ccuuiiruriiiiiieiieeiiteerte ettt ettt ettt et e e st e e sate e sttt esabeessbeesabeessseanaseenns 690
33.4.22.2  ContinUous CAPLUIE MOMUE.......c.eeuiruirrirririirtintetentetetentetett et ettt et sae st e se s e essesseneeseeaeeneeneeseenenae 691

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 33



h o
g |

|
Section number Title Page
33.4.22.3  Pulse width MEASUTEMENL.......c.ccciiiiiiiiiiiiiiiiiiicic e 691
33.4.22.4  Period MEASUICINIENL . .......eiueetiiuieitieiteeiiesteeteeite st et eaeesteetesaeeseeeneeeseeseeeneesaeesseeneeeneenseeneesneeneeenee 693
33.4.22.5 Read coherency MeChaniSIM.......ccc.eoiiriiiiiriiiiinienieie ettt s 695
33.4.23 Quadrature DeCOAEr IMOME. .........eeeeiiiieiiiieeiiieeeitee et e e ettt e ettt e e etaeeesabaeeeabaeessssaeessseeeesssaeessssaeasseeeansseesnssees 697
33.4.23.1 Quadrature Decoder Boundary Conditions............ccoeerueeierienieienienie e 700
33.4.24 TPM @MUIALION. c....oiuiiiiiiiiiitt ittt s ettt ettt et a et e e bt 701
33.4.24.1 MODH:L and CnVH:L SyNChrONiZation. .........covuieriieriieniienieeniieeie ettt st 701
33.4.24.2  FrEe IUNNING COUNTET.....cutitiiieriierteeteeuteeteenteenteettesteenteenseeseeteanseesseaseenseensesneesseeseeneesneeseeenseenes 701
3314243 WIILE £0 SCiuiiniiiniciiiciiictrtetetet ettt ettt ettt 702
33,4244 WIILE t0 CNSC ittt st 702
33.4.25 BDM IMOGC....c..ciiiiieiiieiiiteiiet ettt b bbb bbbt bbbttt b bbbt s 702
335 RESEL OVEIVIBW...ueiuiiiiiiiiiiiiiieit ettt sttt sttt sttt ettt et ettt et ekt e et e s e bt b e st eb e bt eaeea e eb e sueeae b e suesaenes 703
33,0 FTIM INEEITUDLS ..t euteeiteeitie et ette ettt et s bttt e st e bt e sab e sab e e st e e sabe e bt e sat e e st e eabeesateeabeesa bt e st e eabeesbeeenbeesabeenbaesabeenneeenseenanean 705
33.6.1  Timer OVEITIOW INEETTUPE. ... .eiuiitieeietieiieet ettt ettt ettt ee ettt e et e et e se e bt et e sbeemeesse e beeaeesbeensesbeenbeeseenbeennenseans 705
33.60.2  Channel (1) INTEITUPT...c..coueruiirierieriteteete ettt ettt et ettt b et et e bt et e s bt e bt eabesb e e bt ebbesbeenbeeebenbeenbesbnenaeens 705
33.6.3  FAUIL INEETTUPL. ..eeeteeitieiite ettt ettt ettt ettt e b e e bt e st e e bt e s ab e et e e eabe e btesabeesabeeabeesabeeabeesabeeatesabeenabesnneenns 705
Chapter 34
Serial Peripheral Interface (SPI)
341 INEFOAUCTION. ...ttt s e b a e ea e ea e en e s e b b 707
BA LT FRALUIES. ..cueeeiueiietteeee ettt ettt sttt e b e et e s a bt e eat e e bt e et e e e h bt e eb b e e bt e eab e e ea bt e b et e bt e et e eeateeebeeebeeeneena 707
34.1.2  MOAES Of OPETALION. .. .ceuiiutieutieitiettenttet ettt ettt ettt eb et e e bt et e eateebtesb e e bt ebeesaeeseesbtesbee bt entesatesbeenbeenneans 708
34.1.3  BIOCK DIQZIAMIS. c...eeiuiieiiieiiieiite ettt ettt ettt et sat e et e bt e st e s ate e et e e sbb e e st e e bt e sabe e st e sabeeseesateebeesnneennes 709
34.1.3.1 SPI System BIock DIagramm.........cceeevueruerienienienieiiieteeeieeeeetes ettt 709
34.1.3.2  SPI Module BIOCK DIiaram.......c..cocucriiriiiiiniinenienieeieiie sttt ettt s 709
34.2  EXternal Si@Nal DESCIIPION. ....utiitiiitiiiitiite ettt ettt ettt ettt ettt e st e et e e bt e e bt e sateesabeebeesabeesabeesbeeenseesabeesabeenseean 712
34.2.1  SPSCK — SPI Serial CLOCK......c.trueuiriiiriiietirieititeitete ettt ettt ettt eb e eens 713
34.2.2 MOSI — Master Data Out, S1aVe DAt In......oooeeeeeeeeeeeeeeeeee e eennnnen 713
34.2.3 MISO — Master Data In, S1ave Data OUL.........ccooeieiiieiiiiieececeeececee s ssssnsnsssnnnnnns 713
3424 SS — SIAVE SEIECT ... ettt ettt etttk e ettt ettt h ettt b e e a e e bt e nt e bt en b et e e st e bt et e eneenes 713
MCF51QW256 Reference Manual, Rev. 1, 01/2013
34 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
34.3  Memory Map and RegiSter DESCIIPIONS. ....cc.uiiiiiiriiieriieetie ettt ettt ettt et e st e et e e bt e sabeesebeesatesbeeesbeesateesaseeseean 714

34.3.1  SPI control re@iSter 1 (SPLX_C1).c.iiiiiiiieeeeee ettt ettt sttt ettt se et e neeseens 715
34.3.2  SPI control re@iSter 2 (SPLX_C2).c..ccouiiiiiiiieiieie ettt sttt sttt et eanesaeens 717
34.3.3  SPI baud rate register (SPIX_BR)......coouiiiiiiiiiieee ettt et 718
34.3.4  SPI Status reZIStEr (SPLX_S). . .ieiiiiiiiei ettt ettt et e st et e ate s et e sbe e bt enteeaeesaeeaeans 719
34.3.5 SPI data register high (SPIX_DH).....coouiiiiiiiiiii ettt 723
34.3.6  SPI data re@ister IOW (SPIX_DL).....coiiuiiiiiiiieiieieeie ettt sttt st ettt e st et esabeesabeebee e 723
34.3.7  SPI match register high (SPIX_IMH).......cc.ooiiiiiiiiiiiieet ettt et s eens 724
34.3.8  SPI match register Low (SPIX_IML)......ccoiiiiriiiiiiiiiiieteetee ettt ettt ettt 724
34.3.9  SPI control 1e@IStEr 3 (SPIX_C3).cuuiiiiiiiiieiie ettt sttt et ettt e st e saeesabeesabesnbee e 725
34.3.10 SPI clear interrupt re@ister (SPIX_CI)......coiuiiiiiiiieieieeee ettt ettt et e e enaeens 727
344 FUNCHONAL DESCIIPIION. ¢..ceuteittitieiteitieieeit ettt ettt ettt sttt et sb e te e bt e bt eatesb e e b e eb s e bt eabesbees b e et s et e eatesbeenteebeenaeenee 728
3441 GENETAL....oiiiiiiiiiiici e et st s e 728
3442 IMASEET IMLOAC.... ettt e b e et b e et e s et e e at e e bt e et e e et e et e e eht e e ebae ettt ebeeeaae e e 729
3443 SLAVE MOME......ooiiiiiiiiiiiciieee ettt st et 730
34.4.4  SPIFIFO MOGE.......ocoiiiiiiiiieiiieieicteteete ettt ettt a e nens 731
34.4.5 SPI Transmission DY DIMAL........cooi oottt ettt ettt et e et e b e este et e bt enteeseebeenseeneenaeans 732
3445.1 Transmit DY DIMA . ...c..ooiiiioii ettt ettt sttt sttt sttt et s 733

34452 RECEIVE DY DIMA ... oottt sttt st e st e s be e st e sabeesans 734

34.4.6 Data TransSmission Len@th.........ccooiiiiiiiiiiiiei ettt ettt ettt et sae e bt et eeneeseeenaeens 735
34477 SPI CIOCK FOIMALS......ccuiiiiiiiiiiiiieiiiicieteteteee sttt st sttt ettt sn e sae s 736
34.4.8 SPIBaud Rate GeNeIatioN..........ccccoiiiiiiiiiiiiiiiiiiiiiiii ettt s 739
34.4.9  SPECIAI FRATUTIES. .....eeueeiiiieiietiienteeterte ettt sttt ettt be et eb e et eb ettt naennes 739
34.4.9.1  SS OUIPUL. ..ttt st et ettt ettt 739

34.49.2  Bidirectional Mode (MOMI O SISO).......cocoiiiiiiniiiiiniieteeneeeeee e 740

34.4.10 EXTOT CONAITIONS. 1..eetteuttitieieeiieeteeite st ettt et et e et es b e ete e bt eseeeteaaeeesee bt eseeabeemeesaeensesseebeemeesbeensesseenbeeseenseeneennnans 741
34.4.10.1  Mode Fault BITOL.......cccooiiiiiiiiiiiiiiiiccccc et 741

34.4.11 LOW POWET MOAE OPUIONS. ....iiuiiiiiieiiiieiieeeiteerite et te ettt sit et e e bt e e bt e st e e sabeebeesbeesabeesabeesabeessbesseesabeesnneens 742
34.4.11.1  SPIIN RUN MOGE......couiiiiiiiiiiiiiiiiieiieteteteee sttt st st s sae e 742

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 35



h o
g |

|
Section number Title Page
34.4.11.2  SPLIN Wit MOGE......c.ooiiiiiiiiiiiieiicieceere ettt 742

34.4.11.3  SPLIN StOP MOAE......cuiiiiiiiiiiiiitiiee ettt sttt 743

BAA T2 RESCL...iiiie ettt et e h e et h et a bt e sh b s sa et s 743

BAA T3 TIEETTUPES. c..teeutieentteeite ettt ettt ettt ettt ettt et e st eeateeabteeabeesat e e ateeabeesabeesst e e st e eabeesabeeeabeenbaeenseesabeesabeasteenbaesnneens 744
3440131 MODF . b ettt bbb 744

344132 SPRFE ..ttt 744

34.4.13.3  SPTEF ...ttt 745

344134 SPMFE ...ttt b et 745

34.4.13.5  TINEAREF ..oooiiiiii ettt 745

34.4.13.6  RINFULLF ..ottt 745

34.5 Initialization/Application INFOIMALION. .........eiitiiiiiiitieie ettt ettt ettt et e e et et esaeebeeneeseeenaeenee 746
34.5.1  InitialiZation SEQUEIICE. ..c...eiutirtirieriieteeiteett ettt ettt ettt et bees b et b e bt e st e sbe e bt eabesb e e beetbesbeenbeeabenbeenbesbnenaeens 746

34.5.2  PsSeudo-Code EXAMPIE.......cociiiiiiiiiiiieiiieeiie ettt ettt ettt et e sb e et s e st e e sab e e sabe e bt e ebeesanee e 746

Chapter 35
Inter-Integrated Circuit (12C)

35.1  INEFOAUCTION. c...uiiiiiiiiiiiiiciic ettt b e b b ea e en e sa e 751
35,101 FRATUIES ..ttt ettt ettt ettt et e ettt et e bt e et e ea e et e e at e e st e bt enteea e e bt et e en e e eh e et e en b e ehe et e enbeent e beenbeeneenneans 751

35.1.2  MOAES Of OPEIATION. ...c.uvitiiieenieiiie ittt ettt ettt ettt b et et eb b e s bt e bt eateeatesbeesue e bt eatesbeesbeembeesteebtesbeenseens 752

35.1.3  BIOCK QIAGTAIMN...cuuiiiiiiiiiiiit ettt ettt ettt e st e bt e e bt e s ab e e sab e eabeeeabeesabeenstesabeesabeenseeebaesnneees 752

35.2  T2C SIZNAL AESCIIPIIONS. .. ..eeutitieutteuietteiie ettt ettt et et ee bt ett e bt esee bt eaeeebeemeesseemeeebeemsesseenseeseenteensanseenee st eneesaeensesneensesnean 753
35.3 Memory map and re@ister AESCIIPLIONS. .......ivutirtiriirieeie ettt sttt ettt ettt e e st et et b e e st e sbee bt ebeesbeestesbeenaeenee 753
35.3.1 I2C Address RegiSter 1 (IZCX_AT)....ccooiriciriiiiiiiciieieieeee ettt 754

35.3.2 12C Frequency Divider re@ister (I2CX_F)......cooiiiiiiieee ettt 755

35.3.3  I2C Control Register 1 (T2Cx_C1)..iiiiriiiiiiiniiieiteetecee sttt ettt ettt et ettt sbaenaeens 756

35.3.4  T2C Status re@iStEr (I2CX_S) . uuiiiiiiie ettt ettt st e st e st et e bt e e bt e s bt e st e e sabeeeatee e 758

35.3.5 I2C Data I/O re@ister (I2CX_D)..cueeuieiieieeieeieeeteetee ettt ettt ettt e at et e bt e bt e beeeeeseesseesaeanbeeneeans 759

35.3.6  I2C Control Register 2 (T2CX_C2)..cuuiriiiiiieriiiieite ettt ettt ettt ettt et ettt ettt sbe et et e sbnenieens 760

35.3.7 12C Programmable Input Glitch Filter register (I2CX_FLT)....cccccevriiiiiiiiiiiiiiieiiieeeeeieeee e 761

35.3.8 I12C Range Address register (I2Cx_RA)......oi ittt sae e ns 762

MCF51QW256 Reference Manual, Rev. 1, 01/2013
36 Freescale Semiconductor, Inc.



b -

g |

L ______________________________________________________________________4
Section number Title Page
35.3.9 12C SMBus Control and Status register (I2CX_SMB).......ccceoriiiiiiiiiiiieieeee e e 762
35.3.10 I2C Address ReZiSter 2 (I2CX_A2)..c.eeuieieeiieieee ettt ettt ettt ettt et e e et e bt enbeese e beenbeeseanseans 764
35.3.11 I2C SCL Low Timeout Register High (I2CX_SLTH)....ccccoctiririiiriiiiiiineiienteereie et 764
35.3.12 12C SCL Low Timeout Register LOW (I2CX_SLTL).....cciitiiiiiiiiiieeiie ittt 765
354 FUNCHIONAL AESCIIPLION. .....eeutitieitt ettt ettt ettt ettt et et e bt e et e bt e st e sbeeseesbeemtesbeeabeeseemteeseenteeneenseenee st eneesaeensesneensesnean 765
3541 T2 PIOTOCOL...ciuiiiiiieiieeitett ettt et b e bttt st s bt et e bt e atesbt e bt et e bteebe e bt enbeebtesbeebeens 765
35.4.1.1  START SIZNAL..cuiiiiiiiiiiiiiceee ettt 766

354.1.2 Slave address tranSIMISSION. ......eeuuertieutertieteetteteeteerteeiee st eeesteeste bt eese bt ensesseenseeseeneeeseesesneenseeneas 766

35.4.1.3  Data transTers....ccooiiiiiiiiicce e e 767

35414 STOP SIZNAL...eciiiiiiiiiiiieeeeee ettt 767

354.1.5  Repeated START SIZNAL......ccciiiiiiiiiiiiiiieeeete ettt sttt sb et eee e 767

35.4.1.6  ArDItration PrOCEAULE. .....c..eeruiriiriieiiitierteete ettt sttt ettt et sttt et saee b et saee e eae 768

35.4.1.7 ClOCK SYNCHTONIZATION. .c...eiitieiieiiiteitte ettt ettt ettt et e st et e st e e bt e sabeebeesaneeans 768

35.4.1.8  HandShaKing......cccoveoieiiiiiiiiieititciet ettt sttt et e 769

35.4.1.9  ClOCK SIIETCRING . ..c.ueiuiiiiiiiiieiie ettt ettt ettt ettt et ettt nae e 769
35.4.1.10 I2C divider and hold ValUes.............cccooiiiiiiiiiiiiiiiiiic e 769

35.4.2  1O-DIt AAAIESS. . .eeutteuieiiieteeee ettt ettt ettt ettt et e et et e he et e e nteeh e e bt e a bt en e e bt en bt enteehe e bt enbeeneenbeenteeneenteans 770
354.2.1 Master-transmitter addresses @ SlaVe-TECEIVET........ccuiviriiriiriiiiiiiieie et 771

35.4.2.2  Master-receiver addresses a Slave-tranSmitter..........ooouevuivuiiiiiiiiiiiiiiiciic e 771

35.4.3  AdAIess MALCRING. .....cooueiiiiiiietieieet ettt ettt et et e bt e e s bt et e sbe e bt es e e beeaeesbeenbeebeebeeseenbeennenaeans 772
35.4.4 System management bus SPECIIICATION. «...c...eitiiiiriiriieitieieeeetert ettt st nee e ens 773
354.4.1 TIMEOULS. ... 773

35442  FAST ACK and NACK .......cooiiiiiiieesetete ettt sttt 775

35145 RESLLS ittt bbb e a et e a ettt et sa s 775
35,410 INEETTUPES.c..eeeutititieeiie ettt ettt ettt ettt ettt et e st e sttt e bt e e ab e e s ab e e abeeabeesabeeeab e e bt e eabeesabeeeabeeabaeeabeesabeesubeebeeebaeeabeen 775
35.4.6.1 Byte transfer INTEITUPE......cooueiiiiieiti ettt sb ettt et e st e bt e ee s e seeeneeenee 776

35.4.6.2  Address deteCt INTETTUPL......coueetieiirtirtientieteete sttt ettt ettt et e bt eate et e s beesbeenbeeaaesaeesbeenaeeneeeaee 776

35.4.6.3 EXxit from 1owW-pOWET/STOP MOAES. .....eevuieriiiiiiiiriieiieeiteete ettt sttt sttt sttt e s e 776

354.6.4  Arbitration LOSt INEEITUPL. ...c..eeruiiiuiiiiiieet ettt ettt ettt et e st e st e bt e e es e eseesbeeseeeneeeneeenes 776

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 37



h -

y
A |
Section number Title Page
35.4.6.5 Timeout iNterrupt iN SIMBUS. .....coiiiiiiiiiie et e 777
35.4.7 Programmable input GlitCh fIler.........couiiiiiiiiiiieii ettt 777
35.4.8  Address MatChing WaKEUD........covueeriiiiiiiiiiitieit ettt ettt ettt st a et sbeesbe e bt esteeatesbeenaeens 778
35.4.9  DIMA SUPPOTIL..ceiitieiteeite ettt et te et e et e sttt et e bt e eabee s bt eeabeessteesabe e bt e esbeeabeeeabeesateesabeesteensbeenbteebaeeabeesabeesaneenn 778
35.5 Initialization/application INFOIMALION. ......c..ccueitiriiririitiit ettt ettt ettt sa et aenes 779
Chapter 36
Serial Communication Interface (SCI) / Universal Asynchronous Receiver/Transmitter (UART)
TS B 633 (o6 11 (<5 o) | OO RPTSPRSRP 783
B0.1. 1 FRATUTIES. .ttt sttt s b e e bbbt et et ettt ettt ettt ae sttt 783
360.1.2  IMOAES OF OPEIALION. ...ccuuviiiiiiiit ettt eite et te ettt ettt ettt e bt e e bt e et e e e bt e sabeesabeeeateessbeeasteebbeenseesabeesaseesabeesnneenns 785
36.1.2.1 RUN MNOA@..... ettt st e bt et et e s et e ae et e seeeneeenee 785
36.1.2.2 WAt MOMC......oiiiiiiiiiiiiiee sttt 785
36.1.2.3 SEOP TNOAE. ...ttt ettt et ettt e st e e st e sab e e e bt esabeeeabeesabeesabeesabeeenbeesanes 786
36.2  UART SIi@NAl AESCIIPIIONS. ... .eeutiiitiitieiietietieite et ettt et e e et este e ate st e eaeesaeebesaeesbeeaeeebeenbeeseebeemseebeenbeessenseenseeseenseeneenseenee 786
36.2.1 Detailed SigNal dESCIIPIIONS. ..c..eevuiitiriiiriietietieiteettete ettt ettt ettt et et et sat e bt eatesbeesbeebeesteebeesbeenseens 786
36.3  MEMOTY MAP ANA TEZISTETS. .euteerurertieriteeitentteetee ettt eteestteetee sttt ebeestteebeesatesabeesabeeabeessteanseenseeeabeessbesabeessbesabeesaseenseensnean 787
36.3.1 UART Baud Rate Registers: High (UARTX_BDH)......c.cccoeoiiiiiiiininiiiieicicicneeeteeece e 791
36.3.2 UART Baud Rate Registers: Low (UARTX_BDL).....c.cccoctiiiiiiiiiiiiiiieiceceeeesestesee e 792
36.3.3 UART Control Register I (UARTX_C1)...cc.ciriiiiiiiiiiiiiiiiicieieeteee ettt 793
36.3.4 UART Control Register 2 (UARTX_C2)....coouiiieiieiieie ettt ettt ettt st nbe e st saeesaeeeeens 794
36.3.5 UART Status Register 1 (UARTX_ST).c.coiiiiiiiiiiiieieeteeteeeet ettt sttt 796
36.3.6  UART Status Register 2 (UARTX_S2)....cc.cciriiiiiiiiireieicreeeesecet et 799
36.3.7 UART Control Register 3 (UARTX_C3)....ciiiiieiieieeie ettt ettt ettt nbeetesseesaeesaeeeens 801
36.3.8  UART Data Register (UARTX_D).....ooiiiiiiiiiiiiiieieetesieete sttt sttt 802
36.3.9 UART Match Address Registers 1 (UARTX_MATL).ccc.coiiiiiiiiiiiieiieeiteeeeete ettt sttt 804
36.3.10 UART Match Address Registers 2 (UARTX_IMAZ2).....ccciiiiiiaieieiieiteesieee ettt 804
36.3.11 UART Control Register 4 (UARTX_C4A)....cocueiiiriiiiiiiieiteeiteitete ettt ettt 804
36.3.12 UART Control Register 5 (UARTX_CS5)......coriiiiiiriiiiiiieiiceeeeeeteee ettt 805
36.3.13 UART Extended Data Register (UARTX_ED).......cociiiiiiiiiiiiieieeee ettt 806
MCF51QW256 Reference Manual, Rev. 1, 01/2013
38 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
36.3.14 UART Modem Register (UARTX_MODEM)..........cccctriiiiimiieiiniieieeeeeeteseeee et 807
36.3.15 UART FIFO Parameters (UARTX_PFIFO).....c.cccioiiiiiiiiiiieiiieietei ettt 809
36.3.16 UART FIFO Control Register (UARTX_CFIFO)........cccccooiriiniiiiiiiniiiieieeeeieete ettt 810
36.3.17 UART FIFO Status Register (UARTX_SFIFO).......cccccceoiiiiiiiieiiiiieeneeeeeseeeeee s 811
36.3.18 UART FIFO Transmit Watermark (UARTX_TWEFIFO)........ccccoceoiiiminiiiininieieeeeesesee s 812
36.3.19 UART FIFO Transmit Count (UARTX_TCFIFO).......ccccvtoimiriiinieiniiiiinetneieieetsteteieeev e 813
36.3.20 UART FIFO Receive Watermark (UARTX_RWFIFO).......c.ccccccoviiminiiniiiiccieeeeeeeeeeeeeeeenes 813
36.3.21 UART FIFO Receive Count (UARTX_RCFIFO)......ccocciviiiiriiiiiieiiiie ettt 814
36.3.22 UART 7816 Control Register (UARTX_CT7E16)...c..ccouiiiiriiiiiiiiiieieeteiteteeitest ettt 814
36.3.23 UART 7816 Interrupt Enable Register (UARTX_IE7816)....c..ccoccoviiriiiiiniiiieineeeeeeeeeseeeeeeeeees 816
36.3.24 UART 7816 Interrupt Status Register (UARTX_IS7816)....cccueeiirieiieiieiieiieeeiieeeeeee e 817
36.3.25 UART 7816 Wait Parameter Register (UARTX_WP7810TO)......ccceoiiriiiiiriiiiiienieieeienteeeeeeeeeeeieas 818
36.3.26 UART 7816 Wait Parameter Register (UARTX_WP78160T1).....ccocueoiiinieiiiiiieiciceeeeeieeees 819
36.3.27 UART 7816 Wait N Register (UARTX_WNT7E10)......ccoeireiriiriiieiinieieieieesietsie ettt 819
36.3.28 UART 7816 Wait FD Register (UARTX_WE7810).......ccccecirimiiiriiniiiiniciciinieetrieee st 820
36.3.29 UART 7816 Error Threshold Register (UARTX_ET7816)...c.c.cooiiiiiiriiiiiiiieeieeite et 820
36.3.30 UART 7816 Transmit Length Register (UARTX_TL7816)......cc.ceoieiiirieieieieriie e 821
360.4  FUNCHIONAL AESCIIPLION. ..c..eiutiiiitiitieie ittt ettt ettt et s bt et s bt e st sbe et e s bt e bt e bt et e eb e et e ebe e bt emeesbeentesbeenaesueen 822
36.4.1  TTANSIIIIIIET ... .cviiiiiiiiiiiiiii ettt a e e e st e s 822
36.4.1.1 Transmitter character IeNZth..........cooiiiiiiiiii e 823

36.4.1.2  TranSmiSSiON DIt OTAET.......ccieuiiiiiiiiiiiiiiiicicictete et 823

36.4.1.3  Character tranSMISSION. ........c.eeuiiuiiiiiuiiiiiiiiiieiieii ettt a e e e 823

36.4.1.4  Transmitting break Characters...........couiiiiiiiiiiie et 824

36.4.1.5  IdIe CharaCters....c..ccuiiiiiiiiiiiiieiicicceeee ettt 825

36.4.1.6  Hardware fIow CONLIOL.........cccciiiiiiiiiiiiiiiiiiiicee e 826

36.4.1.7 Transceiver driver €NabIe............ooiiiirieiieet ettt et 826

3042 RECEIVET...ueiiiiiiiiitiiec ettt b ettt ettt s b e et et 827
36.4.2.1 Receiver character 1eNGth..........c.coiiiiiiiiiiii e 828

360.4.2.2  ReCEIVET DIt OIA@IING. .. .eoueiiieieiiieit ettt ettt ettt et et et e e ebeeneeneeenee 828

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 39



b -

g |

Section number Title Page
36.4.2.3 CRATACTET TECEPIION. .eutteiuiie ettt ettt ettt ee sttt ettt ettt et e et e sab e e e bt e st e e sabeessbeesabeebbeenbeeenbeesnseesanes 829

36.4.2.4  Data SAMPIINZ..c..couiiiiieieiiiene ettt ettt ettt bttt ettt b sttt e nenae 829

30.4.2.5  FTAMUNE CITOTS . ceutieititieitieiteteeiteett ettt ettt et ettt et bttt ea e eb e et ebt e bt et e sb e e bt ebeenbeentesbeeneeenee 834

36.4.2.6 Receiving break CharaCters.......coiuiiiiiiiiiiiiieeieecteeee ettt e s 834

36.4.2.7 Hardware fIoW CONLIOL........cc.eiiuiiiiiiiiiee ettt st 835

36.4.2.8  Baud rate tOIETaANCE. ....c..ceeuieuiiiiiiiiiiciiiete et et 836

36.4.2.9 RECEIVET WAKEUP. ...ceiiiiiiieiieeie ettt ettt ettt st e st e bt eeaneeans 838

360.4.3  Baud rate ENETALION. ... .eiuiitieieiiie ittt ettt et e et et et e bt ea bt esteeb e e s be et e e beseeesaeesaeenbeenteeseeebee bt enteenteeaeeteans 840

36.4.4 Data format (NON ISO-TE16).....cccuuiiiiiiieeeiiie ettt et e e et e e e et e e e etb e e e eareeestaeeesataeeeenrseeenaseas 842
36.4.4.1 Eight-bit CONTIZUIAtION. .. ..eitiiiiiiiiieiie ettt sttt e st e e saneeaes 842

36.4.42  NINE-bit CONTIGUIALION. ... .eiuiiiietiitieiiietiett ettt ettt ettt ea et et e ese e teeseeseeeneeeneeneeenes 843

30.4.4.3  TIMING EXAMPIES...eoutirtiiitirtiiiieitieitete ettt ettt ettt et bttt et sb et ebe et e et e sbee bt eseenbeentesbeeneeenee 843

30.4.5  SINGIE-WITE OPETALION. .....eiiutieriiieiieeiteeite ettt et te st et e et esabe e sttt s bt e eabeesbteebeesabeessbeenbeesabeesabeeabeesnseensseenssesnseenns 845

30.4.0  LLOOP OPCTALION. .....euieiietieite et eteete ettt ettt e et e s te e et eatestee et eaeees e et e emeeeae et e emeees e e bt emteemeeebeenseenseeseanseenseeseanseans 846

36.4.7  ISO-7816/SMATCAIA SUPPOTL....c..eeruirutiriiirtieiieritenteete et et et ettt et ettt ete et e et et tesbeeabeestesbeesteeabesbeenbeensesbaenteens 846
36.4.7.1 Initial CharaCters..........coiiiiiiiiiiiiii s 847

30.4.7.2  ProtOCOL T = 0.eeeeeieiiieieee ettt ettt ettt ettt et e et e bt e st e et e eaeeseeenbeeneeenes 848

36.4.7.3  ProtoCol T = ..ot 848

36.4.7.4 Wait time and guard time ParameELeTS........c.veerueeeruiierieerieereeentee st e s e steesbeesibeesbeesabeesreesanes 849

30.4.7.5  Baud rate GENETALION. .....eeiueiuiiieietietiete ettt et et eteeate st esae e bt et e eaeeeaee bt enbeenbeeneesseeseeeaeeneeenes 850

36.47.6  UART restrictions in ISO-7816 OPEIatioN........ccoueriireeriieriirienieniieieeteeitesieete et 850

30.5  RESEL. i et 851
360.0  SYStEM [EVE] INTETTUPE SOUICTES. .....eeueieieutienteettesteeteeteette st eeteeateetee bt easeeseeebeenseenseeseesaeenaeameesaeesseenseeneesseeseensesneesseenseenes 851
36.6.1  RXEDGIF ESCIIPION. ...cuutiutiiiiitiniieieittete sttt ettt ettt ettt ettt ettt et s b et s bt e bt s bt e bt ebbe bt eb b e bt esse bt esbenaeenee 852
36.6.1.1 RXD €dge detect SENSTIVILY ...eevuvereieitieeiieniieeteeete ettt ettt et ettt e st et e sabe e bt e sabeebeesaneenns 852

36.6.1.2  Clearing RXEDGIF INterrupt TEQUEST......cc.uerueerueertieitieteeteeiiesiiesteesteenaeenteeneeeseesneesneesseeeeeneeenne 852

36.6.1.3  EXit from loOW-POWET MOGES. ...c..coruiiiiiiiriiiieiie ittt sttt et 852

30.7  DIMA OPETAION. ..ccuutiiutiiitieeitt ettt et te sttt e ette et e eabee sttt ebteeabeesuteessteeabeeeabeenbteeasteeabeesabeanseesabeeeaseensteenbteeabeesabeanaeesnbeesaseenneean 853

MCF51QW256 Reference Manual, Rev. 1, 01/2013

40

Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
36.8  APPLICAION INTOTIATION. ..ceuuiiiitieiiiieiieeiteesite ettt ettt ettt e sttt e bt e sttt e bt e et e e s bt e eabeesabeebeeeabe e baeenbeensbeebaesaseenbaeenseennnean 853

36.8.1 Transmit/receive data BUffer OPEIraAtiON. ........ceouiiiiiierieiie ittt ettt ettt et e b e enbesseeneens 853

36.8.2  ISO-7816 iNitialiZAtiON SEQUEIICE. ... .eerueeuririierieeieriterttenteettesttesteeteettesteeteeteesbeesteeateebtesbeesbeessesbeenteensesbaenseens 854
36.8.2.1 Transmission procedure for (C7T816[TTYPE] = 0).....oovuiiriiiiiiiiiiieeiieeecceeeeeeeee e 855

36.8.2.2 Transmission procedure for (C7816[TTYPE] = 1).cc.eooiiiiiiiiieee e 855

36.8.3 Initialization sequence (NON ISO-T8160)....c..cccuiriiriiiriiiiieieteeeee ettt ettt sttt 856

36.8.4 Overrun (OR) flag imMpPICAtIONS. .....coiuviiiiieiiieiiieeit ettt ettt et esabe e it e e sbaeeabeesbeesaneenes 857
36.8.4.1 OVEITUN OPETALION. ..c..teeieitietiete et eitestte st e et et et e etee bt eateesteesee bt enbeesteessesbeebeenbeeneesmeesneenseenneenee 857

36.8.5  Overrun NACK CONSIAEIAIONS. ......couiiuiiiiiiiiiiiiiiiiiieiieieiet ettt st st s 858

360.8.6  MALCh AdAIESS TEEISTETS . eerutiiruieeiieiitesite ettt et ettt et e et e sttt et e st e e sabe e bt e et eesabeesbbeeabeesabeesatesabeesabeensseenbaesnseens 858

36.8.7  IMOAEIN TRALUIE. .....eueeiieteeiie ettt ettt ettt ettt ettt st ettt e e et et e e et e ea e et e eatees e e bt enbeeneeebeenteenbeeseenteenseeneanseans 859
36.8.7.1 Ready-to-receive using RTS.......ooiiiiiiiiiiie et 859

36.8.7.2 Transceiver driver enable using RTS........cooiiiiiiiiie e 859

36.8.8 Clearing 7816 wait timer (WT, BWT, CWT) INteITUPLS. ....cc.eeruertieieriieieeieeie ettt 860

36.8.9 Legacy and reverse compatibility CONSIAEIAtIONS. .....ccc.eeviriiiriiiriiiiieiertenitee ettt 860

Chapter 37
Rapid GPIO (RGPIO)

371 INEFOQUCTION. c..eiiiiiiicit ettt ettt ettt ettt et et ea et e bt et et eaeeu e b e saeebe b e saeeaenes 863
BT.1L OVEIVIEW. .ottt e st e s s b e s bbb s s s 863

B7.1.2  FRATUIES ..ottt ettt ettt ettt a et ea e et e bt ea et ea e et e em et e st et e eme e ea e e bt ea b e ea e e eh e et e enteehe et e enbeenee bt enbeeneenteans 865

37.1.3  MOAES Of OPETALION. .. .ceuueiutieutieitiettentt ettt ettt ettt bt ebe et e et eateetbeeb e e bt enbeesbeestesbtesbee bt emtesbteebeenbeenteans 865

37.2  EXternal Si@Nal DESCIIPLON. ....utiiiertiiiiteiie ettt ettt ettt et eb e st e st e ebeeeabeesat e e sbbeebeesabeesabeenbbeenbeesabeesaseenseean 866
3721 OVEIVIBW .ttt ettt ettt ettt e st et s e et e e e sh e e bt e aee e st embeea e e e bt easeee e e st emteeh e emseemteebeenbeesee bt enbeeseenbeensenbeenseennenseans 866

37.2.2  Detailed Signal DESCIIPLIONS. ...c..eoutitirtirtieiirtieteeitere ettt ettt sttt sttt e e bttt st e sbeesbesbeebesbsenbeeanenaeens 866

37.3  Memory Map and REZISIETS. ... .ceiuiiiiiiiiieiieeieeitte ettt ettt et ettt et e et e e s be e e bt e s at e ebeesabe e bte e bt essbeebtesateenbaeenbeenanean 867
37.3.1 RGPIO Data Direction Register (RGPIO_DIR)........cccccoiuiiiiiiiiieiieieeieeeseie ettt 867

37.3.2 RGPIO Data Register (RGPIO_DATA)....cc.eiiiiiiiieie ettt ettt ettt ettt 868

37.3.3 RGPIO Pin Enable Register (RGPIO_ENB)..........ccccoiiiiiiiiiiiiieiccceeeeeeseeee s 869

37.3.4 RGPIO Clear Data Register (RGPIO_CLR)........cciiiiiiiiiieieiiee ettt 870

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 41



h o
g |

|
Section number Title Page
37.3.5 RGPIO Data Direction Register (RGPIO_DIR)........cooouiiiiiiiiiiiiiiiecie ettt 870

37.3.6 RGPIO Set Data Register (RGPIO_SET).......ccoittiiieirieiriirieiirieieteestet ettt 871

37.3.7 RGPIO Data Direction Register (RGPIO_DIR)........cccccoouiriiriimiiiiiieeienienieeeee ettt 871

37.3.8 RGPIO Toggle Data Register (RGPIO_TOG)........coouiriiiiiiiiiiiieiiteiteee ettt sttt et 872

374  FUNCHONAL DESCIIPIION. ¢..ceutttietieitietieteeti ettt e et et e e ete e bt e et e eteeaeesaeesteeaeeebeeaeeebeenbeese e bt emseebeenbeeseenbeenseeseenseeneeeeenes 872
37.5 Initialization INFOrMAtION. .......ccoioiiiiiiiiiiiii ettt st s 873
37.6  APPLICAION INFOTMALION. ... eiitiiiiiiitieite ettt et ettt et e sat e e bt e st e et e e s hteeabeesbt e e bt e sbteeabeesabeeabeesaneenseenanean 873
37.6.1 Application 1: Simple Square-Wave GeNeration. ............ceecuereereeuerientieiesieenteeeesteeteeeesseeseeseesseesesseeneeans 873

37.6.2 Application 2: 16-bit Message Transmission using SPI Protocol............coccooirieniniininiininiiniiicnceiccne 874

Chapter 38
Enhanced GPIO (EGPIO)

381 INIFOQUCTION. ...ttt ettt ettt et et ettt et e a et e bt et e bt eaeea e eb e saeea e b saeeae s 877
382 OVEIVIBW....iiiiiiiiiiic ettt e h e e a e a s ea e 878
3821 FRALUIES. ...eeiutiietteeee ettt et ettt e sa e e bt e bt et e e eh et e b b e e bt ea bt e eh bt e b et e bt e et e e eabe e bt e e beeeaaeena 878

38.2.2  MOAES Of OPEIALION. ...c.utitiiieenieiiteeitesttete et ettt ettt ee ettt et ea e e bt e s bt e bt et e eatesbeesaeenaeeatesbeenbeembeenteebtesbeentens 879
38.2.2.1 Operation N Walt NOAE......c...eeruiiiriieriieiiieeite sttt et et e et e st e st e sbbesbeesabeesseesabeesabeenaeesanes 879

38.2.2.2  Operation in StOP MOAE. ........eeueeruieiieiieetieteeteeteet et et et eteeieesbe e beeeesaeesaeetesseesbeeeeeneeseeeneeenes 880

38.2.2.3 Operation in active background MOdE............cocueeieriiriiniiniiniiieeeteet e 880

38.3  MemoOry Map and REZISIETS. .. ..eeiuiiiiiiiiieiieeieeeite ettt ettt ettt et s ettt e et e bt e e bt e s bt e e bt e sabe e beeeabeesbteebtesaseenbaeenseenanean 880
38.3.1 Port Pulling Enable Register (PCTLX_PUE)......cc.cooiiiiiiiiet ettt 882

38.3.2  Port Pullup/Pulldown Select Register (PCTLX_PUS)....cc.cooiiiiiniiiiiiiiiieeeeeee e 882

38.3.3  Port Drive Strength Enable Register (PCTLX_DS)......cooiiiiiiiiiiiiiieeeeetee et 883

38.3.4 Port Slew Rate Enable Register (PCTLX_SRE).......cccooiiiiiiiiiii e 883

38.3.5 Port Passive Filter Enable Register (PCTLX_PFE)........ccccociiiiiiiiiniiiiicnicecteeeeeteseeeetese e 884

38.3.6  Port Interrupt Control Register (PCTLX_IC).......coiiiiiiiiiiiiiiieeieeeteete sttt ettt 884

38.3.7 Port Interrupt Pin Enable Register (PCTLX_IPE)........cccooiiiiiiiiii ettt 885

38.3.8  Port Interrupt Flag Register (PCTLX_IF).....cc.cooiiiiiiiiiiiieeeeente ettt 885

38.3.9 Interrupt Edge Select Register (PCTLX_TES).....c.coiiiiiiiiiiiiiiiieitecee ettt 886
38.3.10 Port Digital Filter Enable Register (PCTLX_DFE)......cc.ccoiiiiiiiiiiiiieieeee et 886

MCF51QW256 Reference Manual, Rev. 1, 01/2013
42 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
38.3.11 Port Digital Filter Control Register (PCTLX_DFC)........ccoiuiiiiiiiiiiiiiieeieeiteeeete ettt 887

38.4  FUNCIONAL AESCIIPLION. .....eeutitieitt ettt ettt ettt ettt ettt ettt e bt e et e sbe e st e ebeemeesbeemeeeseemseeseenteene et e enee bt eneesseensesaeensesnean 888
38.4.1  POTt dAta JOZIC. cueeiuiiiiiiiiie ittt ettt ettt a et bt sbe ettt eatesbeeaeeas 888
38.4.1.1 Operation when EGPIO CONIOLS PiN......ieiiieriiiiiieiiie ittt 889

38.4.1.2  Operation when another on-chip module controls Pin........c..coccevereeerieeeieiieieieieienenenenaens 889

38.4.1.3  PiN VAU TREISTET c..eutiiiiuiiiiieieiitett ettt ettt et b et ettt e e sbe et bt e e 889

38.4.2  POIt CONIOL. ...ttt sa e 889

3843 PININERITUPL....eviiiiitiititeiteetetet ettt ettt sttt et ettt ea e bt e bt bt sa e et be s e et et e s et e s enneatebeebesueeaeas 890
38.4.3.1 Edge ONLY SENSIEIVITY ...eouviitieiiiiiiiieieiie ettt sttt sttt sttt st sae et s e e e 891

38.4.3.2 Edge and 1eVel SENSIIVILY...ccc.viiiiiiiiieiiieiiee ettt ettt ettt s e st e s e 892

38.4.3.3  Control of pullup/pulldOWNn TESISTOTS......ccverviriiriiriirieieienrente ettt sttt ettt 892

38.4.3.4  Asynchronous interrupt in StOP MOGC.......cccuevueriiiriiriiiiiiienteieete ettt 893

38.4.3.5 Pin interrupt inTtaliZation..........ooouiiiiiiiiiii et s 893

3844 DAL FIILETS.c.eoveiiieiieiiiiee ettt s st sttt ettt ettt na s 893
38.4.4.1 Initialization of digital fIlEErS....c...eviiriiiiiiiiieiee e e 894

38.5 RSB i bbbt 895

Chapter 39
EGPIO Port Control

3901 INEFOAUCTION. ...ttt et b e b s ea e ea e n e ea b e 897
39.2  Memory Map and REZISIEIS. ....coueetirtertititentetetetest ettt ettt ettt et ettt ettt eb et eb et be bt et e e bt sae et e ebesaesbeebesaesaenes 897
39.2.1  Port Data ReIStEr (PTX_D)....couiiiiiiiiiiiieeetee ettt sttt ettt et et e sbeenieeas 898

39.2.2 Port Data Direction Register (PTx_DD)......ccccuiiiiiiiiiiiiiiit ettt st 898

39.2.3  Port Pin Value Register (PTa_PV ..ottt 899

Chapter 40
External Interrupt (IRQ)

L0 T 113 o L1 et (o) TSRS USRURTRSRRPRTU 901
AO.T.T  FRALUIES. ..ottt ettt s b e s e a e bt e a e e a bt ettt ettt et et s et s a et e b e 901

40.1.2  MOAES OF OPCIALION. ...ccuviiiuiiiritieiieeeitee ettt et et st et e sttt e sbte e bt e e ate e bae e bt e eabaeesbeesabaeenbeesabaesnbeesnbeesnseesases 901

40.1.3  BIOCK DIAZIAMI.....iuiiiiiiiiitiitieteit ettt ettt st sa bt e ae et ettt ettt et et ae st nenaen 901

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 43



h o
g |

|
Section number Title Page
40.2  STNAL DESCIIPIION. ..c.uttiiieeiitetie ettt ettt ettt et ettt et e e bt e s bt esttesab e e sateeab e e beeeab e e bt e s abeesstesa bt essbeeabeesbbeenbeenseesabeenseesates 902
40.2.1 Detailed Signal DESCIIPLONS. .....c..eoviiiieieiiieietet ettt ettt ettt ettt sttt sae et s be et be b sae b sbesaeas 902

40.3  Memory Map and Register DESCIIPLION. .....c..eiuiriiiiriiiieriieieeteteet ettt sttt sttt ettt et sbe e 903
40.3.1 Interrupt status and control register (IRQX_SC).....cccuiiiiiiiiiiiiie e 903

40.4  Functional DESCTIPHION. .....c.ccuiiiiiiiiiieiiettet ettt sttt sttt ettt ettt ettt et et ebe e bt ebe bt beeaeebe b saesae b e 904
40.4.1  External INTEITUPE Pill....cc.coouiiiiiiiiiiiiieeeeee ettt ettt ettt et sbe e e 904

40.4.2  TRQ EAZE SCLECL......oiiiiiiiiciieiceee ettt et 904

40.4.3  TRQ SENSIIVILY...eouietiriiriietiientiet ettt sttt et ettt ettt ettt et et et e st e bt e st ebeeb e e bt ebeebe e bt e bt ebeebesbesaeebesnenaeas 904

40.4.4  TRQ INEEITUPLS. c..ceutiiitieiteteeteeit ettt ettt ettt et et et b bt et s ate s bt e bt et e sbtesb e e bt eatesbeesae e bt emtesaeenbeenaeeaee 905

40.4.5 Clearing an IRQ INterrupt REGUESE......c..uiiiiiiiiiiiiieiieeee ettt ettt e st e st e e be e st esabeesaees 905

40.4.6  EXit from LOW-POWET IMOGES. ......ccouiiiiiiiiiieiieit ettt ettt sttt et et eet e bt e s bt e bt e nbeebeeneeenee 906
40.4.6.1  WaATLoecuiiiiiiciec ettt ekttt 906

40.4.6.2 SEOP TNOAES. ...ttt ettt ettt ettt et e bt e bt e e bt e st e e s st e ebte s bt e sabeenbeeebeesabeessbeeaeesabes 906

.5 RESELS. .ttt ettt ettt ettt ettt et e b et h et bt e a bt e bt e bt e bt e a bt e bt e e bt e e a bt e bt e e bt e e bt e sh bt e bt e e be e eabeenbe e e bt e etee e 906
0.0 INEEITUPES. ..ottt ettt ettt ettt ettt et sb et ate s bt et sh e e bt eate s bt et e e ate e bt et e ebt e bt eatesb e e bt eebesbe et e eb b e bt eabeebee b e ebnenbeens 906

Chapter 41
Debug

411 INEOAUCHION. ....cuiiiiiiiieicet ettt b ettt et et ettt ea et eat bt eb e ebeebeebesae et ene e 909
11T OVEIVIBW...uiiiiiiiiiiii ettt bbb e b b se bbb sa bbb 910

AL.1.2  FRAIUTES. c..eeeutieeiteeeite ettt ettt et ea e e b e ettt s et e e st e bt e e bt e e et e e sabe e b et e bt e et e e ea bt e eb b e e bt e e bt e e at e e nbn e e bt e natee 911

41.1.3 MOAES Of OPEIALION. ...c.ueiiiiiiiiieitieiteeiteet ettt ettt ettt ettt et sat e s bt et e et eab e e bt e s bt e bt et e eabeeatesbtesbeenbeeaeemeeeaee 912

41.2  EXternal SiZNal DESCTIPLIONS. ... .ecvuttitieiieeiieriteete ettt ettt ettt e stt e et e esbeesabeesatesabeesabesabeesbbeesbeenbteenbeesatesabeesabeeseenes 914
41.3  Memory Map and RegiSter DESCIIPLONS. .......c.eeteieieiiieteietetetenteet ettt ettt ettt ettt ettt et st b sae e b e 915
41.3.1 Configuration/Status Register (CSR)......coiiiiiiiiiiiiiiiiiiiei ettt ettt s 917

41.3.2 Extended Configuration/Status Register (XCSR)....ccceoiiiiiiiiiiiiiiiieeteeeeeee ettt 920

41.3.3 Configuration/Status Register 2 (CSR2).....cc.couiiiiiiiiiiiiiiiteetcetet ettt sa e s sa e 923

41.3.4 Configuration/Status Register 3 (CSR3)....cccuiiiiiiiiiiiiieiieiieee ettt 927

41.3.5 Debug Control Register (DBGCR) and Debug Status Register (DBGSR).......ccooceeiiiiiiiiiiiniiiiiieiieeee, 928

41.3.6 BDM Address Attribute Register (BAAR)......coouiiiiiiee et e 930

MCF51QW256 Reference Manual, Rev. 1, 01/2013
44 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
41.3.7 Address Attribute Trigger Reg@ister (AATR).....coiiiiiiiiiiieieeeeeee ettt 931
41.3.8 Trigger Definition Register (TDR).......ccoccuiiiiiiiiininiiiiiiieeeeee sttt 932
41.3.9 Program Counter Breakpoint/Mask Registers (PBRO-3, PBMR)..........cccccovtiniiniiniiniiinienieneeneereeeeceeee 936
41.3.10 Address Breakpoint Registers (ABLR, ABHR).......coccuiiiiiiiiiiiiiiieee e 938
41.3.11 Data Breakpoint and Mask Registers (DBR, DBMR)........ccccccoeiiiriiiiniiiiininineiecrecieniestesie e 939
41.3.12 Resulting Set of Possible Trigger COmMDINAtIONS. .....c...couirieeriieiiriinitentieteete ettt ettt sieesae e 941
41.3.13 PST BUFEEr (PSTB)....eoiiiiieeeeee ettt 941
41.4  Functional DESCTIPHION. .....c..eiiiiiiiieitetietteit ettt sttt sttt ettt ettt ettt ea e st eat et e ebeebe et besaeeae b e 943
41.4.1 Background Debug Mode (BDIM)........coouiiiiriiniiiiieieeieciesite sttt ettt ettt sttt 943
41411 CPU Halbio ittt 944

41.4.1.2  Background Debug Serial Interface Controller (BDC).......ccccoevuevienienieiiiiiiiieieiniieeceencseeen 946

41.4.1.3  BDM Communication Details.............ccoiiiiiiiiiiiiiiiiiiiiiiiciieecese e 947

41.4.1.4 BDM Command Set DesCIiPtioNS. ......ccc.eeriteiierieritiesieeieesiie et ettt eieesre et e st esieesareene 950

41.4.1.5  BDM Command Set SUMMATY......ccceeueieiiriiriininieiteteteienteste sttt re et st sre s eneene e 952

41.4.1.6  Serial Interface Hardware Handshake Protocol.............ccccceoiiininiiniiiininiiniiicccicee, 969

41.4.177  Hardware Handshake Abort Procedure..............ccccooviiiiiiiiininiiiiiiiiciicc e 972

41.42  Real-Time DebUgZ SUPPOIL.....c..cctiriiiiiriiniiriiiietietetet ettt sttt ettt et et a et et st bt sbe et eae et essesnenaenenaens 975
4143 TTACE SUPPOIT ceneriieniieiteeiteie ettt ettt ettt ettt e at e bt et eab e s bt ea b e ea s e bt ea bt ebe e bt eabeeb e e bt ea bt eb e e bt eateebeenbeentesbeenaeenee 975
41.4.3.1 Begin Execution of Taken Branch (PST = 0X035)......ccociiiiiiiiiiiiiiieeeeeec e 978

41.4.3.2 PST Trace Buffer (PSTB) Entry FOrmat..........ccooveiiiiiiiiiiieieeeee e 979

41.4.3.3  PST/DDATA EXQAMPIE......couiiiimiiieiiniiieiinieieteiestetett ettt sttt sttt sttt 980

41.4.34 Processor Status, Debug Data Definition........ccceeiieiriieniieiieniienieetesieeee e 981

41.4.4 Freescale-Recommended BDM PiNOUL.........c.ooiiiiiiiiiiiie ettt 986

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 45



MCF51QW256 Reference Manual, Rev. 1, 01/2013

46

Freescale Semiconductor, Inc.



g |

Chapter 1
Preface

1.1 Overview

1.1.1 Purpose

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

Freescale MCF51QW256 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the MCF51QW256 microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

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

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

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

The following typographic notation is used throughout this document:

Example Description

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

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

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

* A subset of a register's named field

For example, REVNOQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 6-0 of the REVNO register.

¢ A continuous range of individual signals of a bus

For example, XAD[7:0] refers to signals 70 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

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

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

In some cases, deasserted signals are described as negated.

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

wic Write 1 to clear: Refers to a register bitfield that must be
written as 1 to be "cleared."
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1.2.4 Register reset

Information provided about every register includes each bit's value upon a reset event.
The documented devices support multiple types of reset. The specific reset type that
effects particular reset values can vary by module, by register within a module's
programming model, and even by bit within a register.

For details about the reset type(s) affecting a module's registers, refer to the module's
Chip Configuration information and register descriptions. When a register's details
specify a reset type, in some cases other reset types do not affect the register.

For information about the various reset types, refer to the Reset details.

When a register's description does not specify a reset type, the reset type is Chip Reset
(including Early Chip Reset).
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Chapter 2
Introduction

2.1 MCF51QW256 Introduction

The MCF51QW256 is a member of the low-cost, low-power, high-performance Version
1 (V1) ColdFire family of 32-bit microcontroller units (MCUs). It uses the enhanced V1
Cold Fire core and is available with a variety of modules and single memory
configuration. CPU clock rates on these devices can reach 50 MHz. MCF51QW256
includes 256 KB Flash, 64 KB RAM, hardware encryption support (Cryptographic
Acceleration Unit and Random Number Generator).
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Core and System Power Memory and Clocks
- Management
V1 ColdFire Core 9 Memory Interfaces
System Mode Phase-
CPU Debu Flash RAM
9 Controller Locked Loop
Enhanced Power
H Frequency-
Multiply- ardware Management FlexNVM FlexRAM L de L y
Accumulator Divide Controller ocked Loop
Crossbar Interrupt Voltage Serial Low/High
Switch Controller Regulator Programming Frequency
I/F (EzPort) Oscillators
Direct Memory Low-Leakage
Access Wakeup Internal
Reference
Clocks
MESM
System Security Timers Communication Human-Machine
and Integrity Interfaces Interface (HMI)
CRC Timers x2 12C x2 UART x3 GPIO
Watchdog Modulo SPI x3 External
Timer Interrupt
Hardware Low Power
Encryption )
(CAU) Timers x2
Random
Number
Generator

Figure 2-1. MCF51QW256 block diagram

2.2 MCF51QW256 Feature Summary

The following table lists the features integrated on MCF51QW256.
Table 2-1. MCF51QW256 Feature Summary

Feature |

MCF51QW256

Hardware Characteristics

1.85Vto 3.6V

44-pin MAPLGA (5 x 5 mm?)
-40°Cto 85°C

-40 °C to 105 °C

Core and System

Voltage range

Package

Temperature range, ambient (Ta)

Temperature range, junction (T)

Table continues on the next page...
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Table 2-1. MCF51QW256 Feature Summary (continued)

Feature

MCF51QW256

Central processing unit (CPU)

High-performance Version 1 (V1) ColdFire core with EMAC
and DIV hardware acceleration

Implements instruction set revision C (ISA_C)

Maximum CPU frequency

50 MHz

Interrupt controller (INTC)

Supports 7 priority levels and software interrupt
acknowledges

Direct memory access (DMA) controller

Four independently programmable channels provide the
means to transfer data directly between system memory and
I/O peripherals

Low-leakage wake-up unit (LLWU)

14 external wake-up pins with digital glitch filter
2 internal wake-up sources

RESET pin always treated as reset wakeup in VLLS modes

Debug

Integrated ColdFire DEBUG_Rev_B+ interface with single
wire BDM

Real-time debug support, with six hardware breakpoints that
can be configured to halt the processor or generate debug
interrupt

Capture of compressed processor status and debug data into
trace buffer

On-chip trace buffer provides programmable start/stop
recording conditions

Memory and Memory Interfaces

Total flash memory

Up to 288 KB (256 KB + 32 KB)

Flash memory

Up to 256K (Dual 128 KB Swappable Program Flash)

FlexNVM

Up to 32 KB

FlexRAM

Upto2 KB

Total random-access memory (RAM)

Up to 66 KB (64 KB + 2 KB)
Supports nibble-wide parity check code on 64 KB RAM

FlexMemory (FlexNVM plus FlexRAM) configuration
examples!

Example 1: 32 KB data flash, 2 KB additional RAM, and no
EEPROM

Example 2: 2 KB EEPROM and no data Flash and no RAM
Example 3: Partial data flash and EEPROM

Low-leakage standby memory

1 KB or 32 KB RAM in VLLS2 mode

32 bytes of register based storage

EzPort

Support Flash In-System Programming

Clo

cks

External crystal oscillator or resonator

Low range, low power or full-swing: 32 - 40 kHz
Medium range, low power or full-swing: 1 - 8 MHz

High range, low power or full-swing: 8 - 32 MHz

External square wave input clock

DC to 50 MHz

Table continues on the next page...
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Table 2-1. MCF51QW256 Feature Summary (continued)

Feature MCF51QW256
Internal clock references Two internal trimmable reference clocks:
e 32 kHz
e 2 MHz

Internal 1 kHz low power oscillator

Phase-locked loop (PLL)

Up to 100 MHz VCO

System Securi

ty and Integrity

Random number generator (RNGA)

Supports pseudo-random number (PRNG) generators

Cryptographic Acceleration Unit (CAU)

Providing Hardware Encryption for:
e DES
* AES-128, AES-192, AES-256
e SHA-1 and SHA-256
e MD5

Enables more complex algorithms such as 3DES with
software encryption libraries that use the preceding basic
security blocks.

CAU Performance

AES-128 Encryption or Decryption: 30.4 Mbit/s

AES-128 Encryption and Decryption(text-in-ram): 15.2 Mbit/s
(full duplex mode)

AES-128 Encryption and Decryption(text-in-flash):14.4 Mbit/s
(full duplex mode)

AES-128 Key expansion + Encryption or Decryption(text-in-
ram): 10.7 Mbit/s

AES-128 Key expansion + Encryption or Decryption(text-in-
flash):9.1 Mbit/s

Cyclic redundancy check (CRC)

User configurable 16/32-bit hardware CRC generator circuit
with programmable generator polynomial

Supports checksumming of any memory image

COP watchdog module Yes
Unique Identification (ID) Number 128-bit wide
Analog

Power management controller (PMC)

Low voltage warning and detect with selectable trip points

Run and stop regulation modes to support low power MCU
operation

Several low power and low leakage stop modes

Timers
16-bit Flexible timer 0 (FTMO) 2 channels
16-bit Flexible timer 1 (FTM1) 5
Channels

16-bit MTIM

16-bit modulo timer

Low-power timer (LPTMRO) 2

1-channel, 16-bit pulse counter or periodic interrupt

Table continues on the next page...
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Table 2-1. MCF51QW256 Feature Summary (continued)

Feature

MCF51QW256

Real Time Clock (RTC)

On-chip hardware calendaring and alarm functionality

Communication Interfaces

16 bit Serial peripheral interface (SPI0)

1 with independent 8-byte transmit and receive FIFOs

16 bit Serial peripheral interface (SPI1, SPI2)

2 (without FIFO)

Inter-Integrated Circuit (12C)

2

Universal asynchronous receivers/transmitters (UARTO)

Serial communication interface (SCI)

Support for ISO 7816 protocol for interfacing with smart cards
Hardware flow control

Higher baud rates (CPU clock)

Independent data FIFO for transmit and receive

Universal asynchronous receivers/transmitters (UART1 and
UART2)

Serial communication interface (SCI)

Hardware flow control(For UART1 only)

Human-Machine Interface (HMI)

Enhanced General-purpose input/output (EGPIO)

Up to 26
Pin interrupt / DMA request capability
Digital glitch filter

Hysteresis and configurable pull-up/pull-down device on all
input pins

Configurable slew rate and drive strength on all output pins

Rapid General-purpose input/output (RGPIO)3

14 bits of high-speed GPIO functionality connected to the
processor’s local 32-bit bus

Interrupt Request Pin (IRQ)

Rising or falling edge selection
Level sensitivity option

Configurable internal pull-up

1. FlexNVM can be used as program flash, as data flash, or, in conjunction with FlexRAM, as high-endurance EEPROM or a

combination of data flash and EEPROM.
2. Optimized for low power.
3. Shared with EGPIO pins

2.3 MCF51QW256 Feature Set

Devices within the entry level families have some or all the following features:

Table 2-2. MCF51QW256 Feature Set

Operating Characteristics

* Voltage range 1.85V -3.6 V

* Flash write voltage 1.85V - 3.6 V

* Temperature range (Ta) -40 to 85 °C
¢ Flexible modes of operation

Table continues on the next page...
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Table 2-2. MCF51QW256 Feature Set (continued)

Core features e Up to 50 MHz Version 1 (V1) ColdFire CPU
* Provides Dhrystone 2.1 integer performance of:
* 1.10 DMIPS per MHz performance when running
from internal RAM
¢ 0.99 DMIPS per MHz when running from flash
¢ Implements instruction set revision C (ISA_C)
* Enhanced Multiply Accumulate (EMAC) Unit and
Hardware Divide Module

Clocks * 1 MHz to 32 MHz crystal oscillator

¢ 32 kHz crystal oscillator

* Multi-purpose clock generator
* PLL and FLL operation
* Internal Reference (32 kHz or 2/4 MHz)
* 1 kHz internal LPO clock

System debug, protection and power management features » Various stop, wait, and run modes to provide lower
power based on application needs.

* Peripheral clock enable register can disable clocks to
unused modules, thereby reducing currents

* Low voltage warning and detect with selectable trip
points

* lllegal opcode and illegal address detection with
programmable reset or processor exception response

* Hardware CRC module to support fast cyclic

redundancy checks (CRC)

Cryptographic Acceleration Unit (CAU)

Random Number Generator Accelerator (RNGA)

128-bit unique chip identifier

Hardware watchdog

Debug ¢ Integrated ColdFire DEBUG_Rev_B+ interface with
single wire BDM connection

¢ Real-time debug support, with six hardware breakpoints
(4 PC, 1 address pair and 1 data) that can be
configured into a 1- or 2-level trigger

¢ Capture of compressed processor status and debug
data into on-chip trace buffer provides program (and
optional slave bus data) trace capabilities

* On-chip trace buffer provides programmable start/stop
recording conditions

* Debug resources are accessible via single-pin BDM
interface or the privileged WDEBUG

» EzPort support flash In-System Programming.

DMA Controller * Four independently programmable channels provide the
capabilities to directly transfer data between system
memory and I/O peripherals

Timers ¢ Motor control/general purpose timer (FTM)

* 16-bit modulo timer (MTIM)

¢ Low Power Timer for Pulse Counter or periodic interrupt
(LPTMRO)

Real Time Clock * Real Time Clock with Calendaring

¢ 32 kHz operation from internal RC or external 32 kHz
clock

e Alarm functionality

Table continues on the next page...
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Table 2-2. MCF51QW256 Feature Set (continued)

Communications ¢ Universal asynchronous receiver/transmitter (UART)/
Serial communications interface (SCI)

 Serial peripheral interface (SPI)

* Inter-Integrated Circuit (12C)

Input/Output e 26 GPIO pins with interrupt with selectable polarity

* 14 pins with programmable glitch filter

¢ Hysteresis and configurable pull up/down device on all
input pins

* Configurable slew rate and drive strength on all output
pins

* Up to 14 rapid general purpose I/O (RGPIO) pins
connected to the processor’s high speed 32-bit platform
bus with faster set, clear, and toggle functionality

NVM Memory/On-Chip RAM Flash memory read and write down to 1.85 V
FlexMemory for additional program space or EEPROM
Flash security features and block protection

Nibble parity checking on 64 KB On-chip SRAM

Ability for software to insert single-bit errors to "check

the checkers"

2.4 Part Numbers and Packaging

2.4.1 Format
Part numbers for this device have the following format:

Q CCCC DD MMM T PP

2.4.1.1 Fields

This table lists the possible values for each field in the part number (not all combinations
are valid):

Field Description Values
Q Qualification status ¢ P = Prequalification
* M = Fully qualified, general market

flow

CCCC Core code CF51 = ColdFire V1

DD Device number Qw

MMM Memory size 256 = 256K Flash

T Temperature range (°C) C=-401t0 85

PP Package identifier * HS = 44 pin Laminate QFN (lead-
free)
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2.4.2 Orderable Part Numbers

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

Table 2-3. Orderable part numbers summary

Freescale part number Description RAM Flash Package Temperature

MCF51QW256CHS MCF51QW256 ColdFire 64 KB 256 KB 44 MAPLGA ([-40to85°C
Microcontroller
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Chapter 3
Chip Configuration

3.1 Introduction

This chip configuration information consists of details about the individual modules that
are specific to the chip. The information includes:

* module block diagrams showing immediate connections within the device,

* specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

* links for more information.

NOTE
For clock gating information that applies to modules generally,
refer to Clock gating. Any additional clock gating info that is
specific to a module appears in the module's dedicated chip
configuration details.

3.2 Core Modules

3.2.1 Version 1 (V1) ColdFire Core Configuration

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

Crossbar V1 ColdFire

Figure 3-1. Core configuration

Table 3-1. Reference links to related information

Topic Related module Reference
Full description V1 ColdFire core Core
System memory map System memory map
Clocking Clock distribution
Power management Power management
Debug Background debug mode (BDM) single-pin serial Debug
interface

Real-time debug and trace

Interrupts Interrupt controller (INTC) INTC
System/instruction/data Crossbar switch Crossbar switch
bus module
System/instruction Enhanced multiply-accumulate (EMAC) unit EMAC
module

3.2.2 Debug Configuration

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

Background Debug Module signals
Controller (BDC)

Signal multiplexing

Figure 3-2. Debug configuration

Table 3-2. Reference links to related information

Topic Related module Reference
Full description V1 ColdFire core debug Debug
. Background debug mode (BDM)

. Background debug controller (BDC)

Signal multiplexing Port mux control Signal multiplexing
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3.3 System Modules

3.3.1 Crossbar Switch Configuration

Chapter 3 Chip Configuration

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

Master Modules

V1 ColdFire

core CPU

EzPort

Y

MO

Mux

DMA

Y

M1

Crossbar Switch

SO

S1

S3

Slave Modules

Flash

A

controller

Peripheral
bridge

A

RAM

Y

A

RGPIO
controller

Figure 3-3. Crossbar switch integration

Table 3-3. Reference links to related information

Topic Related module

Reference

Full description Crossbar switch

Crossbar Switch

System memory map

System memory map

Clocking Clock Distribution
Crossbar switch master | V1 ColdFire core CPU Core
Crossbar switch master DMA controller DMA controller
Crossbar switch master EzPort EzPort

Crossbar switch slave Flash memory Flash memory controller
controller

Crossbar switch slave Peripheral bridge

Peripheral bridge

Crossbar switch slave RAM

RAM

Crossbar switch slave RGPIO

RGPIO
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3.3.1.1 Crossbar Switch Master Assignments

This device contains the following master connections to the crossbar switch.

Master module Master port number
CPU 0
DMA controller and EzPort (shared) 1

NOTE

The DMA controller and EzPort module share a master port.
Because these modules never operate at the same time, no
configuration or arbitration explanations are necessary.

3.3.1.2 Crossbar Switch Slave Assignments

This device contains three slave connections to the crossbar switch.

Slave module Slave port number
Flash memory controller 0
Peripheral bridge 1
RAM and RGPIO (shared) 3

3.3.2 Peripheral Bridge Configuration

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

Transfers Transfers

Peripheral bridge

Peripherals

Crossbar switch

Figure 3-4. Peripheral bridge configuration

Table 3-4. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Crossbar switch Crossbar switch Crossbar switch
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3.3.2.1 Peripheral Bridge Interfaces

The peripheral bridge has two interfaces for transfers to and from modules.

Table 3-5. Peripheral bridge interfaces

Interface size Connected modules

32-bit
8-bit

DMA controller

All other modules with an assigned slot in the peripheral bus
memory map

3.3.2.2 Memory Map and Module Register Access

The peripheral bridge enables access to the registers of most of the modules on this
device. See the memory map tables for the memory slot assignment for each module.

3.3.3 DMA Controller Configuration

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

Peripheral bridge

Register
access

L

Transfers

é

DMA Controller

Crossbar switch
o0

é

Figure 3-5. DMA Controller configuration

Table 3-6. Reference links to related information

Topic Related module

Reference
Full description DMA controller DMA controller
System memory map

System memory map
Clock distribution

Clocking

Power management Power management

Requests

DMA request sources
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3.3.3.1

DMA Request Sources

The DMA request sources for this device follow.

Table 3-7. DMA request sources

Request ID Assignment to DMA | Assignment to DMA | Assignment to DMA | Assignment to DMA
Channel 0 Channel 1 Channel 2 Channel 3

0 SPIO_Tx SPIO_Tx SPI_Tx SPI1_Tx

1 SPI0_Rx SPI0_Rx SPI1_Rx SPI1_Rx

2 SCI0_Tx SCH_Tx SCH_Tx SCI0_Tx

3 SCI0_Rx SCI1_Rx SCI_Rx SCI0_Rx

4 l1Co l1Co SPI2_Tx SPI2_Tx

5 lc1 lc1 SPI2_Rx SPI2_Rx

6 Reserved Reserved SCI2_Tx SCI2_Tx

7 Reserved Reserved SCI2_Rx SCI2_Rx

8 — — Reserved Reserved

9 FTMO_chO FTMO_chO FTM1_chO FTM1_chO

10 FTMO_ch1 FTMO_ch1 FTM1_ch1 FTM1_ch1

11 FTM1_ch2 FTM1_ch3 FTM1_ch4 FTM1_ch5

12 FTM1_ch3 FTM1_ch4 FTM1_ch5 FTM1_ch2

13 — — Reserved Reserved

14 — — — —

15 PTA PTB PTC PTD
3.3.4 Interrupt Controller (INTC) Configuration

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

Register
access

Interrupts
Interrupt le————————
priority
level Interrupt Controller <—

(CF1_INTC)

V1 ColdFire core

Figure 3-6. INTC configuration

Table 3-8. Reference links to related information

Topic Related module Reference
Full description Interrupt Controller INTC
(INTC)
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.3.4.1 Interrupt priority levels

The CF1_INTC module implements a sparsely populated 7 x 9 matrix of levels (7) and
priorities within each level (9).

3.3.4.2 Interrupt Channel Assignments

The interrupt vector assignments are defined in the following table.

NOTE
Level 7 interrupts are non-maskable interrupts, while Level 6-1
are maskable interrupts. For more information, refer to the
Interrupt Controller chapter.

Table 3-9. Interrupt vector assignments

Address offset Vector Number Level Priority’ Assignment
0x000 0 Initial supervisor Stack Pointer
0x004 1 Initial Program Counter
0x008 - 0XOFC 2-63 Reserved for internal CPU
exceptions

Table continues on the next page...
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Table 3-9. Interrupt vector assignments (continued)

Address offset Vector Number Level Priority’ Assignment
0x100 64 7(mid) IRQO
0x104 65 7(3) LVD
0x108 66 7(2) Low Leakage Wake Up?
0x10C 67 7(1) MCG Loss of Lock
0x10E 6(7) Reserved for remapped

vector #1
0x10F 6(6) Reserved for remapped
vector #2

0x110 68 6(5) Flash?
0x114 69 6(4) DMA _CHO
0x118 70 6(3) DMA _CH1
0x11C 71 6(2) DMA _CH2
0x120 72 6(1) DMA _CH3
0x124 73 5(7)
0x128 74 5(6) RNGA
0x12C 75 5(5)
0x130 76 5(4) FTM1 Fault+Overflow
0x134 77 5(3) FTM1 Channel 0
0x138 78 5(2) FTM1 Channel 1
0x13C 79 5(1) FTM1 Channel 2
0x140 80 4(7) FTM1 Channel 3
0x144 81 4(6) FTM1 Channel 4
0x148 82 4(5) FTM1 Channel 5
0x14C 83 4(4) FTMO Fault+Overflow
0x150 84 4(3) FTMO Channel 0
0x154 85 4(2) FTMO Channel 1
0x158 86 4(1) SPIO
0x15C 87 3(7) IRQ3
0x160 88 3(6) SCIO (Err, TX, RX) 4
0x164 89 3(5) RTC Interrupt
0x168 90 3(4) lico
0x16C 91 3(3) SPI2
0x170 92 3(2) SPI
0x174 93 3(1) SCI1 (Err, TX, RX)®
0x178 94 2(7) IRQ2
0x17C 95 2(6) lc1
0x180 96 2(5)
0x184 97 2(4)
0x188 98 2(3) SClI2
0x18C 99 2(2) LPTO

Table continues on the next page...
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Table 3-9. Interrupt vector assignments (continued)

Address offset Vector Number Level Priority’ Assignment
0x190 100 2(1)
0x194 101 1(7) IRQ1
0x198 102 1(6) MTIM
0x19C 103 7(0) Level 7 Software Interrupt
0x1A0 104 6(0) Level 6 Software Interrupt OR

MESM Interrupt

0x1A4 105 5(0) Level 5 Software Interrupt
0x1A8 106 4(0) Level 4 Software Interrupt
0x1AC 107 3(0) Level 3 Software Interrupt
0x1B0 108 2(0) Level 2 Software Interrupt
0x1B4 109 1(0) Level 1 Software Interrupt
0x1B8 110 1(5) EGPIO Port A
0x1BC 111 1(4) EGPIO Port B
0x1Co 112 1(3) EGPIO Port D
0x1C4 113 1(2) EGPIO Port C
0x1C8 114 1(1) SPI_WAKEUP
0x1CC-0x3FC 115-255 - Reserved - Unused for V1

—_

x(y): were x is level priority and y is the priority within the level.
2. For wakeup from VLLSx modes:
* One or two pending interrupts are serviced. One is serviced if the wakeup is from the LLWU wakeup pins, or two are
serviced if the wakeup is from a CMP or LPTMR module.
¢ Then instruction execution resumes via the reset vectors.
Flash interrupt is logical OR of FTFL CCIF and FTFL RDCOLERR interrupt
All of the SCIO interrupt sources are joined in this single vector.
5. All of the SCI1 interrupt sources are joined in this single vector.

Rl

Table 3-10. ColdFire level, priority within level matrix interrupt assignments

Priority Level Priority within level
7 6 5 4 Midpoint |3 2 1 0

Highest |7 IRQO! LVD Low MCG Level 7
Leakage |Lossof |SWI
Wake Up |Clock

Table continues on the next page...
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Table 3-10. ColdFire level, priority within level matrix interrupt assignments (continued)

6 INTC_PL |INTC_PL [Flash DMA X DMA DMA DMA Level 6
6P7 6P6 _CHoO _CH1 _CH2 _CHS3 SWI OR
MESM
interrupt
5 RNGA FTM1 X FTM1 FTMA1 FTMA1 Level 5
Fault Channel 0|Channel 1 [{Channel 2|SWI
+Overflow
4 FTM1 FTM1 FTM1 FTMO X FTMO FTMO SPIO Level 4
Channel 3|Channel 4 |Channel 5 | Fault Channel 0|Channel 1 SWiI
+Overflow
3 IRQ3 SCIo RTC 1ICO X SPI2 SPI1 SCH Level 3
Interrupt SWI
2 IRQ2 1IC1 X SCl2 LPTO Level 2
SWI
Lowest 1 IRQA1 MTIM PORTA |PORTB |x PORTD |PORTC |SPI_WAK |Level 1
EUP SWI

1. IRQO is non-maskable interrupt while IRQ[2,3,4] are maskable.

3.3.5 Low-Leakage Wakeup Unit (LLWU) Configuration

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

Peripheral
bridge
Register
access
Wakeup

c _ requests
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g Low-Leakage Wakeup
25 Unit (LLWU) : :
5 § L L
3 < Moaue |
a

Figure 3-7. Low-Leakage Wakeup Unit configuration

Table 3-11. Reference links to related information

Topic Related module Reference
Full description Low-Leakage Wakeup LLWU
Unit (LLWU)

System memory map System memory map

Clocking Clock distribution
Power management Power management

Power Management PMC configuration

Controller (PMC)
Wakeup requests LLWU wakeup sources
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3.3.5.1 LLWU Wakeup Sources

The LLWU module has the following internal and external inputs. WUPO- WUP15 are
external pin inputs, and module interrupt flags (MOIF-M3IF) are internal peripheral
connections.

NOTE
e The RESET pin is also a wakeup source when the LLWU's
RST[LLRSTE] bit is 1 and the pin is enabled as RESET via
port mux control.

Table 3-12. LLWU inputs

Wakeup Source Wakeup Source
Pin Pin
WUPO Reserved WUP10 |PTC4
WUP1 PTA1 WUP11 PTC5
WuUP2 PTA2 WUP12 |Reserved
WUP3 PTB1 WUP13 |PTC7
WUP4 PTB2 WUP14 |PTDO
WUP5 PTB3 WUP15 |PTD2
WUP6 PTB5 MOIF LPTimer0 (see note)
WUP7 PTCO M1IF RTC Interrupt (see note)
WUPS8 PTCA1 M2IF Reserved
WUP9 PTC2 M3IF Reserved
NOTE

Requires the peripheral and the peripheral interrupt to be
enabled. The internal module's WUPE bit is used to enable the
internal module flag to be used as a wakeup input. After
wakeup, the flags are cleared based on the peripheral clearing
mechanism.

3.3.5.2 LLWU register reset

All LLWU registers are reset by Chip Reset not VLLS and by other reset types that
trigger Chip Reset not VLLS. LLWU registers are unaffected by reset types that do not
trigger Chip Reset not VLLS. For more information about the types of reset available on
this chip, refer to the Reset details.
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3.3.6 Computer Operating Properly (COP) Watchdog
Configuration

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

Peripheral
bridge

Register
access

COP watchdog

Figure 3-8. COP watchdog configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Clocking Clock distribution
Power management Power management
Programming model System Integration SIM
Module (SIM)

3.3.6.1 COP clocks
The two clock inputs for the COP are the 1 kHz clock and the bus clock.

3.3.6.2 COP Watchdog

The COP watchdog is intended to force a system reset when the application software fails
to execute as expected. To prevent a system reset from the COP timer (when it is
enabled), application software must reset the COP counter periodically. If the application
program gets lost and fails to reset the COP counter before it times out, a system reset is
generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled. If the COP watchdog is not used in an
application, it can be disabled by clearing SOPT1[COPT].
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The COP counter is reset by writing 0x55 and 0XxAA (in that order) to the address of the
SIM's Service COP (SRVCOP) register during the selected timeout period. Writes do not
affect the data in the SRVCOP register. As soon as the write sequence is complete, the
COP timeout period is restarted. If the program fails to perform this restart during the
timeout period, the microcontroller resets. Also, if any value other than 0x55 or OxAA is
written to the SRVCOP register, the microcontroller immediately resets.

The SOPT1[COPCLKS] field selects the clock source used for the COP timer. The clock
source options are either the bus clock or an internal 1 kHz clock source. With each clock
source, there are three associated time-outs controlled by SOPT1[COPT]. The following
table summarizes the control functions of the COPCLKS and COPT bits. The COP
watchdog defaults to operation from the 1 kHz clock source and the longest time-out for
that clock source (210 cycles).

Control Bits Clock Source COP Window Opens | COP Overflow Count
SOPT1[COPCLKS] SOPT1[COPT] (SOPT1[COPW]=1)
N/A 00 N/A N/A COP is disabled
0 01 1 kHz N/A 25 cycles (32 ms)
0 10 1 kHz N/A 28 cycles (256 ms)
0 11 1 kHz N/A 210 cycles (1,024 ms)
1 01 Bus 6,144 cycles 213 cycles
1 10 Bus 49,152 cycles 216 cycles
1 11 Bus 196,608 cycles 218 cycles

After the bus clock source is selected, windowed COP operation is available by setting
SOPT1[COPW]. In this mode, writes to the SIM's SRVCOP register to clear the COP
timer must occur in the last 25% of the selected timeout period. A premature write
immediately resets the microcontroller. When the 1 kHz clock source is selected,
windowed COP operation is not available.

The COP counter is initialized by the first writes to the SOPT1 register and after any

system reset. Subsequent writes to SOPT1 have no effect on COP operation. Even if the
application will use the reset default settings of the COPT, COPCLKS, and COPW bits,
the user should write to the write-once SOPT1 register during reset initialization to lock
in the settings. This will prevent accidental changes if the application program gets lost.

The write to the SIM's SRVCOP that services (clears) the COP counter should not be
placed in an interrupt service routine (ISR) because the ISR could continue to be
executed periodically even if the main application program fails.
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If the bus clock source is selected, the COP counter does not increment while the
microcontroller is in background debug mode or while the system is in stop (including
VLPS) mode. The COP counter resumes when the microcontroller exits background
debug mode or stop mode.

If the 1 kHz clock source is selected, the COP counter is re-initialized to zero upon entry
to either background debug mode or stop (including VLPS) mode and begins from zero
upon exit from background debug mode or stop mode.

Regardless of the bus selected, the COP is disabled when the chip enters a VLLSx mode.
Upon a reset that wakes the chip from the VLLSx mode, the COP is re-initialized and
enabled as for any reset.

3.3.7 PMC Configuration

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

Peripheral
bridge

Register access
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oF Module Module |3 (%
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Figure 3-9. PMC configuration

Table 3-14. Reference links to related information

Topic

Related module Reference

Full description

Power Management PMC
Controller (PMC)

System memory map

System memory map

Power management

Power management

System Mode SMC
Controller (SMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)
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3.3.7.1 PMC register reset

Different portions of PMC registers reset on different MCU reset types. Refer to the
detailed register descriptions. For information about the various reset types on this chip,
refer to the Reset details.

3.3.8 System Mode Controller (SMC) Configuration

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

Peripheral
bridge

Register
access

System Mode
Controller (SMC)

Resets

Power Management
Controller (PMC)

Figure 3-10. System Mode Controller configuration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description System Mode SMC
Controller (SMC)
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.8.1 SMC register reset

Different SMC registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset
details.
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3.3.9 System Integration Module (SIM) Configuration

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

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-11. SIM configuration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

System Integration
Module (SIM)

SIM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

3.3.9.1 SIM register reset

Different SIM registers reset on different MCU reset types. Refer to the detailed register
descriptions. For information about the various reset types on this chip, refer to the Reset

details.

3.4 Clock Modules

3.4.1 Multipurpose Clock Generator (MCG) Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-12. MCG configuration

Table 3-17. Reference links to related information

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

In MCG module, OSC2 can be used as a clock source for PLL.

3.4.1.1 MCG oscillator-frequency trim settings: factory and custom

Factory-programmed values for trimming oscillator frequency are stored in the
nonvolatile information register (IFR) and are automatically loaded into the MCG's C3

and C4 registers after any reset.

A portion of the chip's program flash memory can be used to store other, custom settings
for frequency trimming. These locations appear as FTRIM and TRIM in the following

table.
Table 3-18. Flash memory addresses for custom oscillator-frequency trim

settings
Address Register 7 6 5 4 3 2 1 0
0x(00)00_03FD Storage of other — — — — — — — —
custom settings
0x(00)00_03FE Storage of FTRIM 0 0 0 0 0 0 0 FTRIM
0x(00)00_03FF Storage of TRIM TRIM

To override the factory-programmed settings with custom settings:

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 75



g |

viuck Modules

1. Using Freescale's BDM tools, users and third parties can reprogram the TRIM and
FTRIM values stored in the reserved flash memory addresses.

2. User code must copy the value of FTRIM to the MCG's C4[SCFTRIM] bit and the
value of TRIM to the MCG's C3[SCTRIM] field.

3.4.2 OSC Configuration

This section summarizes how the module has been configured in the chip.
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System oscillator 1
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Figure 3-13. OSC1 configuration

Peripheral
bridge

Register
access

MCG

System oscillator 2

Figure 3-14. OSC2 configuration

Table 3-19. Reference links to related information

Topic Related module Reference

Full description OsC OSsC

System memory map System memory map
Clocking Clock distribution
Power management Power management
OSC1 configuration System Integration SIM
Module (SIM)
OSC2 configuration Multipurpose Clock MCG
Generation (MCG)
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3.4.2.1 Real Time Clock Overview

This device includes the Real Time Clock to allow operation during all power modes.
RTC includes on-chip calendaring with alarm functionality and can be clocked from the
Internal 32 kHz Reference Clock (MCGIRCLK) or external 32 kHzcrystal.

NOTE

e Run the RTC from external 32 kHz oscillator when high
accuracy is desired.

e RTC gets reset only on POR.

* The RTC on this device is powered by the main supply.
Therefore, if the main supply is removed, the RTC contents
are lost.

* This device does not support RTC in VLPS and VLLS
power modes if clocked by IR clock so it is necessary to
select OSC1 as RTC clock if time needs to be retained in
different low power modes.

* OSCI should be in low power mode (HGO1 = 0) to be
used for RTC and LPTMR.

3.5 Memories and Memory Interfaces

3.5.1 RAM Configuration

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

Transfers

RAM

Crossbar switch

Figure 3-15. RAM configuration

Table 3-20. Reference links to related information

Topic Related module Reference
Description RAM RAM overview
System memory map System memory map
Clocking Clock distribution
Power management Power management
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3.5.1.1 RAM Overview

This device includes up to 64 KB of static RAM. RAM is most efficiently accessed using
the AS-relative addressing mode (address register indirect with displacement mode). Any
single bit in this area can be accessed with the bit manipulation instructions (BCLR,
BSET, and so on).

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 (Vram)-

NOTE
Since, this device includes Parity on 64 KB RAM, RAM must
be written with parity before read checking can be enabled.
Refer to MESM chapter for more information.

3.5.1.2 RAM sizes

The embedded RAM is tightly coupled with the V1 ColdFire core. The following table
describes the amount of RAM (not counting FlexRAM) for the devices covered by this
document.

Chip RAM (KB)

MCF51256 64

The RAM has partitions that operate as a single unit:
* RAMI: 1 KB partition
* RAM2: 31 KB partition
* RAM3: 32 KB partition

3.5.1.3 RAM Retention in Low Power Modes

The RAM1, RAM2, and RAM3 partitions are retained in low power modes down to
VLLS3 mode.

In VLLS2 mode: The RAMI partition is powered, the RAM?2 partition is optionally
powered using the VLLSCTRL[RAM?2PQO] bit in system mode controller (SMC), and the
RAM3 partition is not powered.
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In VLLS1 mode: The RAM1, RAM2, and RAM3 partitions are not powered. However,
the 32-byte register file remains available in VLLS1 mode.

3.5.1.4 RAM accesses

The RAM's interface with the crossbar switch is 32 bits wide.

3.5.2 Flash Memory Controller Configuration

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

V1 ColdFire core

Control inputs

Transfers Flash memory Transfers

controller

Crossbar switch
Flash memory

Figure 3-16. Flash memory controller configuration

Table 3-21. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map
Clocking Clock distribution
Transfers Flash memory Flash memory
Transfers Crossbar switch Crossbar switch
Control inputs V1 ColdFire core's CPU CPUCR
configuration register
(CPUCR)

3.5.3 Flash Memory Configuration

This section summarizes how the module has been configured in the chip.
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Transfers
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Figure 3-17. Flash memory configuration

Table 3-22. Reference links to related information

Reference

Topic Related module

Full description Flash memory Flash memory

System memory map

System memory map
Clock distribution

Clocking
Transfers Flash memory Flash memory controller
controller
Register access Peripheral bridge Peripheral bridge

3.5.3.1 Flash Memory Types

This device contains multiple types of flash memory as defined below:

* Program flash: nonvolatile flash memory that can execute program code
* FlexMemory: memory block that can be configured as additional program flash, data
flash, and/or EEPROM. It allows user configuration of the EEPROM and data flash

sizes, as well as EEPROM endurance, to fulfill application requirements.
* FlexXNVM: nonvolatile flash memory that can execute program code, store data,

or back up EEPROM data
* FlexRAM: RAM memory that can be used as traditional RAM or as high-

endurance EEPROM storage

3.5.3.2 Flash Memory Sizes

The devices covered in this document contain:

* 2 block of program flash
* 1 block of FlexXNVM
* 1 block of FlexRAM
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The following table describes the amounts of memory for the devices covered in this
document.

Device Program flash (KB) FlexNVM (KB) FlexRAM (KB)
MCF51256 256 32 2

3.5.3.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown 1in the following figure. The base address for each is specified in System
Memory Map.

FTFL base address
Registers

Program flash 0 base address

Flash configuration field

Program flash 0

Program flash 1 base address

Flash configuration field
Program flash1

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 3-18. Flash memory map

The following table identifies subdivisions within the chip's program flash memory
space. It also indicates where to find additional information about each area.

Table 3-23. High Level Program Flash Memory Map

Address range Purpose Reference

0x(00)00_0000 to 0x(00)00_03FC | Standard program flash memory, interrupt vector |Interrupt Channel Assignments
table

0x(00)00_03FD to 0x(00)00_03FF |Space for custom oscillator-frequency trim MCG oscillator-frequency trim
settings settings: factory and custom

0x(00)00_0400 to 0x(00)00_040F Flash Configuration Field Flash Configuration Field

Description
0x(00)00_0410 to upper limit Standard program flash memory
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3.5.3.4 Flash Security

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

3.5.3.5 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS asserted during reset) or
background debug mode is enabled. Otherwise, flash memory operates in NVM normal
mode.

3.5.3.6 Erase All Flash Contents

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

1. Via the EzPort by issuing a bulk erase (BE) command provided mask erase from
flash is enabled.
2. Via background debug by using DBGCR[0]. Refer to DBGCR for details.

3.5.4 System Register File Configuration

This section summarizes how the module has been configured in the chip.
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access
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Figure 3-19. System Register file configuration

Table 3-24. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.5.4.1 Register file details

The chip includes a 32-byte register file, consisting of eight 32-bit registers, that is
accessible in all power modes and retains contents during low-voltage detect (LVD)
events.

The register file can be accessed via 8-bit, 16-bit, and 32-bit accesses. The 16-bit and 32-
bit accesses are serialized on the 8-bit peripheral bus.

The register file is reset exclusively by the POR Only reset type. It is unaffected by other
reset types. For information about the various reset types on this chip, refer to the Reset
details.

3.5.5 EzPort Configuration

This section summarizes how the module has been configured in the chip.
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Crossbar switch
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Figure 3-20. EzPort configuration

Table 3-25. Reference links to related information

Topic Related module Reference
Full description EzPort EzPort
System memory map System memory map
Clocking Clock distribution
Transfers Crossbar switch Crossbar switch
Signal multiplexing Port mux control Signal multiplexing

3.5.5.1 EzPort and BDM

EzPort mode and active background debug mode (BDM) cannot be used at the same
time. Attempts to use both simultaneously can lead to unexpected behavior.

BDM has priority over EzPort mode. For more information, refer to the detailed Boot
description.

3.5.5.2 Flash Option Register (FOPT)

The FOPT[EZPORT_EN] bit can be used to prevent entry into EzPort mode during reset.
If the FOPT[EZPORT_EN] bit is cleared, then the state of the chip select signal
(EZP_CS) is ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/IRQ signal configured for its IRQ
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the IRQ signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified the new value takes effect for any subsequent resets, until the value is changed
again. For FOPT register bit definitions, refer to FOPT boot options.

For more information about the FOPT register, refer to FOPT boot options.
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3.5.5.3 EzPort Clocking

The EzPort module is enabled only when the device is operating in EzPort mode. The
module clocks are active only in this mode. When the device is operating in normal
mode, the EzPort clock 1s disabled.

No register bits control the ezPort module clock because the clocking is determined by
operating mode.

3.6 Security Modules

3.6.1 CAU Configuration

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

Transfers

CAU

V1 ColdFire
core CPU

Figure 3-21. CAU configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description CAU CAU
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers V1 ColdFire core CPU Core

3.6.2 RNGA Configuration

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

Table 3-27. Reference links to related information

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

3.6.2.1 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

3.6.3 CRC Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-23. CRC configuration

Table 3-28. Reference links to related information

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

3.6.3.1 Module register width and serialization of accesses

This module's registers are 32 bits wide. Accesses via the 8-bit peripheral bus are
serialized: 32-bit accesses are serialized into four 8-bit accesses.

3.7 Timers

3.7.1 FlexTimer Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-24. FlexTimer configuration

Table 3-29. Reference links to related information

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

3.7.1.1

The device contains two FlexTimer modules.

Instantiation Information

The following table shows how these modules are configured.

Table 3-30. FTM instantiations

Number of Channels
FTMA 6
FTMO 2

FTM Instance Features/Usage

General Purpose/3-phase motor

general purpose

Table 3-31. FTM fault inputs source

FTMx Fault Input FTMO Fault Source FTM1 Fault Source
Faulto FTM_FLTO bit FTM_FLTO bit
Fault1 FTM_FLT1 bit FTM_FLT1 bit
Fault 2 FTM_FLT2 bit FTM_FLT2 bit
Fault 3 FTM_FLTS3 bit FTM_FLTS3 bit
MCF51QW256 Reference Manual, Rev. 1, 01/2013
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Table 3-32. FTM trigger sources

Trigger Source

FTMx Synchronization

FTMxSYNC bits (in SIM)

FTMO and FTM1 TriggerO

FTM_FLT3 bit FTMO and FTM1 Trigger1
FTMOCHO FTM1 Trigger 2
FTM1CHO FTMO Trigger 2

Both the FTMs (FTMO and FTM1) have flexibility to be clocked from internal as well

use an external clock input (TMR_CLKINO). Some of the FTM channels are available at

multiple pins for maximum user flexiblity.

3.7.1.2 FTM External Clock Options
By default, each FTM module is clocked by the internal bus clock (the FTM refers to it as

system clock). Each module has a register setting that allows the module to be clocked
from an external clock instead.

3.7.1.3 FTM registers classification

Address

Registers classification

FFFF_8300 - FFFF_8316
FFFF_8340 - FFFF_8356

TPM registers

FFFF_8320 - FFFF_8332
FFFF_8360 - FFFF_8372

FTM registers

3.7.2 Low-Power Timer (LPTMR) Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-25. LPTMR configuration

Table 3-33. Reference links to related information

Topic Related module Reference
Full description Low-power timer LPTMR
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.7.2.1 LPTMR Overview

This device contains one 16-bit Low Power Timer (LPTMR) module to allow operation
during all power modes (VLLSx). The LPTMR is a 16-bit timer that can operate as either
a Real Time Interrupt or as a Pulse Accumulator. It includes a 4-bit prescaler (Real Time
Interrupt mode) or glitch filter (Pulse Accumulator mode) and can be clocked from the
Internal Reference Clock, external reference clock or the internal 1 kHz LPO. An
interrupt is generated (and the counter can reset) when the counter equals the value in the
16-bit compare register.

NOTE
» The Internal Reference Clock (IRC) is generated by the
MCG module and can be set to be in the 30 kHz range or 2
MHz.

* The hardware trigger is not supported in this device. Please
ignore all references in LPTMR chapter.

3.7.2.2 Instantiation Information

The device contains one LPTMR module with one 16-bit channel.
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The LPT_ALTO pin is connected to LPTMRO and can be selected by the external input
selection bits.

LPTMRO module can use either the OSC1 (32.768 kHz clock) or OSC2 as an external
clock based on SOPT4[LPTOCS] bit configuration in SIM module. The routing of OSC1
and LPTMRO should be optimized for minimum power consumption in Stop modes.

Table 3-34. LPTMR pin selection in Pulse Counter mode

LPTMRx_CSR[TPS[1:0]] Description
00 Pin LPT_ALTO is selected
01 Reserved
10 Reserved
11 Reserved

Table 3-35. LPTMRO clock inputs

LPTMRx_PSR[PCS[1:0]] Description
00 Internal Reference Clock
01 Internal 1 kHz LPO
10 External 32 kHz Crystal (OSC1_32KCLK or OSC2_32KCLK")
11 External Reference Clock (OSC2ERCLK)

1. Depends on SOPT4[LPTOCS] bit configuration in SIM module.

3.7.2.3 LPTMR register reset

All LPTMR registers are reset by Chip POR not VLLS and by POR Only, which triggers
Chip POR not VLLS. LPTMR registers are unaffected by other reset types. For
information about the various reset types on this chip, refer to the Reset details.

3.7.3 Modulo Timer Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-26. Modulo Timer configuration

Table 3-36. Reference links to related information

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

3.7.3.1 MTIM overview

The MTIM is a simple 16-bit modulo timer with several software selectable clock
sources and a programmable interrupt. The chip has one MTIM module.

The MTIM shares the TMR_CLKIN pin with the FlexTimer modules.

3.8 Communication Interfaces

3.8.1 SPI Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-27. SPI configuration

Table 3-37. Reference links to related information

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

3.8.1.1 SPI Instantiation

The device contains three SPI modules. SPIO has a 64-bit FIFO; SPI1 and SPI2 do not
have a FIFO support. All three SPI module instances have DMA support.

3.8.1.2 SPI Baud Rate

The SPI is designed to run at a baud rate up to the bus clock divided by two when the
module is in master mode and up to the bus clock divided by four when the module is in
slave mode.

The device's maximum CPU frequency is 50 MHz with a maximum bus clock of 25
MHz. As a result, the SPI design supports a master baud rate up to 12.5 Mbit/s and a
slave baud rate up to 6.25 Mbit/s .

NOTE
e For the actual maximum SPI baud rate in master and slave
modes, refer to the device's Data Sheet.
* If SPI is operating in slave mode, asserting SPI_SS can
wakeup the MCU from STOP and VLPS modes.
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3.8.2 IIC Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-28. lIC configuration

Table 3-38. Reference links to related information

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

3.8.2.1 Instantiation Information

The device contains two IIC modules, IICO and IIC1. These modules are configured in a
shared pin configuration to achieve separate master and slave interrupts. Each pin
associated with an IIC module contains two instantiations of the IIC peripheral. For
example, all IICO pins, IICO_SDA and IICO_SCL can be linked with IIC1 internally by
setting SOPT7[IICDRO] bit in the SIM module and vice versa.

The pin mux control register in the SIM module allows IIC functionality to be selected
for the individual pin. See the Signal multiplexing chapter for more information about the
Pin Mux controls.

3.8.3 UART Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-29. UART configuration

Table 3-39. Reference links to related information

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

3.8.3.1 Instantiation Information

The device contains three UART modules. UARTO has a 64-bit FIFO and smart card
support; UART1 and UART?2 do not have a FIFO and smart card support .

In the PFIFO register, the TXFIFOSIZE and RXFIFOSIZE fields both reset to 010b.

3.8.3.2 UART wakeup

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

3.8.3.3 UART support for opto-isolated interface

The PTB4 pin, to which the SCI2_TX signal can be muxed, supports high drive strength
to provide an opto-isolated interface. To enable this feature, use the SOPT6[PTB4PAD]
bit in the SIM.
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3.9 Human-Machine Interfaces (HMI)

3.9.1 EGPIO Configuration

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

Signal multiplexing

Figure 3-30. EGPIO configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description EGPIO Parallel Input/Output Control
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port mux control Signal multiplexing

3.9.1.1 EGPIO Overview

The EGPIO controller supports common pin input and output functions with configurable
slew rate, drive strength, pull ups/downs, and passive input filters. This module combines
keyboard interrupt functionality for rising/falling edges or level sensitivity. Digital glitch

filter capability is available on Port B and Port C.

3.9.1.2 Instantiation Information

Smaller packages have fewer available GPIO pins. For more details on package pinouts,
refer to the Signal Multiplexing chapter.
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GPIO pins are configured in 8-pin ports. The peripheral bus interface for the EGPIO
operates at the bus clock.

Only two EGPIO ports have the digital filter: Port B and Port C. The other ports do not
have this feature.

PCTLD_PFE register has a reset value of 1Fh.

NOTE
Since EGPIO supports both Interrupt as well as GPIO
capability, it is important to note that only one is active at a
time. For the cases where EGPIO is being used for DMA
enable request , system should disable EGPIO DMA capability
by setting the "DMA enable bit" before entering STOP mode
and interrupt enabled incase user wishes to support chip
wakeup through EGPIO interrupt.

3.9.2 RGPIO Configuration

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

Transfers Module signals

RGPIO controller

Crossbar switch

Signal multiplexing

Figure 3-31. RGPIO configuration

Table 3-41. Reference links to related information

Topic Related module Reference

Full description RGPIO RGPIO

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Transfers

Crossbar switch

Crossbar switch

Signal multiplexing

Port mux control

Signal multiplexing
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3.9.2.1

Instantiation Information

Smaller packages have fewer available GPIO pins. For more details on package pinouts,
refer to the Signal Multiplexing chapter.

3.9.2.2 Simple Square-Wave Generation

This information replaces the information in the corresponding table of the RGPIO

chapter.
Table 3-42. Square-Wave Output Performance
Peripheral Bus-mapped GPIO RGPIO
Loop Sqg-Wave Frequency @ Relative Sqg-Wave Frequency @ Relative
Frequency CPUf=50 MHz| Speed Frequency CPUf=50 MHz| Speed
bchg with tpf (1/18) x f MHz 2.77 MHz 1.00x (1/14) x f MHz 3.56 MHz 1.28x
bchg sample code for RGPIO:
move.l #0,d0
bchg  d0,0x00C00003
tpf
bchg  do0,0x00C00003
tpf
Note

The square-wave frequency is measured from rising-edge to
rising-edge, where the output wave has a 50% duty cycle.

The following table provides example code using which maximum frequency of 50%
duty cycle square wave can be generated on RGPIO using toggle register.
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Table 3-43. Example Code of 50% Duty Cycle Square-Wave

Loop

RGPIO

Sqg-Wave

Frequency

Frequency @
CPU f = 50 MHz

Code

Set using move instruction on toggle
register (16 bit write)

(1/4) x f MHz

12.5 MHz

move. 1l

move.

move.

move.

move.

move.

move.

move.

move.

move.

S

S

S

S

#0x00C0000E, a0

#1,d0
nop
do, (a0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf
do, (ao0)
tpf

3.9.3 External Interrupt (IRQ) Module Configuration

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

Peripheral
bridge

Register
access

External Interrupt
(IRQ)

Module signals

Signal multiplexing

Figure 3-32. IRQ module configuration

Table 3-44. Reference links to related information

Topic Related module Reference
Full description External Interrupt (IRQ) IRQ
System memory map System memory map
Clocking Clock distribution

Power management

Power management

Signal multiplexing

Port mux control

Signal multiplexing
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one 32-bit contiguous memory space. This chapter describes the memory and
peripheral locations within that memory space.

4.2 System Memory Map

This device supports up to 256 KB of program flash and 32 KB of FlexRAM space. This
configuration provides up to 288 KB of program flash and up to 2 KB of EEPROM.
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Address Range V1 ColdFire Memory Usage
0x(00)00_0000

Allocated to on-chip flash

memory
0x(00)3F_FFFF

0x(00)40_0000

Available for off-chip expansion
0x(00)7F_FFFF (Reserved)

0x(00)80_0000

Allocated to on-chip RAM

memory
0x(00)9F_FFFF

0x(00)A0_0000

Available for off-chip expansion

0x(00)BF_FFFF (Reserved)
0x(00)C0_0000
ColdFire Rapid GPIO
0x(00)CO_000F
0x(00)C0_0010
Unimplemented
Ox(FF)FF_7FFF
Ox(FF)FF_8000
Slave Peripherals

OX(FF)FF_FFFF

Figure 4-1. Generic V1 ColdFire Memory Map

Regions within the memory map are subject to restrictions with regard to the types of
CPU accesses allowed. These are outlined in the following table. Non-supported access
types terminate the bus cycle with an error (and typically generate a system reset in
response to the error termination).

Table 4-1. CPU Access Type Allowed by Region

Address Region
Byte Word Long Byte Word Long
0x(00)00_000 |Program x x x . . .
0 flash?
OX(OO)SO—OOO FlexNVM? X X X — — —
OX(OO)SS—OOO FlexRAM X X X X X X
OX(OO)SO—OOO RAM X X X X X X
OX(OO)SO—OOO Rapid GPIO X X X X X X
Ox(FF)FF_800 | 8-bit X X X X x x
0 Peripherals®

Table continues on the next page...
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Table 4-1. CPU Access Type Allowed by Region (continued)

Base ) Read1 Write1
Region
Address Byte | Word | Long Byte | Word | Long
0x(00)40_000
o Reserved/
0x(00)A0_000 | Unimplemente Not allowed. Any access terminated with Error
0/ d
Reserved

—

Byte is 8-bit, Word 16-bit and Long 32-bit

2. Flash writes occur via a programming algorithm described in the flash memory details.

3. Allowed access types are peripheral specific. The peripheral bus bridge serializes 16 and 32-bit accesses into multiple 8-
bit accesses. When using 8-bit peripherals, ensure that all accesses are properly aligned and only desired 8-bit locations
are accessed.

The slave peripherals section of the memory map is further subdivided as shown in the
following table.

Table 4-2. High Level System Memory Map

Memory Comment

0x(00)00_0000 - 0x(00)03_FFFF

Description

Program Flash Space Smaller area for any derivatives

0x(00)04_0000 - 0x(00)1F_FFFF

Unimplemented

Bus Error - lllegal address

0x(00)20_0000 - 0x(00)20_7FFF

FlexNVM Space

can be used as Program Flash if no
Data Flash and EEPROM is used.
Shared memory with EEPROM.

0x(00)20_8000 - 0x(00)27_FFFF

Unimplemented

Bus Error - lllegal address

0x(00)28_0000 - 0x(00)28_07FF

FlexRAM space

2K RAM available if no EEPROM is
used

0x(00)28_8000 - 0x(00)7F_FFFF

Unimplemented

Bus Error -illegal address

0x(00)80_0000 - 0x(00)80_FFFF

64K RAM

On-chip 64K RAM

0x(00)81_0000 - 0x(00)BF_FFFF

Unimplemented

Bus Error -illegal address

0x(00)C0_0000 - 0x(00)CO_000F

RGPIO

16 RGPIO pins

0x(00)CO_000f - Ox(FF)FF_7FFF

Unimplemented

Bus Error - lllegal address

Ox(FF)FF_8000 - Ox(FF)FF_FFFF

Peripheral Bus

See next table for info

Table 4-3. High Level Peripheral Memory Map

Peripheral Description Instance Name BaseAddress Size(Bytes)

Port I/0 Module Enhanced General PTA Ox(FF)FF_8000-0x(FF 16
Purpose I/0 )FF_800F

Port I/0 Module Enhanced General PTB Ox(FF)FF_8010-0x(FF 16
Purpose I/O )FF_801F

Port 1/0 Module Enhanced General PTC 0x(FF)FF_8020-0x(FF 16
Purpose I/O )FF_802F

Port I/0 Module Enhanced General PTD Ox(FF)FF_8030-0x(FF 16
Purpose /0 )FF_803F

Table continues on the next page...
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Table 4-3. High Level Peripheral Memory Map (continued)

Peripheral Description Instance Name BaseAddress Size(Bytes)
Register File Register File (32 Bytes) RF Ox(FF)FF_8040-0x(FF 32
)FF_805F
Port Mux Controls Port Mux Controls MXC 0x(FF)FF_8060-0x(FF 32
)FF_807F
RCM Reset Control RCM Ox(FF)FF_8080-0x(FF 16
Module(RCM) )FF_808F
LLWU Low Leakage Wake Up LLWU O0x(FF)FF_8090 - 16
Module Ox(FF)FF_809F
PMC Power Management PMC 0x(FF)FF_80A0- 16
Controller Ox(FF)FF_80AF
SMC System Mode MC Ox(FF)FF_80BO0 - 16
Controller Ox(FF)FF_80BF
SIM System Integration SIM O0x(FF)FF_80CO0-0x(FF 64
Module )FF_80FF
osC OSC Control Register OSCH1 Ox(FF)FF_8100-0x(FF 16
)FF_810F
0SC OSC Control Register OSC2 Ox(FF)FF_8110-Ox(FF 16
)FF_811F
SCI Serial Communications SCI0 0x(FF)FF_8120-0x(FF 32
Interface (w/ FIFO) )JFF_813F
SClI Serial Communications SCH Ox(FF)FF_8140-0x(FF 32
Interface )FF_815F
SCI Serial Communications SCI2 0x(FF)FF_8160-0x(FF 32
Interface )JFF_817F
RESERVED Ox(FF)FF_8180-0x(FF 16
)FF_818F
SPI Serial Peripheral SPIO Ox(FF)FF_8190-0x(FF 16
Interface (w/ FIFO) )FF_819F
SPI Serial Peripheral SPI Ox(FF)FF_81A0-0Ox(FF 16
Interface )FF_81AF
SPI Serial Peripheral SPI2 Ox(FF)FF_81B0-0x(FF 16
Interface JFF_81BF
1[¢] Inter-Integrated IC IICO 0x(FF)FF_81C0-0x(FF 16
)FF_81CF
lc Inter-Integrated IC IIC1 Ox(FF)FF_81D0-0x(FF 16
)FF_81DF
MCG Multipurpose Clock MCG 0x(FF)FF_81E0-Ox(FF 16
Generator )FF_81EF
MTIM16 16-Bit Modulo Timer MTIM Ox(FF)FF_81F0-0x(FF 16
)FF_81FF
RESERVED Ox(FF)FF_8200-0x(FF 256
)FF_82FF
2-channel FTM 2-channel Flex Timer / FTMO 0x(FF)FF_8300-0x(FF 64
PWM Module )FF_833F
6-channel FTM 6-channel Flex Timer / FTMA1 Ox(FF)FF_8340-Ox(FF 64
PWM Module )FF_837F

Table continues on the next page...
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Table 4-3. High Level Peripheral Memory Map (continued)

Peripheral Description Instance Name BaseAddress Size(Bytes)
FLASH Flash Wrapper FTFL Ox(FF)FF_8380-0x(FF 32
)FF_839F
LPTMR Low Power Timer! LPTMRO Ox(FF)FF_83A0-0x(FF 16
)FF_83AF
RESERVED Ox(FF)FF_83B0-0x(FF 16
)FF_83BF
CRC Cyclic Redundancy CRC Ox(FF)FF_83C0-0x(FF 64
Check Generator )FF_83FF
Port Control Port I/0 Control Module PCTLA 0x(FF)FF_8620-0x(FF 16
)FF_862F
Port Control Port 1/0 Control Module PCTLB Ox(FF)FF_8630-0x(FF 16
)FF_863F
Port Control Port I1/0 Control Module PCTLC Ox(FF)FF_8640-0x(FF 16
)FF_864F
Port Control Port I/0 Control Module PCTLD Ox(FF)FF_8650-0x(FF 16
)FF_865F
RESERVED Ox(FF)FF_8660-0x(FF 16
)FF_866F
RNGA Random Number RNGA Ox(FF)FF_8680-0x(FF 48
Generator Block )FF_86AF
RESERVED Ox(FF)FF_86B0-0x(FF 16
)FF_86BF
TE FSL Test registers (non TE 0x(FF)FF_86C0-0x(FF 16
cust) )FF_86CF
RESERVED Ox(FF)FF_86D0-0x(FF 304
)FF_87FF
IRQO External Interrupt O IRQO Ox(FF)FF_8800-0x(FF 16
)FF_880F
IRQ1 External Interrupt 1 IRQ1 Ox(FF)FF_8810-0Ox(FF 16
)FF_881F
IRQ2 External Interrupt 2 IRQ2 Ox(FF)FF_8820-0x(FF 16
)FF_882F
IRQ3 External Interrupt 3 IRQ3 Ox(FF)FF_8830-0x(FF 16
)FF_883F
RTC Real Time Clock RTC Ox(FF)FF_8840-0x(FF 48
)FF_886F
RESERVED Ox(FF)FF_8870-0x(FF 400
)FF_89FF
RESERVED Ox(FF)FF_8C00-0x(FF 22528
)FF_E3FF
DMA Direct Memory Access DMA O0x(FF)FF_E400-0x(FF 512
Controller )FF_E5FF
RESERVED Ox(FF)FF_E600-0x(FF 512
)FF_E7FF
MESM Miscellaneous and error MESM Ox(FF)FF_E800 - 32
status module Ox(FF)FF_E81F

Table continues on the next page...
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Table 4-3. High Level Peripheral Memory Map (continued)

Peripheral | Description | Instance Name BaseAddress Size(Bytes)
RESERVED Ox(FF)FF_E820-0x(FF 1248
)FF_ECFF
RESERVED Ox(FF)FF_EEOQ0-0x(FF 4544
)FF_FFBF
INTC V1 ColdFire Interrupt INTC Ox(FF)FF_FFCO-Ox(FF 64
Controller )FF_FFFF

1. Optimized for Low Power

This device supports a 32-bit peripheral bus for the DMA, MESM, and 8-bit peripheral
bus for rest of the modules.

Table 4-4. Peripheral address Mapping Summary

Base Address Range Peripheral Mapping
Ox(FF)FF_8000 - Ox(FF)FF_DFFF 8-bit off-platform IPS peripherals
Ox(FF)FF_E000 - Ox(FF)FF_ECFF 32-bit on-platform IPS peripherals
Ox(FF)FF_EDOO - Ox(FF)FF_EFFF 32-bit off-platform AHB slaves
0x(FF)FF_FO000 - Ox(FF)FF_FFFF 8-bit off-platform IPS peripherals

The bus bridge from the ColdFire system bus to the peripheral bus is capable of
serializing 16-bit accesses into two 8-bit accesses and 32-bit access into four 8-bit
accesses. This can be used to speed access to properly aligned peripheral registers.
However, not all peripheral registers are aligned to take advantage of this feature.

CPU accesses to parts of the memory map marked as unimplemented result in an illegal
address reset if CPUCR[ARD] = 0 or an access error exception if CPUCR[ARD] = 1.

The lower 32 KB of flash memory and slave peripherals section of the memory map are
most efficiently accessed using the ColdFire absolute short addressing mode. RAM is
most efficiently accessed using the AS5-relative addressing mode (address register indirect
with displacement mode).

NOTE
Access to the memory areas marked as reserved does not result
in a bus error but could cause an unexpected behavior.

4.3 Read-after-write sequence and required serialization of
memory operations

In some situations, a write to a peripheral must be completed fully before a subsequent

action can occur. Examples of such situations include:
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 Exiting an interrupt service routine (ISR)
* Changing a mode
* Configuring a function

In these situations, application software must perform a read-after-write sequence to
guarantee the required serialization of the memory operations:

1. Write the peripheral register.

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

3. Continue with subsequent operations.

NOTE
One factor contributing to these situations is processor write
buffering. The processor architecture has a programmable
configuration bit to disable write buffering: CPUCR[BWD].
However, disabling buffered writes is likely to degrade system
performance much more than simply performing the required
memory serialization for the situations that truly require it.
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Chapter 5
Clock Distribution

5.1 Introduction

The multipurpose clock generator (MCG) module controls which clock source is used to
derive the system clocks. The clock generation logic divides the selected clock source
into a variety of clock domains, including the clocks for the system bus masters, system
bus slaves, and flash memory. The clock generation logic also implements module-
specific clock gating to allow granular shutoff of modules.

5.2 Clock distribution

The primary clocks for the system are generated from the MCGOUTCLK clock. The
clock generation circuitry provides several clock dividers that allow different portions of
the device to be clocked at different frequencies. This allows for tradeoffs between
performance and power dissipation.

Various modules have module-specific clocks that can be generated from the
MCGPLLCLK clock. In addition, there are various other module-specific clocks that
have other alternate sources. Clock selection for most modules is controlled by the SOPT
registers in the SIM module.

5.3 High-Level Device Clocking Diagram

The high-level clock diagram is shown below.
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Figure 5-1. Clocking diagram

NOTE
e |1 kHz clock source resides in PMC.

¢ Another source for the RTC is MCGIRCLK that can be
configured to use 32 kHz IRC clock.

 Source of BDC clock (not shown in the figure above can be
either 4 MHz IRC or core clock.
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The following table correlates the chip-level OSC signal names with the signal names
used in the module's chapter.

Table 5-1. OSC clocks description

Module clock chip clock
OSCxERCLK OSCxERCLK
OSCx32KCLK OSCx_32KCLK

5.4 Device Clock Summary

The following table summarizes the on-chip clocks.

Table 5-2. Input clocks for the MCG

MCG external input clock options

Description

0OSC2CLK

OSC2 output, crystal, or external clock

IRC (high and low)

Internal reference clock of the MCG

Table 5-3. Device clock summary

Controller clock
(MCGBDCCLK)

Clock hame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 100 MHz Up to 2 MHz MCG In all stop modes
Core clock (CPUCLK) |Up to 50 MHz Up to 2 MHz System clock In wait and all stop
modes
System clock Up to 50 MHz Up to 2 MHz MCGOUTCLK clock In all stop modes
(SYSCLK) divider
Bus clock (BUSCLK) |Up to 25 MHz Upto 1 MHz MCGOUTCLK clock In all stop modes
divider
Fixed fequency clock |Up to 6.25 MHz Up to 0.25 MHz MCGIRCCLK or In all stop modes
(MCGFFCLK) OSC2CLK
FLL output clock Up to 96 MHz N/A MCG In all stop modes
(MCGFLLCLK)
PLL output clock Up to 100 MHz N/A MCG PLL output clock
(MCGPLLCLK) optionally ON in Stop
modes if C5[PLLSTEN]
bit in MCG module is
set.
Background Debug |Up to 50 MHz N/A MCG In all stop modes

Table continues on the next page...
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Table 5-3. Device clock summary (continued)

Clock hame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
Internal reference 30-40 kHz or 2 MHz 2 MHz only Internal Source MCG IRCLKEN
(MCGIRCLK) disabled,

Stop mode and MCG
IRSTEN disabled, or

VLPS/VLLS mode

External reference  |Up to 32 kHz (bypass) |Up to 32 kHz (bypass) |OSC1 OSC1_CR[ERCLKEN]
(OSC1ERCLK)  |30-40 kHz (low-range | 30-40 kHz (low-range is disabled, or
crystal) crystal) In all stop modes when
both
OSC1_CR[EREFSTEN]
and
SIM_OSC1[OSC1EN]
are cleared
External reference  |30-40 kHz (low-range  |30-40 kHz (low-range [OSC1 When
(OSC1_32KCLK) crystal) crystal) QSC1_CR[ERCLKEN]
is cleared and
SIM_OSC1[OSC1EN]
is cleared, or
In all stop modes when
both
OSC1_CR[EREFSTEN]
and
SIM_OSC1[OSC1EN]
are cleared
External reference  |Up to 50 MHz (bypass) |Up to 4 MHz (bypass) [OSC2 OSC2_CR[ERCLKEN]
(OSC2ERCLK)  |30-40 kHz (low-range  |30-40 kHz (low-range Is disabled, or
crystal) crystal) In all stop modes when
1-32 MHz (high-range |Up to 4 MHz (high- QSC2_CR[EREFSTEN]
is cleared
crystal) range crystal)
External reference  |Up to 50 MHz (bypass) |Up to 4 MHz (bypass) [OSC2 In all stop modes where
(OSC2CLK, 30-40 kHz (low-range | 30-40 kHz (low-range 8?;5: dRCLK IS
0OSC2_32KCLK) crystal) crystal)
1-32 MHz (high-range |Up to 4 MHz (high-
crystal) range crystal)
LPO 1 kHz 1 kHz PMC Never

5.5 Architecture
Various clocks are generated by dividing the MCGOUTCLK:
* Core clock — Clocks the ColdFire V1 core.
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» System clock — Clocks the crossbar switch and bus masters directly connected to the
crossbar. In addition, this clock i1s used for UARTO.
* Bus clock — Clocks the bus slaves and peripheral (excluding memories).

5.6 Clock divider requirements

The flash memory's LPBOOT bit of the option byte loaded to the FTFL_FOPT register
controls the reset value of the core clock, system clock, and bus clock dividers. For a

definition of LPBOOT and other bits of the option byte, refer to FOPT boot options.
Table 5-4. LPBOOT's effect on clock dividers

LPBOOT SIM_CLKDIVO[OUTDIV] Core/system clock Bus clock Description
0 OxF Divide by 16 Divide by 32 Low power boot
0x0 Divide by 1 Divide by 2 Fast clock boot

The LPBOOT bit provides the flexibility to select a lower frequency, low power boot
option. The flash erased state defaults to fast clocking mode, because where the low
power boot (LPBOQT) bit resides in flash is logic 1 in the flash erased state.

To enable the low power boot option, program LPBOOT (in the option byte of the FTFL
module's flash configuration field) to 0. During the reset sequence, if LPBOOT is 0, the
system is in a slow clock configuration. Upon any system reset, the clock dividers return
to this configurable reset state.

5.7 Clock gating

The clock to each module can be individually gated on and off using the SIM's SCGCx
registers. These bits are cleared after any reset, which disables the clock to the
corresponding module to conserve power. Prior to initializing a module, set the
corresponding bit in SCGCx register to enable the clock. Before turning off the clock,
disable the module or place the module in its default configuration.

Turning off the clock for an enabled, working module can produce unexpected behavior.

5.8 Module Clocks

The following table summarizes the clocks associated with each module.
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Table 5-5. Module clock options

Description Module Input clock options
System Peripherals, Core, and Platform |CPU CPUCLK
CAU CPUCLK
RNGA BUSCLK
DBG CPUCLK
BDM CPUCLK, MCGBDCCLK
DMA SYSCLK
RAM SYSCLK
FLASH (and FlexMemory) BUSCLK
External Memory Interface CRC BUSCLK

Timers MTIM BUSCLK, MCGFFCLK, TMR_CLKINO,
FTMO_CH1, FTM1_CH1
LPTMRO 1k_LPO, OSC2ERCLK, OSC1_32KCLK,
0OSC2_32KCLK, MCGIRCLK
COP BUSCLK, 1k_LPO
FTMO, FTM1 BUSCLK, MCGFFCLK, SYSCLK,
TMR_CLKINO
RTC BUSCLK, OSC1_32KCLK, MCGIRCLK
Communications SPI10, SPI1, SPI2 BUSCLK
UARTO SYSCLK
UART1, UART2 BUSCLK
l1CO, liC1 BUSCLK, SYSCLK (Filter)
Human Machine Interface EGPIO BUSCLK
RGPIO SYSCLK

5.8.1 VLPR Mode Clocking

The clock dividers cannot be changed while in VLPR mode. They must be programmed
prior to entering VLPR mode to guarantee the core/system clocks are less than or equal to

2 MHz.

5.8.2 UART Clocking

UARTO module operate from the core clock, which provides higher performance level
for these modules. UART1 and UART?2 operates from bus clock.
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5.8.3 PMC 1 kHz Clock

The PMC generates a 1 kHz clock that is alive in all modes of operation, including all
low power modes (whenever PMC is powered). This 1 kHz source is commonly referred
to as LPO clock or 1 kHz LPO clock.

This clock feeds the following destinations:
 LPTMRO
* EGPIO Filter (1.2 V)
 COP
* RCM reset filter
 LLWU wakeup filter
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Chapter 6
Reset and Boot

6.1 Reset

This section discusses the Reset Control Module (RCM), basic reset mechanisms, and the
various sources of reset on the chip. See the Reset Control Module for RCM register
details.

Some modules that cause resets can be configured to cause interrupts instead. Consult the
individual peripherals' chapters for more information.

6.1.1 MCU reset sources

Resetting the MCU provides a way to start processing from a known set of initial
conditions.

When the ColdFire processor exits reset, it fetches initial 32-bit values for the supervisor
stack pointer and program counter from locations 0x(00)00_0000 and 0x(00)00_0004,
respectively.

The on-chip peripheral modules are disabled and the non-analog I/O pins are initially
configured as disabled. The pins with analog functions assigned to them default to their
analog function after reset.

During and following a reset, the input pin associated with the BKGD pin is configured
with pullup enabled.

This series of devices has the following sources for reset:
* Power-on reset (POR)
» External RESET pin (PIN)
* COP watchdog (WDOG) timer
* Illegal opcode detect (ILOP)
* [llegal address detect (ILAD)
* Multipurpose Clock Generator loss of clock (LOC)
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* Low-voltage detect (LVD)

* Low leakage wakeup (WAKEUP)

» Stop mode acknowledge error (SACKERR)
* EzPort RESET command (EZPT)

» Background debug forced reset (BDFR)

Each of these sources has an associated bit in the system reset status (SRS) registers.

6.1.1.1 Power-on reset (POR)

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

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply rises

above the LVD low threshold (VLVDL). The RCM's SRSO[POR] and SRSO[LVD] bits
are both set following a POR.

6.1.1.2 External Reset Pin (PIN)

On this device, RESET is a dedicated pin. By default, the RESET function on this pin is
always enabled. This pin is open drain and has an internal pullup device and an optional
digital filter. Asserting RESET wakes the device from any mode. During a pin reset, the
SRSO[PIN] bit in RCM is set.

6.1.1.2.1 Reset Pin Filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. A separate filter is implemented for each clock source. In stop and VLPS mode
operation, this logic either switches to bypass operation or has continued filtering
operation depending on the filtering mode selected.

The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields in the
reset control (RCM) register set control this functionality. The filters are asynchronously
reset by Chip POR. The reset value for each filter assumes the RESET pin is negated.

The two clock options for the RESET pin filter when the chip is not in low leakage
modes are the LPO (1 kHz) and bus clock. For low leakage modes, the LLWU provides
control of an optional fixed digital filter running the LPO.
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The 1 kHz filter has a fixed filter value of 3. Due to a synchronizer on the input data,
there is also some associated latency (2 cycles). As a result, 5 cycles are required to
complete a transition from low to high or high to low.

The bus filter should synchronously prime to off (logic 1) when the bus filter is not
enabled. The bus clock is used when the filter selects bus clock, and the number of counts
is controlled by the RPFW[RSTFLTSEL] field.

6.1.1.3 COP watchdog (WDOG) timer

The computer operating properly (COP) watchdog timer monitors the operation of the
system by expecting periodic communication from the software. This communication is
generally known as servicing (or refreshing) the COP watchdog. If this periodic
refreshing does not occur, the watchdog issues a system reset. The COP reset causes the
RCM's SRSO[WDOG] bit to set.

6.1.1.4 lllegal opcode detect (ILOP)

By default, the V1 ColdFire core generates a MCU reset when attempting to execute an
illegal instruction (except for the ILLEGAL opcode), illegal line-A instruction, illegal
line-F instruction, or a supervisor instruction while in user mode (privilege violation).
You may set the core's CPUCR[IRD] bit to generate the appropriate exception instead of
forcing a reset.

NOTE

The attempted execution of the STOP instruction is treated as
an illegal instruction if entry to stop or wait mode is disabled.

NOTE
The attempted execution of the HALT instruction is treated as
an illegal instruction if the core's XCSR[ENBDM] bit is
cleared.

6.1.1.5 lllegal address detect (ILAD)

By default, the V1 ColdFire core generates an MCU reset when detecting an address
error, bus error termination, RTE format error, or fault-on-fault condition. If the core's
CPUCR[ARD] bit is set, the processor generates the appropriate exception instead of
forcing a reset, or simply halts the processor in response to the fault-on-fault condition.
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6.1.1.6 Multipurpose Clock Generator loss of clock (LOC)
The MCG module supports an external reference clock.

If the C6[CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fio¢ 0w OT fioc_nigh, @s controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE
This reset source does not cause a reset if the chip is in any stop
mode.

6.1.1.7 Low voltage detect (LVD)

The chip includes a system for managing low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in normal run, wait, or stop mode. The LVD
system is disabled when entering VLPx or VLLSx modes.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting the PMC's LVDSCI1[LVDRE] bit to 1. The low voltage detection threshold is
determined by the PMC's LVDSCI1[LVDV] field. After an LVD reset has occurred, the
LVD system holds the MCU in reset until the supply voltage has risen above the low
voltage detection threshold. The RCM's SRSO[LVD] bit is set following either an LVD
reset or POR.

6.1.1.8 Low leakage wakeup (WAKEUP)

The LLWU module provides the means for a number of external pins, the RESET pin,
and a number of internal peripherals to wake the MCU from low leakage power modes.
The LLWU module is functional only in low leakage power modes.

* In VLLSx modes, all enabled inputs to the LLWU can generate a system reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.
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NOTE
During a reset sequence initiated via the LLWU, if neither
BDM nor EzPort mode is latched, the CPU immediately fetches
the LLWU interrupt service routine (ISR). Upon completion of
the ISR, the CPU resumes the reset sequence.

NOTE

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

6.1.1.9 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter stop mode, but not all modules
acknowledge stop mode within 1025 cycles of the 1 kHz LPO clock.

A module might not acknowledge the entry to stop mode if an error condition occurs. The
error can be caused by a failure of an external clock input to a module.

6.1.1.10 Background debug forced reset (BDFR)

A host debug system, when connected to the MCU via the BKGD pin, can force a
background debug reset by setting the CSR2[BDFR] bit in the ColdFire debug register
set. To show that this event was the source of a reset, the RCM's SRS1[BDFR] bit is 1
after the reset.

6.1.2 MCU Resets

A variety of resets are generated by the MCU to reset different modules.

6.1.2.1 POR Only

The POR Only reset asserts on the POR reset source only. It resets the PMC and Register
File.

The POR Only reset also causes all other reset types to occur.
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6.1.2.2 Chip POR not VLLS

The Chip POR not VLLS reset asserts on POR and LVD reset sources. It resets parts of
the SMC and SIM. It also resets the LPTMR.

The Chip POR not VLLS reset also causes these resets to occur: Chip POR, Chip Reset
not VLLS, and Chip Reset (including Early Chip Reset).

6.1.2.3 Chip POR

The Chip POR asserts on POR, LVD, and VLLS Wakeup reset sources. It resets the
Reset Pin Filter registers and parts of the SIM and MCG.

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

6.1.2.4 Chip Reset not VLLS

The Chip Reset not VLLS reset asserts on all reset sources except a VLLS Wakeup that
does not occur via the RESET pin. It resets parts of the SMC, LLWU, and other modules
that remain powered during VLLS mode.

The Chip Reset not VLLS reset also causes the Chip Reset (including Early Chip Reset)
to occur.

6.1.2.5 Early Chip Reset

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

6.1.2.6 Chip Reset

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

The boot description includes information about boot sources and boot options available
in the MCU.

6.2.1 Boot sources

The chip only supports booting from internal flash. Any secondary boot must go through
an initialization sequence in flash.

6.2.2 Boot options

The device's functional mode is controlled by the two mode select (MS) pins, which have
the following relative priority:
1. The BKGD/MS pin is used to select between active background debug mode (BDM)
and single chip modes.
2. The EZP_MS pin selects between EzPort serial flash programming mode and single
chip mode.

The mode select functionality on these pins does not depend on the pin muxing setting of
the pins. Upon power on reset, these pins are analyzed and the different modes are
entered depending on the level provided on these pins.

By default, the device comes out of reset in functional mode. In functional mode, the
device will be in single chip (default) mode. While in single chip mode only, the device
can be in run mode or various low power modes described in Modes of operation.

Table 6-1. BKGD/MS mode select decoding

Mode select (BKGD/MS) Description
0 Active background debug mode (BDM)
Single chip (default)

Table 6-2. EZP_MS mode select decoding

Mode select (EZP_MS) Description

0 Serial flash programming mode (EzPort)

1 Single chip (default)
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6.2.3 FOPT boot options

The flash option (FOPT) register in the flash memory module (FTFL) allows the user to
customize the operation of the MCU at boot time. The register contains read-only bits
that are loaded from the NVM's option byte in the flash configuration field. The user can
reprogram the option byte in flash to change the FOPT values that are used for
subsequent resets. For more details on programming the option byte (OPT field), refer to

the detailed description of the flash memory module.

The MCU uses the FTFL_FOPT register bits to configure the device at reset as shown in
the following table.

Table 6-3. Flash Option Register (FTFL_FOPT) Bit Definitions

Bit Num

Field

Value

Definition

7-2

Reserved

Reserved for future
expansion.

EZPORT_EN

EzPort operation is disabled.
If the device boots with the
EZP_MS signal low, then the
device boots in normal mode.
This mode might be desired if
the EZP_MS/IRQ pin is used
for its IRQ function.

EzPort operation is enabled.
The state of the EZP_MS pin
during reset determines
whether the device enters
EzPort mode.

LPBOOT

Low-power boot: At reset exit,
the OUTDIV field's value in
the SIM_CLKDIVO register is
auto-configured to OxF for
higher divide values (divide by
16) to produce lower power
consumption at reset exit.

Normal boot: At reset exit, the
OUTDIV field's value in the
SIM_CLKDIVO register is
auto-configured to 0x0 for
lower divide values (divide by
1) to produce faster operating
frequencies at reset exit.
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6.2.4 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
is above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Mode Controller reset logic then controls a sequence to exit reset.

1.

2.

3.

A system reset is held on internal logic, the RESET pin is driven out low, and the
MCG is enabled in its default clocking mode.

Required clocks are enabled: Core Clock, System Clock, and any Bus Clocks that do
not have clock gate control.

The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Mode Control logic
continues to drive the RESET pin out low for a count of ~128 Bus Clock cycles.

The RESET pin and system reset on internal logic continues to be asserted while the
Flash Controller continues initialization.

a. Active background debug mode (BDM) will be selected instead of normal CPU
execution if BKGD/MS is pulled low at the end of the RESET drive out low.

b. If BDM is not selected, EzPort mode will be selected instead of normal CPU
execution if EZP_MS is pulled low at the end of the RESET drive out low.
EzPort mode can be disabled if the EZPORT_DIS bit of the option byte loaded
to the FTFL_FOPT register is configured for the disabled setting.

During flash initialization, clocking is switched to a slow clock if the LPBOOT bit of
the option byte loaded to the FTFL_FOPT register is configured for low power boot.

. When flash initialization completes, the RESET pin is released. After the RESET pin

is released, if RESET continues to be asserted (an indication of a slow rise time on
the RESET pin or external drive in low), the system continues to be held in reset.
After the RESET pin is detected high, the system is released from reset.

. When the system exits reset, the processor fetches initial 32-bit values for the

supervisor stack pointer and program counter (PC) from the locations 0x(00)00_0000
and 0x(00)00_0004, respectively. The CPU begins execution at the PC location, but
at this time:

a. If active background debug mode was latched during the sequence, BDM is
entered instead of normal CPU execution.

b. If BDM was not latched but EzPort mode was latched during the sequence,
EzPort mode is entered instead of normal CPU execution.

c. If neither BDM nor EzPort mode was latched, and if the reset event was caused
by a low leakage wakeup interrupt, the CPU immediately fetches the LLWU
interrupt service routine (ISR). Upon completion of the ISR, the CPU resumes
execution at the PC location.

If FlexNVM is enabled, the Flash Controller continues to restore the FlexNVM data.
This data is not available immediately out of reset, and the system should not access
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this data until the Flash Controller completes this initialization step as indicated by
the EEERDY flag.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.
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Chapter 7
Power Management

7.1 Introduction

This chapter describes the various MCU power modes, and functionality of the individual
modules in these modes.

7.2 Power modes

The V1 ColdFire CPU has two primary modes of operation, Run and Stop. The STOP
instruction is used to invoke both Stop and Wait modes. The CPU does not differentiate
between Stop and Wait modes. Stop, Wait, and Run are augmented in a number of ways
to provide a lower power MCU based on application needs.

The System Mode Controller (SMC) in this family provides the user with multiple power
options. The Very Low Power Run (VLPR) operating mode can reduce run time power
when maximum bus frequency is not required. Corresponding Wait and Stop modes are
the Very Low Power Wait (VLPW) and Very Low Power Stop (VLPS) modes.

Depending on the stop requirements of the user application, a variety of Stop modes are
available that provide state retention, partial power down or full power down of certain

logic and/or memory. I/O states are held in all modes of operation. The following table

compares the various power modes available.

Table 7-1. MCU power modes

Power mode Description Normal recovery method
Normal Run Allows maximum performance of MCU.
Normal Wait Allows peripherals to function while allowing CPU to go to sleep, Interrupt

reducing power.

Normal Stop Places MCU in static state. Lowest power mode that retains all Interrupt
registers while maintaining LVD protection.

Table continues on the next page...
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Table 7-1. MCU power modes (continued)

Power mode Description Normal recovery method
Very Low Power Run Reduced frequency Run mode, limits CPU operation to 2 MHz (1 Interrupt
(VLPR) MHz bus, Flash access) so peripherals and CPU can continue to
operate at a reduced RIDD. Regulator in low power mode, LVD off,
Internal oscillator provides low power 1 MHz source for core and
peripherals.

Very Low Power Wait Similar to VLPR, with CPU in sleep to further reduce power. Interrupt
(VLPW)
Very Low Power Stop Places MCU in static state, with LVD operation off. Lowest power Interrupt
(VLPS) mode with pin interrupts functional. LPTMR, RTC functional.
Very Low Leakage Stop3 Lowest power mode where all SRAM memory is retained. LLWU, Wakeup reset
(VLLS3) LPTMR, RTC functional.
Very Low Leakage Stop2 Lowest power mode where SRAM memory subset is retained. Wakeup reset
(VLLS2) LLWU, LPTMR, RTC functional.
Very Low Leakage Stop1 Lowest power mode where no SRAM is retained. LLWU, LPTMR, Wakeup reset
(VLLS1) RTC functional.

For additional details, refer to Power Mode Transitions.

7.3 Module Operation in Low Power Modes

The following table illustrates the available functionality of each module while the MCU
is in each of the low power modes (Stop, VLPx, and VLLSx). The module control is
configured in its corresponding control registers

NOTE
In Wait mode, RNGA is static.

Table 7-2. Module operation in low power modes

Modules | Stop | VLPR | VLPW | VLPS | VLLSx

System peripherals

CPU clock OFF 2 MHz maximum OFF OFF OFF

Bus clock OFF 1 MHz maximum 1 MHz maximum OFF OFF

LLwu? Static Static Static Static FF

Register File Powered Powered Powered Powered Powered

DMA Static FF FF Static OFF
Power management

PMC/SMC FF FF FF FF FF

LVD ON OFF OFF OFF OFF

Regulator ON Low power Low power Low power Low power

Memory and memory interfaces

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

Modules Stop VLPR VLPW VLPS VLLSXx

Flash Powered 1 MHz maximum Low power Low power OFF
access; no
programming
RAM1 1 KB and Powered Powered Powered Powered Powered in
periphery VLLS3,2
RAM2 63 KB Powered Powered Powered Powered Powered in VLLS3
FlexMemory Low power Low power? Low power Low power OFF3
EzPort OFF OFF OFF OFF OFF
Clocks
MCG Static: IRC 2 MHz IRC* 2 MHz IRC Static - IRCLK OFF
optional; PLL optional

optionally on but
gated

OSCx (high range) |ERCLK optional ERCLK limited to 4 | ERCLK limited to 4 | ERCLK limited to 4 Limited to low
MHz crystal MHz crystal MHz crystal range/low power
OSCx (32 kHz FF FF FF FF FF
0SC)
1 kHz LPO ON ON ON ON ON
System security and integrity
CRC Static FF FF Static OFF
RNGA/CAU Static FF Static Static OFF
COP Static FF FF Static OFF
Timers
FTM Static FF FF Static OFF
MTIM Static FF FF Static OFF
LPTMRO FF FF FF FF FF
RTC FF FF FF FF FF
Communication interfaces
UART/SCI Static, wakeup on 125 kbit/s 125 kbit/s Static, wakeup on OFF
edge edge
SPI Static 0.5 Mbit/s 0.5 Mbit/s Static OFF
12C Static, address 100 kbit/s 100 kbit/s Static, address OFF
match wakeup match wakeup
Human-machine interface (HMI)
EGPIO Wakeup FF FF Wakeup OFF, pins latched
RGPIO Static FF Static Static OFF
IRQ(s) Wakeup FF FF Wakeup OFF, pins latched

1. Using the LLWU module, the external pins available for this MCU do not require the associated peripheral function to be
enabled. The only requirement is for the function controlling the pin (GPIO or peripheral) to be configured as an input to

allow a transition to occur to the LLWU.

2. In VLPR mode, FlexRAM enabled as EEPROM is not writable (writes are ignored) but can be read. There are no access
restrictions in VLPR mode for FlexRAM configured as traditional RAM.
3. FlexRAM is always powered off in VLLSx modes.
4. Before executing an entry to VLPR mode, the MCG must be in one of two of its operating modes, each with a particular
clock source selected:
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¢ Either the MCG must be in its BLPE operating mode with only the low gain oscillator selected, or
* The MCG must be in its BLPI operating mode with only the 2 MHz IRC selected.

* ON means the module is operational by default in the designated power mode.

» FF means "full functionality." The user has the option to enable the module's
operation in the designated power mode. In VLPR and VLPW modes, the system
frequency might limit some modules.

 Static means the digital modules' register states and associated memories are held.

* Powered means memory is powered to retain contents.

* Low power means flash has a low power state that retains configuration registers to
support faster wakeup.

* Wakeup means the module can serve as a wakeup source for the chip. For more
information, refer to the LLWU module's dedicated chapter and to its Chip
Configuration details.

* OFF means the module is powered off and is in a reset state upon wakeup.
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Chapter 8
Security

8.1 Introduction

The device implements security based on the mode selected from the flash module. The
following sections provides an overview of flash security and effects of security on non-
flash modules.

8.2 Flash Security

The flash module provides security information to the MCU based on the state held by
the flash memory (FTFL) module's FSEC[SEC] bits. The MCU, in turn, confirms the
security request and limits access to flash resources. During reset, the flash module
initializes the FSEC register using data read from the security byte of the flash
configuration field. For more information, refer to the Flash Configuration Field
Description.

NOTE
The security features apply only to external accesses via debug
and EzPort. CPU accesses to the flash are not affected by the
status of FSEC.

In the unsecured state, all flash commands are available to the programming interfaces
(BDM and EzPort) and so is user code execution of Flash Controller commands. When
the flash is secured, programmer interfaces have no access to memory locations and are
allowed only to launch mass erase operations.

Further information regarding the flash security options and enabling/disabling flash
security is available in the detailed description of the flash memory module. Further
information regarding the flash security options and enabling/disabling flash security in
BDM is available in the detailed description of V1 ColdFire debug.
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8.3 Flash Security Options

In addition to enabling and disabling security the flash security byte configures various
security options.

8.3.1 Backdoor Key Access

The FSEC[KEYEN] field's setting allows flash security to be temporarily disabled by
entering an 8-byte key value.

Table 8-1. Flash Key Enable States

KEYENI[1:0] Status of Backdoor Key Access
00 Disabled
01 Disabled (preferred setting to disable backdoor key access)
10 Enabled
11 Disabled

8.3.2 Freescale Factory Access

The FSEC[FSLACC] field's setting enables or disables access to memory contents during
returned part failure analysis at Freescale. When SEC is secure and FSLACC is denied,
access to the program flash contents is denied and any failure analysis performed by
Freescale factory testing must begin with a full erase operation to unsecure the part.

When access is granted (SEC is unsecure, or SEC is secure and FSLACC is granted),
Freescale factory testing has visibility of the current flash memory contents. The state of
the FSLACC bits is only relevant when the SEC bits are set to secure. When the SEC
field is set to unsecure, the FSLACC setting does not matter.

Table 8-2. Freescale Factory Access States

FSLACCI[1:0] Freescale Factory Access
00 Granted
01 Denied
10 Denied
11 Granted
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8.3.3 Mass Erase Disable
Setting the FSEC[MEEN] field to 10 disables the Mass Erase Command.

This setting only takes effect when the flash is in a secure state. In secure mode,
ERSALL and RDIALL are the only commands available, they are both disabled when
the FSEC[MEEN] field is 10.

CAUTION
Disabling the mass erase capability might be irreversible.
Simultaneously setting MEEN to disabled, KEYEN to disabled,
and FSLACC to denied effectively locks the current security
state permanently and cannot be undone.

Table 8-3. Mass Erase Enable States

MEEN[1:0] Mass Erase Capability
00 Enabled
01 Enabled
10 Disabled
11 Enabled

8.4 Enabling Flash Security

Flash security can be enabled by programming the security byte of the flash configuration
field. This assumes that flash is currently unsecured and that the region of the P-Flash
containing the Flash Configuration field is unprotected. If the Flash security byte is
successfully programmed, its new value takes affect after the next MCU reset.

NOTE
Once enabled, the security options cannot be modified without
disabling security first. The backdoor key access enable, 8-byte
backdoor key, and Freescale access bits should be programmed
to the desired settings before enabling security.

8.5 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 8-byte backdoor key value stored in the Flash
Configuration Field. If the KEYEN[1:0] bits are in the enabled state, the Verify Backdoor
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Access Key command can be run. This command allows the user to present prospective
keys for comparison to the stored keys. If the keys match, the SEC bits in the FSEC
register change to unsecure the MCU until the next reset.

NOTE
The entire 8-byte key cannot be 0000_0000_0000_0000h or
FFFF_FFFF_FFFF_FFFFh. These values are not accepted by
the Verify Backdoor Access Key command as valid comparison
values.

While the Verify Backdoor Access Key command is active, program flash memory is not
available for read access and returns invalid data. The user code stored in the program
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 this
backdoor key access sequence:

1. Execute the Verify Backdoor Access Key command with the 8-byte key value loaded
into the flash memory module's FCCOBO to FCCOB7 registers.

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured
and the SEC[1:0] bits in the FSEC register are forced to the unsecure state.

3. If the backdoor keys do not match, security is not released, all future attempts to
execute the Verify Backdoor Access Key command are immediately aborted, and the
ACCERR bit in FSTAT is (again) set to 1 until a power down (cold) reset occurs.

A successful execution of the Verify Backdoor Access Key command changes the
security in the FSEC register only; it does not alter the security byte or the keys stored in
the Flash Configuration Field. After the next reset of the MCU, the security state of the
flash memory module reverts to the Flash security byte in the Flash Configuration Field.
The Verify Backdoor Access Key command sequence has no effect on the program and
erase protections defined in the in the flash protection (FPROT) registers.

If the Backdoor Keys successfully match, the unsecured MCU has full control of the
contents of the Flash Configuration Field. The MCU may erase the sector containing the
Flash Configuration Field, reprogram the Flash security byte to the unsecure state, and
change the Backdoor keys to any desired value.
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8.6 Unsecuring the MCU using the Erase All Blocks
Command

The Erase All Blocks operation erases entirety of the program flash memory, FlexNVM,
and FlexRAM used as EEPROM; verifies the erase; and then releases MCU security.

When the chip is in BDM, the functionality of the Erase All Blocks command is also
available in an uncommanded fashion using the DGBCRJ0] bit. When invoked, this
function erases all program flash memory, FlexXNVM, and FlexRAM used as EEPROM
regardless of the protection settings. This function, like the normal command activation,
also initializes all locations in the FlexXRAM used as EEPROM to the address FFFFh. If
the Flash Erase Verify passes, the routine then releases security by setting the
FSEC|SEC] field to the unsecure state.

8.7 Security Interactions with other Modules

The flash security settings are used by the MCU to determine what resources are
available. The following sections describe the interactions between modules and the flash
security settings or the impact that the flash security has on non-flash modules.

8.8 Security Interactions with ezPort

When flash memory security is active, the MCU can still boot in EzPort mode. The
EzPort module can execute an erase all blocks command (mass erase). The mass erase
can be used to disable flash memory security, but all of the flash memory's contents are
lost in the process.

8.9 Security Interactions with Debug

When flash memory security is active, the BDM port cannot be used to access the MCU's
internal flash memory. Scan chain operations work, but debugging capabilities are
disabled so that the debug port cannot read out flash contents.

Although most debug functions are disabled when flash memory security is active, the
debug port can be used to execute an erase all blocks command (mass erase).
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Chapter 9
Signal Multiplexing and Signal Descriptions

9.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Mux Control block controls which signal is present on the external pin. Refer to
that chapter to find which register controls the operation of a specific pin.

9.2 Signal Multiplexing Integration

This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral Bridge

Register
access

Transfers Transfers
Signal Multiplexing/ |« . &
: : Port Mux Control : . g
[ Mogue }—s O

Figure 9-1. Signal multiplexing integration

Table 9-1. Reference links to related information

Topic Related module Reference
Full description Port control Port Mux Control
System memory map System memory map

Table continues on the next page...
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Table 9-1. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock distribution
Register access Peripheral Bridge

9.3 Port Mux Control Features

Not all pins described in the port mux are available on every package in the device
family. Do not change the port mux control field for pins that do not appear on the device
in use. Changing the port mux control field for such unavailable pins can generate
unnecessary current leakage.

Table 9-2. Port mux control registers overview

Address | Peripher | Register Bit 7 6 5 4 3 2 1 Bit 0
al

Ox(FF)FF | MXC PTAPFO A7 A6
_8060

Ox(FF)FF | MXC PTAPF1 A5 A4
_8061

Ox(FF)FF | MXC PTAPF2 A3 A2
_8062

Ox(FF)FF | MXC PTAPF3 A1l A0
_8063

Ox(FF)FF | MXC PTBPFO B7 B6
_8064

Ox(FF)FF | MXC PTBPF1 B5 B4
_8065

Ox(FF)FF | MXC PTBPF2 B3 B2
_8066

Ox(FF)FF | MXC PTBPF3 B1 BO
_8067

Ox(FF)FF | MXC PTCPFO C7 Cé6
_8068

Ox(FF)FF | MXC PTCPF1 C5 C4
_8069

Ox(FF)FF | MXC PTCPF2 C3 c2
_806A

Ox(FF)FF | MXC PTCPF3 C1 Co
_806B

Ox(FF)FF | MXC PTDPF1 Reserved D4
_806D

Ox(FF)FF | MXC PTDPF2 D3 D2
_806E

Table continues on the next page...
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Table 9-2. Port mux control registers overview (continued)

Address | Peripher | Register Bit7 6 5 4 3 2 1 Bit 0
al
Ox(FF)FF MXC PTDPF3 D1 DO
_806F
9.4 Signal Multiplexing and Pin Assignments
44 Pin Name DEFAULT ALTO ALT1 ALT2 ALT3 ALT4 ALTS EZPORT
MAPL
GA
1| VDD \DD \DD
2 | NC NC NC
3 | NC NC NC
4 | NC NC NC
5 | NC NC NC
6 | BKGD/ BKGD/ Disabled PTD4 BKGD MS
MS/ MS
PTD4
7 | EXTAL32 EXTAL32 EXTAL32
§ | XTAL3? XTAL32 XTAL32
9 | PTAY/ Disabled Disabled PTA1 FTM1_CHO IC1_SCL RGPIO1
FTM1_CHO/
lIC1_SCL/
RGPIO1
10 | PTA2 Disabled Disabled PTA2 FTM1_CH1 IC1_SDA RGPIO2
FTM1_CH1/
IC1_SDA/
RGPIO2
11 | VDD \DD VDD
12 | VSS VSS VSS
13 | PTAY Disabled Disabled PTA3 FTM1_CH2 CLKOUT RGPIO3
FTM1_CHY/
CLkouT/
RGPIO3
14 | PTAS/ Disabled Disabled PTAS SCI2_CTS b FTM1_CH4 RGPIO5
SCI2_CTS_b/
FTM1_CH4/
RGPIO5
15 | PTA6/ Disabled Disabled PTA6 RGPIO6 EZP DO
RGPIO6/
EZP DO
16 | PTA7/ Disabled Disabled PTA7 LPT_ALTO RGPIO7 EZP DI
LPT ALTO/
RGPIO7/
EZP DI
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4
MAPL
GA

Pin Name

DEFAULT

ALTO

ALTY

ALT2

ALT3

ALT4

ALTS

EZPORT

17

PTBY/
RGPIOg/
EZP_CLK

Disabled

Disabled

PTB0

RGPIO8

EZP_CLK

[RQY/
PTBY/
EZP_MS_b/
RGPIOY/
EZP_CS b

[RQO

IRQO

PTB1

EZP_MS_b

RGPIO9

EZP_CS b

PTBY
SCI0_RTS b/
FTMO_CH1/
ICo_SCU/
RGPIO10

Disabled

Disabled

PTB2

SCI0_RTS b

FTMO_CH!

IC0_SCL

RGPIO10

2

PTBY
SCI0_CTS b/
FTMO_CHO/
(IC0_SDAY
RGPIO11

Disabled

Disabled

PTB3

SCI0_CTS b

FTM0_CHO

(1C0_SDA

RGPIO11

21

PTBY/
SC_TX/
SPI2_MOSI/
RGPIO12

Disabled

Disabled

PTB4

SCI2_TX

SPI2_MOSI

RGPIO12

2

V88

V8S

V&S

3

VDD

VDD

VDD

P

PTBY/
SCI2_RX/
SPI2_MISO/
RGPIO13

Disabled

Disabled

PTBS

SCI2_RX

SPI2_MISO

RGPIO13

%

PTBG/
SPI2_CLK/
RGPIO14

Disabled

Disabled

PTB6

SPI2_CLK

RGPIO14

26

PTB7/
Scn_tx/
SPI1_MOSI/
RGPIO15

Disabled

Disabled

PTB7

SCH_TX

SPI_MOSI

RGPIO15

27

PTCO/
SPI2_SS

Disabled

Disabled

PTCO

SPI2_SS

Disabled

28

IRQY/
PTCH/
FTM1_CHS/
CLkout

IRQ3

IRQ3

PTC

FTM1_CH5

CLKouT

P

PTCY
SCI1_RX/
SPII_MISO

Disabled

Disabled

PTC2

SCH_RX

SPI_MISO

30

PTCY
SPI1_CLK/

Disabled

Disabled

PTC3

SP_CLK

3

IRQ1/
PTC4
SCH_RTS b

[RQ1

[RQ1

PTC4

SCI_RTS b

R

IRQ2/
PTCS

IRQ2

IRQ2

PTC5

SCH_CTS b

TMR_CLKINO
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4 Pin Name DEFAULT ALTO ALTY ALT2 ALT3 ALT4 ALTS EZPORT
MAPL
GA
SCH_CTS b/
TMR_CLKINO
33 | VDD VDD vDD
3 | VSS VSS (B
3% | NC NC NC
3% | RESET_B RESET B RESET B
37 | EXTAL EXTAL EXTAL
3 | XTAL XTAL XTAL
3 | PTCT Disabled Disabled PTC7 SPI_SS
SPI1_SS
40 | PTDO/ Disabled Disabled PTDO SPI0_SS
SPI0_SS
4 | PTDY/ Disabled Disabled PTD1 SCI0_TX SPI0_MOSI
Sclo_Tx/
SPI0_MOS!
42 | PTDY Disabled Disabled PTD2 SCI0_RX SPI0_MISO
SCI0_Rx/
SPI0_MISO
43 | PTDY Disabled Disabled PTD3 SPI0_CLK
SPI0_CLK
44 | VSS VSS VSS

9.5 Pinout Diagram

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin.
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PTA2/FTM1_CH1/1IC1_SDA/RGPIO2
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IRQO/PTB1/EZP_MS_b/RGPIO9/EZP_CS_b
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IRQ2/PTC5/SCIH_CTS_b/TMR_CLKINO
IRQ1/PTC4/SCIH_RTS_b
PTC3/SPI1_CLK/
PTC2/SCI1_RX/SPI1_MISO
IRQ3/PTC1/FTM1_CH5/CLKOUT
PTCO/SPI2_SS
PTB7/SCIH_TX/SPI1_MOSI/RGPIO15
PTB6/SPI2_CLK/RGPIO14
PTB5/SCI2_RX/SPI2_MISO/RGPIO13

VDD

Figure 9-2. MCF51QW256 44-pin MAPLGA Pinout Diagram

NOTE

PTD4 is adjacent to EXTAL32 and may inject coupling noise
on EXTAL32 when both PTD4 as well as EXTAL32 is being
used. So it is highly recommended that PTD4 be only used for
the cases where EXTAL32 is not used at all and system relies

on internal RC clock or external EXTAL clock.

9.6 Module Signal Description Tables

The following sections correlate the chip-level signal name with the signal name used in
the module's chapter. They also briefly describe the signal function and direction.
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9.6.1 Core Modules

Table 9-3. Background Debug Signal Descriptions

Chip signal name Module signal Description /0
name
BKGD BKGD Single-wire background debug interface pin I/0
9.6.2 System Modules
Table 9-4. System Signal Descriptions
Chip signal name Module signal Description /0
name
RESET — Reset input signal I
VDD — MCU power I
VSS — MCU ground I
CLKOUT — External clock reference (0]
9.6.3 Clock Modules
Table 9-5. OSC1 (MHz OSC) Signal Descriptions
Chip signal name Module signal Description /0
name
EXTAL EXTAL External clock/Oscillator input I
XTAL XTAL Oscillator output (0]
Table 9-6. OSC2 (RTC OSC) Signal Descriptions
Chip signal name Module signal Description /0
name
EXTAL32 EXTAL32 External clock/Oscillator input I
XTAL32 XTAL32 Oscillator output O
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9.6.4 Memories and Memory Interfaces

Table 9-7. EzPort Signal Descriptions

Chip signal name Module signal Description /0
name
EZP_CLK EZP_CK EzPort Clock Input
EZP_CS_b EZP_CS EzPort Chip Select Input
EZP_DI EZP_D EzPort Serial Data In Input
EZP_DO EZP_Q EzPort Serial Data Out Output
EZP_MS_b — Selects between EzPort serial flash programming mode and single I
chip mode
9.6.5 Timer Modules
Table 9-8. FTMO Signal Descriptions
Chip signal name Module signal Description /0
name
TMR_CLKIN[0] EXTCLK External clock — FTM external clock can be selected to drive the
FTM counter.
FTMO_CHI[1:0] CHn' Channel (n) — I/O pin associated with FTM channel (n). I/0
1. n=channel number (0 to 7)
Table 9-9. FTM1 Signal Descriptions
Chip signal name Module signal Description /0
name
TMR_CLKIN[O] EXTCLK External clock — FTM external clock can be selected to drive the
FTM counter.
FTM1_CH[5:0] CHn' Channel (n) — I/O pin associated with FTM channel (n). I/0
1. n=channel number (0 to 7)
Table 9-10. MTIM Signal Descriptions
Chip signal name Module signal Description /0
name
TMR_CLKIN[O] TCLK External clock source input into MTIM16
Table 9-11. LPTMR Signal Descriptions
Chip signal name Module signal Description /0
name

LPT_ALTO

LPTMR_ALTn Pulse Counter Input pin
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9.6.6 Communication Interfaces
Table 9-12. SPIO Signal Descriptions

Chip signal name Module signal Description /0
name
SPI0O_MISO MISO Master Data In, Slave Data Out /10
SPI0_MOSI MOSI Master Data Out, Slave Data In I/O
SPI0_SCLK SPSCK SPI Serial Clock I/0
SPIO_SS SS Slave Select o]
Table 9-13. SPI1 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI1_MISO MISO Master Data In, Slave Data Out I/O
SPI1_MOSI MOSI Master Data Out, Slave Data In /10
SPI1_SCLK SPSCK SPI Serial Clock I/0
SPI1_SS SS Slave Select I/0
Table 9-14. SPI2 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI2_MISO MISO Master Data In, Slave Data Out /10
SPI2_MOSI MOSI Master Data Out, Slave Data In /10
SPI2_SCLK SPSCK SPI Serial Clock I/O
SPI2_SS SS Slave Select o]
Table 9-15. I12CO Signal Descriptions
Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the [2C system. 1’0
12C0_SDA SDA Bidirectional serial data line of the I°C system. I/0
Table 9-16. 12C1 Signal Descriptions
Chip signal name Module signal Description /0
name
12C1_SCL SCL Bidirectional serial clock line of the 12C system. /10
12C1_SDA SDA Bidirectional serial data line of the I2C system. I/0
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Table 9-17. SCIO/UARTO Signal Descriptions

Chip signal name Module signal Description /0
name
SCI0O_CTS_b CTS Clear to send I
SCIO_RTS_b RTS Request to send (0]
SCI0_TX TXD Transmit data (6]
SCI0_RX RXD Receive data I
Table 9-18. SCI1/UART1 Signal Descriptions
Chip signal name Module signal Description /0
name
SCIH_CTS_b CTS Clear to send I
SCIHH_RTS_b RTS Request to send (0]
SCH_TX TXD Transmit data (0]
SCI_RX RXD Receive data [
Table 9-19. SCI2/UART2 Signal Descriptions
Chip signal name Module signal Description /0
name
SCI2_CTS_b CTS Clear to send I
SCI2_TX TXD Transmit data (0]
SCI2_RX RXD Receive data I
9.6.7 Human-Machine Interfaces (HMI)
Table 9-20. GPIO Signal Descriptions
Chip signal name Module signal Description /0
name
PTA[7:5],PTA[3:1] PTA[7:5],PTA[3:1] |General purpose input/output I/0
PTB[7:0]' PTB[7:0] General purpose input/output I/0
PTC[7] PTC[5:0] PTC[7] PTC[5:0] |General purpose input/output I/0
PTD[4:0] PTD[4:0] General purpose input/output I/0

1. The available GPIO pins depend on the specific package. See the signal multiplexing details for which exact GPIO signals

are available.
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Table 9-21. RGPIO Signal Descriptions
Chip signal name Module signal Description /0
name
RGPIO[15:0] RGPIO[15:0] Data Input/Output. When configured as an input, the state of this I/0
signal is reflected in the read data register. When configured as an
output, this signal is the output of the write data register.
Table 9-22. IRQO Signal Descriptions
Chip signal name Module signal Description /0
name
IRQO IRQ External interrupt pin
Table 9-23. IRQ1 Signal Descriptions
Chip signal name Module signal Description /0
name
IRQ1 IRQ External interrupt pin
Table 9-24. IRQ2 Signal Descriptions
Chip signal name Module signal Description /0
name
IRQ2 IRQ External interrupt pin
Table 9-25. IRQ3 Signal Descriptions
Chip signal name Module signal Description /0
name
IRQ3 IRQ External interrupt pin
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Chapter 10
Port Mux Control

10.1 Pin Mux Control

Package pins can be programmed for up to sixteen different functions using the mux
control registers. Controls are organized by GPIO port. Each GPIO port has four mux
control registers, consisting of 4 bits per package pin. Alternate values for each function
match the column number in which that function occurs in the pin summary table. That
is, default functions are assigned value O0Oh, ALT1 functions O1h, and so on. Setting the
RESERVED setting in the port muxing results in the DEFAULT function for the pin.

10.2 Memory Map and Registers

MXC memory map

CAUTION

For any GPIO pin that is not available in a package, do not
change the port mux control field for that pin. If you change the
port mux control field for such a pin, the pin is enabled and can

generate unnecessary current leakage.

Absolute

address Register name (ivr\nlilgitt:) Access | Reset value S(:)(;tsi’c;n/
(hex)
FFFF_8060 |Port A Pin Function 0 Register (MXC_PTAPFO) 8 R/W 00h 10.2.1/150
FFFF_8061 |Port A Pin Function 1 Register (MXC_PTAPF1) 8 R/W 00h 10.2.2/151
FFFF_8062 |Port A Pin Function 2 Register (MXC_PTAPF2) 8 R/W 00h 10.2.3/151
FFFF_8063 |Port A Pin Function 3 Register (MXC_PTAPF3) 8 R/W 00h 10.2.4/152
FFFF_8064 |Port B Pin Function 0 Register (MXC_PTBPFO) 8 R/W 00h 10.2.5/153
FFFF_8065 |Port B Pin Function 1 Register (MXC_PTBPF1) 8 R/W 00h 10.2.6/153
FFFF_8066 |Port B Pin Function 2 Register (MXC_PTBPF2) 8 R/W 00h 10.2.7/154
FFFF_8067 |Port B Pin Function 3 Register (MXC_PTBPF3) 8 R/W 00h 10.2.8/155
Table continues on the next page...
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MXC memory map (continued)

Absolute ; i
address Register name (ivryllgitt';) Access | Reset value Set;tlc;n/
(hex) pag
FFFF_8068 |Port C Pin Function 0 Register (MXC_PTCPFO) 8 R/W 00h 10.2.9/156
FFFF_8069 |Port C Pin Function 1 Register (MXC_PTCPF1) 8 R/W 00h 10.2.10/156
FFFF_806A |Port C Pin Function 2 Register (MXC_PTCPF2) 8 R/W 00h 10.2.11/157
FFFF_806B |Port C Pin Function 3 Register (MXC_PTCPF3) 8 R/W 00h 10.2.12/158
FFFF_806D |Port D Pin Function 1 Register (MXC_PTDPF1) 8 R/W 02h 10.2.13/158
FFFF_806E |Port D Pin Function 2 Register (MXC_PTDPF2) 8 R/W 00h 10.2.14/159
FFFF_806F |Port D Pin Function 3 Register (MXC_PTDPF3) 8 R/W 00h 10.2.15/160

10.2.1 Port A Pin Function 0 Register (MXC_PTAPFO0)

Address: FFFF_8060h base + Oh offset = FFFF_8060h

Bit 7 6 5 4 3 2 1 0
fead A7 A6
Reset 0 0 0 0 0 0 0 0

MXC_PTAPFO field descriptions
Field Description
7-4 Port A7 Pin Mux Controls
A7
0000 Disabled
0001 PTA7
0010 LPT_ALTO
0011 Reserved
0100 Reserved
0101 RGPIO7
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port A6 Pin Mux Controls
A6
0000 Disabled
0001 PTA6
0010 Reserved
0011 Reserved
0100 Reserved
0101 RGPIO6
0110 Reserved
0111 Reserved
1000-1111  Reserved
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10.2.2 Port A Pin Function 1 Register (MXC_PTAPF1)

Address: FFFF_8060h base + 1h offset = FFFF_8061h

Bit 7 6 5 4 | 3 2 1 0
Read A5
Write
Reset 0 0 0 0 0 0 0 0
MXC_PTAPF1 field descriptions
Field Description
7-4 Port A5 Pin Mux Controls
A5
0000 Disabled
0001 PTA5
0010 SCI2_CTS_b
0011 FTM1_CH4
0100 Reserved
0101 RGPIO5
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.3 Port A Pin Function 2 Register (MXC_PTAPF2)

Address: FFFF_8060h base + 2h offset = FFFF_8062h

Bit 7 6 5 4 3 2 1 0
Read
Write A3 A2
Reset 0 0 0 0 0 0 0 0
MXC_PTAPF2 field descriptions
Field Description
7-4 Port A3 Pin Mux Controls
A3
0000 Disabled
0001 PTA3
0010 FTM1_CH2
0011 CLKOUT
0100 Reserved
0101 RGPIO3
0110 Reserved

Table continues on the next page...
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MXC_PTAPF2 field descriptions (continued)

Field Description
0111 Reserved
1000-1111  Reserved
3-0 Port A2 Pin Mux Controls
A2

0000 Disabled
0001 PTA2

0010 FTM1_CH1
0011 Reserved
0100 IIC1_SDA
0101 RGPIO2
0110 Reserved
0111 Reserved

1000-1111 Reserved

10.2.4 Port A Pin Function 3 Register (MXC_PTAPF3)

Address: FFFF_8060h base + 3h offset = FFFF_8063h

Bit 7 6 5 4 | 3 1 0
Read Ad
Write
Reset 0 0 0 0 0 0 0
MXC_PTAPFS3 field descriptions
Field Description
7-4 Port A1 Pin Mux Controls
A1
0000 Disabled
0001 PTA1
0010 FTM1_CHO
0011 Reserved
0100 IIC1_SCL
0101 RGPIO1
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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10.2.5 Port B Pin Function 0 Register (MXC_PTBPFO0)

Address: FFFF_8060h base + 4h offset = FFFF_8064h

Bit 7 6 5 4 3 2
Read
Write B7 B6
Reset 0 0 0 0 0 0
MXC_PTBPFO field descriptions
Field Description
7-4 Port B7 Pin Mux Controls
B7
0000 Disabled
0001 PTB7
0010 SCIH_TX
0011 SPI1_MOSI
0100 Reserved
0101 RGPIO15
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port B6 Pin Mux Controls
B6

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

Disabled
PTB6
Reserved
SPI2_CLK
Reserved
RGPIO14
Reserved
Reserved
Reserved

10.2.6 Port B Pin Function 1 Register (MXC_PTBPF1)

Address: FFFF_8060h base + 5h offset = FFFF_8065h

Bit 7 6 5 4 3 2
Read
Write B5 B4
Reset 0 0 0 0 0 0

MXC_PTBPF1 field descriptions
Field Description
7-4 Port B5 Pin Mux Controls
B5
0000 Disabled

Table continues on the next page...
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MXC_PTBPF1 field descriptions (continued)

Field Description
0001 PTB5
0010 SCI2_RX
0011 SPI2_MISO
0100 Reserved
0101 RGPIO13
0110 Reserved
0111 Reserved
1000-1111  Reserved

3-0 Port B4 Pin Mux Controls

B4

0000 Disabled
0001 PTB4

0010 SCI2_TX
0011 SPI2_MOSI
0100 Reserved
0101 RGPIO12
0110 Reserved
0111 Reserved

1000-1111 Reserved

10.2.7 Port B Pin Function 2 Register (MXC_PTBPF2)

Address: FFFF_8060h base + 6h offset = FFFF_8066h

Bit 7 6 5 4 3 2 1 0

Read

Write B3 B2

Reset 0 0 0 0 0 0 0 0

MXC_PTBPF2 field descriptions

Field Description

7-4 Port B3 Pin Mux Controls

B3
0000 Disabled
0001 PTB3
0010 SCI0O_CTS_b
0011 FTMO_CHO
0100 1ICO_SDA
0101 RGPIO11
0110 Reserved
0111 Reserved
1000-1111 Reserved

3-0 Port B2 Pin Mux Controls

B2
0000 Disabled

Table continues on the next page...
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MXC_PTBPF2 field descriptions (continued)

Field

Description

0001
0010
0011
0100
0101
0110
0111
1000-1111

PTB2
SCI0O_RTS_b
FTMO_CHA1
11IC0_SCL
RGPIO10
Reserved
Reserved
Reserved

10.2.8 Port B Pin Function 3 Register (MXC_PTBPF3)

Address: FFFF_8060h base + 7h offset = FFFF_8067h

Bit 7 6 5 4 3 2
Read
Write B1 BO
Reset 0 0 0 0 0 0
MXC_PTBPFS3 field descriptions
Field Description
7-4 Port B1 Pin Mux Controls
B1
0000 IRQO
0001 PTB1
0010 Reserved
0011 Reserved
0100 Reserved
0101 RGPIO9
0110 Reserved
0111 Reserved
1000-1111 Reserved
3-0 Port BO Pin Mux Controls
BO

0000
0001
0010
0011
0100
0101
0110
0111
1000-1111

Disabled
PTBO
Reserved
Reserved
Reserved
RGPIO8
Reserved
Reserved
Reserved
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10.2.9 Port C Pin Function 0 Register (MXC_PTCPFO0)

Address: FFFF_8060h base + 8h offset = FFFF_8068h

Bit 7 6 5 4 | 3 2 1 0
Regd c7
Write
Reset 0 0 0 0 0 0 0 0
MXC_PTCPFO field descriptions
Field Description
7-4 Port C7 Pin Mux Controls
Cc7
0000 Disabled
0001 PTC7
0010 Reserved
0011 SPI1_SS
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10.2.10 Port C Pin Function 1 Register (MXC_PTCPF1)

Address: FFFF_8060h base + 9h offset = FFFF_8069h

Bit 7 6 5 4 3 2 1 0
Read
Write C5 C4
Reset 0 0 0 0 0 0 0 0
MXC_PTCPF1 field descriptions
Field Description
7-4 Port C5 Pin Mux Controls
C5
0000 IRQ2
0001 PTC5
0010 SCIH_CTS_b
0011 TMR_CLKINO
0100 Reserved
0101 Reserved
0110 Reserved

Table continues on the next page...
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Field Description
0111 Reserved
1000-1111  Reserved
3-0 Port C4 Pin Mux Controls
C4
0000 IRQ1
0001 PTC4
0010 SCHH_RTS_b
0011 Reserved
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved
10.2.11 Port C Pin Function 2 Register (MXC_PTCPF2)
Address: FFFF_8060h base + Ah offset = FFFF_806Ah
Bit 7 6 5 4 3 2 1 0
fead c3 c2
Reset 0 0 0 0 0 0 0 0
MXC_PTCPF2 field descriptions
Field Description
7-4 Port C3 Pin Mux Controls
C3
0000 Disabled
0001 PTC3
0010 Reserved
0011 SPI1_CLK
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved
3-0 Port C2 Pin Mux Controls
c2
0000 Disabled
0001 PTC2
0010 SCI1_RX
0011 SPI1_MISO
0100 Reserved
0101 Reserved
0110 Reserved

Table continues on the next page...
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MXC_PTCPF2 field descriptions (continued)

Field Description

0111 Reserved
1000-1111  Reserved

10.2.12 Port C Pin Function 3 Register (MXC_PTCPF3)

Address: FFFF_8060h base + Bh offset = FFFF_806Bh

Bit 7 6 5 4 3 2 1 0
Aead c1 co
Reset 0 0 0 0 0 0 0 0

MXC_PTCPFS3 field descriptions

Field Description
7-4 Port C1 Pin Mux Controls
C1

0000 IRQ3

0001 PTC1

0010 FTM1_CH5

0011 CLKOUT

0100 Reserved

0101 Reserved

0110 Reserved

0111 Reserved

1000-1111  Reserved
3-0 Port CO Pin Mux Controls
Cco

0000 Disabled

0001 PTCO

0010 Reserved

0011 SPI2_SS

0100 Reserved

0101 Reserved

0110 Reserved

0111 Reserved

1000-1111  Reserved

10.2.13 Port D Pin Function 1 Register (MXC_PTDPF1)

Address: FFFF_8060h base + Dh offset = FFFF_806Dh

Bit 7 6 5 4 | 3 2 1 0
Read D4
Write
Reset 0 0 0 0 0 0 1 0
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MXC_PTDPF1 field descriptions

Field Description
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Port D4 Pin Mux Controls
D4
0000 Disabled
0001 PTD4
0010 BKGD
0011 MS
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111  Reserved

10.2.14 Port D Pin Function 2 Register (MXC_PTDPF2)

Address: FFFF_8060h base + Eh offset = FFFF_806Eh

Bit 7 6 5 4 3 2 1 0
e o &
Reset 0 0 0 0 0 0 0 0

MXC_PTDPF2 field descriptions

Field Description
7-4 Port D3 Pin Mux Controls
D3

0000 Disabled

0001 PTD3

0010 Reserved

0011 SPI0O_CLK

0100 Reserved

0101 Reserved

0110 Reserved

0111 Reserved

1000-1111  Reserved
3-0 Port D2 Pin Mux Controls
D2

0000 Disabled

0001 PTD2

0010 SCI0_RX

0011 SPIO_MISO

0100 Reserved

0101 Reserved

0110 Reserved

Table continues on the next page...
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MXC_PTDPF2 field descriptions (continued)

Field

Description

0111 Reserved
1000-1111  Reserved

10.2.15 Port D Pin Function 3 Register (MXC_PTDPF3)

Address: FFFF_8060h base + Fh offset = FFFF_806Fh

Bit 7 6 5 4 3 2 1 0
Read
Write D1 Do
Reset 0 0 0 0 0 0 0 0
MXC_PTDPFS3 field descriptions
Field Description
7-4 Port D1 Pin Mux Controls
D1
0000 Disabled
0001 PTD1
0010 SCI0_TX
0011 SPI0_MOSI
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved
1000-1111 Reserved
3-0 Port DO Pin Mux Controls
DO

0000 Disabled
0001 PTDO
0010 SPIO_SS
0011 Reserved
0100 Reserved
0101 Reserved
0110 Reserved
0111 Reserved

1000-1111 Reserved
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Chapter 11
Core

11.1 Introduction

This section describes the organization of the Version 1 (V1) ColdFire processor core and
an overview of the program-visible registers. For detailed information on instructions, see
the ISA_ C definition in the ColdFire Family Programmer's Reference Manual.

11.1.1 Overview

As with all ColdFire cores, the V1 ColdFire core consists of two separate pipelines
decoupled by an instruction buffer.
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Figure 11-1. V1 ColdFire Core Pipelines

The instruction fetch pipeline (IFP) is a two-stage pipeline for prefetching instructions.
The prefetched instruction stream is then gated into the two-stage operand execution
pipeline (OEP), that decodes the instruction, fetches the required operands, and then
executes the required function. Because the IFP and OEP pipelines are decoupled by an
instruction buffer serving as a FIFO queue, the IFP is able to prefetch instructions in
advance of their actual use by the OEP thereby minimizing time stalled waiting for
instructions.

The V1 ColdFire core pipeline stages include the following:
» Two-stage instruction fetch pipeline (IFP) (plus optional instruction buffer stage)
* Instruction address generation (IAG) — Calculates the next prefetch address
* Instruction fetch cycle (IC) — Initiates prefetch on the processor's local bus

* Instruction buffer (IB) — Optional buffer stage minimizes fetch latency effects
using FIFO queue

» Two-stage operand execution pipeline (OEP)
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* Decode and select/operand fetch cycle (DSOC) — Decodes instructions and
fetches the required components for effective address calculation, or the operand
fetch cycle

* Address generation/execute cycle (AGEX) — Calculates operand address or
executes the instruction

When the instruction buffer is empty, opcodes are loaded directly from the IC cycle into
the operand execution pipeline. If the buffer is not empty, the IFP stores the contents of
the fetched instruction in the IB until it is required by the OEP. The instruction buffer on
the V1 core contains three longwords of storage.

For register-to-register and register-to-memory store operations, the instruction passes
through both OEP stages once. For memory-to-register and read-modify-write memory
operations, an instruction is effectively staged through the OEP twice; the first time to
calculate the effective address and initiate the operand fetch on the processor's local bus,
and the second time to complete the operand reference and perform the required function
defined by the instruction.

The resulting pipeline and local bus structure allow the V1 ColdFire core to deliver
sustained high performance across a variety of demanding embedded applications.

11.2 Memory Map/Register Description

The following sections describe the processor registers in the user and supervisor
programming models. The programming model is selected based on the processor
privilege level (user mode or supervisor mode) as defined by the S bit of the status
register (SR).

The user-programming model consists of the following registers:
* 16 general-purpose 32-bit registers (D0-D7, AO-A7)
 32-bit program counter (PC)

* 8-bit condition code register (CCR)
* EMAC registers (refer to EMAC description)

* Four 48-bit accumulator registers partitioned as follows:

MCF51QW256 Reference Manual, Rev. 1, 01/2013

Freescale Semiconductor, Inc. 163




memory Map/Register Description

* Four 32-bit accumulators (ACCO-ACC3)

* Eight 8-bit accumulator extension bytes (two per accumulator). These are
grouped into two 32-bit values for load and store operations (ACCEXTO1
and ACCEXT23).

Accumulators and extension bytes can be loaded, copied, and stored, and results
from EMAC arithmetic operations generally affect the entire 48-bit destination.
* One 16-bit mask register (MASK)

* One 32-bit status register (MACSR) including four indicator bits signaling
product or accumulation overflow (one for each accumulator: PAVO-PAV3)

The supervisor programming model is to be used only by system control software to
implement restricted operating system functions, I/O control, and memory management.
All accesses that affect the control features of ColdFire processors are in the supervisor
programming model, that consists of registers available in user mode as well as the
following control registers:

* 16-bit status register (SR)

 32-bit supervisor stack pointer (SSP)

» 32-bit vector base register (VBR)

 32-bit CPU configuration register (CPUCR)

Table 11-1. ColdFire core programming model

BDM Register? Width Access Reset value Written
command? (bits) with
MOVEC3
Supervisor/user access registers
Load: 0x60 Data register 0 (DO) 32 R/W See Reset No
Store: 0x40 see Data registers (D0-D7) Exception
Load: 0x61 Data register 1 (D1) 32 R/W See Reset No
Store: 0x41 see Data registers (D0-D7) Exception
Load: 0x62-7 Data registers 2-7 (D2-7) 32 R/W POR: Undefined |No
Store: 0x42-7 see Data registers (D0-D7) Else: Unaffected
Load: 0x68-E Address registers (A0—AB) 32 R/W POR: Undefined |No
Store: 0x48-E Else: Unaffected
Load: Ox6F User stack pointer 32 R/W POR: Undefined |No
Store: Ox4F see Supervisor/user stack pointers (A7 and Else: Unaffected
OTHER_A7)

Table continues on the next page...
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Table 11-1. ColdFire core programming model (continued)

BDM Register? Width Access Reset value Written
command’ (bits) with
MOVEC?
Load: OxE4 MAC status register (MACSR) 32 R/W 0x0000_0000 No
Store: 0xC4
Load: OXE5 MAC address mask register (MASK) 16 R/W OxFFFF No
Store: 0xC5
Load: OXE6 MAC accumulator (ACC) 32 R/W POR: Undefined |No
Store: 0xC6 Else: Unaffected
Load: OXE7 MAC accumulator 0,1 extension bytes 32 R/W POR: Undefined |No
Store: 0xC7 (ACCext01) Else: Unaffected
Load: OxES8 MAC accumulator 2,3 extension bytes 32 R/W POR: Undefined [No
Store: 0xC8 (ACCext23) Else: Unaffected
Load: OXEE Condition code register (CCR) (LSB of Status 8 R/W POR: Undefined |No
Store: OxCE register (SR)) Else: Unaffected
Load: OXEF Program counter (PC) 32 R/W Contents of No
Store: OxCF location

0x(00)00_0004

Supervisor access only registers

Load: OXEO Supervisor stack pointer 32 R/W Contents of No
Store: 0xCO see Supervisor/user stack pointers (A7 and Ig)z:(%t(i)c)ngo 0000
OTHER_A7) -
Load: OXE1 Vector base register (VBR) 32 R/W See register's Yes
Store: 0xC1 description Rc = 0x801
Load: OxE2 CPU configuration register (CPUCR) 32 w See register's Yes
Store: 0xC2 description Rc = 0x802
Load: OXEE Status register (SR) 16 R/W 0x27-- No
Store: OxCE

1. The values listed in this column represent the 8-bit BDM command code used when accessing the core registers via the 1-
pin BDM port. For details, see information about ColdFire debug operation. (These BDM commands are not similar to
those of non-V1 ColdFire processors.)

2. The EMAC registers are available only if the EMAC module is present on the device.

3. If the given register is written using the MOVEC instruction, the 12-bit control register address (Rc) is also specified.

11.2.1 Data registers (D0-D7)

These registers are for bit (1-bit), byte (8-bit), word (16-bit) and longword (32-bit)
operations; they can also be used as index registers.

NOTE
The DO and D1 registers contain hardware configuration details
after reset. See Reset Exception for more details.
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Table 11-2. Data registers (D0-D7)

BDM: Load: 0x60 + n; n = 0—7 (Dn) Access: User read/write
Store: 0x40 + n; n = 0-7 (Dn) BDM read/write
31 30 29 28|27 26 25 24|23 22 21 2o|19 18 17 16
R
Data
W
Reset (D2— B B _ B _ B B B B B B _ B _ B B
D7)
Reset (DO, See Reset Exception
D1)
15 14 13 12|11 1098|7654|3210
R
Data
W
Reset (D2— _ _ _ _ _ _ _ B _ _ _ _ B _ _ _
D7)
Reset (B% See Reset Exception

11.2.2 Address registers (A0—-A6)

These registers can be used as software stack pointers, index registers, or base address
registers. They can also be used for word and longword operations.

Table 11-3. Address registers (A0—-A6)

BDM: Load: 0x68 + n; n = 0—6 (An) Access: User read/write
Store: 0x48 + n; n = 0-6 (An) BDM read/write
31 30 29 28|27 2% 25 24|23 22 21 2o|19 18 17 16
R
Address
W
Reset————|————|————|————
15 14 13 12|11 1098|7654|321O
R
Address
W
Reset————|————|————|————
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11.2.3 Supervisor/user stack pointers (A7 and OTHER_A7)

This ColdFire architecture supports two independent stack pointer (A7) registers: the
supervisor stack pointer (SSP) and the user stack pointer (USP). The hardware
implementation of these two program-visible 32-bit registers does not identify one as the
SSP and the other as the USP. Instead, the hardware uses one 32-bit register as the active
A7 and the other as OTHER_A7. Thus, the register contents are a function of the
processor operation mode, as shown in the following:

if SR[S] =1
then A7 = Supervisor Stack Pointer
OTHER_A7 = User Stack Pointer
else A7 = User Stack Pointer

OTHER_A7 = Supervisor Stack Pointer

The BDM programming model supports direct reads and writes to A7 and OTHER_A7.
It is the responsibility of the external development system to determine, based on the
setting of SR[S], the mapping of A7 and OTHER_A7 to the two program-visible
definitions (SSP and USP).

To support dual stack pointers, the following two supervisor instructions are included in
the ColdFire instruction set architecture to load/store the USP:

move.l Ay,USP;move to USP
move.l USP,Ax;move from USP

The ColdFire Family Programmer’s Reference Manual describes these instructions. All
other instruction references to the stack pointer, explicit or implicit, access the active A7
register.

NOTE
The USP must be initialized using the

move.l Ay,USP

instruction before any entry into user mode.

The SSP is loaded during reset exception processing with the
contents of location 0x(00)00_0000.

Table 11-4. Stack pointer registers (A7 and OTHER_A?7)

BDM: Load: Ox6F (A7) Access:
Store: 0x4F (A7) A7: User or BDM read/
Load: OXEO (OTHER_A7) write

Store: 0xCO (OTHER_A7) OTH EBRD—GZ;:;‘/‘\’:Q’;S‘" or

Table continues on the next page...
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Table 11-4. Stack pointer registers (A7 and OTHER_A7) (continued)

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

11.2.4 Condition code register (CCR)

The CCR is the LSB of the processor status register (SR). Bits 40 act as indicator flags
for results generated by processor operations. The extend bit (X) is also an input operand
during multiprecision arithmetic computations. The CCR register must be explicitly
loaded after reset and before any CMP, Bcc, or Scc instructions are executed.

Table 11-5. Condition code register (CCR)

BDM: LSB of status register (SR) Access: User read/write
Load: OXEE (SR) BDM read/write
Store: 0xCE (SR)
6 5 4 3 2 1 0
R 0
W X N z Vv Cc
Reset 0 0 0 - - - - -
Table 11-6. CCR field descriptions
Field Description
7-5 Reserved; must be cleared.
4 Extend condition code
X This bit is set to the C bit's value for arithmetic operations; otherwise not affected or set to a
specified result.
3 Negative condition code
N This bit is set if the most significant bit of the result is set; otherwise cleared.
2 Zero condition code
Z This bit is set if result equals zero; otherwise cleared.

Table continues on the next page...
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Table 11-6. CCR field descriptions (continued)

Field Description
1 Overflow condition code
Vv This bit is set if an arithmetic overflow occurs implying the result cannot be represented in operand
size; otherwise cleared.
0 Carry condition code
C This bit is set if a carry out of the operand msb occurs for an addition or if a borrow occurs in a

subtraction; otherwise cleared.

11.2.5 Program counter (PC)

The PC contains the currently executing instruction address. During instruction execution
and exception processing, the processor automatically increments PC contents or places a
new value in the PC. The PC is a base address for PC-relative operand addressing.

The PC is initially loaded during reset exception processing with the contents at location
0x(00)00_0004.
Table 11-7. Program counter (PC) register

BDM: Load: OXEF (PC) Access: User read/write

Store: OxCF (PC) BDM read/write
31 30 29 28 27 26 25 24 23 22 21 20 | 19 18 17 16

R| O 0 0 0 0 0 0 0

Address

15 14 13 12|11 1098|7654|3210

Reset| - - - - | _ _

11.2.6 Vector base register (VBR)

The VBR contains the base address of the exception vector table in the memory. To
access the vector table, the displacement of an exception vector is added to the value in
VBR. The lower 20 bits of the VBR are not implemented by ColdFire processors. They
are assumed to be zero, forcing the table to be aligned on a 1 MB boundary.
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In addition, because the V1 ColdFire core supports a 16 MB address space, the upper
byte of the VBR is also forced to zero. The VBR can be used to relocate the exception
vector table from its default position in the flash memory (address 0x(00)00_0000) to the
base of the RAM (address 0x(00)80_0000) if needed.

Table 11-8. Vector base register (VBR)

BDM: 0x801 (VBR) Access: Supervisor read/
Load: OXE1 (VBR) write
Store: OxC1 (VBR) BDM read/write

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

R| O 0 0 0 0 0 0 0 - - - -
Base Address

11.2.7 CPU configuration register (CPUCR)

This register provides supervisor mode configurability of specific core functionality.
Particular hardware features can be enabled/disabled individually based on the state of
the CPUCR.

NOTE
Program the Flash Memory Controller's configuration and
control settings only while the Flash Memory Controller is idle.
Changing settings while a flash access is in progress can lead to
non-deterministic behavior.

NOTE
System software is required to maintain memory coherence
when any segment of the program flash memory cache is
programmed. For example, all buffer data associated with the
reprogrammed flash should be invalidated. Accordingly, cache
program visible writes must occur after a programming or erase
event is completed and before the new memory image is
accessed.
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Table 11-9. CPU configuration register (CPUCR)

BDM: 0x802 (CPUCR) Access: Supervisor read/
Load: OXE2 (CPUCR) write
Store: 0xC2 (CPUCR) BDM read/write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R CBR Feol | Foc |Ficol—+ — |~ | -
W ARD | IRD | IAE | IME |BWD | HAE | FSD R FHP 3 EN s |FcoL
R
Reset| 0 0 0 0 0 0 0 0 - 0 0 0 0 - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R — — — — — — — — — — — — — — — —
w
Reset| - - - - - - - - - - - - - - - -
Table 11-10. CPUCR field descriptions
Field Description
31 Address-related reset disable
ARD Used to disable the generation of a reset event in response to a processor exception caused by an
address error, a bus error, an RTE format error, or a fault-on-fault halt condition.
0 The detection of these types of exception conditions or the fault-on-fault halt condition
generate a reset event.
1 No reset is generated in response to these exception conditions.
30 Instruction-related reset disable
IRD Used to disable the generation of a reset event in response to a processor exception caused by the
attempted execution of an illegal instruction (except for the ILLEGAL opcode), illegal line A, illegal
line F instructions, or a privilege violation.
0 The detection of these types of exception conditions generate a reset event.
1 No reset is generated in response to these exception conditions.
29 Interrupt acknowledge (IACK) enable
IAE Forces the processor to generate an IACK read cycle from the interrupt controller during exception
processing to retrieve the vector number of the interrupt request being acknowledged. The
processor’s execution time for an interrupt exception is slightly improved when this bit is cleared.
0 The processor uses the vector number provided by the interrupt controller at the time
the request is signaled.
1 IACK read cycle from the interrupt controller is generated.
28 Interrupt mask enable
IME Forces the processor to raise the interrupt level mask (SRJl]) to 7 during every interrupt exception.
0 As part of an interrupt exception, the processor sets SR[I] to the level of the interrupt
being serviced.
1 As part of an interrupt exception, the processor sets SR[l] to 7. This disables all level
1-6 interrupt requests but allows recognition of the edge-sensitive level 7 requests.

Table continues on the next page...
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Table 11-10. CPUCR field descriptions (continued)

Field Description
27 Buffered write disable
BWD The ColdFire core is capable of marking processor memory writes as bufferable or non-bufferable.
NOTE: If buffered writes are enabled (BWD is 0), any error status is lost as the immediate
termination of the data transfer assumes an error-free completion.
0 Writes are buffered and the bus cycle is terminated immediately with zero wait states.
Disable the buffering of writes. In this configuration, the write transfer is terminated
based on the response time of the addressed destination memory device.
26 Crossbar high priority arbitration enable
HAE Elevates the processor's fixed crossbar arbitration from lowest to highest during the processing of
an interrupt service routine.
0 Do not enable the processor's fixed crossbar arbitration from lowest to highest during
the processing of an interrupt service routine.
1 Enable the processor's fixed crossbar arbitration from lowest to highest during the
processing of an interrupt service routine.
25 Flash speculation disable
FSD This bit controls whether prefetching by the speculation buffer is enabled. When enabled,
prefetching occurs only for program flash accesses. Disabling prefetching also clears the current
prefetch buffer.
0 Prefetching is enabled.
1 Prefetching is disabled.
24 Crossbar round-robin arbitration enable
CBRR Configures the crossbar slave ports to fixed-priority or round-robin arbitration.
0 Fixed-priority arbitration
1 Round-robin arbitration
23 Crossbar force high priority arbitration.
FHP Elevates the processor's fixed crossbar arbitration from lowest to highest.
0 Do not force the elevation of the processor's fixed crossbar arbitration from lowest to
highest.
1 Force the elevation of the processor's fixed crossbar arbitration from lowest to highest.
22 Flash controller cache disable
FCDIS Disables the caching of the flash read data. This bit overrides the instruction and data cache
enables.
0 The flash controller's cache is enabled. Use the instruction and data cache enable bits
to decide which accesses are cached.
1 The flash controller's cache is disabled. (lower performance)
21 Flash data caching enable
FDCEN Enables the caching of operand fetches from the flash memory controller.

0 Data accesses via the flash controller cache are disabled.

1 Data accesses via the flash controller cache are enabled.

Table continues on the next page...
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Table 11-10. CPUCR field descriptions (continued)

Field Description
20 Flash instruction caching disable
FICDIS Disables the caching of instruction fetches from the flash memory controller.
0 Instruction fetches via the flash controller cache are enabled.
1 Instruction fetches via the flash controller cache are disabled.
19 Clear flash controller cache
FCCLR Setting this bit to 1 clears (invalidates) the cache immediately. This bit always reads as 0.

The cache invalidate function does not depend on the flash cache being enabled.

The cache is invalidated by system reset. System software is required to maintain memory
coherency when any segment of the flash memory is programmed or erased. Accordingly, cache
invalidations must occur after a programming or erase event is completed and before the new
memory image is accessed.

18-0 Reserved; must be cleared.

11.2.8 Status register (SR)

This register stores the processor status and includes the CCR, the interrupt priority mask,
and other control bits. In supervisor mode, software can access the entire SR. In user
mode, only the lower 8 bits (the CCR) are accessible. The control bits indicate the
following states for the processor: trace mode (T bit), supervisor or user mode (S bit), and
master or interrupt state (M bit). All defined bits in the SR have read/write access when
in supervisor mode. The lower byte of the SR (the CCR) must be loaded explicitly after
reset and before any compare (CMP), Bcc, or Scc instructions execute.

Table 11-11. Status register (SR)

BDM: Load: OXEE (SR) Access: Supervisor read/

Store: OXCE (SR) write
BDM read/write

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset| 0 0 1 0 0 1 1 1 0 0 0 - - - - -

Table 11-12. SR field descriptions

Field Description
15 Trace enable
T When this bit is set, the processor performs a trace exception after every instruction.
14 Reserved; must be cleared.

Table continues on the next page...
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Table 11-12. SR field descriptions (continued)

Field Description
13 Supervisor/user state
S 0 User mode
1 Supervisor mode
12 Master/interrupt state
M This bit is cleared by an interrupt exception, and software can set it during execution of the RTE or
move to SR instructions.
11 Reserved; must be cleared.
10-8 Interrupt level mask

| Defines current interrupt level. Interrupt requests are inhibited for all priority levels less than or equal
to current level, except edge-sensitive level 7 requests, which cannot be masked.

7-0 Refer to Condition code register (CCR)

11.3 Functional Description

11.3.1 Instruction Set Architecture

The original ColdFire instruction set architecture (ISA_A) was derived from the M68000
family opcodes based on extensive analysis of embedded application code. The ISA was
optimized for code compiled from high-level languages where the dominant operand size
was the 32-bit integer declaration. This approach minimized processor complexity and
cost, while providing excellent performance for compiled applications.

After the initial ColdFire compilers were created, developers noted there were certain
ISA additions that would enhance code density and overall performance. Additionally, as
users implemented ColdFire-based designs into a wide range of embedded systems, they
found certain frequently-used instruction sequences that could be improved by the
creation of additional instructions.

The original ISA definition minimized support for instructions referencing byte- and
word-sized operands. Full support for the move byte and move word instructions was
provided, but the only other opcodes supporting these data types are CLR (clear) and
TST (test). A set of instruction enhancements has been implemented in subsequent ISA
revisions, ISA_B and ISA_C. The new opcodes primarily addressed three areas:

1. Enhanced support for byte and word-sized operands
2. Enhanced support for position-independent code

3. Miscellaneous instruction additions to address new functionality
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The following table summarizes the instructions added to revision ISA_A to form
revision ISA_ C. For more details see the ColdFire Family Programmer's Reference
Manual.

Table 11-13. Instruction Enhancements over Revision ISA_A

Instruction Description

BITREV The contents of the destination data register are bit-reversed; that is, new Dn[31] equals old Dn[0], new
Dn[30] equals old Dn[1], ..., new Dn[0] equals old Dn[31].

BYTEREV The contents of the destination data register are byte-reversed; that is, new Dn[31:24] equals old
Dn[7:0], ..., new Dn[7:0] equals old Dn[31:24].

FFA1 The data register, Dn, is scanned, beginning from the most-significant bit (Dn[31]) and ending with the
least-significant bit (Dn[0]), searching for the first set bit. The data register is then loaded with the offset
count from bit 31 where the first set bit appears.

MOV3Q.L Moves 3-bit immediate data to the destination location.

Move from USP |User Stack Pointer — Destination register

Move to USP  |Source register - User Stack Pointer

MVS.{B,W} Sign-extends source operand and moves it to destination register.

MVZ.{B,W} Zero-fills source operand and moves it to destination register.

SATS.L Performs saturation operation for signed arithmetic and updates destination register, depending on
CCRJ[V] and bit 31 of the register.
TAS.B Performs indivisible read-modify-write cycle to test and set addressed memory byte.
Bece.L Branch conditionally, longword
BSR.L Branch to sub-routine, longword

CMP.{B,W} Compare, byte and word
CMPA.W Compare address, word
CMPIL.{B,W} |Compare immediate, byte and word

MOVEI Move immediate, byte and word to memory using Ax with displacement

STLDSR Pushes the contents of the status register onto the stack and then reloads the status register with the
immediate data value.

11.3.2 Exception Processing Overview

Exception processing for ColdFire processors is streamlined for performance. The
ColdFire processors differ from the M68000 family because they include:

» A simplified exception vector table
* Reduced relocation capabilities using the vector-base register
* A single exception stack frame format

» Use of separate system stack pointers for user and supervisor modes.

All ColdFire processors use an instruction restart exception model.
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Exception processing includes all actions from fault condition detection to the initiation
of fetch for first handler instruction. Exception processing is comprised of four major
steps:

1. The processor makes an internal copy of the SR and then enters supervisor mode by
setting the S bit and disabling trace mode by clearing the T bit. The interrupt
exception also forces the M bit to be cleared and the interrupt priority mask to set to
current interrupt request level.

2. The processor determines the exception vector number. For all faults except
interrupts, the processor performs this calculation based on exception type. For
interrupts, the processor performs an interrupt-acknowledge (IACK) bus cycle to
obtain the vector number from the interrupt controller if CPUCR[IAE] is set. The
IACK cycle is mapped to special locations within the interrupt controller's address
space with the interrupt level encoded in the address. If CPUCR[IAE] is cleared, the
processor uses the vector number supplied by the interrupt controller at the time the
request was signaled for improved performance.

3. The processor saves the current context by creating an exception stack frame on the
system stack. The exception stack frame is created at a 0-modulo-4 address on top of
the system stack pointed to by the supervisor stack pointer (SSP). As shown in
Figure 11-2 , the processor uses a simplified fixed-length stack frame for all
exceptions. The exception type determines whether the program counter placed in the
exception stack frame defines the location of the faulting instruction (fault) or the
address of the next instruction to be executed (next).

4. The processor calculates the address of the first instruction of the exception handler.
By definition, the exception vector table is aligned on a 1 MB boundary. This
instruction address is generated by fetching an exception vector from the table
located at the address defined in the vector base register. The index into the
exception table is calculated as (4 x vector number). After the exception vector has
been fetched, the vector contents determine the address of the first instruction of the
desired handler. After the instruction fetch for the first opcode of the handler has
initiated, exception processing terminates and normal instruction processing
continues in the handler.

All ColdFire processors support a 1024-byte vector table aligned on any 1 MB address
boundary (see Table 11-14). For the V1 ColdFire core, the only practical locations for the
vector table are based at 0x(00)00_0000 in the flash or 0x(00)80_0000 in the internal
SRAM.

The table contains 256 exception vectors; the first 64 are defined for the core and the
remaining 192 are device-specific peripheral interrupt vectors. See the interrupt chapter
for details on the device-specific interrupt sources.
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For the V1 ColdFire core, the table is partially populated with the first 64 reserved for
internal processor exceptions, while vectors 64-102 are reserved for the peripheral I/O
requests and the seven software interrupts. Vectors 103255 are unused and reserved.

Table 11-14. Exception Vector Assignments

Vector Vector Stacked Program .
Number(s) Offset (Hex) Counter' Assignment
0 0x000 — Initial supervisor stack pointer
1 0x004 — Initial program counter
2 0x008 Fault Access error
3 0x00C Fault Address error
4 0x010 Fault lllegal instruction
5 0x014 Fault Divide by zero
6-7 0x018-0x01C — Reserved
8 0x020 Fault Privilege violation
9 0x024 Next Trace
10 0x028 Fault Unimplemented line-A opcode
11 0x02C Fault Unimplemented line-F opcode
12 0x030 Next Debug interrupt
13 0x034 — Reserved
14 0x038 Fault Format error
15-23 0x03C-0x05C — Reserved
24 0x060 Next Spurious interrupt
25-31 0x064—0x07C — Reserved
32-47 0x080-0x0BC Next Trap # 0-15 instructions
48-60 0x0C0-0x0FO0 — Reserved
61 0x0F4 Fault Unsupported instruction
62-63 0xOF8—0x0FC — Reserved
64-102 0x100-0x198 Next Device-specific interrupts
103-255 0x19C—-0x3FC — Reserved

1. Fault refers to the PC of the instruction that caused the exception.

Next refers to the PC of the instruction that follows the instruction that caused the fault.

All ColdFire processors inhibit interrupt sampling during the first instruction of all
exception handlers. This allows any handler to disable interrupts effectively, if necessary,
by raising the interrupt mask level contained in the status register. In addition, the ISA_C
architecture includes an instruction (STLDSR) that stores the current interrupt mask level
and loads a value into the SR. This instruction is specifically intended for use as the first
instruction of an interrupt service routine that services multiple interrupt requests with
different interrupt levels. Finally, the V1 ColdFire core includes the CPUCR[IME] bit
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that forces the processor to automatically raise the mask level to 7 during the interrupt

exception, removing the need for any explicit instruction in the service routine to perform
this function. For more details, see ColdFire Family Programmer's Reference Manual.

11.3.2.1 Exception Stack Frame Definition

The following figures shows the exception stack frame. The first longword contains the
16-bit format/vector word (F/V) and the 16-bit status register, and the second longword
contains the 32-bit program counter address.

31 30 29 28|27 26 25 24‘23 22 21 20‘19 18 17 16 |15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
SSP —| Format FS[3:2]‘ Vector ‘FS[1 :0] Status Register
+ 0x4 Program Counter

Figure 11-2. Exception Stack Frame Form

The 16-bit format/vector word contains three unique fields:

* A 4-bit format field at the top of the system stack is always written with a value of 4,
5, 6, or 7 by the processor, indicating a two-longword frame format. See Table

11-15.
Table 11-15. Format Field
Encodings
Original SSP git.ls-:lT-?) of Exception, SSP @ 1st Instruction of Handler Format Field
00 Original SSP - 8 0100
01 Original SSP - 9 0101
10 Original SSP - 10 0110
11 Original SSP - 11 0111

 There is a 4-bit fault status field, FS[3:0], at the top of the system stack. This field is
defined for access and address errors only and written as zeros for all other
exceptions. See Table 11-16 .

Table 11-16. Fault Status

Encodings
FS[3:0] Definition
00xx Reserved
0100 Error on instruction fetch

Table continues on the next page...
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Table 11-16. Fault Status Encodings
(continued)
FS[3:0] Definition
0101 Reserved
011x Reserved
1000 Error on operand write
1001 Reserved
101x Reserved
1100 Error on operand read
1101 Reserved
111x Reserved

* The 8-bit vector number, vector[7:0], defines the exception type and is calculated by
the processor for all internal faults and represents the value supplied by the interrupt
controller in case of an interrupt . See Table 11-14 .

11.3.2.2 S08 and ColdFire Exception Processing Comparison

This section presents a brief summary comparing the exception processing differences
between the SO8 and V1 ColdFire processor families.

Table 11-17. Exception Processing Comparison

Attribute

S08

V1 ColdFire

Exception Vector Table

32, 2-byte entries, fixed location at upper
end of memory

103, 4-byte entries, located at lower end of
memory at reset, relocatable with the VBR

More on Vectors

2 for CPU + 30 for IRQs, reset at upper
address

64 for CPU + 39 for IRQs, reset at lowest
address

Exception Stack Frame

5-byte frame: CCR, A, X, PC

8-byte frame: F/V, SR, PC; General-
purpose registers (An, Dn) must be saved/
restored by the ISR

Interrupt Levels 1 =f(CCRl]) 7 = f(SR[I]) with automatic hardware
support for nesting
Non-Maskable IRQ Support No Yes, with level 7 interrupts
Core-enforced IRQ Sensitivity No Level 7 is edge sensitive, else level

sensitive

INTC Vectoring

Fixed priorities and vector assignments

Fixed priorities and vector assignments,
plus any 2 IRQs can be remapped as the
highest priority level 6 requests

Software IACK

No

Yes

Exit Instruction from ISR

RTI

RTE
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The notion of a software IACK refers to the ability to query the interrupt controller near
the end of an interrupt service routine (after the current interrupt request has been

cleared) to determine if there are any pending (but currently masked) interrupt requests. If
the response to the software IACK's byte operand read is non-zero, the service routine
uses the value as the vector number of the highest pending interrupt request and passes
control to the appropriate new handler. This process avoids the overhead of a context
restore and RTE instruction execution followed immediately by another interrupt
exception and context save. In system environments with high rates of interrupt activity,
this mechanism can improve overall performance noticeably.

Emulation of the SO8's 1-level IRQ processing can easily be managed by software
convention within the ColdFire interrupt service routines. For this type of operation, only
two of the seven interrupt levels are used:

* SR[I] equals O indicates interrupts are enabled

» SR[I] equals 7 indicates interrupts are disabled

Recall that ColdFire treats true level 7 interrupts as edge-sensitive, non-maskable
requests. Typically, only the IRQ input pin and a low-voltage detect are assigned as level
7 requests. All the remaining interrupt requests (levels 1-6) are masked when SR[I]
equals 7. In any case, all ColdFire processors guarantee that the first instruction of any
exception handler is executed before interrupt sampling resumes. By making the first
instruction of the ISR a store/load status register (STLDSR #0x2700) or a move-to-SR
(MOVE.W #2700,SR) instruction, interrupts can be safely disabled until the service
routine 18 exited with an RTE instruction that lowers the SR[I] back to level 0. The same
functionality can also be provided without an explicit instruction by setting
CPUCR[IME] because this forces the processor to load SR[I] with 7 on each interrupt
exception.

11.3.3 Processor Exceptions

11.3.3.1 Access Error Exception

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an access error (also known as a bus error) is detected. If CPUCR[ARD] is
set, the reset is disabled and a processor exception is generated as detailed below.

The exact processor response to an access error depends on the memory reference being
performed. For an instruction fetch, the processor postpones the error reporting until the
faulted reference is needed by an instruction for execution. Therefore, faults during
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instruction prefetches followed by a change of instruction flow do not generate an
exception. When the processor attempts to execute an instruction with a faulted opword
and/or extension words, the access error is signaled and the instruction is aborted. For this
type of exception, the programming model has not been altered by the instruction
generating the access error.

If the access error occurs on an operand read, the processor immediately aborts the
current instruction's execution and initiates exception processing. In this situation, any
address register updates attributable to the auto-addressing modes, (for example, (An)+,-
(An)), have already been performed, so the programming model contains the updated An
value. In addition, if an access error occurs during a MOVEM instruction loading from
memory, any registers already updated before the fault occurs contain the operands from
memory.

The V1 ColdFire processor uses an imprecise reporting mechanism for access errors on
operand writes. Because the actual write cycle may be decoupled from the processor's
issuing of the operation, the signaling of an access error appears to be decoupled from the
instruction that generated the write. Accordingly, the PC contained in the exception stack
frame merely represents the location in the program when the access error was signaled.
All programming model updates associated with the write instruction are completed. The
NOP instruction can collect access errors for writes. This instruction delays its execution
until all previous operations, including all pending write operations, are complete. If any
previous write terminates with an access error, it is guaranteed to be reported on the NOP
instruction.

11.3.3.2 Address Error Exception

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an address error is detected. If CPUCR[ARD] equals 1, then the reset is
disabled and a processor exception is generated as detailed below.

Any attempted execution transferring control to an odd instruction address (if bit O of the
target address is set) results in an address error exception.

Any attempted use of a word-sized index register (Xn.w) or a scale factor of eight on an
indexed effective addressing mode generates an address error, as does an attempted
execution of a full-format indexed addressing mode, which is defined by bit 8 of
extension word 1 being set.

If an address error occurs on an RTS instruction, the Version 1 ColdFire processor
overwrites the faulting return PC with the address error stack frame.
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11.3.3.3 lllegal Instruction Exception

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an illegal instruction is detected. If CPUCR[IRD] is set, the reset is disabled
and a processor exception is generated as detailed below. There is one special case
involving the ILLEGAL opcode (0x4AFC); attempted execution of this instruction
always generates an illegal instruction exception, regardless of the state of the
CPUCRIIRD] bit.

The ColdFire variable-length instruction set architecture supports three instruction sizes:
16, 32, or 48 bits. The first instruction word is known as the operation word (or opword),
while the optional words are known as extension word 1 and extension word 2. The
opword is further subdivided into three sections: the upper four bits segment the entire
ISA into 16 instruction lines, the next 6 bits define the operation mode (opmode), and the
low-order 6 bits define the effective address. The opword line definition is shown below.

15 14 13 12 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
Line OpMode Effective Address

Mode ‘ Register

Figure 11-3. ColdFire Instruction Operation Word (Opword) Format
Table 11-18. ColdFire Opword Line Definition

Opword[Line] Instruction Class
0x0 Bit manipulation, Arithmetic and Logical Immediate
0x1 Move Byte
0x2 Move Long
0x3 Move Word
0x4 Miscellaneous
0x5 Add (ADDQ) and Subtract Quick (SUBQ), Set according to Condition Codes (Scc)
0x6 PC-relative change-of-flow instructions

Conditional (Bcc) and unconditional (BRA) branches, subroutine calls (BSR)

0x7 Move Quick (MOVEQ), Move with sign extension (MVS) and zero fill (MVZ)
0x8 Logical OR (OR)

0x9 Subtract (SUB), Subtract Extended (SUBX)

OxA EMAC, Move 3-bit Quick (MOV3Q)

0xB Compare (CMP), Exclusive-OR (EOR)

0xC Logical AND (AND), Multiply Word (MUL)

0xD Add (ADD), Add Extended (ADDX)

OxE Arithmetic and logical shifts (ASL, ASR, LSL, LSR)

OxF Write DDATA (WDDATA), Write Debug (WDEBUG)
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In the original M68000 ISA definition, lines A and F were effectively reserved for user-
defined operations (line A) and co-processor instructions (line F). Accordingly, there are
two unique exception vectors associated with illegal opwords in these two lines.

Any attempted execution of an illegal 16-bit opcode (except for line-A and line-F
opcodes) generates an illegal instruction exception (vector 4). Additionally, any
attempted execution of any non-MAC line-A and most line-F opcodes generate their
unique exception types, vector numbers 10 and 11, respectively. ColdFire cores do not
provide illegal instruction detection on the extension words on any instruction, including
MOVEC.

The V1 ColdFire processor also detects two special cases involving illegal instruction
conditions:

1. If execution of the stop instruction is attempted and neither low-power stop nor wait
modes are enabled, the processor signals an illegal instruction.

2. If execution of the halt instruction is attempted and BDM is not enabled
(XCSR[ENBDM] equals 0), the processor signals an illegal instruction.

In both cases, the processor response is then dependent on the state of CPUCR[IRD]— a
reset event or a processor exception.

11.3.3.4 Divide-By-Zero

Attempting to divide by zero causes an exception (vector 5, offset equal 0x014).

11.3.3.5 Privilege Violation

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if a privilege violation is detected. If CPUCR[IRD] is set, the reset is disabled
and a processor exception is generated as detailed below.

The attempted execution of a supervisor mode instruction while in user mode generates a
privilege violation exception. See ColdFire Programmer's Reference Manual for a list of
supervisor-mode instructions.

There is one special case involving the HALT instruction. Normally, this opcode is a
supervisor mode instruction, but if the debug module's CSR[UHE] is set, then this
instruction can be also be executed in user mode for debugging purposes.
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11.3.3.6 Trace Exception

To aid in program development, all ColdFire processors provide an instruction-by-
instruction tracing capability. While in trace mode, indicated by setting of the SR[T] bit,
the completion of an instruction execution (for all but the stop instruction) signals a trace
exception. This functionality allows a debugger to monitor program execution.

The stop instruction has the following effects:

1. The instruction before the stop executes and then generates a trace exception. In the
exception stack frame, the PC points to the stop opcode.

2. When the trace handler is exited, the stop instruction executes, loading the SR with
the immediate operand from the instruction.

3. The processor then generates a trace exception. The PC in the exception stack frame
points to the instruction after the stop, and the SR reflects the value loaded in the
previous step.

If the processor is not in trace mode and executes a stop instruction where the immediate
operand sets SR[T], hardware loads the SR and generates a trace exception. The PC in
the exception stack frame points to the instruction after the stop, and the SR reflects the
value loaded in step 2.

Because ColdFire processors do not support any hardware stacking of multiple
exceptions, it is the responsibility of the operating system to check for trace mode after
processing other exception types. As an example, consider a TRAP instruction execution
while in trace mode. The processor initiates the trap exception and then passes control to
the corresponding handler. If the system requires that a trace exception be processed, it is
the responsibility of the trap exception handler to check for this condition (SR[T] in the
exception stack frame set) and pass control to the trace handler before returning from the
original exception.

11.3.3.7 Unimplemented Line-A Opcode

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an unimplemented line-A opcode is detected. If CPUCR[IRD] is set, the
reset is disabled and a processor exception is generated as detailed below.

A line-A opcode is defined when bits 15-12 of the opword are 0b1010. This exception is
generated by the attempted execution of an undefined line-A opcode.
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11.3.3.8 Unimplemented Line-F Opcode

The default operation of the V1 ColdFire processor is the generation of an illegal opcode
reset event if an unimplemented line-F opcode is detected. If CPUCR[IRD] is set, the
reset is disabled and a processor exception is generated as detailed below.

A line-F opcode is defined when bits 15-12 of the opword are Ob1111. This exception is
generated when attempting to execute an undefined line-F opcode.

11.3.3.9 Debug Interrupt

See the debug chapter for a detailed explanation of this exception, which is generated in
response to a hardware breakpoint register trigger. The processor does not generate an
IACK cycle, but rather calculates the vector number internally (vector number 12).
Additionally, SR[M,I] are unaffected by the interrupt.

11.3.3.10 RTE and Format Error Exception

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if an RTE format error is detected. If CPUCR[ARD] is set, the reset is
disabled and a processor exception is generated as detailed below.

When an RTE instruction is executed, the processor first examines the 4-bit format field
to validate the frame type. For a ColdFire core, any attempted RTE execution (where the
format is not equal to {4,5,6,7}) generates a format error. The exception stack frame for
the format error is created without disturbing the original RTE frame and the stacked PC
pointing to the RTE instruction.

The selection of the format value provides some limited debug support for porting code
from M68000 applications. On M68000 family processors, the SR was located at the top
of the stack. On those processors, bit 30 of the longword addressed by the system stack
pointer is typically zero. Thus, if an RTE is attempted using this old format, it generates a
format error on a ColdFire processor.

If the format field defines a valid type, the processor: (1) reloads the SR operand, (2)
fetches the second longword operand, (3) adjusts the stack pointer by adding the format
value to the auto-incremented address after the fetch of the first longword, and then (4)
transfers control to the instruction address defined by the second longword operand
within the stack frame.
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11.3.3.11 TRAP Instruction Exception

The TRAP #n instruction always forces an exception as part of its execution and is useful
for implementing system calls. The TRAP instruction may be used to change from user to
supervisor mode.

This set of 16 instructions provides a similar but expanded functionality compared to the
S08's SWI (software interrupt) instruction. Do not confuse these instructions and their
functionality with the software-scheduled interrupt requests, which are handled like
normal I/O interrupt requests by the interrupt controller. The processing of the software-
scheduled IRQs can be masked, based on the interrupt priority level defined by the SR[I]
field.

11.3.3.12 Unsupported Instruction Exception

If execution of a valid instruction is attempted but the required hardware is not present in
the processor (e.g., if the MAC is not present), an unsupported instruction exception is
generated. The instruction functionality can then be emulated in the exception handler, if
desired.

All ColdFire cores record the processor hardware configuration in the DO register
immediately after the negation of RESET. See Reset Exception," for details.

11.3.3.13 Interrupt Exception

Interrupt exception processing includes interrupt recognition and the fetch of the
appropriate vector from the interrupt controller using an IACK cycle or using the
previously-supplied vector number, under control of CPUCR[IAE]. See the interrupt
chapter for details on the interrupt controller.

11.3.3.14 Fault-on-Fault Halt

The default operation of the V1 ColdFire processor is the generation of an illegal address
reset event if a fault-on-fault halt condition is detected. If CPUCR[ARDY] is set, the reset
1s disabled and the processor is halted as detailed below.

If a ColdFire processor encounters any type of fault during the exception processing of
another fault, the processor immediately halts execution with the catastrophic fault-on-
fault condition. A reset is required to to exit this state.
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11.3.3.15 Reset Exception

Resetting the processor causes a reset exception. The reset exception has the highest
priority of any exception; it provides for system initialization and recovery from
catastrophic failure. Reset also aborts any processing in progress when the reset input is
recognized. Processing cannot be recovered.

The reset exception places the processor in the supervisor mode by setting the SR[S] bit
and disables tracing by clearing the SR[T] bit. This exception also clears the SR[M] bit
and sets the processor's SR[I] field to the highest level (Ilevel 7, O0b111). Next, the VBR is
initialized to zero (0x0000_0000). The control registers specifying the operation of any
memories (such as cache and/or RAM modules) connected directly to the processor are
disabled.

Note

Other implementation-specific registers are also affected. Refer
to each module in this reference manual for details on these
registers.

After the processor is granted the bus, it performs two longword read-bus cycles. The
first longword at address 0x(00)00_0000 is loaded into the supervisor stack pointer and
the second longword at address 0x(00)00_0004 is loaded into the program counter. After
the 1nitial instruction is fetched from memory, program execution begins at the address in
the PC. If an access error or address error occurs before the first instruction is executed,
the processor enters the fault-on-fault state.

ColdFire processors load hardware configuration information into the DO and D1
general-purpose registers after system reset. The hardware configuration information is
loaded immediately after the reset-in signal is negated. This allows an emulator to read
out the contents of these registers via the BDM to determine the hardware configuration.

Information loaded into DO defines the processor hardware configuration as shown in
Table 11-19.

Table 11-19. DO Hardware Configuration Information

BDM: Load: 0x60 (DO0) Access: User read-only
Store: 0x40 (DO0) BDM read-only
31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
R PF VER REV
] I T 1 [ ]
Reset| 1 1 0 0 1 1 1 1 0 0 0 1 Device-specific

Table continues on the next page...
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Table 11-19. DO Hardware Configuration Information (continued)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 DIV El\élA 0 0 |CAU| O 0 ISA DEBUG
w | [ | | 1]
Reset| 0 1 1 0 0 1 0 0 0 0 1 0 1 0 0 1

Table 11-20. DO Hardware Configuration Information Field Descriptions

Field Description
31-24 Processor family. This field is fixed to a hex value of OxCF indicating a ColdFire core is present.
PF
23-20 ColdFire core version number. Defines the hardware microarchitecture version of ColdFire core.
VER 0001 V1 ColdFire core
19-16 Processor revision number
REV
15 Reserved
14 Divide present. This bit signals if the hardw