ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



MCF548x Reference Manual

Devices Supported:
MCF5485 MCF5482
MCF5484 MCF5481
MCF5483 MCF5480

Document Number: MCF5485RM
Rev. 5
4/2009



2 |

How to Reach Us:

Home Page:
www.freescale.com

Web Support:

http://www.freescale.com/support

USA/Europe or Locations Not Listed:
Freescale Semiconductor, Inc.

Technical Information Center, EL516

2100 East Elliot Road

Tempe, Arizona 85284

1-800-521-6274 or +1-480-768-2130
www.freescale.com/support

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7

81829 Muenchen, Germany

+44 1296 380 456 (English)

+46 8 52200080 (English)

+49 89 92103 559 (German)

+33 1 69 35 48 48 (French)
www.freescale.com/support

Japan:

Freescale Semiconductor Japan Ltd. Headquarters
ARCO Tower 15F

1-8-1, Shimo-Meguro, Meguro-ku,

Tokyo 153-0064

Japan

0120 191014 or +81 3 5437 9125
support.japan@freescale.com

Asia/Pacific:

Freescale Semiconductor China Ltd.
Exchange Building 23F

No. 118 Jianguo Road

Chaoyang District

Beijing 100022

China

+86 10 5879 8000
support.asia@freescale.com

Freescale Semiconductor Literature Distribution Center
P.O. Box 5405

Denver, Colorado 80217

1-800-441-2447 or +1-303-675-2140

Fax: +1-303-675-2150
LDCForFreescaleSemiconductor@hibbertgroup.com

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

Freescale Semiconductor reserves the right to make changes without further
notice to any products herein. Freescale Semiconductor makes no warranty,
representation or guarantee regarding the suitability of its products for any
particular purpose, nor does Freescale Semiconductor 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
Semiconductor 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 Semiconductor does
not convey any license under its patent rights nor the rights of others.
Freescale Semiconductor products are not designed, intended, or authorized
for use as components in systems intended for surgical implant into the bodly,
or other applications intended to support or sustain life, or for any other
application in which the failure of the Freescale Semiconductor product could
create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended
or unauthorized application, Buyer shall indemnify and hold Freescale
Semiconductor and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and
reasonable attorney fees arising out of, directly or indirectly, any claim of
personal injury or death associated with such unintended or unauthorized
use, even if such claim alleges that Freescale Semiconductor was negligent
regarding the design or manufacture of the part.

Freescale™ and the Freescale logo are trademarks of Freescale
Semiconductor, Inc. All other product or service names are the property of their
respective owners.

© Freescale Semiconductor, Inc. 2008. All rights reserved.

MCF5485RM
Rev. 5
4/2009



Overview

Signal Descriptions

ColdFire Core

Enhanced Multiply-Accumulate Unit (EMAC)
Memory Management Unit (MMU)
Floating-Point Unit (FPU)

Local Memory

Debug Support

System Integration Unit (SIU)

Internal Clocks and Bus Architecture
General Purpose Timers (GPT)

Slice Timers (SLT)

Interrupt Controller (INTC)

Edge Port Module (EPORT)

General Purpose /0 (GPIO)

System SRAM

FlexBus

SDRAM Controller (SDRAMC)

PCI Bus Controller (PCI)

PCI Bus Arbiter (PCIARB)

FlexCAN

Integrated Secuity Engine (SEC)

IEEE 1149.1 Test Access Port (JTAG)
Multichannel DMA (MCD)

Comm Bus FIFO Interface

Comm Timer Module (CTM)
Programmable Serial Controller (PSC)
DMA Serial Peripheral Interface (DSPI)
1°C Interface

USB 2.0 Device Controller

Fast Ethernet Controller (FEC)
Mechanical Data

Register Memory Map Quick Reference
Index

NENRENENENORENOENOENREN
(oe] BN| [ep] [63]1 BN [68] )] By (e}

WRWEN
—gog©o

w Ny Ny FEEY EEY SNy Ny EEY BNy ANy N




| |

NOENENENOENOENORENOENORN
oe] BN| [ep] [62] ExN [68] (o) By (e}

WRWEN
el (=] [{]

OQ Ny Ny Ny Ny EEy SNy SNy ENY Ny N

Overview

Signal Descriptions

ColdFire Core

Enhanced Multiply-Accumulate Unit (EMAC)
Memory Management Unit (MMU)
Floating-Point Unit (FPU)

Local Memory

Debug Support

System Integration Unit (SIU)

Internal Clocks and Bus Architecture
General Purpose Timers (GPT)

Slice Timers (SLT)

Interrupt Controller (INTC)

Edge Port Module (EPORT)

General Purpose I/0 (GPIO)

System SRAM

FlexBus

SDRAM Controller (SDRAMC)

PCI Bus Controller (PCI)

PCI Bus Arbiter (PCIARB)

FlexCAN

Integrated Secuity Engine (SEC)

IEEE 1149.1 Test Access Port (JTAG)
Multichannel DMA (MCD)

Comm Bus FIFO Interface

Comm Timer Module (CTM)
Programmable Serial Controller (PSC)
DMA Serial Peripheral Interface (DSPI)
1°C Interface

USB 2.0 Device Controller

Fast Ethernet Controller (FEC)
Mechanical Data

Register Memory Map Quick Reference
Index



Chapter 1

Overview
1.1 MCF548X FAMIly OVEIVIEW ....eiiiiiiiiiiiieiiiieeiie ettt esitte et e st e st e e st eeeiteesnsaeesnbeeesabeeesaseesnnneesnnes I-1
1.2 MCF548X BIOCK DIQZIAIMN ...coouiiiiiiiiiiiiieiiieeiee ettt sttt 1-2
1.3 MCF548x Family ProdUCES .......cocueoiiiiiiiiiiiiieiecee ettt 1-3
1.4 MCF548X FAmily FEATUIES .......ceeviuiiiiiiiiiiie ettt ettt ettt st e st e e ee e sabeeeaaee e 1-3
1.4.1  ColdFire V4e Core OVEIVIEW ......coccuiiiiiiiiiiiiieiiieeiiieeeiteesiiteesiteeseiaeesieeesieeesbeeesneeeas 1-5
1.42  Debug Module (BDM) ....cociiiiiiiiiiiiiceeeeeteeest ettt 1-6
L4333 JTAG ettt b e st ettt et ettt et ens 1-6
144  On-Chip MEMOTIES ....cccoutiiiiiiiiiiiiiiieeeiite et et eiee e sttt e sttt e st e st esieeesbteesbaeesbeeeas 1-7
1.4.5  PLL and Chip CIOCKING OPLIONS ..c..veerruiieiiiieiiiieiiieeeiieesiteeeiieeeireesieeesieeesieeesnee e 1-7
1.4.6  Communications [/O SUDSYSLEIM .......ccccuiiiiiiiiiiiiiiiieeieeeee ettt 1-8
1.4.7  DDR SDRAM Memory COontroller .........c.ccccooviieriiiiniieiniieeniieeeieeeiee e 1-10
1.4.8  Peripheral Component Interconnect (PCI) .........cccceiiiiiiiiniiiiiiniiieceececeeeeen 1-10
1.4.9  Flexible Local Bus (FIEXBUS) .....ccooiiiiiiiiiiiiieeiieeeee et 1-10
1.4.10  Security Encryption Controller (SEC) .......cccoiiiiiiiiiiiiiiinieeieeeeeee e 1-11
1.4.11  System Integration Unit (STU) .....cooouieiiiiiiiiieiiieeieeeeeiteee e 1-11
Chapter 2
Signal Descriptions
2.1 INEFOAUCTION ..tiiniiiiiiiiieeite ettt ettt ettt e bt et e bt e st e bt e e st e e beesab e e bt e sateeabeenaeeeaneenees 2-1
2.1.1  BIOCK DIQZIAM ....oiiiiiiiiiiiiiiiieeteee ettt sttt 2-1
2.2 MCF548x EXternal SIZNAlS ......cocoooiiiiiiiiiiiiieiieeee e 2-16
2.2.1  FIEXBUS SIZNALS ..eiiiuiiiiiiiiiiiieeeiie ettt ettt ettt ee et e et e e e snee e 2-16
2.2.2  SDRAM Controller SIZNALS ........ooiiiiiiiiiiiiiieieeeiee ettt 2-18
2.2.3  PCIController SIZNAlS .......c.cooiiriiiiiiiiiiiieieeeeeee et 2-19
2.2.4  Interrupt Control SIZNAIS ......ccccueiiiiiiiiiiiiiiee e 2-21
2.2.5  Clock and Reset S1ZNALS .......ooviiiiiiiiiiiiieieee et 2-21
2.2.6  Reset Configuration PINS .........ccooiiiiiiiiiiiiiiiiceeecteete et 2-22
2.2.77  Ethernet Module SiZNals .........cccoooiiiiiiiiiiiiiieiieeeece et 2-24
2.2.8  Universal Serial Bus (USB) ....coooiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee e 2-26
2.2.9  DMA Serial Peripheral Interface (DSPI) Signals ........ccocceeviiiiiiniiiiiiniiiicniccieeee, 2-26
2.2.10  FIEXCAN SiNAIS ..uviiieiiiiiiieeeiie ettt ettt ettt e e st e e sabeesabeesbneesaseeeas 2-27
2201 TPC /O SIZNALS oo 2-27
2.2.12  PSC Module SIZNAlS ...cc.ooiiiiiiiiiieiieieeeeceee e 2-28
2.2.13 DMA Controller Module Signals ..........cccccueeiiiiiniiiiiiiieeiie et 2-28
2.2.14  Timer Module S1ZNals .......c.oooiiiiiiiiiiieiee et 2-28
2.2.15 Debug Support SIZNALS ....cccuviiiiiiiiiieiiiie ettt 2-29
2.2.16  TESt SIZNALS ..veiiiiieiiiieecie ettt ettt e et e e st e e sbe e e aaeeetbeeebaeesnbeeeenbeeennaeeenreeens 2-30
2.2.17 Power and Reference PINS ..........coooiiiiiiiiiiiiieceec e 2-30

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor v



Chapter 3

ColdFire Core
3.1 COTE OVETVIEW ..ottt et ettt ettt ettt e ettt e ettt e it e e bt e e abte e s bt e e sabbeesabeeesateesbeeesanee 3-1
3.2 FEAIUIES ettt et b e st e bt et e bt et e bt e et b e st e e bt e ettt enaeeeaneeaees 3-1
3.2.1  Enhanced PIPEIINES ......c.coooiiiiiiiiiiiieeiiie ettt ettt eare e saee e e e e 3-2
3.2.2  Debug Module EnhanCements ..............cooiiiiiiiiiiniiiiiiieeiieeeeeeee et 3-6
3.3 Programming MOEL .........c.oooiiiiiiiiiiiiieie e et s 3-7
3.3.1  User Programming Model ............coooiiiiiiiiiiiiiiieeeeee e 3-9
3.3.2  USer Stack POINET (A7) .oveeieiieieeeeieee et ettt e e e ettt e e e e e e e eaarraeeaaeeeas 3-9
3.3.3  EMAC Programming MOdel .........c.ccooiiimiiiiiiiieniieeieeeeeeee et 3-10
3.3.4  FPU Programming MOdE] ..........cccoiieriiiiiiiieiieeiieeeite et eve et e e 3-10
3.3.5  Supervisor Programming Model ...........ccoociiiiiiiiiiiiiiiiiiiieeeeeeeeee e 3-11
3.3.6  Programming Model Table ..........ccccuieriiiiiiiiiiieiieeeece e 3-13
3.4 Data FOrmat SUMIMATY .....cc.ceoiiiieiiiieiiieeiiieesiee et e eeeesieeesteeeseaeesaaeessseeessseeessseesssessssessnsseenns 3-15
3.4.1  Data Organization in REZISTErS .........eeiiiiiiiiiiiiiiiiiiieiecteee e 3-15
342  EMAC Data RepreSentation ..........ccceeccveeeriieeeiiieeniieeenieeenieeeneeessireesseeesseesssseessseenns 3-17
3.5 Addressing Mode SUMMATY .......ccccuieiiiiieiiiieeiiieeiieeeteeeieeesteeesteeeereeeeeeesseeesbeessnseeensseesnsneenns 3-18
3.6 InStruction SEt SUMMATY .....coooviiiiiiiiiiiieiieeie ettt st 3-19
3.6.1  Additions to the Instruction Set Archit€cture ..........coccceeveeriiiniiniieiiienieeeeneeeeeee, 3-19
3.6.2  InStruction Set SUMIMATY ......ccccivieiiiireriieeiieeeiieeeieeesreeesaeeesteeeeaeeesseeessseeensseessneenns 3-22
3.7 Instruction EXecution TIMING .......cccoooiiiiiiiiiiiiiiiteeete ettt st 3-27
3.7.1  MOVE Instruction EXecution TiMING ........cccccceeeriiieeriiieiiiieniieeniieeniee e sieeesieeees 3-28
3.7.2  One-Operand Instruction Execution Timing ..........ccccccveeriiieeriieeniieeniieeniee e 3-30
3.7.3  Two-Operand Instruction Execution Timing ..........cccccceeriiiiniiiiniieiniieiieenieeeieeene 3-31
3.7.4  Miscellaneous Instruction Execution Timing .........cccccceeviiennieeniieeniieenieeeiee e 3-32
3.7.5  Branch Instruction Execution Timing .........cccccceevviiiriiiieniiieeiieeeiie e sieeees 3-33
3.7.6  EMAC Instruction Execution TIMEeS ..........cccooiiiiiiiiiiiiiiiiiiieenieeeeceeeeiee e 3-34
3.7.7  FPU Instruction Execution TIMEeS .........ccccceviiriiiiiiiniiiiiiiiiieieeneceeeeeee e 3-35
3.8 EXception Processing OVEIVIEW .........cccceeciiieriieeriieeeiieeeiiieesieeesaeeensreessseesseeesseessssessnsseesssseesns 3-36
3.8.1  Exception Stack Frame Definition .........c.ccccooviiiiiiiiiiiiiiiiiiiieeeieeeeceiee e 3-38
3.8.2  ProcessOr EXCEPHONS ......eeiiuiiiiiiiieiiie et eiiee ettt e st e esteeeitee st e e s ieeesabeesabeesnaeesaneeeas 3-39
3.9 PreciSe FaULLS .....ooiiiiiie et et 3-42
Chapter 4
Enhanced Multiply-Accumulate Unit (EMAC)
A1 INETOAUCTION ..ttt ettt et e ettt e e ettt e st e e e bt e e s bteesbt e e sabbeesabeesabteesbaeenas 4-1
411 MAGC OVEIVIEW ittt ettt ettt ettt ettt sbe e s ate b e sareeneens 4-2
4.1.2  General OPETAtION ........ccceeeriuieerireeiiieeiieeeitreeeieeesteeesseeessseeessseessseessseeesseesssseeensseeens 4-2
4.2 Memory Map/Register DEfINITION ......cocuiiiuiiiiiiiiiiiiiiiiceeceeree e 4-5
4.2.1 MAC Status Register (MACSR) ..ooooiiiiiiieeeeeee ettt 4-5
4.2.2  Mask Register (IMASK) ...oooiiiiiieee et 4-10
4.3 EMAC InStruction S€t SUMIMATY ......cccoueeiiiiieiiiieeniieeniteesieeeriteeeiteesteeesbteesabeessabeessbneesbeeesbeens 4-11
4.3.1  EMAC Instruction Execution Timing ..........cccecceeriiieeniiierniieniieeniieeeiieeeiee e 4-11
4.3.2  Data REPreSeNtation .......c.ccccuieeiiieeiieeeiiieeeieeesieeesteeesereeeaeeesaeeesseeessseeessseesnsseesnsnens 4-12
4.3.3  EMACQC OPCOUECS ...eeeiviiiiiieeiiieeiite ettt ettt et ettt e st e st e e st e e sabeesnaseeeaeeas 4-13
MCF548x Reference Manual, Rev. 5
vi Freescale Semiconductor



5.1
5.2

53
54

5.5

5.6

5.7

6.1

6.2

6.3

6.4

6.5

6.6

Chapter 5
Memory Management Unit (MMU)

FEALUTES ..ottt e e ettt e e e sta e e e e abaeeeesasaeeeeessaeesasnsseeeennsseeesansneeeaanns 5-1
Virtual Memory Management ArChIfECTUIE ......c.c.eevuiiriiriiieriienieeieeeie ettt 5-1
5.2.1 MMU Architecture FEAtUIES .........ccceiiiiiiiiiiiiiiiiiieeieeeteeeeste ettt 5-1
5.2.2  MMU ArchiteCture LOCAION ......ccccuvieieiiiiiieeeiiiieeeeieeeeesieeeeeeiieeeeesaaeeeeeaaeeesennaeeeennes 5-2
5.2.3  MMU Architecture Implementation ............ccocceeeriieeriiieeniienieeeieeeeiee e 5-3
Debugging in a Virtual ENVIFONMENT .......c..cooiiiieiiiiiiiiieeieeciieeeiee ettt s e e e 5-7
Virtual Memory Architecture Processor SUPPOIT .........cooiiiiiiiiiiiiiiiiieeeieeeeceiee e 5-7
SA.1  Precise FAUIS .o..ooiiiiiiiie e 5-7
5.4.2  Supervisor/User Stack POINLETS ....c..ccoviieeiiiiiiiieiiieeciie et eeiee e e 5-7
5.4.3  Access Error Stack Frame AdditionsS ........ccccccviiieiiiiiiiiiiiiee e 5-8
MMU DEFINILION ..eouiiiiiiiiieiiiieteeete ettt st ettt e sbe e s e bt e sateebeesaneeaee 59
5.5.1  Effective Address Attribute Determination .............cccceeeieiieeriiieiienieineenieeeeseceiene 5-9
5.52 MMU FUNCHONALIEY ..eoouviiiiiiiiiiiieiie ettt ettt s 5-10
5.5.3  MMU OFZanizZatiON .....c.ceeecueeeriuieeiiieeiiieeeiiieeeiteesteeesreeesereessseeesseeesseesssseessssesssseesnns 5-10
554 MMU TLB ..ottt ettt ettt et e st e e e 5-18
5.5.5  MMU OPETAON ...oeiiiiiiiiiiiiiiieiieete ettt ettt e et e e enees 5-19
MMU IMPIEMENTALION ...eeiuiiiiiiiieiiiieeiieeeiteeeiee ettt e et e st e e st e et eeesateestaeesbeeesaseeeabeesnsneesaneenns 5-20
5.6.1  TLB Address FIEIAS .....cc.cooiiiiiiiiiiiiiiieeieee et 5-20
5.6.2  TLB Replacement AIZOTTtRIM .......cc.ooiiiiiiiiiiiiiiiiiceeeeeeee e 5-21
5.6.3  TLB LOCKEd ENLIIES ...coviiiiiiiiiiiiieiiiieee et 5-22
IMMU INSEIUCTIONS ..ttt ettt ettt et ettt e bt e bt e st e e bt e eae e e bt e s st e ebeesabeebeesabeenbeennees 5-23
Chapter 6
Floating-Point Unit (FPU)
INETOAUCTION ...tiiiiiiiiiee ettt e e et e e e et e e e e abeeeeestaeeesenssaeesaansseaaennsseeesanssneeeanns 6-1
6.1.1  OVEIVIEW ittt ettt ettt et sat e et e s et e bt e sateebeesaeeeteens 6-1
Operand Data FOrmats and TYPES ....cccveeeriiieiiieeiiieeiieeeite ettt ee et e e eesnaeeeenneeenns 6-3
6.2.1  Signed-Integer Data FOrmats .........cccooiiiiiiiiiiiiiiiiieieeeeeee e 6-3
6.2.2  Floating-Point Data FOrmMats .........cccceoiiiiiiiiiiiiieeniieerice ettt 6-3
6.2.3  Floating-Point Data TYPES .....cccceeeiiiiiiiiieiiie ettt et e e 6-4
ReEZISEr DEIINITION ...eoitiiiiiiiiiiieiiiee ettt ettt st e st e s e s e 6-7
6.3.1  Floating-Point Data Registers (FPO—FP7) .......cccccoiiiiiiiiiiiiiiieeeee e 6-7
6.3.2  Floating-Point Control Register (FPCR) ........ccccoooiiiiiiieiiieiiieceeeee e 6-7
6.3.3  Floating-Point Status Register (FPSR) .......cccccoiiiiiiiiiicecceecee 6-9
6.3.4  Floating-Point Instruction Address Register (FPTAR) .......cccccevviiiiiiiiiniiiiiiiies 6-10
Floating-Point Computational ACCUTACY .......cc.eeeriieeriieeiiieeeiieesieeesreeeseeeesireesaeeesnseeenaseesaneenns 6-11
6.4.1  Intermediate RESUIL .........ooiiiiiiiiiiiiieeeee et 6-11
6.4.2  Rounding the RESUIL .......ccoiiiiiiiiiiiiiiieiieeee et s 6-12
Floating-Point POSt-PrOCESSING .......coeiiiiiiiiieiiieeiiie ettt esteeesve e iee e aee e eenaeeensaeesnaeeens 6-14
6.5.1  Underflow, Round, and OVerflow .........ccccccooiiiiiiiiiiiiiiiiiiiiiiceeteeee e 6-14
6.5.2  Conditional TESHNEZ ...cccuvieriiiiiiiieeiiee ettt et et ee et ee s eeeateesbteesbeeesnbeesnaseeens 6-15
Floating-Point EXCEPLIONS .....cccuiiiiiiiiiiieeiieeeiteesiiee et e eiteesteeesiteeesiaeeetaeesseeesnseeennseeensneesnneenns 6-17
6.6.1  Floating-Point Arithmetic EXCEPLIONS ......c.eevviiiiiiiiiiiiiiiiieiiceeiiceeeeeeee e 6-18

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor Vii



6.6.2  Floating-Point State Frames ............ccoooeiiiiiiiiiiiiiiiieeeeeeeeteeee e 6-23

6.7 INSTIUCTIONS ..eiiiuiiiiiiiieiiiie ettt ettt ettt ettt ettt e ettt e e et e e s bt eesabteesabteeeabeeeabeesabbeesabbeesabeeennbeesnneenas 6-25
6.7.1  Floating-Point INStruction OVETVIEW .........cceevieiriiieeriiieeniieenieeeiieeeieeesseeesveesnnneenns 6-25
6.7.2  Floating-Point Instruction Execution TIMing .........cccccceerviiiniiiiniiiiniiciieenieeeieeene 6-27
6.7.3  Key Differences between ColdFire and M68000 FPU Programming Models ........... 6-28
Chapter 7
Local Memory
7.1 Interactions between Local Memory MOdUIES ..........cccuvieiiiiiriieiiiieciieciecee e e 7-1
7.2 SRAM OVEIVIEW ..eiiiiiiiieeeeiiieeeeiitteeeeiteeeeettteeestaaeeessssaeeeesssaeeeasssseeeasssaeeeesnsseeesassseessnssseessnssees 7-1
7.3 SRAM OPEIALION ..uuvvieiiiieeiieeeiieeeiteestteeiteeesiteestteeetteeesteeesaseeessseeensseessseesaseessnseeesaseessseesnsseenns 7-2
7.4 SRAM Reg@iSter DEfTNITION .....ccceiieiiiieriiieiiieeiieecite et eeieeeeteeeveeeaeesaeeeeseeessaeeeeaseeenseesnnneenns 7-2
7.4.1 SRAM Base Address Registers (RAMBARO/RAMBARI) ......cooviiiiiiiiiiiiiiceneene 7-2
7.5  SRAM INIHAHZATON ..eeiviiiiiieiiiieeiiie ettt ettt e et e et ee st e e etaeesabaeesnbeeesaseeesaseeesaseesnseenns 7-4
7.5.1  SRAM Initialization COde .........ccceeiiiiiiiiiiiiiieiieeeee et 7-5
7.6 POWEr MANQ@EMENL ....c..oeiiiiiiiiiiiiiieei ettt ettt et e ettt e st e st e e st e e st e e sabeesbeeenas 7-6
7T CACKE OVETVIEW vttt ettt et e b et e eb e et e bt e st e e bt e sat e e beesateeabeenaees 7-6
7.8 CaChe OTZANIZATION ....cccuvieeirieeiieeeiieeeiteerieeesteeestteeetteeesseeessseeessseeessseesssseesnsseessseesnseeesseesssseenns 7-7
7.8.1 Cache Line States: Invalid, Valid-Unmodified, and Valid-Modified ..........cccccccuuune.... 7-8
7.8.2  The Cache at StArt-UD .....oeeviiiiiiiieeiie ettt ettt e st e e eas 7-8
R I O el s TSN 0 013 15 10 ) PSR 7-10
7.9.1  Caching MOUES ....c..ooiiiiiiiiiiiieeeee e e 7-12
7.9.2  CaChe ProtOCOL ....ccueiiiiiiiiiiieeeeet ettt 7-14
7.9.3  Cache Coherency (Data Cache Only) ......cccovieviiiiriiieiiieeieececeee e 7-15
7.9.4  Memory Accesses for Cache Maintenance ..........c...coccevvveeveenieinieeniieeiieeneenieeeeen 7-15
7.9.5  CaChe LOCKING ....eeiiiiiiiiiie ettt ettt et e e e e e e sabeeesaaee s 7-17
7.10 Cache Register DefiNItiON .........cocouiiiiiiiiiiiiiiiieeteeeee ettt ens 7-19
7.10.1 Cache Control Register (CACR) ..cccuiiiiiiiiiiiiiiieeieeteee e 7-19
7.10.2  Access Control Registers (ACRO—ACR3) .....cccciiiiiiiiiieeeeeteeee e 7-22
711 Cache ManQ@EMENT .......ceeiiiuiiieeeiiiieeeeiiiee e ettt e e et e e e sttt e e e esateeeesabbteeessabteeeesnsseeesennssaeesessneeeanns 7-23
7.12 Cache Operation SUMIMATY .........cooiueiiriiiiiiiieeiieeeite et e et e ettt e ettt e st e e st e e sabeeseaeeesbeeesbaeesneeas 7-26
7.12.1 Instruction Cache State TranSitioNS ..........cccveereueeeriieeriieriieeniieesieeesieeesreeeneneesaeees 7-26
7.12.2  Data Cache State TranSitions .........coceeerueeriierieriiienieeieente ettt s 7-27
7.13 Cache InitialiZation COAE .........ccccuuiiiiriiiiieeeeiiieeeeeiiee et ee e et e e e st e e e e seteeeeessbaeeeessaaeeesssneeaanns 7-30
Chapter 8
Debug Support
8.1 TNITOAUCTION vttt ettt ettt e h e et e bt e st e e bt e sat e e bt e sate et e esbeenareens 8-1
T B B O 1) 4 15 PR 8-1
8.2 SIZNAl DESCIIPLIONS ....eeiiiiiiiiiieiitee ettt ettt et e st e e bt e e bt e e sabt e e sabeeesabeeenneeesanaeas 8-2
8.2.1 Processor Status/Debug Data (PSTDDATA[7:0]) weeovveeeoiiieiieeeiieeeiee e 8-3
8.3 Real-Time Trace SUPPOTT ...ccocuiririiieiiieeiieeeite et e et e e eeeeete e et e e etaeesbaeessbaeesnbeeesnseeesnseeeseeenseeas 8-5
8.3.1  Begin Execution of Taken Branch (PST = 0X5) ..cccooiiiiiiiiiiiiieceeeeeee, 8-6
8.3.2  Processor Stopped or Breakpoint State Change (PST = 0XE) ....ccccoviiiiniiiiiiiiinieenne, 8-7
8.3.3  Processor Halted (PST = OXF) coouuriiiiiiiiiiieee e 8-8
MCF548x Reference Manual, Rev. 5
viii Freescale Semiconductor



8.4 Memory Map/Register DefINItION .........cccoociiiiiiiiiiiiiiiiieiceeeee e 8-9
8.4.1  Revision A Shared Debug RESOUICES .........covuiiiiiiiiiiiiiiiieeiieeeieeeee e 8-11
8.4.2  Configuration/Status Register (CSR) .....cccoveriiiiiiiiiiieeieeeeeeee et 8-11
8.4.3  PC Breakpoint ASID Control Register (PBAC) .....coccciiiiiiiiiiiiiiiceeceieceeeee 8-14
8.4.4  BDM Address Attribute Register (BAAR) ......ooiiiiiiiiiiiiiiiieeeeeeeeeeee 8-15
8.4.5  Address Attribute Trigger Registers (AATR, AATRI) ...ccoovviviiiiieiiiiiiieeieeeeee 8-16
8.4.6  Trigger Definition Register (TDR) ........coooiiiiiiiiiiiiececee e 8-17
8.4.7  Program Counter Breakpoint and Mask Registers (PBR#n, PBMR) ..........ccccceeeiiee. 8-20
8.4.8  Address Breakpoint Registers (ABLR/ABLR1, ABHR/ABHRI) .......cccccceoeeninnne. 8-21
8.4.9  Data Breakpoint and Mask Registers (DBR/DBR1, DBMR/DBMR1) ..................... 8-22
8.4.10 PC Breakpoint ASID Register (PBASID) ....ccccoiiiiiiiiiiiiieeieeeeeeee e 8-24
8.4.11 Extended Trigger Definition Register (XTDR) .......ccccceeviiiiiiiiiniiieiieeiee e, 8-25
8.5 Background Debug Mode (BDM) .......coiiiiiiiiiiiiiiieeeeeeee et 8-28
B.5.1  CPU HaIt ettt ettt re e 8-28
8.5.2  BDM Serial INterface ........coceoriiiiiiiiiiiiiiiiieee e 8-30
8.5.3  BDM COmMmMAand S ......cooiuiiiiiiiiiiiiiiiieeite ettt ettt 8-31
8.6 Real-Time DebUZ SUPPOTL ...c..viiiiiiiiiiieeiieeete ettt ettt e st e st eesbeeesabeeeanes 8-51
8.6.1  Theory Of OPEIatiON ........cccceeevieeeiiieeriieeiiieeeiteerteeeireeeteeesreeesseeesaseesssneesseeesseeens 8-51
8.6.2  Concurrent BDM and Processor Operation ............ccocceevvueeeriieeniiiennieeinieeniieesieeene 8-54
8.7 Debug C Definition of PSTDDATA OULPULS .....eeeeiiiiiiiiieeiieeeiieeeite ettt s 8-54
8. 7.1 USer INSIUCHION S ...eoueiiiiiiiieiieeteet ettt ettt ettt 8-54
8.7.2  Supervisor INSIrUCHION SET ....ccceeiiiiiiiiiiiiiieiiieeteeetee ettt 8-60
8.8 COIdFire Debug HISIOTY ....ceoviiiiiiieiiiieiiiee ettt et ettt ettt et e st e e st e e st e esaaeesnnneeennee 8-61
8.8.1  ColdFire Debug Classic: The Original Definition ...........cccceevveeviieeniieinieeeniee e 8-61
8.8.2  ColdFire Debug Revision B .........cccoiiiiiiiiiiiiiieeeeteeee e 8-62
8.8.3  ColdFire Debug Revision C .........cccoeviiiiiiiiiiiiieiiieeiiee ettt s 8-62
8.9 Freescale-Recommended BDM PInOUL .........cocooiiiiiiiiiiiiiiiiiieeceeeeee e 8-63
Chapter 9
System Integration Unit (SIU)
0.1 INEFOAUCTION ..ttt ettt et et e ettt e eat e e bt e s bte e sabte e sabteesabeesaneeesbneenas 9-1
0.2 FRALUIES ...ttt ettt et e b e et b e e et et e e a bt e b e e eh bt et e eb et et e e bt e eat e et e bt e et e naees 9-1
9.3  Memory Map/Register DefINItION ........c.coiiiiiiiiiiiiiiiiieie ettt 9-1
9.3.1 Module Base Address Register (MBAR) .......cooiiiiiiiiiiiiiiieeeceecceeee 9-2
Chapter 10
Internal Clocks and Bus Architecture
TO.T INEFOQUCTION .etiiiiiiiiiiiiieeie ettt et ettt ettt et e sat e st e e bt e et e sbe e st e e bt e sseeeaneenbeeeane 10-1
10.1.1  BIOCK DIQGIAM ....eeiiniiiieiiieeiiieeieeeee ettt ettt s e e bae e eeeenseeenseas 10-1
10.1.2 CIOCKING OVEIVIEW ....eiiiiiiiiiiiiieiiieeeiite et et e e eit e st eat e st e it e siteesbeeesabeeesaneeas 10-2
10.1.3  Internal Bus OVEIVIEW .....ccccooiiiiiiiiiiiiiiiiceeerite ettt e 10-2
10.1.4 XL BUS FEATUIES ..eoouiiiiiiiiiiiiiiiiieeteeeee ettt sttt 10-3
10.1.5 Internal Bus Transaction SUMMATIES ..........cccuerrieeriiriieerieenieeieenteereesee e esieesee e 10-3
10.1.6 XL Bus Interface OPEerations ..........cccceecueeeriiieeniieeiieeniieeniieesieeeeieeesireesneeesieeesaneees 10-3
TO.2 P ettt et e h e et e b e e h e b e h e e bt e ht e e bt e e bt e e bt e bt e e hee et e e nheeeaee 10-5

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor ix



10.2.1 PLL Memory Map/Register DESCIIPLIONS .......cceevviriiierieriiiiienieeieenee e 10-5

10.2.2  System PLL Control Register (SPCR) ......ccociiiiiiiiiniiiieniiieecceeeeeeeeeeeen 10-5
1O.3 XL BUS ATDITET ..ouiiiiiiiiiieiie ettt ettt et ettt e sb e et e bt e ea bt e bt e sab e e bt e saeeebeenbeeeane 10-6
TO.3.1  FRALUTES ...eeeiiiiiiiieeite ettt ettt e et e st e st e et e e st e e sabeeseateesanneas 10-6
10.3.2  Arbiter Functional DeSCIIPLION .....cocueiriiiiiiiiiiiieiicnieeieeeeeeeste e 10-6
10.3.3 XLB Arbiter Register DeSCIIPONS ......c.ceevivieeriieeiiieeiieeeiieeeiieeeieeeereeesreeeeaaeesanees 10-8

Chapter 11

General Purpose Timers (GPT)

T1.1 INEFOAUCTION .iiiiiiiiiiiieiiie ettt ettt ettt e ettt e et e e e abe e e sateesbeeesabbeesabeeennbeesbaeenas 11-1
L1101 OVEIVIEW ittt ettt ettt e be e et b e st e b e naees 11-1
11.1.2  MoOdes Of OPETALION ...cccuviieiuiieiiiieeiiiieeiieeeieeeeieeesteeeseaeeeseaeeesreesseeessseeessseeensseeensseeas 11-1
11.2 EXTErNal SIZNALS ..coouviiiiiiiiiiiiee ettt ettt e et e st e e s bt et esbee e 11-2
11.3 Memory Map/Register DefiNItion ..........cccceeiiiiiiiiiiiiiiieeiieeeee ettt e e s 11-2
11.3.1 GPT Enable and Mode Select Register (GMSN) .......ccccceevviiiriieeniieeriie e 11-3
11.3.2  GPT Counter Input Register (GCIRN) .......ccccooiiiiiiiiiniiiiieieeeceeeeeeeeee e 11-5
11.3.3 GPT PWM Configuration Register (GPWMNn) ........ccooceiviiiiniiiinieiiiiecice e, 11-6
11.3.4  GPT Status Register (GSRN) ....cccuoiiiiiiiiiiiiieeee s 11-7
11.4 Functional DESCIIPLION ....cc..eiiiiiiiiiiiiiiieeeite ettt ettt ettt et e et e st e s bt e e sbeeesabeesbeee e 11-8
11.4.1 Timer Configuration Method ............cooiuiiiiiiiiiiiiiiiiieeee e 11-8
11.4.2  Programming INOTES ......c.ceeeeuiieriiieeiiieeiieeeiteeeiteeesteeesreeessseessreeaseeesseesssseeesssesesseeens 11-8

Chapter 12

Slice Timers (SLT)

I2.1 INEFOAUCTION .eiiiiiiiiiiieiiie ettt ettt et e et e et e e e st e e s ittt e eabeesbbeesabbeesabeeennreesbeeenas 12-1
L2101 OVEIVIEW ittt et et et b e st be e et beesateebeesaees 12-1
12.2 Memory Map/Register DefiNition ..........ccccueiiiiiiiiiieeiiieeiicecee ettt evee e e e esaaeeens 12-1
12.2.1 SLT Terminal Count Register (STCNTN) .....cooviiiriiiiniiiiniieeieeeeeeeeee e 12-2
12.2.2  SLT Control Register (SCRN) .....cooiiiiiiiiiiiiieeiie et 12-2
12.2.3  SLT Timer Count Register (SCNTN) .....cocoiiiiiiiiiiiiiiiieeeeete e 12-3
12.2.4  SLT Status RegiSter (SSRIN) ....cc.uiiiiiiiiiieiiieec et 12-4

Chapter 13

Interrupt Controller

13,1 INEFOAUCTION ..eiiiiiiiiiiiiieit ettt ettt ettt et e st s e e bt e et e s bt e et e e bt e saeeeabeenbeeeane 13-1
13.1.1 68K/ColdFire Interrupt Architecture OVEIVIEW ........ccccueevvieeriuieeriiieenieeenreeeeeesenees 13-1
13.2 Memory Map/RegiSter DESCIIPHIONS ......ooviiiiiiiiiiienieetteiee ettt et 13-4
13.2.1  RegISter DESCIIPLIONS ..cuvvieiuiiieeiieeeiieeeiieeetteeeitteeriree et ee st e saeeesbeeesbeeesnbeeeeaseesnnseas 13-6

Chapter 14

Edge Port Module (EPORT)
T4 T INEEOAUCTION ..ttt et ettt et e eab e et e sat e e bt e e bt e ea bt e nbbeeab e e bt e sabeeabeenbeeeaee 14-1
14.2 Interrupt/General-Purpose I/O Pin DeSCIIPLONS ......cccuerviiriiriiinieniecieeeieeieeeeeee e 14-1
14.3 Memory Map/Register Definition ..........cccceiviiiiiiiiiiiiieiiieeeeeeiee et 14-2
T4.3.1  MEMOTY IMAD .oiiiiniiiiiieiiiee ettt ettt e e ettt e e ettt e e e sabaee e ennbbeeessnnaeeeens 14-2
MCF548x Reference Manual, Rev. 5

X Freescale Semiconductor



14.3.2  RegISter DESCIIPLIONS ......eiiiuiiiiiiieiiiee ettt ettt et e st e et eseabeesieeens 14-2

Chapter 15
GPIO

I5.1 TNEFOAUCTION ..eiiuiiiiiiiiieiiieeitte ettt ettt ettt e s e ettt e ettt e e bb e e s bt eesabeeeeabeessbeesbbeesabeeennbeesbeeenns 15-1
| B B 0 < o TP 15-2
I5.1.2  FRALUIES .eveeeeiiiiieeeiiiiee et ee e et te e e ettt e e ettt e e e et eeesasaaeeeensbeeeeansaeeeennssaeesenssaeeennsseeens 15-3
15.2 External Pin DESCIIPHON .....coiiiiiiiiiiiiiiieiiieeeiee ettt ettt ettt e et e s e saee e sbeeesnbeeenaseeens 15-3
15.3 Memory Map/Register DefiNition ..........cccciiriiiieiiiieiiieeiieeciee et eree e e eiaeesaaeeees 15-7
15.3.1  ReEZISIET OVEIVIEW ...eeiiiiiiiiiiiiiiiieeeiite ettt sttt si et e st e et s bt e s bt e sbaeesaneees 15-7
15.3.2  RegIStEr DESCIIPLIONS ..cuvvieiuiiieeiieeiiieeeiieestieeeiteeeeiiee st eesireesieeesbeeesbeeesabeesenbeesneeas 15-8
15.4 Functional DESCIIPIION ....cccueiiriieiiiiieeiiieeiteeeiteesieeesteeeireeeereesbeeessseeessseeensseesnsaeesnseeesnseesnsseas 15-32
LS54T OVEIVIEW eiueiiieeeiiieeeeiiiee e ettt e e e ettt e e ettt e e e saaaeeeesastaeesensaeeeessssaeesenssaeesennsseeeeannsaeens 15-32

Chapter 16

32-Kbyte System SRAM

TO.1 INETOAUCTION ...eiiiiiiiiiiitieit ettt ettt ettt et e sa e st e s bt e et e sbeesab e e beesbeeeabeenneeeane 16-1
16.1.1  BIOCK DIQGIAM ....eeiiniiieeiiiieeiieeeieeeee ettt et e et eesnbeeeenseeenseas 16-1
TO.1.2  FRALUIES ..eeeeeiiiieeeeiiiieeeeeiitee et ee e e ettt e e ettt e e e e te e e e esatbaeeeensbeeeeansaeeeesnssaeesensseeeeansseeens 16-2
LO0.1.3  OVEIVIEW ..ottt ettt ettt ettt et et e b e st et e et e b saneebeenaees 16-2
16.2 Memory Map/Register DefiNition ..........ccccueiriiiiiiiieeiiieeiiieeiee et sree e e e esaeeeees 16-2
16.2.1 System SRAM Configuration Register (SSCR) .......cooviiiriiiiniiiiiiiiiieececeen 16-3
16.2.2 Transfer Count Configuration Register (TCCR) .....ccccccoviiiiniiiiniiiiiieiieeeee e, 16-4
16.2.3 Transfer Count Configuration Register—DMA Read Channel (TCCRDR) .............. 16-5
16.2.4 Transfer Count Configuration Register—DMA Write Channel (TCCRDW) ............ 16-6
16.2.5 Transfer Count Configuration Register—SEC (TCCRSEQC) ......ccccccovviiviiieiviiennnnen. 16-7
16.3 Functional DESCIIPIION .....ccueiiiiieiiiieeiiieeitieeeieeeeieeesteeesiaeeeeaeesaeeessseeessseeesseessseessneessseesnsseenns 16-8

Chapter 17

FlexBus

L T 13 46 10T 6 U0 3 PSSP UPRPPRRRN 17-1
I7. 1.1 OVEIVIEW ettt ettt et et b e st e be e et e b sateebeesaees 17-1
I7.1.2 FRALUTES ...eeeiniiiiiiiieiiteeet ettt ettt ettt e st e bt e e st e e st eseabeesaneees 17-1
17.1.3  MOdeS Of OPETALION ...couviiiiiiieiiiieiiiee ettt ettt ettt et e e e eabeeeeateesabeeeneeens 17-1
I7.2 BYLE LANES ...eeeiniiiieiiiieeiie ettt ettt ettt et ettt e ettt e st e e st e e et e e e sab e e eabeesnbeeeabeeennbeesnaeeeas 17-2
17.3 AdAress LatCh .....oouiiiii ettt 17-2
17.4 EXIErnal SIZNALS ...co.veiiiiiiiiiieieee ettt ettt et e sttt esbeee e 17-3
17.4.1  Chip-Select (FBCS[S:0]) wieioiiiiiieiiieeeiie ettt ettt 17-4
17.4.2  Address/Data Bus (AD[31:0]) .eooueoiiiiiiiiieieeeeeee e 17-4
17.4.3 Address Latch Enable (ALE) ......oooiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 17-4
17.4.4  Read/WIIE (R/W) wouvuuiiriiriieeiieeieeie sttt 17-4
17.4.5  Transfer Burst (TBST) ....oooiiiiii e 17-4
17.4.6  Transfer Size (TSIZ[1:0]) i 17-4
17.4.7 Byte Selects (BE/BWE[3:0]) .ocouviieiiieiiieeiieeeeee ettt 17-5
17.4.8  OUtput ENable (OF) .....oouvieieeeeeeeeeeeeeeeeeee e 17-5

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor Xi



17.4.9 Transfer Acknowledge (TA ettt e et res e eeeeees 17-5
17.5 Chip-Select OPEIAtION ......cc.eeiiiieiiiieiiieeeitee et ettt et e et e ettt e et e e sbeeesabeessabeeseabeesbeeesbeesanseenas 17-6
17.5.1 General Chip-Select OPeration ...........ccceeeriieerieeeireeniieenieeesieeesieeesreessseeesnseeesneees 17-6
17.5.2  Chip-Select REZISIETS .....eeiiiiiiiiiiiiiiieeiteeeite ettt ettt e st e e 17-7
17.6 Functional DESCIIPIION ....cc..eiiiuiieiiiieiiiieiiteeeiee ettt ettt et e st e et e st e st e e sabeeesabeesanees 17-12
17.6.1  Data Transfer OPEration ...........ccceeeeuieeriiieeriiieeniieeieeeieeeeieeeereeesreeeenaeeeaseesnaeesnnes 17-12
17.6.2 Data Byte Alignment and Physical Connections ............ccocceevveeiniieinieeinieenniieennne 17-12
17.6.3 Address/Data Bus MUltipleXing .........ccceeeriierniieniiieiiieenieeeeiee et 17-13
17.6.4  Bus Cycle EXECULION ..ccuviiiiiiieiiieciieeeiie ettt e eiaee e eeenaaeeeans 17-13
17.6.5 FlexBus Timing EXamPIEs .......ccccooiiiiiiiiiiiiiiiiieiicceieeeteeeteeee e 17-15
17.6.6  BUISE CYCIES .uviiiiiiiiiiieiiieeeee ettt ettt st e st e e st e e sabeeeeabeeenee 17-26
17.6.7  Misaligned OPErands ..........ccceeerveeeiuieeriiieeeiieeniteesteesieeesseeesseeessseeensseesssessseeesnnes 17-31
17.6.8  BUS EITOTS ..ottt ettt e et e e e e e e e et e e e e ennbeeeeenneaeeas 17-32
Chapter 18
SDRAM Controller (SDRAMC)
I8.1 INEIOAUCTION ...eiiiiiiiiiiiiiiteeit ettt ettt ettt et sat e et e s bt e et e sbe e et e e bt e sseeeabeenbeeeane 18-1
I8.2 OVEIVIEW eeuetieiiiieeiiie ettt e ettt e e tteeeteeeettee e teeeesseeeassaeeasseeenssaeenssaeesssaeassaeesnseeenseessseesnseeensseesnsseenns 18-1
I8.2.1  FRALUIES ..eeeeeiiiiieeeiiiiee et e e ettt e e ettt e e ettt e e e e te e e e e s asbaeeeensaeeeeessaeeeeanssaeeeennsaeeesanssnaens 18-1
18.2.2  TerMINOIOZY ..eeeoueieeiiieeiiieeiieeeiie ettt ette ettt e ettt e st e e sbteesaabeesabeeesabeeesnseesenseesnnseas 18-1
18.2.3  BIOCK DIAGIAM ....eeiiniiiieiiiieciieecieeee ettt ettt e e e e e e eeenseeenneas 18-2
18.3 External Signal DEeSCIIPLION ......oeiiiiiiiiiiiiiiiiiiiee ettt ettt et sbe e et esbee e 18-2
18.3.1 SDRAM Data Bus (SDDATA[31:0]) eeeooieeiiiiiieieeeieeeeseeeeeeeeee e 18-2
18.3.2 SDRAM Address Bus (SDADDRI[12:0]) ..cooveiiiiiiiiiieieieeeeieeeeeeeeee e 18-2
18.3.3 SDRAM Bank Addresses (SDBA[1:0]) coooooeveiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 18-2
18.3.4 SDRAM Row Address Strobe (RAS) ......cueeverrimrimrireeierieeiesiseesseeseseessses e 18-3
18.3.5 SDRAM Column Address Srobe (CAS) .....c.cvvuururremreieririsseseeseseesesesesessesenas. 18-3
18.3.6  SDRAM Chip Selects (SDCS[3:0]) .eeoueeriiaiiiiiieieeieee ettt 18-3
18.3.7 SDRAM Write Data Byte Mask (SDDM[3:0]) ..cooovieviiiiiiieiiieeciieeiee e 18-3
18.3.8 SDRAM Data Strobe (SDDQS[3:0]) .eeeeriiiiiiiienieiieete ettt 18-3
18.3.9 SDRAM Clock (SDCLK[T:0]) weoueteriiiiieeiieiieeeeee ettt 18-3
18.3.10 Inverted SDRAM Clock (SDCLKJ[1:0]) iiiiiiiiiiiiieeiee et 18-3
18.3.11 SDRAM Write Enable (SDWE) ....c.coiiiiiiieeeee e 18-3
18.3.12 SDRAM Clock Enable (SDCKE) .....ccceiiuiiiiiiiiiiieiieeite et 18-4
18.3.13 SDR SDRAM Data Strobe (SDRDQS) .....ooriiiiiiiiiiiiiceeeeceeceeeeeeee e 18-4
18.3.14 SDRAM Memory Supply (SDVDD) ....cooiiiiiiiiieeeeteeeee e 18-4
18.3.15 SDRAM Reference Voltage (VREF) .......coociiiiiiiiiiiieeeee e 18-4
18.4 Interface RecOMMENALIONS ......cc.eeriiiiiiiiiiiiieiieeeet et 18-4
18.4.1 Supported Memory COonfigurations ............cceeerveerrieeriieeniuieenrieesreeenreessreesseeesneens 18-4
18.4.2 SDRAM SDR CONNECLIONS ....uviiieiiiiiieeeiiiieeeeiiiieeesitieeeetieeeesereeeeesnsaeeessssaeesssssseeess 18-6
18.4.3 SDRAM DDR Component CONNECHIONS .......cccuveerrureerrureeriiieeniieenieeeneeesnireesneeesneens 18-6
18.4.4 SDRAM DDR DIMM CONNECHONS .....eeruiiiiiiiiiieiieniieeiieeiieeiee sttt siee st et seeeeees 18-7
18.4.5 DDR SDRAM Layout Considerations ...........cccceeveereueeniersueeneenieenieeneesneeseeeneennees 18-8
18.5 SDRAM OVEIVIEW ..uuiiiuiiiiiiiiieiieeiteett ettt ettt sttt ettt e sate st e st e et e bt e st e e bt e eaeeesbeenbeeeane 18-9
18.5.1 SDRAM COMMANGS ...corviirmiiiiiiniiiiiieniie ettt ettt ettt et e e b e st eeees 18-9

MCF548x Reference Manual, Rev. 5

Xii

Freescale Semiconductor



18.5.2  Power-Up INIHaliZatiOn .........coooiiiiiiiiiiiiiiiiceiiceeteeeite et 18-13
18.6 FUNCHONAl OVEIVIEW ...eoouiiiiiiiiiiiiieiieeeetteett ettt ettt sae e st ettt e s enaees 18-15
18.6.1  Page ManaZEeIMENT ........ccceeviieeiiieeeiieeeiieerieeesteeesteeeeieeeeteeesseeessseesssseesnsseesnsseesnnes 18-15
18.6.2  TranSTEr S1ZE ...covviiiiiiiiiiieee ettt ettt st 18-15
18.7 Memory Map/Register DEfINITION ......ccc.eoiuiiriiiiiiiniiiiieeie ettt 18-16
18.7.1 SDRAM Drive Strength Register (SDRAMDS) ......ooviiiiiiiiiiieeeeeeiee e 18-17
18.7.2 SDRAM Chip Select Configuration Registers (CSNCFG) ........ccooceeviiiiiiieiniicnnnne. 18-18
18.7.3 SDRAM Mode/Extended Mode Register (SDMR) ........covvviiiiiiiiniiiiniiiiieeeieeee, 18-19
18.7.4 SDRAM Control Register (SDCR) ...ccc.coiiiiiiiiiiiiiiiieiieeeeeeeeeeese e 18-20
18.7.5 SDRAM Configuration Register 1 (SDCFG1) ...ccccceeiriiiiiiiiiiiiiiiiiceeeeeeee 18-21
18.7.6  SDRAM Configuration Register 2 (SDCFG2) ....c.ccooviiiiiriiiiniieiieeeiee e 18-23
18.8 SDRAM EXAMPIE ...couiiiiiiiiiiiiiiieeie ettt ettt sttt e sbe e st enaeenbees 18-24
18.8.1 SDRAM Signal Drive Strength SEttings ......cccccceervieiriiiiniiiiiieieeeeeceeee e 18-25
18.8.2  SDRAM Chip Select SEtHNEZS ...veeeevieeriieiriiieeiiieeiteesieeesiteeereeerireeeieeesireesiee e 18-25
18.8.3 SDRAM Configuration 1 RegiSter Settings .......ccccvveerrvieriieeririeerieeenieeereeeeeeee e 18-26
18.8.4 SDRAM Configuration 2 RegiSter SEttNEZS .......cevvveeriuieeriiieiniieinieeeiieeeieee e 18-27
18.8.5 SDRAM Control Register Settings and PALL command ..........c.cccocceeviiiiiinicnnneens 18-27
18.8.6  Set the Extended Mode Re@ISLEr .......ccceiiiiiiiiiiiiiiiiiiciieeicecete et 18-29
18.8.7 Set the Mode Register and Reset DLL ........cccccociiiiiiiiiiiiniiceeecceeeeees 18-29
18.8.8 Issue a PALL command ............cooiiiiiiiiiiiiiiiieicctete ettt 18-30
18.8.9  Perform Two Refresh CyCles ........cooiiiiiiiiiiiiiiieeteeeeeee e 18-31
18.8.10 Clear the Reset DLL Bit in the Mode RegiSter ............ccoceiiviiiinieiiiieciiieeniieee 18-32
18.8.11 Enable Automatic Refresh and Lock Mode RegiSter .........cccooveveviienniieinieeeniieenne, 18-33
18.8.12 InitialiZation COAE .......cccuiiriiiiiiiiieiieeeee ettt ettt 18-34
Chapter 19
PCI Bus Controller
TO. 1 INIFOAUCTION ..eiiuiiiiiiiiieiiie ettt ettt ettt et e et e et b e e st e e s it e e e eabeesbeeesabbeesabeeeaneeesbeeenas 19-1
19.1.1  BIOCK DIAGIAM ....eeoiiiiiiiiiieiiieeete ettt st ettt e et e s eeareas 19-1
JO. 1.2 OVEIVIEW ittt ettt h e et b e st e bt e et ebeesabeebeeeaees 19-1
TO.1.3 FRALUTES ...eeiuiiiieiiieeie ettt et ettt et e sttt e st e e s bt eesabe e e eabeesabaees 19-1
19.2 External Signal DeSCTIPLION ......eeiiuiiiiiiiieiiiieriieesiee et e et e et e e st e et eeesareesaeeesbeeesbeeesabeesneeenns 19-2
19.2.1 Address/Data Bus (PCIAD[31:0]) «oueeoieiiiiiieiiieieeeeteeeeteeeeee e 19-2
19.2.2 Command/Byte Enables (PCICXBE[3:0]) ...ccoooviiriiiiiiiiiieeieeeeeeeeee e 19-2
19.2.3 Device Select (PCIDEVSEL) ... 19-3
19.2.4 Frame (PCIFRAME) ...cc.ooiiiiii et e 19-3
19.2.5 Initialization Device Select (PCIIDSEL) ......ccccvviiiiiiiieeeeee e 19-3
19.2.6 Initiator Ready (PCIIRDY) ...ooooiiiiiiiiiieie ettt 19-3
19.2.7  Parity (PCIPAR) ....ooi ettt 19-3
19.2.8  PCI CIOCK (CLKIIN) ...ttt ettt ettt sttt et e b e e eeeas 19-3
19.2.9  Parity Error (PCIPERR) ..co.ooiiiiiiiiii e 19-3
19.2.10 Reset (PCIRESET) ....couiiiiiiiieeeeee ettt 19-3
19.2.11 System Error (PCISERR) ....ccooiiiiiiiiiiieeeeece e 19-3
19.2.12 StOP (PCISTOP) ..ottt 19-3
19.2.13 Target Ready (PCITRDY) oottt 19-4

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor xiii



19.3 Memory Map/Register DEfINITION ..........cocuiiiiiiiiiiiiiiiiiiiceeceeee et 19-4
19.3.1 PCI Type 0 Configuration REZISIETS ......ccceeriiiiiiniiiiiiieriececeicceee e 19-6
19.3.2  General Control/Status REZISIEIS ......cocueiiiiiiiiiiiiiiieiieeeeeeet ettt 19-13
19.3.3 Communication Subsystem Interface REZISIETS .......ccceeviiriiiiiiiniiiiiiiniiciccieneens 19-23
19.4 Functional DESCIIPIION .....coviiiiiiriiiiieiieeiteett ettt ettt st e beesan e e e e naees 19-48
19.4.1  PCIBUS ProtoCOl ....ccuoiiiiiiiiiieeee ettt s 19-48
19.4.2  Initiator ATDILFATION ...cccveiiiiiiiiiiieeiieeeite ettt ettt et e et e et e et e e ssaeesneee s 19-55
19.4.3  Configuration INtETface ..........occiiiriiiiiiiiiiiiieeeeeeee e 19-56
19.4.4 XL Bus Initiator INterface ..........cccoovuiiiiiiiiiiiiiiiiieieceeeeee e 19-56
19.4.5 XL Bus Target INTerface .........ccoooieriiiiiiiiiiiieececceceeeee e 19-63
19.4.6 Communication Subsystem Initiator Interface ...........ccccoeeveiviiiiniiiinieiniee e, 19-66
19.4.7  PCICIOCK SCREIME ....uviiiiiiiiiiiiiieee ettt 19-70
19.4.8  INEEITUPLS ..eeeeviiiieeiiieiie ettt ettt ettt et e sae e e sane et e saneeneens 19-70
19.5 Application INfOrMAtiON ........cccueiiiiiiiiiieiiiieiee ettt et et e s bee e s eesnbeeeaeees 19-70
19.5.1 XL Bus-Initiated Transaction Mapping .........cccecueerueerieiiieenieeiieenienieesee e eieesaeens 19-70
19.5.2  AdAress MAPS ....ooouiiiiiiiiiiieeeeeeeee sttt 19-71
19.6 XL Bus Arbitration PriOTItY ......cccccueeriiiiiiiiiiiiie ettt ettt ettt e esineesnaees 19-75
Chapter 20
PCI Bus Arbiter Module
20.1T INEFOAUCTION ..ttt ettt e b et esht e e st e sbt e st e e bt e eabe e bt e sabeenbeesseesabeenbeeeaee 20-1
20.1.1  BIOCK DIQZIAM ....oiiiiiiiiiiiiiiieeite ettt ettt et e e 20-1
20.1.2  OVEIVIEW ettt ettt ettt ettt e be e e st e bt e sat e e bt e sateebeesateenbeenaees 20-1
20,13 FRALUTES ...eeiiiiiiiiiiiiieee ettt ettt ettt e st e e s e sabe e e st e e enre e 20-2
20.2 External Signal DEeSCIIPLION ......coviiiiiiiiiiiiiiiiie ettt ettt ettt st sabe e e esbae e 20-2
20.2.1  Frame (PCIFRM) ......cooiiiiiiiiiiie ettt e e e e e e eenrrreeeeas 20-2
20.2.2 Initiator Ready (PCIIRDY) .oouioiiiiiiiiee et 20-2
20.2.3  PCICIOCK (CLKIN) ..ottt ettt ettt ettt sttt eeeas 20-2
20.2.4 External Bus Grant (PCIBG[4:1]) ooourieiiiiiiiiiiiieeeeee et 20-2
20.2.5 External Bus Grant/Request Output (PCIBGO/PCIREQOUT) .....ccccceviiriiiinienicnnen. 20-3
20.2.6 External Bus Request (PCIBR4:1]) oeeiiiiiiiiiieieeeeeeeeteeee e 20-3
20.2.7 External Request/Grant Input (PCIBRO/PCIGNTIN) ....ccceeeviiiiiniiiiiniiiiiieeieeeieeene 20-3
20.3 ReISEr DETINITION ...eccuiiieiiiieiiiiieeiiie ettt eeiteeetee et e et e e ete e et eeeaeeesabeeesseeessaeeensneeenseeensseeensseenns 20-3
20.3.1 PCI Arbiter Control Register (PACR) ....ccccooiiiiiiiiiiececec e 20-3
20.3.2 PCI Arbiter Status Register (PASR) ......oooiiiiiiiiiee e 20-5
20.4 Functional DESCIIPIION ....ccueieiuiieeiiiieeiiieeiieesteeesieeesteeeiteeeteeeesseeessseeessseeesseessseesnsaeesnseesnsseenns 20-5
20.4.1  External PCI REQUESES ....ccccuiiiiiiiiiiiiiiiieeieeete ettt 20-5
20.4.2  ATDITFAION ..eiiiiiiiiiiiiicieeee ettt 20-6
20.4.3  MasSter TIME-OUL ...ccoiiiiiiiiiiiiieiieee ettt sttt et e st 20-9
20,5 RESEL ettt ettt e et e et e e a bt e e bt e bt e e e bt e et e e bt e e s neeas 20-10
20,60 INEETTUPLS 1vviieiiieeeiie et eetee et ee ettt e ettt e et e e s bt e esabeeestbeeesbeesssbeesabeeessbeeeanseessbeesnsseenaseesnnseesnneas 20-10
Chapter 21
FlexCAN
21,1 INEFOAUCTION ..ttt ettt et b et eeh e e st e sbe e et esbeeeabe e b b e sab e e bt e sbeesabeebeeeaee 21-1
MCF548x Reference Manual, Rev. 5
Xiv Freescale Semiconductor



21. 1.1 BIOCK DIQZIAIM ....eiiiiiiiiiiiiiiiieeite ettt ettt ettt e s 21-1
21.1.2  The CAN SYSIEIM .cuueiiiiiiiiiiie ettt ettt et e ettt e st e e st e e sabeeseabeeeiaee s 21-2
2113 FRALUTES ...eeiiiiiiiiieieteeet ettt ettt st e e st e s e e sabe e e eneee e 21-3
21.1.4  MoOdes Of OPETALION ....c.veiruiiiiiiieiiieeiite ettt ettt ettt et e et e et eesatee st e e ebeeens 21-3
21.2 EXternal SIZNAIS ..c...ooiuiiiiiiiiiiieeeeet ettt st 21-5
21.2. 1 CANTXL:0] oottt et sttt et et e e 21-5
21.2.2  CANRXITIO] ottt ettt ettt e sttt e st e e eeaeas 21-5
21.3 Memory Map/Register Definition ..........cccceeeiiiiiiiiiiiiieniieeiee et 21-5
21.3.1  FIeXCAN MeMOTY MAP ..cccuiiieiiieiiieeeieeeiee et e site et e esiveeesaveesareesseeesnseeenseesnnseeens 21-5
21.3.2  RegiSter DESCIIPHIONS ......eiiiiiiiiiiiiiieeeiee ettt ettt et 21-6
21.4 Functional OVEIVIEW ...c...coiuiiiiiiiieniieeie ettt et sttt ettt s e st esbt e et esbeesateesbeesanesneens 21-19
21.4.1 Message Buffer StruCture ........cocooiiiiiiiiiiiiiee e 21-19
21.4.2 Message Buffer Memory Map .........cooviiiiiiiiiiiiiieceeeteeeee e 21-22
21.4.3  TranSmit PrOCESS .....cccuoiiiiiiiiiiiiiiieeteceeee et 21-23
21.4.4  ArDItration ProCESS ......cceoiiiiiiiiiiiiiiiiieeie ettt 21-24
21.4.5  RECEIVE PIrOCESS ..uvvviiieiiiiieeiiiiie e eeiee e ettt e e ettt e e e sttt e e et e e e s areeeesntaeeeeensseeessnnneeeens 21-24
21.4.6  Message Buffer HAndIing ........ccooviiiiiiiiiiiiieeeeeeee e 21-25
21.4.7 CAN Protocol Related Frames ........ccccceooiiiiiiiiiiiiiiiiiiiiecicceeceeeeecee e 21-27
21.4.8  TIME STAIMP ..eeeiiiieiiiieiitee ettt ettt e eab e et ee et e e s bt e sbteesabeeeeabeeeeanees 21-28
21.4.9 Bt TIMINE .ouviiiiiiiieite ettt ettt ettt e bttt e e st e e be e e e 21-28
21.4.10 FIeXCAN Er1Or COUNTETS ....oouviiriieeiiiiiieniieeiteeite ettt ettt s 21-30
21.5 FlexCAN InitialiZation SEQUEINCE .........ceeriiiiiiiiiiiiieiieeeiie ettt ettt e e 21-31
21.5.1  IIEEITUPES weeeeiieeiiieeiiee et e ettt et e et ee et e et e e et eesabeeesabeeesabeesnsseesnseeesnseeenaseesnaeens 21-31
Chapter 22
Integrated Security Engine (SEC)
221 FEATUIES ..eeutiiiiiieeiite ettt ettt ettt e s bt e sttt e e ettt e eab et e bt e e s beeesbbeesabeeeenteesbaee e 22-1
22.2 ColdFire Security ATCRITECIUIE .......coccuiiiiiiiiiiiiiiieeete ettt 22-1
22.3 BIOCK DIAZIAM ..eiiiiiiiiiieeiiie ettt ettt e st e st e e st e et e e st eeesbaeeenbeeeeabeeenaseesnneeea 22-2
224 OVEIVIEW uviieeiieeiiieeeieeesteeessteeeseseeaseeesseeeasseeeasseeessseeasseeassseesssseeasseesasseesasseesnssessnseesnsseesnsseenns 22-2
2241  BUS INEEITACE ..eeeeeiiiiieieiiiie ettt e e et e e e et e e e e bae e e e e asaeeeennbaeennns 22-2
2242 SEC COontroller UNIt .......cooiiiiiiiiiieiieiieiiecite ettt sttt 22-3
22.4.3  Crypto-Chanmnels ........ccccoeeiiuiiiiiiie ettt e e sae e e e e e aeeesaeeesnseeesnseeenseeens 22-3
22.4.4  Execution Units (BEUS) ...ccooiiiiiiiiiii e 22-4
22.5 Memory Map/Register Definition ..........cccceiiiiiiiiiiiiiieiiieeiee e 22-8
22,60 CONLIOIIET vttt ettt ettt e s ht e et e e s bt e et e e sbbeeate e bt e saeeeaeens 22-11
22.0.1  EU ACCESS uuvviieieiiiiieeeiiiieeeeiitee e eeiteeeeetteeeesiateeaessttaeeesssseeeeeasseeeesssaaeeeansseeesannsseeens 22-11
22.6.2  Multiple EU ASSIZNMENL .....eeiviiieiiieeriieeiiieentieeriteeeiteeeieeeeaaeesseeesabeeensseeensneesnnnes 22-11
22.6.3  Multiple ChannElS ........cccocvuieeiiieniiieeiiie e eeiee et e et e ere e s aeeeseneeessseeeaneeennaees 22-12
22.6.4  CoNLroller REZISTETS ...cc.uviiriiiiiiiieitie ettt ettt ettt 22-12
2277 CRANNEIS ..ottt ettt sttt s e ettt e s a e sttt e s eneens 22-18
22.7.1  Crypto-Channel REZISIETS .......ccoiiiiiiiiiiiiiiiieiieeitetceeee ettt 22-19
22.8 ARC Four Execution Unit (AFEU) .....cvviiiiiiiiiee et 22-28
22.8.1  AFEU REZISET MAD ..eouviiiiiiieiiieeiiie ettt ettt ettt st e e e saee s 22-28
22.8.2 AFEU Reset Control Register (AFRCR) ......coooiiiiiiiiiiiiieee 22-28
MCF548x Reference Manual, Rev. 5
Freescale Semiconductor XV



22.8.3 AFEU Status Register (AFSR) ...cooiiiiiiieeceee e 22-29

22.8.4 AFEU Interrupt Status Register (AFISR) .....ccccooviiiiiiiiiieeeeeeeen 22-31
22.8.5 AFEU Interrupt Mask Register (AFIMR) ......ccccoooiiiiiiiiiieeeeeeeceeeeee e 22-32
22.9 Data Encryption Standard Execution Units (DEU) ......c.cccociiiiiiiiiiiiniiiicceeecececeee 22-34
22.9.1 DEU REZISIET IMAP ...eiiiiiiiiiieiiieeeiieeite ettt ettt ettt sttt s e e s 22-34
22.9.2 DEU Reset Control Register (DRCR) ......cc.coviiiiiiiiiiiiiieieceeeeeeee e 22-34
22.9.3 DEU Status Register (DSR) .....ooiiiiiiiiii e 22-35
22.9.4 DEU Interrupt Status Register (DISR) .....cc.coviiiiriiiiiiiiieeeeeeeceeee e 22-37
22.9.5 DEU Interrupt Mask Register (DIMR) ......cccccoiiiiiiiiiiiiiiiiieeeeeeceeee 22-39
22.10 Message Digest Execution Unit (MDEU) ........coiiiiiiiiiiiiiiiieteeteeeeeee e 22-40
22.10.1 MDEU ReEZISIET IMAP ....vvieeiiieiiieeiiieesiiee ettt ettt et e st e st e e sebeessiseesaaeesaeees 22-40
22.10.2 MDEU Reset Control Register (MDRCR) ........coooiiiiiiiiiieeieecieeeee e 22-41
22.10.3 MDEU Status Register (MDSR) .....oooiiiiiiiiieeeee e 22-41
22.10.4 MDEU Interrupt Status Register (MDISR) .......cooviiiiiiiiiieeiieeeeeee e, 22-43
22.10.5 MDEU Interrupt Mask Register (MDIMR) .......cccccooviiiiiiiiieiieeeeeeeeee e, 22-44
22.11 RNG Execution Unit (RING) .....oooiiiiiiiiii e 22-46
22.11.1 RING REZISIET MAD ..eeiiiiiiiiiieiiieeiie ettt ettt st sbee e e e esaeees 22-46
22.11.2 RNG Reset Control Register (RNGRCR) .....cccccovviiieiiiiiiiieeieeeeeeee e 22-46
22.11.3 RNG Status Register (RNGSR) ..cccoooiiiiiiiiiiieeeeee e 22-47
22.11.4 RNG Interrupt Status Register (RNGISR) .....coooviiiiiiiiiiiiiieeeeeeeen 22-48
22.11.5 RNG Interrupt Mask Register (RNGIMR) .........ccccooiiiiiiiiiiiiiiiiiecee 22-49
22.12 Advanced Encryption Standard Execution Units (AESU) .....coocoiiiiiiiiiiiniiiiicecee, 22-50
22.12.1 AESU REZISET MAP ..eouiiiiiiiieiiieeiiie ettt ettt ettt ettt e s e seaee s 22-50
22.12.2 AESU Reset Control Register (AESRCR) ....ccccooiiiiiiiiiiiieeecce 22-50
22.12.3 AESU Status Register (AESSR) ...ooiiiiieceeee e 22-51
22.12.4 AESU Interrupt Status Register (AESISR) ...ccoooviiiiiiiieeeeee e, 22-53
22.12.5 AESU Interrupt Mask Register (AESIMR) .....cc.ooiiiiiiiiiiiiieeecee 22-54
22 I3 DESCTIPLOLS ..eeeuiieeuiieeiite et ee ettt e ettt e ettt e sttt e st e e ettt e ettt e e abeeeaabeeesbeeeabbeeeabaeeeabeeeanbeesaabeesanbeesaneeas 22-56
22.13.1 DESCIIPLOT SIIUCLUTE ...c.uvvieeiiieeriiieeritieenitee et e eieeeeieeesbeeesibeeeabeesbreesseeesaseeennseesnnseas 22-56
22.13.2 DeSCriptor CRAINMING .......eeeiiieiiiiieeiieeeiieeeieeesteeerteeesereeesseeeesaeesssaeessseeensseeensseesnsees 22-61
22.13.3  Descriptor Type FOImMats ..........cooiiiiiiiiiiiiiiiiieeeeceeeeee et 22-62
22.13.4 DESCIIPLOT CIASSES ..vvieruiiieriiieeiiieeritieeiitee ettt eeieeesteeesiteesstbeesasaeesseessaseessseesnseeesseens 22-64
22.14 EU Specific Data Packet DESCIIPLOTS ....cccuvieeiuiieriiieeeiieerieeerieeeriteeesieeeeaeeesieeesveeesreeensreeennnes 22-67
22.14.1 AFEU Mode Options and Data Packet Descriptors ...........ccocceeviieiniicinieennieennnen. 22-67
22.14.2 DEU Mode Options and Data Packet DeSCriptors ........coccevvveeriieeniieeinieenieeeneenn 22-72
22.14.3 MDEU Mode Options and Data Packet DeScriptors ..........ccceeeeeeveeeiieenciieenieeennen. 22-77
22.14.4 RNG Data Packet DESCIIPLOTS ....cccuueiiiiiiiiiiiiiiieeiiteeiiee ettt 22-82
22.14.5 AESU Mode Options and Data Packet Descriptors ..........cccooceeveieeviieenieennieennen. 22-83
22.14.6 Multi-Function Data Packet DeSCIiptors ........c.ccocierierierniinieiieenieeieeieeeeeeee e 22-90
Chapter 23
IEEE 1149.1 Test Access Port (JTAG)
23,1 INETOAUCTION ...eiuiiiiiiiiieiieete ettt ettt ettt e bt sae e st e bt e et e sae e st e e bt e seeeeareenneeeane 23-1
23.1.1  BIOCK DIQZIAM ....eiiuiiiiiiiiieiieeeite ettt ettt st e et e e st e e st e e sabeeenareeens 23-1
23.1.2  FRALUTES ...eeiuiiiiiiiiiiteeee ettt ettt e st e st e e st e st sab e e naeee e 23-2

MCF548x Reference Manual, Rev. 5

XVi Freescale Semiconductor



<

23.2

23.3

23.4

235

24.1

24.2

24.3

24.4

24.5

24.6

23.1.3  MoOdes Of OPETALION .....c..ceriiiiiiiriiiiieiiieieeete et e ene 23-2
External Signal DeSCIIPON .......oiiiiiiiiiiiiiiie ettt ettt sttt e et e e e s es 23-2
23.2.1 Detailed Signal DESCIIPON .....c.ceeviuiieeiiieiiieecieeeriee ettt e e sieeeereeesaeeesereeenareeenaeeeas 23-2
Memory Map/Register DefINItion ........c.cccooeeeiiiiiiiniiiiiieiiiieesee et 23-4
23.3. 1 MEMOTY MAD ..eiiiiiiiiiiiiiiieet ettt ettt ettt ettt et e et e st e et e e aees 23-4
23.3.2  RegiSter DESCTIPHIONS .....veieiiiieeiiieeitieeeiieeeiee et e et e et e e e aaeesaeeesbaessssaeessseeenseeensaeens 23-4
Functional DESCIIPION .......cocuiiiiiiiiiiiiiiiiciceie ettt s 23-6
2341  JTAG MOQUIE ..ottt ettt e 23-6
23.4.2  TAP CONLIOIIET ..cutiiiiiiiiiiiieieee ettt 23-6
23.4.3  JTAG INSTIUCTIONS «..eeiiiiiiieiiiieiiiee ettt ettt ettt et e et e e st e e it e e ateesnteesabeeens 23-7
Initialization/Application INfOrmation .............cceocuieiriieiiiieniieere e e 23-9
23.5.1  RESIICHIONS ..veeuiiiuiieiiieiiteitte et ettt et s et e et e bt e st e e bt e ssbeebeesaeeeabeesabe e bt e sbbeenbeennees 23-9
23.5.2 Nonscan Chain OPEration .........c..cceceerieriiieniiriiieiierieeieeeee et eae e 23-9
Chapter 24
Multichannel DMA
INEPOAUCTION ...etiiiiiiiicee ettt ettt ettt et eat e et eesaeeeaneeeees 24-1
24.1.1  BIOCK DIQZTAIM ....eeiiiiiiiiieeiieeeiie ettt et ettt et esae e e eeeaaeesnbaeesnseeesnseeennseeens 24-1
24. 1.2 OVEIVIEW ittt ettt ettt ettt ettt ettt e et e sttt e e sttt e e bt e s abeesbbeesabbeesabeeesabeeeaabeenas 24-2
24.1.3  FRALUIES ...eeeutieiiieiteeite ettt ettt ettt ettt e bt e e bbbt e st e et esat e e b e st e ebeebees 24-2
EXEEINAL STZNALS ..eeiviiiiiiiiiie ettt e ettt e et e e et e e et e e s aee e naeeeabeeeaaeeenneeeenbeeeaneeens 24-3
24.2.1  DREQILO] oottt ettt et ettt et et aeas 24-3
2422 DACKLIO] oottt ettt ettt 24-3
Memory Map/Register DefiNitionS .........cccveeiiiiiiiiiiieiiieeiieeciee et eareesane e 24-3
24.3.1 DMA Task MEIMOTY ...ooouiiiiiiiiiiieeiieieee ettt s 24-3
24.3.2  MEMOTY SITUCLUTE ....eeeiiiieeiieeeiieerteeeiteeeiteeetteesteeesabeeessbeesseeessseeesaseeessseesnsseessneenns 24-4
24.3.3  DIMA REZISIETS ..veeeiurieeiiiieeiiiieeiieeeiiteeeitteesteeesteeessseeessseesssseesssseessseesssseessssessnsseesnsseens 24-5
24.3.4 External Request Module REZISIEIS ......ccceeoviiiiiiiiiiiniiiiiciccececeeeceeee e 24-20
FUunctional DESCIIPHION ....cc.uiiiiuiiiiiiieiiiieeite ettt ettt et ste e et e et e st e e sbteesaseeesaseesneeas 24-22
2441 TASKS ettt ettt et sttt 24-22
24,42 DESCIIPLOTS ...veeiiieeuiieieeeitteiee ettt ettt sit e et et e et e et st e et e sae e ebe e s e e eaneenseesaneenneeeane 24-23
2443 Task INTHANZAION ...co.eiiiiiiiiiiiiiiiieeiee et 24-23
2444 TNIHALOTS ..eeeeutieiteeieeit ettt ettt et e sttt eeat e et e e ebe e e st e e bt e sabeebeeeabeebeesabeeabeesaeeeaee 24-23
24.4.5  PrIOTIHZAION .eoouuiiiiiiieiiieeiite ettt ettt et e et e e et e et e st e e s bt e e sabeeesabeeenneeesnaeas 24-24
24.4.6  CONEXt SWILCH ..eiiiiiiiiiiiiiicieee ettt s 24-24
24477 Data MOVEIMENT ...ooouiiiiiiiiiiiiiiieetieeite ettt ettt sttt ettt sbeeesanee s 24-24
24.4.8 Data Manipulation ..........ccoceiviiiiiiiiiiiiieieeeeee et e 24-24
2449  L1iANE BUITETS ..oooiiiiiiiiiee e 24-26
24.4.10 Termination Of LOOP ..ccccviiiiiiiiiiieeiieeeie ettt ettt e bee e eenaaee e 24-27
24411 INEEITUPES .eeeueieeiiieeeitee ettt ettt ettt ettt et e st e e sat e e e bt e e st e e sabteesabeeesabeeeanseesabaeas 24-27
24.4.12 DEDUZ UNIE ..eoiiiiiiiiiiiiiiieeee ettt ettt ettt 24-27
Programming MOE] .........c.cooiiiiiiiiieiieceeee ettt et et e e e e eaee s 24-27
24.5.1 Register INTtHAlIZATION ......oooiuiiiiiiiiiiiieeiie ettt e 24-27
24.5.2  TaSK MEIMOTY eouiiiiiiieiiiie ettt ettt et e st e e st e e et eessbaeessbeeesbeeesseesnnees 24-28
TIMING DIAZIAMS ...eviiiiiieiiiie ettt ettt et e e st e e e e e e tbeeesaeeesaseesnsseessseeennseesansesessens 24-30

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor XVii



24.6.1 Level-Triggered REqUESES .....ccocuiiiiiiiiiiiiiiiieeiceeteee et 24-30

24.6.2 Edge-Triggered REQUESES ....c.c.cooiiriiiiiiiniiiiieieeit ettt 24-30
24.6.3  Pipelined REQUESES .....cccviiiiiiiiiiieeiieeee ettt ettt et e e e e e e naeeennees 24-31
Chapter 25
Comm Bus FIFO Interface
B T8 B £ 10 (0T LT 5 (o) o SRRSO 25-1
25.1.1  BIOCK DIQZIAM ...eeiiiiiiiiiiieiieeeiie ettt ettt et e bt e et e e st e e sabeeesnbeeenabeeens 25-1
25.1.2  OVEIVIEW eieuiiieiiiieeiiiie ettt e ettt e e iteesteeesteeasaeeesbeeanseeessseeessseeensseeesseesnsseesnseeennseeennseenns 25-1
25.1.3  FRALUIES .eeeeeiiiiieeiiiiie ettt ettt e ettt e e ettt e e e ettt e e e s abe e e e esaaeeesensseeeeansaeaeeannsaeeeennsseeeanns 25-2
25.2 Memory Map/Register Definition ..........ccccceiiiiiiiiiiiiiieniieeiee et 25-2
25.2.1  FIFO Interface REZISIETS .....eeeviiieiiieeiiieeiieeeiieeeiteeeteeesreeeireeeareesreeesibeeesnveeenseeens 25-2
25.3 Functional DESCIIPIION ........eiiiiiiiiiiiiiiieite ettt ettt et e st e st e e st e e s e snaees 25-12
25.3.1  FLOW CONLIOL ..ottt ettt et 25-12
25.3.2  Wait CONAITIONS ...uviiiiiiiiieiiieiieeiee ettt ettt ettt e st sae e e bt e st e e bt e sabeebeesaeeeane 25-14
25.3.3  EITOT TEPOTTING ...eeeiuiiiiiiiieiiteeett ettt ettt ettt e et e et e et e st eesbteesabeeesabeeesabeeenanees 25-16
25.3.4  DebUZ OPETALION ..uuviiiiiieeiieeeiieeiteeesitte et e eiteesteeesebeesstbeestaeesbeessabeesnsseessneesseens 25-17
Chapter 26
Comm Timer Module (CTM)
20.1 INEFOAUCTION ..eiiitiiiiiieiieiite ettt et b et esh e e st e sbe e st e e ebt e e st e e sbeesab e e bt e sseesabeenbeeeaee 26-1
26.1.1  BIOCK DIQZIAMS ..coouviiiiiiiiiiiiiiitie ettt ettt et e e e e 26-1
20.1.2  OVEIVIEW ettt ettt ettt ettt et s e e be e e st e bt st e et e sateebeesateenbeenaees 26-3
26.2 EXIEINAl STZNALS ..oouviiiiiieiiiie ettt ettt e et e st e e e be e e et ee e eeeabaeetaeeebaeeenbaeennbeeennaeeens 26-3
26.2.1 Comm Timer External CIOCK[7:0] ....coooeiiiiiiiiiiiee e 26-3
26.3 Memory Map/Register Definition ..........c.cceeriiiiiiiiiiiieniieeiee et 26-4
26.3.1 Timer Module RegiSter MAD ......ccccviieiiiieiiieeiieeciie ettt e e 26-5
26.3.2  RegiSter DESCIIPHIONS ......eiiiiiiiiiiiiiieeeite ettt et ettt et e s 26-5
26.4 Functional DESCIIPHON ....cc.ueiiiuiieiiiiieeiieesiteeetteestee et e st e e et e e sbeeesabeessabeesaaeesbeeesnseeesaseesnnseenns 26-9
26.4.1 Fixed and Variable Timers In Baud Clock Generator Mode .........c.c.ccoceervieniennennen. 26-9
26.4.2 Fixed Timer Channel in Task Initiator MOde ...........ccceveiiiiiiiiiieeeniieeeeiiee e 26-9
26.4.3 Variable Timer Channel in Task Initiator Mode ...........cccoceeeriiiiiiiiiniiiiiniieeieeee, 26-11
Chapter 27
Programmable Serial Controller (PSC)
27,1 INEFOAUCTION ..tiintiiiiieiieeite ettt ettt et e bt e et esht e e st e e sbb e sab e e bt e e abeesbeesab e e bt e sbeeeabeebeeeaee 27-1
27.1.1  BIOCK DIQZIAIM ....oiiiiiiiiiiiiiiieeiee ettt ettt ettt e e s e 27-1
2712 OVEIVIEW ettt ettt ettt ettt ettt e a e st e bt e e st e bt e st e e bt e sateebeesateenbeenaees 27-1
27 1.3 FRALUTES ...eeiiiiiiiiieiiieee ettt ettt et s bt s bt e s e e st e e saneeenneee e 27-1
27.1.4  Modes Of OPETALION ...cc..eeieuiiiiiiieiiieeeiee ettt ettt ettt et e e st e et eeeeaeeesbteesabeeens 27-1
27.2 SiZNAl DESCIIPLION ...eiiiiiiiiiieiiiiieeiiee ettt eiee et eeertee et eestteesabeeesabeeesaseessseesnsaeesnseeesnsaeennseesnnseesas 27-2
27.2.1 PSCNCTS/PSCBC LK ....ooiiiiiiiiieeeteee ettt 27-2
27.2.2 PSCHRTS/PSCESYINC ..ottt ettt ettt et e 27-2
27.2.3  PSCNIXA ..ottt ettt et ettt ettt et aees 27-2
2724 PSCIEXA ettt ettt et e e a bttt e st b e aeas 27-3
MCF548x Reference Manual, Rev. 5
xviii Freescale Semiconductor



27.2.5 Signal Properties in Each MOde ..........ccooiiiiiiiiiiiiiiiiicceeceeeee e 27-3
27.3 Memory Map/Register DefINItION .........ccocueiiiiiiiiiiiiiiiinieeiieeiceeesecee e 27-3
2731 OVEIVIEW ittt ettt ettt et e b e ettt st e bt e e st e bt e st e e bt e sabeebeesabeenbeesaees 27-3
27.3.2  Module MemOTY MAP ....cooiiiiiiiiiiiiieiee ettt 27-3
27.3.3  RegiSter DESCIIPLIONS ..c.veiruririeeniiieiieiieeie ettt sttt et e e st e e e eneenanes 27-5
27.4 Functional DESCIIPHION ....ccuiieiiieriiiieeiiiieeiieesiee et e et e e e iteesteeeeaeeessbeeessseesaaeesnsaeessseeennseesnseens 27-37
2741  UART MOGE ...eueiiiiiiiieiee ettt ettt sttt et et e e e b e 27-37
27.4.2  MUultidrOp MOE ....c..eeiiiiiieiieeeiie ettt ettt st esbee e st e e ebeeeeaneas 27-38
27.4.3  MOdemE MOAE ......oeiiiiiiiiiiiieeite ettt ettt 27-39
27.4.4 ModemlO MOAE .......ooiiiiiiiiiiiiiee et 27-40
2745 ACOT MOUE ..ottt ettt et 27-41
2746 SIR IMOME .....eiiiiiiiiiiieee ettt ettt ettt 27-43
27477  MIR MOGE ....ooiiiiiiiiieeeee ettt ettt et e et e b e saee e b e eae 27-43
27.4.8  FIR MOUE ..ottt ettt e 27-44
27.4.9  PSC FIFO SYSBIM ettt ettt sttt et e b e 27-45
27.4.10 LOOPING MOAES ...coouiiiiiiiiiiiieeiee ettt ettt et ettt s e e s es 27-48
275 RESCLS .ttt ettt et e eh e et e b ettt e bt e e bt e bt et e e bt e eaeeebeens 27-49
27.5.1  GENETAL ...oiiniiiiiiiiie et 27-49
27.5.2 Description of Reset OPeration ............ccoceeceerieriiienienieenienee e 27-49
27.6 INEETTUPLS cvveieeiieeeiie ettt et te ettt e ettt e ettt e et e e s bt eesabeeestbeeeateesasbeeesseeeeabeeesnseessbeesnsseennseesnseesnsneas 27-50
27.6.1 Description of Interrupt OPeration ...........cceeecueeeriieeerieeerieeeeeeeireeesreeesreeeareesaeens 27-50
277 SOftware ENVITONIMENT ....ccc.utiiiiiiiiiiiiiitieeiie ettt ettt et e st e st e st e e sbeeesabeesneeas 27-50
2771 GENETAL ettt et 27-50
27.7.2  CONFIGUIATION ...vviieiiieiiieeeiieeeiee et e et e et eeeteeeseteeeseaeeestbeesssaeessseeessseeensseesnsneennseens 27-51
27.7.3  PrOZIAMMING .....ooiiiiiiiiiiieiiteeeitee ettt ettt e et e e et e et e e st e e sabeessateesbteesabeeesaneeas 27-57
Chapter 28
DMA Serial Peripheral Interface (DSPI)
28.1  OVEIVIEW ettt ettt ettt ettt ettt et e e bt et e s ht e et e sae e et e e ebe e e bt esbeesat e e bt e nbeeeabeenbeeeaee 28-1
28.2 FEATUIES ..eeutiiiiiiieiite ettt ettt ettt ettt et e et e e b e e sttt e e ab et e e ab et e bt e e e be e e sbb e e eab e e e ateesbaee e 28-1
28.3 BlOCK DIAZIAM ..ooiuiiiiiiiiiiiiee ettt et et ettt s e e st e e st e et esnaee e 28-2
28.4 MOAES Of OPETALION .....uvieiiiieiiiieeiieeeieeeeiee et ee et e et e st eestteesbeeesabeeesbeessaeesnbeeesasaeenaseesnsseenas 28-2
28.4.1  MaASLEr MOME ....eeeiniiiiiieiie ettt et 28-2
28.4.2  S1AVE MOUE ...ooiniiiiiiiiiiee ettt ettt st 28-2
28.5 SiZNAl DESCIIPLION ...eiiiiiieiiieiiiieeitee ettt e stee et ee et e et e estteesabeeesabeeesabeeesbeessaeesnseeesaseeennseesnnseenns 28-3
28.5.1  OVEIVIEW ettt ettt ettt ettt e be e st e bt e st e e bt e eabeebeesabeenbeesaees 28-3
28.5.2 Detailed Signal DESCIIPLONS ......coiiiiiiiiiiiiiiiiiieeriieeeie ettt 28-3
28.6 Memory Map and REZISIETS ......ccccuiiiiiiiiiiieeiiie ettt ettt ettt et sb e et eesiteesareesabaeeens 28-4
28.6.1 DSPI Module Configuration Register (DMCR) .......ccccovviiiiiiiiiiieiieeiee e 28-5
28.6.2  DSPI Transfer Count Register (DTCR) ..c...ooiiiiiiiiiiiiieceececeee 28-7
28.6.3 DSPI Clock and Transfer Attributes Registers 0—7 (DCTARN) ......ccccevviiiiiniiiiiniens 28-7
28.6.4 DSPI Status Register (DSR) ....oouiiiiiiiiie e 28-11
28.6.5 DSPI DMA/Interrupt Request Select Register (DIRSR) .......cccooiiiiiiiiiniiiiniinnen. 28-13
28.6.6 DSPI Tx FIFO Register (DTFR) ..cc.coooiiiiiiiiiiiiieceeeeeeeee e 28-15
28.6.7 DSPI Rx FIFO Register (DRFR) ......ccccooiiiiiiiiieeceeeeeeee 28-16

MCF548x Reference Manual, Rev. 5

Freescale Semiconductor

Xix



<

28.6.8 DSPI Tx FIFO Debug Registers 0-3 (DTFDRN) ....c.ccooiiiiiiiiiiiiiceceee 28-17
28.6.9 DSPI Rx FIFO Debug Registers 0—3 (DRFDRN) ......ccccceeeviiiiiiiiiiiiiiieiieeeieee 28-17
28.7 Functional DESCIIPHION .....c.ueieiuiieeiiiieeiiieeiieeeieeesiteeerteeeiteesteeesbeeesbeeeesseeenaeesnsneessseeennseeenneeas 28-18
28.7.1  Start and Stop of DSPI Transfers ..........ccoceeoiiiiiniiiiiiiecececeeee e 28-19
28.7.2  Serial Peripheral Interface (SPI) .......cccooiiiiiiiiiiiiiiiecteeeeee e 28-20
28.7.3 DSPI Baud Rate and Clock Delay Generation .............cceeeveeerveeenieeeceeenineeenneeennen. 28-22
28.7.4  Transfer FOIMALS ........cccouiiiiiiiiiee et e et e e e s e e e st e e e e eaaeeeennneee s 28-25
28.7.5 Continuous Serial Communications ClOCK ........cccccoovieriiiiniiniiiiiiiniceeenicecee 28-30
28.7.6  InterruptS/DMA REQUESES .....ccccuiieiiiieiiieeiieeeiieeciee et e e e eieeeeteeesseeeneseeesaeeenaeees 28-31
28.8 Initialization and Application INfOrmation ..............cccceerieiiiiiiiiniiinienececeeeeeee e 28-33
28.8.1 HoWw to Change QUEUES ........ccecuieeriieeiiieeiiieeieeeeieeesite et e et e e sieeesbeeesnseeeareesaeees 28-33
28.8.2  Baud Rate SENZS ...cccoviieiiieiiieeiiie ettt ettt e ste e et eeetre e st e e snseeenaeeenaeeennaees 28-33
28.8.3  Delay SELHNZS ...oeooviiiiiiiieiieeieeee ettt e 28-34
28.8.4 Calculation of FIFO Pointer Addresses .........ccocueeuierierieiniienienieenieeieesiee e 28-35
Chapter 29
I°C Interface
29,1 INEFOAUCTION ..iitiiiiiiiieeit ettt ettt et e bttt e ebt e e ab e e sbeeeab e e bt e eabe e bt e sab e e bt e sbeesabeenbeeeaee 29-1
29.1.1  BIOCK DIQZram .......ccocuiiiiiiiiiiiiiieciieeee et 29-1
29.1.2  T2C OVEIVIEW .eeiiiiiiiiieiieeiteeee ettt ettt ettt ettt et s e et e st e be e st e ebeesaees 29-2
29.1.3  FRALUTIES ...eeiuiiiiiiiiiitieee ettt et et et eat e st e st e st e b e e e e e 29-2
29.2 EXternal SIZNALS ......cooiiiiiiiiiiiiie et 29-2
29.3 Memory Map/Register Definition ............cceeiiiiiiiiiiiiieiiieeciieee et s 29-3
29.3.1  T2C REZISIET IMIAD ..eiuiiiiiiiiiiieeeite ettt et ettt et et e et e e 29-3
29.3.2  RegiSter DESCTIPLIONS ...c.uviiiiiiiiiiiieiieiieeieeete ettt 29-3
29.4 Functional DESCIIPLION .....c.uiiiiuiieiiiiieiiieeiiieeeiee et e et e et e e st e e stteesabeesabeessaeesbeeesaseeesaseesnnseenas 29-8
29.4.1  START SiZNAL ...eiiiiiiiiiie ettt et et 29-9
29.4.2  Slave Address TranSmMISSION .......cc.uueeeeriurieeeriiieeeeniieeeeeeireeeesereeeesssreeeesssreeessssseeesans 29-9
29.4.3  STOP SI@NAL .ccniiiiiiiiiiiee ettt et sttt 29-9
2944 Data Transfer .....cocoooiiiiiiii e 29-9
29.4.5  ACKNOWIEAZE ....ooniiiiiiiiieeee et 29-10
20.4.6  RePEAEd STATT .....ovviiiiiiiiieeiie ettt ettt e e et e e st e e sibee e beeeaaeas 29-11
29.4.7 Clock Synchronization and Arbitration ..........c.ccceceerierieenienieerieeeeeiee e 29-11
29.4.8 Handshaking and Clock StretCching ..........cocoeeviiriiiiiiniiiiiineeceeeeeeeeeeeee e 29-12
29.5 INitialiZAtion SEQUEIICE ....ccuveeiiiieiiiiieeiieeeiteeriee et e et e e e tte e st ee et eessbbeesbbeesabeeesabeessseesnseesneeas 29-12
29.5.1 Transfer Initiation and INTEITUPL .......coouieriiiiiiiiiiiiiieeeeeee e 29-13
29.5.2 Post-Transfer Software RESPONSE .......c.coooviiiiiiiiiniiiiiiiiiiececee e 29-14
29.5.3  Generation Of STOP .......cooiiiiiiiii e 29-15
29.5.4 Generation of Repeated START ......c.cooiiiiiiiiieeeeeeee e 29-16
20.5.5  S1AVE MOAE ...ooiiiiiiiiieeeiiie ettt e e e ettt e e s e e e et e e e e e ntaeeeennraaeas 29-16
29.5.6  ATDItration LLOST .....ooiuiiiiiiiiiiiieiee e 29-18
29.5.7  FLOW CONIOL ..ntiiiiiiiiiiiiieee ettt ettt 29-18
MCF548x Reference Manual, Rev. 5
XX Freescale Semiconductor



Chapter 30
USB 2.0 Device Controller

1 L0200 B £ 10 o T4 LT 5 (o) o PSSP PP 30-1
B0.1.T  OVEIVIEW ittt ettt ettt ettt e ettt e st e e et e e s it e s abee s bt eesabbeesabeeesabeeenabeenas 30-1
B0.1.2  FRALUIES .eeeeiuiiiiieeiiiiee ettt ettt ettt e e ettt e e e sttt e e e sttt e e e seasbteeeeabaeeeesnaseeessnsaeeennns 30-1
30.1.3  BIOCK DIQZIAM ....ooiiiiiiiiiiiiiieeiite ettt sttt 30-2
30.2 Memory Map/Register Definition ..........cccceiiiiiiiiiiiiiieiiieeiee et 30-4
30.2.1  USB MEMOTY MAD ...eiiiiiiiiiiiiiiieetete ettt ettt e 30-4
30.2.2 USB Request, Control, and Status REZISLErs ..........ccoeoueiiiiiiiiiiiniiiiiieenieceieceieeee 30-9
30.2.3  USB Counter REZISIETS ....ccuuieriieeiiieeiiieeiieeeieeeeiteesiee et et esieeesbeeesibeeesneeenaeees 30-23
30.2.4 Endpoint Context REZISIETS .....cueeeiuiieeiiiieiiiieriie ettt aeeesaeeesevee e 30-27
30.2.5 USB Endpoint FIFO REZISLEIS ....cc.eeiiiiiiiiiiiiiiiiiniieeeiee ettt 30-34
30.3 Functional DESCIIPLON ......uiieiiiiiiiiieiiiieriie et et e et e e ire e st e et e et eeeabeesateesnseeesabeeesnseesneeas 30-47
30.3.1  INEEITUPLS .eeeutieiieeieeeite ettt ettt et ettt e sttt esab e et e e eaeeeab e e bt e e abeebeesabeebeesaeeeane 30-47
30.3.2  Device INTAIZAtION .......oeieiiiiiieiiiiiee e eeee e et e e et e e s st e e e e eareeeesnraeens 30-47
30.3.3  Exception Handling .........ccccueoiiiiiiiiiiiiiecieceeeeeee e 30-50
30.3.4  Data Transfer OPErations .........cccceccvieeriieeiieeeiiieenieeesieeesteeesreeessreesseeesseesssseesnssens 30-50
Chapter 31
Fast Ethernet Controller (FEC)
3 0 N £ 10 o T L 17 5 (0 o PSSP PPR 31-1
31.1.1  MCF548x Family ProdUCtS .........cooiiiiiiiiiiiiiienieeciee et 31-1
31.1.2  BIOCK DIQZIAIM ...oeiiiiiiiiiieeiieeeite ettt ettt ettt e e e e eaaeesnaaeesnneeesnseeennseeens 31-1
B1.1.3  OVEIVIEW eeiiiieeeiiiiee ettt e ettt e e ettt e e e et e e e ettt e e esnabeeeeessaeeesenssaeeeansaeaeeanssaeesenssseeennns 31-2
B1.104 FRALUTES ...eeiiiiiiiiie ettt ettt e ettt e st e e s abe e e s abeeesabeesnateesabaeesnseeenaseeensseenas 31-3
31.1.5 MoOdes Of OPETALION ...cccuvieeiiieeiiieeiiieeiieesieeesteeesereeeseteeeeaeesseaeesssaeessseeensseeensseeensaeens 31-3
31.2 EXEErNal SIZNALS ..coueiiiiiiiiiiie ettt et et et e e 31-4
31.2.1 Transmit Clock (ENTXCLK) .....coooiiiiiiiiiieieeeecieeeee e 31-4
31.2.2 Receive Clock (ENRXCLK) ....coouiiiiiiiiiiiiiceeeeee et 31-4
31.2.3 Transmit Enable (ENTXEN) ...ccoooiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 31-4
31.2.4 Transmit Data[3:0] (ENTXD[3:0]) coovreiiiiiiiieiiiieeeee e 314
31.2.5 Transmit Error (ENTXER) ....oooiiiiiiiiiiiie et 31-5
31.2.6  Receive Data Valid (EnNRXDYV) ..o 31-5
31.2.7 Receive Data[3:0] (ENRXDI[3:0]) cooeerrreiieeiiiieiiieeeeee et 31-5
31.2.8 Receive Error (ENRXER) ....oooiiiiiiiiiiieeeee e 31-5
31.2.9 Carrier Sense (ENCRS) .....uuiiiiiiiie ettt 31-5
31.2.10 Collision (ENCOL) ...coooiiiiiiiiiee ettt eeee e e ee e e e e e e e e eeaarreeeeeas 31-5
31.2.11 Management Data Clock (ENMDC) .......cccciiiiiiiiiiieiiie e 31-5
31.2.12 Management Data (ENMDIO) .......c.coiiiiiiiiiiiiieteeee e 31-5
31.3 Memory Map/Register Definition ..........cccceeiiiiiiiiiiiiieniiieiieeee et 31-6
31.3.1 Top Level Module MemOTry Map .......ccccuiiiiiiiiiieieiiiee ettt eeree e 31-6
31.3.2 Detailed Memory Map (Control/Status ReZISIErS) .......ceevvieriieeriieiniiiiniienieeeieeens 31-7
31.3.3 MIB Block Counters Memory Map .......cccceeviieeriieiiiieeiieeeiieeeite et evee s siee e 31-8
31.4 Functional DESCIIPHON ....ccueieiiieeiiiieeiiieeiieeeieeerieeeriteeesireeeteeeebeeessbeeesnseeeaaeesnsneesnseeennseeenseens 31-43
31.4.1 InitialiZation SEQUENCE .......coruiiiiiiriiiiieniieeieeeee ettt ettt st 31-43
MCF548x Reference Manual, Rev. 5
Freescale Semiconductor XXi



X

31.4.2  Frame Control/Status WOTdS .......cccceeoriiiiiiiiiiiiieieeeteeee e 31-44
31.4.3 Network Interface OPLiONS ........ccoccuiiiiiiiiiiiiiiieeeite ettt 31-46
31.4.4 FEC Frame TranSmiSSION ........cocueeiuieriierierniienieetteniteeteesitesieeeteesiteeteesieesaneesseeeane 31-46
31.4.5 FEC Frame ReCEPUON .....ccccociiiiiiiiiiiiiiiiiieieeeeeeteeeete e 31-47
31.4.6 Ethernet Address RECOZNITION ......c..oeiiiiiiiiiiiiiiiiiiieeieeeieeeee e 31-48
31.4.77  Hash AIZOTIRIM ..o..oiiiiiiiiiii et 31-49
31.4.8 Full Duplex FIow Control ........c..ccociiiiiiiiiiiiieeieceeeesee e 31-52
31.4.9 Inter-Packet Gap (IPG) TIME ......ccccuvieriiiiiiiiieiieeiee ettt 31-53
31.4.10 Collision HandIING .......c.oeeiiiiiiiiieiiie ettt et e e eree e e e eee e es 31-53
31.4.11 Internal and External Loopback ...........cocoiiiiiiiiiiiiniiiiiiieceeeceeee e 31-53
31.4.12 Ethernet Error-Handling Procedure .............cooouiiviiiiiniiiiniienicece e 31-54
31.4.13 MII Data Frame .........cccocoiiiiiiiiiiiiiieieeee ettt s 31-55
31.4.14 MII Management Frame SIruCture ...........cccceeviieiiiniiniiienienieeeeeeeeeesee e 31-56
Chapter 32
Mechanical Data
321 PACKAZE ..ottt ettt e et e et e et e e ea b e e e aa e e e bt e e eabeeenabeesaaeeeas 32-1
32.2 PINOUL ettt ettt et e bttt e s bt e e i bt e h e et e e bt e a bt e bt e et e e bt e e bt e e beenaaeeaee 32-1
32.3 Mechanical DIagrams ..........cooouiiiiiiiiiiiiiiiieiieceece et s 32-8
32.3.1 MCF5485/5484 Mechanical Dia@ram ..........ccccceevvuieeniieeniieniieeeiieesiee e 32-8
32.3.2 MCF5483/5482 Mechanical Dia@ram ..........ccccceeevueeeriieenieeeiieeeiieeeiee e eeee e 32-12
32.4 MCF5481/5480 Mechanical DIagram ........c.c.ccocveiiiiiiiiniiiiiienieeieeseeereeeeete e 32-16
32.5 Mechanicals 388-pin PBGA Package OUtline .........ccccoeviuiieiiiiiniiiiiiieeieecieeeieeeee e 32-19
Appendix A

MCF548x Memory Map

MCF548x Reference Manual, Rev. 5

XXii Freescale Semiconductor



About This Book

The primary objective of this reference manual is to define the functionality of the MCF548x processors
for use by software and hardware developers.

The information in this book is subject to change without notice, as described in the disclaimers on the title
page of this book. As with any technical documentation, it is the readers’ responsibility to be sure they are
using the most recent version of the documentation.

To locate any published errata or updates for this document, refer to the world-wide web at
http://www.freescale.com/coldfire.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products for the MCF548x. It is assumed that the reader understands operating systems,
microprocessor system design, basic principles of software and hardware, and basic details of the ColdFire
architecture.

Organization

Following is a summary and a brief description of the major sections of this manual:

e Chapter 1, “Overview,” includes general descriptions of the modules and features incorporated in
the MCF548x, focussing in particular on new features.

* Chapter 2, “Signal Descriptions,” provides an alphabetical listing of MCF548x signals, including
which are inputs or outputs, how they are multiplexed, and the state of each signal at reset.

* Part I, “Processor Core,” is intended for system designers who need to understand the operation of
the MCF548x ColdFire core and its enhanced multiply/accumulate (EMAC) execution unit. It
describes the programming and exception models, Harvard memory implementation, and debug
module. Part 1 contains the following chapters:

— Chapter 3, “ColdFire Core,” provides an overview of the microprocessor core of the
MCF548x. The chapter begins with a description of enhancements from the V3 ColdFire core,
and then fully describes the V4e programming model as it is implemented on the MCF548x. It
also includes a full description of exception handling, data formats, an instruction set summary,
and a table of instruction timings.

— Chapter 4, “Enhanced Multiply-Accumulate Unit (EMAC),” describes the MCF548x
enhanced multiply/accumulate unit, which executes integer multiply, multiply-accumulate, and
miscellaneous register instructions. The EMAC is integrated into the operand execution
pipeline (OEP).

— Chapter 5, “Memory Management Unit (MMU),” describes describes the ColdFire virtual
memory management unit (MMU), which provides virtual-to-physical address translation and
memory access control.

— Chapter 6, “Floating-Point Unit (FPU),” describes instructions implemented in the
floating-point unit (FPU) designed for use with the ColdFire family of microprocessors.
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— Chapter 7, “Local Memory,” describes the MCF548x implementation of the ColdFire V4e
local memory specification.

— Chapter 8, “Debug Support,” describes the Revision C enhanced hardware debug support in the
MCF548x. This revision of the ColdFire debug architecture encompasses earlier revisions.

Part II, “System Integration Unit,” describes the system integration unit, which provides overall

control of the bus and serves as the interface between the ColdFire core processor complex and

internal peripheral devices. It includes a general description of the SIU and individual chapters that
describe components of the SIU, such as the interrupt controller, general purpose timers, slice
timers, and GPIOs. Part II contains the following chapters:

— Chapter 9, “System Integration Unit (SIU),” describes the SIU programming model, bus
arbitration, and system-protection functions for the MCF548x.

— Chapter 10, “Internal Clocks and Bus Architecture,” describes the clocking and internal buses
of the MCF548x and discusses the main functional blocks controlling the XL bus and the XL
bus arbiter.

— Chapter 11, “General Purpose Timers (GPT),” describes the functionality of the four general
purpose timers, GPTO-GPTS3.

— Chapter 12, “Slice Timers (SLT),” describes the two slice timers, shorter term periodic
interrupts, used in the MCF548x.

— Chapter 13, “Interrupt Controller,” describes operation of the interrupt controller portion of the
SIU. Includes descriptions of the registers in the interrupt controller memory map and the
interrupt priority scheme.

— Chapter 14, “Edge Port Module (EPORT),” describes EPORT module functionality.

— Chapter 15, “GPIO,” describes the operation and programming model of the parallel port pin
assignment, direction-control, and data registers.

Part I11I, “On-Chip Integration,” describes the on-chip integration for the MCF548x device. It

includes descriptions of the system SRAM, FlexBus interface, SDRAM controller, PCI, and SEC

cryptography accelerator. Part III contains the following chapters:

— Chapter 16, “32-Kbyte System SRAM,” describes the MCF548x on-chip system SRAM
implementation. It covers general operations, configuration, and initialization.

— Chapter 17, “FlexBus,” describes data transfer operations, error conditions, and reset
operations. It describes transfers initiated by the MCF548x and by an external master, and
includes detailed timing diagrams showing the interaction of signals in supported bus
operations.

— Chapter 18, “SDRAM Controller (SDRAMC),” describes configuration and operation of the
synchronous DRAM controller component of the SIU. It includes a description of signals
involved in DRAM operations, including chip select signals and their address, mask, and
control registers.

— Chapter 19, “PCI Bus Controller,” details the operation of the PCI bus controller for the
MCF548x.

— Chapter 20, “PCI Bus Arbiter Module,” describes the MCF548x PCI bus arbiter module,
including timing for request and grant handshaking, the arbitration process, and the register in
the PCI bus arbiter programing model.
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Chapter 21, “FlexCAN,” describes the MCF548 implementation of the controller area network
(CAN) protocol. This chapter describes FlexCAN module operation and provides a
programming model.

Chapter 22, “Integrated Security Engine (SEC),” provides an overview of the MCF548x
security encryption controller.

Chapter 23, “IEEE 1149.1 Test Access Port (JTAG),” describes configuration and operation of
the MCF548x JTAG test implementation. It describes the use of JTAG instructions and
provides information on how to disable JTAG functionality.

Part IV, “Communications Subsystem,” contains chapters that discuss the operation and
configuration of the communications I/O subsystem including the MCF548x multichannel DMA,
communications timer, PSC, FEC, DSPI, and USB2, and I°C.

Chapter 24, “Multichannel DMA,” provides an overview of the multichannel DMA controller
module including the operation of the external DMA request signals.

Chapter 26, “Comm Timer Module (CTM),” contains a detailed description of the
communications timer module, which functions as a baud clock generator or as a DMA task
initiator.

Chapter 27, “Programmable Serial Controller (PSC),” provides an overview of asynchronous,

synchronous, and IrDA 1.1 compliant receiver/transmitter serial communications of the
MCF548x.

Chapter 28, “DMA Serial Peripheral Interface (DSPI),” describes the use of the DMA serial
peripheral interface (DSPI) implemented on the MCF548x processor, including details of the
DSPI data transfers. The chapter concludes with timing diagrams and the DSPI features that
support Tx and Rx FIFO queue management.

Chapter 29, “I2C Interface,” describes the MCF548x I°C module, including I’C protocol,
clock synchronization, and the registers in the >C programing model. It also provides
programming examples.

Chapter 30, “USB 2.0 Device Controller,” provides an overview of the USB 2.0 device
controller module used in the MCF548x.

Chapter 31, “Fast Ethernet Controller (FEC),” provides a feature-set overview, a functional
block diagram, and transceiver connection information for both MII (Media Independent
Interface) and 7-wire serial interfaces. It also provides describes operation and the
programming model.

Part V, “Mechanical,” provides a pinout and both electrical and functional descriptions of the
MCF548x signals. It also describes how these signals interact to support the variety of bus
operations shown in timing diagrams.

Chapter 32, “Mechanical Data,” provides a functional pin listing and package diagram for the
MCF548x.

Suggested Reading

This section lists additional reading that provides background for the information in this manual as well as
general information about the ColdFire architecture.
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