MPC561/MPC563 Reference Manual

Additional Devices Supported:

MPC562
MPC564

MPC561RM
REV 1.2
08/2005

frees_calte"“

semicon ductor



How to Reach Us:

Home Page:
www.freescale.com

E-mail:
support@freescale.com

USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Center, CH370
1300 N. Alma School Road

Chandler, Arizona 85224
+1-800-521-6274 or +1-480-768-2130
support@freescale.com

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)
support@freescale.com

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 Hong Kong Ltd.
Technical Information Center

2 Dai King Street

Tai Po Industrial Estate

Tai Po, N.T., Hong Kong

+800 26668334
support.asia@freescale.com

For Literature Requests Only:

Freescale Semiconductor Literature Distribution Center

P.O. Box 5405

Denver, Colorado 80217
1-800-441-2447 or 303-675-2140
Fax: 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.

&

Z “freescale*

semiconductor

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

of their respective owners. The described product is a PowerPC
microprocessor. The PowerPC name is a trademark of IBM Corp. and used
under license

© Freescale Semiconductor, Inc. 2004, 2005. All rights reserved.

MPC561RM
REV 1.2
08/2005



Paragraph
Number

1.1
1.2
1.3
1.3.1
1.3.1.1
1.3.1.2
1.3.1.3
1.3.14
1.3.1.5
1.3.1.6

1.3.1.7
1.3.1.8
1.3.2
133
1.3.3.1
1.3.3.2
1.3.33
1.3.34
1.3.3.5
1.3.3.6
1.4
1.5
1.6
1.7
1.8

Contents

. Page
Title Number
About This Book Ixxvii
AUICIICE ...ttt ettt et b et sttt e e eb e bt et sbte bt et e sae e b Ixxvii
OFZANIZATION ...evviiiiieiiiesiie et eeiee et e et eebeesteeebeestaessseesseessseesseensseesseesssesssaenseassseeses Ixxvii
Suggested REAAING ......cccvviieiiiieeiiiece et e et e e e eree e Ixxx
Conventions and NOMENCIAULE .........ccooiiriiiiiriiiiiieneeieeteseee e Ixxx
Notational CONVENLIONS .....ecuieiiriieiiiiertieieeiente ettt ettt ettt e see et eseeseeebesaeens Ixxxi
Acronyms and ADDIEVIAtIONS ........cccciiieiiiieriiieeeiieerieeecteeeeeeereeeereeesreeesereeensee e Ixxxii
RETETEICES ...ttt sttt Ixxxiii
Chapter 1
Overview

INEFOAUCTION ..ttt sttt e 1-1
BIOCK DIQZIAM ..ottt ettt et ettt et 1-2
KEY FRALUTES ...eeiiieiiieiiieeee et ettt st e st e e sabeeesabee e 1-3
High-Performance CPU SyStem ........ccccoeciiiiiiiiiieiiieiieiie ettt 1-3
RISC MCU Central Processing Unit (RCPU) .......ccoceiiiiiiiiiiiiiiiieeeceeeee 1-4
Unified System Interface Unit (USIU) .....coooviiiiiiiiiiiiiiiieieeeeeeeeeee e 1-4
Burst Buffer Controller (BBC) Module ..........cccooeviieiieiieeiieiecieceece e 1-4
Flexible Memory Protection Unit .........ccccoceviiiiniiniiiiniineeeneeeeeeeeeee e 1-5
MEMOTY CONIOLLET ....ooiiiiiiieiieeie ettt ettt saeenseens 1-5

512-Kbytes of CDR3 Flash EEPROM Memory (UC3F) —

MPC563/MPC564 Only 1-5

32-Kbyte Static RAM (CALRAM) ....oooiiiiiiiiiiiieeeeeeeee e 1-6
General Purpose I/0O Support (GPIO) .......ooouieiiieiiieiieiieeieeeeeee e 1-6
Nexus Debug Port (CIaSs 3) ..coueeiiiiiieeieeie ettt 1-6
Integrated [/O SYSIEM ......ooiuiiiiieiieeiie ettt ettt ebe e 1-6
Two Time Processor Units (TPU3) ....ccoooiiiiiiiiiiieeeeceeceeeee e 1-6
22-Channel Modular I/O System (MIOST4) .....ooooiiiiiiieiieeeeeee e 1-6
Two Enhanced Queued Analog-to-Digital Converter Modules (QADC64E) ........ 1-7
Three CAN 2.0B Controller (TOuCAN) Modules ........ccccocueeerienierciienieeieeieeiens 1-7
Queued Serial Multi-Channel Module (QSMCM) ......cccoiiiiiiiiiiiiiiieiieeeeeeee 1-8
Peripheral Pin Multiplexing (PPM) .......cccoiiiiiiiiiiieieeeeceee et 1-8
MPC561/MPC563 Optional FEatures .........ccceevvieeiieiiierieeiieeeeie e 1-9
Comparison of MPC561/MPCS563 and MPC555 ....cc.ooiiiiiiiiiiiiicceececee 1-9
Additional MPC561/MPC563 Differences .........ccooeevuerienienienienienicnceieeeesie e 1-10
SRAM Keep-Alive PoOwer BEhavior ..........cccveiiiiiiiiiiiiiiiciiceece e 1-11
MPCS61/MPC563 Address Map .......coceeeeeieniinieiienieeecsieeeee et 1-11

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor iii



Paragraph
Number

1.9

2.1
2.2
2.2.1
222
23

24

2.5
2.5.1
252
253
2.6
2.6.1
2.6.2
2,63
2.6.4
2.64.1
2.64.2
2.643
2.6.4.4
2.6.5

3.1
32
33
34
3.4.1
34.2
343
3.44
3.5
3.6

Contents

. Page
Title Number
Supporting Documentation LiSt ........ccccecerieriiiiniinieienieneeieeeesieee e 1-14
Chapter 2
Signal Descriptions

S1GNAL GTOUPINZS ..eeeuvieeiiieiieeiieeiieeie et eeete et ette e bt eseteebe et e ebeessaeenbeeseessseenseesnseeseennnes 2-1
S1NAl SUMIMATY ....oiiiiiiiiiiiiecie et et s b e e e taeesbeesseesnseesseessseenneas 2-3
MPCS561/MPC563 Signal MultipleXing .......ccccecereerernienienieeiienieneneseeneeeeeeennes 2-20
READI Port Signal Sharing .........cccocieiiiiiiieiieeieeieee ettt 2-21
Pad Module Configuration Register (PDMCR) ........cccceeviiiniieiiieiecieeieeeeeeeere e 2-22
Pad Module Configuration Register (PDMCR2) .......cccocoeviiiiniiiiniiniicicccieeee, 2-23
MPC561/MPC563 Development Support Signal Sharing ...........c.cceeeeeveiieiienieenneenen. 2-28
JTAG MOde SEIECHION ....eoueiiieiieiieiiieie ettt sttt 2-29
BDM MO0Od@ SEIECLION .....eeiiiiiiiiiiieiieeieeste ettt sttt e 2-30
Nexus Mode SELECtION ......cceeviiriiriiiiiieieee et 2-30
RESEE STALE ...ttt ettt st e 2-31
Signal Functionality Configuration Out of Reset .........cccceoerieniiiiiniininiinicicnene 2-31
Signal State DUuring RESET ........ccceeiiiiiiiiiieiieiieeiieee et 2-31
Power-On Reset and Hard ReSEt .......cc.ooouiiiiiiiiiiiiiieieeeeeeee e 2-32
PUll-Up/Pull-DOWIL ..ottt 2-32
Pull-Up/Pull-Down Enable and Disable for 5-V Only and 2.6-V Only Signals .. 2-32
Pull-Down Enable and Disable for 5-V/2.6-V Multiplexed Signals .................... 2-32
Special Pull Resistor Disable Control Functionality (SPRDS) ........ccccceeeiinnenn 2-32

Pull Device Select (PULL _SEL) ..occuiiiiiiiieiiieiieiieee et 2-33
SigNal RESET STALES ....eeeviiieiiieiiie ettt et e e e tee e e e erbeeeaaeeenaeas 2-33

Chapter 3
Central Processing Unit

RCPU BIOCK DIQZIAM ....ooiiiiiiiiiiiiiiieieniteeetese ettt 3-1
RCPU KEY FEATUIES .....eeeeiiiieiiiieiie ettt ettt ettt esiae e 3-3
INSEIUCTION SEQUENICET ...eecuviieeiiieciie ettt eeiee e etee et e e e e e teeeete e e s aeeessaeeessseeesseeessseeensneens 3-3
Independent EXecution UNItS ..........coeeieriiiiiiiiniiieniceeteee ettt 3-4
Branch Processing Unit (BPU) .......ccoooiiiiiiiiiiiiieieeeeeee e 3-5
INte@er UnNit (IU) ...ooviiiieiiiecie ettt et e e eve e et eeennaeeennee s 3-5
Load/Store Unit (LSU) ....ooouiiiiiiee ettt et 3-6
Floating-Point Unit (FPU) ......ccoooiiiiiiiie e 3-6
Levels of the PowerPC ISA ArcChitecture ...........coeoieiiiiiiiiiiiiieeiieeieeee e 3-6
RCPU Programming Model ........c..ccoiiiiniiiiiiiiiiiinieeceeee e 3-7

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor iv



Contents

Paragraph . Page
Number Title Number
3.7 User Instruction Set Architecture (UISA)

REGISTET S ...ttt ettt ettt ettt e s abe e bt e s sbeenseesnaaens 3-12
3.7.1 General-Purpose Registers (GPRS) ....coocviieiiiiiiiieeiieceeeeeee e 3-12
3.7.2 Floating-Point Registers (FPRS) ......c.cooiiiiiiiiii e 3-12
3.7.3 Floating-Point Status and Control Register (FPSCR) .......ccccoociiiiiiniiiiiiinieeies 3-13
3.7.4 Condition RegiSter (CR) ..cviiiiiiiiieiieieeiie ettt ebe e eee 3-16
3.74.1 Condition Register CRO Field Definition ..........cccccoceviiviiniininicniinenicniceene 3-17
3.74.2 Condition Register CR1 Field Definition ............cccoeceevviieiiiniiienienieeeeeeeeeeneen 3-17
3.743 Condition Register CRn Field — Compare Instruction ............ccceeeevverveeneennen. 3-17
3.7.5 Integer Exception Register (XER) .....oooiiiiiiiiiiiiiiee e 3-18
3.7.6 Link RegiSter (LR) ...ocuiiiiiiiieeiieie ettt ettt st s ens 3-19
3.7.7 Count RegiSter (CTR) ....oieviiiiieiieiieieeee ettt sabe e eee 3-19
3.8 VEA Register Set — Time Base (TB) ....cooouieiiiiiiiiiiiiieeeeeee e 3-20
3.9 OEA REZISTET SO ...vieutiiiiiiiiieeiieeitecite ettt ettt et et e et e e s aaeesbeessaesaseessaeenseeseesnsaens 3-20
3.9.1 Machine State Register (MSR) .....oooiiiiiiiieiieceee e e 3-20
39.2 DAE/Source Instruction Service Register (DSISR) ......ocoooviiiiiiiiiiiiiieees 3-22
393 Data Address Register (DAR) ...ccuooiiiiiiiiieiee et 3-23
394 Time Base Facility (TB) — OEA ......couiiiiiiieeeeeeeee e 3-23
3.9.5 Decrementer Register (DEC) .....oouiiiiiiiiiiiieiee et 3-23
3.9.6 Machine Status Save/Restore Register 0 (SRRO) .....cccooeviievciieiiiiiiiieieiieieeee 3-23
3.9.7 Machine Status Save/Restore Register 1 (SRR1) ..ocoovviiieiiiiiiiiieee 3-23
3.9.8 General SPRs (SPRGO-SPRG3) .....ooiiiiiiie e 3-24
3.99 Processor Version Register (PVR) .....cccoiiiiiiiiiiiii e 3-25
3.9.10 Implementation-Specific SPRS ......ccciiiiiiiiiiecee e 3-25
3.9.10.1 EIE, EID, and NRI Special-Purpose RegiSters ..........coceververiinercieneenenicnennns 3-25
3.9.10.2 Floating-Point Exception Cause Register (FPECR) ........ccccoooieviiiiiiiniiiiiiee 3-26
3.9.10.3 Additional Implementation-Specific ReIStErs .......ccceevvrevciieirciiieiiieeeiee e, 3-27
3.10 INSTIUCLION S ...ttt ettt ettt e ettt e e abe e bt e enbeenseas 3-27
3.10.1 InStruction Set SUMMATY ......ccciiiiiiiiieiieeie ettt et e b enaeens 3-28
3.10.2 Recommended Simplified MNEmMONICS .......cceeeecvvieeiiiieiiieeiie et 3-33
3.10.3 Calculating Effective AddIresses .........ccociriiririiniiniieiineeeeeeseeeeeese e 3-34
3.11 EXCeption MOMEI ......ooouiiiiiiiiiiiieeiee ettt et 3-34
3.11.1 EXCEPHION CIASSES ..eevviiiieiieiiiiieeiiie ettt eite et e stee e teeetaeesaaeestaeessaeeessseeensseeenssaeanns 3-35
3.11.2 Ordered EXCEPLIONS .....ooueiiiriiriiiiieiteieeieniteste ettt sttt ettt sbe e 3-35
3.11.3 Unordered EXCEPLIONS .......eeiuiiriiiiieeiieiieeiie ettt ette ettt eite et siaeesaesaaeeseessneenseens 3-35
3.11.4 PreciSe EXCEPLIONS ..ouveiiieiiieiiieciie ettt et e e st e e e e snveeenaeenanes 3-36
3.11.5 Exception Vector Table .........ccoooiiiiiiiiiiiieee e 3-36
3.12 INSrUCLION TIMINE ..viiiiieiiieiieeieeee ettt ettt e e et e ste et e s b e eseesaseenseeennas 3-37
3.13 User Instruction Set Architecture (UISA) ....ooovvieiiiieiiieeeeee e 3-39
3.13.1 Computation MOAES ........ooueriiriiiiiiiinieiee ettt 3-39
3.13.2 RESEIVEd FIELAS ....ooviiiiiiiiiieiieic s 3-39

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor v



Paragraph
Number

3.13.3
3.13.4
3.13.5
3.13.6
3.13.7
3.13.7.1
3.13.7.2
3.13.8
3.13.8.1
3.13.9
3.13.9.1
3.13.9.2
3.13.10
3.13.10.1
3.13.10.2
3.13.10.3
3.13.10.4
3.13.10.5
3.13.10.6
3.13.10.7
3.13.10.8
3.14
3.14.1
3.14.2
3.14.3
3.14.4
3.14.5
3.14.6
3.15
3.15.1
3.15.1.1
3.15.1.2
3.15.2
3.15.2.1
3.15.3
3.154
3.154.1
3.154.2
3.154.3
3.154.4
3.15.4.5

Contents

. Page
Title Number

Classes Of INSTIUCHIONS .....ccccuiiieiiieeiieeciie et e et eite e et e e e eeereeeeaaeestaeeeaaeesaneeesans 3-40
EXCOPLIONS ..ttt ettt et e ettt s e et e e tbeebaeeaaeenbeesnneensaens 3-40
Branch PrOCESSOT .....ccuiiuiiiiiiiiieieeestee ettt 3-40
Instruction FEtChINg .........cooiiiiiiiiiie et e 3-40
Branch INSIUCHIONS ......ocuiiiiiiiriieieiieieeieet ettt 3-40
Invalid Branch Instruction FOIMS ........ccccovieiiiiinieiiiieieceeeeee e 3-40
Branch PrediCtion .......oooeeieiiiieieeee e 3-40
FixXed-POInt PrOCESSOT .....coviiiiiiiiieiiieiieiesiteeee et 3-41
Fixed-Point INSIUCHIONS .....ooueiiuiiiiriieiieiesiieieeieee ettt 3-41
Floating-Point PrOCESSOT ........ccuiiiiiiiiiiieeie ettt s 3-41
GENETAL ...ttt ettt ettt et sttt 3-41
Optional INStIUCHIONS .....ioiviieiiieiieiiieieeete ettt ere e treereesaeeenseeeeas 3-41
L0ad/StOre PTOCESSOT ...cccvviiiiiieeiie ettt ettt et e e e eaaeeeaaeenans 3-42
Fixed-Point Load with Update and Store with Update Instructions ..................... 3-42
Fixed-Point Load and Store Multiple INStructions ...........ccccceevverveeriienieesieennnennn. 3-42
Fixed-Point Load String INStructions ...........cccceceerieiiinieneniieniieeienecieseeseene 3-42
Storage Synchronization INStrUCHIONS ..........cccceeviiiiiienieiiieieeie et 3-42
Floating-Point Load and Store With Update Instructions ...........cccccceeveveeviennnnne. 3-42
Floating-Point Load Single InStructions .........c..cceceevuerieneriienienenieneeieneeneeene 3-42
Floating-Point Store Single INStructions ...........ccoeeveeieeiiienieeiieieceeee e 3-42
Optional INSIIUCHIONS .....oieeiiiieiiiieiie ettt et e e e eaveeeeaeeeas 3-43
Virtual Environment Architecture (VEA) ...oooiiiiiiiiiieee e 3-43
Atomic Update PIIMItIVES .......c.cccierieiiiieiiieiiieiieeie et ettt see b e sneeens 3-43
Effect of Operand Placement on Performance ............cccceeeveeeiiieeiiiencieeniee e 3-43
Storage Control INStIUCLIONS .....c..evuiiriiriiriiiiiict ettt 3-43
Instruction Synchronize (isync) INStruction .............ceeceevieeriieciienieniieieeie e 3-43
Enforce In-Order Execution of I/O (eieio) Instruction ............ccceeevveeeciieenieeeeneeennee. 3-44
TIME BASE .oiiiviiiiiieee ettt et et e e et e e aa e e eaaeenanes 3-44
Operating Environment Architecture (OEA) .......cociviiiiiiiiiieeiieieeeeee e 3-44
Branch Processor REZIStETS ......cc.eeeciiieiiiieeiiieciieecee ettt et 3-44
Machine State Register (MSR) .....cccoiiiiiiiiiie e 3-44
Branch Processors INStIUCtIONS .........cceeveriiriirieniieiiniienienies et 3-44
FiXed-POInt PrOCESSOT ......coiuiiiiiiiiiiiiiiiiee et 3-44
Special Purpose REZISIELS ........coeiiiriiniiriirieieiiescecct e 3-44
Storage Control INSIUCLIONS .......ceovieiiiiiiieiieeiierie ettt 3-45
L2 (TS 015 10 ) s SRR 3-45
System Reset Exception and NMI (0X0100) .....cc.cooveviieiiiniininiiniiiiniceeienenee 3-45
Machine Check Exception (0X0200) .......cceeviieiiiriiiiiieiieeie et 3-46
Data Storage Exception (0X0300) ......cccciieriieeiiieeieeeiie et e 3-48
Instruction Storage Exception (0X0400) ......ccccocieriiiiniininiinieeeienecie e 3-48
External Interrupt (0X0500) .....ooouiieiieiieeiieieeie et 3-48

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor vi



Contents

Paragraph . Page
Number Title Number
3.154.6 Alignment Exception (0X00600) ........ccoeiiiiiiiiiiiiieeiieie ettt 3-49
3.154.7 Program Exception (0X0700) .......coovueeiiiirieeiiieiie ettt 3-51
3.154.8 Floating-Point Unavailable Exception (0X0800) .......c.ccceeevieriercieeniieeiieieeennenn 3-52
3.15.49 Decrementer Exception (0X0900) .........coooiieiiiiiiiiieiiieieee et 3-53
3.15.4.10 System Call Exception (0X0C00) .......cccvieriieiiiiniieeiieieeeie et esiee e eseee e 3-54
3.15.4.11 Trace Exception (0X0D00) ....cceiieiiieiiiieiiieeriee et eiee et e 3-54
3.154.12 Floating-Point Assist Exception (0X0EQ0) .......cccooiiiiieiiiiiiiieeeeceeee 3-55
3.15.4.13 Implementation-Dependent Software Emulation Exception (0x1000) ................ 3-56
3.15.4.14 Implementation-Dependent Instruction Protection Exception (0x1300) .............. 3-57
3.154.15 Implementation-Specific Data Protection Error Exception (0x1400) .................. 3-58
3.154.16 Implementation-Dependent Debug EXCEPtions .........cccccvevveeviienieeciienieeieeieene 3-59
3.15.5 Partially Executed INStrUCHIONS ......cccvieiviieiieiieiiieiiecie ettt 3-60
3.15.6 TIMET FACIIITIES ..eviiiiiiiiiiie ettt et e v e e e aae e 3-61
3.15.7 Optional Facilities and INStrUCHIONS .......cccceeovieriieiiieiiieeieeiee e 3-61
Chapter 4
Burst Buffer Controller 2 Module
4.1 KEY FEATUIES ...entiiiieiiieiee ettt et 4-2
4.1.1 BIU Ky FEATUIES ....eeiiiiiiiiieeeeeeeete ettt e 4-2
4.1.2 IMPU Key FEALUIES .....cc.eeiiiiiiiiiiiiiiiiieeeeie ettt st 4-3
4.13 [CDU KEY FEATUIES ....ceiuiiiiiiiiiiiieeieeete ettt st 4-3
4.14 DECRAM Ky FEATUIES ...coouiiiiiiiiiiiieiiie ettt ettt 4-4
4.1.5 Branch Target Buffer Key Features ..........cocooivieniiiiniiniieccceccceeeeee 4-4
4.2 OPEration IMOAES .....couiiiuiiiiiiiiiete ettt ettt ettt st e sb e et esateebe e 4-4
4.2.1 INStruction FEtCh .....cc.ooiiiiiiiieeeee e e 4-4
4.2.1.1 Decompression Off MOAE ........ccvieiieiiiiiieiieeiese et 4-4
4.2.1.2 Decompression On MOdE ........cc.eeeeviieiiieeiiie et eae e s e eaee e 4-5
422 Burst Operation of the BBC ........ocoiiiiiiiiicccceee e 4-5
423 Access Violation DEteCtion ..........cccoceerieriiiriiniiriiniieie ettt 4-5
4.2.4 S1AVE OPETATION ...eeeueiieeiiieeiiieeieeeeieeeeieeestee et eeeateesbeeesbeeessseeessseeesseessseeeseaessseeens 4-6
4.2.5 RESet BERAVIOT .....viiiiiiiiciiece e e 4-6
4.2.6 Debug Operation MOAE ........cccueeiieriiiiieiieeie ettt ettt et sseeebee e 4-7
4.3 Exception Table Relocation (ETR) ......cooouiiiiiiiiiiieecieeeeeeeee et 4-7
43.1 ETR OPETAtiON .....eouiiiiiiiiiiieiieiieeieeitest ettt et sttt sbe et s nae e 4-8
4.3.2 Enhanced External Interrupt Relocation (EEIR) ........ccccccovoiiiiiiiiiiiiiiiieceeieee 4-10
4.4 Decompressor RAM (DECRAM) Functionality .........cccccceeeciieeiieeecieeniieeciee e, 4-12
44.1 General-Purpose Memory Operation ..........coccecueeeerieeiieneeneneeneeieeeeseeie e 4-13
44.1.1 Memory Protection VIolations .........ccccevvieeiiiiiiiiiiienieeiieie e 4-14
4.4.1.2 DECRAM Standby Operation Mode ..........ccceeevieeiiiieiiiiieeiie e 4-14
4.5 Branch Target BUffer .........occoiiiiiie s 4-14

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Vii



Contents

Paragraph . Page
Number Title Number
4.5.1 BTB OPEIAtiON .....eeuveriiiiiiiieiieniieieniteste ettt sttt ettt st 4-14
4.5.1.1 BTB INValidation ........coeeviiriiniiiiiniieienescee ettt s 4-16
4.5.1.2 BTB Enabling/Disabling ..........cccceeieiiiiiiieiiieeiieiiecie ettt eee e eee 4-16
4513 BTB Inhibit REZIONS .......oeiuiiiiiiiiiiieiee et 4-16
4.6 BBC Programming Model ..........cccoieiiiiiiiiiiiiiieciieie et 4-17
4.6.1 AAIESS IMAD ..ttt e et e e b e enee 4-17
4.6.1.1 BBC Special Purpose Registers (SPRS) .....ccccovieiiiiiiiiiiiniiiiecccccicneccnee 4-17
4.6.1.2 DECRAM and DCCR BIOCK ....couiiuiiiiiiiriiiieiietceseeee et 4-18
4.6.2 BBC Register DeSCTIPHIONS ......cccuiieiiiieiiieeiieeeiieeeiee et evee e saee e eereeesireeeasee e 4-19
4.6.2.1 BBC Module Configuration Register (BBCMCR) ........cccevviiriiiiniinieicnicneeene 4-19
4.6.2.2 Region Base Address Registers (MI RBA[0:3]) vooeovieiieeiieiieiieeeeeeee 4-21
4.6.2.3 Region Attribute Registers (ML RA[0:3]) vooovveeiieiiieiieeiieeieeeeeee e 4-22
4.6.2.4 Global Region Attribute Register (MI GRA) ....ccccociiviiiiniiiiiiiieeeicecee 4-23
4.6.2.5 External Interrupt Relocation Table Base Address Register (EIBADR) .............. 4-25
4.6.3 Decompressor Class Configuration REIStErS ........cceevvuieeriieriiieniiieeniieciee e 4-25
Chapter 5
Unified System Interface Unit (USIU) Overview
5.1 Memory Map and REZISTETS .......oouiiiuiiiiiiiieiie e et 5-2
5.1.1 USIU Special-Purpose REZISLETS .......cccuerieriiriiriiriieieniienieeiesieeieeee e 5-6
Chapter 6
System Configuration and Protection
6.1 System Configuration and Protection Features ..........ccoccoeieiiiiiiiiniiiniiiniiieeecceeee, 6-3
6.1.1 System CONfIUIAtION ......c.eeviiiiiiiiiiiiierie ettt ettt eesbeesbeesaaeens 6-3
6.1.1.1 USIU Pin MUltipleXing ....cc.coveriiriiriiniieienienieeiestesieeie sttt sttt 6-4
6.1.1.2 ATDITatioN SUPPOTE ..ottt ettt s e ettt sbee e ens 6-4
6.1.2 External Master MOAES .......cccueeeuiieiiieeciie ettt e vae e e eeaae e e s 6-4
6.1.2.1 Operation in External Master MOdes .........ccceecuieiieriieniienieeiieee e 6-5
6.1.2.2 Address Decoding for EXternal ACCESSES ......cevvvereriieeriieeiiieeiieeeiieeeieeesveeeseeee s 6-6
6.1.3 USIU General-Purpose I/O ........cocuoviiiiiiiiniiiiiieiceeece et 6-6
6.1.4 Enhanced Interrupt Controller ...........cocoevieiiiiiiiiiieieeeeeee e 6-8
6.1.4.1 KEY FEALUTES ....vviiiiiiiiie ettt e e e et e e e e naaeeeeas 6-8
6.1.4.2 Interrupt Configuration ..........c.cccoeeviiriiniiiiniceeee et 6-8
6.1.4.3 Regular Interrupt Controller Operation (MPC555/MPC556-Compatible Mode) 6-10
6.1.4.4 Enhanced Interrupt Controller Operation ...........ccccceeeveeecieeniiieeniieeeiee e 6-11
6.1.44.1 Lower Priority Request Masking .........cooceeiieniiiiiienieeiieeeeeeee e 6-14
6.1.4.4.2 Backward Compatibility with MPC555/MPC556 ......cccooevviieviiiiiieiieieeeeee, 6-14

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor viii



Contents

Paragraph . Page
Number Title Number
6.1.4.5 Interrupt Overhead Estimation for Enhanced Interrupt Controller Mode ............ 6-16
6.1.5 Hardware Bus MONIEOT .........ccooiiiiiiiiniiiiiiieieeiesiceieee sttt st 6-17
6.1.6 Decrementer (DEC) ....oooiiiiiieieee ettt e 6-18
6.1.7 TiME BaSE (TB) ..oeiiiiieeieeee et e 6-19
6.1.8 Real-Time Clock (RTC) ...ocouiiieiieieiee e e e 6-19
6.1.9 Periodic Interrupt Timer (PIT) ...ccoooiiiiiiiiiieiiceceeee et 6-20
6.1.10 Software Watchdog Timer (SWT) ...couioiiiiiiiieeee e 6-21
6.1.11 Freeze OPEIation .......cc.ccouiiiiiiiiieiiieeieeiee ettt ettt sttt et e e b sateeeseesnneenseens 6-23
6.1.12 Low POWET StOp OPETation ........c.ceevcuieeiiiieeiiieeiieeeieeeeieeesreeereesieeesreeesseeesasee e 6-23
6.2 Memory Map and Register Definitions ..........ccooceeiieiiienieniieiieieeeee e 6-23
6.2.1 MEMOTY MAD ettt et ettt e s e e e st esat e e st e e nans 6-23
6.2.2 System Configuration and Protection RegiSters .........cccovvvverievciieiienieeiieeieeieeeee, 6-24
6.2.2.1 System Configuration REZISIErS .........coceeviiriireiiiiniiiiiicrecereereeeee e 6-24
6.2.2.1.1 SIU Module Configuration Register (SIUMCR) .......cccoocvievieniieiiiieeiiene 6-25
6.2.2.1.2 Internal Memory Map Register (IMMR) .......cccoocviviiiiiiiiiiiiiicieceeeee e 6-28
6.2.2.1.3 External Master Control Register (EMCR) .......ccccooiiiiiiniieiiiiieeeeeeeee, 6-29
6.2.2.2 SIU Interrupt Controller REGISTETS .......ccueeviieriiiiiieiierie ettt 6-31
6.2.2.2.1 SIU Interrupt Pending Register (SIPEND) ......cccccooviiiiniiiiiiieieecee e, 6-32
6.2.2.2.2 SIU Interrupt Pending Register 2 (SIPEND2) ......cccooiiriiniiiiniiiiicniecne 6-32
6.2.2.2.3 SIU Interrupt Pending Register 3 (SIPEND3) ......ccooviiiiiiiiiiiiieeeieeee 6-33
6.2.2.2.4 SIU Interrupt Mask Register (SIMASK) ...coccviiviiiieiieeieeee e 6-33
6.2.2.2.5 SIU Interrupt Mask Register 2 (SIMASK2) ...ooiiiiriiiiiiinieeceeeeecce 6-34
6.2.2.2.6 SIU Interrupt Mask Register 3 (SIMASK3) ...oooiiiiiiiiieieieceeeee e 6-35
6.2.2.2.7 SIU Interrupt Edge Level Register (SIEL) .....coooovevviiiiiiiieeieeeeeecee e, 6-35
6.2.2.2.8 SIU Interrupt Vector Register (SIVEC) ....ocoiiiiiiiiiiiiiiiiceceeecnece 6-35
6.2.2.2.9 Interrupt In-Service Registers (SISR2 and SISR3) .....cccooviieiiiiiiiiiieieeeee, 6-37
6.2.2.3 System Protection REZISLErS .......ccceeeiiiiiiiiiiiiieeiie et 6-37
6.2.2.3.1 System Protection Control Register (SYPCR) ....ccccoviiiiiiiiiiiiniiniiiceeee 6-37
6.2.2.3.2 Software Service Register (SWSR) ....ocioviiiiiiiiieiieeeeeeeeeee e 6-38
6.2.2.3.3 Transfer Error Status Register (TESR) ......coooviiiriiiiiiieieeeeeee e, 6-39
6.2.2.4 System Timer REGISTETS ....c..coouiriiriiiiieiiniieierieseee ettt 6-40
6.2.2.4.1 Decrementer Register (DEC) .....ooviiiiiiiiiieiieieetee e 6-40
6.2.2.4.2 Time Base SPRS (TB) ...ccouiiiiieeieeeeeeeee ettt 6-40
6.2.2.4.3 Time Base Reference Registers (TBREF0 and TBREF1) .......cccoociiiiiiinin. 6-41
6.2.2.4.4 Time Base Control and Status Register (TBSCR) .......c.cccevviiiiiiniiiiiieeie 6-42
6.2.2.4.5 Real-Time Clock Status and Control Register (RTCSC) ......ccceevevvvevvveennennne. 6-42
6.2.2.4.6 Real-Time Clock Register (RTC) .....cccoeviieiiiiiiiiiiiieeeeee e 6-43
6.2.2.4.7 Real-Time Clock Alarm Register (RTCAL) ...c.coovvviiiiiiiiiieiiecieeeeeeeeee, 6-44
6.2.2.4.8 Periodic Interrupt Status and Control Register (PISCR) .......cccccoevvvvevviennennne 6-44
6.2.2.4.9 Periodic Interrupt Timer Count Register (PITC) ......ccccocveviiiiniininiiniinicne 6-45
6.2.2.4.10 Periodic Interrupt Timer Register (PITR) ....ccccooviiiiiiiiiiieieeeeeee, 6-45

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor ix



Paragraph
Number

6.2.2.5

6.2.2.5.1
6.2.2.5.2
6.2.2.53

7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7
7.1.8
7.1.9
7.1.10
7.1.11
7.2
7.3
7.4
7.5
7.5.1
7.5.2
7.5.3

8.1
8.2
8.2.1
8.2.2
823
8.2.4
8.2.5
8.3
8.4

Contents

. Page
Title Number
General-Purpose I/O REGISLEIS ........cocueriiiiiriiniiiiiniesieeieneeeeeee e 6-46
SGPIO Data Register I (SGPIODTI) ..ococviiiiiiiiieiieieeeeeeceeeee e 6-46
SGPIO Data Register 2 (SGPIODT2) ..cooovviieiiieeieeeieeeee et 6-47
SGPIO Control Register (SGPIOCR) ......cccocuiiiiiiiiiieiieeeeeeee e 6-48
Chapter 7
Reset
RESET OPCIATION ...eovviieiiiiiiieiiiesiie ettt ettt et e et e et e et e e beessaeesbeesaseenseensaesnseenseeenne 7-1
POWET-On RESEL ...t 7-1
HATA RESET ..ottt ettt e et e e et e e s aa e e e abeeesaseeenaneas 7-2
SOFE RESEE ..ttt ettt et sttt st b e 7-2
L0SS Of PLL LOCK ..ttt s e 7-2
On-Chip Clock SWITCH ...couviiiiiiiiiii s 7-3
Software Watchdog RESEt ........ccuieiiiiiiiiiiiciieieeteeee et 7-3
ChecKStOP RESCL . ..vieiiieeiieiiece ettt et e eana s 7-3
Debug Port Hard RESEt ........ooouiieiiiiiiiiiee e 7-3
Debug Port SOft RESET ......ecvieiiieiieiiecieeeeee ettt 7-3
JTAG RESEL ..ottt et et ettt e b e e 7-3
ILBC Illegal Bit Change .........cocceviriiriiiiiniieieetenieeesitete ettt 7-3
Reset ACIONS SUMIMATY .....ccuiiiiiiiiiiieeiieiie ettt ettt ettt eae et esaaeebeessaesnseenseeenne 7-3
Data Coherency During RESEt ........ccoviieiiiiiiiiecieeeeeee et 7-4
Reset Status Register (RSR) ..oo.oiiiiiiiie e 7-5
ReSEt CONTIGUIATION ....veiiiieiiieiieeiieiie ettt ettt ettt ettt et e e e e e ebeeesbeeseeenseenne 7-7
Hard Reset COnfigUuration ..........cc.eeecuiieiiieeiiieeiieecieeeeiee et eeeeeiae e eesreeeaaeeeneees 7-7
Hard Reset Configuration Word (RCW) .....cccoiiiiiiiiiiiieeeee e 7-11
Soft Reset Configuration ..........cceoceeeciierieeiiieniienie ettt saee e 7-13
Chapter 8
Clocks and Power Control
System ClOCK SOUICES ....ccuviiiiiiiiiiiie ettt st 8-3
SYSEEM PLL ..ottt sttt e 8-3
Frequency MultipliCation ...........coceviiiiiiieniiiiinieeeececeee et 8-4
SKeW EIMINATION ..eotiiiiiiiiiiiieie ettt 8-4
PIE-DIVIACT ...eviiiiiiieiie ettt ettt e et e e tae e e v e e e aaeesaaeessbeeesaseeennneas 8-4
PLL BlOCK DIQ@IAM ....ccuiiiiiiiiiieiiieiiecie ettt ettt ettt e ete s e ssneenees 8-4
o4 0 T o3 1 USRS 8-5
System Clock During PLL LosS 0f LOCK .....ccevviiiiiiiiiiiiiiinictecceeeceecee 8-6
LOW-POWET DIVIACT ...ttt 8-6

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor X



Contents

Paragraph . Page

Number Title Number

8.5 Internal Clock SIZNALS ......oouiiiiiiiiiiiiiieee et 8-7
8.5.1 General System ClOCKS .....c.ooiiiiiiiiiiieiieeie ettt 8-10
8.5.2 Clock Out (CLKOUT) ..eioiieieiieieeteeeee ettt sttt st 8-13
853 Engineering Clock (ENGCLK) .....cociiiiiiiiiiiiiiiinicenceceeteeeeseese e 8-14
8.6 Clock SOUICE SWILCHING ....cviiiiiieiieiieeiieiieeieeee ettt et saee b seeeaneens 8-14
8.7 LOW-POWET IMOAES ...ttt st st e 8-16
8.7.1 Entering a LOW-POWETr MOdE ........cooiiiiiiiiiiiiiecee et 8-16
8.7.2 Power Mode DESCIIPHIONS .....ccviiruiieiieiieeiieniie et eeite et sieesteebeeseeebeesaaeebeessneenseens 8-17
8.7.3 Exiting from LOW-POWET MOAES ........ccceiviiiiiiiiiieiieeieeieecie ettt 8-17
8.7.3.1 Exiting from Normal-Low Mode ..........cccceeiiiiiiiiiiiiieiee e 8-18
8.7.3.2 Exiting from D0Ze MOde .........cooiiiiiiiiiiiiieiiecieee ettt 8-19
8.7.3.3 Exiting from Deep-SIeep MOde ......c.ccoveeviieiiiieiiiiiecieeeee e 8-19
8.7.3.4 Exiting from Power-Down Mode .........ccccoeiiiiiiiiiiiiiiieceeee e 8-19
8.7.3.5 Low-Power Modes FIOW .......ociiiiiiiiiiiiiiieceee et 8-19
8.8 Basic POWET StIUCTUIE .......ccceiiiiiiiiiiieie et 8-21
8.8.1 General Power Supply Definitions ..........coccoeeviiiiiniiiiniiniiicnecececseceeeeseees 8-21
8.8.2 Chip POWET SIIUCLUIE .....eieuvieiiiiiieeiie ettt ettt ettt et e e e e eabeesee e 8-22
8.8.2.1 INVDDL ettt ettt ettt st e bt et a et et eaeenee 8-22
8.8.2.2 QVDDL ettt ettt e rt et et e nreeneenaens 8-22
8.8.2.3 VDD ettt b et sttt et 8-22
8.8.2.4 VDD SYN, VSSSY N oottt sttt 8-22
8.8.2.5 KAPWR .ottt ettt ettt e st seenaenneennean 8-22
8.8.2.6 VDDA, VSSA ettt sttt sttt ettt et 8-22
8.8.2.7 VELASH .ottt ettt sttt et e et e bt enteseeeseeneen 8-22
8.8.2.8 VDDE, VSSF oottt sttt et esaesnaeneeneens 8-22
8.8.2.9 VDDH .ottt ettt 8-23
8.8.2.10 TRAMS STBY ettt ettt ettt ettt e e saeesesnean 8-23
8.8.2.11 Y TSRS PSR SRR 8-23
8.8.3 KEEP-ALIVE POWET ...ooutiiiiiiiieeie ettt ettt st e e e e e ens 8-24
8.8.3.1 Keep-Alive Power Configuration ...........ccocceeeeveeeiieeeiieeeiie e eevee e 8-24
8.8.3.2 Keep-Alive Power Registers Lock Mechanism ...........cccceeoiievieniienieniiciniiene 8-25
8.9 IRAMSTBY Supply Failure Detection ...........ccccueevieriieiiienieeiieeieeieeee e 8-27
8.10 Power-Up/DOWN SEQUENCING ....ccveieieiieeiiieeiieeeieeeeteeesveeeiveeeteeesveeesseeessseessaseesnssens 8-27
8.11 Clocks Unit Programming Model .........ccccoooeeiiniiiiiiiniiiiicceccecnece e 8-29
8.11.1 System Clock Control Register (SCCR) .......oovuiiviiiiiieiiiiiecieceeee e 8-29
8.11.2 PLL, Low-Power, and Reset-Control Register (PLPRCR) .........cccevvviiiiiinennnnne. 8-33
8.11.3 Change of Lock Interrupt Register (COLIR) ......cccocoiriiiniininiiniiiicecreeienieeene 8-36
8.11.4 IRAMSTBY Control Register (VSRMOCR) .....cccooeiiiiiiiiiiiiieiiecieeeee e 8-37

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor xi



Contents

Paragraph . Page
Number Title Number
Chapter 9
External Bus Interface
9.1 FEATUIES ..ttt ettt e st sabe e e st e ebae e 9-1
9.2 Bus Transfer SIZNalS .......c.cooiiiiiiiiiieciee e 9-1
9.3 Bus Control SIi@NALS ......ccuiiiiiiiiiiiieiieeiieee ettt et eeaeenns 9-2
9.4 Bus Interface Signal DeSCIIPLIONS ......ccueruiriirieriirieniieienieereeteee et 9-3
9.5 BUS OPETALIONS ....eiuiieiiiieiieeiieciee ettt et e st e et e st e et e esaaeebe e seessbeeseesaseenseesssesnseennseenne 9-8
9.5.1 Basic Transfer ProtoCol ..........cocooiiiiiiiiieiieeceeee e e 9-8
952 Single Beat Transfer .........ccooiiiiiiiiiiiic et 9-9
9.5.2.1 Single Beat Read FIOW ......cccooiiiiiiiiiiciiciee e 9-9
9.5.2.2 Single Beat Write FIOW ......cc.cooiiiiieiiiiiiiciicee et 9-11
9523 Single Beat Flow with Small Port Size ........cccoceviiiiiiiiiiniiiiicciecee 9-14
9.53 Data Bus Pre-Discharge Mode .........cccceeeiieiiiiiiiiiienie ettt 9-15
9.5.3.1 Operating CoONAItIONS ......ccveereieriierieeiierite et eriee e ereeseeeteesereeseessaeseseesseessseenseas 9-16
9532 InitialiZation SEQUENCE .......coeeviiriiriiiieiierieeeet ettt 9-16
954 BUISt TTanSTET ...c..ooiiiiiiiiiieiee et 9-17
9.5.5 Burst MEChaniSIm ........cooiiiiiiiiiii e 9-18
9.5.6 Alignment and Packaging of Transfers ...........ccoccoevieniiiiiiniiiiieeeeeeeee e 9-29
9.5.7 ATDItration PRase .........coooiiiiiiiiiiieii s 9-32
9.5.7.1 BUS REQUEST ...ttt e et et e e e naaeeeean 9-33
9.5.7.2 BUS GIaANT .ot 9-33
9.5.7.3 BUS BUSY it 9-34
9.5.7.4 Internal Bus ATDItET ........ooouiiiiiiiiiiiiee e e 9-35
9.5.8 Address Transfer Phase Signals .........cocccoiiviiiiiiiiiniiiccceeecee 9-37
9.5.8.1 TTANSTET STATt ...oeiiiiiiiiiee ettt st 9-37
9.5.8.2 AAAIEsS BUS ..o 9-37
9.5.8.3 REAA/WIILE ...ttt ettt et 9-37
9.5.8.4 BUrst INAICAtOT ....ooviiiiiiiiiiiieieeee e 9-37
9.5.8.5 TTANSTET S1ZE ... 9-38
9.5.8.6 AATESS TYPES .ottt ettt ettt 9-38
9.5.8.7 Burst Data in PrOGIESS .....ccuiiiiiiiiiiieeiiece ettt 9-40
9.5.9 Termination SIZNALS .......ccueiiiiiiiiie et e e e eree e sae e e aree e 9-40
9.5.9.1 Transfer ACKNOWIEAZE .......oovuiieiiiiieeee e 9-40
9.59.2 BUurst INRibIt .....ooueeiiiiiiie s 9-40
9.59.3 Transfer Error ACKNOWIEAZE .......oovvviieiiieeiieee e 9-40
9.594 Termination Signals Protocol ..o 9-40
9.5.10 Storage RESEIVALION .......cccuieiuiieiieiieeiteiie ettt ettt sttt ebe e e easeeneeas 9-42
9.5.11 Bus Exception Control CYCIES .......cccvieiiiieiiieeiiieciie ettt e 9-45
9.5.11.1 Retrying @ Bus CyCle ..c..oooiiiiiiiiiiicieete e 9-45
9.5.11.2 Termination Signals Protocol SUmmary ...........cccocceeviieiiieniiiiieniecceeeeeeeee 9-49

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Xii



Contents

Paragraph .

Number Title

9.5.12 Bus Operation in External Master Modes ........c..cccceeveveenenicnnennee
9.5.13 Contention Resolution on External Bus ..........cccooeiiiniinincnennne.
9.5.14 Show Cycle TranSactions ...........c.eecveerveeeveerieeneeenieenneenreesneesneenens

Chapter 10
Memory Controller

10.1 OVETVIEW ..ttt ettt ettt ettt ettt e st e et e st e enbeesateenbeesseeenneans
10.2 Memory Controller Architecture ............coocevevievieriiienienieeeeeie e
10.2.1 Associated REZISIETS .....cecvviieriiieriieeiieeeie e
10.2.2 Port Size Configuration .........cccccecveveriienienienienieneeieseceeeeneene
10.2.3 Write-Protect Configuration ...........ccoecceevieeiieenieeiieenieeie e
10.2.4 Address and Address Space Checking ..........ccccoeevvevieniienieennennen.
10.2.5 BUrst SUPPOTT ..o
10.2.6 Reduced Data Setup Time ........ccceeevieiieniienieiieeriieeie e
10.2.6.1 Case 1: Normal Setup Time ......ccccccvevveeciienieeieenieeieeeeeve e
10.2.6.2 Case 2: Short Setup Time .....cccccceeienieiiniinieienicecceeceeen
10.2.6.3 Summary of Short Setup Time ........cccceeevvevieriieiieeieeieeeeee,
10.3 Chip-Select TIMING ....ooeiiiiieiieeiieie ettt et eeereeseaeeaeens
10.3.1 Memory Devices Interface Example ..........ccccoooieiiiiiiiiiniinn,
10.3.2 Peripheral Devices Interface Example .........ccccoceviiviniiniencnnene.
10.3.3 Relaxed Timing EXamples .......ccccveevivieiiieiiieeciieeeeeeeeee e
10.3.4 Extended Hold Time on Read Accesses ........ccovvuerviienienieeniiennncnne
10.3.5 Summary of GPCM Timing Options .........cccceeeveevienieesieeneeenneennnn.
10.4 Write and Byte Enable Signals .........ccccoooiiieiiiiiiiiiieeeee
10.5 Dual Mapping of the Internal Flash EEPROM Array ........cccccoeeueeee.
10.6 Dual Mapping of an External Flash Region ........ccccocevvevinenncnnenne.
10.7 Global (Boot) Chip-Select Operation ..........cccceccveeevveeeieeeeieeerieeennee.
10.8 Memory Controller External Master Support ..........coccevevieneenieneenne.
10.9 Programming Model .........ccccooiiiiiiiiiiieiieeeee e
10.9.1 General Memory Controller Programming Notes ...........cccccceeueee..
10.9.2 Memory Controller Status Registers (MSTAT) .....ccccoevvvvvvcnnenne.
10.9.3 Memory Controller Base Registers (BRO—BR3) ..........cccceeeiiennenn.
10.9.4 Memory Controller Option Registers (OR0-OR3) ........................
10.9.5 Dual-Mapping Base Register (DMBR) ..........cccceiiiiiiiiiiiiee
10.9.6 Dual-Mapping Option Register (DMOR) ........ccccoveviinieniniiennenne.

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

xiii



Contents

Paragraph .
Number Title
Chapter 11
L-Bus to U-Bus Interface (L2U)
11.1 General Features .........cooceeviiiiiiiiieiiieieeeee et
11.2 Data Memory Protection Unit Features ............cccovveevinieneincniinennns
11.3 L2U Block DIiagram ...........cccccueeeviiieiiieniieeeiie et
11.4 Modes Of OPEration ........coccceeevieriereriieneenieeeeneeie sttt
11.4.1 NOIMAl MOAE ..ot
11.4.2 Reset OPEration .........cceeeecuveeeiiieeniieeiiie ettt eeee e
1143 Peripheral Mode ........ccooiiiiiiiiiiee e
11.44 Factory Test MOde .......cccueeviieiieiieeiieieeeeee et
11.5 Data Memory Protection ..........ccccceeevveeeiieeniieeniie e
11.5.1 Functional Description ............ccceceeriienieniiieiienieeeeee e
11.5.2 Associated REZISLEIS .....ccvieuieriiieiieiieeieeieeeie et
11.5.3 L-Bus Memory Access VIolations ..........ccceeeveerieeieeciienieeieenieeeenenn
11.6 Reservation SUPPOTT ......cc.eviiriiiiinieiiriereee et
11.6.1 Reservation Protocol ..........coeeviiiiniiiinieeneceeeeeeeeeee
11.6.2 L2U Reservation SUPPOTT .....c.eeevviririieeiiieeieeeiiee e esieeesvee e ens
11.6.3 Reserved Location (Bus) and Possible ACtions ...........ccccceeeveeennenns
11.7 L-Bus Show Cycle SUPPOTT ...cocveeriiieiieiieeiieieeeieeee et
11.7.1 Programming Show CycCles ........ccceevvireiiiiniiieeiie e
11.7.2 Performance Impact .........ccoceeeiieriiiiiiiieeeee e
11.7.3 Show Cycle Protocol .........cocciveiieiiiiiieieeieeeeeeeee e
11.7.4 L-Bus Write Show Cycle FIOW .......cccevviiiiiiiiiiiiecieecee e
11.7.5 L-Bus Read Show Cycle FIOW .......cococviiiiiiiniiiiiiicciceccecee
11.7.6 Show Cycle Support Guidelines ...........cccevevieviienieeiiienieiieeieee
11.8 L2U Programming Model ..........cccveeviiieiiieeiieeciee e
11.8.1 U-BUS ACCESS ..eeiutiiiiiiiiiiieiee ettt
11.8.2 TranSaction SIZE ......cccveveeriirieniieieeiere et
11.8.3 L2U Module Configuration Register (L2ZU MCR) ......cccccccvvvennennns
11.8.4 Region Base Address Registers (L2U RBAX) ....cccocveeiiiiinicncnene.
11.8.5 Region Attribute Registers (L2U RAX) ..cccoevvevciienieeiieieeieeieeee,
11.8.6 Global Region Attribute Register (L2U _GRA) ....cccevvevvevciireiieee,
Chapter 12
U-Bus to IMB3 Bus Interface (UIMB)

12.1 FEATUIES ..
12.2 UIMB Block Diagram .........cccocceeeviieriiiiiieieeieesie et
12.3 Clock MOdUIE .....ouiiiiiiiiiiie e
12.4 Interrupt OPEration .........ccoceeveevierienerieneeieetesteete et

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Xiv



Contents

Paragraph .
Number Title
12.4.1 Interrupt Sources and Levels on IMB3 ...,
12.4.2 IMB3 Interrupt MUltipleXing ........ccccceeeeeriieiienieeiiecie et
12.4.3 ILBS SEQUENCING ..eooouvieiiiieiiiieeiiee ettt ettt e ere e e saeeesreeesaaeeenes
12.4.4 Interrupt SyNChronizer ........c..cocovveieriiniiiiniceeeecece e
12.5 Programming Model .........cccooiiiiiiiiiiiiieieee e
12.5.1 UIMB Module Configuration Register (UMCR) .......cccccvvvviiieniiiinnnnnne
12.5.2 Test Control Register (UTSTCREG) ....ccccoviiieiiiiiiiiiieeeeee
12.5.3 Pending Interrupt Request Register (UIPEND) .........cccccevirieniniencennen.
Chapter 13

QADCG64E Legacy Mode Operation
13.1 QADCO4E BIock Diagram ..........cccccveeeieerieeiiieniieeieeeieereesiee e eveesveeeeens
13.2 Key Features and Quick Reference Diagrams ..........ccccoeeeevieiiiinnienicennen.
13.2.1 Features of the QADC64E Legacy Mode Operation ...........ccccceeveveenenne
13.2.2 MEMOTY MAD .eeiiiiiiiiie ettt et eee e e e e e e e e esaaeeenee
13.2.3 Legacy and Enhanced Modes of Operation ............cccceeeeeveneinenicncnnnen.
13.24 Using the Queue and Result Word Table ..........cccoocieiiiiiiiiiiiinieiiieee
13.2.5 External MUltipleXing .........ccccievieiiieiieeiiesieeeie et sene e ens
13.3 Programming the QADCO4E RegIStErs .......ccccerieneevienienenieneenieeieneene
13.3.1 QADCO64E Module Configuration Register (QADMCR) ......................
13.3.1.1 Low Power Stop Mode ......cceeeeiiiiiiiiecieeeeeeeeee e
13.3.1.2 Freeze MOde .....oooueiiiiiiieeeeee e
13.3.1.3 Switching Between Legacy and Enhanced Modes of Operation
13.3.14 Supervisor/Unrestricted Address Space ........ccceeevveecieencieeinieeeien,
13.3.2 QADCO64E Interrupt Register (QADCINT) ....cooueviiviininiinecienicneeene
13.3.3 Port Data Register (PORTQA and PORTQB) ......ccccoocviiviiiiiiiiienieeiens
13.3.4 Port Data Direction Register (DDRQA) ....ccovviveiiiiiiiieieecee e,
13.3.5 Control Register 0 (QACRO) ...oocviiiiiiiiieieeeee et
13.3.6 Control Register 1 (QACRI) ...oooiiiiiieiieieeeeeeeeee e
13.3.7 Control Register 2 (QACR2) ..covvieeiieeeeeeeeeeeee e e
13.3.8 Status Registers (QASRO and QASRI) ...oooiiiiiiiiiiiieeeeeee,
13.3.9 Conversion Command Word Table .........c.ccoceeviriiniininiiniinicnieneee.
13.3.10 Result Word Table ........cc.ooiiiiiiiiieee e
13.4 ANAlog SUDSYSEM ....ooiiiiiiiiiiiriic e
13.4.1 Analog-to-Digital Converter Operation ............coceeeeveereenenieneenveneenne.
13.4.1.1 Conversion Cycle TIMES .......cccvieeiiieeriieeciieceee e
13.4.1.2 Amplifier Bypass Mode Conversion Timing ......c...ccccecceveevervenneenne.
13.4.2 Channel Decode and MultipleXer .........ccccoeevevieriienieniieiienie e
13.4.3 Sample Buffer AmMplifier ........ccooeviiieiiiieieeeeee e
13.44 Digital-to-Analog Converter (DAC) AITay .....ccccoceeieneevieneenenieneenen.

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XV



Contents

Paragraph . Page

Number Title Number

13.4.5 COMPATALOT ...eutiiiiiiieeiieeteee ettt ettt et st e b seneebeesaneeneens 13-37
13.4.6 BAS ettt nae e 13-37
13.4.7 Successive Approximation REGISter ..........ccccoveviiiiiriiiiiiiiienieeeieeecee e 13-37
13.4.8 State MACKINE ...cc.eoiiiiiiieiiee et ettt 13-37
13.5 Digital SUDSYSLEIM ....ooviiiiieiiiiie et 13-37
13.5.1 QUEUE PTIOTILY ..viiiiiiiieiiiieiiecie ettt ettt e e et st e ebeesaeebeessseesseensaesnsaens 13-38
13.5.2 Paused Sub-QUEUES .......cc.eeriiiiiieiieie ettt 13-38
13.53 Boundary Conditions ............ccceeevuierieiiiieniieeieesiieeie ettt et see et e e eveesaeeseeeneees 13-40
13.5.4 SCAN MOACS ...ttt ettt ettt et st e bt et ees 13-41
13.54.1 DiSabled MOAE ......eoiuiieiiieiieie ettt 13-41
13.5.4.2 RESEIVEd MOAE ....eeiiiiiiiiiiieteee e e 13-41
13.5.4.3 SINGIE-SCan MOAES .......oeeiuiiieiiieeiiieeee e 13-42
13.5.4.3.1 Software Initiated Single-Scan Mode ..........ccoceeverieiiniiiniiiinicneccneceeee 13-42
13.54.3.2 External Trigger Single-Scan Mode ..........cccovviiviiieiiiniiinieceeeece e, 13-43
13.5.4.3.3 External Gated Single-Scan Mode .........ccccvveviiiiiiiieiiiieieeceeeee e 13-43
13.54.3.4 Periodic/Interval Timer Single-Scan Mode ........c..cceviiviiiiniininiiniicnne 13-44
13.5.4.4 Continuous-Scan MOAES .......cc.eeveriiririiinieieesee et 13-44
13.5.4.4.1 Software Initiated Continuous-Scan Mode ..........cccceeeevirieniniinieneniereeee 13-45
13.5.4.4.2 External Trigger Continuous-Scan Mode ..........cccceecieriininiinenniniicnecicnene 13-46
13.5.4.4.3 External Gated Continuous-Scan Mode .........ccccecevieriiiinieniniienicneeienene 13-46
13.54.4.4 Periodic/Interval Timer Continuous-Scan Mode ..........cccocceeviieiiinnienieeneene 13-47
13.5.5 QADCO6H4E Clock (QCLK) GENEration ..........cccceeecueerueeseeeiieniieeieenieesieesieesieeseeens 13-47
13.5.6 Periodic / Interval TIMET ........ccccoviiiiiiiiiiieeiereeeee e 13-51
13.5.7 Configuration and Control Using the IMB3 Interface ..........ccccceevvvieniieiiieeninnnns 13-51
13.5.7.1 QADCO64E Bus Interface Unit ..........ccccvieiiiieiiiieeiieeeieeeeeeeiee et 13-51
13.5.7.2 QADCOAE BUS ACCESSING ....vveevieniieeiieeiiesiieeiteeite et eieeeteenieesereeseessaesseesseeenne 13-52
13.6 Trigger and Queue Interaction EXamples .......cocovvvevciieeiiiieiiiecieecee e 13-54
13.6.1 Queue Priority SChEeMES ......cc.coviriiiiiiiiiiiinicteeee e 13-54
13.6.2 Conversion Timing SChEMES ........ccceeeiiiiiiiiiieiieeie et 13-63
13.7 QADCO64E Integration REqUITEMENtS ..........ccccccvieeiiieeriiieeiieeiieeeiee e eieee e 13-66
13.7.1 Port Digital Input/Output Signals .........ccceeveeviiriiniiniinieieneceeeeee e 13-66
13.7.2 External Trigger Input Signals ..........cccccieiiiiiiiiieiiieieeeeee e 13-67
13.7.3 ANAlog POWET SIZNALS .....vviiiiiiiciie ettt e e ae e s e e snee e 13-67
13.7.3.1 Analog Supply Filtering and Grounding ..........cccceceveevenienienenienencnieneeens 13-69
13.7.4 Analog Reference Signals ..........cccceeiieiiiiiiiiiiiieeeee e 13-71
13.7.5 AnNalog INPut SIZNALS ....ccviiiiiieiie e e 13-71
13.7.5.1 Analog Input Considerations .........c..ccoceeveriirieiieniinieienieseeteeeese et 13-73
13.7.5.2 Settling Time for the External CirCuit ..........ccccoevieviiieiiieniiieiieeie e 13-75
13.7.5.3 Error Resulting from Leakage ........ccccoeovieeiieiiiiiiie e 13-75
13.7.5.4 Accommodating Positive/Negative Stress Conditions ..........ccceeeveveeverveneennens 13-76

MPC561/MPC563 Reference Manual, Rev. 1.2
Freescale Semiconductor XVi



Contents

Paragraph . Page
Number Title Number
Chapter 14
QADCG64E Enhanced Mode Operation
14.1 QADCOH4E BIock DIagram ........cccceeeviiriiniiiiniienieeieniceiesetesie ettt 14-1
14.2 Key Features and Quick Reference Diagrams ..........ccccoecveviiiiiienieciieniecieeieceeeeen 14-2
14.2.1 Features of the QADC64E Enhanced Mode Operation ...........c.ceeceeeeveereeecieeneennnnens 14-2
14.2.2 MEMOTY MAD ettt ettt et et 14-3
14.2.3 Legacy and Enhanced Modes of Operation .............cccceeveenieeiienieeiiienieeieesee e 14-4
14.2.4 Using the Queue and Result Word Table .........ccccoocvieiiiiiiiiciiiieeieeieceeeee e 14-5
14.2.5 External MUltipleXing ........ccooeouieiiiiiiiiieiie ettt 14-5
14.3 Programming the QADCO4E REZISLETS ......coevuiiriiiiiieiiieiieie ettt 14-7
14.3.1 QADCO64E Module Configuration Re@ISter ..........ccccveviiviieniieniiiiiecieeieeseeeiens 14-8
14.3.1.1 Low POWer StOp MOE ......coviviiiiiiiiiiiicniccect ettt 14-8
14.3.1.2 FIEEZe MOE ....oeiiniiiiiiiiiee ettt st 14-9
14.3.1.3 Switching Between Legacy and Enhanced Modes of Operation .......................... 14-9
143.1.4 Supervisor/Unrestricted Address Space ........coceeeeveereeneeiieneenenieneeeeeceeenen 14-10
14.3.2 QADCOA4E Interrupt REGISLET ......ocouiieiieiieiieeiieeie ettt ettt ens 14-11
14.3.3 Port Data REZISTET ..oouviiiiiiiiiiieciie ettt et ee e s e e e e enneeens 14-12
1434 Port Data Direction REGISLEr .........cociiiiieiiiiiiiiiieeie e 14-13
14.3.5 Control REGISLET O ...c.veeeeiieiieiiieieeeie ettt ettt ettt ete et eeabe e saeensean 14-14
14.3.6 Control REGISLET 1 ....eviiieiiieiiiieciee ettt et e e e e et e e e e e e saseeenaseeenns 14-16
14.3.7 Control REGISTET 2 ...c..eiiiiiiiiiiieeieeetee ettt 14-18
14.3.8 Status Registers (QASRO and QASRI) ...oooiiiiiiiiiieiieeeceeeee e 14-22
14.3.9 Conversion Command Word Table ..........cocooiiiiiiiiiiiiiiiieeeeee 14-28
14.3.10 Result Word Table .......cc.ooiiiiiiiiieie et 14-34
14.3.10.1 ANAlOZ SUDSYSIEIM .....viiiiiiiiiiciiiee ettt et e 14-36
14.3.11 Analog-to-Digital Converter OPEeration ............cceeeeveeeueeervieeiieenieesieeesreessnveeens 14-36
14.3.11.1 Conversion Cycle TIMES .......coeevieriiriiienieeeiereee e 14-36
14.3.12 Channel Decode and MUltipIEXEr .........cocveviieiiiiniiieiieiieeie e 14-37
14.3.13 Sample Buffer AMPIfIer .......cccoeeeiiieiiieeeeee e 14-37
14.3.14 Digital to Analog Converter (DAC) AITAY ..ccc.ooeevieriinieiienienieeieneeieeeesie e 14-37
14.3.15 COMPATALOT ...tiiiniiieeiiie ettt ettt e e st e et eetteesabteesbteesabeeesabeeesnseeennseeens 14-38
14.3.16 BAS e ettt ettt e et e st e e eneenaeenee e 14-38
14.3.17 Successive Approximation REZISTEr ........cccoceeviriiiniiiiiiiiieicniceecreeeeeeee 14-38
14.3.18 State MACKINE .....ovuiiiiiiiiiieieee et 14-38
14.4 Digital SUDSYSIEM ...cccuiiiieiiieciie ettt e e et e e e e e e enae e e 14-38
14.4.1 QUEUE PTIOTILY ..eeiiiiiiiieiie ettt ettt ettt e et ens 14-39
14.4.2 Sub-Queues That are Paused ...........ccooviieiiiiiiiiiiiieeeeeee e 14-39
14.4.3 Boundary Conditions .........cccvieiciieeiiieeiiee e esieeesteeeseeeeiveesreeesveeesaeessneesseeens 14-41
14.4.4 SCAN IMOAES ...ttt ettt ettt ettt eneen 14-42
14.4.4.1 DiSabled MO .....c..evuiiiiiiiiieeeie e 14-42

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Xvii



Contents

Paragraph .

Number Title

14.4.4.2 Reserved MOde ......ccevveeiiiicieeceeeee e
14443 Single-Scan Modes ........ccceeeviiriieiiieiierieeeeee e
144.43.1 Software Initiated Single-Scan Mode .......ccccevveviiviiieniieennn.
14.4.4.3.2 External Trigger Single-Scan Mode ..........ccoceeverviiniininicnennee.
14.44.3.3 External Gated Single-Scan Mode ........c.ccoceeeviieniieiienienieenen.
14.44.3.4 Periodic/Interval Timer Single-Scan Mode .........c.cccceeeuveennennnen.
14.44.4 Continuous-Scan Modes .........cceeevuiieeiiieeiiieecieece e
14.4.4.4.1 Software Initiated Continuous-Scan Mode ..........cccccecveveeeennnene
14.4.44.2 External Trigger Continuous-Scan Mode ...........cccceeevveernnenne.
14.44.4.3 External Gated Continuous-Scan Mode ...........cccccvvevvveenneennen.
144444 Periodic/Interval Timer Continuous-Scan Mode .......................
14.4.5 QADCO6O4E Clock (QCLK) Generation ............ccceeeveecveerreenveenreenneans
14.4.6 Periodic/Interval TIMET .......cccveeeciiieiiiieciie et
14.4.7 Configuration and Control Using the IMB3 Interface .......................
14.4.7.1 QADCO64E Bus Interface Unit ..........ceeeeviiiiiiiiiieecieeeeeiee e
14.4.7.2 QADCO4E BUS ACCESSING ....oveenrieiiiriieiinieniteteetenieenie e
14.5 Trigger and Queue Interaction EXamples ........cccecevieniniiincnnienienene
14.5.1 Queue Priority SChemes ........ccvevvieiiiiiiieiiecieeeceece e
14.5.2 Conversion Timing SChemes ........ccccoceeveriiniriiinieneicnecceeceee,
14.6 QADCO4E Integration Requirements ............ccoeceeeviienieeniienieenieeneeennenn
14.6.1 Port Digital Input/Output Signals ........cccceeevvieeiiieniieeeeee e,
14.6.2 External Trigger Input Signals .......c..ccocoviniiiiniininiceeecee
14.6.3 Analog POWer Signals .........cceovieiiiiinieiiieiecie e
14.6.3.1 Analog Supply Filtering and Grounding ..........ccccoecveeevveeecnveennnenn.
14.6.4 Analog Reference Signals .........ccccevieniiiiniiiniininiiccecce
14.6.5 Analog Input Signals ........ccceeriiiiiiiiiieiiee e
14.6.5.1 Analog Input Considerations ..........cccceecveeeeieeerieeerieeeieeeeee e
14.6.5.2 Settling Time for the External Circuit .........ccccoeveveeveniicneencnnns
14.6.5.3 Error Resulting from Leakage .........ccccoooveviieiiiniiiiieieeieee,
14.6.5.4 Accommodating Positive/Negative Stress Conditions ..................

Chapter 15
Queued Serial Multi-Channel Module

15.1 Block DIagram .........cccooiiiiiieiieiieiee e
15.2 Key FEAtUIES ...oouiiiiiiiiiiiieeeecee e
15.2.1 MPCS561/MPC563 QSMCM Details ......ccccceeveeeeerieniieiesieieeie e
15.3 MEMOTY MAPS ...eiiiiiiiiiieeite ettt
15.4 QSMCM Global REZISIETS ......ovueeiiriiriieiieiieeiieieeieseee et
15.4.1 Low-Power Stop Operation ..........cccccevueeiieenieeiieenie e
15.4.2 Freeze OPeration .........occeeueerieeiienieeieesiee ettt

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Xviii



Contents

Paragraph . Page

Number Title Number

154.3 ACCESS PIOTECTION ..eoovviiiiiiiiciie ettt e e e e e e e e sabe e e areeeaes 15-6
154.4 QSMOCM INLETTUPLES ..eveeeniiieeiieeeiieeeite ettt ettt ettt et e et e st e e saeeesaneeesanes 15-7
15.4.5 QSPI Interrupt GENETAtION .....ccccvvieeiieeiiieeriteeieeertee et e eieeeeteeeeareesereeenaseesnseesnnes 15-8
15.4.6 QSMCM Configuration Register (QSMCMMCR) .......ccooviiiiiiiiiiiiieceeee 15-8
15.4.7 QSMCM Test Register (QTEST) ...ooviiiiieiiieieeeeeeee et 15-9
15.4.8 QSMCM Interrupt Level Registers (QDSCI_IL, QSPI IL) ..ccovvvveviieiieiiieieeenee, 15-9
15.5 QSMCM Pin Control REZISIETS .....ccueeviriiriiiiiiiiniieieetete et 15-10
15.5.1 Port QS Data Register (PORTQS) ...oooiiiiiieiieiieeie ettt 15-11
15.5.2 PORTQS Pin Assignment Register (PQSPAR) .....ccoovviiiiiiiiiieeeeeeeeee 15-12
15.5.3 PORTQS Data Direction Register (DDRQS) .....cooouieniiiiiiiiieiieieeeeeeeeeeee, 15-13
15.6 Queued Serial Peripheral INterface ...........ccoocieviiiiiinieiiieieeceeeeeee e 15-14
15.6.1 QSPI REZISLEIS  ...veeeuiiieeiiieiiieeeiie et te et ee et e e ete e e st ee e et eeeareeeaaeesnsaeesnseeennseeenns 15-16
15.6.1.1 QSPI Control Register 0 (SPCRO) ......coeviiiiiiiieieeieeeee e 15-17
15.6.1.2 QSPI Control Register 1 (SPCR1) ...cccuieiiiiiiiiieieeieeeeeeeeee e 15-19
15.6.1.3 QSPI Control Register 2 (SPCR2) ...ccooeuieiiieiieeieeieeeeee et 15-20
15.6.1.4 QSPI Control Register 3 (SPCR3) ...cc.eiiiiiiiieiieieeeee e 15-20
15.6.1.5 QSPI Status Register (SPSR) ...c..ooiiiiiiiiieie et 15-21
15.6.2 QSPIRAM .ttt et sttt ettt sae e s 15-22
15.6.2.1 RECCIVE RAM ..ottt ettt e e e re e e 15-23
15.6.2.2 Transmit RAM ...ooiiiiiiiiee e 15-23
15.6.2.3 Command RAM .....oouiiiiiieiee ettt 15-23
15.6.3 QSPI PINS ottt ettt e s et e e b e esee b e enaeeneeseenee e 15-24
15.6.4 QSPT OPCIALION ....evieiiieiiieiieeiie ettt ettt ettt e et eesaeeebeebeeseaeebeessseenseensnesnseans 15-25
15.6.4.1 Enabling, Disabling, and Halting the SPI .........c.ccccooiiiiiiiiii 15-26
15.6.4.2 QSPIINTEITUPLS .ttt 15-26
15.6.4.3 QSPIFLIOW .ttt et sttt 15-27
15.6.5 Master Mode OPETAtiON ..........ccccuvieriieeiiieeiieeesieeesieeesaeeeereeesreeesseeessseeessseessseeenns 15-34
15.6.5.1 Clock Phase and Polarity .........ccccocuereiiiniiniiiiniieneeeeeeeee e 15-35
15.6.5.2 Baud Rate Selection ...........coceviiiiiiiiiiieiieeeeeeee e 15-35
15.6.5.3 Delay Before Transfer .........ccoocveieiieiiiieeciie e e 15-36
15.6.5.4 Delay After Transfer ........ocooiieiiieiieeieee e 15-36
15.6.5.5 Transfer Length .......ccoooioiiiiiiieie e 15-37
15.6.5.6 Peripheral Chip SEIECES .....cccviieiiiiieiieciieeee et e e 15-37
15.6.5.7 Optional Enhanced Peripheral Chip Selects .........ccocevviviiiiniiiniincnicnciiceee, 15-37
15.6.5.8 Master Wraparound MoOdE .........ccoooiiiiiiiiiiiiieiieeieeiteee e 15-38
15.6.6 S1AVE MOAE ...ttt et st 15-39
15.6.6.1 Description of Slave Operation ...........cccceceevervieriinieienieneneeneeeeeeee e 15-40
15.6.7 Slave Wraparound MOdE ..........cceoecuieriieiiieniieeieecieee ettt ens 15-41
15.6.8 MOAE FaUIL ..o 15-42
15.7 Serial Communication INterface .........cccceevvviiiiiiiiiiieee e 15-42
15.7.1 SCI REZISLEIS ...eeeiieiieiiiieiieeieeite ettt ettt e st e et eeaeebeestbeesbeessseenseessseenseesssennseens 15-45

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Xix



Contents

Paragraph .

Number Title

15.7.2 SCI Control Register 0 (SCCXRO) ...cccvevviiieiiieiieiienieeeeeeeeeen
15.7.3 SCI Control Register 1 (SCCXRI) ...ooovviviiiiieiiieiieeieeieeeeeeeen
15.7.4 SCI Status Register (SCXSR) ....ovieviiieiieiiiecieeseeeeee e
15.7.5 SCI Data Register (SCXDR) ...cocueeiiiiiiiiiiiiieeieeeeeee e,
15.7.6 SCILPINS ..ottt st
15.7.7 SCI OPEIation .....ccccueeeeiiieeiiieeiieeerieeesteeeree e e e e saeeesaeeeseaeeenaeeenes
15.7.7.1 Definition of TErms ......cccccccvieiiiiieeiiieceeeee e
15.7.7.2 Serial FOrmMats .......cooeeieriiiinierieeiececeeeeeteeee e
15.7.7.3 Baud ClocK ...cocueiiiiiiiiie e
15.7.7.4 Parity Checking ......ccccoceeviriiniiiiiiiiiiieeeeeceeee e
15.7.7.5 Transmitter OPeration ...........ceecveerueerieeiiienieerieenieeieeseeesreeeens
15.7.7.6 Receiver Operation ..........ccccveeveveeeriieenieeeieeeiee e e
15.7.7.7 Receiver Bit Processor ......cccuviieviiiciiiciiecieeee e
15.7.7.8 Receiver Functional Operation ...........c.cccceveiievienciienienieeieeee.
15.7.7.9 Idle-Line Detection .........cccceceveerierienieiieierieeieeee e
15.7.7.10 Receiver Wake-Up ......coceviiiiiniiniiiiiciececeecceecee
15.7.7.11 Internal Loop Mode ........ooovieviiieiiiiieiiieeeeeee e
15.8 SCI QUEUE OPETALION ....vvveeneiieeiiieeeiieeriieeerreeeieeeeireeereeesreeesareeenaeeas
15.8.1 Queue Operation of SCII for Transmit and Receive .....................
15.8.2 Queued SCI1 Status and Control Registers ..........cccoceveveveerieeneennne.
15.8.2.1 QSCI1 Control Register (QSCIICR) .....cocvvveviieeieeeeeeeee e,
15.8.2.2 QSCII1 Status Register (QSCIISR) ...ooviiiiiiiiiiieeeeeeieeee
15.8.3 QSCII1 Transmitter Block Diagram ..........cccccoeevevieniiienienieeieenen.
15.8.4 QSCI1 Additional Transmit Operation Features .............cccceeeneennn.
15.8.5 QSCI1 Transmit Flow Chart Implementing the Queue ..................
15.8.6 Example QSCI1 Transmit for 17 Data Bytes ........cccccceeeveeniiennnenne.
15.8.7 Example SCI Transmit for 25 Data Bytes .......ccccceeevveviveencieeenneen.
15.8.8 QSCI1 Receiver Block Diagram .........cccceeveevieneencniencnicnecenee.
15.8.9 QSCI1 Additional Receive Operation Features ............cccecueenneennen.
15.8.10 QSCI1 Receive Flow Chart Implementing the Queue ....................
15.8.11 QSCI1 Receive Queue Software Flow Chart .........ccccceevveeeveeennenn.
15.8.12 Example QSCI1 Receive Operation of 17 Data Frames .................

Chapter 16
CAN 2.0B Controller Module

16.1 FEATUIES et
16.2 External S1gnals ........cocooiiiiiiiiiiii e
16.2.1 TouCAN Signal Sharing .........ccoeceevieiiienieeieee e
16.3 TOUCAN ATChITECTUIE ...cuevieiiieiiiiiieiieeieee et
16.3.1 Tx/Rx Message Buffer Structure .........ccceoeverviniininicnicncnnee.

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XX



Contents

Paragraph .

Number Title

16.3.1.1 Common Fields for Extended and Standard Format Frames ...............
16.3.1.2 Fields for Extended Format Frames ..........cccccoooeviniiniininicniince
16.3.1.3 Fields for Standard Format Frames ............cccccoocevviniinieniniienceieene
16.3.1.4 Serial Message BUffers ........cccccooeviriiniininiiniccccccee
16.3.1.5 Message Buffer Activation/Deactivation Mechanism ...........c.cccceee.
16.3.1.6 Message Buffer Lock/Release/Busy Mechanism ..........ccccccoeeveennennne.
16.3.2 Receive Mask REZISTETS .......ocvuiiiiiiiiiiieiieeeeee e
16.3.3 Bt TIMING .oeovvieiieeiieiiecieeeeee ettt ettt et e e s enee e
16.3.3.1 Configuring the TouCAN Bit Timing ........cccceceevievieenienieeieeereenen.
16.3.4 Error COUNLETS ....vviiieiiiiie ettt e e e e et e e e eeaaee e e e
16.3.5 TIME STAMP ..veeniiieiiieieee et ettt et
16.4 TOUCAN OPETALION ....veeiiiieeiiieeiieeeieeestee et eie e e e eeteeesaeeeareeeseeeseseeenns
16.4.1 TOUCAN RESEL ...eeiieiiiieeeiitee ettt e et e et e e e saee e e eneaeeeennes
16.4.2 TOUCAN INitialiZation ........ccceeviivierieriiiieeeeeeeeee e
16.4.3 TransSmit PrOCESS .....covieriiiiiiiiiiiiieteeeee e
16.4.3.1 Transmit Message Buffer Deactivation ...........cccooceviiiniiniiiinnnnen.
16.4.3.2 Reception of Transmitted Frames ............ccccceevieniieiienieeiieieeieeen,
16.4.4 RECEIVE PTOCESS ..nviiiiieiiiiiecieee e
16.4.4.1 Receive Message Buffer Deactivation ..........ccccceeveevieenieniienicenieeen.
16.4.4.2 Locking and Releasing Message Buffers ..........cccccoeeeniiiiienieninnnen.
16.4.5 Remote Frames ..o
16.4.6 OVerload FIames .........cccoviieiiiieiiieciieceee ettt
16.5 Special Operating MOdeS .........ccceeeiieriieiieeiieeie ettt
16.5.1 DebUZ MO ....ooeiiieiieeeece et
16.5.2 Low-Power Stop Mode .......cccoviiiiiiiniiiiiicicceeetceeeee e
16.5.3 Auto Power Save Mode .......coceevieiiiiiniiiieiieecetee e
16.6 INTEITUPLES et e e e e et e e e et ee e e e naaeeeeanes
16.7 Programming Model ..........cccooiiiiiiiiiiee e
16.7.1 TouCAN Module Configuration Register (CANMCR) ........ccceevvennenee.
16.7.2 TouCAN Test Configuration RegiSter ..........cccccvvveviieeniieeiieeeie e,
16.7.3 TouCAN Interrupt Configuration Register (CANICR) ......ccccocevveiennnes
16.7.4 Control Register 0 (CANCTRLO) .....ooouiiiiiiieeiieiecieeeee e
16.7.5 Control Register 1 (CANCTRLI) cccvvviiiiieeiieeceeeee e
16.7.6 Prescaler Divide Register (PRESDIV) .....coooiiiiiiiiiiiieeeee
16.7.7 Control Register 2 (CANCTRL2) .....oooiiiiiiieeiieieeeeeeeee e
16.7.8 Free Running Timer (TIMER) .......cccoiiiiiiiiiiiieeeeeeeeeee e
16.7.9 Receive Global Mask Registers (RXGMSKHI, RXGMSKLO) .............
16.7.10 Receive Buffer 14 Mask Registers (RX14MSKHI, RX14MSKLO)
16.7.11 Receive Buffer 15 Mask Registers (RX15MSKHI, RX15MSKLO)
16.7.12 Error and Status Register (ESTAT) ..coooveeiiiiiiiieiieeeeeeeeee
16.7.13 Interrupt Mask Register (IMASK) .....ooovieiiiiiiieiieieeiieeeeeee e

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXi



Contents

Paragraph .
Number Title
16.7.14 Interrupt Flag Register (IFLAG) ...cocooviiiiiniiniiiiniceieeceeceeee
16.7.15 Error Counters (RXECTR, TXECTR) ..cccoooviiiiiiiiieeeieeeeeee e
Chapter 17

Modular Input/Output Subsystem (MIOS14)
17.1 BloCK DIaZIam .......eeeeiiieiiiieeiieeiee ettt
17.2 MIOS14 Key FEAtUreSs ......cocuiiiiiiriiiiiiiiieieeniecteeieeete e
17.2.1 Submodule Numbering, Naming, and Addressing ............cccccceevveevennen.
17.2.2 Signal Naming CONVENtION ..........cccuerevieruierieeriieeieenieesieereeseeesreeseneennees
17.3 MIOS14 Configuration ...........ccccceeevierieneenienienieeiene ettt
17.3.1 MIOST4 SiNALS ...t
17.3.2 MIOS 14 BUS SYSEEIM ..eoeuviieiiiieciieeciie ettt et
17.3.3 Read/Write and Control BUS ..........cccueiiiiiieiiiecieccee e
17.3.4 ReqUESE BUS ...oeeiiiiiiee e
17.3.5 Counter BUus Set .....cocooiiiiiiiiiiiieeeeee e
17.4 MIOS14 Programming Model ...........cocoiiiiiniiniiiiniiiienceeeceeeeee
17.4.1 Bus Error SUPPOT ..oeeeiiiiiieeiieee et
17.4.2 WALE STALES ..ttt
17.5 MIOST4 I/O POTLS ..ottt ettt ete s nseennens
17.6 MIOS14 Bus Interface Submodule (MBISM) ........ccoooeeviiiiiiiieieeceeee,
17.6.1 MIOS14 Bus Interface (MBISM) RegiSters .......ccceeveevieeenieenciieeereeenee,
17.6.1.1 MIOS14 Test and Signal Control Register (MIOS14TPCR) ..............
17.6.1.2 MIOS14 Vector Register (MIOST4VECT) ...cocovvviieiiiiieiieieeeeee.
17.6.1.3 MIOS14 Module and Version Number Register (MIOS14VNR)
17.6.1.4 MIOS14 Module Configuration Register (MIOS14MCR)) ..................
17.7 MIOS14 Counter Prescaler Submodule (MCPSM) .......cccceeevvieciieeciieeen.
17.7.1 MCPSM FEATUIES ..ccuviiiiiiieiiiieeiite ettt
17.7.1.1 MCPSM Signal FUNCtions .........ccccoceriineiiieniinenienieneeieneeieeeenene
17.7.1.2 Modular I/O Bus (MIOB) Interface ..........cccceevvieevieeecieecieeeiee e
17.7.2 Effect of RESET on MCPSM ....oooiiiiiiiiiiiieeeeeeeee e
17.7.3 MOECPSM REZISIETS ..enviiuiieiiiiieiieiierieeeeeiteste ettt
17.7.3.1 MCPSM Registers Organization .............cceeceeeeeeneenieeeneeneeenseennesnens
17.7.3.2 MCPSM Status/Control Register (MCPSMSCR) ......ccccoevevvvevrveennenn.
17.8 MIOS14 Modulus Counter Submodule (MMCSM) ......ccccoviiiiiiiiiiiiens
17.8.1 MMOECSM FEALUIES ......eevuiiriiiiiiiniiieieeeiteete ettt
17.8.1.1 MMCSM Signal FUNCHONS ......cceeeviieeiiieeiie e
17.8.2 MMOCSM PreSCaler .....ccccvviiiiiieciieeciee ettt
17.8.3 Modular I/O Bus (MIOB) INterface ..........cccoeeevuiieeiieeciieecieeeee e
17.8.4 Effect of RESET on MMCSM ....c.ooiiiiiiiiiiiiieceeeee e
17.8.5 MMOCSM REZISLEIS ...eviuveiriiiiiiiiieieeteeteete ettt

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

xXii



Contents

Paragraph .

Number Title

17.8.5.1 MMCSM Register Organization ..........c.cceeeveereeneeeeneeneneeneeseeneennes
17.8.5.2 MMCSM Up-Counter Register (MMCSMOCNT) ....cccoovcviviiienieeieenen.
17.8.5.3 MMCSM Modulus Latch Register (MMCSMML) ......ccccccveevvveiiennnn.
17.8.5.4 MMCSM Status/Control Register (MMCSMSCRD)

(DUplicated) ....oooovieiieeiieie e
17.8.5.5 MMCSM Status/Control Register (MMCSMSCR) .......ccocvveeveeveenenn.
17.9 MIOS14 Double Action Submodule (MDASM) ......cooiiiiiiiiieieieeie
17.9.1 MDASM FEALUIES ......eeiiiiriiiiiiieiiieieeeiteee ettt
17.9.1.1 MDASM Signal FUNCLIONS ......cccviiiiiieiieiieiiecieeeie e
17.9.2 MDASM DESCIIPLION ..ottt ettt
17.9.3 MDASM Modes 0f OPEration ..........cccceeeeereeeriienieeieeniieeieerieenieeveenenas
17.9.3.1 Disable (DIS) MOAE ....cc.eeviieiiiiiieiiecieeteeee ettt
17.9.3.2 Input Pulse Width Measurement (IPWM) Mode .........cccoeviveiiennnnen.
17.9.3.3 Input Period Measurement (IPM) Mode .........cccoeveieiienieniiienienieeen,
17.9.3.4 Input Capture (IC) Mode ......cccoecvieiieeiieiiecieeieeeeee e
17.9.3.5 Output Compare (OCB and OCAB) Modes .......ccccecveveevienieneenennenne.
17.9.3.5.1 Single Shot Output Pulse Operation ...........cccceeeveenieeieenieneeeieenen.
17.9.3.5.2 Single Output Compare Operation ...........c.cccceeeeveereeeueeneeneeesneennnes
17.9.3.5.3 Output Port Bit Operation ..........cceceeeeverienennienienenieneeie e
17.9.3.6 Output Pulse Width Modulation (OPWM) Mode ........ccccecvveviienirennnnnn.
17.9.4 Modular I/O Bus (MIOB) INterface ........ccccoecveeeeieeicieeniieeiie e
17.9.5 Effect of RESET on MDASM ....oooiiiiiiieeceeeeeee e
17.9.6 MDASM REZISLEIS ....veeiiieiiieiieeiiieiieeiieeieeeite ettt eve e seeebeesaeeebeeeeas
17.9.6.1 MDASM Registers Organization ...........cccccceeeeveeeieeesieeesieeessneessneeens
17.9.6.2 MDASM Data A (MDASMAR) Register .........cccceeveenieniiienienieeinn.
17.9.6.3 MDASM Data B (MDASMBR) Register .........cccecueeviienieeiiienieeieeen.
17.9.6.4 MDASM Status/Control Register (MDASMSCRD) (Duplicated)
17.9.6.5 MDASM Status/Control Register (MDASMSCR) .......cccocievieninnnnn.
17.10 MIOS14 Pulse Width Modulation Submodule (MPWMSM) ......................
17.10.1 MPWMSM TerminolOgy ......cccceevieeiiieeiiieeiieeeiie et
17.10.2 MPWMSM FEALUIES ....eeeeieiiiieeeiiiieeeeiieeeeriieeeeeieeeeesveee e e svreeeseeaaeeeenes
17.10.3 MPWMSM DESCTIPLION ...ovvieniieiiieiieeiieeiieiie ettt eeeeiee e eieeseeeeveeeeas
17.10.3.1 CLOCK SEIECION ...ttt s
17.10.3.2 {10111 £c) USRS
17.10.3.3 Period REGISLET ......coeiieiiieiieiiecie ettt
17.10.3.4 Pulse Width REZISTETS ......ccecuiiieiiieciieeiieeieeee e s
17.10.3.5 Duty Cycles (0% and 100%0) ....cocveveeverieniniiniieeieneeeeeee e
17.10.3.6 Pulse/Frequency Range Table .........ccccooieiiiiiiieniiiiiiiieceeeeeeee,
17.10.3.7 MPWMSM Status and Control Register (SCR) .....ccoecvvveviieiiiiiiiens
17.10.3.8 MPWMSM INETTUPL ..ot
17.10.3.9 MPWMSM Port FUNCLIONS .......oouviriiiiiniiiiiniecieeceesceeeeee e

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXiii



Contents

Paragraph .

Number Title

17.10.3.10 MPWMSM Data COhErency .........ccccceceeveeviereenernienieneeieneene
17.10.4 Modular Input/Output Bus (MIOS14) Interface ..........ccccveeuvennnene.
17.10.5 Effect of RESET on MPWMSM ...
17.10.6 MPWMSM REZISLELS ...c.veeuiiniiiiiiiiniiiieeiieeieeie ettt
17.10.6.1 MPWMSM Registers Organization .............ccceeeeeveereeeneeeneennnn.
17.10.6.2 MPWMSM Period Register MPWMPERR) .........cccccoveennenne
17.10.6.3 MPWMSM Pulse Width Register (MPWMPULR) ...................
17.10.6.4 MPWMSM Counter Register (MPWMCNTR) .......ccccoecvvenneenee.
17.10.6.5 MPWMSM Status/Control Register (MPWMSCR) ...................
17.11 MIOS14 16-bit Parallel Port /O Submodule (MPIOSM) ..................
17.11.1 MPIOSM FEAtUIES .....veeiiiriiiiiiiiieiieseeeeesee e
17.11.2 MPIOSM Signal FUNCLIONS ......coocvieriieiiieiieeieeiiecie e
17.11.3 MPIOSM DESCTIPHION ...uveeuviiiiiiiiiniieieeieeieeie ettt
17.11.3.1 MPIOSM Port FUNCHON .....eviiiiiiiiiiienieeieniieieceeeeeeeee e
17.11.3.2 Non-Bonded MPIOSM Pads ......c.ccooeeviiieniiieiieccieeeecee
17.11.4 Modular I/O Bus (MIOB) Interface ..........ccecceevieniiieneenieeiieen
17.11.5 Effect of RESET on MPIOSM ......cccoiiiiiiniiiiinieenieeeeeeee
17.11.6 MPIOSM TESEING ...ooevvrieiiieeiiieeiiie ettt
17.11.7 MPIOSM REZISTETS .....veveeiiiniiiiieieniieieeitesieete ettt
17.11.8 MPIOSM Register Organization ...........cc.cceeeeevveeeieeneeneeeneeenneenn.
17.11.8.1 MPIOSM Data Register (MPIOSMDR) ........ccccceeviviininieenee.
17.11.8.2 MPIOSM Data Direction Register (MPIOSMDDR) ..................
17.12 MIOS T4 INEEITUPLS .ooeneiiieiiieeiieeeitee ettt
17.12.1 MIOST4 Interrupt StruCtuIe .....ccevveeeeeiiiieeeiiiee e
17.12.2 MIOS14 Interrupt Request Submodule (MIRSM) .........ccccevenenee.
17.12.3 MIRSMO Interrupt REIStErs ......c.cevveviiieriiieiieiieeieeeeeieeeee e
17.12.3.1 Interrupt Status Register (MIOS14SRO) ......covvvvvvviieeieeieeee,
17.12.3.2 Interrupt Enable Register (MIOS14ERO) ......ccccocveviiiinicncnnens
17.12.3.3 Interrupt Request Pending Register (MIOS14RPRO) .................
17.12.4 MIRSMI Interrupt REISIETS ....ccuveeeeeieeeiieeieeeiieeciee e
17.12.4.1 Interrupt Status Register (MIOS14SR1) ..cocoviiviiiiiniiniiicene.
17.12.4.2 Interrupt Enable Register (MIOS14ER) ....ccccoevviieiieniieienee.
17.12.4.3 Interrupt Request Pending Register (MIOS14RPR1) .................
17.12.5 Interrupt Control Section (ICS) .....ccceeviiiiiiiniiiieeiee e
17.12.6 MBISM Interrupt REGISLErs ......cccvveviieriieiienieeiieeie e
17.12.6.1 MIOS14 Interrupt Level Register 0 (MIOS14LVLO)

17.12.6.2 MIOS14 Interrupt Level Register 1 (MIOS14LVL1)

17.13 MIOS14 Function EXamples .........cccccevieiiiieiiiniiieieeieeieeeeee e
17.13.1 MIOS14 Input Double Edge Pulse Width Measurement

17.13.2 MIOS14 Input Double Edge Period Measurement .............c..c........
17.13.3 MIOS14 Double Edge Single Output Pulse Generation .................

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXiv



Contents

Paragraph . Page

Number Title Number

17.13.4 MIOS14 Output Pulse Width Modulation with MDASM ........ccccooieniiiiiniininne 17-73
17.13.5 MIOS14 Input Pulse Accumulation ............ccocueeeieeiiieniieniieie e 17-74

Chapter 18
Peripheral Pin Multiplexing (PPM) Module
18.1 KEY FRALUTES ...eviieiiiiieiieecte ettt et e et e et e e s e e sabeeennaees 18-1
18.2 Programming MOdEl .........cooiiiiiiiiiiie e 18-2
18.3 Functional DeSCTIPLION .......cc.eiiuieiiieiiieiie ettt ettt ettt et eeseebeeennes 18-3
18.3.1 PPM Parallel-to-Serial Communication Protocol ...........ccccoeeeviniieniniinienceieneenee, 18-3
18.3.1.1 Internal MUItIPIEXING ......cocueeiiiiiiiiiieeiiee et 18-4
18.3.1.2 PPIM CIOCKS ..itintteniieiieiteeteetete ettt sttt sttt sttt et e b s 18-5
18.3.1.3 PPM Control SEtHNES ..cvveeeeiieeiiieeiieeeiie ettt ettt eire e stee e e s eeaaeesnenees 18-7
18.3.2 PPM Signal Short Functionality ........c..ccccoeoeeiieiiiniininiinieieeeeeceseereee e 18-9
18.3.2.1 TOUCAN SROTEING ..vviieiiieiieiieeiiecte ettt e et siee et e eteesabeenbeeseaeenseas 18-9
18.3.2.2 TPU SROTEINE ..ottt sttt sttt ettt et s aeeneens 18-9
18.3.2.3 ETRIGI and ETRIG2 .....ccoioiiiieiieieeeeee ettt 18-9
18.3.2.4 T2CLK ettt sttt st e 18-10
18.3.3 PPM Module Pad Configuration ............cccceeeuierieeiiieniieeieeiieeie e eve e see e e 18-10
18.4 PPM REZISTETS ....eiiieiniieeiieeite ettt ettt ettt ettt sttt e ettt e et e e bt e e neeeneesneeenne 18-10
18.4.1 Module Configuration Register (PPMMOCR) ........cccoviiiiiiniiiiieiecieeeeeeeee e 18-10
18.4.1.1 Entering Stop MOAE ....ooeviieiieceeeeeee et e 18-11
18.4.2 PPM Control Register (PPMPCR) .......coooiiiiiiiiieeeeeee e 18-12
18.4.3 Transmit Configuration Registers (TX CONFIG 1 and TX CONFIG 2) ........... 18-15
18.4.4 Receive Configuration Registers (RX CONFIG 1 and RX CONFIG 2) ............ 18-16
18.4.5 Receive Data Register (RX DATA) .oocvioiiiiieeeeeeee e 18-17
18.4.6 Receive Shift Register (RX SHIFTER) ......cccooviiiiiiiiiiiiieieeeeeeeeeee e 18-18
18.4.7 Transmit Data Register (TX DATA) .occcuvieiiieeeeeeee ettt e 18-18
18.4.8 General-Purpose Data Out (GPDO) ......cccooiiiiiiiie e 18-18
18.4.9 General-Purpose Data In (GPDI) .......cccooviiiiiiiiieiieiieeeeee e 18-19
18.4.10 Short Register (SHORT REG) ....ccuieiiiiiiiieieieeeeeee e 18-19
18.4.11 Short Channels Register (SHORT CH REG) .....cccoooiiiiiiininiiniiienicccceee, 18-22
18.4.12 Scale Transmit Clock Register (SCALE TCLK REG) ...ccccooeiviiiiiiiniiiiiiiieee 18-24
Chapter 19
Time Processor Unit 3

19.1 OVETVIEW ..ttt ettt ettt et ettt et e s bt e et e bt e st e e bt e e et e et e e sat e e bt e esbeenbeesabeenbeesabeaseans 19-2
19.2 TPU3 COMPONENLS ...cuveeniiiiiiieiiieiieeieeeie ettt ettt st re e sreesaeesaneenneesanees 19-2
19.2.1 TIME BASES ...ttt sttt 19-2

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXV



Contents

Paragraph .
Number Title
19.2.2 Timer Channels .........cccooeviieiiiiiiiie e
19.2.3 SChedUuler ..o
19.24 IMICTOCNZINE ...oovvieivieiieeiieeiie et esieeereeteeeaeesaeeeseesseeesseeseesnseeseens
19.2.5 HOSt INtEITACE ..o
19.2.6 Parameter RAM ......cooiiiiiiiiiceee e
19.3 TPU OPEIation ......ceevviiiiiieeiiieeieeeiee ettt e eteeereeeereeesreeeeaeeeaeeeenee
19.3.1 Event TIMING ...c.coviiiiiiiiiiee e e
19.3.2 Channel Orthogonality ..........cccoecveeriieniiieiiienieciiee e
19.3.3 Interchannel CommuUNICAtION .....ccceevuieriirieniieieeienieieee e
1934 Programmable Channel Service Priority .........ccccoceevevviineencnnenne.
19.3.5 001153 (3110 RSP PTR
19.3.6 Emulation SUPPOTt ...cc.eeecviiiiieiiecieeieeee ettt
19.3.7 TPU3 INTETTUPLS ..ottt e
19.3.8 Prescaler Control for TCR1 .....cccooiviiiiiiiiiieeeeeeecee,
19.3.9 Prescaler Control for TCR2 ......cccccoiiiiiiiiiiiic
19.4 Programming Model .........cccoiiiiiiiiiiiee e
19.4.1 TPU Module Configuration Register (TPUMCR) ........ccccccuvennenn.
19.4.2 Development Support Control Register (DSCR) .......ccccevvveviennennns
19.4.3 Development Support Status Register (DSSR) .......cocoeviviiniinnenn
19.44 TPU3 Interrupt Configuration Register (TICR) .........cccceeeuveneenne.
19.4.5 Channel Interrupt Enable Register (CIER) .......ccccoecvveviieiniieennenn.
19.4.6 Channel Function Select Registers (CFSRn) .......cccooceeiiiniiecnnnn.
19.4.7 Host Sequence Registers (HSQRN) .....ccooeeviiiiiiiniiiiiiieeiiee,
19.4.8 Host Service Request Registers (HSRRn) ......cccceevviiiciiiiniinnnnnen.
19.4.9 Channel Priority Registers (CPRX) ......cccccoveeviniiniiiiniiiiicneee
19.4.10 Channel Interrupt Status Register (CISR) ......cccooviiviiieniiiiieeen.
19.4.11 TPU3 Module Configuration Register 2 (TPUMCR?2) ...................
19.4.12 TPU Module Configuration Register 3 (TPUMCR3) .....................
19.4.13 SIU Test Register (STUTST) ...oeoveeeiieiieeiieiieeieeeeeee et
19.4.14 Factory Test REISIETS ......cevcuiieiiiieeiieeciee et eeee e e
19.4.15 TPU3 Parameter RAM ........oooviiiiiiiieeee e
19.5 Time FUNCHONS ....eeiiiiiiieiieieeeeeeteeeeeee s
Chapter 20

Dual-Port TPU3 RAM (DPTRAM)
20.1 FEATUIES et
20.2 DPTRAM Configuration Block Diagram .........c.ccccceveeveniinennicnnenne.
20.3 Programming Model ..........cccooiiiiiiiiiiiiieieeeee e
20.3.1 DPTRAM Module Configuration Register (DPTMCR)
20.3.2 DPTRAM Test Register (DPTTCR) ......oovueiiiiiiiiiieieieeee

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXVi



Contents

Paragraph . Page
Number Title Number
20.3.3 RAM Base Address Register (RAMBAR) .....oooiiiiiiiiiiieeeeee e 20-4
20.3.4 MISR High (MISRH) and MISR Low Registers (MISRL) .......cccceoerienirneniennennn. 20-5
20.3.5 MISC Counter (MISCNT) ..ccoiiuieiiiieiieieeeete ettt 20-6
20.4 DPTRAM OPEIAtION ....cccuiruiiiiiiieiieniiiienitesteeteete ettt ettt sttt st enees 20-6
20.4.1 NOIMAL OPETATION ...eiiiiiiieiiieiie ettt ettt ettt e et esae et esaaeenbeeseaeenseesnnes 20-6
20.4.2 Standby OPEration ..........ccceeeiieiiieiieiiieiieeie ettt eere et e reeseaesaeeseessaeebeesseessseenseas 20-6
20.4.3 RESEt OPEIALION ...ttt sttt 20-7
20.4.4 SEOP OPETALION ...ttt ettt ettt e et e st e et e eaeessbeeseesaaeenseennnas 20-7
20.4.5 FTreeze OPEration .......c..coociiiiiiiiiiiiiecie ettt et eee et et eeaae e saeeesnseeeaeee 20-7
20.4.6 TPU3 Emulation Mode Operation ............coceeeevieriinenienieneeieneeneneesieeeeeeesneennes 20-7
20.5 Multiple Input Signature Calculator (MISC) .....ccoeviiiiiiiiiieiieieeeetee e 20-8
Chapter 21
CDR3 Flash (UC3F) EEPROM
21.0.1 Features of the CDR3 Flash EEPROM (UC3F) ...ccooooviiiiiiiieiiecieeteeeeeeeeee e 21-3
21.1 UCSF INETTACE ...eeiieiiieeiie ettt ettt ettt ettt et e st e b e seeas 21-4
21.1.1 External INteTface .........coeeviiiiiiiiiiiieeee e 21-4
21.2 Programming MO ..........cccoiiiiiiiiiiieiecieeeee e 21-5
21.2.1 UC3F EEPROM Control REISErS ......cocueruiiriieiiniiiiiiienieeieeiesieceseeseeee e 21-5
21.2.1.1 Register AAAIeSSING ........oevviiiiiiiiiiie ettt et 21-5
21.2.1.2 UC3F EEPROM Configuration Register (UC3FMCR) .....c.ccccovvevivveeiiieieeee. 21-5
21.2.1.3 UC3F EEPROM Extended Configuration Register (UC3FMCRE) ..................... 21-8
21.2.1.4 UC3F EEPROM High Voltage Control Register (UC3FCTL) ........cceevvennnnee. 21-11
21.2.2 UC3F EEPROM Array AddreSSing .......cccveeeevieeriieeiiieeieeeieeeeieeesveeeeveeeveeesvee s 21-15
21.2.3 UC3F EEPROM Shadow ROW .....cooiiiiiiiiiiiiiieee e 21-15
21.2.3.1 Reset Configuration Word (UC3FCFIG) ....ccooiiiiiiiiiiiiieiecieeeeeeeeeeee e 21-16
21.2.4 UC3F EEPROM 512-Kbyte Array Configuration ..........cccceeeveeecveencieeencreeeneeeeneenn 21-19
21.3 UC3EF OPETALION ...ttt ettt ettt et ettt ettt ettt s sbeestesaeenaeeneeas 21-19
21.3.1 RESEL ..ottt ettt 21-19
21.3.2 Register Read and Write OPeration ...........ccceeecveeeciieerieeeniieeieeeieeesveeesevee s e 21-20
2133 Array Read OPeration ..........ccccoceeieiieiiiniineiieeieeieetesie ettt sttt 21-20
21.3.3.1 Array On-Page Read Operation ...........cccoecueeiiieniieniieniieeieeieeieesee e 21-21
21.3.4 Shadow Row Select Read Operation ...........ccccceeeeieeeiiieeiieesiiecciee e 21-21
21.3.5 Array Program/Erase Interlock Write Operation .........c..cccceeeeeeeneesieneencnieeneennns 21-21
21.3.6 High Voltage Operations ...........cccceceveeiiienieeiiienieeieeieeeeeeieesteereesieeseeesaeesseeneeas 21-21
21.3.6.1 Overview of Program/Erase Operation ..........cccceccveeevieeeiiieencieeenieeeeeeevee e 21-21
21.3.7 PrOgramiming ........coooieiiiiiiieiie ettt ettt et et e eneas 21-21
21.3.7.1 Program SEQUENCE .......ccc.eeeiiiiiiiiiiiiieeeie ettt 21-22
21.3.7.2 Program Shadow Information ............cccceeeeiiieiiieiiiieciiecce e 21-24
21.3.7.3 Program SUSPEnd ........c.cccoeiiiiiiiiiii e 21-25

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXVii



Contents

Paragraph . Page
Number Title Number
21.3.8 ETASIIE ittt ettt ettt ettt ettt e st nneas 21-25
21.3.8.1 Erase SEQUENCE .....cccuiiiiiiiiiiiieiiieeee ettt et 21-26
21.3.8.2 Erasing Shadow Information Words .........c.cccoceeiviiiiiiniieiienieeieeeeeee e 21-28
21.3.8.3 Erase SUSPENA .....coouiiiiiiiiiiiiic e 21-28
21.3.9 StOP OPETALION ....evieniieiiieiieeiie ettt ettt et et e et esite e bt e s eaeeteessaeesseessnesnseens 21-28
21.3.10 DISADIEA ..ottt 21-29
21.3.11 Censored Accesses and Non-Censored ACCESSES .......eevueruieniieriieenieenieeieeneeneens 21-29
21.3.11.1 Setting and Clearing CeNSOT ...........coceeriieriienieeiienie ettt et ere e 21-31
21.3.11.2 SENG CRNSOT ..eeeuviieiiiiieeiieeeieeeette et e et e e et e e steeesbeeesabeessaeessseeesnseeesnseesnsseeens 21-32
21.3.11.3 Clearing CENSOT .....evuiiriiiiieiienteetenit ettt ettt ettt ettt sbe et et sae e s e b eanes 21-32
21.3.11.4 Switching The UC3F EEPROM Censorship ........ccccceevievieenienieeienieeieeeeee 21-33
21.3.12 Background Debug Mode or Freeze Operation .............ccceevveeeieenieeiieeneeecieeneennn. 21-34
Chapter 22
CALRAM Operation
22.1 FEATUIES ...t sttt et e et e e es 22-1
22.2 CALRAM BIOCK DIagIram .........cceeviiiiiiiiiieiieiieesieeeite ettt ete et sieesveesieesveeseesaae e 22-2
22.3 CALRAM MEMOTY MAD ..iiiiiiiiiiieiiie ettt ettt et eeee st eeseaeeenseesnneesnneeenns 22-2
22.4 MoOdEs Of OPETALION .....eeviriiiiiiiieiierieee ettt ettt 22-4
22.4.1 RESEE ettt ettt ens 22-5
224.2 ONE-CYCIE MO ...ttt ettt e e e s e e e sre e e saseeenaseeenens 22-5
22421 CALRAM Access/Privilege VIolations ..........coceeeeriereinienieneeiienieneeiesiesieeens 22-5
2243 TWO-CYCIE MOAE ..ottt ettt e e et e e e 22-5
224.4 Standby Operation/Keep-Alive POWET ........ccccvieviiiiiiiiicieeceeeeeee e 22-5
22.4.5 SEOP OPETALION ....cuiiiiiiiiiieiieieete ettt ettt ettt sttt st 22-6
22.4.6 Overlay Mode OPEration ...........ccceeeieeiiierieeiiienieeieeste et esieeeieesetesreesieessseensaesnseas 22-6
22.4.6.1 Overlay Mode Configuration ...........cccccueeeiuieeeiiieeiiie e eeeeeeeeevee e eaeeeseveeeseaeeens 22-6
22.4.6.2 Priority of Overlay ReZIONS .......cceeiiriiiiiriiniiiiiteeceeccnceee e 22-11
22.4.6.3 Normal (Non-Overlay) Access to Overlay Regions ..........cccccoeceevciienienieeneennen. 22-12
22.4.6.4 Calibration Write Cycle FIOW ......cccuveeiiiiiiiiiiecceeeee e 22-12
22.5 Programming MoOdel .........ooooiiiiiiiiiiie e e 22-12
22.5.1 CALRAM Module Configuration Register (CRAMMCR) ........cccocvvviiiiiienienninn. 22-13
22.5.2 CALRAM Region Base Address Registers (CRAM_RBAX) ....ccccoevvvieiiiiieeinnene 22-15
2253 CALRAM Opverlay Configuration Register (CRAM_OVLCR) ......cccccecvineeiennnene 22-17
22.5.4 CALRAM Ownership Trace Register (CRAM_OTR) .....cccooviiiiiiiiiniiiiieieee 22-17
MPC561/MPC563 Reference Manual, Rev. 1.2
Freescale Semiconductor Xxviii



Contents

Paragraph .
Number Title
Chapter 23

Development Support
23.1 Program FIow Tracking ........cccccooiiiiiiiiiiiiieeeeeee e
23.1.1 Program Trace CYCle .....c.coviiviieiiiieiiciieeeeeeee e
23.1.1.1 Instruction Queue Status Pins — VF [0:2] ..oooooiiiiiiiieeee
23.1.1.2 History Buffer Flushes Status Pins— VFLS [0:1] ....ccoooiiiiiiiiinens
23.1.1.3 Queue Flush Information Special Case ........ccccceeeievieriiienienireiene
23.1.2 Program Trace when in Debug Mode ..........cccoevvieiiiiciiinieciicieeeiee,
23.1.3 Sequential Instructions Marked as Indirect Branch .............ccccoceceniiis
23.1.4 External Hardware ..........ccccooceiiiiiiiiinieiieeeeeeseee e
23.1.4.1 Synchronizing the Trace Window to the CPU Internal Events
23.14.2 Detecting the Trace Window Start Address .......cc.ccoceevvevervcnecnennne.
23.1.4.3 Detecting the Assertion/Negation of VSYNC .......ccceoiviiiiniinennnn.
23.1.44 Detecting the Trace Window End Address .........ccceeveeviieniieciiennnns
23.1.4.5 COMPIESS .ttt ettt s
23.1.5 Instruction Fetch Show Cycle Control ..........cccooeveeviieiiiiniiniieieeieee.
23.2 Watchpoints and Breakpoints SUpport .........cccceeeveevieenieeriienieenieenie e
23.2.1 Internal Watchpoints and Breakpoints ...........ccoeceeveeniiiiienieeniienieeen.
23.2.1.1 RESIIICLIONS ...ttt
23.2.1.2 Byte and Half-Word Working Modes ..........ccceccveeviieniiieniieenneeeee,
23.2.1.3 EXAMPIES ..o
23.2.1.4 Context Dependent Filter ..........cccoocveviieiiieiiieniieiieeeeee e
23.2.1.5 Ignore First Match ........cccooeoiiiiiiiieee e
23.2.1.6 Generating Six Compare TYPES ...c..ccoereereerienienenieneeieeeene e
23.2.2 INSrUCtiON SUPPOTL .ocvviiiiieiieeiiieiie ettt
23.2.2.1 L0ad/Store SUPPOTL ....cooieiieeiiieeiieeee e e
23.23 Watchpoint COUNLETS ......covveeiiruiirienieniieieeteeteee ettt
23.2.3.1 Trap Enable Programming .............ccceeoieeiieniieiiiieniie e
23.3 Development System INterface .........cccceevveeeiieeniiieciieeee e
23.3.1 Debug Mode SUPPOTT ...c..eevieiiiiiiiiierieeeeecee et
23.3.1.1 Debug Mode Enable vs. Debug Mode Disable .........ccccccevcvieriiennnnnn
23.3.1.2 Entering Debug Mode .........ccooeviiiiieiiieiieeeeeeeeeeee e
23.3.1.3 Check Stop State and Debug Mode ........ccccoeriiniiiiniininiiniecnee
23.3.1.4 Saving Machine State upon Entering Debug Mode ...........cccccue.e...
23.3.1.5 Running in Debug Mode ........cccvveeiiiiiiieeeeeeeeeeeee e
23.3.1.6 Exiting Debug Mode ........ccooiiiiiiiiiiiieeeeee e
23.4 Development POrt .........cccioiiiiiieiiicieee e
23.4.1 Development POort PINS .......cccveviiiiiiiiiiieceeeeeeee e
23.4.2 Development Serial Clock ..........cocooviiriiiiniiiniiniiiniceeceeeeeee
23.4.3 Development Serial Data In ........cccooovieiiiieiiiiniiiiicieeeeee e

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXiX



Contents

Paragraph .
Number Title
2344 Development Serial Data QUL ........c.ccoeriiiriinieiiinieneneneeceese e
23.4.5 Freeze Sinal .......oooviiiiiiec e
23.4.5.1 SGPIO6/FRZ/PTR SigNal ...oovviiiiiiiiiiiieieeeseeeeeeeeee e
23.4.5.2 IWP[0:1]/VFLS[0:1] Signals ....cceeviieiiiiieiieeieeieeeeeee e
23453 VFLS[0:1]/MPIO32B[3:4] Signals ......cccevvieeiiieiieeiieieeieeeeeee e
23.4.6 Development Port REZISTETS ......c.eeeeviviiiiieiieeiieeiieeeiee et
23.4.6.1 Development Port Shift REZISter .........coceviiviiiiniiiiniiiiceece
23.4.6.2 Trap Enable Control RegISter ..........cccceevvieiiieiiiniieiiecieeeeeeeeeee e
23.4.6.3 Development Port Registers Decode ..........ccceeevveviieniieciienieeieeeieeeene,
23.4.6.4 Development Port Serial Communications — Clock Mode Selection
23.4.6.5 Development Port Serial Communications — Trap Enable Mode .........
23.4.6.6 Serial Data into Development Port — Trap Enable Mode ......................
23.4.6.7 Serial Data Out of Development Port — Trap Enable Mode ..................
23.4.6.8 Development Port Serial Communications — Debug Mode ..................
23.4.6.9 Serial Data Into Development POrt ..........ccccoeevieriieiiieniieiieiecieeeeee
23.4.6.10 Serial Data Out of Development POrt ........c.cccoceeveviiiiiiiniininicniceee.
23.4.6.11 Fast Download Procedure ..........ccccoceeveriiniininienieieneeeeeeeeeee
23.5 Software Monitor Debugger SUppOrt ........ccceeevieriieiiienieeie et
23.5.1 Freeze INdication .........ooiuiiiiiiiieie e
23.6 Development Support REZISErs .........cccceeeiieiieiiieiieeieeieeee e
23.6.1 RegiSter PrOtECTION ......oevviiiiiiieciie ettt
23.6.2 Comparator A-D Value Registers (CMPA—CMPD) .......ccccevvvinirviniennnn
23.6.3 Exception Cause Register (ECR) .....c.cooiiviieiiiiiiiieeeeeceeeee e
23.6.4 Debug Enable Register (DER) ......cccciiiiiiieiiieeiieceeeee e
23.6.5 Breakpoint Counter A Value and Control Register ...........ccoceeerveniniiennene
23.6.6 Breakpoint Counter B Value and Control Register ........c..ccocevevieninniennene
23.6.7 Comparator E-F Value Registers (CMPE—CMPF) .........cccocvvveiiiriiiiniens
23.6.8 Comparator G-H Value Registers (CMPG—CMPH) .........ccccoceniviiniinnnnn
23.6.9 L-Bus Support Control Register 1 .........ccceeiiieiiieiiieniieiieeieeeeee e
23.6.10 L-Bus Support Control Re@ister 2 ........cccoeeciieiiiieiiieeiiee e
23.6.11 I-Bus Support Control Register (ICTRL) .....cccoooeriiniininiiiieiinicneeienee
23.6.12 Breakpoint Address Register (BAR) ......cccoveiiiiiiieiiiiicieeeece e,
23.6.13 Development Port Data Register (DPDR) .......cccoeviiiiiiiiiiiieeeecieeeees
Chapter 24

READI Module
24.1 Features SUMMATY ........cociiiiiiiiiieecece e
24.1.1 Functional Block Diagram ...........ccceccieriieiieniiiiienieciee e
24.2 Modes OFf OPETAtION ......ccccvvieiiiieiieeciee ettt e e e e eaeeeraeeebeeeenes
24.2.1 Reset Configuration .........c.coceoiereriiniininieneeieeee et

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXX



Contents

Paragraph .
Number Title
2422 SECUTTLY ..ttt ettt ettt s naeen
24.2.3 NOTIMAL .o
2424 DiISADIEA ..o
243 Parametrics ......eeeieiiieiie e e
24.4 IMESSAZES .uvveeeuiiieeiiieeeiieeeiee et e et e ettt e st e e s bt e et eeeabeesaateesbteesabeeesabeeennneas
24.5 Terms and Definitions ........ccccovieriiiiinieiieeieeeese e
24.6 Programming Model .........cccoiiiiiiiiiiii e
24.6.1 REZISTET MAP ..ottt ettt ettt e
24.6.1.1 User-Mapped Register (OTR) ....c.oooveeiiieiiiiieiieieceeeeee e,
24.6.1.2 Tool-Mapped REZISIETS .......eevuieriiiiiiiiieiiieee e
24.6.1.3 Device ID Register (DID) ......c.cooiieiiiiiieiiieiieeie e
24.6.1.4 Development Control Register (DC) ......cccoevvveeiieniieniieiieeieeieeeeeee,
24.6.1.5 Mode Control Register (MC) .......cooouiiiiiiiiieiieiiieeese e
24.6.1.6 User Base Address Register (UBA) ......cooceeeiiiiieiiicieieeiecee,
24.6.1.7 Read/Write Access Register (RWA) ...oooviiiiiiiiieiiieeeieeee,
24.6.1.8 Upload/Download Information Register (UDI) .........cccccvveveniincnnnene
24.6.1.9 Data Trace Attributes 1 and 2 Registers (DTA1 and DTA2) .............
24.6.2 Accessing Memory-Mapped Locations Via

the Auxiliary POrt ........cccooiiiiiiiii e
24.6.3 Accessing READI Tool Mapped Registers Via the Auxiliary Port
24.6.4 Partial Register Updates ........ccoovveeeiiiiiiiieeieecie et
24.6.5 Programming Considerations ...........ccccceceevervienienienieneenieneenieneeseenens
24.6.5.1 Program Trace GUidelines ...........cccceevuieviieniieniiieiieeie e
24.6.5.2 Compressed Code Mode Guidelines ..........cccccveeeevierciieenciieeniee e,
24.7 Signal INtErface .......cocooiiiiiiiiiiii e
24.7.1 Functional DeSCription ...........ccccecieeiiienieiiieniieeie ettt
24.7.1.1 Signals Implemented ..........cccccoveieiiiiiiiiieiiiie e
24.7.2 Functional Block Diagram ..........cccocceeiiiiiiiiieniiieeceeee e
24.7.3 MESSAZE PTIOTILY .oovvieiiiiiiiiieciieiie ettt ettt e
24.7.4 SigNal ProtoCO] .....ocviiiiiieieeeeee e s
24.7.5 IMESSAZES ...eeeuiiieiiieeeiite ettt ettt ettt ettt ettt et e et e et e e
24.7.5.1 Message FOrmats ........ooceeeviieiiiiiiiiieiieecceee et
24.7.5.2 Rules 0f MESSAZES .....eeevvvieeiiieeiieeeiie ettt et e e
24.7.5.3 Branch Trace Message Examples .........coccoeviiiiiiiiiiniieiieniecieee
24.7.5.3.1 Example of Indirect Branch Message ...........ccccceevieeiiienieecieenneenen.
24.7.5.3.2 Example of Direct Branch Message .........ccccccceevvvienciieencieeccieeee,
24.7.5.4 Non-Temporal Ordering of Transmitted Messages ........c..cccceeeverneenne.
24.7.6 READI Reset Configuration ............ccceeeeeieenieenieeiiienieeieesiie e sieeeaeens
24.7.7 READI Si@NAIS ....viiiiiiieeiieeeee ettt et
24.7.7.1 Reset Configuration for Debug Mode .........cccoveviiiiiiiiniininiinenene
24.7.7.2 Reset Configuration for Non-Debug Mode .........ccceecvveviiiniiiinennnnnne

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

XXXi



Paragraph
Number

24.7.7.3
24.7.7.4
24.7.7.5
24.8
24.8.1
24.8.1.1
24.8.2
24.8.2.1
24822
24.8.2.3
24824
248.24.1
24.8.2.4.2
248243
248244
24.8.2.4.5
24.8.2.5
24.8.2.6
24.8.3
2484
24.8.4.1
24.84.2
24.8.4.3
24.8.4.4
24.8.5
24.8.6
24.8.7
24.9
24.9.1
249.2
249.2.1
24922
249.2.3
249.2.4
24925
249.2.6
2493
2494
24.9.5
24.9.6
24.9.7

Contents

. Page

Title Number
SECUIE MOAE ..ottt ettt et 24-37
DiSabled MO .....c.veeiiiiiiiiiiieeeecteee e 24-37
Guidelines for Transmitting Input MesSages .........cccceereeriieriienieeriienieereeneeeenns 24-37
Pro@ram TTACE ....ccouiiiiiiiiiie ettt ettt e s 24-38
Branch Trace MESSAZING ......cccveeruieiiieiiieiieeieeciie ettt ettt saee e eeees 24-38
RCPU Instructions that Cause BTM MeSSaZES .......cccveevrerrierieeniienieeieenieeenens 24-38
BTM Message FOTMALS .....ccccuuiiiiiiiiiieiiieeieeeite ettt s 24-38
Direct Branch MESSAZES ......cccueeiieruiiiiieiieeiieiie st eteesite et sieesre et e seneenseesaneens 24-38
Indirect Branch MESSAZES ........cccuveruiieiieiieiiieiieeieesieeeieeereeseeeeveeseeessveenseesaneens 24-39
COTTECHION IMESSAZES ....vveuveureriiieriienieeteeit ettt sttt ettt sttt nae e e saeenees 24-40
Synchronization MESSAZES .......c.eeevieruierieeriieeieeiieseeeteeseeesieesseeeseesseesseesseeenns 24-42
Direct Branch Synchronization MeSSage ........ccccccvevieeiiereeniieerieenieeieeneeenns 24-44
Indirect Branch Synchronization Message ........c.ccoceveevienieneniieneenenicneene. 24-44
Direct Branch Synchronization Message With Compressed Code ................ 24-44
Indirect Branch Synchronization Message with Compressed Code ............... 24-45
Resource Full MESSAZE ......ooouuiiiiiiiiiiiieiie ettt 24-45
EITOT MESSAZES ...vveeuiiieiiiieeiieeeiie ettt ettt ettt et e st e e 24-46
Relative AdAIreSSING ....cccvvieeiiieeiiieeeiieeeiee ettt e 24-46
Queue Overflow Program Trace Error Message .........cceccevveverienieneeiienecniennenn 24-47
Branch Trace Message OPeration ...........ccceecueerieriieniienieeniienieeieeseeeieeseeeveeenes 24-47
BTM Capture and Encoding Algorithm ..........ccccoeevieviiieiiiiieieeee e 24-47
Instruction Fetch SNOOPING ....cc.eovuiiiiiiiiiriicteeee e 24-48
Instruction Execution Tracking ..........cccccceeiiieniiiiiienieeieeeecee et 24-48
Instruction FIush Cases ........cccooiiiiiiiiiiiiiieeee e 24-48
Branch Trace Message QUEUCING .......cc.eevuieriiiiiierieeiieriie ettt 24-48
BTM Timing DIagrams .........cccoeeierieeiiienieeieeniieeieesieeeeeeieeeteeseesaesseesseesnseensnas 24-49
Program Trace GUIAEIINES ........ccceeeeiiiieiiiiieiiieciieeeee e e e 24-51
DAt TTACE ...eeeeiiiieiieee et ettt sttt e st e st e e naneeea 24-52
Data Trace for the Load/Store Bus (L-BUs) ......ccccccoiiieiiiiiiiiiiieceeceeeee e 24-52
Data Trace Message FOrmats .........oooovuiieeiiiiiiieeiie e 24-52
Data WIIte MESSAZE ...oovuvieuiieiieiiieiie ettt ettt et ettt et e st e st e ebeesneeenteens 24-52
Data Read MESSAZE ....oevierieeiiieiieeiieeiieeiie et eeite et e et ste et e staesteesaeesnbeeseesnneens 24-53
Data Trace Synchronization MeSSages ..........cccvveerrureeriureeririeenieeenreeeeeesveee s 24-53
Data Write Synchronization MeSSage .........ccccevuereeriieiiineenienieeneenieeieneeieneene 24-54
Data Read Synchronization MeSSaging ..........cccceevveeriierieesiienieeiiieniesieesieeninens 24-54
Relative AdAIreSSING ....cccvveeeiieeeiieccie ettt 24-54
Queue Overflow Data Trace Error MesSage ........ccccovvevveevienienerienienieeieneeneeeeenne 24-54
Data Trace OPETatioN ........cceeeeeeiiierieeiieiieeieerieeeteeteesaeeeeessteebeessaesseenseesnseenseas 24-54
Data Trace WINAOWING .....cccouviiiiiiiiiiieeciie ettt et eeree e e erae e s v e eseaeeenneeens 24-56
Special L-Bus Cases ......cccceoiriiriiiiiiiiiiieieeeeieetesee sttt st 24-56
Data Trace QUEUINE ....cccveiiiieriieeiieiie et eite et eteeseteebeesteeebeesteeeabeeteesaeeenseessneenseas 24-56

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXXii



Contents

Paragraph . Page
Number Title Number
24.9.8 Throughput and LatenCy ........ccocieiiiiiiiiiieieeee et 24-57
249.8.1 Assumptions for Throughput Analysis .......cccceeierieniiieiieniieiece e, 24-57
249.8.2 Throughput Calculations ...........ccceeiieiiieriieiiieie ettt seeeaeens 24-57
249.9 Data Timing DIagrams ..........ccceevieiiiiiieiieeiiesie ettt 24-57
24.10 REAA/WTILE ACCESS ..venvieniiriieiieieeiteeit ettt sttt sttt ettt ettt sttt ettt e saeeaesaeens 24-59
24.10.1 Functional DeSCIIPLION .......c.eeeuvieiiieiiieiieiieeie ettt eesaeesaeeesneeneeas 24-59
24.10.2 Write Operation to Memory-Mapped Locations and SPR Registers ..................... 24-61
24.10.2.1 Single Write OPeration ...........cccceeeveeiiierieriiieniieeiiesee et eieeeeeesreeseeeeseesaeeenseenes 24-61
24.10.2.2 Block WTite OPEIation .........cccveeeuieruiieiieiiieeiieiieeeeesieeseeeieeseeeeseesaeessseesseesasaens 24-62
24.10.3 Read Operation to Memory-Mapped Locations and SPR Registers ..................... 24-63
24.10.3.1 Single Read OPEeration .........ccccceeeiieiiieniieiiienie e sieeiteeee et ste e seaeeseeseee e 24-63
24.10.3.2 Block Read OpPeration ...........cc.eecuieriieiienieeiieieeceeesieeeee e seeeeaeesaeeesveesseeenseens 24-64
24.10.4 Read/Write Access to Internal READI RegiSters .......c..coccevievenicniniinienenicenn 24-64
24.10.4.1 WIIEE OPETALION ..vtieuiieiiieiieciie ettt et ettt et e et ebeeseteebeessaeeseessbesnseenseeenseens 24-64
24.10.4.2 ReEad OPEIation ......cccveeviieiieiiieiiecie ettt ettt et saeebe e eebeesaeeesseesseeensaens 24-65
24.10.5 Error HANAIING ....o.eiiiiii e 24-65
24.10.5.1 ACCESS AIIGNIMENL ..ottt ettt e et e enbeeeees 24-65
24.10.5.2 L-Bus Address EITOT ......cooiiiiiiiiieienieeeeee et 24-65
24.10.5.3 L-BUs Data BITOT ..ccueiiiiiiiiiiieiiieeeeee et s 24-65
24.10.6 EXCEPLION SEQUENCES ...ccuviiiieiiiieiieeiieeiieeiie ettt ettt e ere et e saeebeestaeenteesaeeenseenenes 24-66
24.10.7 SECUIE MOAE ..ottt et et e e aae 24-66
24.10.8 EITOT MESSAZES ....veeinieieiiiie ittt ettt ettt et ettt e et esaaee s 24-66
24.10.8.1 Read/WTite ACCESS EITOT ...ooiiiiiiiiiiiiiiiieiieieeeeeesee e 24-66
24.10.8.2 INVAIId MESSAZE ...eeevvieeiiieeiiieciee ettt ettt e e e et e e e e e e e e e naeeenree e 24-67
24.10.8.3 Invalid Access OPCOAE ......ooouiriiriiiiiiieieeeeeete e e 24-67
24.10.9 Faster Read/Write Accesses with Default Attributes ...........coceveveeveriineenennne 24-67
24.10.10 Throughput and LatenCy ........cccocueeeeiiiiiieecie et 24-68
24.10.10.1 Assumptions for Throughput Analysis ........ccceooeiiiiiiiiiieiieieeee e, 24-68
24.11 Read/Write Timing DIiagrams .........ccceevuieiieriiieniieiie ettt et s 24-69
24.12 WatChpOINt SUPPOTT ....evvieeiiieciie ettt e et e e be e e ssa e esbeeensseeensaaens 24-72
24.12.1 Watchpoint MESSAZING ........eevuiiiiiieiieiiieiie ettt ettt st e e eneeas 24-72
24.12.1.1 Watchpoint Source Field ........cccoooiiiiiiiiiiiie e 24-73
24.12.2 Watchpoint Overrun Error MESSAZE .....c..eeevvieriiiieriieeiiee et eeiee et 24-73
24.12.3 SYNCRTONIZALION ...c.eiiiiiiiiiiiiei et 24-74
24.12.4 Watchpoint Timing Diagrams ...........cccceevieeiiierieniieeriienie et 24-74
24.13 OWNEISIP TTACE ...viiiiiiiiiiie ettt e e e e et e e et eessbeeesssee e sseeesseeenns 24-74
24.13.1 Ownership Trace MeSSAZING .....cc.cecuerieriiriiriiiiinieneeeeeese ettt 24-75
24.13.2 Queue Overflow Ownership Trace Error Message ..........ccccvevveeviieniieeiieneenieenean. 24-75
24.13.2.1 OTM FIOW ettt sttt ettt et st e b e e s aeeaeeneenes 24-75
24.13.2.2 OTM QUEUECING ...cnveutiiiiieeiienteeteeit ettt ettt ettt et sttt et sbeesae et sae e eieesbeeaees 24-76
24.13.3 OTM Timing DIQGIAMS ....c.ceciieiiiriieeiieiieeieerieeete et sieeeteesteesaeebeessaeesbeessnesnseens 24-76

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXXxiii



Contents

Paragraph . Page
Number Title Number
24.14 RCPU Development ACCESS .......cccvierieriieniieiieesiieeieeieesiteeieesteeeveesseesseesseessnesseens 24-76
24.14.1 RCPU Development AcCess MESSAZING ....cccveverevieeiiieeriieeniieeniieerreeeieeesneeenneeeens 24-77
24.14.1.1 DSDI MESSAZE ..cueveruriiiiieiiieniieeteeeiee ettt sttt ettt et ene e 24-77
24.14.1.2 DSDO MESSAZE ..veeeuvvieeniiieeiieeeiieeeiteesteeeette ettt e st e e st e e st e e sabeesabeesaaeesabeeesanes 24-78
24.14.1.3 BDM Status MESSAZE ...ccuvvveeeiiiiieeeiiiieeeeiiieeeeeiteeeeeiteeeesitteeesnnaaeeeseenneessnnsaeeens 24-78
24.14.14 Error Message (Invalid MeSSaZE) ......ccueeruiiriieiiieiiieiieeieeieeee ettt 24-79
24.14.2 RCPU Development Access OPeration ..........ccccceeveeeieerieenieeniienieeseeennessseesseesenes 24-79
24.14.2.1 Enabling RCPU Development Access Via READI Signals ..........cccoeevveennennee. 24-80
24.14.2.2 Entering Background Debug Mode (BDM) Via READI Signals .............c....... 24-80
24.14.2.3 Non-Debug Mode Access of RCPU Development ACCESS .......ceeveeevereeeenneenne. 24-80
24.14.2.4 RCPU Development Access Flow Diagram .........ccccoeeveeeiieeiiieeeiieeceeeeeeene 24-81
24.14.3 TRIOUZRPUL ...ttt ettt 24-82
24.14.4 Development Access Timing Diagrams .........cccccoecvevieeiieniieniieniienie e 24-82
24.15 POWEr Mana@emeENt .........ccccuuieeeiiiiieeiiieeeeeieeeeeitee e et e e s e ee e sseaeeeesnbeeeesnneaeeeeenes 24-86
24.15.1 Functional DeSCTIPLion ..........cccueevuieiiiiiiiiiiieeieeiee et 24-86
24.15.2 LOW POWET MOAES ...c.eiiiiiiiiiieieiteeeeee et 24-86
Chapter 25
IEEE 1149.1-Compliant Interface (JTAG)

25.1 IEEE 1149.1 Test ACCESS POIt .....ooiiiiiiiiiieieee et 25-1
25.1.1 OVETVIEW eeiiitiiecitieeeiiee et e et e e et e e e tteeebteeesbeeesaseeeesseessseeensseesnsseesnsseeessaeesnseeennsesanses 25-2
25.1.2 Entering JTAG MOE ......ooouiieiiiiieeiieiecee ettt sttt 25-3
25.1.2.1 TAP CONLIOLIET .t 25-4
25.1.2.2 Boundary Scan REZISIET ........cceviiriiiiiiiiiiiiiericeette et 25-4
25.1.3 INSruction REZISTET .....covviiiieiiieiieie ettt et 25-30
25.1.3.1 EXTEST ettt ettt ettt e bt et e e st e nneenne e 25-31
25.1.3.2 SAMPLE/PRELOAD ......ooitieiieiecteeeeeett ettt 25-31
25.1.3.3 B Y P A S S et 25-31
25.1.3.4 CLAMP .ttt ettt ettt et e s ae et eeneees 25-32
25.1.4 5 | /SRR SRSSPR 25-32
25.2 MPCS61/MPCS563 RESLIICHONS ..cuvvenvieniiniieiiiieniienieeieeiee e ettt ettt seeeeeseeesaeeneens 25-32
25.2.1 Non-Scan Chain OPEeration .........ccceeecveeerieeeiieeniiieesieeerieeesreeeieeesseeesreeessseeessnees 25-32
25.2.2 BSDL DESCIIPHION ..ottt ettt ettt ettt 25-33
Appendix A
MPC562/MPC564 Compression Features
Al ICDU KeEY FEAUIES .....eeiiiieiiiiiieiieeiteeeet ettt sttt st e s A-1
A2 Class-Based Compression Model Main Principles.........occoooeeiieniiiiienieiiieniciicenees A-1

MPC561/MPC563 Reference Manual, Rev. 1.2

XXXiV Freescale Semiconductor



Contents

Paragraph . Page
Number Title Number
A2.1 Compression Model FEatures ..........c.oovevieiirieniiiiiicieeicneeeeeseeeeese e A-1
A22 MOde] LIMItATIONS. ¢..eeuveenieeiieiteeieeiiet ettt ettt et sttt be e e sieens A-2
A23 Instruction Class-Based Compression Algorithm............ccocceeviieiiieniiniiienienieeieene, A-2
A24 Compressed Address Generation with Direct Branches.........c..coccooceniiiinicnnncnnn. A-4
A25 Compressed Address Generation—Indirect Branches ............cccooceevieniiiiiienineienne. A-6
A.2.6 Compressed Address Generation—EXCEePtions.........cceevvveeiieriieeiiieniienieeieeeee e A-6
A27 Class Code Compression Algorithm Rules .........ccccoocieviiiiniininiiniiiiccceicee A-7
A2.8 Bypass Field Compression RUIES ............cceeeiieiiiiiiiiiieieciceeee e A-7
A.2.8.1 Branch Right Segment Compression #1.......c.oceiiviieiienieeiiieniecieeeeeee e A-7
A28.2 Branch Right Segment Compression #2.......c..ceoeeierienenieneenienienieeieeeenieeeenieens A-8
A2.83 Right Segment Zero Length Compression Bypass.........ccceeeeveiienieeiieenienieenieenen. A-8
A.2.9 Instruction Class Structures and Programming ..........ccccceeveiveeriieeniieerieesieesiee e A-8
A29.1 GlODAL BYPASS ..ttt A-8
A292 Single Segment Full Compression — CLASS 1 ....ccoiviiiiiiiiiiiieeeeeee e A-9
A293 Twin Segment Full Compression — CLASS 2 ...coooiiiiiiiiiieeieeeeeeeeeeee e A-9
A29.4 Left Segment Compression and Right Segment Bypass — CLASS 3................. A-10
A2.95 Left Segment Bypass and Right Segment Compression—CLASS 4.................. A-11
A.2.10 Instruction Layout Programming SUMMAry ..........cccceevevveeniieenieeenieenieeeiee e A-11
A2.11 COMPIESSION PIOCESS ...c.vveuiiriiiiiiiieiteie ettt sttt ettt A-11
A2.12 DECOMPTESSION. ....c.evieueieeiiieiieeiieeite et ette et e et e s ebeebeeesaeebeeeabeenbeessseensaessseenseesssesnseas A-12
A.2.13 Compression Environment Initialization...........c.ccceevveeiiiieniieeiieeeciee e A-13
A2.14 Compression/Non-Compression Mode SWiItCh ........c.coceviiviniiinieieniicnenicniceeee. A-14
A2.14.1 Compression Definition for Exception Handlers ............cccceeevieniiniienieniieienne, A-14
A.2.14.2 Running Mixed Code.........cocuiieiiiiiiiieciieeee ettt A-14
A3 OPEration MOAES. ......coueiiuiiiieiiiriieieet ettt sttt ettt e A-14
A3l INStruction FEtCh c...c.oiiiiiiiiii e e A-14
A3.1.1 Decompression Off Mode..........c.eieeiiieiiiieieeecieeeee et A-15
A3.1.2 Decompression On MOde .......c..coueieiiriiniiiiniceeceeeeeeseee e A-15
A3.1.2.1 Show Cycles in Decompression On Mode...........coceeeiieiienieeiiienieeieeiieeene A-15
A3.2 Vocabulary Table Storage Operation ...........cccveecveeerieesiieeniieeesieeerieeeeeveeereeesaeeenns A-16
A33 READI COMPIESSION «..cuveutiiiiieeiieniieieeitesttesie et sttt st st este et saeentesaeesseeseensesreenee A-16
A33.1 I-Bus Support Control Register (ICTRL) .....c.ccccvieriiiiiieiieeiieiieeieeieeee e A-16
A4 Decompressor Class Configuration Registers (DCCRO-15) .....cccvvveviieeciienciieerieeenee, A-18

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXXV



Contents

Paragraph . Page
Numgberp Title Numb%r
Appendix B
Internal Memory Map
Appendix C
Clock and Board Guidelines
C.1 MPC56x Device PoOwer DiStribUtion ..........ccueeieriiiierienieiieniieieeiesieeeseeie e C-2
C2 Crystal Oscillator External COMPONENES .........ccovieeriiieeiiieeniieeriee e e e ereeeeree e C-4
C.2.1 KAPWR FIEIING ...ttt st C-5
C22 PLL External COmMPONENLS.........ccoieiiieriieiiieiieeieeiieeeiieeiteeeaeeieeseeesbeeseresseessaeenseeens C-5
C23 PLL Off-Chip Capacitor CXFC.......ccoieiiiieiieeieeeieeetee et etee e svee e e svee e C-6
C3 PLL and Clock Oscillator External Components Layout Requirements.............c..c....... C-7
C3.1 Traces and Placement .............ooiioiiiiiriiiiiiiiececeeeee e C-7
C3.2 Grounding/GuUardiNg..........cccvieeeiieeiieeeieeeieeeeiee e et e e e e e e s raeesaeeesbeeesaseeennseas C-7
C33 IRAMSTBY Regulator CIrCUIL.......coeiuiiieriieiinienieeiesit ettt C-7
Appendix D
TPU3 ROM Functions
D.1 OVERIVICW ...ttt ettt ettt et h ettt s bt et e h e b et e e st e sbe et e ebtesbeenbesutenbeetenbeens D-1
D.2 Programmable Time Accumulator (PTA) ......ccueeeiieeiieeeiee et D-3
D.3 Queued Output Match TPU3 Function (QOM) ......c.coiiiiiiiiiiiiiieieeieee e D-5
D4 Table Stepper Motor (TSM)...cc.uiiiiiiieiieie ettt et ees D-7
D.5 Frequency Measurement (FQM) .......cc.oioiiiiiiiiieiieeceeee et D-10
D.6 Universal Asynchronous Receiver/Transmitter (UART).......ccooveiiiiiiiniiiiiieiiiciee D-12
D.7 New Input Capture/Transition Counter (NITC).......cccoecuieviiiiiieniieiieieeieeeee e D-15
D.§8 Multiphase Motor Commutation (COMM) ........ccceieiiiiiiieeiiieeieeeee e D-17
D.9 Hall Effect Decode (HALLD) ...ccuviiiiiieeieeee ettt D-20
D.10 Multichannel Pulse-Width Modulation (MCPWM) ........cccooeiiiiiiiiiiiiieeieeeeeeeee e D-22
D.11 MUIti TPU (MULTT) «ontieiiecieeeee ettt et ene e D-30
D.12 Fast Quadrature Decode TPU3 Function (FQD) ......ccoooiiiiiiiiiiieeeeeee D-35
D.13 Period/Pulse-Width Accumulator (PPWA) ........cocviiiiiiiiieeeee e D-38
D.14 ID TPU3 FUnction (ID).....cc.eecuiiieiieiecieieeie ettt s D-40
D.15 Output CompPare (OC) .....eoueeiiriiieiieritee ettt sttt ettt et sae e eee D-42
D.16 Pulse-Width Modulation (PWM).......cc.oiiiiiiiiiieeie e D-44
D.17 Discrete Input/Output (DIO)......ccuvieeiiieeieeee et D-46
D.18 Synchronized Pulse-Width Modulation (SPWM)........cccciiiiiiiiiiiiiiiieeceeee D-48
D.19 Read/Write Timers and Pin TPU3 Function (RWTPIN) ......cccocoviviiiiiiiniiiieeieeene D-51
D.20 Serial Input/Output Port (SIOP) ....ccvveeeiiieeeeeee et D-53
D.20.1 Lo 21 40 1S ) £ URPSR PP D-53
MPC561/MPC563 Reference Manual, Rev. 1.2
XXXVi Freescale Semiconductor



Paragraph
Number

D.20.1.1
D.20.1.2
D.20.1.3
D.20.1.4
D.20.1.5
D.20.1.6
D.20.2

D.20.3

D.20.3.1
D.20.3.2
D.20.3.3

F.1
F.2
F2.1
F2.2
F.2.3
F.3
F.3.1
F.4
F.5
F.6
F.7
F.8
F.8.1
F.8.2
F.9
F.9.1
F.9.2
F.10
F.10.1
F.11
F.12
F.13

Contents

. Page
Title Number

CHAN _CONTROL ..ottt ettt sttt et enaesseenseennas D-56
BIT D ettt ettt ettt sttt et et e e beeenbeentaeenaaens D-56
HALF _PERIOD ....ooiiiiiiiiiecteeee ettt ettt ettt sve e e esveensaesnneens D-56

BIT COUNT ...ttt ettt sttt st esseenseesaenseeneas D-56
XFER _SIZE ...ttt ettt ettt ettt et e st e eatessbeensaesnsaens D-56
SIOP _DATA ..ottt sttt ettt e et e e et e ssbe e saeesbeesseessseenseas D-57
Host RCPU Initialization of the SIOP Function.........cccccvvvvviiiiiiiiiiiieieec e, D-57
SIOP Function Performance ...........cc.veeoeeuviiiieiiieieeceee e D-57
XFER _SIZE Greater Than 16 .......ccccoevciiiiiieeniieeiieeeeeeeeeete et D-58
Data POSTHIONING. .....cccuiiiiieiieiieeiie ettt ettt ettt e et e st e et e e sseesaseenaeeens D-58
Data TIMINE ...eeveeeiiieiieeie ettt ettt et e bt e e teebeeesaeeseessbaenseesssesnseesnsaans D-58

Appendix E
Memory Access Timing
Appendix F
Electrical Characteristics

PaACKAZE ..o e ettt e e e e et e e e nabeeenraaeeas F-2
EMI CRAraCteriSTICS ...covveeuvvviiieeeieieiiiieitiee et e eeeeeiaite et e e e e e s esaaaeeeeeeesssssssaabeeeeessssssssnraaeeeeeess F-2
Reference DOCUMEILS ..........veiiiiiiiieeeiiiee et e e e e e e eeneees F-2
Definitions and ACTONYIMS .......cceciieeiiieiieieeeiieesieeesieeesteeeseaeeeareesareessseeessseeessseesnsees F-3
EMI Testing SpecifiCations.........cocuereeriiriinienienieniteieeteeie ettt F-3
Thermal CRaraCteriSTICS .....c.uveiiieiriieeeeieeeeeeetee et eeere e e et e e eeae e e e eeareeeeeeareeeeeenneeas F-3
Thermal REFEIENCES ......vvvvviiiiiiiieeeee e F-5
ESD PIOTECHION .uvvvviiiiiiieiiiiiiieee ettt ettt e e e e e e aae e e e e e e e e e essbaaae e e e e e e e s sesnaaaeeeeeens F-6
DC Electrical CharaCteriSTICS.......ccvuvieieeiirrieeeiiirieeeeeiteeeeeeetreeeeeetreeeeeereeeeeeiareeeeeeaseeeeenns F-7
Oscillator and PLL Electrical CharacteriStiCS.......uuiiiiviirurreriieeieiieiiiieeeeeeeeeeeiveveeeeeeens F-11
Flash Electrical CharaCteriStICS.....coouuviiiiiiiiiiiiiiiiiieeee et e e eeeiaaaee e e e e e e s eeanaraereee s F-12
Power-Up/DOWN SEQUENCING.......ccc.eeitierieeiieriieeiteniie e eiee et seeeeteeseesaeeseesaseenseenenas F-13
Power-Up/Down OPtION A .......ccceieiiieeiiieeteeeeeesieeesreeesieeeeieeesaeeessveeeseseeeaneesnnes F-13
Power-Up/Down Option B ......cc.coiiiiiiiiiiiiiienceeecectee e F-15
Issues Regarding POWETr SEQUENCE .......cc.coviieiieiiiiiieieeieee ettt F-17
Application of PORESET or HRESET .......ccooooiiiiiiieeeeeeeee e F-17
Keep-ALIVE RAM ... ..ottt ettt ettt F-18
AC TIHNING ..eiiiiieiieeee ettt ettt e bt estaeeabeebeeeabeebeeenseenseessseensaenseasnseenseas F-18
Debug Port TIMING ......cooouiiieiieciie ettt et e e e e e eaaeeenneesens F-43
READI Electrical CharaCteriSTICS ...uuuvviieiiiiiiiiiiieieeeeeieiiniieeeeeeeeeeesnieeeeeeeeesssssnnneeeeeessens F-45
RESET TIMING. ... eeitiiitieeiieiie ettt ettt et et teesteebeessaeeseesnseenseessseenseesnseenseennnas F-47
IEEE 1149.1 Electrical CharacteriStiCS........ovvvuureiieieiiiiiiireeieeeeeeeeenieeeeeeeeeeeeennnnreeeeeeens F-50

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXXVii



Contents

Paragraph . Page
Number Title Number
F.14 QADCOG4E Electrical CharaCteriStiCS........uievuuieeirireiiieeeirieeiieeecieeeeireeeereeeeireeeerneeereeens F-54
F.15 QSMCM Electrical CharacteriStiCS ..........cccvieeiuireeiiieeerieeeiieeeeteeeeireeeereeeerreeeereeeeereeens F-56
F.16 GPIO Electrical CharacteriStiCS .........covuviiiieiiiieeeeiiieeeeecieeeeeeiee e e e e eeere e e e e et e e eeanees F-60
F.17 TPU3 Electrical CharaCteriStiCS.......cccuriiiuiieeiiieeiiieeeieeeeireeeeieeeeteeeereeesreeeereeeeaveeeneeas F-61
F.18 TouCAN Electrical CharaCteriStiCS......ccuuiiieeiuiieeeeiiiieeeciiieeeeeieee e et eeere e e e e e e F-62
F.19 PPM Timing CharacteriStiCs ........ceueruerruerienieriinieeieetenie sttt ettt saeesae e F-62
F.20 MIOS Timing CharaCteriSTICS ......ecuveeiieriieeiieriieeieestieeteerteeeteeteesieeebeesseesseessreenseeseas F-64
F.20.1 MPWMSM Timing CharacteriStiCS .......ccuueevrvreriiieeiiieenieeerieeerieeeesieeesveeesreeenaseesnnns F-64
F.20.2 MMCSM Timing CharacteriStiCSs .......coeevuireerrerierienierieneenteetenteete st ereseeesreennes F-67
F.20.3 MDASM Timing CharacteriSTICS .......ueeruierireriieriieeitienieerieesiteeteesteeseesireeseessnesseens F-69
F.21 MPIOSM Timing CharaCteriStICS .....ccvreerurrerrrreeriuieerieeesreeesireeesereesreeesreesssseesssseessseens F-71
F.22 PIN SUMIMATY ..ottt ettt F-73
F.22.1 Package DIagrams.........cccueeiuiieiieiiieiieeiieeie ettt ettt ettt e et et esbeebeesnbeeseesnaeens F-83
F.22.1.1 MPCS561/MPCS563 Ball MAP .....covviiiieiieciieeeeee et F-86
Appendix G
66-MHz Electrical Characteristics
Gl 66-MHz Feature Limitations ............cooiiuiiiieiiiiieieeiiiee ettt e e s G-1
G2 PACKAZE ...t et ettt eaeeenbeebeeeaneens G-3
G3 EMI CharacteriSTICS ......uuiieieiuiieeieiiiiee e e e e eeete e e eette e e ettt e e e eeatteeeeeeaaaeeeeenaaeeeeeaseeeeeenneeas G-3
G3.1 Reference DOCUMENLS ...........eeiiiiiiiie ettt e eeaaae e e G-3
G3.2 Definitions and ACTONYIMS .....cc.ueeiuierieeiieriieeiieriee ettt et e eee e e saeeebeessaeenseeeeeenne G-3
G33 EMI Testing SpecifiCations.........cueeecuiieeiiiieiiieeciee et e eieeeeteeesveeeseveeesreeeeaeessaeesens G-3
G4 Thermal CharaCteriSTICS ........ueiiiiiiiiieeeeiiie ettt e e e e et e e e et ee e eeanreas G-3
G4.1 Thermal REfEreNCeS ......cccuviiiciiiieiiicciee e et G-6
G5 ESD PrOt@CHION «...vviiiiiiiiiee ettt ettt e et e et e e e e e ear e e e e eeaaaeeeeennreas G-6
G.6 DC Electrical CharaCteriSTICS.......couuirieiiriieeeeieieeeeiteeeeecieeeeeeeaee e e eetee e e e eeaaee e e e aaeeeeearees G-7
G.7 Oscillator and PLL Electrical CharacteriStiCs.........cccuveevuieeeiuiieeiieeeieeeieeeeveeeevee e G-10
GS8 Flash Electrical CharacteriStiCS.........ccciiuuiiiiiiiiieeeeiiieeeecieee et eetee et e e e G-11
G9 Power-Up/DOWN SEQUENCING.......cocveriiiriiriiniieienitenieetestt ettt ettt sre e G-12
G9.1 Power-Up/Down OPLion A .........ccceeeiieiiiieiieniie ettt ettt et eseesaaesaeesaeessseeeeas G-13
G9.2 Power-Up/Down Option B .......ccccuiiiiiiiiiiecieeee et G-15
G.10 Issues Regarding POWeEr SEqUENCE .........coeevuiriiriieiiniiniiiieetccetce e G-17
G.10.1 Application of PORESET or HRESET ........cccooiiiiiiiiiiieeeeeeeeeee e G-17
G.10.2 KeeP-ALIVE RAM . ...ooiiiiiiiiieeeeteee ettt ettt ettt ae e e ssaeeneeas G-18
G.11 AC TIMINE .ttt ettt et et et e st eteestesseeseessesseesseessenseensesssenseensesseensenssenseans G-18
G11.1 Debug Port TIMING ...c.coevieiiieeiieieeie ettt et e e ssbeesseeesseensaeensees G-41
G.12 READI Electrical CharacteriStiCs ........ccuuriiiiiuiiieeiiieieeeeiieeeeeeieeeeeeeireeeeeeareeeeeaseeeeeans G-43
G.13 RESET TIMINE. ettt ettt sttt st sb et sttt G-44
G.14 IEEE 1149.1 Electrical CharacteriStiCS.........couiiivuiririiieeeiieeeieeeeree e e G-47
MPC561/MPC563 Reference Manual, Rev. 1.2
XXXViii Freescale Semiconductor



Paragraph
Number

G.15
Gl6
G.17
G.18
G19
G20
G21
G21.1
G21.2
G213
G22
G.23
G.23.1
G23.1.1

Contents

. Page

Title Number
QADCO64E Electrical CharacteriStiCS......cuuieruiieriieeiiieeeiieeeiiieeereeesveeesiaeeeereeesneeeseneens G-50
QSMCM Electrical CharacteriStiCs ........c..cccvueeeeireeiiieeeiieeeieeeereeeereeeeireeeereeeeereeeseveees G-52
GPIO Electrical CharaCteriStICS ......ccuievieruieeiieriieeiieriieeieesieeeveesseessreenseessseesseesseesssens G-56
TPU3 Electrical CharaCteriStiCS.......ccivuiiiiiieeiiiieeiieeeiieeeieeesireeeeireeeeeeesreeesreeesereeeeenes G-57
TouCAN Electrical CharacteriStiCS.......cuerrieruierieeiiieniieeieenieeieesteeereeneeeseeesseesaneeeeas G-58
PPM Timing CRAracteriStiCS .......eeruieriieriieiieeiieereeiteesiteeteesereeseeseneeseessneensaessseesseenens G-58
MIOS Timing CharacteriStICS ......ccuerueirierierietinienie ettt G-59
MPWMSM Timing CharacteriStiCs ........ceeueeruierieeriienieeniienieeieesreesieeseeeseesenesneeas G-60
MMCSM Timing CRAracteriStiCS .......eevvieriierrierieeriieeieerieeereesreeereereesaeeseeseneeneees G-62
MDASM Timing CharacteriStiCS.......ccoutruirieruirienieieniesieereeeesie et G-64
MPIOSM Timing CharaCteriStICS ........cevuierieeriierieeriiesieeieeeieeieesreeseesaeeseesseeenseenens G-67
PN SUMMATY .oeiiiiiiieee et ettt e et ee et eeenaeeeenneas G-68
Package DIagrams.........cceeiiriiiiiiiiniiiieeeeeee ettt G-78
MPCS561/MPCS563 Ball MaP ....ooviiiiieiieciieiiee ettt G-81

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor XXXiX



N

Contents

Paragraph . Page
Number Title Number

MPC561/MPC563 Reference Manual, Rev. 1.2

xI Freescale Semiconductor



Figure
Number

3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
4-1

4-2

4-4
4-5

4-7
4-8
49
4-10

Figures

. Page

Title Number

MPCS561/MPC563 Block DIa@ram ........cccueeiirieiiiniiniiiienienieeieeeeie ettt 1-3
Recommended Connection Diagram for IRAMSTBY .....cccoociiiiiiiiiiiieiieiiecie e 1-11
MPCS61/MPCS563 MEMOTY MAD ...ttt ettt s nae e 1-12
MPC561/MPC563 Internal MemOry Map........cocueeeerierieniiiinienieeieeeeie st 1-14
MPCS561/MPCS563 Signal GIOUPINES ...cvveevieriieeiieniieeiienieeteesteeeteesieesaeesseesaseeseesssesnseessseens 2-2
Pads Module Configuration Register (PDMCR) .........cooouiiiiiiiiiiieeieecee e 2-22
Pads Module Configuration Register 2 (PDMCR2) .....ccccoceeiiiiiiiininiinicicnececeeseeee e 2-23
Debug Mode Selection (JTAG) ...ccveeuieiiieiienie ettt ettt ste bt ssae et e saaaeseenenas 2-30
Debug Mode Selection (BDM).......coouiiiiiiieiiecieece ettt e 2-30
Debug Mode Selection (INEXUS)......eevieuieiiieriieeieeiie sttt siee et esite ettt e seteebeesateebeesseesnseens 2-31
RCPU BIOCK DIZIAM ...cuviiiiiiiiieeiiieiie ettt ettt et e e s b e e saesnbeebeasnseenseens 3-2
Sequencer Data Path..........ccciioiiiiiii et 3-4
RCPU Programming MOdel ........ccccoouiiiiniiiiiiniiiiiicceeeeece et 3-8
General-Purpose Registers (GPRS)......ccviiiiiiiiiiieieceeeeetee et 3-12
Floating-Point Registers (FPRS) ......cccviiiiiiiiieeeeeee e 3-13
Floating-Point Status and Control Register (FPSCR)......c..cccoooiiiiiiiniiniiinccceeice 3-14
Condition REGISTET (CR) c.veoiviiiiiiiiieiicie ettt et sbeebaesaaeebeessaesnsaens 3-16
Integer Exception Register (XER) .......oioiiiiiiiiieieceeeeee e 3-18
Link Re@IStEr (LR) ...eoiiiiiiiiieeiiee ettt et ettt et e e e enteens 3-19
Count RE@IStET (CTR) ..ceeeuiiiieiiieeiie ettt ettt tee e e eaneeenaeeeeans 3-19
Machine State RegiSter (IMSR) .......oooiiiiiiiieee ettt e 3-20
DAE/Source Instruction Service Register (DSISR) ......cociiviiiiiiiiiiiiieeeeeeee e, 3-22
Data Address Register (DAR) ...oeeeiiieiieeieeee et 3-23
Machine Status Save/Restore Register 0 (SRRO) ........oovvviiiiiiiiiiiiiieeeeeeee e 3-23
Machine Status Save/Restore Register 1 (SRR1) .....coooiiiiiiiiiiiiiiiieeeeeeee 3-24
SPRGO-SPRG3 — General Special-Purpose Registers 0—3 ..........cccveevierievciienieeieeneeeenene 3-24
Processor Version Register (PVR) ......ooiiiiiiiiieceece et 3-25
Floating-Point Exception Cause Register (FPECR) ........cccceviiiiiiiiiniiniiincccccecce 3-26
Basic InStruction PIPeline .........c.ccocuieiiiiiiiiiiiiie ettt 3-38
BBC Module BIOCK DIQ@Iamm .........ceecuiiieiiieciieeciieeciee ettt ee e tee e veeesivae e e eeaaeenenas 4-2
Exception Table Entries MapPIng .......cccceeiieriieiieniieiiieiee ettt et 4-8
External Interrupt Vectors SPLIttING.........cccveviieiiieiiieiiecieeie ettt es 4-12
DECRAM Interfaces BIock Diagram ...........ccceeeciieiiiiieiiiiieciie et 4-13
BTB BIOCK DIQGTAIM ..ottt ettt ettt et e e esseeenteens 4-16
MPCS561/MPCS563 MEMOTY IMAP ...oooiiiiiiieiiieiieeiieiieete ettt eteesiveereeeaeenbeessaeesaessneesseennnas 4-17
BBC Module Configuration Register (BBCMOCR).........cccovviieiiiiiiieeieeeeeceeee e 4-19
Region Base Address Register (ML RBAJ0:3]) .cooiiiiiiiiiiiiieieieeee e 4-21
Region Attribute Register (ML RAO[0:3]) coovvieeiiieeieeeeeee e 4-22
Global Region Attribute Register (MI GRA) ...c.oieeiiieiiieee et 4-23

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor xli



Figures

Figure . Page
Number Title Number
4-11 External Interrupt Relocation Table Base Address Register (EIBADR)........cccccveevvveiiiennnn. 4-25
5-1 USIU BIOCK DIQZIAML.....cuiiiiiiiiiiiiiiniieieeteeieete ettt sttt ettt nae s 5-2
6-1 System Configuration and Protection LOZIC........cccuieruieriieiiiiiiieiieie e 6-3
6-2 Circuit Paths of Reading and Writing to SGPIO .........ccoooviiiiiiiiiiieiecee e 6-7
6-3 MPCS61/MPCS563 INterrupt SIIUCTUTE ....c..eeuveriieieeiiieieeieeieeee ettt ettt st 6-9
6-4 Lower Priority Request Masking—One Bit Diagram ..........cccccceeviieiiienieeiieeniecieeeecieeiene 6-14
6-5 MPC561/MPC563 Interrupt Controller Block Diagram ..........ccceeevvevieriienienieeiieeieeieenee. 6-15
6-6 Typical Interrupt Handler ROUINE...........ooouiiiiiiiiiiiiiiceeeee e 6-17
6-7 RTC BIOCK DIQGIAIM ....eeeiiieiiiiiieciie ettt ettt ettt ettt et e s e enteesaeaenseensaesnseens 6-20
6-8 PIT BlOCK DIQZIAM ...cccuiiieiiiieeiieeiie ettt ettt e e saaee e snbeeeabeeesseeennneeennneenns 6-21
6-9 SWT State DIAZIAM ....couviiiiiiiiiieiiiiiecteet ettt ettt et st b et 6-22
6-10 SWT BIOCK DIQZIAIMN ......eiiiiiiieiiiieiiecie ettt ettt st e e e et e sate e b e saseensaesnseenne 6-23
6-11 MPCS561/MPCS563 MEMOTY IMAP ...ooouviiiiieiiieiieeieeiieete et eteeteessveeaeeeseebeessaeenbaesssessseensnas 6-24
6-12 SIU Module Configuration Register (SIUMCR)........cccoviriiniiiiniiieiciceceeeeeeeee 6-25
6-13 Internal Memory Mapping Register (IMMR).........cccoooiiiiiiiiiiiiieieciecece e 6-28
6-14 External Master Control Register (EMCR) .......ccoooiiiiiiiiiiiiiiiicicce e 6-30
6-15 SIU Interrupt Pending Register (SIPEND) ......cccooiiiiiiiiiiiiiiiiceccteeeeeeeeee e 6-32
6-16 SIU Interrupt Pending Register 2 (SIPEND2).....ccooooiiiriiiiiieieiie et 6-32
6-17 SIU Interrupt Pending Register 3 (SIPEND3) .....cccioiiiiiiiiiieieeieeeee e 6-33
6-18 SIU Interrupt Mask Register (SIMASK) .....cooviiiiiiiiiiiin e 6-34
6-19 SIU Interrupt Mask Register 2 (SIMASK2) ....cvioiiiiiieieeieeeee et 6-34
6-20 SIU Interrupt Mask Register 3 (SIMASKS) ...ooviiiiiiiieieeeeeeee ettt 6-35
6-21 SIU Interrupt Edge Level Register (SIEL) ...c..ooiiiiiiiiiiiiiiiieicceecceeeeeeeeee e 6-35
6-22 SIU Interrupt Vector Register (SIVEC)......ccoiiiiiiiiiiieiecieeeee et 6-36
6-23 Example of SIVEC Register Usage for Interrupt Table Handling ...........cccoeeveviieiiieniennnn. 6-36
6-24 Interrupt In-Service Register 2 (SISR2) ....ooviiiiiiiiiiiiieiecet e 6-37
6-25 Interrupt In-Service Register 3 (SISR3) ..cc.oiiiiiiiieiieeeeeee e 6-37
6-26 System Protection Control Register (SYPCR) .....coovvviiiiiiiiieiiciieeeeeeeeee e 6-38
6-27 Software Service Register (SWSR) ...c.eiiiiiiiiiee e 6-39
6-28 Transfer Error Status Register (TESR) .....cc.ooiiiiiiiiiiiiicieeeeeee e 6-39
6-29 Decrementer Register (DEC)......oooiiiiiiiiiieecieece ettt 6-40
6-30 Time Base (Reading) (TB) ....cccueoiuiiiiiie et et 6-41
6-31 Time Base (WIting) (TB) ...eieoiiiiiieiieie ettt et ettt et e e e e enneens 6-41
6-32 Time Base Reference Register 0 (TBREFO).......c..cooiiiiiiiiiiiiieieeeeeeeeeee e 6-41
6-33 Time Base Reference Register 1 (TBREF1)......cccoooiiiiiiiiiiieeeeeeee e 6-41
6-34 Time Base Control and Status Register (TBSCR).......c.ccccoeviiiiiiiniiiiieiececeeeeeeee e 6-42
6-35 Real-Time Clock Status and Control Register (RTCSC) .......oooviiieiiieeiiecieeeieeee e 6-43
6-36 Real-Time Clock Register (RTC) ....c.oiuiiiiiiiiiiieiee ettt 6-43
6-37 Real-Time Clock Alarm Register (RTCAL) ....oooovieiiiiiieiieeieceee e 6-44
6-38 Periodic Interrupt Status and Control Register (PISCR) ......c.coovvvvieiiiiiiiiieiieeiece e 6-44
MPC561/MPC563 Reference Manual, Rev. 1.2
xlii Freescale Semiconductor



Figures

Figure . Page
NSmber Title Numb%r
6-39 Periodic Interrupt Timer Count (PITC) ......oovviiieiiiieiieeeeeeeee et 6-45
6-40 Periodic Interrupt Timer Register (PITR).....ccoooiiiiiiiiiiieie e 6-45
6-41 SGPIO Data Register 1 (SGPIODTL) ...occuiiiuiiiiieieeieeece ettt 6-46
6-42 SGPIO Data Register 2 (SGPIODT2) .....ooeuiiiiiiieeiieeeiee ettt 6-47
6-43 SGPIO Control Register (SGPIOCR)........coiiiiiiiiiieiieiee et 6-48
7-1 Reset Status Register (RSR) ..cc.viiiiiiiiiiiiciieeeeee et e 7-5
7-2 Reset Configuration Basic SCheme..........ccooeiiiiiiiiiiiiiiiciceee e 7-8
7-3 Reset Configuration Sampling Scheme for

“Short” PORESET Assertion, Limp Mode Disabled ...........c.cccceeiiieiiiiiinieiiciee e 7-9
7-4 Reset Configuration Timing for “Short” PORESET Assertion, Limp Mode Enabled............. 7-9
7-5 Reset Configuration Timing for “Long” PORESET Assertion, Limp Mode Disabled.......... 7-10
7-6 Reset Configuration Sampling Timing ReqUIrements............cccceeveeeriienieeieeniienieenieeere e 7-10
7-7 Reset Configuration Word (RCW) .....coouiiiiiiiiieiieieceeteee ettt 7-11
8-1 Clock Unit BIOCK DIQgIam ......c.c.coiiiiiiiniiieiienieccecee ettt st 8-2
8-2 Main System Oscillator Crystal Configuration .............ccoecueevuieriieniieniieeieeie et 8-3
8-3 System PLL BlOCK DIa@ram ..........ccceoviiiiiiiiiieiieeieeieeeee ettt et sveereeesneenneas 8-5
8-4 MPCSOT/MPCS603 CIOCKS ...ecuvieiieiieiieiieetieie et sete ettt eaesteesae e steesteesaesseenseesaanseenseensenes 8-8
8-5 General System ClOCKS SELECE ........oouiiiiiiiieiie ettt 8-11
8-6 Divided System Clocks Timing Diagrami...........ccceeeiieriierieiiiieniieeieerieeeeeeieesee e eseeeeveeenes 8-12
8-7 Clocks Timing For DFNH =1 (0r DFNL = 0) ....coiiiiiiiiiiieeeee e 8-13
8-8 Clock Source Switching FIOW Chart ..........ccoccveiiiiiiiiiiieiiecceee e 8-15
8-9 Low-Power Modes FIOW DIia@ram ...........ccceevieeiieiieiiieiieeieeieeeee et eieeeteeieesveeneessneenseens 8-20
8-10 IRAMSTBY Regulator CIrCUIL......cocuiriiiiiriiniieieeiteie ettt sttt s 8-23
8-11 Basic Power Supply Configuration............cceeeueeriierieeniienie et ereesiie et ereeseeesaeeaee s 8-24
8-12 External Power Supply SCheme.........c.cooviiiiiiiieiiiiececeeceee e 8-25
8-13 Keep-Alive Register Key State Diagram..........cccoeieviiiiiniiiiniiiieicnieneeeeseeeeeese e 8-27
8-14 No Standby, No KAPWR, All System Power-On/Off ............ccoocieiiiiiiiiiiiiceeie e 8-28
8-15 Standby and KAPWR, Other Power-On/Off............cccooiiiiiieiiiiiieiececeece e 8-29
8-16 System Clock and Reset Control Register (SCCR) .....c.cooeriiriiiiiniiniiienicneecreeeeeeeee 8-30
8-17 PLL, Low-Power, and Reset-Control Register (PLPRCR) ........cccccoeoiieniiiiiiiniicieeieeee 8-34
8-18 Change of Lock Interrupt Register (COLIR)........cccvieiiieiiieiiieiieiieeie e 8-36
8-19 IRAMSTBY Control Register (VSRMOCR)......ccooiiiiiiiiiiiiiieeee e 8-37
9-1 Input SAMPIE WINAOW ..c.eviiiiiiiieiieceee et ettt e e e saaeebe e nee e 9-2
9-2 MPCS561/MPCS563 BUS SIZNALS ...cvviiiiieiiieiieeieeiteeie ettt eve et e et seaesveesseessseeseeenseens 9-3
9-3 Basic Transfer ProtoCol .........ooouii it 9-8
9-4 Basic Flow Diagram of a Single Beat Read Cycle .........oocieiiiiiieniiiiiiiecieeeeeeeee 9-9
9-5 Single Beat Read Cycle — Basic Timing — Zero Wait States.........cccceeeveeevveeerieesiieeeieeeeeneenn 9-10
9-6 Single Beat Read Cycle — Basic Timing — One Wait State ..........coceveevirienenienienenicneene, 9-11
9-7 Basic Flow Diagram of a Single Beat Write CycCle .........ccceeviiiiiiiiiiieiiieieeiiee e 9-12
9-8 Single Beat Basic Write Cycle Timing — Zero Wait StatesS.........coccvveeeieercrieenieeeeiee e 9-13

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor xliii



Figures

Figure . Page
Number Title Number
9-9 Single Beat Basic Write Cycle Timing — One Wait State ...........cceecveeveeniencieeiienieeieeeeeenn 9-14
9-10 Single Beat 32-Bit Data Write Cycle Timing — 16-Bit Port Size ..........cccccoveeviniininicnnenne. 9-15
9-11 Read Followed by Write when Pre-Discharge Mode is Enabled, and EHTR is Set .............. 9-17
9-12 Basic Flow Diagram Of A Burst-Read Cycle......c..oovieiiiiiiiiiiiiieciicieeeceee e 9-21
9-13 Burst-Read Cycle — 32-Bit Port Size — Zero Wait State.........cccceeeveriiniinenicnecieneeenene 9-21
9-14 Burst-Read Cycle — 32-Bit Port Size — One Wait State.........cccoceeeviieiieniiienienieeeeeeeeieeeen 9-22
9-15 Burst-Read Cycle — 32-Bit Port Size — Wait States Between Beats..........ccooceevviveiiieeninens 9-23
9-16 Burst-Read Cycle — 16-Bit POIt SiZe ......cccoouiiiiiiiiiiiiiiiiccecceeeceeeecee e 9-24
9-17 Basic Flow Diagram of @ Burst-Write Cycle.........coocveiiiiiiiiiiiiiiiiieieeetee e 9-26

9-18 Burst-Write Cycle, 32-Bit Port Size, Zero Wait States

(Only for External Master Memory Controller Service Support)..........coceeeeeveeneeveneeniennenn 9-26
9-19 Burst-Inhibit Read Cycle, 32-Bit Port Size (Emulated Burst)...........cccoeevveviieniiiiieniicieees 9-27
9-20 Non-Wrap Burst with Three Beats .........cccooiieiiiiiiiiiiiiecie et s 9-28
9-21 Non-Wrap Burst with One Data Beat ..........co.oooiiiiiiiiiiiiiiiecceeceeeeeecee 9-29
9-22 Internal Operand RePresentation .............cocuierieeiieriieniieiieeee ettt ettt ere et e e e ssaeenseens 9-30
9-23 Interface To Different Port Size DEeVICES.....ccc.eeruiiiiiiiiiiiiiiiiieeieeeeete e 9-31
9-24 Bus Arbitration FIOWCRATt .........cccuoiiiiiiiiii e 9-33
9-25 Master Signals Basic CONNECTION .........eeuuieiierieiiieiieeie et eiee ettt ste bt e steesaeeenseeneeas 9-34
9-26 Bus Arbitration Timing DIa@ram..........cccueevuierieiiiienieeiieiieeieerieeereeiee e ereeseeeeseesseasseeeeas 9-35
9-27 Internal Bus Arbitration State Machine ............ccccueeeiiiieriiiiiiiieccieeeee e 9-36
9-28 Termination Signals Protocol Basic CONNECtION ..........c.cccueeeiieiiierieeiieiie e e 9-41
9-29 Termination Signals Protocol Timing Diagram...........c..cccueevieiiieiieeiiieniieeieeieeeieesvee e enens 9-41
9-30 Reservation on Local BUS......c..cooiiiiiiiiecicceceeee ettt 9-43
9-31 Reservation on Multi-level Bus Hierarchy ............ccccoocieiiiiiiiiieniiiieeceeeeee e 9-44
9-32 Retry Transfer Timing — Internal ArDIter .........cccuveviiiiiiiiiieiiieeeeeee e 9-46
9-33 Retry Transfer Timing — External Arbiter .........cccooviiiiiiiiiiiiiieeeee e 9-47
9-34 Retry 0N BUrSt CYCLe.....ooiiiiiiiiieiieee ettt ettt e et eebeessaeenseens 9-48
9-35 Basic Flow of an External Master Read ACCESS .......cooerieriieriieiirieieniesiceeeeee e 9-50
9-36 Basic Flow of an External Master WTit€ ACCESS ....cccvierviieriieeeiieecieeeieee et eree e 9-51
9-37 Peripheral Mode: External Master Reads from MPC561/MPC563 (Two Wait States)......... 9-52
9-38 Peripheral Mode: External Master Writes to MPC561/MPC563 (Two Wait States)............ 9-53
9-39 Flow of Retry of External Master Read ACCESS .......ccccueeriiiriiiiiiiiieeiieieeie e 9-54
9-40 Retry of External Master Access (Internal Arbiter).........ccceevieriiiiiieiieniieieceeeeeeeeee, 9-55
9-41 Instruction Show Cycle TranSacCtion...........ceecuveeeiiieeiiiieeniie et eeeeebeeeereeesaaee e 9-57
9-42 Data Show Cycle TranSaction.........cecuerierieriiriiiieiienie ettt ettt 9-58
10-1 Memory Controller Function within the USTU............cccoiviiiiiiiiiiiieeeecece e 10-1
10-2 Memory Controller BIock DIagram.........cc.ceecviieriieiiiieeiieeiie et e 10-2
10-3 MPC561/MPC563 Simple System Configuration...........c.cceceeevereevienienennieneeneeicneeieneenne 10-3
10-4 Bank Base Address and Match StruCtUIe ..........coouevieiiriiniiiieeieeecescee e 10-4
10-5 A 4-2-2-2 Burst Read Cycle (One Wait State Between Bursts) ........cccceeeveeecieeniieeinieeeeiens 10-9

MPC561/MPC563 Reference Manual, Rev. 1.2

xliv Freescale Semiconductor



Figures

Figure

Number Title

10-6 4 Beat Burst Read with Short Setup Time (Zero Wait State).........ccceecveeereereeennennne.
10-7 GPCM-Memory Devices INterface ..........ccocveveeviinieniiiiiniiieiceccecceesecee
10-8 Memory Devices Interface Basic Timing (ACS =00, TRLX = 0).....c.cccceevvverennen.
10-9 Peripheral Devices INterface........cccuevviiriiiiiieiieciecieee e
10-10  Peripheral Devices Basic Timing (ACS =11, TRLX =0) ..ccccoverviriininiinieiennne
10-11  Relaxed Timing — Read Access (ACS =11, SCY =1, TRLX = 1)...cccceervrrrrennnne

10-12  Relaxed Timing — Write Access (ACS =10, SCY =0, CSNT =0, TRLX =1)
10-13  Relaxed Timing — Write Access (ACS =11, SCY =0, CSNT =1, TRLX =1)

10-14  Relaxed Timing — Write Access (ACS =00, SCY =0, CSNT =1, TRLX =1......
10-15  Consecutive Accesses (Write After Read, EHTR = 0)....cccceeviiiiniiiiniiiiiieciee,
10-16  Consecutive Accesses (Write After Read, EHTR = 1) .....ccccoviiiiiiiiiiiiiiieiee
10-17  Consecutive Accesses

(Read After Read From Different Banks, EHTR = 1) .....ccccccoiiniiniininiiiieee,
10-18  Consecutive Accesses (Read After Read from Same Bank, EHTR = 1)..................
10-19  Aliasing Phenomenon TTTUStration ...........ccoevieriieniieniiieiieeie et
10-20  Synchronous External Master

Configuration for GPCM-Handled Memory Devices .........cccccoevveriinieeniineeniennene
10-21  Synchronous External Master Basic Access (GPCM Controlled)...........ccceeeevenenn.
10-22  Memory Controller Status Register (MSTAT) .....ccceevuierieiiieieeieeieeeie e
10-23  Memory Controller Base Registers 0-3 (BRO-BR3) .......ccccociiviiiiniiniiiiicee
10-24  Memory Controller Option Registers 1-3 (OR0—OR3) ......cccccoiriiniineniinieienne
10-25  Dual-Mapping Base Register (DMBR) .......cccooociiiiiiiiiiiiiiccieceeceeeeee e
10-26  Dual-Mapping Option Register (DMOR)......cccccoceriiniiiiiiiniiiinceceeceee
11-1 L2U Bus Interface Block Diagram ...........cccoeeieeiieniieiiieniieeieeieeceeeeee e
11-2 DMPU Basic Functional Diagram...........cccceevueeriieiiienieeieeneeeieeieeeveeieesve e
11-3 Region Base Address EXample........ccooiiiiiiiiiiiiiiiiieeccee e
11-4 L2U Module Configuration Register (L2U MCR) .......cccvveviiiiieiiiiiieiieeieeieeee,
11-5 L2U Region x Base Address Register (L2U RBAX) ....coccvveviiviieiieeieeieeeieeveeee,
11-6 L2U Region X Attribute Register (L2U RAX) .cc.covveviiniiiiinieiricneeieeececene
11-7 L2U Global Region Attribute Register (L2U _GRA) .....occvveviiiiiiiiiiieieeieeeeee,
12-1 UIMB Interface Module Block Diagram.............ccoecveviievieenieeciienieeieeeeeee e
12-2 IMB3 Clock — Full-Speed IMB3 BUS .....cc.cociiiiniiiiiiiecicececeeceeeeee e
12-3 IMB3 Clock — Half-Speed IMB3 BUS ......cccccociiiiiiiiiieiieceeeecee e
12-4 Interrupt Synchronizer Signal FIOW.........ccccveiiiiiiiiiiiiiieieeieeeece e
12-5 Time-Multiplexing Protocol for IRQ Signals........c..cccevieviniininiiniiniinieeee
12-6 Interrupt Synchronizer Block Diagram.............ccceeviieviiiniiinieiiieieecie e
12-7 UIMB Module Configuration Register (UMCR) ......cccoevviieiiiiiiiiieieecee e,
12-8 Pending Interrupt Request Register (UIPEND)........ccccooiiiiriiniininiiieicnieeene
13-1 QADCO4E Block Diagram ..........ccceeviiiiieniieeiieiieeieeite ettt
13-2 QADCO64E Conversion QUeue OPeration...........ccueeeeveeerveeerveeerveesieeessreeessseesssseeens

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

xlv



Figure . Page

Number Title Number

13-3 Example of External MUltipleXing ........c.ccccveeiieiiieniieiiieiieeiiesieeieesiee e eseeeeveesreeseneeseeenneas 13-6
13-4 Module Configuration Register (QADCMOCR) .......cooiiiiiriiiiiiiiiiieieeeeeeeeeeeee e 13-8
13-5 QADC Interrupt Register (QADCINT) ...ccviiiiiiiieeieeteeeie et 13-12
13-6  Interrupt Levels on IRQ with ILBS ........cccocooiiiiii 13-13
13-7 Port x Data Register (PORTQA and PORTQB)........coooiiiiiiiiiiiieiee e 13-13
13-8 Port A Data Direction Register (DDRQA) ......c.cooiieiiiiiiiiiieeie et 13-14
13-9 Control Register 0 (QACRO) ....cooiiieiieeiee ettt ettt e e e e esaae e saee e 13-15
13-10  Control Register I (QACRI) ..oouiiiiieiiee ettt 13-16
13-11  Control Register 2 (QACR2) ....ccouiiiiieiieeiteiee ettt ettt ettt eteesbeeenseeseas 13-18
13-12  Status Register 0 (QASRO) ...ooomiiiiiieeeeee et e e e eaeees 13-21
13-13  QADCO64E Queue Status Transition ...........ceceereeeriieniieiiesieeiie st 13-26
13-14  Status Register 1 (QASRIL) oottt ettt et e e eeees 13-27
13-15  QADCO64E Conversion QUEUE OPETation.........c.ceevuveeerureeriireeniieeenieeesreeesreessseeesseeesseesnsnens 13-28
13-16  Conversion Command Word Table (CCW) ......c.coiiiiiiiiiiiiieieeeeee e 13-30
13-17  Right Justified, Unsigned Result Format (RJURR).........cccociiiiiiiiiiiiiieiiceeeeee, 13-33
13-18  Left Justified, Signed Result Format (LISRR) ........cccciviiiiiiiiiiiiieieceeeeeee e 13-33
13-19  Left Justified, Unsigned Result Register (LJURR) ......ccccoconiiiiniininiiniiiicecceiceee, 13-33
13-20  QADCG64E Analog Subsystem Block Diagram ..........c.cccceviieviieniiiniienieeieieeeeeeee e 13-34
13-21  Conversion TIMING .......c.ceeiiiieiiiieiiiieeee et estee et e et e e st e e sbeeesaaeeesaeessaeessseeennseessneesseeas 13-35
13-22  Bypass Mode Conversion TIMING ......c..cccerveriirrieniinieiieneenieeie ettt see e enesneeees 13-36
13-23  QADCO64E Queue Operation With PauSe.........ccc.eevieiiieiieiiieiieiecieee et 13-39
13-24  QADCO64E Clock Subsystem FUNCHONS .......c.ccovieiiieiiieiiieniieeieeiie e eiee e eeee e ereeeeveennees 13-48
13-25  QADCG64E Clock Programmability EXamples .........cccooeriiriininiinieniiieneccecccieeeee 13-50
13-20  BUS CYCIE ACCESSES ..uuvieueieeiiieiieeiieeiteetieetteeiteeteesiteeteesteeseesseeenseessaesnseessseenseessseenseenseenseas 13-53
13-27  CCW Priority STHUAION L...c.oeiiiiiiiiiieiiieciie ettt e e ane e e e ee e e ennaees 13-56
13-28  CCW Priority STHUALION 2.....couuiiiiiiieiiniienieitesieeteet ettt ettt ettt sttt sae s sbeeees 13-56
13-29  CCW Priority STHUATION 3. c..iiiiiiiiiieiieiieeieeeiie ettt ettt et e st e esbeessaeensaesseeenseensees 13-57
13-30 CCW Priority STHUALION 4......oooiuiieiiiieeiiieeiee ettt ettt e e stee e e e eaaeesbeeesnseesnaeesnseeas 13-57
13-31  CCW Priority STTUALION S..c..eouiiriiiiiiiiniieieiierie ettt ettt ettt st 13-58
13-32 CCW Priority STHUATION O..c..eeeiiiiiieiieiiieeiieeiie ettt ettt et e esaeeteeseteesbeessaeensaesseesnseensnas 13-58
13-33  CCW PriOrity STHUALION 7.coeviiiiiieeiiieeiieecieeeeiee ettt e et e et eeaaeeeaaeesseeesnseesnseesnnneas 13-59
13-34  CCW Priority STHUALION 8......oeiriiiiiieiiiiieiiiieriteteet ettt ettt ettt 13-59
13-35  CCW Priority STHUAION O..c..eieiiiiiiiiiieiieeiteie ettt ettt et et e s e ebaesneeenbeeneas 13-60
13-36 CCW Priority STUAtion 10.......ccouiiuieiiiieiieiesieieee ettt s 13-60
13-37  CCW Priority STUAtION 11 ...ccuiiiiiiiiiiiiiiiieieeeeteee ettt 13-61
13-38  CCW Freeze Situation 12 ....coeoiiiiiiiiiiieieiiesieeieetestt ettt sttt sttt 13-61
13-39  CCW Freeze Situation 13 ...t sttt et st 13-62
13-40  CCW Freeze Situation 14 .......c.oouiiiiiiiieeeee ettt sttt et st e e snees 13-62
13-41  CCW Freeze SHtuation 15 ....ooiiiiiiiiiiiieieeiesieeeeteet ettt et 13-62
13-42  CCW Freeze STtuation 16 .....ccc.oiiuiiiiiiiieiiieie ettt ettt st 13-62

MPC561/MPC563 Reference Manual, Rev. 1.2

xlvi Freescale Semiconductor



Figure

Number Title

13-43  CCW Freeze Situation 17 .....cccoooiiiiiiiiinieeieeiceieeeeeeeee et
13-44  CCW Freeze Situation I8 ........ccciiiiiiiiiiiiieiieie et
13-45  CCW Freeze Situation 19 .......cooiiiiiiiiiiiinieieeeieceeeeee et
13-46  External Trigger Mode (Positive Edge) Timing with Pause.............c.ccceeue..n.
13-47  Gated Mode, Single-Scan TIMING .........coceveeriiriinieiienieeececeecneeie e
13-48  Gated Mode, Continuous Scan Timing...........cccceeeveeerieeriiienieniieeniienreesieenieens
13-49  Equivalent Analog INput CirCUItry .......ccccvveruieriieniienieeieesie e eeee e eseee e
13-50  Errors Resulting from CHPPINg ......cccceeverierieiiiniinieeienieieeiesieeeeeese e
13-51  Star-Ground at the Point of Power Supply Origin..........ccccooveviiienienieennennnns
13-52  Electrical Model of an A/D Input Signal ..........ccccecieviieiiieniieiiieieeieeieeeens
13-53  External Multiplexing of Analog Signal Sources ........c...ccceeereenerscnvencnnns
13-54  Input Signal Subjected to Negative Stress......cocveevierieeiiienieenieeiiesveesieeeeens
13-55  Input Signal Subjected to POSItIVE StressS .....coevveeeriieiiiieeieeeiieeeiie e
14-1 QADCO4E BIock DIagram ..........ccccecuereenieniiniieieniienienienieeieseesee e
14-2 CCW Queue and Result Table Block Diagram ...........cccccceeevivenieeciienienieenne.
14-3 Example of External MultipleXing ........c..ccceecvieviieniieniienieeieesie e
14-4 Module Configuration Register (QADCMCR) .......coceriiniiiiiniiniiicnecienene
14-5 QADOC Interrupt Register (QADCINT) ...ccvveviiieiiiieeieeieeeie e
14-6 Interrupt Levels on IRQ with ILBS .......cccooiiiiiiiiiiiicieeeeeee e,
14-7 Port A Data Register (PORTQA), Port B Data Register (PORTQB)

14-8 Portx Data Direction Register (DDRQA and DDRQB) .......ccccccvevveviienennne.
14-9 Control Register 0 (QACRO) ....ccoviieiiiieieeeeece et
14-10  Control Register I (QACRI) ..oouiiiiiiiiee et
14-11  Control Register 2 (QACR2) ....ccuiiiiieiieie ettt
14-12  Status Register 0 (QASRO) ....ooouiiieiieeieeceeee et
14-13  Queue Status TranSItiON .....c.eevuiieiieriieeiieite ettt iee ettt see et eseeesaee e
14-14  Status Register 1 (QASRI) c.cooiiiiiiiiieiecee ettt
14-15  QADCO64E Conversion Queue Operation............eeecveeerveeerveeenveeniveeensneeennnens
14-16  Conversion Command Word Table (CCW) .......ccociiiiiiiieniiiiieieeeeeee
14-17  Right Justified, Unsigned Result Format (RJURR).........ccccoviiiiniiiiniinicnene
14-18  Left Justified, Signed Result Format (LJSRR) .........cccooeiiiniiiiiiiiiiieiees
14-19  Left Justified, Unsigned Result Register (LJURR) ........ccccevviiiiiiiniininncnnns
14-20  QADCO64E Analog Subsystem Block Diagram...........cccccoevveiiienieniiiniennne
14-21  Conversion TIMING ........c.ceervieeiiiieiieeeiie ettt eree e e eaeeeeaeeesaeeesnsee s
14-22  QADCG64E Queue Operation With Pause..........cccocveiieiiiiiiiiiiieeceee
14-23  QADCO64E Clock Subsystem FUNCtions ............cceeceeerieerieenieenieeieenie e
14-24  BUS CYCLE ACCESSES ..vvieruriiieiriieiiieeiiieeitee ettt eetteesteeesteeesreeessaeeensseesnnseesnneas
14-25  CCW Priority STtUAtion 1.....cccoooiiiiiriiniiiiiiiiieieecieneeeeeeeee e
14-26  CCW Priority STHUAION 2.....eeeiieiieiiieiieiie ettt et eve et e seeeesee e e
14-27  CCW Priority STtUALION 3......oiiiiiiieiiiecieeeee ettt

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

xlvii



Figure . Page

Number Title Number

14-28  CCW Priority STHUALION 4......ooooiiiiiiiieeiiieeiee ettt ettt et e e e e e aaeesbeeesnseesnaeesnneeas 14-56
14-29  CCW Priority STTUALION S...c..eouviriiiiiiiiniieieitenie ettt ettt ettt 14-57
14-30 CCW Priority STHUATION O..c..eeeiieiiiieiieiieeiieeiie ettt et sie et et esteesiteesbeessaeensaesseesnseensees 14-57
14-31  CCW Priority STHUALION 7.couviiiiiieeiiieeiieecieeeeiee ettt et e e s teeeseveeesaeeeaaeesseeennseesnseesnneeas 14-58
14-32  CCW Priority STHUALION 8......ceiiiiiiiiiiiieiiiieeiteieeteete ettt sttt 14-58
14-33  CCW Priority STHUAION O..c..eiiiiiiiiiiiieiiieeitee ettt ettt ettt e b e e saeeenbeennees 14-59
14-34  CCW Priority STtUALION 10.....ccccuiiiiiiieiiieciie ettt et e e ane e eaee e eeenaeesnaeees 14-59
14-35  CCW Priority STUAtION 11 ...ccuiiiiiiiiiiiiiiiieriieieeteeie ettt 14-60
14-36 CCW Freeze Situation 12 ....co.oiiiiiiiiiieieeiesieeeetesi ettt sttt 14-60
14-37  CCW Freeze S1tuation 13 ...ttt 14-61
14-38  CCW Freeze Situation 14 .......c.oouiiiiiiiieeeee ettt sttt et e e e 14-61
14-39  CCW Freeze Situation 15 ....coiiiiiiiiiiiieieeiereeeteet ettt st 14-61
14-40  CCW Freeze STtuation 10 .....c.c.coiiiiiiiiiiiiiiieeeetee ettt 14-61
14-41  CCW Freeze STtUAtiON 17 ....oooiiiiiiiiieie ettt sttt st eenees 14-62
14-42  CCW Freeze Situation 18 .......oiiiiiiiiiieiiiiesiieeetest ettt 14-62
14-43  CCW Freeze S1tuation 19 .....c.c.coiiiiiiiiiieeeee et st 14-62
14-44  External Trigger Mode (Positive Edge) Timing with Pause...........cccccoecieviiniiiininniiieeen. 14-63
14-45  Gated Mode, Single-Scan TImMING .........ccccieriiiiiiiiienieeeeeie ettt e neees 14-64
14-46  Gated Mode, Continuous Scan TIMING.........ccceevvieriieriieiienieeiiesie et eee e seeeereeseeeereenenes 14-65
14-47  Equivalent Analog INPut CIrCUIIY .....cc.cocueviiriiriiniiienienieeieet ettt 14-66
14-48  Errors Resulting from CHPPING ......cc.oevviiiiiiiieiiieieeieeeeee ettt e e eeees 14-67
14-49  Star-Ground at the Point of Power Supply Origin..........cccoecvveviieriieiieniieieecieeieeeee e 14-69
14-50  Electrical Model of an A/D Input Signal ..........ccceoiiiiiiiniiniiiiieeeeeeeeereeeeeeee 14-71
14-51  External Multiplexing of Analog Signal SOUICES .........ccccevuiriiniiiiniiniiiienieeeeeee 14-72
14-52  Input Signal Subjected t0 Negative StresS.....ccciiiriiiiriieriieeeiie et 14-74
14-53  Input Signal Subjected to POSItIVE SLIESS ......coeiiiriiiiiiiniiieiieeceeece e 14-75
15-1 QSMOCM BIOCK DIZIamM ......eiiiiiiiiieiiieiie ettt ettt et e eabe e saeeabeenaeesnseenseens 15-2
15-2 QSMOCM INLEITUPE LEVEIS ...viiiiiiiieciiieitecie ettt ettt et e et e et e seaeeseessaeenseens 15-7
15-3 Interrupt Hardware Block Diagram ............ccooioiiiiiiiiiiiiieiee et 15-8
15-4 QSMCM Configuration Register (QSMCMMUCR) .......cooiiiiiiiiiiiieiieieeieeeeee e 15-8
15-5 QSM2 Dual SCI Interrupt Level Register (QDSCI IL) ....oovuiiriiiiiiieeieeeeeeeee e 15-9
15-6 QSPI_IL — QSPI Interrupt Level REZISTEr .......ccueviiriiiiirieniiiienieeecececeeeese e 15-10
15-7 PORTQS — Port QS Data REGISIET .....ccueeviieiieeiiieiieeie ettt 15-12
15-8 PORTQS Pin Assignment Register (PQSPAR).......cccoviiiiiiiiiiieeeeeeeee e 15-13
15-9 PORTQS Data Direction Register (DDRQS) .......coiiiiiiiiiiiiiee e 15-14
15-10  QSPI BIOCK DIQ@Iam .......ooiuiieiiiiiiiiiieiieeit ettt ettt ettt st e b e esaesnseenneenneas 15-15
15-11  QSPI Control Register O (SPCRO) ......cc.oiiiiiiiiieeieeeet ettt 15-17
15-12 SPCR1 — QSPI Control REGISTET ......coueeriiriiriiiiiiiiiiieieetesteee ettt 15-19
15-13  SPCR2 — QSPI Control REGISLEr 2 ......cccviiiiiiiieiieeie ettt ettt et eeees 15-20
15-14  SPCR3 — QSPI Control REGISEr 3 .......cooiiieiieeieeeeeecee ettt e 15-21

MPC561/MPC563 Reference Manual, Rev. 1.2

xlviii Freescale Semiconductor



Figure . Page

Number Title Number

15-15  QSPI Status Re@ister (SPSR) ......ooiiiiiiiiee ettt 15-21
I5-16  QSPLIRAM ..ottt ettt ettt e et e s se e aeeseesseensaensesseenseessasseenseeneenss 15-23
15-17  CR[0:F] — Command RAM 0x30 51C0, 0x30 SIDF.....cccccootivimiiiiiinieieeieneeeeeeieen 15-24
15-18  Flowchart of QSPI Initialization OpPeration............cccccueereerieeriienieenieesieesieeseeereeseeeveeneees 15-28
15-19  Flowchart of QSPI Master Operation (Part 1) .........cocceeiieiiiiiiiiiieieeeeeeee e, 15-29
15-20  Flowchart of QSPI Master Operation (Part 2) ..........ccceevieeiienieniienieeeie et 15-30
15-21  Flowchart of QSPI Master Operation (Part 3) .......c.ccocvieeiiieniiieeiiieeieeeieeeee e 15-31
15-22  Flowchart of QSPI Slave Operation (Part 1) ........cccoeiieiieniieiieieeeeeeee e 15-32
15-23  Flowchart of QSPI Slave Operation (Part 2) ..........ccocceeiieriieiiienieeieeeie et 15-33
15-24  SCI Transmitter BIock DIagram ..........cccceouieiiiiiiinieeiieiieeie ettt 15-43
15-25  SCI Receiver BIock DIiagram .........ccccoceeviiiiiniiiiiiiiiiieientcieeeeee ettt 15-44
15-26 SCCXRO — SCI Control REGISLEr 0 .......cccuieiiiiiieiieeiieiieeie ettt ettt neees 15-46
15-27  SCI Control Reg@ister 1 (SCCXRI) ..c.uiiiiiiiiiiiieeiieiieeee ettt e 15-47
15-28  SCIx Status RegiSter (SCXSR)..ccuiiiiiiiiieiiee ettt 15-49
15-29  SCI Data Re@ister (SCXDR) .....coiuiiiiieiiieiieiiece ettt ettt ettt et enees 15-51
15-30  Start Search EXAMPIE........ccviiiiiiiiiiiieiiieieeieee ettt ettt s ssveetaesnseenseenees 15-57
15-31  QSCII Control Register (QSCITCR).....cooiiiiiiiiieiieie ettt 15-60
15-32  QSCI1 Status Register (QSCITSR)....coiuiiiiiiiiiiieicieeeceeee s 15-61
15-33  Queue Transmitter Block Enhancements .............ccccoeiiiiiiiiiiiiiiii e 15-63
15-34  Queue TranSmit FIOW ......oooiiiiiiiiiicce ettt e e areeeaaeas 15-66
15-35  Queue Transmit SOftWare FIOW .........cccuiiiiiiiiiiicceccee e e e 15-66
15-36  Queue Transmit Example for 17 Data Bytes........cccoevviiiieeiieriieeieeiecceeecee e 15-67
15-37  Queue Transmit Example for 25 Data Frames ..........ccccooveriieiieniiiiieniecceeeecee e 15-69
15-38  Queue Receiver Block ENhancements............ccueeeviiiiiiiicciieecieeeeeeeee e 15-70
15-39  QUEUE RECEIVE FIOW .....uviiiiiiiiiiicceeeeee ettt et eaee s 15-73
15-40  Queue Receive Software FLOW ........c.ooiiiiiiiiiiiiiee et 15-74
15-41  Queue Receive Example for 17 Data Bytes.......ccococieeiieiieiiieiieeieecieeee e 15-75
16-1 TOUCAN BlOCK DIa@Iam .......c.coeiiiiiiiiiieiie ettt et e et e ebee e seseeeenree e 16-1
16-2 Typical CAN NEIWOTK ...c..ooiiiiiiiiiiiieie ettt 16-3
16-3 Extended ID Message Buffer Structure ............coceeiiiiiieiiieniieieeeee et 16-4
16-4 Standard ID Message Buffer Structure ..........ooocvvveriieeiiieeiiieeeceeee e 16-4
16-5 Relationship between System Clock and CAN Bit Segments........c..coceveevieriineniicneeniennenn. 16-9
16-6 CAN Controller State DIagram........cccceecuieriieeiieriieeieeieeeie ettt et ere e eeesbeeaee e 16-12
16-7 Interrupt Levels on IRQ With ILBS .....cccoiiiiiiiiiieieeeeceeeee e 16-21
16-8 TouCAN Message Buffer Memory Map .......c..cooeeieriiiiinieniiieieceececceeese e 16-24
16-9 TouCAN Module Configuration Register (CANMCR) ......cccoeciieiiiiiiieiienieeieeie e 16-25
16-10  TouCAN Interrupt Configuration Register (CANICR) .......ccccvvieviiiiiiiieiecceecee e, 16-27
16-11  Control Register 0 (CANCTRLO)......coiiiiiiiiiieieeie ettt 16-27
16-12  Control Register 1 (CANCTRLIL)...cc.ooiiiiiiiiieeieeie ettt 16-28
16-13  Prescaler Divide REGIStOT.......cccuiiiiiiiiiiiieciie ettt ettt e eenaeas 16-29

MPC561/MPC563 Reference Manual, Rev. 1.2
Freescale Semiconductor xlix



Figure . Page

Number Title Number

16-14  Control Register 2 (CANCTRL2).....cooiiiiiiiieeieeeciee ettt ettt et svee e e 16-30
16-15  Free Running Timer Register (TIMER) .........cooiiiiiiiiiiiee e 16-31
16-16  Receive Global Mask Register: High (RXGMSKHI), Low (RXGMSKLO)...........cccuueeee. 16-31
16-17  Receive Buffer 14 Mask Registers: High (RX14MSKHI), Low (RX14MSKLO)............... 16-32
16-18  Receive Buffer 15 Mask Registers: High (RX15MSKHI), Low (RX15MSKLO)............... 16-33
16-19  Error and Status Register (ESTAT) ...cccuiiiiiiiieieeeeeeee ettt 16-33
16-20  Interrupt Mask Register (IMASK) ......cciiiiiiiiciiciece ettt 16-35
16-21  Interrupt Flag Register (IFLAG).....cccoiiiiiiiiiiiieee ettt 16-36
16-22  Receive Error Counter (RXECTR), Transmit Error Counter (TXECTR).........ccceevrenneennee. 16-36
17-1 MPC561/MPC563 MIOS14 Block Diagram..........ccccecevieriieeiieniieeieeniieeieeiee e eiee e evee e 17-2
17-2 MIOS T4 MEMOTY MAP ....uveiiiieiiiiiieeieeieeeeee ettt e 17-13
17-3 IMBISM REZISETS .....eeuvieeiiieiieeiieiie ettt et ettt et eebe e s st e esbeenseeesbeenseesaseenseessseenseennsennne 17-13
17-4 Test and Signal Control Register (MIOST4TPCR) ....cc.cooovieiiiiiiieiecieeeeceeeee e 17-14
17-5 Vector Register (MIOSTAVECT) ...coiuiiiiiiieee e 17-14
17-6 MIOS14 Module/Version Number Register (MIOST4VNR).......ccccieviiiiiiiiiiniieieeiee 17-14
17-7 Module Configuration Register (MIOST4MOCR)........cccuivviiiiiiiiieieeieceeceeeee e 17-15
17-8 MCPSM BIOCK DIQ@IAM...c..eeiiiiiiiiiiiieiieriieieet sttt 17-16
17-9 MCPSM Status/Control Register (MCPSMSCR) ......cccoieiiiiiiiiiieiicieeieeeeeeeee e 17-18
17-10  MMOCSM BIOCK DIaIam .......cccueeiiiiiiiiieeiiieeiieeciee ettt et teesee e aee e saeeesebeeeaseeennnes 17-20
17-11  MMCSM Modulus Up-COUNLET......cc.ccoieiiriiniiiiinieiieetestesie ettt 17-20
17-12 - MMCSM Up-Counter Register (MMCSMOCNT) .....cccuiiiiiiiieiieeieeieeeee et 17-23
17-13  MMCSM Modulus Latch Register (MMCSMML) .......ccceviiiriiiniieiieeieereecee e 17-24
17-14  MMCSM Status/Control Register (MMCSMSCR)......cccoiiiiiiiiiiieiieeeeeeee e 17-24
17-15  MDASM BIOCK DIa@Iram ......cccueeiiiiiiiiiiieiieiie ettt ettt ettt ste et e eseesnseenseesnnes 17-27
17-16  Input Pulse Width Measurement EXample ...........cccoeeviieiieniieiiienieeieeceece e 17-31
17-17  Input Period Measurement EXample...........coooeiiiiiiiiiiiiiiiieeiee e 17-32
17-18  MDASM Input Capture EXamPLe .......cccooeiiieiiiiiiiiiiiciieieeie et 17-33
17-19  Single Shot Output Pulse EXamPple.........cccuieeiiiiiiiiiiiiiieiiciecie et 17-35
17-20  Single Shot Output Transition EXample ........c..ccccooiiiiiiiiniiniiiiiiccececeeeceee 17-36
17-21  MDASM Output Pulse Width Modulation Example...........ccccoceviininiiniininiinieecieeene, 17-37
17-22 MDASM Data A Register (MDASMAR) ....cocviiiiiieeteeeeee ettt 17-41
17-23  MDASM DataB Register (MDASMBR)........cooiiiiiiiieeeeee e 17-42
17-24  MDASM Status/Control Register (MDASMSCR).......cccoieiiiiiiiiiiieiiecieeeeee e 17-44
17-25  MPWMSM BIOCK DIa@Iam ........ccccuiiiiiiiiiiieeiiie ettt ettt e e e e s 17-47
17-26 MPWMSM Period Register (MPWMPERR) .......ccccooiiiiiiiiiiiieeeeeeeee e 17-57
17-27  MPWMSM Pulse Width Register (MPWMPULR)......ccccocoviiniiiiiniiiiiiienieeeeeeeeeeee 17-58
17-28  MPWMSM Counter Register (MPWMOCNTR) .....cccooieiiiiiieiceeeeeeeee e 17-58
17-29  MPWMSM Status/Control Register (MPWMSCR).....ccccooiiiiiiiiiieeeeeeee e, 17-58
17-30 MPIOSM 1-Bit BIoCk DiIagrami ...........ccccccuiiiiiiiiiiiieiieeiiesie ettt see e neeas 17-60
17-31  MPIOSM — Register OrganizZation ..........c.ccccveeerveeeiieeeeiiieesieeesseeessreesssseessseeesseessssessnsees 17-62

MPC561/MPC563 Reference Manual, Rev. 1.2
| Freescale Semiconductor



Figures

Figure

Number Title

17-32  MPIOSM Data Register (MPIOSMDR)........cccccvviiiiiiiiiiiiieeeecee
17-33  MPIOSM Data Direction Register (MPIOSMDDR).........ccccceoiiiiiiniennnnnne.
17-34  MIOS14 Interrupt STUCTUTE ...cccuvveiriieeriieeiee ettt e e
17-35  Interrupt Status Register (MIOST4SRO).......covviiiviiiiiiiiiieeiee e
17-36  Interrupt Enable Register (MIOST4ERO) ......ccccoceiviiriiniiiinicniicicnecicnne
17-37  Interrupt Request Pending Register (MIOS14RPRO)........ccceevvivierieniennnene
17-38  Interrupt Status Register (MIOST4SRI)..cccvvvviiiiiiiiiiiiiieeee e
17-39  Interrupt Enable Register (MIOST4ERT) ..c..cocveviiiiiiiiniiiiniiiiccicce
17-40  Interrupt Request Pending Register (MIOST14RPR1).....ccccovieiiiiiiniinennene
17-41  MIOS14 Interrupt Level Register 0 (MIOST4LVLO).....cccccvevvievvieieennnne.
17-42  MIOS14 Interrupt Level Register 1 (MIOST4LVLI)..cccooiiiiiiiiiniiiennene
17-43  MIOS14 Example: Double Capture Pulse Width Measurement ..................
17-44  MIOS14 Example: Double Capture Period Measurement ...............ccuc.......
17-45  MIOS14 Example: Double Edge Output Compare .........c..ccceeveevrervenennnene
17-46  MIOS14 Example: Pulse Width Modulation Output..........ccccccceevierienennnene
18-1 N-Signal I/O Compared with PPM I/O........ccccooviiiiiiiiiiiiiicieeieeeeeeee,
18-2 Block Diagram of PPM Module ..........ccccooiiiiiiiiiiiiiieieeeee e,
18-3 Internal Multiplexer Mechanism for Transmit Data.........c..cccceveeverieneennene
18-4 Internal Multiplexer Mechanism for Received Data ...........ccccooeeierieneenen.
18-5 PPM Clocks and Serial Data Signals..........ccccecerieniniinieniniicneienicneee
18-6 One Transmit and Receive Cycle in SPIMode .........coocevviienieiiiiinieiiiee,
18-7 Examples Of Several TCLK Frequencies and Sample Rates.......................
18-8 Module Configuration Register (PPMMCR).....c...ccccocviviiiiniiniininicneeee
18-9 PPM Control Register (PPMPCR)........cccooviieiiiiiiiiieieeteeeeeeeeeee
18-10  Set ENRX While ENTX = ©...coiiiiiiiiiiiiieeieieeeeeeee e
18-11  Set ENTX while ENRX = 1. ..cooiiiiiiiiieeeee e
18-12  SPI Transfer Format with CP = 0 .......ccooiiiiiiiiiirieiceeeeeeeeeeeene
18-13  SPI Transfer Format with CP =1 ......ccccoiiiiiiiiiiiceeeeee
18-14  Transmit Configuration Register 1 (TX CONFIG 1) ...ccccooiriiiiiniincnnene
18-15  Transmit Configuration Register 2 (TX CONFIG 2) ....ccccceviiviieniiennnnnne.
18-16  Receive Configuration Register 1 (RX CONFIG 1)....cccccovvvviviiniieinnnnne.
18-17  Receive Configuration Register 2 (RX CONFIG 2)......cccoceviviiniincnnne
18-18  Receive Data Register (RX DATA) ..ccoooiieiieeieeieeeeeee e
18-19  Receive Shifter Register (RX SHIFTER)......ccccoevviiiiiiiniiiiiciecieeee,
18-20  Transmit Data Register (TX DATA) ...ooooiiiiieeeeeere e
18-21  General Purpose Data Out Register (GPDO) .......ccccoocvievieiiienieeiieieee,
18-22  General Purpose Data In Register (GPDI).......c.ccoovvieiiiieiiieieeeeeeee,
18-23  Short Register (SHORT REQG)....ccccociiiiriiniiiiiiiieicicececceeceeee
18-24  Example of TouCAN Internal Short with SH TCAN = 0b110....................
18-25  Short Between TPU Channels ........c.cccccoecverieiiniininiiniiiecnecieeeceee

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor



Figures

Figure . Page

Number Title Number

18-26  Short Channels Register (SHORT CH REG) .....cccoeviiiiiiiiieiieciieieeceeeeee e 18-23
18-27  Scale Transmit Clock Register (SCALE TCLK REG)......ccccocciniiniiiiiniininicneccciceeen 18-24
19-1 TPU3 BlOCK DIQGIAM ...ocuviiiiiiiieiieeiieiie ettt ettt ettt e be e st eebe e saeeebeesaeesnseenseens 19-1
19-2 TPU3 INtEITUPL LEVELS ..ovvieiiieiieciieeiteetie ettt ettt ettt e b e et eeaveeneessseensaens 19-5
19-3 TCR1 Prescaler CONtrOl.........oiiiiiiiiiiie ettt ettt s eeeens 19-7
19-4 TCR2 Prescaler COontrol.......couiiiiiiiiiiiiieeieseeeeee et 19-8
19-5 TPUMCR — TPU Module Configuration REGIStEr ..........ceveuerrriieeriiieiieeeiie e 19-11
19-6 DSCR — Development Support Control REGISter .......cccecuerieniriinieiiiicneciceceeeeeeee 19-12
19-7 DSSR — Development Support Status ReZISter........ccueeeiiiiiiiiieiiiiieeiiecieeeeee e 19-14
19-8 TICR — TPU3 Interrupt Configuration REGISter.........cccuvivriiiieriieeiieeieeciie e 19-14
19-9 CIER — Channel Interrupt Enable RegISter.........ccceeiiniiiiniiniiiiicicciceccececeeeeee 19-15
19-10  CFSRO — Channel Function Select RegiSter 0 ..........coovieiiieriieniieiieieeeeie e 19-16
19-11  CFSR1 — Channel Function Select RegISter 1 .........ccoevieiiieiiieiiieiieeieeeeee e 19-16
19-12  CFSR2 — Channel Function Select REZISter 2 ........ccccooueriiriiniiniiniiiiirieieeeecceeeceee 19-16
19-13  CFSR3 — Channel Function Select RegiSter 3 ........cccoviiiiiieiiiiiieiieieeeeee e 19-16
19-14  HSQRO — Host Sequence RegIStEr 0..........ceeiiiiiiiiieiiiieiiieeriee ettt s 19-17
19-15  HSQRI — Host Sequence ReISTEr 1.....cc.coiiriiiiiiiiiiiiiicieeiceeectceeeeeese e 19-17
19-16 HSRRO — Host Service Request REGIStEr 0 ........coeeeiieiiieiiieiieeieeieeee et 19-17
19-17 HSRRI — Host Service Request ReIStEr 1 ......cccvvieiiiiiiiieiiieeiieceeceeeee e 19-17
19-18  CPRO — Channel Priority ReZISter 0 ........cccooiiiiriiiiiiiiiiinieeiesecececeeeeeeseeee e 19-18
19-19  CPR1 — Channel Priority REGIStEr 1 .......c.cooiiiiiiiiiiiiieiieeie ettt 19-18
19-20  CISR — Channel Interrupt Status REZISTET ........cevuieeiiiiiieiiieiiecieeieeeee e 19-19
19-21  TPUMCR2 — TPU Module Configuration Register 2 .......c..cccceveeveriiinieneniieneenienicneenen 19-19
19-22  TPUMCR3 — TPU Module Configuration Register 3 ...........ccccccueevienieerienieeiieeieeveenee. 19-21
19-23  SIUTST — SIU TeSt REZISLET ....eeeuviiieiiieiiieeciee ettt ettt ere e e svee e e eaaeesnaee s 19-22
20-1 DPTRAM CONIGUIALION ...ueiiiiiiiieiiiitieienit ettt sttt ettt s st sbe et s 20-2
20-2 DPTRAM MEMOTY MAP.....cooiiiiiiiiiiiieeiie ettt ettt et esbte e s eessab e sareesnaeeesans 20-3
20-3 DPT Module Configuration Register (DPTMCR).......cccooviieiiiiriiiiiieiieeieeeecee e 20-3
20-4 RAM Array Base Address Register (RAMBAR)......cccoiiiiiiiiiiieeceee e 20-5
20-5 Multiple Input Signature Register High (MISRH) .......c.ccooiiiiiiiiiiiiiieeeeeeeeeee, 20-5
20-6 Multiple Input Signature Register Low (MISRL) .....cocoviiiiiiiiiiiiiiicieeeeeee e 20-6
20-7 MISC Counter (MISCNT) ....ooiiiiiieeeee ettt ettt ettt sttt e st e ebeesseeenneens 20-6
21-1 Block Diagram for a 512 Kbyte UC3F Module Configuration............cccceeeveeriienieenieennennnans 21-2
21-2 UC3F EEPROM Configuration Register (UC3FMCR) .......cccevviiiiiiiiiiiiieeiiecee e 21-5
21-3 UC3FMCRE— UC3F EEPROM Extended Configuration Register ............ccceeervienenncnnene 21-9
21-4 UC3F EEPROM High Voltage Control Register (UC3FCTL) ........cccevvieviieiienieeiiee 21-11
21-5 PEGOOD Valid TIME ......coiuieiiiieiieie ettt sttt eneesaeeseennenes 21-14
21-6 Shadow INFOTMAtION .......ooiuiiiiiiiiieie e ettt e eeeens 21-16
21-7 Hard Reset Configuration Word (UC3FCFIG) ......cccooviiiiiiiiiiiieiieceeeee e 21-16
21-8 512-Kbyte Array Configuration...........cccveeeiuieeriiieeiieeeiieeeiieesreeesreeeeeeesaeeesreeessseesnneeenns 21-19

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor



Figure

Number Title

21-9 Program State DIiagram............cceeeieieiiieeiiieeiiecreeeee e
21-10  Erase State DIiagram..........cocoeoerviiriiniiiinieieeeeeeeeeeee et
21-11  Censorship States and Transitions ..........cccceeeeveerieeieenienieeiieeie e eve e
22-1 System Block Diagram ............ccceeeiiiieiiiieiiieeiieeieeeeeee e
22-2 MPC561/MPC563 Memory Map with CALRAM Address Ranges

22-3 Standby Power Supply Configuration for CALRAM Array ........ccccevevveenenne
22-4 CALRAM ATTAY .ttt ettt ettt sttt s nbe et saee e
22-5 CALRAM Module Overlay Map of Flash (CLPS =0) ......ccoceeveniiniiiinnenne.
22-6 CALRAM Address Map (CLPS = 0) ..ccooviieiiieieeiieeeeeeeeeee e
22-7 CALRAM Module Overlay Map of Flash (CLPS = 1) ..cccccocvveviieriieiieienee.
22-8 CALRAM Address Map (CLPS = 1) ..o
22-9 CALRAM Module Configuration Register (CRAMMCR).........cccecuvenneeneee.
22-10 CALRAM Region Base Address Register (CRAM_RBAX)......ccccceevveuvennenn.
22-11 CALRAM Overlay Configuration Register (CRAM_OVLCR)........ccc.c........
22-12  CALRAM Ownership Trace Register (CRAM_OTR).......ccceecvveiiienieenenen.
23-1 Watchpoint and Breakpoint Support in the CPU..........c.cccovveciienieniiiiie,
23-2 Partially Supported Watchpoint/Breakpoint Example.........c.cccccocveniiiennnne.
23-3 Instruction Support General Structure ............ceecveeiieriieiiienieeeeie e,
23-4 Load/Store Support General StrucCture..........cccvevvierieerieeriierieeieeeee e
23-5 Functional Diagram of MPC561/MPC563 Debug Mode Support .................
23-6 Debug Mode LOZIC ...ccouviiiieiiieiieiie ettt ettt e
23-7 BDM Mo0Ode SEIECHION ......eouvieiiiriieiieieeiieteee et
23-8 Debug Mode Reset Configuration .............ceceeveeveriinieiienienenneneenieeieeeene
23-9 Asynchronous Clock Serial Communications ............cccueerveeveeneeenveeneennene
23-10  Synchronous Self Clock Serial Communication .............cceeeeeveerieerieenneennen.
23-11  Enabling Clock Mode Following Reset.........cccccoeviiniininiiniininicnecieeene,
23-12  Download Procedure Code Example.........ccccceeviieiiieniiiniiiiiieeieeieeieeeeee,
23-13  Slow Download Procedure Loop ........ccceeviiiiieriieiiieiieeieeieecve e
23-14  Fast Download Procedure Loop ........cccoueeiuieiiiniiiiiieeieeiee e
23-15  Comparator A—D Value Register (CMPA—CMPD).........ccccocveviieiieniieienen.
23-16  Exception Cause Register (ECR).......cooviiiiiiiiiiiiiiieeeeeeeceee e
23-17  Debug Enable Register (DER)........cccooiiiiiiiiiiiiiieeeeeeee e
23-18  Breakpoint Counter A Value and Control Register (COUNTA)...................
23-19  Breakpoint Counter B Value and Control Register (COUNTB).....................
23-20  Comparator E-F Value Registers (CMPE-CMPF).........ccccocevviriininnnnnnnne.
23-21  Comparator G-H Value Registers (CMPG—CMPH)..........ccccecvvrvieniranennen.
23-22  L-Bus Support Control Register 1 (LCTRL) ....ccccoecvveeeiiieiieeiieeeeecee e,
23-23  L-Bus Support Control Register 2 (LCTRL2)...c..ccceviiniiiiiniininiinicieeiene,
23-24  I-Bus Support Control Register (ICTRL) ......ccccccvvviiiiiiniieiiecieeieeeeeee,
23-25  Breakpoint Address Register (BAR) ......coovivieviiiiiiieeeceeeeee e,

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor



Figures

Figure

Number Title
23-26  Development Port Data Register (DPDR)........cccooevvieiiiiiiiiiiiiieiies
24-1 READI Functional Block Diagram............cccccceeriiiiiiiniiiiniiinieeieeeeeeee
24-2 READI Ownership Trace Register (OTR)........ccceeviiiiieniiniiiiieiieee
24-3 READI Device ID REZISter .......ceevuiieeiiieeiieeeiieeciie e
24-4 READI Development Control (DC) Register..........ccoceevverienernicneennennne.
24-5 READI Mode Control (MC) ReZISEr .......c.eevveeriieiieiieeiieiieeieeiee e
24-6 READI User Base Address Register ........cccoeecvveeriieeniieeiieeeieeeeeeeeenn
24-7 READI Read/Write Access RegISter ........cceeveeriieiiiiiieiieiieeieeieeene
24-8 READI Upload/Download Information Register ...........cccceveeveniennennee.
24-9 RWD Field Configuration ...........ccceeevuveeeiieeniiieeniie e e eiee e
24-10 READI Data Trace Attributes 1 Register (DTAT)

READI Data Trace Attributes 2 Register (DTA2) ....ccccvvevievciieiienieene.
24-11  Functional Diagram of Signal Interface............ccccoevevieninieniinnenieenee.
24-12  Auxiliary Signal Packet Structure for Program Trace Indirect

Branch MESSage .....cuueiiiiiiieiiieiieeie ettt
24-13  MSEI/MSEQO Transfers........ccoceeuerierienienieeieneesie e
24-14  Transmission Sequence of MESSages......cccevvvereerueriineeiieneenenieneeneeenes
24-15 READI Module Enabled..........cccooiiiiiiiniiiiniiieciececeieeeeeen
24-16  Enabling Program Trace Out of System Reset........cccceeveeieriineneenennee.
24-17 READI Mode SeleCtion ........ccccueeuieriiiiiiieiieeieesieeieeee et
24-18  READI Module Disabled.........c.ccoeeiirieniniiiniiieiieieeceeseeeceeee
24-19  Direct Branch Message FOrmat ...........ccccoecvevciienieeiienieniieeeeie e
24-20  Indirect Branch Message Format............cocooeviiieiiiniiiiniiniieeeieeeeee
24-21  Indirect Branch Message Format with Compressed Code.......................
24-22  Bit Pointer Format with Compressed Code ...........ccceevviveiienieniieniieninnns
24-23  Program Trace Correction Message Format.........cccccoceevvericniincnicncnnee.
24-24  Direct Branch Synchronization Message Format (PTSM = 0)................
24-25  Direct Branch Synchronization Message Format (PTSM = 1)................
24-26  Indirect Branch Synchronization Message Format (PTSM =0) .............
24-27  Indirect Branch Synchronization Message Format (PTSM =1) .............
24-28  Direct Branch Synchronization Message Format with Compressed

COde (PTSM = 0) ettt ettt ettt
24-29  Direct Branch Synchronization Message Format with Compressed

COde (PTSM = 1) ittt ettt e eaaeenae e
24-30  Indirect Branch Synchronization Message Format with Compressed

COde (PTSM = 0) ettt
24-31  Indirect Branch Synchronization Message Format with Compressed

COde (PTSM = 1) ittt ettt
24-32  Program Trace Full Message Format..........ccooceeveniininncniencnncnienenee,
24-33  Relative Address Generation and Re-Creation.........cccceeeeeevericneenncnee.

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

liv

Freescale Semiconductor



Figures

Figure

Number Title

24-34  Error Message (Queue Overflow) Format...........ccccoevieviiienienciieniecieeeee,
24-35  Direct Branch MeSSage .......c.cevuieiieriiiiieiie ettt
24-36  Indirect Branch MeESSage .......cccuevuieriiieiiiiieeiieiieee et
24-37  Indirect Branch Message with Compressed Code ...........ccoevveeiierieeieeneennen.
24-38  Program Trace Correction MESSAZE .......cceeverueenueriinieeienienieeeenieeneeeesieenees
24-39  Error Message (Program/Data/Ownership Trace Overrun)..........cceceveennenee.
24-40  Direct Branch Synchronization Message..........cccueevieriierieeniienieenieeneeeveenenn
24-41  Indirect Branch Synchronization Message ...........cccceeeevierieneenenieneeniennene.

24-42  Direct Branch Synchronization Message

With Compressed COde .......ooviiiiiiiiiiieieeieee et
24-43  Indirect Branch Synchronization Message with Compressed Code
24-44  Data Write Message FOrmat ...........cccooeoiieiiiiiiiiniieiieecieeeeeeee e
24-45  Data Read Message FOrmat ..........coocueeeiiiiiiiiiieniiieeiie e
24-46  Data Write Synchronization Message Format ..........cccccocevveniininiincenicnnene.
24-47  Data Read Synchronization Message Format...........ccccooceviiniinincncnncnnene.
24-48  Error Message (Queue Overflow) Format...........cccceevieviiienienciienieeieeieee,
24-49  Data Trace Flow Diagram for Non-Pipelined Access ........ccccevueevienieenicenen.
24-50 Date WIIte MESSAZE ... .eevureeiieiieeiieiieeieenieeeteestte et esteesbeeseeesbeeseesnseenseesnnas
24-51  Data Read MESSAZE......cccvieriiiiiiieeiiieeiiee ettt eireesaeeesteeesbeeesaaeeeeaeesneees
24-52  Data Write Synchronization Message...........ccoeevveriineenienienennieneeneeieseenee
24-53  Data Read Synchronization MeSSage .........ccceveeruerienieenienieniennienienieeeesieenee
24-54  Error Message (Program/Data/Ownership Trace Overrun).............cceeueenee.
24-55  Target Ready MESSAZE......cccueviieriiiiiieiieeieeiee sttt
24-56  Read RegiSter IMESSAZE ... .ccuveeuiieiieiiieiieeitieieeeiteeieeeteeaeeseaeeteesaeesnseenseeeaseas
24-57  Write Re@ISter MESSAZE .. eeevuvvieriiieeiiieeiieette et e eiee e etee e e siveeeaaee e
24-58  Read/Write Response MESSAZE.......ccueeuieriieiiiieniieeiieriie et eiee et eeee e
24-59  Read/Write Access Flow Diagram ..........ccccocoeeviiieniieiiienienieeiiecieeeeee e
24-60  Error Message (Read/Write Access Error) Format..........cccoceevvveciienieeneennen.
24-61  Error Message (Invalid Message) Format ...........cccccooiiiiiiiiiiiniienieniceceee,
24-62  Error Message (Invalid Access Opcode) Format...........ccccoevveviveniienieeneenen.
24-63  BIOCK WIILE ACCESS ..eeuvieuieiieiieiieieeiie ettt ettt ettt st e e e nees
24-64  BlOCK R ACCESS ...ouveiiiiiiieeiiieiiee et
24-65 Device Ready for Upload/Download Request Message..........ccceevveveenuennnenne.
24-66  Upload Request MESSAZE.......ccuveruirriieriieeiieiieeieeteeeeeeieeseveeveesseessseenseeseseas
24-67  Download Request MESSAZE ......cccuueruiieiieriieiiieniieeiee ittt
24-68  Upload/Download Information MesSage..........ccvueevereenierienieenienienieeieneenee
24-69  Error Message (Invalid Access Opcode) ......oeevveeervieeiieeeiiieeiieeciee e
24-70  Watchpoint Message Format ...........ccccooeriiniiiiniininiinccccnecceeeecee
24-71  Error Message (Watchpoint Overrun) Format..........cccccoeeivenienciienieniieieeee.
24-72  WatChpOINt MESSAZE ....ccvvieeiiieeeiiieeiieeeieeeeieeeetee e e esereeeaeeeereeesbeeeseseeennaeas

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor



Figures

Figure . Page
Nt?mber Title Numb%r
24-73  Error Message (Watchpoint OVEITUN) ........ceeeeiiiiriieeniieeiee et esreeeireeeieeeeeveeevee e 24-74
24-74  Ownership Trace Message FOrmat .........cocueoiiviiiiiniiiiiniiiiiicccceeee e 24-75
24-75  Error Message FOTMAL .......ccc.oiiiiiiiiiieiiiecceee ettt 24-75
24-76  OWNEIShIP Trace IMESSAZE.....ccveerurieiieriiieiieiieeteeetteeteesteeebeesteessseesaeseseesseessseesaessseesseensnas 24-76
24-77  Error Message (Program/Data/Ownership Trace OVerrun)........c.ccceceeverviereeneneeneesueneene. 24-76
24-78  RCPU Development Access Multiplexing between READI and BDM Signals.................. 24-77
24-79  DSDI MesSage FOIMaL........cc.ceeiiiiiiiiieeiiieeiieeee ettt et et eaee e s e e e esaneeeneee 24-78
24-80  DSDO MesSage FOTMAL ....c..eeoiiiriiiiiiiiieeiieieeetcee ettt sttt s 24-78
24-81 BDM Status Message FOrmat..........cccooviiiiiiiiiiiiiiiiecieceeeeeee e s 24-79
24-82  Error Message (Invalid Message) Format ...........coocveeeiiiiiiieiiiiecieecieeee e 24-79
24-83  RCPU Development Access Flow Diagram.........cccccoceviiiiniininiiinicniiicnicceeccceeeee 24-81
24-84  RCPU Development Access Timing Diagram — Debug Mode Entry Out-of-Reset........... 24-83
24-85  Transmission Sequence of DSDxX Data MeSSagEes .....ccccvveervieiriieiiiieeniieeeiie e eevee e 24-83
24-86  Error Message (Invalid MESSAZE) ......eevuvieiiiriiiiieiieeieeite ettt ettt 24-85
24-87  DSDI Data Message (Assert Non-Maskable Breakpoint) ..........cccoovvveveiienieniiiinienieeieeen. 24-85
24-88  DSDI Data Message (CPU Instruction — 1f1) ....eeeecvieeriieeniieeieecieecieeeiee e 24-85
24-89  DSDO Data Message (CPU Data OUL) .......cocueeiieiiiiiiieieeieeieeeee et 24-86
25-1 Pin Requirement 0n JTAG.......cccoiiiiiiiiieieee ettt ettt ettt eenbeeneas 25-1
25-2 Test Logic BIOCK DIa@ram.........cccuiiiiiiiiiieeiieeiie ettt e e s 25-3
25-3 JTAG MOAE SEIECTION ...ttt ettt ettt ettt e bt e et e e teeenbeesaeesnseenseens 25-3
25-4 TAP Controller State MaChine ...........coceevuiriiniiiiiieieeesce et 25-4
25-5 BYPasS REEISIET ... .eiiiiiieiiiiecie ettt et e et e et e e et e e sebeeeenbeeennbeesnnseeens 25-31
A-1 Instruction Compression AIEINALIVES .......cocviviiiiriirieieneeie ettt A-3
A-2 Addressing Instructions with Compressed Address ..........ccvevieeiiirieiiiienieeieeeeeee e A-4
A-3 Compressed Target Address Generation by Direct Branches...........ccccooeveviiiiiiinieiciienieninn, A-5
A-4 Branch Right Segment Compression #1 ........ooiiiieiiriiniiiinieeeieeeese ettt A-7
A-5 Branch Right Segment CompresSion #2 ........cccuieieeiieniieiiieiieeie ettt ettt e e eeees A-8
A-6 Global Bypass INStruction LaYOUL ........cc.cecveriieiiieiiieiiesieeie ettt eeneereeseeeeveeseeesseeseens A-8
A-7 CLASS 1 InStruction LayOUL ......cc.ceouieiiriiiiiierieieetcsieccsesitee ettt A-9
A-8 CLASS 2 INStruction LayOuUL .......c.coouiiiiiiiieiiieiiecie ettt ettt et steeieesnseesseeenneens A-9
A-9 CLASS 3 InStruction LayOuLt .........ceccuiieiiiiieiiieeiie ettt e eiaeesaaeesane e A-10
A-10 CLASS 4 InStruction LayOuL ......cccccoeeiiriiniiiiricieeieeeeeese ettt A-11
A-11  Code CompresSion PTOCESS. .....c.uiiuiiiiiiiieiiieiieeie ettt ettt e saeeebe b e easeeneas A-12
A-12  Code DecompreSSion PrOCESS ........ccoiiiiieiieiieeiierieeeie et eteeieesereeteesieeebeesteeesseesseessseensaens A-13
A-13  1-Bus Support Control Register (ICTRL) ........ccccoiiiiiiiiiiiiiiiiiicce A-16
A-14  Decompressor Class Configuration Registers] (DCCRX)......cccceeviieiiieniiniiieniecieeieeeieeen A-19
C-1 MPC561/MPC563 Power Distribution Diagram — 2.6 V ......ccccvveiiieeciiicieecee e C-3
C-2 Power Distribution Diagram — 5 V and Analog .........cc.ccoceevierieniiiineiiiniineeicneeeeeceieee C-3
C-3 Crystal OSCIIAtOr CITCUIL ......uieitieeiiieiieeiie ettt ettt ettt e et e aeeteesaeeeabeeseeenseeneeenne C-4
C-4 Ol A 1S gl 25 2011 o] (SRS C-5
MPC561/MPC563 Reference Manual, Rev. 1.2
Ivi Freescale Semiconductor



Figures

Figure . Page
Nt?mber Title Numb%r
C-5 Bypass Capacitors Example (AIterNatiVe) ......c..eeevieeriieeiiieeiiecieeeeee e e C-5
C-6 RC FAlter EXAMPIE ....eeiiiiiiiiiiiiieceeee ettt st C-6
C-7 LC Filter Example (AIEINAtiVE) ......cc.eeiiiiiiieiieeiieiie ettt ettt st ebeesaeeeseeaee e C-6
C-8 PLL Off-Chip Capacitor EXample .........cc.oooiiiiiiiieeiieiieeieeiteeie ettt siveeveesneenneens C-7
C-9 IRAMSTBY Regulator CIrCUIL.......cooutiiiriiieiierieeteet ettt sttt C-8
D-1 TPU3 MEMOTY MAP ...ttt ettt ettt ettt e et e et e e s bt eeesbeeesabeeennbeeenseesanns D-1
D-2 PTA PAramMeELETS .....vveeeiiieeeiieeciee ettt ette et e e e et e e st e e snaeeesbeeesaeeenaseeensaeesnsaeesnneeennseesnns D-4
D-3 QOM ParamELETS ....ceeueieiiiieiiieeeite ettt ettt ettt ettt e st e e et e e bt e e eeabeesbbeeebeeesbeeesabeeennes D-6
D-4 TSM Parameters — MaSter MOA@ .......ccuieiuieiiiiiieriieeiiesiie ettt ettt be e e D-8
D-5 TSM Parameters — S1ave MO ........ooviiiiiiiiiciieiieeeeeece ettt be e ens D-9
D-6 FQM ParameELers ......ccceeuiiieeieiiiieeeiiie e et e st e e ettt e e e s aeeeeesssaaeeeesaaeesannsaeeesansssaeeenssseeesannes D-11
D-7 UART TranSmitter PArameELters ..........cceviieuierieeiieiieeieeriee et eieeete et sireeseesereeseesaeeenseenens D-13
D-8 UART ReECEIVET ParameEters. .......ccccuiieiiieiiiieeiiieeieeeiee et esieeesteeesiveeeiaeesaveesaaeesaaeesnnee s D-14
D-9 NITC PArQMELETS .....oeeeeeiiiieeieiiiieeeeitteeeete e e et e e e et eeeestaaeeeesssaeeeessseeeeesssseaeesnssseeeessseneens D-16
D-10  COMM ParameELers ......cccuvteriieeriieeiiieeeiiteeeiteeeiteeeieeesteeesateeesateesneeesnsaeesaseeesaseeensseesnnseesnnnes D-18
D-10 COMM Parameters (CONTINUEA).....ccuueeeruiieeriiieeiieeeiieeeieeenteeesteeeniaeeeereeeneeesneeesreeesnseesnnnes D-20
D-11 HALLD Parameters .........eeeeeiiieeieiiiieeeeiiieeeeetieeeeeiteeeeesaaeeessssseeesesssseeeasssseeeessssseessssseeesnnnes D-21
D-12  MCPWM Parameters — Master MOdE ..........coecuieriiiiiieiieeiieie ettt D-23
D-13  MCPWM Parameters — Slave Edge-Aligned Mode ..........cccoovviviieiiienieniieiecieeeeee e D-24
D-14  MCPWM Parameters — Slave Ch A Non-Inverted Center-Aligned Mode.............cccc........ D-26
D-15 MCPWM Parameters — Slave Ch B Non-Inverted Center-Aligned Mode.......................... D-27
D-16  MCPWM Parameters — Slave Ch A Inverted Center-Aligned Mode..........cccceecvvevvennennnen. D-28
D-17  MCPWM Parameters — Slave Ch B Inverted Center-Aligned Mode ..........cccccoevvineenenee. D-29
D-18  MULTI Parameters — FRINC .....cccuiiiiiiiiiiieiieeeee ettt e D-31
D-19  MULTI Parameters — FREDEC .........cccoioiiiioiieeeeeee et e D-32
D-20  MULTI Parameters — SPEED ..........oiiiiiiiieeee ettt et e aaae e D-33
D-21 MULTTI Parameters — PWIM TN ..ottt e D-34
D-22  FQD Parameters — Primary Channel ...........c.ccccooviiiiiiiiiinieciieece e D-36
D-23  FQD Parameters — Secondary Channel ...........c..ccocooviiiiiiniiniininicccececeeeen D-37
D-24 PPWA Par@meEterS......ceeeiiiiiiiieiiie ettt ettt ettt e et e et e st e e snbteesabeeesabeeenabeeenneesnnnes D-39
I T U D B o1 ¢ 1 10 (<1 1<) oSSR D-41
D-26 (O O o 1 ;11 4 1S] £ PSP USPRUPRRN D-43
D-27  PWM PArameELers ...c..veieeiiiiiiiie ettt ettt ettt e st e st e e st e e sabaeeebeeensbeesnnaeesnnnes D-45
D-28  DIO ParameELers.....ccccuiieeiiieeiieesiieeriee et e eite e et e e e teeesteeeseaeessaeesnsaeesnsaeeassaeensseeensseessseeenses D-47
D-29 SPWIM PATQMELETS ... .eeeeiiiiieeeiiiiieeeiiteeeeeiieeeee et eeestaeeeesataeeeesssaeeesenssseaeeasssseeeenssseeeennsseeeens D-49
D-30  RWTPIN PAr@QmELErsS ...cc.ueeeriiieiiieeiiieeiitie ettt eiee ettt e ettt esitee st e e sabaeesabaessabeeeabeesnnneesnnnes D-52
D-31 Two Possible SIOP Configurations ............ccecueeeeiieesieeeiieeeieeeieeeeieeeereeesveeeseveessaeesnneens D-53
D-32 N (0] o o3 2811 ] 1) 4 USSR D-55
D-33  SIOP Function Data Transition EXample ...........ccccccieiiiiiiiiniiiiiiiecieceeeeee e D-59
F-1 Option A Power-Up Sequence Without Keep-Alive SUpply.....cccceevveeeciieeiiieeieeeee e F-14

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ivii



Figures

Figure . Page
Number Title Number
F-2 Option A Power-Up Sequence With Keep-Alive SUpply.....c.cocveriieciieniiniiiiecieeeeieeiene F-14
F-3 Option A Power-Down Sequence Without Keep-Alive Supply........coceveviiniineniiniencnnene. F-15
F-4 Option A Power-Down Sequence With Keep-Alive SUpply ......ccccveeevieniiiiiiinieeiieieeieeiens F-15
F-5 Option B Power-Up Sequence Without Keep-Alive SUpply ......cccvveevieriieieenieeiieiieeieeieens F-16
F-6 Option B Power-Up Sequence With Keep-Alive SUpply .......coceveeiiniininiiniiniiicnecicneene F-16
F-7 Option B Power-Down Sequence Without Keep-Alive SUpply......ccccoevieviiiiiiniiieiieiieeies F-17
F-8 Option B Power-Down Sequence with Keep-Alive SUpply .....ccccovveeevieviieniiiiieeieecieeceeeieens F-17
F-9 Generic TIMINg EXAMPIES ...cc.vevuiiiiiiiiiiiieiieiece ettt F-19
F-10 CLKOUT Pinl TIMINE «.eeeuvieiieeiieiieeiteiieeteesiteeteesteeseteeteesseeesseessaessseesseessseenseesnseenseesssesnseens F-27
F-11 Synchronous Output Signals TIMING .......c..ccvveeiiierieriiieiiierie et ere et e e eseeeeseesee e F-28
F-12 Predischar@e TIMING ......cc.ooiiiiiieie ettt ettt e et e et eeteesbeesneeenseens F-29

F-13 Synchronous Active Pull-Up And Open Drain

Outputs S1ZNALS TIMING ...vvieeiiieeiiieeiie ettt e e eetre e e e e enbeeeaseeenaaeeennes F-30
F-14 Synchronous Input Signals TIMING........ccceevieririiiriiiiiieee e F-31
F-15 Input Data Timing In NOrmal Case .........ccceeviieiiieiiiiiieiie ettt ettt F-32
F-16 External Bus Read Timing (GPCM Controlled — ACS = “007) ....ccccovuieriieieenieeieeieeereeieens F-33
F-17 External Bus Read Timing (GPCM Controlled — TRLX = ‘0" ACS = “10").c..eevvieiieienns F-34
F-18 External Bus Read Timing (GPCM Controlled — TRLX = ‘0" ACS = “11")ccceviiiineeiinne F-35
F-19 External Bus Read Timing (GPCM Controlled — TRLX = “1’, ACS = “10’, ACS =°11")....F-36
F-20 Address Show Cycle Bus TIMING ....c..covuiiiiriiiieiinieientesiteie ettt F-36
F-21 Address and Data Show Cycle Bus TIming.........cccccvevuiiiiieniieniienieeieeeie et F-37
F-22 External Bus Write Timing (GPCM Controlled — TRLX = “0’, CSNT = “0") .c.eeovvvveeennnne F-38
F-23 External Bus Write Timing (GPCM Controlled — TRLX = ‘0’, CSNT = “1") c.ccceevverrienns F-39
F-24 External Bus Write Timing (GPCM Controlled — TRLX = 1’, CSNT = “1") .ccceovvrvenennnene F-40
F-25 External Master Read From Internal Registers Timing............cccoecvevviienieeieenienieenieecieenens F-41
F-26 External Master Write To Internal Registers Timing ...........cccoceeviiiiiieniiniiiinienieeeeeeene F-42
F-27 Interrupt Detection Timing for External Edge Sensitive Lines .........ccccovceeveveeneeiienienennene F-43
F-28 Debug Port CIock INPUE TIMING ..c.veevieiiieiieiie ettt ettt eeeebeesseeesseeseeassseeneeas F-44
F-29 Debug Port TIMINES ... ..oeuieiiieiieiie ettt ettt ettt ettt e sate bt esiteeabeesaeesnbeenseesnseans F-44
F-30 Auxiliary Port Data Input Timing Diagram...........cccceveevieriininiiinieenienceeeeeeee e F-45
F-31 Auxiliary Port Data Output Timing DIiagram ............ccceevvieeriieiiiieniieeeiee e F-46
F-32 Enable Auxiliary From RSTT.......ccooiiiiiiiiii et F-46
F-33 Disable Auxiliary From RSTL.........ccoiiiiiiiiiiiceeece ettt F-46
F-34 Reset Timing — Configuration from Data BusS..........cccooeiiiiiiiiiiiiiiiieeeee e F-48
F-35 Reset Timing — Data Bus Weak Drive During Configuration...........cocceeeeveneeneeieneeniennenn F-49
F-36 Reset Timing — Debug Port Configuration ..............cceecueeriieriieiiienieeiieieeie e F-50
F-37 JTAG Test Clock INput TIMING ......cccouvieiiiiieeiieeeiie ettt teeesteeesbeeeesreeeseaeeenes F-51
F-38 JTAG Test Access Port Timing DIagram .........ccccceeevieiiiniinieniiinieieeieneeeeseeieeeesie e F-52
F-39 Boundary Scan (JTAG) Timing DIiagram............ccoeeeeeiierieniiieniieeieenee e eiee e eseesiaeeseesenes F-53
F-40 QSPI Timing — Master, CPHA = 0 ..cc.uoiiiiieeiieeeee ettt et e F-58

MPC561/MPC563 Reference Manual, Rev. 1.2

Iviii Freescale Semiconductor



Figure . Page
Number Title Number
F-41 QSPI Timing — Master, CPHA = 1 .....cooiiiiiiiieeeeee et F-58
F-42 QSPI Timing — S1ave, CPHA = 0 ...ccooiiiiieieeeee et F-59
F-43 QSPI Timing — S1ave, CPHA = 1 ..ottt e F-59
F-44 TPU3 TIHNINE c..vveeeiieeeiie ettt ettt e e e et e e st eeesttee et e e esateesnaeeessbeeessseessseesnsseesnsneensseennnes F-61
F-45 PPM_TCLK TIMING ...vtietteiieiieeiieteeieetesteete st eteesee e eaesstesseensasseesseessessaensesssesseensesssessesnsenns F-63
F-46 PPM Data Transfer Timing (SPIMoOd@).......ccccueruieriiiniieiiieeieeitecite ettt F-63
F-47 MCPSM Enable to VS PCLK Pulse Timing Diagram ............ccceecveveiienieniieenieniieieecieeieens F-64
F-48 MPWMSM Minimum Output Pulse Example Timing Diagram...........cccceceveenenieneenicnnne F-65
F-49 MCPSM Enable to MPWMO Output Pin Rising Edge Timing Diagram............cccccceeeuvennee.. F-66
F-50 MPWMSM Enable to MPWMO Output Pin Rising Edge Timing Diagram ......................... F-66
F-51 MPWMSM Interrupt Flag to MPWMO Output Pin Falling Edge Timing Diagram.............. F-66
F-52 MMCSM Minimum Input Pin (Either Load Or Clock) Timing Diagram............c.ccccoeeuvnnee. F-67
F-53 MMCSM Clock Pin To Counter Bus Increment Timing Diagram .............ccceccveeeiienreeneennen. F-68
F-54 MMCSM Load Pin To Counter Bus Reload Timing Diagram..........ccccceceevereeneeiieneenennne F-68
F-55 MMCSM Counter Bus Reload To Interrupt Flag Setting Timing Diagram........................... F-68
F-56 MMCSM Prescaler Clock Select To Counter Bus Increment Timing Diagram .................... F-69
F-57 MDASM Minimum Input Pin Timing Diagram..........cccccoceeveriininniinienenieneeieeeeseeeeneene F-70
F-58 MDASM Input Pin To Counter Bus Capture Timing Diagram...........cccceeeveerverieenieennennnans F-70
F-59 MDASM Input Pin to MDASM Interrupt Flag Timing Diagram ...........cccccceevveeciienieeneenen. F-70
F-60 MDASM Minimum Output Pulse Width Timing Diagram...........cccccecveveriiniinenncneenennene F-71
F-61 Counter Bus to MDASM Output Pin Change Timing Diagram.............ccccceevvenieenieennennnens F-71
F-62 Counter Bus to MDASM Interrupt Flag Setting Timing Diagram...........ccccoeevveeeiienienveennens F-71
F-63 MPIOSM Input Pin to MPIOSM_DR (Data Register) Timing Diagram ...........ccccceeevuennne F-72
F-64 MPC561/MPC563 Package Footprint (1 0f 2) ....coeviiiiiiiieiiieieeieeeee e F-84
F-65 MPC561/MPC563 Package Footprint (2 0f 2) ...cceeviieiieiieeiieiiecieeeeee et F-85
F-66 MPCSO1/MPCS63 Ball MAP ...ceviiieiieciieieeiecteeee ettt s se s F-86
F-67 MPC561/MPC563 Ball Map (Black and White, page 1) .....ccoeoeeeiiiiieniieiieiecieeeeeeeiene F-87
F-68 MPC561/MPC563 Ball Map (Black and White, page 2) .....ccccovveriieiiienieeiienieeieesieeeveeieens F-88
F-69 MPC561/MPC563 Ball Map (Black and White, page 3) .......ccoceeieviniiniininiinecicneeneene F-89
F-70 MPC561/MPC563 Ball Map (Black and White, page 4) .....ccovveeiieiiienieeiierieeieeee e F-90
G-1 Option A Power-Up Sequence Without Keep-Alive SUpply......ccccvevieviieiiieniiciieieeieee, G-13
G-2 Option A Power-Up Sequence With Keep-Alive Supply......ccoccooeeveniininiiniiicnicneccnene G-14
G-3 Option A Power-Down Sequence Without Keep-Alive Supply.......ccceevevviieniiiiiienienieenen. G-14
G-4 Option A Power-Down Sequence With Keep-Alive SUpply......ccoveeevievieniiienieeiicieeieeneen G-15
G-5 Option B Power-Up Sequence Without Keep-Alive SUpply ......cccceoerieniininiiiiniiniicnens G-16
G-6 Option B Power-Up Sequence With Keep-Alive SUpply .....ccceoveeviieiiieniiiiieieeieeeeeeeeeen G-16
G-7 Option B Power-Down Sequence Without Keep-Alive SUpply .....cccoveeeviieiiieeiiiecieecieens G-17
G-8 Option B Power-Down Sequence with Keep-Alive Supply .......cccccveeveniiniiiinicninicneens G-17
G-9 Generic Timing EXAMPIES ......ccooiiiiiiiiiieiiieieee ettt ettt et e e e eneeas G-19
G-10  CLKOUT Pinl TIMINE ..eeutieiieriieiieieeiiesie e steeteeite st eteseesseesteeseesseensesseesseensesseenseensesseessesneens G-25

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor lix



Figures

Figure . Page

Number Title Number

G-11 Synchronous Output Signals TIMING .......cccccuieiuierieriiierieeieerie e esree e e e sreebeesereeseesseeens G-26
G-12 Synchronous Active Pull-Up And Open Drain Outputs Signals Timing .........c.cceceveereennnee G-27
G-13  Synchronous Input Signals TimMiNg.........ccceeriieriiiriiieiiierie ettt seee e ens G-28
G-14  Input Data Timing In NOTmMal CaSE ........ccceeeeuieriiieiieiieiiieiee ettt seeereeseneereens G-29
G-15  External Bus Read Timing (GPCM Controlled — ACS = “007) .....ooviiriiiiieiiieiecieeieeee G-30
G-16  External Bus Read Timing (GPCM Controlled — TRLX = ‘0" ACS = “10")...ccceviereriennnne G-31
G-17  External Bus Read Timing (GPCM Controlled — TRLX = ‘0" ACS = “11")cccccvrieririennene G-32
G-18  External Bus Read Timing (GPCM Controlled - TRLX = ‘1", ACS = ‘10, ACS =°11")... G-33
G-19  Address Show Cycle BUs TimiNg.......ccceecuiiriiiiiiiiiieeiieiieeie ettt sieeebeeseveeseesaeaens G-34
G-20  Address and Data Show Cycle Bus Timing..........ccceeevieriieiienieniiieieeie e eee e sveevee e e G-35
G-21 External Bus Write Timing (GPCM Controlled — TRLX = ‘0’, CSNT = “0") ..ccveevvverrennen. G-36
G-22  External Bus Write Timing (GPCM Controlled — TRLX = ‘0, CSNT = ‘1) eeeeoverveiennene G-37
G-23  External Bus Write Timing (GPCM Controlled — TRLX = “1’, CSNT = “1") cceeovivveirnee G-38
G-24  External Master Read From Internal Registers Timing..........cccccoeeveriineniiiniencnnicneenienene G-39
G-25  External Master Write To Internal Registers Timing .........c.coccueevienieeiiienieniiienieeieeiee e G-40
G-26  Interrupt Detection Timing for External Edge Sensitive Lines ..........cccoeevveeviieencveencieeennenn. G-41
G-27  Debug Port Clock INput TIMING .....coeeviiriiniiiiiiienieetereeseeteee ettt G-42
G-28  DebUug Port TIMINES . ....ccueeiiieiiieiiieiieeie et eite ettt et e site e bt esetesbe e seessseenseesnseesseessseeseesseaans G-42
G-29  Auxiliary Port Data Input Timing Diagram..........cccceevuieiiiieniiieniie e G-43
G-30  Auxiliary Port Data Output Timing Diagram ..........ccccceceeririiiniineniienieneeeceeeeeee e G-43
G-31  Enable Auxiliary From RSTT........oooiiiiiiiieiee e G-44
G-32  Disable Auxiliary From RSTI........ccoooiiiie et G-44
G-33  Reset Timing — Configuration from Data BUs.........cccccoceeviiiiniiiiniiniiinceciceeceecee G-45
G-34  Reset Timing — Data Bus Weak Drive During Configuration...........ccccceeevevieeiieeniescieennenne G-46
G-35  Reset Timing — Debug Port Configuration ............cccecveriieiierieiiiienieeie et esve e ens G-47
G-36  JTAG Test Clock INput TIMING ......evveeriiriiniiiiieterieeere ettt G-48
G-37  JTAG Test Access Port Timing Diagram ............ccceeeuieriiiiiienieniiieiiecie e eiee e G-48
G-38  Boundary Scan (JTAG) Timing Diagram............cccueeevierieeieenienieenieereenieeeeeesseesssessseessneens G-49
G-39  QSPI Timing — Master, CPHA = 0 .....ccccooiiiiiiiiieeeeeeeeeeeee ettt G-54
G-40  QSPI Timing — Master, CPHA = 1 ....ccciiiiiiiieiecieeeee ettt G-54
G-41 QSPI Timing — SIave, CPHA = 0 ...oooiiieeeeeeeee ettt e sevee e G-55
G-42  QSPITiming — Slave, CPHA =1 ..ot G-55
G-43  TPUS3 TIMING cttieiieeiiieiieete ettt et te et e et e stte e bt e ssaeesbeesttaesseessaesaseeseeasseeseesnseenseessseenseenseenns G-57
G-44  PPM_TCLK TIMING .cuttetteiietieiieiienteeieeite sttt ettt etesaee st estesse e beenteseeenseentesseenseensesseensesnnens G-59
G-45  PPM Data Transfer Timing (SPIMode)........coouiiiiiiiiiiiiieiieeeeee e G-59
G-46  MCPSM Enable to VS PCLK Pulse Timing Diagram ...........cccccceeeieeiienieeiiienieeieesieeeeeane G-60
G-47  MPWMSM Minimum Output Pulse Example Timing Diagram............cccceeeveevvveencreeennnenn. G-61
G-48  MCPSM Enable to MPWMO Output Pin Rising Edge Timing Diagram ..........ccccceceevuennene. G-61
G-49  MPWMSM Enable To MPWMO Output Pin Rising Edge Timing Diagram....................... G-62
G-50 MPWMSM Interrupt Flag to MPWMO Output Pin Falling Edge Timing Diagram............. G-62

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor



Figures

Figure . Page
Nt?mber Title Numb%r
G-51 MMCSM Minimum Input Pin (Either Load or Clock) Timing Diagram..............ccccccuvenneenn. G-63
G-52  MMCSM Clock Pin to Counter Bus Increment Timing Diagram...........cccceeveevierienennicnnene G-63
G-53  MMCSM Load Pin to Counter Bus Reload Timing Diagram...........ccccceevveviiieniienieenieennnns G-64
G-54  MMCSM Counter Bus Reload to Interrupt Flag Setting Timing Diagram ............c.cccveunee.n. G-64
G-55 MMCSM Prescaler Clock Select to Counter Bus Increment Timing Diagram..................... G-64
G-56  MDASM Minimum Input Pin Timing Diagram...........cccceecueeriiiiiienieiieeiecie e G-65
G-57  MDASM Input Pin To Counter Bus Capture Timing Diagram............cccccveeerveervveencnreennnnn. G-66
G-58  MDASM Input Pin to MDASM Interrupt Flag Timing Diagram ...........ccoccevveevervienennicnnne G-66
G-59  MDASM Minimum Output Pulse Width Timing Diagram............ccceeeveevveeviienienieenireeeene G-66
G-60  Counter Bus to MDASM Output Pin Change Timing Diagram...........ccccceevvveeniiveencieeennnn. G-66
G-61  Counter Bus to MDASM Interrupt Flag Setting Timing Diagram...........cccccoceevierienennicnnne G-67
G-62  MPIOSM Input Pin to MPIOSM_ DR (Data Register) Timing Diagram ............cccccceeuvennnnne G-67
G-63  MPC561/MPC563 Package Footprint (1 0f 2) ....cccuoviiiiiiieiieiieiieeeceeee e G-79
G-64  MPC561/MPC563 Package Footprint (2 0f 2) .....ooueiiiriiniiiiiieicieniceeeceeeeeseeeee G-80
G-65  MPCS61/MPCS63 Ball MAP ...ueiiiiiiiiiiiiiiiecieeit ettt sttt st G-81
G-66  MPC561/MPC563 Ball Map (Black and White, page 1) .....cccceevieriieiienieeiieieeieeeeeee G-82
G-67  MPC561/MPC563 Ball Map (Black and White, page 2) .......cccceoeeveniineniiiniencnicnecicnene G-83
G-68  MPC561/MPC563 Ball Map (Black and White, page 3) ...c.coooveevieriieiieieeieeiecieeieeee G-84
G-69  MPC561/MPC563 Ball Map (Black and White, page 4) ......ccceveierieeriienieeieecieeieeieeeeene G-85

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ixi



Figures

Figure . Page
Number Title Number

MPC561/MPC563 Reference Manual, Rev. 1.2

Ixii Freescale Semiconductor



Table
Number

11
1-1

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
3-1
3-2

3-4
3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21

Tables

. Page

Title Number

Notational CONVENTIONS ....ccuveiiiiiieiiiiieeiiieeeieeeeteeesteeesteeesteeeesteeesreeessseeessseesssseesseeesseeenns 1-Ixxxii
Acronyms and Abbreviated TermMS ........cc.eeviiiiiieriieiierie et 1-Ixxxii
MPCS6X Family FEAtUTES ....cccuviieiiiieiiieciie ettt ettt e e e eenneeas 1-1
Differences Between MPC555 and MPCS61/MPCS563..........ooiiiiiiiiieieieeeeeee e 1-9
MPCS561/MPCS563 Signal DeSCIIPLIONS .....c..eeruieeiieriieeiieniieeiieniieeieesieeeaeeseeeereeseesseeseesnneens 2-3
MPCS561/MPCS563 Signal Sharing.........cccveeeiieeiiieeiiieeieeeeiee et e e e eeaeesvee e 2-20
Reduced and Full Port Mode Pads..........cccooeciiieiiiiiciiicceceeece et 2-21
Full Port Only Mode Pads ........c.cooouiiiiiiiiieiieie ettt st 2-21
PDMCR Field DESCIIPLIONS .....veeeeiieeiiieeeiieeeiieeiieeeiieeeieeeeeaeeeseveeesaeeessaeeesseeessseesnsseesnnseesnnes 2-22
PDMCR2 Field DeSCIIPtION. ....cc.eiitieiiiriiiieeiteniteteeiterte ettt ettt st 2-24
TCNC Pad FUNCHONAITIES ..ottt sttt s 2-25
PPMPAD Pad FUncCtionalities. .......cccuiiiiiiiiiiieiiieiiesite ettt 2-25
Enhanced PCS FUNCtionality .......c..ccoeeoiiiiiiiiiiiiiiinieeeecccceieese ettt 2-25
Enhanced PCS 4 & 5 Pad FUNCHON ......coiuiiiiiiiiieieieeeeeee e 2-26
Enhanced PCS 6 & 7 Pad FUNCHION .....c..cooiiiiiiiiiiiiii e 2-28
MPC561/MPC563 Development Support Shared Signals .........cccoeevieniiiiniinenicneenicnene 2-28
MPC561/MPC563 Mode Selection OPtiONnS..........ccveecveerveeriienienieesieeeieeseesereeseesseessveesnns 2-29
MPCS561/MPCS563 Signal RESet State ........ccccvieeiiieiiiiieiiieeciee et 2-34
RCPU EXECUION UNIES ....tiiiiiiiiieiiieieesiie ettt sttt ettt et ee e et esateenbeesneeenseesaeeenne 3-4
SUPETVISOT-LEVE] SPRS ....oiiiiiiiiii et et eee e sbee e sbeeesaaeeens 3-9
Development SUPPOTt SPRS......cooiiiiiii et 3-11
FPSCR Bit CAt@ZOTIES .....eeuiriiiiiiiieiieitteieniterte ettt sttt ettt et ettt st sae et saeenae e 3-13
FPSCR Bit DESCIIPLIONS ...veeevieiiieeiiieiieeieeieesieeteesteeeteeseteeteesteeesseessaeessaesseessseesseessseessessses 3-14
Floating-Point Result Flags in FPSCR ........cccoooiiiiiiieeeeeeeeee e 3-16
Bit Settings for CRO Field 0f CR....ccc.coiiiiiiiiiiiitce e 3-17
Bit Settings for CR1 Field 0f CRo.....cooouiiiiiiieeece ettt e 3-17
CRn Field Bit Settings for Compare INStruCtionS .........cccvieeveeerieeeiieeeiie e eeveeevee e 3-18
Integer Exception Register Bit DESCIIPHIONS ........cocuieiiiiiiiieniiiiieeiie ettt 3-18
Machine State Register Bit DESCIIPIONS ......cccveiiieriieiiieiiieeie ettt eve e eve s 3-20
Floating-Point Exception Mode Bits ..........cccciiieiiiiiiiieciiieciie e 3-22
Uses Of SPRGO-SPRG3 ...ttt sttt sttt aee e 3-24
Processor Version Register Bit DeSCIIPtiONS........c.ceeecuieeriieiiiieiiieeiee e 3-25
EIE, EID, AND NRI REZISIETS ....ccueerueeuierieeieeiieniieieeieesieetesiee et eeeeteeteeeeseeenseeneesseeseennenseens 3-25
FPECR Bit DESCIIPLIONS ...cuveuiiiiiienitirieeieeit ettt sttt ettt ettt et sae et et ae e saeeeesane 3-26
INStruction Set SUMIMATY .......ccciiiiiiiiiiieiiieieeeie ettt ete e e eaeebeessbeesbeeseeessseesaesnsaens 3-28
RCPU EXCEPHION ClaSSES ...uieeuviieiiiieiiieeiiieeiteeeiiteeeitteesieeesaeeessaeeesssesessseesseeesseessssesenssessnes 3-35
Exception Vector Offset Table ........cccooiiiiiiiiiiiiiiiieececeeeeeee e 3-36
Instruction Latency and BIOCKAZE .......cccccovuiiriiieiieiieiiieieccee ettt 3-39
Floating-Point Exception Mode Encoding ............cccccvieeiiiiiiiiieiiiieieeceeeee e 3-44

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor

Ixiii



Table . Page
Number Title Number
3-22 Settings Caused DY RESEL........coiiriiiiiiiiiiiie e 3-45
3-23 Register Settings following an NMI ..........cccooiiiiiiiiniiiiieieieeee e 3-45
3-24 Machine Check Exception Processor ACHONS ........ccuievieriieiiiieniieeieeieeeieereeseve e e eveeeees 3-47
3-25 Register Settings following a Machine Check EXCeption ..........ccccccevieviiiiniineniicneencnnnn 3-47
3-26 Register Settings following External INterrupt........ccocceeviieiiieniieiieiieeieeie e 3-49
3-27 Register Settings for Alignment EXCEPION .......ccueeviieiieriieiieiiecieeieeeee et 3-50
3-28 Register Settings following Program EXCeption...........ccceevuerienieriiineinieniinieeicnecrieeeeseeens 3-52
3-29 Register Settings following a Floating-Point Unavailable Exception ..........cc.ccoceeverienennne. 3-52
3-30 Register Settings Following a Decrementer EXCeption .........c..coccvveeeieeeciiieeiiie e 3-53
3-31 Register Settings following a System Call EXCePtion .........ccccevereeneiiineeniniicnieienieneens 3-54
3-32 Register Settings following a Trace EXCEPLiON..........ccccvieriiiriieniieniieiieeie et 3-55
3-33 Register Settings following Floating-Point Assist EXCEptions.........cccceevveevevieecieencieeeeieeenne, 3-55
3-34 Register Settings following a Software Emulation Exception...........cccccoceeviiniininiiineencnnne 3-56
3-35 Register Settings following an Instruction Protection Exception............ccoeeceevieviienieeieenen. 3-57
3-36 Register Settings Following a Data Protection Error EXception ...........ccceeeevvvivciieenieecenieeee, 3-59
3-37 Register Settings Following a Debug EXCeption ...........cccoceeviviiniiiiniiniiienicecieseeeeee 3-60
3-38 Register Settings for Data Breakpoint MatCh ...........ccooouieiiiiiiiiniiiiieiecceee e 3-60
4-1 Exception Addresses MapPING .......ccccvvieeiieeiiieeiieeeiieeeieeesteeeiteeeereesaeeesseeessseeessseessneesnseens 4-9
4-2 Exception Relocation Page OffSet ..........cccoviiriiiiiiiiiiiiicceceeeeeeeee e 4-10
4-3 BB SPRS ...ttt ettt et h et sttt e bt 4-17
4-4 BBCMCR Field DESCTIPLIONS ....eccuviieiiieeiiieeiieeeiieeeteeesieeeseteeeseaeesseeessseeessseeessseesnsseesnsnaens 4-19
4-5 MI_RBAJ0:3] Registers Bit DeSCIIPIONS. ........ceiuieriiiiiieniieiieeie ettt 4-21
4-6 MI _RA[0:3] Registers Bit DESCIIPLIONS .......ccueevierieeiieiieeieeiie et eee et seve e sve e 4-22
4-7 Region Size Programming Possible Values...........cccccieeiiiiiiiiiiiiicieeeeeee e 4-23
4-8 MI GRA Field DESCIIPHIONS ....cuveruieiiriiiiieiieitesie ettt ettt sttt st et sae e 4-24
4-9 EIBADR External Interrupt Relocation Table Base Address Register Bit Descriptions ...... 4-25
5-1 L LN (6 T\, ' TSRS 5-3
5-2 USIU Special-Purpose REGISTETS ........ccoueeiiriiiriiriiniiiieeiecreetesie ettt 5-7
5-3 Hex Address Format for SPR CYCIES .......ooouiiiiieiieiiieiiecectee ettt 5-7
6-1 USIU Pin MultipleXing COntrol..........cc.ooeoiiieiiiiiiieeiie ettt eseeeeieeesveeesreeesveeessseeeens 6-4
6-2 SGPIO CONTIGUIALION .....eueiiiiiiiiiiiiieiiete ettt ettt ettt sbe e s 6-7
6-3 Priority of Interrupt Sources—Regular Operation.............cceccueevuierieeiiienieeiieerieeieeee e eees 6-10
6-4 Priority of Interrupt Sources—Enhanced Operation ............cccoeecveeeeieeeciienciie e 6-12
6-5 Interrupt Latency Estimation for Three Typical Cases........ccccocevieviniininnieneineeicneeieneene 6-16
6-6 Decrementer Time-Out Periods .........oviiriiriiriiiiiniieieeiesie et 6-18
6-7 STIUMCR Bit DESCIIPIIONS ....vvvieuviieeiiieeiieeeiieeeiteeeriee ettt e eieeestaeesaeeesaseesssseessseesnsaeesnseeensnes 6-25
6-8 Debug Pins CONFIGUIATION ...euviiiiiieiiiiiieienit ettt st 6-27
6-9 General Pins ConfigUIation ............cccuieriiiiiiieniienie ettt sttt seteeteesaeeebeenseeenseens 6-27
6-10 Single-Chip Select Field Pin Configuration ...........cccccccueieeiieeiiieniieeeiie e 6-27
MPC561/MPC563 Reference Manual, Rev. 1.2
Ixiv Freescale Semiconductor



Tables

Table . Page
Number Title Number
6-11 Multi-Level Reservation Control Pin Configuration ...........ccccecveveevenieneniieneenenieneeieneenee 6-28
6-12 IMMR Bit D@SCIIPHIONS ....eeeuviiiiieiieiieeiieiie et etteeite et e seteete e aeeenseesaesabeenseeseseenseenseesnseennnas 6-29
6-13 EMCR Bit DESCIIPLIONS .....vvieiiiieiiiieeiiieeiieeeiteeeieeesiteeesteeseteesaaeessseeessseeessseeensseessseessneenns 6-30
6-14 SIU Interrupt Controller — Bit Acronym Definitions.........cccccoceeveriinienenieninncnieneeiceeee, 6-31
6-15 SYPCR Bit DESCIIPIIONS .....ueeiiiieiieeiiieiiesiieeieeeieeeteesiteeteeteesteeteessbeesseesssesseesssesnseenseesnseens 6-38
6-16 SWSR Bit DESCTIPHIONS ...vveeiiiieiiieeiiieeiieeeieeeeieeesteeesreeeieeessaeesseeesseesssseesnsseessseesssessnsns 6-39
6-17 TESR Bit DESCIIPLIONS. ....eeuiiiiiiiiiiriieieeieeit ettt sttt ettt e 6-39
6-18 TBSCR Bit DESCIIPLIONS....c.uveiiieiiieiieiieetiesite et eite et eiteseveeteeseteebeesseesnseesseesnseenseesnseenseas 6-42
6-19 RTCSC Bit DESCIIPHIONS......eeeiiiieiiieeiiieecieeeiieeeieeeeteeesteeessaeeesaeeeseeessseeessseeessseesnsseessseesns 6-43
6-20 PISCR Bit DESCIIPLIONS ....cuveiuviiiiiieieniienieeieetteste ettt ettt ettt st sae et sttt saeenae e 6-44
6-21 PITC Bit DESCIIPLIONS....cuuvieiiieiieeiieiieeiieesiie et et e ettt e seteebeeetaeenbeessaesnbeeseesnseeseesnseenseenseas 6-45
6-22 PIT Bit DESCIIPLIONS ...uvvieeiiiieeiiiesiieesieeeiteeeiteesieeesteeeseseesssaeeesseessseeeasseeessseeessseesnsseesnsseenns 6-45
6-23 SGPIODT Bit DESCIIPLIONS .....eouteiiiiieiiiniiinieeienieerie et sttt ettt sbe et s nae e 6-46
6-24 SGPIODT?2 Bit DESCTIPLIONS ....ccuvieiiieiiieriieeiieeiieettesiteeteesiteeteeseeesbeeseesbeenseessseeseesnseenseens 6-47
6-25 SGPIOCR Bit DESCTIPLIONS ....eeeevieeiiieeiiieniieesieeesteeeetreeestreessaeesseeesseesssseeessseessseessseeessnns 6-48
6-26 Data DIirection CONIOL........c.eiiiiiiiiiiiieiie ettt ettt ettt et e sieeenteens 6-48
7-1 Reset Action Taken for Each Reset Cause ........ccccevuiviiriiiieiiiniiiiiciciccietee et 7-4
7-2 Reset Configuration Word and Data Corruption/Coherency..........oecveeevveeecveesciveesiieeesvee e, 7-4
7-3 Reset Status Register Bit DESCIIPHIONS ......cocuerieriiiiiriiiieienieesieeeseee ettt 7-5
7-4 Reset Configuration OPLIONS ......cc.eeecueerieeiiienieeiienieeiteeseeereesieeeteesseeeteesseessseeseessseenseesnseenne 7-7
7-5 RCW Bit DESCIIPHIONS ..eeuvvieeiiieiiieeeiieesieeesieeesiteeestteesteeessaeeessaeeesseeesaeesnsaeessseeessseeenssessnnes 7-11
8-1 Reset Clocks Source Configuration ...............coeeveeiineinienienieieneeeetese ettt 8-9
8-2 TMBCLK DIVISIONS ..utetieiiiiiiniieieeiiesiteie sttt ettt ettt sttt sttt et sbeete st e sbeetesseenbeeneesbeeee 8-10
8-3 Status Of ClOCK SOUICE......c.uiiiiiiiieeee ettt e 8-16
8-4 Power Mode Control Bit SEtHNES ....c..coviiiiiiiiiiiiiienieeeetcseeeeeese ettt 8-17
8-5 POWEr MOd@ DESCIIPLIONS......eeitiiiiieiieeiieeiteeieetteeite ettt e eteeteeseaeebeesaaeenseeseeeensaeseesnseenseas 8-17
8-6 Power Mode Wake-Up OPETation ..........cccueeeeieeeiieeeiiieeeiieeeieeesieeesieeeereeesseeessseesssseesnneeens 8-18
8-7 POWET SUPPLIES ..ttt ettt sttt s 8-21
8-8 KAPWR Registers and Key REGISTETS.......cc.eeriiiiiieniiiiieiieeieeiteeee ettt 8-26
8-9 SCCR Bit DESCTIPIONS ....eieivieeiiieeiiieeiiieeiteeetieeeiteesteeeseveeeseaeesssseeeseeesssaeesseeessseeenssesssssens 8-30
8-10 COM and CQDS Bits FUNCIONALILY ......cocueriiiriiiiiriiiiieienitcicecceee e 8-33
8-11 PLPRCR Bit DESCIIPLIONS ....veeeiiieiiieiieeiieiieeieette et eitesiteeteesieeeseesseesibeesseessseenseesssesnseensnas 8-34
8-12 COLIR Bit DESCIIPIIONS ...veeeuvvieeiieeeiieeeiieesieeesiteeeseteeeseeesseeessseeessseesssseesssseessssessssesssssesanses 8-36
8-13 VSRMUCR Bit DESCIIPLIONS.......ecutiiieiiiriiiniieieeiteste ettt ettt sttt sttt s sbe e s nae e 8-37
9-1 MPCS61/MPCS563 BIU SIZNALS.......eiiiiiiiiiiitieieiieniteeeitee ettt st 9-4
9-2 Data Bus Requirements For Read Cycles.........oooviiiiiiiiiiiieiiicieeeeeeee e 9-31
9-3 Data Bus Contents for WIite CyCleS.......ccueriiriiiiiriiiiiiinicieecsieceee ettt 9-32
9-4 Priority Between Internal and External Masters over External Bus............cccooeveeiieniieieenen. 9-36
9-5 4 Word Burst Length and Order .........c..ooouiieiiiieiiieeeieecee et 9-38

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ixv



Table . Page
Number Title Number
9-6 BURST/TSIZE ENCOING ...ttt sttt ettt et et 9-38
9-7 AdAress TYPE PINS ....ooouiiiiiiiiieiieie ettt ettt ettt e et e et e sabeeaeeenbeeneas 9-39
9-8 Address Types DefiNition ........cc.eeiiiiiiiiiiieiieiie ettt ettt eebeesseesbeeaeessseenneas 9-39
9-9 Termination Signals ProtoCol .........cccoiiiiiiiiiiiiiiiiie e 9-49
10-1 Timing Requirements for Reduced Setup Time .........cceeviiieiieiieiiieiieie et 10-6
10-2 Timing AtribULES SUMMATY .......cccvieiiiiiiiiiieeieeiee ettt e et e eae e e saaeebeessseensaessseenns 10-11
10-3 Programming Rules for Timing Strobes........c..coeeiiiiininieniiiinccceceesecee e 10-22
10-4 Write Enable/Byte Enable Signals FUNCtiON ..........cccooeciieiiiiiiiiiiiiiiceeeceeeeee e 10-24
10-5 Boot Bank Fields Values After Hard Reset..........cooouiiiiiiiiiiiiiiceceeeeee 10-28
10-6 Memory Controller Address Map .......cc.cooeeierieriiiienieieetereee et 10-31
10-7 MSTAT Bit DESCIIPHIONS ...eeutieiiieiieeiieeiie et ette et eieesteetteseeeteesseeesseensaeenbeeseessseensaesnseens 10-32
10-8 BRO-BR3 Bit DESCIIPLIONS .....uviieiiiieeiiiieeiiiieeiiieeeieeeeteeesiteeeseveeeaaeesseeessseeessseessseesseeesseens 10-33
10-9 BRX[V] RESEt VAIUE ..ottt et e 10-34
10-10  ORO—OR3 Bit DESCIIPLIONS .....eeviieiiieiieeiiieiieeieeiteeieeteesteeteessteeteesseesnseenseesnseesseesnseenseas 10-35
10-11  DMBR Bit DESCIIPHIONS. ..ccuutiiiiiieeiiieeiieeeieeesieeesiteesieeesteeeseteeeseaeessaeesseeessseeesseessseesseees 10-36
10-12 DMOR Bit DESCIIPHIONS ...cuveiiiiiiiieiiiniieieritesieeie ettt ettt ettt sttt sae e 10-38
11-1 DIMPU REZISTETS ...vieiieeiiieiieeiie et et eeite et esteeeteeteestteebeesabeesbeessbeenseessseenseesssesnseenssesnseeseas 11-6
11-2 Reservation SNoOP SUPPOTTE ......eeeeiiieiiieciie ettt et e e e e aseeeneeeeens 11-9
11-3 L2U MCR LSHOW MOMES ....cvveiieiiieiieiieiesiieieeee st eieette e eaesseesseesaesseesesssesseensesssenseesees 11-10
11-4 L2U Show Cycle Support Chart ..........ccceeiiiiiieriieeie ettt e 11-12
11-5 L2U (PPC) RegiSter DECOAE......ccuviiiiiieiiie ettt ettt e e e e e e enae e 11-12
11-6 Hex Address FOr SPR CYCIES ......oouiiiiiiiiiiiiiicieecee et 11-13
11-7 L2U _MCR Bit DESCIIPHIONS ...c.vvieuiiieiiieiieeieetie et eieesiteeteesteeseesieeesseessaesseesseessseensaesnseens 11-14
11-8 L2U RBAX Bit DESCTIPIONS ....cecciiiieiiiieeiiiieeiiieeeiieeeieeeeieeeseveeeeaeesseeesaeeessseeessseesnseesnseens 11-15
11-9 L2U RAX Bit DESCIIPLIONS ...uveeuiiiieiiiiiniiiieeiiesiteie ettt ettt st sbe et e sbe et sae e 11-15
11-10  L2U_ GRA Bit DESCIIPHONS.....eeuiieiieiieeiieiie et eiie et esitesteeteessteesteesaseesseessseenseesseesnseensnas 11-16
12-1 STOP and HSPEED Bit FUnctionality...........ccceceririiirieniieiesieeie e 12-2
12-2 Bus Cycles and System Clock CyCIES .......couiririiriiniiiiiniiienectceetee et 12-3
12-3 ILBS Signal FUNCHONAIILY .....cccueiiiiieiieiieiiieiieeie ettt et e e beesaeenreens 12-5
12-4 TRQMUX FUNCHONAIIEY ..ottt ettt ettt e e s enseenee e 12-5
12-5 UIMB Interface ReIStEr MaP ......ccueriiriiiiiiiiiniieieitesieeeettee ettt 12-6
12-6 UMOCR Bit D@SCIIPHIONS.....eeuvieiiieiiieiieeiieettesiieeieestteeteeseeeeteesseeesbeessaesaseeseessseenseesnseenseessees 12-8
12-7 UIPEND Bit DESCIIPIIONS....ceeittiieiiieeitiieeiieeeiieesieeesteeeseteeesseeessaeessseeessseesssseesssseesssseessseeeans 12-9
13-1 QADCO4E A Address MaP ....cc.coouiiiiiiiiiiieieeeetce ettt 13-3
13-2 QADCOAE B AdAress IMap.......coiuiieiieiieeieeiieeiie ettt ettt ettesiae e bt e ssaesnseesaeassseensaesnsaens 13-4
13-3 Multiplexed Analog Input Channels...........ccccuieeiiieiiiieeiiicce e 13-7
13-4 Analog INPput ChanNELS .......c.cooiiiiiiiiiiiii et 13-7
13-5 QADCMCR Bit DESCTIPLIONS ....eeuvieeeiieniieeiiieiieeiieesieesiteeteesteesteesseessaeesseesssesseessseeseesseesseens 13-8
13-6 QADCO4E Bus Error RESPONSE.......ccovuviiiiiiiiiie ettt ettt e s e e e seaaee e 13-11

MPC561/MPC563 Reference Manual, Rev. 1.2

Ixvi Freescale Semiconductor



Table

Number Title

13-7 QADCINT Bit DESCIIPHIONS ....euvineieniieiiinieiieeiteniteie ettt ettt
13-8 PORTQA, PORTQB Bit DeSCriptions..........ccccueerueeriieniienieeiieeieeieeseeeieeeeve e
13-9 QACRUO Bit DESCIIPLIONS ...eeeuviieiiieeiiiieeniieeeiieeeieeesieeeeteeesaeeeereeeareesseeeenaeeenes
13-10  QACRI Bit DESCIIPIONS ....eeveiuiieiiiiiiieniienieeieeit ettt
13-11  Queue 1 Operating MOAES ........cccueeiiiiiiiiiieeiierie ettt e
13-12 QACR2 Bit DESCTIPLIONS ..uvveeeniiieeiieeeiieesiieeesiteeeieeeeieeesaeeenereeesreessneessseeensseeenns
13-13  Queue 2 Operating MOdES .......cceevirierieriinieieetere ettt
13-14  QASRO Bit DESCIIPHONS.....vieuiieiieeiieeiieniieeteesite et ieesereeteessaeesbeessaesseesseesnseennes
13-15  Pause RESPONSE.....uuviiiiiiiiiieiiiee ettt e e e e s e e e e neaaeeeenes
[3-16  QUEUE SEATUS ..eeiutieiiiiieiitie ettt ettt ettt et e e et e e st e e it e e bbeesbeeesabeeenas
13-17  QASRI Bit DESCIIPHONS.....vieiiieiiieeiieeiieiieeieeriee et eieeereeteesseeesbeeseaeeseesaeeenseennes
13-18  CCW Bit DESCIIPLIONS ...veeevvieeiiieeiiieeeiieeeieeesteeesteeeseveeeseeessseeessseeessseesssseessseeenns
13-19  Non-Multiplexed Channel Assignments and Signal Designations...........c............
13-20  Multiplexed Channel Assignments and Signal Designations ............cccceeeevenneenee.
13-21  QADCO64E Clock Programmability ...........cceercuieeriieeriieeieecie e
13-22  TrIZEET EVENLS. ..ottt ettt ettt ettt e e enaee e
13-23  StAtus Bl .eeveeiiiieieeiesteeee e st
13-24  External Circuit Settling Time to 1/2 LSB (10-Bit Conversions) ..........ccccceveenne.
13-25  Error Resulting from Input Leakage (IOFF)........ccccooiniininiiiiiiinicecceeeeen
14-1 QADCO4E A Address Map ....c.coovieiieiieiiieiieeieeiee ettt be e sae e e e
14-2 QADCOH4E B Address Map.......ccceeeeiiieiiieeiieecie e eeiee et eeiaeeeineeeaeeessvee s
14-3 Multiplexed Analog Input Channels...........ccccecerieriiiiiniineniineeeeeeceeceeee
14-4 Analog Input ChannEls .........c.ceoiiiiiieiieiiieiece e
14-5 QADCMCR Bit DESCIIPLIONS ...eecuvveeiiieeriiieeiiiieeiiieeeieeesteeesreeeseveesaeeeesseeessseeesnes
14-6 QADCO4E Bus E1ror RESPONSE......ccuviiiiiriiiiiieiieiecreceeceeeeeneee e
14-7 QADCINT Bit DESCIIPHIONS ....uvveeiieiiieriieeiieniieeieeriieeieeieesreeseessaeesseessnesseessneens
14-8 PORTQA, PORTQB Bit DeSCriptions.........ccceeeruireeiiieeniiieenieeesieeesveesveeesneeennnes
14-9 QACRUO Bit DESCIIPHONS ..veenveiiiiiinieeiieeieeieeitesie ettt ettt ettt
14-10  Prescaler fgygcop g Divide-by Values.........cocooieiiiiiiiiiniininiiiicicccccneen
14-11  QACRI Bit DESCTIPIONS ....vveeeiiieeiiieeiieestieesiieeeiteesieeesaeeessseesseeessaeessseeenssaeanns
14-12 Queue 1 Operating MOdES .......cceeviriirieriinieeieetee ettt
14-13  QACR2 Bit D@SCIIPHIONS ....veeeiieiiieiieeiieiie et erite ettt e eieesiae bt e seeeeseesaeeenseenes
14-14  Queue 2 Operating MOAES .......c.eeeeiivieiiiieeeiieerieeeeieeereeeeeeeereeesaeeesveeesnaeessaeeeas
14-15  QASRO Bit DeSCIIPLIONS.....ceiueiiieiiiiieieriierieeie ettt
14-16  PauSe RESPOMSE....eeiuiiiiiiiiiiiie ittt ettt ettt et et e et e st e e ibeesaeeesnaeeeas
T4-17  QUEUE STALUS ...vvviiiiieieieeeiiieeee e ettt e e e e ettt e e e e e e e eeeatbaaeeeeeeeeesnnsssrsesaeasesaannnes
14-18  QASRI Bit DeSCIIPLIONS......eruiiiiriiiiiiieniieieeteee ettt
14-19  CCW Bit D@SCIIPHONS ....veeuvieiiieiiieeiieeiieeiieeieesiteeieesieeereeseeeeseeseessreeseesnaeenseeenns

14-20 QADCO64E A Multiplexed Channel Assignments and Signal Designations

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Ixvii



Tables

Table . Page

Number Title Numb%r

14-21  QADC64E B Multiplexed Channel Assignments and Signal Designations...........c...c........ 14-33
14-22  QADCO4E Clock Programmability ...........ccccieriiiiiiiiieiiieiiecie ettt 14-50
14-23  TrIZEET EVENLS....uiiiiiiieiiie ettt ettt ettt e ettt e et e e et e e s bt e e sbeeeaaeeensaeesnsaeesnseesnseeas 14-53
T4-24  StAtus BItS ..oouiiiiiiiieiie ettt ettt e et e bt e eateenbeeneas 14-54
14-25  External Circuit Settling Time to 1/2 LSB (10-Bit Conversions) ...........cccceeeeveevviereeeveennen. 14-73
14-26  Error Resulting From Input Leakage (IOFF)........cccooviiiiiiiiieieiececeeeeeeee e 14-74
15-1 QSMOCM REZISLET IMAP ...ttt sttt sttt ettt sttt st be et e 15-4
15-2 QSMOCM GLODAL REZISTETS .....eeuvieiieeiiieiieeiiesite ettt ettt ettt e siteebeesteesabeesaesabeeseessaesnseans 15-6
15-3 INEETTUPE LEVELIS ..cniiiieiiie ettt e e et e e etaeeersaeeensaeesseeennes 15-7
15-4 QSMCMMUCR Bit DESCIIPHONS. ....veutiiieiieriieieeiteetteteete sttt ettt st ste et sttt e sbeenee e 15-9
15-5 QDSCI_IL Bit DESCTIPLIONS. ....uveeiieeeiieiieeieeriteeieesiteseteeteesseeeseesseesseesseessseeseessseesseesssesnseens 15-9
15-6 QSPI_IL Bit DESCIIPIIONS ..veecuvveeeiiireeiieesieeesiteeeiteeeieeesaeeessaeeeseseessseeesseesssseessssessssseessseeenns 15-10
15-7 QSMCM Pin Control REGISTETS ...c..ceuviruieiiriiiriieieeiieeieeteeitese ettt 15-10
15-8 Effect of DDRQS on QSPI Pin FUNCHION..........ccouiiiiiiieiiicciie ettt 15-11
15-9 QSMOCM Pin FUNCHIONS ..eiiiiiiiiiceiiie ettt e e e e et e e e e e aaae e e eearaeaeeaans 15-12
15-10 PQSPAR Bit DESCIIPLIONS ...c.uveuiiiieiiiniieieitesiteieet ettt sttt ettt sttt sae s 15-13
15-11  DDRQS Bit DESCIIPLIONS ... .eeeuiieiieeiieiieeieeiieeiieeieeeiee et e site bt e sseeeteesaeeesbeensaesnseeseesnseenseas 15-14
R D O N od B 2 T 1S5 gAY o SRS 15-16
15-13  SPCRO Bit DESCIIPHONS. ....veiueiiiitieitintteieeiteste ettt ettt ettt ettt s sae e saeenees 15-18
15-14  BitS Per TranSTer ....cc.coouiiiiiiiiecieeeee ettt 15-18
15-15  SPCRI Bit DESCIIPHIONS. ..ccuuvieeiiieeiiieeiieesieeeiteeesiteesieeesteeessseeessseesssaeessseeessseeesseesssseesseees 15-19
15-16  SPCR2 Bit DESCIIPHONS. ...uveiutiieitieitinteeienitente ettt ettt sttt et ettt sbe et s e sbeenesaeenees 15-20
15-17  SPCR3 Bit DESCTIPLIONS. .....ieeiiieiieeiiieiieeieeite et eiteeteesieesteeteessteeseaesebeesseessseensaessseenseensnes 15-21
15-18  SPSR Bit DESCIIPHIONS ...eeeviieiiiieiiiieeiieeeiee et e e site e st eesveeesbaeeseaeeessaeessseeessseeensseesnsneesnseeas 15-22
15-19 Command RAM Bit DeSCIIPtIONS. .....ccueeuiriiriiiiieiiieeieetesieee ettt 15-24
15-20 QSPI Pin FUNCHONS.....ccviiiiiie ittt aae e e aae e e aae e s veeeeaseeeenseeenneeas 15-25
15-21  Example SCK Frequencies with a 40-MHz IMB3 ClocK.........ccccuveeviieeeiiieeiieeieeeee e 15-35
15-22  PCS Enhanced FUunctionalify ..........coccoeerieriiniiiiniieeienecieeeseeee ettt 15-37
1523 SCIREZISLEIS ..uveeeuiieiieeiiieiie ettt et et ettt e stteeteeeaaeebeeseaeesseessaeeseessseenseensseenseessseanseansees 15-45
15-24  SCCXRO Bit DESCTIPHIONS ....veeeuiiieeiiieeiieeeieeeeieeeteeeieeesaeeesteeessseeessseeessseesseeessseeessseesnssens 15-46
15-25  SCCXRI Bit D@SCIIPLIONS ...c.eviiiiiiieiiiiiieieiiterieeeeteete sttt ettt sttt 15-47
15-26  SCXSR Bit DESCTIPLIONS. .....eeeuiieiieeiiieiieeiieite et eite et esieeste et e eteesteeseteebeesnseesaesnseenseensees 15-49
15-27  SCXDR Bit DESCTIPIONS ....uveeeiiiieeiiieeiieeeieeesieeesiteeeieeeseeeestaeeseseeessseeesaeesssaeessseeesssesenssens 15-51
15-28  SCI Pint FUNCHOMNS ...coutiiiiiieiie ettt ettt ettt st e et e et eenbeeeneeneas 15-51
15-29  Serial Frame FOIMAtS........cceiviiiiiiiiiieitieieeteseee ettt sttt 15-52
15-30  Examples of SCIX Baud Rates ..........coecuiiiiiiiiiiiieieeeetece ettt 15-53
15-31  Effect of Parity Checking on Data SiZe.........ccccoceriiiiiiiiniiniiiinicieciceeeeeeseee e 15-53
15-32 QSCIICR Bit DESCIIPLIONS .....uvieiieeiiieiieeiiietieeteesiee et esieesteesteessteesseessseeseessseeseessseenseessnes 15-60
15-33  QSCIISR Bit DESCIIPHIONS ...eeeviieiiiieiiiiesiieesieeesteeesireeseeeesteeessseeessaeeesseesseeessseeesssessnsses 15-61

MPC561/MPC563 Reference Manual, Rev. 1.2

Ixviii Freescale Semiconductor



Tables

Table . Page

Number Title Number

16-1 Common Extended/Standard Format Frames ..........cccccoooieiiiiiiiniiiiieecieceee e 16-4
16-2 Message Buffer Codes for Receive Buffers.........cccoocevviieiiiiiieniiiiiicieeceeeee e 16-5
16-3 Message Buffer Codes for Transmit Buffers............ccoocveiiiiiiiiniiniiiieccee e 16-5
16-4 Extended Format FIames ..........ccooiiiiiiiiiiiieieeee ettt 16-6
16-5 Standard FOrmat FTAmES ........cccueviiiiiiiiieiiiieneeec ettt 16-6
16-6 Receive Mask Register Bit VAIUES ........ccueevuiiiiiiiiieiiecie ettt 16-8
16-7 Mask Examples for Normal/Extended MeSSages .......ccccceereieiiieniieniiieniienieeieeeie e 16-8
16-8 Example System Clock, CAN Bit Rate, and S-Clock Frequencies..........ccccoeceeveeieneeniennene 16-9
16-9 INEETTUPE LEVELIS ..ttt ettt ettt e et e e eesaaeeeaaeeenseeeenseeensaeans 16-20
16-10 TOUCAN REZISIET IMAP ....ceutiiiiiiiiiieieeieee ettt sttt 16-21
16-11  CANMOCR Bit DESCIIPHIONS ...uvieuiieeiiieiieeiiieiie et eiteeieeieesteeteessaeeaeesseessseenseesnseesseesnsesnsees 16-25
16-12  CANICR Bit DESCIIPLIONS ...eeevvieeiiieeiiieeiieeeieeeieeeiteeeieeesteeeseseeesseessaeessseeensseesnsseesnseens 16-27
16-13  CANCTRLO Bit DESCIIPLIONS.....ccvieuiiiieiiriieniteieeiteete ettt ettt sttt st 16-28
16-14  RX MODE[1:0] CONfIUIAtION ......eiiiiiriiiiiieiieeieeite e erieeeieeteesiteeaeesieeereeseeeeseesseesnseensees 16-28
16-15  Transmit Signal ConfiUIALION .........ceecuiieiiiieiiiiieeriee ettt e ere e e reeesreeeeeaeeeaaeeeneees 16-28
16-16  CANCTRLI Bit DESCIIPLIONS.....ceveriiiiieiiriieniteieeiteete ettt ettt 16-29
16-17  PRESDIV Bit DESCIIPHONS.....uiiitiiiiieiieeiieiie et eiie et esitesieeteeebeesaeessteeseessseesaesnseenseensnes 16-30
16-18  CANCTRL2 Bit DESCIIPHIONS....ccctiieiiiieriieeeiieesiteeeiteeeieeesteeesaeeessaeeessaeeesaeesnseeessseeenssens 16-30
16-19  TIMER Bit DESCTIPLIONS ......eeiuiieiieiiiieiieeie ettt ettt et ettt ettt e sbeeeeesateesbeesnneeneeas 16-31
16-20  RXGMSKHI, RXGMSKLO Bit DESCIIPHONS. ....cccueeiiieiieniieeiieniieeieeeiieeieeseeeveeseeeeveenenes 16-32
16-21  RX14MSKHI, RX14MSKLO Field DeSCriptions .........cccecuereerierieniieieeienieeieseeneeeeeseeenees 16-32
16-22  RXISMSKHI, RX15MSKLO Field DeSCriptions ........cccecvereeiereeneeienienienieneenieeeenneennes 16-33
16-23  ESTAT Bit D@SCIIPHIONS .....eeeutieiieeiiieiie et eiie et eiee et esieeste et e siteeteessteesbeessseensaesnseenseennnas 16-34
16-24  Transmit Bit EITor StatusS ......coouiiiiiiiiiiieeee ettt 16-35
16-25  Fault Confinement State ENCOAING .....cc.cooviiiiriiiiiiiiiiiieeiceeeeeeeeee e 16-35
16-26  IMASK Bit DESCIIPLIONS ....veeeeiieiieeiiieiieeiieiee et eitesteeieesieeeteessaesteesseessseeseesnseeseesnseenseas 16-36
16-27  TFLAG Bit DeSCTIPHIONS. ..c.utiiiiiieeiiieeiieecieeesiieeerieeesieeesaeeessaeeeseseeessaeessseeessseeesseesnsseesnseees 16-36
16-28  RXECTR, TXECTR Bit DESCIIPIONS ......couviriiiiiriiiiiieieniicnieeiesieeieeiteeie et 16-36
17-1 MIOS 14 Configuration DESCIIPLION .....cuiieiieiieiiieiieeieeriee et eiee et ste et e sereeseeseaeebeenenes 17-6
17-2 MIOSTA /O POTES ..ottt ettt ettt et e st e e et esseenseeneesseensesneenseeneas 17-13
17-3 MIOST4TPCR Bit D@SCIIPLIONS .....evvivieiiriiiniieiieiienieeteeit sttt st 17-14
17-4 MIOST4VNR Bit DESCIIPLIONS ...ccuvveiiieiieriiieiieeiteeiteeiee et esteeereesstesbeesseesereeseessneenseessseenne 17-15
17-5 MIOST4AMCR Bit DESCIIPHIONS ....vvieeiiiieiiiieeiiieeiieeeitieesieeesteeesreeessreeeseeessseeessseesnsseesnseeens 17-15
17-6 MCPSM Register Address Map .........ooeevieriiniiniinieiiceeeseee ettt 17-17
17-7 MCPSMSCR Bit DESCIIPHIONS ..eeuvviiiiieiieeiiieiieeieeieeeiee et esteeeveesieesreeaeesaeeeseessnesnseenseeenns 17-18
17-8 ClOCK PreSCaler SETNE ......viiiiieeeiieeeiieeciee et e ettt e et e et e e e e et eeeteeeesbeeessseeessaeessseenns 17-18
17-9 MMOCSM AAAIESS MAP ..ottt sttt 17-22
17-10  MMOCSMOCNT Bit D@SCIIPLIONS .....ccuvieiieeiiieiieeiieeiie e erieeeiieeteeseeeaeesateebeeseaeenseesseeenseensnes 17-23
17-11  MMCSMML Bit DESCTIPLIONS ....eeeuviieeiiiieiiieeiieeeiteeeiteesieeesteeeseaeeessreeessaeessseeessseeessseesnssens 17-24

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ixix



Table . Page

Number Title Number

17-12° MMCSMSCR Bit DESCIIPHIONS ...cuveuvirieiiiriiiniieieeiienieeiesitesie ettt et sttt sae e sae e 17-25
17-13  MMOCSMOCNT EdZe SEeNSIIVITY .....eecvieriieeiieiieeieeniieeteerieeeteeteessaeesseessseeseessseesaesseesnseensees 17-25
17-14 MMOCSMOCNT CIOCK SiZNAL....iiiiiiiiiiiiieiieiie ettt et e sseeesveeneas 17-25
I7-15  Prescaler VAlUES......cc.coiiiiiiiiiieiiece ettt ettt ettt et et e e e e 17-26
17-16 MDASM Mo0Odes Of OPEIatiOn .......cccueeruieeiieiieeiieiieeteeritesieeieeseteesteesieeeaeessaesseesseesnseenseas 17-29
17-17  MDASM PWM Example Output Frequencies/Resolutions at fgyg =40 MHz.................... 17-38
17-18  MDASM AddIress IMAp .....c..ooiiriiiiiieiieieeitese ettt ettt ettt st ettt 17-39
17-19 MDASMAR Bit D@SCIIPLIONS....c..eieiieiieeiiieiieeieeite et eiee ettt e st e e e sieeebeeseeesnbeesseesnseensees 17-42
17-20 MDASMBR Bit DESCIIPLIONS .....eeeviieeiiieiiieeeieeeiieeeieeeeieeesteeesaeeesaeeeseeesseeessseessseesseeas 17-43
17-21  MDASMSCR Bit DESCIIPHONS. ...cuveeutiiieiiriienieeieeteste ettt sttt sae s 17-44
17-22  MDASM MOAE SEIECES.....ccuviriiiiiiiieiieitteieet ettt ettt ettt st ettt 17-45
17-23  MDASM Counter Bus SEleCtiON ...........coouiiiiiiiiiiiiiiieieie et 17-46
17-24  PWM Pulse/Frequency Ranges (in Hz) Using /1 or /256 Option (40 MHZ)..........cccneeee. 17-52
17-25  MPWMSM Address IMAP ....cocovieiiiieiieiieeiieiie ettt ettt ettt et et ste e e ssbeesaesnseenseesnnas 17-55
17-26  MPWMPERR Bit DESCIIPHIONS ...cuvviiiiiieiiieeiiieeiiee ettt eeieeesteeesveeeveesteeesveeessseeesnseeennaeas 17-57
17-27  MPWMPULR Bit D@SCIIPIONS ...uveeutiiieiiniiiiiiieeiteieetesit ettt 17-58
17-28  MPWMOCNTR Bit DESCIIPHIONS......ccuiieiieeiiieiieeiieeiie et eieeete et e seteeaeeseteesbeessaeesaesseeenseensnas 17-58
17-29  MPWMSCR Bit DESCIIPIIONS. ....eecvvieiiiieriieeiieeesiieeeieeeeieeesaeeeseseeesaeeesaeessseeessseessseesseeas 17-59
17-30  PWMSM Output Signal Polarity Selection .............ccoceevieriiniriiniiniiiirieieeecseeeeeeieee 17-59
I7-31  Prescaler VAIUES.....cc.coouiiiiiiiieeieteeeeet ettt et sttt ettt 17-60
17-32 MPIOSM /O Signal FUNCHON .....cceoiiiieiiieiieieeeeiieie ettt 17-61
17-33  MPIOSMDR Bit DESCIIPLIONS ....ccuveeutiiieiiriiiniieieeieett ettt ettt ettt 17-63
17-34  MPIOSMDDR Bit D@SCIIPHIONS ....c.uvieuiieiiieiieeiieeiieeiieeieeeieeieesiteeaeesiteeseeseneensaesseeenseensnas 17-63
17-35  MIOST4SRO Bit DESCIIPHION ...cuvveuvieiieeiieiieie sttt ettt ee st eeseeeseeneesaeenseeneenees 17-66
17-36 MIOST4ERO Bit DESCIIPLIONS ....couveeiiiiiiiiiieniieieeiteete ettt ettt ettt st 17-66
17-37  MIOS14PRO Bit DESCIIPHIONS ..ecuvvieivieiieeiiieiieeieeniie et esiteeieeieeereeseeesteeaeessseeseesnseenseennnes 17-67
17-38  MIOS14SR1 Bit DESCTIPIONS ...oeeeviieeiiieriieeiieeesiieeeiteeeieeesteeesaeeessaeeesaseessaeesnseeessseeenssens 17-67
17-39  MIOSIT4ERT Bit D@SCIIPLIONS ....couviriiiiiiiiiiieniieieeiteete ettt ettt sttt 17-68
17-40  MIOST4RPR1 Bit DESCIIPLIONS. .....ccvieiiieiieiieeiieniie et erieeeteeiteeteesaeesereeseeseaeensaesseeenseennnes 17-68
17-41  MBISM Interrupt Registers Address Map.......c.ccecveeecvieeiiieeniieeciee ettt 17-69
17-42  MIOSTALVLO Bit DESCIIPHONS. ..c.ueeutiriieiirienieiieetenteete ettt ettt ettt sae e sae e 17-70
17-43  MIOSTALVLI Bit DESCIIPHONS. ....cccvieiiieiieiieeieesiie et esite et eteeereeseeesaeeseessaeenseesseesnseensnes 17-70
18-1 o o\ B\ (S 1010y ALY - o PSSP 18-2
18-2 PPMMCR Bit DESCIIPLIONS .....veviinieiniiniiiniieiieeiieteet ettt ettt et st sie et st ne e 18-11
18-3 PPMPCR Bit DESCIIPLIONS......eeeutieiieeiiieiieeiiieiteeteeieesieeeteesteeeeteesseesseeeseesaeeenseessnesnseenseennns 18-12
18-4 SAMPL0:2] Bit SEINES ...vveveeiieiieeiiesiieieetieie ettt ettt eee st e saeesee st eteeneesseesesneesneeneens 18-13
18-5 PPMPCR[CM] and PPMPCR[STR] Bit Operation............ccccceeeuievieeniiisiienieeieenie e 18-15
18-6 Configuration Register (TX and RX) Channel Settings .........ccccevuevieveriieneenenienieieneee, 18-17
18-7 SHORT REG Bit DESCIIPHIONS ...eccuviieiiieeiiieeiieeeiieeeieeeiieeeiteeeteeesaeeesaeeeseveeenseeenneeennes 18-20

MPC561/MPC563 Reference Manual, Rev. 1.2

Ixx Freescale Semiconductor



Tables

Table

Number Title

18-8 SHORT REG[SH _TCAN] Bit Settings .......ccceevververeerieeienieiesieneeeieseeenees
18-9 SHORT REG[SH TPU] Bit Settings .......ccceceererrueriierienienieeienienieeeesieenees
18-10 SHORT _CH_REG Bit DeSCrIptions.......cccccveeerveeeiiieeiiieeniieesieeesieeenivee e
18-11  Examples of the SHORT CH Bits .....cccocviriiiiiniiniiiiniciecicieceneceee
18-12  SCALE TCLK FreqUeNCIES ......ccueerureeiieiieeiieiieeieeieesieeeieesereeveenseesnseenens
18-13 SCALE _TCLK REG Bit DeSCIIPtions ........cceeveereiieeriiiieniieeeiieeeieeeivee e
19-1 TPU MemOTry Map.....c.cooiiiiiiiiiiiiiciiceiceceee e
19-2 Enhanced TCR1 Prescaler Divide Values .........c.cccoeevievieninienienenieneeene
19-3 TCRI1 Prescaler Values......oo.ooiiiiiiiiiiiiieieeeeeeee e
19-4 TCR2 Counter Clock SOUICE ......ccuieiiiiiiieiieeiieiieeeeee e
19-5 TCR2 Prescaler Control...........ooiiiiiieniineiienceieeeeee e
19-6 TPU3 REZISTET MAP ..evvieeiiiieeiie ettt ettt eve e e tre e sveeessaeeeaaeeens
19-7 TPUMCR Bit DESCIIPHON «..ccuviiiiiiiiieiiinieeieeiieriteieeiteeie ettt
19-8 DSCR Bit DESCTIPLIONS .....veeeiientieeiieeiieeiieeieeeiieeieesite e seeeeteesaeeseseeneaeenneas
19-9 DSSR Bit DESCTIPLIONS ..uvvieeviieeiieeeiieeeieeesreeesiieeesereeeeeeesaeeesaeeesnveeeaneens
19-10  TICR Bit DeSCIIPHON.....c.ueiuiiiiiiieiiiriieieriteieeteeie ettt
19-11  CIER Bit D@SCIIPHIONS ....eeeuviieiiieiieeiiieiieeiteeite et e ete et save e eseaeeseesaee e
19-12  CFSR7 Bit DESCIIPLIONS. ..cccuvvieiiiieeiieeeiieeeieeeteeeieeeeteeeereeesveeesaaeeeeseeenes
19-13  HSQR# Bit DeSCIIPLIONS......ccveiiieiiiniiiieriienieeiceieceee e
19-14  HSSRn Bit D@SCIIPHIONS ...uvveeeiieiiiiiiieiieeieeiieete ettt e
19-15  CPR7 Bit D@SCTIPHION ....vveeeiiiieciiieeeiie ettt e
19-16  Channel Priorities .........ccceeiiieiiieiieeiiesie et
19-17  CISR Bit DESCTIPLIONS ....eeeuviieiiieiieeiiieiieeie et eveeite e eee e eee
19-18  TPUMCR2 Bit DeSCIIPHIONS ...c.vvvieeeriieeiieeeiiieeireeeieeeeeeesveeesveeesnseeenseeenes
19-19  Entry Table Bank Location...........ccceiiiiiiieiiieiienieceee e
19-20  System Clock Frequency/Minimum Guaranteed Detected Pulse.................
19-21  TPUMCRS3 Bit DeSCIIPHIONS ...c.vvvieeeiieeeiieeiieeeiveeeieeeeeeesreeesveessareeenseeenes
19-22  SIUTST Bit DESCIIPHONS .....euveiuiieiiiiieienieenieeteeie ettt
19-23  Registers Used for Factory Test Only ........cccccooceeiiiniiiiiiiniieieieeeee
19-24  Parameter RAM Address Offset Map ......cccceeeeiieeeiiieiiieeie e
20-1 DPTRAM REZIStEr MAP ....eeuviiiiieiieiieeieeee ettt
20-2 DPTMCR Bit SENES ...ccuveevieeiiieiieeiieiieeie et see ettt sbe e e enseeaeens
20-3 RAMBAR Bit SEtHNES ...cvvieeiiieeiieeieeeiieeeiee ettt eveeesreeeeeneeens
21-1 UC3F External Interface Signals .........ccccooeviiniiiiniiiniiiiniecicceeeeeen
21-2 UC3F Register Programming Model............ccccoviieiiieniiiiiienieeieeieeieeene
21-3 UC3FMCR Bit DESCIIPHIONS.......ccccuvieeiiieeiieeeiieeeieeeiveeeieeesveeesveeesevee e
21-4 UC3FMCRE Bit DeSCIIPHONS .....eeuviiiiiieiieniieieniienieeieeitenieete st
21-5 UC3FCTL Bit DESCIIPLIONS ....cvvievieeiiieiieeieeiieeiieeieeniie e enieesveeseessneeaeens
21-6 RCW Bit DESCIIPHIONS ..eecuvvieiiiieeiiieciieeeieeesieeesiveeeeveeeeeeesveeeseveeesnveeenaeeas

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Ixxi



Table

Number Title

21-7 Program Interlock State DesCriptions .........cccecveveevieriineeiienienenicnieeieeeeeieene
21-8 Erase Interlock State DeScriptions...........cccueevuieeiieriienieeiiieeie et
21-9 CenSOTSNIP StALES ....ceeiiiiiiiiieiie et e tre e e e sebeeeanee s
21-10  Censorship Modes and Censorship Status.........coceeeeveereeiinieninnenecneeieeeene
22-1 Priorities of Overlay RegIONS ..........cccueviieiiiiiieiiiiieeee e
22-2 CALRAM Control REZISIETS .....ccveieriiiieiiieeiiieeiieeeieeerieeeieee e sreeeeveeen
22-3 CRAMMCR Bit DESCIIPLIONS......coueeuiiriiiniieieniienieeieeiteieete sttt
22-4 CRAMMCR Privilege Bit Assignment for 8-Kbyte Array Blocks....................
22-5 CRAM _RBAX Bit DESCIIPHIONS ....ccecuvieeiiieeiiieeiieeeieeerireeesieeeeieeeeveeesveeeseveeens
22-6 RGN _SIZE ENCOAING ...cvvevieiiiiiniieieeteieeeetese ettt
22-7 CRAMOVLCR Bit DESCIIPLIONS .....c.veeeeieeiieeiiieiieiieeiee e sie e sveeeee e enne
23-1 VF Pins Instruction ENCOAINGS .....cc.eeeviiieiiieeiiieeieeeee e
23-2 VF Pins Queue Flush Encodings .........ccccooiieiiiiiiiiiiiieeecceeeeee
23-3 VFLS Pin ENCOAINGS ...ooeviiiiiiiieiiieiieeie ettt s
23-4 Detecting the Trace Buffer Start Point ..........cccoccovveeoiieniiiiiieeeeee e
23-5 Fetch Show Cycles Control .........coccoeiviiiiniiiiniineneeceeeeceeee e
23-6 Instruction Watchpoints Programming Options .............ccceeeveerieenieenieenieennnennn.
23-7 Load/Store Data EVENLS .........cociiiiiiiiiiiiieieeeee et
23-8 Load/Store Watchpoints Programming Options...........cccceceeveenervieneeneenieneene.
23-9 Check Stop State and Debug Mode ..........ccceeeiieniieiiienieeiiee e
23-10  Trap Enable Data Shifted into Development Port Shift Register .......................
23-11  Debug Port Command Shifted Into Development Port Shift Register ................
23-12  Status / Data Shifted Out of Development Port Shift Register..............cccccveneen.
23-13  Debug Instructions / Data Shifted into Development Port Shift Register

23-14  Development Support Programming Model............ccccoeviniininiininniniiniiienens
23-15  Development Support Registers Read Access Protection ..........cccceeeeveveeniennnens
23-16  Development Support Registers Write Access Protection ..........cccceeeeevveeeveennnee.
23-17  CMPA-CMPD Bit DeSCIIPLIONS .....ecuveruieiiriiiniiiiiniieieeicnie ettt
23-18  ECR Bit DESCIIPLIONS. ...cueieiieriieeiieriieeieeriieeieeeite et eseeesveesaeeebeeseeenbeeseesnseenns
23-19  DER Bit DESCTIPLIONS .cuvvieeiiiieiiieeeiieecieeeeieeesiteeeiteeeaeeesseeessseeessseeessseeesssesanns
23-20  Breakpoint Counter A Value and Control Register (COUNTA).......cccccoeeuenneee
23-21 Breakpoint Counter B Value and Control Register (COUNTB) ........................
23-22  CMPE—CMPF Bit DeSCIIPLIONS ....cccuvrieiieeeiiieeiieeeiieesieeeniveeeesveeeeeeesveeesneeesnnes
23-23  CMPG-CMPH Bit DeSCIIPLIONS .....ccueeruieiiriiiniiiiiniiiieeierieeieeeesie et
23-24  LCTRLI Bit DESCIIPIONS ... .ccvieriiieiieriieeiieniieetiesieeeveesiteeveesieessreenseesnseeseesnnas
23-25  LCTRL2 Bit DESCIIPLIONS......uvieiiiieeiieeiiieeiieeeciieeeiteeeieeesaeeesseeessveeessveeessneeenns
23-26  ICTRL Bit D@SCIIPLIONS ....c.ueiueiriiiiieiiiniieteniierieeie ettt ettt
23-27  ISCT_SER Bit DESCIIPHONS ....veeruiiiiieriiieiieniieeiieeite et esite et siee e sseesseeseesenes
23-28  BAR Bit DESCIIPHIONS ...uvvieiiiieiiiieeiieeciee et et et eeeeeeteeesveeesevee e saeeennaeenns

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Ixxii



Table

Number Title

24-1 PUDIIC IMESSAZES ...ttt ettt ettt ettt ettt ettt et e e
24-2 Vendor-Defined MesSages.......cc.uerieeiierieeiieiieeie ettt
24-3 Terms and DEfINItioNS .........cecuerierieriieieiiee e
24-4 OTR Bit DESCIIPHONS ...cuvvemviriiiiiiiieiienieeienitesitete ettt sttt
24-5 Tool-Mapped RegisSter SPace..........cccueeiieiiieiieiieeieeiieeee et
24-6 DID Bit DESCTIPLIONS .....eeeiiiieiiieeiiieeiieeeritee et e eiteeeieeesaeeesbeeesnreeenreesaneeennnes
24-7 DC Bit DESCIIPLIONS ..c..eevientiriiiieiieeitesteete sttt ettt ettt s eaees
24-8 RCPU Development Access MOAES ........cccueeeiieiienieeiieniiecieeieeste e
24-9 MC Bit DESCTIPHIONS ....veeeiviieeiiieeiieeeieeesiieeeseieeeseveeeeeeeeeeeesseeessseeessseeessseeensseens
24-10 UBA Bit DESCIIPIIONS ...c.vveuviriiiiieieeiienieeienitenttete ettt sttt s see e eaees
24-11 RWA Read/Write Access Bit DeSCIIPioNnS .........cocveeveerivenieeniienieeieeeie e
24-12  UDI Bit DESCIIPHIONS ..euviieeiiiieiiieesiieeiieeesreeesteeesseeesaeeessseeessseeessseesssseessssesanns
24-13  Read ACCESS STALUS ....eeeiiiiiiieiieeiieie ettt sttt ettt
24-14  WIIte ACCESS SEALUS ..eoviiiiiriieiieiierieeie ettt sttt st ettt be e
24-15  DTA 1 AND 2 Bit DESCIIPLIONS ...ccvvieeiiieeiieeeiieeeieeeiveeeiieesreeesveeesseeesnaeeenns
24-16  Data Trace ValUeS......c.coiiiiiieiiiiiieiie ettt ettt st
24-17  Description of READI Signals ......ccceeriiiiieiiiiiieieeieeie e
24-18  MSEI/MSEQO ProtOCOL ......ccieiiiiiiiieieeieeitete ettt
24-19  Public Messages SuUppOorted .........cceeuereerieriinienienienieeiesieesie et
24-20  Error MesSage COeS ....ccuueeiiiriiieiieiieeie ettt ettt ettt st e s enes
24-21  Vendor-Defined Messages Supported ........c.eeeeveeeeiieeiieeeiieeciie e
24-22  Message Field SIZES .....couiriiiiiiiiiiiiitcieeeeeec e
24-23  Indirect Branch MESSAZE .......ccceeeiuieriiieiiiiiieeiieiie ettt ettt
24-24  Direct Branch MeESSAgEe .......ccuieviiieiiieeiie ettt esree et e sveeeeae e svee e snee s
24-25 READI Reset Configuration OPtions ...........ccoceevverienierieneenieneeneeieeeenieeeenieens
24-26  Bit Pointer FOImMat ........ccceviiiiiiiiieiinieeeeeeee e
24-27  Program Trace Correction Due to a Mispredicted Branch ...........cccccccveeennennnne.
24-28  Program Trace Correction Due to an EXCeption..........cceceevverieneenienicnceicnnenne.
24-29  RESOUICE COUES.....eeruieuiiriieieiieriieteeite sttt ettt ettt ettt et sttt e sbeebeeiees
24-30  Special L-Bus Case Handling ..........ccccecuieeiiieeiiieeiieeeeeee e
24-31  Throughput Comparison for FPM and RPM MDO/MDI Configurations

24-32  WatChPOINT SOUICE.......eeiuiieiieiieiiieite ettt ettt eete et e seteebeessaeebeesseeesbeensaeenneas
24-33  Development Port Access: DSDI Field ......coooeovieeiiiieiiiieieeeeeee e,
24-34  Development Port Access: DSDO Field........coccooveviiiiniininiiniiiiiicccicee,
24-35  Power Management Mechanism OVEIVIEW ..........ccceevuieriieriienieeniienieeieesve e
25-1 MPC561 Boundary Scan Bit Definition ...........ccccueeeiieeiiieeeiieeieecee e
25-2 MPC563 Boundary Scan Bit Definition ........c..ccceeeeveriiinieneniineeeeecseeeenene
25-3 INStruction DECOAING......cveeiuiiiiieiieeiieiie ettt e
A-1 ICTRL Bit DESCIIPHIONS .....vieeiiieeiieeeiieesiieeeieeeeteeesieeesaeeeeaeesateessseeessseeensseeenns

MPC561/MPC563 Reference Manual, Rev. 1.2

Page
Number

Freescale Semiconductor

Ixxiii



Table . Page
Number Title Number
A-2 ISCT _SER Bit DESCIIPHIONS ....cuvtiuvieiiiiieiiiniiiieeiteeitetesitesie et sttt st e e st sse et sieesaesanenaeens A-18
A-3 DCCRO-DCCRI1S5 Field DESCIIPLIONS ......eeeuvieiieeiiieiieeieeiiesieeieeeieeieesereeieesevesseessaesnseeens A-20
A-4 Instruction Layout ENCOAING .......c.ceviiiiiiiiieiiieciie ettt A-21
B-1 SPR (Special Purpose REZISTETS) ......eeuuiruiiiiriiriiiiieiieieetenie ettt B-2
B-2 UCSF FIASH ATTAY .....iiiiiiiiieeiteiie ettt ettt ettt et e et eebeeeateesbeeseseensaessseenseanssesnsaans B-4
B-3 DECRAM SRAM ATTAY ...ccutiitieiieiiesiieie ettt ettt ettt ettt saee bt sstesaeeteentesbeensesseesseensesneenees B-4
B-4 BBC (Burst Buffer Controller Module)...........coooiiiiiiiiiiiieeeee et B-4
B-5 USIU (Unified System Interface UNit) .........ccccueerieiiieriieiiieiieeie ettt B-5
B-6 CDR3 Flash Control Registers EEPROM (UC3F).......ccooiiiiiiiiiiiieiieeeeee e B-9
B-7 DPTRAM CoOntrol REZISLEIS.....cueiiuiriiiriiiiieiieieeiesiteste ettt sttt B-10
B-8 DPTRAM MEMOTY ATTAYS ..eeeeuvieeiiieeniieeeiteeeiteesiteesieeesstessseessteessseeessseesssseesssseesssseessseesns B-10
B-9 Time Processor Unit 3 A and B (TPU3 A and B) ....c.oovviiiiiiiiiiieeeeeeee e B-10
B-10 QADCO64E A and B (Queued Analog-to-Digital Converter)..........ccevveevueerieeiiienieeieereeeenn B-14
B-11 QSMCM (Queued Serial Multi-Channel Module) ............coocvvieiiiiiiiieeieccee e B-16
B-12 Peripheral Pin Multiplexing (PPM) Module...........cccovieeiiiieiiieciieeieeeeeee e B-17
B-13  MIOS14 (Modular Input/Output SUDSYSTEM) .......coeiruiriiriiiiiniiirieeieeecrie et B-18
B-14 TouCAN A, B and C (CAN 2.0B Controller) .........cccueeevuiiieiieeeiie e B-26
B-15 UIMB (U-Bus to IMB Bus INteTface).......c.c.ceccuiieriiieeiie ettt B-31
B-16 ~ CALRAM Control REZISLELS ......ccoueeiiriiiiiniiiriiiieeitete ettt sttt B-31
B-17  CALRAM ATITAY ..ttt ettt ettt st b et ebe et st e bt et eaeenbeeneenae e B-32
B-18 READI MOAUIE REZISETS ....c.uviieiiiieiiieeiiteeiete ettt ettt e e etae e s e e enbeeeseseeensseeenns B-32
C-1 External Components Value For Different Crystals (Q1) ...cccoveeveriiniiiiniieninicnieiceicneenee, C-4
C-2 IRAMSTBY Regulator Operating SpecifiCations ............cceecueerieriieeniieniieeniie e eieesveesiee e C-8
D-1 Bank 0 and Bank 1 FUNCLIONS .....c...oouiiiiiiiiiieceeee et D-2
D-2 QOM Bit ENCOAING ...cuveiiiiiiiiiiieieee ettt ettt ettt st D-5
D-3 SIOP Function Valid CHAN_Control OPtions .........ccceeeeeieerieiiieeniienieenieeseeeieeseesveesieenns D-56
D-4 STOP State TIMINE .....eeeeviieeiiieeiieeiite et e et e e et e e et e e saee e aeeessseeesseesaseessseeeessaeessseeessseensses D-58
E-1 Memory Access Times Using Different BuSes.........ccccoeeveriiniiiiiiininiinicnecececeeeee E-1
E-2 Instruction Timing Examples for Different Buses..........ccccoecuiiviiiiiienieniiiiiececcee e E-2
F-1 Absolute Maximum Ratings (VSS = 0V) c.ueo et F-1
F-2 Thermal CharacCteriStICS .........iiruieriieiieiie ettt ettt sttt ee e et e sete e b eesaeeeseesaeeenne F-3
F-3 ESD PIOTECLION ....viutieiiieiietieieetest ettt sttt et et sttt et st e b e e saeenees F-6
F-4 DC Electrical CharacteriStICS ... . couueeueeriieriieitieeieeiie sttt ettt ettt st sbtesabeeeeesaeeebee e F-7
F-5 Oscillator and PLL........ooouiiiiieee ettt ettt ettt et e et F-11
F-6 Array Program and Erase CharacteriStiCs........cuiivuieruieriiieriieniieiiesie ettt eee e F-12
F-7 CENSOR Cell Program and Erase CharacteriStiCs.........cceevvuveerireeiieeniieeniieeereeesveeeveee s F-12
F-8 FIash MOAUIE Life.....c.ooiiiiiiiiieee ettt ettt st s e et ens F-12
F-9 POWETr SUPPLY PN GIOUPS ...oeviiiieeiiieiieeie ettt ettt ettt et esaaa e e eeeas F-13
F-10 Bus Operation TIMING .........ccovieiiiiiiiiieecieeeetee et eie e e steeesaeeesreeesaeesssaeessseeessseeensseesnnes F-20

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ixxiv



Table . Page
Number Title Number
F-12 Debug POrt TIMING ...c..ceeiiiiiiiiieiie ettt ettt ettt e sttt e st e enteesaeeenbeesseesnseans F-43
F-11 INEETTUPE TAMING...eeneiiiiiieiieeie ettt ettt ettt et et e et e e beesabeeteessaeenseessaeenseenasessseenseens F-43
F-13 READI AC Electrical CharaCteriStiCS........euueririierienieeieriieiesitesieetesieeie et st see e e e F-45
F-14 RESET TIMING ..evvitieieeiiesieeie ettt st steeteesee s e eaessteseensasseesseensesseensesseenseensesssensesssenns F-47
F-15 JTAG TIMINE ..ottt ettt ettt e et e e bt estteeabe e seeesbeeseeesseenseassseenseesseeenseenssesnsaans F-50
F-16 QADCO64E Conversion CharaCteriStiCS ........ccueeeeuiieeiieeeiiieeeieeeeieeeereeeeteeeeereeeereeeereeeereeens F-54
F-17 QSPI TIHMING ..ttt ettt et sttt et e bt e bt et sbe et et e sbeebesanenbesane e F-56
F-18 QSCI TIMINE ..ttt ettt ettt et et e et e st e eaeesateesbeeseeesbeenseessseenseessseenseasssesnseenssesssesnseens F-57
F-19 GPIO TIMINE «enteeiieeiieie ettt ettt e e st e tesaee st e b e esee st e entesseenseeneeeneenseenaensesneenee F-60
F-20 TPU3 TIMIINE -ttt ettt ettt st b et be e sb e et s bt e bt et e s bt ebe st entenaeenee F-61
F-21 TOUCAN TIMINEZ . .ecutieiiieiieeiie ettt et ite et e st e e aeebeeseteeteesaeeesseessseesseenseesnseeseesnsaenseasssesnseens F-62
F-22 PPIM TIIMINE ...ttt ettt ettt et et e e e e st e beentesseeseeneeeseenseeneenseeneenns F-62
F-23 MCPSM Timing CRaraCteriStiCS......cuerieruiriiriiiieiiirieeie sttt ettt ettt sae e F-64
F-24 MPWMSM Timing CharaCteriStiCS ........ueeruieruieriieriieeieeitieeieeritesteeteesteeebeesseeeseenseessseenseens F-64
F-25 MMCSM Timing CRATACLETISTICS ...eeouvieeiivieeiiireeiieeeiieerieeesiaeeesteeesreeesaeeessseeessseeeseeessseeennnes F-67
F-26 MDASM Timing CharacteriStICS .......uevutrrieriereriieiteteetenie ettt ettt et st sbe e enee F-69
F-27 MPIOSM Timing CRaracteriStiCS ......c.eeruuerueeriieriiertieeieesiieeieeteesereeteesateereesseessseesseassseenseas F-71
F-28 MPC561/MPC563 Signal Names and Pin Names.........ccccoecveeriieiriieeciiecee e F-73
G-1 Absolute Maximum Ratings (VSS = 0V) ..c.uoii e G-1
G-2 Thermal CharacteriSTICS ....c..eeruiriirieieeierie ettt ettt ettt sttt e e st et eaaesae e G-3
G-3 ESD PTOECLION ....eiutiiiiieiieeie ettt ettt st e bt e e et e bt e sab e e bt e sateebeenbeaens G-6
G-4 DC Electrical CharacteriSTICS.......cccuuiiiiieeiieeeiiieeeitieeeiteeeeieeesreeestaeeessaeesraeesseeessseeesssessssseeenns G-7
G-5 OSCHIAtOr and PLL ....couoiiiiiiiiiiiecete ettt sttt et G-10
G-6 Array Program and Erase CharacCteriStiCS .......ccuuiuriieerieeeiiieeriieesieeesireeeereeeeaeeeneeesveeesnneens G-11
G-7 CENSOR Cell Program and Erase CharacteristiCs..........cocuevuerieneerienienenieneeieeieneeieneens G-11
G-8 FIash ModUule Life......c.cuoiiiiiiiiiiieieeee et s G-12
G-9 Power SUPPLY Pin GIOUPS ....cccuiiieiiiiciiiecie ettt e veeeab e e et eessaeesbeeensseeenns G-12
G-10  Bus Operation TIMINE ........ccoeeriirienieiienieneeteeit ettt ettt ettt et seeesae et s saeesesaeens G-20
G-11  INtEITUPE TIMINEZ . cc.eiiiiiiiieiieeite ettt ettt et et e e stteebeestaesabe e seeesbeeseesnseenseessseeseenssaans G-40
G-12  Debug Port TIMING ....cccuviieiiieeiiieciiee et eeiee et et e e eesrtaeesaaeesaeeessaeeessseeessseessneesnseeessseens G-41
G-13  READI AC Electrical CharaCteriStiCS.......cvuuiiiiieeriieeiiieeeiieesieeesreeesreeessreessseeesseeessesessseens G-43
G-14  RESET TIMING ..eoitiiiiiiiiieiie ettt ettt ettt ettt ste e bt e e beestaesabeesseessseenseesnseenseassseeseenseenns G-44
G115 JTAG TIMINE .ttt ettt ettt et e et et e st e steesseeseenteeneeeseeseenseeseenseensesseensesneans G-47
G-16 QADCO64E Conversion CharaCteriStICS ..........eevuierieriuieniieeieeniiesieenteeseeesieeseeeseeseeeeneeesaeeens G-50
G=17  QSPITIMING .eovvieiieeiieeiie ettt et et e e bt e st e sabeebeeesseeseesaseenseessseenseesnseenseessseeseenssaans G-52
G-18  QSCI TIMING. . .tteuteeiieeieete ettt ettt et et e et e et esteeaee et entesseesseeseeeseenseeneesseenseensasseensesnsesseensesneans G-53
G-19  GPIO TIMINE «nvtenteeiieiieeeet ettt sttt et et sb et s bttt et sbe e bt et e saeebesanesbeensenaeens G-56
G-20  TPUS3 TIMING c.ttieiieiiiieiieeteeiteeteette et eeteesiteesbeesseessbeesseaesseesseesaseeseeasseenseesnseenseessseenseenseenns G-57
G-21  TOUCAN TIMNE ..euieiieiieiieetteteeie st et ete st ete et esteeneesseesseeseesseeseeneesseeseensesseensesnsesseensesneens G-58

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor Ixxv



Table . Page

Number Title Number

G222 PPM TINNG ..ttt ettt et sttt sttt eb bbb et sbe et saeesbe et e eaeesbeetesaeens G-58
G-23  MCPSM Timing CharacCteriStiCS.....c.uerueerrierireriierieeitieniieeiteesieeeteesseesreesseesseeseessseenseessseens G-60
G-24  MPWMSM Timing CharacCteriStiCS ........eiuirrurerrieeiierirerieerieesreesseeseeeseessreenseesseessseesssessseens G-60
G-25  MMCSM Timing CharacteriSTICS ......cecuereerueriireenierierieenieeitesreeteete st ete st esreesesaeesaeesesaeens G-62
G-26  MDASM Timing CharaCteriStICS .......evuueevieriieaiieriieeieeiteeteerieesteeseesreesseesseeeseessnesnseesseeans G-64
G-27  MPIOSM Timing CharaCteriStICS .......ccueervierieerrerieritrentieeieeseesseesseesseesseessseesseesssessseesseans G-67
G-28  MPC561/MPC563 Signal Names and Pin Names .......c...coceevverieneniiiniinenicneeiceicseeienene G-68

MPC561/MPC563 Reference Manual, Rev. 1.2
Ixxvi Freescale Semiconductor



About This Book

This manual describes the capabilities, operation, and function of the Freescale MPC561/MPC563
microcontrollers. The documentation follows the modular construction of the devices in the MPC500
family product line. Each microcontroller in the MPC500 family has a comprehensive reference manual
that provides sufficient information for normal operation of the device. The reference manual is
supplemented by module-specific reference manuals that provide detailed information about module
operation and applications. Where information in this manual varies from information in other references,
this manual takes precedence. Refer to Suggested Reading for further information.

Unless otherwise noted, references to the MPC561 and MPC563 also apply to their code compressed
counterparts, the MPC562 and MPC564, respectively. Any functional differences between the
MPC561/MPC563 and MPC562/MPC564 are noted. MPC562/MPC564-specific information is located in
Appendix A, “MPC562/MPC564 Compression Features.”

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products for the MPC561/MPC563. It is assumed that the reader understands operating
systems and microprocessor and microcontroller system design.

Organization

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

» Chapter 1, “Overview,” provides an overview of the MPC561/MPC563 microcontroller, including
a block diagram showing the major modular components, a features list, and a summary of
differences between the MPC561/MPC563 and the MPC555.

» Chapter 2, “Signal Descriptions,” describes the MPC561/MPC563 microcontroller’s external
signals.

» Chapter 3, “Central Processing Unit,” describes the RISC processor (RCPU) used in the MPC500
family of microcontrollers.

» Chapter 4, “Burst Buffer Controller 2 Module,” describes the three main functional parts: the bus
interface unit (BIU), the instruction memory protection unit (IMPU), and the instruction code
decompressor unit (ICDU).

* Chapter 5, “Unified System Interface Unit (USIU) Overview.” The unified system interface unit
(USIU) of the MPC561/MPC563 consists of several functional modules that control system
start-up, system initialization and operation, system protection, and the external system bus.

» Chapter 6, “System Configuration and Protection.” The MPC561/MPC563 incorporates many
system functions that normally must be provided in external circuits. In addition, it is designed to
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provide maximum system safeguards against hardware and software faults. This chapter provides
a detailed explanation of this functionality.

Chapter 7, “Reset.” This section describes the MPC561/MPC563 reset sources, operation, control,
and status.

Chapter 8, “Clocks and Power Control,” describes the main timing and power control reference for
the MPC561/MPC563.

Chapter 9, “External Bus Interface,” describes the functionality of the MPC561/MPC563 external
bus.

Chapter 10, “Memory Controller,” generates interface signals to support a glueless interface to
external memory and peripheral devices.

Chapter 11, “L-Bus to U-Bus Interface (L2U),” describes the interface between the load/store bus
(L-bus) and the unified bus (U-bus). The L2U module includes the Data Memory Protection Unit
(DMPU), which provides protection for data memory accesses.

Chapter 12, “U-Bus to IMB3 Bus Interface (UIMB).” The U-bus to IMB3 bus interface (UIMB)
structure is used to connect the CPU internal unified bus (U-bus) to the intermodule bus 3 (IMB3).
It controls bus communication between the U-bus and the IMB3.

Chapter 13, “QADCO64E Legacy Mode Operation.” The two queued analog-to-digital converter
(QADC) modules on MPC561/MPC563 devices are 10-bit, unipolar, successive approximation
converters. The modules can be configured to operate in one of two modes, legacy mode (MPC555
compatible) and enhanced mode. This chapter describes how the modules operate in legacy mode,
which is the default mode of operation.

Chapter 14, “QADC64E Enhanced Mode Operation.” The two queued analog-to-digital converter
(QADC) modules on the MPC561/MPC563 devices are 10-bit, unipolar, successive approximation
converters. The modules can be configured to operate in one of two modes, legacy mode (for
MPC555 compatibility) and enhanced mode. This chapter describes how the module operates in
enhanced mode.

Chapter 15, “Queued Serial Multi-Channel Module.” The MPC561/MPC563 contains one queued
serial multi-channel module (QSMCM) which provides three serial communication interfaces: the
queued serial peripheral interface (QSPI) and two serial communications interfaces (SCI/UART).
This chapter describes the functionality of each.

Chapter 16, “CAN 2.0B Controller Module,” describes the three CAN 2.0B controller modules
(TouCAN) implemented on the MPC561/MPC563. Each TouCAN is a communication controller
that implements the Controller Area Network (CAN) protocol, an asynchronous communications
protocol used in automotive and industrial control systems. It is a high speed (one Mbit/sec), short
distance, priority based protocol that can run over a variety of mediums.

Chapter 17, “Modular Input/Output Subsystem (MIOS14).” The modular I/O system (MIOS)
consists of a library of flexible I/O and timer functions including I/O port, counters, input capture,
output compare, pulse and period measurement, and PWM. Because the MIOS14 is composed of
submodules, it is easily configurable for different kinds of applications.

Chapter 18, “Peripheral Pin Multiplexing (PPM) Module.” The PPM functions as a
parallel-to-serial communications module that reduces the number of signals required to connect
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the MPC561/MPC563 to an external device; and shorts internal signals to increase access to
multiple functions multiplexed on the same external signal.

» Chapter 19, “Time Processor Unit 3,” describes an enhanced version of the original TPU, an
intelligent, semi-autonomous microcontroller designed for timing control.

» Chapter 20, “Dual-Port TPU3 RAM (DPTRAM).” The dual-port RAM (DPTRAM) module
consists of a control register block and an 8-Kbyte array of static RAM that can be used either as

microcode storage for the TPU3 or as general-purpose memory. The MPC561/MPC563 has one
DPTRAM module that serves two TPU3 modules.

* Chapter 21, “CDR3 Flash (UC3F) EEPROM.” The MPC563 U-bus CDR3 (UC3F) EEPROM
module is designed for use in embedded microcontroller applications targeted for high-speed read
performance and high-density byte count requirements.

* Chapter 22, “CALRAM Operation.” This module provides the MPC561/MPC563 with a general
purpose memory that may be read from or written to as either bytes, half-words, or words. In
addition to this, a portion of the CALRAM, called the overlay region, can be used for calibration
(i.e., overlaying portions of the U-bus Flash with a portion of the CALRAM array).

» Chapter 23, “Development Support,” covers program flow tracking support,
breakpoint/watchpoint support, development system interface support (debug mode) and software
monitor debugger support. These features allow efficiency in debugging systems based on the
MPC561/MPC563.

» Chapter 24, “READI Module.” The READI module provides development support capabilities for
MCUs in single chip mode, without requiring address and data signals for internal visibility.

» Chapter 25, “IEEE 1149.1-Compliant Interface (JTAG),” describes MPC561/MPC563
compatibility with the IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture as
well as any potential incompatibility issues.

* Appendix A, “MPC562/MPC564 Compression Features,” includes information about code
compression features of the MPC562/MPC564.

* Appendix B, “Internal Memory Map,” provides memory maps for the MPC561/MPC563 modules.

* Appendix C, “Clock and Board Guidelines.” The MPC561/MPC563 built-in PLL, oscillator, and
other analog and sensitive circuits require that the board design follow special layout guidelines to
ensure proper operation of the chip clocks. This appendix describes how the clock supplies and
external components should be connected in a system.

* Appendix D, “TPU3 ROM Functions,” provides a brief description of the pre-programmed
functions in the TPU3.

* Appendix E, “Memory Access Timing,” lists memory access timings for internal and external
memory combinations.

* Appendix F, “Electrical Characteristics,” contains detailed information on power considerations,
DC/AC electrical characteristics, and AC timing characteristics of the MPC561/MPC563 at the
default 40 MHz and optional 56 MHz operating frequencies.

* Appendix G, “66-MHz Electrical Characteristics,” contains detailed information on power

considerations, DC/AC electrical characteristics, and AC timing characteristics of the
MPC561/MPC563 at the optional operating frequency of 66 MHz.

This document also includes a register index and comprehensive index.
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Suggested Reading

This section lists additional reading that provides background for the information in this manual as well as
general information about the PowerPC™ architecture. Also listed are documents that further complement
this manual by providing in-depth functional descriptions of certain modules:

*  OSM (Queued Serial Module) Reference Manual (QSMRM/AD)
* TPU (Time Processor Unit) documentation (TPULITPAK/D, including the TPURM/AD)
*  RCPU (RISC Central Processor Unit) Reference Manual (RCPURM/AD)

» Nexus Standard Specification Rev 1.0 (IEEE-ISTO 5001-1999) available at:
http://www.nexus5001.org/

» JTAG IEEE 1149.1 Specification
The following general documentation, available through Morgan-Kaufmann Publishers, 340 Pine Street,
Sixth Floor, San Francisco, CA, provides useful information about the PowerPC architecture:

*  The PowerPC Architecture: A Specification for a New Family of RISC Processors, Second Edition,
by International Business Machines, Inc.

Freescale documentation is available from the sources listed on the back cover of this manual. A brief
summary of available documentation is listed below:

*  Programming Environments Manual for 32-Bit Implementations of the PowerPC Architecture
(MPCFPE32B/AD)—Describes resources defined by the PowerPC architecture.

» Reference manuals—These books provide details about individual implementations and are
intended for use with the Programming Environments Manual.

* Addenda/errata to reference manuals—Because some processors have follow-on parts, an
addendum is provided that describes the additional features and functionality changes and are
intended for use with the corresponding reference manuals.

* Product Briefs—Each device has a product brief that provides an overview of its features. This
document is roughly the equivalent to the overview chapter (Chapter 1) of an implementation’s
reference manual.

»  The Programmer s Reference Guide for the PowerPC Architecture (MPCPRG/D)—This concise
reference includes the register summary, exception vectors, and the PowerPC ISA instruction set.

» Application notes—These short documents address specific design issues useful to programmers
and engineers working with Freescale processors.

Additional literature is published as new processors become available. For a current list of documentation,
refer to http://www.motorola.com/semiconductors.

Conventions and Nomenclature

This document uses the following notational conventions:

cleared/set When a bit takes the value zero, it is said to be cleared; when it takes a value of
one, it is said to be set.
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ACTIVE HIGH

ACTIVE LOW

0x0
0b0

italics

REG[FIELD]

&

|

Logic level one
Logic level zero

To set a bit or bits
To clear a bit or bits
LSB

MSB

Asserted

Negated

Names for signals that are active high are shown in uppercase text. Signals that are
active high are referred to as asserted when they are high and negated when they
are low.

Names for signals that are active low are shown in uppercase text with an overbar.
Active-low signals are referred to as asserted (active) when they are low and
negated when they are high.

Prefix to denote hexadecimal number
Prefix to denote binary number

Italics indicate variable command parameters.
Book titles in text are also set in italics.

Abbreviations for registers are shown in uppercase. Specific bits, fields, or ranges
appear in brackets. For example, CRAMMCR[DIS] identifies the array disable bit
(DIS) within the CALRAM module configuration register.

A range of bits or signals is referred to by mnemonic and the numbers that define
the range. For example, DATA[24:31] form the least significant byte of the data
bus.

In some contexts, such as signal encodings, x indicates a don’t care.
Used to express an undefined numerical value

NOT logical operator

AND logical operator

OR logical operator

is the voltage that corresponds to Boolean true (1) state.
is the voltage that corresponds to Boolean false (0) state.
means to establish logic level one on the bit or bits.
means to establish logic level zero on the bit or bits.
means least significant bit or bits.

means most significant bit or bits.

means that a signal is in active logic state. An active low signal changes from logic
level one to logic level zero when asserted, and an active high signal changes from
logic level zero to logic level one.

means that an asserted signal changes logic state. An active low signal changes
from logic level zero to logic level one when negated, and an active high signal
changes from logic level one to logic level zero.

Notational Conventions

Table i contains notational conventions that are used in this document.
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Table i. Notational Conventions

Symbol Function
+ Addition
- Subtraction (two’s complement) or negation
* Multiplication
/ Division
> Greater
< Less
= Equal
> Equal or greater
< Equal or less
#* Not equal
. AND
| Inclusive OR (OR)
S Exclusive OR (EOR)
NOT Complementation
Concatenation
? Transferred
=S Exchanges
+ Sign bit; also used to show tolerance
« Sign extension

Acronyms and Abbreviations

Table ii contains acronyms and abbreviations that are used in this document.

Table ii. Acronyms and Abbreviated Terms

Term Meaning
ALU Arithmetic logic unit
BIST Built-in self test
BIU Bus interface unit
BPU Branch processing unit
BSDL Boundary-scan description language
CMOS | Complementary metal-oxide semiconductor
EA Effective address
EAR External access register
FIFO First-in-first-out
FPR Floating-point register
FPSCR | Floating-point status and control register
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Table ii. Acronyms and Abbreviated Terms (continued)

Term Meaning
FPU Floating-point unit
GPR General-purpose register
IABR Instruction address breakpoint register
IEEE Institute for Electrical and Electronics Engineers
U Integer unit
JTAG Joint Test Action Group
LIFO Last-in-first-out
LR Link register
LSB Least-significant bit
LSU Load/store unit
MSB Most-significant bit
MSR Machine state register
NaN Not a number
No-op No operation
OEA Operating environment architecture
PLL Phase-locked loop
POR Power-on reset
PVR Processor version register
RISC Reduced instruction set computing
SPR Special-purpose register
SRRO Machine status save/restore register 0
SRR1 Machine status save/restore register 1
TB Time base facility
TBL Time base lower register
TBU Time base upper register
TLB Translation lookaside buffer
TTL Transistor-to-transistor logic
UIMM Unsigned immediate value
UISA User instruction set architecture
VEA Virtual environment architecture
XER Register used for indicating conditions such as carries and overflows for integer operations
References

The Sematech Official Dictionary and the Reference Guide to Letter Symbols for Semiconductor Devices
by the JEDEC Council/Electronics Industries Association are recommended as references for terminology

and symbology.
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Chapter 1
Overview

This chapter provides an overview of the MPC561/MPC563 microcontrollers, including a block diagram
showing the major modular components and sections that list the major features, and differences between
the MPC561/MPC563 and the MPC555. The MPC561, MPC562, MPC563, and MPC564 devices are
members of the Freescale MPC500 RISC Microcontroller family. The parts herein will be referred to only
as MPC561/MPC563 unless specific parts need to be referenced.

1.1

Table 1-1. MPC56x Family Features

Device Flash Code Compression
MPC561 None Not Supported
MPC562 None Supported
MPC563 512-Kbytes Flash Not Supported
MPC564 512-Kbytes Flash Supported

Introduction

The MPC561/MPC563 devices offer the following features:

PowerPC ISA-compliant 32-bit single issue RISC processor (RCPU)
64-bit floating-point unit (FPU)

Unified system integration unit (USIU) with a flexible memory controller and enhanced interrupt
controller (EIC)

512-Kbytes of Flash EEPROM memory (available on the MPC563 only)

— Typical endurance of 100,000 write/erase cycles @ 25°C

— Typical data retention of 100 years @ 25°C

32-Kbytes of static RAM in one CALRAM module, configured as

— 28-Kbyte normal access only array

— 4-Kbyte normal access or overlay access array (eight 512-byte regions)

Two time processing units (TPU3) with one 8-Kbyte dual port TPU RAM (DPTRAM)
One 22-timer channel modular I/O system (MIOS14)

Three TouCAN modules (TouCAN)

Two enhanced queued analog systems (QADC64E)

One queued serial multi-channel module (QSMCM), which contains one queued serial peripheral
interface (QSPI) and two serial controller interfaces (SCI/UART)

One peripheral pin multiplexing module (PPM) with a parallel to serial driver

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 1-1



Overview

1.2
Figure 1-1 is a block diagram of the MPC561/MPC563.

Debug features:

— Nexus debug port (Class 3)

— Background debug mode (BDM)

— IEEE 1194.1-compliant interface (JTAG) for boundary scan
Plastic ball grid array (PBGA) packaging

— 388 ball PBGA

— 27 mm x 27 mm body size

— 1.0 mm ball pitch

Default 40-, and optional 56-, and 66-MHz operation
-40°C-125°C

Independent power supplies

— 5-VI/O(5.0£0.25V)

— 2.6 £ 0.1-V external bus with a 5-V tolerant I/O system

— 2.6 £ 0.1-V internal logic

— <I150pA on-chip voltage shunt regulator for RAM standby operation

Block Diagram
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1.3

Figure 1-1. MPC561/MPC563 Block Diagram

Key Features

The MPC561/MPC563 key features are explained in the following sections.

1.3.1
* Fully static design

*  Four major power saving modes

High-Performance CPU System

— On, doze, sleep, deep-sleep, and power-down

MPC561/MPC563 Reference Manual, Rev. 1.2

Overview

Freescale Semiconductor

1-3



|
y

'
A

Overview

1.3.1.1 RISC MCU Central Processing Unit (RCPU)

PowerPC™-compliant 32-bit single issue core

Precise exception model

64-bit floating point unit (FPU)

Code compression supported on MPC562/MPC564

Reduces usage of internal/external Flash memory (up to 50% for code) on the MPC564
Reduces code size up to 50%

Extensive system development support

On-chip watchpoints and breakpoints

Program flow tracking capability

1.3.1.2 Unified System Interface Unit (USIU)

System configuration and protection features:
— Periodic-interrupt timer

— Bus monitor

— Software watchdog timer

— Real-time clock (RTC)

— PPC decrementer

— Time base

Clock synthesizer

Power management

Reset controller

External bus interface that tolerates 5-V inputs, provides 2.6-V outputs, and supports multi-master
designs

Enhanced interrupt controller that supports up to eight external and 40 internal interrupts,
simplifies the interrupt structure, and decreases interrupt processing time

USIU supports dual mapping to map part of one internal/external memory to another external
memory

External bus, supporting non-wraparound burst for instruction fetches, with up to 8 instructions per
memory cycle

1.3.1.3 Burst Buffer Controller (BBC) Module

Support for enhanced interrupt controller (EIC)
Support for enhanced exception table relocation feature
Branch target buffer

Contains 2 Kbytes of decompression RAM (DECRAM) for code compression. This RAM may
also be used as general-purpose RAM when the code compression feature is not used.

MPC561/MPC563 Reference Manual, Rev. 1.2

1-4

Freescale Semiconductor



Overview

1.3.1.4 Flexible Memory Protection Unit

* Flexible memory protection units (MPU) in BBC and L2U

» Default attributes available in one global entry

+ Attribute support for speculative accesses

» Up to eight memory regions are supported, four for data and four for instructions

1.3.1.5 Memory Controller

* Four flexible chip selects via memory controller
» 32-bit address and data buses
* 4-Kbyte to one 16-Mbyte (data) or 4-Gbyte (instruction) region size support
» Supports enhanced external burst
— Up to eight-beat transfer bursts, two-clock minimum bus transactions
» Use with SRAM, EPROM, Flash and other peripherals
» Byte selects or write enables
» 32-bit address fully decodes internal address space (4 Gbytes) with bit masks
» Four regions

1.3.1.6 512-Kbytes of CDR3 Flash EEPROM Memory (UC3F) —
MPC563/MPC564 Only
* One 512-Kbyte module
» Page read mode (2/1/1/1 clock read access time)
» Byte, half-word or word programmable.
* Block (64 Kbytes) erasable
» External 4.75- to 5.25-V VFLASH power supply for program, erase, and read operations
» Security modes for software protection
» Typical endurance of 100,000 write/erase cycles @ 25°C
+ Typical data retention of 100 years @ 25°C
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1.3.1.7  32-Kbyte Static RAM (CALRAM)

» Composed of one 32-Kbyte CALRAM module
— 28-Kbyte static RAM
— 4-Kbyte calibration (overlay) RAM feature that allows calibration of Flash-based constants
» Eight 512-byte overlay regions
* One clock fast accesses
» Two clock cycle access option for power saving
» Standby power supply (IRAMSTBY) for data retention

1.3.1.8 General Purpose I/0 Support (GPIO)

* 24 address signals and 32 data signals can be used for general-purpose I/O in single-chip mode
+ 16 GPIO in MIOS14

* Many peripheral signals can be used as GPIO when not used as primary functions

* 5-V outputs with slew rate control

1.3.2 Nexus Debug Port (Class 3)

* Compliant with Class 3 of the IEEE-ISTO 5001-1999

* Program trace via branch trace messaging (BTM)

» Data trace via data write messaging (DWM) and data read messaging (DRM)
*  Ownership trace via ownership trace messaging (OTM)

* Run-time access to on-chip memory map and special-purpose registers (SPRs) via the READI
read/write access protocol

»  Watchpoint messaging via the auxiliary port

* 9 or 16 full-duplex auxiliary pin interface for medium and high visibility throughput
» All features configurable and controllable via the auxiliary port

» Supports the RCPU debug mode via the auxiliary port

1.3.3 Integrated I/O System

1.3.3.1 Two Time Processor Units (TPU3)

* True5 V9O

* Two time processing units (TPU3) with 16 channels each

» Each TPU3 is a micro-coded timer subsystem

+ 8 Kbytes of dual port TPU RAM (DPTRAM) shared by two TPU3 modules for TPU micro-code

1.3.3.2 22-Channel Modular I/O System (MIOS14)

* Six modulus counter sub-modules (MCSM)
* 10 double-action sub-modules (DASM)
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* 12 dedicated PWM sub-modules (PWMSM)
* One MIOS14 16-bit parallel port I/O sub-modules (MPIOSM)

1.3.3.3 Two Enhanced Queued Analog-to-Digital Converter Modules
(QADCG64E)

* Two queued analog-to-digital converter modules (QADC64E A, QADC64E B) providing a total
of 32 analog channels

* 16 analog input channels on each QADC64E module using internal multiplexing
* Directly supports up to four external multiplexers
» Up to 41 total input channels on the two QADC64E modules with external multiplexing
» Software configurable to operate in enhanced or legacy (MPC555 compatible) mode
* Unused analog channels can be used as digital input/output signals
— GPIO on all channels in enhanced mode
* 10-bit A/D converter with internal sample/hold
*  Minimum conversion time of 7 us (with typical QCLK frequency, 2 MHz) and +/- 2 bits accuracy
» Two conversion command queues of variable length
* Automated queue modes initiated by:
— External edge trigger
— Software command

— Periodic/interval timer within the QADC64E module, that can be assigned to both queue 1 and
2

— External gated trigger (queue 1 only)
* 64 result registers
— Output data is right- or left-justified, signed or unsigned.
» Alternate reference input (ALTREF), with control in the conversion command word (CCW)

1.3.3.4 Three CAN 2.0B Controller (TouCAN) Modules

* Three TouCAN modules (TouCAN A, TouCAN_ B, TouCAN C)
» Each TouCAN provides the following features:
— 16 message buffers, programmable I/O modes
— Maskable interrupts
— Independent of the transmission medium (external transceiver is assumed)
— Open network architecture, multi-master concept
— High immunity to EMI
— Short latency time for high-priority messages
— Low-power sleep mode, with programmable wake-up on bus activity
— TouCAN_C pins are shared with MIOS14 GPIO or QSMCM

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.3.3.5 Queued Serial Multi-Channel Module (QSMCM)

One queued serial module with one queued SPI and two SCIs (QSMCM)
QSMCM matches full MPC555 QSMCM functionality
Queued SPI

— Provides full-duplex communication port for peripheral expansion or inter-processor
communication

— Up to 32 preprogrammed transfers, reducing overhead

— Synchronous serial interface with baud rate of up to system clock / 4
— Four programmable peripheral-selects signals:

— Supports up to 16 devices with external decoding

— Supports up to eight devices with internal decoding

— Special wrap-around mode allows continuous sampling of a serial peripheral for efficient
interfacing to serial analog-to-digital (A/D) converters

SCI

— UART mode provides NRZ format and half- or full-duplex interface

— 16 register receive buffers and 16 register transmit buffers on one SCI

— Advanced error detection and optional parity generation and detection

— Word-length programmable as eight or nine bits

— Separate transmitter and receiver enable bits, and double buffering of data

— Wake-up functions allow the CPU to run uninterrupted until either a true idle line is detected,
or a new address byte is received

1.3.3.6 Peripheral Pin Multiplexing (PPM)

Synchronous serial interface between the microprocessor and an external device
Four internal parallel data sources can be multiplexed through the PPM
— TPU3_A: 16 channels

— TPU3_B: 16 channels

— MIOS14: 12 PWM channels, four MDA channels

— Internal GPIO: 16 general-purpose inputs, 16 general-purpose outputs
Software configurable stream size

Software configurable clock (TCLK) based on system clock

Software selectable clock modes (SPI mode and TDM mode)

Software selectable operation modes

— Continuous mode

— Start-transmit-receive (STR) mode

Software configurable internal modules interconnect (shorting)

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.4 MPC561/MPC563 Optional Features
The following features of the MPC561/MPC563 are optional features and may not appear in certain

configurations:
* 56- or 66-MHz operation (40 MHz is default)
Code compression (available on MPC562 and MPC564 only)

512 Kbytes Flash (available on MPC563 and MPC564 only)

1.5 Comparison of MPC561/MPC563 and MPC555

In Table 1-2, the MPC555 is used as a baseline to compare the high level differences from an early device

offering in the MPC500 family to the MPC561/MPC563.
Table 1-2. Differences Between MPC555 and MPC561/MPC563

Module MPC555 MPC561/MPC563
CPU Core Identical
BBC Basic Enhanced Code Compression (classes scheme
with 2 Kbytes DECRAM)
Code Compression is available only on
MPC562/MPC564.
L2u Identical
SRAM 26 Kbytes 32 Kbytes calibration SRAM with overlay
features
Flash 448-Kbyte CMF 512-Kbyte UC3F (1 module) on MPC563 only.
(2 modules, 256-Kbyte and 192-Kbyte) No Flash on MPC561
USIU Basic Enhanced Interrupt Controller
JTAG Selectable by RCW Selectable at PORESET
READI None New Module (Class 3 Nexus
IEEE-ISTO 5001-1999)
UIMB Identical
QADCG64E (2) (2) Enhanced
QSMCM (1) Identical (1)
MIOS MIOSH1 MIOS14
4 Extra PWMSM
4 Extra MCSM

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 1-2. Differences Between MPC555 and MPC561/MPC563 (continued)

Module MPC555 MPC561/MPC563
TouCAN (2) Identical (3)

TPU3 (2) Identical (2)
DPTRAM (6 Kbytes) Identical (8 Kbytes)

PPM — | New Module

1.6

Additional MPC561/MPC563 Differences

The MPC561/MPC563 devices are very similar to the MPC555 with the following differences:

— Up to 66 MHz operating frequency (Refer to the applicable electrical characteristics document
for more information.)

— CDR3 technology
— Two power supplies: 5.0-V /0O, 2.6-V external bus signals, 2.6-V internal logic
— New modules: READI, CALRAM, PPM

— Extra TouCAN module, additional 6 Kbytes of SRAM on L-bus (32 Kbytes total) with
CALRAM overlay features, extra 2 Kbytes of DPTRAM (8 Kbytes total)

QADC64E

— GPO on all channel signals in addition to GPI functions
TouCAN, TPU3, QSMCM, UIMB, Core, L2U

— No changes

BBC2

— Enhanced interrupt controller support

— Enhanced exception relocation table

— Branch target buffer

— 2 Kbytes of decompression RAM for code compression. This may also be used as
general-purpose RAM while not used for code compression.

CALRAM (with overlay features)

— New module

— Opverlay features allow calibration of Flash-based constants
UC3F (U-bus CDR3 Flash module) on MPC563/MPC564 only
— 512 Kbytes of non-volatile memory (NVM)

— Designed for use in embedded microcontroller (MCU) applications targeted for high speed
read performance and high density byte count requirements

READI

— New module

USIU

— Enhanced interrupt controller
— ENGCLK default frequency

MPC561/MPC563 Reference Manual, Rev. 1.2
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— READI support

— Reduced data setup time

— Enhanced external burst support
+ MIOS14

— Four additional PWM channels

— Four additional MCSM timers
 DPTRAM (8 Kbytes)

— No functional changes
*  PPM (peripheral pin multiplexing)

— New module

— Four-to-one multiplexing

— Parallel-to-serial driver (SPI and TDM)

1.7 SRAM Keep-Alive Power Behavior

The IRAMSTBY pin provides keep-alive power to RAM when the main power supply is shut down. The
IRAMSTBY pin can be powered directly from a battery using an internal shunt regulator or via a small
battery for standby use. See Figure 1-2.

To Battery

— > To IRAMSTBY Pad

) C

N
Figure 1-2. Recommended Connection Diagram for IRAMSTBY

While power is off, the IRAMSTBY supply powers the following:
+ 32-Kbyte CALRAM
+ 8-Kbyte DPTRAM module
+ 2-Kbyte BBC DECRAM module
NOTE

IRAMSTBY must always be supplied with at least SOnA for correct
operation.

1.8 MPC561/MPC563 Address Map

The internal memory map is organized as a single 4-Mbyte block. The user can assign this block to one of
eight locations by programming a register in the USIU (IMMR[ISB]). The eight possible locations are the
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first eight 4-Mbyte memory blocks starting with address 0x0000 0000 (refer to Figure 1-3). The
programmability of the internal memory map location allows the user to implement a multiple-chip

system.

0x0000 0000

0x003F FFFF

Internal 4-Mbyte
Memory Block

0x0040 0000

0x007F FFFF

(Can reside in one of

eight locations)

0x0080 0000

0x00BF FFFH

0x00CO0 0000

OxOOFF FFFF

0x0100 0000

0x013F FFFF

0x0140 0000

0x017F FFFF

0x0180 0000

0x01BF FFFF

0x01C0 0000

0x01FF FFFF

OXFFFF FFFF

Figure 1-3. MPC561/MPC563 Memory Map

The internal memory space is divided into the following sections. Refer to Figure 1-4.
* Flash memory (512-Kbytes)
* CALRAM static RAM memory (32-Kbytes)
» Control registers and IMB3 modules (64 Kbytes)

BBC control registers (16-Kbytes)

USIU and Flash control registers (16-Kbytes)
UIMB interface and IMB3 modules (32-Kbytes)
CALRAM/READI control registers (256-bytes)

MPC561/MPC563 Reference Manual, Rev. 1.2
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0x00 0000
UC3F Flash*
0x07 FFFF 512 Koytes
0x08 0000
Reserved for Flash
2,605 Kbytes
O0x2F 7FFF
0x2F 8000 BBC DECRAM 2 Kbytes
0x2F 8800 Reserved for BBC
0x2F A000
OXSF BERE BBC CONTROL
0x2F C000
X USIU & Flash Control
Ox2F FFFF 16 Kbytes
0x30 0000
UIMB I/F & IMB
Modules
32 Kbytes
0x30 7FFF
0x30 8000 Reserved for IMB
0x37 FFFF 480 Kbytes
0x38 0000 CALRAM/
READI Control
0x38 00FF 256 bytes
0x38 0100 Reserved (L-bus Control)
0x38 3FFF 16 Kbytes
0x38 4000
Reserved (L-bus Mem)
464 Kbytes
Ox3F 7FFF
0x3F 8000
CALRAM
32 Kbytes
Ox3FFoOO |
O0x3F FFFF 4-Kbyte Overlay Section

Note: Flash is available only on the
MPC563/MPC564.

0x2F C000

USIU Control Registers
UCS3F Control 0x2F C800
Registers Ox2FC80B

Reserved
0x30 0000
DPTRAM Control (32 bytes)
Reserved (8160 bytes) | °X°0 0020
0x30 2000
DPTRAM (8 Kbytes)

TPU3_A (1 Kbyte) 0x30 4000
TPU3_B (1 Kbyte) 0x30 4400
QADCB4E_A (1 Kbyte) | 0X304800
QADC64E_B (1 Kbyte) 0x30 4C00
QSMCM (1 Kbyte) 0x30 5000
Reserved (2 Kbytes) 0x30 5400
PPM (64 bytes) 0x30 5C00
Reserved (960 bytes) 0x30 5C80
MIOS14 (4 Kbytes) 0x30 6000
TouCAN_A (1 Kbyte) 0x30 7000
TouCAN_B (1 Kbyte) 0x30 7400
TouCAN_C (1 Kbyte) 0x30 7800
Reserved (896 bytes) 0x30 7900
UIMB Registers 0x30 7F80
(128 bytes) 0x30 7FFF
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Figure 1-4. MPC561/MPC563 Internal Memory Map

1.9  Supporting Documentation List

This list contains references to currently available and planned documentation.
*  MPC555 User s Manual (MPC555UM/AD)
* RCPU Reference Manual (RCPURM/AD)
» Nexus Standard Specification (non-Freescale document) available at: http://www.nexus5001.org/
» IEEE 1149.1 Specification (non-Freescale document)

MPC561/MPC563 Reference Manual, Rev. 1.2
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Chapter 2
Signal Descriptions

This chapter describes the MPC561/MPC563 microcontroller’s external signals. It contains a description
of individual signals, shows their behavior, shows whether the signal is an input or an output, and indicates
signal multiplexing.

NOTE

A bar over a signal name indicates that the signal is active-low—for
example, TA (transfer acknowledge). Active-low signals are referred to as
asserted (active) when they are low and negated when they are high. Signals
that are not active-low, such as ADDR[8:31] (address bus signals) and
DATAJ0:31] (data bus signals) are referred to as asserted when they are high
and negated when they are low.

Refer to Appendix F, “Electrical Characteristics,” and Appendix G, “66-MHz Electrical Characteristics,”
for detailed electrical information for each signal.

2.1 Signal Groupings
Figure 2-1 illustrates the external signals of the MPC561/MPC563 grouped by functional module.
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Global Power Supply
The MPC561 has no Flash EEPROM

Figure 2-1. MPC561/MPC563 Signal Groupings
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2.2 Signal Summary

Table 2-1 describes individual MPC561/MPC563 signals, grouped by functional module.
Table 2-1. MPC561/MPC563 Signal Descriptions

Signal Descriptions

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Bus Interface

ADDR;[8:31] / SGPIOA[8:31]

24

I/0

I/0

Controlled by
RCWISC].
See Table 6-10.

Address Bus [8:31]. Specifies the physical address of the
bus transaction. The address is driven onto the bus and kept
valid until a transfer acknowledge is received from the slave.
ADDRS is the MSB for this bus.

Port SGPIOA[8:31]. Allows the signals to be used as
general-purpose inputs/outputs.

DATA[0:31] / SGPIOD[0:31]

32

I/0

I/0

Controlled by
RCWISC].
See Table 6-10.

Data Bus [0:31]. Provides the general-purpose data path
between the MPC561/MPC563 and all other devices.
Although the data path is a maximum of 32 bits wide, it can
be sized to support 8-, 16-, or 32-bit transfers. DATAQ is the
MSB of the data bus.

Port SGPIOD[0:31]. Allows the signals to be used as
general-purpose inputs/outputs.

TSI1Z[0:1]

I/0

TSIZ[0:1]

Transfer Size [0:1]. Indicates the size of the requested data
transfer in the current bus cycle.

RD/WR

I/0

RD/WR

Read/Write. Indicates the direction of the data transfer for a
transaction. A logic one indicates a read from a slave device;
a logic zero indicates a write to a slave device.

BURST

I/0

BURST

Burst Indicator. Driven by the bus master to indicate that the
currently initiated transaction is a burst.

I/0

Burst Data In Progress. Indicates to the slave that there is a
data beat following the current data beat.

I/0

Transfer Start. Indicates the start of a bus cycle that
transfers data to/from a slave device. This signal is driven by
the master only when it has gained ownership of the bus.
Every master should negate this signal before relinquishing
the bus.

This is an active-low signal and needs an external pull-up
resistor to ensure proper operation and meet signal timing
specifications.

I/0

Transfer Acknowledge. This line indicates that the slave
device addressed in the current transaction has accepted
the data transferred by the master (write) or has driven the
data bus with valid data (read). The slave device negates the
TA signal after the end of the transaction. The slave device
will then immediately three-state the TA signal to prevent
contention on the line in case a new transfer that addresses
another slave device(s) is initiated.

This signal is an active-low signal and needs an external
pull-up resistor to ensure proper operation and conform to
signal timing specifications.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

I/0

Transfer Error Acknowledge. This signal indicates that a bus
error occurred in the current transaction. The
MPC561/MPC563 asserts this signal when the bus monitor
does not detect a bus cycle termination within 2040 clock
cycles. The assertion of TEA causes the termination of the
current bus cycle, regardless of the state of TA.

An external pull-up device is required to negate TEA quickly,
before a second error is detected. That is, the signal must
be pulled up within one clock cycle of the time it was
three-stated by the MPC561/MPC563.

Output Enable. This output line is asserted when a read
access is initiated by the MPC561/MPC563 to an external
slave controlled by the memory controller's GPCM.

RSTCONF / TEXP

RSTCONF until
reset negates.

Reset Configuration. This input line is sampled by the
MPC561/MPC563 during the assertion of the HRESET
signal in order to sample the reset configuration. If the line
is asserted, the configuration mode is sampled from the
external data bus. When this line is negated, the
configuration mode adopted by the MPC561/MPC563 is
either the internal default or read from the internal Flash
(MPC563 only).

Timer Expired. This output line reflects the status of
PLPRCR[TEXPS] in the USIU. This bit indicates an expired
timer value.

I/STS

o]

I/0

Controlled by
RCW[DBGC].
See Table 6-8.

Burst Inhibit. This bidirectional, active-low, three-state
signal indicates that the slave device addressed in the
current burst transaction is not able to support burst
transfers. When the MPC561/MPC563 drives out the signal
for a specific transaction, it asserts or negates Bl according
to the value specified in the appropriate control registers.
The signal is negated after the end of the transaction and
then is immediately three-stated.

This is an active-low signal and needs an external pull-up
resistor to ensure proper operation and signal timing
specifications.

Special Transfer Start. This output signal is driven by the
MPC561/MPC563 to indicate the start of a transaction on
the external bus or signals the beginning of an internal
transaction in show cycle mode.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Interrupt Controller

IRQO / SGPIOCO / MDO4

I/0

MDO4 if the

Nexus (READI)
port is enabled,
IRQO otherwise.

See Section 2.5.

Interrupt Request 0. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU. IRQO is a non-maskable
interrupt (NMI).

Port SGPIOCO. Allows the signal to be used as a
general-purpose input/output.

READI Message Data Out. Message data out (MDO4) are
output signals used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight signals are implemented.

IRQ1/RSV/SGPIOC1

I/0

Interrupt Request 1. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Reservation. This signal is used, together with the address
bus, to indicate that the internal core initiated a transfer as a
result of a STWCX or a LWARX instruction.

Port SGPIOC1. Allows the signal to be used as a
general-purpose input/output.

IRQ2/CR/SGPIOC2/
MTS?

I/0

Interrupt Request 2. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Cancel Reservation. Instructs the MPC561/MPC563 to
clear its reservation because some other master has
touched its reserved space. An external bus snooper
asserts this signal.

Port SGPIOC2. Allows the signal to be used as a
general-purpose input/output.

Memory Transfer Start. This is the transfer start signal from
the MPC561’s memory controller that allows external
memory access by an external bus master.

IRQ3 /KR /RETRY /
SGPIOC3

I/0

I/0

I/0

Interrupt Request 3. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Kill Reservation. In case of a bus cycle initiated by a STWCX
instruction issued by the RCPU core to a non-local bus on
which the storage reservation has been lost, this signal is
used by the non-local bus interface to back-off the cycle.

Retry. Indicates to a master that the cycle is terminated but
should be repeated. As an input, it is driven by the external
slave to retry a cycle.

Port SGPIOCS3. Allows the signal to be used as a
general-purpose input/output.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

IRQ4 / AT2 / SGPIOC4

I/0

Interrupt Request 4. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Address Type 2. A bit from the address type bus which
indicates one of the 16 “address types” to which the address
applies. The address type signals are valid at the rising edge
of the clock in which the special transfer start (STS) is
asserted.

Port SGPIOCA4. Allows the signal to be used as a
general-purpose input/output.

IRQ5 / MODCK?1 / SPGIOC5

I/0

MODCK1 until
reset negates,

then IRQ5

Interrupt Request 5. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Mode Clock 1. Sampled at the negation of PORESET/TRST
in order to configure the phase-locked loop (PLL)/clock
mode of operation.

Port SGPIOCS5. Allows the signal to be used as a
general-purpose input/output.

IRQ[6:7] / MODCK[2:3]

MODCK][2:3]
until reset
negates, then
IRQ[6:7]

Interrupt Request [6:7]. One of the eight external signals
that can request, by means of the internal interrupt
controller, a service routine from the RCPU.

Mode Clock [2:3]. Sampled at the negation of
PORESET/TRST in order to configure the PLL/clock mode
of operation.

CS[0:3]

CS[0:3]

Chip Select [0:3]. These output signals enable peripheral or
memory devices at programmed addresses if defined
appropriately in the memory controller. CS0 or CS3 can be
configured to be the global chip select for the boot device.

WEJ[0:3] / BE[0:3] / AT[0:3]

Controlled by
RCWIATWC].
See Table 6-8.

Write Enable[0:3]/Byte Enable[0:3]. This output signal is

asserted when a write access to an external slave controlled

by the memory controller is initiated by the

MPC561/MPC563. It can be optionally asserted on all read

and write accesses. See WEBS bit definition in Table 10-8.

WEn/BEn are asserted when data lanes shown below

contain valid data to be stored by the slave device.

— WEO/BEQ is asserted if the data lane DATA[0:7] contains

valid data to be stored by the slave device.

* WE1/BET1 is asserted if the data lane DATA[8:15]
contains valid data to be stored by the slave device.

* WEZ2/BE2 is asserted if the data lane DATA[16:23]
contains valid data to be stored by the slave device.

» WEB/BES is asserted if the data lane DATA[24:31]
contains valid data to be stored by the slave device.

Address Type [0:3]. Indicates one of the 16 address types to
which the address applies. The address type signals are
valid at the rising edge of the clock in which the special
transfer start (STS) is asserted.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

System Control

PORESET / TRST

PORESET /
TRST

Power-On Reset. This signal should be activated as a result
of a voltage failure on the keep-alive power supply. The
signal has a glitch detector to ensure that low spikes of less
than 20 ns are rejected. The internal PORESET / TRST
signal is asserted only if PORESET / TRST is asserted for
more than 100 ns. See Chapter 7, “Reset,” for more details
on timing.

Test Reset. This input provides asynchronous reset to the
test logic (JTAG).

HRESET

I/0

HRESET

Hard Reset. The reset controller can detect an external
assertion of HRESET only if it occurs while the
MPC561/MPC563 is not asserting reset. After negation of
HRESET or SRESET is detected, a 16-cycle period is taken
before testing the presence of an external reset.

The internal HRESET signal is considered asserted only
when assertion lasts for more than 100 ns. To meet external
timing requirements, an external pull-up device is required
to negate HRESET. See Chapter 7, “Reset,” for more details
on timing.

SRESET

I/0

SRESET

Soft Reset. The reset controller can detect an external
assertion of SRESET only if it occurs while the
MPC561/MPC563 is not asserting reset. After negation of
HRESET or SRESET is detected, a 16-cycle period is taken
before testing the presence of an external soft reset. To
meet external timing requirements, an external pull-up
device is required to negate SRESET. See Chapter 7,
“Reset,” for more details on timing.

Development and Debug

SGPIOC6 / FRZ / PTR

I/0

o

PTR

Port SGPIOCSG. Allows the signals to be used as
general-purpose inputs/outputs.

Freeze. Indicates that the RCPU is in debug stopped mode.

Program Trace. Indicates an instruction fetch is taking place
(for program flow tracking).

SGPIOC7 / IRQOUT/ LWPO

I/0

®)

LWPO

Port SGPIOC?. Allows the signal to be used as
general-purpose inputs/outputs.

Interrupt Out. Indicates that an interrupt has been requested
to all external devices.

Load/Store Watchpoint 0. This output signal reports the
detection of a data watchpoint in the program flow executed
by the RCPU. See Chapter 23, “Development Support,” for
more details.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

BG / VFO/ LWP1

I/0

Controlled by
RCWIDBGC].
See Table 6-8.

Bus Grant. Indicates external bus status. BG is asserted low
when the external bus arbiter grants ownership of the
external bus to a specific master. This is an active-low signal
and needs an external pull-up resistor to ensure proper
operation and meet signal timing specifications.

Visible Instruction Queue Flush Status 0. This output signal
together with VF1 and VF2 is output by the
MPC561/MPC563 when program instruction flow tracking is
required. VFs report the number of instructions flushed from
the instruction queue in the internal core. See Chapter 23,
“Development Support,” for more details.

Load/Store Watchpoint 1. This output signal reports the
detection of a data watchpoint in the program flow executed
by the RCPU.

BR/VF1/IWP2

I/0

Controlled by
RCW[DBGC].
See Table 6-8.

Bus Request. Indicates that the external bus has been
requested for external cycle. This is an active-low signal and
needs an external pull-up resistor to ensure proper
operation and meet signal timing specifications.

Visible Instruction Queue Flush Status 1. This output signal
together with VFO and VF2 is output by the
MPC561/MPC563 when program instruction flow tracking is
required. VFs report the number of instructions flushed from
the instruction queue in the internal core. See Chapter 23,
“Development Support,” for more details.

Instruction Watchpoint 2. This output signal reports the
detection of an instruction watchpoint in the program flow
executed by the RCPU.

BB/VF2/IWP3

I/0

Controlled by
RCWIDBGC].
See Table 6-8

Bus Busy. Indicates that the master is using the external
bus. BB is an active-low signal and needs an external
pull-up resistor to ensure proper operation and signal timing
specifications.

Visible Instruction Queue Flush Status 2. This output signal
together with VFO and VF1 is output by the
MPC561/MPC563 when a program instructions flow
tracking is required. VFs report the number of instructions
flushed from the instruction queue in the internal core.

Instruction Watchpoint 3. This output signal reports the
detection of an instruction watchpoint in the program flow
executed by the internal core.

IWP[0:1] / VFLS[0:1]

Controlled by
RCWIDBGC].
See Table 6-8.

Instruction Watchpoint [0:1]. These output signals report the
detection of an instruction watchpoint in the program flow
executed by the RCPU.

Visible History Buffer Flush Status [0:1]. These signals are
output by the MPC561/MPC563 to enable program
instruction flow tracking. They report the number of
instructions flushed from the history buffer in the RCPU. See
Chapter 23, “Development Support,” for details.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after .
Signal Name Signals Type Reset Description
JTAG/BDM/READI
| TMS unless the | Test Mode Select. This input controls test mode operations
Nexus (READI) |for on-board test logic (JTAG).
TMS / EVTI 1 port is enabled,

then EVTI.
See Section 2.5.

EVTI. Event in (EVTI) is level sensitive when configured for
breakpoint generation, otherwise it is edge sensitive.

TDI / DSDI/ MDIO

DSDI unless the
Nexus (READI)
port (MDIO) or
JTAG mode
(TDI)isenabled.
See Section 2.5.

Test Data In. This input is used for serial test instructions
and test data for on-board test logic (JTAG).

Development Serial Data Input. This input signal is the data
in for the debug port interface. See Chapter 23,
“Development Support,” for details.

Message Data In. MDIO is a Nexus input signal used for
downloading configuration information, writes to user
resources, and so forth. Internal latching of MDI occurs on
the rising edge of MCKI.

DSCK unless
the Nexus

Test Clock. This input provides a clock for on-board test logic
(JTAG).

Development Serial Clock. This input signal is the clock for

TCK/DSCK/MCKI 1 | EFAE?(I?)|L$3¥AG the debug port interface. See Chapter 23, “Development
mode (TCK) is Support,” for details.
enabled. Message Clock In. This input line is the input clock to the
| See Section 2.5. | READI module for the Nexus message clock input.
(0] Test Data Out. This output is used for serial test instructions
DSDO unless and test data for on-board test logic (JTAG).
the Nexus Development Serial Data Output. This output signal is the
TDO / DSDO / MDOO 1 (0] Ell\qllEDg%I))oF:?Jr'lt'AG data-out line of the debug port interface. See Chapter 23,
mode (TDO) is Development Support,” for details.
enabled. READI Message Data Out. Message data out: MDOO is an
O | See Section 2.5. | output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
JTAG Compliancy. This signal enables the IEEE1149.1
JTAG compliant circuitry in the MPC561/MPC563.
JCOMP / RSTI 1 | See Section 2.5.|0 JTAG disabled

1 JTAG enabled

RSTI. Reset input for the Nexus port.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Clocks and PLL

XTAL

XTAL

XTAL. This output signal is one of the connections to an
external crystal for the internal oscillator circuitry.

EXTAL

EXTAL

EXTAL. This signal is one of the connections to an external
crystal for the internal oscillator circuitry. If EXTAL is unused,
it must be grounded.

XFC

XFC

External Filter Capacitance. This input signal is the
connection for an external capacitor filter for the PLL
circuitry.

CLKOUT

CLKOUT

Clock Out. This output signal is the clock system frequency.
The CLKOUT drive strength can be configured to full
strength, half strength, quarter strength, or disabled. The
drive strength is configured using the COM[0:1] bits and
CQDS bits in the SCCR register in the USIU.

EXTCLK

EXTCLK

EXTCLK. This is the external frequency source for the
MPC561/MPC563. If EXTCLK is unused, it must be
grounded.

ENGCLK /BUCLK

ENGCLK (2.6
V)

ENGCLK. This is the engineering clock output. Drive voltage
can be configured to 2.6 V, 5 V (with slew-rate control), or
disabled. The drive voltage is configured using the
EECLK]O0:1] bits in the SCCR register in the SIU.

BUCLK. When the MPC561/MPC563 is in limp mode, it is
operating from a less precise on-chip ring oscillator to allow
the system to continue minimum functionality until the
system clock is fixed. This backup clock can be seen
externally if selected by the values of the EECLK][0:1] bits in
the SCCR register in the USIU.

VDDSYN

VDDSYN

VDDSYN. This is the power supply of the PLL circuitry.

VSSSYN

VSSSYN

VSSSYN. This is the ground reference of the PLL circuitry.

Configuration

PULL_SELS

PULL_SEL

Pull Select. PULL_SEL determines whether the pull devices
on the MIOS and TPU signals are pull-ups or pull-downs.
When pull-ups are selected, the pull-ups are t0 5.0 V except
the following MIOS signals will be pulled to 2.6V:
VF[0:2/MPIO32B[0:2], VFLS[0:1/MPIO32B[3:4], and
MDQ[7:4)/MPIO32B[7:10]. When this pin is low, pull-downs
are selected.

TouCAN

A_CNTXO0

A_CNTXO0

TouCAN_A Transmit Data. This signal is the serial data
output.

A_CNRXO0

A_CNRXO0

TouCAN_A Receive Data. This signal is the serial data
input.

B_CNTX0

B_CNTX0

TouCAN_B Transmit Data. This signal is the serial data
output.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

B_CNRXO0

1

B_CNRXO0

TouCAN_B Receive Data. This signal is the serial data
input.

UC3F Flash*

EPEE*

EPEE

EPEE. This external program/erase enable control signal
externally controls the program or erase operations. When
held low, program or erase operations on the entire internal
Flash module are disabled. Available in the MPC563 only.
This signal is not connected on the MPC561.

BOEPEE*

BOEPEE

BOEPEE. This control signal externally controls the program
or erase operations on block 0 of the internal Flash. When
held low, program or erase operations on block 0 only are
disabled. Available in the MPC563 only. This signal is not
connected on the MPC561.

VFLASH?*

VFLASH

VFLASH. Flash supply voltage (5-V supply) used during all
operations of the UC3F. Available in the MPC563 only. This
signal is not connected on the MPC561.

VDDF*

VDDF

VDDF. Flash core voltage input (2.6-V supply). Available in
the MPC563 only. This signal should be connected to VDD,
preferably directly to a 2.6V plane on the circuit board. This
signal is not connected on the MPC561.

VSSF4

VSSF

VSSF. Flash core ground reference. Available in the
MPC563 only. This signal is not connected on the MPC561.

QADCG64E_A and

QADC64E_B

ETRIG[1:2] / PCS[6:7]

ETRIG[1:2]

ETRIG[1:2]. These are the external trigger inputs to the
QADCG64E_A and QADC64E_B modules. ETRIG1 can be
configured to be used by both QADC64E_A and
QADCB64E_B. Likewise, ETRIG2 can be used by both
QADC64E_B and QADC64E_A. The trigger input signals
are associated with the scan queues.

PCS[6:7]. This signals provide QSPI peripheral chip select
when the enhanced PCS mode is selected.

A_ANO/A_ANw/A_PQBO

A_ANO

1/0°

Analog Channel 0. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

Multiplexed Analog Input (A_ANw). Externally multiplexed
analog input.

Port A_PQBO. This is a bidirectional general-purpose I/O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

A_AN1/A_ANx/ A_PQB1

A_AN1

/05

Analog Channel 1. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADCG64E.

Multiplexed Analog Input (A_ANXx). Externally multiplexed
analog input.

Port A_PQBH1. This is a bidirectional general-purpose /O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

Analog Channel 2. Internally multiplexed input-only analog
| channel. The input is passed on as a separate signal to the
QADCB64E.

A_AN2/A_ANy/A_PQB2 1 | A_AN2 Multlplgxed Analog Input (A_ANy). Externally multiplexed
analog input.

Port A_PQB2. This is a bidirectional general-purpose I/O if
1/O° the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

Analog Input 3. Internally multiplexed input-only analog
| channel. The input is passed on as a separate signal to the
QADCB64E.

| Multiplexed Analog Input (A_ANz). Externally multiplexed
A_AN3/A_ANz/A_PQBS3 1 A_AN3 analog input.

Port A_PQB 3. This is a bidirectional general-purpose I/O if
1/O° the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

| Analog Input [48:51]. Analog input channel. The input is
passed on as a separate signal to the QADC64E.

A_AN[48:51]/ A_PQBI[4:7] 4 AN[48:51] Port A_PQBI[4:7]. This is a bidirectional general-purpose I/O
l/O° if the QADCG64E is configured in enhanced mode, otherwise
it is an input only.

| Analog Input [52:54]. Input-only. These inputs are passed on
as separate signals to the QADC64E.

Multiplexed Address [0:2] for QADC64E Module A. Provides
| a three-bit multiplexed address output to the external

Q—QS[AS[%SS]'] /' A_MA[0:2]/ 3 A_AN[52:54] multiplexer chip to allow selection of one of the eight inputs.

Port A_PQA[0:2]. This is a bidirectional general-purpose
I/0 I/0.

| Analog Input [55:59]. Input-only. These inputs are passed on
as separate signals to the QADC64E.

A_AN[55:59]/ A_PQA[3:7] 5 A_AN[55:59] Port A_PQA[3:7]. This is a bidirectional general-purpose
I/0 I/0.

| Analog Channel 0. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

B_ANO/B_ANw /B_PQBO 1 | B_ANO Multlplgxed Analog Input (B_ANw). Externally multiplexed
analog input.

Port B_PQBO. This is a bidirectional general-purpose I/O if
/10 the QADCG6A4E is configured in enhanced mode, otherwise it
is an input only.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

B_AN1/B_ANx/ B_PQB1

I/0

B_AN1

Analog Channel 1. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

Multiplexed Analog Input (B_ANXx). Externally multiplexed
analog input.

Port B_PQB1. This is a bidirectional general-purpose /O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

B_AN2 /B_ANy/ B_PQB2

I/0

B_AN2

Analog Channel 2. Internally multiplexed input-only analog
channel. The input is passed on as a separate signal to the
QADCB64E.

Multiplexed Analog Input (B_ANy). Externally multiplexed
analog input.

Port B_PQB2. This is a bidirectional general-purpose I/O if
the QADCBA4E is configured in enhanced mode, otherwise it
is an input only.

B_AN3/B_ANz /B_PQB3

I/0

B_AN3

Analog Input 3. Internally multiplexed input-only analog
channel. The input is passed on as a separate signal to the
QADCB64E.

Multiplexed Analog Input (B_ANz). Externally multiplexed
analog input.

Port B_PQB3. This is a bidirectional general-purpose I/O if
the QADCGBA4E is configured in enhanced mode, otherwise it
is an input only.

B_AN[48:51]/ B_PQB[4:7]

I/0

B_AN[48:51]

Analog Input [48:51]. Analog input channel. The input is
passed on as a separate signal to the QADC64E.

Port B_PQB[4:7]. This is a bidirectional general-purpose /O
if the QADCB64E is configured in enhanced mode, otherwise
it is an input only.

B_AN[52:54] / B_MA[0:2] /
B_PQA[0:2]

I/0

B_AN[52:54]

Analog Input [52:54]. These inputs are passed on as
separate signals to the QADCG64E.

Multiplexed Address [0:2] for QADC64E Module A. Provides
a three-bit multiplexed address output to the external
multiplexer chip to allow selection of one of the eight inputs.

Port B_PQA[0:2]. This is a bidirectional general-purpose
I/0.

B_AN[55:59] / B_PQA[3:7]

I/0

B_AN[55:59]

Analog Input [55:59]. These inputs are passed on as
separate signals to the QADC64E.

Port B_PQA[3:7]. This is a bidirectional general-purpose
I/0.

VRH

VRH

VRH. Input signal for high reference voltage for the
QADC64E_A and QADC64E_B modules.

VRL

VRL

VRL. Input signal for low reference voltage for the
QADC64E_A and QADC64E_B modules.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

ALTREF

1

ALTREF

ALTREF. Input signal for alternate reference voltage for the
QADC64E_A and QADC64E_B modules.

VDDA

VDDA

VDDA. Power supply input to analog subsystems of the
QADCB64E_A and QADC64E_B modules.

VSSA

VSSA

VSSA. Ground level for analog subsystems of the
QADCB64E_A and QADC64E_B modules.

QsmC

M

PCS0/SS/QGPIO0

I/0

I/0

I/0

PCSO. This signal provides QSPI peripheral chip select 0 for
the QSMCM module.

QGPIO0

SS. Assertion of this bidirectional signal places the QSPI in
slave mode.

Port QGPIO0. When this signal is not needed for a QSPI
application it can be configured as a general-purpose
input/output.

PCS[1:3] / QGPIO[1:3]

I/0

I/0

PCS[1:3]. These signals provide QSPI peripheral chip
selects for the QSMCM module.

QGPIO[1:3]

Port QGPIO[1:3]. When these signals are not needed for
QSPI applications they can be configured as
general-purpose input/outputs.

MISO / QGPIO4

I/0

I/0

QGPIO4

Master-In Slave-Out (MISO). This bidirectional signal is the
serial data input to the QSPI in master mode, and serial data
output from the QSPI in slave mode.

Port QGPIO4. When this signal is not needed for a QSPI
application it can be configured as a general-purpose
input/output.

MOSI/ QGPIO5

I/0

I/0

QGPIO5

Master-Out Slave-In (MOSI). This bidirectional signal is the
serial data output from the QSPI in master mode and serial
data input to the QSPI in slave mode.

Port QGPIO5. When this signal is not needed for a QSPI
application it can be configured as a general-purpose
input/output.

SCK/QGPIO6

I/0

I/0

SCK. This bidirectional signal is the clock from the QSPI in
master mode or is the clock to the QSPI in slave mode.

QGPIO6

Port QGPIO6 for the QSMCM module. When this signal is
not needed for a QSPI application it can be configured as a
general-purpose input/output. When the QSPI is enabled for
serial transmitting, the signal cannot function as a GPIO.

TXD1/QGPO1

Transmit Data 1. This is the serial data output from the SCI1.

QGPO1

Port QGPO 1. When these signals are not needed for SCI
applications, they can be configured as general-purpose
outputs. When the transmit enable bit in the SCI control
register is set to a logic 1, these signals cannot function as
general-purpose outputs.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

TXD2/QGPO2/C_CNTX0°

O

QGPO2

Transmit Data 2. This is the serial data output from the SCI2

Port QGPO 2. When this signal is not needed for SCI
applications it can be configured as general-purpose output.
When the transmit enable bit in the SCI control register is set
to alogic 1, this signal cannot function as a general-purpose
output.

TouCAN Transmit Data. This signal is the serial data output
for the TouCAN_C module.

RXD1/QGPI1

QGPI1

Receive Data 1. This input signal is the serial data input to
the SCI.

Port QGPI 1. When this signal is not needed for SCI
applications, it can be configured as a general-purpose
input. When the receive enable bit in the SCI control register
is set to a logic 1, this signal cannot function as a
general-purpose input.

RXD2 / QGPI2 / C_CNRX0°

QGPI2

Receive Data 2. This input signal provides serial data input
to the SCI2.

Port QGPI 2. When this signal is not needed for SCI
applications it can be configured as a general-purpose
input. When the receive enable bit in the SCI control register
is set to a logic 1, this signal cannot function as a
general-purpose input.

TouCAN Receive Data. This is the serial data input signal for
the TouCAN_C module.

MIOS14

MDA[11:15, 27:31]

10

I/0

MDA[11:15,
27:31]

Double Action. These 10 signals provide paths for two 16-bit

input captures and two 16-bit output compares.

Clock and Load inputs:

* MDA11 can provide clock inputs to the modulus counter
submodule, MMCSM6

* MDA12 can provide load inputs to the modulus counter

submodule, MMCSM6

MDA13 can provide clock inputs to MMCSM22

MDA14 can provide load inputs to MMCSM22

MDA27 can provide clock inputs to MMCSM23

MDAZ28 can provide load inputs to MMCSM23

MDA30 can provide clock inputs to MMCSM7

MDAS31 can provide load inputs to MMCSM7

MPWMO / MDI1

I/0

MPWMO unless
the Nexus
(READI) port is
enabled, then
MDIA.

See Section 2.5.

Pulse Width Modulation 0. This signal provides variable
pulse width outputs at a wide range of frequencies.

Message Data In. MDI1 is a Nexus input signal used for
downloading configuration information, writes to user
resources, etc. Internal latching of MDI will occur on rising
edge of MCKI.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after .
Signal Name Signals Type Reset Description
/O | MPWMT1 unless | Pulse Width Modulation 1. This signal provides a variable
the Nexus pulse width output signal at a wide range of frequencies.
(READI) port is .
bled. th READI Message Data Out. Message data out (MDO2) is an
MPWM1 / MDO2 1 :/InDaog - e output signal used for uploading OTM, BTM, DTM, and
(0] S S. tion 2.5 read/write accesses. External latching of MDO occurs on
e Seclion - 1 ihe rising edge of MCKO. Eight MDO signals are
implemented.
I/0 Pulse Width Modulation 2. This signal provides a variable
MPWM2 / PPM_TX1 1 MPWM2 pulse width output signal at a wide range of frequencies.
(0] PPMTX1. Transmit data from PPM channel number 1.
I/0 Pulse Width Modulation 3. This signal provides a variable
MPWM3 / PPM_RX1 1 MPWM3 pulse width output signal at a wide range of frequencies.
| PPMRX1. Receive data to the PPM channel number 1.
Pulse Width Modulation 16. This signal provides a variable
MPWM16 1 /0O |MPWM16 pulse width output at a wide range of frequencies.
Clock Input: MPWM16 can provide a clock input to modulus
clock submodule, MMCSM8
Pulse Width Modulation 17. This signal provides variable
/0 | MPWM17 pulse width outputs at a wide range of frequencies.
unless the Load Input: PWM17 can provide a load input to modulus
Nexus (READI) |clock submodule, MMCSM8
MPWM17/MDO3 1 gort g er;.alc:]lzdé READI Message Data Out. Message data out (MDOS3) is an
ee section £.. output signal used for uploading OTM, BTM, DTM, and
(0] read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
Pulse Width Modulation [18:19]. These signals provide
variable pulse width output signals at a wide range of
frequencies.
I/0 Clock and Load Input:
* MPWM18 can provide clock inputs to modulus counter
submodule MMCSM24
MPWM[18:19] / MDQOI[6:7] 2 MPWM[18:19] ¢ MPWM19 can provide load inputs to modulus counter
submodule MMCSM24
READI Message Data Out. Message data out (MDO[6:7])
are output signals used for uploading OTM, BTM, DTM, and
(0] read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name S'\ilgr:l:Ifs Type Fun;t;::t?fter Description
I/0 MIOS14 GPIO 0. Allows the signals to be used as
general-purpose inputs/outputs.
MPIO32B0 Visible Instruction Queue Flush Status 0. These signals
output by the MPC561/MPC563 when program instruction
(0] unless the flow tracking is required. VF reports the number of
MPIG32B0 / VFO /MDO1 1 Nexgs (REAIDI) instructions flushed from the instruction queue in the
tphoerrt1 ':AeDrgf ed, internal core. VF signals are also multiplexed with the
See Section. o5 development and debug signals VF0 / LWP1/BG, VF1/
| IWP2/BR, and VF2 / IWP3 / BB.
READI Message Data Out. Message data out (MDO1) is an
(0] output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
I/0 MIOS14 GPIO 1. Allows the signals to be used as
general-purpose inputs/outputs.
MPIO32B1 Visible Instruction Queue Flush Status 1. These's,ignalsf
unless the output by_the_MPC5_61/MPC563 when program instruction
Nexus (READI) flovtv tratcklngﬂls rr(]eq;lfred. \t/hF repct)rtstthe number otfh
(0] . instructions flushed from the instruction queue in the
MPIO32B1/VF1/MCKO 1 fhoer; is enabled, internal core. VF signals are also multiplexed with the
MCKO development and debug signals VF0 / LWP1/BG, VF1/
T IWP2 /BR, and VF2 / IWP3 / BB.
See Section 2.5.
MCKO. Message clock-out (MCKO) is a free-running output
(0] clock to development tools for timing of MDO and MSEO
signal functions. MCKO is the same as the
MPC561/MPC563 system clock.
I/0 MIOS14 GPIO 2. Allows the signals to be used as
general-purpose inputs/outputs.
Visible Instruction Queue Flush Status 2. These signals
output by the MPC561/MPC563 when program instruction
MPIO32B2 flow tracking is required. VF reports the number of
unless the . cKing N : P . .
© Mo READ) [ T e e
—— . i . i ultiplexed wi
MPIO32B2 / VF2 / MSE 1 tpho;; ':/Igr;lbled’ development and debug signals VFO / LWP1 /BG, VF1/
- IWP2/BR, and VF2 / IWP3/ BB.
See Section 2.5.
MSEI. Message Start/End Input. The MSEIl input is a Nexus
| input signal that indicates when a message on the MDI
signals has started, when a variable length packet has
ended, and when the message has ended. Internal latching
of MSEI occurs on rising edge of MCKI.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after .
Signal Name Signals Type Reset Description
I/0 MIOS14 GPIO 3. Allows the signal to be used as a
general-purpose input/output.
MPIO32B3 Visible History Buffer Flush Status 0. This signal is output by
nless th the MPC561/MPC563 to allow program instruction flow
(0] nejj: (ReEADI) tracking. It reports the number of instructions flushed from
T . the history buffer in the RCPU. See Chapter 23,
MPI032B3 / VFLS0 / MSEO 2 port is en.abled. “Development Support? for details.
See Section 2.5.
MSEO. Message start/end out (MSEO) is an output signal
which indicates when a message on the MDO signals has
(0] started, when a variable length packet has ended, and when
the message has ended. External latching of MSEO occurs
on rising edge of MCKO.
I/0 MIOS14 GPIO 4. Allows the signal to be used as a
general-purpose input/output.
Visible History Buffer Flush Status 1. This signal is output by
MPIO32B4 / VFLS1 1 MPIO32B4 the MPC561/MPC563 to allow program instruction flow
(0] tracking. It reports the number of instructions flushed from
the history buffer in the RCPU. See Chapter 23,
“Development Support,” for details.
/0 |MPIO32B5 MIOS14 GPIO 5. Allows the signal to be used as a
unless the general-purpose input/output.
MPIO32B5 / MDO5 1 Ne)iqs (RESD(;) READI Message Data Out. Message data out (MDO5) is an
(6] portis enabled, output signal used for uploading OTM, BTM, DTM, and
then MDO5. . .
See Section 2.5 read/write accesses. External latching of MDO occurs on
ee section £.. rising edge of MCKO. Eight MDO signals are implemented.
/0 | MPIO32B6 MIOS14 GPIO 6. Allows the signal to be used as
unless the general-purpose input/output.
Nexus (READI) - - : - -
MPIOS286 PN o |portscnabed, | P52 W Mociaton ¢ These st provce artie
MDO6 1 then MDO6. [P i g d :
See Section 2.5. | READI Message Data Out. Message data out (MDOS) is an
(@] output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
I/0 MIOS14 GPIQ[7:9]. Allows these signals to be used as
MPIO32B[7:9]/ general-purpose input/outputs.
MPWM[5, 20:21] 3 MPIO32B{7:9] Pulse Width Modulation [5, 20:21]. These signals provide
/0 variable pulse width outputs at a wide range of frequencies.
I/0 MIOS14 GPIO 10. This function allows the signals to be
used as general-purpose inputs/outputs.
MPIO32B10/PPM_TSYNC 1 (0] MPIOS2B10 PPM_TSYNC. Synchronizes the data between the PPM and
peripheral devices.
I/0 MIOS14 GPIO 11. This function allows the signals to be
MPIO32B11 / C_CNRX0® 1 MPIO32B11 used as general-purpose inputs/outputs.
| TouCAN_C Receive Data. This is the serial data input signal
for the TouCAN_C module.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after .
Signal Name Signals Type Reset Description
I/0 MIOS14 GPIO 12. This function allows the signals to be
MPIO32B12 / C_CNTX0® 1 MPI10O32B12 used as general-purpose inputs/outputs.
(0] TouCAN_C Transmit Data. This is the serial data output
signal for the TouCAN_C module.
I/0 MIOS14 GPIO 13. This function allows the signals to be
MPI1032B13 / PPM_TCLK 1 MPI0O32B13 used as general-purpose inputs/outputs.
(0] PPM_TCLK. PPM bus clock
I/0 MIOS14 GPIO 14. This function allows the signals to be
MPI032B14 / PPM_RX0 1 MPIO32B14 used as general-purpose inputs/outputs.
| PPM_RXO0. Receive data to the PPM channel number 0.
I/0 MIOS14 GPIO 15. This function allows the signals to be
MPIO32B15 / PPM_TXO0 1 MPIO32B15 used as general-purpose inputs/outputs.
(0] PPM_TXO. Transmit data from PPM channel number 0.
TPU
A_TPUCH]I0:15] 16 /0 | A_TPUCHI[O0:15] | Provides TPU module A with 16 input/output programmable
timed events.
This signal is used to clock or gate the timer count register
/0 2 (TCR2) within the TPU module A. This signal is an
A_T2CLK/PCS5 1 A_T2CLK output-only in special test mode.
O PCS5. This signal provides QSPI peripheral chip select
when the enhanced PCS mode is selected.
B_TPUCH][0:15] 16 /O | B_TPUCH]I0:15] | Provides TPU module B with 16 input/output programmable
timed events.
This signal is used to clock or gate the timer count register
1/0 2 (TCR2) within the TPU module B. This signal is an
B_T2CLK/ PCS4 1 B_T2CLK output-only in special test mode.
(0] PCS4. This signal provides QSPI peripheral chip select

when the enhanced PCS mode is selected.

Global Power

NVDDL. Noisy 2.6-V voltage supply input. This signal

NVDDL 1 | NVDDL supplies the final output stage of the 2.6-V pad output
drivers. The NVDDL and QVDDL supplies should be
connected to the same power supply in a user's system.
QVDDL. Quiet 2.6-V voltage supply input. This signal
supplies all pad logic and pre-driver circuitry, except for the

QvVDDL 1 | QvVDDL final output stage of the 2.6-V pad output drivers.

The NVDDL and QVDDL supplies should be connected to
the same power supply in a user's system.

VDDH 1 | VDDH VDDH. 5-V voltage supply input.

VDD 1 | VDD VDD. 2.6-V voltage supply input for internal logic.

KAPWR 1 | KAPWR Keep-Alive Power. 2.6-V voltage supply input for the

oscillator and keep-alive registers.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after .
Signal Name Signals Type Reset Description
VSS 1 I |VSS VSS. Zero supply/ground level for internal logic/external
bus.
IRAMSTBY 1 | IRAMSTBY SRAM Keep-Alive Power. This is an input current source for

an internal regulator that supplies voltage to all SRAM
modules in standby mode. This pad connects through a
voltage regulator and a voltage switch to the following
modules: CALRAM (32-Kbyte SRAM), DPTRAM (8-Kbyte
SRAM), BBC DECRAM (2-Kbyte vocabulary SRAM).

This is the function after PORESET/TRST and HRESET.

This signal also included the MDOS5 function on the K27S mask set of the MPC561.

This signal was ECK on K27S mask set of MPC561.

Only the MCP563/MPC564 have Flash memory.

The input only applies in legacy mode.

C_CNTX0 and C_CNRXO can be shared either with the MIOS14 GPIO pins (MPIO32B12, MPIO32B11) or with the QSMCM

SC12 pins (TXD2 / QGPO2, RXD2 / QGPI2). The selection is made by the TCNC bits in the PDMCR2 register. Refer to
Section 2.4, “Pad Module Configuration Register (PDMCR2).”

o o A W N =

2.2.1 MPC561/MPC563 Signal Multiplexing

Table 2-2 describes the signal multiplexing that occurs between different modules of the
MPC561/MPC563. Most of the signal functions are controlled by the PDMCR?2 register.

Table 2-2. MPC561/MPC563 Signal Sharing

Signal Name Module Sharing
C_CNTX0/MP1032B12, TouCAN shared with MIOS14 GPIO
C_CNRX0/MPIO32B11

TXD2/QGPO2/C_CNTX0 TouCAN shared with QSMCM SCI2
RXD2/QGPI2/C_CNRX0
MP1032B5/MDQO5 READI submodule shared with MIOS14 GPIO
MP1032B6/MPWM4, MIOS14 PWM submodule shared with MIOS14 GPIO
MPI1032B7/MPWMS5,

MPIO32B8/MPWM20,
MPIO32B9/MPWM21

VFO0/MPIO32B0/MDOA1, Debug pins shared with MIOS14 GPIO and READI

VF1/MPIO32B1/MCKO,

VF2/MPI032B2/MSEl,
VFLS0/MPIO32B3/MSEQO

MP1032B13/PPM_TCLK PPM submodule shared with MIOS14 GPIO
MPIO32B14/PPM_RX0
MPIO32B15/PPM_TXO0

MPWM2/PPM_TX1 PPM submodule shared with MIOS14 PWM submodule
MPWM3/PPM_RX1
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Table 2-2. MPC561/MPC563 Signal Sharing (continued)

Signal Name Module Sharing
MPWMO/MDIA, READI submodule shared with MIOS14 PWM submodule
MPWM1/MDO2,

MPWM17/MDOS,
MPWM[18:19]/MDQI[6:7]
B_T2CLK/PCS4 TPU3 modules shared with QSMCM module.
A_T2CLK/PCS5
ETRIG1/PCS6 QADCG64E modules shared with QSMCM module.

ETRIG2/PCS7

2.2.2 READI Port Signal Sharing

Table 2-3 and Table 2-4 show the signal functionality of the READI signals when the Nexus port is in
reduced port mode and full port mode.

Table 2-3. Reduced and Full Port Mode Pads

Pad Name Functionality in Reduced | Functionality When Not in
Port Mode Reduced Port Mode

TDI/DSDI/MDIO? MDIO TDI/DSDI
TDO/DSDO/MDO0 MDOO TDO/DSDO?
VFO/MPI032B0/MDO1 MDO1 VFO/MPIO32B03
VF1/MPI032B1/MCKO MCKO VF1/MPIO32B13
VF2/MPI032B2/MSEI MSEI VF2/MPI032B23
VFLS0/MPIO32B3/MSEO MSEO VFLSO0/MP1032B3*

1 TDI in JTAG mode, DSDI in BDM mode.

2 TDO in JTAG mode, DSDO in BDM mode.

3 Selected by the VF bit in the MIOS14TPCR.

4 Selected by the VFLS bit in the MIOS14TPCR.

Table 2-4. Full Port Only Mode Pads

Pad Name Functionality in Full Port Functionality when not in
Mode Full Port Mode

MPWMO/MDI1 MDI1 MPWMO
MPWM1/MDO2 MDO2 MPWM1
MPWM17/MDO3 MDO3 MPWM17
IRQO/SGPIOC0/MDO4 MDO4 IRQO/SGPIOCO
MPI1032B5/MDO5 MDO5 MPIO32B5
MPIO32B6 / MPWM4 / MDO6 MDOS6' MPIO32B6/MPWM4
MPWM18/MDO6 MDOs6' MPWM18
MPWM19/MDO7 MDO7 MPWM19

' The MDOS bit in the PDMCR2 register determines where the MDO6 signal is available.
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2.3 Pad Module Configuration Register (PDMCR)

Bits in the PDMCR (which resides in the SIU memory map) control the slew rate and weak
pull-up/pull-down characteristics of some signals; refer to Appendix F, “Electrical Characteristics.” The
PORESET/TRST signal resets all the PDMCR bits asynchronously.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SLRC PRDS | SPRDS |T2CLK_PU PULL_DIS —
HRESET 0000_0000_0000_0000
Addr 0x2F C03C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
HRESET 0000_0000_0000_0000

Figure 2-2. Pads Module Configuration Register (PDMCR)

Table 2-5 contains bit descriptions for the PDMCR.
Table 2-5. PDMCR Field Descriptions

Bits Name Description

SLRCO controls the slew rate of signals on the following modules: TPU3, QADC64E, SGPIOA,
SGPIOD, SGPIOC. For the slew rate refer to Appendix F, “Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC1 controls the slew rate of signals on the following modules: QSPI, TouCAN_A, TouCAN_B.
For the slew rate refer to Appendix F, “Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC2 controls the slew rate of signals on the QSCI in QSMCM . For the slew rate refer to
Appendix F, “Electrical Characteristics.”
0 Slew rate controlled

0:5 | SLRCO:3] 1 Not slew rate controlled

SLRC3 controls the slew rate of signals on the following modules: MIOS14 except
MPWM2/PPM_TX1 and MPWM3 signal. For the slew rate refer to Appendix F, “Electrical
Characteristics”

0 Slew rate controlled

1 Not slew rate controlled

SLRC4 controls the slew rate of the MIOS14 MPWM2 signal. For the slew rate refer to Appendix F,
“Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRCS5 controls the slew rate of the MIOS14 MPWMBS signal. For the slew rate refer to Appendix F,
“Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled
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Table 2-5. PDMCR Field Descriptions (continued)

Bits Name Description

6 PRDS Disables weak pull-up/pull down devices enabled at the assertion of PORESET/TRST or
HRESET.

Signals affected by the PRDS bit include the following:

* all SGPIO signals

* all TPU3 signals

0 Enable weak pull-up/pull down devices on pads controlled by this signal.

1 Disable weak pull-up/pull down devices on pads controlled by this signal.

Refer to Table 2-14 for more information on PRDS.

7 SPRDS | Disables weak pull-up/pull down devices enabled at the assertion of PORESET/TRST or
HRESET.

Signals affected by the SPRDS bit include the following: BDIP, TA, TS, TEA, RD/WR, BR, BG, BB,
TSIz, BI/STS, BURST, TDI, TMS, JCOMP, TCK.

0 Enable weak pull-up/pull down devices on pads controlled by this signal.

1 Disable weak pull-up/pull down devices on pads controlled by this signal.

Refer to Table 2-14 for more information on SPRDS.

8 T2CLK_PU | Controls the pull-up on the TPU T2CLK signals.
0 Pull-ups are enabled if the T2CLK signals are defined as inputs
1 Pull-ups are disabled on the T2CLK signals

9:14 | PULL_DIS |Disables weak pull up-or-down devices enabled at the assertion of PORESET/TRST or HRESET.
Signals affected by these bits include the following:
e PULL_DISO (bit 9): all MIOS14 input signals
e PULL_DIS1 (bit 10): all QSMCM input signals
PULL_DIS2 (bit 11): all QADC64E input signals, except ETRIG1 and ETRIG2
(
(

e PULL_DIS3 (bit 12): all TouCAN input signals

e PULL_DIS4 (bit 13): Reserved

e PULL_DISS5 (bit 14): ETRIG1 and ETRIG2'

0 Enable weak pull-up/pull-down devices on pads controlled by this signal.
1 Disable weak pull-up/pull-down devices on pads controlled by this signal.
15-31 — Reserved

' This bit was RESERVED on the K27S mask set of MPC561.

2.4 Pad Module Configuration Register (PDMCR2)

The PDMCR?2 controls alternate functionality of signals shared between different modules, as well as the
pre-discharge circuitry to allow 5V friendliness on the data bus.

MSB
0 1 2 3 4 5 6 7 8 9 10 M 12 18 14 15
Field| PREDIS_EN — TCNC MPI7 | MPI8 | MPI9 — PPMPAD —
HRESET 0000_0000_0000_0000
Addr Ox2F C038
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Field PPMV — MDO6 | MPI6 — PC |PCS|PCS |PCS|PCS —
SV |4EN| 5EN | 6EN | 7EN
HRESET 0000_0000_0000_0000

Figure 2-3. Pads Module Configuration Register 2 (PDMCR2)
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Table 2-6. PDMCR2 Field Description

Bits Name Description
0 PREDIS_ |Enable for the Pre-discharge circuit to allow 5 volt external devices on the external data bus.
EN 0 Bus pre-discharge disabled

1 Bus pre-discharge enabled

Note: This bit is reserved in 66-MHz implementations.

1:3 — Reserved

4:5 TCNC Controls the function on the following pads: TXD2/QGPO2/C_CNTX0, RXD2/QGPI12/C_CNRXO0,
MPIO32B11/C_CNRX0, MPIO32B12/C_CNTXO0. Refer to Table 2-7.

6 MPI17 Controls the pad MPIO32B7/MPWM5.
0 MPIO32B7 function will be selected.
1 MPWMS5 function will be selected.

7 MPI8 Controls the pad MPIO32B8/MPWM20.
0 MPIO32B8 function will be selected.
1 MPWM20 function will be selected.

8 MPI9 Controls the pad MPIO32B9/MPWM21.
0 MPIO32B9 function will be selected.
1 MPWM21 function will be selected.

11:13| PPMPAD | Control the PPM module pads: MPIO32B14/PPM_RX0, MPIO32B15/PPM_TXO,
MPWM2/PPM_TX1, MPWM3/PPM_RX1, MPIO32B10/PPM_TSYNC, MPI032B13/PPM_TCLK.
Refer to Table 2-8.

14:15 — Reserved

16 PPMV Selects the voltage of the PPM pads.
0 The voltage will be 2.6 V.
1 The voltage will be 5 V.

17:19 — Reserved

20 MDO6 Selects the functionality of MDO6

0 The pad MPIO32B6/MPWM4/MDO6 will function as MDO6, and the pad MPWM18/MDOG6 will
function as MPWM18.

1 The pad MPWM18/MDOG will function as MDOB, and the pad MP1032B6/MPWM4/MDOG6 will
function according to MPI6 bit.

This selection is enabled only if full port mode is implemented in the READI module, if full port

mode is not selected then MPWM18/MDOG6 will function as MPWM18, and

MP1032B6/MPWM4/MDOG6 will function according to MPI6 bit.

NOTE: It is recommended to use MPIO32B6/MPWM4/MDOG6 for the Nexus port as MDOG is

enabled from reset.

21 MPI6 Controls the pad MPIO32B6/MPWM4/MDOB6.

0 MPIO32B6 function will be selected.

1 MPWM4 function will be selected.

This bit will be disabled if full port mode is enabled in the READI module, and MDOB bit is logic ‘0’.

22:24 — Reserved

25 PCSV Selects the polarity of QSMCM module QSPI PCS signals in the PCS expanded mode.
0 Selects Active High.
1 Selects Active Low.
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Table 2-6. PDMCR2 Field Description (continued)

Signal Descriptions

Bits Name Description
26 PCS4EN' | Controls the pad B_T2CLK/PCS4.
0 B_T2CLK function will be selected.
1 PCS4 function will be selected.
27 PCS5EN | Controls the pad A_T2CLK/PCS5.
0 A_T2CLK function will be selected.
1 PCSS5 function will be selected.
28 PCS6EN | Controls the pad ETRIG1/PCS6.
0 ETRIG1 function will be selected.
1 PCS6 function will be selected.
29 PCS7EN | Controls the pad ETRIG2/PCS7.
0 ETRIG2 function will be selected.
1 PCS?7 function will be selected.
30:31 — Reserved

1 Refer to Table 2-9 for information regarding enhanced PCS functionality.

Table 2-7. TCNC Pad Functionalities

TCNC TXD2/QGPO2/ RXD2/QGPI2/ MPI1032B11/ MP1032B12/
Values C_CNTXO0 C_CNRXO0 C_CNRXO0 C_CNTXO0
00 TXD2/QGPO2 RXD2/QGPI2 MP1032B11 MPI1032B12
x1 TXD2/QGPO2 RXD2/QGPI2 C_CNRXO0 C_CNTXO0
10 C_CNTXO0 C_CNRXO0 MP1032B11 MPI0O32B12
Table 2-8. PPMPAD Pad Functionalities
PPMPAD MPI1032B14/ MPIO32B15/ MPWM3/ MPWM2/ MP1032B10/ MP1032B1/
Values PPM_RXO0 PPM_TXO0 PPM_RX1 PPM_TX1 PPM_TSYNC PPM_TCLK
x00 MPIO32B14 MPIO32B15 MPWM3 MPWM2 MPIO32B10 MPIO32B13
001 MPIO32B14 PPM_TXO0 MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
010 PPM_RXO0 MPIO32B15 MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
011 PPM_RXO0 PPM_TXO0 MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
101 MPIO32B14 PPM_TXO0 MPWM3 PPM_TX1 PPM_TSYNC |PPM_TCLK
110 PPM_RXO0 MPIO32B15 PPM_RX1 MPWM2 PPM_TSYNC |PPM_TCLK
111 PPM_RXO0 PPM_TXO0 PPM_RX1 PPM_TX1 PPM_TSYNC |PPM_TCLK
Table 2-9. Enhanced PCS Functionality
PCS_IN[3:0] PCS_OUT[7:0] IF PCSV =0 PCS_OUT[7:0] IF PCSV =1
0000 00000001 11111110
0001 00000010 11111101
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Table 2-9. Enhanced PCS Functionality (continued)

PCS_IN[3:0] PCS_OUTI[7:0] IF PCSV =0 PCS_OUTI[7:0] IF PCSV =1
0010 00000100 11111011
0011 00001000 11110111
0100 00010000 11101111
0101 00100000 11011111
0110 01000000 10111111
0111 10000000 01111111
1000 00000000 11111111
1001 RESERVED RESERVED
1010
1011
1100
1101
1110
1111

NOTE

PCS_INJ[3:0] are driven from the QSMCM module. PCS_OUT[7:0] values
are driven by the corresponding PCS[7:0] pads. If all of the PCS enable bits
PCS4EN, PCSSEN, PCS6EN and PCS7EN bits are zero, PCS[3:0] will be
driven directly by the QSMCM module. If one or more of these enable bits
is set, the enhanced PCS function is selected, and the enabled pads drive

PCS_OUT][7:0] value, as shown in Table 2-9.

Table 2-10 details the functionality of the A T2CLK/PCS5 and B T2CLK/PCS4 pads dependent on the

values of PDMCR2[PCSSEN], PDMCR2[PCS4EN] and SHORT REG [SH_T2CLK]. Also shown in this

table is the internal connection of the TPU signals when the enhanced chip select function is used.
Table 2-10. Enhanced PCS 4 & 5 Pad Function

PDMCR2 | PDMCR2 | SHORT REG | A_T2CLK/PCS5 | B_ T2CLK/PCS4 A—TZ(T:';'S"X”“‘*' B—Tzﬁtﬁ"ge’"a'

[PCS5EN] | [PCS4EN] | [SH_T2CLK] | PAD Function | PAD Function —. .
Connection Connection

0 0 0 A_T2CLK B_T2CLK A_T2CLK/PCS5 B_T2CLK/PCS4
Pad Pad

0 0 1 A_T2CLK B_T2CLK A_T2CLK/PCS5 A_T2CLK/PCS5
Pad Pad

0 1 0 A_T2CLK PCS4 A_T2CLK/PCS5 B_T2CLK Signal

Pad driven Hl internally
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Table 2-10. Enhanced PCS 4 & 5 Pad Function

Signal Descriptions

A_T2CLK internal

B_T2CLK internal

PDMCR2 | PDMCR2 | SHORT_REG | A_T2CLK/PCS5 | B_T2CLK/PCS4 TPU A TPU B
[PCS5EN] | [PCS4EN] | [SH_T2CLK] | PAD Function | PAD Function v .
Connection Connection
0 1 1 A_T2CLK PCS4 A_T2CLK/PCS5 A_T2CLK/PCS5
Pad Pad
1 0 0 PCS5 B_T2CLK A_T2CLK Signal B_T2CLK/PCS4
driven Hl internally Pad
1 0 1 PCS5 B_T2CLK A_T2CLK Signal B_T2CLK Signal
driven Hl internally | driven HI internally
by connection to
A_T2CLK
1 1 0 PCS5 PCS4 A_T2CLK Signal B_T2CLK Signal
driven Hl internally | driven HI internally
1 1 1 PCS5 PCS4 A_T2CLK Signal B_T2CLK Signal

driven Hl internally

driven Hl internally

by connection to
A_T2CLK

1. If PCS4/5EN = 1 then A/B_T2CLK into the module is pulled up internally (enabling Div/8 clock, in gate mode).

2. If only PCS4EN=1, then A_T2CLK can be driven into B_T2CLK if PPM_SHORT[SH_T2CLK] is set.

3. If only PCS5EN=1 then A_T2CLK will be pulled up, if PPM_SHORT[SH_T2CLK] is set, then, B_T2CLK will be high

regardless of pin state.

All of this is regardless of the Pull up/down state.

Note: The PPM shorting function has higher priority logic. If shorting is selected, then A_T2CLK — B_T2CLK. If A_T2CLK
is selected as PCS then both A_T2CLK and B_T2CLK will be high regardless of B_T2CLK/PCS4 Pad state.

Table 2-11 details the functionality of the ETRIG1/PCS6 and ETRIG2/PCS7 pads dependent on the values
of PDMCR2[PCS6EN], PDMCR2[PCS7EN], SHORT REG [SH_ET1] and SHORT REG [SH _ET2].
Also shown in this table is the internal connection of the ETRIG signals when the enhanced chip select
function is used.
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2.5 MPC561/MPC563 Development Support Signal Sharing
Table 2-11. Enhanced PCS 6 & 7 Pad Function
PDMCR2 | PDMCR2 | PULL_ SZCI’EF(;T_ SP;‘%ZT— ETRIG1/PCS6 | ETRIG2/PCS7 Pad Fr?;::ﬁa} EI::S:I
[PCS6EN] |[PCS7EN]| DIS5 [SH_ET1] | [SH_ET2] PAD Function | PAD Function | Pull-up connection | connection
0 0 0 0 0 ETRIG1 ETRIG2 Enabled ETRIG1 ETRIG2
0 0 0 1 1 ETRIG1 ETRIG2 Enabled | A_TPUCH15 | B_TPUCH15
0 0 1 0 0 ETRIG1 ETRIG2 Disabled ETRIG1 ETRIG2
0 0 1 1 1 ETRIG1 ETRIG2 Disabled | A_TPUCH15 | B_TPUCH15
0 1 0 0 0 ETRIG1 PCS7 Enabled ETRIG1 PCS7
0 1 0 1 1 ETRIG1 PCS7 Enabled | A_TPUCH15 | B_TPUCH15
0 1 1 0 0 ETRIG1 PCS7 Disabled ETRIG1 PCS7
0 1 1 1 1 ETRIG1 PCS7 Disabled | A_TPUCH15 | B_.TPUCH15
1 0 0 0 0 PCS6 ETRIG2 Enabled PCS6 ETRIG2
1 0 0 1 1 PCS6 ETRIG2 Enabled | A_TPUCH15 | B_TPUCH15
1 0 1 0 0 PCS6 ETRIG2 Disabled PCS6 ETRIG2
1 0 1 1 1 PCS6 ETRIG2 Disabled | A_TPUCH15 | B_TPUCH15
1 1 0 0 0 PCS6 PCS7 Enabled PCS6 PCS7
1 1 0 1 1 PCS6 PCS7 Enabled | A_TPUCH15 | B_.TPUCH15
1 1 1 0 0 PCS6 PCS7 Disabled PCS6 PCS7
1 1 1 1 1 PCS6 PCS7 Disabled | A_TPUCH15 | B_TPUCH15

On the MPC561/MPC563, the JTAG, BDM, and READI (Nexus interface) signals are all shared. Only one
set of signals can be active at a time. Table 2-12 shows the shared functions in the different modes.

Table 2-12. MPC561/MPC563 Development Support Shared Signals

Signal1 Direction JTAG BDM READI
JCOMP/RSTI Input JCOMP 0 RSTI
TCK/DSCK/MCKI Input TCK DSCK MCKI
TDI/DSDI/MDIO Input TDI DSDI MDIO
TDO/DSDO/MDO0 Output TDO DSDO MDOO
TMS/EVTI Input ™S — EVTI

Only one set of signals are enabled at a time.
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Table 2-13. MPC561/MPC563 Mode Selection Options

Signal State When Sampled Affect
BDM Mode
DSCK High SRESET negation BDM mode enabled
Low SRESET negation BDM mode disabled
DSDI High 8 clocks after SRESET Synchronous mode
Low 8 clocks after SRESET Asynchronous mode

Nexus Configuration

EVTI High RSTI negation READI module Disabled
Low RSTI negation READI module Enabled
MDIO High EVTI negation Full Port mode
Low EVTI negation Reduced port mode

JTAG Selection

JCOMP Low PORESET Nexus or BDM allowed
High PORESET JTAG Mode Selected

2.5.1 JTAG Mode Selection

The MPC561/MPC563 has five JTAG signals. The test data input (TDI) and test data output (TDO) scan
ports are used to scan instructions as well as data into the various scan registers for JTAG operations. The
scan operation is controlled by the test access port (TAP) controller, which in turn is controlled by the test
mode select (TMS) input sequence. The scan data is latched at the rising edge of the test clock (TCK).

On the MPC561/MPC563, JTAG is used for boundary scan only. There is no access to internal
MPC561/MPC563 circuitry. When JTAG mode is enabled, the READI module will be held inactive. See
Figure 2-4 for JTAG mode selection.
JTAG is entered by the following sequence of events:

» Assert PORESET/TRST to reset the JTAG TAP controller

* Hold JCOMP/RSTT high prior to PORESET/TRST negation and keep high as long as JTAG mode
is required

(The READI module will be held inactive since only one of the multiplexed functions JCOMP and
RSTI can be asserted at the negation of PORESET/TRST).

JTAG mode is exited by:
* Drive JCOMP/RSTI low.

NOTE

PORESET/TRST and analog signals ANx, EXTAL, XTAL, and
TDI/TDO/TMS/TCK are not in the JTAG scan path.
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PORESET/TRST

JCOMP/RSTI

JTAG Config JTAG On JTAG Disabled
Figure 2-4. Debug Mode Selection (JTAG)

2.5.2 BDM Mode Selection
The MPC561/MPC563 has a 10 pin BDM port. See Figure 2-5 for BDM mode selection.

The BDM mode is entered by the following sequence of events:

«  Hold DSCK high at reset negation (SRESET)

» Configure DSDI to select BDM clock mode, within 8 clocks of reset negation
BDM mode is exited by:

* Reset the device by asserting PORESET/TRST or HRESET

SRESET
DSCK
DSDI ><
JcompirsTi | oW
vsievn | (ow)
> T
BDM Enable Configure BDM BDM On

Enable Nexus Nexus Off
Figure 2-5. Debug Mode Selection (BDM)

2.5.3 Nexus Mode Selection

The READI module signals support the Nexus (IEEE-ISTO 5001-1999) auxiliary port interface for debug.
There are two modes available: full port mode and reduced port mode. Reduced port mode allows for a 1
bit input stream and a 2 bit output stream. Full port mode allows for a 2-bit input stream and an 8-bit output
stream. If MDIO is held high when Nexus mode is enabled, full port mode will be used during Nexus
debug. If MDIO is held low when Nexus mode is enabled, reduced port mode will be used. See Figure 2-6
for Nexus mode selection.

The Nexus interface is entered by the following sequence of events:

* Hold JCOMP/RSTI low while negating PORESET/TRST

* Hold TMS/EVTI low to enable Nexus mode and configure TDI/DSDI/MDIO0 for full or reduced
port mode. Both of these should be done at least 4 clocks before driving JCOMP/RSTI high
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* Drive JCOMP/RSTI high

Nexus mode is exited by:
«  Hold JCOMP/RSTI low to reset Nexus port
«  Hold TMS/EVTI high to disable Nexus mode at least 4 clocks before driving JCOMP/RSTTI high
«  Drive JCOMP/RSTI high

PORESET/TRST

JCOMP/RSTI

TMS/EVTI

MDIO

T

Enable and Nexus On Nexus Off
Configure Nexus

Figure 2-6. Debug Mode Selection (Nexus)

2.6 Reset State

During reset, a 130-pA (maximum) resistor “weakly pulls” all input signals, with the exception of the
power-supply and clock-related signals, to a value based on conditions described in Appendix F,
“Electrical Characteristics.” In reset state, all I/O signals become inputs, and all outputs (except for
CLKOUT, HRESET, and SRESET) are pulled only by the pull-up/pull-down.

2.6.1 Signal Functionality Configuration Out of Reset

The reset configuration word (RCW) defines the post-reset functionality of some multiplexed signals. For
details on these signals and how they are configured, refer to Section 7.5.2, “Hard Reset Configuration
Word.”

The 2.6-V bus related signals have selectable output buffer drive strengths that are controlled by the COMO
bit in the USIU’s system clock and reset control register (SCCR). The control is as follows:

0 = 2.6-V bus signals full drive (50-pF load)

1 =2.6-V bus signals reduced drive (25-pF load)

2.6.2 Signal State During Reset

While HRESET is asserted, the reset-configuration value is latched from the data bus into various bits on
the part. The function of many signals depends upon the value latched. If the value on the data bus changes,
then the function of various signals may also change. This is especially true if the reset configuration word
(RCW) comes from the Flash, because the Flash does not drive the RCW until 256 clocks after the start of
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HRESET. However, the signals must not cause any spurious conditions or consume an excessive amount
of power during reset. To prevent these conditions, the signals need to have a defined reset state.
Table 2-14 describes the reset state of the signals based on signal functionality.

All signals are initialized to a “reset state” during reset. This state remains active until reset is negated or
until software disables the pull-up or pull-down device based on the signal functionality. Upon assertion
of the corresponding bits in the signal control registers and negation of reset, the signal acquires the
functionality that was programmed.

2.6.3 Power-On Reset and Hard Reset

Power-on reset and hard reset affect the functionality of the signals out of reset. (During soft reset, the
functionality of the signals is unaltered.)

Upon assertion of the power-on reset signal (PORESET/TRST) the functionality of the signal is not yet
known to the RCPU. The weak pull-up or weak pull-down resistors are enabled. The reset configuration
word configures the system, and towards the end of reset the signal functionality is known. Based upon
the signal functionality, the pull-up or pull-down devices are either disabled immediately at the negation
of reset or remain enabled, as shown in Table 2-14.

Because hard reset can occur when a bus cycle is pending, the PDMCR bits that enable and disable the
pull-up or pull-down resistors are set or reset synchronously to eliminate contention on the signals.
(PORESET/TRST affects these bits asynchronously.)

2.6.4 Pull-Up/Pull-Down

2.6.4.1 Pull-Up/Pull-Down Enable and Disable for 5-V Only and 2.6-V Only
Signals

The pull resistors are enabled and disabled by the corresponding bits in the PDMCR register in the USIU
(see Table 2-14). When those bits are negated (logic 0), the pull resistors are enabled. When asserted (logic
1), the devices are disabled.

2.6.4.2 Pull-Down Enable and Disable for 5-V/2.6-V Multiplexed Signals

The 5-V/2.6-V multiplexed pad does not have a pull-up device. The pull-down will be controlled by the
corresponding bits in the PDMCR register. When this bit is negated, the pull-down is enabled, when
asserted the pull-down will be disabled.

NOTE

All pull-up/pull-down devices are disabled when all the signals are forced
to three state in JTAG mode.

2.6.4.3 Special Pull Resistor Disable Control Functionality (SPRDS)

For the signals that support debug, opcode tracking, and bus control functionality, the pull resistors will be
controlled by the SPRDS bit in the PDMCR register. During reset this signal will be synchronously used
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to enable the pull resistors in the pads. On negation of reset, based on which functionality is selected for
the signals, this signal is set to disable the pull resistors, or is continued to be held in its reset state to
indicate that the pulls are disabled only when the output driver is enabled.

2.6.4.4 Pull Device Select (PULL_SEL)

The MIOS14 and the TPU signals have selectable pull-up or pull-down devices. The devices are controlled
by the PULL_SEL signal. A high on the PULL SEL signal enables pull-up devices on the MIOS14 and
TPU signals. A low enables pull-down devices. Note that the pull devices can be disabled by the

PULL _DISO0 (MIOS14) and PRDS (TPU) bits in the PDMCR register. See Section 2.3, “Pad Module
Configuration Register (PDMCR).”

2.6.5 Signal Reset States

Table 2-14 summarizes the reset states of all signals on the MPC561/MPC563. Note that PD refers to a
weak pull-down, PU2.6 refers to a weak pull-up to 2.6 V, and PUS5 refers to a weak pull-up to 5 V. All
control of the weak-pull devices is in the pad module configuration register, described in Table 2-5.

NOTE

2.6-V inputs are 5-V tolerant, but 2.6-V outputs are not. Do not connect
2.6-V outputs to a driver or pull-up greater than 3.1 V.

NOTE

Depending on the application, pins may require a pull-down resistor to
avoid getting any command due to noise.
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Table 2-14. MPC561/MPC563 Signal Reset State

Slew Rate Drive Hysteresi . o
Signal List’ Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
usiu
ADDR[8:31]%/ 26V No 50;25 |PD until reset No Controlled by SC bit in the
negates®, 6 reset config word. See
5 ’ Table 6-10.
SGPIOA[8:31] 5V Yes 50;50° |PD until PRDS No
is set
DATA[0:31]%/ 26V No 50;25 |PD until reset No Controlled by SC bit in the
negates® reset config word. See
5 - Table 6-10.
SGPIOD[0:31] 5V Yes 50:50 PD until PRDS No
is set
IRQO / 26V No NA PU2.6 until Yes MDO4 if the Nexus (READI)
. : PRDS is set® port is enabled, IRQO
SGPIOCO"/ 2.6V No 5025 Yes otherwise. See Section 2.5.
MDO4 7 26V No 50 ;25 Yes
IRQ1/ 26V No NA PD until reset Yes IRQ1
negates & 8
RSV / 26V No 50 ;25 |PD until reset Yes
negates ©
SGPIOC1 3 5V Yes 50;50° |PD until PRDS Yes
is set
IRQ2/ 26V No NA PD until reset Yes IRQ2
negates & 8
CR/ 26V No NA PD until reset No
negates & 8
SGPIOC2 3/ 5V Yes 50;50° |PD until PRDS No
is set
MTS® 26V No 50 ;25 |PD until reset No
negates ©
IRQS3/ 26V No NA PD until reset Yes IRQS
negates & 8
KR/ 26V No 50 ;25 |PD when driver No
not enabled 4
RETRY/ 26V No 50;25 |PD when driver No
not enabled *
SGPIOC3 3 5V Yes 50;50° |PD until PRDS No
is set
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Signal Descriptions

Slew Rate Drive Hysteresi
Signal List' | Voltage |Controlled| Load Reset State s
Option? (pF)? Enabled?

Function After HRESET,
PORESET/TRST

IRQ4 / 26V No NA PD until reset Yes IRQ4
negates & 8

AT2/ 2.6V No 50 ;25 |PD until reset No
negates & 8

SGPIOC4 3 5V Yes 50:50° |PD until PRDS Yes
is set

SGPIOC5 7/ 26V No 50;25 |PU2.6 until No
PRDS is set

MODCK1 1 26V No NA PU2.6V until No
reset negates

IRQ5'0/ 26V No NA PU2.6 until reset Yes MODCK1 until reset negates,
negates then IRQ5

MODCK[2:3] ''| 26V No NA | PU2.6until reset No
negates

1RQ[6:7] 19/ 26V No NA  |PU2.6 until Yes MODCK[2:3] until reset
SPRDS is set negates, then IRQ[6:7]

pull device
required

PULL_SEL 5V No NA PUS5, external No PULL_SEL

not enabled or
until SPRDS is
set

TSIZ[0:1] 7 26V No 50;25 |PD when driver No TSIZ[0:1]

RD/WR ’ 26V No 50;25 |PU2.6 when No RD/WR
driver not
enabled or until
SPRDS is set

BURST ’ 26V No 50;25 |PU2.6 when No BURST
driver not
enabled or until
SPRDS is set

BDIP ’ 26V No 50;25 |PU2.6 when No BDIP
driver not
enabled or until
SPRDS is set

TS 712 26V No 50;25 |PU2.6 when No TS
driver not
enabled or until
SPRDS is set
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
TA7 12 26V No 50;25 |PU2.6 when No TA
driver not
enabled or until
SPRDS is set
TEA7 12 26V No 50;25 |PU2.6 when No TEA
driver not
enabled or until
SPRDS is set
OE’ 26V No 50; 25 |PU2.6untilreset No OE
negates
RSTCONF / 26V No N/A PU2.6 when No RSTCONF until reset
driver not negates.
7,11 - enabled or until
TEXP 26V No 50;25 |SpRDS is set No
BI 1% 26V No 50 ;25 |PU2.6 when No Controlled by DBGC in the
=7 - driver not reset configuration word.
STS 2.6V No 50525 | gnabled or until No See Table 6-8.
SPRDS is set.
CS[0:3] 7 26V No 50;25 |PU2.6untilreset No CS[0:3]
negates
WEJ0:3] 7/ 26V No 50 ;25 |PU2.6 when No Controlled by bit ATWC (bit
S - driver not 12) of the reset configuration
BE[0:3] 7/ 2.6V No 50525 enabled or until No word. See Table 6-8.
AT[0:3] 7 26V No 50;25 |SPRDSIs set No
System Control
PORESET/ 26V No NA External pull-up Yes PORESET/TRST
S required
TRST 26V No NA Yes
HRESET ' 12 | 26V1'3 No 50;25 |PU2.6 when Yes HRESET
driver not
enabled or until
SPRDS is set
External pull-up
required
SRESET 12 | 26V13 No 50;25 |PU2.6 when Yes SRESET
driver not
enabled or until
SPRDS is set
External pull-up
required

Development and Debug
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
SGPIOC6 3/ 5V Yes 50;50° | PD until PRDS No PTR
is set
FRZ/ 26V No 50 ;25 |PD until reset No
negates
PTR 26V No 50;25 |PD until reset No
negates
SGPIOC7 ¥/ 5V Yes 50 ;50 ® | PD until PRDS Yes LWPO
is set
IRQOUT / 26V No 50 ;25 |PD until reset No
negates ©
LWPO 26V No 50; 25 |PD until reset No
negates ©
BG 7/ 26V No 50;25 |PU2.6 when No Controlled by DBGC in reset
- - driver not config word. See Table 6-8.
VFOQ ‘/ 26V No 50; 25 enabled or until No
LWP1 7 26V No 50;25 |SPRDSIs set No
BR7/ 26V No 50;25 |PU2.6 when No Controlled by DBGC in reset
- - driver not config word. See Table 6-8.
VF1'// 26V No 50; 25 enabled or until No
Iwp2 7 26V No 50;25 |SPRDSIs set No
BB 7% 26V No 50;25 |PU2.6 when No Controlled by DBGC in reset
- - driver not config word. See Table 6-8.
VF2 '/ 26V No 50; 25 enabled or until No
IWP3 7 26V No 50;25 |SPRDSIs set No
IWP[0:1] 7/ 26V No 50;25 |PU2.6untilreset No Controlled by DBGC in the
17 - negates reset config word. See
VFLS[0:1] 26V No 50; 25 No Table 6-8.
JTAG/BDM/READI
TMS / 26V No NA PU2.6 ifin JTAG No TMS unless the Nexus
_ mode, otherwise (READI) port is enabled, then
EVTI 26V No NA "~ |ppuntisprDs |  NO | EVTI. See Section 2.5.
is set'#
TDI/ 26V No NA PU2.6if in JTAG No DSDI unless the Nexus
mode, otherwise (READI) port (MDIO) or JTAG
bSDI/ 26V No NA" | pD until SPRDS No I mode (TDI) is enabled. See
MDIO 26V No NA is set © No Section 2.5.
TCK/ 26V No NA PD until reset Yes DSCK unless the Nexus
negates © (READI) port (MCKI) or JTAG
DSCK/ 2.6V No NA Yes mode (TCK) is enabled. See
MCKI 26V No NA Yes |Section2.5.
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
TDO 7/ 26V No 50; 25 |PU2.6untilreset No DSDO unless the Nexus
7 - negates or the (READI) port (MDOO) or
DSDO */ 2.6V No 50325 | griver is enabled No JTAG mode (TDO) is enabled.
MDOO 7 26V No 50; 25 No See Section 2.5.
JCOMP / 26V No NA PD until SPRDS No See Section 2.5.
_ is set
RSTI 26V No NA No
Clocks and PLL
XTAL 11 26V NA:NA | NA:NA — NA XTAL
EXTAL 26V NA:NA | NA:NA — NA EXTAL
XFC 26V NA:NA | NA:NA — NA XFC
CLKOUT 7 26V No 90; 50; — No CLKOUT
2515
EXTCLK 1 26V NA;NA | NA:;NA — No EXTCLK
ENGCLK 3/ [26V/5V| NA;NA | NA;NA — No ENGCLK (2.6 V)
BUCLK 26V NA:NA | NA;NA — No
QSMCM
PCSO0/ 5V Yes 50;50 |PU5 until No QGPOO
_ PULL_DIS1 is
SS/ 5V Yes 50 ;50 set No
QGPIOO0 5V Yes 50 ;50 No
PCS[1:3)/ 5V Yes 50;50 |PU5 until No QGPIO[1:3]
PULL_DIST is
QGPIO[1:3] 5V Yes 50;50 | gt No
MISO / 5V Yes 200;50° | PU5 until No QGPI04
5| PULL_DIS1 is
QGPIO4 5V Yes 200;50° | ot No
MOSI / 5V Yes 200;50°% | PUS5 until No QGPIO5
=|{PULL_DIS1 is
QGPIO5 5V Yes 200; 50 set No
SCK/ 5V Yes 200;50° | PU5 until No QGPIO6
5| PULL_DIS1 is
QGPIO6 5V Yes 200;50° | ot No
TXD1/ 5V Yes 50;50 |PU5 until No QGPO1
PULL_DIS1 is
QGPO1 5V Yes 50 ;50 set No
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
TXD2 / 5V Yes 50;50 |[PUS5 until No QGPO2
PULL_DIS1 is
QGPO2/ 5V Yes 50; 50 set - No
C_CNTXO0 5V Yes 50; 50 No
RXD1 / 5V NA NA Must be driven No QGPIH
or connected to
QGPH 5V NA NA a pull device No
RXD2 / 5V NA NA Must be driven No QGPI2
or connected to
QGPI2/ 5V NA NA a pull device No
C_CNRXO0 5V NA NA No
MIOS14
MDA[11:15, 5V Yes 50 ;50 |Pull device Yes MDA[11:15,27:31]
27:31] enabled until
PULL_DISO is
set!®
MPWMO / 5V Yes 50; 50 |Pull device Yes MPWMO unless the Nexus
enabled until (READI) port is enabled, then
MDI1 26V No NA | pULL_DISO is Yes | MDI1. See Section 2.5.
set 16
MPWM1 3/ 5V Yes 50 ;50 |Pull device Yes MPWM1 unless the Nexus
- enabled until (READI) port is enabled, then
MDO2 2.6V No 50:25 |pyLL DISO s No | MDO2. See Section 2.5.
set 16
MPWM23 / 5V Yes 50 ;50 |Pull device Yes MPWM2
) enabled until
16
PPM_TX1 5V Yes 50;25 |Set No
MPWMS3/ 5V Yes 50 ;50 |Pull device Yes MPWM3
enabled until
PPM_RX1 26V No NA PULL_DISO is Yes
set 16
MPWM16 5V Yes 50 ;50 |Pull device Yes MPWM16
enabled until
PULL_DISO is
set 16
MPWM173/ 5V Yes 50; 50 |Pull device Yes MPWM?17 unless the Nexus
- enabled until (READI) port is enabled. See
MDO3 2.6V No 50:25 |pyLL_DISOis No  |gection 2.5.
set 16
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
MPWM[18:19]° 5V Yes 50 ;50 |Pull device Yes MPWM[18:19]
/ enabled until
PULL_DISO is
MDOI[6:7] 26V No 50525 |got16° No
MPI1032B03/ 5V Yes 50:50° |Pull device Yes MPIO32B0 unless the Nexus
- enabled until (READI) port is enabled, then
VFO/ 26V No 50:25 |pyLL_DISOis No I MDO1. See Section 2.5.
16
MDO1 26V No 50;25 |set. No
MPIO32B13/ 5V Yes 50:50° |Pull device Yes MPIO32B1 unless the Nexus
- enabled until (READI) port is enabled, then
VF1/ 26V No 50525 |pyLL DISOis No | MCKO. See Section 2.5.
16
MCKO 26V No 50;25 |set. No
MPI1032B23/ 5V Yes 50:50° |Pull device Yes MPIO32B2 unless the Nexus
- enabled until (READI) port is enabled, then
VF2/ 26V No 50:25 |pyLL_DISOis No | \SEI See Section 2.5.
16
MSEI 26V No N/A |Set Yes
MPIO32B33/ 5V Yes 50; 50 % | Pull device Yes MPIO32B3 unless the Nexus
enabled until (READI) port is enabled, then
VFLSO0/ 26V No 50;25 |PULL_DISOis No MSEO. See Section 2.5.
__ 16
MSEO 26V No 50;25 |5 No
MPIO32B43/ 5V Yes 50 ; 50 ® | Pull device Yes MPIO32B4
enabled until
VFLS1 26V No 50;25 PULL_DISO is No
set!®
MPI032B53/ 5V Yes 50;50° |Pull device Yes MPIO32B5 unless the Nexus
- enabled until (READI) port is enabled, then
MDO5 26V No 50:25 |pyLL_DISOis No | MDOS5. See Section 2.5.
set 16
MPI032B63 / 5V Yes 50:50° |Pull device Yes MPIO32B6 unless the Nexus
- enabled until (READI) port is enabled, then
MPWM4 / 5V Yes 50:50 |pyLL_DISOis Yes | MDOs6. See Section 2.5.
16
MDO6 26V Yes 50;25 |Set. No
MPIO32B[7:9] / 5V Yes 50 ;50 ® | Pull device Yes MPI0O32BJ[7:9]
enabled until
MPWM[S, 5V Yes 50;50 PULL_DISO is Yes
20:21] set 16
MPI032B103/ 5V Yes 50;50° |Pull device Yes MPIO32B10
enabled until
PPM_TSYNC 26V No 50;25 PULL_DISO is "
16 o
5V Yes 50;50 |Set
MPIO32B11 / 5V Yes 50;50 |[PUS5 until Yes MPIO32B11
PULL_DISO is
C_CNRXo0 5V Yes NA set No
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
MPIO32B12 / 5V Yes 50 ;50 5 | PU5 until Yes MPIO32B12
PULL_DISO is
C_CNTXO0 5V Yes 50;50 |got No
MPI032B138/ 5V Yes 50 ;50 ® | Pull device Yes MPIO32B13
enabled until
PPM_TCLK 26V No 50; 25 PULL_DISO is No
5V Yes | 50;50 |set'® No
MPI0O32B14 / 5V Yes 50:50° |Pull device Yes MPIO32B14
enabled until
PPM_RXO0 26V No NA PULL_DISO is Yes
16
5V No NA |set Yes
MPIO32B1583/ 5V Yes 50 ;50 ® | Pull device Yes MPIO32B15
- enabled until
PPM_TX0 26V No 50:25 |pyLL_DISO is No
5V Yes | 50;50 |set'® No
TPU_A/TPU_B
A_TPUCH]J0:15 5V Yes 50 ;50 ® | Pull device Yes A_TPUCH]I0:15]
] enabled until
PRDS is set 16
A_T2CLK/ 5V Yes 50 ;50 |PU5whendriver Yes A_T2CLK
not enabled or
PCS5 5V Yes 50; 50 until T2CLK_PU No
is set
B_TPUCH][0:15 5V Yes 50;50° |Pull device Yes B_TPUCHJ[0:15]
] enabled until
PRDS is set 16
B_T2CLK/ 5V Yes 50;50 |PU5whendriver Yes B_T2CLK
not enabled or
PCS4 5V Yes 50 ;50 until T2CLK_PU No
is set
QADCG64E_A / QADC64E_B
ETRIG[1:2] / 5V Yes N/A | PD until Yes ETRIG[1:2]
PULL_DIS5 is
set
PCS[6:7] 5V Yes 50; 50 |[PUS5 until Yes
PULL_DIS1 is
set
A_ANO/ 5V Yes NA PU5 when driver No A_ANO
not enabled or
A_ANw / 5V Yes NA until No
A_PQBO 5V Yes | 50;50°% PL:'—'-—D'S2 is Yes
se

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 2-41



Signal Descriptions

Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
A_AN1/ 5V Yes NA PU5 when driver No A_AN1
not enabled or
A_ANx/ 5V Yes NA until No
A_PQB1 5V Yes | 50;50°% |PULL_DISZis Yes
set
A_AN2/ 5V Yes NA PU5 when driver No A_AN2
not enabled or
A_ANy/ 5V Yes NA until No
A_PQB2 5V Yes | 50;50% |PULL_DISZis Yes
set
A_AN3/ 5V Yes NA PU5 when driver No A_AN3
not enabled or
A_ANz/ 5V Yes NA until No
A_PQB3 5V Yes | 50;50% |PULL_DISZis Yes
set
A_AN[48:51])/ 5V Yes NA PU5 when driver No A_AN[48:51]
not enabled or
A_PQB[4:7] 5V Yes 50;50° | il Yes
PULL_DIS2 is
set
A_AN[52:54]/ 5V Yes NA PU5 when driver No A_AN[52:54]
not enabled or
A_MA[0:2]/ 5V Yes NA until Yes
A_PQA[0:2] 5V Yes | 50;50° Pl{'—'-—D'S2 is Yes
se
A_ANI[55:59])/ 5V Yes NA PUS5 when driver No A_AN[55:59]
not enabled or
A_PQA[3:7] 5V Yes 50;50° | il Yes
PULL_DIS2 is
set
B_ANO/ 5V Yes NA PU5 when driver No B_ANO
not enabled or
B_ANw / 5V Yes NA until No
B_PQBO 5V Yes | 50;50°% |PULL_DISZis Yes
set
B_AN1/ 5V Yes NA PU5 when driver No B_AN1
not enabled or
B_ANXx/ 5V Yes NA until No
B_PQB1 5V Yes | 50;50% |PULL_DISZis Yes
set
B_AN2/ 5V Yes NA PU5 when driver No B_AN2
not enabled or
B_ANy / 5V Yes NA until No
B_PQB2 5V Yes 50 ;505 PL:'—'-—D'S2 is Yes
se
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . T
Signal List' | Voltage |Controlled| Load Reset State s Fun%%SET,
Option? (pF)? Enabled?
B_AN3/ 5V Yes NA PU5 when driver No B_AN3
not enabled or
B_ANz/ 5V Yes NA | ntil No
B_PQB3 5V Yes | 50;50°% |PULL_DISZis Yes
set
B_AN[48:51)/ 5V Yes NA PU5 when driver No B_ANI[48:51]
5| ot enabled or
B_PQB[4:7] 5V Yes 50; 50 until Yes
PULL_DIS2 is
set
B_AN[52:54]/ 5V Yes NA PUS5 when driver No B_AN[52:54]
not enabled or
B_MA[0:2)/ 5V Yes NA | ntil Yes
B_PQA[0:2] 5V Yes 50 ;505 F’L:'-'-—D'S2 is Yes
se
B_AN[55:59)/ 5V Yes NA | PU5whendriver No B_AN[55:59]
5| not enabled or
B_PQA[3:7] 5V Yes 50;50° | il Yes
PULL_DIS2 is
set
TouCAN_A /TouCAN_B
A_CNTX0 5V Yes 50 ;50 17 | PU5 until No A_CNTX0
PULL_DIS3is
set
B_CNTXO0 5V Yes 50;50 7 | PU5 until No B_CNTXO0
PULL_DIS3 is
set
A_CNRX0 5V No NA | PUS until Yes A_CNRX0
PULL_DIS3 is
set
B_CNRXO0 5V No NA | PUS until Yes B_CNRXO0
PULL_DIS3 is
set
UC3F Flash
EPEE'® 2.6V No — |PU26 No  |EPEE
BOEPEE'8 26V No — |PU26 No  |BOEPEE
UC3F Power Supplies
VFLASH '8 5V — — — — VFLASH
VDDF 18 26V — — — —  |VDDF
VSSF 18 oV — — — — VSSF
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Signal List’ Voltage gLerll:rcF:Ialetez E::: Reset State I-IYSts(-:‘Iresl Fun%%SET,
Option? (pF)? Enabled?
Global Power Supplies
NVDDL 26V — — — — NVDDL
VDDH 5V — — — — VDDH
VDD 26V — — — — VDDI
VSS oV — — — — VSS
KAPWR 26V — — — — KAPWR
IRAMSTBY'® | >26V — — — — IRAMSTBY
QVDDL 26V — — — — QVDDL
USIU Power Supplies
VDDSYN 26V — — — — VDDSYN
VSSSYN 26V — — — — VSSSYN
QADCG64E Power Supplies
VRH 5V — — — — VRH
VRL oV — — — — VRL
ALTREF 5V — — — — ALTREF
VDDA 5V — — — — VDDA
VSSA ov — — — — VSSA

3

4

5
6

7
8
9

This column contains only the list of signals and should not be confused with the actual pin name. For actual pin
names, see Appendix F, “Electrical Characteristics.”
For 5-V outputs, the left hand value represents slew rate control off, and the right hand value represents slew rate
control on. For 2.6-V outputs, the left hand value represents loads that are full drive, and the right hand value
represents loads that are half drive.
Care should be taken that neither a pull-up to greater than 3.1 V or an external output that can drive greater than
3.1 V is connected to this pin while the 2.6-V driver is enabled.
Pull-up/pull-down is active when pin is defined as an input and/or during reset, therefore, output enable is negated.

This also means that external pull-up/pull-down is NOT required unless specified.

For this 5-V output, a drive load of 200 pf is possible but with a rise/fall time of 300 ns.

During reset, the output enable to the pad driver is negated and the PD is active. After reset is negated, the PD is

disabled.

2.6-V outputs cannot be connected to a pull-up or driver greater than 3.1 V.

This pin requires a pull-up to 2.6 V if interrupts are ever enabled for this IRQ input.

This signal also includes the MDOS5 function on the K27S mask set of the MPC561.

10 The MODCK[1:3] are shared functions with IRQ[5:7]. If IRQ[5:7] are used as interrupts, the interrupt source should
be removed during PORESET/TRST to insure the MODCK pins are in the correct state on the rising edge of

PORESET/TRST.
" These pins are powered by KAPWR (keep-alive power supply). Any pull-ups on these pins should pull-up to

KAPWR.

MPC561/MPC563 Reference Manual, Rev. 1.2

2-44

Freescale Semiconductor




Signal Descriptions

2 An external pull-up is required in order to negate the signal in the appropriate time.

13 This pin is 5-V tolerant.

14 This signal was PD only until SPRDS is set on mask set K27S of the MPC561.

15 These values represent full drive, half drive and quarter drive.

16 Whether the Pull device is a pull-up or a pull-down is determined by the state of the PULL_SEL signal.

7 For this 5-V output, a drive load of 200 pf is possible, but will have a rise/fall time of 100ns.

8 MPC563 only, no connection on MPC561.

19 |RAMSTBY is the input to an approximately 1.7V voltage regulator. It should be connected through a resistor to a
standby power supply.
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Chapter 3
Central Processing Unit

The RISC processor (RCPU) used in the MPC500 family of microcontrollers integrates five independent
execution units: an integer unit (IU), a load/store unit (LSU), a branch processing unit (BPU), a
floating-point unit (FPU) and an integer multiplier divider (IMD). The RISC’s use of simple instructions
with rapid execution times yields high efficiency and throughput for PowerPC ISA-based systems.

Most integer instructions execute in one clock cycle. Instructions can complete out of order for increased
performance; however, the processor makes execution appear sequential.

This section provides an overview of the RCPU. For a detailed description of this processor, refer to the
RCPU Reference Manual. The following sections describe each block and sub-block.

3.1 RCPU Block Diagram
Figure 3-1 provides a block diagram of the RCPU.
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3.2 RCPU Key Features

Major features of the RCPU include:
* High-performance microprocessor
— Single clock-cycle execution for many instructions
* Five independent execution units and two register files
— Independent LSU for load and store operations
— BPU featuring static branch prediction
— A 32-bit integer unit (IU)
— Fully IEEE 754-compliant FPU for both single- and double-precision operations except as
noted in Section 3.4.4, “Floating-Point Unit (FPU),” or refer to the RCPU Reference Manual.
— 32 general-purpose registers (GPRs) for integer operands
— 32 floating-point registers (FPRs) for single- or double-precision operands
» Facilities for enhanced system performance
— Atomic memory references
* In-system testability and debugging features
» High instruction and data throughput
— Condition register (CR) look-ahead operations performed by BPU
— Branch-folding capability during execution (zero-cycle branch execution time)
— Programmable static branch prediction on unresolved conditional branches
— A pre-fetch queue that can hold up to four instructions, providing look-ahead capability
— Interlocked pipelines with feed-forwarding that control data dependencies in hardware
» Class code compression model support

— Efficient use of internal Flash (MPC564) and external Flash (MPC562/MPC564) by increasing
code density up to 100%

3.3 Instruction Sequencer

The instruction sequencer provides centralized control over data flow between execution units and register
files. It implements the basic instruction pipeline, fetches instructions from the memory system, issues
them to available execution units, and maintains a state history that is used to back up the machine in the
event of an exception.

The instruction sequencer fetches instructions from the burst buffer controller into the instruction pre-fetch
queue. The BPU extracts branch instructions from the pre-fetch queue and, using branch prediction on
unresolved conditional branches, allows the instruction sequencer to fetch instructions from a predicted
target stream while a conditional branch is evaluated. The BPU folds out branch instructions for
unconditional or conditional branches unaffected by instructions in the execution stage.

Instructions issued beyond a predicted branch do not complete execution until the branch is resolved,
preserving the programming model of sequential execution. If branch prediction is incorrect, the
instruction unit flushes all predicted path instructions, and instructions are issued from the correct path.
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Figure 3-2. Sequencer Data Path

3.4 Independent Execution Units

The PowerPC ISA architecture provides independent floating-point, integer, load/store, and branch
processing execution units, making it possible to implement advanced features such as look-ahead
operations. For example, since branch instructions do not depend on GPRs, branches can often be resolved

early, eliminating stalls caused by taken branches.

Table 3-1 summarizes the RCPU execution units.
Table 3-1. RCPU Execution Units

Unit Description

Branch processing unit (BPU) | Includes the implementation of all branch instructions.

Load/store unit (LSU) Includes implementation of all load and store instructions, whether defined as
part of the integer processor or the floating-point processor.
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Table 3-1. RCPU Execution Units (continued)

Unit Description

Integer unit (1U) Includes implementation of all integer instructions except load/store instructions.
This module includes the GPRs (including GPR history and scoreboard) and the
following subunits: the IMUL-IDIV, which includes the implementation of the
integer multiply and divide instructions and the ALU-BFU, which includes
implementation of all integer logic, add and subtract instructions, and bit field
instructions.

Floating-point unit (FPU) Includes the FPRs (including FPR history and scoreboard) and the
implementation of all floating-point instructions except load/store floating-point
instructions.

The following sections describe these execution units in greater detail.

3.4.1 Branch Processing Unit (BPU)

The BPU, located within the instruction sequencer, performs condition register look-ahead operations on
conditional branches. The BPU looks through the instruction queue for a conditional branch instruction
and attempts to resolve it early, achieving the effect of a zero-cycle branch in many cases.

The BPU uses a bit in the instruction encoding to predict the direction of the conditional branch. Therefore,
when it encounters an unresolved conditional branch instruction, the processor pre-fetches instructions
from the predicted target stream until the conditional branch is resolved.

The BPU uses a calculation feature to compute branch target addresses with three special-purpose,
user-accessible registers: the link register (LR), the count register (CTR), and the condition register (CR).
The BPU calculates the return pointer for a subroutine, then calls and saves it into the LR. The LR also
contains the branch target address for the branch conditional to link register (bclrx) instruction. The CTR
contains the branch target address for the branch conditional to count register (bcctrx) instruction. The
contents of the LR and CTR can be copied to or from any GPR. Because the BPU uses dedicated registers
rather than general-purpose or floating-point registers, execution of branch instructions is independent
from execution of integer instructions. The CR bits indicate conditions that may result from the execution
of relevant instructions.

3.4.2 Integer Unit (IU)
The IU executes all integer processor instructions (except the integer storage access instructions)
implemented by the load/store unit. The IU contains the following subunits:

* The IMUL-IDIV unit, which implements the integer multiply and divide instructions

» The Arithmetic Logic Unit (ALU)-BFU unit, which implements all integer logic, add, subtract,
and bit-field instructions

The IU also includes the integer exception register (XER) and the general-purpose register file.

IMUL-IDIV and ALU-BFU are implemented as separate execution units. The ALU-BFU unit can
execute one instruction per clock cycle. IMUL-IDIV instructions require multiple clock cycles to execute.
IMUL-IDIV is pipelined for multiply instructions, so that consecutive multiply instructions can be issued
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on consecutive clock cycles. Divide instructions are not pipelined; an integer divide instruction preceded
or followed by an integer divide or multiply instruction results in a processor-pipeline stall. However, since
IMUL-IDIV and ALU-BFU are implemented as separate execution units, an integer divide instruction
preceded or followed by an ALU-BFU instruction does not cause a delay in the pipeline.

3.4.3 Load/Store Unit (LSU)

The load/store unit handles all data transfer between the general-purpose register file and the internal
load/store bus (L-bus). The load/store unit is implemented as an independent execution unit so that stalls
in the memory pipeline do not stall the master instruction pipeline (unless there is a data dependency). The
unit is fully pipelined so that memory instructions of any size may be issued on back-to-back cycles.

There is a 32-bit wide data path between the load/store unit and the general-purpose register file.
Single-word accesses can be achieved with an internal on-chip data RAM, resulting in a two-clock latency.
Double-word accesses require two clocks, resulting in a three-clock latency. Since the L-bus is 32 bits
wide, double-word transfers require two bus accesses. The load/store unit performs zero-fill for byte and
half-word transfers and sign extension for half-word transfers.

Addresses are formed by adding the source-one register operand specified by the instruction (or zero) to
either a source-two register operand or to a 16-bit, immediate value embedded in the instruction.

3.4.4 Floating-Point Unit (FPU)

The FPU contains a double-precision multiply array, the floating-point status and control register
(FPSCR), and the FPRs. The multiply-add array allows the RCPU to efficiently implement floating-point
operations such as multiply, multiply-add, and divide.

The RCPU depends on a software envelope to fully implement the IEEE floating-point specification.
Overflows, underflows, NaNs (not a number), and denormalized numbers cause floating-point assist
exceptions that invoke a software routine to deliver (with hardware assistance) the correct IEEE result.

To accelerate time-critical operations and make them more deterministic, the RCPU provides a mode of
operation that avoids invoking a software envelope and attempts to deliver results in hardware that are
adequate for most applications, if not in strict compliance with IEEE standards. In this mode, denormalized
numbers, NaNs, and IEEE invalid operations are legitimate, returning default results rather than causing
floating-point assist exceptions.

3.5 Levels of the PowerPC ISA Architecture

The PowerPC ISA architecture consists of three levels:

» User instruction set architecture (UISA) — defines the base user-level instruction set, user-level
registers, data types, floating-point exception model, memory models for a uniprocessor
environment, and programming model for a uniprocessor environment.

* Virtual environment architecture (VEA) — describes the memory model for a multiprocessor
environment, and describes other aspects of virtual environments.
Implementations that conform to the VEA also adhere to the UISA, but may not necessarily adhere
to the OEA.
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* Operating environment architecture (OEA) — defines the memory-management model,
supervisor-level registers, synchronization requirements, and the exception model.
Implementations that conform to the OEA also adhere to the UISA and the VEA.

Adherence to the PowerPC ISA architecture can be measured in terms of which of the levels are
implemented.

3.6 RCPU Programming Model

The PowerPC ISA architecture defines register-to-register operations for most computational instructions.
Source operands for these instructions are accessed from the registers or are embedded in the instruction
opcode. The three-register instruction format allows specification of a target register distinct from the two
source operands. Load and store instructions transfer data between memory and on-chip registers.

PowerPC ISA-compliant processors have two levels of privilege: supervisor mode (typically used by the
operating environment) and user mode (used by the application software). The programming model
incorporates 32 GPRs, special-purpose registers (SPRs), and several miscellaneous registers.

Supervisor-level access is provided through the processor’s exception mechanism. That is, when an
exception is taken (whether automatically, because of an error or problem that needs to be serviced, or
deliberately, as in the case of a trap instruction), the processor begins operating in supervisor mode. The
access level is indicated by the privilege-level (PR) bit in the machine state register (MSR).

Figure 3-3 illustrates the user-level and supervisor-level RCPU programming models and the three levels
of the PowerPC ISA architecture. Note that registers such as the general-purpose registers (GPRs) are
accessed through operands that are part of the instructions. Registers can be accessed explicitly through
specific instructions such as move to special-purpose register (mtspr) or move from special-purpose
register (mftspr), or implicitly as part of an instruction’s execution. Some registers are accessed both
explicitly and implicitly.
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Figure 3-3. RCPU Programming Model
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Table 3-2 lists the MPC561/MPC563 supervisor-level registers; refer also to Chapter 6, “System
Configuration and Protection,” Chapter 11, “L-Bus to U-Bus Interface (L2U),” and Chapter 4, “Burst
Buffer Controller 2 Module,” for more information.

Table 3-2. Supervisor-Level SPRs

SPR Number
(Decimal)

Special-Purpose Register

18

DAE/Source Instruction Service Register (DSISR)
See Section 3.9.2, “DAE/Source Instruction Service
Register (DSISR),” for bit descriptions.

19

Data Address Register (DAR)
See Section 3.9.3, “Data Address Register (DAR),” for bit
descriptions.

22

Decrementer Register (DEC)
See Section 6.1.6, “Decrementer (DEC).” for bit
descriptions.

26

Save and Restore Register 0 (SRRO0)
See Section 3.9.6, “Machine Status Save/Restore
Register 0 (SRRO),” for bit descriptions.

27

Save and Restore Register 1 (SRR1)
See Section 3.9.7, “Machine Status Save/Restore
Register 1 (SRR1),” for bit descriptions.

80

External Interrupt Enable (EIE)"
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

81

External Interrupt Disable (EID)'
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

82

Non-Recoverable Interrupt (NRI)'
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

272

SPR General 0 (SPRGO)'
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

273

SPR General 1 (SPRG1)'
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),
for bit descriptions.

274

SPR General 2 (SPRG2)
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

275

SPR General 3 (SPRG3)
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

284

Time Base Lower — Write (TBL)
See Section 6.1.7, “Time Base (TB)”

285

Time Base Upper — Write (TBU)

See Section 6.1.7, “Time Base (TB)”
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Table 3-2. Supervisor-Level SPRs (continued)

SPR Number
(Decimal)

Special-Purpose Register

287

Processor Version Register (PVR)
See Table 3-14 for bit descriptions.

528

IMPU Global Region Attribute (MI_GRA)1
See Table 4-8 for bit descriptions.

536

L2U Region Attribute (L2U_GRA)
See Table 11-10 for bit descriptions.

560

BBC Module Configuration Register (BBC_MCR)1
See Table 4-4 for bit descriptions.

568

L2U Module Configuration Register (L2U_MCR)'
See Table 11-7 for bit descriptions.

784

L2U Region Base Address Register 0 (L2U_RBA0)'
See Table 4-5 for bit descriptions.

785

IMPU Region Base Address Register 1 (MI_RBA1)'
See Table 4-5 for bits descriptions.

786

IMPU Region Base Address Register 2 (MI_RBA2)'
See Table 4-5 for bits descriptions.

787

IMPU Region Base Address Register 3 (MI_RBA3)'
See Table 4-5 for bits descriptions.

816

IMPU Region Attribute Register 0 (MI_RA0)'. See
Table 4-6 for bits descriptions.

817

IMPU Region Attribute Register 1 (MI_RA1)'. See
Table 4-6 for bits descriptions.

818

IMPU Region Attribute Register 2 (MI_RA2)'. See
Table 4-6 for bits descriptions.

819

IMPU Region Attribute Register 3(MI_RA3)". See
Table 4-6 for bits descriptions.

792

L2U Region Base Address Register 0 (L2U_RBAO)1
See Table 11-8 for bit descriptions.

793

L2U Region Base Address Register 1 (L2U_RBA1)’
See Table 11-8 for bit descriptions.

794

L2U Region Base Address Register 2 (L2U_RBA2)'
See Table 11-8 for bit descriptions.

795

L2U Region Base Address Register 3 (L2U_RBA3)'
See Table 11-8 for bit descriptions.

824

L2U Region Attribute Register 0 (L2U_RA0)'
See Table 11-9 for bit descriptions.

825

L2U Region Attribute Register 1 (L2U_RA1)'
See Table 11-9 for bit descriptions.

826

L2U Region Attribute Register 2 (L2U_RA2)"
See Table 11-9 for bit descriptions.
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Table 3-2. Supervisor-Level SPRs (continued)

SPR Number
(Decimal)

Special-Purpose Register

827

L2U Region Attribute Register 3 (L2U_RA3)"
See Table 11-9 for bit descriptions.

1022

Floating-Point Exception Cause Register (FPECR)1

See Section 3.9.10.2, “Floating-Point Exception Cause

Register (FPECR),” for bit descriptions.

' Implementation-specific SPR, not defined by the PowerPC ISA

architecture.

Table 3-3 lists the RCPU SPRs used for development support.
Table 3-3. Development Support SPRs'

SPR Number
(Decimal)

Special-Purpose Register

144

Comparator A Value Register (CMPA)
See Table 23-17 for bit descriptions.

145

Comparator B Value Register (CMPB)
See Table 23-17 for bit descriptions.

146

Comparator C Value Register (CMPC)
See Table 23-17 for bit descriptions.

147

Comparator D Value Register (CMPD)
See Table 23-17 for bit descriptions.

148

Exception Cause Register (ECR)
See Table 23-18 for bit descriptions.

149

Debug Enable Register (DER)
See Table 23-19 for bit descriptions.

150

Breakpoint Counter A Value and Control (COUNTA)
See Table 23-20 for bit descriptions.

151

Breakpoint Counter B Value and Control (COUNTB)
See Table 23-21 for bit descriptions.

152

Comparator E Value Register (CMPE)
See Table 23-22 for bit descriptions.

153

Comparator F Value Register (CMPF)
See Table 23-22 for bit descriptions.

154

Comparator G Value Register (CMPG)
See Table 23-23 for bit descriptions.

155

Comparator H Value Register (CMPH)
See Table 23-23 for bit descriptions.

156

L-bus Support Comparators Control 1 (LCTRL1)
See Table 23-24 for bit descriptions.

157

L-bus Support Comparators Control 2 (LCTRL2)
See Table 23-25 for bit descriptions.

MPC561/MPC563 Reference Manual, Rev. 1.2

Central Processing Unit

Freescale Semiconductor



Central Processing Unit

Table 3-3. Development Support SPRs' (continued)

SPR Number . .
(Decimal) Special-Purpose Register

158 I-bus Support Control Register (ICTRL)
See Table 23-26 for bit descriptions.

159 Breakpoint Address Register (BAR)
See Table 23-28 for bit descriptions.

630 Development Port Data Register (DPDR)
See Section 23.6.13, “Development Port Data Register
(DPDR),” for bit descriptions.

Al development-support SPRs are implementation-specific.

Unless otherwise noted, reserved fields should be written with a zero when written and return zero when
read. An exception to this rule is XER[16:23]; see Section 3.7.5, “Integer Exception Register (XER).”
These bits are set to the value written to them and return that value when read.

3.7 User Instruction Set Architecture (UISA)
Register Set

The UISA registers can be accessed by either user- or supervisor-level instructions. The general-purpose
registers are accessed through instruction operands.
3.7.1 General-Purpose Registers (GPRs)

Integer data is manipulated in the integer unit’s thirty-two 32-bit GPRs, shown below. These registers are
accessed as source and destination registers through operands in the instruction syntax.

MSB LSB
0 123456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
GPRO
GPR1
GPR31
Reset Unchanged

Figure 3-4. General-Purpose Registers (GPRs)

3.7.2 Floating-Point Registers (FPRs)

The PowerPC ISA architecture provides 32 64-bit FPRs. These registers are accessed as source and
destination registers through operands in floating-point instructions. Each FPR supports the
double-precision, floating-point format. Every instruction that interprets the contents of an FPR as a
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floating-point value does so using the double-precision floating-point format. Therefore, all floating-point
numbers are stored in double-precision format.

All floating-point arithmetic instructions operate on data located in FPRs and, with the exception of the
compare instructions (which update the CR), place the result into an FPR. Information about the status of
floating-point operations is placed into the floating-point status and control register (FPSCR) and in some
cases, after the completion of the operation’s writeback stage, into the CR. For information on how the CR
is affected by floating-point operations, see Section 3.7.4, “Condition Register (CR).”

MSB LSB
0 63
FPRO
FPR1
FPR31
Reset Unchanged

Figure 3-5. Floating-Point Registers (FPRs)

3.7.3 Floating-Point Status and Control Register (FPSCR)

The FPSCR controls the handling of floating-point exceptions and records status resulting from the
floating-point operations. FPSCR[0:23] are status bits. FPSCR[24:31] are control bits.

FPSCR[0:12] and FPSCR[21:23] are floating-point exception condition bits. These bits are sticky, except
for the floating-point enabled exception summary (FEX) and floating-point invalid operation exception
summary (VX). Once set, sticky bits remain set until they are cleared by an mcrfs, mtfsfi, mtfsf, or mtfsb0
instruction.

Table 3-4 summarizes which bits in the FPSCR are sticky status bits, which are normal status bits, and
which are control bits.

Table 3-4. FPSCR Bit Categories

Bits Type

[01, [3:12], [21:28] Status, sticky

[1:2], [13:20] Status, not sticky

[24:31] Control

FEX and VX are the logical ORs of other FPSCR bits. Therefore these two bits are not listed among the
FPSCR bits directly affected by the various instructions.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| FX |[FEX| VX | OX | UX | ZX XX | VXSN | VXISI |VXIDI | VXZDZ | VXIMZ |[VXVC| FR | FI | FPRFO
AN
Reset Unchanged
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field FPRF[1:4] 0 | VX VX |VXCVI| VE | OE UE ZE XE | NI RN
SOFT| SQRT
Reset Unchanged
Figure 3-6. Floating-Point Status and Control Register (FPSCR)
A listing of FPSCR bit settings is shown in Table 3-5.
Table 3-5. FPSCR Bit Descriptions
Bits Name Description
0 FX Floating-point exception summary. Every floating-point instruction implicitly Sticky bit
sets FPSCRI[FX] if that instruction causes any of the floating-point exception
bits in the FPSCR to change from 0 to 1. The mcrfs instruction implicitly clears
FPSCRI[FX] if the FPSCR field containing FPSCR[FX] has been copied. The
mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions can set or clear FPSCR[FX]
explicitly.
1 FEX Floating-point enabled exception summary. This bit signals the occurrence of Not sticky
any of the enabled exception conditions. It is the logical OR of all the
floating-point exception bits masked with their respective enable bits. The
mecrfs instruction implicitly clears FPSCRI[FEX] if the result of the logical OR
described above becomes zero. The mtfsf, mtfsfi, mtfsb0, and mtfsb1
instructions cannot set or clear FPSCR[FEX] explicitly.
2 VX Floating-point invalid operation exception summary. This bit signals the Not sticky
occurrence of any invalid operation exception. It is the logical OR of all of the
invalid operation exceptions. The mcrfs instruction implicitly clears
FPSCRI[VX]if the result of the logical OR described above becomes zero. The
mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions cannot set or clear FPSCR[VX]
explicitly.
3 OX Floating-point overflow exception. Sticky bit
4 UXx Floating-point underflow exception. Sticky bit
5 ZX Floating-point zero divide exception. Sticky bit
6 XX Floating-point inexact exception. Sticky bit
7 VXSNAN | Floating-point invalid operation exception for SNaN. Sticky bit
8 VXISI Floating-point invalid operation exception for < - . Sticky bit
9 VXIDI Floating-point invalid operation exception for co/c. Sticky bit
10 VXZDZ | Floating-point invalid operation exception for 0/0. Sticky bit
11 VXIMZ | Floating-point invalid operation exception for « x 0. Sticky bit
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Table 3-5. FPSCR Bit Descriptions (continued)

Central Processing Unit

Bits

Name

Description

12

VXVC

Floating-point invalid operation exception for invalid compare.

Sticky bit

13

FR

Floating-point fraction rounded. The last floating-point instruction that
potentially rounded the intermediate result incremented the fraction.

Not sticky

14

Fl

Floating-point fraction inexact. The last floating-point instruction that
potentially rounded the intermediate result produced an inexact fraction or a
disabled exponent overflow.

Not sticky

[15:19]

FPRF

Floating-point result flags. This field is based on the value placed into the
target reqgister even if that value is undefined. Refer to Table 3-6 for specific bit
settings.

15 Floating-point result class descriptor (C). Floating-point instructions other
than the compare instructions may set this bit with the FPCC bits, to
indicate the class of the result.

16-19 Floating-point condition code (FPCC). Floating-point compare
instructions always set one of the FPCC bits to one and the other three
FPCC bits to zero. Other floating-point instructions may set the FPCC bits
with the C bit, to indicate the class of the result. Note that in this case the
high-order three bits of the FPCC retain their relational significance
indicating that the value is less than, greater than, or equal to zero.

16 Floating-point less than or negative (FL or <)

17 Floating-point greater than or positive (FG or >)

18 Floating-point equal or zero (FE or =)

19 Floating-point unordered or NaN (FU or ?)

Not sticky

20

Reserved

21

VXSOFT

Floating-point invalid operation exception for software request. This bit can be
altered only by the mcrfs, mtfsfi, mtfsf, mtfsb0, or mtfsb1 instructions. The
purpose of VXSOFT is to allow software to cause an invalid operation
condition for a condition that is not necessarily associated with the execution
of a floating-point instruction. For example, it might be set by a program that
computes a square root if the source operand is negative.

Sticky bit

22

VXSQRT

Floating-point invalid operation exception for invalid square root. This
guarantees that software can simulate fsqrt and frsqrte, and can provide a
consistent interface to handle exceptions caused by square root operations.

Sticky bit

23

VXCVI

Floating-point invalid operation exception for invalid integer convert.

Sticky bit

24

VE

Floating-point invalid operation exception enable.

25

OE

Floating-point overflow exception enable.

26

UE

Floating-point underflow exception enable. This bit should not be used to
determine whether denormalization should be performed on floating-point
stores.

27

ZE

Floating-point zero divide exception enable.

28

XE

Floating-point inexact exception enable.
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Table 3-5. FPSCR Bit Descriptions (continued)

Bits Name Description
29 NI Non-IEEE mode bit. —
30-31 RN Floating-point rounding control. —

00 Round to nearest

01 Round toward zero

10 Round toward +infinity
11 Round toward -infinity

Table 3-6 illustrates the floating-point result flags that correspond to FPSCR[15:19].
Table 3-6. Floating-Point Result Flags in FPSCR

Result Flags

(Bits 15:19) Result Value Class
C<>=?
10001 Quiet NaN
01001 — Infinity
01000 — Normalized number
11000 — Denormalized number
10010 — Zero
00010 + Zero
10100 + Denormalized number
00100 + Normalized number
00101 + Infinity

3.7.4 Condition Register (CR)

The condition register (CR) is a 32-bit register that reflects the result of certain operations and provides a
mechanism for testing and branching. The bits in the CR are grouped into eight 4-bit fields: CRO to CR7.

MSB LSB

0 123 456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field CRO CR1 CR2 CR3 CR4 CR5 CR6 CR7
Reset Unchanged

Figure 3-7. Condition Register (CR)

The CR fields can be set in the following ways:
* Specified fields of the CR can be set by an instruction (mtcrf) to move to the CR from a GPR.
» Specified fields of the CR can be moved from one CRx field to another with the merf instruction.
» A specified field of the CR can be set by an instruction (merxr) to move to the CR from the XER.

» Condition register logical instructions can be used to perform logical operations on specified bits
in the condition register.

* CRO can be the implicit result of an integer operation.
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» A specified CR field can be the explicit result of an integer compare instruction.

Instructions are provided to test individual CR bits.

3.7.4.1 Condition Register CRO Field Definition

In most integer instructions, when the CR is set to reflect the result of the operation (that is, when Rc = 1),
and for addic., andi., and andis., the first three bits of CRO are set by an algebraic comparison of the result
to zero; the fourth bit of CRO is copied from XER[SO]. For integer instructions, CR0[0:3] are set to reflect
the result as a signed quantity. The EQ bit reflects the result as an unsigned quantity or bit string.

The CRO bits are interpreted as shown in Table 3-7. If any portion of the result (the 32-bit value placed
into the destination register) is undefined, the value placed in the first three bits of CRO is undefined.

Table 3-7. Bit Settings for CRO Field of CR

CRO Bit Description

0 Negative (LT). This bit is set when the result is negative.

Positive (GT). This bit is set when the result is positive (and not zero).

1
2 Zero (EQ). This bit is set when the result is zero.
3

Summary overflow (SO). This is a copy of the final state of XER[SO] at the completion of the instruction.

3.74.2 Condition Register CR1 Field Definition

In all floating-point instructions when the CR is set to reflect the result of the operation (that is, when Rc
= 1), the CRI1 field (bits 4 to 7 of the CR) is copied from FPSCR[0:3] to indicate the floating-point
exception status. For more information about the FPSCR, see Section 3.7.3, “Floating-Point Status and
Control Register (FPSCR).” The bit settings for the CR1 field are shown in Table 3-8.

Table 3-8. Bit Settings for CR1 Field of CR

CR1 Bit Description

0 Floating-point exception (FX). This is a copy of the final state of FPSCR[FX] at the completion of the
instruction.

1 Floating-point enabled exception (FEX).This is a copy of the final state of FPSCR[FEX] at the completion of
the instruction.

2 Floating-point invalid exception (VX).This is a copy of the final state of FPSCR[VX] at the completion of the
instruction.

3 Floating-point overflow exception (OX).This is a copy of the final state of FPSCR[OX] at the completion of
the instruction.

3.7.4.3 Condition Register CRn Field — Compare Instruction

When a specified CR field is set by a compare instruction, the bits of the specified field are interpreted as
shown in Table 3-9. A condition register field can also be accessed by the mfcr, merf, and mterf
instructions.
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Table 3-9. CRn Field Bit Settings for Compare Instructions

CRn Bit' Description

0 Less than, floating-point less than (LT, FL).
For integer compare instructions, (rA) < SIMM, UIMM, or (rB) (algebraic comparison) or (rA) SIMM, UIMM,
or (rB) (logical comparison). For floating-point compare instructions, (frA) < (frB).

1 Greater than, floating-point greater than (GT, FG).
For integer compare instructions, (rA) > SIMM, UIMM, or (rB) (algebraic comparison) or (rA) SIMM, UIMM,
or (rB) (logical comparison). For floating-point compare instructions, (frA) > (frB).

2 Equal, floating-point equal (EQ, FE).
For integer compare instructions, (rA) = SIMM, UIMM, or (rB).
For floating-point compare instructions, (frA) = (frB).

3 Summary overflow, floating-point unordered (SO, FU).
For integer compare instructions, this is a copy of the final state of XER[SO] at the completion of the
instruction. For floating-point compare instructions, one or both of (frA) and (frB) is not a number (NaN).

' Here, the bit indicates the bit number in any one of the four-bit subfields, CRO—CR7

3.7.5 Integer Exception Register (XER)

The integer exception register (XER), SPR 1, is a user-level, 32-bit register.

MSB LSB
0 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| SO |OV |CA — BYTES
Reset Unchanged 00_0000_0000_0000_0000_0 Unchanged
Addr SPR 1

Figure 3-8. Integer Exception Register (XER)

The bit descriptions for XER, shown in Table 3-10, are based on the operation of an instruction considered
as a whole, not on intermediate results. For example, the result of the subtract from carrying (subfcx)
instruction is specified as the sum of three values. This instruction sets bits in the XER based on the entire
operation, not on an intermediate sum.

In most cases, reserved fields in registers are ignored when written to and return zero when read. However,
XER[16:23] are set to the value written to them and return that value when read.

Table 3-10. Integer Exception Register Bit Descriptions

Bits Name Description

0 SO Summary Overflow (SO). The summary overflow bit is set whenever an instruction sets the
overflow bit (OV) to indicate overflow and remains set until software clears it. It is not altered by
compare instructions or other instructions that cannot overflow.

1 ov Overflow (OV). The overflow bit is set to indicate that an overflow has occurred during execution
of an instruction. Integer and subtract instructions having OE=1 set OV if the carry out of bit 0 is
not equal to the carry out of bit 1, and clear it otherwise. The OV bit is not altered by compare
instructions or other instructions that cannot overflow.
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Table 3-10. Integer Exception Register Bit Descriptions

Bits Name Description

2 CA Carry (CA). In general, the carry bit is set to indicate that a carry out of bit 0 occurred during
execution of an instruction. Add carrying, subtract from carrying, add extended, and subtract
from extended instructions set CA if there is a carry out of bit 0, and clear it otherwise. The CA
bit is not altered by compare instructions or other instructions that cannot carry, except that shift
right algebraic instructions set the CA bit to indicate whether any ‘1’ bits have been shifted out
of a negative quantity.

3:24 — Reserved

25:31 BYTES | This field specifies the number of bytes to be transferred by a Load String Word Indexed (Iswx)
or Store String Word Indexed (stswx) instruction.

3.7.6 Link Register (LR)

The link register (LR), SPR 8, supplies the branch target address for the branch conditional to link register
(belrx) instruction, and can be used to hold the logical address of the instruction that follows a branch and
link instruction.

Note that although the two least-significant bits can accept any values written to them, they are ignored
when the LR is used as an address.

Both conditional and unconditional branch instructions include the option of placing the effective address
of the instruction after the branch instruction in the LR. This is done regardless of whether the branch is
taken.

MSB LSB
0 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Branch Address
Reset Unchanged
Addr SPR 8

Figure 3-9. Link Register (LR)

3.7.7 Count Register (CTR)

The count register (CTR), SPR 9, is used to hold a loop count that can be decremented during execution
of branch instructions with an appropriately coded BO field. If the value in CTR is 0 before being
decremented, it is —1 afterward. The count register provides the branch target address for the branch
conditional to count register (bcctrx) instructio

MSB LSB
0 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Loop Count
Reset Unchanged
Addr SPR 9

Figure 3-10. Count Register (CTR)
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3.8 VEA Register Set — Time Base (TB)

The virtual environment architecture (VEA) defines registers in addition to the UISA register set. The
VEA register set can be accessed by all software with either user- or supervisor-level privileges. Refer to
Section 6.1.7, “Time Base (TB),” for more information.

3.9 OEA Register Set

The operating environment architecture (OEA) includes a number of SPRs and other registers that are
accessible only by supervisor-level instructions. Some SPRs are RCPU-specific; some RCPU SPRs may
not be implemented in other PowerPC ISA processors, or may not be implemented in the same way.

3.9.1 Machine State Register (MSR)

The machine state register is a 32-bit register that defines the state of the processor. When an exception
occurs, the contents of the MSR are loaded into SRR1, and the MSR is updated to reflect the
exception-processing machine state. The MSR can also be modified by the mtmisr, sc, and rfi instructions.
It can be read by the mfmsr instruction.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field — POW 0 | ILE
SRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| EE | PR | FP | ME |FEO| SE | BE |FE1| — | IP | IR | DR | — |DCMPEN| RI | LE
1
SRESET 000 U 0000_0 ID12 000 X3 00

Figure 3-11. Machine State Register (MSR)

' This bit is available only on code compression-enabled options of the MPC561/MPC563.

2 The reset value is a reset configuration word value extracted from the internal bus line. Refer to Section 7.5.2, “Hard
Reset Configuration Word (RCW).”

8 The reset value is defined by the equation "BBCMCR[EN_COMP] AND BBCMCR[EXC_COMP]". At HRESET the
BBCMCR[EN_COMP] and BBCMCR[EXC_COMP] bits recieve their values from RCW bits 21 and 22. The BBCMCR
does not change at SRESET. Thus the DCMPEN reset value may be different on SRESET and HRESET, if software
changes these BBCMCR bits from their reset values.

Table 3-11 shows the bit definitions for the MSR.
Table 3-11. Machine State Register Bit Descriptions

Bits Name Description
0:12 — Reserved
13 POW Power management enable.

0 Power management disabled (normal operation mode)
1 Power management enabled (reduced power mode)
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Table 3-11. Machine State Register Bit Descriptions (continued)

Bits Name Description
14 — Reserved
15 ILE Exception little-endian mode. When an exception occurs, this bit is copied into MSR[LE] to

select the endian mode for the context established by the exception. Little-endian mode is not
supported on the MPC561/MPC563. This bit should be cleared to 0 at all times.

0 The processor runs in big-endian mode during exception processing.

1 The processor runs in little-endian mode during exception processing.

16 EE External interrupt enable. Interrupts should only be negated while the EE bit is disabled (0).

Software should disable interrupts (EE = 0) in the RCPU before clearing or masking any

interrupt source from the USIU or external pins. For external interrupts, it is recommended that

the edge-triggered interrupt scheme be used. See Section 6.1.4, “Enhanced Interrupt

Controller.”

0 The processor delays recognition of external interrupts and decrementer exception
conditions.

1 The processor is enabled to take an external interrupt or the decrementer exception.

17 PR Privilege level.
0 The processor can execute both user- and supervisor-level instructions.
1 The processor can only execute user-level instructions.

18 FP Floating-point available.

0 The processor prevents dispatch of floating-point instructions, including floating-point loads,
stores and moves. Floating-point enabled program exceptions can still occur and the FPRs
can still be accessed.

1 The processor can execute floating-point instructions, and can take floating-point enabled
exception type program exceptions.

19 ME Machine check enable.
0 Machine check exceptions are disabled.
1 Machine check exceptions are enabled.

20 FEO Floating-point exception mode 0 (See Table 3-12.)

21 SE Single-step trace enable.

0 The processor executes instructions normally.

1 The processor generates a single-step trace exception when the next instruction executes
successfully. When this bit is set, the processor dispatches instructions in strict program
order. Successful execution means the instruction caused no other exception.

22 BE Branch trace enable.
0 No trace exception occurs when a branch instruction is completed.
1 Trace exception occurs when a branch instruction is completed.

23 FE1 Floating-point exception mode 1 (See Table 3-12).
24 — Reserved
25 P Exception prefix. The setting of this bit specifies the location of the exception vector table.

0 Exception vector table starts at the physical address 0x0000 0000.
1 Exception vector table starts at the physical address OxFFF0 0000.

26 IR Instruction relocation.

0 Instruction address translation is off; the BBC IMPU does not check for address permission
attributes.

1 Instruction address translation is on; the BBC IMPU checks for address permission
attributes.
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Table 3-11. Machine State Register Bit Descriptions (continued)

Bits Name Description
27 DR Data relocation.
0 Data address translation is off; the L2U DMPU does not check for address permission
attributes.

1 Data address translation is on; the L2U DMPU checks for addressn permission attributes.

28 — Reserved

29 DCMPEN | Decompression On/Off. The reset value of this bit is (BBCMCR[EN_COMP] AND

BBCMCR[EXC_COMPY)).

Note: This bit should not be set for the MPC561/MPC563.

0 The RCPU runs in normal operation mode.

1 The RCPU runs in compressed mode.

Note: MSR[DCMPEN] should not be changed by software by a direct MSR register write
(MTMSR instruction). It can be changed only by the RFI instruction or by an exception.

30 RI Recoverable exception (for machine check and non-maskable breakpoint exceptions).
0 Machine state is not recoverable.
1 Machine state is recoverable.

31 LE Little-endian mode. This mode is not supported on MPC561/MPC563. This bit should be
cleared to 0 at all times.

0 The processor operates in big-endian mode during normal processing.

1 The processor operates in little-endian mode during normal processing.

The floating-point exception mode bits are interpreted as shown in Table 3-12.

Table 3-12. Floating-Point Exception Mode Bits

FE[0:1] Mode

00 Ignore exceptions mode. Floating-point exceptions do not cause the
floating-point assist error handler to be invoked.

01,10, 11 | Floating-point precise mode. The system floating-point assist error
handler is invoked precisely at the instruction that caused the enabled
exception.

3.9.2 DAE/Source Instruction Service Register (DSISR)

The DSISR, SPR 18, identifies the cause of data access and alignment exceptions.

MSB LSB
0 123 456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field DSISR
Reset Unchanged
Addr SPR 18

Figure 3-12. DAE/Source Instruction Service Register (DSISR)

For more information about bit settings, see Section 3.15.4.2, “Machine Check Exception (0x0200),”
Section 3.15.4.6, “Alignment Exception (0x00600),” and Section 3.15.4.15, “Implementation-Specific
Data Protection Error Exception (0x1400).”
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3.9.3 Data Address Register (DAR)

After an alignment exception, the DAR, SPR 19, is set to the effective address of a load or store element.

MSB LSB
0 123 4586 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Data Address
Reset Unchanged
Addr SPR 19

Figure 3-13. Data Address Register (DAR)

3.9.4 Time Base Facility (TB) — OEA

Refer to Section 6.1.7, “Time Base (TB),” for information.

3.9.5 Decrementer Register (DEC)

Refer to Section 6.1.6, “Decrementer (DEC),” for information.

3.9.6 Machine Status Save/Restore Register 0 (SRRO0)

The machine status save/restore register 0 (SRR0), SPR 26, identifies where instruction execution should
resume when an rfi instruction is executed following an exception. It also holds the effective address of
the instruction that follows the system call (sc) instruction.

MSB LSB
0 123 456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SRRO
Reset Undefined
Addr SPR 26

Figure 3-14. Machine Status Save/Restore Register 0 (SRR0)

When an exception occurs, SRRO is set to point to an instruction such that all prior instructions have
completed execution and no subsequent instruction has begun execution. The instruction addressed by
SRRO may not have completed execution, depending on the exception type. SRRO addresses either the
instruction causing the exception or the instruction immediately following. The instruction addressed can
be determined from the exception type and status bits.

3.9.7 Machine Status Save/Restore Register 1 (SRR1)

The machine status save/restore register 1 (SRR1), SPR 27, saves the machine status on exceptions and
restores the machine status when an rfi instruction is executed.
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MSB LSB
0 1 23 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SRR1
Reset Undefined
Addr SPR 27

Figure 3-15. Machine Status Save/Restore Register 1 (SRR1)

In general, when an exception occurs, SRR1[0:15] are loaded with exception-specific information, and
MSR[16:31] are placed into SRR1[16:31].

3.9.8 General SPRs (SPRG0-SPRG3)

SPRGO-SPRG3, SPRs 272-275, are provided for general operating system use, such as fast-state saves
and multiprocessor-implementation support. SPRGO-SPRG3 are shown below.

MSB LSB
0 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3t

SPRGO

SPRG1

SPRG2

SPRG3

Reset Unchanged

Figure 3-16. SPRG0-SPRG3 — General Special-Purpose Registers 0-3

Uses for SPRGO-SPRG3 are shown in Table 3-13.
Table 3-13. Uses of SPRGO0-SPRG3

Register Description

SPRGO | Software may load a unique physical address in this register to identify an area of memory reserved for use
by the exception handler. This area must be unique for each processor in the system.

SPRG1 | This register may be used as a scratch register by the exception handler to save the content of a GPR. That
GPR then can be loaded from SPRGO and used as a base register to save other GPRs to memory.

SPRG2 | This register may be used by the operating system as needed.

SPRG3 | This register may be used by the operating system as needed.
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3.9.9 Processor Version Register (PVR)

The PVR is a 32-bit, read-only register that identifies the version and revision level of the processor. The
contents of the PVR can be copied to a GPR by the mfspr instruction. Read access to the PVR is available
in supervisor mode only; write access is not provided.

MSB LSB
0 1234586 7 89 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field VERSION REVISION
Reset 0000_0000_0000_0010 0000_0000_0010_0000
Addr SPR 287

Figure 3-17. Processor Version Register (PVR)

Table 3-14. Processor Version Register Bit Descriptions

Bits Name Description

0:15 VERSION | A 16-bit number that identifies the version of the PowerPC ISA processor. The RCPU value
is 0x0002.

16:31 REVISION | A 16-bit number that distinguishes between various releases of a particular version. The
RCPU value is 0x0020.

3.9.10 Implementation-Specific SPRs

The MPC561/MPC563 includes several implementation-specific SPRs that are not defined by the
PowerPC ISA architecture. These registers, listed in Table 3-2 and Table 3-3, can be accessed by
supervisor-level instructions only.

3.9.10.1 EIE, EID, and NRI Special-Purpose Registers

The RCPU includes three implementation-specific SPRs that facilitate the software manipulation of the
MSRJ[RI] and MSR[EE] bits: External Interrupt Enable (EIE), External Interrupt Disable (EID), and
Non-recoverable Interrupt (NRI). Issuing the mtspr instruction with one of these registers as an operand
causes the RI and EE bits to be set or cleared as shown in Table 3-15.

Table 3-15. EIE, EID, AND NRI Registers

S?:e':il:nn;?)er Mnemonic | MSR[EE] | MSRIRI]
80 EIE 1 1
81 EID 0 1
82 NRI 0 0

A read (mfspr) of any of these locations is treated as an unimplemented instruction, resulting in a software
emulation exception.
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3.9.10.2 Floating-Point Exception Cause Register (FPECR)

The FPECR, SPR 1022, is a supervisor-level internal status and control register used by the user’s
floating-point assist software envelope. It contains four status bits that indicate whether the result of the
operation is tiny and whether any of three source operands are denormalized. In addition, it contains one
control bit to enable or disable SIE mode. This register must not be accessed by user code.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| SIE —
SRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field — DNC | DNB | DNA | TR
SRESET 0000_0000_0000_0000
Addr SPR 1022

Figure 3-18. Floating-Point Exception Cause Register (FPECR)

A listing of FPECR bit settings is shown in Table 3-16.
Table 3-16. FPECR Bit Descriptions

Bits Name Description

0 SIE Synchronized ignore exception mode control bit.
0 Disable SIE mode
1 Enable SIE mode

1:27 — Reserved

28 DNC Source operand C denormalized status bit.
0 Source operand C is not denormalized
1 Source operand C is denormalized

29 DNB Source operand B denormalized status bit.
0 Source operand B is not denormalized
1 Source operand B is denormalized

30 DNA Source operand A denormalized status bit.
0 Source operand A is not denormalized
1 Source operand A is denormalized

31 TR Floating-point tiny result.
0 Floating-point result is not tiny
1 Floating-point result is tiny

NOTE

Software must insert a sync instruction before reading the FPECR.
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3.9.10.3 Additional Implementation-Specific Registers
Refer to the following sections for details on additional implementation-specific registers in the
MPC561/MPC563:

* Section 4.6, “BBC Programming Model”

* Section 6.2.2.1.2, “Internal Memory Map Register IMMR)”

* Section 11.8, “L2U Programming Model”

* Chapter 23, “Development Support”

3.10 Instruction Set

All PowerPC ISA instructions are encoded as single words (32 bits) and are consistent among all
instruction types. The fixed instruction length and consistent format simplify instruction pipelining and
permit efficient decoding to occur in parallel with operand accesses.
The PowerPC ISA instructions are divided into the following categories:
* Integer instructions, which include computational and logical instructions

— Integer arithmetic instructions

— Integer compare instructions

— Integer logical instructions

— Integer rotate and shift instructions

» Floating-point instructions, which include floating-point computational instructions, as well as
instructions that affect the floating-point status and control register (FPSCR)

— Floating-point arithmetic instructions
— Floating-point multiply/add instructions
— Floating-point rounding and conversion instructions
— Floating-point compare instructions
— Floating-point status and control instructions
» Load/store instructions., which include integer and floating-point load and store instructions
— Integer load and store instructions
— Integer load and store multiple instructions
— Floating-point load and store
— Primitives used to construct atomic memory operations (Iwarx and stwcx. instructions)

» Flow control instructions, which include branching instructions, condition register logical
instructions, trap instructions, and other instructions that affect the instruction flow

— Branch and trap instructions
— Condition register logical instructions
» Processor control instructions, which are used for synchronizing memory accesses.
— Move to/from SPR instructions
— Move to/from MSR

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 3-27



3
4

'
A

Central Processing Unit

— Synchronize
— Instruction synchronize

NOTE

This grouping of the instructions does not indicate which execution unit
executes a particular instruction or group of instructions.

Integer instructions operate on byte, half-word, and word operands. Floating-point instructions operate on
single-precision (one word) and double-precision (one double word) floating-point operands. The
PowerPC ISA architecture uses instructions that are four bytes long and word-aligned. It provides for byte,
half-word, and word operand loads and stores between memory and a set of 32 GPRs.

Computational instructions do not modify memory. To use a memory operand in a computation and then
modify the same or another memory location, the memory contents must be loaded into a register,
modified, and then written back to the target location with distinct instructions.

PowerPC ISA-compliant processors follow the program flow when they are in the normal execution state.
However, the flow of instructions can be interrupted directly by the execution of an instruction or by an
asynchronous event. Either kind of exception may cause one of several components of the system software
to be invoked.

3.10.1 Instruction Set Summary

Table 3-17 provides a summary of RCPU instructions. Refer to the RCPU Reference Manual for a detailed
description of the instruction set.

Table 3-17. Instruction Set Summary

Mnemonic Operand Syntax Name
add (add. addo addo.) rD,rA,rB Add
addc (addc. addco addco.) rD,rA,rB Add Carrying
adde (adde. addeo addeo.) rD,rA,rB Add Extended
addi rD,rA,SIMM Add Immediate
addic rD,rA,SIMM Add Immediate Carrying
addic. rD,rA,SIMM Add Immediate Carrying and Record
addis rD,rA,SIMM Add Immediate Shifted
addme (addme. addmeo addmeo.) rD,rA Add to Minus One Extended
addze (addze. addzeo addzeo.) rD,rA Add to Zero Extended
and (and.) rA,rS,rB AND
andc (andc.) rA,rS,rB AND with Complement
andi. rA,rS,UuIMM AND Immediate
andis. rA,rS,UIMM AND Immediate Shifted
b (ba bl bla) target_addr Branch
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Table 3-17. Instruction Set Summary (continued)

Mnemonic

Operand Syntax

Name

bc (bca bcl bcla)

BO,Bl,target_addr

Branch Conditional

beetr  (bectrl)

BO,BI

Branch Conditional to Count Register

belr  (bclrl) BO,BI Branch Conditional to Link Register

cmp crfD,L,rA,rB Compare

cmpi crfD,L,rA,SIMM Compare Immediate

cmpl crfD,L,rA,rB Compare Logical

cmpli crfD,L,rA,UIMM Compare Logical Immediate

cntlzw  (cntlzw.) rA,rS Count Leading Zeros Word

crand crbD,crbA,crbB Condition Register AND

crandc crbD,crbA, crbB Condition Register AND with Complement

creqv crbD,crbA, crbB Condition Register Equivalent

crnand crbD,crbA,crbB Condition Register NAND

crnor crbD,crbA,crbB Condition Register NOR

cror crbD,crbA,crbB Condition Register OR

crorc crbD,crbA, crbB Condition Register OR with Complement

crxor crbD,crbA,crbB Condition Register XOR

divw (divw. divwo divwo.) rD,rA,rB Divide Word

divwu divwu. divwuo divwuo. rD,rA,rB Divide Word Unsigned

eieio — Enforce In-Order Execution of 1/0

eqv (eqv.) rA,rS,rB Equivalent

extsb (extsb.) rA,rS Extend Sign Byte

extsh (extsh.) rA,rS Extend Sign Half Word

fabs (fabs.) frD,frB Floating Absolute Value

fadd (fadd.) frD,frA,frB Floating Add (Double-Precision)

fadds (fadds.) frD,frA,frB Floating Add Single

fcmpo crfD,frA,frB Floating Compare Ordered

fcmpu crfD,frA,frB Floating Compare Unordered

fetiw  (fctiw.) frD,frB Floating Convert to Integer Word

fctiwz (fctiwz.) frD,frB Floating Convert to Integer Word with Round
Toward Zero

fdiv  (fdiv.) frD,frA,frB Floating Divide (Double-Precision)

fdivs (fdivs.) frD,frA,frB Floating Divide Single

fmadd (fmadd.) frD,frA,frC,frB Floating Multiply-Add (Double-Precision)

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor

3-29



Central Processing Unit

Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name

fmadds (fmadds.) frD,frA,frC,frB Floating Multiply-Add Single

fmr  (fmr.) frD,frB Floating Move Register

fmsub (fmsub.) frD,frA,frC,frB Floating Multiply-Subtract (Double-Precision)

fmsubs (fmsubs.) frD,frA,frC,frB Floating Multiply-Subtract Single

fmul  (fmul.) frD,frA,frC Floating Multiply (Double-Precision)

fmuls (fmuls.) frD,frA,frC Floating Multiply Single

fnabs (fnabs.) frD,frB Floating Negative Absolute Value

fneg (fneg.) frD,frB Floating Negate

fnrmadd (fnmadd.) frD,frA,frC,frB Floating Negative Multiply-Add (Double-
Precision)

fnmadds (fnmadds.) frD,frA,frC,frB Floating Negative Multiply-Add Single

fnmsub (fnmsub.) frD,frA,frC,frB Floating Negative Multiply-Subtract
(Double-Precision)

fnmsubs (fnmsubs.) frD,frA,frC,frB Floating Negative Multiply-Subtract Single

frsp (frsp.) frD,frB Floating Round to Single

fsub (fsub.) frD,frA,frB Floating Subtract (Double-Precision)

fsubs (fsubs.) frD,frA,frB Floating Subtract Single

isync — Instruction Synchronize

Ibz rD,d(rA) Load Byte and Zero

Ibzu rD,d(rA) Load Byte and Zero with Update

Ibzux rD,rA,rB Load Byte and Zero with Update Indexed

lbzx rD,rA,rB Load Byte and Zero Indexed

Ifd frD,d(rA) Load Floating-Point Double

Ifdu frD,d(rA) Load Floating-Point Double with Update

Ifdux frD,rA,rB Load Floating-Point Double with Update
Indexed

Ifdx frD,rA,rB Load Floating-Point Double Indexed

Ifs frD,d(rA) Load Floating-Point Single

Ifsu frD,d(rA) Load Floating-Point Single with Update

Ifsux frD,rA,rB Load Floating-Point Single with Update Indexed

Ifsx frD,rA,rB Load Floating-Point Single Indexed

Iha rD,d(rA) Load Half-Word Algebraic

Ihau rD,d(rA) Load Half-Word Algebraic with Update

Ihaux rD,rA,rB Load Half-Word Algebraic with Update Indexed
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
lhax rD,rA,rB Load Half-Word Algebraic Indexed
Ihbrx rD,rA,rB Load Half-Word Byte-Reverse Indexed
Ihz rD,d(rA) Load Half-Word and Zero
lhzu rD,d(rA) Load Half-Word and Zero with Update
lhzux rD,rA,rB Load Hal-Word and Zero with Update Indexed
lhzx rD,rA,rB Load Half-Word and Zero Indexed
Imw rD,d(rA) Load Multiple Word
Iswi rD,rA,NB Load String Word Immediate
Iswx rD,rA,rB Load String Word Indexed
lwarx rD,rA,rB Load Word and Reserve Indexed
lwbrx rD,rA,rB Load Word Byte-Reverse Indexed
Iwz rD,d(rA) Load Word and Zero
lwzu rD,d(rA) Load Word and Zero with Update
lwzux rD,rA,rB Load Word and Zero with Update Indexed
lwzx rD,rA,rB Load Word and Zero Indexed
mcrf crfD,crfS Move Condition Register Field
mcrfs crfD,crfS Move to Condition Register from FPSCR
mcrxr crfiD Move to Condition Register from XER
mfcr D Move from Condition Register
mffs (mffs.) frD Move from FPSCR
mfmsr rD Move from Machine State Register
mfspr rD,SPR Move from Special Purpose Register
mftb D, TBR Move from Time Base
mtcrf CRM,rS Move to Condition Register Fields
mtfsb0 (mtfsbO.) crbD Move to FPSCR Bit 0
mtfsb1 (mtfsb1.) crbD Move to FPSCR Bit 1
mtfsf (mtfsf.) FM,frB Move to FPSCR Fields
mtfsfi  (mtfsfi.) crfb,IMM Move to FPSCR Field Immediate
mtmsr rS Move to Machine State Register
mtspr SPR,rS Move to Special Purpose Register
mulhw  (mulhw.) rD,rA,rB Multiply High Word
mulhwu  (mulhwu.) rD,rA,rB Multiply High Word Unsigned
mulli rD,rA,SIMM Multiply Low Immediate
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
mullw  (mullw. mullwo mullwo.) rD,rA,rB Multiply Low
nand (nand.) rA,rS,rB NAND
neg (neg. nego nego.) rD,rA Negate
nor (nor.) rA,rS,rB NOR
or (or.) rA,rS,rB OR
orc (orc.) rA,rS,rB OR with Complement
ori rA,rS,UIMM OR Immediate
oris rA,rS,UIMM OR Immediate Shifted
rfi — Return from Interrupt

rlwimi  (rlwimi.)

rA,rS,SH,MB,ME

Rotate Left Word Immediate then Mask Insert

rlwinm (rlwinm.)

rA,rS,SH,MB,ME

Rotate Left Word Immediate then AND with
Mask

rlwnm  (rlwnm.)

rA,rS,rB,MB,ME

Rotate Left Word then AND with Mask

sC — System Call

slw (slw.) rA,rS,rB Shift Left Word

sraw (sraw.) rA,rS,rB Shift Right Algebraic Word

srawi (srawi.) rA,rS,SH Shift Right Algebraic Word Immediate

srw  (srw.) rA,rS,rB Shift Right Word

stb rS,d(rA) Store Byte

stbu rS,d(rA) Store Byte with Update

stbux rS,rA,rB Store Byte with Update Indexed

stbx rS,rA,rB Store Byte Indexed

stfd frS,d(rA) Store Floating-Point Double

stfdu frS,d(rA) Store Floating-Point Double with Update

stfdux frS,rB Store Floating-Point Double with Update
Indexed

stfdx frS,rB Store Floating-Point Double Indexed

stfiwx frS,rB Store Floating-Point as Integer Word Indexed

stfs frS,d(rA) Store Floating-Point Single

stfsu frS,d(rA) Store Floating-Point Single with Update

stfsux frS,rB Store Floating-Point Single with Update Indexed

stfsx frS,r B Store Floating-Point Single Indexed

sth rS,d(rA) Store Half-Word
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
sthbrx rS,rA,rB Store Half-Word Byte-Reverse Indexed
sthu rS,d(rA) Store Half-Word with Update
sthux rS,rA,rB Store Half-Word with Update Indexed
sthx rS,rA,rB Store Half-Word Indexed
stmw rS,d(rA) Store Multiple Word
stswi rS,rA,NB Store String Word Immediate
stswx rS,rA,rB Store String Word Indexed
stw rS,d(rA) Store Word
stwbrx rS,rA,rB Store Word Byte-Reverse Indexed
stwex. rS,rA,rB Store Word Conditional Indexed
stwu rS,d(rA) Store Word with Update
stwux rS,rA,rB Store Word with Update Indexed
stwx rS,rA,rB Store Word Indexed
subf (subf. subfo subfo.) rD,rA,rB Subtract From
subfc (subfc. subfco subfco.) rD,rA,rB Subtract from Carrying
subfe (subfe. subfeo subfeo.) rD,rA,rB Subtract from Extended
subfic rD,rA,SIMM Subtract from Immediate Carrying
subfme (subfme. subfmeo subfmeo.) rD,rA Subtract from Minus One Extended
subfze (subfze. subfzeo subfzeo.) rD,rA Subtract from Zero Extended
sync — Synchronize
tw TO,rA,rB Trap Word
twi TO,rA,SIMM Trap Word Immediate
xor (xor.) rA,rS,rB XOR
xori rA,rS,UIMM XOR Immediate
xoris rA,rS,UIMM XOR Immediate Shifted

Note: The dot (.) suffix on a mnemonic indicates that the CR register update is enabled. The o suffix on a mnemonic indicates

that the overflow bit update in the XER is enabled.

3.10.2 Recommended Simplified Mnemonics

To simplify assembly language coding, a set of alternative mnemonics is provided for some frequently
used operations (such as no-op, load immediate, load address, move register, and complement register).
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For a complete list of simplified mnemonics, see the RCPU Reference Manual. Programs written to be
portable across the various assemblers for the PowerPC ISA architecture should not assume the existence
of mnemonics not described in that manual.

3.10.3 Calculating Effective Addresses

The effective address (EA) is the 32-bit address computed by the processor when executing a memory
access or branch instruction or when fetching the next sequential instruction.

The PowerPC ISA architecture supports two simple memory addressing modes:
« EA =(rA|0) + 16-bit offset (including offset = 0) (register indirect with immediate index)
 EA =(rA|0) + rB (register indirect with index)

These simple addressing modes allow efficient address generation for memory accesses. Calculation of the
effective address for aligned transfers occurs in a single clock cycle.

For a memory access instruction, if the sum of the effective address and the operand length exceeds the
maximum effective address, the storage operand is considered to wrap around from the maximum effective
address to effective address 0.

Effective address computations for both data and instruction accesses use 32-bit unsigned binary
arithmetic. A carry from bit 0 is ignored in 32-bit implementations.

3.11 Exception Model

The PowerPC ISA exception mechanism allows the processor to change to supervisor state as a result of
external signals, errors, or unusual conditions that arise in the execution of instructions. When exceptions
occur, information about the state of the processor is saved to certain registers, and the processor begins
execution at an address (exception vector) predetermined for each exception. Processing of exceptions
occurs in supervisor mode.

Although multiple exception conditions can map to a single exception vector, a more specific condition
may be determined by examining a register associated with the exception — for example, the DAE/source
instruction service register (DSISR). Additionally, some exception conditions can be explicitly enabled or
disabled by software.

The PowerPC ISA architecture requires that exceptions be taken in program order; therefore, although a
particular implementation may recognize exception conditions out of order, they are handled strictly in
order with respect to the instruction stream. When an instruction-caused exception is recognized, any
unexecuted instructions that appear earlier in the instruction stream, including any that have not yet entered
the execute state, are required to complete before the exception is taken. For example, if a single
instruction encounters multiple exception conditions, those exceptions are taken and handled sequentially.
Likewise, exceptions that are asynchronous and precise are recognized when they occur, but are not
handled until all instructions currently in the execute stage successfully complete execution and report
their results.
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Note that exceptions can occur while an exception handler routine is executing, and multiple exceptions
can become nested. It is up to the exception handler to save the appropriate machine state if it is desired
that control be returned to the excepting program.

In many cases, after the exception handler handles an exception, there is an attempt to execute the
instruction that caused the exception. Instruction execution continues until the next exception condition is
encountered. This method of recognizing and handling exception conditions sequentially guarantees that
the machine state is recoverable and processing can resume without losing instruction results.

To prevent the loss of state information, exception handlers must save the information stored in SRR0 and
SRR1 soon after the exception is taken to prevent this information from being lost due to another exception
being taken.

3.11.1 Exception Classes

The RCPU exception classes are shown in Table 3-18.
Table 3-18. RCPU Exception Classes

Class Exception Type
Asynchronous, unordered Machine check
System reset
Asynchronous, ordered External interrupt
Decrementer
Synchronous (ordered, precise) Instruction-caused exceptions

3.11.2 Ordered Exceptions

In the RCPU, all exceptions except for reset, debug port non-maskable interrupts, and machine check
exceptions are ordered. Ordered exceptions satisfy the following criteria:

* Only one exception is reported at a time. If, for example, a single instruction encounters multiple
exception conditions, those conditions are encountered sequentially. After the exception handler
handles an exception, instruction execution continues until the next exception condition is
encountered.

*  When the exception is taken, no program state is lost.

3.11.3 Unordered Exceptions

Unordered exceptions may be reported at any time and are not guaranteed to preserve program state
information. The processor can never recover from a reset exception. It can recover from other unordered
exceptions in most cases. However, if a debug port non-maskable interrupt or machine check exception
occurs during the servicing of a previous exception, the machine state information in SRR0O and SRR1
(and, in some cases, the DAR and DSISR) may not be recoverable; the processor may be in the process of
saving or restoring these registers.

To determine whether the machine state is recoverable, the RI (recoverable exception) bit in SRR1 can be
read. During exception processing, the RI bit in the MSR is copied to SRR1 and then cleared. The
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operating system should set the RI bit in the MSR at the end of each exception handler’s prologue (after
saving the program state) and clear the bit at the start of each exception handler’s epilogue (before
restoring the program state). Then, if an unordered exception occurs during the servicing of an exception
handler, the RI bit in SRR 1 will contain the correct value.

3.11.4 Precise Exceptions

In the RCPU, all synchronous (instruction-caused) exceptions are precise. When a precise exception
occurs, the processor backs the machine up to the instruction causing the exception. This ensures that the
machine is in its correct architecturally-defined state. The following conditions exist at the point a precise
exception occurs:

1. Architecturally, no instruction following the faulting instruction in the code stream has begun
execution.

2. All instructions preceding the faulting instruction appear to have completed with respect to the
executing processor.

3. SRRO addresses either the instruction causing the exception or the immediately following
instruction. Which instruction is addressed can be determined from the exception type and the
status bits.

4. Depending on the type of exception, the instruction causing the exception may not have begun
execution, may have partially completed, or may have completed execution.

3.11.5 Exception Vector Table

The setting of the exception prefix (IP) bit in the MSR determines how exceptions are vectored. If the bit
is cleared, the exception vector table begins at the physical address 0x0000 0000; if IP is set, the exception
vector table begins at the physical address OxFFFO0 0000. Table 3-19 shows the exception vector offset of
the first instruction of the exception handler routine for each exception type.

NOTE

In the MPC561/MPC563, the exception table can additionally be relocated
by the BBC module to internal memory and reduce the total size required by
the exception table (see Section 4.3, “Exception Table Relocation (ETR).”

Table 3-19. Exception Vector Offset Table

Vect(c')]re(:)ff set Exception Type Section
00000 Reserved —
00100 System reset, NMI interrupt Section 3.15.4.1, “System Reset Exception and NMI (0x0100)”
00200 Machine Check Section 3.15.4.2, “Machine Check Exception (0x0200)”
00300 Data Storage Section 3.15.4.3, “Data Storage Exception (0x0300)”
00400 Reserved Instruction Storage1
00500 External Interrupt Section 3.15.4.5, “External Interrupt (0x0500)”
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Table 3-19. Exception Vector Offset Table (continued)

Vector Offset . .
(hex) Exception Type Section
00600 Alignment Section 3.15.4.6, “Alignment Exception (0x00600)”
00700 Program Section 3.15.4.7, “Program Exception (0x0700)”
00800 Floating-Point Unavailable Section 3.15.4.8, “Floating-Point Unavailable Exception
(0x0800)”
00900 Decrementer Section 3.15.4.9, “Decrementer Exception (0x0900)”
00A00 Reserved —
00B00 Reserved —
00C00 System call Section 3.15.4.10, “System Call Exception (0x0C00)”
00D00 Trace. Section 3.15.4.11, “Trace Exception (0x0D00)”
00EOQ0 Floating-Point Assist Section 3.15.4.12, “Floating-Point Assist Exception (0xOE00)”
01000 Implementation-Dependent Section 3.15.4.13, “Implementation-Dependent Software
Software Emulation Emulation Exception (0x1000)”
01100 Reserved —
01200 Reserved —
01300 Implementation-Dependent Section 3.15.4.14, “Implementation-Dependent Instruction
Instruction Protection Exception (0x1300)”
Protection Exception
01400 Implementation-Dependent Data | Section 3.15.4.15, “Implementation-Specific Data Protection
Protection Error Error Exception (0x1400)”
01500-01BFF Reserved —
01C00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Data Breakpoint Exceptions”
01D00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Instruction Breakpoint Exceptions”
01E00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Maskable Exceptions”
External Breakpoint
01F00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Non-Maskable External Breakpoint Exceptions”

' This exception will not be generated by hardware.

3.12 Instruction Timing

The RCPU processor is pipelined. Because the processing of an instruction is broken into a series of stages,
an instruction does not require the processor’s full resources.
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The instruction pipeline in the MPC561/MPC563 has four stages:

1.

The dispatch stage is implemented using a distributed mechanism. The central dispatch unit
broadcasts the instruction to all units. In addition, scoreboard information (regarding data
dependencies) is broadcast to each execution unit. Each execution unit decodes the instruction. If
the instruction is not implemented, a program exception is taken. If the instruction is legal and no
data dependency is found, the instruction is accepted by the appropriate execution unit, and the data
found in the destination register is copied to the history buffer. If a data dependency exists, the
machine is stalled until the dependency is resolved.

2. Inthe execute stage, each execution unit that has an executable instruction executes the instruction.
(For some instructions, this occurs over multiple cycles.)

3. Inthe writeback stage, the execution unit writes the result to the destination register and reports to
the history buffer that the instruction is completed.

4. In the retirement stage, the history buffer retires instructions in architectural order. An instruction

retires from the machine if it completes execution with no exceptions and if all instructions
preceding it in the instruction stream have finished execution with no exceptions. As many as six
instructions can be retired in one clock.

The history buffer maintains the correct architectural machine state. An exception is taken only when the
instruction is ready to be retired from the machine (i.e., after all previously-issued instructions have
already been retired from the machine). When an exception is taken, all instructions following the
excepting instruction are canceled, (i.e., the values of the affected destination registers are restored using

the values saved in the history buffer during the dispatch stage).

Figure 3-19 shows basic instruction pipeline timing.

DECODE

READ AND EXECUTE

BRANCH EXECUTE

Figure 3-19. Basic Instruction Pipeline

Table 3-20 indicates the latency and blockage for each type of instruction. Latency refers to the interval

from the time an instruction begins execution until it produces a result that is available for use by a
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subsequent instruction. Blockage refers to the interval from the time an instruction begins execution until
its execution unit is available for a subsequent instruction.

NOTE

When the blockage equals the latency, it is not possible to issue another
instruction to the same unit in the same cycle in which the first instruction
is being written back.

Table 3-20. Instruction Latency and Blockage

Instruction Type Precision Latency Blockage
Floating-point Double 7 7
multiply-add Single 6 6
Floating-point Double 4 4
add or subtract Single 4 4
Floating-point multiply Double 5 5
Single 4 4
Floating-point divide Double 17 17
Single 10 10
Integer multiply — 2 1 or 21
Integer divide — 2to 111 2to 111
Integer load/store — See note’ See note'

1 Refer to Section 7, “Instruction Timing,” in the RCPU Reference Manual
(RCPURM/AD) for details.

3.13 User Instruction Set Architecture (UISA)

3.13.1 Computation Modes

The RCPU is a 32-bit implementation of the PowerPC ISA architecture. Any reference in the PowerPC
ISA architecture books (UISA, VEA, OEA) regarding 64-bit implementations are not supported by the
core. All registers except the floating-point registers are 32 bits wide.

3.13.2 Reserved Fields

Reserved fields in instructions are described under the specific instruction definition sections. Unless
otherwise noted, reserved fields should be written with a zero when written and return a zero when read.
Thus, this type of invalid form instructions yield results of the defined instructions with the appropriate
field zero.

In most cases, the reserved fields in registers are ignored on write and return zeros for them on read on any
control register implemented by the MPC561/MPC563. Exception to this rule are bits [16:23] of the
fixed-point exception cause register (XER) and the reserved bits of the machine state register (MSR),
which are set by the source value on write and return the value last set for it on read.
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3.13.3 Classes of Instructions

Non-optional instructions are implemented by the hardware. Optional instructions are executed by
implementation-dependent code and any attempt to execute one of these commands causes the RCPU to
take the implementation-dependent software emulation interrupt (offset 0x01000 of the vector table).

Illegal and reserved instruction class instructions are supported by implementation- dependent code and,
thus, the RCPU hardware generates the implementation-dependent software emulation interrupt. Invalid
and preferred instruction forms treatment by the RCPU is described under the specific processor
compliance sections.

3.13.4 Exceptions

Invocation of the system software for any instruction-caused exception in the RCPU is precise, regardless
of the type and setting.

3.13.5 Branch Processor

The RCPU implements all the instructions defined for the branch processor in the UISA in the hardware.

3.13.6 Instruction Fetching

The core fetches a number of instructions into its internal buffer (the instruction pre-fetch queue) prior to
execution. If a program modifies the instructions it intends to execute, it should call a system library
program to ensure that the modifications have been made visible to the instruction fetching mechanism
prior to execution of the modified instructions.

3.13.7 Branch Instructions

The core implements all the instructions defined for the branch processor by the UISA in the hardware.
For performance of various instructions, refer to Table 3-20 of this manual.

3.13.7.1 Invalid Branch Instruction Forms

Bits marked with z in the BO encoding definition are discarded by the MPC561/MPC563 decoding. Thus,
these types of invalid form instructions yield results of the defined instructions with the z-bit zero. If the
decrement and test CTR option is specified for the beetr or becetrl instructions, the target address of the
branch is the new value of the CTR. Condition is evaluated correctly, including the value of the counter
after decrement.

3.13.7.2 Branch Prediction

The core uses the y bit to predict path for pre-fetch. Prediction is only done for not-ready branch
conditions. No prediction is done for branches to the link or count register if the target address is not ready.
Refer to the RCPU Reference Manual (conditional branch control) for more information.
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3.13.8 Fixed-Point Processor

3.13.8.1 Fixed-Point Instructions

The core implements the following instructions:

* Fixed-point arithmetic instructions

» Fixed-point compare instructions

* Fixed-point trap instructions

» Fixed-point logical instructions

» Fixed-point rotate and shift instructions

* Move to/from system register instructions
All instructions are defined for the fixed-point processor in the UISA in the hardware. For performance of
the various instructions, refer to Table 3-20.

— Move To/From System Register Instructions. Move to/from invalid special registers in which
SPRO = 1 yields invocation of the privilege instruction error interrupt handler if the processor
is in problem state. For a list of all implemented special registers, refer to Table 3-2, and
Table 3-3.

— Fixed-Point Arithmetic Instructions. If an attempt is made to perform any of the divisions in
the divw[o][.] instruction (0x80000000 =+ -1, <anything> =+ 0), then the contents of rD are
0x80000000; if Rc =1, the contents of bits in CR field 0 are LT =1, GT =0, EQ =0, and SO is
set to the correct value. If an attempt is made to perform any of the divisions in the divw[o][.]
instruction, <anything> =+ 0. In cmpi, cmp, cmpli, and cmpl instructions, the L-bit is applicable
for 64-bit implementations. In 32-bit implementations, if L = 1 the instruction form is invalid.
The core ignores this bit and therefore, the behavior when L = 1 is identical to the valid form
instruction with L =0

3.13.9 Floating-Point Processor

3.13.9.1 General

The RCPU implements all floating-point features as defined in the UISA, including the non-IEEE working
mode. Some features require software assistance. For more information refer to the RCPU Reference
Manual (Floating-point Load Instructions).

3.13.9.2 Optional Instructions

The only optional instruction implemented by RCPU hardware is store floating-point as integer word
indexed (stfiwx). An attempt to execute any other optional instruction causes an implementation
dependent software emulation exception.
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3.13.10 Load/Store Processor

The load/store processor supports all of the 32-bit implementation fixed-point PowerPC ISA load/store
instructions in the hardware.

3.13.10.1 Fixed-Point Load with Update and Store with Update Instructions

For load with update and store with update instructions, when rA = 0, the EA is written into R0. For load
with update instructions, when rA =D, rA is boundedly undefined.

3.13.10.2 Fixed-Point Load and Store Multiple Instructions

For these types of instructions, EA must be a multiple of four. If it is not, the system alignment error
handler is invoked. For a Imw instruction (if rA is in the range of registers to be loaded), the instruction
completes normally. rA is then loaded from the memory location as follows:

rA < MEM(EA+(rA-rD)*4, 4)

3.13.10.3 Fixed-Point Load String Instructions

Load string instructions behave the same as load multiple instructions, with respect to invalid format in
which rA is in the range of registers to be loaded. When rA is in range, it is updated from memory.

3.13.10.4 Storage Synchronization Instructions

For these type of instructions, EA must be a multiple of four. If it is not, the system alignment error handler
is invoked.

3.13.10.5 Floating-Point Load and Store With Update Instructions

For Load and Store with update instructions, if rD = 0 then the EA is written into RO.

3.13.10.6 Floating-Point Load Single Instructions

When the operand falls in the range of a single denormalized number, the floating-point assist interrupt
handler is invoked.

Refer to the RCPU Reference Manual (Floating-point Assist For Denormalized Operands) for complete
description of handling denormalized floating-point numbers.

3.13.10.7 Floating-Point Store Single Instructions

When the operand falls in the range of a single denormalized number, the floating-point assist interrupt
handler is invoked.

When the operand is ZERO it is converted to the correct signed ZERO in single-precision format.

When the operand is between the range of single denormalized and double denormalized it is considered
a programming error. The hardware will handle this case as if the operand was single denormalized.
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When the operand falls in the range of double denormalized numbers it is considered a programming error.
The hardware will handle this case as if the operand was ZERO.

The following check is done on the stored operand in order to determine whether it is a denormalized
single-precision operand and invoke the floating-point assist interrupt handler:

(frS[1:11] # 0) AND (frS[1:11] < 896) Egn. 3-1
Refer to the RCPU Reference Manual (Floating-Point Assist for Denormalized Operands) for complete
description of handling denormalized floating-point numbers.
3.13.10.8 Optional Instructions

No optional instructions are supported.

3.14 Virtual Environment Architecture (VEA)

3.14.1 Atomic Update Primitives

Both the Iwarx and stwcx instructions are implemented according to the PowerPC ISA architecture
requirements. The MPC561/MPC563 does not provide support for snooping an external bus activity
outside the chip. The provision is made to cancel the reservation inside the MPC561/MPC563 by using the
CR and KR input signals. Internal buses are snooped for RCPU accesses, and the reservation mechanism
can be used for multitask single master applications.

3.14.2 Effect of Operand Placement on Performance

The load/store unit hardware supports all of the PowerPC ISA load/store instructions. An optimal
performance is obtained for naturally aligned operands. These accesses result in optimal performance (one
bus cycle) for up to four bytes in size and good performance (two bus cycles) for double precision
floating-point operands. Unaligned operands are supported in hardware and are broken into a series of
aligned transfers. The effect of operand placement on performance is as stated in the VEA, except for the
case of 8-byte operands. In that case, since the RCPU uses a 32-bit wide data bus, the performance is good
rather than optimal.

3.14.3 Storage Control Instructions

The RCPU does not implement the following cache control instructions: icbi, dcbt, debi, debf, dcbz, dcbst,
and dcbtst .

3.14.4 Instruction Synchronize (isync) Instruction

The isync instruction causes a reflect which waits for all prior instructions to complete and then executes
the next sequential instruction. Any instruction after an isync will see all effects of prior instructions.
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3.14.5 Enforce In-Order Execution of I/O (eieio) Instruction
When executing an eieio instruction, the load/store unit will wait until all previous accesses have

terminated before issuing cycles associated with load/store instructions following the eieio instruction.

3.14.6 Time Base

A description of the time base register may be found in Chapter 6, “System Configuration and Protection,”
and in Chapter 8, “Clocks and Power Control.”

3.15 Operating Environment Architecture (OEA)

The MPC561/MPC563 has an internal memory space that includes memory-mapped control registers and
internal memory used by various modules on the chip. This memory is part of the main memory as seen
by the RCPU and can be accessed by an external system master.

3.15.1 Branch Processor Registers

3.15.1.1 Machine State Register (MSR)

The floating-point exception mode encoding in the RCPU is as shown in Table 3-21.

Table 3-21. Floating-Point Exception Mode Encoding

Mode FEO FE1
Ignore exceptions 0 0
Precise 0 1
Precise 1 0
Precise 1 1

The SF bit is reserved set to zero. The IP bit initial state after reset is set as programmed by the reset
configuration as specified by the USIU characteristics.

3.15.1.2 Branch Processors Instructions

The RCPU implements all the instructions defined for the branch processor in the UISA in the hardware.

3.15.2 Fixed-Point Processor

3.15.2.1 Special Purpose Registers

» Unsupported Registers — The following registers are not supported by the MPC561/MPC563:
SDR, EAR, IBATOU, IBATOL, IBAT1U, IBAT1L, IBAT2U, IBAT2L, IBAT3U, IBAT3L,
DBATOU, DBATOL, DBAT1U, DBATI1L, DBAT2L, DBAT3U, DBAT3L.

* Added Registers — For a list of added special purpose registers, refer to Table 3-2, and Table 3-3.

MPC561/MPC563 Reference Manual, Rev. 1.2

3-44 Freescale Semiconductor



Central Processing Unit

3.15.3 Storage Control Instructions

Storage control instructions mtsr, mtsrin, mfsr, mfsrin, dcbi, tlbie, tlbia, and tlbsync are not implemented

by the MPC561/MPC563.

3.15.4 Exceptions

The following paragraphs define the types of OEA exceptions. The exception table vector defines the
offset value by exception type. Refer to Table 3-19.

3.15.4.1 System Reset Exception and NMI (0x0100)

A system reset exception occurs

when:

* Any reset signal is asserted: PORESET, HRESET, or SRESET
* An internal reset is requested, such as from the software watchdog timer

Settings caused by reset as shown in Table 3-22.

Table 3-22. Settings Caused by Reset

Register Setting

MSR IP depends on internal data bus configuration word; ME is unchanged.
DCMPEN is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP]). All other bits are cleared

SRRO Undefined

SRR1 Undefined

FPECR 0x0000 0000

ICTRL 0x0000 0000

LCTRLA 0x0000 0000

LCTRL2 0x0000 0000

COUNTA[16:31] 0x0000 0000

COUNTBJ[16:31] 0x0000 0000

A non-maskable interrupt (NMI) occurs when the IRQO is asserted and the following registers are set.

Table 3-23. Register Settings following an NMI

Register Name Bits Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the next instruction the
processor executes if no interrupt conditions are present
Save/Restore Register 1 (SRR1) 1:4 Clearedto 0
10:15 Clearedto 0
Other Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]
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Table 3-23. Register Settings following an NMI (continued)

Register Name Bits Description
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto 0

1 If the RCPU is in decompression on mode, SRRO will contain a compressed address.

Execution begins at physical address 0x0100 if the hard reset configuration word IP bit is cleared to 0.
Execution begins at physical address 0xFFFO0 0100 if the hard reset configuration word IP bit is set to 1.

3.15.4.2 Machine Check Exception (0x0200)

A machine-check exception is assumed to be caused by one of the following conditions:

e The accessed address does not exist.

» A data error was detected.

» A storage protection violation was detected by chip-select logic.
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When a machine-check exception occurs, the processor does one of the following:

» Takes a machine check exception;

» Enters the checkstop state; or

* Enters debug mode.
Which action is taken depends on the value of the MSR[ME] bit, whether or not debug mode was enabled
at reset, and (if debug mode is enabled) the values of the CHSTPE (checkstop enable) and MCIE (machine
check enable) bits in the debug enable register (DER). Table 3-24 summarizes the possibilities. When the

processor is in the checkstop state, instruction processing is suspended and cannot be restarted without
resetting the core.

Table 3-24. Machine Check Exception Processor Actions

MSR[ME] De';igb“f:de CHSTPE MCIE | Action Performed when Exception Detected
0 0 X X Enter checkstop state
1 0 X X Branch to machine-check exception handler
0 1 0 X Enter checkstop state
0 1 1 X Enter debug mode
1 1 X 0 Branch to machine-check exception handler
1 1 1 Enter debug mode

An indication is sent to the USIU which may generate an automatic reset in this condition. Refer to
Chapter 7, “Reset,” for more details.

The register settings for machine check exceptions are shown in Table 3-25.

Table 3-25. Register Settings following a Machine Check Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction that caused the
interrupt
Save/Restore Register 1 (SRR1) 02 MSRO
1 Set to 1 for instruction fetch-related errors and 0 for

load/store-related errors

2:4 Clearedto 0
5:9 2 MSRI[5:9]
10:15 Clearedto 0

16:312 Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]
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Table 3-25. Register Settings following a Machine Check Exception (continued)

Register Name Bits Description
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))

Other Cleared to 0
Data/Storage Interrupt Status 0:14 Clearedto 0
Register (DSISR)3 ) ) — ;
15:16 Set to bits [29:30] of the instruction if X-form and to 0b0O if
D-form
17 Set to bit 25 of the instruction if X-form and to Bit 5 if D-form
18:21 Set to bits [21:24] of the instruction if X-form and to bits [1:4] if
D-form
22:31 Set to bits [6:15] of the instruction
Data Address Register (DAR)® All Set to the effective address of the data access that caused the
interrupt

If the exception occurs due to a data error caused by a Load/Store instruction and the processor in Decompression
On mode, the SRRO register will contain the address of the Load/Store instruction in compressed format. If the
exception occurs due to an instruction fetch in Decompression On mode, the SRRO register will contain an
indeterminate value.

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The appropriate bit in MSR is
loaded from this bit when an RFI is executed.

DSISR and DAR registers are only updated when the machine check exception is caused by a data access violation.

when a machine check exception is taken, instruction execution resumes at offset 0x0200 from the base
address indicated by MSR[IP].

3.15.4.3 Data Storage Exception (0x0300)

A data storage exception is never generated by the RCPU. The software may branch to this location as a
result of implementation-specific data storage protection error exception.

3.15.4.4 Instruction Storage Exception (0x0400)

An instruction storage interrupt is never generated by them RCPU. The software may branch to this
location as a result of an implementation-specific instruction storage protection error exception.

3.15.4.5 External Interrupt (0x0500)

The external interrupt exception is taken on assertion of the internal IRQ line to the RCPU, that is driven
by on-chip interrupt controller. The interrupt may be caused by the assertion of an external IRQ signal, by
a USIU timer, or by an internal chip peripheral. Refer to Section 6.1.4, “Enhanced Interrupt Controller,”
for more information on the interrupt controller.
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The interrupt may be delayed by other higher priority exceptions or if the MSR[EE] bit is cleared when
the exception occurs. MSR[EE] is automatically cleared by hardware to disable external interrupts when
any exception is taken.

Upon detecting an external interrupt, the processor assigns it to the instruction at the head of the history
buffer (after retiring all instructions that are ready to retire).

The enhanced interrupt controller mode is available for interrupt-driven applications on
MPC561/MPC563. It allows the single external interrupt exception vector 0x500 to be split into up to 48
different vectors corresponding to 48 interrupt sources to speed up interrupt processing. It also supports a
low priority source masking feature in hardware to handle nested interrupts more easily. See Section 6.1.4,
“Enhanced Interrupt Controller,” and Chapter 4, “Burst Buffer Controller 2 Module.”

The register settings for the external interrupt exception are shown in Table 3-26.

Table 3-26. Register Settings following External Interrupt

Register Bits Setting Description

Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that the processor would
have attempted to execute next if no interrupt conditions were present.

Save/Restore Register 1 (SRR1) [0:15] |[Clearedto 0

[16:31] |Loaded from bits [16:31] of MSR. In the current implementation, bit 30
of the SRR1 is never cleared, except by loading a zero value from
MSRIRI]

Machine State Register (MSR) IP No change

ME No change

LE Set to value of ILE bit prior to the exception

DCMPE | This bit is set according to (BBCMCR[EN_COMP] AND
N BBCMCR[EXC_COMPY))

Other |[Clearedto 0

T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain an
address in compressed format.

When an external interrupt is taken, instruction execution resumes at offset 0x00500 from the physical
base address indicated by MSR[IP].

3.15.4.6 Alignment Exception (0x00600)

The following conditions cause an alignment exception:
* The operand of a floating-point load or store instruction is not word-aligned.
* The operand of a load or store multiple instruction is not word-aligned.
* The operand of lwarx or stwcex. is not word-aligned.

Alignment exceptions use the SRR0O and SRR1 to save the machine state and the DSISR to determine the
source of the exception.

The register settings for alignment exceptions are shown in Table 3-27.
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Table 3-27. Register Settings for Alignment Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)' Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] Clearedto 0
[16:31] Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]

Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCRI[EXC_COMP])

Other Cleared to 0
Data/Storage Interrupt Status [0:11] Cleared to 0
Register (DSISR)
[12:13] Cleared to 0
14 Cleared to 0
[15:16] Forinstructions that use register indirect with index addressing,

set to bits [29:30] of the instruction.
For instructions that use register indirect with immediate index
addressing, cleared.

17 For instructions that use register indirect with index addressing,
set to bit 25 of the instruction.

For instructions that use register indirect with immediate index
addressing, set to bit 5 of the instruction.

[18:21] Forinstructions that use register indirect with index addressing,
set to bits [21:24] of the instruction.

For instructions that use register indirect with immediate index
addressing, set to bits [1:4] of the instruction.

[22:26] Set to bits [6:10] (source or destination) of the instruction.

[27:31] Set to bits [11:15] of the instruction (rA). Set to either bits
[11:15] of the instruction or to any register number not in the
range of registers loaded by a valid form instruction, for Imw,
Iswi, and Iswx instructions. Otherwise undefined.

T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.
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NOTE

For load or store instructions that use register indirect with index
addressing, the DSISR can be set to the same value that would have resulted
if the corresponding instruction uses register indirect with immediate index
addressing had caused the exception. Similarly, for load or store instructions
that use register indirect with immediate index addressing, DSISR can hold
a value that would have resulted from an instruction that uses register
indirect with index addressing. (If there is no corresponding instruction, no
alternative value can be specified.)

When an alignment exception is taken, instruction execution resumes at offset 0x00600 from the physical
base address indicated by MSR[IP].

3.15.4.7 Program Exception (0x0700)

A program exception occurs when no higher priority exception exists and one or more of the following
exception conditions, which correspond to bit settings in SRR1, occur during execution of an instruction:

System floating-point enabled exception — A system floating-point enabled exception is
generated when the following condition is met as a result of a move to FPSCR instruction, move
to MSR (mtmsr) instruction, or return from interrupt (rfi) instruction:

(MSR[FEO] | MSR[FE1]) and- FPSCR[FEX] = 1.

Notice that in the RCPU implementation of the PowerPC ISA architecture, a program interrupt is

not generated by a floating-point arithmetic instruction that results in the condition shown above;

a floating-point assist exception is generated instead.

Privileged instruction — A privileged instruction type program exception is generated by any of

the following conditions:

— The execution of a privileged instruction (mfmsr, mtmsr, or rfi) is attempted and the processor
is operating at the user privilege level (MSR[PR] = 1).

— The execution of mtspr or mfspr where SPRO = 1 in the instruction encoding (indicating a
supervisor-access register) and MSR[PR] = 1 (indicating the processor is operating at the user
privilege level), provided the SPR instruction field encoding represents either:

— a valid internal-to-the-processor special-purpose register; or
— an external-to-the-processor special-purpose register (either valid or invalid).

Trap — A trap type program exception is generated when any of the conditions specified in a trap
instruction is met.

The register settings for program exceptions are shown in Table 3-28.
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Table 3-28. Register Settings following Program Exception
Register Bits Setting Description
Save/Restore Register 0 (SRR0)' All Contains the effective address of the excepting instruction
Save/Restore Register 1 (SRR1)? [0:10] Cleared to 0
11 Set for a floating-point enabled program exception; otherwise
cleared.
12 Cleared to 0.
13 Set for a privileged instruction program exception; otherwise
cleared.
14 Set for a trap program exception; otherwise cleared.
15 Cleared to 0 if SRRO contains the address of the instruction
causing the exception, and set if SRRO contains the address of
a subsequent instruction.

[16:31] Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].

Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))
Other Cleared to 0

' Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

compressed address.

2 Only one of bits 11, 13, and 14 can be set.

When a program exception is taken, instruction execution resumes at offset 0x0700 from the physical base

address indicated by MSR[IP].

3.15.4.8 Floating-Point Unavailable Exception (0x0800)

A floating-point unavailable exception occurs when no higher priority exception exists, an attempt is made
to execute a floating-point instruction (including floating-point load, store, and move instructions), and the

floating-point available bit in the MSR 1is disabled, (MSR[FP] = 0).

Table 3-29. Register Settings following a Floating-Point Unavailable Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] Cleared to 0
[16:31] Loaded from MSR[16:31]
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Table 3-29. Register Settings following a Floating-Point Unavailable Exception (continued)

Register Bits Setting Description
Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

compressed address.

3.15.4.9 Decrementer Exception (0x0900)

A decrementer exception occurs when no higher priority exception exists, the decrementer register has
completed decrementing, and MSR[EE] = 1. The decrementer exception request is canceled when the
exception is handled. The decrementer register counts down, causing an exception (unless masked) when
passing through zero. The decrementer implementation meets the following requirements:

Loading a GPR from the decrementer does not affect the decrementer.

Storing a GPR value to the decrementer replaces the value in the decrementer with the value in the

GPR.

Whenever bit 0 of the decrementer changes from zero to one, an exception request is signaled. If
multiple decrementer exception requests are received before the first can be reported, only one
exception is reported. The occurrence of a decrementer exception cancels the request.

If the decrementer is altered by software and if bit 0 is changed from zero to one, an interrupt

request is signaled.

The register settings for the decrementer exception are shown in Table 3-30.

Table 3-30. Register Settings Following a Decrementer Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction that the processor
would have attempted to execute next if no exception
conditions were present.
Save/Restore Register 1 (SRR1) [0:15] Cleared to 0
[16:31] Loaded from MSR[16:31]
Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))
Other Clearedto 0
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T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

When a decrementer exception is taken, instruction execution resumes at offset 0x0900 from the physical
base address indicated by MSR[IP].

3.15.4.10 System Call Exception (0x0C00)

A system call exception occurs when a system call instruction is executed. The effective address of the
instruction following the sc instruction is placed into SRR0. MSR[16:31] are placed into SRR1[16:31],
and SRR1[0:15] are set to undefined values. Then a system call exception is generated.

The system call instruction is context synchronizing. That is, when a system call exception occurs,
instruction dispatch is halted and the following synchronization is performed:

1. The exception mechanism waits for all instructions in execution to complete to a point where they
report all exceptions they will cause.

2. The processor ensures that all instructions in execution complete in the context in which they began
execution.

3. Instructions dispatched after the exception is processed are fetched and executed in the context
established by the exception mechanism.

Register settings are shown in Table 3-31.

Table 3-31. Register Settings following a System Call Exception

Register Setting Description
Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction following the
System Call instruction
Save/Restore Register 1 (SRR1) [0:15] Undefined
[16:31] Loaded from MSR[16:31]
Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto 0

1 If the exception occurs during a data access in Decompression On mode, the SRRO register will contain the address
of the Load/Store instruction in compressed format. If the exception occurs during an instruction fetch in
decompression on mode, the SRRO register will contain an indeterminate value.

When a system call exception is taken, instruction execution resumes at offset 0x00C00 from the physical
base address indicated by MSR[IP].

3.15.4.11 Trace Exception (0x0D00)

A trace interrupt occurs if MSR[SE] = 1 and any instruction except rfi is successfully completed or
MSR[BE]= 1 and a branch is completed. Notice that the trace interrupt does not occur after an instruction
that caused an interrupt (for instance, sc). Monitor/debugger software must change the vectors of other
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possible interrupt addresses to single-step such instructions. If this is unacceptable, other debug features
can be used. Refer to Chapter 23, “Development Support,” for more information. See Table 3-32 for Trace
Exception register settings.

Table 3-32. Register Settings following a Trace Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction following the
executed instruction
Save/Restore Register 1 (SRR1) 1:4 Cleared to 0
10:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))

Other Cleared to 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

Execution resumes at offset 0x0DO0O0 from the base address indicated by MSR[IP].

3.15.4.12 Floating-Point Assist Exception (0x0OEO00)

A floating point assist exception occurs when the following conditions are true:
» A floating-point enabled exception condition is detected;

» The corresponding floating-point enable bit in the FPSCR (floating point status and control
register) is set (exception enabled); and

*  MSRJ[FEO] | MSR[FE1] =1
These conditions are summarized in the following equation:
(MSR[FEO] | MSR[FE1]) AND FPSCR[FEX] =1

Note that when ((MSR[FEO] | MSR[FE1]) AND FPSCR[FEX]) is set as a result of move to FPSCR, move
to MSR or rfi, a program exception is generated, rather than a floating-point assist exception.

A floating point assist exception also occurs when a tiny result is detected and the floating point underflow
exception is disabled (FPSCR[UE] = 0).

The register settings for floating-point assist exceptions are shown in Table 3-33.

Table 3-33. Register Settings following Floating-Point Assist Exceptions

Register Name Bits Description

Save/Restore Register 0 (SRRO)’ All Set to the effective address of the instruction that caused the
interrupt
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Table 3-33. Register Settings following Floating-Point Assist Exceptions

Register Name Bits Description
Save/Restore Register 1 (SRR1) 1:4 Cleared to 0
10:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))

Other Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

When a floating-point exception is taken, instruction execution resumes at offset 0xOEOO from the base
address indicated by MSR[IP].

3.15.4.13 Implementation-Dependent Software Emulation Exception (0x1000)

An implementation-dependent software emulation exception occurs in the following instances:

*  When executing any non-implemented instruction. This includes all illegal and unimplemented
optional instructions and all floating-point instructions.

*  When executing a mtspr or mfspr instruction that specifies an un-implemented
internal-to-the-processor SPR, regardless of the value of bit 0 of the SPR.

*  When executing a mtspr or mfspr that specifies an un-implemented external-to-the-processor
register and SPRO = 0 or MSR[PR] = 0 (no program interrupt condition).

Table 3-34 shows the register settings set when a software emulation exception occurs.

Table 3-34. Register Settings following a Software Emulation Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that caused the
interrupt
Save/Restore Register 1 (SRR1) 1:4 Clearedto 0
10:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].
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Table 3-34. Register Settings following a Software Emulation Exception

Register Name Bits Description
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

Execution resumes at offset 0x01000 from the base address indicated by MSR[IP].

3.15.4.14 Implementation-Dependent Instruction Protection Exception (0x1300)

The implementation-specific instruction storage protection error interrupt occurs in the following cases:
» The fetch access violates storage protection and MSR[IR] = 1.
» The fetch access is to guarded storage and MSR[IR] = 1.

The register settings for instruction protection exceptions are shown in Table 3-35.

Table 3-35. Register Settings following an Instruction Protection Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction that caused the
exception
Save/Restore Register 1 (SRR1) 0:2 Cleared to 0
3 Set to 1 if the fetch access was to a guarded storage when
MSRI[IR] = 1, otherwise clear to 0
4 Setto 1 if the storage access is not permitted by the protection
mechanism (IMPU in BBC) and MSRJ[IR] = 1; otherwise clear
to 0
5:15 Clearedto 0
16:31 Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR][IR]
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY))
Other Clearedto 0
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T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain an
indeterminate value.

Execution resumes at offset 0x1300 from the base address indicated by MSR[IP].

3.15.4.15 Implementation-Specific Data Protection Error Exception (0x1400)

The implementation-specific data protection error exception occurs in the following case:

» The data access violates the storage protection and MSR[DR]=1. See Chapter 11, “L-Bus to U-Bus
Interface (L2U).”
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See Table 3-36 for data-protection-error exception register settings.

Table 3-36. Register Settings Following a Data Protection Error Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that caused the
exception
Save/Restore Register 1 (SRR1) 0:15 Clearedto 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCRI[EXC_COMP])

Other Cleared to 0
Data/Storage Interrupt Status 0:3 Cleared to 0
Register (DSISR) - X - X
4 Setto 1 if the storage access is not permitted by the protection
mechanism. Otherwise cleared to 0
5 Cleared to 0
6 Set to 1 for a store operation and cleared to 0 for a load
operation
7:31 Clearedto 0
Data Address Register (DAR) All Set to the effective address of the data access that caused the
exception

' lfthe exception occurs during a data access in Decompression On mode, the SRRO register will contain the address
of the Load/Store instruction in compressed format.

When a data protection error exception is taken, instruction execution resumes at offset 0x1400 from the
base address indicated by MSR[IP].

3.15.4.16 Implementation-Dependent Debug Exceptions

Implementation-dependent debug exceptions occur in the following cases:

*  When there is an internal breakpoint match (for more details, refer to Chapter 23, “Development
Support.”

*  When a peripheral breakpoint request is asserted to the RCPU.

*  When the development port request is asserted to the RCPU. Refer to Chapter 23, “Development
Support,” for details on how to generate the development port-interrupt request.

See Table 3-37 for debug-exception register settings.
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Table 3-37. Register Settings Following a Debug Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO0)’ All For I-breakpoints, set to the effective address of the instruction
that caused the interrupt. For L-breakpoint, set to the effective
address of the instruction following the instruction that caused
the interrupt. For development port maskable request or a
peripheral breakpoint, set to the effective address of the
instruction that the processor would have executed next if no
interrupt conditions were present. If the development port
request is asserted at reset, the value of SRRO is undefined.
Save/Restore Register 1 (SRR1) 1:4 Clearedto 0

10:15 |Clearedto 0

Other |Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].
If the development port request is asserted at reset, the value
of SRR1 is undefined.

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE
DCMPE | This bit is set according to (BBCMCR[EN_COMP] AND
N BBCMCR[EXC_COMP])
Other |Clearedto 0

1

If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain

the instruction address in compressed format.

For data breakpoint exceptions, the register shown in Table 3-38 is set.

Table 3-38. Register Settings for Data Breakpoint Match

Register Name

Bits

Description

BAR

Set to the effective address of the data access as computed by
the instruction that caused the interrupt

Execution resumes at offset from the base address indicated by MSR[IP] as follows:

* 0x01CO00 — For data breakpoint match

* 0x01D00 — For instruction breakpoint match

* 0x01EO00 — For development port maskable request or a peripheral breakpoint

* 0x01F00 — For development port non-maskable request

3.15.5 Partially Executed Instructions

In general, the architecture permits instructions to be partially executed when an alignment or data storage
interrupt occurs. In the core, instructions are not executed at all if an alignment interrupt condition is
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detected and data storage interrupt is never generated by the hardware. In the RCPU, the instruction can
be partially executed only in the case of the load/store instructions that cause multiple accesses to the
memory subsystem. These instructions are:

*  Multiple/string instructions
» Unaligned load/store instructions

In the last case, the store instruction can be partially completed if one of the accesses (except the first one)
causes the data storage protection error. The implementation-specific data storage protection interrupt is
taken in this case. For the update forms, the update register (rA) is not altered.

3.15.6 Timer Facilities

Descriptions of the timebase and decrementer registers can be found in Chapter 6, “System Configuration
and Protection,” and in Chapter 8, “Clocks and Power Control.”

3.15.7 Optional Facilities and Instructions

Any other OEA optional facilities and instructions (except those that are discussed here) are not
implemented by the RCPU hardware. Attempting to execute any of these instructions causes an
implementation dependent software emulation interrupt to be taken.
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Chapter 4
Burst Buffer Controller 2 Module

The burst buffer controller module (BBC) consists of four main functional parts: the bus interface unit
(BIU), the instruction memory protection unit (IMPU), branch target buffer (BTB) and the instruction code
decompressor unit (ICDU). See Figure 4-1. Information about decompression features of the BBC is found
in Appendix A, “MPC562/MPC564 Compression Features.”

The BBC master BIU interfaces between the RCPU instruction port and the internal U-bus and can support
burstable and non-burstable U-bus accesses.

The IMPU allows the instruction memory to be divided into four regions with different protection
attributes. The IMPU compares the attributes of the RCPU memory access request with the attributes of
the appropriate region. If the access is allowed, the proper signals are sent to the BIU. If access to the
memory region is disallowed because the region is protected, an interrupt is sent to the RCPU and the
master BIU cancels U-bus access.

The IMPU is able to relocate the RCPU exception vectors. The IMPU always maps the exception vectors
into the internal memory space of the MPC561/MPC563. This feature is important for a
multi-MPC561/MPC563 system, where, although the internal memories of some controllers are not
shifted to the lower 4 Mbytes, they can still have their own internal exception vector tables with the same
exception addresses issued by their RCPU cores.

The IMPU also supports an MPC561/MPC563-enhanced interrupt controller by extending an exception
vector’s relocation mechanism to translate the RCPU external interrupt exception vector separately and
splitting it into 48 different vectors, corresponding to the code generated by the interrupt controller. See
also Section 6.1.4.4, “Enhanced Interrupt Controller Operation.”

The branch target buffer (BTB) improves the performance of the MPC561/MPC563 by holding and
supplying previously accessed or decompressed instructions to the RCPU core. The BTB can be enabled
in either decompression on or off mode.

The ICDU provides decompressed instructions to RCPU in the decompression ON mode and contains a 2
Kbyte RAM (DECRAM) to hold decompression vocabularies. The DECRAM can serve as a general
purpose RAM memory on the U-bus if code compression is not used.
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Figure 4-1. BBC Module Block Diagram

4.1 Key Features

4.1.1 BIU Key Features

» Supports pipelined and burstable and single accesses to internal and external memories
» Supports the decoupled interface with the RCPU instruction unit
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4.1.3

Burst Buffer Controller 2 Module

Implements a parked master on the U-bus, resulting in zero clock delays for RCPU fetch accesses
to the U-bus

Fully utilizes the U-bus pipeline for fetch accesses

Avoids undesirable delays through a tight interface with the L2U module (fully utilizing U-bus
bandwidth and back-to-back accesses)

Supports program trace and show cycles
Supports a special attribute for debug port fetch accesses.

IMPU Key Features

There are four regions in which the base address and size can be programmed.

Available region sizes include 2 Kbytes, 8 Kbytes, 16 Kbytes, 32 Kbytes, 64 Kbytes, 128 Kbytes,
256 Kbytes, 512 Kbytes, 1 Mbyte, 2 Mbytes, 4 Mbytes, 8 Mbytes, 16 Mbytes....4 Gbytes.

Overlap between regions is allowed.

Each of the four regions supports the following attributes:

— User/supervisor

— Guard attribute (causes an interrupt in case of speculative fetch attempt)
— Compressed/non-compressed (MPC562/MPC564 only)

— Regions are enabled or disabled in software.

Global region entry declares the default access attributes for all memory areas not covered by the
four regions:

The RCPU gets the instruction storage protection exception generated upon
— An access violation of protection attributes

— A fetch from a guarded region.

The RCPU MSRJIR] bit controls IMPU protection.

Programming is performed by using the RCPU mtspr/mfspr instructions to/from implementation
specific special-purpose registers.

The IMPU supplies relocation addresses of all the exceptions within the internal memory space.
The IMPU implements external interrupt vector splitting to reduce the external interrupt latency.
There is a special reset exception vector for decompression on mode (MPC562/MPC564 only).

ICDU Key Features

The following are instruction code decompression unit key features of the MPC562/MPC564. See
Appendix A, “MPC562/MPC564 Compression Features” for more information.

Instruction code on-line decompression based on “instruction classes” algorithm.

No need for address translation between compressed and non-compressed address spaces — ICDU
provides “next instruction address” to the RCPU

In most cases, instruction decompression takes one clock
Code decompression is pipelined:
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— No performance penalty during sequential program flow execution
— Minimal performance penalty due to change of program flow execution

» Two operation modes are available: decompression on and decompression off. Switch between
compressed and non-compressed user application software parts is possible.

» Adaptive vocabularies scheme is supported; each user application can have its own optimum
vocabularies.

4.1.4 DECRAM Key Features

« 2 Kbytes RAM for decompression vocabulary tables

* 2 clock read/write accesses when used as a U-bus general-purpose RAM
* 4 clock load/store accesses from the L-bus

* Byte, half-word (16-bit) or word (32-bit) read/write accesses and fetches
* Special access protection functions

» Low-power standby operation for data retention

4.1.5 Branch Target Buffer Key Features

» Consists of eight “branch target entries” (BTE). Each entry contains:
— A 32-bit register that stores the target of historical change of flow (COF) address

— Four RAM entries, 38 bits each, which hold up to four valid instruction OPCODES (32 bits).
The six extra bits are used by ICDU in decompression on mode.

— A 32-bit register that stores the values used to calculate the address following the last valid
instruction.

* FIFO removal policy management is implemented for the eight BTEs
» Software-controlled BTB enable/disable and invalidate
» User transparent (that is, no user management is required)

4.2 Operation Modes

4.2.1 Instruction Fetch

The BBC provides two instruction fetch modes: decompression off and decompression on. The operational
modes are defined by RCPU MSR[DCMPEN] bit. If the bit is set, the mode is decompression on.
Otherwise, it is in decompression off.

4.2.1.1 Decompression Off Mode

In this mode, the BBC bus interface unit (BIU) module transfers fetch accesses from the RCPU to the
U-bus. When a new access is issued by the RCPU, it is transferred in parallel to both the IMPU and the
BIU. The IMPU compares the address of the access to its region programming. The BIU checks if the
access can be immediately transferred to the U-bus, otherwise it requests the U-bus for the next clock.
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The BIU may be programmed for burstable or non-burstable access. If the BIU is programmed for
burstable access, the U-bus address phase transaction is accompanied by the burst request attribute. If
burstable access is allowed by the U-bus slave, the BIU continues current access as burstable, otherwise
current access is executed as a single access. If any protection violation is detected by the IMPU, the
current U-bus access is aborted by the BIU and an exception is signaled to the RCPU.

Show cycle, program trace and debug port access attributes accompanying the RCPU access are forwarded
by the BIU along with the U-bus access.

42.1.2 Decompression On Mode

See Appendix A, “MPC562/MPC564 Compression Features” for explanation of the decompression on
mode.

4.2.2 Burst Operation of the BBC

The BBC may initiate and handle burst accesses on the U-bus. The BBCMCR|[BE] bit determines whether
the BBC operates burst cycles or not. Burst requests are enabled when the BE bit is set. The BBC handles
non-wrap-around bursts with up to 4 data beats on the internal U-bus.

NOTE

The burst operation in the MPC561/MPC563 is useful if a user system
implements burstable memory devices on the external bus. Otherwise the
mode will cause performance degradation when running code from external
memory.

When the RCPU runs in serialized mode it is recommended that bursts be
disabled by the BBC to speed up MPC561/MPC563 operation.

Burst operation for decompression on and in debug mode is disabled
regardless of BBCMCR|[BE] bit setting.

The BBC burst should be turned off if the USIU burst feature is enabled.

4.2.3 Access Violation Detection

Instruction memory protection is assigned on a regional basis. Default operation of IMPU is done on a
global region. The IMPU has control registers which contain the following information: region protection
on/off, region base address, size and access permissions.

Protection logic is activated only if the RCPU MSRJIR] bit is set.

During each fetch request from the RCPU core to instruction memory, the address is compared to a value
in the region base address of enabled regions. Any address matching the specific region within its
appropriate size as defined in the region attribute register sets a match indication.

When more than one match indication occurs, the effective region is the region with the highest priority.
Priority is determined by region number. The lowest region number has the highest priority and the global
region has lowest priority.

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 4-5



Burst Buffer Controller 2 Module

When no match happens, the effective region is the global region.

The region attribute registers contain the region protection fields: PP, G, and CMPR. The protection fields
are compared to address attributes issued by the RCPU. If the access is permitted, the address is passed to
the BIU and further to the U-bus.
Whenever the IMPU detects access violation, the following actions are taken:

1. The request forwarded to the BIU is canceled

2. The RCPU is informed that the requested address caused an access violation by exception request.

However, if the required address contains a show cycle attribute, the BIU delivers the access onto the
U-bus to obtain program tracking.

The exception vector (address) that the RCPU issues for this exception has a 0x1300 offset in the RCPU
exception vector table. The access violation status is provided in the RCPU SRR1 special purpose register.

The encoding of the status bits is as follows:
« SRRI1[1]=0
* SRRI [3] = Guarded storage
* SRRI [4] = Protected storage or compression violation
« SRRI1[10]=0

Only one bit is set at a time.

4.2.4 Slave Operation

The BBC is operating as a U-bus slave when the IMPU registers, decompressor RAM (DECRAM) or
ICDU registers are accessed from the U-bus. The IMPU register programming is done using PowerPC ISA
mtspr/mfspr instructions. The ICDU configuration registers (DCCRs) and DECRAM are mapped into the
chip memory space and accessed by load/store instructions. DCCR and DECRAM accesses may be
disabled by BBCMCR[DCAE]. Refer to Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR).”

4.2.5 Reset Behavior

Upon soft reset, the BBC switches to an idle state and all pending U-bus accesses are ignored, the ICDU
internal queue is flushed and the IMPU switches to a disabled state where all memory space is accessible
for both user and supervisor.

Hard reset sets some of the fields and bits in the BBC configuration registers to their default reset state.
Some bits in the BBCMCR register get their values from the reset configuration word.

All the registers are reset using HRESET; SRESET alone has no effect on them.

MPC561/MPC563 Reference Manual, Rev. 1.2
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NOTE

Because HRESET resets the EN_COMP bit and the EXC COMP bit but
SRESET does not, there may be different behavior between HRESET and
SRESET when both EN_ COMP and EXC COMP are set. Special care must
be taken to ensure operation in a known mode whenever reset occurs. The
reset states of these bits are determined by reset configuration words. The
location of the reset vector is dependent on the value of the MSR[IP] bit in
the RCPU. If MSR[IP] is set, the exception table relocation feature can be
used. See Section 4.3.1, “ETR Operation.”

4.2.6 Debug Operation Mode

When the MPC561/MPC563 RCPU core is in debug mode, the BBC initiates non-burstable access to the
debug port and ICDU is bypassed (i.e., instructions transmitted to the debug port must be non-compressed
regardless of RCPU MSR[DCMPEN] bit state).

4.3 Exception Table Relocation (ETR)

The BBC is able to relocate the exception addresses of the RCPU. The relocation feature always maps the
exception addresses into the internal memory space of the MPC561/MPC563. See Figure 4-2. This feature
is important in multi-MPC561/MPC563 systems, where, although the memory map in some was shifted
to not be on the lower 4 Mbytes, their RCPU cores can still access their own exception handlers in their

internal Flash in spite of several RCPUs issuing the same exception addresses.

The relocation also saves wasted space between the exception table entries in the case where each
exception entry contained only a branch instruction to the exception routine, which is located elsewhere.

The exception vector table may be programmed to be located in four places in the MPC561/MPC563
internal memory space.

The exception table relocation is supported in both decompression on and decompression off operation
modes.

The RESET routine vector is relocated differently in decompression on and in decompression off modes.
This feature may be used by a software code compression tool to guarantee that a vocabulary table
initialization routine is always executed before application code is running.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Figure 4-2. Exception Table Entries Mapping

4.3.1 ETR Operation

The exception vectors generated by the RCPU are 0x100 bytes apart from each other, starting at address
0x0000 0100 or OxFFFO0 0100, depending on the value of MSR[IP] bit in the RCPU.

If the exception table relocation is disabled by the ETRE bit in the BBCMCR register, the BBC transfers
the exception fetch address to the U-bus of the MPC561/MPC563 with no interference. In this case, normal
PowerPC ISA exception addressing is implemented.

If the exception table relocation is enabled, the BBC translates the exception vector into the exception
relocation address as shown in Table 4-1. At that location, a branch instruction with absolute addressing
(ba) must be placed. Each ba instruction branches to the required exception routine. These branch
instructions should be successive in that region of memory. That way, a table of branch instructions is
implemented. Executing the branch instruction causes the core to branch twice until it gets to the exception
routine.

Each exception relocation table entry occupies two words to support decompression on mode, where a
branch instruction can be more than 32 bits long. The branch table can be located in four locations in the
internal memory, the location is defined by BBCMCR[OERC] as shown in Table 4-2.

MPC561/MPC563 Reference Manual, Rev. 1.2
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NOTE

The 8 Kbytes allocated for the original PowerPC ISA exception table can be
almost fully utilized. This is possible if the MPC561/MPC563 system
memory is not mapped to the exception address space, (i.e., the addresses
O0xFFF0 0000 to OxFFFO 1FFF are not used).

In such case, these 8 Kbytes can be fully utilized by the compiler, except
for the lower 64 words (256 bytes) which are dedicated for the branch
instructions.

If the RCPU, while executing an exception, issues any address between two
successive exception entries (e.g., 0XFFF0 0104), then the operation of the
MPC561/MPC563 is not guaranteed if the ETR is enabled.
In order to activate the exception table relocation feature, the following steps are required:
1. Set the RCPU MSRJ[IP] bit
2. Set the BBCMCR[ETRE] bit. See Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR),” for programming details.
The ETR feature can be activated from reset, by setting corresponding bits in the reset configuration word.

Table 4-1. Exception Addresses Mapping

Name of Exception Original Adgroe:s Issues by Mapped Ag:lr::astitz‘ Ii);c;ztion Table

Reserved OxFFFO 0000 Page_Offset+0x000

System Reset OxFFFO0 0100 Compression disabled Compression enabled
Page_Offset'+0x08 Page_Offset'+0x0B8

Machine Check O0xFFFO 0200 Page_Offset+0x010

Reserved OxFFFO 0300 Page_Offset+0x018

Reserved OxFFFO 0400 Page_Offset+0x020

External Interrupt® OxFFFO 0500 Page_Offset+0x028

Alignment O0xFFFO 0600 Page_Offset+0x030

Program OxFFFO 0700 Page_Offset+0x038

Floating Point unavailable OxFFFO 0800 Page_Offset+0x040

Decrementer O0xFFFO 0900 Page_Offset+0x048

Reserved OxFFFO 0AQ0 Page_Offset+0x050

Reserved OxFFFO 0B0O Page_Offset+0x058

System Call O0xFFFO 0C00 Page_Offset+0x060

Trace 0xFFFO 0D00 Page_Offset+0x068

Floating Point Assist OxFFFO OEOO Page_Offset+0x070

Implementation Dependent OxFFFO 1000 Page_Offset+0x080

Software Emulation

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-1. Exception Addresses Mapping (continued)

Name of Exception Original Address Issues by Mapped Address _by Exce_ptlon Table
Core Relocation Logic

Implementation Dependent OxFFFO 1300 Page_Offset+0x098
Instruction Storage
Protection Error
Implementation Dependent OxFFFO 1400 Page_Offset+0x0A0
Data Storage Protection
Error
Implementation Dependent OxFFFO 1C00 Page_Offset+0x0EOQ
Data Breakpoint
Implementation Dependent O0xOFFF 1D00 Page_Offset+0x0E8
Instruction Breakpoint
Implementation Dependent OxFFFO 1E00 Page_Offset+0x0F0
Maskable External
Breakpoint
Non-Maskable External OxFFFO 1F00 Page_Offset+0x0F8
Breakpoint

' Refer to Table 4-2.
2 0x500 is remapped if the EEIR feature is enabled. See Section 4.3.2, “Enhanced External Interrupt Relocation

(EEIR)”
Table 4-2. Exception Relocation Page Offset

BBCMCR(OERC[0:1]) Page Offset Comments

0 0 0x0 + ISB offset! 0

0 1 0x1 0000 + ISB offset 64 Kbytes?

1 0 0x8 0000 + ISB offset 512 Kbytes

1 1 0x3F E000 + ISB offset L-bus (CALRAM)

Address

1 ISB offset is equal 4M * ISB (0x400000 * ISB), where ISB is value of bit field in USIU IMMR register.
2 This offset is different from the MPC555.

4.3.2 Enhanced External Interrupt Relocation (EEIR)

The BBC also supports the enhanced external interrupt model of the MPC561/MPC563 which allows the
removal of the interrupt requesting a source detection stage from the interrupt routine. The interrupt
controller provides the interrupt vector to the BBC together with an interrupt request to the RCPU. When
the RCPU acknowledges an interrupt request, it issues an external interrupt vector to the BBC. The BBC
logic detects this address and replaces it with another address corresponding to the interrupt controller
vector, which is defined by the highest priority interrupt request from a peripherial module or external
interrupt request pin. See Figure 4-3.

The external interrupt relocation table should be placed at the physical address defined in the external
interrupt relocation table base address register. See Section 4.6.2.5, “External Interrupt Relocation Table

MPC561/MPC563 Reference Manual, Rev. 1.2

4-10 Freescale Semiconductor



Burst Buffer Controller 2 Module

Base Address Register (EIBADR).” This is the base address of a branch table. See Table 6-4 and
Figure 4-3.

Each table entry must contain a branch absolute (ba) instruction to the first instruction of an interrupt
service routine. Each table entry occupies two words (eight bytes) to support decompression on mode,
where a branch instruction can be more than 32 bits long.

The memory space allocated for the external interrupt relocation table is up to 2 Kbytes. If part of the
external interrupt relocation table entry is not used, it may be utilized for another purpose such as
instruction code space or data space.

In order to activate the external interrupt relocation feature, the following steps are required:

1. Program the EIBADR register to the external interrupt branch table base address. See
Section 4.6.2.5, “External Interrupt Relocation Table Base Address Register (EIBADR).”
Set the MSR[IP] bit.

3. Set the BBCMCRJEIR] bit. See Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR),” for programming details.

NOTE

If both the enhanced external interrupt relocation and exception table
relocation functions are activated simultaneously, the final external interrupt
vector is defined by EEIR mechanism.

When the EEIR function is activated, any branch instruction execution with
the OxFFF0 0500 target address may cause unpredictable program
execution.

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 4-11



Burst Buffer Controller 2 Module

Internal Memory Structure
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Branch absolute to handler

Main code can start here

Figure 4-3. External Interrupt Vectors Splitting

44 Decompressor RAM (DECRAM) Functionality

Decompressor RAM (DECRAM) is a part of the ICDU. It occupies a 2-Kbyte physical RAM array block.
It is mapped both in the ICDU internal address space and in the chip memory address space. It is a single
port memory and may not be accessed simultaneously from the ICDU and U-bus.

MPC561/MPC563 Reference Manual, Rev. 1.2
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ICDU
Vocabulary Table (VT1) Vocabulary Table (VT2)
Array (1 Kbyte) Array (1 Kbyte)
DECRAM
VT1 Data VT2 Data
VT1 Address VT2 Address
ICDU Control Logic

Figure 4-4. DECRAM Interfaces Block Diagram

4.4.1 General-Purpose Memory Operation

In the case of decompression off mode, the DECRAM can serve as a two-clock access general-purpose

RAM for U-bus instruction fetches or four-clock access for read/write data operations. The base address
of the DECRAM is 0x2F 8000. See Figure 4-6. The proper access rights to the DECRAM array may be
defined by programming the R, D, and S bits of the BBCMCR register:

» Read/write or read only
* Instruction/data or data only
* Supervisor/user or supervisor only

MPC561/MPC563 Reference Manual, Rev. 1.2
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U-bus access mode of the RAM is activated by the BBCMCR[DCAE] bit setting (see Section 4.6.2.1,
“BBC Module Configuration Register (BBCMCR)”). In this mode the DECRAM can be accessed from
the U-bus and cannot be accessed by the ICDU logic.
In this mode:

* The DECRAM supports word, half-word and byte operations.

» The DECRAM is emulated to be 32 bits wide. For example: a load access from offset 0 in the
DECRAM will deliver the concatenation of the first word in each of the DECRAM banks when
RAM 1 contains the 16 LSB of the word and RAM 2 contains the 16 MSB.

* Load accesses at any width are supplied with 32 bits of valid data.

» The DECRAM communicates with the U-bus pipeline but does not support pipelined accesses to
itself. If a store operation is second in the U-bus pipe, the store is carried out immediately and the
U-bus acknowledgment is performed when the previous transaction in the pipe completes.

* Burst access is not supported.

NOTE

Instructions running from the DECRAM should not also perform store
operations to the DECRAM.

4411 Memory Protection Violations

The DECRAM module does not acknowledge U-bus accesses that violate the configuration defined in the
BBCMCR. This causes the machine check exception for the internal RCPU or an error condition for the
MPC561/MPC563 external master.

441.2 DECRAM Standby Operation Mode

The bus interface and DECRAM control logic are powered by Vppp supply. The memory array is supplied
by a separate power pin (IRAMSTBY).

4.5 Branch Target Buffer

The burst buffer controller contains a branch target buffer (BTB) to reduce the impact of branches on
processor performance. Following is a summary of the BTB features:

» Software controlled BTB enable/disable, inhibit, and invalidate
» User transparent — no user management required

The BTB consists of eight branch target entries (BTE). Refer to Figure 4-5. All entries are managed as a
fully associative cache. Each entry contains a tag and several data buffers related to this tag.

4.5.1 BTB Operation

When the RCPU generates a change of flow (COF) address for instruction fetch, the BTB control logic
compares it to the tag values currently stored in the tag register file where the following events can happen:

MPC561/MPC563 Reference Manual, Rev. 1.2
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* BTE Miss — The target address and instruction code data will be stored in one of the BTE entries
defined by its control logic. Up to four instructions and their corresponding addresses subsequent
to the COF target instruction may be saved in each BTE entry. The number of valid instructions
currently stored in the BTE entry is written into the VDC field of the current BTE entry. The valid
flag is set at the end of this process. The entry to be replaced upon miss is chosen based on FIFO
replacement method. Thus the BTB can support up to eight different branch target addresses in a
program loop.

« BTE Hit — When the target address of a branch matches one of the valid BTE entries, two
activities take place in parallel:

— The BTB supplies all the valid instructions in the matched entry to the RCPU.

— The BIU starts to prefetch new instructions (and ICDU decompresses them in compressed
mode) from the address following the last instruction that is stored in the matched BTB entry.
The BBC will supply these new instructions to the RCPU after all the stored instructions in the
matched BTB entry were delivered.

In case of a BTB hit, the impact of instruction decompression latency (in compressed mode) is eliminated
as well as a latency of instruction storage memory device.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Figure 4-5. BTB Block Diagram

4.5.1.1 BTB Invalidation
Write access to any BBC special purpose register invalidates all BTB entries.

NOTE

To guarantee that the BTB does not contain instructions that may have been
changed, the BTB contents should be invalidated any time instruction
memory is modified.

45.1.2 BTB Enabling/Disabling
The BTB operation may be enabled or disabled by programming the BTEE bit in the BBCMCR register.

45.1.3 BTB Inhibit Regions

The BTB operation may be inhibited regarding some memory regions. The BTB caching is inhibited for
a region if the BTBINH bit is set in the region attribute register (or global region attribute register). See

MPC561/MPC563 Reference Manual, Rev. 1.2
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Section 4.6.2.3, “Region Attribute Registers (MI_RA[0:3]),” and Section 4.6.2.4, “Global Region
Attribute Register (MI_GRA)” for details.

4.6 BBC Programming Model

4.6.1 Address Map

The BBC consists of three separately addressable sections within the internal chip address space:

1. BBC and IMPU control registers. These are mapped in the SPR registers area and may be
programmed by using the RCPU mtspr/mfspr instructions.

2. Decompressor vocabulary RAM (DECRAM). The DECRAM array occupies the 2-Kbyte physical
memory (8 Kbytes of the MPC561/MPC563 address space is allocated for DECRAM).

3. Decompressor class configuration registers (DCCR) block. It consists of 15 decompression class
configuration registers. These registers are available for word wide read/write accesses through
U-bus. The registers occupy a 64-byte physical block (8-Kbyte chip address space is allocated for

the register block).
0x2F 8000
DECRAM
OX2F 87FF 2 Kbytes
0x2F 8800
Reserved
0x2F 9FFF
0x2F A000
DCCRO - DCCR15
0x2F AO3F

Figure 4-6. MPC561/MPC563 Memory Map

4.6.1.1 BBC Special Purpose Registers (SPRs)
Table 4-3. BBC SPRs

Address for

SPR Number External
(Decimal) Master

Access (Hex)

Register Name

528 0x2100 IMPU Global Region Attribute Register (MI_GRA). See Table 4-8 for bits
descriptions.
529 0x2300 External Interrupt Relocation Table Base Address Register (EIBADR). See

Table 4-9 for bits descriptions.

560 0x2110 BBC Module Configuration Register (BBCMCR). See Table 4-4 for bits descriptions

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-3. BBC SPRs (continued)

Address for
SPR Number External Reaister Name
(Decimal) Master 9
Access (Hex)
784 0x2180 IMPU Region Base Address Register 0 (MI_RBAO). See Table 4-5 for bits
descriptions.
785 0x2380 IMPU Region Base Address Register 1 (MI_RBA1). See Table 4-5 for bits
descriptions.
786 0x2580 IMPU Region Base Address Register 2 (MI_RBA2). See Table 4-5 for bits
descriptions.
787 0x2780 IMPU Region Base Address Register 3 (MI_RBAS3). See Table 4-5 for bits
descriptions.
816 0x2190 IMPU Region Attribute Register 0 (MI_RAO). See Table 4-6 for bits descriptions.
817 0x2390 IMPU Region Attribute Register 1 (MI_RA1). See Table 4-6 for bits descriptions.
818 0x2590 IMPU Region Attribute Register 2 (MI_RA2). See Table 4-6 for bits descriptions.
819 0x2790 IMPU Region Attribute Register 3 (MI_RAS3). See Table 4-6 for bits descriptions.

All the above registers may be accessed in the supervisor mode only. An exception is internally generated
by the RCPU if there is an attempt to access them in user mode. An external master receives a transfer
error acknowledge when attempting to access a register in user mode.

NOTE

If one of these registers is written within 4 instructions of a branch target,
the user application may crash. To prevent this, ensure that any instruction
writing to these registers is preceded by 4 instructions that are not the target
of any branch, and is followed by an isync instruction.

4.6.1.2 DECRAM and DCCR Block
The DECRAM occupies addresses from 0x2F 8000 to 0x2F 87FF. The DCCR block occupies addresses

from 0x2F A000 to 0x2F AOQ3F.

The address for non-implemented memory blocks is not acknowledged, and causes an error condition.

MPC561/MPC563 Reference Manual, Rev. 1.2
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4.6.2 BBC Register Descriptions
4.6.2.1 BBC Module Configuration Register (BBCMCR)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Fieldl R |[D| S TEST —
HRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Fieldl — |BE|ETRE |EIR| EN_ |EXC_COMP'|DECOMP_SC_|OERC[0:1]|BTEE| — |DCAE|TST
comp? EN'
HRESET 000 ID192 | 0 | ID212 ID222 ID212 ID(24:25)2 00_0000
Addr SPR 560

Figure 4-7. BBC Module Configuration Register (BBCMCR)
1 MPC562/MPC564 only.

2 The reset value is a reset configuration word value extracted from the internal bus line. Refer to Section 7.5.2, “Hard Reset
Configuration Word (RCW).”

Table 4-4. BBCMCR Field Descriptions

Bits Name Description

Read Only. Any attempt to write to the DECRAM array while R is set is terminated with
an error. This causes a machine check exception for RCPU.

0 DECRAM array is Readable and Writable.

1 DECRAM array is Read only.

Data Only. The DECRAM array may be used for Instructions and Data or for Data
storage only. Any attempt to load instructions from the DECRAM array, while D is set, is
terminated with an error This causes a machine check exception for the RCPU.

0 DECRAM array holds Data and/or Instruction.

1 DECRAM array holds Data only.

Supervisor Only.

When the bit is set (S = 1), only a Supervisor program may access the DECRAM. If a
Supervisor program is accessing the array, normal read/write operation will occur. If a
User program is attempting to access the array, the access will be terminated with an

error This causes a machine check exception for the RCPU.

If S =0, the RAM array is placed in Unrestricted Space and access by both Supervisor
and User programs is allowed.

3.7 TEST These bits can be set in Factory test mode only. The User should treat these bits as

reserved and always write as zeros.

8:17 Reserved

18 BE! Burst Enable
0 Burst access is disabled.

1 Burst access is enabled.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description

19 ETRE Exception Table Relocation Enable
0 Exception Table Relocation is off: BBC does NOT map exception addresses.
1 Exception Table Relocation is on: BBC maps exception addresses to a table holding
branch instructions two memory words apart from each other.
The reset value is taken from the reset configuration word bit 19.
Note: On the MPC562/MPC564, do not put compressed code at addresses OxFFFO
0000 to OXFFFF FFFF if ETRE = 1.

20 EIR Enhanced External Interrupt Relocation Enable— This bit activates the external
interrupt relocation table mechanism. This bit is independent from the value of ETRE
bit, but if EIR and ETRE are enabled, the mapping of external interrupt will be via EIR.
0 EIR function is disabled.

1 EIR function is active.

21 EN_COMP? Enable Compression. This bit enables the operation of the MPC562/MPC564 in
compression on mode.

NOTE: For Rev A and later versions of the MPC563 and rev B and later of the MPC561,
the default state is defined by bit 21 of the reset configuration word, and is writable. In
earlier versions, the bit can only be set by the reset configuration word.

0 decompression on mode is disabled.

1 decompression on mode is enabled.

The MPC561/MPC563 operates only in decompression off mode. The
MPC562/MPC564 may operate with both decompression on and decompression off
modes.

22 EXC_COMP? Exception Compression. This bit determines the operation of the MPC562/MPC564
with exceptions. If this bit is set, the MPC562/MPC564 assumes that the all exception
routine codes are compressed; otherwise it is assumed that all exception routine codes
are not compressed. The reset value is determined by reset configuration word bit 22.
0 The RCPU assumes that exception routines are noncompressed.

1 The RCPU assumes that all exception routines are compressed.

This bit has effects only when the EN_COMP bit is set. The MPC561/MPC563 operates
only in decompression off mode. The MPC562/MPC564 may operate with both
decompression on and decompression off modes.

23 DECOMP_SC_EN? Decompression Show Cycle Enable. This bit determines the way the MPC562/MPC564
executes instruction show cycles.

The reset value is determined by configuration word bit 21. For further details regarding
show cycles execution in “Decompression ON” mode see Section 4.2.1.2,
“Decompression On Mode.”

0 Decompression Show Cycles do not include the bit pointer.

1 Decompression Show Cycles include the bit pointer information on the data bus.

24:25 OERC|0:1] Other Exceptions Relocation Control. These bits have effect only if ETRE was enabled;
See details in Section 4.3.1, “ETR Operation.”

00: offset 0

01 Offset 64 Kbytes

10 Offset 512 Kbytes

11 Offset to 0x003FE000

The reset value is determined by reset configuration word bits 24 and 25

26 BTEE' Branch Target Entries Enable. This bit enables Branch Target Entries of BTB operation
0 BTE operation is disabled
1 BTE operation is enabled

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description
27:29 — Reserved.
NOTE: Bit 27 was BCMEE and should be written as 0.
30 DCAE Decompressor Configuration Access Enable. This bit enables DECRAM and DCCR
registers access from the U-bus master (i.e., RCPU, external master).
0 DECRAM and DCCR registers are locked.
1 DECRAM allows accesses from the U-bus only.
DCAE bit should be set before vocabulary tables are loaded via the U-bus.
31 TST Reserved for BBC Test Operations.

1 BE and BTEE should not both be set at the same time, setting the BE bit disables the BTB.
2 This bit is available on the MPC562/MPC564 only, software should write "0" to this bit for MPC561/MPC563.

NOTE

When writing to the BBCMCR register, the following instruction after
mtspr BBCMCR, Rx should be ISYNC, to make sure that the programmed
value will come into effect before any further action.

4.6.2.2 Region Base Address Registers (MI_RBA[0:3])

The following registers contain 32 bits and define the starting address of the protected regions. There is
one register for each of four regions.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RA
HRESET Unchanged
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RA —
HRESET Undefined 0000_0000_0000
Addr SPR 784 (MI_RBAO0), SPR 785 (MI_RBAT1), SPR 786 (MI_RBA2), SPR 787 (MI_RBA3)
Figure 4-8. Region Base Address Register (MI_RBA[0:3])
Table 4-5. MI_RBA[0:3] Registers Bit Descriptions
Bits Name Description
0:19 RA Region Base address. The RA field provides the base address of the region. The region base
address should start on the memory block boundary for the corresponding region size, specified
in the region attribute register MI_RA.
20:31 — Reserved
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NOTE
When the MPC562/MPC564 operates in decompression on mode, a
minimum of four unused words MUST be left after the last instruction in
any region.
4.6.2.3 Region Attribute Registers (MI_RA[0:3])
The following registers define protection attributes and size for four memory regions.
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RS
HRESET Unchanged
LsSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RS PP — G CMPR BTBINH —
HRESET Undefined 000 Undefined 000
Addr SPR 816 (MI_RAO0), SPR 817 (MI_RA1), SPR 818 (MI_RA2), 819 (MI_RA3)
Figure 4-9. Region Attribute Register (MI_RAO0[0:3])
Table 4-6. MI_RA[0:3] Registers Bit Descriptions
Bits Name Description
0:19 RS Region size. For byte size by region, see Table 4-7.
20:21 PP |Protection bits:
00 Supervisor — No Access, User — No Access.
01 Supervisor — Fetch, User — No Access.
1x Supervisor — Fetch, User — Fetch.
22:24 — Reserved
25 G' Guard attribute for region
0 Speculative fetch is not prohibited from region. Region is not guarded.
1 Speculative fetch is prohibited from guarded region. An exception will occur under such attempt.
26:27 | CMPR? |Compressed Region.
X0 The region in not restricted
01 Region is considered a non-compressed code region. Access to the region is allowed only in
“Decompression Off” mode
11 Region is considered a compressed code region. Access to the region is allowed only in
“Decompression On” mode
28 BTBINH |BTB Inhibit region
0 BTB operation is not prohibited for current memory region
1 BTB operation is prohibited for current memory region.
29:31 — Reserved
' G and PP attributes perform similar protection activities on a region. The more protective attribute will be implied on the
region if the attributes programming oppose each other.
2 This field is available only on the MPC562/MPC564.
MPC561/MPC563 Reference Manual, Rev. 1.2
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Field
HRESET

Field
HRESET
Addr

Table 4-7. Region Size Programming Possible Values

RS Field Value (Binary) Size
0000_0000_0000_0000_0000 |4 Kbytes
0000_0000_0000_0000_0001 |8 Kbytes
0000_0000_0000_0000_0011 | 16 Kbytes
0000_0000_0000_0000_0111 |32 Kbytes
0000_0000_0000_0000_1111 |64 Kbytes
0000_0000_0000_0001_1111 | 128 Kbytes
0000_0000_0000_0011_1111 | 256 Kbytes
0000_0000_0000_0111_1111 | 512 Kbytes
0000_0000_0000_1111_1111 | 1 Mbyte
0000_0000_0001_1111_1111 |2 Mbytes
0000_0000_0011_1111_1111 |4 Mbytes
0000_0000_0111_1111_1111 | 8 Mbytes
0000_0000_1111_1111_1111 | 16 Mbytes
0000_0001_1111_1111_1111 32 Mbytes
0000_0011_1111_1111_1111 | 64 Mbytes
0000_0111_1111_1111_1111 | 128 Mbytes
0000_1111_1111_1111_1111 256 Mbytes
0001_1111_1111_1111_1111 | 512 Mbytes
0011_1111_1111_1111_1111 |1 Gbyte
O111_1111_1111_1111_1111 2 Gbytes
1111_1111_1111_1111_1111 |4 Gbytes

Global Region Attribute Register (MI_GRA)

The MI_GRA register defines protection attributes for memory region, not covered by
MI_RBJ[0:3]/MI_RBA[0:3] registers. It also contains protection regions 0-3 enable bits.

Burst Buffer Controller 2 Module

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ENR O|ENR1|ENR2|ENR3 —

0000_0000_0000_0000

LsSB
16 17 18 19 20 21 2 23 24 25 26 27 28 29 30 31
— PP — G CMPR BTBINH —
0000_0000_0000_0000
SPR 528

Figure 4-10. Global Region Attribute Register (MI_GRA)
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Table 4-8. MI_GRA Field Descriptions

Bits Name Description

0 ENRO Enable IMPU Region 0
0 Region 0 is off.
1 Region 0 is on.

1 ENRA1 Enable IMPU Region 1
0 Region 1 is off.
1 Region 1is on.

2 ENR2 |Enable IMPU Region 2
0 Region 2 is off.
1 Region 2 is on.

3 ENR3 Enable IMPU Region 3
0 Region 3 is off.
1 Region 3 is on.

4:19 — Reserved

20:21 PP Protection Bits

00 Supervisor — No Access, User — No Access.
01 Supervisor — Fetch, User — No Access.

1x Supervisor — Fetch, User — Fetch.

22:24 — Reserved

25 G Guard attribute for region
0 Fetch is not prohibited from region. Region is not guarded.
1 Fetch is prohibited from guarded region. An exception will occur under such attempt.

26:27 CMPR' | Compressed Region.

x0 The region is not restricted

01 Region is considered a non-compressed code region Access to the region is allowed only in
“Decompression Off” mode

11 Region is considered a compressed code region. Access to the region is allowed only in
“Decompression On” mode

28 BTBINH |BTB Inhibit region
0 BTB operation is not prohibited for current memory region
1 BTB operation is prohibited for current memory region.

29:31 — Reserved

' This field is available only on the MPC562/MPC564.

NOTE

The MI_GRA register should be programmed to enable fetch access (PP and
G bits) before RCPU MSR[IR] is set.
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4.6.2.5 External Interrupt Relocation Table Base Address Register (EIBADR)

MSB LSB
0 123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field BA —
HRESET Unchanged 000_0000_0000

Figure 4-11. External Interrupt Relocation Table Base Address Register (EIBADR)

Table 4-9. EIBADR External Interrupt Relocation Table Base Address Register Bit Descriptions

Bits Name Description
0:20 BA External Interrupt Relocation Table Base Address bits [0:20]
21:31 — Reserved. EIBADR must be set on a 4K page boundary.

4.6.3 Decompressor Class Configuration Registers

See Section A.4, “Decompressor Class Configuration Registers (DCCRO-15)” for the registers of the
ICDU.
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Chapter 5
Unified System Interface Unit (USIU) Overview

The unified system interface unit (USIU) of the MPC561/MPC563 consists of several functional modules
that control system start-up, system initialization and operation, system protection, and the external system
bus. The MPC561/MPC563 USIU functions include the following and are discussed in the designated
chapters:

» System configuration and protection with GPIO capability and an enhanced interrupt controller.
Refer to Chapter 6, “System Configuration and Protection.”

* System reset monitoring and generation, refer to Chapter 7, “Reset.”

» Clock synthesis, power management, and debug support. Refer to Chapter 8, “Clocks and Power
Control.”

» External bus interface (EBI), refer to Chapter 9, “External Bus Interface.”
* Memory controller that supports four memory banks. Refer to Chapter 10, “Memory Controller.”

The USIU provides system configuration and protection features that control the overall system
configuration and supply various monitors and timers including the bus monitor, software watchdog timer,
periodic interrupt timer, decrementer, time base, and real-time clock. Freeze support and low power stop
is provided. The interrupt controller supports up to eight external interrupts, eight levels for all internal
USIU interrupt sources and 32 levels for internal peripheral modules on the IMB bus. It has an enhanced
mode of operation, which simplifies the MPC561/MPC563 interrupt structure and speeds up interrupt
processing.

Additionally, the USIU provides several pinout configurations that allow up to 64 general-purpose 1/O,
external 32-bit port that supports internal and external masters, and various debug functions.

Reset logic for the MPC561/MPC563 provides soft and hard resets, checkstop and watchdog resets, and
other types of reset. The reset status register (RSR) reflects the most recent source to cause a reset.

The clock synthesizer generates the clock signals used by the USIU as well as the other modules and
external devices. This circuitry can generate a system clock from a range of crystals, typically in the 4 MHz
or 20 MHz range.

The USIU supports various low-power modes. Each one supplies a different range of power consumption,
functionality and wake-up time. Refer to Chapter 8, “Clocks and Power Control,” for details.

The EBI handles the transfer of information between the internal busses and the memory or peripherals in
the external address space. The MPC561/MPC563 is designed to allow external bus masters to request and
obtain mastership of the system bus, and if required access the on-chip memory and registers. Refer to
Chapter 9, “External Bus Interface,” for details.

The memory controller module provides glueless interface to many types of memory devices and
peripherals. It supports up to four memory banks. Refer to Chapter 10, “Memory Controller,” for details.
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Unified System Interface Unit (USIU) Overview

The USIU supports the internal Flash censorship mechanism on the MPC561/MPC563 to protect the Flash
contents. Refer to Chapter 21, “CDR3 Flash (UC3F) EEPROM.” It is not possible to operate the
MPC561/MPC563 from the external world while the Flash is in censorship mode and in a censorship state.
The internal Flash array will be either locked or accessible only after the entire array contents have been
erased. The MPC561/MPC563 is in censored mode if one of the following events occurs:

* booting from external memory
» operating in peripheral mode or if accessed from an external master
* operating in debug mode (BDM or Nexus)

Figure 5-1 shows the USIU block diagram.

USIu
Memory Memory Control Lines R
Controller -
U-Bus U-bus Address E-bus E-Bus >
< = » Interface Interface | 4 "
P Data
Slave
Configuration Registers 4 Interface 4
¢ Software Watchdog ﬁ
* Bus Monitor a
¢ Periodic Interrupt
¢ Timer and Decrementer
¢ Real-time Clock
¢ Debug v SGPIO |
* Pin Multiplexing M
¢ Interrupt Controller Clocks & Reset

Figure 5-1. USIU Block Diagram

5.1 Memory Map and Registers

Table 5-1 is an address map of the USIU registers and, unless otherwise noted, registers are 32 bits wide.
The address shown for each register is relative to the base address of the MPC561/MPC563 internal
memory map. The internal memory block can reside in one of eight possible 4 Mbyte memory spaces. See
Figure 1-3 for details.
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Table 5-1. USIU Address Map

Address Register
0x2F C000 USIU Module Configuration Register (SIUMCR)
See Table 6-7 for bit descriptions.
0x2F C004 System Protection Control Register (SYPCR)
See Table 6-15 for bit descriptions.
0x2F C008 Reserved
0x2F COOE! Software Service Register (SWSR)
See Table 6-16 for bit descriptions.
0x2F C010 Interrupt Pending Register (SIPEND).
0x2F C014 Interrupt Mask Register (SIMASK)
See Section 6.2.2.2.4, “SIU Interrupt Mask Register (SIMASK),” for bit descriptions.
0x2F C018 Interrupt Edge Level Mask (SIEL)
See Section 6.2.2.2.7, “SIU Interrupt Edge Level Register (SIEL),” for bit descriptions.
0x2F C01C Interrupt Vector (SIVEC)
See Section 6.2.2.2.8, “SIU Interrupt Vector Register (SIVEC),” for bit descriptions.
0x2F C020 Transfer Error Status Register (TESR)
See Table 6-17 for bit descriptions.
0x2F C024 USIU General-Purpose I/0O Data Register (SGPIODT1)
See Table 6-23 for bit descriptions.
0x2F C028 USIU General-Purpose I/0 Data Register 2 (SGPIODT2)
See Table 6-24 for bit descriptions.
0x2F C02C USIU General-Purpose 1/O Control Register (SGPIOCR)
See Table 6-25 for bit descriptions.
0x2F C030 External Master Mode Control Register (EMCR)
See Table 6-13 for bit descriptions.
0x2F C038 Pads Module Configuration Register 2 (PDMCR2)
See Table 2-6 for bit descriptions.
0x2F C03C Pads Module Configuration Register (PDMCR)
See Table 2-5 for bit descriptions.
0x2F C040 Interrupt Pend2 Register (SIPEND2)
See Section 6.2.2.2.2, “SIU Interrupt Pending Register 2 (SIPEND2),” for bit descriptions.
0x2F C044 Interrupt Pend3 Register (SIPEND3)
See Section 6.2.2.2.3, “SIU Interrupt Pending Register 3 (SIPENDS3),” for bit descriptions.
0x2F C048 Interrupt Mask2 Register (SIMASK2)
See Section 6.2.2.2.5, “SIU Interrupt Mask Register 2 (SIMASK2),” for details.
0x2F C04C Interrupt Mask3 Register (SIMASKS3)
See Section 6.2.2.2.6, “SIU Interrupt Mask Register 3 (SIMASK3),” for details.
0x2F C050 Interrupt In-Service2 Register (SISR2)
See Section 6.2.2.2.9, “Interrupt In-Service Registers (SISR2 and SISR3),” for details.
0x2F C054 Interrupt In-Service3 Register (SISR3)
See Section 6.2.2.2.9, “Interrupt In-Service Registers (SISR2 and SISR3),” for details.
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Table 5-1. USIU Address Map (continued)

Address Register
0x2F COFC-0x2F Reserved
COFF
Memory Controller Registers
0x2F C100 Base Register 0 (BRO)
See Table 10-8 for bit descriptions.
0x2F C104 Option Register 0 (OR0)
See Table 10-10 for bit descriptions.
0x2F C108 Base Register 1 (BR1)
See Table 10-8 for bit descriptions.
0x2F C10C Option Register 1 (OR1)
See Table 10-10 for bit descriptions.
0x2F C110 Base Register 2 (BR2)
See Table 10-8 for bit descriptions.
0x2F C114 Option Register 2 (OR2)
See Table 10-10 for bit descriptions.
0x2F C118 Base Register 3 (BR3)
See Table 10-8 for bit descriptions.
0x2F C11C Option Register 3 (OR3)

See Table 10-10 for bit descriptions.

0x2F C120-0x2F C13C

Reserved

0x2F C140 Dual-Mapping Base Register (DMBR)
See Table 10-11 for bit descriptions.
Ox2F C144 Dual-Mapping Option Register (DMOR)

See Table 10-12 for bit descriptions.

0x2F C148-0x2F C174

Reserved

0x2F C178! Memory Status (MSTAT)
See Table 10-7 for bit descriptions.
0x2F C17A-0x2F Reserved
C1FC
System Integration Timers
0x2F C200 Time Base Status and Control (TBSCR)
See Table 6-18 for bit descriptions.
0x2F C204 Time Base Reference 0 (TBREFO)
See Section 6.2.2.4.3, “Time Base Reference Registers (TBREF0 and TBREF1),” for bit
descriptions.
0x2F C208 Time Base Reference 1 (TBREF1)

See Section 6.2.2.4.3, “Time Base Reference Registers (TBREF0 and TBREF1),” for bit

descriptions.

0x2F C20C-0x2F
Cc21C

Reserved
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Table 5-1. USIU Address Map (continued)

Address Register
0x2F C220 Real-Time Clock Status and Control (RTCSC)
See Table 6-19 for bit descriptions.
0x2F C224 Real-Time Clock (RTC)
See Section 6.2.2.4.6, “Real-Time Clock Register (RTC),” for bit descriptions.
0x2F C228 Real-Time Alarm Seconds (RTSEC) — Reserved
0x2F C22C Real-Time Alarm (RTCAL)

See Section 6.2.2.4.7, “Real-Time Clock Alarm Register (RTCAL),” for bit descriptions.

0x2F C230-0x2F C23C

Reserved

0x2F C240 PIT Status and Control (PISCR)
See Table 6-20 for bit descriptions.

O0x2F C244 PIT Count (PITC)
See Table 6-21 for bit descriptions.

O0x2F C248 PIT Register (PITR)
See Table 6-22 for bit descriptions.

0x2F C24C—-0x2F Reserved
Cca27C
Clocks and Reset

0x2F C280 System Clock Control Register (SCCR)
See Table 8-9 for bit descriptions.

O0x2F C284 PLL Low-Power and Reset Control Register (PLPRCR)
See Table 8-11 for bit descriptions.

0x2F C288! Reset Status Register (RSR)
See Table 7-3 for bit descriptions.

0x2F C28C’ Change of Lock Interrupt Register (COLIR)
See Table 8-12 for bit descriptions.

0x2F C290! IRAMSTBY Control Register (VSRCR)

See Table 8-13 for bit descriptions.

0x2F C294-0x2F C2FC

Reserved

System Integration Timer Keys

0x2F C300 Time Base Status and Control Key (TBSCRK)
See Table 8-8 for bit descriptions.

0x2F C304 Time Base Reference 0 Key (TBREFOK)
See Table 8-8 for bit descriptions.

0x2F C308 Time Base Reference 1 Key (TBREF1K)
See Table 8-8 for bit descriptions.

0x2F C30C Time Base and Decrementor Key (TBK)

See Table 8-8 for bit descriptions.

0x2F C310-0x2F C31C

Reserved
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Table 5-1. USIU Address Map (continued)

Address Register
0x2F C320 Real-Time Clock Status and Control Key (RTCSCK)
See Table 8-8 for bit descriptions.

0x2F C324 Real-Time Clock Key (RTCK)
See Table 8-8 for bit descriptions.

0x2F C328 Real-Time Alarm Seconds Key (RTSECK)
See Table 8-8 for bit descriptions.

0x2F C32C Real-Time Alarm Key (RTCALK)

See Table 8-8 for bit descriptions.

0x2F C330-0x2F C33C

Reserved

0x2F C340 PIT Status and Control Key (PISCRIK)
See Table 8-8 for bit descriptions.
O0x2F C344 PIT Count Key (PITCK)

See Table 8-8 for bit descriptions.

0x2F C348-0x2F C37C

Reserved

Clocks and Reset Keys

0x2F C380 System Clock Control Key (SCCRK)
See Table 8-8 for bit descriptions.

0x2F C384 PLL Low-Power and Reset Control Register Key (PLPRCRK)
See Table 8-8 for bit descriptions.

O0x2F C388 Reset Status Register Key (RSRK)

See Table 8-8 for bit descriptions.

0x2F C38C—-0x2F
C3FC

Reserved

1 16-bit register.

5.1.1 USIU Special-Purpose Registers

Table 5-2 lists the MPC561/MPC563 special purpose registers (SPR) used by the USIU. These registers
reside in an alternate internal memory space that can only be accessed with the mtspr and mfspr
instructions, or from an external master (refer to Section 6.1.2, “External Master Modes,” for details). All

registers are 32 bits wide.

NOTE

RCPU special purpose registers cannot be accessed by an external master.

Only SPRs in the USIU can be accessed by an external master.
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Table 5-2. USIU Special-Purpose Registers

Internal Reaister Decimal Address
Address[0:31] 9 spr[5:9]:spr[0:4]"
0x2C00 Decrementer (DEC). 22
See Section 3.9.5, “Decrementer Register
(DEC),” for more information.
0x1880 Time Base Lower — Read (TBL). 268
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.
0x1A80 Time Base Upper — Read (TBU). 269
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.
0x3880 Time Base Lower — Write (TBL). 284
SeeSee Section 6.2.2.4.2, “Time Base SPRs
(TB),” for bit descriptions.
0x3A80 Time Base Upper — Write (TBU). 285
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.
0x3D30 Internal Memory Mapping Register (IMMR). 638
See Table 6-12 for bit descriptions.

1 Bits [0:17] and [28:31] are all 0.

Table 5-3 shows the MPC561/MPC563 address format for special purpose register access. For an external
master, accessing an MPC500 SPR, address bits [0:17] and [28:31] are compared to zeros to confirm that
an SPR access is valid. See Section 6.1.2.1, “Operation in External Master Modes,” for more details.

Table 5-3. Hex Address Format for SPR Cycles

A[0:17] A[18:22] A[23:27]

A[28:31]

0 spr5:9 spr0:4

0
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Chapter 6
System Configuration and Protection
The MPC561/MPC563 incorporateDMAes many system functions that normally must be provided in

external circuits. In addition, it is designed to provide maximum system safeguards against hardware and
software faults. The system configuration and protection sub-module provides the following features:

System Configuration (Section 6.1.1, “System Configuration”)—The USIU allows the
configuration of the system according to the particular requirements. The functions include control
of show cycle operation, pin multiplexing, and internal memory map location. System
configuration also includes a register containing part and mask number constants to identify the
part in software.

External Master Modes Support (Section 6.1.2, “External Master Modes”)—External master
modes are special modes of operation that allow an alternate master on the external bus to access
the internal modules for debugging and backup purposes.

General-Purpose I/0O (Section 6.1.3, “USIU General-Purpose 1/0 ”)—The USIU provides 64 pins
for general-purpose 1/0. The SGPIO pins are multiplexed with the address and data pins.

Enhanced Interrupt Controller (Section 6.1.4, “Enhanced Interrupt Controller”)—The interrupt
controller receives interrupt requests from a number of internal and external sources and directs
them on a single interrupt-request line to the RCPU.

Bus Monitor (Section 6.1.5, “Hardware Bus Monitor””)—The SIU provides a bus monitor to watch
internal to external accesses. It monitors the transfer acknowledge (TA) response time for internal
to external transfers. A transfer error acknowledge (TEA) is asserted if the TA response limit is
exceeded. This function can be disabled.

Decrementer (Section 6.1.6, “Decrementer (DEC)”)—The DEC is a 32-bit decrementing counter
defined by the MPC500 architecture to provide a decrementer interrupt. This binary counter is
clocked by the same frequency as the time base (also defined by the MPC561/MPC563
architecture). The period for the DEC when driven by a 4-MHz oscillator can be up to 4295
seconds, which is approximately 71.6 minutes. Refer to Table 6-6.

Time Base Counter (Section 6.1.7, “Time Base (TB)”’)—The TB is a 64-bit counter defined by the
MPC500 architecture to provide a time base reference for the operating system or application
software. The TB has four independent reference registers that can generate a maskable interrupt
when the time-base counter reaches the value programmed in one of the four reference registers.
The associated bit in the TB status register will be set for the reference register which generated
the interrupt.

Real-Time Clock (Section 6.1.8, “Real-Time Clock (RTC)”)—The RTC is used to provide
time-of-day information to the operating system or application software. It is composed of a 45-bit
counter and an alarm register. A maskable interrupt is generated when the counter reaches the value
programmed in the alarm register. The RTC is clocked by the same clock as the PIT.
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» Periodic Interrupt Timer (Section 6.1.9, “Periodic Interrupt Timer (PIT)”)—The SIU provides a
timer to generate periodic interrupts for use with a real-time operating system or the application
software. The PIT provides a period from 1 ps to 4 seconds with a four-MHz crystal or 200 ns to
0.8 ms with a 20-MHz crystal. The PIT function can be disabled.

* Software Watchdog Timer (Section 6.1.10, “Software Watchdog Timer (SWT)”)—The SWT
asserts a reset or non-maskable interrupt, as selected by the system protection control register
(SYPCR), if the software fails to service the SWT for a designated period of time (e.g., because the
software is trapped in a loop or lost). After a system reset, this function is enabled with a maximum
time-out period and asserts a system reset if the time-out is reached. The SWT can be disabled or
its time-out period can be changed in the SYPCR. Once the SYPCR is written, it cannot be written
again until a system reset.

* Freeze Support (Section 6.1.11, “Freeze Operation”)—The SIU allows control of whether the
SWT, PIT, TB, DEC, and RTC should continue to run during freeze mode.

* Low Power Stop (Section 6.1.12, “Low Power Stop Operation”)—In low power modes, specific
timers are frozen but others are not.

Figure 6-1 shows a block diagram of the system configuration and protection logic.
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Module
Configuration
Internal and
External Interrupt Requests Interrupt
Controller
TA —» Bus =
— ) —» TEA
TS —» Monitor
Periodi.c Interrupt > Interrupt
Timer
Software L » Interruptor
Watchdog Timer System Reset
Clock Decrementer Decrementer
Exception
Time Base Counter ——» Interrupt
Real-Time —— Interrupt
Clock

Figure 6-1. System Configuration and Protection Logic

6.1 System Configuration and Protection Features

The system configuration and protection sub-module provides features described in the following sections.

6.1.1

The SIU allows the configuration of the system according to the particular requirements. The functions
include control of show cycle operation, pin multiplexing, and internal memory map location. System
configuration also includes a register containing part and mask number constants to identify the part in
software.

System Configuration

System configuration registers include the SIU module configuration register (SIUMCR), and the internal
memory mapping register (IMMR). Refer to Section 6.2.2, “System Configuration and Protection
Registers,” for register diagrams and bit descriptions.
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6.1.1.1 USIU Pin Multiplexing

Some of the functions defined in the various sections of the USIU (external bus interface, memory
controller, and general-purpose 1/0) share pins. Table 6-1 summarizes how the pin functions of these
multiplexed pins are assigned.

Table 6-1. USIU Pin Multiplexing Control

Pin Name Multiplexing Controlled by:
TRQO / SGPIOCO / MDO4 At Power-On Reset: MODCKJ1:3]
IRQ1/RSV/SGPIOCT Otherwise: Programmed in SIUMCR
IRQ2/ CR/SGPIOC2 / MTS Note:MDO4 is controlled by READI enable.
IRQ3 /KR /RETRY / SGPIOC3
IRQ4 / AT2 / SGPIOC4
IRQ5 / SGPIOC5 / MODCK1
IRQ6 / MODCK2
IRQ7 / MODCK3
SGPIOC6/FRZ/PTR Programmed in SIUMCR and Hard Reset Configuration
SGPIOC7 / IRQOUT / LWPO Note:MDIO, MCKI, and MDOO are controlled by READI enable.
BG/ VFO /LWP1

BR/VF1/IWP2

BB/ VF2/IWP3

IWP[0:1] / VFLSI[0:1]
BI/STS

WEJ[0:3] / BE[0:3] / AT[0:3]
TDI/DSDI / MDIO

TCK/DSCK /MCKI

TDO / DSDO / MDOO

DATA[0:31] / SGPIODI[0:31] Programmed in SIUMCR
ADDRI[8:31] / SGPIOA[8:31]

RSTCONF /TEXP At Power-On Reset: RSTCONF

Otherwise: Programmed in SIUMCR

6.1.1.2 Arbitration Support

Two bits in the STUMCR control USIU bus arbitration. The external arbitration (EARB) bit determines
whether arbitration is performed internally or externally. [f EARB is cleared (internal arbitration), the
external arbitration request priority (EARP) bit determines the priority of an external master’s arbitration
request. The operation of the internal arbiter is described in Section 9.5.7.4, “Internal Bus Arbiter.”

6.1.2 External Master Modes

External master modes are special modes of operation that allow an alternative master on the external bus
to access the internal modules for debugging and backup purposes. They provide access to the internal
buses (U-bus and L-bus) and to the intermodule bus (IMB3).

There are two external master modes:

» Peripheral mode (enabled by setting PRPM in the external master control (EMCR) register) uses a
special slave mechanism that shuts down the RCPU and an alternative master on the external bus
can perform accesses to any internal bus slave.
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» Slave mode (enabled by setting EMCR[SLVM] and clearing EMCR[PRPM]) enables an external
master to access any internal bus slave while the RCPU is fully operational.

Both modes can be enabled and disabled by software. In addition, peripheral mode can be selected from
reset.

The internal bus is not capable of providing priority between internal RCPU accesses and external master
accesses. If the bandwidth of external master accesses is large, it is recommended that the system force
gaps between external master accesses in order to avoid suspension of internal RCPU activity.

The MPC561/MPC563 does not support burst accesses from an external master; only single accesses of 8,
16, or 32 bits can be performed. The MPC561/MPC563 asserts burst inhibit (BI) on any attempt to initiate
a burst access to internal memory.

The MPC561/MPC563 provides memory controller services for external master accesses (single and
burst) to external memories. See Chapter 10, “Memory Controller,” for details.

6.1.2.1 Operation in External Master Modes

The external master modes are controlled by the EMCR register, which contains the internal bus attributes.
The default attributes in the EMCR allow an external master to configure the EMCR with the required
attributes and access internal registers. The external master must be granted external bus ownership in
order to initiate the external master access. The SIU compares the address on the external bus to the
allocated internal address space. If the address is within the internal space, the access is performed with
the internal bus. The internal address space is determined according to IMMR[ISB] (see Section 6.2.2.1.2,
“Internal Memory Map Register (IMMR),” for details). The external master access is terminated by the
TA, TEA, or RETRY signal on the external bus.

A deadlock situation might occur if an internal-to-external access is attempted on the internal bus while an
external master access is initiated on the external bus. In this case, the SIU will assert RETRY on the
external bus in order to relinquish and retry the external access until the internal access is completed. The
internal bus will deny other internal accesses for the next eight clocks in order to complete the pending
accesses and prevent additional internal accesses from being initiated on the internal bus. The SIU will
also mask internal accesses to support consecutive external accesses if the delay between the external
accesses is less than four clocks. The external master access and retry timings are described in

Section 9.5.12, “Bus Operation in External Master Modes.”

The external master may access the internal MPC561/MPC563 special registers that are located outside
the RCPU. To access one of these special purpose registers (see Section 5.1.1, “USIU Special-Purpose
Registers””), EMCR[CONT] must be set and EMCR[SUPU] must be cleared. The external master can then
access the special register when it is provided the address according to the MPC561/MPC563 address map.
Only the first external master access that follows EMCR setting will be assigned to the special register
map; any subsequent accesses will be directed to the normal address map. This is done in order to enable
access to the EMCR again after the required MPC561/MPC563 special register access.

Peripheral mode does not require external bus arbitration between the external master and the internal
RCPU, since the internal RCPU is disabled. The BR and BB signals should be connected to ground, and
the internal bus arbitration should be selected in order to prevent the “slave” MPC561/MPC563 from
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occupying the external bus. Internal bus arbitration is selected by clearing SIUMCR[EARB] (see
Section 6.2.2.1.1, “SIU Module Configuration Register (STUMCR)”).

6.1.2.2 Address Decoding for External Accesses

During an external master access, the USIU compares the external address with the internal address block
to determine if MPC561/MPC563 operation is required. Since only 24 of the 32 internal address bits are
available on the external bus, the USIU assigns zeros to the most significant address bits (ADDR[0:7]).

The address compare sequence can be summarized as follows:

* Normal external access. [f EMCR[CONT] is cleared, the address is compared to the internal
address map. Refer to Section 6.2.2.1.3, “External Master Control Register (EMCR)”.

— MPC561/MPC563 special register external access. [f EMCR[CONT] is set by the previous
external master access, the address is compared to the MPC561/MPC563 special address
range. See Section 5.1.1, “USIU Special-Purpose Registers,” for a list of the SPRs in the USIU.

— Memory controller external access. If the first two comparisons do not match, the internal
memory controller determines whether the address matches an address assigned to one of the
regions. If it finds a match, the memory controller generates the appropriate chip select and
attribute accordingly

When trying to fetch an MPC561/MPC563 special register from an external master, the address might be
aliased to one of the external devices on the external bus. If this device is selected by the
MPC561/MPC563 internal memory controller, this aliasing does not occur since the chip select is
disabled. If the device has its own address decoding or is being selected by external logic, this case is
resolved.

NOTE

This section does not address slave accesses to internal resources. For
internal resources, the accesses compare against ADDR[8:9] = ISBJ[1:2].
ISB0 must be cleared.

6.1.3 USIU General-Purpose I/0

The USIU provides 64 general-purpose I/O (SGPIO) pins (See Table 6-2). The SGPIO pins are
multiplexed with the address and data pins. In single-chip mode, where communicating with external
devices is not required, all 64 SGPIO pins can be used. In multiple-chip mode, only eight SGPIO pins are
available. Another configuration allows the use of the address bus for instruction show cycles while the
data bus is dedicated to SGPIO functionality. The functionality of these pins is assigned by the single-chip
(SC) bit in the STUMCR. (See Section 6.2.2.1.1, “SIU Module Configuration Register (SIUMCR).”)
SGPIO pins are grouped as follows:

» Six groups of eight pins each, whose direction is set uniformly for the whole group

» 16 single pins whose direction is set separately for each pin

Table 6-2 describes the SGPIO signals, and all available configurations. The SGPIO registers are
described in Section 6.2.2.5, “General-Purpose 1/0O Registers.”
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Table 6-2. SGPIO Configuration

System Configuration and Protection

Available Available Wr?ev:lsl:acl:ol—e1o Available
SGPIO Individual Direction When SC =00 | When SC = 01 (Sin Ie-C;ﬂ When SC = 11
Group Name | Pin Control Control (32-bit Port (16-bit Port gle-Lhip (Single-Chip
. . Mode with
Size Mode) Size Mode) Mode)
Trace)
SGPIODI0:7] GDDRO X X
SGPIOD[8:15] GDDR1 X X
SGPIOD[16:23] GDDR2 X X
SGPIOD[24:31] SDDRD[23:31] X X
SGPI10C[0:7]! SDDRC[0:7]
SGPIOA[8:15] GDDR3 X
SGPIOA[16:23] GDDR4 X
SGPIOA[24:31] GDDR5 X

1 SGPIOC[0:7] is selected according to GPC and MLRC fields in SIUMCR. See Section 6.2.2.1.1, “SIU Module
Configuration Register (SIUMCR).”

Figure 6-2 illustrates the functionality of the SGPIO.

i+ i
Internal | Read Path |
Bus
| I
[
| GPIO
Read
: GPIO Register. 7y
Write
Read | Register :
Write Path

Clock 4—— »)

SGPIO
Pad

Path of Write Operation - - - -« --------- »
Path of Read Operation - — — — — — >
SGPIO Circuitry >

Figure 6-2. Circuit Paths of Reading and Writing to SGPIO
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6.1.4 Enhanced Interrupt Controller

6.1.4.1 Key Features

» Significant interrupt latency reduction from that of the MPC555.

» Simplified interrupt structure

» Up to 48 different interrupt requests

» Splitting of single external interrupt vector into up to 48 vectors, one for each source

* Automatic lower priority requests masking

» Full backward compatibility with MPC555/MPC556 (enhanced mode is software programmable.)

6.1.4.2 Interrupt Configuration

An overview of the MPC561/MPC563 interrupt structure is shown in Figure 6-3. The interrupt controller
receives interrupts from USIU internal sources, such as PIT, RTC, from the UIMB module (which has its
own interrupt controller) or from the IMB3 bus (directly from IMB modules) and from external pins
IRQJ0:7].

MPC561/MPC563 Reference Manual, Rev. 1.2
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= 48 | 5 Offset in
IMB3 B d branch table
Levels[0:7] » IMBIRQ | S
ilbs[0:1] »| Sequencer _5:;
L
— usiu

Figure 6-3. MPC561/MPC563 Interrupt Structure

If programmed to generate an interrupt, the SWT and external pin IRQO always generate an NMI,
non-maskable interrupt to the RCPU.
NOTE

The RCPU takes the system reset exception when an NMI is asserted, the
external interrupt exception for any other asserted interrupt request, and the
decrementer exception when the decrementer MSB changes from 0 to 1.
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The decrementer interrupt request is not a part of the interrupt controller. Each one of the external pins
IRQ[1:7] has its own dedicated assigned priority level. IRQO is also mapped, but it should be used only as
a status bit indicating that IRQO was asserted and generated NMI interrupt. There are eight additional
interrupt priority levels. Each one of the SIU internal interrupt sources, or any of the peripheral module
interrupt sources can be assigned by software to any one of the eight interrupt priority levels. Thus, a very
flexible interrupt scheme is implemented. The interrupt request signal generated by the interrupt controller
is driven to the RPCU core and to the IRQOUT pin (optionally). This pin may be used in peripheral mode,
when the RCPU is disabled, and the internal modules are accessed externally. The IMB interrupts are
controlled by the UIMB. The IMB provides 32 interrupt levels, and any interrupt source could be
configured to any IMB interrupt level. The UIMB contains a 32-bit register that holds the IMB interrupt
requests, and maps them to the USIU eight interrupt levels.

NOTE

If one interrupt level was configured to more than one interrupt source, the
software should read the UIPEND register in the UIMB module, and the
particular status bits in order to identify which interrupt was asserted.

The interrupt controller may be programmed to operate in two modes—a regular mode or an enhanced
mode.

6.1.4.3 Regular Interrupt Controller Operation (MPC555/MPC556-Compatible
Mode)

In regular operation mode (default setting) the interrupt controller receives interrupt requests from internal
sources, such as timers, PLL lock detector, IMB modules and from external pins IRQ[0:7]. All the internal
interrupt sources may be programmed to drive one or more of eight U-bus interrupt level lines while the
RCPU, upon receiving an interrupt request, has to read the USIU and UIMB status register in order to
determine the interrupt source.

The SIVEC register contains an 8-bit code representing the unmasked interrupt request which has the
highest priority level. The priority between all interrupt sources for the regular interrupt controller
operation is shown in Table 6-3.

Table 6-3. Priority of Interrupt Sources—Regular Operation

Number PE:ITIV Intgrer:g’ti;?:r:ce Off::;lln (ﬁ:l:;(:h SIVEC Interrupt Code'
0 Highest EXT_IRQO 0x0000 00000000
1 — Level 0 0x0008 00000100
2 — EXT_IRQ1 0x0010 00001000
3 — Level 1 0x0018 00001100
4 — EXT_IRQ2 0x0020 00010000
5 — Level 2 0x0028 00010100
6 — EXT_IRQ3 0x0030 00011000
7 — Level 3 0x0038 00011100
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Table 6-3. Priority of Interrupt Sources—Regular Operation

Number PS:VTIV Intgg:ﬁ;?:;ce Off_?ae;ILn (ﬁZSCh SIVEC Interrupt Code'
8 — EXT_IRQ4 0x0040 00100000
9 — Level 4 0x0048 00100100
10 — EXT_IRQ5 0x0050 00101000
11 — Level 5 0x0058 00101100
12 — EXT_IRQ6 0x0060 00110000
13 — Level 6 0x0068 00110100
14 — EXT_IRQ7 0x0070 00111000
15 Lowest Level 7 0x0078 00111100

' This is the value in the 8 most significant bits of the SIVEC register (SIVEC[25:31]).

Each interrupt request from external lines and from USIU internal interrupt sources in the case of its
assertion will set a corresponding bit in SIPEND register. The individual SIPEND bits may be masked by
clearing an appropriate bit in SIMASK register.

6.1.4.4 Enhanced Interrupt Controller Operation

The enhanced interrupt controller operation may be turned on by setting the EICEN control bit in the
SIUMCR register. In this mode the 32 IMB interrupt levels will be latched by USIU using eight IMB
interrupt lines and two lines of ilbs via the time multiplexing scheme defined by the UIMB module. In
addition to the IMB interrupt sources the external interrupts and timer interrupts are available in the same
way as in the regular scheme. In this mode, the UIMB module does not drive U-bus interrupt level lines.
Each interrupt request will set a corresponding bit in SIPEND2 or SIPEND3 registers. SIPEND2 an
SIPEND3 may be masked by clearing an appropriate bit in SIMASK2 or SIMASK3 registers.

The priority logic is provided in order to determine the highest unmasked interrupt request, and interrupt
code is generated in the SIVEC register. See Table 6-4.

NOTE

If the enhanced interrupt controller is enabled, a delay is required prior to
re-enabling interrupts. Before clearing an interrupt related register, clear the
MSR[EE] bit (EE =0). Expect a vector offset of 0x0 if an interrupt is cleared
or disabled while MSR[EE] = 1. This vector should be handled as if no
interrupt has occured, that is, perform an rfi instruction. After clearing an
interrupt source, sufficient time must elapse before re-enabling the
MSR[EE] bit (EE = 1). This time should take longer than the time needed
for a load of the same register that was just cleared. To guarantee enough
time, include this load instruction before the instruction that sets MSR[EE].
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Table 6-4. Priority of Interrupt Sources—Enhanced Operation

Number Priority Level Intg:':gti;ci):;ce O_If_;sb(-lzlir(lHil;(a)?gh SIVEC Interrupt Code®
0 Highest (see note above)* 0x0000 00000000
1 — Level 0 0x0008 00000100
2 — IMB_IRQ 0 0x0010 00001000
3 — IMB_IRQ 1 0x0018 00001100
4 — IMB_IRQ 2 0x0020 00010000
5 — IMB_IRQ 3 0x0028 00010100
6 — EXT_IRQ2 0x0030 00011000
7 — Level 1 0x0038 00011100
8 — IMB_IRQ 4 0x0040 00100000
9 — IMB_IRQ 5 0x0048 00100100
10 — IMB_IRQ 6 0x0050 00101000
11 — IMB_IRQ 7 0x0058 00101100
12 — EXT_IRQ2 0x0060 00110000
13 — Level 2 0x0068 00110100
14 — IMB_IRQ 8 0x0070 00111000
15 — IMB_IRQ 9 0x0078 00111100
16 — IMB_IRQ 10 0x0080 01000000
17 — IMB_IRQ 11 0x0088 01000100
18 — EXT_IRQ3 0x0090 01001000
19 — Level 3 0x0098 01001100
20 — IMB_IRQ 12 0x00A0 01010000
21 — IMB_IRQ 13 0x00A8 01010100
22 — IMB_IRQ 14 0x00B0 01011000
23 — IMB_IRQ 15 0x00B8 01011100
24 — EXT_IRQ4 0x00CO 01100000
25 — Level 4 0x00C8 01100100
26 — IMB_IRQ 16 0x00D0 01101000
27 — IMB_IRQ 17 0x00D8 01101100
28 — IMB_IRQ 18 0x00EO 01110000
29 — IMB_IRQ 19 0x00E8 01110100
30 — EXT_IRQ5 0x00F0 01111000
31 — Level 5 0x00F8 01111100
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Table 6-4. Priority of Interrupt Sources—Enhanced Operation (continued)

Number Priority Level Int;rer:gti;?:r:ce o.lf.;ﬁ;i'(‘”z:;?gh SIVEC Interrupt Code®
32 — IMB_IRQ 20 0x0100 10000000
33 — IMB_IRQ 21 0x0108 10000100
34 — IMB_IRQ 22 0x0110 10001000
35 — IMB_IRQ 23 0x0118 10001100
36 — EXT_IRQ6 0x0120 10010000
37 — Level 6 0x0128 10010100
38 — IMB_IRQ 24 0x0130 10011000
39 — IMB_IRQ 25 0x0138 10011100
40 — IMB_IRQ 26 0x0140 10100000
41 — IMB_IRQ 27 0x0148 10100100
42 — EXT_IRQ7 0x0150 10101000
43 — Level 7 0x0158 10101100
44 — IMB_IRQ 28 0x0160 10110000
45 — IMB_IRQ 29 0x0168 10110100
46 — IMB_IRQ 30 0x0170 10111000
47 Lowest IMB_IRQ 31 0x0178 10111100

AW N =

The branch table feature can be used only if the BBCMCRI[EIR] is set.
This offset is added to the table base address from the EIBDR register.
This is the value in the 8 most significant bits of the SIVEC register.

This vector is reserved and normally is not generated. It may be generated, if any other interrupt source disappears,
before being acknowleged by the RCPU as a result of any change in the interrupt scheme, module stopping, masking
interrupt sources in a module by application software while interrupts are enabled in the RCPU by setting MSRI[EE].

The value of the SIVEC register is supplied internally to the BBC module and can be used as an offset to
the branch table start address for the external interrupt relocation feature. Thus a fast way to a specific
interrupt source routine is provided without software overhead. The BBCMCR (see Section 4.6.2.1, “BBC

Module Configuration Register (BBCMCR)”) and EIBADR (see Section 4.6.2.5, “External Interrupt

Relocation Table Base Address Register (EIBADR)”) registers must be programmed to enable this feature

in the BBC. Additionally, the SIPEND2 and SIPEND3 registers contain the information about all the

interrupt requests that are asserted at a given time, so that software can always read them.

NOTE

When the enhanced interrupt controller is enabled the SIPEND and
SIMASK registers are not used.
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6.1.4.41 Lower Priority Request Masking

This feature (if enabled) simplifies the masking of lower priority interrupt requests when a request of
certain priority is in service in applications that require interrupt nesting. The highest (pending) request is
also masked by itself. The masking is accomplished in the following way.

Upon asserting an interrupt request the BBC generates an acknowledge signal to notify the interrupt
controller that the request and the branch table offset have been latched. The interrupt controller then sets
a bit in the SISR register (interrupt in-service register), according to the asserted request. All other requests
whose priority is lower than or equal to the one that is currently in-service, become masked. The mask
remains set until the SISR bit is cleared by software (by the interrupt handler routine), writing a ‘1’ value
to the corresponding bit. The lower priority request masking diagram is presented in Figure 6-4.

The lower priority request masking feature is disabled by HRESET and it may be enabled by setting the
LPMASK EN bit in the STIUMCR register.

NOTE
In the regular mode of the interrupt controller the lower priority request
masking feature is not available.
The feature must be activated only together with exception table relocation in the BBC module.
Enable

From biti - 1 control bit
(LPMASK_EN)

To SIVEC
generation
SIPEND [i] —\ To RCPU
\ External
] ) interrupt
SIMASK [i] eheation
D (OR between
all the bits)
IMPU Set
acknowledge SISRI[] D
Reset by -
software Reset

To biti+ 1
Figure 6-4. Lower Priority Request Masking—One Bit Diagram

6.1.4.4.2 Backward Compatibility with MPC555/MPC556

The enhanced interrupt controller is a feature that may be enabled according to a user’s application using
the EICEN control bit in SIUMCR register, which can be set and cleared at any time by software. If the bit
is cleared, the default interrupt controller operation is available, as described in Section 6.1.4.3, “Regular
Interrupt Controller Operation (MPC555/MPC556-Compatible Mode).” The regular operation is fully
compatible with the interrupt controller already implemented in MPC555/MPC556.

Figure 6-5 illustrates the interrupt controller functionality in the MPC561/MPC563.
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Figure 6-5. MPC561/MPC563 Interrupt Controller Block Diagram
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6.1.4.5 Interrupt Overhead Estimation for Enhanced Interrupt Controller Mode

The interrupt overhead consists of two main parts:

» Storage of general and special purpose registers

* Recognition of the interrupt source
The interrupt overhead can increase latency, and decrease the overall system performance. The overhead
of register saving time can be reduced by improving the operating system. The number of registers that

should be saved can be reduced if each interrupt event has its own interrupt vector. This solution solves
the interrupt source recognition overhead. Table 6-5 below illustrates the improvements.

Only registers required for the recognition routine are considered to be saved in the calculations below.
Recognition of module internal events/channels is out of the scope of the calculations. See also the typical
interrupt handler flowchart in Figure 6-6.

Table 6-5. Interrupt Latency Estimation for Three Typical Cases

MPC561/MPC563
.MPCSGHN.IPCSGS . MPC561/MPC563 Architecture Architecture Using
Architecture Without Using .
SIVEC Using SIVEC Enhanced Interrupt
Controller Features
Operation Interrupt propagation from Interrupt propagation from Interrupt propagation from
Details request module to RCPU — request module to RCPU — request module to RCPU —
8 clocks 8 clocks 6 clocks
Store of some GPR and Store of some GPR and SPR Store of some GPR and
SPR—10 clocks —10 clocks SPR—10 clocks
Read SIPEND—4 clocks Read SIVEC—4 clocks Only one branch is executed to
Read SIMASK—4 clocks Branch to routine—10 clocks reach the interrupt handler
SIPEND data processing — Read UIPEND—4 clocks routine of the device requesting
20 clocks UIPEND data processing — interrupt servicing—?2 clocks
(find first set, access to LUT in | 20 clocks
the Flash, branches) (find first set, access to LUT in
Read UIPEND—4 clocks the Flash, branches)
UIPEND data processing—20
clocks

(find first set, access to LUT in
the Flash, branches)

Notes: If there is a need to enable To use this feature in compressed | —
nesting of interrupts during mode some undetermined
source recognition procedure, |latency is added to make a

at least 30 clocks should be branch to compressed address of
added to the interrupt latency |the routine. This latency is
estimation dependant on how the user code
is implemented.

Total: At Least 70-80 Clocks At Least 50-60 Clocks 20 Clocks

NOTE
Compiler and bus collision overhead are not included in the calculations.
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Figure 6-6. Typical Interrupt Handler Routine

6.1.5 Hardware Bus Monitor

The bus monitor ensures that each bus cycle is terminated within a reasonable period of time. The USIU
provides a bus monitor option to monitor internal to external bus accesses on the external bus. The monitor
counts from transfer start to transfer acknowledge and from transfer acknowledge to transfer acknowledge
within bursts. If the monitor times out, transfer error acknowledge (TEA) is asserted internally by the
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MPC561/MPC563, and RCPU access is terminated with a data error, causing a machine check state or
exception.

The bus monitor timing bit in the system protection control register (SYPCR[BMT]) defines the bus
monitor time-out period. The programmability of the time-out allows for variation in system peripheral
response time. The timing mechanism is clocked by the external bus clock divided by eight. The maximum
value is 2040 system clock cycles.

SYPCR[BME] enables or disables the bus monitor. But regardless of the state of this bit the bus monitor
is always enabled when freeze is asserted in debug mode.

6.1.6 Decrementer (DEC)

The decrementer (DEC) is a 32-bit decrementing counter defined by the MPC561/MPC563 architecture
to provide a decrementer interrupt. This binary counter is clocked by the same frequency as the time base
(also defined by the MPC500 architecture). The operation of the time base and decrementer are therefore
coherent. The DEC is clocked by the TMBCLK clock. The decrementer period is computed as follows:

32
Tpbec =
FrmBeLk
The state of the DEC is not affected by any resets and should be initialized by software. The DEC runs
continuously after power-up once the time base is enabled by setting the TBE bit of the TBSCR (see
Table 6-18) (unless the clock module is programmed to turn off the clock). The decrementer continues
counting while reset is asserted.

Reading from the decrementer has no effect on the counter value. Writing to the decrementer replaces the
value in the decrementer with the value in the GPR.

Whenever bit 0 (the MSB) of the decrementer changes from zero to one, a decrementer exception occurs.
If software alters the decrementer such that the content of bit 0 is changed to a value of 1, a decrementer
exception occurs.

A decrementer exception causes a decrementer interrupt request to be pending in the RCPU. When the
decrementer exception is taken, the decrementer interrupt request is automatically cleared.

Table 6-6 illustrates some of the periods available for the decrementer, assuming a 4-MHz or 20-MHz
crystal, and TBS = 0 which selects TMBCLK division to 4.

NOTE

Time base must be enabled to use the decrementer. See Section 6.2.2.4.4,
“Time Base Control and Status Register (TBSCR),” for more information.

Table 6-6. Decrementer Time-Out Periods

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
0 1.0 ys 0.2 ys
9 10 us 2.0 ys
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Table 6-6. Decrementer Time-Out Periods (continued)

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
99 100 ps 20 ps
999 1.0 ms 200 ps
9999 10.0 ms 2ms
999999 1.0s 200 ms
9999999 10.0s 20s
99999999 100.0 s 20s
999999999 1000 s 200 s
(hex) FFFFFFFF 4295 s 859 s

Refer to Section 3.9.5, “Decrementer Register (DEC),” for more information.

6.1.7 Time Base (TB)

The time base (TB) is a 64-bit free-running binary counter defined by the MPC500 architecture. The TB
has two independent reference registers which can generate a maskable interrupt when the time base

counter reaches the value programmed in one of the two reference registers. The period of the TB depends
on the driving frequency. The TB is clocked by the TMBCLK clock. The period for the TB is:

264

T = —
FrMBCLK

B

The state of TB is not affected by any resets and should be initialized by software. Reads and writes of the
TB are restricted to special instructions. Separate special-purpose registers are defined in the MPC500
architecture for reading and writing the TB. For the MPC561/MPC563 implementation, it is not possible
to read or write the entire TB in a single instruction. Therefore, the mttb and mftb instructions are used to
move the lower half of the time base (TBL) while the mttbu and mftbu instructions are used to move the
upper half (TBU).

Two reference registers are associated with the time base: TBREF0 and TBREF1. A maskable interrupt is
generated when the TB count reaches to the value programmed in one of the two reference registers. Two
status bits in the time base control and status register (TBSCR) indicate which one of the two reference
registers generated the interrupt.

Refer to Section 6.2.2.4, “System Timer Registers,” for diagrams and bit descriptions of TB registers.
Refer to Section 3.9.4, “Time Base Facility (TB) — OEA,” and to the RCPU Reference Manual for
additional information.

6.1.8 Real-Time Clock (RTC)

The RTC is a 32-bit counter and pre-divider used to provide a time-of-day indication to the operating
system and application software as show in Figure 6-7. It is clocked by the PITRTCLK clock. The counter
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is not affected by reset and operates in all low-power modes. It is initialized by software. The RTC can be
programmed to generate a maskable interrupt when the time value matches the value programmed in its

associated alarm register. It can also be programmed to generate an interrupt once a second. A control and
status register is used to enable or disable the different functions and to report the interrupt source.

NOTE
PITRTCLK can be divided by 4 or 256. See Table 8-1 for default settings.

FREEZE

l RTSEC
. Sec
PITRTCLK Clock Divide Interrupt

Clock M Disable [& By 15625

MUX »  32-bit Counter (RTC)
Divide A

By 78125
Alarm
Interrupt

4-MHz/20-MHz crystal

32-bit Register (RTCAL)

Figure 6-7. RTC Block Diagram

6.1.9 Periodic Interrupt Timer (PIT)

The periodic interrupt timer consists of a 16-bit counter clocked by the PITRTCLK clock signal supplied
by the clock module as shown in Figure 6-8.

The 16-bit counter counts down to zero when loaded with a value from the PITC register. After the timer
reaches zero, the PS bit is set and an interrupt is generated if the PIE bit is a logic one. The software service
routine should read the PS bit and then write a zero to terminate the interrupt request. At the next input
clock edge, the value in the PITC is loaded into the counter, and the process starts over again.

When a new value is written into the PITC, the periodic timer is updated, the divider is reset, and the
counter begins counting. If the PS bit is not cleared, an interrupt request is generated. The request remains
pending until PS is cleared. If the PS bit is set again prior to being cleared, the interrupt remains pending
until PS is cleared.

Any write to the PITC stops the current countdown, and the count resumes with the new value in PITC. If
the PISCR[PTE] bit is not set, the PIT is unable to count and retains the old count value. Reads of the PIT
have no effect on the counter value.
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PTE PITC
(PISCR) (PISCR)
y

PITRTCLK Clock 16-bit

Clock Disable Modulus PS (PISCR) R
Counter -
- Interrupt
PIE (PISCR)[
PITF (PISCR)

Figure 6-8. PIT Block Diagram

The timeout period is calculated as:

PIT _ _PITC+1  _ PITC +1
PERIOD =~ F ExternalClock
PITRTCLK (W>

Solving this equation using a 4-MHz external clock and a pre-divider of 256 gives:

_ PITC+1
PIToERIOD © 15625

This gives a range from 64 microseconds, with a PITC of 0x0000, to 4.19 seconds, with a PITC of OxFFFF.
When a 20-MHz crystal is used with a pre-divider of 256, the range is between 12.8 microseconds to 0.84
seconds.

6.1.10 Software Watchdog Timer (SWT)

The software watchdog timer (SWT) prevents system lockout in case the software becomes trapped in
loops with no controlled exit. The SWT is enabled after system reset to cause a system reset if it times out.
The SWT requires a special service sequence to be executed on a periodic basis. If this periodic servicing
action does not occur, the SWT times out and issues a reset or a non-maskable interrupt (NMI), depending
on the value of the SWRI bit in the SYPCR register.

The SWT can be disabled by clearing the SWE bit in the SYPCR. Once the SYPCR is written by software,
the state of the SWE bit cannot be changed.

The SWT service sequence consists of the following two steps:
1. Write 0x556C to the software service register (SWSR)
2. Write 0xAA39 to the SWSR

The service sequence clears the watchdog timer and the timing process begins again. If any value other
than 0x556C or 0OxAA39 is written to the SWSR, the entire sequence must start over.
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Although the writes must occur in the correct order prior to time-out, any number of instructions may be
executed between the writes. This allows interrupts and exceptions to occur, if necessary, between the two
writes.

Not 0x556C/Don’t Reload
Reset

0x556C/Don’t Reload

State 0
Waiting for 0x556C

State 1
Waiting for 0xAA39

‘LOXAASQ/Reload

Not 0xAA39/Don’t Reload

Not 0x556C/Don’t Reload

Figure 6-9. SWT State Diagram

Although most software disciplines support the watchdog concept, different systems require different
time-out periods. For this reason, the software watchdog provides a selectable range for the time-out
period.

In Figure 6-10, the range is determined by the value in the SWTC field. The value held in the SWTC field
is then loaded into a 16-bit decrementer clocked by the system clock. An additional divide by 2048
prescaler is used if necessary. The decrementer begins counting when loaded with a value from the
software watchdog timing count field (SWTC). After the timer reaches 0x0, a software watchdog
expiration request is issued to the reset or NMI control logic.

Upon reset, the value in the SWTC is set to the maximum value and is again loaded into the software
watchdog register (SWR), starting the process over. When a new value is loaded into the SWTC, the
software watchdog timer is not updated until the servicing sequence is written to the SWSR. If the SWE
is loaded with the value zero, the modulus counter does not count (i.e. SWTC is disabled).
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SWSR
SWE Service
(SYPCR) Logic SWTC
System__ | Clock Divide By r
Clock Disable 2048 ,| Reload ,
> 16-bit Reset
MUX|————»  SWR/Decrementer or NMI
T Rollover =0
FREEZE T /
—— > Time-out
SWP
(SYPCR)

Figure 6-10. SWT Block Diagram

6.1.11 Freeze Operation

When the FREEZE line is asserted, the clocks to the software watchdog, the periodic interrupt timer, the
real-time clock, the time base counter, and the decrementer can be disabled. This is controlled by the
associated bits in the control register of each timer. If programmed to stop during FREEZE assertion, the
counters maintain their values while FREEZE is asserted. The bus monitor remains enabled regardless of
this signal.

6.1.12 Low Power Stop Operation

When the processor is set in a low-power mode (doze, sleep, or deep-sleep), the software watchdog timer
is frozen. It remains frozen and maintains its count value until the processor exits this state and resumes
executing instructions.

The periodic interrupt timer, decrementer, and time base are not affected by these low-power modes. They
continue to run at their respective frequencies. These timers are capable of generating an interrupt to bring
the MCU out of these low-power modes.

6.2 Memory Map and Register Definitions

This section provides the MPC561/MPC563 memory map, register diagrams and bit descriptions of the
system configuration and protection registers.

6.2.1 Memory Map
The MPC561/MPC563 internal memory space can be assigned to one of eight locations.
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The internal memory map is organized as a single 4-Mbyte block. The user can assign this block to one of
eight locations by programming the ISB field in the internal memory mapping register IMMR). The eight
possible locations are the first eight 4-Mbyte memory blocks starting with address 0x0000 0000. (Refer to
Figure 6-11.)

0x0000 0000
47
0x003F FFFF
0x0040 0000
47
0X007F FFFF
0X0080 0000
4—
0x00BF FFFF
0x00C0 0000
47
0x00FF FFFF Internal 4-Mbyte Memory Block
0x0100 0000 (Resides in one of eight locations)
4—
0x013F FFFF
0x0140 0000
47
0x017F FFFF
0x0180 0000
47
0x01BF FFFF
0x01C0 0000
‘7

0x01FF FFFF

OXFFFF FFFF

Figure 6-11. MPC561/MPC563 Memory Map

6.2.2 System Configuration and Protection Registers
This section describes the MPC561/MPC563 registers.

6.2.2.1 System Configuration Registers
System configuration registers include the SIUMCR, the IMMR, and the EMCR registers.
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System Configuration and Protection

SIU Module Configuration Register (SIUMCR)

The SIUMCR contains bits which configure various features in the SIU module. The register contents are

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EARB EARP — DSHW DBGC — ATWC | GPC |DLK
HRESET| DO’ 000_0000_0 ID[9:10] ID11" ID12° 000
Addr 0x2F C000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field NOS LPMASK | BURST
— sC RCTX [MLRC | — | MTSC | 5| EICEN | =gy “EN —
HRESET| 0 |ID[17:18] 0_0000_0000_0000

" The reset value is a reset configuration word value, extracted from the internal data bus line. Refer to Section 7.5.2, “Hard
Reset Configuration Word (RCW).”

Figure 6-12. SIU Module Configuration Register (SIUMCR)

WARNING

All STIUMCR fields which are controlled by the reset configuration word
should not be changed by software while the corresponding functions are
active.

Table 6-7. SIUMCR Bit Descriptions

Bits

Name

Description

EARB

External arbitration
0 Internal arbitration is performed
1 External arbitration is assumed

1:3

EARP

External arbitration request priority. This field defines the priority of an external master’s
arbitration request. This field is valid when EARB is cleared. Refer to Section 9.5.7.4, “Internal
Bus Arbiter,” for details.

4:7

Reserved

DSHW

Data show cycles. This bit selects the show cycle mode to be applied to U-bus data cycles (data
cycles to IMB modules and Flash EEPROM). This field is locked by the DLK bit. Note that
instruction show cycles are programmed in the ICTRL and L-bus data show cycles are
programmed in the L2ZUMCR.

0 Disable show cycles for all internal data cycles

1 Show address and data of all internal data cycles

9:10

DBGC

Debug pins configuration. Refer to Table 6-8.

11

DBPC

Reserved.

12

ATWC

Address write type enable configuration. This bit configures the pins to function as byte write
enables or address types for debugging purposes.

0 WE[0:3)/BE[0:3]/AT[0:3] functions as WE[0:3]/BE[0:3]"

1 WE[0:3)/BE[0:3)/AT[0:3] functions as AT[0:3]
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Table 6-7. SIUMCR Bit Descriptions (continued)

Bits Name Description
13:14 GPC This bit configures the pins as shown in Table 6-9.
15 DLK Debug register lock

0 Normal operation
1 SIUMCR is locked and can be written only in test mode or when the internal freeze signal is

asserted.
16 — Reserved
17:18 SC Single-chip select. This field configures the functionality of the address and data buses.
Changing the SC field while external accesses are performed is not supported. Refer to
Table 6-10.
19 RCTX Reset configuration/timer expired. During reset the RSTCONF/TEXP pin functions as

RSTCONF. After reset the pin can be configured to function as TEXP, the timer expired signal
that supports the low-power modes.

0 RSTCONF/TEXP functions as RSTCONF

1 RSTCONF/TEXP functions as TEXP

20:21 MLRC Multi-level reservation control. This field selects between the functionality of the reservation logic
and IRQ pins, refer to Table 6-11.
22:23 — Reserved
24 MTSC Memory transfer start control.

0 IRQ2/CR/SGPIOC2/MTS functions according to the MLRC bits setting
1 IRQ2/CR/SGPIOC2/MTS functions as MTS

25 NOSHOW | Instruction show cycles disabled. If the NOSHOW bit is set (1), then all instruction show cycles
are NOT transmitted to the external bus.

26 EICEN Enhanced interrupt controller enable. See Section 6.1.4.4, “Enhanced Interrupt Controller
Operation,” for more information.

0 Enhanced interrupt controller operates in regular mode (compatible with MPC555/MPC556)
1 Enhanced interrupt controller is enabled

27 LPMASK_EN | Low priority request masking enable.
0 Lower priority interrupt request masking is disabled
1 Lower priority interrupt request masking is enabled

28 BURST_EN | Burst enable.

0 Burst operation is enabled by the BBCMCR[BE]. Maximum burst length is fixed at 4 beats.

1 USIU initiated burst accesses on the external bus. Maximim burst length can be 4 or 8 beats
and this may be programmed per memory region. Refer to Section 10.2.5, “Burst Support,”
for more information.

Note: Do not assert TEA on the external bus for instruction fetch while

SIUMCRI[BURST_EN] = 1. Do not place code at the last 8 words of a memory controller
region while SIUMCR[BURST_EN] = 1.

29:31 — Reserved

P ——

E/BE is selected per memory region by WEBS in the appropriate BR register in the memory controller.

MPC561/MPC563 Reference Manual, Rev. 1.2

6-26 Freescale Semiconductor



System Configuration and Protection

Table 6-8. Debug Pins Configuration

Pin Function
DBGC — — — —
IWP[0:1]/VFLS[0:1] BI/STS BG/VFO/LWP1 BR/VF1/IWP2 | BB/VF2/IWP3
00 VFLS[0:1] BI BG BR BB
01 IWP[0:1] STS BG BR BB
10 VFLS[0:1] STS VFO VF1 VF2
11 IWP[0:1] STS LWP1 IWP2 IWP3

Table 6-9. General Pins Configuration

Pin Function
GPC
FRZ/PTR/SGPIOC6 IRQOUT/LWPO/SGPIOC7
00 PTR LWPO
01 SGPIOC6 SGPIOC7
10 FRZ LWPO
11 FRZ IRQOUT

Table 6-10. Single-Chip Select Field Pin Configuration

SC

Pin Function

DATA[0:15]/
SGPIOD[0:15]

DATA[16:31]
SGPIOD[16:31]

ADDR[8:31]/
SGPIOA[8:31]

00 (multiple chip, 32-bit port size) DATA[0:15] DATA[16:31] ADDR[8:31]
01 (multiple chip, 16-bit port size DATA[0:15] SPGIOD[16:31] ADDR[8:31]
10 (single-chip with address show SPGIOD[0:15] SPGIOD[16:31] ADDR[8:31]
cycles for debugging)

11 (single-chip) SPGIODI[0:15] SPGIOD[16:31] SPGIOA[8:31]
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Table 6-11. Multi-Level Reservation Control Pin Configuration

Pin Function
MLRC sc:‘.F;%)(/:o , | IRQI/RSV/ |  IRQ2ICRI IRQ3/KR/ IRQA/AT2/ IRQ5/
MDO4 SGPIOC1 | SGPIOC2/MTS | RETRY /SGPIOC3 | SGPIOC4 | SGPIOC5/MODCK1?
00 IRQO IRQ1 IRQ2?2 IRQ3 IRQ4 IRQ5/MODCK1
01 IRQO RSV CR? KR/RETRY AT2 IRQ5/ MODCK1
10 SGPIOCO SGPIOC1 SGPIOC22 SGPIOC3 SGPIOC4 | SGPIOC5/MODCK1
11 IRQO IRQ1 SGPIOC22 KR/RETRY AT2 SGPIOC5/MODCK1

' Operates as MODCK1 during reset.
2 This is true if MTSC is reset to 0. Otherwise, IRQ2/CR/SGPIOC2/MTS will function as MTS.

6.2.2.1.2

The internal memory map register (IMMR) is a register located within the MPC561/MPC563 special
register space. The IMMR contains identification of a specific device as well as the base for the internal
memory map. Based on the value read from this register, software can deduce availability and location of
any on-chip system resources.

Internal Memory Map Register (IMMR)

This register can be read by the mfspr instruction. The ISB field can be written by the mtspr instruction.
The PARTNUM and MASKNUM fields are mask programmed and cannot be changed.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PARTNUM MASKNUM
HRESET| 0 0 1 1 0 x| X X1 Read-Only Fixed Value
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field — FLEN — — — ISB —
HRESET 0000 ID20" 00 ID23? 0000 ID[28:30]" 0
Addr SPR 638

1 The reset value is 101 for MPC561 and 110 for MPC563.

2 The reset value is a reset configuration word value extracted from the indicated bits of the internal data bus. Refer to
Section 7.5.2, “Hard Reset Configuration Word (RCW).”

Figure 6-13. Internal Memory Mapping Register (IMMR)
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Table 6-12. IMMR Bit Descriptions

Bits Name Description

0:7 PARTNUM | This read-only field is mask programmed with a code corresponding to the part number of
the part on which the SIU is located. It is intended to help factory test and user code which
is sensitive to part changes. This changes when the part number changes. For example, it
would change if any new module is added, if the size of any memory module is changed. It
would not change if the part is changed to fix a bug in an existing module. The MPC561 has
an ID of 0x35. The MPC563 has an ID of 0x36.

8:15 MASKNUM | This read-only field is mask programmed with a code corresponding to the mask number of
the part. It is intended to help factory test and user code which is sensitive to part changes.

16:19 — Reserved
20 FLEN Flash enable is a read-write bit. The default state of FLEN is negated, meaning that the boot
is performed from external memory. This bit can be set at reset by the reset configuration
word.

0 On-chip Flash memory is disabled, and all internal cycles to the allocated Flash address
space are mapped to external memory
1 On-chip Flash memory is enabled

21:22 — Reserved
23 — Reserved. This bit should be programmed to 0 at all times.
24:27 — Reserved
28:30 1ISB This read-write field defines the base address of the internal memory space. The initial value

of this field can be configured at reset to one of eight addresses, and then can be changed
to any value by software. Internal base addresses are as follows:

000 0x0000 0000

001 0x0040 0000

010 0x0080 0000

011 0x00CO0 0000

100 0x0100 0000

101 0x0140 0000

110 0x0180 0000

111 0x01CO 0000

31 — Reserved

6.2.2.1.3 External Master Control Register (EMCR)

The external master control register selects the external master modes and determines the internal bus
attributes for external-to-internal accesses.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field —
HRESET 0000_0000_0000_0000
Addr 0x2F C030
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| PRPM | SLVM | — SIZE  [SUPU|INST — RESV |CONT| — |TRAC|SIZEN —
HRESET| ID16' | 0 0 01 0 1 00 1 1 0 1 1 00

1 The reset value is a reset configuration word value, extracted from the indicated internal data bus line. Refer to Section 7.5.2,
“Hard Reset Configuration Word (RCW).”

Figure 6-14. External Master Control Register (EMCR)

Table 6-13. EMCR Bit Descriptions

Bits Name Description
0:15 — Reserved
16 PRPM | Peripheral mode. In this mode, the internal RCPU core is shut off and an alternative master on

the external bus can access any internal slave module. The reset value of this bit is determined
by the reset configuration word bit 16. The bit can also be written by software.

0 Normal operation

1 Peripheral mode operation

17 SLVM | Slave mode (valid only if PRPM = 0). In this mode, an alternative master on the external bus can
access any internal slave module while the internal RCPU core is fully operational. If PRPM is
set, the value of SLVM is a “don’t care”

0 Normal operation

1 Slave mode

18 — Reserved

19:20 SIZE Size attribute. If SIZEN = 1, the SIZE bits controls the internal bus attributes as follows:
00 Double word (8 bytes)

01 Word (4 bytes)

10 Half word (2 bytes)

11 Byte

21 SUPU | Supervisor/user attribute. SUPU controls the supervisor/user attribute as follows:
0 Supervisor mode access permitted to all registers
1 User access permitted to registers designated “user access”

22 INST Instruction attribute. INST controls the internal bus instruction attribute as follows:
0 Instruction fetch
1 Operand or non-CPU access

23:24 — Reserved

25 RESV Reservation attribute. RESV controls the internal bus reservation attribute as follows:
0 Storage reservation cycle
1 Not a reservation
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Table 6-13. EMCR Bit Descriptions (continued)

Bits Name Description

26 CONT | Control attribute. CONT drives the internal bus control bit attribute as follows:
0 Access to MPC561/MPC563 control register, or control cycle access
1 Access to global address map

27 — Reserved

28 TRAC | Trace attribute. TRAC controls the internal bus program trace attribute as follows:
0 Program trace
1 Not program trace

29 SIZEN External size enable control bit. SIZEN determines how the internal bus size attribute is driven:
0 Drive size from external bus signals TSIZE[0:1]
1 Drive size from SIZEO, SIZE1 in EMCR

30:31 — Reserved

6.2.2.2 SIU Interrupt Controller Registers

The SIU interrupt controller contains the following registers: SIPEND, SIPEND2 and SIPEND?3 (interrupt
pending registers), SIMASK, SIMASK?2 and SIMASK3 (interrupt mask registers), SIEL, SIVEC, SISR2
and SISR3.

The SIPEND and SIMASK registers are used when the interrupt controller is configured for regular,
MPC555/MPC556 compatible, operation. SIPEND2, SIPEND3, SIMASK?2, SIMASK3, SISR2 and
SISR3 registers are used only when the interrupt controller is operating in enhanced interrupt mode.

SIPEND, SIPEND2 and SIPEND?3 are 32-bit registers. Each bit in the register corresponds to an interrupt
request. The bits associated with internal exceptions indicate, if set, that an interrupt service is requested.
These bits reflect the status of the internal requesting device, and will be cleared when the appropriate
actions are initiated by software in the device itself. Writing to these bits has no effect.

The bits associated with the IRQ pins have a different behavior depending on the sensitivity defined for
them in the SIEL register. When the IRQ is defined as a “level” interrupt the corresponding bit behaves in
a manner similar to the bits associated with internal interrupt sources, (i.e., it reflects the status of the IRQ
pin). This bit can not be changed by software, it will be cleared when the external signal is negated. When
the IRQ is defined as an “edge” interrupt, if the corresponding bit is set, it indicates that a falling edge was
detected on the line. The bit must be reset by software by writing a ‘1’ to it.

The following acronym definitions apply to the various bits implemented in the SIU interrupt controller
registers.

Table 6-14. SIU Interrupt Controller — Bit Acronym Definitions

Name Description

IRQn Interrupt Signal n Request

LVLn Interrupt Level n Request
IMBIRQn Intermodule Bus Interrupt Level n Request

IRMn Interrupt Signal n Mask
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Table 6-14. SIU Interrupt Controller — Bit Acronym Definitions

Name Description

LVMn Interrupt Level n Mask

EDn Falling Edge Detect, Interrupt Signal n
WMn Wakeup Mask, Interrupt Signal n

6.2.2.2.1 SIU Interrupt Pending Register (SIPEND)

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO | LVLO | IRQ1 | LVL1 | IRQ2 | LVL2 | IRQS3 | LVL3 | IRQ4 | LVL4 | IRQ5 | LVL5 | IRQ6 | LVL6 | IRQ7 | LVL7
SRESET 0000_0000_0000_0000
Addr 0x2F C010
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000
Figure 6-15. SIU Interrupt Pending Register (SIPEND)
6.2.2.2.2 SIU Interrupt Pending Register 2 (SIPEND2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO | LVLO | IMB | IMB | IMB | IMB |IRQ1 | LVL1 |IMB |IMB | IMB | IMB | IRQ2 | LVL2 | IMB | IMB
IRQO | IRQ1 | IRQ2 | IRQS3 IRQ4 |IRQ5| IRQ6 | IRQ7 IRQ8 | IRQ9
SRESET 0000_0000_0000_0000
Addr 0x2F C040
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB [IRQ3|LVL3| IMB | IMB | IMB | IMB |IRQ4|LVL4| IMB | IMB | IMB | IMB |IRQ5 | LVL5
IRQ10 | IRQ1 IRQ12|IRQ13|IRQ14|IRQ15 IRQ16|IRQ17 |IRQ18|IRQ19
1
SRESET 0000_0000_0000_0000
Figure 6-16. SIU Interrupt Pending Register 2 (SIPEND2)
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6.2.2.2.3 SIU Interrupt Pending Register 3 (SIPEND3)

MSB
0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15
Field| IMB | IMB | IMB | IMB |IRQ|LVL| IMB | IMB | IMB | IMB |IRQ|LVL| IMB | IMB | IMB | IMB
IRQ20 [IRQ21 [IRQ22|IRQ23| 6 | 6 [IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 |IRQ28|IRQ29|IRQ30 |IRQ31
SRESET 0000_0000_0000_0000
Addr O0x2F C044
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

Figure 6-17. SIU Interrupt Pending Register 3 (SIPEND3)

6.2.2.2.4 SIU Interrupt Mask Register (SIMASK)

SIMASK is a 32-bit read/write register. Each bit in the register corresponds to an interrupt request bit in
the SIPEND register.

SIMASK?2 is a 32-bit read/write register. Each bit in the register corresponds to an interrupt request bit in
the SIPEND?2 register.

SIMASK3 is a 32-bit read/write register. Each bit in the register corresponds to an interrupt request bit in
the SIPEND3 register.

When the bit is set, it enables the generation of an interrupt request to the RCPU. SIMASK, SIMASK2,
SIMASK3 are updated by software and cleared upon reset. It is the responsibility of the software to
determine which of the interrupt sources are enabled at a given time.

NOTE

Disable external interrupts in the core prior to changing any interrupt
controller related register (SIMASK, SIPEND, SIEL, or SISR). Refer to
MSRJEE] bit description in Table 3-11 and the note regarding special
handling of the EIC in Section 6.1.4.4, “Enhanced Interrupt Controller
Operation.”
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field|IRMO'|{LVMO| IRM1 |LVM1 [ IRM2 | LVM2| IRM3 | LVM3 | IRM4 | LVM4 | IRMS5 | LVM5 | IRM6 |LVM6 | IRM7 | LVM7
SRESET 0000_0000_0000_0000
Addr 0x2F CO014
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

T IRQO of the SIPEND register is not affected by the setting or clearing of the IRMO bit of the SIMASK register. IRQO is a
non-maskable interrupt.

Figure 6-18. SIU Interrupt Mask Register (SIMASK)

6.2.2.2.5 SIU Interrupt Mask Register 2 (SIMASK2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field|IRQO'| LVLO | IMB | IMB | IMB | IMB | IRQ1 | LVL1 | IMB | IMB | IMB | IMB |IRQ2 | LVL2 | IMB | IMB
IRQO [ IRQ1 | IRQ2 | IRQ3 IRQ4 [ IRQ5 | IRQ6 | IRQ7 IRQ8 | IRQ9
SRESET 0000_0000_0000_0000
Addr Ox2F C048
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB [IRQ3|LVL3| IMB | IMB | IMB | IMB [IRQ4|LVL4| IMB | IMB | IMB | IMB |IRQ5|LVL5
IRQ10| IRQ1 IRQ12 |IRQ13|IRQ14|IRQ15 IRQ16|IRQ17|IRQ18|IRQ19
1
SRESET 0000_0000_0000_0000

TTRQO of the SIPEND2 register is not affected by the setting or clearing of the IRQO bit of the SIMASK2 register. IRQO is a
non-maskable interrupt

Figure 6-19. SIU Interrupt Mask Register 2 (SIMASK2)
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6.2.2.2.6 SIU Interrupt Mask Register 3 (SIMASK3)

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IMB | IMB | IMB | IMB |IRQ|LVL| IMB | IMB | IMB | IMB |IRQ|LVL| IMB | IMB | IMB | IMB
IRQ20|IRQ21|IRQ22 [IRQ23| 6 6 [IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 |[IRQ28|IRQ29|IRQ30|IRQ31
SRESET 0000_0000_0000_0000
Addr 0x2F C04C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

Figure 6-20. SIU Interrupt Mask Register 3 (SIMASK3)

6.2.2.2.7 SIU Interrupt Edge Level Register (SIEL)

The SIEL is a 32-bit read/write register. Each pair of bits corresponds to an external interrupt request. The
EDx bit, if set, specifies that a falling edge in the corresponding IRQ line will be detected as an interrupt
request. When the EDx bit is 0, a low logical level in the IRQ line will be detected as an interrupt request.
The WMx (wake-up mask) bit, if set, indicates that an interrupt request detection in the corresponding line
causes the MPC561/MPC563 to exit low-power mode.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Field| EDO | WMO | ED1 | WM1 | ED2 | WM2 | ED3 | WM3 | ED4 | WM4 | ED5 | WM5 | ED6 | WM6 | ED7 | WM7

HRESET 0000_0000_0000_0000
Addr 0x2F C018
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Field —
HRESET 0000_0000_0000_0000

Figure 6-21. SIU Interrupt Edge Level Register (SIEL)

6.2.2.2.8 SIU Interrupt Vector Register (SIVEC)

The SIVEC is a 32-bit read-only register that contains an 8-bit code representing the unmasked interrupt
source of the highest priority level. The SIVEC can be read as either a byte, half word, or word. When read
as a byte, a branch table can be used in which each entry contains one instruction (branch). When read as
a half-word, each entry can contain a full routine of up to 256 instructions. The interrupt code is defined
such that its two least significant bits are 0, thus allowing indexing into the table. The two possible ways
of the code usage are shown on Figure 6-23.
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MSB
0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
Field INTERRUPT CODE —
Reset 0011_1100 0000_0000
Addr 0x2F C01C
LSB
16 17 18 19 20 21 23 24 25 26 27 28 29 30 31
Field —
Reset 0000_0000_0000_0000
Figure 6-22. SIU Interrupt Vector Register (SIVEC)
INTR:... INTR:...
Save state Save state
R3 « @SIVEC R3 « @SIVEC
R4 « Base of branch table R4 « Base of branch table
Ibz RX, R3 (0)# load as byte lhz RX, R3 (0)# load as half
add RX, RX, R4 add RX, RX, R4
mtsprCTR, RX mtspr CTR, RX
bctr bctr
BASE | 1st Instruction of Routine1 |
BASE b Routine1 .
BASE + 400 | 1st Instruction of Routine2 |
BASE + 4 b Routine2 .
BASE + 800 | 1st Instruction of Routine3 |
BASE + 8 b Routine3 .
BASE + C00 | 1st Instruction. of Routine4 |
BASE + C b Routine4 .
BASE +1000 | . |
BASE +10 . .
BASE+n | . |
BASE + n .

Figure 6-23. Example of SIVEC Register Usage for Interrupt Table Handling
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6.2.2.2.9
SISR2, SISR3 are 32-bit read/write registers. Each bit in the register corresponds to an interrupt request.
A bit is set if:

* There is a pending interrupt request (SIPEND2/3), that is not masked by (SIMASK2/3), and

» The BBC/IMPU acknowledges interrupt request and latches SIVEC value.

Interrupt In-Service Registers (SISR2 and SISR3)

Once a bit is set, all requests with lower or equal priority become masked (i.e. they will not generate any
interrupt request to the RCPU) until the bit is cleared. A bit is cleared by writing a ‘1’ to it. Writing zero
has no effect.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO | LVLO | IMB | IMB | IMB | IMB |IRQ1 | LVL1 | IMB | IMB | IMB | IMB |IRQ2 | LVL2 | IMB | IMB
IRQO [IRQ1| IRQ2 | IRQ3 IRQ4 | IRQ5 | IRQ6 | IRQ7 IRQS8 | IRQ9
SRESET 0000_0000_0000_0000
Addr Ox2F C050
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB [IRQ3|LVL4| IMB | IMB | IMB | IMB |IRQ4|LVL4| IMB | IMB | IMB | IMB |IRQ5 |LVL5
IRQ10|IRQ11 IRQ12|IRQ13|IRQ14|IRQ15 IRQ16 [IRQ17|IRQ18|IRQ19
SRESET 0000_0000_0000_0000
Figure 6-24. Interrupt In-Service Register 2 (SISR2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IMB | IMB | IMB | IMB |[IRQ|LVL| IMB | IMB | IMB | IMB [IRQ|LVL| IMB | IMB | IMB | IMB
IRQ20|IRQ21|IRQ22|IRQ23| 6 | 6 |IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 [IRQ28(IRQ29|IRQ30 |IRQ31
SRESET 0000_0000_0000_0000
Addr 0x2F C054
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field _
SRESET 0000_0000_0000_0000
Figure 6-25. Interrupt In-Service Register 3 (SISR3)
6.2.2.3 System Protection Registers
6.2.2.3.1 System Protection Control Register (SYPCR)

The system protection control register (SYPCR) controls the system monitors, the software watchdog

period, and the bus monitor timing. This register can be read at any time, but can be written only once after
system reset.
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MSB
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SWTC
HRESET 11111111111 _1111
Addr 0x2F C004
LSB
16 18 19 20 21 2 23 24 25 26 27 28 29 30 31
Field BMT BME — SWF | SWE | SWRI | SWP
HRESET 1111_1111 0 000 0 1 1 1
Figure 6-26. System Protection Control Register (SYPCR)
Table 6-15. SYPCR Bit Descriptions
Bits Name Description
0:15 SWTC | Software watchdog timer count. This field contains the count value of the software watchdog
timer.
16:23 BMT Bus monitor timing. This field specifies the time-out period, in eight-system-clock resolution, of
the bus monitor. BMT must be set to non zero even if the bus monitor is not enabled.
24 BME Bus monitor enable
0 Disable bus monitor
1 Enable bus monitor
25:27 — Reserved
28 SWF Software watchdog freeze
0 Software watchdog continues to run while FREEZE is asserted
1 Software watchdog stops while FREEZE is asserted
29 SWE Software watchdog enable. Software should clear this bit after a system reset to disable the
software watchdog timer.
0 Watchdog is disabled
1 Watchdog is enabled
30 SWRI Software watchdog reset/interrupt select
0 Software watchdog time-out causes a non-maskable interrupt to the RCPU
1 Software watchdog time-out causes a system reset
31 SWP Software watchdog prescale
0 Software watchdog timer is not prescaled
1 Software watchdog timer is prescaled by 2048
6.2.2.3.2 Software Service Register (SWSR)

The SWSR is the location to which the SWT servicing sequence is written. To prevent SWT time-out, a
0x556C followed by 0xAA39 should be written to this register. The SWSR can be written at any time but

returns all zeros when read.
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MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SWSR
Reset 0000_0000_0000_0000
Addr 0x2F COOE

Figure 6-27. Software Service Register (SWSR)

Table 6-16. SWSR Bit Descriptions

Bits Name Description

SWT servicing sequence is written to this register. To prevent SWT time-out, a 0x556C followed
0:15 SWSR | by OxAA39 should be written to this register. The SWSR can be written at any time but returns
all zeros when read.

6.2.2.3.3 Transfer Error Status Register (TESR)

The transfer error status register contains a bit for each exception source generated by a transfer error. A
bit set to logic 1 indicates what type of transfer error exception occurred since the last time the bits were
cleared by reset or by the normal software status bit-clearing mechanism.

NOTE

These bits may be set due to canceled speculative accesses which do not
cause an interrupt. The register has two identical sets of bit fields; one is
associated with instruction transfers and the other with data transfers.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field —
Reset 0000_0000_0000_0000
Addr 0x2F C020
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field — IEXT | IBMT — DEXT | DBM —
Reset 0000_0000_0000_0000
Figure 6-28. Transfer Error Status Register (TESR)
Table 6-17. TESR Bit Descriptions
Bits Name Description
0:17 — Reserved
18 IEXT Instruction external transfer error acknowledge. This bit is set if the cycle was terminated by an
externally generated TEA signal when an instruction fetch was initiated.
19 IBMT Instruction transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor
time-out when an instruction fetch was initiated.
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Table 6-17. TESR Bit Descriptions (continued)

Bits Name Description
20:25 — Reserved
26 DEXT |Data external transfer error acknowledge. This bit is set if the cycle was terminated by an

externally generated TEA signal when a data load or store is requested by an internal master.

27 DBM Data transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor time-out
when a data load or store is requested by an internal master.

28:31 — Reserved

6.2.2.4 System Timer Registers

The following sections describe registers associated with the system timers. These facilities are powered
by the KAPWR and can preserve their value when the main power supply is off. Refer to Section 8.2.3,
“Pre-Divider,” for details on the required actions needed in order to guarantee this data retention.

A list of KAPWR registers affected by the key/lock mechanism is found in Table 8-8.

6.2.2.4.1 Decrementer Register (DEC)

The 32-bit decrementer register is defined by the PowerPC architecture. The values stored in this register
are used by a down counter to cause decrementer exceptions. The decrementer causes an exception
whenever bit zero changes from a logic zero to a logic one. A read of this register always returns the current
count value from the down counter.

Contents of this register can be read or written to by the mfspr or the mtspr instruction. The decrementer
register is reset by PORESET. HRESET and SRESET do not affect this register. The decrementer is
powered by standby power and can continue to count when standby power is applied.

Decrementer counts down the time base clock and the counting is enabled by TBE bit in TBCSR register
Section 6.2.2.4.4, “Time Base Control and Status Register (TBSCR).”

MSB LsB
0 31
Field DECREMENTING COUNTER
PORESET 0000_0000_0000_0000_0000_0000_0000_0000
HRESET Unaffected
SRESET
Addr SPR 22

Figure 6-29. Decrementer Register (DEC)

Refer to Section 3.9.5, “Decrementer Register (DEC)” for more information on this register.

6.2.2.4.2 Time Base SPRs (TB)

The TB is a 64-bit register containing a 64-bit integer that is incremented periodically. There is no
automatic initialization of the TB; the system software must perform this initialization. The contents of the
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register may be written by the mttbl or the mttbu instructions, see Section 3.9.4, “Time Base Facility (TB)
— OEA.”

Refer to Section 3.8, “VEA Register Set — Time Base (TB)’ and Section 3.9.4, “Time Base Facility (TB)
— OEA” for more information on reading and writing the TBU and TBL registers.

MSB LSB
0 31 32 63
Field TBU TBL
PORESET Unaffected
Addr SPR 269, SPR 268

Figure 6-30. Time Base (Reading) (TB)

MSB LSB
0 31 32 63
Field TBU TBL
PORESET Unaffected
Addr SPR 285, SPR 284

Figure 6-31. Time Base (Writing) (TB)

6.2.2.4.3 Time Base Reference Registers (TBREF0 and TBREF1)

Two reference registers (TBREF0 and TBREF1) are associated with the lower part of the time base (TBL).
Each is a 32-bit read/write register. Upon a match between the contents of TBL and the reference register,
a maskable interrupt is generated.

MSB LSB
0 31
Field TBREFO
Reset Unaffected
Addr 0x2F C204

Figure 6-32. Time Base Reference Register 0 (TBREFO)

MSB LSB
0 31
Field TBREF1
Reset Unaffected
Addr 0x2F C208

Figure 6-33. Time Base Reference Register 1 (TBREF1)
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6.2.2.4.4

Time Base Control and Status Register (TBSCR)

The TBSCR is 16-bit read/write register. It controls the TB, decrementer count enable, and interrupt
generation and is used for reporting the source of the interrupts. The register can be read anytime. A status
bit is cleared by writing a one to it. (Writing a zero has no effect.) More than one bit can be cleared at a time.

MSB LSB
0 2 3 4 5 6 7 8 9 10 M 12 13 14 15
Field TBIRQ REFA | REFB — REFAE | REFBE | TBF | TBE
PORESET 0000_0000_0000_0000
Addr 0x2F C200
Figure 6-34. Time Base Control and Status Register (TBSCR)
Table 6-18. TBSCR Bit Descriptions
Bits Name Description
0:7 TBIRQ | Time base interrupt request. These bits determine the interrupt priority level of the time base.
Refer to Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.
8 REFA Reference A (TBREFO) interrupt status.
0 No match detected
1 TBREFO value matches value in TBL
9 REFB |Reference B (TBREF1) interrupt status.
0 No match detected
1 TBREF1 value matches value in TBL
10:11 — Reserved
12 REFAE |Reference A (TBREFO) interrupt enable. If this bit is set, the time base generates an interrupt
when the REFA bit is set.
13 REFBE | Reference B (TBREF1) interrupt enable. If this bit is set, the time base generates an interrupt
when the REFB bit is set.
14 TBF Time base freeze. If this bit is set, the time base and decrementer stop while FREEZE is
asserted.
15 TBE Time base enable
0 Time base and decrementer are disabled
1 Time base and decrementer are enabled
6.2.2.4.5 Real-Time Clock Status and Control Register (RTCSC)

The RTCSC enables the different RTC functions and reports the source of the interrupts. The register can
be read anytime. A status bit is cleared by writing a one to it. (Writing a zero does not affect a status bit’s
value.) More than one status bit can be cleared at a time. This register is locked after reset by default.
Unlocking is accomplished by writing 0x55CC AA33 to its associated key register. See Section 8.8.3.2,
“Keep-Alive Power Registers Lock Mechanism.”
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MSB LSB
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Field RTCIRQ SEC | ALR — 4M | SIE | ALE | RTF | RTE
PORESET 0000_0000_000 U 000 U
Addr 0x2F C220

Figure 6-35. Real-Time Clock Status and Control Register (RTCSC)

Table 6-19. RTCSC Bit Descriptions

Bits Name Description

0:7 RTCIRQ | Real-time clock interrupt request. Thee bits determine the interrupt priority level of the RTC.
Refer to Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.

8 SEC Once per second interrupt. This status bit is set every second. It should be cleared by the
software.

9 ALR Alarm interrupt. This status bit is set when the value of the RTC equals the value programmed in
the alarm register.

10 — Reserved

11 4aM Real-time clock source

0 RTC assumes that it is driven by 20 MHz to generate the seconds pulse.
1 RTC assumes that it is driven by 4 MHz

12 SIE Second interrupt enable. If this bit is set, the RTC generates an interrupt when the SEC bit is set.
13 ALE Alarm interrupt enable. If this bit is set, the RTC generates an interrupt when the ALR bit is set.
14 RTF Real-time clock freeze. If this bit is set, the RTC stops while FREEZE is asserted.

15 RTE Real-time clock enable

0 RTC is disabled
1 RTC is enabled

6.2.2.4.6 Real-Time Clock Register (RTC)

The real-time clock register is a 32-bit read write register. It contains the current value of the real-time
clock. A write to the RTC resets the seconds timer to zero. This register is locked after reset by default.
Unlocking is accomplished by writing 0x55CC AA33 to its associated key register. See Section 8.8.3.2,
“Keep-Alive Power Registers Lock Mechanism.”

MSB LSB
0 31
Field RTC
Reset Unaffected
Addr 0x2F C224

Figure 6-36. Real-Time Clock Register (RTC)
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6.2.2.4.7 Real-Time Clock Alarm Register (RTCAL)

The RTCAL is a 32-bit read/write register. When the value of the RTC is equal to the value programmed
in the alarm register, a maskable interrupt is generated.

The alarm interrupt will be generated as soon as there is a match between the ALARM field and the
corresponding bits in the RTC. The resolution of the alarm is 1 second. This register is locked after reset
by default. Unlocking is accomplished by writing 0x55CC AA33 to its associated key register. See
Section 8.8.3.2, “Keep-Alive Power Registers Lock Mechanism.”

MSB LSB
0 31
Field ALARM
Reset Unaffected
Addr 0x2F C22C

Figure 6-37. Real-Time Clock Alarm Register (RTCAL)

6.2.2.4.8 Periodic Interrupt Status and Control Register (PISCR)

The PISCR contains the interrupt request level and the interrupt status bit. It also contains the controls for
the 16-bits to be loaded into a modulus counter. This register can be read or written at any time.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PIRQ PS — PIE | PITF | PTE
PORESET 0000_0000_0000_0000
Addr 0x2F C240

Figure 6-38. Periodic Interrupt Status and Control Register (PISCR)

Table 6-20. PISCR Bit Descriptions

Bits Name Description

0:7 PIRQ Periodic interrupt request. These bits determine the interrupt priority level of the PIT. Refer to
Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.

8 PS Periodic interrupt status. This bit is set if the PIT issues an interrupt. The PIT issues an interrupt
after the modulus counter counts to zero. PS can be negated by writing a one to it. A write of zero
has no affect.

9:12 — Reserved
13 PIE Periodic interrupt enable. If this bit is set, the time base generates an interrupt when the PS bit
is set.
14 PITF PIT freeze. If this bit is set, the PIT stops while FREEZE is asserted.
15 PTE Periodic timer enable

0 PIT stops counting and maintains current value
1 PIT continues to decrement
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Periodic Interrupt Timer Count Register (PITC)

The PITC register contains the 16-bits to be loaded in a modulus counter. This register is readable and

writable at any time.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PITC
Reset Unaffected
Addr 0x2F C244
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
Reset Unaffected
Figure 6-39. Periodic Interrupt Timer Count (PITC)
Table 6-21. PITC Bit Descriptions
Bits Name Description
0:15 PITC Periodic interrupt timing count. This field contains the 16-bit value to be loaded into the modulus
counter that is loaded into the periodic timer. This register is readable and writable at any time.
16:31 — Reserved
6.2.2.4.10 Periodic Interrupt Timer Register (PITR)

The periodic interrupt register is a read-only register that shows the current value in the periodic interrupt
down counter. Read or writing this register does not affect the register.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PIT
Reset Unaffected
Addr O0x2F C248
LsSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
Reset Unaffected
Figure 6-40. Periodic Interrupt Timer Register (PITR)
Table 6-22. PIT Bit Descriptions
Bits Name Description
0:15 PIT Periodic interrupt timing count—This field contains the current count remaining for the periodic
timer. Writes have no effect on this field.
16:31 — Reserved
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6.2.2.5 General-Purpose I/0 Registers
6.2.2.5.1 SGPIO Data Register 1 (SGPIODT1)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SGPIODI[0:7] | SGPIOD[8:15]
Reset 0000_0000_0000_0000"
Addr 0x2F C024
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SGPIOD[16:23] SGPIOD[24:31]
Reset 0000_0000_0000_0000"

1 If the device is configured NOT in full bus mode (i.e., SIUMCR[SC]=0b01, 0x10, or Ob11), the GPIO pins will be in input
mode and this register will reflect the state of the pins.

Figure 6-41. SGPIO Data Register 1 (SGPIODT1)

Table 6-23. SGPIODT1 Bit Descriptions

Bits

Name

Description

0:7

SGPIOD[0:7]

SIU general-purpose 1/0 Group D[0:7]. This 8-bit register controls the data of
general-purpose I/O pins SGPIOD[0:7]. The direction (input or output) of this group of pins
is controlled by the GDDRO bit in the SGPIO control register.

8:15

SGPIODI[8:15]

SIU general-purpose I/O Group D[8:15]. This 8-bit register controls the data of
general-purpose /O pins SGPIOD[8:15]. The direction (input or output) of this group of
pins is controlled by the GDDR1 bit in the SGPIO control register.

16:23

SGPIOD[16:23]

SIU general-purpose I/0 Group D[16:23]. This 8-bit register controls the data of the
general-purpose I/O pins SGPIOD[16:23]. The direction (input or output) of this group of
pins is controlled by the GDDR2 bit in the SGPIO control register

24:31

SGPIOD[24:31]

SIU general-purpose 1/0O Group D[24:31]. This 8-bit register controls the data of the
general-purpose I/O pins SGPIOD[24:31]. The direction of SGPIOD[24:31] is controlled by
eight dedicated direction control signals SDDRD[24:31]. Each pin in this group can be
configured separately as general-purpose input or output.
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6.2.2.5.2 SGPIO Data Register 2 (SGPIODT2)
MSB

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SGPIOCI0:7] SGPIOA[8:15]
Reset 0000_0000_0000_0000"
Addr Ox2F C028

LSB

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SGPIOA[16:23] SGPIOA[24:31]
Reset 0000_0000_0000_0000"

1 If the device is configured NOT in full bus mode (i.e., SIUMCR[SC]=0b01, 0x10, or 0b11), the GPIO pins will be in input
mode and this register will reflect the state of the pins.

Figure 6-42. SGPIO Data Register 2 (SGPIODT2)

Table 6-24. SGPIODT2 Bit Descriptions

Bits Name Description

0:7 SGPIOC[0:7] | SIU general-purpose I/O Group C[0:7]. This 8-bit register controls the data of the
general-purpose /O pins SGPIOC[0:7]. The direction of SGPIOC[0:7] is controlled by 8
dedicated direction control signals SDDRCJ[0:7] in the SGPIO control register. Each pin in
this group can be configured separately as general-purpose input or output.

8:15 | SGPIOA[8:15] | SIU general-purpose I/O Group A[8:15]. This 8-bit register controls the data of the
general-purpose 1/O pins SGPIOA[8:15]. The GDDRS3 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.

16:23 SGPIOA SIU general-purpose I/0 Group A[16:23]. This 8-bit register controls the data of the

[16:23] general-purpose /O pins SGPIOA[16:23]. The GDDRA4 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.

24:31 SGPIOA SIU general-purpose I/0 Group A[24:31]. This 8-bit register controls the data of the

[24:31] general-purpose 1/O pins SGPIOA[24:31]. The GDDRS5 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.
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System Configuration and Protection

6.2.2.5.3 SGPIO Control Register (SGPIOCR)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SDDRC[0:7] —
HRESET 0000_0000_0000_0000
Addr 0x2F C02C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3t
Field| GDDR | GDDR | GDDR | GDDR | GDDR | GDDR — SDDRD[24:31]
0 1 2 3 4 5
HRESET 0000_0000_0000_0000
Figure 6-43. SGPIO Control Register (SGPIOCR)
Table 6-25. SGPIOCR Bit Descriptions
Bits Name Description
0:7 SDDRCJ[0:7] | SGPIO data direction for SGPIOC[0:7]. Each SDDR bit zero to seven controls the direction
of the corresponding SGPIOC pin zero to seven
8:15 — Reserved
16 GDDRO Group data direction for SGPIOD[0:7]
17 GDDR1 Group data direction for SGPIOD[8:15]
18 GDDR2 Group data direction for SGPIOD[16:23]
19 GDDR3 Group data direction for SGPIOA[8:15]
20 GDDR4 Group data direction for SGPIOA[16:23]
21 GDDR5 Group data direction for SGPIOA[24:31]
22:23 — Reserved
24:31 SDDRD SGPIO data direction for SGPIOD[24:31]. Each SDDRD bits 24:31 controls the direction
[24:31] of the corresponding SGPIOD pin [24:31].

Table 6-26 describes the bit values for data direction control.

Table 6-26. Data Direction Control

SDDR/GDDR

Operation

0

SGPIO configured as input

1

SGPIO configured as output
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Chapter 7
Reset

This section describes the MPC561/MPC563 reset sources, operation, control, and status.

7.1 Reset Operation

The MPC561/MPC563 has several inputs to the reset logic which include the following:

* Power-on reset

«  External hard reset pin (HRESET)

«  External soft reset pin (SRESET)

* Loss of PLL lock

*  On-chip clock switch

» Software watchdog reset

*  Checkstop reset

* Debug port hard reset

» Debug port soft reset

+ JTAG reset

» Illegal bit change (ILBC)
All of these reset sources are fed into the reset controller. The control logic determines the cause of the
reset, synchronizes it, and resets the appropriate logic modules, depending on the source of the reset. The

memory controller, system protection logic, interrupt controller, and parallel I/O pins are initialized only
on hard reset. External soft reset initializes internal logic while maintaining system configuration.

The reset status register (RSR) reflects the most recent source to cause a reset.

711 Power-On Reset

The power-on reset pin, PORESET, is an active low input. In a system with power-down low-power mode,
this pin should be activated only as a result of a voltage failure on the KAPWR pin. After detecting the
assertion of PORESET, the MPC561/MPC563 enters the power-on reset state. During this state the
MODCK]1:3] signals determine the oscillator frequency, PLL multiplication factor, and the PITRTCLK
and TMBCLK clock sources. In addition, the MPC561/MPC563 asserts the SRESET and HRESET pins
at the rising edge of PORESET.

The PORESET pin should be asserted for a minimum time of 100,000 of clock oscillator cycles after a
valid level has been reached on the KAPWR supply. After detecting the assertion of PORESET, the
MPC561/MPC563 remains in the power-on reset state until the last of the following two events occurs:
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» The Internal PLL enters the lock state and the system clock is active.
* The PORESET pin is negated.

If limp mode is enabled, the internal PLL is not required to be locked before the chip exits power-on reset.

The internal MODCK] 1:3] values are sampled at the rising edge of PORESET. After exiting the power-on
reset state, the MPC561/MPC563 continues to drive the HRESET and SRESET pins for 512 system clock
cycles. When the timer expires (after 512 cycles), the configuration is sampled from data bus pins, if
required (see Section 7.5.1, “Hard Reset Configuration”) and the MPC561/MPC563 stops driving the
HRESET and SRESET pins.

The PORESET pin has a glitch detector to ensure that low spikes of less than 20 ns are rejected. The
internal PORESET signal asserts only if the PORESET pin asserts for more than 100 ns.

7.1.2 Hard Reset

HRESET (hard reset) is an active low, bidirectional I/O pin. The MPC561/MPC563 can detect an external
assertion of HRESET only if it occurs while the MPC561/MPC563 is not asserting HRESET.

When the MPC561/MPC563 detects assertion of the external HRESET pin or a cause to assert the internal
HRESET line is detected, the chip starts to drive the HRESET and SRESET for 512 cycles. When the timer
expires (after 512 cycles) the configuration is sampled from data pins (refer to Section 7.5.1, “Hard Reset
Configuration”) and the chip stops driving the HRESET and SRESET pins. An external pull-up resistor

should drive the HRESET and SRESET pins high. After detecting the negation of HRESET or SRESET,
the MPC561/MPC563 waits 16 clock cycles before testing the presence of an external hard or soft reset.

The HRESET pin has a glitch detector to ensure that low spikes of less than 20 ns are rejected. The internal
HRESET will be asserted only if HRESET is asserted for more than 100 ns.

The HRESET is an open collector type pin.

7.1.3 Soft Reset

SRESET (soft reset) is an active low, bidirectional I/O pin. The MPC561/MPC563 can only detect an
external assertion of SRESET if it occurs while the MPC561/MPC563 is not asserting SRESET.

When the MPC561/MPC563 detects the assertion of external SRESET or a cause to assert the internal
SRESET line, the chip starts to drive the SRESET for 512 cycles. When the timer expires (after 512 cycles)
the debug port configuration is sampled from the DSDI and DSCK pins and the chip stops driving the
SRESET pin. An external pull-up resistor should drive the SRESET pin high. After the MPC561/MPC563
detects the negation of SRESET, it waits 16 clock cycles before testing the presence of an external soft
reset.

The SRESET is an open collector type pin.

71.4 Loss of PLL Lock

If the PLL detects a loss of lock, erroneous external bus operation will occur if synchronous external
devices use the MPC561/MPC563 input clock. Erroneous operation could also occur if devices with a PLL
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use the MPC561/MPC563 CLKOUT signal. This source of reset can be optionally asserted if the LOLRE
bit in the PLL, low-power, and reset control register (PLPRCR) is set. The enabled PLL loss of lock event
generates an internal hard reset sequence. Refer to Chapter 8, “Clocks and Power Control,” for more
information on loss of PLL lock.

71.5 On-Chip Clock Switch

If the system clock is switched to the backup clock or switched from backup clock to another clock source
an internal hard reset sequence is generated. Refer to Chapter 8, “Clocks and Power Control.”

7.1.6 Software Watchdog Reset

When the MPC561/MPC563 software watchdog counts to zero, a software watchdog reset is asserted. The
enabled software watchdog event generates an internal hard reset sequence.

71.7 Checkstop Reset

When the RCPU enters a checkstop state, and the checkstop reset is enabled (the CSR bit in the PLPRCR
is set), a checkstop reset is asserted. The enabled checkstop event generates an internal hard reset sequence.
Refer to the RCPU Reference Manual for more information.

7.1.8 Debug Port Hard Reset

When the development port receives a hard reset request from the development tool, an internal hard reset
sequence is generated. In this case the development tool must reconfigure the debug port. Refer to
Chapter 23, “Development Support,” for more information.

7.1.9 Debug Port Soft Reset

When the development port receives a soft reset request from the development tool, an internal soft reset
sequence is generated. In this case the development tool must reconfigure the debug port. Refer to
Chapter 23, “Development Support,” for more information.

7.1.10 JTAG Reset

When the JTAG logic asserts the JTAG soft reset signal, an internal soft reset sequence is generated. Refer
to Chapter 25, “IEEE 1149.1-Compliant Interface (JTAG),” for more information.

7.1.11 ILBC lllegal Bit Change

When locked bits in the PLPRCR register are changed, an internal hard reset sequence is generated. Refer
to Chapter 8, “Clocks and Power Control.”

7.2 Reset Actions Summary

Table 7-1 summarizes the action taken for each reset.
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Table 7-1. Reset Action Taken for Each Reset Cause

Reset 4 Other | —
Logic and System Clock | HRESET | Debug Port Internal SRESET
Reset Source PLL Configuratio | Module Pin Configuratio - Pin
States n Reset Reset | Driven n Logic Driven
Reset
Reset
Power-On Reset Yes Yes Yes Yes Yes Yes Yes
(PORESET)
Hard Reset (HRESET) No Yes Yes Yes Yes Yes Yes
Sources:
e External Hard Reset
* Loss of Lock
¢ On-Chip Clock Switch
* lllegal Low-Power Mode
» Software Watchdog
e Checkstop
e Debug Port Hard Reset
Soft Reset (SRESET) No No No No Yes Yes Yes
Sources:
* External Soft Reset
* Debug Port Soft Reset
* JTAG Reset

7.3

Data Coherency During Reset

The MPC561/MPC563 supports data coherency and avoids data corruption during reset. If a cycle is

executing when any SRESET or HRESET source is detected, then the cycle will either complete or will
not start before generating the corresponding reset control signal. There are reset sources, however, when
the MPC561/MPC563 generates an internal reset due to special internal situations where this protection is
not supported. See Section 7.4, “Reset Status Register (RSR).”

In the case of large operand size (32 or 16 bits) transactions to a smaller port size, the cycle is split into
two 16-bit or four 8-bit cycles. In this case, data coherency is assured and data will not be corrupted.

In the case where the core executes an unaligned load/store cycle which is broken down into multiple
cycles, data coherency is NOT assured between these cycles (i.e., data could be corrupted).

Contention may occur if a write access is in progress to external memory and SRESET/HRESET is
asserted and the external reset configuration word (RCW) is used. In this case, the external RCW drivers,
usually activated by HRESET/SRESET lines, will drive the data bus together with the MPC561/MPC563.
Thus the data in the RAM may be corrupted regardless of the data coherency mechanism in the
MPC561/MPC563.

Table 7-2. Reset Configuration Word and Data Corruption/Coherency

Reset Driven

Reset to Use for Data
Coherency (EXT_RESET)

Comments

HRESET

SRESET
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Table 7-2. Reset Configuration Word and Data Corruption/Coherency (continued)

Reset Driven Reset to UM Comments
Coherency (EXT_RESET)

SRESET HRESET

HRESET & SRESET HRESET Il SRESET Provided only one of them is driven into the
MPC561/MPC563 at a time

7.4 Reset Status Register (RSR)

All of the reset sources are fed into the reset controller. The 16-bit reset status register (RSR) reflects the
most recent source, or sources, of reset. (Simultaneous reset requests can cause more than one bit to be set
at the same time.) This register contains one bit for each reset source. A bit set to logic one indicates the
type of reset that occurred.

Once set, individual bits in the RSR remain set until software clears them. Bits in the RSR can be cleared
by writing a one to the bit. A write of zero has no effect on the bit. The register can be read at all times.
The reset status register receives its default reset values during power-on reset. The RSR is powered by the
KAPWR pin.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EHRS |[ESRS |LLRS |SWRS|CSRS | DBHRS | DBSRS [JTRS | OCCS | ILBC |GPOR|GHRST|GSRST| —
PORESET 0000_0000 o 0 1 1 1 000
HRESET 0000_0000_000 1 1 000
SRESET 0000_0000_0000 1 000
Addr Ox2F C288

1 OCCS will be set (1) if limp mode is enabled (SCCR[LME]=1).
Figure 7-1. Reset Status Register (RSR)

Table 7-3. Reset Status Register Bit Descriptions

Bits Name Description

0 EHRS! External hard reset status
0 No external hard reset has occurred
1 An external hard reset has occurred

1 ESRS' |External soft reset status
0 No external soft reset has occurred
1 An external soft reset has occurred

2 LLRS Loss of lock reset status
0 No enabled loss-of-lock reset has occurred
1 An enabled loss-of-lock reset has occurred
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Table 7-3. Reset Status Register Bit Descriptions (continued)

Name

Description

SWRS

Software watchdog reset status
0 No software watchdog reset has occurred
1 A software watchdog reset has occurred

CSRS

Checkstop reset status
0 No enabled checkstop reset has occurred
1 An enabled checkstop reset has occurred

DBHRS

Debug port hard reset status
0 No debug port hard reset request has occurred
1 A debug port hard reset request has occurred

DBSRS

Debug port soft reset status
0 No debug port soft reset request has occurred
1 A debug port soft reset request has occurred

JTRS

JTAG reset status
0 No JTAG reset has occurred
1 A JTAG reset has occurred

OCCSs

On-chip clock switch
0 No on-chip clock switch reset has occurred
1 An on-chip clock switch reset has occurred

ILBC

lllegal bit change. This bit is set when the MPC561/MPC563 changes any of the following bits
when they are locked:

LPM[0:1], locked by the LPML bit

MF[0:11], locked by the MFPDL bit

DIVF[0:4], locked by the MFPDL bit

10

GPOR

Glitch detected on PORESET pin. This bit is set when the PORESET pin is asserted for more
than 20ns

0 No glitch was detected on the PORESET pin

1 A glitch was detected on the PORESET pin

11

GHRST

Glitch detected on HRESET pin. This bit is set when the HRESET pin is asserted for more than
20ns

0 No glitch was detected on the HRESET pin

1 A glitch was detected on the HRESET pin

12

GSRST

Glitch detected on SRESET pin. If the SRESET pin is asserted for more than 20ns the GHRST
bit will be set. If an internal or external SRESET is generated the SRESET pin is asserted and
the GSRST bit will be set.

0 No glitch was detected on SRESET pin

1 A glitch was detected on SRESET pin.

13:15

Reserved

1

In the USIU RSR, if both EHRS and ESRS are set, the reset source is internal. The EHRS and ESRS bits in RSR
register are set for any internal reset source in addition to external HRESET and external SRESET events. If both
internal and external indicator bits are set, then the reset source is internal.
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7.5 Reset Configuration

7.5.1 Hard Reset Configuration

When a hard reset event occurs, the MPC561/MPC563 reconfigures its hardware system as well as the
development port configuration. The logical value of the bits that determine its initial mode of operation,
are sampled from the following:

» The external data bus pins DATA[0:31]

* An internal default constant (0x0000 0000)

* An internal NVM register value (UC3FCFIG). Available on the MPC563/MPC564 only.
If at the sampling time RSTCONF is asserted, then the configuration is sampled from the external data
bus. If RSTCONF is negated and a valid NVM value exists (UC3FCFIG[HC]=0), then the configuration
is sampled from the NVM register in the UC3F module. If RSTCONF is negated and no valid NVM value

exists (UC3FCFIG[HC]=1), then the configuration word is sampled from the internal default (all zeros).
HC will be “1” if the internal Flash is erased. Table 7-4 summarizes the reset configuration options.

Table 7-4. Reset Configuration Options

RSTCONF Has Configuration (HC) Internal Configuration Word
0 X DATA[0:31] pins
1 0 NVM Flash EEPROM register (UC3FCFIG)
1 1 Internal data word default (0x0000 0000)

If the PRDS control bit in the PDMCR register is cleared and HRESET and RSTCONF are asserted, the
MPC561/MPC563 pulls the data bus low with a weak resistor. The user can overwrite this default by
driving the appropriate bit high. See Figure 7-2 for the basic reset configuration scheme.
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Has Configuration (%)
Reset
Config. 32 Flash
Word /
¢ MUX | 2
A ;7
_ P 32
o4 < //
; AA A Dx (Data line)
EXT_RESET
INT_RESET Data (See Table 7-2)
Coherency HRESET/SRESET
RSTCONF

Figure 7-2. Reset Configuration Basic Scheme

During the assertion of the PORESET input signal, the chip assumes the default reset configuration. This
assumed configuration changes if the input signal RSTCONF is asserted when the PORESET is negated
or the CLKOUT starts to oscillate. To ensure that stable data is sampled, the hardware configuration is
sampled every eight clock cycles on the rising edge of CLKOUT with a double buffer. The setup time
required for the data bus is approximately 15 cycles (defined as Tsup in the following figures) and the
maximum rise time of HRESET should be less than six clock cycles. In systems where an external reset
configuration word and the TEXP output function are both required, RSTCONF should be asserted until
SRESET is negated.

Figure 7-3 to Figure 7-6 provide sample reset configuration timings.

NOTE
Timing diagrams in the following figures are not to scale.
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CLKOUT HHHHH ‘|‘|H

PORESET

Internal PORESET /

HRESET

RSTCONF Tsup

Internal data[0:31] X

Default RSTCONF Controlled

Figure 7-3. Reset Configuration Sampling Scheme for “Short” PORESET Assertion, Limp Mode Disabled

—

CLKOUT
(Backup Clock)

PORESET \ /
Internal
PORESET \ /

512 clocks
HRESET —\ <

RSTCONF

Internal data(0:31) Wm ><

Default RSTCONF Controlled
Figure 7-4. Reset Configuration Timing for “Short” PORESET Assertion, Limp Mode Enabled
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Reset

or L S

PORESET |
PLL lock I /

Internal | i
PORESET I /

|
HRESET — I —

I

|
- | P Tsup -
RSTCONF | h "

|

Pie
Default RSTCONF Controlled

Figure 7-5. Reset Configuration Timing for “Long” PORESET Assertion, Limp Mode Disabled

UL UUULIUUULU]
]

Sample Data Configuration Sample Data Configuration
Figure 7-6. Reset Configuration Sampling Timing Requirements

|

HRESET l |
| | I I\(IaXImum time of reset recognition J
S  (maximum rise ti to 6 clock 4
RSTCONF, | | (maximum rise time - up to 6 clocks) :
| : : ,
DATA | Reset Configuration Word | | >
| | ! ! |
| |

|

! : L/l |
Internal | | Tsup = Minimum Setup time of reset re!;ognitién = 15 clocks J
reset ' [ I ”
S | |
I
|
|
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7.5.2 Hard Reset Configuration Word (RCW)

Following is the hard reset configuration word that is sampled from the internal data bus,
data_sgpiod(0:31) on the negation of HRESET. If the external reset config word is selected (RSTCONF =
0), the internal data bus will reflect the state of external data bus. If the internal reset config word is selected
and neither of the Flash reset config words are enabled (UC3FCFIG[HC] = 1), the internal data bus is
internally driven with all zeros. The reset configuration word is not a register in the memory map. Most of
the bits in the configuration are located in registers in the SIU. Refer to Table 7-5 for a detailed description
of each control bit.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EARB | IP |BDRV| BDIS BPS[0:1] — DBGCJ[0:1]] — |ATWC| EBDF[0:1] | —
HRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| PRPM SC ETRE|FLEN| EN_ | EXC_ | — OERC — ISB DME
COMP'| COMP!
HRESET 0000_0000_0000_0000
Figure 7-7. Reset Configuration Word (RCW)
1 Available only on the MPC562/MPC564, software should write "0" to this bit for MPC561/MPC563.
Table 7-5. RCW Bit Descriptions
Bits Name Description
0 EARB External Arbitration — Refer to Section 9.5.7, “Arbitration Phase,” for a detailed description of
Bus arbitration. The default value is that internal arbitration hardware is used.
0 Internal arbitration is performed
1 External arbitration is assumed
1 IP Initial Interrupt Prefix — This bit defines the initial value of MSR[IP] immediately after reset.

MSR][IP] defines the Interrupt Table location. If IP is zero then the initial value of MSR[IP] is zero,
If the IP is one, then the initial value of MSRJIP] is one. Default value is zero. See Table 3-11 for
more information.

0 MSRJIP] = 0 after reset

1 MSR][IP] = 1 after reset

2 BDRV | Bus Pins Drive Strength — This bit determines the bus pins (address, data and control) driving
capability to be either full or reduced drive. The bus default drive strength is full; Upon default, it
also effects the CLKOUT drive strength to be full. See Table 6-7 for more information. BDRV
controls the default state of COM1 in the SIUMCR.

0 Full drive

1 Reduced drive

3 BDIS Boot Disable — If the BDIS bit is set, then memory controller is not activated after reset. If it is

cleared then the memory controller bank 0 is active immediately after reset such that it matches
any addresses. If a write to the ORO register occurs after reset this bit definition is ignored. The
default value is that the memory controller is enabled to control the boot with the CSO0 pin. See
Section 10.7, “Global (Boot) Chip-Select Operation,” for more information.

0 Memory controller bank 0 is active and matches all addresses immediately after reset

1 Memory controller is not activated after reset.
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Table 7-5. RCW Bit Descriptions (continued)

Bits Name Description
4:5 BPS Boot Port Size — This field defines the port size of the boot device on reset (BRO[PS)). If a write
to the ORO register occurs after reset this field definition is ignored. See Table 10-5 and
Table 10-8 for more information.
00 32-bit port (default)
01 8-bit port
10 16-bit port
11 Reserved
6:8 — Reserved. These bits must not be high in the reset configuration word.

9:10 | DBGC[0:1] | Debug Pins Configuration — See Section 6.2.2.1.1, “SIU Module Configuration Register
(SIUMCR),” for this field definition. The default value is that these pins function as: VFLS[0:1], BI,
BR, BG and BB. See Table 6-8.

11 — Reserved.

12 ATWC | Address Type Write Enable Configuration — The default value is that these pins function as WE
pins. See Table 6-7. L .
0 WE[0:3)/BE[0:3)/AT[0:3] functions as WE[0:3)/BE[0:3]
1 WE[0:3)/BE[0:3]/AT[0:3] functions as AT[0:3]

13:14 EBDF | External Bus Division Factor — This field defines the initial value of the external bus frequency.
The default value is that CLKOUT frequency is equal to that of the internal clock (no division).
See Table 8-9.

15° — Reserved. This bit must be 0 in the reset configuration word.
16 PRPM | Peripheral Mode Enable — This bit determines if the chip is in peripheral mode. A detailed
description is in Table 6-13 The default value is no peripheral mode enabled.

17:18 SC Single Chip Select — This field defines the mode of theMPC562/MPC564. See Table 6-10.

00 Extended chip, 32 bits data
01 Extended chip, 16 bits data
10 Single chip and show cycles (address)
11 Single chip

19 ETRE Exception Table Relocation Enable — This field defines whether the Exception Table Relocation
feature in the BBC is enabled or disabled; The default state for this field is disabled. For more
details, see Table 4-4.

202,3 FLEN Flash Enable — This field determines whether the on-chip Flash memory is enabled or disabled
out of reset. The default state is disabled, which means that by default, the boot is from external
memory. Refer to Table 6-12 for more details.

0 Flash disabled — boot is from external memory
1 Flash enabled
21 EN_ Enable Compression — This bit enables the operation of the MPC562/MPC564 with compressed
COMP* | code. The default state is disabled. See Table 4-4 and <XrefBlue>Appendix A,
“MPC562/MPC564 Compression Features."
22 EXC_ Exception Compression — This bit determines the operation of the MPC562/MPC564 with
COMP* | exceptions. If this bit is set, then the MPC562/MPC564 assumes that ALL the exception routines
are in compressed code. The default indicates the exceptions are all non-compressed. See
Table 4-4 and <XrefBlue>Appendix A, “MPC562/MPC564 Compression Features."
23 — Reserved. This bit must not be high in the reset configuration word.
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Table 7-5. RCW Bit Descriptions (continued)

Bits Name Description

24:25 OERC | Other Exceptions Relocation Control — These bits effect only if ETRE was enabled. See
Table 4-2. Relocation offset:

00 Offset 0

01 Offset 64 Kbytes

10 Offset 512 Kbytes

11 Offset to 0x003F E000

26:27 — Reserved

28:30 ISB Internal Space Base Select — This field defines the initial value of the ISB field in the IMMR
register. A detailed description is in Table 6-12. The default state is that the internal memory map
is mapped to start at address 0x0000_0000. This bit must not be high in the reset configuration

word.

31 DME Dual Mapping Enable — This bit determines whether Dual mapping of the internal Flash is
enabled. For a detailed description refer to Table 10-11. The default state is that dual mapping is
disabled.

0 Dual mapping disabled
1 Dual mapping enabled

—_

Bit 15 always comes from the internal Flash Reset Configuration Word (MPC563 only).
This bit should not be set on the MPC561/MPC562.

This bit is HC if read from the internal Flash Reset Configuration Word. See Section 21.2.3.1, “Reset Configuration
Word (UC3FCFIG)."

Available only on the MPC562/MPC564, software should write "0" to this bit for MPC561/MPC563.

w N

7.5.3 Soft Reset Configuration

When a soft reset event occurs, the MPC561/MPC563 reconfigures the development port. Refer to
Chapter 23, “Development Support,” for details.
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Chapter 8
Clocks and Power Control

The main timing reference for the MPC561/MPC563 can monitor any of the following:
* An external crystal with a frequency of 4 or 20 MHz
* An external frequency source with a frequency of 4 MHz
* An external frequency source at the system frequency

The system operating frequency is generated through a programmable phase-locked loop, the system PLL
(SPLL). The SPLL runs at twice the system speed. The SPLL is programmable in integer multiples of the
input frequency to generate the internal (VCO/2) operating frequency. A pre-divider before the SPLL
enables the division of the high frequency crystal oscillator. The internal operating SPLL frequency should
be at least 30 MHz. It can be divided by a power-of-two divider to generate the system operating
frequencies.

In addition to the system clock, the clocks submodule provides the following:
+ TMBCLK to the time base (TB) and decrementer (DEC)
* PITRTCLK to the periodic interrupt timer (PIT) and real-time clock (RTC)

The oscillator, TB, DEC, RTC, and the PIT are powered from the keep alive power supply (KAPWR) pin.
This allows the counters to continue to increment/decrement at the oscillator frequency even when the
main power to the MCU is off. While the power is off, the PIT may be used to signal the power supply IC
to enable power to the system at specific intervals. This is the power-down wake-up feature. When the chip
is not in power-down low-power mode, the KAPWR is powered to the same voltage value as the voltage
of the I/O buffers and logic.

The MPC561/MPC563 clock module consists of the main crystal oscillator, the SPLL, the low-power
divider, the clock generator, the system low-power control block, and the limp mode control block. The
clock module receives control bits from the system clock control register (SCCR), change of lock interrupt
register (COLIR), the PLL low-power and reset-control register (PLPRCR), and the PLL.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Figure 8-1 is a functional block diagram of the clock unit.
MODCK][1:3] XFC VDDSYN VSSSYN
EXTCLK —¢—» VCOOUT
—> l A 4
2:1 MUX
o> SPLL l
—>
Lock
TBCLK GCLK2
®
v v oW . GCLK1/GCLK2
. M 3:1 MUX Dividers System Clock
(/4 or 116 (172N)
System Clock
Low Drivers GCLK1C / GCLK2C
(P:OWQ"l —>»  System Clock
ontro to RCPU and BBC
—p» CLKOUT
Drivers
—» ENGCLK
L\‘ 1 3
» "| TMBCLK
v \ Driver [ TMBCLK
Backup Clock
i 3:1
 Baeeor . [T* mux
RTC / PIT Clock
and Driver —» PITRTCLK
/4 or
/256
XTAL« Main Clock —@—»
EXTAL — Oscillator
Figure 8-1. Clock Unit Block Diagram
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8.1 System Clock Sources

The system clock can be provided by the main system oscillator, an external clock input, or the backup
clock (BUCLK) on-chip ring oscillator, see Figure 8-1.

The main system oscillator uses either a 4-MHz or 20-MHz crystal to generate the PLL reference clock.
When the main system oscillator output is the timing reference to the system PLL, skew elimination
between the XTAL/EXTAL pins and CLKOUT is not guaranteed. There is also an on-chip crystal
feedback resistor on the MPC561/MPCS563; however, space should be reserved for an off-chip resistor to
allow for future configurations. Figure 8-2 illustrates the main system oscillator crystal configuration.

The external clock input (EXTCLK pin) can receive a clock signal from an external source. The clock
frequency must be in the range of 3-5 MHz or, for 1:1 mode, at the system frequency of at least 15 MHz.
When the external clock input is the timing reference to the system PLL, the skew between the EXTCLK
pin and the CLKOUT is less than & 1 ns.

The backup clock on-chip ring oscillator allows the MPC561/MPC563 to function with a less precise
clock. When operating from the backup clock, the MPC561/MPC563 is in limp mode. This enables the
system to continue minimum functionality until the system is fixed. The BUCLK frequency is
approximately 11 MHz for the MPC561/MPC563 (see Appendix F, “Electrical Characteristics” for the
complete frequency range).

For normal operation, at least one clock source (EXTCLK or main system oscillator) must be active. A
configuration with both clock sources active is possible as well. At this configuration EXTCLK provides
the system clock and main system oscillator provides the PITRTCLK. The input of an unused timing
reference (EXTCLK or EXTAL) must be grounded.

XTAL EXTAL

-%‘,
1 MQ
CL T T CL
1. Resistor is not currently required on the boara but space should be available for its addition in the future.
Figure 8-2. Main System Oscillator Crystal Configuration

8.2 System PLL

The PLL allows the processor to operate at a high internal clock frequency using a low frequency clock
input, a feature which offers two benefits: reduces the overall electromagnetic interference generated by
the system, and the ability to oscillate at different frequencies reduces cost by eliminating the need to add
an additional oscillator to a system.
The PLL can perform the following functions:

* Frequency multiplication

» Skew elimination

* Frequency division

MPC561/MPC563 Reference Manual, Rev. 1.2
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8.2.1 Frequency Multiplication

The PLL can multiply the input frequency by any integer between one and 4096. The multiplication factor
depends on the value of the MF[0:11] bits in the PLPRCR register. While any integer value from one to
4096 can be programmed, the resulting VCO output frequency must be at least 15 MHz. The multiplication
factor is set to a predetermined value during power-on reset as defined in Table 8-1.

8.2.2 Skew Elimination

The PLL is capable of eliminating the skew between the external clock entering the chip (EXTCLK) and
both the internal clock phases and the CLKOUT pin, making it useful for tight synchronous timings. Skew
elimination is active only when the PLL is enabled and programmed with a multiplication factor of one or
two (MF = 0 or 1). The timing reference to the system PLL is the external clock input (EXTCLK pin).

8.2.3 Pre-Divider

A pre-divider before the phase comparator enables additional system clock resolution when the crystal
oscillator frequency is 20 MHz. The division factor is determined by the DIVF[0:4] bits in the PLPRCR.

8.2.4 PLL Block Diagram

As shown in Figure 8-3, the reference signal, OSCCLK, goes to the phase comparator. The phase
comparator controls the direction (up or down) that the charge pump drives the voltage across the external
filter capacitor (XFC). The direction depends on whether the feedback signal phase lags or leads the
reference signal. The output of the charge pump drives the VCO. The output frequency of the VCO is
divided down and fed back to the phase comparator for comparison with the reference signal, OSCCLK.
The MF values, zero to 4095, are mapped to multiplication factors of one to 4096. Note that when the PLL
is operating in 1:1 mode (refer to Table 8-1), the multiplication factor is one (MF = 0). The PLL output
frequency is twice the maximum system frequency. This double frequency is needed to generate GCLK1
and GCLK2 clocks. On power-up, with a 4-MHz or 20-MHz crystal and the default MF settings,
VCOOUT will be 40 MHz and the system clock will be 20 MHz.

The equation for VCOOUT is:

OSCCLK
VCOOUT= ———— x(MF+1)x2
DIVF + 1

NOTE

When operating with the backup clock, the system clock (and CLKOUT) is
one-half of the ring oscillator frequency, (i.e., the system clock is
approximately 11 MHz). The time base and PIT clocks will be twice the
system clock frequency.

In the case of initial system power up, or if KAPWR is lost, an external circuit must assert power on reset
(PORESET). Once KAPWR is valid, PORESET must be asserted long enough to allow the external
oscillator to start up and stabilize for the device to come out of reset in normal (non limp) mode.

MPC561/MPC563 Reference Manual, Rev. 1.2
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If limp mode is enabled (by the MODCK]1:3] pins), and PORESET is negated before the external
oscillator has started up, the backup clock, BUCLK, will be used to clock the device. The device will start
to run in limp mode. Software can then switch the clock mode from BUCLK to PLL. If an application
requires that the device always comes out of reset in normal mode, PORESET should be asserted long
enough for the external oscillator to start up. The maximum start-up time of an external oscillator is given
in Appendix F, “Electrical Characteristics” and PORESET should be asserted for this time and at least an
additional 100, 000 input clock cycles.

If limp mode is disabled at reset, a short reset of at least 3 us is enough to obtain normal chip operation,
because the BUCLK will not start. The system will wait for the external oscillator to start-up and stabilize.

The PLL will begin to lock once PORESET has been negated, assuming stable KAPWR and VDDSYN

power supplies and internal oscillator (or external clock). The PLL maximum lock time is determined by
the input clock to the phase comparator. The PLL locks within 500 input clock cycles if the PLPRCR[MF]
<=4. The PLL locks within 1000 input clock cycles if PLPRCR[MF] >4. HRESET will be released 512
system clock cycles after the PLL locks.

Whenever PORESET is asserted, the MF bits are set according to Table 8-1, and the division factor high
frequency (DFNH) and division factor low frequency (DFNL) bits in SCCR are set to the value of 0 (+1
for DFNH and +2 for DFNL).

XFC
VDDSYN
OSCCLK |Division Factor
> DIVF[0:4] > Up | VSSSYN
Phase » Charge ; v
Feedback Comparator | Down | [ Pump co
> > VCOOUT
Clock . Multiplication Factor
Delay T MF[0:11]

Figure 8-3. System PLL Block Diagram

8.2.5 PLL Pins

The following pins are dedicated to the PLL operation:

*  VDDSYN — Drain voltage. This is the Vpp dedicated to the analog PLL circuits. The voltage
should be well-regulated and the pin should be provided with an extremely low impedance path to
the Vpp power rail. VDDSYN should be bypassed to VSSSYN by a 0.1 pF capacitor located as
close as possible to the chip package.

* VSSSYN — Source voltage. This is the Vg dedicated to the analog PLL circuits. The pin should
be provided with an extremely low impedance path to ground. VSSSYN should be bypassed to
VDDSYN by a 0.1 pF capacitor located as close as possible to the chip package.

MPC561/MPC563 Reference Manual, Rev. 1.2
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+ XFC — External filter capacitor. XFC connects to the off-chip capacitor for the PLL filter. One
terminal of the capacitor is connected to XFC, and the other terminal is connected to VDDSYN.

— The off-chip capacitor must have the following values:
— 0<MF +1<4 (1130 x (MF + 1) — 80) pF
— MF + 1242100 x (MF + 1) pF

Where MF = the value stored on MF[0:11]. This is one less than the desired
frequency multiplication.

8.3 System Clock During PLL Loss of Lock
At reset, until the SPLL is locked, the SPLL output clock is disabled.

During normal operation (once the PLL has locked), either the oscillator or an external clock source is
generating the system clock. In this case, if loss of lock is detected and the LOLRE (loss of lock reset
enable) bit in the PLPRCR is cleared, the system clock source continues to function as the PLL’s output
clock. The USIU timers can operate with the input clock to the PLL, so that these timers are not affected
by the PLL loss of lock. Software can use these timers to measure the loss-of-lock period. If the timer
reaches the user-preset software criterion, the MPC561/MPC563 can switch to the backup clock by setting
the switch to backup clock (STBUC) bit in the SCCR, provided the limp mode enable (LME) bit in the
SCCR is set.

If loss of lock is detected during normal operation, assertion of HRESET (for example, if LOLRE is set)
disables the PLL output clock until the lock condition is met. During hard reset, the STBUC bit is set as
long as the PLL lock condition is not met and clears when the PLL is locked. If STBUC and LME are both
set, the system clock switches to the backup clock (BUCLK), and the chip operates in limp mode until
STBUC is cleared.

Every change in the lock status of the PLL can generate a maskable interrupt.

NOTE

When the VCO is the system clock source, chip operation is unpredictable
while the PLL is unlocked. Note further that a switch to the backup clock is
possible only if the LME bit in the SCCR is set.

8.4 Low-Power Divider

The output of the PLL is sent to a low-power divider block. (In limp mode the BUCLK is sent to a
low-power divider block.) This block generates all other clocks in normal operation, but has the ability to
divide the output frequency of the VCO before it generates the general system clocks sent to the rest of the
MPC561/MPC563. The PLL VCOOUT is always divided by at least two.

The purpose of the low-power divider block is to allow reduction and restoration of the operating
frequencies of different sections of the MPC561/MPC563 without losing the PLL lock. Using the
low-power divider block, full chip operation can still be obtained, but at a lower frequency. This is called
gear mode. The selection and speed of gear mode can be changed at any time, with changes occurring
immediately.

MPC561/MPC563 Reference Manual, Rev. 1.2
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The low-power divider block is controlled in the system clock control register (SCCR). The default state
of the low-power divider is to divide all clocks by one. Thus, for a 40-MHz system, the general system
clocks are each 40 MHz. Whenever power-on reset is asserted, the MF bits are set according to Table 8-1,
and the division factor high frequency (DFNH) and division factor low frequency (DFNL) bits in SCCR
are set to the value of 0 (=1 for DFNH and =2 for DFNL).

8.5 Internal Clock Signals

The internal clocks generated by the clocks module are shown in Figure 8-4. The clocks module also
generates the CLKOUT and ENGCLK external clock signals. The PLL synchronizes these signals to each
other. The PITRTCLK frequency and source are specified by the RTDIV and RTSEL bits in the SCCR.
When the backup clock is functioning as the system clock, the backup clock is automatically selected as
the time base clock source and is twice the MPC561/MPC563 system clock.

MPC561/MPC563 Reference Manual, Rev. 1.2
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(EBDF = 01)
GCLK2_50
(EBDF = 01)

CLKOUT
(EBDF = 01)

- F

T2

T3
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Figure 8-4. MPC561/MPC563 Clocks

Note that GCLK1 50, GCLK2 50, and CLKOUT can have a lower frequency than GCLK1 and GCLK2.
This is to enable the external bus operation at lower frequencies (controlled by EBDF in the SCCR).
GCLK2_ 50 always rises simultaneously with GCLK2. When DFNH = 0, GCLK2 50 has a 50% duty
cycle. With other values of DFNH or DFNL, the duty cycle is less than 50%. Refer to Figure 8-7.
GCLKI1 50 rises simultaneously with GCLK 1. When the MPC561/MPC563 is not in gear mode, the
falling edge of GCLK1 50 occurs in the middle of the high phase of GCLK2 50. EBDF determines the
division factor between GCLK1/GCLK2 and GCLK1 50/GCLK2 50.

During power-on reset, the MODCK1, MODCK2, and MODCK3 pins determine the clock source for the
PLL and the clock drivers. These pins are latched on the positive edge of PORESET. Their values must be
stable as long as this line is asserted. The configuration modes are shown in Table 8-1. MODCKI1 specifies
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the input source to the SPLL (main system oscillator or EXTCLK). MODCK1, MODCK2, and MODCK3
together determine the multiplication factor at reset and the functionality of limp mode.

If the configuration of PITRTCLK and TMBCLK and the SPLL multiplication factor is to remain
unchanged in power-down low-power mode, the MODCK signals should not be sampled at wake-up from
this mode. In this case the PORESET pin should remain negated and HRESET should be asserted during
the power supply wake-up stage.

When MODCKI1 is cleared, the output of the main oscillator is selected as the input to the SPLL. When
MODCKI is asserted, the external clock input (EXTCLK pin) is selected as the input to the SPLL. In all
cases, the system clock frequency (freqg,y) can be reduced by the DFNH[0:2] bits in the SCCR. Note
that freqgcio(max) 0ccurs when the DFNH bits are cleared.

The TBS bit in the SCCR selects the time base clock to be either the SPLL input clock or GCLK2. When
the backup clock is functioning as the system clock, the backup clock is automatically selected as the time
base clock source.

The PITRTCLK frequency and source are specified by the RTDIV and RTSEL bits in the SCCR. When
the backup clock is functioning as the system clock, the backup clock is automatically selected as the time
base clock source.

When the PORESET pin is negated (driven to a high value), the MODCK1, MODCK2, and MODCK3
values are not affected. They remain the same as they were defined during the most recent power-on reset.

Table 8-1 shows the clock configuration modes during power-on reset (PORESET asserted).

NOTE

The MODCK][1:3] are shared functions with IRQ[5:7]. If IRQ[5:7] are used
as interrupts, the interrupt source should be removed during PORESET to

insure the MODCK pins are in the correct state on the rising edge of
PORESET.

Table 8-1. Reset Clocks Source Configuration

Default Values after PORESET
MODCK[1:3]" PITCLK | TMBCLK SPLL Options
LME | RTSEL | RTDIV MF +1 Division | Division

000 0 0 0 1 4 4 Used for testing purposes.

Normal operation, PLL enabled.
Main timing reference is crystal
osc (20 MHz).

Limp mode disabled.

001 0 0 1 1 256 16

Normal operation, PLL enabled.
Main timing reference is crystal
osc (4 MHz).

Limp mode enabled.

010 1 0 1 5 256 4

Normal operation, PLL enabled.
Main timing reference is crystal
osc (20 MHz).

Limp mode enabled.

011 1 0 1 1 256 16

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 8-1. Reset Clocks Source Configuration (continued)

Default Values after PORESET

MODCK([1:3]" PITCLK | TMBCLK SPLL Options
LME | RTSEL | RTDIV MF +1 Division | Division

Normal operation, PLL enabled.
1:1 Mode

0 1 1 1 256 16 Main timing reference is EXT-
CLK pin (>15MHz)

Limp mode disabled.

Normal operation, PLL enabled.
Main timing reference is EXT-
CLK (3-5 MHz).

Limp mode disabled.

100
101

110 0 1 1 5 256 4

Normal operation, PLL enabled.
1:1 Mode

111 1 1 1 1 256 16 Main timing reference is EXT-
CLK pin (>15MHz)

Limp mode enabled.

! indicates MODCK pins value during power-on reset

NOTE
The reset value of the PLL pre-divider is one.

The values of the PITRTCLK clock division and TMBCLK clock division can be changed by software.
The RTDIV bit value in the SCCR register defines the division of PITRTCLK. All possible combinations
of the TMBCLK divisions are listed in Table 8-2.

Table 8-2. TMBCLK Divisions'

SCCRI[TBS] MF + 1 Tal\.nv?s(flc;:
] _ 16
5 12 16
0 >2 4

! To ensure correct operation of the time base, keep the system clock to time
base clock ratio above 4 and always set SCCR[TBS] = 1 when running on
the backup clock (limp mode).

8.5.1 General System Clocks

The general system clocks (GCLK1C, GCLK2C, GCLK1, GCLK2, GCLK1 50,and GCLK2 50) are the
basic clock supplied to all modules and sub-modules on the MPC561/MPC563. GCLK1C and GCLK2C
are supplied to the RCPU and to the BBC. GCLK1C and GCLK2C are stopped when the chip enters the
doze-low power mode. GCLK1 and GCLK2 are supplied to the SIU and the clock module. The external
bus clock GCLK2 50 is the same as CLKOUT. The general system clock defaults to VCO/2 =20 MHz

(assuming a 20-MHz system frequency) with default power-on reset MF values.

MPC561/MPC563 Reference Manual, Rev. 1.2
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The general system clock frequency can be switched between different values. The highest operational
frequency can be achieved when the system clock frequency is determined by DFNH (CSRC bit in the
PLPRCR is cleared) and DFNH = 0 (division by one). The general system clock can be operated at a low
frequency (gear mode) or a high frequency. The DFNL bits in SCCR define the low frequency. The DFNH
bits in SCCR define the high frequency.

The frequency of the general system clock can be changed dynamically with the system clock control
register (SCCR), as shown in Figure 8-5.

VCO/2 (e.g., 40 MHz) Normal

DFNH

O DFNH Divider 0
General System CIoc?

DFNL o

DFNL Divider

Low Power

Figure 8-5. General System Clocks Select

The frequency of the general system clock can be changed “on the fly” by software. The user may simply
cause the general system clock to switch to its low frequency. However, in some applications, there is a
need for a high frequency during certain periods. Interrupt routines, for example, may require more
performance than the low frequency operation provides, but must consume less power than in maximum
frequency operation. The MPC561/MPC563 provides a method to automatically switch between low and
high frequency operation whenever one of the following conditions exists:

» There is a pending interrupt from the interrupt controller. This option is maskable by the PRQEN
bit in the SCCR.

* The (POW) bit in the MSR is clear in normal operation. This option is maskable by the PRQEN
bit in the SCCR.

When neither of these conditions exists and the CSRC bit in PLPRCR is set, the general system clock
switches automatically back to the low frequency.

Abrupt changes in the divide ratio can cause linear changes in the operating currents of the
MPC561/MPC563.

When the multiplication factor (PLPRCR[MF]) for the PLL is changed, the PLL stops all internal clocks
until the PLL adjusts to the new frequency. This includes stopping the clock to the watchdog timer,
therefore SWT cannot reset the system during this period.

When the clock stops, the current consumed by the device from VDD will fall; it will then rise sharply
when the PLL turns on the PLL output clocks at the new frequency. These abrupt changes in the divide
ratio can cause linear changes in the operating currents of the device. Insure that the proper power supply
filtering is available to handle changes instantaneously. The gear modes (DFNH and DFNL) can be used
to temporarily decrease the system frequency to minimize the demand on the power supply when the MF
or DIVF multiply/divide ratio is changed.

When the general system clock is divided, its duty cycle is changed. One phase remains the same (for
example, 12.5 ns at 40 MHz) while the other becomes longer.

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 8-11



Clocks and Power Control

NOTE

CLKOUT does not have a 50% duty cycle when the general system clock is
divided. The CLKOUT wave form is the same as that of GCLK2_ 50.

GCLK1Divideby1||||||||||||||||||||

GCLK2Divideby1||||||||||||||||||||

GCLK1 Divide by 2 [ i i I ]
GCLK2 Divide by 2 _ [ 1 1 ] ]
GCLK1 Divide by 4 [ | [ []
GCLK2 Divide by 4 [ ] [ []

Figure 8-6. Divided System Clocks Timing Diagram
The system clocks GCLK1 and GCLK?2 frequency is:

FREQsysmax

(2DFNH)or(2DFNL + 1)

FREQSys =

where FREQsysmax = VCOOUT/2

Therefore, the complete equation for determining the system clock frequency is:

OSCCLK (MF + 1) 2
System Frequency= ———  x X

DIVF + 1 (2DNFH) or (2DFNL +1)

MPC561/MPC563 Reference Manual, Rev. 1.2
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The clocks GCLK1 50 and GCLK2 50 frequency is:

FREQsysmax 1

EBDF +1
(2DFNH)or(2DFNL + 1)

FREQ50 =

Figure 8-7 shows the timing of USIU clocks when DFNH = 1 or DFNL = 0.

GCLK1 ‘

GCLK2

GCLK1_50
(EBDF = 00)

GCLK2_50
(EBDF = 00)

CLKOUT
(EBDF = 00)

GCLK1_50
(EBDF = 01)

GCLK2_50
(EBDF = 01)

CLKOUT
(EBDF = 01)

Figure 8-7. Clocks Timing For DFNH = 1 (or DFNL = 0)

8.5.2  Clock Out (CLKOUT)

CLKOUT has the same frequency as the general system clock (GCLK2_ 50). Unlike the main system clock
GCLK1/GCLK2 however, CLKOUT (and GCLK2 50) represents the external bus clock, and thus will be
one-half of the main system clock if the external bus is running at half speed (EBDF = 0b01). The
CLKOUT frequency (system frequency) defaults to VCO/2. CLKOUT can drive full, half, or quarter
strength; it can also be disabled. The drive strength is controlled in the system clock and reset-control
register (SCCR) by the COM[0:1] and CQDS bits. (See Section 8.11.1, “System Clock Control Register
(SCCR)”). Disabling or decreasing the strength of CLKOUT can reduce power consumption, noise, and
electromagnetic interference on the printed circuit board.

When the PLL is acquiring lock, the CLKOUT signal is disabled and remains in the low state (provided
that BUCS = 0).
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8.5.3 Engineering Clock (ENGCLK)

ENGCLK is an output clock with a 50% duty cycle. Its frequency defaults to VCO/128, which is 1/64 of
the main system frequency. ENGCLK frequency can be programmed to the main system frequency
divided by a factor from one to 64, as controlled by the ENGDIV[0:5] bits in the SCCR. ENGCLK can
drive full- or half-strength, or it can also be disabled (remaining in the high state). The drive strength is
controlled by the EECLK[0:1] bits in the SCCR. Disabling ENGCLK can reduce power consumption,
noise, and electromagnetic interference on the printed circuit board.

NOTE

The full strength ENGCLK setting (SCCR[EECLK]=0b01) selects a 5-V
driver while the half-strength selection (SCCR[EECLK]=0b00) is a 2.6-V
driver.

When the PLL is acquiring lock, the ENGCLK signal is disabled and remains in the low state (provided
that BUCS = 0).

NOTE
Skew elimination between CLKOUT and ENGCLK is not guaranteed.

8.6 Clock Source Switching

For limp mode support, clock source switching is supported. If for any reason the clock source for the chip
is not functioning, the option is to switch the system clock to the backup clock ring oscillator, BUCLK.

This circuit consists of a loss-of-clock detector, which sets the LOCS status bit and LOCSS sticky bit in
the PLPRCR. If the LME bit in the SCCR is set, whenever LOCS is asserted, the clock logic switches the
system clock automatically to BUCLK and asserts hard reset to the chip. Switching the system clock to
BUCLK is also possible by software setting the STBUC bit in SCCR. Switching from limp mode to normal
system operation is accomplished by clearing STBUC and LOCSS bits. This operation also asserts hard
reset to the chip.

At HRESET assertion, if the PLL output clock is not valid, the BUCLK will be selected until software
clears LOCSS bit in SCCR. At HRESET assertion, if the PLL output clock is valid, the system will switch
to oscillator/external clock. If during HRESET the PLL loses lock or the clock frequency becomes slower
than the required value, the system will switch to the BUCLK. After HRESET negation the PLL lock
condition does not effect the system clock source selection.

If the LME bit is clear, the switch to the backup clock is disabled and assertion of STBUC bit is ignored.
If the chip is in limp mode, clearing the LME bit switches the system to normal operation and asserts hard
reset to the chip.

Figure 8-8 describes the clock switching control logic. Table 8-3 summarizes the status and control for
each state.
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Figure 8-8. Clock Source Switching Flow Chart

NOTE

buclk enable =(STBUC | LOC) and LME lock indicates loss of lock status
bit (LOCS) for all cases and loss of clock sticky bit (LOCSS) when state 3
is active. When buclk enable is changed, the chip asserts HRESET to
switch the system clock to BUCLK or PLL.

At PORESET negation, if the PLL is not locked, the loss-of-clock sticky bit
(LOCSS) is asserted, and the chip should operate with BUCLK.
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