Freescale Semiconductor, Inc.

MPC555 / MPC556

USER’S MANUAL

Revised 15 October 2000

als
7\

Digital DNA

from Motorola
THE HEART OF SMART.

© Copyright 2000 MOTOROLA,; All Rights Reserved

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

MPC555 / MPC556

USER’S MANUAL

Revised 15 October 2000

als
7

Digital DNA

from Motorola
THE HEART OF SMART.

© Copyright 2000 MOTOROLA,; All Rights Reserved

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph TABLE OF CONTENTS Page

Number Number

PREFACE

Section 1

OVERVIEW

1.1 BlocK Diagram . . . . ..o e 1-1
1.2 MPC555/MPC556 Features. . . .. ..o e e e e e 1-2
1.2.1 RISC MCU Central Processing Unit (RCPU) . . ........ .. .. 1-2
1.2.2 Four-Bank Memory Controller . ....... ... e e 1-3
1.2.83 U-Bus System Interface Unit (USIU) .. ... ... i e 1-3
1.2.4 Flexible Memory Protection Unit. . . ... ... ... . . . . . 1-3
1.2.5 448 Kbytes of CDR MoneT Flash EEPROM Memory (CMF). . .................... 1-3
1.2.6 26 Kbytes of Static RAM. . .. ... ... 1-3
1.2.7 General-Purpose I/O Support. . ... .o 1-4
1.2.8 Two Time Processor Units (TPUS). .. . ... it e e e e e 1-4
1.2.9 18-Channel Modular I/0O System (MIOS1) . ... ... e 1-4
1.2.10 Two Queued Analog-to-Digital Converter Modules (QADC) .. ................... 1-4
1.2.11 Two CAN 2.0B Controller Modules (TOUCANS) . . ... ...t 1-5
1.2.12 Queued Serial Multi-Channel Module (QSMCM) . .. . ... ... i 1-5
1.3 MPC555/MPC556 Address Map . ... ..ottt e 1-5

Section 2

SIGNAL DESCRIPTIONS

2.1 Packaging and Pinout Descriptions . . . . ... ... 2-1
2.2 Pin Functionality. . . . ... 2-6
2.3 Signal DesCriplioNSs . . .. ..o e 2-12
2.3.1 USIU Pads . . ..o e e 2-12
2.3.1.1 ADDRI8:31)/SGPIOA[8:81]. . . oot 2-12
2.3.1.2 DATA[0:31)/SGPIOD[0:31]. . . v vt et e e e e e e e e e e e e e e 2-13
2.3.1.3 IRQIOVSGPIOCIO] . . . ot ettt e e e e e e e e e e e 2-13
2.3.1.4 IRQ[I/RSV/SGPIOCIT] . . o ettt e e e e e 2-13
2.3.1.5 IRQ[2J/CR/SGPIOCI2)/MTS . . . . oottt e e 2-13
2.3.1.6 IRQ[3V/KR/RETRY/SGPIOC[3]. . . . s et voe ettt e e e e e e 2-13
2.3.1.7 IRQUAVATI2YSGPIOCIA]. . . o v v ettt e 2-14
2.3.1.8 IRQ[5)/SGPIOC[S)/MODCKI[1] . . . oo ettt e e et e e 2-14
2.3.1.9 IRQ[B:7)/MODCKI[2:3]. . . . e v vt ettt e e e e 2-14
2.3.1.10 TSIZI0A] o o oottt e e 2-14
23411 RDAWR . .ottt 2-15
2.3.1.12 BURST . ittt e 2-15
23118 BDIP . 2-15
2.3 14 TS 2-15
23115 T 2-15
MPC555 / MPC556 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 iii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
2.3.1.16 TEA. . ..ttt 2-15
2.3.1.17 RSTCONF/TEXP . . ..ottt e e e e 2-16
23118 OF ..\ttt 2-16
2.3.1.19 Bl/STS ..o 2-16
2.3.1.20 CS[0:3] . . oottt et et 2-16
2.3.1.21 WE[0:3)/BE[0:3)/AT[0:3] . .+« v e et ettt e e et e e e 2-16
2.3.1.22 PORESET . ...\ttt e e e e e e e e 2-17
2.83.1.28 HRESET . . ..\ttt e e e e e e 2-17
2.3.1.24 SRESET . ...\ttt ittt 2-17
2.3.1.25 SGPIOC[B)/FRZ/PTR . . . . o ettt et et e e e e e e e 2-17
2.3.1.26 SGPIOC[7J/IRQOUT/LWP[O] . . .« e e et e e et e e e e e e e e e e e 2-18
2.3.1.27 BG/VFIOVLWP1] . . oottt 2-18
2.3.1.28 BRIVF[IVIWP[2]. . . .ottt e e e e e 2-18
2.3.1.29 BB/VF[2JIWP[B] . . . oo ettt e e e e e e 2-18
2.3.1.30 IWP[O:1]/VFLS[O:1]. - o oottt e e e e e e e e e e e 2-19
2.3.1.31 TMS ..ot 2-19
2.3.1.32 TDIUDSDI . ..ottt e e 2-19
2.3.1.33 TCK/DSCK . . . oottt e e 2-19
2.3.1.34 TDO/DSDO. . . . oottt e 2-19
2.3.1.35 TRST ..\ttt ettt 2-20
2.3.1.36 XTAL. ..\ttt 2-20
2.3.1.37 EXTAL ..t 2-20
2.3.1.38 XFC ..ottt 2-20
2.3.1.39 CLKOUT . ...ttt e e e 2-20
2.3.1.40 EXTCLK . ..ttt e 2-20
2.3.1.41 VDDSYN. ..ttt 2-20
2.3.1.42 VSSSYN. . .ttt 2-20
2.3.1.43 ENGCLK/BUCLK . . ..ottt et e e 2-21
2.3.2 QSMCM PADS . . . .ottt 2-21
2.3.2.1 PCSO/SS/QGPIO[0] . . . oot vt e e e e e e e e e e 2-21
2.3.2.2 PCS(1:3)/QGPIO[1:3]. . oottt e e e 2-21
2.3.2.3 MISO/QGPIOA] . . . .o oot 2-21
2.3.2.4 MOSI/QGPIO[S] . . . o oottt e e e e e e e e 2-21
2.3.2.5 SCK/IQGPIO[B] . . . . oottt e e e e e e e e e e 2-22
2.3.2.6 TXD[1:2//QGPO[1:2]. . . oottt e e e et e 2-22
2.3.2.7 RXD[1:2)/QGPI[1:2] . .o oot e e et 2-22
2.3.2.8 ECK ..\ttt 2-22
2.3.3 MIOS PADS . ...ttt 2-22
2.3.83.1 MDA[TT], [18] . o oo oottt e e e e 2-22
2.3.3.2 MDA[12], [14] . . .o oottt e e 2-23
2.3.8.3 MDA[15], [27:31]. . o oo ettt e e e e e e 2-23
2.3.3.4 MPWM[0:3], [16:19] . . .o\ttt e e e e e e e e e 2-23
2.3.3.5 VF[0:2)/MPIO32B[0:2] . ..o v v oo ettt e e e e 2-23
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 iv

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
2.3.3.6 VFLS[O:1/MPIOG2B[3:4] . . o oottt e e e e 2-23
2.83.3.7 MPIOSB2BI5:15]. . . oottt et e 2-24
2.3.4 TPU_A/TPU_B PADS. . . . e e e 2-24
2.3.4.1 TPUCHI[O0:15] [AIB] .ot e 2-24
2.3.4.2 T2CLK .. 2-24
2.3.5 QADC_A/QADC_B PADS . .. . 2-24
2.3.5.1 ETRIGIT 2] . .ot 2-24
2.3.5.2 AN[OJ/ANW/PQBIO]_[ABI. . . oottt e e 2-24
2.3.5.3 AN[1/ANX/PQB[1]_[A:B] . . . o 2-24
2.3.5.4 AN[2J/ANY/PQBI2]_[A:B] . . . ottt e 2-25
2.3.5.5 AN[3//ANZ/PQB[3]_[AB] . . o ot 2-25
2.3.5.6 AN[48:51/PQB[4:7] _[AB] . . .o e 2-25
2.3.5.7 AN[52:54]/MA[O:2]/PQA[O:2]_[A:B]. . ..o 2-25
2.3.5.8 AN[55:59]/PQA[3:7] [AB] . . o 2-26
2.83.5.9 VRH .. 2-26
2.3.5.10 VRL. ..o e 2-26
2.3.5.11 VDDA .. e 2-26
2.3.5.12 VS S A e 2-26
2.3.6 TOUCAN_A/TOUCAN_B PADS. . ..o e 2-26
2.3.6.1 CNTXO _[AiB] ..ot e 2-26
2.83.6.2 CNRXO_[A B . e 2-26
2.3.7 CMFE PADS . . . 2-27
2.3.7.1 EPEE . ... 2-27
2,37 2 VPP 2-27
2.3.7.3 VDDF . ..o 2-27
2.3.7.4 VSSF . . 2-27
2.3.8 GLOBAL POWER SUPPLIES . . . ... e 2-27
2.3.8.1 VDD . .o 2-27
2.3.8.2 VDDH . ... 2-27
2.3.8.3 VDD, . .o 2-27
2.8.8.4 VSl . . o 2-27
2.3.8.5 KAPWR .. 2-28
2.83.8.6 VDDSRAM . .. 2-28
2.3.8.7 VS 2-28
2.4 Reset State .. ... 2-28
2.4.1 Pin Functionality OQutof Reset . ... ... ... .. . . . i 2-28
2.4.2 Pad Module Configuration Register (PDMCR) . .. ... .. i 2-28
243 Pin State During Reset. . . . ... e 2-29
2.4.4 Power-On ResetandHard Reset. ............ .. . it 2-30
2.4.5 Pull-Up and Pull-Down Enable and Disable for 5-VOnly Pins. ................... 2-30
2.4.6 Pull-Up and Pull-Down Enable and Disable for 3-V / 5-V Multiplexed Pins . . ... ..... 2-30
2.4.6.1 PRDS Signal. . . ..o e e 2-30
2.4.6.2 Encoded 3-V/5-V Select. . . ... e 2-31
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 v

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

2.4.6.3 Examples . ... .. .

2.4.7 Special Pull Resistor Disable Control (SPRDS) .. ..................
248 PinResetStates. . .......... i
2.5 Pad TypeS . o oo
2.5.1 PadlInterface Signals . .. ... ...

2.5.2 Three-Volt Output Pad

Section 3
CENTRAL PROCESSING UNIT

3.1 RCPUFeatures . ... ..o e e
3.2 RCPUBIlock Diagram. . . ... ..ot e e e e

MPC555 / MPC555
USER’S MANUAL

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

2521 Type Alnterface. . ... e
2.5.2.2 Type Bnterface (Clock Pad) . .. ........ ... ... .. ...
2.5.3 Three-VoltlnputPad .......... ... . . . i
253.1 TypeClnterface. . ... ... o
2532 TypeCHlnterface ........... .. i i
2533 TypeCNH Interface . .. ... .. i i i
2534 TypeDinterface. .. ...
2.5.4 Three-Volt Input/OutputPad. . ......... ... ... ... ...,
2541 TypeElnterface. .. ... ...
2542 TypeEOHInterface .. ........ ... .. ..
2543 TypeFlInterface ... ... .
2544 TypeGlinterface. .. ... e
2.5.5 Five-Volt Input/OutputPad . . . ...... ... ..
2551 TypeHlInterface. ... ........ .. i i
2552 Typellinterface. . .. ... ..
25583 TypelHInterface . .......... i e
2554 Typedinterface ... ... .. . .
2555 TypedDlInterface. .. ... i e
2.5.6 Type Klnterface (EPEEPad). ... ... ... ... ...
25.7 Analog Pads. . ... ..
2.5.7.1 Type L Interface (QADC Port A). . ...
2.5.7.2 Type M Interface (QADC PortB) .. ........ .. ...
2.5.7.3 Type N Interface (ETRIG). . .. ... ... it
258 PadswithFastMode ... ... ... ... ... .. . . .
2.5.8.1 Type O Interface (QSMCM Pads) .......... ... ...
2.5.8.2 Type P Interface (TPUand MIOSPads) .....................
2.5.9 5Vinput, 5V OQutput Pads. ... ...... .
2.5.9.1 5V Output (Type Q) ... oot e
2592 TypeRlinterface. .. ... ... .
2.5.9.3 5V QutputforClock Pad. . ........... .. ... ... ... ... .......
2.8 Pad GroUpS ..ottt
2.7 PinNames and Abbreviations . . ............ ... ... . .

Page
Number

........... 2-31

MOTOROLA
vi



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
3.3 INStruction SeqUENCET . . . ... 3-3
3.4 Independent Execution UNnits. . ... .. . 3-4
3.4.1 Branch Processing Unit (BPU) .. ... ... . e 3-5
3.4.2 Integer Unit (IU) . ... oo e 3-5
3.4.3 Load/Store Unit (LSU) . ... . i e e e 3-6
3.4.4 Floating-Point Unit (FPU) . .. ... . e 3-6
3.5 Levels of the PowerPC Architecture .. ... ... . . 3-7
3.6 RCPU Programming Model . . . ... .. . e 3-7
3.7 PowerPC UISA Register Set . . ... .. e e 3-11
3.7.1 General-Purpose Registers (GPRS). . ... ...t 3-12
3.7.2 Floating-Point Registers (FPRS). . . ... .. e 3-12
3.7.3 Floating-Point Status and Control Register (FPSCR). . ........... ... .. ... ..... 3-12
3.7.4 Condition Register (CR) . . .. ..ot 3-15
3.7.4.1 Condition Register CRO Field Definition. . .......... ... ... .. ... .. ....... 3-16
3.7.4.2 Condition Register CR1 Field Definition. . ......... ... ... ... ... ... . ... 3-16
3.7.4.3 Condition Register CRn Field — Compare Instruction. .. ................... 3-17
3.7.5 Integer Exception Register (XER) . .. ... . 3-17
3.7.6 Link Register (LR). . . .. ..o 3-18
3.7.7 Count Register (CTR). . .. ..ttt e e 3-19
3.8 PowerPC VEA Register Set —Time Base ........... .. i 3-19
3.9 PowerPC OEA Register Set. . ... .o 3-20
3.9.1 Machine State Register (MSR). . .. .. ... e 3-20
3.9.2 DAE/Source Instruction Service Register (DSISR) .. ....... ... ... ... ... ... ... 3-22
3.9.3 Data Address Register (DAR) .. ... e 3-22
3.9.4 Time Base Facility (TB) — OEA . . ... .o e 3-23
3.9.5 Decrementer Register (DEC) . . . .. ... e 3-23
3.9.6 Machine Status Save/Restore Register 0 (SRRO) . .. ........ ... . .. 3-24
3.9.7 Machine Status Save/Restore Register1 (SRR1) .. ........ .. ... ... .. . ... 3-24
3.9.8 General SPRs (SPRGO-SPRG3). . .. ottt e 3-25
3.9.9 Processor Version Register (PVR). ... ... 3-25
3.9.10 Implementation-Specific SPRS. . ... ... . 3-26
3.9.10.1 EIE, EID, and NRI Special-Purpose Registers. .......................... 3-26
3.9.10.2 Floating-Point Exception Cause Register (FPECR). .......... ... ... ...... 3-26
3.9.10.3 Additional Implementation-Specific Registers . .......................... 3-27
3.10 InStruction Set . . ..o e 3-28
3.10.1 Instruction Set Summary . ... ... . . e 3-29
3.10.2 Recommended Simplified MNnemonics . . ... ... ... it 3-33
3.10.3 Calculating Effective Addresses. . .. ...t e e 3-33
3.11 Exception Model. . . ... 3-34
3.11.1 EXCeption Classes . . ..o vttt e e 3-34
3.11.2 Ordered EXCeplions . . .. ... i e 3-34
3.11.3 Unordered EXCeptions . . ... ... e 3-34
3.11.4 Precise Exceplions. . .. ... 3-35
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Vi

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
3.11.5 Exception Vector Table . ....... ... . e 3-35
3.12 Instruction TimiNg. . . ...t 3-36
3.13 PowerPC User Instruction Set Architecture (UISA) . ......... ... . .. 3-38
3.13.1 Computation Modes . . . . ... i e 3-38
3.13.2 Reserved Fields . . . ... ... e 3-38
3.18.3 Classes of Instructions . . . ... . 3-38
3.13.4 EXCEPliONS ... e 3-39
3.13.5 The Branch Processor . . . . . ... e e 3-39
3.13.6 Instruction Fetching . .. ... .. 3-39
3.13.7 Branch Instructions. . . . ... ... . 3-39
3.13.7.1 Invalid Branch Instruction Forms . .. .. ........ ... ... .. .. . . .. . ... 3-39
3.13.7.2 Branch Prediction. . . . ... .. 3-39
3.13.8 The Fixed-Point Processor. . . .. ... e 3-39
3.13.8.1 Fixed-PointInstructions .. ........ ... ... . . . 3-39
3.13.9 Floating-Point Processor . . ... .. 3-40
B.13.9.1 General. . ..o 3-40
3.13.9.2 Optionalinstructions. . .. ... ... 3-40
3.13.10 Load/Store ProCessOor. . ... ot e 3-40
3.13.10.1 Fixed-Point Load With Update and Store With Update Instructions. ......... 3-41
3.13.10.2 Fixed-Point Load and Store Multiple Instructions. . ...................... 3-41
3.13.10.3 Fixed-Point Load String Instructions. . . ......... ... ... ... ... ... .. ... 3-41
3.13.10.4 Storage Synchronization Instructions. . ............ .. ... .. ... .. .. .. ... 3-41
3.13.10.5 Floating-Point Load and Store With Update Instructions .. ... ............. 3-41
3.13.10.6 Floating-Point Load Single Instructions .. ........... ... . ... .. ... .... 3-41
3.13.10.7 Floating-Point Store Single Instructions . . . ......... ... ... ... . ... 3-41
3.13.10.8 Optional INStruCtions. . . ... ... e 3-42
3.13.10.9 Little-Endian Byte Ordering ... ... 3-42
3.14 PowerPC Virtual Environment Architecture (VEA). . .. ... ... . i i 3-42
3.14.1 Atomic Update Primitives . . . ... ... e 3-42
3.14.2 Effect of Operand Placementon Performance. . ................ ... ... ....... 3-42
3.14.3 Storage Control INStructions. . . . ... ...t e 3-42
3.14.4 Instruction Synchronize (isync) Instruction. . .. ....... ... ... ... ... ... ... ..., 3-42
3.14.4.1 Enforce In-Order Execution of I/O (eieio) Instruction . ... .................. 3-43
3.14.5 Timebase . . ... ... 3-43
3.15 POWERPC Operating Environment Architecture (OEA) ... ... ... ... ... ... ... 3-43
3.15.1 Branch Processor Registers. . . ... . 3-43
3.15.1.1 Machine State Register (MSR). . . . ... ... 3-43
3.15.1.2 Branch Processors Instructions . . ............ ... . . 3-43
3.15.2 Fixed-Point Processor . ... ... .. . 3-43
3.15.2.1 Special Purpose Registers. .. ... 3-43
3.15.3 Storage Control INStructions. . . . ... ...t e 3-44
3154 Interrupts . ..o e e 3-44
3.15.4.1 System ResetInterrupt. . ... .. ... 3-44
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 viii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
3.15.4.2 Machine Check Interrupt . ......... . . e 3-45
3.15.4.3 Data Storage Interrupt . . . ... ... 3-45
3.15.4.4 Instruction Storage Interrupt. . .. ... . 3-46
3.15.4.5 Alignment Interrupt. . . ... 3-46
3.15.4.6 Floating-Point Enabled Exception Type Program Interrupt . .. .............. 3-46
3.15.4.7 lllegal Instruction Type Program Interrupt . ... ....... .. ... ... .. ... .... 3-46
3.15.4.8 Privileged Instruction Type Programinterrupt . .. ........ ... ... .......... 3-46
3.15.4.9 Floating-Point Unavailable Interrupt. .. ........ .. ... . . . . . 3-47
3.15.4.10 Trace Interrupt . . ... . e 3-47
3.15.4.11 Floating-Point Assist Interrupt . ......... ... . . . 3-47
3.15.4.12 Implementation-Dependent Software Emulation Interrupt . . . .. ............ 3-48
3.15.4.13 Implementation-Specific Instruction Storage Protection Error Interrupt . .. . ... 3-49
3.15.4.14 Implementation-Specific Data Storage Protection Error Interrupt . .......... 3-50
3.15.4.15 Implementation-Specific Debug Interrupts . . . ......... ... ... ... ... ... 3-51
3.15.4.16 Partially Executed Instructions . . . ........ ... . . 3-52
3.15.5 Timer Facilities . . .. ... e 3-53
3.15.6 Optional Facilities and Instructions. . ... ... .. e 3-53

Section 4
BURST BUFFER

4.1 Burst Buffer Block Diagram . . ... ... 4-1
4.2 Burst Buffer Features. . .. ... 4-2
4.3 Instruction VocabularyBased Compression Model Main Principles. .. ................... 4-3
4.3.1 Compression Model Features . ............ .. e 4-3
4.3.2 Model Limitations . . . ... .. 4-4
4.3.3 Vocabulary Based Instruction Compression Algorithm .. .......... ... .. ... ..... 4-4
4.3.4 Memory Organization . . . . ...t e 4-6
4.3.5 Compressed Code Address Format. . ............. ... 4-8
4.3.6 Compressed Address Format — DirectBranches. . ............ ... ... . ... ... .... 4-9
4.3.7 Compressed Address Format — Indirect Branches. .. .......................... 4-11
4.3.8 Compression ProCeSS . .. ...ttt e 4-11
4.3.9 DeCOMPIESSION. .« . ittt et e 4-13
4.3.10 Compression Environment Initialization . . .. ...... ... ... ... ... . ... ... . ... 4-14
4.4 Modes Of Operation. . ... e e e e 4-14
4.41 Normal Operation . . .. ... .ot e 4-15
4.4.2 Slave Operation.. . . ..o e e 4-15
4.4.3 Reset Operation . ... ... e 4-15
4.4.4 Debug Mode Operation . ....... ... e e e 4-15
4.45 Standby Mode Operation . .. ... .. i e 4-15
4.4.6 Burst Operation . ... ... 4-15
4.4.7 Error Detection . . ... e 4-16
4.5 Exception Table Relocation . . . ... 4-16
4.5.1 Exception Table Relocation Operation. .. ....... ...t 4-17
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 iX

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
4.6 Burst Buffer Programming Model. . . ... ... . e 4-20
4.6.1 Region Base Address Registers. . ... 4-21
4.6.2 Region Attribute Registers MI_RA[0:3] Description . . ............ .. ... ... 4-21
4.6.3 Global Region Attribute Register Description (MI_GRA) .. ......... ... ... ....... 4-23
4.6.4 BBC Module Configuration Register (BBCMCR) .. ......... .. ... . ... 4-24

Section 5
UNIFIED SYSTEM INTERFACE UNIT
5.1 Module OVEIVIEW . . . ..ot e e e e 5-1
5.2 SIU Architecture. . ... .. 5-2
5.3 USIU AAress Map .. ..o ittt e e e e e e e e 5-2
5.4 USIU PowerPC Memory Map ... ..ot e et e e e et 5-5
Section 6
SYSTEM CONFIGURATION AND PROTECTION

6.1 System Configuration. . . . ... ... e 6-3
6.1.1 USIU Pins MUltiplexing . . . .. ..o e e e e 6-3
6.1.2 Memory Mapping . . . .. oottt 6-3
6.1.3 Arbitration SUPpPOrt . . ... .. 6-4
6.2 External Master MOdes . . . ... .. e 6-5
6.2.1 Operation of External Master Modes . . ... i 6-5
6.2.2 Address Decoding for External ACCESSES ... ... it e 6-6
6.3 USIU General-Purpose /0 . .. ... . e e 6-6
6.4 Interrupt Controller. . . .. .o e 6-8
6.4.1 SIU Interrupt Sources Priority. . . ... ... 6-11
6.5 Hardware Bus Monitor . . .. ... ... e 6-12
6.6 MPC555/MPC556 Decrementer . ... ... e 6-12
6.7 MPC555/MPC556 Time Base (TB) . . ... ..o e 6-13
6.8 Real-Time Clock (RTC) . ...ttt e e e e e e e e e e 6-14
6.9 Periodic Interrupt Timer (PIT). . ... oo e 6-15
6.10 Software Watchdog Timer (SWT) .. ... e 6-16
6.11 Freeze Operation . . . .. ... . 6-17
6.12 Low Power Stop Operation .. ... . e e 6-17
6.13 System Configuration and Protection Registers ......... ... ... ... ... . .. . . ... 6-18
6.13.1 System Configuration Registers. . ... ... i e 6-18
6.13.1.1 SIU Module Configuration Register . .. .......... .. . . ... 6-18
6.13.1.2 Internal Memory Map Register. .. ... 6-21
6.13.1.3 External Master Control Register (EMCR) . . ......... ... ... ... . ... 6-22
6.13.2 SlU Interrupt Registers. . . .. ..o e 6-23
6.13.2.1 SIPEND Register . .. ... 6-23
6.13.2.2 SIU Interrupt Mask Register (SIMASK) . ........ ... . 6-24
6.13.2.3 SIU Interrupt Edge Level Register (SIEL). . .. ... .. ... 6-25
6.13.2.4 SIU Interrupt Vector Register. . . ... ... 6-25
6.13.3 System Protection Registers .. ..... ... ... i 6-26
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 X

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

7.1

7.2
7.3
7.4
7.5

8.1
8.2

MPC555 / MPC555
USER’S MANUAL

6.13.3.1 System Protection Control Register (SYPCR) . ................
6.13.3.2 Software Service Register (SWSR) . .......... ... ... ... .....
6.13.3.3 Transfer Error Status Register (TESR). ......................
6.13.4 System TimerRegisters. .. ... ... ... . i
6.13.4.1 Decrementer Register ... ........ .. . . ..,
6.134.2 TimeBase SPRs . ... . e
6.13.4.3 Time Base Reference Registers. . ......... ... ... .. ... ....
6.13.4.4 Time Base Control and Status Register. . ....................
6.13.4.5 Real-Time Clock Status and Control Register . ................
6.13.4.6 Real-Time Clock Register (RTC) .. ........... ...
6.13.4.7 Real-Time Clock Alarm Register (RTCAL). . ..................
6.13.4.8 Periodic Interrupt Status and Control Register (PISCR). .........
6.13.4.9 Periodic Interrupt Timer Count Register (PITC) . ...............
6.13.4.10 Periodic Interrupt Timer Register (PITR) . ...................
6.13.5 General-Purpose I/O Registers . ......... ... . ...
6.13.5.1 SGPIO Data Register 1 (SGPIODT1). . ......... ...
6.13.5.2 SGPIO Data Register 2 (SGPIODT2). . . .. ... ..
6.13.5.3 SGPIO Control Register (SGPIOCR). . . .......... ... .. ......

Section 7
RESET

Reset Operation. . . ... . e
7.1.1 PowerOnReset. ... ..o
712 Hard Reset . . ...
7.1.3 Soft Reset. . ..o
7.1.4 LoSS Of LOCK . . . oot
7.1.5 On-Chip Clock Switch. . . ... ... ..
7.1.6 Software WatchdogReset .. ... ... ... .. .. . . . ..
7.1.7 Checkstop Reset ... ...
7.1.8 Debug PortHard Reset . ...... ... .. . . .
7.1.9 Debug Port Soft Reset .. ... ..
7110 JTAG Reset . ..o
Reset Actions Summary. . . . ... .
Data Coherency During Reset. . ... .. i i
Reset Status Register .. ... ... .
Reset Configuration . . . ... ... .
7.5.1 Hard Reset Configuration. .. ........ ... .. i
7.5.2 Hard Reset Configuration Word . . . ....... ... ... ... . ...
7.5.3 Soft Reset Configuration ........... .. ... . i,

Section 8
CLOCKS AND POWER CONTROL

OVEIVIBW . . .t
System ClOoCK SOUICES. . . . . oot e e

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

Page
Number

.......... 6-26

MOTOROLA
Xi



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
8.3 System PLL ... e e 8-3
8.3.1 Frequency Multiplication. . . . ... ... . 8-4
8.3.2 Skew Elimination . . ... . 8-4
8.3.3 Pre-Divider . . ... e 8-4
8.3.4 PLL Block Diagram. . . .. ..ot e 8-4
8.3.5 PLL PINS . ..o 8-5
8.4 System Clock During PLL LOoSS Of LOCK. . . . .. oo e 8-6
8.5 Low-Power Divider. . . ... 8-6
8.6 MPC555/MPC556 Internal Clock Signals . ... ... e 8-7
8.6.1 General System CloCKS . ... ... i 8-9
8.6.2 CLKOUT . .. 8-12
8.6.3 ENngineering CIOCK . . . ... it e e 8-12
8.7 Clock Source SWItChiNg . . . . ..o 8-13
8.8 Low-Power Modes . . . .. ... . 8-15
8.8.1 Entering a Low-Power Mode ... ... ... .. 8-15
8.8.2 Power Mode DesCriptions. . . ... ... e 8-16
8.8.3 Exiting from Low-Power Modes . . ... ... .. 8-16
8.8.3.1 Exiting from Normal-Low Mode ........ ... .. .. . i 8-17
8.8.3.2 Exitingfrom Doze Mode. .. ... .. 8-17
8.8.3.3 Exiting from Deep-Sleep Mode. . . . ... ... 8-17
8.8.3.4 Exiting from Power-Down Mode. .. ....... ... ... . . . . 8-18
8.8.3.5 Low-Power Modes Flow. . .. ... . 8-18
8.9 Basic Power Structure . .. ... .. e 8-20
8.9.1 Clock Unit Power SUPPIY .. .. .o e e e 8-20
8.9.2 Chip Power Structure . . . . ... ..o 8-20
8.9.2.1 VDD . .. 8-20
8.9.2.2 VDD, . . 8-20
8.9.2.3 VDDSYN, VSSSYN ... 8-21
8.9.2.4 KAPWR .. 8-21
8.9.2.5 VDDA, VS S A . 8-21
8.9.2.6 VPP . 8-21
8.9.2.7 VDD, VSSF . . 8-21
8.9.2.8 VD DH . . .. 8-21
8.9.2.9 VDDSRAM . .. 8-21
8.9.2.10 VS S e 8-21
8.9.3 Keep AlIVe POWET . . . . e 8-22
8.9.3.1 Keep Alive Power Configuration. . ........ ... ... ... . .. 8-22
8.9.3.2 Keep Alive Power Registers Lock Mechanism. . .......................... 8-23
8.10 VDDSRAM Supply Failure Detection. . . ... 8-25
8.11 Power Up/DOwWn SEQUENCING . . . . .t vttt i e e e e e e et et 8-25
8.12 Clocks Unit Programming Model . . . ... ... e 8-29
8.12.1 System Clock Control Register (SCCR). ... ...t e 8-30
8.12.2 PLL, Low-Power, and Reset-Control Register (PLPRCR) .. .................... 8-33
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Xii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

9.1
9.2
9.3
9.4
9.5

MPC555 / MPC555
USER’S MANUAL

8.12.3 Change of Lock Interrupt Register (COLIR) . .....................
8.12.4 VDDSRAM Control Register VSRMCR) .. ....... ... ... ... ......

Section 9
EXTERNAL BUS INTERFACE

Features. . ... .
Bus Transfer Signals . . . ... ..
Bus Control Signals . . .. .. ...
Bus Interface Signal Descriptions .. ... ... .. i
Bus Operations . ...... ..
9.5.1 Basic Transfer Protocol . ...... ... . .. . . . . . .
9.5.2 SingleBeat Transfer. ... ... . . i
9.5.2.1 SingleBeatRead Flow. .. ........ ... ... ... . i,
9.5.2.2 SingleBeatWrite Flow. .. ... ... ... .. i
9.5.2.3 Single Beat Flow with Small PortSize . ......................
9.5.3 BurstTransfer. .. ...
9.5.4 Burst Mechanism .. ....... . . e
9.5.5 Alignment and Packaging of Transfers. .. ........................
9.5.6 Arbitration Phase ... ....... . . . . ..
9.5.6.1 BusRequest. .. ..... ... .
9562 BusGrant. ...... ... . e
9.5.6.3 BUSBUSY .... ...
9.5.6.4 Internal Bus Arbiter. . .. ... ...
9.5.7 Address Transfer Phase Signals . ............. ... .. ... .. ......
9.5.71 TransferStart . . ... ... ... e
9.5.7.2 Address Bus. . . ... .. .
9.5.7.3 Read/Write . . .. ..ot
9.5.7.4 BurstIndicator . ....... ... .. ..
9.5.75 Transfer Size .. ... . e
9.5.7.6 AdAress TYpPES . . . .ttt
9.5.7.7 Burst Datain Progress . . ...
9.5.8 Termination Signals . .. ... .. .
9.5.8.1 Transfer Acknowledge . .. ...... ... . . ..
9.5.8.2 BurstInhibit. . .. ... ..
9.5.8.3 Transfer Error Acknowledge. . ......... ... . ..
9.5.8.4 Termination Signals Protocol ... ........... .. ... . ... . .....
9.5.9 Storage Reservation. . ... ... ... ..
9.5.10 Bus Exception Control Cycles . .......... . ...
9.5.10.1 RetryingaBusCycle ......... ... . i
9.5.10.2 Termination Signals Protocol Summary.....................
9.5.11 Bus Operation in External Master Modes. . ......................
9.5.12 Contention Resolution on ExternalBus ... ......................
9.5.13 Show Cycle Transactions. . ... ...t

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

Page
Number

........... 8-35

MOTOROLA
Xiii



Freescale Semiconductor, Inc.

USER’S MANUAL

Paragraph Page
Number Number
Section 10
MEMORY CONTROLLER
10.1 OVBIVIBW . .o e e e 10-1
10.2 Memory Controller ArchiteCture . . . ... . e e e 10-3
10.2.1 Associated Registers . . ... ... 10-4
10.2.2 Port Size Configuration. ... ... ... e 10-5
10.2.3 Write-Protect Configuration ... ... ... ... . 10-5
10.2.4 Address and Address Space Checking . .. ... ..., 10-5
10.2.5 BUISt SUPPOIt . . .o o 10-5
10.3 Chip-Select TimMiNg. . .. .. oo e e 10-6
10.3.1 Memory Devices Interface Example. . .. ... . . i 10-7
10.3.2 Peripheral Devices Interface Example . .. ........ . ... . . 10-8
10.3.3 Relaxed Timing Examples . . .. ... . . e 10-10
10.3.4 Extended Hold Time on Read ACCESSES . ... ... ..ot 10-14
10.3.5 Summary of GPCM Timing Options . . . . . ... .ot e 10-18
10.4 Global (Boot) Chip-Select Operation . . ... i i e 10-20
10.5 Write and Byte Enable Signals. . . ... .. ... 10-21
10.6 Dual Mapping of the Internal Flash EEPROM Array .. ....... ... 10-21
10.7 Memory Controller External Master Support . ... ... . 10-24
10.8 Programming Model. . . .. ... e 10-27
10.8.1 General Memory Controller ProgrammingNotes . ... ......... ... ... ... . ..... 10-27
10.8.2 Memory Controller Status Registers (MSTAT) . .. .. ... i 10-28
10.8.3 Memory Controller Base Registers (BRO—BR3) ... ....... ... ... .. ... ... 10-28
10.8.4 Memory Controller Option Registers OR0O—-OR3) . ......... .. ... . ... . ... .. 10-30
10.8.5 Dual Mapping Base Register (DMBR) ... ... it 10-31
10.8.6 Dual-Mapping Option Register. . . ... e e 10-32
Section 11
L-BUS TO U-BUS INTERFACE (L2U)
11.1 General Features . . . ... ..o 11-1
11.2 DMPU Features . . . . ... oo e e e e 11-1
11.3 L2U Block Diagram . .. ... 11-2
11.4 Modes Of Operation. . ... i e e e e e e e 11-2
11.4.1 Normal Mode . ... ... e 11-3
11.4.2 Reset Operation . ... ... e e 11-3
11.4.3 Factory Test Mode . . .. ... 11-3
11.4.4 Peripheral Mode . . . ... ... 11-3
11.5 Data Memory Protection . .. ... e 11-4
11.5.1 Functional Description . ... . . 11-4
11.5.2 Associated Registers . . ... ... e 11-5
11.5.3 L-bus Memory Access Violations . . . .......... .. ... . . . 11-7
11.6 Reservation SUPPOIt . . ...t e 11-7
11.6.1 The Reservation Protocol. . . ... .. ... . . . i 11-7
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA

Rev. 15 October 2000 Xiv
For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page

Number Number
11.6.2 L2U Reservation SUupport. . ... ..o e 11-7
11.6.3 Reserved Location (Bus) and Possible Actions ... ......... ... ... ... .. ... ... 11-8

11.7 L-Bus Show CycCle SUPPOrt . . ... e e e e e 11-9
11.7.1 Programming Show CycCles . .. ... ... .. e 11-9
11.7.2 Performance Impact. . . ... ...t e e 11-9
11.7.3 Show Cycle Protocol . ... ... 11-10
11.7.4 L-Bus Write Show Cycle Flow .. ... ... . . . e 11-10
11.7.5 L-Bus Read Show Cycle Flow . .. ... ... e 11-11
11.7.6 Show Cycle Support Guidelines. . . ... ... ... i e 11-11

11.8 L2U Programming Model . . ... ... e 11-12
11.8.1 U-DUS ACCESS . . . . oot e e 11-13
11.8.2 Transaction Size. . ... ... . 11-13
11.8.3 L2U Module Configuration Register (L2U_MCR) . ... ...... ... ... .. ... 11-13
11.8.4 Region Base Address Registers (L2U_RBAX) . .. ... ..o 11-14
11.8.5 Region Attribute Registers (L2U_RAX). . .. ... oot 11-15
11.8.6 Global Region Attribute Register . ........ ... . . 11-15

Section 12
U-BUS TO IMB3 BUS INTERFACE (UIMB)

12,1 Features. . ... e 12-1
12.2 UIMB Block Diagram . . ... .. 12-2
12.3 Clock ModUIe . . . . ..o e 12-2
12.4 Interrupt Operation. . . ... .o e 12-3
12.4.1 Interrupt Sources and Levelson IMB . . ......... .. ... . i 12-4
12.4.2 IMB Interrupt MUltiplexing. . . ... ..o 12-4
12.4.3 ILBS SEQUENCING . . . o ottt 12-4
12.4.4 Interrupt Synchronizer . . ... ... .. 12-6
12.5 Programming Model. . . .. ... e 12-7
12.5.1 UIMB Module Configuration Register (UMCR). .. ......... ... .. oo, 12-7
12.5.2 Test control register (UTSTCREG). . ... ... .ot e 12-8
12.5.3 Pending Interrupt Request Register (UIPEND) .. .......... ... ... . ... .. ... ... 12-8

Section 13
QUEUED ANALOG-TO-DIGITAL CONVERTER MODULE-64

13,1 OVOIVIBW . 13-1
18,2 Features. . ..o e 13-2
13.3 QADCHB4 Pin FUNCHIONS . . ..o ot e 13-2
13.3.1 Port APIN FUNCHONS. . . ... 13-3
13.3.1.1 Port AAnalog Input Pins ... ... 13-3

13.3.1.2 Port A Digital Input/Output Pins . . ... ... ... 13-3

13.3.2 Port BPIiN FUNCLIONS. . . ... . . 13-4
13.3.2.1 Port B Analog Input Pins . .. ... ... . 13-4

13.3.2.2 Port B Digital Input Pins . . . . .. .. 13-4

13.3.3 External Trigger Input Pins. . ... ... 13-4
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XV

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
13.3.4 Multiplexed Address OQutput Pins . . . ... ... . i e 13-4
13.3.5 Multiplexed Analog Input Pins . .. ... ... 13-5
13.3.6 Voltage Reference Pins . ... ... . e 13-5
13.3.7 Dedicated Analog Supply Pins . . . ... ..o 13-5
13.3.8 External Digital Supply Pin. . .. ... e 13-5
13.3.9 Digital Supply Pins . .. .o 13-5
13.4 QADCB4 Bus Interface. . . ... .. 13-6
13.5 Module Configuration. . .. ... ... e 13-6
13.5.1 Low-Power Stop Mode . . .. ... i e e 13-6
13.5.2 Freeze Mode . ... .. e 13-6
13.5.3 Supervisor/Unrestricted Address Space. . .. ...ttt e 13-7
13.6 General-Purpose I/O Port Operation . .. ... ... e e 13-7
13.6.1 PortData Register . . ... .. 13-8
13.6.2 Port Data Direction Register. . . . ... . 13-8
13.7 External Multiplexing Operation. . ... ... . e 13-9
13.8 Analog Input Channels. . . ... ... e 13-10
13.9 Analog SUbSYStemM . . . .o e 13-11
13.9.1 Conversion Cycle TiMesS. . . . ..ottt e e e e e e e e e 13-12
13.9.1.1 Amplifier Bypass Mode Conversion Timing ... ..., 13-13
13.9.2 Front-End Analog Multiplexer. . . ... ... 13-14
13.9.3 Digital-to-Analog Converter Array. . . . ..ot e 13-14
18.9.4 Comparator. . . ... e e 13-14
13.9.5 Successive Approximation Register. .. ........... .. . i 13-14
13.10 Digital Control Subsystem . . ... ... .. 13-14
13.10.1 QueUe Priority. . . ... 13-15
13.10.2 Queue Boundary Conditions . . ... ..t e 13-17
13.10.83 SCan MOGES . . ..ottt 13-18
13.10.3.1 Disabled Mode . . ... ... . . 13-18
13.10.3.2 Reserved Mode . . .. ... e 13-18
13.10.3.3 Single-Scan Modes . . .. ...t 13-18
13.10.3.4 Continuous-Scan Modes . . ... ...t 13-21
13.10.4 QADC64 Clock (QCLK) Generation. . . ...t e 13-24
13.10.5 Periodic/Interval TImer . . . ... oo e e e 13-29
1811 INerrUPtS . . oo 13-29
13.11.1 Interrupt SOUICES . . . ..o 13-30
13.11.2 Interrupt Register . . ... e 13-31
13.11.3 Interrupt Levels and Time Multiplexing. . .. ... . 13-31
13.12 Programming Model. . . . .. ... e 13-31
13.12.1 QADC64 Module Configuration Register . .. ......... ... ... .. ... .. ... ... .. 13-33
13.12.2 QADCB4 Test Register. . ... ..o 13-33
13.12.3 QADCS64 Interrupt Register . . ... . 13-33
13.12.4 Port A/BData Register. . .. ... e 13-34
13.12.5 Port Data Direction Register. . . ... ... .. e 13-35
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Xvi

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
13.12.6 QADC64 Control Register 0 (QACRO) . . . ... .ot 13-35
13.12.7 QADCB64 Control Register 1 (QACRT) . . ... ... e 13-36
13.12.8 QADC64 Control Register2 (QACR2) . . .. ... e 13-38
13.12.9 QADCG64 Status Register 0 (QASRO) . . . ... ot i 13-40
13.12.10 QADC64 Status Register 1 (QASR1). . ... .. i e 13-42
13.12.11 Conversion CommandWord Table ......... ... ... .. ... . . ... ... 13-43
13.12.12 Result Word Table . . .. ... o 13-49

Section 14
QUEUED SERIAL MULTI-CHANNEL MODULE

141 OVEIVIBW . .o e e e 14-1
14.2 Block Diagram . . ... ..o e 14-1
14.3 Signal DesCriptions . . . ..ot 14-2
T4.4 Memory Map . ..ot 14-2
14.5 QSMCM Global Registers . .. ... .. e 14-4
14.5.1 Low-Power Stop Operation . .......... .. e i e 14-5
14.5.2 Freeze Operation . . ... .. .t 14-5
14.5.3 Access Protection. . . ... ... 14-5
14.5.4 QSMCM INterrupts . . . ..o o 14-6
14.5.5 QSMCM Configuration Register (QSMCMMCR) . .. ....... ... ... 14-7
14.5.6 QSMCM Test Register (QTEST) . ... ..ot e 14-8
14.5.7 QSMCM Interrupt Level Registers (QDSCI_IL, QSPI_IL) ......... .. ... ... .... 14-8
14.6 QSMCM Pin Control Registers . . ... ...t e 14-9
14.6.1 Port QS Data Register (PORTQS) . . ... .ot e 14-10
14.6.2 PORTQS Pin Assignment Register (PQSPAR) .. ......... .. ... 14-11
14.6.3 PORTQS Data Direction Register (DDRQS) . ......... ... 14-12
14.7 Queued Serial Peripheral Interface .. ... . 14-13
14.7.1 QSPI Registers .. ..o 14-15
14.7.1.1 QSPIControl Register 0. . ... ... i e e 14-16
14.7.1.2 QSPIControl Register 1. . .. .. ... e e 14-18
14.7.1.3 QSPI Control Register 2. . . .. ... e 14-18
14.7.1.4 QSPIControl Register 3. . ... ... 14-19
14.7.1.5 QSPI Status Register. . .. ... .. 14-20

14.7.2 QSPI RAM . .. 14-21
14.7.2.1 Receive RAM . . .. . 14-22
14.7.2.2 Transmit RAM. . . ... 14-22
14.7.2.3 Command RAM . .. ... 14-22

14.7.3 QSPI PINS. . o 14-23
14.7.4 QSPIOPEration . ... ... e 14-24
14.7.4.1 Enabling, Disabling, and Haltingthe SPI .. ....... .. ... ... .. ... ...... 14-25
14.7.4.2 QSPIINterrupts. . . ..o e 14-26
14.7.4.3 QSPIFIOW . . ..o 14-26
14.7.5 Master Mode Operation . . ... .o e 14-33
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Xvii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
14.7.5.1 Clock Phase and Polarity . . .......... . e 14-34
14.7.5.2 Baud Rate Selection. . . ... ... . 14-34
14.7.5.3 Delay Before Transfer . ....... ... .. i e ii i 14-35
14.7.5.4 Delay After Transfer. . . ... ... e 14-35
14.7.55 TransferLength ... ... . 14-36
14.7.5.6 Peripheral Chip Selects .. ... ... . i e 14-36
14.7.5.7 Master Wraparound Mode . . ......... .. . i 14-37
14.7.6 Slave Mode. . . ..o 14-37
14.7.6.1 Description of Slave Operation. ... ............ . .. i 14-39
14.7.7 Slave Wraparound MOde . . ... ...ttt e 14-40
14.7.8 Mode Fault . ... ... 14-41
14.8 Serial Communication Interface. . ......... .. . . 14-41
14.8.1 SClI Registers . . ..o 14-44
14.8.2 SCl Control Register 0 . . ... .. e e 14-45
14.8.3 SCI Control Register 1 ... ... e 14-45
14.8.4 SCI Status Register (SCXSR). . .. . oot 14-47
14.8.5 SCI Data Register (SCXDR) . . . ..ottt e 14-49
14.8.6 SCI PINS . . ..o 14-50
14.8.7 SCl Operation. . .. ... 14-50
14.8.7.1 Definition of Terms . .. ... . 14-50
14.8.7.2 Serial Formats . . ... .. . e 14-51
14.8.7.3 Baud ClOoCK . . . .. .o 14-51
14.8.7.4 Parity Checking . . ... ..ot e 14-52
14.8.7.5 Transmitter Operation. . . . ... .. e e e e 14-52
14.8.7.6 Receiver Operation. . . ... ... it e 14-54
14.8.7.7 Receiver Functional Operation. ... ............ ... i, 14-56
14.8.7.8 Idle-Line Detection . . . . .. ... 14-57
14.8.7.9 Receiver Wake-Up . .. ... .o 14-58
14.8.7.10 Internal Loop Mode. . . .. ... e 14-58
14.9 SCIQueUE Operation. . . .. ...t e e e 14-58
14.9.1 Queue Operation of SCI1 for Transmitand Receive . ........................ 14-58
14.9.2 Queued SCI1 Status and Control Registers. . ......... ... .. .. . it 14-59
14.9.2.1 QSCI1 Control Register . . ... ... e e 14-59
14.9.2.2 QSCI1 Status Register. . . ... ... 14-61
14.9.3 QSCI1 Transmitter Block Diagram ... ... ..ot 14-61
14.9.4 QSCI1 Additional Transmit Operation Features. ... ......... .. ... ... . ..... 14-62
14.9.5 QSCI1 Transmit Flow Chart Implementingthe Queue. .. ..................... 14-64
14.9.6 Example QSCI1 Transmitfor17 DataBytes ........... .. ... .. ... . . . ... ... 14-66
14.9.7 Example SCI Transmitfor25DataBytes. ... ...... ... .. .. .. . ... 14-67
14.9.8 QSCI1 Receiver Block Diagram . . .. ... ..t 14-68
14.9.9 QSCI1 Additional Receive Operation Features .. ......... ... ... ... ... . ..... 14-68
14.9.10 QSCI1 Receive Flow Chart Implementing The Queue. . ..................... 14-71
14.9.11 QSCI1 Receive Queue Software Flow Chart ... ......... ... ... ... ... ...... 14-72
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Xviii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
14.9.12 Example QSCI1 Receive Operation of 17 Data Frames . .................... 14-73

Section 15
MODULAR INPUT/OUTPUT SUBSYSTEM (MIOS1)

15.1 MIOST Features. . .. ..o e e e 15-1
15.2 Submodule Numbering, Namingand Addressing . . .......... ... 15-3
15.3 MIOST Signals. . . ..o oo 15-3
15.4 Block Diagram . . . ... e 15-4
15.5 MIOST BUS SysStem . . ..o e 15-6
15.5.1 Read/Write and Control BUS. . ... ... ..t 15-6
15.5.2 Request BUS. . . ... 15-6
15.5.3 Counter Bus Set. . ... .. . 15-6
15.6 MIOS1 Programmer's Model . . .. ... .. 15-6
15.7 MIOST /O POMS. . . ottt e 15-8
15.8 MIOS Bus Interface Submodule (MBISM) . . .. ... .. . e e 15-8
15.8.1 MIOS Bus Interface (MBISM) Registers. . ......... . i 15-8
15.8.1.1 MIOS1 Test and Pin Control Register ......... ... ... ... . i .. 15-8
15.8.1.2 MIOS1 Vector Register. . . ... ... e 15-9
15.8.1.3 MIOS1 Module and Version Number Register. .. .......... ... ... ... ..... 15-9
15.8.1.4 MIOS1 Module Configuration Register. . . ........ .. ... .. ... .. ... ...... 15-9

15.8.2 MBISM Interrupt Registers . .. ... ... 15-10
15.8.2.1 MIOS1 Interrupt Level Register 0 (MIOS1LVLO) .. ...... .. ... ... .. ... 15-10
15.8.2.2 MIOS1 Interrupt Level Register 1 (MIOS1LVLY) . ... ... ... . ... 15-11

15.8.3 Interrupt Control Section (ICS) . . ... ... e 15-11
15.9 MIOS Counter Prescaler Submodule (MCPSM) . ......... .. . i, 15-12
15.9.1 MIOS Counter Prescaler Submodule (MCPSM) Registers .. .................. 15-12
15.9.1.1 MCPSM Status/Control Register MCPSMCSCR). . . ...... ... ... ... ... .. 15-13

15.10 MIOS Modulus Counter Submodule (MMCSM). . ........ ... ... 15-13
15.10.1 MIOS Modulus Counter Submodule (MMCSM) Registers. . .................. 15-15
15.10.1.1 MMCSM Up-Counter Register MMCSMCNT). ... ... .. ..o ... 15-16
15.10.1.2 MMCSM Modulus Latch Register (MMCSMML) .. ..................... 15-16
15.10.1.3 MMCSM Status/Control Register (Duplicated). .. ...................... 15-16
15.10.1.4 MMCSM Status/Control Register MMCSMSCR) . ..................... 15-17

15.11 MIOS Double Action Submodule (MDASM). . . . ... it e e 15-18
15.11.1 MIOS Double Action Submodule (MDASM) Registers. . ..................... 15-19
15.11.1.1 MDASM Data A Register . . ... . 15-21
15.11.1.2 MDASM Data B Register MDASMBR) . ......... ... .. 15-21
15.11.1.3 MDASM Status/Control Register (Duplicated) . ... ..................... 15-22
15.11.1.4 MDASM Status/Control Register . ......... ... . .. 15-23

15.12 MIOS Pulse Width Modulation Submodule (MPWMSM) . .. ........ .. ... .. .. .. .. .. 15-25
15.12.1 MIOS Pulse Width Modulation Submodule (MPWMSM) Registers . . ........... 15-26
15.12.1.1 MPWMSM Period Register (MPWMSMPERR) .. .......... ... ... ..... 15-27
15.12.1.2 MPWMSM Pulse Width Register MPWMSMPULR) ... ................. 15-27
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 Xix

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

15.12.1.3 MPWMSM Counter Register MPWMSMCNTR) .. ............
15.12.1.4 MPWMSM Status/Control Registerf(MPWMSMCR) . ...........

15.13 MIOS 16-bit Parallel Port I/O Submodule (MPIOSM) . ..................
15.13.1 MIOS 16-bit Parallel Port /0O Submodule (MPIOSM) Registers. . . . . ..
15.13.1.1 MPIOSM Data Register (MPIOSMDR). .. ...................
15.13.1.2 MPIOSM Data Direction Register (MPIOSMDDR). . ...........

15.14 MIOST Interrupts . ..o e
15.14.1 MIOS Interrupt Request Submodule (MIRSM). . ..................
15.14.2 MIOS Interrupt Request Submodule 0 (MIRSMO) Registers . ........
15.14.2.1 MIRSMO Interrupt Status Register (MIOS1SRO) ..............
15.14.2.2 MIRSMO Interrupt Enable Register (MIOS1ERO)..............
15.14.2.3 MIRSMO Request Pending Register (MIOS1RPRO) ...........
15.14.3 MIOS Interrupt Request Submodule 1 (MIRSM1) Registers ... ... ...
15.14.3.1 MIRSM1 Interrupt Status Register (MIOS1SR1) ..............
15.14.3.2 MIRSM1 Interrupt Enable Register (MIOS1ER1)..............
15.14.3.3 MIRSM1 Request Pending Register (MIOS1RPR1) ...........

15.15 MIOS1 Function Examples . . ... e
15.15.1 MIOS1 Input Double Edge Pulse Width Measurement .............
15.15.2 MIOS1 Input Double Edge Period Measurement..................
15.15.3 MIOS1 Double Edge Single Output Pulse Generation. . ............
15.15.4 MIOS1 Output Pulse Width Modulation With MDASM . . . ...........
15.15.5 MIOS1 Input Pulse Accumulation. . ............................
15.16 MIOS1 Configuration . .. ... ..

Section 16
CAN 2.0B CONTROLLER MODULE

16.1 Features. . .. ... e
16.2 External Pins . ... .
16.3 TOUCAN ArchiteCture . . .. ... e e i
16.3.1 TX/RX Message Buffer Structure . .. ........ ... ... .. ... . .....
16.3.1.1 Common Fields for Extended and Standard Format Frames. . . . ..
16.3.1.2 Fields for Extended Format Frames. ... .....................
16.3.1.3 Fields for Standard Format Frames . ........................
16.3.1.4 Serial Message Buffers .. ...... .. ... ... .. . . . ..
16.3.1.5 Message Buffer Activation/Deactivation Mechanism . ...........
16.3.1.6 Message Buffer Lock/Release/Busy Mechanism...............

16.3.2 Receive Mask Registers. . . ... .. i
16.3.3 Bit TiMiNg . .. ..o e e
16.3.3.1 Configuring the TouCAN Bit Timing . . ... ......... .. ot

16.3.4 Error CoUNters . ... ..ot e
16.3.5 Time Stamp .. ... i e
16.4 TOuCAN Operation. . . ... e e e e e
16.41 TouCAN Reset . ... ... e

MPC555 / MPC555
USER’S MANUAL

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

Page
Number

......... 15-28

MOTOROLA
XX



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
16.4.2 TouCAN Initialization . . ... .. 16-11
16.4.3 Transmit Process . . ... ... e 16-12
16.4.3.1 Transmit Message Buffer Deactivation. .. .......... ... ... .. ... ..... 16-13
16.4.3.2 Reception of Transmitted Frames . ........ .. ... . . . . . .. 16-13
16.4.4 Receive ProCess. . . . . ..ot e e 16-13
16.4.4.1 Receive Message Buffer Deactivation . . .......... ... .. ... ... . ..... 16-14
16.4.4.2 Locking and Releasing Message Buffers. . ......... ... ... .. ... .. .... 16-15
16.4.5 Remote Frames . ... ... e 16-15
16.4.6 Overload Frames . ... ... o 16-16
16.5 Special Operating Modes. . . . . ... 16-16
16.5.1 Debug Mode. . ... ..o 16-16
16.5.2 Low-Power Stop Mode . . ... ..ot e e 16-17
16.5.3 Auto Power Save Mode . . ... .ot e 16-18
16.6 INterrUPtS . . . . 16-19
16.7 Programmer's Model . . ... ... 16-20
16.7.1 TouCAN Module Configuration Register ... ....... ... .. ... .. . . . .. 16-22
16.7.2 TouCAN Test Configuration Register. ... ......... .. . i 16-24
16.7.3 TouCAN Interrupt Configuration Register. . . . ... ... .. .. 16-24
16.7.4 Control Register 0. . .. ... i 16-25
16.7.5 Control Register 1. . .. .. 16-26
16.7.6 Prescaler Divide Register. . . ... e 16-27
16.7.7 Control Register 2. . . ... 16-28
16.7.8 Free Running Timer . . .. ... e 16-29
16.7.9 Receive Global Mask Registers . . ... . i e 16-29
16.7.10 Receive Buffer 14 Mask Registers. .. ... . . i, 16-30
16.7.11 Receive Buffer 15 Mask Registers. ... ... ... . . i 16-30
16.7.12 Errorand Status Register. . . ... ... 16-30
16.7.13 Interrupt Mask Register . .. ... . . . 16-32
16.7.14 Interrupt Flag Register . . . . ... e 16-33
16.7.15 Error COUNErS . . ..ot e 16-33

Section 17
TIME PROCESSOR UNIT 3

171 OVEIVIBW . . oo e e e 17-1
17.2 TPUB COMPONENES. . . ..ttt it et et e e e e e e e e e e e e e e e 17-2
17.2.1 TiMe BasSesS. . . .. oo 17-2

17.2.2 Timer Channels ... ... .. e 17-2

17.2.3 SChedUler . . ... e e 17-2

17.2.4 MICIOBNGINE . . o ottt e e e 17-2

17.2.5 HostInterface . . ... ... e 17-3

17.2.6 Parameter RAM . ... ... . 17-3

17.3 TPU Operation . . ...t e e e e e e e 17-3
17.3.1 Event Timing. . . ..o 17-3
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXi

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

17.3.2 Channel Orthogonality . ... ... ... . e
17.3.3 Interchannel Communication . ............ . ...,
17.3.4 Programmable Channel Service Priority . ........................
17.3.5 CONBIeNCY . ..ot
17.3.6 Emulation SUppOrt . ... .. e
17.3.7 TRPUB INterrupts . .. ..o e
17.3.8 Prescaler Control for TCR1 .. ... ... . i
17.3.9 Prescaler Control forTCR2 . ...... ... . . i
17.4 Programming Model. . . .. ... e
17.4.1 TPU Module Configuration Register. . .......... ... ... ... ... .....
17.4.2 TPU3 Test Configuration Register .. .. ... ... ... . . ...
17.4.3 Development Support Control Register . .........................
17.4.4 Development Support Status Register. .. ......... ... ... ... .....
17.4.5 TPUS3 Interrupt Configuration Register. . . ........ ... ... ... ......
17.4.6 Channel Interrupt Enable Register. .. .......... ... ... ... ... .....
17.4.7 Channel Function Select Registers . ......... ... .. ... ... ... .....
17.4.8 Host Sequence Registers. . ... i
17.4.9 Host Service Request Registers. . ........ ... i ..
17.4.10 Channel Priority Registers ... ... ... ... . .. . i i
17.4.11 Channel Interrupt Status Register . ............ ... ... ... . .....
17.4.12 Link Register. . ... ..
17.4.13 Service GrantLatch Register. . ......... ... ... .. ... . . .. ...
17.4.14 Decoded Channel Number Register. ... ...... ... ... ... ... ......
17.4.15 TPUS3 Module Configuration Register2 ... ......................
17.4.16 TPU Module Configuration Register 3 .. ......... ... ... ... .....
17.417 TPU3 TestRegisters . ... s
17.4.18 TPU3 Parameter RAM . . . ... .. e
17.5 Time Functions. . . .. ... .. .

Section 18
DUAL-PORT TPU RAM (DPTRAM)

18.1 Features. .. ...
18.2 DPTRAM Configuration and Block Diagram . ............ ... ... ........
18.3 Programming Model. . . .. ... e
18.3.1 DPTRAM Module Configuration Register (DPTMCR) ...............
18.3.2 DPTRAM Test Register . .. ... ..
18.3.3 Ram Base Address Register (RAMBAR) .. ....... ... .. ... . ... ..
18.3.4 MISR High (MISRH) and MISR Low (MISRL) .....................
18.3.5 MISC Counter (MISCNT) . . ...t e
18.4 Operation . . ... e e
18.4.1 Normal Operation. . ... ... e
18.4.2 Standby Operation . ... ... .. i e
18.4.3 ResetOperation . . ... ...

MPC555 / MPC555
USER’S MANUAL

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

Page
Number

.......... 17-3

MOTOROLA
XXii



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
18.4.4 Stop Operation . ... .. o e e 18-7
18.4.5 Freeze Operation . . .. ... . i 18-8
18.4.6 TPU3 Emulation Mode Operation. . . ... ... i 18-8
18.5 Multiple Input Signature Calculator (MISC) .. ... ... . 18-8
Section 19
CDR MoneT FLASH EEPROM
19,1 INtrodUCHION . . .. .o 19-1
19.1.1 MPC555/MPC556 CMF Features. . . ... ...t e 19-2
19.1.2 Glossary of Terms forthe CMF EEPROM .. ... ... ... ... . . . i, 19-2
19.2 Programming Model. . . ... . e 19-4
19.2.1 CMF EEPROM Control Registers .. .......... i 19-4
19.2.1.1 CMF EEPROM Configuration Register (CMFMCR). . ..................... 19-5
19.2.1.2 CMF EEPROM Test Register (CMFTST). ... ... .o 19-7
19.2.1.3 CMF EEPROM High Voltage Control Register (CMFCTL). .. ............... 19-9
19.2.2 CMF EEPROM Array Addressing. . . . ..ottt e i ee e 19-11
19.2.2.1 Read Page Buffers. .. ... . . 19-12
19.2.2.2 Program Page Buffers . ... ... . 19-13
19.2.2.3 Array Configuration for CMF Module A ... ... ... ... .. .. ... ... . .. ... 19-14
19.2.2.4 Array Configuration for CMFModule B . ....... ... ... ... ... .. ... . .... 19-15
19.3 Shadow Information. . ... ... . e 19-15
19.3.1 Address Range of Shadow Information . ......... ... .. ... .. ... ... ... . ..., 19-16
19.3.2 Reset Configuration Word (CMFCFIG) .. ....... .. ... .. 19-16
19.4 Array Read Operation . ... ... e e 19-17
19.5 Programmingthe CMF Array . . .. ... . e e 19-18
19.5.1 Program SEQUENCE. . . . ..ttt e 19-18
19.5.2 Program Margin Reads . ............ e 19-22
19.5.3 OVer-Programming . . . . ..ot e 19-23
19.6 Erasing CMF Array BIOCKS . . . ... oo 19-23
19.6.1 Erase SEQUENCE. . . .. oo e e e e e 19-23
19.6.2 Erase Margin Reads. . .. ... ... e 19-26
19.6.3 Erasing Shadow Information Words. . ...... ... ... . .. . i 19-26
19.7 Voltage Control for Programmingand Erasing . .............c. i, 19-27
19.7.1 Pulse Status . . ... .o 19-27
19.7.2 Pulse Width Timing Equation . . .. ... .. . e 19-27
19.7.3 System Clock Scaling. . . .. ... i e 19-28
19.7.4 Exponential Clock Multiplier . . . .. ... .. 19-29
19.7.5 Linear Clock MUltiplier . . ... . e e 19-29
19.7.6 A Technique to Determine SCLKR, CLKPE, and CLKPM . .................... 19-29
19.7.7 Starting and Ending a Program or Erase Sequence ......................... 19-30
19.7.8 Controlling the Program/Erase Voltage .. ............ it .. 19-31
19.8 Censored and NON-Censored ACCESSES . . . . .t v ittt it e e 19-31
19.8.1 Uncensored Mode . . ... ... e 19-31
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA

USER’S MANUAL Rev. 15 October 2000 xXiii
For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page

Number Number
19.8.2 Censored MOde . . ...ttt 19-31
19.8.3 Device Modes and Censorship Status . . . ......... ... i 19-32
19.8.4 Setting and Clearing Censor . . ... ...t e e 19-33
19.8.5 Switching the CMF EEPROM Censorship ... ... 19-35

19.9 Pin DesCriptionS . . . .. e 19-36
19.9.1 Epgp Signal .. .o oo 19-36
19.9.2 FLASH Program/Erase Voltage Conditioning. . . ... ...... ... ... 19-37
19.10 Reset Operation. . .. ... .o 19-39
19.10.1 Master Reset . ... ... e 19-39
19.10.2 Soft ReSet. . . .. 19-39
19.10.3 Emulation Operation. . .. ... e e 19-40
19.11 Disablingthe CMF Module. . . .. ... e 19-40

Section 20
STATIC RANDOM ACCESS MEMORY (SRAM)

20.1 Features. . ... e 20-1
20.2 Block Diagram . . . ... e 20-1
20.3 Programming Model. . . .. .. e 20-2
20.3.1 SRAM Module Configuration Register (SRAMMCR) ... ....... ... ... ... ... .. 20-2
20.3.2 SRAM Test Register (SRAMTST) .. ........ i 20-3
Section 21

DEVELOPMENT SUPPORT
211 OVEBIVIBW . . oottt e e e e 21-1
21.2 Program Flow Tracking . . . .. ...ttt e e 21-1
21.2.1 Program Trace CycCle . . . .. ..o 21-2
21.2.1.1 Instruction Queue Status Pins —VF [0:2] . ... ... ... i 21-3
21.2.1.2 History Buffer Flushes Status Pins— VFLS[0.1] ........................ 21-4
21.2.1.3 Queue Flush Information SpecialCase . .. ........ ... .. ... . ... 21-4
21.2.2 Program Trace when in Debug Mode. .. ... .. . . 21-4
21.2.3 Sequential Instructions Marked as IndirectBranch . .......................... 21-5
21.2.4 The External Hardware. . . . ... ... e 21-5
21.2.4.1 Synchronizing the Trace Window to the CPU Internal Events . . ............. 21-5
21.2.4.2 Detecting the Trace Window Start Address . . . ........... .. ... 21-6
21.2.4.3 Detecting the Assertion/Negation of VSYNC .. ........ ... .. ... .. ... .... 21-7
21.2.4.4 Detecting the Trace Window End Address. . . ........ .. ...t 21-7
21, 2.4.5 COMPIESS . v v vttt et e ettt e e 21-7
21.2.5 Instruction Fetch Show Cycle Control ......... ... .. . .. . i 21-8
21.3 Watchpoints and Breakpoints SUppOrt. . .. ... .. e 21-8
21.3.1 Internal Watchpoints and Breakpoints . ............. .. .. i 21-11
21.3.1.1 Restrictions. . . ... ... 21-13
21.3.1.2 Byte and Half-Word WorkingModes .. ......... .. ... . ... ... 21-13
21.3.1.3 Examples . . ... 21-14
21.3.1.4 Context Dependent Filter . .. ... . 21-15
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXiv

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
21.3.1.5 Ignore First Match. . . . ... .. 21-15
21.3.1.6 Generating Six Compare TYPeS . . . . .t vttt i e i e 21-16
21.3.2 INStruCtion SUPPOIt . . . . oo e e 21-16
21.3.2.1 Load/Store SUPPOrt . . ..ottt e 21-17
21.3.3 Watchpoint Counters . . ......... e e e e e e e 21-21
21.3.3.1 Trap Enable Programming . . . .. ... ..o 21-21
21.4 Development System Interface .. ... i e 21-21
21.4.1 Debug Mode SUPPOIt . . . oo 21-24
21.4.1.1 Debug Mode Enable vs. Debug Mode Disable. . ........................ 21-26
21.4.1.2 Entering Debug Mode. . . .. ... . 21-26
21.4.1.3 The Check Stop State and DebugMode .. ........... ... .. ... .. ...... 21-29
21.4.1.4 Saving Machine State upon Entering DebugMode . ..................... 21-29
21.4.1.5 Runningin Debug Mode. . . ... . 21-30
21.4.1.6 ExitingDebug Mode. . ... .. . 21-30
21.5 Development Port . . ... 21-31
21.5.1 Development Port Pins. . .. ... 21-31
21.5.2 Development Serial ClocK . . ... ... 21-31
21.5.3 Development Serial Data In . ...... ... ... i e 21-31
21.5.4 Development Serial Data Out. .. ......... .. e 21-32
21.5.5 Freeze Signal . .. ... o 21-32
21.5.5.1 SGPIOB/FRZ/PTR PN . .. .ottt et e 21-32
21.5.5.2 IWP[O:1]/VFLS[O: 1] PiNs. . .o o e 21-32
21.5.5.3 VFLS[0:1]_MPIO32B[3:4] PiNS. . .« oottt e 21-32
21.5.6 Development Port Registers. . . . ... ... 21-32
21.5.6.1 Development Port Shift Register ... ...... ... ... . . . i .. 21-33
21.5.6.2 Trap Enable Control Register. . . ... .. i i 21-33
21.5.6.3 Development Port Registers Decode. . . ........ .. .. ... 21-33
21.5.6.4 Development Port Serial Communications — Clock Mode Selection . ....... 21-34
21.5.6.5 Development Port Serial Communications — Trap Enable Mode .. ......... 21-38
21.5.6.6 Serial Data into Development Port — Trap Enable Mode ................. 21-38
21.5.6.7 Serial Data Out of Development Port — Trap Enable Mode . .............. 21-39
21.5.6.8 Development Port Serial Communications — Debug Mode. ... ............ 21-39
21.5.6.9 Serial Data Into DevelopmentPort. . ... ... ... .. . . 21-40
21.5.6.10 Serial Data Out of DevelopmentPort. ........... ... ... ... .. ....... 21-41
21.5.6.11 Fast Download Procedure . ......... ... . i 21-41
21.6 Software Monitor Debugger Support . . ... ... . e 21-43
21.6.1 Freeze Indication . .. ... ... e 21-43
21.7 Development Support Registers . ... ... . 21-43
21.7.1 Register Protection. . .. ... e 21-44
21.7.2 Comparator A-D Value Registers (CMPA-CMPD) . ............. ... ........ 21-45
21.7.3 Comparator E-F Value Registers. . . ....... ... i 21-46
21.7.4 Breakpoint Address Register (BAR). ... ... .. 21-46
21.7.5 Comparator G—H Value Registers (CMPG-CMPH). ......... ... ... ... ... .... 21-46
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXV

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph Page
Number Number
21.7.6 1-Bus Support Control Register. . .. ... . 21-47
21.7.7 L-Bus Support Control Register 1. .. ... . 21-49
21.7.8 L-Bus Support Control Register 2. . . . ... ... 21-50
21.7.9 Breakpoint Counter A Value and Control Register. . ............. ... ... ...... 21-52
21.7.10 Breakpoint Counter B Value and Control Register. ......................... 21-53
21.7.11 Exception Cause Register (ECR). . ... 21-53
21.7.12 Debug Enable Register (DER) . ... .. .. 21-55
21.7.13 Development Port Data Register (DPDR) . ......... ... . .. 21-57

Section 22
IEEE 1149.1-COMPLIANT INTERFACE (JTAG)

22.1 JTAG Interface Block Diagram. . . ... ..o e e e 22-1
22.2 JTAG Signal Descriptions . . ... ... i 22-2
22.3 Operating FreqUEeNCY . . . . ot 22-3
22.4 TAP Controller . . ..o e 22-3
22.5 Instruction Register . . ... .. e 22-4
22, 5.1 EXTEST .ttt 22-5
22.5.2 SAMPLE/PRELOAD. . . . .. 22-5
22.5.3 BYPASS . . e 22-5
22.5.4 CLAMP .. 22-6
22, 5.5 HI-Z. . 22-6
22.6 RestriClions . .. ... . e 22-6
22.7 Low-Power Stop Mode. . . ..ot 22-6
22.8 Non-IEEE 1149.1-1990 Operation. . . ... ..o e e e e e e e 22-7
22.9 Boundary Scan Register . . ... 22-7
Appendix A

MPC555 / MPC556 INTERNAL MEMORY MAP

Appendix B
REGISTER GENERAL INDEX

Appendix C
REGISTER DIAGRAM INDEX

Appendix D
TPU ROM FUNCTIONS

Dol OVeIVIBW . . . oot D-1
D.2 Programmable Time Accumulator (PTA). .. ... e D-4
D.3 Queued Output Match TPU Function (QOM) .. ... . e e D-6
D.4 Table Stepper Motor (TSM). . . . ..o o i e e e e e e e D-8
D.5 Frequency Measurement (FQM) . . . ... . e e D-11
D.6 Universal Asynchronous Receiver/Transmitter (UART) . .............c ... D-13
D.7 New Input Capture/Transition Counter (NITC) . ... ... ... . i D-16
D.8 Multiphase Motor Commutation (COMM) .. ... ... i e a D-18
D.9 Hall Effect Decode (HALLD) . . ... .. i e e e e e e D-20
MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXVi

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Paragraph
Number

D.10 Multichannel Pulse-Width Modulation (MCPWM) . ......................
D.11 Fast Quadrature Decode TPU Function (FQD). . ............ ... .. .....
D.12 Period/Pulse-Width Accumulator (PPWA). .. ... ... ... . ...
D.13 Output Compare (OC) . .. ...ttt e e e e e e
D.14 Pulse-Width Modulation (PWM) . . ... . . e
D.15 Discrete Input/Output (DIO). . . .. ..o e
D.16 Synchronized Pulse-Width Modulation (SPWM) . .......................
D.17 Read/ Write Timers and Pin TPU Function (RWTPIN). .. ................
D.18 ID TPU Function (ID). . . . .ot e e e e
D.19 Serial Input/Output Port (SIOP). . ... ... . e
D.19.1 Parameters .. ... .. e
D.19.1.1 CHAN_CONTROL . . ... e
D.19.1.2 BIT D .ot
D.19.1.3 HALF_PERIOD . . ... . e e
D.19.1.4 BIT_COUNT. . ... e e e
D.19.1.5 XFER_SIZE . . ... ..
D.19.1.6 SIOP _DATA. . .
D.19.2 Host CPU Initialization of the SIOP Function. .. ...................
D.19.3 SIOP Function Performance ............... ...,
D.19.3.1 XFER_SIZE GreaterThan 16 ............. .. ... ...,
D.19.3.2 Data Positioning. . .. ... o
D.19.3.3 Data TimiNg . . .« .o e

Appendix E
CLOCK AND BOARD GUIDELINES

E.1 INTRODUCTION . . .. e e e
E.2 MPC555/ MPC556 Family Power Distribution . .........................
E.3 PLL and Crystal Oscillator External Components . . ......................
E.3.1 Crystal Oscillator External Components . .........................
E.3.2 KAPWRFIltering ... ... e
E.3.3 PLL External Components. . . ...t
E.3.4 PLL Off-Chip Capacitor Cypg. - -« o oo voe e e
E.4 Clock Oscillator and PLL External Components Layout Requirements. . ... ...
E.4.1 Tracesand Placement. . .......... ... ... . . . i
E.4.2 Grounding/Guarding. . . . ... vt

Appendix F
MEMORY ACCESS TIMING

F.1 Introduction ... ... e

Appendix G
ELECTRICAL CHARACTERISTICS

G.1 Absolute Maximum Ratings (Vgs=0V) ... ... i
G.2 TargetFailure Rate . . .. ...
G.3 Package . ...
G.4 EMICharacteristiCs . . . . ...
G.4.1 Reference Documents. . . ... i
G.4.2 Definitions and ACrONYMS . . ... ..o e
G.4.3 Testing Characteristics . .......... .. i i
G.5 Thermal CharacteristiCs . .. ...t e

MPC555 / MPC555
USER’S MANUAL

TABLE OF CONTENTS

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

Page
Number

MOTOROLA
XXVii



Freescale Semiconductor, Inc.

Paragraph Page

Number Number
G.7 DC Electrical Characteristics. . .. ... . G-7
G.8 Oscillator and PLL Electrical Characteristics. . . ......... ... ... . . . . G-12
G.9 Power Up/DOWN SEQUENCING . . . . vt ittt it e et e e e e e e e G-12
G.10 FLASH Electrical Characteristics ... ... e G-13
G.10.1 Flash Module Life . . ....... ... e G-14
G.10.2 Programming and Erase Algorithm . . .. ... ... .. G-15
G.11 GeneriC TIMING . . ..t e e e G-16
G.12 Interrupt TimiNg . . ..o e G-39
G.13 Debug Port Timing . .. ..t G-40
G.14 Reset TimMiNg . . . oot G-43
G.15 IEEE 1149.1 Electrical Characteristics . .. ......... .. e G-47
G.16 QADCS64 Electrical CharacteristiCs . . .. ..o oo it G-52
G.17 QSMCM Electrical Characteristics .. ... ..o e G-53
G.18 GPIO Electrical Characteristics. . . .. .. ..o i G-57
G.19 TPUS Electrical Characteristics. . . .. ... e e G-57
G.20 TouCAN Electrical Characteristics ... ... e G-58
G.21 MIOS Timing CharacteristiCs. . . ... ...t e e G-59
G.21.1 MPWMSM Timing Characteristics. . ... ... ... e G-60
G.21.2 MMCSM Timing Characteristics .. ....... ... . i G-62
G.21.3 MDASM Timing Characteristics. . . . ... ... i e G-65
G.21.4 MPIOSM Timing Characteristics . . . ... ... .ot e G-68

Appendix H
FLASH ELECTRICAL CHARACTERISTICS FOR ALL J76N
MASK SETS AND 0KO2A AND 1K02A ONLY

H.1 Electrical CharacteristiCs . . . . .. ... H-1

H.1.1 Flash Module Life. . . ... ... e H-3

H.2 Programming and Erase Algorithm . . . ... .. e H-3
INDEX

Online publishing by JABIS™, http://www.jabis.com

MPC555 / MPC555 TABLE OF CONTENTS MOTOROLA

USER’S MANUAL Rev. 15 October 2000 Xxviii
For More Information On This Product,
Go to: www.freescale.com


http://www.jabis.com

Freescale Semiconductor, Inc.

Figure LIST OF FIGURES

Number
1-1 MPC555 / MPC556 Block Diagram ...........cccccoeeeeeiiniiiieeeeeeseinne
1-2 MPC555 / MPC556 Memory Map .......c.ccuvvvveeimieeieiiieeeeeeeeeee e
1-3 MPC555 / MPC556 Internal Memory Map ........ccccooviiieeeeennneee.
2-1 MPC555 / MPC556 Case Dimensions and Packaging ................
2-2 MPC555 / MPC556 Pinout Data ............eeeveeiiiiiiiiiieeieeeeeiicees
2-3 Type A INEHaCe ...
2-4 Type B INterface .....ccooeeeiiiiieeeeeeee e
2-5 Type C INterface ......ooooiiiiiii e
2-6 Type CH Interface .......ccoooooiiiieieeeeeee e
2-7 Type CNH Interface ........ooooveiieeiieceeeeee e
2-8 Type D Interface ...
2-9 Type E INterface .....ccooeeeeiiieeeeeeeeeee e
2-10  3-V Type EOH Interface ...
2-11 Type FInterface ...
2-12  Type G INterface .......ccoooeiiiiieeeeee e
2-13  Type HINterface ...
2-14  Type I INterface ...
2-15  Type IH INterface ...
2-16  Type J INterface .......cooooeiiieeeecce e
2-17  Type D INterface ...
2-18  EPEE Pad (TYPe K) oottt
2-19  Type L INterface .....ccooooiieeeeeeecee e
2-20  Type M Interface ...
2-21 Type N INterface ....cooooieeiiieeeeee e
2-22  Type O INterface .......ccoooeiiiiieeeeeee e
2-23  Type P INterface ...
2-24  Type Q INErface .......oovviiiiiiiiie e
2-25 Type RINterface ...
2-26  Type S INterface ..o
3-1 RCPU BIOCK Diagram .......coooiiiiiiiiiiiiiiieeee et
3-2 Sequencer Data Path .......coooovveiiiiiiiiiiie e
3-3 RCPU Programming Model ..o
3-4 Basic Instruction Pipeline ..o,
4-1 Burst Buffer Block Diagram ..........cooooiiiiiiiiiiiiieiieeeee e
4-2 Example of Compressed Code .......cccceeeeviiiiiiiiiiiiieeeeeiee e
4-3 INStrUCEION COING ..eviiiiiiiiiiieie e
4-4 Two Streams Memory Organization — Before Compression
4-5 Two Streams Memory Organization — After Compression .........
4-6 Examples of Compressed Symbols Layout ...........cccceeeiiiinnnnnn.
4-7 Compressed Address Format ..........ccooovvviiiiiiiiiiciciccieeee e
MPC555 / MPC556 LIST OF FIGURES

USER’S MANUAL Rev. 15 October 2000

For More Information On This Product,
Go to: www.freescale.com

Page
Number

MOTOROLA
XXiX



Freescale Semiconductor, Inc.
Figure
Number

4-8 Examples of Instruction Layout in Memory ...,

4-9 Generating Compressed Code Address

for PowerPC Direct BranChes ......ooouoeeeoeeeeeeeeee e

4-10  Extracting Direct Branch Target Address in the Decompressor

4-11 Code Compression Process (Phase A) .......cceeiiieeeiiiiiieeeeeeeeeeeians

4-12 Bounded Huffman Code Tree

4-13  Code Decompression PrOCESS .....ccccoveeeieiieieeeeeeeeeeeiee e

4-14  Exception Table Entries Mapping ...
5-1 MPC555 / MPC556 USIU Block Diagram .........ccccceeeviiieeeeeeeninne.
6-1 System Configuration and Protection LOQIC ........eevvvevviiviiiieeeennnnn.
6-2 MPC555 / MPC556 MemOry Map ......ccccvvvveeimiieiiinieeeeeeeeeeeeeeeens
6-3 SGPIO Cell e
6-4 MPC555 / MPC556 Interrupt Structure .........cceeveeeeeeeiiiiiiiiiiiines
6-5 MPC555 / MPC556 Interrupt Configuration ...........cccccccveeeeiinnnee.
6-6 RTC BIloCK Diagram .......cooooiiiiiiiiiiiiiiiieeeeee et
6-7 PIT BlOoCK DIiagram .......ccooiiiiiiiiiiiiieeee et
6-8 SWT Interrupts and EXCeplions ........ccooviviiieieiiiiiccieee e
6-9 SWT BIOCK Diagram .......cooeeiiiiiiiiiieeeeiiiieiiee e
7-1 Reset Configuration Basic Scheme ...........ccoooeiiiiiiiiies
7-2 Reset Configuration Sampling Scheme

For “Short” PORESET Assertion, Limp Mode Disabled .............
7-3 Reset Configuration Timing for

“Short” PORESET Assertion, Limp Mode Enabled ....................
7-4 Reset Configuration Timing for

“Long” PORESET Assertion, Limp Mode Disabled ....................
7-5 Reset Configuration Sampling Timing Requirements ....................
8-1 Clock Unit BIOCK Diagram ........cceeeeeeeiiiiiiiiiiiiiieieeeeeeeeeee e
8-2 Main System Oscillator (OSCM) .......ccooiiiiiiiiecccccrree e,
8-3 System PLL Block Diagram ...
8-4 MPC555 / MPC556 CIOCKS ......cooeiiiiiiiiiiieeeeieeeeee e
8-5 General System Clocks Select .......ooovvviiiiiiciiiiiieeeeeeeeeeeeeee,
8-6 Divided System Clocks Timing Diagram .........cccccoviriiiinieiiniiieeenn.
8-7 Clocks Timing For DFNH =1 (or DFNL =0) .....coociiiiiiiiieieeeeeeen
8-8 Clock Source FIow Chart ..........cooiiiiiiiiiiiieeeeeeeeeee e
8-9 MPC555 / MPC556 Low-Power Modes Flow Diagram ..................
8-10  Basic Power Supply Configuration ...........ccccccceeeiiiieiiiiiiiiiiiiiins
8-11 External Power Supply Scheme ........ccccoeeieeiiiiiiiiiiiieee,
8-12  Keep Alive Register Key State Diagram .........cccccceeeiiiiiiiiniienee.
8-13 No Standby, No KAPWR, All System Power On/Off .....................
8-14 Standby and KAPWR, Other Power On/Off .......ccccccciiiiiiiiiiieeee,
MPC555 / MPC555 LIST OF FIGURES

USER’S MANUAL Rev. 15 October 2000
For More Information On This Product,

Go to: www.freescale.com

Page
Number

MOTOROLA
XXX



Freescale Semiconductor, Inc.

Figure

Number

9-1 Input Sample WINdOW ........coooiiiiiecereeee e
9-2 MPC555 / MPC556 Bus Signals .........ccceeeiiiiiiiieieeeeeeeeee e
9-3 Basic Transfer ProtoCol ..o
9-4 Basic Flow Diagram of a Single Beat Read Cycle ...............cc.....
9-5 Single Beat Read Cycle—Basic Timing—Zero Wait States ...............
9-6 Single Beat Read Cycle—Basic Timing—One Wait State ..................
9-7 Basic Flow Diagram of a Single Beat Write Cycle ..............cccuuue
9-8 Single Beat Basic Write Cycle Timing, Zero Wait States ................
9-9 Single Beat Basic Write Cycle Timing, One Wait State ...................

9-10  Single Beat 32-Bit Data

Write Cycle Timing, 16 Bit-Port Size ...
Basic Flow Diagram Of A Burst Read Cycle ........ccccooiiiiiiiiieinnnne.
Burst-Read Cycle—32-Bit Port Size—Zero Wait State ......................
Burst-Read Cycle—32-Bit Port Size—One Wait State .......................

9-11
9-12
9-13
9-14  Burst-Read Cycle—32-Bit Port Size—Wait States Between Beats
9-15
9-16
9-17

9-19  Non-Wrap Burst with Three Beats ...
9-20  Non-Wrap Burst with One Data Beat ..........ccoevvvvieeeiiieiiiiiiiiiiiies
9-21 Internal Operand Representation .........cccoeevviiiiiiiiieiccccceeee e,
9-22  Interface To Different Port Size Devices .......ccccoeeviiiiiiiiiiiiiiiiiinins
9-23  Bus Arbitration Flowchart ...
9-24  Masters Signals Basic Connection ..........cccccceiiiiiiiiiiiiciicicieiee
9-25  Bus Arbitration Timing Diagram ..........ccccoevoieeiiiiiiiiiiieeeeee
9-26  Internal Bus Arbitration State Machine ........ccccccceeeiiiiiiiiiiiiiiics
9-27  Termination Signals Protocol Basic Connection ................cccccnnnnees
9-28  Termination Signals Protocol Timing Diagram .........cccccceeiiiiiiiinnnes
9-29  Reservation On Local BUS .......ccccuuiiiiiiiiiiiiiiiiceeeeeeeeeeeeee e
9-30  Reservation On Multilevel Bus Hierarchy ..........cccooovvvvviviiiniiinn.
9-31 Retry Transfer Timing—Internal Arbiter ...........ccccoiiiiiiiiiiiiiiiiiee,
9-32  Retry Transfer Timing—External Arbiter ...........ccccoiiiiiiiiiiiiiiiiiie
9-33  Retry ON BUrst CYCle ....cooooieeieeeeeeeee e
9-34  Basic Flow of an External Master Read ACCESS ........cccoeveiiiiiiinnnes
9-35  Basic Flow of an External Master Write ACCeSS .........coovveviiveennnnnnnn.
9-36  Peripheral Mode: External Master Reads

from MPC555 / MPC556 — Two Wait States .............ooeeiiiiis
9-37  Peripheral Mode: External Master Writes to MPC555 / MPC556;

TWO Walit STates ...cccooieiiiiiee s
9-38  Flow of Retry of External Master Read Access ........cccccevvvveveevvnnnnnn.
9-39  Retry of External Master Access (Internal Arbiter) ...........ccccvvvneeee.
9-40 Instruction Show Cycle Transaction .........ccccccceeveviiieiiiieiiiccccee e,
9-41 Data Show Cycle Transaction ........cccccceeeviiieieeeeeeeee e
MPC555 / MPC555 LIST OF FIGURES

USER’S MANUAL Rev. 15 October 2000
For More Information On This Product,

Go to: www.freescale.com

Burst-Read Cycle, 16-Bit Port Size ...
Basic Flow Diagram of a Burst Write Cycle ........ccccceeiiiiiiiiiiiiiiinnns
Burst-Write Cycle, 32-Bit Port Size, Zero Wait States .....................
9-18  Burst-Inhibit Cycle, 32-Bit Port Size (Emulated Burst) ....................

Page
Number

MOTOROLA
XXXi



Freescale Semiconductor, Inc.

Figure Page
Number Number
10-1 Memory Controller Function Within the USIU ..........ccccoiiiiiiiiiiiie 10-1
10-2  Memory Controller BIock Diagram .........cooooiiiiiiiiiiiiiiiiiiieieeeee e 10-2
10-3  MPC555 / MPC556 Simple System Configuration ............cccccceiiiiiiiiienennns 10-3
10-4  Bank Base Address and Match Structure ............cccceeeeiieiiiiiiis 10-4
10-5 MPC555/ MPC556 GPCM-Memory Devices Interface .......cccccceeeeeeiiiinnnns 10-7
10-6  Memory Devices Interface Basic Timing

(ACS = 00, TRLX = 0) tetttiiiiiiiiiieeee et e e e e s 10-8
10-7  Peripheral Devices Interface ... 10-9
10-8  Peripheral Devices Basic Timing

(ACS = 11, TRLX = 0) teeeiiiiiiiiiieeee ettt 10-9
10-9  Relaxed Timing—Read Access

(ACS =11,SCY =1, TRLX = 1) ittt 10-11
10-10 Relaxed Timing—Write Access

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

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

(ACS=00,SCY =0,CSNT =1, TRLX =1 .o 10-14
10-13 Consecutive Accesses (Write After Read, EHTR =0) ...cccooeeiiiiiiiiiiiiiins 10-15
10-14 Consecutive Accesses (Write After Read, EHTR =1) ..o, 10-16
10-15 Consecutive Accesses

(Read After Read From Different Banks, EHTR =1) ......cccoeiiiiiiiiiiinnnns 10-17
10-16 Consecutive Accesses

(Read After Read From Same Bank, EHTR = 1) ..o, 10-18
10-17 Aliasing Phenomena [llustration ... 10-23
10-18 Synchronous External Master

Configuration For GPCM-Handled Memory Devices ..........ccccccovvuiieennn. 10-25
10-19 Synchronous External Master Basic Access (GPCM Controlled) .............. 10-26
11-1 L2U Bus Interface Block Diagram ..........ccoeoeeiiiiiiiiiiiiiiiieeeee e 11-2

-2 DMP Basic Functional Diagram ............uueuueeeiiiiiiie e 11-4

11-3  Region Base Address EXample ... 11-6
12-1 UIMB Interface Module Block Diagram ... 12-2
12-2  IMB Clock — Full-Speed IMB BUS ........cooeiiieeeeeeeree e 12-3
12-3  IMB Clock — Half-Speed IMB BUS .........ccooiiiiiiiieeiieeeeeee e 12-3
12-4  Interrupt Synchronizer Signal FIOW ..o 12-4
12-5  Time-Multiplexing Protocol for IRQ pins ........cocoiiiiiiiiiiiiiee e 12-5
12-6  Interrupt Synchronizer Block diagram ... 12-6
13-1 QADCG4 BIOCK DI@Qram ......ccccueiiieeiiiiiieeee e 13-1
13-2  QADC®64 Input and Output Signals .........ccccceiiiiiiiiiiee s 13-3
13-3  Example of External MUltipleXing ........ooooiiiiiiiiiiiieeeeeeeeee e 13-10
13-4  QADCG64 Module BIOCK Diagram ...........cccveeeeiiiiiiiiiiee e 13-12
13-5  ConVersion TIMING ..oooooiiiiiiee e e e e s nneeeee e e 13-13
13-6  Bypass Mode Conversion TimMiNg ........coocoiiiiiiiiiiiiiiiiieieeeeee e 13-13
MPC555 / MPC555 LIST OF FIGURES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXXii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Figure

Number

13-7  QADC64 Queue Operation with Pause ..........cccccccveeeeiiviiiennnnnnnn.
13-8  QADCG64 Clock Subsystem Functions ...........ccccccuiiiiiiiiieeiinnnnnnnnn.
13-9  QADCG64 Clock Programmability Examples ...........ccoccviiiniiinneen.
13-10 QADCG64 Interrupt Flow Diagram ...........ccccoeveiiiiiiiiieeeee e
13-11 Interrupt Levels on IRQ with ILBS ...,
13-12 QADCG64 Conversion Queue Operation ...........ccoccveeeeeeiiiiniiieennn.
14-1  QSMCM Block Diagram ........cccocccieiieeriiiiiieeee e
14-2 QSMCM Interrupt LEVEIS ....ooovvevieeieeieeeeeeeeeeeeeeee e
14-3  QSPI Interrupt Generation ..o
14-4  QSPI Block Diagram ..........ccoeeiiiiiimmieeeieiiieeee e
14-5  QSPIRAM ...t
14-6  Flowchart of QSPI Initialization Operation ...........cccceeveeviiiennnnnnn.
14-7  Flowchart of QSPI Master Operation (Part 1) .......ccccceeevveiininnnnnn.
14-8  Flowchart of QSPI Master Operation (Part 2) ........cccccvveveveeennennnn.
14-9  Flowchart of QSPI Master Operation (Part 3) ........ccccceveeeeennnnennnn.
14-10 Flowchart of QSPI Slave Operation (Part 1) ......ccccceeiveeeiiiennnnnnnn.
14-11  Flowchart of QSPI Slave Operation (Part 2) ........ccccccveeeveeeeennnnnn.
14-12  SCI Transmitter Block Diagram ..........coooovviiiiiiiiiiiiiieieeccceee e
14-13 SCI Receiver Block Diagram ........ccccceeeeeiiiiiiiiiiiiieeeeeeeeeeeee e
14-14  Start Search EXample .......cooovvveeeiiiiiiieieeeeeee e
14-15 Queue Transmitter Block Enhancements .........ccccccoevveiiiiiinnninnn,
14-16  Queue Transmit FIOW .........coiiiiiiiieeeeeeeee e
14-17 Queue Transmit Software FIOW ...........ccccciiiiiiiiiiiieeeeeeee
14-18 Queue Transmit Example for 17 Data Bytes ........ccccceevveieeinnnnnn.
14-19 Queue Transmit Example for 25 Data Frames ..........cccccveeveeennnn.
14-20 Queue Receiver Block Enhancements .........ccccccvevveieieeviiiiennennnn.
14-21  Queue ReceivVe FIOW ...
14-22 Queue Receive Software FIOW ...........coooiiiiiiiiiiiieeeeen
14-23 Queue Receive Example for 17 Data Bytes .........ccccceeviviiiineeenn.
15-1 MIOS1 BIOCK Diagram ........coooeeiiiiiiiiiiiiieeee e
15-2  MIOST MemOry Map ...t
15-3  MCPSM BIOCK Diagram .......ccceeviiiiiiiiiiiiiiiiiieieeeeeeeeeee e
15-4  MMCSM BIOCK Diagram .......cooooeiiiiiiiiiiiiiiiiieieeieeeeee e
15-5  MDASM BIloCk Diagram .........coooioieiieriiiiiieeee e
15-6 MPWMSM Block Diagram ........cccceeeiiiiiiiiiiieiieeeeieeeeee e
15-7  MPIOSM One-Bit Block Diagram ...........ccccoiiiiiiiiiiiiiieieeeeeeeeeee
15-8  MIOS Interrupt StrUCIUIE .....oeeiiiiiieeieieeee e
15-9  MIOS1 Example: Double Capture Pulse Width Measurement
15-10 MIOS1 Example: Double Capture Period Measurement ..............
15-11  MIOS1 Example: Double Edge Output Compare ......cccccceeeeeenn....
15-12 MIOS1 Example: Pulse Width Modulation Qutput ........................
16-1  TOUCAN BIlock Diagram ........c.ooocoeiiiieiiiiiieeee e
16-2  Typical CAN NEtWOIK ......ovvueeiiiiiiiie e
MPC555 / MPC555 LIST OF FIGURES

USER’S MANUAL Rev. 15 October 2000
For More Information On This Product,

Go to: www.freescale.com

Page
Number

MOTOROLA
XXXiii



Freescale Semiconductor, Inc.

Figure

Number

16-3  Extended ID Message Buffer Structure ..........ccccoeeeeeeeeiiiinnn,
16-4  Standard ID Message Buffer Structure ...........ccccveevieeiiiiininnnnnnn.
16-5  Interrupt levels on IRQ with ILBS ...
16-6  TouCAN Message Buffer Memory Map ........cccccimiiiiiiiiiiiiiinieeeee,
17-1 TPUS BIOCK Diagram .......ccoooiiiiiiii et
17-2 TPUS INterrupt LEVEIS ....coveiiiieeeeee et
17-3  TCR1 Prescaler CONrol ........ccoviiiiiiiiiiiiiiiieeeeeeeeeeee e
17-4  TCR2 Prescaler Control ...
18-1 DPTRAM Configuration ..........ccccciiiiiiiiiiiiieeeeee e
18-2  DPTRAM Memory Map .....oooeeiiiiiiiiiiiiiieeiee e
19-1 CMF Array and Control Register Addressing .......ccccceeeeeeeeniieeeennnnn.
19-2  Shadow INnformation ...
19-3  Program State Diagram ...
19-4  Erase State Diagram ...
19-5  Pulse Status Timing ........oeeeiiiiiiiiie e
19-6  Censorship States and Transitions ...........ccccovvvveiiiiicicccieeee e,
19-7  EPEE Digital Filter and LatCh ...,

19-8  CMF_EPEE Timing Diagram ...
19-9 VPP and VDDL Power SWitChing .........coooiiiiiiiiiiiieieeieeeceeeeeee e

19-10 VPP Conditioning CirCUIt ........ccooeiiiiiiiiiiiiiiiieiieeeeeeeeee e
20-1 SRAM BIOCK Diagram .......ceeeeiiiiiiiiiieieeeeeiriirie et
20-2  SRAM MEMOIY MapP ..ccoeeeeeiieiiiieie et e e e e
21-1 Watchpoints and Breakpoint Support in the CPU ..........ccooevvnvnnn.
21-2  Partially Supported Watchpoint/Breakpoint Example ......................
21-3  Instruction Support General Structure ..........ccccceveeeeeeiieeeieiiieeiiiiin,
21-4  Load/Store Support General Structure ..........ccceeeeeeeiiiiiiiiiiiniiiiins
21-5  Functional Diagram of MPC555 / MPC556 Debug Mode Support

21-6  Debug MOde LOGIC ..eeviiiiiiiiieeiiieeeeeee it
21-7  Debug Mode Reset Configuration ............ccccuueiieiiiiiiiiiiinneeies

21-8  Asynchronous Clock Serial Communications ...........cccccceeiiieieeeeeennn.
21-9  Synchronous Self Clock Serial Communication ...........c.cccocceeernee

21-10 Enabling Clock Mode Following Reset ........ccccoviieeeiiiiiiiiiiiiiiiis
21-11  Download Procedure Code Example .......ccccoovviviiiiiiiiiiiiieeeeeeeeee,
21-12  Slow Download Procedure LOOP ......ccccccvvriiiiiiiiiiieeeeeeeeeeeee e
21-13 Fast Download Procedure LOOP .....ccoovvieeiiiiiiiiiiiiiieeeeeeeeicee e
22-1 JTAG PiNS it e e e e e e e e
22-2  Test Logic Block Diagram ............cooeiiiioniiieeiieieeeeeeeee e
22-3  TAP Controller State Machine ...........ccooiiiiiiiiiiiiiieee s
22-4  Bypass RegiSter ...
22-5  Output Pin Cell (O.PiN) oeeeeeeeeeeeeeee e
MPC555 / MPC555 LIST OF FIGURES

USER’S MANUAL Rev. 15 October 2000
For More Information On This Product,

Go to: www.freescale.com

Page
Number

MOTOROLA
XXXiV



Freescale Semiconductor, Inc.

Figure Page
Number Number
22-6  Observe-Only Input Pin Cell (ILODS) .....coeeeeieeeeeceee e, 22-8
22-7  Output Control Cell (IO.CTL) uuuuecieiiiiee e e e e e e e e e e eennees 22-9
22-8  General Arrangement of Bidirectional Pin Cells ... 22-9
D-1 It O IV, =T 0 0T YA 1 =T o R D-1
D-2 PTA Parameters .....coooouuiiiiieeeie ettt e e e et e e e e e e e e e e eaeees D-5
D-3 (@10 | =T =10 0= (= D-7
D-4 TSM Parameters — Master MOdE .........ooooovieeiiiiiiicccee e D-9
D-5 TSM Parameters — Slave MOAE .........evviiiiriiiiiiieiiee e D-10
D-6 FQM Parameters .......uuueueiiiiiie e i ettt s e e e e e e e e e e e e ee e e eeeeaannn s D-12
D-7 UART Transmitter Parameters .........ccoooiiiiiiiiiiniiiieiie et e D-14
D-8 UART Receiver Parameters ... D-15
D-9 N IO =T =10 0= (= D-17
D-10 COMM Parameters (Part 1 0f 2) ....coooieiieeeeeee e D-19
D-11 COMM Parameters (Part 2 0f 2) ..oooveeeiiiieeeeeeeeeeeeeeeeer e D-20
D-12  HALLD Parameters ........cooiiiiiiiiiiieeeeeiiee ettt e et e e ee e D-21
D-13 MCPWM Parameters — Master MOde ...........cciiiieeiiiiiiiieeeeeeeeee D-23
D-14 MCPWM Parameters — Slave Edge-Aligned Mode ...........cccoceeeiiiiiiieeennn. D-24
D-15 MCPWM Parameters — Slave Ch A Non-Inverted

Center-AlIgNed MOTE ... e D-25
D-16 MCPWM Parameters — Slave Ch B Non-Inverted

Center-AlIgNed MOTE .......uiiiiiiei e D-26
D-177  MCPWM Parameters — Slave Ch A Inverted

Center-AlIgned MO ........ooiiiiieie e D-27
D-18 MCPWM Parameters — Slave Ch B Non-Inverted

Center-AlIgNed MOTE ... e D-28
D-19 FQD Parameters — Primary Channel ... D-30
D-20 FQD Parameters — Secondary Channel ............ccccciiiiiiiiiiiiiiiiieeeeeeeeee D-31
D-21 PPWA Parameters ......ccoooiiiiiiiiiiiieiii ettt e e e e e e e eees D-33
D-22  OC Parameters .....ccoooiiiiiieeiee ettt e e e e s s e e e e e e e e e e e eeas D-35
D-23  PWM Parameters ...t D-37
D-24  DIO Parameters ......ouuuuuuumiiiiiiiee i e ettt e e e e e e e e e e e e D-39
D-25 SPWM Parameters, Part 1 0f 2 .....oooueeiiiie e D-41
D-26  SPWM Parameters, Part 2 0f 2 ....oooeiiieiiieeeeeeeeeeeee e D-42
D-27  RWTPIN Parameters .....ccooooeiiuiiiiiiiiiie ettt a e e e e e eeees D-44
D-28 D Parameters .....ccoooooiiiiiiieeeec e D-46
D-29  Two Possible SIOP Configurations ...........oooooiiiiiiiiiiiiiiiieeeeee s D-47
D-30  SIOP Parameters .......uuuueuiiiiiiiie ettt s e e e e e e e s D-49
D-31  SIOP Function Data Transition EXample .........cccccoiiiiiiiiiiiiiieeeeee e D-53
E-1 MPC555 / MPC556 Family Power Distribution Diagram — 3V .........cc........ E-2
E-2 MPC555 / MPC556 Family Power Distribution Diagram — 5 V and Analog ..E-3
E-3 Crystal Oscillator CirCUIt .........cooviieeeeeerre e E-4
E-4 R O 1 C=Y = 4] o] = PP E-5
E-5 Bypass Capacitors Example (Alternative) .........ccccveeeeiiiiiiiiieie s E-6
E-6 R O 1 C=Y = 4] o] = PP E-6
MPC555 / MPC555 LIST OF FIGURES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXXV

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Figure Page
Number Number
E-7 LC Filter Example (ARErNAtive) .....oooeeeeeeiiiiiiieii e E-7
E-8 PLL Off-Chip Capacitor EXample .......ccooeeiiiiiiieeiiieee e E-7

-1 CLKOUT TIMING tettiiieeieiiiiie et eee e et e e e e e e s e e e e s snnsaeee e e s ennnneeeeeeeaans G-16
-2 External CloCK TiMING ....cooeiiiiiiiiiiiiii e G-23
-3 Synchronous Output Signals Timing .........eceeioriiiiiiiie e G-24
-4 Synchronous Active Pull-Up and Open Drain Outputs Signals Timing ....... G-25
-5 Synchronous Input Signals TimiNgG ... G-26
-6 Input Data Timing in Normal Case ........ccccceiiiiiiiiiiii e G-27
-7 External Bus Read Timing (GPCM Controlled — ACS =‘00’) .......cccvvveeeeee. G-28
-8 External Bus Read Timing (GPCM Controlled — TRLX = ‘0’ ACS =“10’) .. G-29
-9 External Bus Read Timing (GPCM Controlled — TRLX = ‘0’ ACS =‘11") .. G-30
-10  External Bus Read Timing

G
G
G
G
G
G
G
G
G
G

(GPCM Controlled — TRLX = “1’, ACS = “10’, ACS = “11") .ceeiiiiieiiiiees G-31
G-11  Address Show Cycle Bus TiMiNG .....cccueeiiiiiiiiiiiiiee e G-32
G-12  Address and Data Show Cycle Bus TimiNg ........ceeeeeiiiiiiiiiiiiiiiiiiiiieeeee, G-33
G-13  External Bus Write Timing (GPCM Controlled — TRLX = ‘0’, CSNT = ‘0’) . G-34
G-14  External Bus Write Timing (GPCM Controlled — TRLX = ‘0’, CSNT = ‘1’) . G-35
G-15  External Bus Write Timing (GPCM Controlled — TRLX = “1’, CSNT = 1") . G-36
G-16  External Master Read from Internal Registers Timing ..........ccoooeiiiiiiiinnnee. G-37
G-17  External Master Write to Internal Registers Timing ........ccccccoeeiiiiiieeerinnee. G-38
G-18 Interrupt Detection Timing for External Level Sensitive Lines ...........cccc...... G-39
G-19 Interrupt Detection Timing for External Edge Sensitive Lines ..................... G-40
G-20 Debug Port Clock Input Timing .......oooueeiiiiiiiiiieee e G-41
G-21  Debug Port TIMINGS .ocooiiiieeieee e G-42
G-22  Reset Timing — Configuration from Data Bus ..........ccccccoeiiiiiiiiiiiiciiiiiiee, G-44
G-23 Reset Timing — Data Bus Weak Drive During Configuration .................... G-45
G-24  Reset Timing — Debug Port Configuration ............cccoooiiiiiiiiiiiiiiiieeeeeeee, G-46
G-25 JTAG Test Clock Input TimiNg ....coooeiiiiiiiiieeeeeeeeeee e G-48
G-26 JTAG — Test Access Port Timing Diagram .........ccccoiiiiiieiieiiiieeee e G-49
G-27 JTAG — TRST Timing Diagram .......cccccouiiiiiiiieiiieeeee e G-50
G-28 Boundary Scan (JTAG) Timing Diagram ..........cceeeeiiiiiiiiiiinniiiiciieeeeeee G-51
G-29 QSPITiming — Master, CPHA =0 ...t G-55
G-30 QSPITiming — Master, CPHA =1 ... G-55
G-31 QSPI Timing — Slave, CPHA = 0 ..o G-56
G-32 QSPITiming — Slave, CPHA =1 .. G-56
G833  TPUSB TIMING .eeeiiiiiiiieiiiie ettt e e e snne e e ans G-58
G-34 MCPSM Enable to vs_pclk Pulse Timing Diagram ...........ccooeeiiiiiiiiiiinnnee. G-59
G-35 MPWMSM Minimum Output Pulse Example Timing Diagram .................... G-60
G-36  MCPSM Enable to MPWMO Output Pin

Rising Edge Timing Diagram ..........cooiiiiiiiiiiiiiii e G-61
G-37 MPWMSM Enable to MPWMO Output Pin

Rising Edge Timing Diagram ..........cooiiiiiiiiiiiiiii e G-61
G-38 MPWMSM Interrupt Flag to MPWMO Output Pin Falling Edge

TiMING DIAGIAM ... G-62
G-39 MMCSM Minimum Input Pin (Either Load or Clock)
MPC555 / MPC555 LIST OF FIGURES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXXV

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Figure Page
Number Number

TiMING DIQQIAM ....eiiiiiiiiiieieee e G-63
G-40 MMCSM Clock Pin to Counter Bus Increment

TiMING DIGIaM ...t G-63
G-41 MMCSM Load Pin to Counter Bus Reload Timing Diagram ....................... G-63
G-42 MMCSM Counter Bus Reload to Interrupt

Flag Setting Timing Diagram ..........occueeiiiiiieiee e G-64
G-43 MMCSM Prescaler Clock Select to Counter Bus Increment

TiMING DIQQIAM ..o G-64
G-44 MDASM Minimum Input Pin Timing Diagram ..........ccccccoeeeeeiiniieeeeee e G-65
G-45 MDASM Input Pin to Counter Bus Capture

TiMING DIAQIAM ..o G-66
G-46 MDASM Input Pin to MDASM Interrupt Flag

TiMING DIQQIAM ....eiiiiiiiiiieieee e G-66
G-47 MDASM Minimum Output Pulse Width

TiMING DIAGIAM ..o G-66
G-48 Counter Bus to MDASM Output Pin Change

TiMING DIAQIAM ....eiiiiiiiiieie e G-67
G-49  Counter Bus to MDASM Interrupt Flag Setting

TiMING DIAQIAM ...eeiiieiiiiiieeeee e G-67
G-50 MPIOSM Input Pin to MPIOSM_DR (Data Register)

TiMING DIAGIAM ..o G-68
H-1 Typical Program Time vs. Vpp and Temperature

(for CDR1 “Target” PrOCESS) ...ccviiiiiieiieiiii ettt ee e e e e e e e e e e e e e H-2
MPC555 / MPC555 LIST OF FIGURES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXXVii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Figure Page
Number Number
MPC555 / MPC555 LIST OF FIGURES MOTOROLA
USER'S MANUAL Rev. 15 October 2000 XXXViii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table LIST OF TABLES Page
Number Number
2-1 MPC555/ MPC556 Pin Functions for 272-Pin PBGA ..........coooiiiiiiiiiccceeeee 2-4
2-2 Pin Functionality Table ... 2-7
2-3 PDMCR Bit DESCHPHONS. ...cciiiiiieieeeeeeeeiie et e e e e 2-29
2-4 Pin RESEt StAt.....uuuiiiiiiiiiiiiiie e 2-32
2-5 Pad Groups Based on 3-V / 5-V SeleCt.........uuuuiiiiiiiiiiiiiiiiieeeeee 2-57
2-6 Pin Names and AbDbreviations .............eeiioii e 2-58
3-1 RCPU EXECULION UNIS....cciiiiiiiiiiiii ittt 3-5
3-2 SUPEIVISOI-LEVEI SPRS......cci oot e e e 3-9
3-3 Development SUPPOIt SPRS......cccoiiiiiieieieeeee ettt 3-11
3-4 FPSCR Bit Categori€s ....cccuuiiiiiiiiiii ettt 3-13
3-5 FPSCR Bit DESCHPONS....cciiiiiiiieiie e 3-14
3-6 Floating-Point Result Flags in FPSCR...........coooi e 3-15
3-7 Bit Descriptions for CRO Field of CR .......uuiiiiiiiiieceeeeeeeee e 3-16
3-8 Bit Descriptions for CR1 Field of CR ... 3-17
3-9 CRn Field Bit Descriptions for Compare Instructions .............ccccooeeeeeeccccnnninnnen. 3-17
3-10 Integer Exception Register Bit Definitions ... 3-18
3-11 Time Base Field Definitions (Read Only).........coeeeviieieieiiiiiiiiecceeeeeeeeeee 3-19
3-12 Machine State Register Bit DESCHPLONS .......cooiiiiiiiiiieiiieieee e 3-21
3-13 Floating-Point Exception Mode BitS.............oiiiiiiiiieee e 3-22
3-14 Time Base Field Definitions (Write Only) ... 3-23
3-15 Uses of SPRGO-SPRG3 .......ccooiiiiiiiiteee ettt e e eeeee s 3-25
3-16 Processor Version Register Bit Descriptions ... 3-26
3-17 EIE, EID, AND NRI ReQISIErs .....cooiiiieeieeeeee e 3-26
3-18 FPECR Bit DeSCHPONS....ccciiiiieiee et 3-27
3-19 Instruction Set SUMMAIY .....cccooiiiiee e 3-29
3-20 MPC555 / MPC556 EXCeption ClaSSES .......uuuuiiiiiiiiiiiieieeeeeeieeeeeeeceeeveeeeeeeees 3-34
3-21 Exception Vector Offset Table .......coooveeeeiieiiiiiieeeee e 3-36
3-22 Instruction Latency and Blockage...........ouuueeiiiiiiii e 3-38
3-23 Floating-Point Exception Mode ENCOdiNg........ccovviiiiiiiiiiiiiiieeeeeee 3-43
4-1 Exception Addresses Mapping by BBC ... 4-18
4-2 Region Base Address Registers RBA[O:1] .....uuuiiiiiiiiiiiiiiiiiie e 4-20
4-3 Region Attributes RegiSters ... 4-20
4-4 BBC Module Configuration Register.........ccooouuiiiiiiiiiii e 4-20
4-5 MI_RBA[0:3] Bit DESCHPLIONS ..ceevtiiiiiiieeee e eeaeeeanees 4-21
4-6 MI_RAJ[0:3] Registers Bits DesCrption........ccccuuuuiiiiiiiiiiiiiiiie e 4-22
4-7 MI_GRA Bit DESCIIPHIONS ...c.ceeeieieeiceee e e e e e e e e e e e e e e eeaeannnens 4-23
4-8 BBCMCR Bit DESCHIPLONS ...ceiiiiiieeieeeieeie et e e e e e e e e 4-24
o U ST L0 IV (o [ =TT Y =1 o 5-3
5-2 USIU Special-Purpose RegISters. ... 5-6
5-3 PowerPC Address RanQe........coooiiiiiiiiiiiiiie ettt 5-6
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 XXXIiX

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Table
Number

6-1 USIU Pins Multiplexing Control...........cccccouiiiiiiiiiiiiieeeeeeeeeeeeeeeeee
6-2 SGPIO Configuration ..........oooiiiiiiiiiieee e
6-3 Priority of Interrupt SOUrCes ...........ueiiiiiii e
6-4 Decrementer Time-Out Periods.........cccuuuiiiiiiiiiiiiiiiiieeeeeeeeeeeeee
6-5 SIUMCR Bit DeSCriptions........oooveiiiiiiiiiieee e
6-6 Debug Pins Configuration...............eeeiiiiiiiiiiiie e
6-7 Debug Port Pins Configuration ...........cccuuuiiiiiiiiiiieeees
6-8 General Pins Configuration............cccuuiiiiiiiiiiiiiee s
6-9 Single-Chip Select Field Pin Configuration............ccccceeiiiiiiiiieenennne
6-10 Multi-Level Reservation Control Pin Configuration...........................
6-11 IMMR Bit DEeSCIPLONS .....uoiiiiiiiiiee et
6-12 EMCR Bit DeSCrptioNS .....cccoeeeeeeeecciieeeeeeee e
6-13 SYPCR Bit DescCriptions ........ccovviiiiiiiiieeeee e
6-14 SWSR Bit DescCriptions.......ccooeveiieeiicieeee e
6-15 TESR Bit DESCrIPONS ..ccoeeeiieeeee e
6-16 TBSCR Bit Descriptions........cooveeiiiiiiicieeee e
6-17 RTCSC Bit DeSCriptions ........ccoeiiiiiiiiiiiiieee e
6-18 PISCR Bit DesCriptions.........coooiiiiiiiiiiiiiieeeeeeeee e
6-19 PITC Bit DeSCHPIONS....cccc i e
6-20 PIT Bit DESCHPUONS ..cceveiiiiiieeeice e
6-21 SGPIODT1 Bit DeSCriptioNS.....ccccciiviiiiiiiiieieeee e
6-22 SGPIODT2 Bit DeSCriptions........cccveiiiiiiiiiiieiee e
6-23 SGPIOCR Bit DeSCriptionS ......cccuvvvvuiiiiiieee e
6-24 Data Direction CONtrol .........ccooeiiiiiieeeeee e

7-1 Reset Action Taken For Each Reset Cause........cccccvveeeeiiiiiiiiiiiicins
7-2 Reset Configuration Word and Data Corruption/Coherency...............
7-3 Reset Status Register Bit Descriptions............uueevveeeeiiiiiiniiiiiiiiias
7-4 Reset Configuration Options..........oocciiiiiiiiiiiiiiieeeeee s
7-5 Hard Reset Configuration Word Bit Descriptions...............ccceeeenneee

8-1 Reset Clocks Source Configuration............cccuuveeiiiiieiinieinieis
8-2 TMBCLK DiVISIONS...cciiiiiiiieeiii ettt
8-3 Status of ClIOCK SOUICE .........cooeiiiiiiie s
8-4 Power Mode Control Bit DescCriptionS........ccccoeeeeeeeiiieeeeeeee e,
8-5 Power Mode DeSCriptions..........ooviiiiiiiiiiiiiieeeeee e
8-6 Power Mode Wake-Up Operation...........cccceeeeeieeeiieieeeeeeeeeeeen
8-7 Clock Unit PoOwer SUPPIY ....cooeeeeeeeeeeeeeer e
8-8 KAPWR Registers and Key Registers...........ouiiiiiiiiiiies
8-9 SCCR Bit DeSCHPLIONS.....coi e e e
8-10 PLPRCR Bit DeSCriptioNS .......cccviiiiiiiiiiiieie e
8-11 COLIR Bit DeSCriptions.........cooiiiieiiieiieeeeeeeee e
8-12 VSRMCR Bit DeSCriptioNS ......cccevviiiiiiiiiieeee e

9-1 MPC555 / MPC556 SIU Signals.........cccooiiiiiiiiiiiiiiieee e
9-2 Data Bus Requirements For Read Cycles...........ccoevveeveeeeeeieeveiiiinn

MPC555 / MPC556
USER’S MANUAL

LIST OF TABLES

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

MOTOROLA
xl



Freescale Semiconductor, Inc.

Table Page

Number Number
9-3 Data Bus Contents for Write CYCIES .......uueueuiiiiiee e 9-30
9-4 Priority Between Internal and External Masters over External Bus..................... 9-34
9-5 Burst Length and Order .........ooo i 9-36
9-6 BURST/TSIZE ENCOAING ..ccooiiiiiieieeetit ettt e s 9-37
O-7 AdAress TYPE PiNS.....cooiiiiiiii ettt e e et e e e e e ean e e e eeeees 9-37
9-8 Address Types Definition..........oooiiiiiiiiiiie e 9-38
9-9 Termination Signals ProtoCol...........coooiiiiiiiiiieeeee e 9-47
10-1 Timing AtrbUtES SUMMANY ....oooiiiiii e 10-6
10-2 Programming Rules for Strobes Timing.........ooooiiiiiiiiiiiiiiieeeeieeeee e 10-19
10-3 Boot Bank Fields Values After Hard Reset...........ccccuiiiiiiiiiiiiiiie 10-20
10-4 Write Enable/Byte Enable Signals FUNCHON .........oooiiiiiiiii e 10-21
10-5 Memory Controller ADAresSs Map ......cccoeeeeeieiiieeieeecce e 10-27
10-6 MSTAT Bit DESCIIPONS. .....euiiiiiiiiiieee e e e e e e e e e eeeeeeeeeaeenne 10-28
10-7 BRO — BR3 Bit DeSCHPONS ...cuiiiiiiiiiieeee e 10-29
10-8 ORO — OR3 Bit DESCIIPONS ....ceviiiiiiieeie e e e e e e e e e eeeeanannes 10-30
10-9 DMBR Bit DeSCHPONS ...t aeaaas 10-32
10-10 DMOR Bit DESCHPHONS ....uveiiiieiieie e e e e e e e e e e e e e e e e e e e 10-33
11-1 DMPU REQISIEIS ...ttt e e e e e e e eeeeeeeennees 11-6
11-2 Reservation SN0OP SUPPOM......coeiiiiiiieiice e e e 11-9
11-3 L2U_MCR LSHOW MOGES ....cceiiiiiiiiiaiiiei ettt 11-9
11-4 L2U Show Cycle Support Chart.........ccooooeeiii i 11-12
11-5 L2U (PPC) Register DECOUE. .....coiiiiiieeeeee ettt 11-12
11-6 Hex Address FOr SPR CYCIES......uiiiiiii et 11-13
11-7 L2U_MCR Bit DESCIIPONS ....uuttiiiieiie e et e e e e e e e e e e e e aeanannnaas 11-14
11-8 L2U_RBAX Bit DESCHPLIONS ...eeetiiiieee e e e ee e eeeeees 11-14
11-9 L2U_RAX Bit DESCIIPHONS ...vuiieiieieiieee e 11-15
11-10 L2U_GRA Bit DESCIIPLIONS ....vveiiiiie i e e e e 11-16
12-1 STOP and HSPEED Bit Functionality..............oouuuiiiiiiiiiiieeeeeeee, 12-2
12-2 Bus Cycles and System CIoCK CYCIES.........cooviiieiiiiiiieccieee e 12-3
12-3 ILBS Signal funCionality ...........oooiieeiiiiiiie e 12-5
12-4 IRQMUX FUNCHONAITY .....eviiiiiiiiiiiiiieeee e 12-5
12-5 UIMB Interface RegiSter Map ..o 12-7
12-6 UMCR Bit DESCIIPHIONS .....uviiiiiiiiiiieiiee e e e e e e e e e e e e e e e e enannes 12-8
12-7 UIPEND Bit DeSCHPUIONS ..ottt 12-9
13-1 Multiplexed Analog Input Channels ..o 13-5
13-2 Analog INPUt ChannNEIS .......oooiiiiiiii e 13-11
13-3 Queue 1 Priority ASSErtioN........cooiii oo 13-15
13-4 QADCG64 Clock Programmability ............coooiiiiiiiiiieiieee e 13-28
13-5 QADCG64 Status Flags and Interrupt SOUICeS.........ccvvveeeiiiiiiieeee e 13-30
13-6 QADCE4 AdAreSS MaAP ....ceveiiiiiiiiiiieieiee et e e e e 13-32
13-7 QADCB4MCR Bit DESCIIPLONS ....eeviiiiieieieeeei e 13-33
13-8 QADCGB4INT Bit DESCHIPLIONS....ceiiiiiiiiiiieiieii e 13-34
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xli

For More Information On This Product,
Go to: www.freescale.com



|

Freescale Semiconductor, Inc.
Table
Number

13-9 PORTQA, PORTQB Bit Descriptions ..........ccovvvvvieeiiiiiiciieeeeee e
13-10 DDRQA Bit DESCHPONS.....uutiiiiiiiiiiiieiieeeee e
13-11 QACRO Bit DeSCHPONS ....evviiiiiiiiiieeeeeeeeeeeecceeeee e
13-12 QACRT Bit DeSCHPONS ...oeeiiiiiiiiiiieieieeeeeee e
13-13 Queue 1 Operating MOdES .........cceuviiiiiiiiiiieee e
13-14 QACR2 Bit DeSCHPLONS .....cvveiiiiiiiiiiieeeeeee e
13-15 Queue 2 Operating MOdES .........ccevviiiieiiiiieee e
13-16 QASRO Bit DeSCriptioNS......cceiiiiiieiieiieieee e
13-17 QUEUE STAtUS.....ueiiiiiiiiiieeeeeeeee e
13-18 QASRO Bit DeSCriptiONS....ccciiiiiiiieiieieieeeee e
13-19 CCW Bit DESCHPLONS ....cevviiiieiiiieeee e

13-20 Non-Multiplexed Channel Assignments and Pin Designations

13-21 Multiplexed Channel Assignments and Pin Designations...............

14-1 QSMCM Register Map.......ocuuuiiiiiiiieieie e
14-2 QSMCM Gilobal REgIStErs ........ccciiiiiiiiiiieiieeeeee e
14-3 INTErruUPt LEVEIS ...
14-4 QSMCMMCR Bit DeSCHPtioNS.....ccvviiiiiieeieieeeeeceeeeeeeeeeeeee e
14-5 QDSCI_IL Bit DESCHPONS ...eevviiiiiiiiieiieieieeeee e
14-6 QSPI_IL Bit DeSCIHPLONS ....coviiiiiiiiieiiieeeee e
14-7 QSMCM Pin Control Registers ........c..ueiviiiiiiiiiiiieeee e
14-8 Effect of DDRQS on QSPI Pin Function............ccccciiiiiiiiiiiiiiiceeee,
14-9 QSMCM Pin FUNCLONS ....cuviiiiiiiiiiiieeeee e
14-10 PQSPAR Bit DeSCrptionS.....ccvvvviieieieieeeeeeeeeceeeeee e
14-11 DDRQS Bit DeSCHPONS.....uuttiiiiiiiiiiiiieieeeeee e
14-12 QSPI RegiSter Map........cccuueiiiiiiiiiiieeee et
14-13 SPCRO Bit DeSCrPtiONS.....cuviiiiiiiieieeeeee e
14-14 Bits Per Transfer..... ... e
14-15 SPCR1 Bit DeSCHPONS....cuvueeciiii e
14-16 SPCR2 Bit DeSCrPtiONS.....cuviiiiiiiiiieeeeee e
14-17 SPCRS3 Bit DeSCHPONS....cvviecieieeieie e
14-18 SPSR Bit DeSCHPLONS ....cvviiiiiiciieee e
14-19 Command RAM Bit Descriptions ...........ccoooiiiiiiiiiiiiieeeeeeeeeeeee
14-20 QSPI Pin FUNCHONS ....oviiiiiiiiiieiiee e
14-21 Example SCK Frequencies with a 40-MHz IMB Clock ...................
14-22 SCI REQISTErS. . ..
14-23 SCCXRO0 Bit DeSCHPIONS....uvueeiciieei e
14-24 SCCxR1 Bit DeSCHPtiONS.....uuveiiieee i
14-25 SCXSR Bit DESCHPONS ....ceveiiiiiiieiiee e
14-26 SCXSR Bit DeSCHPONS ....cvveeiiiiiieei e
14-27 SCI Pin FUNCHONS ...ttt
14-28 Serial Frame FOrmats........ccvviiieiiiiiiccec e
14-29 Examples of SCIx Baud Rates ......ccccoeeviieiiiiiiiiieecceeee e
14-30 QSCI1CR Bit DeSCrPtioNS......uuuiiiiiiiiiiiieieee e
14-31 QSCI1SR Bit DeSCHPONS .....eevviiiiiiiieieeeeee e
15-1 MIOST 1/O POIS ...ttt

MPC555 / MPC556
USER’S MANUAL

LIST OF TABLES

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

MOTOROLA
xlii



|

Freescale Semiconductor, Inc.
Table
Number

15-2 MBISM Address Map......coooeeiiiiiiiiiiiiee et
15-3 MIOST1TPCR Bit DeSCriptionS.......coeeiiieiiieeeeeeeeeeeee e
15-4 MIOS1VNR Bit DeSCrPONS .....cevviiiiiiiiiiiieeeeeeeee e
15-5 MIOSTMCR Bit DeSCIPHIONS ...vvvviiiiiiieie e
15-6 MBISM Interrupt Registers Address Map ........coooeeeciinviiiviieiieeeeeenn.
15-7 MIOST1LVLO Bit DeSCriptions ....cccvveeeeeeeieieeeeecceeeeeeeee e
15-8 MIOST1LVL1 Bit DeSCrPtiONS ...uvvveiieiiee e
15-9 MCPSM AdAress Map .....coouvuuuuiiiiiiiee et a e
15-10 MCPSMSCR Bit DeSCriptionS........ccoeeeeiiiiiciiieeeeeeeeeeee e
15-11 MMCSM AdAress Map.......couuuiuuiiiiiiieee e
15-12 MMCSMCNT Bit DesCriptions .........ccooiviiiiiiiieeircrr e
15-13 MMCSMML Bit DeSCrptioNS....cccvvviieeeeeieeieiieecceeeeeeee e
15-14 MMCSMSCR Bit Descriptions .......cccooeeeiviiiieeeeecre e

15-15 MMCSMCR CP and

MPWMSMSCR CP ValUES......coveeeiieeeeieeeee e
15-16 MDASM AdAreSS Map ...cccuvuuuuiiiiiiieieee et a e
15-17 MDASMSCR Bit DeSCrPtiONS.......uuiieeiiieieieeeeeeeeeeeee e
15-18 MDASM MOdE SEIECES.......oeeiiiiiiiieeeeee e
15-19 MPWMSM AdAress Map ......uueeuiiiieiiieeeeeeeeeeeeeeeeetre e
15-20 MPWMSMPERR Bit Descriptions..........cooovvviiiiiiiiiiiiiicii e
15-21 MPWMSMPULR Bit Descriptions..........ccoovcciiiiiiiiiiiiiieeeeee e
15-22 MPWMSMCNTR Bit Descriptions........cccooeeevvviieeeeeceeiee e
15-23 MPWMSMSCR Bit Descriptions.........ccoovviveeiiiiiiiicccie e
15-24 PWMSM Output Pin Polarity Selection...........cccccoviiiiiiiiiiiiieen.
15-25 MPIOSM AdAress Map ......ccouuuuuuiiiiiieeeeeeeeeeeee et e e
15-26 MPIOSMDR Bit DeSCHptioNS......cccooeiieeiiieeeeeeeeee e
15-27 MPIOSMDDR Bit DeSCHPiONS ....ccviviiiiiieieeeeeeiiieeeeeeeeeee e
15-28 MIRSMO AdAress Map.......couvuiieeiiiiiieee et
15-29 MIOS1SRO Bit DeSCHPtioNS........uuiieiieieie e
15-30 MIOST1ERO Bit DesCriptionsS.......ccuvviiiiiieeeeeiiieeeeecceeeeeeeeee e
15-31 MIOS1RPRO Bit DeSCHPiONS ......uueiieiiieieeeeeeeeeeeeere e
15-32 MIRSM1 Address Map.......couvuuueeiiiiiieee e
15-33 MIOS1SR1 Bit DesCriptionsS.......cccvviviiiiieeeiiiieeeeeeceeeeeeeeee e
15-34 MIOST1ER1 Bit DeSCHPtiONS.......uueiiiieeieieeeeeeeeeeeeeeee e
15-35 MIOS1RPR1 Bit DeSCHPONS ......vviiiieiiieeei e
15-36 MIOS1 Configuration ..o

16-1 Common Extended/Standard Format Frames..........ccccccccvviiinnnnnn.
16-2 Message Buffer Codes for Receive Buffers.........cccceeeeeeeeevninnnnnnnn.
16-3 Message Buffer Codes for Transmit Buffers............ccccccvivviiiiieeennnn.
16-4 Extended Format Frames............uiiiiiieiiiiiiiie e
16-5 Standard Format Frames........coovvveeeeiiiiiiic e
16-6 Receive Mask Register Bit Values............cccooiiiiiiiiiiiiiie
16-7 Mask Examples for Normal/Extended Messages...........ccccceeuvrneenn.
16-8 Example IMB Clock, CAN Bit Rate and S-Clock Frequencies..........
16-9 INTErrUPt LEVEIS ...

MPC555 / MPC556
USER’S MANUAL

LIST OF TABLES

Rev. 15 October 2000
For More Information On This Product,
Go to: www.freescale.com

MOTOROLA
xliii



|

Freescale Semiconductor, Inc.

Table Page

Number Number
16-10 TOUCAN ReQIStEr Map.....uueiiiiiiiiiiiiiiiiie ettt 16-21
16-11 TCNMCR Bit DESCHPHONS ....uuiiieie e e 16-23
16-12 CANICR Bit DESCHPHONS ....evveiiiiiiiieeeeee e e e e e e e 16-25
16-13 CANCTRLO Bit DeSCHPHIONS.....uiiiieiiee e e e e e e eeeeaeeaees 16-25
16-14 RX MODE[1:0] Configuration.........cccoouiiiiiiiiiiiiiiiieeeeieeeeee e 16-26
16-15 Transmit Pin Configuration .............c.eeiiio e 16-26
16-16 CANCTRL1 Bit DeSCHPHIONS ... ... e 16-27
16-17 PRESDIV Bit DESCIIPONS ....ueeiiiiieie et e e e e e e e eeeeaeeenes 16-28
16-18 CANCTRL2 Bit DESCHPONS....ciiiiiiiiiiieee e 16-28
16-19 TIMER Bit DeSCriplioNS......uu i 16-29
16-20 RXGMSKHI, RXGMSKLOQO Bit DeSCHPLiONS .........uuuiiiiiiiiiiiiieiieieeeeeeeeeeeeeeae 16-30
16-21 ESTAT Bit DESCHPLONS ....vviiiiiiiiiiieeeeeee e e e 16-31
16-22 Transmit Bit Error STatUS .......oeeeiiiiiiiiiiiieee e 16-32
16-23 Fault Confinement State ENCOdiNg ..........oooiiiiiiiiiiiiieieeeeee e 16-32
16-24 IMASK Bit DESCIIPHIONS. ...ueiiiiiiiiiieieeeeee e e e e e e e e e e e e e 16-32
16-25 [FLAG Bit DESCHPONS .cceeeeieeeeeee e e e e 16-33
16-26 RXECTR, TXECTR Bit DeSClPtioNS.......cccciiiiiiiiiiiiieieeeeeeeee e 16-33
17-1 Enhanced TCR1 Prescaler Divide Values...........ccccciiiiiiiiiiiiiiiiieeeee e 17-6
17-2 TCR1 Prescaler VAIUES .........uuuiiiiiiiiiiiie ettt 17-6
17-3 TCR2 Counter CIOCK SOUICE ......ccceiieeeeeeiiiieeeeceee et e e 17-7
17-4 TCR2 Prescaler CONtrOL..........uueiiiiiiiiiiiiii et 17-8
17-5 TPU3 RegiSter Map ......coooiiiiiiiiii e e e 17-9
17-6  TPUMCR Bit DESCHPHONS .....uviiiiiiiiiieieieee et 17-11
17-7 DSCR Bit DESCIIPONS. ...ccueiiiiiieiie e e e e e e e e e e e eeeeeaeaennnnaa 17-13
17-8 DSSR Bit DESCHPHONS...cceiiieieiiieieeee e e e e e e e e e e e e e eeeeaennnas 17-14
17-9 TICR Bit DESCHPONS ... e e e e e e e e e e e 17-15
17-10 CIER Bit DESCHPLONS ...ceeeieiiiiieiieei et e e e e e e e e ee e e e eeaeaennnas 17-15
17-11 CFSRX Bit DESCHPHONS ...eeviiieiiceeee e e e e e e eeaeaenes 17-16
17-12 HSQRX Bit DESCIIPHIONS. ....uviiiiiiiiiieieeeee e e e e e e 17-17
17-13 HSSRX Bit DESCHPLIONS ...eviiiiiiieiieeee e e e e e e e e 17-18
17-14 CPRX Bit DESCIPHIONS ..ceveeeiiieceieee et e e e e e e e eaaeannes 17-18
17-15 Channel PriOMIES ..ot e e 17-19
17-16 CISR Bit DESCHPLIONS ...ceeeieiiiiiiiieie e e e e e e e e e ee e e e e aeaennnas 17-19
17-17 TPUMCR2 Bit DESCHPLIONS ....vuiiiiiiee i e e e e e e e e e eeaeennes 17-20
17-18 Entry Table Bank LOCAtioN..........coooiiiiiiiiii e 17-21
17-19 IMB Clock Frequency/Minimum Guaranteed Detected Pulse ....................... 17-21
17-20 TPUMCRS3 Bit DESCIIPLONS ....uuiiiiiieeiei e e e e e e e e e 17-21
17-21 Parameter RAM Address Offset Map .......coooviiiiiiiiiiiiiiieeeeeeeeee e 17-22
18-1 DPTRAM RegiSter Map ....ccueuuuiiiiiiiiiie e e e eeaeees 18-3
18-2 DPTMCR Bit DESCHPHONS ....evvviiiiiiiiieieie e 18-4
18-3 RAMBAR Bit DESCIIPHONS ....uuiiiiiiiiiiee e 18-5
19-1 CMF Register Programmer’'s MOdel ...........oocuueiiiiiiiiiiiieiiiee e 19-5
19-2 CMFMCR Bit DESCHPONS....cvitiiiiceii e e e e e e e 19-6
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xliv

For More Information On This Product,
Go to: www.freescale.com



|

Freescale Semiconductor, Inc.

Table Page

Number Number
19-3 CMFTST Bit DESCHPHONS ....evvtieiiiieiee e e e e e e e e e e e e eeeeeeeannnees 19-8
19-4 CMF Programming Algorithm (v6 and Later)..........ccccuumiiiiiiiiieiiieieee s 19-8
19-5 CMF Erase AIGOrithM (V6) .....ceeeiiieiieiee e e e e e e e 19-9
19-6 CMFCTL Bit DESCHPHONS ....vvviiiiieiii e e e e e e e e e e e eeenannnaas 19-10
19-7 EEPROM Array AdAreSSiNg....ccuueiiiiaiiiieiiie ettt ee e e e e e e e e e e e 19-12
19-8 CMF EEPROM Array Address Fields ..........ccuueiiiiiiiiiiiiiiiiieeee e 19-12
19-9 Program Interlock State DescCriptions ..........cooooiiiiiiiiiiiiiiieeee e 19-21
19-10 Results of Programming Margin Read............coooiiiiiiiiiiiiiiieeeeeeeeeeeeee 19-22
19-11 Erase Interlock State Descriptions..........ooocciiiiiiiiiieeeeee e 19-26
19-12 System ClOCK RANGE .......uuiiiiiiiiiiiieiieeeee e 19-28
19-13 Clock Period Exponent and Pulse Width Range ..., 19-29
19-14 Censorship CoNtrol BitS........uuiiiiiiiiieeieeie e 19-31
19-15 Levels of CeNSOISNIP ....covveiiiiiiiieee e e e e e e e e e e e eaeeanes 19-32
19-16 CMF EEPROM Devices Modes and Censorship Status ...........ccccoevvvveninnns 19-33
19-17 NVM FUSE SEAtES.....ueeiiiiiiiiiiiieeeeeeee et 19-34
20-1 SRAMMCR Bit DESCHPONS ...uvveiiiiieee e e e e e e e e e e e e e enanees 20-3
21-1  VF Pins Instruction ENCOAINGS .......uuuuuiiiaeiee e 21-3
21-2 VF Pins Queue FIuSh ENCOTINGS......cccoiiiiiiiiiieiiieiiie e 21-4
21-3 VFLS Pin ENCOINGS ... uuuiiiiieee ettt 21-4
21-4 Detecting the Trace Buffer Start Point...........ccceeeiiiie 21-7
21-5 Fetch Show Cycles CONIIOl ........evuieiiieeiee e e e e e e eeeeees 21-8
21-6 Instruction Watchpoints Programming Options ...........ccccoiiiiiiniiiiiiiieeeeeee 21-17
21-7 Load/Store Data EVENtS.........coooiiiiiiii 21-18
21-8 Load/Store Watchpoints Programming Options ..........ccccoeeiiiiiieeeiiiiiiieeee e 21-19
21-9 The Check Stop State and Debug Mode............ooccuiiiiiiiiiiiiiiieeieeeee e 21-29
21-10 Trap Enable Data Shifted into Development Port Shift Register ................... 21-38
21-11 Debug Port Command Shifted Into Development Port Shift Register ........... 21-38
21-12 Status / Data Shifted Out of Development Port Shift Register...................... 21-39
21-13 Debug Instructions / Data Shifted Into Development Port Shift Register....... 21-40
21-14 Development Support Programming Model..........cccvviiiiiiiiiiiiiiiiiiiieeee 21-44
21-15 Development Support Registers Read Access Protection ............ccccccvvvneeeee. 21-45
21-16 Development Support Registers Write Access Protection.............ceeeeenes 21-45
21-17 CMPA-CMPD Bit DESCIPLIONS......uuieieeiieeeeee et e e e e e eeaeannes 21-45
21-18 CMPE-CMPF Bit DeSCHPtiONS ...ccceeeieieeeie ettt 21-46
21-19 BAR Bit DeSCrPIONS ...t 21-46
21-20 CMPG-CMPH Bit DESCHPONS ....cevvviiiiiiiccie et 21-46
21-21 ICTRL Bit DESCHPONS ..ceviiieieeieiiiiecceee e 21-48
21-22 ISCT_SER Bit DESCHPONS ...cevvviiiiiiiieiiee et e e e e e ee e 21-49
21-23 LCTRL1 Bit DESCHPIONS ..coevvieiiiiiiiiee et e e e e e e e e e e aeaeees 21-50
21-24 LCTRL2 Bit DESCHPONS ...ceiiiiiiiieeieeee et e e e e e e e e 21-51
21-25 Breakpoint Counter A Value and Control Register (COUNTA)...........cccuuveeee. 21-52
21-26 Breakpoint Counter B Value and Control Register (COUNTB)..................... 21-53
21-27 ECR Bit DESCHPLONS .....vtiiiiiiiiiiiieieeeee et e e e e e e e e e e e e e e 21-54
21-28 DER Bit DESCIIPLIONS ....ciieiiiieii et e et eeeeeeaaas 21-55
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xlv

For More Information On This Product,
Go to: www.freescale.com



|

Freescale Semiconductor, Inc.

Table Page

Number Number
22-1 JTAG Interface Pin DeSCHPiONS.......cciiiieeiie e 22-3
22-2 INSruCtion DECOAING .....coi ittt e e e e e e e e e neeeenees 22-5
22-3 Boundary Scan Bit Definition .............ooiiiiiiiiiii e 22-10
A-1 SPR (Special Purpose RegiSters) ......ccccuuuiiiiiiiiiiiieeeeie e A-2
A-2 CMF (CDR MoneT Flash EEPROM) Flash Array .........ccccccccvvieeeeiieeeeieceeveeeeee A-4
A-3 USIU (Unified System Interface Unit)........ccccoooiiiiiiiiiiieeiceeeeee e A-5
A-4 CMF (CDR MoneT Flash EEPROM).......ccooiiiiiiiiieeiiiie e A-8
A-5 DPTRAM (Dual-Port TPU RAM) ....ooiiiieieeie ettt ee e e e e e e e e e e e A-9
F G B I o Y Y - PP A-9
A-7 TPUS3 (Time Processor UNIt) ......eeeuiiiiei e e e e e e e e ee e A-10
A-8 QADCG64 (Queued Analog-to-Digital CONVErEr) .........ceeveeiiiiieiiieee e A-13
A-9 QSMCM (Queued Serial Multi-Channel Module) ... A-15
A-10 MIOS1 (Modular Input/Output SUDSYSIEM) .....eeviiiiiiiiiiiiiiie e A-16
A-11 TOUCAN (CAN 2.0B CONIIOIET)....cceeeeeeeeeeeeeeeeeee e e e A-22
A-12 UIMB (U-Bus to IMB3 Bus INterface) ..........ccooovviiiiieiiiiceeei e A-25
A-13 SRAM (Static RAM ACCESS MEMOIY) ....ccceeeeieieeeeeeeeeeee e e e e e e eeeeeeees A-25
A-14 SRAM (Static RAM Access Memory) Arfay .......coocccueeeeeeeiiiiieeeeeeeieeeee e A-25
D-1 Bank O FUNCHONS ... D-2
D-2 Bank 1 FUNCHONS ..o e e e D-3
D-3 QOM Bit ENCOAING .....eueiiiiiiiiiiiieiie ettt e e e D-6
D-4 SIOP Function Valid CHAN_Control Options...........cceceiiiiiiiiiieeeeeeeeeeeeeeve D-50
D-5 SIOP State TiMIiNgG ......eeeiiiiiiiiiiie e ee e e e D-52
E-1 External Components Value For Different Crystals (Q1) ..coovveveveiiiiiiiiiiiiiiieeeeee E-4
F-1 Memory Access Times Using Different Buses ...........cccccuiiiiiiiiiiiiiiee F-1
F-2 TimiNg EXamMPIES ... F-2
G-1 Absolute Maximum RatingsS .......ooooiiiiiiie e G-1
G-2 Thermal CharacteriStiCS ......uui i G-3
(€ TG I o T I BN o (] (=Tox (o o PO G-6
G-4 DC Electrical CharacCteriStiCs .........ooiieiiiiiiiiiiiieieieeeeeee e G-7
G-5 OSCIllator @nd PLL......cooiiiiiiiiee e G-12
G-6 Program and Erase CharacteriStiCS.........c.uuuiiiiiiiiiiiiiieeeeeeee e G-13
G-7 CMF AC and DC Power Supply CharacteristiCs...........oovvvvveeiiieiiiiiiiieee e, G-14
G-8 FIash MOAUIE Life......ceuuiiiiiiiiii ettt G-14
G-9 CMF Programming Algorithm (v6 and Later) ............eeeieoiiiiiiiiiieeeeeeeee G-15
G-10 CMF Erase AIQOrthm (VB) .....ccooiiiiiiiiiitiee ettt G-15
G-11 Bus Operation TimMING ....coooiii oo G-17
(€ R 2 01 (=Y ¢ 40T o1 S T 1 o T PP G-39
G-13 Debug POrt tiMING ......ooeeiiiiiiiieii e G-40
G-14 RESET TIMING c.ettiiiieieiiiiiiiiee e e e eieeie e e e e st eee e e e eenstee e e e e e s snnnseeeaeeeesnnssneeeeessanes G-43
G-15 JTAG TIMNG .ttt e et e e e e e s e e e e e e e eannneeeeeeeaans G-47
G-16 QADCG64 Conversion Characteristics (Operating) ........coooevveviiiiiiiiiiiiiieieee, G-52
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xlvi

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table Page
Number Number
(€ A @ 1] o I 0 o1 o PO PPPRPRPR G-53
G-18 GPIO TIMING ..ttt e e e e e e e e e e e e e e e s e e s s e s e eneeas G-57
G-19 TPUB TIMNG .ttt e et e e e e e ane e e e e e e e ennneeeeeeeeaas G-57
G-20 TOUCAN TIMNG tetteiieieiiiiiiiaee ettt e e e e e e e e e e e e e e e e e s s e e eeeeees G-58
G-21 MCPSM Timing CharacteriStiCs ...........uuuuiiiiiiiiiiiiiiiieiceeeeeeeee e G-59
G-22 MPWMSM Timing CharacteristiCs ...........uuuiiiiiiiiiiiieeeeeeee e G-60
G-23 MMCSM Timing CharacCteriStiCS ............uuuriiiiiiiiiiiiiieiieeeee e G-62
G-24 MDASM Timing CharacteriStiCs ...........uuuiiiiiiiiiiiiiiiiieieeeeeeeee e G-65
G-25 MPIOSM Timing CharacteriStiCS........ooouuuiiiaiaiiiieiee e G-68
H-1 Program and Erase CharacCteriStiCs ..........ooovviiiiiiiiiiiiiieiieecceeee e H-1
H-2 CMF AC and DC Power Supply CharacteristiCs ........ccccouvviiiiiiiiiiieeeieeee s H-2
H-3 Flash Module Life..........ooooiiiiieie e H-3
H-4 CMF Programming AlQorithm (V5) .....cooiiiiiiiiiiiiie e H-3
H-5 CMF Erase AIGOrithmM (V5).....eeeiiiiieiiiiie ettt e e e e e H-3
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xlvii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table Page
Number Number
MPC555 / MPC556 LIST OF TABLES MOTOROLA
USER’S MANUAL Rev. 15 October 2000 xlviii

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

PREFACE

This manual defines the functionality of the MPC555 / MPC556 for use by software
and hardware developers. The MPC555 / MPC556 is based on the PowerPC proces-
sor used in the Motorola MPC500 family of microcontrollers. For further information
refer to the MPC500 Family RCPU Reference Manual, RCPURM/AD (Motorola order
number).

Boxed sections appear throughout this manual. These boxes designate optional fea-
tures that are only available on the MPC556.

Audience

This manual is intended for system software and hardware developers and applica-
tions programmers who want to develop products for the MPC555 / MPC556. It is
assumed that the reader understands operating systems, microprocessor and micro-
controller system design, and the basic principles of RISC processing.

Additional Reading

For additional reading that provides background to or supplements the information in
this manual see:

e John L. Hennessy and David A. Patterson, Computer Architecture: A Quantitative
Approach, Morgan Kaufmann Publishers, Inc., San Mateo, CA

* PowerPC Microprocessor Family: the Programming Environments, MPCF-
PE/AD (Motorola order number)

* MPC500 Family RCPU Reference Manual, RCPURM/AD (Motorola order num-
ber)

Conventions
This document uses the following notational conventions:

ACTIVE_HIGH Names for signals that are active high are shown in uppercase
text without an overbar. Signals that are active high are referred
to as asserted when they are high and negated when they are
low.

ACTIVE_LOW A bar over a signal name indicates that the signal is active low.
Active-low signals are referred to as asserted (active) when they
are low and negated when they are high.

OxOF Hexadecimal numbers
0b0011 Binary numbers
REGI[FIELD] Abbreviations or acronyms for registers are shown in uppercase

text. Specific bit fields or ranges are shown in brackets.

MPC555 / MPC556 PREFACE MOTOROLA

USER’S MANUAL Rev. 15 October 2000 xlix

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

X In certain contexts, such as a signal encoding, this indicates a
don’t care. For example, if a field is binary encoded 0bx001, the
state of the first bit is a don’t care.

NOTE:

Throughout this manual references to 3 V refer to the nominal supply
voltage of 3.3 volts.

Nomenclature
Logic level one is the voltage that corresponds to Boolean true (1) state.

Logic level zero is the voltage that corresponds to Boolean false (0) state.
To set a bit or bits means to establish logic level one on the bit or bits.
To clear a bit or bits means to establish logic level zero on the bit or bits.

A signal that is asserted is in its 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.

A signal that is negated is in its inactive 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.

LSB means least significant bit or bits. MSB means most significant bit or bits. Ref-
erences to low and high bytes are spelled out.

MPC555 / MPC556 PREFACE MOTOROLA
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SECTION 1
OVERVIEW

The MPC555 / MPC556 is a member of Motorola’s MPC500 PowerPC ™ RISC Micro-
controller family. The MPC555 / MPC556 offers the following features:

* PowerPC core with floating-point unit

* 26 Kbytes fast RAM and 6 Kbytes TPU microcode RAM

* 448 Kbytes flash EEPROM with 5-V programming

* 5-V I/O system

 Serial system: queued serial multi-channel module (QSMCM), dual CAN 2.0B
controller modules (TouCAN™)

* 50-channel timer system: dual time processor units (TPU3), modular I/O system
(MIOST)

* 32 analog inputs: dual queued analog-to-digital converters (QADC64)

* Submicron HCMOS (CDR1) technology

 272-pin plastic ball grid array (PBGA) packaging

* 40-MHz operation, -40° C to 125° C with dual supply (3.3 V, 5V)

* MPC556 supports code compression to increase code density.

NOTE

Throughout this manual references to 3 V refer to the nominal supply
voltage of 3.3 V.)

1.1 Block Diagram
Figure 1-1 is a block diagram of the MPC555 / MPC556.

MPC555 / MPC556 OVERVIEW MOTOROLA
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256 Kbytes 192 Kbytes
Flash Flash
A A
¢ Burst \ \i
Interface < U-bus
E-bus
RCPU - USIU ey
16 Kbyted 10 Kbyteq
SRAM SRAM
- ¢ » [ 2U [
L-bus
Y
UiMB
QADC QADC QSMCM TouCAN
A A ] |
y Y y y IMB3
A A A A A
Y Y \ Y Y
TPU3 [«>|DPTRAN>{ TPU3 TouCAN MIOS1

Figure 1-1 MPC555 / MPC556 Block Diagram

1.2 MPC555 / MPC556 Features
Features of each module on the MPC555 / MPC556 are listed below.

1.2.1 RISC MCU Central Processing Unit (RCPU)

* 32-bit PowerPC architecture (compliant with PowerPC Architecture Book 1)
 Core performance measured at 52.7 Kmips (Dhrystone 2.1) @ 40 MHz.

NOTE

This assumes the RCPU core is running in “normal” mode and show
cycles is turned off (ISCT_SER of the ICTRL register is set to 111).
See Table 21-21.

* Fully static, low power operation

* Integrated floating-point unit

* Precise exception model

* Extensive system development support
— On-chip watchpoints and breakpoints
— Program flow tracking

OVERVIEW MOTOROLA
For MoreiRYolm388RS 7 Y0is Product, 1-2
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— On-chip emulation (OnCE™) development interface

1.2.2 Four-Bank Memory Controller

* Works with SRAM, EPROM, flash EEPROM, and other peripherals

* Byte write enables

* 32-bit address decodes with bit masks

* Memory transfer start (MTS): This pin is the transfer start signal to access a
slave’s external memory by an external bus master

1.2.3 U-Bus System Interface Unit (USIU)

* Clock synthesizer
* Power management
* Reset controller
* PowerPC decrementer and time base
* Glueless interface to SRAMs and burstable FLASHs
* Real-time clock register
* Periodic interrupt timer
* Hardware bus monitor and software watchdog timer
* Interrupt controller that supports up to eight external and eight internal interrupts
* |EEE 1149.1 JTAG test access port
* External bus interface
— 24 address pins, 32 data pins
— Supports multiple master designs
— Four-beat transfer bursts, two-clock minimum bus transactions
— Tolerates 5-V inputs, provides 3.3-V outputs

1.2.4 Flexible Memory Protection Unit

* Four instruction regions and four data regions
* 4-Kbyte to 16-Mbyte region size support

* Default attributes available in one global entry
* Attribute support for speculative accesses

1.2.5 448 Kbytes of CDR MoneT Flash EEPROM Memory (CMF)

* One 256-Kbyte and one 192-Kbyte module

* Page read mode

* Block (32-Kbyte) erasable

* External 4.75-V to 5.25-V program and erase power supply

1.2.6 26 Kbytes of Static RAM

* One 16-Kbyte and one 10-Kbyte module
* Fast (one-clock) access

» Keep-alive power

* Soft defect detection (SDD)

MPC555 / MPC556 OVERVIEW MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 1-3
Go to: www.freescale.com



Freescale Semiconductor, Inc.

1.2.7 General-Purpose 1/0 Support

* Address (24) and data (32) pins can be used for general-purpose I/O in single-
chip mode

* 9 general-purpose /O pins in MIOS1 unit

* Many peripheral pins can be used for general-purpose 1/0O when not used for pri-
mary function

* 5-V outputs

1.2.8 Two Time Processor Units (TPU3)

e Each TPU3 module provides these features:
— A dedicated micro-engine operates independently of the RCPU
— 16 independent programmable channels and pins
— Each channel has an event register consisting of a 16-bit capture register, a
16-bit compare register and a 16-bit comparator
— Nine pre-programmed timer functions are available
— Any channel can perform any time function
— Each timer function can be assigned to more than one channel
— Two timer count registers with programmable prescalers
— Each channel can be synchronized to one or both counters
— Selectable channel priority levels
— 5-V outputs
* 6-Kbyte dual port TPU RAM (DPTRAM) is shared by the two TPU3 modules for
TPU microcode

1.2.9 18-Channel Modular I/O System (MIOS1)

* Ten double action submodules (DASMs)

* Eight dedicated PWM sub-modules (PWMSMs)

e Two 16-bit modulus counter submodules (MCSMs)
* Two parallel port I1/0O submodules (PIOSM)

* 5-V outputs

1.2.10 Two Queued Analog-to-Digital Converter Modules (QADC)
Each QADC provides:

* Up to 16 analog input channels, using internal multiplexing
* Up to 41 total input channels, using internal and external multiplexing
* 10-bit A/D converter with internal sample/hold
* Typical conversion time of 10 usec (100,000 samples per second)
* Two conversion command queues of variable length
¢ Automated queue modes initiated by:
— External edge trigger/level gate
— Software command
* 64 result registers
* Output data that is right- or left-justified, signed or unsigned

MPC555 / MPC556 OVERVIEW MOTOROLA
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1.2.11 Two CAN 2.0B Controller Modules (TouCANSs)
Each TouCAN provides these features:

* Full implementation of CAN protocol specification, version 2.0 A and B

» Each module has 16 receive/transmit message buffers of 0 to 8 bytes data length
* Global mask register for message buffers 0 to 13

* Independent mask registers for message buffers 14 and 15

* Programmable transmit-first scheme: lowest ID or lowest buffer number

* 16-bit free-running timer for message time-stamping

* Low power sleep mode with programmable wake-up on bus activity

* Programmable 1/0 modes

* Maskable interrupts

* Independent of the transmission medium (external transceiver is assumed)
* Open network architecture

* Multimaster concept

¢ High immunity to EMI

* Short latency time for high-priority messages

* Low power sleep mode with programmable wakeup on bus activity

1.2.12 Queued Serial Multi-Channel Module (QSMCM)

* Queued serial peripheral interface (QSPI)

— Provides full-duplex communication port for peripheral expansion or interpro-
cessor communication

— Up to 32 preprogrammed transfers, reducing overhead

— Has 160-byte queue

— Programmable transfer length: from eight to 16 bits, inclusive

— Synchronous interface with baud rate of up to system clock / 4

— Four programmable peripheral-select pins support up to 16 devices
* Wrap-around mode allows continuous sampling of a serial peripheral for effi-

cient interfacing to serial A/D converters
* Two serial communications interfaces (SCI). Each SCI offers these features:

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

— 16 regqister receive buffer and 16 register transmit buffer (SCI1)

— 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

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

— External source clock for baud generation

— Multiplexing of transmit data pins with discrete outputs and receive data pins
with discrete inputs

1.3 MPC555 / MPC556 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. The eight
possible locations are the first eight 4-Mbyte memory blocks starting with address

MPC555 / MPC556 OVERVIEW MOTOROLA
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0x0000 0000. (Refer to Figure 1-2). The programmability of the internal memory map
location allows the user to implement a multiple-chip system.

0x0000 0000

-
0x003F FFFH
0x0040 0000

-
0x007F FFFH
0x0080 0000

-
0x00BF FFFH
0x00C0 0000

-
0x00FF FFFH Internal 4-Mbyte Memory Block
0x0100 0000 [~ (Resides in one of eight locations)

-
0x013F FFFH
0x0140 0000}

-
0x017F FFFH
0x0180 0000

-
0x01BF FFFH
0x01C0 0000

B —

0x01FF FFFF

OXFFFF FFF|

Figure 1-2 MPC555 / MPC556 Memory Map

The internal memory space is divided into the following sections:

* Flash memory (448 Kbytes)

* Static RAM memory (26 Kbytes)

* Control registers and IMB2 modules (64 Kbytes):
— USIU and flash control registers
— UIMB interface and IMB2 modules
— SRAM control registers

MPC555 / MPC556 OVERVIEW MOTOROLA
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Reserved

USIU Control Registers
1 Kbyte

FLASH Module A (64 bytes)

FLASH Module B (64 bytes)

Reserved for SIU

IMB3 Address Space

DPTRAM Control
(12 bytes)

Reserved (8180 bytes)

DPTRAM (6 Kbytes)

Reserved (2 Kbytes)

TPU3_A (1 Kbyte)

TPU3_B (1 Kbyte)

QADC_A (1 Kbyte)

QADC_B (1 Kbyte)

QSMCM (4 Kbytes)

MIOS1 (4 Kbytes)

TouCAN_A (1 Kbyte)

TouCAN_B (1 Kbyte)

Reserved (1920 bytes)

0x00 0000
CMF Flash A
256 Kbytes
0x04 0000
CMF Flash B
0x06 FFFF 192 Kbytes
0x07 0000
Reserved for Flash
(2.6 Mbytes —16 Kbytes)
O0x2F BFFF
0x2F C000 | yslu & Flash Control
Ox2F FFFF 16 Kbytes
0x30 0000
UIMB Interface &
IMB3 Modules
(32 Kbytes)
0x30 7FFF
0x30 8000
Reserved for IMB3
(480 Kbytes)
0x37 FFFF
0x38 0000
SRAM Control A
(8 bytes)
0x38 0008 SRAM Control B
(8 bytes)
0x38 0010
Reserved
(485.98 Kbytes)
0x3F 9800 SRAM A
(10 Kbytes)
0x3F C000 SRAM B
0x3F FFFF (16 Kbytes)

MPC555 / MPC556
USER’S MANUAL

UIMB_Registers
(128 bytes)

Figure 1-3 MPC555 / MPC556 Internal Memory Map
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0x2F C000

O0x2F C800
Ox2F C840

0x2F C880

0x30 0000

0x30 2000

0x30 4000
0x30 4400
0x30 4800
0x30 4C00
0x30 5000

0x30 6000

0x30 7080
0x30 7480
0x30 7884
0x30 7F80

0x30 7FFF
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SECTION 2
SIGNAL DESCRIPTIONS

2.1 Packaging and Pinout Descriptions

Figure 2-1 gives the case configuration and packaging information for the MPC555 /
MPC556. Figure 2-2 gives the MPC555 / MPC556 pinout data. Table 2-1 gives an
overview of the pins on the MPC555 / MPC556.
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Figure 2-1 MPC555 / MPC556 Case Dimensions and Packaging
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Figure 2-2 MPC555 / MPC556 Pinout Data
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Table 2-1 MPC555 / MPC556 Pin Functions for 272-Pin PBGA

Functional Group Signals’ Pins 3V/5V?

24 Address lines . .
(16-Mbyte address space) ADDRJ[8:31]/SGPIOA[8:31] 24 3.V / 5V GPIO

32-bit data bus DATA[0:31)/SGPIOD[0:31] 32

TRQ[0}/SGPIOCI0]
IRQ[1)/RSV/SGPIOC[1]
IRQ[2)/CR/SGPIOC[2)/MTS
External interrupts m[i]/ﬁ/ﬁ/ SGPIOC[3] 8 3-V/5-V GPIO
IRQ[4]/AT[2//SGPIOC[4]
IRQ[5)/SGPIOC[5)/MODCK][1]
IRQ[6:7)/MODCK[2:3]®

TSIZ[0:1]
RD/WR
BURST

BDIP

TS
B trol = 11 3V
us contro T

TEA
RSTCONF/TEXP®
OE
BI/STS

General purpose chip select ma- CS[0:3]
chine

(multiplexed with development and WE[0:3]/BE[0:3)/AT[0:3]
debug support)

PORESET?
HRESET? 3 3V
SRESETS

Power-on reset and reset
configuration

SGPIOC[6)/FRZ/PTR
SGPIOC[7)/IRQOUT/LWP[0]
Development and debug support BG/VF[O)/LWP[1] 5 3-V/5-V GPIO
BR/VF[1]/IWP[2]
BB/VF[2]/IWP[3]

T™MS
TDI/DSDI
TCK/DSCK
JTAG and debug port 7 3V
TDO/DSDO
TRST
IWP[0:1]/VFLS[0:1]
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Table 2-1 MPC555 / MPC556 Pin Functions for 272-Pin PBGA (Continued)

Functional Group Signals’ Pins 3V/5V?

XTALS®
EXTALS
CLKOUT 5 3V
EXTCLK3
XFC

Clocks and PLL

ENGCLK/BUCLK 1 5V

~ PCSO/
SS/QGPIO[0]

PCS[1:3/QGPIO[1:3]
MISO/QGPIO[4]
QSMCM MOSI/QGPIO[5] 12 5V
SCK/QGPIO[6]
TXD[1:2//QGPO[1:2]
RXD[1:2//QGPI[1:2]
ECK

MDA[11], [13]
MDA[12], [14]
MIOS 18 5V
MDA[15], [27:31]

MPWM[0:3], [16:19]

VF[0:2)/MPIO32B[0:2]

5 3-V/5-V GPIO
General-Purpose 1/0O from MIOS VFLS[0:1)/MPIO32B[3:4]
MPIO32B[5:15] 11 5V
A_TPUCH]I0:15], B_TPUCH][0:15]
TPU 34 5V
A_T2CLK, B_T2CLK
ETRIG[1:2]
A_ANO/ANW/PQBO0, B_ANO/ANW/PQBO
A_AN1/ANX/PQB1, B_AN1/ANX/PQB1
A_AN2/ANY/PQB2, B_AN2/ANY/PQB2
QADC A_ANG/ANZ/PQBS3, B_AN3/ANZ/PQB3 34 5V
A_AN[48:51]/PQB[4:7], B_AN[48:51]/PQB[4:7]
A_AN[52:54]/MA[0:2]/PQA[0:2],
B_AN[52:54)/MA[0:2])/PQA[0:2]
A_AN[55:56]/PQA[3:4], B_AN[55:56]/PQA[3:4]
A_AN[57:59)/PQA[5:7], B_AN[57:59)/PQA[5:7]
TouCAN A_CNTXO0, B_CNTX0, A_CNRX0, B_CNRXO0 4 5V
Flash EEPROM Epee 1 3V
Supplies
Ground VSS, VSSF, VSSSYN 18
Analog Ground VSSA, VRL 2
Low Voltage Supply VvDDI, VDDL, VDDSI\R/,EI\S,FVDDSYN, KAPWRS, 16 3V
MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-1 MPC555 / MPC556 Pin Functions for 272-Pin PBGA (Continued)

Functional Group Signals’ Pins 3V/5V?
High voltage Supply VDDH, VDDA, VRH 12 5V
Programming Voltage VPP 1 3-V/5-V
NOTES:

1. “/” implies that the corresponding functions are multiplexed on the pin
2. Allinputs are 5 V friendly. All 5 V outputs are slow slew rate except for SCI transmit pins.
3. These pins are powered by KAPWR (Keep Alive Power Supply).

2.2 Pin Functionality

The pad ring supports 234 functional pins (284 including all power and ground). Some
pins serve multiple functions. The pad characteristics for each pin are described in Ta-
ble 2-2. This table contains the following columns:

* Pin — List of functional (signal) names for each pin. (For actual pin names, see 2.7
Pin Names and Abbreviations.

* Function — Name of function (signal). Each pin supports one or more functions,
and each function (signal) name is a separate entry in the table.

* Driver Type — Type of driver that is used to drive the pin (for output functionality).
Types of output drivers are:

— Totem pole (TP). This driver type uses a push pull scheme to drive the pin.
These pins can be driven high or low or can be three-stated. Care must be tak-
en to ensure that there is no contention on this pin (for example, an external
driver driving the pin high while an internal driver is driving it low).

— Open drain (OD). This driver type uses an open drain approach to drive the
pins. Pins with an OD driver can be either driven low or three-stated. This driver
scheme is typically used for pins that could potentially be asserted by multiple
modules.

— Active negated (ANG). This driver type fully drives a low level. A high level is
driven and then released. A pull-up resistor may be needed on this type of out-
put.

* Receiver Type — Type of receiver used for the pin. Some inputs need to have a
synchronizer to prevent latching a metastable signal at the pins. Such require-
ments are indicated in this column with the abbreviation “synch.” Another possible
entry is “glitch filter.” It is added to reset signals.

* Direction — Direction of the pin for each function it supports. The possible direc-
tions are input (1), output (O) and bi-directional (I/O).

* Voltage — Voltage requirement for each function of a pin. There are two supply
voltages: 5V and 3 V.

* Slew rate — Timing needed from the 5-V drivers. The options are with slew rate
(typically 200/50 ns with 50 pF load) or fast 5-V driver.

* Drive strength — Drive strength for 3-V drivers of the output load. For all 3-V out-
puts, the drive strength is 25/50 pF. For two pads (clkout and engclk) the drive
strength is 45/90 pF.

* Pad Type — Functional pad structure used for a pin. For pad type descriptions,
see 2.5 Pad Types.

MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table
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Type . Drive
. . Direc- Volt- Slew Rate Pad
Pin Function Driver Recelver tion? age ns /50 pF Stli'e)rll:?th Type
usiu
ADDRI[8:31] TP — /O 3V — 25 /50
ADDRI[8:31)/ : J
SGPIOA[8:31] | SGPIOA[8:31] TP Hy;;tenrssla 110 5V | 200/fast —
DATA[0:31] TP — /0 3V — 25 /50
DATA[0:31] . JD
SGPIODI[0:31] | SGPIOD[0:31] TP Hyg;ir;?'s' /0 5V | 200/fast —
L m[m . Hysteresis, | 3V . .
IRQ[O)/ Synch H
SGPIOC[0 :
7 sapiociol TP Hysteresis, | 5V | 200/fast _
Synch
— Hysteresis, - -
- IRQ[1] — Synoh | 3V
IRQ[1)/RSV/ —
SGPIOC[1] RSV TP —- 0 3V — 25 /50 IH
SGPIOC[1] TP Hysteresis, | 4 5V | 200/fast —
Synch
—_— Hysteresis,
- IRQ[2] — Synch | 3V — —
IRQ[2)/CR/ CR _ — | 3V — —
SGPIOC[2]/ v : IH
MTS SGPIOC[2] TP ysteresis, |5 5V | 200/fast —
Synch
MTS TP — 0 3V 25 /50 —
= Hysteresis,
- IRQ[3] — Synoh | 3V — —
IRQI3VKR,
RETRY/ KR, RETRY TP — /0 3V — 25/50 IH
SGPIOC[3] .
SGPIOC[3] TP Hy;teres's’ Vo 5V | 200/fast _
ynch
= Hysteresis,
- IRQ[4] — Synoh | 3V — —
IRQI4V/ATI2) — —
SGPIOC[] AT[2] TP | o) 3V 25 /50 IH
SGPIOC[4] TP Hysteresis, | 5V | 200/fast —
Synch
== Hysteresis
_ IRQ[5 — ’ | 3V — —
IRQ[5)/ 5] Synch
SGPIOC[5) SGPIOCI5] Hysteresis IH
TP ’ /0 5V 200 / fast —
MODCK[1]2 Synch as
MODCK][1] — — | 3V — —
TRQ[6:7)/ TRQ[6:7] — Hygtyirss's' | 3V _ _ o
.n12
MODCK(2:3] MODCKI2:3] — — | 3V — —

TSIZ[0:1] TSIZ[0:1] TP — /O 3V — 25 /50
RD/WR RD/WR TP — I/O 3V — 25 /50
BURST BURST TP — /0 3V — 25 /50

MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table (Continued)

Type . Drive
. . Direc- Volt- Slew Rate Pad
P Funct h Strength
" Hnetion Driver Receiver | tion' age | ns/50pF 2:?:? Type
BDIP BDIP TP — I/0 3V — 25/50 F
TS TS ANG — I/0 3V — 25/50 E
TA3 TA ANG — I/0 3V — 25/50 E
TEA TEA oD — 1’0 3V — 25/50 E
RSTCONF/ RSTCONF — — [ 3V — — c
TEXP? TEXP P — o} 3V — 25/50
OE OE TP — 0 3V — 25/50 A
_ BB ANG — 110 3V — 25/50
BI/STS E
STS TP — o} 3V — 25/50
CSJ[0:3] CS[0:3] TP — 0 3V — 25/ 50 A
WE[0:3)/ WE[0:3/BE[0:3] TP — o] 3V — 25/50 .
BE[0:3)/AT[0:3] AT[0:3] TP — o) 3V — 25/50
PORESET2 | PORESET — Hystorests 1 3V — —  |onw
HRESET2 HRESET oD gﬁfgﬁrf”f; 110 3V — 25/50 | EOH
SRESET? SRESET oD Hystoresis | 1o 3V — 25/50 | FOH
SGPIOC[6] TP Hygtererf's' Vo 5V | 200/fast —
SGPIOC[6)/ yne |
FRZ/PTR FRZ TP — o 3V — 25/50
PTR TP — o} 3V — 25/50
IRQOUT/ —_— |
LWP[O] IRQOUT TP — o) 3V — 25/50
LWP[0] TP — o} 3V — 25/50
L BG TP — I/O 3V — 25/50
BG/VF[0)/
LWP[] VFI[0] TP — o} 3V — 25/50 G
LWP[1] TP — o} 3V — 25/50
L BR TP — I/0 3V — 25 /50
BR/VF[1)/ — —
IWPL2] VF[1] TP o} 3V 25/50 G
IWP[2] TP — o} 3V — 25/50
o BB3 ANG — 110 3V — 25/50
BB/VF[2)/
IWP[3] VF[2] TP — o} 3V — 25/50 G
IWP[3] TP — o} 3V — 25/50
IWP[0:1)/ IWP[0:1] TP — o} 3V — 25/50 A
VFLS[0:1] VFLS[0:1] TP — 0 3V — 25/50
T™S T™S — — | 3V — — C
TDI — — | 3V — —
TDI/DSDI C
DSDI — — | 3V — —
MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table (Continued)

Type . Drive
. . Direc- Volt- Slew Rate Pad
P Funct | Strength
TCK — — | 3V — —
TCK/DSCK D
DSCK — — | 3V — —
TDO TP — o 3V — 25 /50
TDO/DSDO A
DSDO TP — o 3V — 25 /50
TRST TRST — — | 3V — — C
XTAL? XTAL TP — o) 3V — — _
EXTALZ2 EXTAL — — I 3V — — _
XFC XFC — — e 3V — — —
CLKOUT CLKOUT TP — o 3V — 30/90* | B
EXTCLK? EXTCLK — — I 3V — — _
ENGCLK/ ENGCLK TP — (0] 5V — 25/ 50% s
BUCLK BUCLK TP — o) 5V — 25/50
QsMCM
PCSO TP/OD Niysnyc:é | o 5V | 50/fast —
PCS0/ == Synch/
SS/OGPIO] S5 TP/OD No Synch /0 5V 50 / fast — o)
QGPIO[0] TP/OD Niysr‘;:é .| wo 5V | 50/fast —
PCS[1:3)/ PCS[1:3] TP/OD Synch IO 5V 50/ fast — o
QGPIO[1:3] QGPIO[1:3] TP/OD Synch 110 5V 50 / fast —
MISO TP/OD Niysnyc:é o 110 5V 50 / fast —
MISO/QGPIO[4] e~ o)
QGPIO[4] TP/OD NoySn)(/:nch 110 5V 50 / fast —
MOS| TP/OD Niysn;:é .| o 5V | 50/fast —
MOSI/QGPIOJ5] S o)
QGPIO[5] TP/OD Noygycnch 110 5V 50 / fast —
SCK TP/OD Niysn;:é | wo 5V | 50/fast —
SCK/QGPIO[6] S o)
QGPIO[6] TP/OD NoySn;/:nch 110 5V 50 / fast —
TXD[1:2)/ TXD[1:2] TP/OD — o 5V 200/ fast — aQ
QGPO[1:2] QGPOJ[1:2] TP/OD — o} 5V 200/ fast —
RXD[1:2)/ RXDI[1:2] — — | 5V — — R
QGPI[1:2] QGPI[1:2] — — [ 5V — —
ECK ECK — — | 5V — — R
MIOS
MDA[11:15] MDA[11:15] TP Hy;;irfs's’ /0 5V | 200/fast — P
MDA[27:31] MDA[27:31] TP Hyg;irsﬁ's' 110 5V | 200/fast — P
MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table (Continued)

Type . Drive
. . Direc- Volt- Slew Rate Pad
Pin Function . Strength
MPWMIO0:3], MPWMIO0:3], Hysteresis, .
(16:19] [16:19] TP Synch 110 5V | 200/fast P
VF[0:2] TP — o) 3V — 25 /50
VF[0:2)/ v . H
MPIO32B[0:2] | MPIO32B[0:2] TP V;;ir;?'s' /0 5V | 200/fast —
VFLS[0:1] TP — o 3V — 25 /50
VFLS[0:1)/ . H
MPIO32B[3:4] | MPIO32B[3:4] TP y;yirfﬁ's’ /0 5V | 200/fast —
MPIO32B[5:15] | MPIO32B[5:15] TP HV;;?;?'S' 110 5V | 200/fast — o)
TPU_A/TPU_B
A_TPUCHI[0:15] | TPUCH[0:15] TP Hyg;ir;?'s' /0 5V | 200/fast — P
A_T2CLK T2CLK TP Hysteresis 110 5V | 200/fast — P
Synch
B_TPUCH[0:15]| TPUCHI[0:15] TP Hy;;irfs's’ /0 5V | 200/fast — P
B_T2CLK T2CLK TP Hysteresis, | 4 5V | 200/fast — P
Synch
QADC_A/QADC_B
ETRIG[1:2] ETRIG[1:2] — Synch | 5V — — N
ANO — Analog | 5V — —
ANO/
ANW/ ANW — Analog | 5V — — M
PQBO PQEO - Hysteresis, | 5V _ —
Synch
AN1 — Analog | 5V — —
AN1/ANX/PQB1 ANX — A”a'ogl ! s — — M
PQB1 . Hysteresis, | 5V . .
Synch
AN2 — Analog | 5V — —
Anz/ANY/PQB2 | ANY - Analog ! Al - - M
PQB2 . Hysteresis, | 5V . .
Synch
AN3 — Analog | 5V — —
AN3/ANZ/PQB3 | ANZ - Analog ! Al - - M
PQB3 . Hysteresis, | 5V . .
Synch
AN[48:51] — Analog | 5V — —
AN[48:51)/ . "
PQB[4:7] PQB[4:7] — ysteresis, | 5V — —
Synch
AN[52:54] — Analog | 5V — —
AN[52:54])/ : — _ —
MALD2) MA[0:2] oD o 5V L
PQA[0:2] . Hysteresis, . .
PQA[0:2] oD Synch 110 5V
MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table (Continued)

Type . Drive
. . Direc- Volt- Slew Rate Pad
P Funct - St th
AN[55:56] — Analog | 5V — —
ANI[55:56)/ m - L
PQA[3:4] PQA[3:4] oD ysteresis, |5 5V — —
Synch
AN[57:59] — Analog | 5V — —
ANI[57:59)/ m - L
PQA[5:7] PQA[5:7] oD ysteresis, |5 5V _ _
Synch
ANO — Analog | 5V — —
ANO/ANW/ ANW — Analog | 5V — — M
PQBO Hysteresis
PQBO — ’ | 5V — —
Synch
AN1 — Analog | 5V — —
AN1/ANX/PQB1 ANX — Analog ! 5V — — M
PQB1 - Hysteresis, | 5V _ _
Synch
AN2 — Analog | 5V — —
AN2/ANY/PQB2 ANY - Analog ! i - - M
PQB2 . Hysteresis, | 5V . .
Synch
AN3 — Analog | 5V — —
AN3/ANZ/PQB3 ANz — Analog ! Al — — M
PQB3 . Hysteresis, | 5V . .
Synch
AN[48:51] — Analog | 5V — —
AN[48:51)/ M . M
PQBI4:7] PQBI4:7] — ysteresis, | 5V — —
Synch
AN[52:54] — Analog | 5V — —
AN[52:54) ) — — —
MA[0:2] MA[0:2] oD . o} 5V L
PQA[0:2] PQA[0:2] op | fhsteresis |5 | 5y — —
Synch
AN[55:56] — Analog | 5V — —
AN[55:56]/ m . L
PQA[3:4] PQA[3:4] oD ysteresis, | 5 5V — —
Synch
AN[57:59] — Analog | 5V — —
AN[57:59)/ m . L
PQA[5:7] PQA[5:7] oD ysteresis, | 5 5V — —
Synch
TOUCAN_A/TOUCAN_B
A_CNTXO0 CNTX0_A TP/OD — (0] 5V 50 / fast — Q
B_CNTXO0 CNTX0_B TP/OD — (0] 5V 50 / fast — Q
A_CNRXO0 CNRXO0_A — Synch / No | 5V — — R
Synch
B_CNRX0 CNRX0_B — Synch / No | 5V — — R
Synch
MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-2 Pin Functionality Table (Continued)

Type . ) Drive
Fin Function Driver Receiver ?il:;?ﬁ \;;I; ﬁlse }N 536:: St?:?:?th %ali
CMF
EPEE EPEE — Sequencer | 3V — — K
VPP VPP — — | 5V — — —
Global Power Supplies
VDDA VDDA — — | 5V — — —
VDDF VDDF — — | 3V — — —
VDDL VDDL — — | 3V — — —
VDDH VDDH — — | 5V — — —
VDDI VDDI — — | 3V — — —
VDDSYN VDDSYN — — | 3V — — —
VRH VRH — — | 5V — — —
VRL VRL — — | — — - —
VSSA VSSA — — | — — — —
VSSF VSSF — — | — — — —
VSSSYN VSSSYN — — | — — — —
KAPWR? KAPWR — — | 3V — — —
VDDSRAM VDDSRAM — — | 3V — — —
VSS VSS — — | — — — —
NOTES:

1. All inputs are 5-V friendly. All 5-V outputs are slow slew rate. The QSMCM and TouCAN pins have some slew rate
control, but are faster than the general/purpose I/O and timer pins.
2. These pins are powered by KAPWR (Keep Alive Power Supply).

3. This pin is an active negate signal and may need an external pull-up resister.

4. Drive strength was 45/90 in make sets prior to K62N.
5. Drive strength was 45/90 in make sets prior to K62N.

2.3 Signal Descriptions

The pad ring supports 234 functional pins (284 including all power and ground). Each
pin and the functionality it supports are described in this section. All references to tim-
ing in this document are numbers that are expected for a typical case process with a
50-pF load at 25°C. The supply voltages are assumed to be typical, as well: 5V or 3.3
V. The 5-V supply is generally referred to as the 5-V supply, and the 3.3-V supply is

referred to as the 3-V supply in this section.

2.3.1 USIU Pads

2.3.1.1 ADDRJ[8:31]/SGPIOA[8:31]
Pin Name: addr_sgpioa[8:31] (24 pins)

Address Bus — 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 most significant signal for this bus.

MPC555 / MPC556
USER’S MANUAL
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SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

2.3.1.2 DATA[0:31]/SGPIOD[0:31]
Pin Name: data_sgpiod[0:31] (32 pins)

Data Bus — Provides the general purpose data path between the chip and all other
devices. Although the data path is a maximum of 32 bits wide, it can be sized to sup-
port 8-, 16-, or 32-bit transfers. DATA[O] is the MSB of the data bus.

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

2.3.1.3 IRQ[0)/SGPIOC[0]
Pin Name: irq0_b_sgpioc0

Interrupt Request — One of the eight external lines that can request, by means of the
internal interrupt controller, a service routine from the RCPU. IRQO is a nonmaskable
interrupt (NMI).

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

2.3.1.4 IRQ[1)/RSV/SGPIOCI[1]
Pin Name: irq1_b_rsv_b_sgpioc1

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

Reservation — This line 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.

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

2.3.1.5 IRQ[2)/CR/SGPIOC[2/MTS
Pin Name: irg2_b_cr_b_sgpioc2_mts

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

Cancel Reservation — Instructs the chip to clear its reservation, some other master
has touched its reserved space. An external bus snooper would assert this signal.

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

Memory Transfer Start — This pin is the transfer start signal from the MPC555 /
MPC556 memory controller to allow external memory access by an external bus mas-
ter.

2.3.1.6 IRQ[3)/KR/RETRY/SGPIOC[3]
Pin Name: irq3_b_kr_b_retry_b_sgpioc3

MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Interrupt Request — One of the eight external lines 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 CPU 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.

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

2.3.1.7 IRQ[4)/AT[2)/SGPIOCI[4]
Pin Name: irg4_b_at2_sgpioc4

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

Address Type — A bit from the address type bus which indicates one of the 16 “ad-
dress 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. AT[2] iden-
tifies an access as either data or instrucion.

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.
2.3.1.8 IRQ[5)/SGPIOC[5]/MODCK]1]
Pin Name: irq5_b_sgpioc5_modck1

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

SGPIO - This function allows the pins to be used as general purpose inputs/outputs.

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

2.3.1.9 IRQ[6:7)/MODCK[2:3]
Pin Name: irg6_b_modck?2 - irq7_b_modck3 (2 pins)

Interrupt Request — One of the eight external lines 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 in order to configure the
PLL/clock mode of operation.

2.3.1.10 TSIZ[0:1]
Pin Name: tsiz0 - tsiz1 (2 pins)

MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
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Transfer size — Indicates the size of the requested data transfer in the current bus cy-
cle.

2.3.1.11 RD/WR
Pin Name: rd_wr_b

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.

2.3.1.12 BURST
Pin Name: burst_ b

Burst Indicator — Indicates whether the current transaction is a burst transaction or
not.

2.3.1.13 BDIP
Pin Name: bdip_b

Burst data in progress — Indicates to the slave that there is a data beat following the
current data beat.

2.3.1.14 TS
Pin Name: ts_b

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 gained the ownership of the
bus. Every master should negate this signal before the bus relinquish. Every master
should negate this signal before the bus is relinquished. This pin is an active negate
signal and may need an external pull-up resistor to ensure proper operation and signal
timing specifications.

2.3.1.15TA
Pin Name: ta_b

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 driv-
en the data bus with valid data (read). The slave device negates the TA_B signal after
the end of the transaction and immediately three-state it to avoid contentions on the
line if a new transfer is initiated addressing other slave devices. This pin is an active
negate signal and may need an external pull-up resistor to ensure proper operation
and signal timing specifications.

2.3.1.16 TEA
Pin Name: tea_b
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Transfer Error Acknowledge — This signal indicates that a bus error occurred in the
current transaction. The MCU asserts this signal when the bus monitor does not detect
a bus cycle termination within a reasonable amount of time. The assertion of TEA
causes the termination of the current bus cycle, regardless of the state of TEA. An ex-
ternal pull-up device is required to negate TEA quickly, before a second error is de-
tected. That is, the pin must be pulled up within one clock cycle of the time it was three-
stated by the MPC555 / MPC556.

2.3.1.17 RSTCONF/TEXP
Pin Name: rstconf_b_texp

Reset Configuration — Input. This input line is sampled by the chip during the asser-
tion of the HRESET signal in order to sample the reset configuration. If the line is as-
serted, the configuration mode will be sampled from the external data bus. When this
line is negated, the configuration mode adopted by the chip will be the default one.

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

2.3.1.18 OE
Pin Name: oe_b

Output Enable — This output line is asserted when a read access to an external slave
controlled by the GPCM in the memory controller is initiated by the chip.

2.3.1.19 BI/STS
Pin Name: bi b sts b

Burst Inhibit — This bi-directional, active low, three-state line indicates that the slave
device addressed in the current burst transaction is not able to support burst transfers.
When the chip drives out the signal for a specific transaction, it asserts or negates Bl
during the transaction according to the value specified by the user in the appropriate
control registers. Negation of the signal occurs after the end of the transaction followed
by the immediate three-state. This pin is an active negate signal and may need an ex-
ternal pull-up resistor to ensure proper operation and signal timing specifications.

Special Transfer Start — This output signal is driven by the chip to indicate the start
of a transaction on the external bus or signals the beginning of an internal transaction
in showcycle mode.

2.3.1.20 CS[0:3]
Pin Name: ¢s0_b - ¢s3_b (4 pins)
Chip Select — These output signals enable peripheral or memory devices at pro-

grammed addresses if defined appropriately in the memory controller. CSO can be
configured to be the global chip select for the boot device.
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2.3.1.21 WE[0:3)/BE[0:3]/AT[0:3]
Pin Name: we_b_at[0:3](4 pins)

Write Enable[0:3]/Byte Enable[0:3] — This output line is asserted when a write ac-
cess to an external slave controlled by the GPCM in the memory controller is initiated
by the chip. It can be optionally be asserted on all read and write accesses. See WEBS
bit definition in Table 10-7. WE[O)/BE[0] is asserted if the data lane DATA[0:7] contains
valid data to be stored by the slave device. WE[1]/BE[1] is asserted if the data lane
DATA[8:15] contains valid data to be stored by the slave device. WE[2]/BE[2] is as-
serted if the data line DATA[16:23] contains valid data to be stored by the slave device.
WE[3]/BE[3] is asserted if the data lane DATA[24:31] contains valid data to be stored
by the slave device.

Address Type — 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.

2.3.1.22 PORESET
Pin Name: poreset_b

Power on Reset — This pin should be activated as a result of a voltage failure on the
keep-alive power pins. The pin has a glitch detector to ensure that low spikes of less
than 20 ns are rejected. The internal PORESET signal is asserted only if PORESET
is asserted for more than 100 ns. See SECTION 7 RESET for more details on timing.

2.3.1.23 HRESET
Pin Name: hreset_b

Hard Reset — The chip can detect an external assertion of HRESET only if it occurs
while the chip is not asserting reset. After negation of HRESET or SRESET is detect-
ed, a 16 cycles period is taken before testing the presence of an external reset. The
internal HRESET signal is asserted only if HRESET is asserted for more than 100 ns.
To meet external timing requirements, an external pull-up device is required to negate
HRESET. See SECTION 7 RESET for more details on timing.

2.3.1.24 SRESET
Pin Name: sreset_b

Soft Reset — The chip can detect an external assertion of SRESET only if it occurs
while the chip is not asserting reset. After negation of HRESET or SRESET is detect-
ed, 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 SECTION 7 RESET for more details on timing.

2.3.1.25 SGPIOC[6])/FRZ/PTR
Pin Name: sgpioc6_frz_ptr_b
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SGPIO - This function allows the pins to be used as general purpose inputs/outputs.
Freeze - Indicates that the RCPU is in debug mode.

Program Trace — Indicates an instruction fetch is taking place in order to allow pro-
gram flow tracking.

2.3.1.26 SGPIOC[7)/IRQOUT/LWPIO0]
Pin Name: sgpioc7_irqout_b_Iwp0

SGPIO - This function allows the pins 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 line reports the detection of a data watchpoint
in the program flow executed by the RCPU. See SECTION 21 DEVELOPMENT SUP-
PORT for more details.

2.3.1.27 BG/VF[0)/LWP[1]
Pin Name: bg_b_vfO_lwp1

Bus Grant — Indicates external data bus status. Is asserted low when the arbiter of the
external bus grants to the specific master the ownership of the bus.

Visible Instruction Queue Flush Status — This output line together with VF1 and VF2
is output by the chip when a program instructions flow tracking is required by the user.
VF report the number of instructions flushed from the instruction queue in the internal
core. See SECTION 21 DEVELOPMENT SUPPORT for more details.

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

2.3.1.28 BR/VF[1]/IWP[2]
Pin Name: br_b_vf1_iwp2

Bus Request — Indicates that the data bus has been requested for external cycle.

Visible Instruction Queue Flush Status — This output line together with VF1 and VF2
is output by the chip when a program instructions flow tracking is required by the user.
VF report the number of instructions flushed from the instruction queue in the internal
core. See SECTION 21 DEVELOPMENT SUPPORT for more details.

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

2.3.1.29 BB/VF[2]/IWP[3]
Pin Name: bb_b_vf2_iwp3
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Bus Busy — Indicates that the master is using the bus. This pin is an active negate
signal and may need an external pull-up resistor to ensure proper operation and signal
timing specifications.

Visible Instruction Queue Flush Status — This output line together with VFO and VF1
is output by the chip when a program instructions flow tracking is required by the user.
VF report the number of instructions flushed from the instruction queue in the internal
core.

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

2.3.1.30 IWP[0:1]/VFLS[0:1]
Pin Name: iwp0_vflsO - iwp1_vfls1 (2 pins)

Instruction Watchpoint — These output lines report the detection of an instruction
watchpoint in the program flow executed by the RCPU.

Visible History Buffer Flush Status — These signals are output by the chip to enable
program instruction flow tracking. They report the number of instructions flushed from
the history buffer in the RCPU. See SECTION 21 DEVELOPMENT SUPPORT for de-

tails.
2.3.1.31 TMS
Pin Name: tms

Test Mode Select — This input controls test mode operations for on-board test logic
(JTAG).

2.3.1.32 TDI/DSDI
Pin Name: tdi_dsdi

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 line is the data in for the debug port in-
terface. See SECTION 21 DEVELOPMENT SUPPORT for details.

2.3.1.33 TCK/DSCK
Pin Name: tck_dsck

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

Development Serial Clock — This input line is the clock for the debug port interface.
See SECTION 21 DEVELOPMENT SUPPORT for details.

2.3.1.34 TDO/DSDO
Pin Name: tdo_dsdo
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Test Data Out — This output is used for serial test instructions and test data for on-
board test logic (JTAG).

Development Serial Data Output — This output line is the data-out line of the debug
port interface. See SECTION 21 DEVELOPMENT SUPPORT for details.

2.3.1.35 TRST
Pin Name: trst_ b

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

For non-JTAG test applications, TRST should be connected to ground or PORESET
via an external resistor.

2.3.1.36 XTAL
Pin Name: xtal

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

2.3.1.37 EXTAL
Pin Name: extal

EXTAL - This line is one of the connections to an external crystal for the internal os-
cillator circuitry. If this pin is unused, it must be grounded.

2.3.1.38 XFC
Pin Name: xfc

External Filter Capacitance — This input line is the connection pin for an external ca-
pacitor filter for the PLL circuitry.

2.3.1.39 CLKOUT
Pin Name: clkout

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

2.3.1.40 EXTCLK
Pin Name: exticlk

EXTCLK - Input. This is the external frequency source for the chip. If this is unused,
the pin must be grounded.

2.3.1.41 VDDSYN
Pin Name: vddsyn
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VDDSYN - This is the power supply of the PLL circuitry.

2.3.1.42 VSSSYN
Pin Name: vsssyn

VSSSYN - This is the power supply of the PLL circuitry.

2.3.1.43 ENGCLK/BUCLK
Pin Name: engclk_buclk

ENGCLK - This is the engineering clock output. Drive strength can be configured to
full strength, half strength or disabled. The drive strength is configured using the EE-
CLK][0:1] bits in the SCCR register in the SIU.

BUCLK - When the chip 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 based on the values of the EE-
CLK][O0:1] bits in the SCCR register in the USIU.

2.3.2 QSMCM PADS
2.3.2.1 PCS[0]/SS/QGPIO[0]
Pin Name: pcs0_ss_b_qgpio0
PCS[0] — This signal provides QSPI peripheral chip select 0.
SS — Assertion of this bi-directional signal places the QSPI in slave mode.

QSPI GPIO[0] — When this pin is not needed for a QSPI application it can be config-
ured as a general purpose input/output.

2.3.2.2 PCS[1:31/QGPIO[1:3]
Pin Name: pcs1_qgpio1 - pcs3_qgpio3 (3 pins)
PCS[1:3] — These signals provide three QSPI peripheral chip selects.

QGPIO[1:3] — When these pins are not needed for QSPI applications they can be con-
figured as a general purpose input/output.

2.3.2.3 MISO/QGPIO[4]
Pin Name: miso_qgpio4

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

QGPIO[4] — When this pin is not needed for a QSPI application it can be configured
as a general purpose input/output.
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2.3.2.4 MOSI/QGPIO[5]
Pin Name: mosi_qgpio5

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

QGPIO[5] — When this pin is not needed for a QSPI application it can be configured
as a general purpose input/output.

2.3.2.5 SCK/QGPIO[6]
Pin Name: sck_qgpio6

SCK - This bi-directional signal furnishes the clock from the QSPI in master mode or
furnishes the clock to the QSPI in slave mode.

QGPIO[6] — When this pin 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 pin can not function as a GPIO.

2.3.2.6 TxD[1:2)/QGPO[1:2]
Pin Name: txd1_qgpo1 - txd2_qgpo2 (2 pins)

Transmit Data — These output signals are the serial data outputs from the SCI1 and
SCI2.

QSCI GPO[1:2] — When these pins are not needed for a 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 pins can not function as general purpose outputs

2.3.2.7 RxD[1:2)/QGPI[1:2]
Pin Name: rxd1_qgpi1 - rxd2_qgpi2 (2 pins)

Receive Data — These input signals furnish serial data inputs to the SCI1 and SCI2.

QSCI GPI[1:2] — When these pins are not needed for SCI applications they can be
configured as general purpose inputs. When the receive enable bit in the SCI control
register is set to a logic 1, these pins can not function as general purpose inputs.

2.3.2.8 ECK
Pin Name: eck

External Baud Clock — This signal provides an external baud clock used by SCI1 and
SCl2.
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2.3.3 MIOS PADS

2.3.3.1 MDA[11], [13]
Pin Name: mdai1, mda13 (2 pins)

Double Action — Each of these pins provide a path for two 16-bit input captures and
two 16-bit output compares.

Clock Input — Each of these pins provide a clock input to the modulus counter sub-
module. MDA11 can be used as the clock input to the MMCSM6 modulus counter.
MDA13 can be used as the clock input to the MMCSM22 modulus counter.

2.3.3.2 MDA[12], [14]
Pin Name: mda12, mdai14, (2 pins)

Double Action — Each of these pins provide a path for two 16-bit input captures and
two 16-bit output compares.

Load Input — Each of these pins provide a load input to the modulus counter submod-
ule. MDA12 can be used as the load input to the MMCSM6 modulus counter. MDA 14
can be used as the load input to the MMCSM22 modulus counter.

2.3.3.3 MDA[15], [27:31]
Pin Name: mda15, mda27 - mda31 (6 pins)

Double Action — Each of these pins provide a path for two 16-bit input captures and
two 16-bit output compares.

2.3.3.4 MPWM[O0:3], [16:19]
Pin Name: mpwmO - mpwm3, mpwm16 - mpwm19 (8 pins)

Pulse Width Modulation — These pins provide variable pulse width output signals at
a wide range of frequencies.

2.3.3.5 VF[0:2)/MPI032BJ[0:2]
Pin Name: vf0_mpio32b0 - vf2_mpio32b2 (3 pins)
Visible Instruction Queue Flush Status — These lines output by the chip when Pro-

gram instruction flow tracking is required by the user. VF reports the number of instruc-
tions flushed from the instruction queue in the internal core.

MIOS GPIO - This function allows the pins to be used as general-purpose inputs/out-
puts.

2.3.3.6 VFLS[0:1]/MPI032B[3:4]
Pin Name: vflsO_mpio32b3 - vfls1_mpio32b4 (2 pins)
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Visible History Buffer Flush Status — These signals are output by the chip to allow
program instruction flow tracking. They report the number of instructions flushed from
the history buffer in the RCPU. See SECTION 21 DEVELOPMENT SUPPORT for de-
tails.

MIOS GPIO - This function allows the pins to be used as general purpose inputs/out-
puts.

2.3.3.7 MP1032BJ[5:15]
Pin Name: mpio32b5 - mpio32b15 (11 pins)

MIOS GPIO - This function allows the pins to be used as general purpose inputs/out-
puts.

2.3.4 TPU_A/TPU_B PADS

2.3.4.1 TPUCH[0:15]_[A:B]
Pin Name: a_tpuchO - a_tpuch15 (16 pins for first TPU), b_tpuchO - b_tpuch15 (16
pins for second TPU)

TPU Channels — These signals provide each TPU with 16 input/output programmable
timed events.

2.3.4.2T2CLK
Pin Name: a_t2clk (1 pin for first TPU), b_t2clk (1 pin for second TPU)

T2CLK - This signal is used to clock or gate the timer count register 2 (TCR2) within
the TPU. This pin is an output-only in special test mode.

2.3.5 QADC_A/QADC_B PADS

2.3.5.1 ETRIG[1:2]
Pin Name: etrig1 - etrig2
ETRIG — These are the external trigger inputs to the QADC_A and QADC_B modules.
ETRIG[1] can be configured to be used by both QADC_A and QADC_B. Likewise,

ETRIG[2] can be used for both QADC_B and QADC_A. The trigger input pins are as-
sociated with the scan queues.

2.3.5.2 AN[0O/ANW/PQB[0]_[A:B]

Pin Name: a_an0_anw_pqgb0 (1 pin for first QADC), b_an0_anw_pqgb0 (1 pin for sec-
ond QADC)

Analog Channel (ANO) - Internally multiplexed input-only analog channels. Passed
on as a separate signal to the QADC.

Multiplexed Analog Input (ANW) — Externally multiplexed analog input.
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Port (PQBO) — Input-only port. This is a 5-V input. This path is synchronized in the pad.
The input is level-shifted before it is sent internally to the QADC.

2.3.5.3 AN[1J/ANX/PQB[1]_[A:B]

Pin Name: a_an1_anx_pqb1 (1 pin for first QADC), b_an1_anx_pqgb1 (1 pin for sec-
ond QADC)

Analog Channel (AN1) - Internally multiplexed input-only analog channels. Passed
on as a separate signal to the QADC.

Multiplexed Analog Input (ANX) — Externally multiplexed analog input.

Port (PQB1) — Input-only port. This is a 5-V input. This path is synchronized in the pad.
The input is level-shifted before being sent internally to the QADC.

2.3.5.4 AN[2]/ANY/PQB[2]_[A:B]

Pin Name: a_an2_any_pqb2 (1 pin for first QADC), b_an2_any_pqgb2 (1 pin for sec-
ond QADC)

Analog Channel (AN2) - Internally multiplexed input-only analog channel. The input
is passed on as a separate signal to the QADC.

Multiplexed Analog Input (ANY) — Externally multiplexed analog input.

Port (PQB2) — Input-only port. This is a 5-V input. This path is synchronized in the pad.
The input is level-shifted before it is sent internally to the QADC.

2.3.5.5 AN[3I/ANZ/PQBJ[3]_[A:B]
Pin Name: a_an3_anz_pqb3 (1 pin for first QADC), b_an3_anz_pqgb3 (1 pin for sec-
ond QADC)

Analog Input (AN3) — Internally multiplexed input-only analog channel. The input is
passed on as a separate signal to the QADC.

Multiplexed Analog Input (ANZ) — Externally multiplexed analog input.

Port (PQB3) — Input-only port. This is a 5-V input. This path is synchronized in the pad.
The input is level-shifted before it is sent internally to the QADC.

2.3.5.6 AN[48:51]/PQB[4:7]_[A:B]

Pin Name: a_an48_pgb4 — a_an51_pqb7 (4 pins for first QADC), b_an48_pqgb4 —
b_an51_pqgb7 (4 pins for second QADC).

Analog Input (AN[48:51]) — Analog input channel. The input is passed on as a sepa-
rate signal to the QADC.

Port (PQB[4:7]) — Input-only port. Has a synchronizer with an input enable and clock.
The input is level-shifted before it is sent internally to the QADC.
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2.3.5.7 AN[52:54]/MA[0:2)/PQA[0:2]_[A:B]

Pin Name: a_an52_ma0_pga0 - a_an54_ma2_pqga2 (3 pins for first QADC),
b_an52_ma0_pgal — b_an54_ma2_pqa2 (3 pins for second QADC).

Analog Input (AN[52:54]) — Input-only. The input is passed on as a separate signal
to the QADC.

Multiplexed Address (MA[0:2]) — Output. Provides a three-bit multiplexed address
output to the external multiplexer chip to allow selection of one of the eight inputs.

Port (PQA[0:2]) — Bi-directional.

2.3.5.8 AN[55:59)/PQA[3:7]_[A:B]

Pin Name: a_an55_pqga3 - a_an59_pqa7 (5 pins for first QADC), b_an55_pga3 —
b_an59_pqga7 (5 pins for second QADC).

Analog Input (AN[55:59]) — Input-only. The input is passed on as a separate signal
to the QADC.

Port (PQA[3:7]) — Bi-directional.
2.3.5.9 VRH

Pin Name: vrh

VRH - Input pin for high reference voltage for the QADC_A and QADC_B modules.
2.3.5.10 VRL

Pin Name: vrl

VRL - Input pin for low reference voltage for the QADC_A and QADC_B modules.
2.3.5.11 VDDA

Pin Name: vdda

VDDA - Power supply input to analog subsystems of the QADC_A and QADC_B mod-
ules.

2.3.5.12 VSSA
Pin Name: vssa

VSSA - Input. Ground level for analog subsystems of the QADC_A and QADC_B
modules.

2.3.6 TOUCAN_A/TOUCAN_B PADS

2.3.6.1 CNTXO0_[A:B]
Pin Name: a_cntx0 (1 pin for first CAN), b_cntx0 (1 pin for second CAN)
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TouCAN Transmit Data 0 — This signal is the serial data output.
2.3.6.2 CNRXO0_[A:B]
Pin Name: a_cnrx0 (1 pin for first CAN), b_cnrx0 (1 pin for second CAN)

TouCAN Receive Data — This signal furnishes serial input data.
2.3.7 CMF PADS
2.3.7.1 EPEE

Pin Name: epee

EPEE - Input. This control signal will externally control the program or erase opera-
tions.

2.3.7.2 VPP
Pin Name: vpp

VPP - Input. Flash supply voltage (5-V supply) used during program and erase oper-
ations of the CMF-.

2.3.7.3 VDDF
Pin Name: vddf

VDDF - Flash core voltage input (3-V supply). This separate supply voltage is needed
in order to reduce noise in the read path of CMF.

2.3.7.4 VSSF
Pin Name: vssf

VSSF — Flash core zero supply input. This separate supply is needed in order to re-
duce noise in the read path of CMF.

2.3.8 GLOBAL POWER SUPPLIES

2.3.8.1 VDDL

Pin Name: vddl

VDDL - 3-V voltage supply input.
2.3.8.2 VDDH

Pin Name: vddh

VDDH - 5-V voltage supply input.
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2.3.8.3 VDDI
Pin Name: vddi

VDDI - 3-V voltage supply input for internal logic.

2.3.8.4 VSSI
Pin Name: vssi

VSSI - Zero supply input for internal logic. In packaged devices, VSSI is not a sepa-
rate input from VSS.

2.3.8.5 KAPWR
Pin Name: kapwr

Keep-Alive Power — 3-V voltage supply input for the oscillator and keep-alive regis-
ters.

2.3.8.6 VDDSRAM
Pin Name: vddsram

SRAM Keep-Alive Power — 3-V voltage supply input for the SRAM.

2.3.8.7 VSS
Pin Name: vss

VSS - Ground level reference input.

2.4 Reset State

All input pins, with the exception of the power supply and clock related pins, are “weak-
ly pulled” to a value during reset by a 130-microampere resistor based on certain con-
ditions. In reset state all I/O pins become inputs, and all outputs except clkout,
hreset_b, sreset_b, will be pulled only by the pull-up/pull-down.

2.4.1 Pin Functionality Out of Reset

The functionality out of reset of some pins that support multiple functionality is defined
in the SIUMCR through the reset configuration word. For details on which multiplexed
pins are configured by the reset configuration word and how they are configured, refer
to 7.5.2 Hard Reset Configuration Word.

The 3-V related pins have selectable output buffer drive strengths which are controlled
by the COMI[O0] bit in the USIU’s system clock and reset control register (SCCR). The
control is as follows:
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0 = 3-V bus pins full drive (50-pF load)*

1 = 3-V bus pins reduced drive (25-pF load)

* The bus pin drive selectability definition is inverted from the selectability of the pin control in the PDMCR register
(for the TPU, QADC, USIU (SGPIO), QSPI, TouCAN, QSCI, and MIOS pins).

2.4.2 Pad Module Configuration Register (PDMCR)

The slew rate and weak pull-up/pull-down characteristics of some pins are controlled
by bits in the PDMCR. This register resides in the SIU memory map. The contents of
the PDMCR are illustrated below. The PORESET signal resets all the PDMCR bits
asynchronously.

PDMCR - Pad Module Configuration Register 0x2F C03C
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SLRC | SLRC | SLRC SPRD | FTPU Reserved
SLRCO 1 P 3 Reserved PRDS s pU
HARD RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18

19 20 21 22 23 24 25 26 27 28 29 30

31

RESERVED

HARD RESET:
0 0 0

NOTE:

1. FTPU_PU is only available on mask set K62N and later.

Table 2-3 PDMCR Bit Descriptions

Bit(s) Name Description

SLRCO controls the slew rate of the following modules: TPU, QADC, USIU (SGPIO).

0 SLRCO |0 = Slow slew rate for pins. Controls slew rate pins of 200 ns.
1 = Normal slew rate for pins
SLRC1 controls the slew rate of the QSPI and TouCAN modules.

1 SLRC1 |0 = Slow slew rate for pins. Controls slew rate pins of 50 ns.
1 = Normal slew rate for pins
SLRC2 controls the slew rate of the QSCI module.

2 SLRC2 |0 = Slow slew rate for pins. Controls slew rate pins of 200 ns.
1 = Normal slew rate for pins
SLRC3 controls the slew rate of the MIOS module.

3 SLRC3 |0 = Slow slew rate for pins. Controls slew rate pins of 200 ns.
1 = Normal slew rate for pins

4:5 — Reserved

The PRDS bit is used to enable or disable the weak pull-up/pull-down devices in the pads related
to SGPIO and all pads related to IMB modules. Table 2-4 illustrates which pins are affected by

6 PRDS |PRDS.
0 = Enable pull-up/pull-down devices
1 = Disable pull-up/pull-down devices
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Table 2-3 PDMCR Bit Descriptions (Continued)

Bit(s) Name Description

The SPRDS bit is used to enable or disable the weak pull-up/pull-down devices in special 3-V
only bus pads. Table 2-4 illustrates which pins are affected by SPRDS. For more details on how
7 SPRDS | this bit affects the pins see 2.4.7 Special Pull Resistor Disable Control (SPRDS).

0 = Enable pull-up/pull-down devices

1 = Disable pull-up/pull-down devices

Follow TPU Pull-Up — Controls the pull-up devices for all T2CLK pins. FTPU_PU is only avail-
able on mask set K62N and later.

0 = Pull-ups are active when the pins are defined as inputs
1 = Pull-ups for the TPU T2CLK pins are enabled or disabled based on the state of PRDS

8 FTPU_PU

9:31 — Reserved

2.4.3 Pin State During Reset

During reset, the functionality of some pins is undetermined. Their functionality is
based on the bits in the SIUMCR. Since the SIUMCR bits are undetermined during re-
set, there is no way of predicting how the pins will function. However, the pins must not
cause any spurious conditions or consume an excessive amount of power during re-
set. To prevent these conditions, the pins need to have a defined reset state. Table 2-
4 describes the reset state of the pins based on pin functionality.

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

2.4.4 Power-On Reset and Hard Reset

Power-on reset and hard reset affect the functionality of the pins out of reset. (During
soft reset, the functionality of the pins is unaltered.) Upon assertion of the power-on
reset signal (PORESET) the functionality of the pin is not yet known. The pull-up or
pull-down resistors are enabled. The reset configuration word configures the system,
and towards the end of reset the pin functionality is known. Based upon pin function-
ality, the pull-up or pull-down devices are either disabled immediately at the negation
of reset or remain enabled.

Hard reset can occur at any time, and there may be a bus cycle pending. For this rea-
son, the bits in PDMCR that control the enabling and disabling of the pull-up or pull-
down resistors in the pads are set or reset synchronously. (PORESET affects these
bits asynchronously.) This causes the pull-up or pull-down resistors to be enabled at
a time when they do not cause contention on the pins and are disabled before they
can cause any contention on the pins.

2.4.5 Pull-Up and Pull-Down Enable and Disable for 5-V Only Pins

For 5-V only pins, the enabling and disabling of the pull-up and pull-down devices is
controlled by the PRDS bit in PDMCR. If the bit is negated, the devices are active. If
the bit is asserted, the devices are inactive.

MPC555 / MPC556 SIGNAL DESCRIPTIONS MOTOROLA
USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 2-30

Go to: www.freescale.com




Freescale Semiconductor, Inc.

2.4.6 Pull-Up and Pull-Down Enable and Disable for 3-V / 5-V Multiplexed Pins

Two signals are needed to enable or disable the pull-up/pull-down devices in the 3-V
/ 5-V multiplexed pads:

* The PRDS signal
* An encoded 3-V / 5-V select

2.4.6.1 PRDS Signal

The PRDS signal is derived from the PRDS bit in the PDMCR. A single signal controls
all affected pads (all pads related to SGPIO and all pads related to the UIMB modules).
The bit is reset by default (pull-ups enabled) and must be explicitly set by software af-
ter reset. The bit is reset immediately following power-on reset and by hard reset after
data coherency. This bit is not affected by soft reset.

2.4.6.2 Encoded 3-V / 5-V Select

This signal selects between the 3-V functionality and the 5-V functionality of the pin.
5-V operation is selected until the function of the pin is determined (based on the reset
configuration word) and PORESET is negated. At this point the 3-V / 5-V select signal
assumes the intended state (high for 5 V and low for 3 V).

Upon hard reset assertion, if the 3-V / 5-V select line is in 3-V select mode, it remains
in this mode until any external bus access completes. After this the 3-V / 5-V select
signal switches to 5-V mode to enable the pull-ups. This ensures that there is no con-
tention on the bus due to the pull-up being enabled. This signal is not affected by soft
reset.

Each pad group has a 3-V / 5-V select signal. Internal to the pad, logic combines these
signals to control the pull-up.

2.4.6.3 Examples

The combination of this 3-V / 5-V select signal and the resistor disable signal enables
or disables the pull-up.The logic to enable the pull-up is:

pull_enable = PRDS & 3-V / 5-V select

For example, if a pin is configured as a GPIO pin (5 V), the 3-V / 5-V select is high
throughout reset. This causes the pull-up to be enabled. At the end of reset, the 3-V /
5-V select line remains high. The PRDS is high by default until cleared by software.
This causes the pull-up to be enabled until software clears the PRDS bit in the PDM-
CR.

If a pin is configured as a bus pin (3 V), the 3 V /5 V remains high throughout reset.
This causes the pull-up to be enabled. At the end of reset, the 3-V / 5-V select line goes
low. This causes the pull-up to be disabled, preventing any power loss if the MCU
starts fetching from external memory immediately out of reset.
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2.4.7 Special Pull Resistor Disable Control (SPRDS)

For the pins that support debug and opcode-tracking functionality, the pull-up and pull-
down resistors are controlled by the SPRDS signal, which is somewhat like the encod-
ed 3-V / 5-V select. During reset this signal is used synchronously to enable the pull-
up resistors in the pads. On negation of reset, based on which functionality is selected
for the pins, this signal is set to disable the pull-up resistors or remains held in its reset
state to indicate that the pull-ups are disabled only when the output driver is enabled.

For example, if a pin is configured as a bus arbitration pin, The SPRDS signal remains
low throughout reset. This causes the pull-up to be enabled. When reset is released,
SPRDS remains low. The output enable for the driver is negated by default. When the
output driver is enabled, the pull-up is disabled.

When a pin is configured as an opcode-tracking or debug pin, SPRDS remains low
throughout reset. This causes the pull-up to be enabled. When reset is released,
SPRDS is asserted. This disables the pull-up resistor immediately. The output driver
drives the pin to the required state after reset.

2.4.8 Pin Reset States

Table 2-4 summarizes the reset states of all the pins on the MPC555 / MPC556.

Table 2-4 Pin Reset State

Pin Function | Port | Voltage | Reset State
uUsIiu
ADDR[8:31)/ ADDR[8:31] 110 3V PUS until reset negates'
SGPIOA[8:31] SGPIOA[8:31] 10 5V |PUS until PRDS is set
DATA[0:31)/ DATA[0:31] I/0 3V PD until reset negates
SGPIOD[0:31] SGPIOD[0:31] I/0 5V PD until PRDS is set
S IRQ[0 | 3V i 1
IRGI0JSGPIOC[O] [0] PUS until reset negates
SGPIOC|0] 110 5V PU5 until PRDS is set
L IRQ[1] I 3V PUS until reset negates'
IRQ[1)/ ey 5 v - p
RSV/SGPIOC[1] 3 PUS5 until reset negates
SGPIOC[1] /10 5V PU5 until PRDS is set
IRQ[2] [ 3V PU5 until reset negates’
___IRQp2y R : "
CRISGPIOC[2) CR I 3V PU5 until reset negates
MTS SGPIOC[2] 110 5V PU5 until PRDS is set
MTS 0] 3V PUS5 until PRDS negates
_TRay IRQ[3] [ 3V PUS until reset negates'

KSRG R(E)ERY/ KR, RETRY I/0 3V PUS5 when driver not enabled?®
PIOC(3] SGPIOC[3] 110 5V PU5 until PRDS is set
RQ4y IRQ[4] [ 3V PUS5 until reset negates’
AT[2) AT[2] o) 3V PUS5 until reset negates’

SGPIOCT4] SGPIOC[4] /10 5V PU5 until PRDS is set
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Table 2-4 Pin Reset State (Continued)

Pin Function Port Voltage Reset State
TRGISISGPIOCISY IRQ[5] [ 3V PUS5 until reset negates’
MODCK[1]3 SGPIOC[5] 110 5V PU5 until PRDS is set
MODCK]1] [ 3V PUS until reset negates'
1RQ[6:7) 1RQ[6:7] | 3V PU3 until SPRDS is set
MODCK[2:3]3 MODCK][2:3] | 3V PUS until reset negates
TSIZ[0:1] TSIZ[0:1] o) 3V :(Ijt when driver not enabled or until SPRDS is
RD/WR RD/WR /o 3V il:Li(thhen driver not enabled or until SPRDS
BURST BURST /o 3V _PU3 when driver not enabled or until SPRDS
is set
BDIP BDIP /O 3V _PU3 when driver not enabled or until SPRDS
is set
- _ PU3 when driver not enabled
TS TS 1/0 3V . .
or until SPRDS is set
TRt TA e 3V FUB when driver not enabled or until SPRDS
is set
PU3 when driver not enabled or until SPRDS
- I is set
TEA TEA 1/0 3V ) o
An external pull-up is required in order to ne-
gate the pin in appropriate time
3 RSTCONF | 3V PU3 when driver not enabled
RSTCONF/TEXP TEXP (0] 3V or until SPRDS is set
OE OE 0 3V PU3 until reset negates
o Bl4 I/0 3V PU3 when driver not enabled
BI/STS — . .
STS (0] 3V or until SPRDS is set
CS[0:3] CSJ[0:3] 0 3V PU3 until reset negates
WE[0:3)/BE[0:3)/ WE[0:3)/BE[0:3] 0 3V PU3 when driver not enabled
AT[0:3] AT[0:3] o} 3V or until SPRDS is set
PORESET3 PORESET I 3V _
PU3 when driver not enabled or until SPRDS
P is set
HRESET?® HRESET I/0 3V ] o
An external pull-up is required in order to ne-
gate the pin in appropriate time
PU3 when driver not enabled or until SPRDS
- is set
SRESET3 SRESET 1/0 3V ) o
An external pull-up is required in order to ne-
gate the pin in appropriate time
PI | \Y P til PRDS is set
SGPIOC[BY SGPIOC[6] /0 5 U5 unti Sis se
FRZ/ FRZ o 3V PUS until reset negates'
PTR PTR @) 3V PUS until reset negates'
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Table 2-4 Pin Reset State (Continued)

Pin Function Port Voltage Reset State
SGPIOC[7] 110 5V PU5 until PRDS is set
SGPIOC[7/ BAATT i p
__o9rh IR T \Y
IRQOUT/LWP[O] QOuU o 3 PUS5 until reset negates
LWP[0] o 3V PUS until reset negates'
BG/ BG /0 3V )
PU3 when driver not enabled
VF[0)/ VF[0] (0] 3V il SPRDS is set
LWP[1] LWP[‘]] o 3V or unti IS Se
BR/ BR I/O 3V _
PU3 when driver not enabled
VF[1]/ VF[1] (0] 3V ] ]
IWP[2] WPL2] o 3V or until SPRDS is set
BR BB 1/0 3V
V?:IZ]/ BB PUS3 when driver not enabled
IWP[3] VFI2] © 3V or until SPRDS is set
IWP[3] (0] 3V
IWP[0:1)/ IWP[0:1] o 3V .
PU3 until reset negates
VFLS[0:1] VFLS[0:1] 0 3V 9
TMS TMS | 3V PUS3 until SPRDS is set
TDI | 3V
TDy PU3 until SPRDS is set
DSDI DSDI [ 3V
TCK/ TCK I 3V . )
PD until SPRDS is set
DSCK DSCK | 3V
TDO/ TDO (0] 3V ]
PUS3 until reset negates
DSDO DSDO o) 3V 9
TRST TRST | 3V PU3 until SPRDS is set
XTALS XTAL [ 3V _
EXTALS EXTAL I 3V —
XFC XFC | 3V —
CLKOUT CLKOUT (0] 3V —
EXTCLK® EXTCLK [ 3V _
ENGCLK/ ENGCLK o 5V —
BUCLK BUCLK o) 5V —
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Table 2-4 Pin Reset State (Continued)

Pin | Function | Port | Voltage | Reset State
QSMCM
PCS0/ PC_SO I/O 5V
SS/ SS 1/10 5V PUS5 until PRDS is set
QGPIO[0] QGPIO[0] /0 5V
PCS[1:3)/ PCS[1:3] 110 5V . .
PUS5 until PRDS is set
QGPIO[1:3] QGPIO[1:3] 1/0 5V
MISO/ MISO /0 5V ) )
PU5 until PRDS is set
QGPIO[4] QGPIO[4] I/0 5V
MOSI/ MOSI /0 5V ) )
PU5 until PRDS is set
QGPIO[9] QGPIO[5] 1/0 5V
SCK/ SCK I/O 5V ) )
PUS5 until PRDS is set
QGPIO[6] QGPIO[6] 1/0 5V
TXD[1:2)/ TXD[1:2] o 5V . .
PUS5 until PRDS is set
QGPO[1:2] QGPOJ1:2] o 5V
RXD[1:2] | 5V _ _
RXD[1:2)/QGPI[1:2] PU5 until PRDS is set
QGPI[1:2] | 5V
ECK ECK I 5V PU5 until PRDS is set
MIOS
MDA[4:13] MDA[4:13] 110 5V PU5 until PRDS is set
MPWM][0:3], [16:19] | MPWM]JO0:3], [16:19] /0 5V PU5 until PRDS is set
VF[0:2)/ VF[0:2] o 3V . .
PUS5 until PRDS is set
MPI1032B[0:2] MPI032B[0:2] 1’0 5V
VFLS[0:1)/ VFLS[0:1] o 3V . .
PU5 until PRDS is set
MPI032B[3:4] MPIO32B[3:4] 1’0 5V
MPIO32B[5:15] MPIO32B[5:15] 1/0 5V PU5 until PRDS is set
TPU_A/TPU_B
A: TPUCH[0:15] TPUCHI0:15] 110 5V PU5 until PRDS is set
A: T2CLK T2CLK 1/0 5V PU5 when driver not enabled®
B: TPUCHI0:15] TPUCHI0:15] 110 5V PU5 until PRDS is set
B: T2CLK T2CLK 1’0 5V PU5 when driver not enabled?
QADC_A/QADC_B
ETRIG[1:2] ETRIG[1:2] [ 5V PD
ANO 5V PUS5 until PRDS is set
A: ANO/ANW/PQBO ANW 5V PU5 until PRDS is set
PQBO 5V PUS5 until PRDS is set
AN1 5V PU5 until PRDS is set

I
I
|
I
A: AN1/ANX/PQB1 ANX I 5V PU5 until PRDS is set
|
I
I
|

PQB1 5V PU5 until PRDS is set
AN2 5V PUS5 until PRDS is set
A: AN2/ANY/PQB2 ANY 5V PUS5 until PRDS is set
PQB2 5V |PU5 until PRDS is set
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Table 2-4 Pin Reset State (Continued)

Pin Function Port Voltage Reset State
AN3 | 5V PUS until PRDS s set
A: AN3/ANZ/PQB3 ANZ | 5V PUS until PRDS s set
PQB3 [ 5V PUS5 until PRDS is set
A: AN[48:51]/ AN[48:51] I 5V PUS5 until PRDS is set
PQB[4:7] PQB[4:7] I 5V PUS until PRDS is set
AN[52:54] | 5V PUS until PRDS s set
M:EOI?‘ZI\]I/[ggi‘[‘(])/: 2] MA[0:2] [ 5V PUS5 until PRDS is set
PQA[0:2] /0 5V PUS5 until PRDS is set
A: AN[55:56])/ AN[55:56] I 5V PUS5 until PRDS is set
PQA[3:4] PQA[3:4] I/0 5V PUS5 until PRDS is set
A: AN[57:59)/ AN[57:59] | 5V PUS5 until PRDS s set
PQA[5:7] PQA[5:7] I/0 5V PUS5 until PRDS is set
ANO | 5V PUS5 until PRDS s set
B: ANO/ANW/PQBO ANW | 5V PUS until PRDS s set
PQBO [ 5V PUS5 until PRDS is set
AN1 | 5V PUS until PRDS s set
B: AN1/ANX/PQB1 ANX | 5V PUS until PRDS s set
PQB1 | 5V PU5 until PRDS is set
AN2 | 5V PUS5 until PRDS s set
B: AN2/ANY/PQB2 ANY | 5V PUS5 until PRDS s set
PQB2 [ 5V PUS5 until PRDS s set
AN3 I 5V PU5 until PRDS is set
B: AN3/ANZ/PQB3 ANZ | 5V PUS5 until PRDS is set
PQB3 | 5V PU5 until PRDS is set
B: AN[48:51)/ AN[48:51] I 5V PUS5 until PRDS is set
PQB[4:7] PQB[4:7] I 5V PUS until PRDS is set
AN[52:54] | 5V PUS5 until PRDS s set
M/?fo/:\g/[ggf\?g{ 2] MA[0:2] | 5V PUS5 until PRDS is set
PQA[0:2] I/0 5V PUS5 until PRDS is set
B: AN[55:56]/ AN[55:56] I 5V PU5 until PRDS is set
PQA[3:4] PQA[3:4] I/0 5V PUS until PRDS is set
B: AN[57:59]/ AN[57:59] I 5V PUS5 until PRDS is set
PQA[5:7] PQA[5:7] 1’0 5V PUS until PRDS is set
VRH VRH [ 5V —
VRL VRL [ — —
VDDA VDDA | 5V —
VSSA VSSA [ — —
TouCAN_A/TouCAN_B
A: CNTXO0 A_CNTX0 0 5V PUS5 until PRDS s set
B: CNTX0 B_CNTXO0 o] 5V PUS5 until PRDS s set
A: CNRX0 A_CNRX0 | 5V PUS5 until PRDS is set
B: CNRX0 B_CNRXO0 | 5V PUS5 until PRDS s set
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Table 2-4 Pin Reset State (Continued)

Pin | Function | Port | Voltage | Reset State
CMF
EPEE EPEE I 3V PD
VPP VPP I 5V —
VDDF VDDF I 3V —
VSSF VSSF | 3V —
Global Power Supplies
VDDL VDDL I 3V —
VDDH VDDH I 5V —
VDDI VDDSI I 3V —
VSSI VSSI I 3V —
KAPWR3 KAPWR | 3V —
VDDSRAM VDDSRAM I 3V —
VDDSYN VDDSYN I 3V —
VSS VSS I — —
VSSSYN VSSSYN | 3V —
NOTES:

1. During reset, the output enable to the pad driver is negated and the PU3/PU5 is active. After reset is negated,
the output enable is continuously enabled and the PUS3 is disabled. The driver is responsible for driving a
valid state on the pin.

2. 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.

3. These pins are powered by KAPWR (Keep-Alive Power Supply).

4. This pin is an active negate signal and may need an external pull-up resister.

2.5 Pad Types

There are different pad types based on functional characteristics. Even pads with the
same functionality may be different due to different electrical characteristics. All 5-V
inputs have hysteresis. There is no synchronization in the pads; it is all in the modules.

2.5.1 Pad Interface Signals

The pad interface consists of an internal interface and an external interface. The ex-
ternal interface is to the pin. The internal interface is the set of signals that interface
the pad to the chip’s internal logic. The following internal interface signals are used:

e Data — The line driven from an internal module of the chip to the pad. For bi-di-
rectional pins, the internal interface may be a single line for both input and output
or two separate paths for input and output. The descriptions of individual pad
types specify which.

* 3-V / 5-V select — Selects a 3-V or 5-V driver, for pads that support both. This sig-
nal is driven from the USIU.

* Output enable (OE) — Enables the output driver. For 3-V / 5-V pads, the appropri-
ate driver is enabled based on the pin functionality selected.

* Input enable — Enables the receiver. For 3-V / 5-V pads, the appropriate receiver
is enabled based on the pin functionality selected.
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* Drive select — Selects the drive strength of the pad. For example, data pin drivers
can be configured to drive a 25-pF load or a 50-pF load.

» Synchronizer clock — Some pins have synchronizer logic to handle metastable
signals at the input of a pin. For pads that have synchronizers and support syn-
chronized or normal data input, the corresponding interface signals to the internal
logic are “Normal Data In” and “Sync Data In.”

* Slew rate control — GPIO pins have slow slew rates, with edge rates in the range
of 90 ns to 600 ns. The slew rate and weak pull-up/pull-down characteristics of
these pins are controlled by bits in the PDMCR, see 2.4.2 Pad Module Configu-
ration Register (PDMCR). For a description of PDMCR bits SLRC[0:3] that have
controllable slew rates, see Table 2-3.

* Hysteresis input — Slow pads contains hysteresis input buffers to reduce the sen-
sitivity to noises. The input hyst_sel is used to configure the pad to provide hys-
teresis according to the pad configuration.

* Open drain enable — For selected 3-V / 5-V pads, this signal determines the type
of drive (open drain or totem pole) seen at the pin.

* Pull resistor disable select (PRDS) — Reflects the state of the PRDS bit in the pad
module configuration register (PDMCR). This signal controls the pull-up/pull-
down resistor for the SGPIO pins and the pins for the modules on the UIMB.

» Special pull resistor disable select (SPRDS) — Reflects the state of the SPRDS
bit in the PDMCR. For pins that support bus arbitration functionality multiplexed
with opcode-tracking and debug functionality, this signal controls the pull-up re-
sistors.

* Analog — Analog input signals to the QADC. The corresponding digital interface
signals are referred to as “Dig. In” and Dig. Out”.

* JTAG — Joint Test Access Group related signals that are used for connectivity
tests at the board level. These signals are not shown in the pad block diagrams
in this section. In addition, the effect of the pull-up/pull-down resistors is not illus-
trated in the pad block diagrams.

These interface signals are referred to in the following pad descriptions and shown in
the pad diagrams.

2.5.2 Three-Volt Output Pad

The output driver of a 3-V output-only pad can be configured to drive a 25-pF or 50-pF
load. There are two subtypes: one with a pull-up device and the other with a pull-down
device. The SPRDS and OE signals enable the pull-up and pull-down resistors.

2.5.2.1 Type A Interface
This pad has a pull-up device to 3 V which can be conditionally turned off based on the
value placed on OE. For a totem pole (push pull) pin with no three-state drive time, the
OE can be connected to VDD, indicating a continuous drive. For a continuous drive,
the pull-up can be disabled.
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<

Drive Sel
—_——— P
Sprds

R ———

Data Out Logic Driver Pin

— AN
y

OE

i

Figure 2-3 Type A Interface

2.5.2.2 Type B Interface (Clock Pad)

The pad has a capability to select the buffer for the appropriate load (45 or 90 pF). The
OE input drives the totem pole output or three-states the output.

Drive Sel
— "

Pin
Data Out> Logic Driver Lo
OE .

i+

Figure 2-4 Type B Interface

2.5.3 Three-Volt Input Pad

Four subtypes are defined for the 3-V input-only pad: one with a pull-up resistor, one
with a pull-up resistor and with or without hysteresis in the receiver, one with hysteresis
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(no resistor), and one with a pull-down resistor. The SPRDS signal may disable the
pull-up or pull-down resistor.

2.5.3.1 Type C Interface
The type C interface has a 3-V input with a pull-up resistor.

3V
—_—
- Data In %
Sprds
» W Pin
<]

Figure 2-5 Type C Interface

2.5.3.2 Type CH Interface

Pad type CH has a 3-V input with hysteresis and a pull-up resistor. The hyst_sel signal
selects the receiver with or without hysteresis.

3V
- Data In %
Sprds W Pin
<
hyst_sel
LT
Figure 2-6 Type CH Interface
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2.5.3.3 Type CNH Interface
The CNH pad type has a 3-V input with hysteresis but no pull-up or pull-down device.

3V
*
Data In
) Pin
Receiver <
Figure 2-7 Type CNH Interface
2.5.3.4 Type D Interface
This type of pad has a 3-V input and an internal pull-down resistor.
3V
*
Data In Pin
-
<]

Receiver

)
Sprds %

Figure 2-8 Type D Interface

2.5.4 Three-Volt Input/Output Pad

This is a 3-V bi-directional pad with a pull-up device. The drive strength for the output
driver can be configured for either a 25-pF or a 50-pF load. The SPRDS and OE sig-

nals control the pull-up devices.
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2.5.4.1 Type E Interface

In this pad type the data interface to the internal logic has separate paths for input and
output. This pad also has a open drain enable input. For totem pole driven outputs, the
signal is connected to VSS to disable the open-drain drive.

3V

OD Enable >/
—>

Drive Sel
— >

Sprds
—

Data Out - . Pin
Logic Driver

OE

Data In

Receiver

IE

i

Figure 2-9 Type E Interface

2.5.4.2 Type EOH Interface

In this pad type the data interface to the internal logic has separate paths for input and
output. The receiver has hysteresis. The pull-up is active when the driver is not en-
abled.
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Drive Sel
—_—

Sprds
—

Data Out

OE

Pin

Logic OD Driver

Data In
-

Receiver

e N\

Figure 2-10 3-V Type EOH Interface

2.5.4.3 Type F Interface
In this pad type the data interface to the internal logic has the same path for both input

and output. The pull-up is inactive when the driver is enabled.

MOTOROLA
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3V
*
Drive Sel >)
——
Sprds %
Data 1O : 3-V Pin
- - Logic OD Driver
OE
3-V
Receiver
IE
—_—

i

Figure 2-11 Type F Interface

2.5.4.4 Type G Interface
In this pad type the data interface to the internal logic has the same path for both input
and output. This pad type also has the SPRDS signal as an input to disable the resistor

when the pad is a non-bus function.

MOTOROLA
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Sprds >)
TEET e

Drive Sel
—_—

Data Out__ _ 3-V Pin
Logic Driver

OE

Data In
-

3-V
Receiver

IE
— >

Figure 2-12 Type G Interface

2.5.5 Five-Volt Input/Output Pad

This pad type is for 5-V bi-directional pins. There is provision to pull the pinupto 5V
and logic to control when the pull-up is enabled. For a 5-V driver, the internal “Fast
Mode” signal selects the slow or fast driver. All 5-V inputs have hyteresis.

2.5.5.1 Type H Interface

This pad has logic for a 3-V output function as well as a 5-V input-output function. A
“3-V / 5-V sel” interface signal determines which driver gets selected.

This pad type has two separate data output paths. These paths are multiplexed onto
the output pin based on the 3-V / 5-V select signal. This pad also has a dedicated syn-
chronous input path.

If only one of the output paths is used on a device, the other can be connected to
ground. In this case, the 3-V / 5-V select signal must be tied to the appropriate value
to disable the other path.
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3-V /5-V Sel
—
PRDS

— >
Drive Sel ] VK
5 V Data Out Pin
Logic i
3 V Data Out 9! ity
>
OE 3V
SLRC
Synch.
- Data In 5-V i \
Synch. Clk Synch.
— Receiver

il

Figure 2-13 Type H Interface

2.5.5.2 Type | Interface
This pad has logic for a 3-V input/output function as well as a 5-V input/output function.
A “3-V / 5-V sel” interface signal indicates which driver gets selected.The data inter-

face to the internal logic has separate paths for input and output.
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5V
T
3-V/5-V Sel ’»
—_—
PRDS
5V i \
Data Out Pin
Logic :
OE g Driver
Drive Sel 3V
—_—
SLRC
- Data In 5 V_Q_
L» Receiver
3Vv

L

Figure 2-14 Type | Interface

2.5.5.3 Type IH Interface

This pad has logic for a 3-V input/output function as well as a 5-V input/output function.
A “3-V / 5-V sel” interface signal determines which driver gets selected.

In this pad type the data interface to the internal logic has separate paths for input and
output. The 3-V receiver has 2 possible paths: with or without hysteresis. The hyst_sel
signal selects the appropriate path.
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5V
*
3-V /5-V Sel ’»
—_—
PRDS
—
5V ; \
Data Out.= Pin
Logic .
OE Driver
Drive Sel 3V
—_—
SLRC
—_—
- Data In 5 VT
L» Receiver
3V ; \
hyst_sel
—
3V

i

Figure 2-15 Type IH Interface

2.5.5.4 Type J Interface
This pad has logic for a 3-V input/output function as well as a 5-V input/output function.
A “3-V / 5-V sel” interface signal indicates which driver gets selected. The data inter-
face to the internal logic has the same path for both input and output.
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5V
T
3-V /5-V Sel >/
IVt o8
PRDS
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5V ; \
<oata _ Pin
OE Logic Driver
Drive Sel 3V
SLRC
OV
5V ; \
|E—> Receiver
3V

L
Figure 2-16 Type J Interface

2.5.5.5 Type JD Interface

This pad has logic for a 3-V input/output function as well as a 5-V input/output function.
A “3-V / 5-V sel” interface signal indicates which driver gets selected.

The data interface to the internal logic has the same path for both input and output.
The pad has a pull-down resistor which is activated by reset and/or PRDS.
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Figure 2-17 Type JD Interface

2.5.6 Type K Interface (EPEE Pad)
This pad has a pull-down device that is enabled at all times. The module checks to see
that a transition to a new state on the pin is maintained for at least two clocks before
the information is passed on internally to the sequencer implemented in the flash. The

synchronizer clock to this pad is GCLK2.
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Data Pin

K

Figure 2-18 EPEE Pad (Type K)

-

Synch. Clk
—

Sequencer

2.5.7 Analog Pads

The 5-V analog pads interface to the QADC modules internally. They have separate
analog and digital paths in the pad in order to implement the functionality that is mul-
tiplexed on the pin.

2.5.7.1 Type L Interface (QADC Port A)

This pad is used for interfacing to the port A of the QADC. The digital portion of the
pad supports bi-directional operation. The receiver has a synchronizer. The digital in-
put is level-shifted from 5 V to 3 V before it is sent internally to the QADC.
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Analog In Analog
-
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_ _ Pin
Data Direction OD Driver

Dig. In
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[ [
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S [ Shifter

Input Enable

Sync. Clk

Digital

Figure 2-19 Type L Interface

2.5.7.2 Type M Interface (QADC Port B)

This pad is used for interfacing to port B of the QADC. This is an input-only pad. The
receiver has a synchronizer. The digital input is level-shifted from 5 V to 3 V before it
is sent internally to the QADC.

5V
PRDS »J-
Analog In Analog
-
PRDS
Pin
Dic | <]
< ig:In
Input Enable - Synch. Rx SLlfi‘f’teelr
Sync. Clk
N E— Digital
Figure 2-20 Type M Interface
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2.5.7.3 Type N Interface (ETRIG)

This is the pad for the ETRIG function of the QADC. The input signal is level-shifted
before being sent to the QADC module. The pad also serves as an output pad in test
mode.

5V
T
Input Enable
Dig. In Pin
- SynCh. Rx C>
Sync. Clk
Digital

Figure 2-21 Type N Interface

2.5.8 Pads with Fast Mode

The type O pads (for interfacing to the QSMCM) and type P pads (for interfacing to the
TPU and MIOS) have a fast mode provision.

2.5.8.1 Type O Interface (QSMCM Pads)

This pad is used for interfacing to the QSMCM. It is a 5-V, bi-directional pad and has
provision for a fast mode in which the slow slew rate driver is bypassed and data is
driven by a fast slew rate driver. When the pin is an input, the data can be driven either
synchronously or asynchronously. A pull-up device is available which can be disabled
using the PRDS signal.
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Figure 2-22 Type O Interface

2.5.8.2 Type P Interface (TPU and MIOS Pads)

This is a 5-V, bi-directional pad that has a fast mode provision like the QSMCM pads.
The input path is always synchronous. The receiver has hysteresis in order to mini-
mize the effect of noise on the pins. In addition, the receiver has a digital filter (some-
what like the sequencer for the EPEE pad) to check for a state on the pin for a
particular number of clocks. The pad also has a pull-up device. Depending on the reset
state (see Table 2-4) the pull-up may be controlled by the PRDS signal.
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Figure 2-23 Type P Interface

2.5.9 5V Input, 5V Output Pads
These pads are 5-V only pads.

2.5.9.1 5V Output (Type Q)

This pad is a 5-V output-only pad with slow and fast drive capability. The driver is con-
figureable to be either push pull or open drain using the OD enable signal. This pad
type has a pull-up device that can be controlled using the PRDS signal.
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Figure 2-24 Type Q Interface

2.5.9.2 Type R Interface

This is a 5-V input-only pad with a synchronous and asynchronous receiver. Both syn-
chronous and asynchronous data are driven in from the internal module that interfaces
to this pad. A pull-up device can be controlled using the PRDS signal.

5V
T
PRDS
|
5-V ; \
- Normal Receiver Pin
Data In <]
Synch. 5-V ; \
Data In SVnch_
Synch_ C|k Receiver
e
L
Figure 2-25 Type R Interface
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2.5.9.3 5V Output for Clock Pad

This interface is used for a 5-V clock pad output. The drive select signal selects the
buffer for a 45- or 90-pF load.

Drive Sel
—

5V \\ Pin
Data Out> Logic Driver Lo

OE

Figure 2-26 Type S Interface

2.6 Pad Groups

A pad group is a set of pins that exhibits similar functional characteristics. Within a
group the individual pads may be of different types. The functionality of some pins is
defined based on the control bits that are set in the SIUMCR from the reset configura-
tion word. Refer to the section on pin functionality out of reset in the reset section of
the document.

The following is a list of pad groups which were obtained based on the 3-V / 5-V se-
lection from the information in the “pin configuration out of reset” tables. In other words,
each group receives a different encoded 3-V / 5-V select signal.

Table 2-5 Pad Groups Based on 3-V / 5-V Select

Group Pins
1 FRZ/PTR/SGPIOC[6], SGPIO[7/IRQOUT/LWP[0]
2 DATA[0:31)/SGPIOD[0:31]
3 ADDRI[8:31)/SGPIOA[8:31]
4 TRQ[0)/SGPIOC[0], IRQ[1)/SGPIOC[1], IRQ[4]/SGPIOC[4]
5 IRQ[2)/SGPIOC[2], IRQ[3)/SGPIOC[3], IRQ[5)/SGPIOC[5]

All pins that drive 3 V have the provision to choose between drive strengths for a 25-
pF load or a 50-pF load.
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2.7 Pin Names and Abbreviations

The following table lists the recommended abbreviations for all the pins on the
MPC555/ MPC556. The abbreviations can be used in applications for which the actual
name is too long. For example, they can be used to on circuit boards to map the pin

location on the boards.

Table 2-6 Pin Names and Abbreviations

Pin List Pin Name Abbreviation Ball
addr_sgpioa[8] addr_sgpl[8] V6
addr_sgpioa[9] addr_sgp[9] V5
addr_sgpioa[10] addr_sgp[10] V4
addr_sgpioa[11] addr_sgp[11] V3
addr_sgpioa[12] addr_sgp[12] Wi1
addr_sgpioa[13] addr_sgp[13] Y2
addr_sgpioa[14] addr_sgp[14] W3
addr_sgpioa[15] addr_sgp[15] Y3
addr_sgpioa[16] addr_sgp[16] w4
addr_sgpioa[17] addr_sgp[17] Y4
addr_sgpioa[18] addr_sgp[18] W5

ADDR[8:31/SGPIOA[8:31] addr_sgpioal1] addr_sgp[19] | Y5
addr_sgpioa[20] addr_sgp[20] W6
addr_sgpioa[21] addr_sgp[21] Y6
addr_sgpioa[22] addr_sgp[22] V7
addr_sgpioa[23] addr_sgp[23] w7
addr_sgpioa[24] addr_sgp[24] Y7
addr_sgpioa[25] addr_sgp[25] Y8
addr_sgpioa[26] addr_sgp[26] w8
addr_sgpioa[27] addr_sgp[27] V8
addr_sgpioa[28] addr_sgp[28] us
addr_sgpioa[29] addr_sgp[29] u9
addr_sgpioa[30] addr_sgp[30] u7
addr_sgpioa[31] addr_sgp[31] ué
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Table 2-6 Pin Names and Abbreviations (Continued)
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Pin List Pin Name Abbreviation Ball
data_sgpiod[0] data_sgp[0] Y9
data_sgpiod[1] data_sgp[1] W9
data_sgpiod[2] data_sgp[2] Y10
data_sgpiod[3] data_sgp[3] W10
data_sgpiod[4] data_sgp[4] Y11
data_sgpiod[5] data_sgp[5] W11
data_sgpiod[6] data_sgp[6] Y12
data_sgpiod[7] data_sgp[7] W12
data_sgpiod[8] data_sgp[8] Y13
data_sgpiod[9] data_sgp[9] W13
data_sgpiod[10] data_sgp[10] Y14
data_sgpiod[11] data_sgp[11] W14
data_sgpiod[12] data_sgp[12] Y15
data_sgpiod[13] data_sgp[13] W15
data_sgpiod[14] data_sgp[14] Y16

DATA[0:31)/SGPIOD[0:31] data_sgpiod[1] data_sgp[15]  |W16
data_sgpiod[16] data_sgp[16] Y17
data_sgpiod[17] data_sgp[17] W17
data_sgpiod[18] data_sgp[18] V17
data_sgpiod[19] data_sgp[19] V16
data_sgpiod[20] data_sgp[20] ui16
data_sgpiod[21] data_sgp[21] V15
data_sgpiod[22] data_sgp[22] Vi4
data_sgpiod[23] data_sgp[23] ui4
data_sgpiod[24] data_sgp[24] V13
data_sgpiod[25] data_sgp[25] ui3
data_sgpiod[26] data_sgp[26] V12
data_sgpiod[27] data_sgp[27] ui2
data_sgpiod[28] data_sgp[28] Vi1
data_sgpiod[29] data_sgp[29] Ui1
data_sgpiod[30] data_sgp[30] V10
data_sgpiod[31] data_sgp[31] V9

TRQ[0)/SGPIOCI0] irq0_b_sgpiocO irqOb_sgp M1
IRQ[1)/RSV/SGPIOC[1] irq1_b_rsv_b_sgpioc1 irg1b_sgp M2
IRQ[2)/CR/SGPIOC[2)/MTS irq2_b_cr_b_sgpioc2_mts irq2b_sgp M3
IRQ[3)/KR, RETRY/SGPIOC[3] irq3_b_kr_b_retry_b_sgpioc3 |irq3b_sgp L3
TRQ[4)/AT[2)/SGPIOCI[4] irqg4_b_at2_sgpioc4 irq4b_sgp L4
IRQ[5)/SGPIOC[5//MODCK[1] irg5_b_sgpioc5_modck1 irg5b_sgp W18
N irq6_b_modck2 irgéb_mck2 Y18
IRQ[6:7)/MODCK][2:3] - -
irq7_b_modck3 irg7b_mck3 Y19
TSIZ[0:1] tsizo tsizO U1
tsiz1 tsiz1 T3
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Table 2-6 Pin Names and Abbreviations (Continued)

Pin List Pin Name Abbreviation Ball
RD/ WR rd_wr_b rd_wrb R1
BURST burst_b burstb Vi1
BDIP bdip_b bdipb u4
TS ts_b tsb us
TA ta_b tab U2
TEA tea_b teab T2
RSTCONF/TEXP rstconf_b_texp rcfb_txp u17
OE oe_b oeb T1
BI/STS bi_b_sts_b bib_stsb V2
csO_b csOb P4
TS0:3] cs1_b cs1b R4
cs2_b cs2b R3
cs3 b cs3b R2
we0_b_be0_b_at0 web_at[0] N1
__ __ wel_b_bel_b_ati web_at[1] P1
WE[0:3)/BE[0:3)/AT[0:3]
we2_b_be2_b_at2 web_at[2] P2
we3_b_be3_b_at3 web_at[3] P3
PORESET poreset_b poresetb V19
HRESET hreset_b hresetb W20
SRESET sreset_b sresetb V20
SGPIOCI[6]/FRZ/PTR/ sgpioc6_frz_ptr_b sgp_frz K3
SGPIOC[7)/IRQOUT/LWP[0] sgpioc7_irgout_b_lwp0 sgp_irqoutb M4
BG/VF[O)/LWP[1] bg_b_vf0_lwp1 bgb_lwp1 N3
BR/VF[1)/IWP[2] br_b_vf1_iwp2 brb_iwp2 N2
BB/VF[2)/IWP[3] bb_b_vf2_iwp3 bbb_iwp3 N4
iwpOQ_vflsO iwpQ_vfls L2
IWP[0:1)/VFLS[0:1] - .
iwp1_vfls1 iwp1_vils L1
T™MS tms tms K1
TDI/DSDI tdi_dsdi tdi_dsdi K2
TCK/DSCK tck_dsck tck_dsck Ji
TDO/DSDO tdo_dsdo tdo_dsdo J2
TRST trst_b trst_b J3
XTAL xtal xtal u20
EXTAL extal extal T20
XFC xfc xfc R19
CLKOUT clkout clkout V18
EXTCLK extclk extclk ui8
VDDSYN vddsyn vddsyn R20
VSSSYN vsssyn vsssyn T19
ENGCLK/BUCLK engclk_buclk eck_buck u19
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Table 2-6 Pin Names and Abbreviations (Continued)

Pin List | Pin Name | Abbreviation | Ball
QSMCM
PCS0/SS/QGPIO[0] pcs0_ss_b_qgpio0 pcs0_qgp L18
pcs1_qgpiol pcs1_qgp L17
PCS[1:3)/QGPIO[1:3] pcs2_qgpio2 pcs2_qgp M18
pcs3_qgpio3 pcs3_qgp M17
MISO/QGPIO[4] miso_qgpio4 miso_qgp4 L19
MOSI/QGPIQ[5] mosi_qggpio5 mosi_qgp5 L20
SCK/QGPIO[6] sck_qgpio6 sck_qgp6 M20
TXDI[1:2//QGPO[1:2] txd1_qgpot xd1_qgpo N18
txd2_qgpo2 txd2_qggpo N20
RXD[1:2]/QGPI[1:2] rxd1_qu?1 er1—quf N17
rxd2_qgpi2 rxd2_qgpi N19
ECK eck eck M19
MIOS

mdai1 mdaii A17
mdai2 mdai2 A18
MDA[11:15] mdai3 mdai3 A19
mdai4 mdai4 B17
mda15 mdai5 B18
mda27 mda27 C17
mda28 mda28 B20
MDA[27:31] mda29 mda29 C18
mda30 mda30 C19
mda31 mda31 Cc20
mpwmO mpwmO E17
mpwm- mpwm- D18
mpwm2 mpwmz2 D19
mpwm3 mpwm3 D20

MPWM[0:3], [16:19]
mpwm16 mpwm16 F17
mpwm17 mpwm17 E18
mpwm18 mpwm18 F18
mpwm19 mpwm19 E19
vf0_mpio32b0 vfO_mpio0 J19
VF[0:2)/MPIO32B[0:2] vfl_mpio32b1 vf1_mpio1 J20
vf2_mpio32b2 vf2_mpio2 J17
vilsO_mpio32b3 vflsO_mpio3 J18

VFLS[0:1)/MPI0O32B[3:4] - :
vils1_mpio32b4 vils1_mpio4 K18
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Table 2-6 Pin Names and Abbreviations (Continued)

Pin List Pin Name Abbreviation Ball
mpio32b5 mpio5 G17
mpio32b6 mpio6 E20
mpio32b7 mpio7 F19
mpio32b8 mpio8 G18
mpio32b9 mpio9 F20

MPI0O32B[5:15] mpio32b10 mpio10 H17
mpio32b11 mpio11 G19
mpio32b12 mpio12 G20
mpio32b13 mpio13 H20
mpio32b14 mpio14 H19
mpio32b15 mpio15 H18

TPU_A/TPU_B
a_tpuch0 a_tpuch0 D3
a_tpuchi a_tpuchi A2
a_tpuch2 a_tpuch2 D4
a_tpuch3 a_tpuch3 C3
a_tpuch4 a_tpuch4 A3
a_tpuch5 a_tpuchb D5
a_tpuch6 a_tpuch6 B3

A: TPUCH[0:15] a_tpuch7 a_tpuch7 C4
a_tpuch8 a_tpuch8 A4
a_tpuch9 a_tpuch9 C5
a_tpuch10 a_tpuch10 B4
a_tpuchii a_tpuch11 B5
a_tpuch12 a_tpuchi2 A5
a_tpuch13 a_tpuch13 Cé6
a_tpuch14 a_tpuch14 B6
a_tpuchi15 a_tpuch15 A6

A: T2CLK a_t2clk a_t2clk c2
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Table 2-6 Pin Names and Abbreviations (Continued)

Pin List Pin Name Abbreviation Ball
b_tpuch0 b_tpuch0 H2
b_tpuch1 b_tpuch1 H1
b_tpuch2 b_tpuch2 G1
b_tpuch3 b_tpuch3 G2
b_tpuch4 b_tpuch4 G3
b_tpuch5 b_tpuch5 F1
b_tpuch6 b_tpuch6 F2
b_tpuch7 b_tpuch7 E1

B: TPUCH[0:15]
b_tpuch8 b_tpuch8 F3
b_tpuch9 b_tpuch9 G4
b_tpuch10 b_tpuch10 E2
b_tpuch11 b_tpuchi1 D1
b_tpuchi12 b_tpuchi12 F4
b_tpuch13 b_tpuch13 D2
b_tpuch14 b_tpuch14 E3
b_tpuch15 b_tpuch15 C1
B: T2CLK b_t2clk b_t2clk B1
QADC_A/QADC_B
etrig1 etrig1 C16
ETRIG[1:2] - -
etrig2 etrig2 B16
A: ANO/ANW/PQBO a_an0_anw_pgb0 aan0_pgb0 A8
A: AN1/ANX/PQB1 a_ani_anx_pqgb1 aani_pgb1 D8
A: AN2/ANY/PQB2 a_an2_any_pgb2 aan2_pgb2 (0F:]
A: AN3/ANZ/PQB3 a_an3_anz_pqb3 aan3_pqgb3 B8
a_an48_pqgb4 aan48_pqgb4 A9
a_an49_pqgb5 aan49_pgb5 B9
A: AN[48:51]/PQBJ[4:7]
a_an50_pqgb6 aan50_pgb6 D9
a_an51_pqb7 aan51_pgb7 C9
a_an52_ma0_pqa0 aan52_pga0 A10
A: AN[52:54]/MA[0:2]/PQA[0:2] a_an53_mail_pqal aan53_pgal B10
a_anb54_ma2_pqa2 aan54_pga2 A1
a_anb5_pga3 aan55_pga3 D10
A: AN[55:56])/PQA[3:4]
a_an56_pga4 aan56_pga4 C10
a_anb7_pqgab aan57_pgab B11
A: AN[57:59)/PQA[5:7] a_an58_pqga6 aan58_pgabé D11
a_an59_pqa7 aan59_pga7 C11
B: ANO/ANW/PQBO b_an0_anw_pgb0 ban0_pgb0 A12
B: AN1/ANX/PQB1 b_an1_anx_pgb1 ban1_pgb1 B12
B: AN2/ANY/PQB2 b_an2_any_pqgb2 ban2_pgb2 A13
B: AN3/ANZ/PQB3 b_an3_anz_pgb3 ban3_pgb3 Al4
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Table 2-6 Pin Names and Abbreviations (Continued)

Pin List Pin Name Abbreviation Ball
b_an48_pgb4 ban48_pqgb4 B13
b_an49_pgb5 ban49_pqb5 Cci12

B: AN[48:51]/PQBJ[4:7]
b_an50_pgb6 ban50_pqgb6 D12
b_an51_pqgb7 ban51_pqgb7 A15
b_an52_ma0_pqga0 ban52_pqa0 B14
B: AN[52:54)/MA[0:2])/PQA[0:2] b_an53_mai_pqa1 ban53_pqa1 C13
b_an54_ma2_pqa2 ban54_pqa2 B15
b_an55_pqa3 ban55_pga3 D13
B: AN[55:56])/PQA[3:4]
b_an56_pga4 ban56_pqa4 C14
b_an57_pga5 ban57_pqa5 Ci5
B: AN[57:59]/PQA[5:7] b_an58_pqga6 ban58_pqa6 D14
b_an59_pqa7 ban59_pqga7 D15
VRH vrh vrh B7
VRL vrl vrl A7
VDDA vdda vdda Cc7
VSSA vssa vssa D7
TOUCAN_A/TOUCAN_B
A: CNTXO0 a_cntx0 a_cntx0 K19
B: CNTX0 b_cntx0 b_cntx0 H4
A: CNRXO a_cnrx0 a_cnrx0 K20
B: CNRX0 b_cnrx0 b_cnrx0 H3
CMF
EPEE epee epee P18
VPP vpp vpp P17
VDDF vddf vddf R18
VSSF vssf vssf P19
Global Power Supplies
D17,E4,K4,K17,
VDDL vddl vdd| R17. T4, U10,
u15
A1,A16,A20, B2,
VDDH vddh vddh B19, P20, Y1,
Y20, W2, W19
VDDI vddi vddi T17, U5, D6, D16
KAPWR kapwr kapwr T18
VDDSRAM vddsram vddsram J4
J9,J10,J11,J12,
K9, K10, K11,
VSS VsS Vss K12, L9, L10,
L11, L12, M9,
M10, M11, M12
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SECTION 3
CENTRAL PROCESSING UNIT

The PowerPC-based RISC processor (RCPU) used in the MPC500 family of micro-
controllers integrates five independent execution units: an integer unit (IU), a load/
store unit (LSU), and a branch processing unit (BPU), floating-point unit (FPU) and in-
teger multiplier divider (IMD). The use of simple instructions with rapid execution times
yields high efficiency and throughput for MPC555 / MPC556-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 se-
quential.

This section provides an overview of the RCPU. For a detailed description of this pro-
cessor, refer to the RCPU Reference Manual (RCPURM/AD).

3.1 RCPU Features
Major features of the RCPU include the following:

* 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 IU
— Fully IEEE 754-compliant FPU for both single- and double-precision opera-
tions

— Thirty-two general-purpose registers (GPRs) for integer operands
— Thirty-two floating-point registers (FPRs) for single- or double-precision oper-
ands
* Facilities for enhanced system performance
— Programmable big- and little-endian byte ordering
— 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
MPC555 / MPC556 CENTRAL PROCESSING UNIT MOTOROLA
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3.2 RCPU Block Diagram

Figure 3-1 provides a block diagram of the RCPU.
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3.3 Instruction Sequencer

The instruction sequencer provides centralized control over data flow between execu-
tion units and register files. The sequencer implements the basic instruction pipeline,
fetches instructions from the memory system, issues them to available execution
units, and maintains a state history so it can back the machine up 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 uses static branch prediction on unresolved conditional branches to allow
the instruction unit to fetch instructions from a predicted target instruction stream while
a conditional branch is evaluated. The BPU folds out branch instructions for uncondi-
tional branches 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 instruc-
tions, and instructions are issued from the correct path.
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3.4 Independent Execution Units

The PowerPC architecture supports independent floating-point, integer, load/store,
and branch processing execution units, making it possible to implement advanced fea-
tures 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.
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Table 3-1 RCPU Execution Units

Unit Description

Branch processing

unit (BPU) Includes the implementation of all branch instructions

Includes implementation of all load and store instructions, whether defined as part

Load/store unit (LSU) of the integer processor or the floating-point processor

Includes implementation of all integer instructions except load/store instructions.
This module includes the GPRs (including GPR history and scoreboard) and the
following subunits:

Integer unit (1U) The IMUL-IDIV includes the implementation of the integer multiply and divide in-
structions.

The ALU-BFU includes implementation of all integer logic, add and subtract in-
structions, and bit field instructions.

Includes the FPRs (including FPR history and scoreboard) and the implementa-
tion of all floating-point instructions except load and store floating-point instruc-
tions

Floating-point unit
(FPU)

The following sections describe the 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 an unresolved conditional branch instruction is encountered,
the processor pre-fetches instructions from the predicted target stream until the con-
ditional branch is resolved.

The BPU contains an calculation feature to compute branch target addresses and
three special-purpose, user-accessible registers: the link register (LR), the count reg-
ister (CTR), and the condition register (CR). The BPU calculates the return pointer for
subroutine calls and saves it into the LR. The LR also contains the branch target ad-
dress for the branch conditional to link register (belrx) instruction. The CTR contains
the branch target address for the branch conditional to count register (bectrx) instruc-
tion. 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.

3.4.2 Integer Unit (IU)

The U executes all integer processor instructions, except the integer storage access
instructions, which are implemented by the load/store unit. The IU contains the follow-
ing subunits:

* The IMUL-IDIV unit includes the implementation of the integer multiply and divide
instructions.

* The ALU-BFU unit includes the implementation of all integer logic, add and sub-
tract, and bit field instructions.
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The U 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 on consecutive clock cycles. Di-
vide instructions are not pipelined; an integer divide instruction preceded or followed
by an integer divide or multiply instruction results in a stall in the processor pipeline.
Note that 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 inde-
pendent execution unit so that stalls in the memory pipeline do not cause the master
instruction pipeline to stall (unless there is a data dependency). The unit is fully pipe-
lined 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 two clocks latency. Double-word accesses require two clocks, resulting in
three clocks 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 in-
struction (or zero) to either a source two register operand or to a 16-bit, immediate val-
ue embedded in the instruction.

3.4.4 Floating-Point Unit (FPU)

The FPU contains a double-precision multiply array, the floating-point status and con-
trol register (FPSCR), and the FPRs. The multiply-add array allows the MPC555 /
MPC556 to efficiently implement floating-point operations such as multiply, multiply-
add, and divide.

The MPC555 / MPC556 depends on a software envelope to fully implement the IEEE
floating-point specification. Overflows, underflows, NaNs, 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 MPC555
/ MPC556 provides a mode of operation that avoids invoking the software envelope
and attempts to deliver results in hardware that are adequate for most applications, if
not in strict conformance with IEEE standards. In this mode, denormalized numbers,
NaNs, and IEEE invalid operations are treated as legitimate, returning default results
rather than causing floating-point assist exceptions.
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3.5 Levels of the PowerPC Architecture

The PowerPC architecture consists of three layers. Adherence to the PowerPC archi-
tecture can be measured in terms of which of the following levels of the architecture
are implemented:

* PowerPC 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.

* PowerPC virtual environment architecture (VEA) — Describes the memory model
for a multiprocessor environment, and describes other aspects of virtual environ-
ments. Implementations that conform to the VEA also adhere to the UISA, but
may not necessarily adhere to the OEA.

* PowerPC operating environment architecture (OEA) — Defines the memory man-
agement model, supervisor-level registers, synchronization requirements, and
the exception model. Implementations that conform to the OEA also adhere to the
UISA and the VEA.

3.6 RCPU Programming Model

The PowerPC architecture defines register-to-register operations for most computa-
tional instructions. Source operands for these instructions are accessed from the reg-
isters or are provided as immediate values 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 processors have two levels of privilege: supervisor mode of operation (typi-
cally used by the operating environment) and user mode of operation (used by the ap-
plication software). The programming models incorporate 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 (either due to an error or problem that needs to be
serviced, or deliberately through the use of a trap instruction), the processor begins
operating in supervisor mode. The level of access is indicated by the privilege-level
(PR) bit in the machine state register (MSR).

Figure 3-3 shows the user-level and supervisor-level RCPU programming models and
also illustrates the three levels of the PowerPC architecture. The numbers to the left
of the SPRs indicate the decimal number that is used in the syntax of the instruction
operands to access the register.

Note that registers such as the general-purpose registers (GPRs) are accessed
through operands that are part of the instructions. Access to registers can be explicit
(that is, through the use of specific instructions for that purpose such as move to spe-
cial-purpose register (mtspr) and move from special-purpose register (mfspr) instruc-
tions) or implicitly as the part of the execution of an instruction. Some registers are
accessed both explicitly and implicitly.
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USER MODEL UISA SUPERVISOR MODEL OEA
FPRO Machine State Register
FPR1 MSR
o 0 31
[ ]
[ ]
FPR31 Supervisor-Level SPRs
0 63
See Table 3-2 for list of
GPRO Condition supervisor-level SPRs.
GPR1 Register
° | CR |
L]
° 0 31
GPR31 Development Support SPRs
0 31 Floating-Point Status
and Control Register
FPSCR See Table 3-3 for list of
0 31 development-support SPRs.

User-Level SPRs

Integer Exception Register (XER)
Link Register (LR)

Count Register (CTR)
0 31

USER MODEL VEA

Time Base Facility (for Reading)

Time Base Lower — Read (TBL)
Time Base Upper — Read (TBU)

Figure 3-3 RCPU Programming Model

Table 3-2 lists the MPC555 / MPC556 supervisor-level registers.
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Table 3-2 Supervisor-Level SPRs

SPR Number
(Decimal)

Special-Purpose Register

18

DAE/Source Instruction Service Register (DSISR)
See 3.9.2 DAE/Source Instruction Service Register
(DSISR) for bit descriptions.

19

Data Address Register (DAR)
See 3.9.3 Data Address Register (DAR) for bit descrip-
tions.

22

Decrementer Register (DEC)
See 3.9.5 Decrementer Register (DEC) for bit descrip-
tions.

26

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

27

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

80

External Interrupt Enable (EIE)’
See 3.9.10.1 EIE, EID, and NRI Special-Purpose Reg-
isters for bit descriptions.

81

External Interrupt Disable (EID)'
See 3.9.10.1 EIE, EID, and NRI Special-Purpose Reg-
isters for bit descriptions.

82

Non-Recoverable Interrupt (NRI)’
See 3.9.10.1 EIE, EID, and NRI Special-Purpose Reg-
isters for bit descriptions.

272

SPR General 0 (SPRGO)
See 3.9.8 General SPRs (SPRG0-SPRG3) for bit de-
scriptions.

273

SPRGeneral 1 (SPRG1)
See 3.9.8 General SPRs (SPRG0-SPRG3) for bit de-
scriptions.

274

SPR General 2 (SPRG2)
See 3.9.8 General SPRs (SPRG0-SPRG3) for bit de-
scriptions.

275

SPR General 3 (SPRG3)
See 3.9.8 General SPRs (SPRG0-SPRG3) for bit de-
scriptions.

284

Time Base Lower — Write (TBL)
See Table 3-14 for bit descriptions.

285

Time Base Upper — Write (TBU)
See Table 3-14 for bit descriptions.

287

Processor Version Register (PVR)
See Table 3-16 for bit descriptions.

528

IMPU Global Region Attribute (MI_GRA)’
See Table 4-7 for bit descriptions.

536

L2U Global Region Attribute (L2U_GRA)1
See Table 11-10 for bit descriptions.

560

BBC Module Configuration Register (BBCMCR)1
See Table 4-8 for bit descriptions.
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Table 3-2 Supervisor-Level SPRs (Continued)

SPR Number
(Decimal)

Special-Purpose Register

568

L2U Module Configuration Register (L2U_MCR)1
See Table 11-7 for bit descriptions.

784

IMPU Region Base Address 0 (MI_RBAO)1
See Table 4-5 for bit descriptions.

785

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

786

IMPU Region Base Address 2 (MI_RBA2)1
See Table 4-5 for bit descriptions.

787

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

792

L2U Region Base Address Register 0 (L2U_RBAO0)1
See Table 11-8 for bit descriptions.

793

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

794

L2U Region Base Address Register 2 (L2U_RBA2)1
See Table 11-8 for bit descriptions.

795

L2U Region Base Address Register 3 (L2U_RBA3)1
See Table 11-8 for bit descriptions.

816

IMPU Region Attribute Register 0 (MI_RAO0)1
See Table 4-6 for bit descriptions.

817

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

818

IMPU Region Attribute Register 2 (MI_RA2)1
See Table 4-6 for bit descriptions.

819

IMPU Region Attribute Register 3 (MI_RA3)1
See Table 4-6 for bit descriptions.

824

L2U Region Attribute Register 0 (L2U_RAO0)1
See Table 11-9 for bit descriptions.

825

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

826

L2U Region Attribute Register 2 (L2U_RA2)1
See Table 11-9 for bit descriptions.

827

L2U Region Attribute Register 3 (L2U_RA3)1
See Table 11-9 for bit descriptions.

1022

Floating-Point Exception Cause Register (FPECR)1

See 3.9.10.2 Floating-Point Exception Cause Register

(FPECR) for bit descriptions.

NOTES:

1. Implementation-specific SPR.

Table 3-3 lists the MPC555 / MPC556 SPRs used for development support.
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Table 3-3 Development Support SPRs’

SPR Number . .
(Decimal) Special-Purpose Register

144 Comparator A Value Register (CMPA)
See Table 21-17 for bit descriptions.

145 Comparator B Value Register (CMPB)
See Table 21-17 for bit descriptions.

146 Comparator C Value Register (CMPC)
See Table 21-17 for bit descriptions.

147 Comparator D Value Register (CMPD)
See Table 21-17 for bit descriptions.

148 Exception Cause Register (ECR)
See Table 21-27 for bit descriptions.

149 Debug Enable Register (DER)
See Table 21-28 for bit descriptions.

150 Breakpoint Counter A Value and Control (COUNTA)
See Table 21-25 for bit descriptions.

151 Breakpoint Counter B Value and Control (COUNTB)
See Table 21-26 for bit descriptions.

152 Comparator E Value Register (CMPE)
See Table 21-18 for bit descriptions.

153 Comparator F Value Register (CMPF)
See Table 21-18 for bit descriptions.

154 Comparator G Value Register (CMPG)
See Table 21-20 for bit descriptions.

155 Comparator H Value Register (CMPH)
See Table 21-20 for bit descriptions.

156 L-bus Support Comparators Control 1 (LCTRL1)
See Table 21-23 for bit descriptions.

157 L-bus Support Comparators Control 2 (LCTRL2)
See Table 21-24 for bit descriptions.

158 I-bus Support Control Register (ICTRL)
See Table 21-21 for bit descriptions.

159 Breakpoint Address Register (BAR)
See Table 21-19 for bit descriptions.

630 Development Port Data Register (DPDR)
See 21.7.13 for bit descriptions.

NOTES:

1. All development-support SPRs are implementation-specific.

Where not otherwise noted, reserved fields in registers are ignored when written and
return zero when read. An exception to this rule is XER[16:23]. These bits are set to
the value written to them and return that value when read.

3.7 PowerPC UISA Register Set

The PowerPC UISA registers can be accessed by either user- or supervisor-level in-
structions. The general-purpose registers are accessed through instruction operands.
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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.

GPRs — General-Purpose Registers

M§B1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 222324252627282930L381B
GPRO
GPR1
GPR31

RESET: UNCHANGED

3.7.2 Floating-Point Registers (FPRs)

The PowerPC architecture provides thirty-two 64-bit FPRs. These registers are ac-
cessed as source and destination registers through operands in floating-point instruc-
tions. Each FPR supports the double-precision, floating-point format. Every instruction
that interprets the contents of an FPR as a floating-point value uses the double-preci-
sion floating-point format for this interpretation. That is, 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 float-
ing-point status and control register (FPSCR) and in some cases, into the CR, after the
completion of the operation’s writeback stage. For information on how the CR is affect-
ed by floating-point operations, see 3.7.4 Condition Register (CR).

FPRs— Floating-Point Registers

MSB LSB
0 63

FPRO

FPR1

FPR31

RESET: UNCHANGED

3.7.3 Floating-Point Status and Control Register (FPSCR)

The FPSCR controls the handling of floating-point exceptions and records status re-
sulting from the floating-point operations. FPSCR[0:23] are status bits. FPSCR[24:31]
are control bits.
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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 float-
ing-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 nor-
mal status bits, and which are control bits.

Table 3-4 FPSCR Bit Categories

Bits Type
[0], [3:12], [21:23] 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.

FPSCR — Floating-Point Status and Control Register

MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
FX | FEX | vx | ox | ux | zx | xx \,Qﬁl VXISl | vXIDI VXZZD vxiMz|vxvc | FR | Fi FPORF

RESET: UNCHANGED

6 17 18 19 20 21 22 23 24 25 26 27 28 20 30 OB
FPRF[1:4] 0 s\(/))gT S\&;‘T vxcvi| VE | OE | UE | zE | xE | NI RN
RESET: UNCHANGED
A listing of FPSCR bit descriptions is shown in Table 3-5.
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Table 3-5 FPSCR Bit Descriptions

Bit(s) Name Description
Floating-point exception summary. Every floating-point instruction implicitly sets FPSCR[FX] if
that instruction causes any of the floating-point exception bits in the FPSCR to change from 0 to
0 FX 1. The merfs instruction implicitly clears FPSCR[FX] if the FPSCR field containing FPSCR[FX]
is copied. The mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions can set or clear FPSCR[FX] ex-
plicitly. This is a sticky bit.
Floating-point enabled exception summary. This bit signals the occurrence of any of the enabled
exception conditions. It is the logical OR of all the floating-point exception bits masked with their
1 FEX respective enable bits. The merfs instruction implicitly clears FPSCR[FEX] if the result of the log-
ical OR described above becomes zero. The mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions can-
not set or clear FPSCR[FEX] explicitly. This is not a sticky bit.

Floating-point invalid operation exception summary. This bit signals the occurrence of any invalid

operation exception. It is the logical OR of all of the invalid operation exceptions. The mcrfs in-

2 VX struction implicitly clears FPSCR[VX] if the result of the logical OR described above becomes ze-
ro. The mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions cannot set or clear FPSCR[VX] explicitly.

This is not a sticky bit.

3 OX Floating-point overflow exception. This is a sticky bit.

4 UXx Floating-point underflow exception. This is a sticky bit.

5 ZX Floating-point zero divide exception. This is a sticky bit.

6 XX Floating-point inexact exception. This is a sticky bit.

7 VXSNAN | Floating-point invalid operation exception for SNaN. This is a sticky bit.

8 VXISI Floating-point invalid operation exception for x-x. This is a sticky bit.

9 VXIDI Floating-point invalid operation exception for x/x. This is a sticky bit.

10 VXZDZ | Floating-point invalid operation exception for 0/0. This is a sticky bit.

11 VXIMZ | Floating-point invalid operation exception for x*0. This is a sticky bit.

12 VXVC Floating-point invalid operation exception for invalid compare. This is a sticky bit.

13 FR Floating-point fraction rounded. The last floating-point instruction that potentially rounded the in-
termediate result incremented the fraction. This bit is not sticky.

Floating-point fraction inexact. The last floating-point instruction that potentially rounded the in-

14 Fl termediate result produced an inexact fraction or a disabled exponent overflow. This bit is not
sticky.

Floating-point result flags. This field is based on the value placed into the target register even if

that value is undefined. Refer to Table 3-6 for specific bit descriptions.

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

[15:19] FPRF 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 ?)
20 — Reserved
MPC555 / MPC556 CENTRAL PROCESSING UNIT MOTOROLA
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Table 3-5 FPSCR Bit Descriptions (Continued)

Bit(s) Name Description
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 soft-
21 VXSOFT | ware 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 com-
putes a square root if the source operand is negative. This is a sticky bit.
Floating-point invalid operation exception for invalid square root. This is a sticky bit. This guar-
22 VXSQRT |antees that software can simulate fsqrt and frsqrte, and to provide a consistent interface to han-
dle exceptions caused by square-root operations.
23 VXCVI | Floating-point invalid operation exception for invalid integer convert. This is a sticky bit.
24 VE Floating-point invalid operation exception enable.
25 OE Floating-point overflow exception enable.
Floating-point underflow exception enable. This bit should not be used to determine whether de-
26 UE - . .
normalization should be performed on floating-point stores.
27 ZE Floating-point zero divide exception enable.
28 XE Floating-point inexact exception enable.
29 NI Non-IEEE mode bit.
Floating-point rounding control.
00Round to nearest
30-31 RN 01Round toward zero

10Round toward +infinity
11Round 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 opera-
tions and provides a mechanism for testing and branching. The bits in the CR are
grouped into eight 4-bit fields, CRO to CR?7.
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CR — Condition Register

MSB
0

LSB

1 2 3 4 5 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

CRO ‘ CR1 ‘ CR2 CR3 | CR4 | CR5 CR6 CR7

RESET: UNCHANGED
The CR fields can be set in the following ways:

* Specified fields of the CR can be set by a move instruction (mtcrf) to the CR from
a GPR.

* Specified fields of the CR can be moved from one CRx field to another with the
mcrf instruction.

* A specified field of the CR can be set by a move instruction (merxr) 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.

* 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[SQO]. For integer instructions, CR[0:3] are set to reflect the result as a signed
quantity. The result as an unsigned quantity or a bit string can be deduced from the
EQ bit.

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 Descriptions for CRO Field of CR

CRO Bit Description
0 Negative (LT) — This bit is set when the result is negative.
1 Positive (GT) — This bit is set when the result is positive (and not zero).
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.

3.7.4.2 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 CR1 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 3.7.3 Floating-Point Status and Control Register (FPSCR). The bit descriptions
for the CR1 field are shown in Table 3-8.
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Table 3-8 Bit Descriptions for CR1 Field of CR

CR1 Bit Description

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

0 struction.

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

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

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.

Table 3-9 CRn Field Bit Descriptions for Compare Instructions

CRn Bit! Description

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).

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).

Equal, floating-point equal (EQ, FE).
2 For integer compare instructions, (rA) = SIMM, UIMM, or (rB).
For floating-point compare instructions, (frA) = (frB).

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 in-
struction.

For floating-point compare instructions, one or both of (frA) and (frB) is not a number (NaN).

NOTES:
1. 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) is a user-level, 32-bit register.

XER — Integer Exception Register SPR 1
MSB123456789101112131415161718192021222324252627282930L381B
| so | ov | ca | Reserved BYTES

RESET:

u Uuuvuuvuuvuwuoooooooo©oooOo©oooOoOOOOCODOUUUUUUU
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The bit definitions for XER, shown in Table 3-10, are based on the operation of an in-
struction 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 val-
ues. This instruction sets bits in the XER based on the entire operation, not on an in-
termediate 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 Definitions

Bit(s) Name Description

0 SO overflow bit (OV) to indicate overflow and remains set until software clears it. It is not altered

Summary Overflow (SO) — The summary overflow bit is set whenever an instruction sets the

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 exe-
cution 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.

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 to one if there is a carry out of bit 0, and clear it otherwise.
The CA bitis 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 32-bit link register 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 following the branch instruction in the LR. This is
done regardless of whether the branch is taken.

LR — Link Register SPR 8

MSB
0

LSB

1 2 3 4 5 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

Branch Address

RESET: UNCHANGED
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3.7.7 Count Register (CTR)

The count register (CTR) is a 32-bit register for holding a loop count that can be dec-
remented during execution of branch instructions that contain 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 (becetrx) instruction.

CTR — Count Register SPR 9

MSB
0

LSB

1 2 3 4 5 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

Loop Count

RESET: UNCHANGED

3.8 PowerPC VEA Register Set — Time Base

The PowerPC virtual environment architecture (VEA) defines registers in addition to
those in the UISA register set. The PowerPC VEA register set can be accessed by all
software with either user- or supervisor-level privileges.

The PowerPC VEA includes the time base facility (TB), a 64-bit structure that contains
a 64-bit unsigned integer that is incremented periodically. The frequency at which the
counter is updated is implementation-dependent. For details on the time base clock in
the MPC555 / MPC556, refer to 6.7 MPC555 / MPC556 Time Base (TB), 8.6 MPC555
/ MPC556 Internal Clock Signals, and 8.12.1 System Clock Control Register (SC-
CR).

The TB consists of two 32-bit registers: time base upper (TBU) and time base lower
(TBL). In the context of the VEA, user-level applications are permitted read-only ac-
cess to the TB. The OEA defines supervisor-level access to the TB for writing values
to the TB. Different SPR encodings are provided for reading and writing the time base.

TB — Time Base (Read Only) SPR 268, 269

0

31 32 63

TBU ‘ TBL ‘

RESET: UNCHANGED

Table 3-11 Time Base Field Definitions (Read Only)

Bits Name Description

0-31 TBU | Time Base (Upper) — The high-order 32 bits of the time base

32-63 TBL | Time Base (Lower) — The low-order 32 bits of the time base

In 32-bit PowerPC implementations such as the RCPU, it is not possible to read the
entire 64-bit time base in a single instruction. The mftb simplified mnemonic copies
the lower half of the time base register (TBL) to a GPR, and the mftbu simplified mne-
monic copies the upper half of the time base (TBU) to a GPR.
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3.9 PowerPC OEA Register Set

The PowerPC 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 Pow-
erPC 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 current 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 mtmsr, sc, and rfi instructions. It can be read by the mfm-
sr instruction.

MSR — Machine State Register

MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RESERVED |Pow| 0 |ILE‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LSB
6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 o
DC-
EE | PR | FP | ME | FEO | SE | BE | FE1 | o© P | IR | DR || MPEN| RI | LE
2
RESET:
0 0 0 u 0 0 0 0 o ' o 0 0 0 0 0
NOTES:

1. Reset value of this bit depends on the value of the internal data bus line during reset.
2. This bit is only available on the MPC556.

Table 3-12 shows the bit definitions for the MSR.
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Table 3-12 Machine State Register Bit Descriptions

Bit(s)

Name

Description

0:12

Reserved

13

POW

Power management enable
0 = Power management disabled (normal operation mode)
1 = Power management enabled (reduced power mode)

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.

0 = Processor runs in big-endian mode during exception processing.

1 = 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). Soft-

ware should disable interrupts in the CPU core prior to masking or disabling any interrupt which

might be currently pending at the CPU core. For external interrupts, it is recommended that the

edge triggered interrupt scheme be used.

0 = The processor delays recognition of external interrupts and decrementer exception condi-
tions.

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 ex-
ception 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 3-13.)

21

SE

Single-step trace enable

0 = The processor executes instructions normally.

1 = The processor generates a single-step trace exception upon the successful execution of the
next instruction. When this bit is set, the processor dispatches instructions in strict program
order. Successful execution means the instruction caused no other exception. Single-step
tracing may not be present on all implementations.

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 3-13.)

24

Reserved

25

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 OxFFFO 0000.

26

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.

27

DR

Data relocation

0 = Data address translation is off, the L2U DMPU does not check for address permission at-
tributes.

1 = Data address translation is on, the L2U DMPU checks for address permission attributes.
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Table 3-12 Machine State Register Bit Descriptions (Continued)

Bit(s) Name Description
28 — Reserved
DC- Decompression On/Off
29 4 | 0=RCPU Normal Operation
MPEN" |1 _ RcPU is running in Compressed mode
Recoverable exception (for machine check and non-maskable breakpoint exceptions)
30 RI 0 = Machine state is not recoverable.
1 = Machine state is recoverable.
Little-endian mode
31 LE 0 = Processor operates in big-endian mode during normal processing.
1 = Processor operates in little-endian mode during normal processing.
NOTES:

1. This bit is only available on the MPC556.

The floating-point exception mode bits are interpreted as shown in Table 3-13.

Table 3-13 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 | handler is invoked precisely at the instruction that caused the enabled

Floating-point precise mode — The system floating-point assist error

exception.

3.9.2 DAE/Source Instruction Service Register (DSISR)

The 32-bit DSISR identifies the cause of data access and alignment exceptions.

DSISR — DAE/Source Instruction Service Register

MSB

0 1

2 3 4 5 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

SPR 18

LSB
31

DSISR

RESET: UNCHANGED

3.9.3 Data Address Register (DAR)
After an alignment exception, the DAR is set to the effective address of a load or store

element.

DAR — Data Address Register SPR 19
M§B1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 222324252627282930"3818
Data Address
RESET: UNCHANGED
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3.9.4 Time Base Facility (TB) — OEA

As described in 3.8 PowerPC VEA Register Set — Time Base, the time base (TB)
provides a 64-bit incrementing counter. The VEA defines user-level, read-only access
to the TB. Writing to the TB is reserved for supervisor-level applications such as oper-
ating systems and bootstrap routines. The OEA defines supervisor-level, write access
to the TB.

TB — Time Base (Write Only) SPR 284, 285

0 31 32 63

TBU ‘ TBL
RESET: UNCHANGED

Table 3-14 Time Base Field Definitions (Write Only)

Bits Name Description

0:31 TBU | Time Base (Upper) — The high-order 32 bits of the time base

32:63 TBL | Time Base (Lower) — The low-order 32 bits of the time base

The TB can be written to at the supervisor privilege level only. The mttbl and mttbu
simplified mnemonics write the lower and upper halves of the TB, respectively. The
mtspr, mttbl, and mttbu instructions treat TBL and TBU as separate 32-bit registers;
setting one leaves the other unchanged. It is not possible to write the entire 64-bit time
base in a single instruction.

For information about reading the time base, refer to 3.8 PowerPC VEA Register Set
— Time Base.

3.9.5 Decrementer Register (DEC)

The decrementer (DEC, SPR 22) is a 32-bit decrementing counter defined by the
MPC555 / MPC556 to provide a decrementer exception after a programmable delay.
The DEC satisfies the following requirements:

* Loading a GPR from the DEC has no effect on the DEC.

* Storing a GPR to the DEC replaces the value in the DEC with the value in the
GPR.

* Whenever bit 0 of the DEC changes from zero to one, a decrementer exception
request (unless masked) is signaled. Multiple DEC exception requests may be re-
ceived before the first exception occurs; however, any additional requests are
canceled when the exception occurs for the first request.

* If the DEC is altered by software and the content of bit 0 is changed from zero to
one, an exception request is signaled.

* PORESET resets and stops the decrementer, HRESET/SRESET do not.

The decrementer frequency is based on a subdivision of the processor clock. A bit in
the system clock control register (SCCR) in the SIU determines the clock source of
both the decrementer and the time base. For details on the decrementer and time base
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clock in the MPC555 / MPC556, refer to 6.6 MPC555 / MPC556 Decrementer, 8.6
MPC555 / MPC556 Internal Clock Signals, and 8.12.1 System Clock Control Reg-
ister (SCCR).

The DEC does not run after power-up and must be enabled by setting the TBE bit in
the TBSCR register, see Table 6-16. Power-on reset stops its counting and clears the
register. A decrementer exception may be signaled to software prior to initialization.

DEC — Decrementer Register SPR 22

M§B1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930L381B

Decrementing Counter

RESET: UNCHANGED

3.9.6 Machine Status Save/Restore Register 0 (SRRO0)

The machine status save/restore register 0 (SRRO) is a 32-bit register that identifies
where instruction execution should resume when an rfi instruction is executed follow-
ing an exception. It also holds the effective address of the instruction that follows the
System Call (sc) instruction.

When an exception occurs, SRRO is set to point to an instruction such that all prior in-
structions have completed execution and no subsequent instruction has begun execu-
tion. 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 immediately following instruction. The instruction addressed can be
determined from the exception type and status bits.

SRR0 — Machine Status Save/Restore Register 0 SPR 26
MSB 1 2 3 4 5 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 LSSP
‘ SRRO ‘

RESET: UNDEFINED

When an exception occurs, SRRO is set to point to an instruction such that all prior in-
structions have completed execution and no subsequent instruction has begun execu-
tion. 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 immediately following instruction. The instruction addressed can be
determined from the exception type and status bits.

3.9.7 Machine Status Save/Restore Register 1 (SRR1)

SRR1 is a 32-bit register used to save machine status on exceptions and to restore
machine status when an rfi instruction is executed.
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SRR1 — Machine Status Save/Restore Register 1 SPR 27
MSB LSB
0

1 2 3 4 5 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

‘ SRR1

RESET: UNDEFINED

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)

SPRGO0-SPRGS are 32-bit registers provided for general operating system use, such
as performing a fast-state save and for supporting multiprocessor implementations.
SPRGO-SPRG3 are shown below.

SPRGO0-SPRG3 — General Special-Purpose Registers 0-3 SPR 272 - SPR 275
MSB LSB
0

1 2 3 4 5 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

SPRGO

SPRGH1

SPRG2

SPRG3

RESET: UNCHANGED

Uses for SPRGO0-SPRG3 are shown in Table 3-15.

Table 3-15 Uses of SPRG0-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.

SPRGH1 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.

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 PowerPC processor. The contents of the PVR can be copied to a GPR by the mf-
spr instruction. Read access to the PVR is available in supervisor mode only; write ac-
cess is not provided.

PVR — Processor Version Register SPR 287
M§B1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 222324252627282930L381B
VERSION REVISION

RESET: UNCHANGED
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Table 3-16 Processor Version Register Bit Descriptions

Bit(s) Name Description

015 VERSION A 16-bit number that identifies the version of the processor and of the PowerPC architec-
) ture. MPC555 / MPC556 value is 0x0002.

A 16-bit number that distinguishes between various releases of a particular version. The
MPC555 / MPC556 value is 0x0020.

16:31 REVISION

3.9.10 Implementation-Specific SPRs

The MPC555 / MPC556 includes several implementation-specific SPRs that are not
defined by the PowerPC architecture. These registers can be accessed by supervisor-
level instructions only. These registers are listed in Table 3-2 and Table 3-3.

3.9.10.1 EIE, EID, and NRI Special-Purpose Registers

The RCPU includes three implementation-specific SPRs to facilitate the software ma-
nipulation of the MSR[RI] and MSR[EE] bits. Issuing the mtspr instruction with one of
these registers as an operand causes the Rl and EE bits to be set or cleared as shown
in Table 3-17.

A read (mfspr) of any of these locations is treated as an unimplemented instruction,
resulting in a software emulation exception.

Table 3-17 EIE, EID, AND NRI Registers

Sl()ge':il:nlg?)er Mnemonic | MSR[EE] | MSRI[RI]
80 EIE 1 1
81 EID
82 NRI 0 0

3.9.10.2 Floating-Point Exception Cause Register (FPECR)

The FPECR is a 32-bit supervisor-level internal status and control register used by the
floating-point assist firmware envelope. It contains four status bits indicating whether
the result of the operation is tiny and whether any of three source operands are denor-
malized. In addition, it contains one control bit to enable or disable SIE mode. This reg-
ister must not be accessed by user code.
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FPECR — Floating-Point Exception Cause Register SPR 1022
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ SIE | RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 "3315
RESERVED | DNC | DNB | DNA | R ‘

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A listing of FPECR bit descriptions is shown in Table 3-18.

Table 3-18 FPECR Bit Descriptions

Bit(s) Name Description
SIE mode control bit
0 SIE 0 = Disable SIE mode
1 = Enable SIE mode
[1:27] — Reserved
Source operand C denormalized status bit
28 DNC 0 = Source operand C is not denormalized

1 = Source operand C is denormalized

Source operand B denormalized status bit
29 DNB 0 = Source operand B is not denormalized
1 = Source operand B is denormalized

Source operand A denormalized status bit
30 DNA 0 = Source operand A is not denormalized
1 = Source operand A is denormalized

Floating-point tiny result
31 TR 0 = Floating-point result is not tiny
1 = Floating-point result is tiny

NOTE
Software must insert a sync instruction before reading the FPECR.

3.9.10.3 Additional Implementation-Specific Registers

Refer to the following sections for details on additional implementation-specific regis-
ters in the MPC555 / MPC556:

* 4.6 Burst Buffer Programming Model

* 6.13.1.2 Internal Memory Map Register
* 11.8 L2U Programming Model

* SECTION 21 DEVELOPMENT SUPPORT
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3.10 Instruction Set

All PowerPC instructions are encoded as single words (32 bits). Instruction formats are
consistent among all instruction types, permitting efficient decoding to occur in parallel
with operand accesses. This fixed instruction length and consistent format greatly sim-
plifies instruction pipelining.

The PowerPC instructions are divided into the following categories:

* Integer instructions include computational and logical instructions.
— Integer arithmetic instructions
— Integer compare instructions
— Integer logical instructions
— Integer rotate and shift instructions

* Floating-point instructions include floating-point computational instructions, as
well as instructions that affect the floating-point status and control register (FP-
SCR).

— 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 include integer and floating-point load and store instruc-

tions.

— Integer load and store instructions

— Integer load and store multiple instructions

— Floating-point load and store

— Primitives used to construct atomic memory operations (lwarx and stwex. in-
structions)

* Flow control instructions 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 are used for synchronizing memory accesses.
— Move to/from SPR instructions
— Move to/from MSR
— Synchronize
— Instruction synchronize

Note that this grouping of the instructions does not indicate which execution unit exe-
cutes a particular instruction or group of instructions.

Integer instructions operate on byte, half-word, and word operands. Floating-point in-
structions operate on single-precision (one word) and double-precision (one double
word) floating-point operands. The PowerPC 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.
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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 con-
tents must be loaded into a register, modified, and then written back to the target lo-
cation with distinct instructions.

PowerPC 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 3-19 provides a summary of RCPU instructions. Refer to the RCPU Reference
Manual (RCPURM/AD) for a detailed description of the instruction set.

Table 3-19 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,UIMM AND Immediate
andis. rA,rS,UuiIMM AND Immediate Shifted
b (ba bl bla) target_addr Branch
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
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Table 3-19 Instruction Set Summary (Continued)

Mnemonic Operand Syntax Name
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 I/O
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
fetiwz (fctiwz.) fD,frB \II:VI;)radtiggr(C)onvert to Integer Word with Round to-
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)
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
fnmadd (fnmadd.) D, frAfrC,frB :ilgr?)ting Negative Multiply-Add (Double-Preci-
fnmadds (fnmadds.) frD,frA,frC,frB Floating Negative Multiply-Add Single
fnmsub (fnmsub.) frD,frA,frC,frB Elrc;itiisr}gnl\)legative Muttiply-Subtract (Double-
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
Ibzx 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
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Table 3-19 Instruction Set Summary (Continued)

Mnemonic Operand Syntax Name
Ifdux fD,rA 1B 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
lha rD,d(rA) Load Half-Word Algebraic
lhau rD,d(rA) Load Half-Word Algebraic with Update
lhaux rD,rA,rB Load Half-Word Algebraic with Update Indexed
lhax rD,rA,rB Load Half-Word Algebraic Indexed
lhbrx rD,rA,rB Load Half-Word Byte-Reverse Indexed
lhz 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
lwz 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
mcerxr crfD Move to Condition Register from XER
mfcr rD 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 rD, TBR Move from Time Base
mtcrf CRM,rS Move to Condition Register Fields
mifsb0 (mtfsb0.) crbD Move to FPSCR Bit 0
mtfsb1 (mtfsb1.) crbD Move to FPSCR Bit 1
mifsf (mtfsf.) FM,frB Move to FPSCR Fields
mtfsfi (mtfsfi.) crfD,IMM Move to FPSCR Field Immediate
mtmsr rS Move to Machine State Register
mispr SPR,rS Move to Special Purpose Register
mulhw (mulhw.) rD,rA,rB Multiply High Word
mulhwu (mulhwu.) rD,rA,rB Multiply High Word Unsigned
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Table 3-19 Instruction Set Summary (Continued)

Mnemonic Operand Syntax Name
mulli rD,rA,SIMM Multiply Low Immediate
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,UuiMM OR Immediate
oris rA,rS,UlMM OR Immediate Shifted
rfi — Return from Interrupt
rlwimi (rlwimi.) rA,rS,SH,MB,ME Rotate Left Word Immediate then Mask Insert
riwinm (riwinm.) FArS,SH,MB,ME Fﬂc;?;e Left Word Immediate then AND with
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,1B 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,rB Store Floating-Point Single Indexed
sth rS,d(rA) Store Half Word
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
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Table 3-19 Instruction Set Summary (Continued)

Mnemonic Operand Syntax Name
stwbrx rS,rA,rB Store Word Byte-Reverse Indexed
stwcex. 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,UuiIMM XOR Immediate
xoris rA,rS,UuIMM XOR Immediate Shifted

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).

For a complete list of simplified mnemonics, see the RCPU Reference Manual
(RCPURM/AD). Programs written to be portable across the various assemblers for the
PowerPC 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 ex-
ecuting a memory access or branch instruction or when fetching the next sequential
instruction.

The PowerPC architecture supports two simple memory addressing modes:

* EA = (rA|0) + 16-bit offset (including offset = 0) (register indirect with immediate
index)
e EA = (rA|0) + rB (register indirect with index)
These simple addressing modes allow efficient address generation for memory ac-

cesses. Calculation of the effective address for aligned transfers occurs in a single
clock cycle.

MPC555 / MPC556 CENTRAL PROCESSING UNIT

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product,
Go to: www.freescale.com

MOTOROLA

3-33



Freescale Semiconductor, Inc.

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 un-
signed binary arithmetic. A carry from bit 0 is ignored in 32-bit implementations.

3.11 Exception Model

The PowerPC exception mechanism allows the processor to change to supervisor
state as a result of external signals, errors, or unusual conditions arising in the execu-
tion of instructions. When exceptions occur, information about the state of the proces-
sor 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 ex-
ception — for example, the DAE/source instruction service register (DSISR). Addition-
ally, some exception conditions can be explicitly enabled or disabled by software.

3.11.1 Exception Classes
The MPC555 / MPC556 exception classes are shown in Table 3-20.

Table 3-20 MPC555 / MPC556 Exception Classes

Class Exception Type

Machine check
System reset

External interrupt
Decrementer

Asynchronous, unordered

Asynchronous, ordered

Synchronous (ordered, precise) Instruction-caused exceptions

3.11.2 Ordered Exceptions

In the MPC555 / MPC556, 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 en-
counters multiple exception conditions, those conditions are encountered se-
quentially. 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 pre-
serve program state information. The processor can never recover from a reset excep-
tion. It can recover from other unordered exceptions in most cases. However, if a
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debug port non-maskable interrupt or machine check exception occurs during the ser-
vicing of a previous exception, the machine state information in SRR0 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 user can read the Rl (re-
coverable exception) bit in SRR1. During exception processing, the Rl bit in the MSR
is copied to SRR1 and then cleared. The operating system should set the Rl 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 ex-
ception handler, the Rl bit in SRR1 will contain the correct value.

3.11.4 Precise Exceptions

In the MPC555 / MPC556, all synchronous (instruction-caused) exceptions are pre-
cise. When a precise exception occurs, the processor backs the machine up to the in-
struction causing the exception. This ensures that the machine is in its correct
architecturally-defined state. The following conditions exist at the point a precise ex-
ception occurs:

1. Architecturally, no instruction following the faulting instruction in the code
stream has begun execution.

2. Allinstructions 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 immediate-
ly 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 complet-
ed 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
OxFFFO 0000. Table 3-21 shows the exception vector offset of the first instruction of
the exception handler routine for each exception type.

NOTE

In the MPC555 / MPC556, the exception table can additionally be re-
located by the BBC module to internal memory and reduce the total
size required by the exception table (see 4.5 Exception Table Relo-

cation).
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Table 3-21 Exception Vector Offset Table

(Hexadecimal) Exception Type
00000 Reserved
00100 System reset, NMI interrupt
00200 Machine check
00300 Reserved
00400 Reserved
00500 External interrupt
00600 Alignment
00700 Program
00800 Floating-point unavailable
00900 Decrementer
00A00 Reserved
00B00 Reserved
00C00 System call
00D00 Trace
00EOO0 Floating-point assist
01000 Implementation-dependent software emulation
01100 Reserved
01200 Reserved
01300 Implementation-dependent instruction protection error
01400 Implementation-dependent data protection error
01500-01BFF Reserved
01C00 Implementation-dependent data breakpoint
01D00 implementation-dependent instruction breakpoint
01EO00 Implementation-dependent maskable external breakpoint
01F00 Implementation-dependent non-maskable external breakpoint

3.12 Instruction Timing

The MPC555 / MPC556 processor is pipelined. Because the processing of an instruc-
tion is broken into a series of stages, an instruction does not require the entire resourc-
es of the processor.

The instruction pipeline in the MPC555 / MPC556 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 in-
formation (regarding data dependencies) is broadcast to each execution unit.
Each execution unit decodes the instruction. If the instruction is not implement-
ed, a program exception is taken. If the instruction is legal and no data depen-
dency 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 re-

solved.
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2. Inthe execute stage, each execution unit that has an executable instruction ex-
ecutes the instruction. (For some instructions, this occurs over multiple cycles.)

3. Inthe writeback stage, the execution unit writes the result to the destination reg-
ister and reports to the history buffer that the instruction is completed.

4. Inthe retirement stage, the history buffer retires instructions in architectural or-
der. An instruction retires from the machine if it completes execution with no ex-
ceptions and if all instructions preceding it in the instruction stream have
finished execution with no exceptions. As many as six instructions can be re-
tired 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 3-4 shows basic instruction pipeline timing.

BRANCH EXECUTE

Figure 3-4 Basic Instruction Pipeline

Table 3-22 indicates the latency and blockage for each type of instruction. Latency re-
fers to the interval from the time an instruction begins execution until it produces a re-
sult that is available for use by a 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 that when the blockage equals the latency, it is not pos-
sible to issue another instruction to the same unit in the same cycle in which the first
instruction is being written back.
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Table 3-22 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 %?:gbllee i i
Floating-point divide %?:;lee 1 (7) 1 (7)
Integer multiply — 2 1 or 2!
Integer divide — 2to 11° 2to 11’
Integer load/store — See note' See note’

NOTES:
1. Refer to Section 7 Instruction Timing, in the RCPU Reference
Manual (RCPURM/AD) for details.

3.13 PowerPC User Instruction Set Architecture (UISA)

3.13.1 Computation Modes

The core of the MPC555 / MPC556 is a 32-bit implementation of the PowerPC archi-
tecture. Any reference in the PowerPC Architecture Books (UISA, VEA, OEA) regard-
ing 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 stated in the specific instruction description, fields marked
“P, “II” and “llI” in the instruction are discarded by the core decoding. 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 MPC555 / MPC556. Excep-
tion 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.

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 MPC555 / MPC556 to take the implementation-dependent soft-
ware emulation interrupt (offset 0x01000 of the vector table).

lllegal and reserved instruction class instructions are supported by implementation-
dependent code and, thus, the MPC555 / MPC556 hardware generates the implemen-
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tation-dependent software emulation interrupt. Invalid and preferred instruction forms
treatment by the MPC555 / MPC556 is described under the specific processor compli-
ance sections.

3.13.4 Exceptions

Invocation of the system software for any instruction-caused exception in the MPC555
/ MPC556 is precise, regardless of the type and setting.

3.13.5 The Branch Processor

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 ex-
ecute, 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 mod-
ified 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 3-22 of this
manual.

3.13.7.1 Invalid Branch Instruction Forms

Bits marked with z in the BO encoding definition are discarded by the MPC555 /
MPC556 decoding. Thus, these types of invalid form instructions yield result of the de-
fined instructions with the z bit zero. If the decrement and test CTR option is specified
for the becetr 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 link or count register if
the target address is not ready. Refer to RCPU Reference Manual (Conditional Branch
Control) for more information.

3.13.8 The 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
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* 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 3-22.

— Move To/From System Register Instructions. Move to/from invalid special
registers in which spr0 = 1 yields invocation of the privilege instruction error in-
terrupt handler if the processor is in problem state. For a list of all implemented
special registers, refer to Table 3-2 Supervisor-Level SPRs, and Table 3-3
Development Support SPRs.

— 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 RT are 0x80000000 and if Rc =1, the contents of bits in
CRfieldOare 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. Then, the contents of RT are 0x80000000 and 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. 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 MPC555 / MPC556 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 RCPU Reference Manual (Floating-point Load Instruc-
tions) for more information.

3.13.9.2 Optional instructions

The only optional instruction implemented by MPC555 / MPC556 hardware is store
floating point as integer word indexed (stfiwx). An attempt to execute any other op-
tional instruction causes the implementation dependent software emulation interrupt
to be taken.

3.13.10 Load/Store Processor

The load/store processor supports all of the 32-bit implementation fixed-point Power-
PC load/store instructions in the hardware.
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3.13.10.1 Fixed-Point Load With Update and Store With Update Instructions

For load with update and store with update instructions, where RA = 0, the EA is writ-
ten into RO. For load with update instructions, where RA = RT, RA is boundedly unde-
fined.

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 reg-
isters to be loaded), the instruction completes normally. RA is then loaded from the
memory location as follows:

RA « MEM(EA+(RA-RT)*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. In case RA is in the
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 RT = 0 then the EA is written into RO.

3.13.10.6 Floating-Point Load Single Instructions

In case the operand falls in the range of a single denormalized number the floating-
point assist interrupt handler is invoked.

Refer to 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

In case the operand falls in the range of a single denormalized number, the floating-
point assist interrupt handler is invoked.

In case the operand is ZERO it is converted to the correct signed ZERO in single-pre-
cision format.

In case the operand is between the range of single denormalized and double denor-
malized it is considered a programming error. The hardware will handle this case as if
the operand was single denormalized.

In case 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.
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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 handler:

(FRS;.11 # 0) AND (FRS.1; < 896)

Refer to 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.

3.13.10.9 Little-Endian Byte Ordering

The load/store unit supports little-endian byte ordering as specified in the UISA. In lit-
tle-endian mode, if an attempt is made to execute an individual scalar unaligned trans-
fer, as well as a multiple or string instruction, an alignment interrupt is taken.

3.14 PowerPC Virtual Environment Architecture (VEA)

3.14.1 Atomic Update Primitives

Both the Iwarx and stwcx instructions are implemented according to the PowerPC ar-
chitecture requirements. The MPC555 / MPC556 does not provide support for snoop-
ing an external bus activity outside the chip. The provision is made to cancel the
reservation inside the MPC555 / MPC556 by using the CR_B and KR_B input pins.

3.14.2 Effect of Operand Placement on Performance

The load/store unit hardware supports all of the PowerPC load/store instructions. An
optimal performance is obtained for naturally aligned operands. These accesses result
in optimal performance (one bus cycle) for up to 4 bytes 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 MPC555 / MPC556 uses a 32-bit wide data bus,
the performance is good rather than optimal.

3.14.3 Storage Control Instructions

The MPC555 / MPC556 does not implement cache control instructions (icbi, isync,
dcbt, dcbi, dcbf, 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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3.14.4.1 Enforce In-Order Execution of I/O (eieio) Instruction

When executing an eieio instruction, the load/store unit will wait until all previous ac-
cesses have terminated before issuing cycles associated with load/store instructions
following the eieio instruction.

3.14.5 Timebase

A description of the timebase register may be found in SECTION 6 SYSTEM CONFIG-
URATION AND PROTECTION and in SECTION 8 CLOCKS AND POWER CON-
TROL.

3.15 POWERPC Operating Environment Architecture (OEA)

The MPC555 / MPC556 has an internal memory space that includes memory-mapped
control registers and internal memory used by various modules on the chip. This mem-
ory is part of the main memory as seen by the MPC555 / MPC556 but cannot be ac-
cessed by any 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 MPC555 / MPC556 core is as fol-
lows:

Table 3-23 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 specification.

3.15.1.2 Branch Processors Instructions

The MPC555 / MPC556 implements all the instructions defined for the branch proces-
sor 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
MPC555 / MPC556: SDR, EAR, IBATOU, IBATOL, IBAT1U, IBAT1L, IBAT2U,
IBAT2L, IBAT3U, IBAT3L, DBATOU, DBATOL, DBAT1U, DBAT1L, DBAT2L,

MPC555 / MPC556 CENTRAL PROCESSING UNIT MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 3-43
Go to: www.freescale.com



Freescale Semiconductor, Inc.

DBAT3U, DBAT3L
* Added Registers — For a list of added special purpose registers, refer to Table
3-2, and Table 3-3.

3.15.3 Storage Control Instructions

Storage Control Instructions mtsr, mtsrin, mfsr, mfsrin, dcbi, tlbie, tibia, and tib-
sync are not implemented by the MPC555 / MPC556.

3.15.4 Interrupts

The core implements all storage-associated interrupts as precise interrupts. This
means that a load/store instruction is not complete until all possible error indications
have been sampled from the load/store bus. This also implies that a store, or a non-
speculative load instruction is not issued to the load/store bus until all previous instruc-
tions have completed. In case of a late error, a store cycle (or a nonspeculative load
cycle) can be issued and then aborted.

In each interrupt handler, when registers SRR0 and SRR1 are saved, MSRg, can be
setto 1.

The following paragraphs define the types of OEA interrupts The exception table vec-
tor defines the offset value by interrupt type. Refer to Table 3-21.

3.15.4.1 System Reset Interrupt

A system reset interrupt occurs when the IRQO pin is asserted and the following reg-
isters are set.

Register Name Bits Description

Set to the effective address of the instruction that the proces-
Save/Restore Register 0 (SRRO0) sor attempts to execute next if no interrupt conditions are
present

1:4 Setto 0

10:15 | Setto 0

Save/Restore Register 1 (SRR1)
Loaded from bits 16:31 of MSR. In the current implementa-

Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRR;,

IP No change

ME No change

Machine State Register (MSR)
LE Bit is copied from ILE

Other | Setto 0
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3.15.4.2 Machine Check Interrupt

A machine check interrupt indication is received from the U-bus as a possible re-
sponse either to the address or data phase. It is usually caused by one of the following
conditions:

* The accessed address does not exist
¢ A data error is detected

As defined in the OEA, machine check interrupts are enabled when MSRye = 1. If
MSRye = 0 and a machine check interrupt indication is received, the processor enters
the checkstop state. The behavior of the MPC555 / MPC556 in checkstop state is de-
pendent on the working mode as defined in 21.4.1.1 Debug Mode Enable vs. Debug
Mode Disable. When the processor is in debug mode enable, it enters the debug
mode instead of the checkstop state. When in debug mode disable, instruction pro-
cessing is suspended and cannot be restarted without resetting the core.

An indication is sent to the SIU which may generate an automatic reset in this condi-
tion. Refer to SECTION 7 RESET for more details. If the machine check interrupt is
enabled, MSR,,z = 1, itis taken. If SRR1 Bit 30 = 1, the interrupt is recoverable and the
following registers are set.

Register Name Bits Description

Set to the effective address of the instruction that caused the

Save/Restore Register 0 (SRRO0) interrupt

Set to 1 for instruction fetch-related errors and 0 for load/
store-related errors

2:4 Setto 0
Save/Restore Register 1 (SRR1) 10:15 | Setto 0

Loaded from bits 16:31 of MSR. In the current implementa-
Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRp;

IP No change

ME No change
Machine State Register (MSR)

LE Bit is copied from ILE

Other | Setto 0

For load/store bus cases, these registers are also set:

Execution resumes at offset 0x00200 from the base address indicated by MSR,p.

3.15.4.3 Data Storage Interrupt

A data storage interrupt is never generated by the hardware. The software may branch
to this location as a result of implementation-specific data storage protection error in-
terrupt.

MPC555 / MPC556 CENTRAL PROCESSING UNIT MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 3-45
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Register Name Bits Description
0:14 | SettoO
15:16 Set to bits 29:30 of the instruction if X-form and to 0b0O0 if D-
' form

Data/Storage Interrupt Status

Register (DSISR) 17 Set to Bit 25 of the instruction if X-form and to Bit 5 if D-form

Set to bits 21:24 of the instruction if X-form and to bits 1:4 if

18:21 D-form

22:31 | Set to bits 6:15 of the instruction

Set to the effective address of the data access that caused

Data Address Register (DAR) the interrupt

3.15.4.4 Instruction Storage Interrupt

An instruction storage interrupt is never generated by the hardware. The software may
branch to this location as a result of an implementation-specific instruction storage pro-
tection error interrupt.

3.15.4.5 Alignment Interrupt
An alignment exception occurs as a result of one of the following conditions:

* The operand of a floating-point load or store is not word aligned.

* The operand of load/store multiple is not word aligned.

* The operand of lwarx or stwcx is not word aligned.

* The operand of load/store individual scalar instruction is not naturally aligned
when MSR g = 1.

* An attempt to execute multiple/string instruction is made when MSR g = 1.

3.15.4.6 Floating-Point Enabled Exception Type Program Interrupt

A floating-point enabled exception type program interrupt is generated if (MSRggg |
MSRgg¢) &FPSCREgx) is set as a result of move to FPSCR instruction, move to MSR
instruction or the execution of the rfi instruction. A floating-point enabled exception
type program interrupt is not generated by floating-point arithmetic instructions. In-
stead if (MSRggg | MSREg1) &FPSCRggy) is set, the floating-point assist interrupt is
generated.

3.15.4.7 lllegal Instruction Type Program Interrupt

An illegal instruction type program interrupt is not generated by the MPC555 /
MPC556. An implementation dependent software emulation interrupt is generated in-
stead.

3.15.4.8 Privileged Instruction Type Program interrupt

A privileged instruction type program interrupt is generated for an on-core valid SPR
field or any SPR encoded as an external to the core special register if SPRy= 1 and
MSRpR = 1, as well as an attempt to execute privileged instruction when MSRpg = 1.
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3.15.4.9 Floating-Point Unavailable Interrupt

The floating-point unavailable interrupt is generated by the MPC555 / MPC556 core
as defined in the OEA.

3.15.4.10 Trace Interrupt

A trace interrupt occurs if MSRgg = 1 and any instruction except rfi is successfully com-
pleted or MSRge = 1 and a branch is completed. Notice that the trace interrupt does
not occur after an instruction that caused an interrupt (for instance, sc). A monitor/de-
bugger software must change the vectors of other possible interrupt addresses to sin-
gle-step such instructions. If this is unacceptable, other debug features can be used.
Refer to SECTION 21 DEVELOPMENT SUPPORT for more information. The follow-
ing registers are set:

Register Name Bits Description

Set to the effective address of the instruction following the ex-

Save/Restore Register 0 (SRRO0) ecuted instruction

1:4 Setto 0

10:15 | Setto 0

Save/Restore Register 1 (SRR1)
Loaded from bits 16:31 of MSR. In the current implementa-

Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRR;

IP No change

ME No change
Machine State Register (MSR)

LE Bit is copied from ILE

Other | Setto 0

Execution resumes at offset 0x00D00 from the base address indicated by MSRp.

3.15.4.11 Floating-Point Assist Interrupt
A floating-point assist interrupt occurs in the following cases:

* When a floating-point exception condition is detected, the corresponding floating-
point enable bit in the FPSCR (floating-point status and control register) is set (ex-
ception enabled) and ((MSRggg | MSRgg41) = 1). Note that when (MSRgg |
MSRgg4) and FPSCRggy) is set as a result of move to FPSCR, move to MSR or
rfi, the floating-point assist interrupt handler is not invoked.

* When an intermediate result is detected and the floating-point underflow excep-
tion is disabled (FPSCRyg = 0)

* In some cases when at least one of the source operands is denormalized.

The following registers are set:

Execution resumes at offset 0XOOEOO from the base address indicated by MSRp
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Register Name Bits Description
Save/Restore Register 0 (SRRO) Set to the effective address of the instruction that caused the
interrupt
1:4 Setto 0
Save/Restore Register 1 (SRR1) | 10:15 | Setto 0
Other | Loaded from bits 16:31 of MSR'
IP No change
ME No change
Machine State Register (MSR)
LE Bit is copied from ILE
Other | Setto 0

NOTES:

1. In the current implementation bit 30 of the SRR1 is never cleared other then by loading zero value from

MSR RL.

3.15.4.12 Implementation-Dependent Software Emulation Interrupt

An implementation-dependent software emulation interrupt occurs in the following in-

stances:

* When executing any non-implemented instruction. This includes all illegal and un-

implemented optional instructions and all floating-point instructions.

* When executing a mtspr or mfspr that specifies on-core non-implemented reg-

ister, regardless of SPR,,.

* When executing a mtspr or mfspr that specifies off-core non-implemented reg-

ister and SPR, = 0 or MSRgg = 0 (no program interrupt condition).

* Program interrupt is generated if (MSRggq | MSRgg1) and FPSCRggy) is set as
a result of move to FPSCR instruction, move to MSR instruction, or the execution

of the rfi instruction.

* Floating-point enabled exception type program interrupt is not generated by float-
ing-point arithmetic instructions, instead if (MSRggg | MSRgg{) &FPSCRggy) is

set, the floating-point assist interrupt is generated.
In addition, the following registers are set:

MPC555 / MPC556
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Register Name Bits Description
Save/Restore Register 0 (SRRO) Set to the effective address of the instruction that caused the
interrupt
1:4 Setto 0
10:15 | Setto 0
Save/Restore Register 1 (SRR1) - -
Loaded from bits 16:31 of MSR. In the current implementa-
Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRpg;
IP No change
ME No change
Machine State Register (MSR)
LE Bit is copied from ILE
Other | Setto 0

Execution resumes at offset 0x01000 from the base address indicated by MSRp.

3.15.4.13 Implementation-Specific Instruction Storage Protection Error Interrupt
The implementation-specific instruction storage protection error interrupt occurs in the

following cases:

* The fetch access violates storage protection.
* The fetch access is to guarded storage and MSR g = 1.

The following registers are set:

MPC555 / MPC556
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Register Name Bits Description
Save/Restore Register 0 (SRRO) $et to the effective address of the instruction that caused the
interrupt
1 Setto 0
2 Setto 0
3 Set to 1 if the fetch access was to a guarded storage when
MSR|R = 1, otherwise set to 0
4 Set to 1 if the storage access is not permitted by the protec-
Save/Restore Register 1 (SRR1) tion mechanism; otherwise set to 0
10 Setto 0
11:15 | Setto 0
Loaded from bits 16:31 of MSR. In the current implementa-
Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRR;
IP No change
ME No change
Machine State Register (MSR)
LE Bit is copied from ILE
Other | Setto 0

Execution resumes at offset 0x01300 from the base address indicated by MSRp.

3.15.4.14 Implementation-Specific Data Storage Protection Error Interrupt
The implementation-specific data storage protection error interrupt occurs in the fol-

lowing case:

* The access violates the storage protection.
The following registers are set:

MPC555 / MPC556
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Register Name Bits Description

Set to the effective address of the instruction that caused the

Save/Restore Register 0 (SRRO0) interrupt

1:4 Setto 0

10:15 | Setto 0

Save/Restore Register 1 (SRR1) - -
Loaded from bits 16:31 of MSR. In the current implementa-

Other | tion, Bit 30 of the SRR1 is never cleared, except by loading a
zero value from MSRpg;

IP No change

ME No change
Machine State Register (MSR)

LE Bit is copied from ILE

Other | Setto 0

0 Setto 0
1 Setto 0
2:3 Setto 0
Data/Store_lge Interrupt Status 4 S_et to 1 if th(_a storage access is not permitted by the protec-
Register (DSISR) tion mechanism. Otherwise set to 0
5 Setto 0
6 Set to 1 for a store operation and to 0 for a load operation
7:31 | SettoO

Set to the effective address of the data access that caused

Data Address Register (DAR) the interrupt

Execution resumes at offset 0x01400 from the base address indicated by MSRp.

3.15.4.15 Implementation-Specific Debug Interrupts
Implementation-specific debug interrupts occur in the following cases:

* When there is an internal breakpoint match (for more details, refer to SECTION
21 DEVELOPMENT SUPPORT.

* When a peripheral breakpoint request is asserted to the MPC555 / MPC556 core.

* When the development port request is asserted to the MPC555 / MPC556 core.
Referto SECTION 21 DEVELOPMENT SUPPORT for details on how to generate
the development port-interrupt request.

The following registers are set:
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Register Name Bits Description
For I-breakpoints, set to the effective address of the instruc-
tion that caused the interrupt. For L-breakpoint, set to the ef-
fective address of the instruction following the instruction that
. caused the interrupt. For development port maskable request
Save/Restore Register 0 (SRR0) 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 re-
quest is asserted at reset, the value of SRRO is undefined.
1:4 Setto 0
10:15 | Setto 0
Save/Restore Register 1 (SRR1) L_oadeq from bits 16:31 pf MSR. In the current impleme_nta-
tion, Bit 30 of the SRR1 is never cleared, except by loading a
Other | zero value from MSRRg;.
If the development port request is asserted at reset, the value
of SRR1 is undefined.
IP No change
ME No change
Machine State Register (MSR)
LE Bit is copied from ILE
Other | Setto 0

For L-bus breakpoint instances, these registers are set to:

Register Name

Bits

Description

BAR

Set to the effective address of the data access as computed
by the instruction that caused the interrupt

DAR and DSISR

Do not change

Execution resumes at offset from the base address indicated by MSRp as follows:

* 0x01DO00 — For instruction breakpoint match
* 0x01CO00 — For data breakpoint match

* 0xO1EOO — For development port maskable request or a peripheral breakpoint
* 0x01F00 — For development port non-maskable request

3.15.4.16 Partially Executed Instructions

In general, the architecture permits instructions to be partially executed when an align-
ment or data storage interrupt occurs. In the core, instructions are not executed at all
if an alignment interrupt condition is detected and data storage interrupt is never gen-
erated by the hardware. In the MPC555 / MPC556, the instruction can be partially ex-
ecuted only in the case of the load/store instructions that cause multiple access to the
memory subsystem. These instructions are:

MPC555 / MPC556
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* 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.

3.15.5 Timer Facilities

Descriptions of the timebase and decrementer registers can be found in SECTION 6
SYSTEM CONFIGURATION AND PROTECTION and in SECTION 8 CLOCKS AND
POWER CONTROL.

3.15.6 Optional Facilities and Instructions

Any other OEA optional facilities and instructions (except those that are discussed
here) are not implemented by the MPC555 / MPC556 hardware. Attempting to execute
any of these instructions causes an implementation dependent software emulation in-
terrupt to be taken.
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SECTION 4
BURST BUFFER

The burst buffer module consists of the burst buffer controller (BBC) and the instruc-
tion memory protection unit (IMPU).

The BBC delivers the RCPU instruction fetch accesses from the instruction bus onto
the U-bus. It utilizes the full U-bus pipeline and a special page access attribute in order
to take full advantage of the U-bus bandwidth. It can handle both burstable and non-
burstable external memories as well as non-burstable internal memories (flash EE-
PROM, SRAM).

Code compression features are only available on the MPC556. The MPC556 utilizes
a version of code compression / decompression which is called “Phase A”. Phase A
code compression / decompression is described in this manual. Future parts may have
a different type of code compression. The BBC also contains the functional module
which is called the instruction code decompressor unit (ICDU). The ICDU is responsi-
ble for on-line (previously compressed) instruction code decompression in the “De-
compression-ON” mode. In the “Decompression-OFF” mode, the ICDU is bypassed
and the BBC is in normal function.

The IMPU allows the memory to be divided into four regions with different attributes,
as well as a default global region (for memory space that is not included in either of the
two regions). Each of the two regions can be of size four Kbytes to four Gbytes. Over-
lap between regions is allowed.

The IMPU includes registers that contain the following information: region base ad-
dress, region size and the region’s access permissions. For each access (from the
processor to the memory), the IMPU finds which region matches the address. If more
than one region matches, the region with the lowest index is chosen. If no region is
matched, the global region is chosen.

The IMPU compares the attributes of the access from the processor to the attributes
of the appropriate region. If the access is allowed, the proper signals are sent to the
BBC. If the access is not permitted, an interrupt is sent to the processor.

The IMPU does not support address translation. The effective fetch address issued by
the processor is the one that is transferred to the U-bus.

4.1 Burst Buffer Block Diagram
Figure 4-1 is a block diagram of the burst buffer.
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v

U-bus

Figure 4-1 Burst Buffer Block Diagram

4.2 Burst Buffer Features
The BBC offers the following features:

* Supports pipelined access to internal memory and burstable access to the exter-
nal memory.

* Supports the de-coupled interface with the RCPU instruction unit.

*» Serves as parked master on the U-bus, resulting in zero clocks delay for RCPU
fetch access to cross to the U-bus.

* Full utilization of the U-bus pipeline for fetch accesses.

* Tightly interfaced with L2U interface module, taking advantage of full U-bus band-
width and back-to-back accesses.

» Supports program trace and show cycle attributes.

* Supports special attribute for debug port fetch accesses.

* Is programmed using the MPC555 / MPC556 mtspr/mfspr instructions to/from
implementation specific special-purpose registers.

* Designed for minimum power consumption.

The ICDU offers the following features:

* Instruction code on-line decompression based on a fixed vocabulary (bounded
Huffman) algorithm.

* No need for address translation between compressed and non-compressed ad-
dress spaces — ICDU provides “next instruction address” to the RCPU

* Instruction decompression takes one clock cycle.

* Code decompression is pipelined.

* No performance penalty during sequential program flow execution
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— 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 soft-
ware parts is possible.

The IMPU has the following features:

* Four regions in which the base address and size can be programmed.

* Region sizes of four Kbytes up to four Gbytes (in powers of two) can be pro-
grammed. (A region must start on the specified region size boundary.)

* Overlap between regions is allowed.

* Each of the four regions supports the following attributes:
— Access protection (use r/ supervisor fetch or no access).
— Guarded attribute (causes an interrupt in case of fetch try).
— On / off option
— Compressed / non-compressed.

* Global region entry declares the default access protection and guarded attributes
for all memory areas not covered by the four regions:

* Interrupt generated upon access violation or fetch from guarded region.

* MPC555 / MPC556 MSRJIR] bit controls MPU protection.

* Programming is done using MPC555 / MPC556 mtspr/mfspr instructions to/from
implementation specific special purpose registers.

* Designed for minimum power consumption.

* Compressed/non-compressed region with enable/disable option.
* Special reset exception vector for “Decompression ON” mode.

4.3 Instruction VocabularyBased Compression Model Main Principles

4.3.1 Compression Model Features
* Implemented for PowerPC architecture

* Up to 30% code size reduction
* No need for address translation tables
* No changes in the CPU architecture

* Compression is done off line by a special “compressor” tool, using a fixed vocab-
ulary instruction based algorithm, optimized for the PowerPC instruction set.

* Decompression is done at run-time with special hardware.
* Optimized for cache-less systems:

— Highly effective in system solutions for low cache-hit ratio environment and for
systems with fast embedded program memory

— Deterministic program execution time
— No performance penalty during sequential program flow execution
— Minimal performance penalty due to change of program flow execution

* Switch between compressed and non-compressed user application sections is
possible. (Compressed subroutine can call non-compressed one and be called
from non-compressed portion of user application)

MPC555 / MPC556 BURST BUFFER MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 40is Product, 4-3
Go to: www.freescale.com




Freescale Semiconductor, Inc.

* Slight changes in the core and existing RISC development tools — compilers,
simulators, manually coded libraries.

* Compressed address space is up to four Megabytes (4 Mbytes).
* Branch displacement from its target:

— Conditional branch displacement is up to two Kbytes (2 Kbytes).
— Unconditional branch displacement is up to two Mbytes (2 Mbytes).

NOTE

Branch displacement is hardware limited. The compiler can enlarge
the branch scope by creating branch chains.

4.3.2 Model Limitations

No address arithmetic is allowed, because the address map changes during compres-
sion and no software tool can identify address arithmetic structures in the code.

4.3.3 Vocabulary Based Instruction Compression Algorithm

The code compression algorithm is based on creating vocabularies of frequently
appearing PowerPC RISC instructions or instruction halves and replacing these
instructions with pointers to the vocabularies.

Compressed and bypass field lengths may vary. An example of compressed code is
shown in Figure 4-2.

Compression of the instructions in a vocabulary may be in one of the following modes.

1. Compression of the whole instruction into four vocabulary byte pointers. The
four compacted bytes may start on any bit location. Four of the decoded bits
and another bit for starting from the left or right side of the address location de-
termine the bit location for the byte start

2. Compression of a combination of the instruction’s bytes into vocabulary point-
ers and bypass of the other byte(s). Bypass is the placing of the field’s uncom-
pressed instruction information into the compressed code.

3. Bypass of the whole instruction. No compaction permitted.
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Original Code Compressed | 1 4
01 2 3 4
3 2

/ P 0 /2 //
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8 8 | |
Cc c
10 10
14 14
18 18

Figure 4-2 Example of Compressed Code

Each instruction is divided to four bytes, marked X1, X2, X3 and X4. For each such
byte a separate (Huffman coding) vocabulary is generated, marked Tx1, Tx2, Tx3 and
Tx4. Once compressed, each instruction yields four symbols (corresponding to the X1,
X2, X3, and X4 input bytes). Therefore, in order to compress a given code, four vocab-
ularies are required. This partitionong produced a better comression ratio.

0 78 15 16 23 24 31
X1 X2 X3 X4
vocabulary1 vocabulary2 vocabulary3  vocabulary4
I_:Ej I_:Ej l_l_l_l_i I | \
Tx1 Tx2 Tx3 Tx4

Figure 4-3 Instruction Coding
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4.3.4 Memory Organization

In order to enhance performance, the logic is built to decode two halves of an instruc-
tion in parallel. The memory is arranged to support this as two streams of compressed
symbols: the left stream for the compressed symbols of X1 and X2 bytes, and the right
stream for the compressed symbols of X3 and X4 bytes.

Left Stream X1 , X2 X3, X4 Right Stream

| | /
\‘o\k 1516 31

Figure 4-4 Two Streams Memory Organization — Before Compression

In Figure 4-4, each left and right stream line includes two original bytes of the instruc-
tion. Figure 4-5, shows the memory after compressed streams have been put into it.

f Left Stream Right Stream \
Boundary Bit Field

0 1112 1819
Instruction
Code ~—]
. 1
Base | ]
Address— % |

Left Bit/Pointer

Figure 4-5 Two Streams Memory Organization — After Compression

Right Bit Pointerj

\_
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The compiler will set the left and right stream boundary at either bit 12 or bit 19. This
will be determined by the most efficient placement of compressed instruction code.
The boundary will be placed between bits 11 and 12 if bit 31 is equal to one. The
boundary will be placed between bits 18 and 19 if bit 31 is equal to zero. The original
right and left streams may span an adjacent base addresses before or after each oth-
er. This fact will also determine the placement of the boundary bit field.

Each stream line may include a variable number of compressed symbols, depending
on how well the bytes in the original stream were compressed.

The decompressor has to maintain two bit pointers (left and right) in order to have ac-
cess to the start location of any instruction’s half.

The decompressor maintains tracking of the base address, to start fetching from the
next address in the memory.

Uncompressed Code Compressed Code Stream
0 8 15 0 11
n
n+1
Boundary assumed to be 12 for both lines
0 8 15 0 11
n
n+1

[ xn1 [xn2 [l Xn+1,1

(n) and (n+1) are word addresses in the original uncompressed code

Figure 4-6 Examples of Compressed Symbols Layout
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4.3.5 Compressed Code Address Format

The format of the compressed code in memory requires special addressing. The
Decompressor module is responsible for generating compressed code addresses.
The compressed instruction stream may start on any of the 32 bits. Thus, five bits are
needed to locate such instruction inside a memory word. The instruction address in
“Decompression ON” mode consists of a 20-bit word pointer for the base address, bits
20 and 21 to show the relation between the left and right streams, and two 5-bit instruc-
tion pointers. This is known as the two-pointer address form. See Figure 4-7.

Compressed 0 19 22 2627 31
Instruction Word Pointer - Base Address 1[4 Iﬁgghter Bclgr?ter
Address

Base Address

Right Pointer Start Bit

X+8

X+C

Memory Layout

- Compressed Instruction

Figure 4-7 Compressed Address Format

The base address contains the lowest word address of physical memory where the in-
struction resides.

The “left / right” bit, bit number 20, indicates which instruction stream side (left or right)
resides in the memory word location being pointed to by the base address. A zero “0”
for bit 20 will indicate that the left side is resident in the base address location. A one
“1” for bit 20 will indicate that the right side is resident in the base address location.
The instruction stream side not pointed to will reside in the following address location.

The “same line” bit, bit 21, reflects the relative location of the two side streams for the
instruction. If bit 21 is zero “0”, both left and right streams are located at the base ad-
dress location. In this case, bit 20 has no meaning and is a “don’t care” value of X. If
bit 21 is one “1”, then the two parts of the instruction are located in different address

({354

word locations (one at “x” base address, the other at “x+4”).

Figure 4-8 illustrates the three possible cases for bits 20 and 21.

MPC555 / MPC556 BURST BUFFER MOTOROLA
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Base Address X

X+4

0 \13\% 26 2 31

i Left Right
Word Pointer - Base Address X Pointer P ogljnter

o

Left/Right = X (don’t care) ( Left and Right are at the base address), Same_Line =0

Base Address I

0 9 2% 31

- Left Right
Word Pointer - Base Address 11| pointer Po?nter

Left/Right = 1 (Right side is first at the base address), Same_Line = 1

Base Address

X+4

] Left Right
Word Pointer - Base Address of Pointer Po%’nter

Left/Right = 0 (Left side is first at the base address), Same_Line =1

Compressed
Instruction

Figure 4-8 Examples of Instruction Layout in Memory

4.3.6 Compressed Address Format — Direct Branches

The one pointer format is used for the conditional and unconditional direct branches.
Figure 4-9 illustrates the one pointer format. The word pointer for the unconditional
branch has nineteen bits (the lower two-byte bits are ignored). This will yield an uncon-
ditional branch displacement limit of two Mbytes. The word pointer for the conditional

MPC555 / MPC556 BURST BUFFER MOTOROLA
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branch has nine bits. This will yield a conditional branch displacement limit of two
Kbytes.

When a change of flow occurs, the sequencer of the PPC core will issue the new ad-
dress in compression mapped format. The address extractor unit of the BBC gener-
ates the direct branch address format to internal memory.

Indirect branches use the regular two pointer format described in the previous section.

Word Pointer

0 6 30 31

Unconditional immediate branch instruction BEFORE compression mapping

5-bit
. Pointer

0 6 25 30 31
Unconditional immediate branch instruction AFTER compression mapping (I-form)

Word Pointer

Word Pointer

0] 16 25 30 31
Conditional immediate branch instruction BEFORE compression mapping

| |
. 1 5-biit
Word Pointer § Pointer
L
0] 16 25 30 31
Conditional immediate branch instruction AFTER compression mapping (B-form)
Base Address of the Word Pointer from
Branch Instruction the Immediate Field

Y

Base Address
Calculator

5-bit
Pointer

0 27 31

Word Pointer - Base Address

Direct (internal) branch address format (one pointer format)

Figure 4-9 Generating Compressed Code Address
for PowerPC Direct Branches
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An instruction in memory which will serve as the target of a branch will have a label
attached. The label provides the needed pointer to the other half of the branch target
instruction. The label token will be skipped in normal sequential operation. The label
has three parts. First, the label prefix character (which is skipped by the decompres-
sor). Second, a 5-bit pointer to the second half of the instruction. Third, a bit which in-
dicates the location of the second instruction half on the same line or the next line.

( Left Stream Right Stream \
Boundary Bit Field
0 11,12 1819 30 31 /
z

Base ed |‘|/ : 1

Address
\ 0
| | L

| | jo
LN
[ ] Instruction Code |Label Format [] Prefix Character
X Label token e | [ 5-bit Pointer
[l Same/ Next Line bit

\. J

Figure 4-10 Extracting Direct Branch Target Address in the Decompressor

4.3.7 Compressed Address Format — Indirect Branches

Indirect branches use the regular two pointer format described above. The indirect
branch destination address is copied without any change from one of the following reg-
isters:

*LR
«CTR
* SRRO

See the PowerPC™ RCPU User’s Manual, RCPURM/AD, for more details.

4.3.8 Compression Process
The compression process is implemented by the following steps (See Figure 4-11):
* User code compilation/linking
» User application code compression by software compression tool.

The compiler will add a few simple “hooks” to the compiled code which will make com-
pression possible. Compiled code will be generated in the “elf” format for code
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compression purposes. The resulting uncompressed elf code (with compression
hooks) will load and run like any other elf code.

The software compression tool compresses the elf code (x.elf) and produces a com-
pressed elf code (x.elf.sqz). The system sees the compressed elf code as regular elf
formatted code for purposes of loading into hardware (when programming the flash).
However, the decompression module must now be used to run the compressed elf
code.

Figure 4-11 illustrates the several steps for generating compressed executable code.
Once generated, this code can be loaded into flash or SRAM (internal or external) .

r

Program Program
Executable Executable
Non-compressed Compressed

> Compressor
x.elf (with hooks) Tool

Compiler/

Linker

-

x.elf.sqz

Vocabulary

Figure 4-11 Code Compression Process (Phase A)

The compression tool replaces regular PowerPC instructions by their “compressed”
representation which contain fewer data bits. The compressed data bit representation
is contained in the vocabulary. The vocabulary is structured into a binary bounded
Huffman code tree. This method has the result of the first instructions being repre-
sented by fewer bits. Further instructions require more bits for unique decoding.
Therefore, the instructions that occur most in code should be represented earlier in the
vocabulary structure. This would produce the most condensed code. A statistical study
was made of typical application code. The existing vocabulary is fixed for Phase A

MPC555 / MPC556 BURST BUFFER MOTOROLA
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code compression, and is a result of the statistical study. Figure 4-12 illustrates the
binary decode tree for specific instructions.

An “a” instruction half
Cf/o \b requires less bits
A ~ than an “h” instruction
/O \Q E‘l( /O\ half.
N ¥\
A bypass instruction
D [b] [e] [d] Lcl /O\ requires four bits.
BYPS_node LA [ | o =anotherbit
[h] [9] [] = Instruction location

Figure 4-12 Bounded Huffman Code Tree

In Figure 4-12, instruction “a” would require two bits. The bypass node would require
four bits. The bounded form of the Huffman code tree is limited in size for implemen-
tation into hardware. The largest compressed instruction is 36 bits — four bits for the
bypass mode plus the normal uncompressed 32-bit instruction.

4.3.9 Decompression
* The instruction code is stored in the memory in the compressed form

* The decode vocabulary is stored in the burst buffer controller (BBC).

* The decompression is done on-line by the dedicated decompressor unit in the
BBC.

* Decompression flow: (See Figure 4-11)

— RCPU provides a “bit aligned COF' address” to the BBC.
— ICDU:
* Converts COF address to “word aligned physical address” to access the
memory
* Fetches the compressed instruction code data from the memory, decom-
presses it and delivers “non-compressed instruction code” together with
the bit aligned “next instruction address” to the RCPU, that uses it for sub-
routine and exceptions handling.
* When instructions are running without a COF, the next instruction is pre-
fetched and decoded in the current cycle. This eliminates any delays from
code compression during regular sequential (non-COF) operation.

1 COF = Change of Flow
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Compressed
Instructions De compressor
M
emory COF Word-Aligned
R Physical Address
_ @ k' Vocabulary
I
— Compressed
—— Instruction
— Code
>. -.‘,,':
u
BBC

Bit-Aligned COF
Address

PR S

Non-Compressed
Instruction Code

v

Compressed Space
“Next Instruction”
Address

A:>

PowerPC™
Embedded
CPU

4.3.10 Compression Environment Initialization

Figure 4-13 Code Decompression Process

At power on reset (POR) or with a hard reset, the default settings will be activated
unless the configuration word inputs override these defaults. The compression mode
configuration data to be programmed is supplied by the user software in the flash.

The hard reset configuration word (described in SECTION 7 RESET) has two bits
which control the code compression mode. Bit 21 enables code compression when
equal to “1” and disables code compression when equal to “0”. Bit 22 defines the ex-
ception table code as either compressed with a value of “1” or non-compressed with a

value of “0”.

4.4 Modes Of Operation
The burst buffer module can operate in the following modes:

e Normal

e Slave
* Reset
* Debug

e Standby

¢ Burst

The modes of operation are described in the following paragraphs.
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4.4.1 Normal Operation

During normal operation, the burst buffer module transfers fetch accesses from the
CPU to the U-bus. When a new access is issued by the CPU, it is transferred in parallel
to both the IMPU and the BBC. The IMPU compares the address of the access to its
region programming. The BBC determines whether the access can be immediately
transferred to the U-bus. If not, it requests the U-bus for the next clock.

Each new BBC U-bus access is accompanying by the burst request attribute. If burst-
able access is enabled, the BBC performs a burst access; otherwise, it performs a sin-
gle access.

If the IMPU detects an access violation, it does the following:

 Cancels the request that was forwarded to the BBC
* Informs the RCPU core that the requested address generated an exception

If the required address contains show cycle or program trace attributes, the BBC de-
livers the access to the U-bus even if the request is cancelled (due to the exception it
caused).

The BBC forwards show cycle, program trace and debug port access attributes ac-
companying the CPU access along with the U-bus access.

4.4.2 Slave Operation.

The burst buffer module is operating as a U-bus slave module when the instruction
memory protection unit (IMPU) registers are accessed by the user in order to be pro-
grammed. This programming is done using the mtspr /mfspr instructions.

4.4.3 Reset Operation

On reset the BBC goes to an idle state, and all pending U-bus accesses are ignored.
The IMPU goes to a disabled state in which all memory space is accessible to both
user and supervisor.

4.4.4 Debug Mode Operation

When the CPU is in debug mode, fetch accesses are attached with a special attribute.
If this attribute is asserted, the BBC must initiate not-burstable accesses to the debug
port.

4.4.5 Standby Mode Operation

In this low-power mode the CPU stops issuing further accesses. The BBC clocks are
turned off, and the BBC enters a power-save state. When the low-power mode is ex-
ited, clocks are activated and a new access from the CPU will activate the BBC.

4.4.6 Burst Operation

The BBC can run burst accesses on the U-bus. Such burst cycles, if forwarded to ex-
ternal memory, are then exported to the EBI as burst cycles (if bursts are enabled by
the USIU).
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The BE bit defined in 4.6.4 BBC Module Configuration Register (BBCMCR) deter-
mines whether the BBC operates burst cycles or not. Burst requests are enabled only
when the BE bit is set.

NOTE

The negated state of the BE bit is useful mainly when the RCPU core
runs in serialized mode. (Refer to 21.7.6 I-Bus Support Control
Register for the ICTRL register.)

4.4.7 Error Detection
If the IMPU detects access violation, the following actions must be taken:

1. Cancel the request that was forwarded to the burst buffer controller
2. Inform the RCPU core that the requested address generated an exception

If the required address contains show cycle or program trace attributes, than the BBC
delivers the access onto the U-bus even if the request is cancelled (due to the excep-
tion it caused).

The way the IMPU notifies the RCPU core for an interrupt is by feeding error informa-
tion into four bits (1, 3, 4 and 10) in the SRR1 register in the core. Only one bit is set
at a time. The exception vector (address) that the core issues for this event is 0xnnn0-
1300. The encoding of the status bits is as follows:

*SRR1 =0

* SRR3 = Guarded storage.
* SRR4 = Protected storage.
*SRR10=0

4.5 Exception Table Relocation

The BBC has the ability to relocate the exception table. Exception table relocation is a
feature to save memory space in the exception table. See 3.11.5 Exception Vector
Table for normal operation of the exception vector table. This is done by mapping ex-
ceptions to be separated by eight bytes instead of 256 bytes (see Table 4-1). The re-
location feature maps the exception table into the internal memory space of the
MPC555 / MPC556 and requries MSR[IP] = 1. This feature is important in multi-
MPC555 / MPC556 systems, where more than one MCU can have internal exception
tables with the same exception addresses issued by the RCPU.

The relocation feature also saves the wasted space between exception table entries
when each exception entry contains only a branch instruction to the exception routine,
which is located elsewhere.

If exception relocation is enabled (ETRE bit is set in the BBCMCR), all exception rou-
tines (except the reset exception routine) can be controlled to either remain in the low-
er addresses of the memory (base address + exception offset) BBCMCR[OERC] = 0
or to be relocated to memory (base address + 32 Kbytes) by setting BBCMCR[OERC]
= 1. The reset exception routine location is fixed in memory (base address + the reset
exception offset) and can not be relocated.

See 4.6.4 BBC Module Configuration Register (BBCMCR) for programming details.
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4.5.1 Exception Table Relocation Operation

When an exception is requested, the CPU initiates a fetch cycle that branches to the
exception routine associated with the exception that caused the fetch. The exception
addresses are fixed within the RCPU architecture and are 0x100 bytes apart from
each other, starting at address 0x0000_0100 or OxFFFO0_0100, depending on the val-
ue of the MSR][IP] bit.

If the relocation feature is disabled, the BBC transfers the exception fetch address to
the internal bus of the MPC555 / MPC556 with no interference.

In order to activate exception table relocation, the following steps are required:

1. Set the MSR[IP] bit. To set this bit out of reset, set the appropriate bit in the re-
set configuration word.

2. Setthe ETRE bit in BBCMCR register. See 4.6.4 BBC Module Configuration
Register (BBCMCR) for programming details.

3. Program absolute branch instructions at the locations indicated in Table 4-1
pointing to the desired exception handler routines.

If the relocation feature is enabled, the BBC translates the starting address of the ex-
ception routine into the address located at the lowest portion of the internal memory.
At that location, the user must insert a series (table) of consecutive branch instructions
that point to the appropriate exception routines.

NOTE

These branch instructions must utilize absolute addressing modes of
the RCPU (relative branches can not be used).

Thus, the CPU branches twice to reach the appropriate exception routine.

NOTE 1

The eight Kbytes allocated for the exception table can be almost fully
utilized. This is possible if the MPC555 / MPC556’s address space is
not mapped to the exception address space — that is, if addresses
OxFFFO0_0000 to OxFFFO_1FFF are not part of the MPC555 /
MPC556 address space. In this case, these eight Kbytes can be fully
utilized by the compiler, except for the lower 64 words (256 bytes),
which are reserved for the exception pointers.

NOTE 2

If the CPU issues any address that falls between two successive ex-
ception entries (e.g., OXFFF0_0104), then an exception is generated
to the CPU if exception relocation is enabled. See 4.6.4 BBC Module
Configuration Register (BBCMCR).
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Table 4-1 Exception Addresses Mapping by BBC

Name of Exception

Address Issued by
CPU (MSR[IP] = 1)

Mapped Address by
Exception Table Relocation Logic

(BBCMCRIETRE] = 1)

BBCMCR[OERC] = 02 BBCMCR[OERC] =1

Reserved 0xFFFO0_0000 0x0000 0x8000

System Reset OxFFF0_0100 0x0008 0x00083

Machine Check 0xFFF0_0200 0x0010 0x8010

Data Storage OxFFF0_0300 0x0018 0x8018

Instruction Storage OxFFFO0_0400 0x0020 0x8020

External Interrupt OxFFF0_0500 0x0028 0x8028

Alignment 0xFFF0_0600 0x0030 0x8030

Program OxFFFO0_0700 0x0038 0x8038

Floating Point unavailable 0xFFF0_0800 0x0040 0x8040

Decrementer OxFFFO0_0900 0x0048 0x8048

Reserved O0xFFFO_0A00 0x0050 0x8050

Reserved OxFFFO_0BO00 0x0058 0x8058

System Call 0xFFF0_0CO00 0x0060 0x8060

Trace OxFFFO0_0DO00 0x0068 0x8068

Floating Point Assist OxFFFO_OE00 0x0070 0x8070

Implementation Dependant OXFFF0_1000 0x0080 0x8080
Software Emulation

ImpIementationE[zreOprendant Storage OxFFF0_1300 0X0098 0x8098

Implementation Dependant Data OXFEE0_1C00 OX00EO OX8OEO

Breakpoint
Implementation Dependant OXxFFFO_1D00 OX00E8 0X80E8
Instruction Breakpoint

Implementation Dependan.t Maskable OxEFEO_1E00 OX00FO OX80F0
External Breakpoint

Non-Maskable External Breakpoint OxFFFO_1FO00 0x00F8 0x80F8

NOTES:

1. See Table 3-21 and 3.11.5 Exception Vector Table for Exception Relocation Table with ETRE = 0.

2. See 4.6.4 BBC Module Configuration Register (BBCMCR)
3. The reset exception is NOT affected by OERC.
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Exception Pointer by RCPU Internal Memory Structure

Pranch to... A

branch to...

Y

branch fo...

branch to...

100

branch fo...

branch fo...

branch to...

200 branchto...

branchto...

branch to...

300 branchto...

branchto...

branch fo...

400 branchto...

branch o...
branch to... v
branch to...

branch to...

Exception Table

500

branch fo...

branch to...

600

branch to...

branch fo...

branch to...

700 Branch 1o...

branch fo...

branch to...

branch 1o...

1 FOO branch 1o...

branch 1o...

brancho...

brancho...

F8 branch to...

Main code can start here

Figure 4-14 Exception Table Entries Mapping
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4.6 Burst Buffer Programming Model

The BBC and IMPU module configuration registers are MPC555 / MPC556 special-
purpose registers (SPRs). They are programmed with the MPC555 / MPC556 mtspr/
mfspr instructions.

All the registers can be accessed in supervisor mode only. The processor generates
an exception internally if an attempt is made to access the registers from user mode.

The following 32-bit registers contain the starting address and the size of the region.
There is one register for each region.

Table 4-2 Region Base Address Registers RBA[0:1]

Register Name (Apgg: ;Zsl) Ub—a?ﬁ ;)[(1)8:27]
MI_RBA[0] 784 0x2180
MI_RBA[1] 785 0x2380
MI_RBA[2] 786 0x2580
MI_RBA[3] 787 0x2780

The following registers hold the attributes of the corresponding regions and of the de-
fault region. Each of the four MI_RAX registers contains access permission attributes.
The MI_GRA (global region attribute) register contains two additional bits to enable
each of the MI_RBAX registers.

Table 4-3 Region Attributes Registers

Register Name (Apgg: ;Zsl) Ub—a?ﬂ;)[(; LB
MI_RAJ[O0] 816 0x2190
MI_RA[1] 817 0x2390
MI_RA[2] 818 0x2590
MI_RA[3] 818 0x2790
MI_GRA 528 0x2100

The BBC holds only one register, the BBC module configuration register (BBCMCR).

Table 4-4 BBC Module Configuration Register

Reqister name | Ad9F ub_addr [0:31]

J (Decimal) (Hex)

BBCMCR 560 0x2110
MPC555 / MPC556 BURST BUFFER MOTOROLA
USER'S MANUAL For MorefiAYolm 38R ¥40is Product, 4-20

Go to: www.freescale.com



Freescale Semiconductor, Inc.

4.6.1 Region Base Address Registers
MI_RBA[0:3] — Region Base Address Register

Mg’B 1 2 3 4 5 6 7 8 9 10 11

SPR 784 — 787

12 13 14 15

‘ RA

RESET:
Unaffected by Reset

16 17 18 19 20 21 22 23 24 25 26 27

LSB
28 29 30 31

RA Reserved

RESET:
Unaffected by Reset

Table 4-5 MI_RBA[0:3] Bit Descriptions

Bit(s) Name Description
0:19 RA Region address. This field defines the base address (most significant 20 bits) for the region.
20:31 — Reserved

4.6.2 Region Attribute Registers MI_RA[0:3] Description
MI_RA[0:3] — Region Attribute Register

SPR 816 — 819

MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
| RS |
HRESET
U U U U U u u u u u U U U U U U
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 L;B
RS PP RESERVED G CMPR" RESERVED
HRESET
U U U U U U 0 0 0 U U U U 0 0 0
NOTES:
1. Available only on the MPC556.
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USER’S MANUAL For MoreiRYolm388RS 7 40is Product, 4-21

Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table 4-6 MI_RA[0:3] Registers Bits Description

Bit(s) Name Description

Region size. The region size is a power of two, determined as follows:
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

0:19 RS 10000_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
0111_1111_1111_1111_1111 — 2 Gbytes
1111_1111_1111_1111_1111 — 4 Gbytes
Protection bits:

20:31 pp1 00: Supervisor — No Access, User — No Access.

01: Supervisor — Fetch, User — No Access.
1x: Supervisor — Fetch, User — Fetch.

22:24 — Reserved

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 at-
tempt.

25 G

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.

26:27 CMPR?

28:30 — Reserved

NOTES:
1. 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 bit is available only on the MPC556.
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4.6.3 Global Region Attribute Register Description (MI_GRA)

MI_GRA — Global Region Attribute Register SPR 528
Mg’B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ ENRO ‘ ENR1 ‘ ENR2 | ENR3| RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0o 0 0
LSB
16 7 18 19 20 20 22 28 24 25 2 27 28 29 30 o
RESERVED PP RESERVED G CMPR! RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0
NOTES:

1. Available only on the MPC556.

Table 4-7 MI_GRA Bit Descriptions

Bit(s)

Name

Description

ENRO

Enable region 0 of IMPU
0 = Region 0 is off
1 = Region 0 is on

ENR1

Enable region 1 of IMPU
0 = Region 1 is off
1 = Region 1 is on

ENR2

Enable region 2 of IMPU
0 = Region 2 is off
1 = Region 2 is on

ENR3

Enable region 3 of IMPU
0 = Region 3 is off
1 = Region 3 is on

4:19

Reserved

20:21

PP

Protection bits

00 = No supervisor access, no user access

01 = Supervisor fetch access, no user access
10 = Supervisor fetch access, user fetch access
11 = Supervisor fetch access, user fetch access

22:24

Reserved

25

Guarded attribute for region
0 = Fetch is allowed from guarded region.
1 = Fetch is prohibited from guarded region. An attempted fetch will generate an exception.

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
"De-compression On" mode

28:31

Reserved

NOTES:

1. Available only on the MPC556.
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4.6.4 BBC Module Configuration Register (BBCMCR)

BBCMCR — BBC Module Configuration Register SPR 560
MSB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 >
EN_ | EXC_ |pEcomp
RESERVED | BE |ETRE [OERC| oioo | covo2 | oo ne RESERVED
RE-
SET:
0 0 0 bpg' 0 0 0 0 o o o0 0 0 0 0 o0
NOTES:

1. Reset value is taken from the indicated bit of the reset configuration word.
2. Available only on the MPC556.

Table 4-8 BBCMCR Bit Descriptions

Bit(s) Name

Description

16:17

Reserved

18 BE

Burst enable
0 = BBC does not request burst accesses
1 = BBC requests burst accesses

19 ETRE

Exception table relocation enable

0 = Exception table relocation is off — the BBC does not map exception addresses

1 = Exception table relocation is on — the BBC maps exception addresses to a branch instruction
table. Refer to 4.5 Exception Table Relocation.

20 OERC

Other exceptions relocation control.
0 = All exceptions except reset are mapped to the internal memory base address.
1 = All exceptions except reset are mapped to the internal memory base address + 32 Kbytes.

21 EN_COMP

Enable COMPression — This bit enables the operation of the MPC556 in "Compression ON"

mode. The default state is disabled. This bit is read only.

0 ="Decompression ON" mode is disabled. The MPC556 operates only in "Decompression OFF"
mode.

1 = "Decompression ON" mode is enabled. The MPC556 may operates with both "Decompres-
sion ON" and "Decompression OFF" modes.

The bit value is determined by reset configuration word, bit #21.

EXC_

22 COMP

Exception Compression — This bit determines the operation of the MPC556 with exceptions. If
this bit is set, the MPC556 assumes that the all exception routines code is compressed; other-
wise it is assumed that all exception routines code is not compressed. The reset value is deter-
mined by reset configuration word bit #22.

0 = The MPC556 assumes that exception routines are non-compressed

1 = The MPC556 assumes that ALL exception routines are compressed.

This bit effects only when EN_COMP bit is set.

MPC555 / MPC556
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Table 4-8 BBCMCR Bit Descriptions (Continued)

Bit(s) Name Description
DECOMPression Show Cycle ENable - This bit determines the way the MPC556 executes in-
struction show-cycle. The reset value is determined by configuration word bit #21. For further de-
DECOMP_ | . . o . .
23 tails regarding show cycles execution in "Decompression ON" mode see 4.3.9 Decompression.
SC_EN . . N
0 = Decompression Show Cycle does not include the bit pointer.
1 = Decompression Show Cycles includes the bit pointer information on the data bus.
24:31 — Reserved
NOTE
An ISYNC instruction is required immediately following any write to
the BBCMCR.
MPC555 / MPC556 BURST BUFFER MOTOROLA
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SECTION 5
UNIFIED SYSTEM INTERFACE UNIT

The unified system interface unit (USIU) of the MPC555 / MPC556 controls system
start-up, system initialization and operation, system protection, and the external sys-
tem bus. The MPC555 / MPC556 USIU functions include the following:

» System configuration and protection

* Interrupt controller

» System reset monitoring and generation
* Clock synthesizer

* Power management

 External bus interface (EBI) control

* Memory controller

* Debug support

5.1 Module Overview

The system configuration and protection function controls the overall system configu-
ration and provides various monitors and timers, including the bus monitor, software
watchdog timer, periodic interrupt timer, PowerPC decrementer, time base, and real
time clock. The interrupt controller and USIU are also included in the system configu-
ration and protection function. Refer to SECTION 6 SYSTEM CONFIGURATION AND
PROTECTION for details.

The reset controller receives input from a number of reset sources and takes appro-
priate actions, depending on the source. The reset status register (RSR) reflects the
most recent source to cause a reset. Refer to SECTION 7 RESET for details.

The clock synthesizer generates the clock signals used by the SIU as well as the other
modules and external devices. This circuitry can generate the system clock from a 4-
MHz or 20-MHz crystal.

The SIU supports various low-power modes. Each supplies a different range of power
consumption, functionality and wake-up time. Clock generation and low-power modes
are described in SECTION 8 CLOCKS AND POWER CONTROL.

The external bus interface (EBI) handles the transfer of information between the inter-
nal busses and the memory or peripherals in the external address space. The
MPC555 / MPC556 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 regis-
ters. SECTION 9 EXTERNAL BUS INTERFACE describes the bus operation.

The memory controller module provides a glueless interface to many types of memory
devices and peripherals. It supports up to four memory banks, each with its own device

MPC555 / MPC556 UNIFIED SYSTEM INTERFACE UNIT MOTOROLA
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and timing attributes. See SECTION 10 MEMORY CONTROLLER for more informa-
tion.

5.2 SIU Architecture
Figure 5-1 is a block diagram of the MPC555 / MPC556 USIU.

Clocks & RESET Memory -
Memory Control Lines
Controller
< U-bus U-Bus ? Address
A > VF E-bus E-Bus
Data Interface | Sl R
s ! -
Slave
> I/F B ‘
* SW watch Dog
» Bus monitor
* Periodic interrupt
* PowerPC timer &
decrementer SGPIO -

Real-time clock
Debug

Pin multiplexing
Interrupt controller

Figure 5-1 MPC555 / MPC556 USIU Block Diagram

5.3 USIU Address Map

Table 5-1 is an address map of the SIU registers. Where not otherwise noted, regis-
ters are 32 bits wide. The address shown for each register is relative to the base ad-
dress of the MPC555 / MPC556 internal memory map. The internal memory block can

reside in one of eight possible 4-Mbyte memory spaces. See Figure 1-3 in SECTION
1 OVERVIEW for details.
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Table 5-1 USIU Address Map

Address Register
SIU Module Configuration Register (SIUMCR)
Ox2F C000 See Table 6-5 for bit descriptions.
System Protection Control Register (SYPCR)
Ox2F Co04 See Table 6-13 for bit descriptions.
0x2F C008 Reserved
Software Service Register (SWSR)
1
0x2F COOE See Table 6-14 for bit descriptions.
Interrupt Pending Register (SIPEND)
Ox2F C010 See 6.13.2.1 SIPEND Register for bit descriptions.
Interrupt Mask Register (SIMASK)
0x2F C014 See 6.13.2.2 SIU Interrupt Mask Register (SIMASK) for bit descrip-
tions.
Interrupt Edge Level Mask (SIEL)
0x2F C018 See 6.13.2.3 SIU Interrupt Edge Level Register (SIEL) for bit descrip-
tions.
Interrupt Vector (SIVEC)
Ox2F CO1C See 6.13.2.4 SIU Interrupt Vector Register for bit descriptions.
Transfer Error Status Register(TESR)
Ox2F C020 See Table 6-15 for bit descriptions.
USIU General-Purpose I/O Data Register (SGPIODT1)
Ox2F C024 See Table 6-21 for bit descriptions.
USIU General-Purpose I/O Data Register 2 (SGPIODT2)
Ox2F C028 See Table 6-22 for bit descriptions.
USIU General-Purpose 1/0O Control Register (SGPIOCR)
Ox2F C02C See Table 6-23 for bit descriptions.
External Master Mode Control Register (EMCR)
Ox2F C030 See Table 6-12 for bit descriptions.
co3c! Pads Module Configuration Register (PDMCR)
Ox2F C03 See Table 2-3 for bit descriptions.
0x2F C040 — Reserved
0x2F COFC
Memory Controller Registers
Base Register 0 (BRO)
Ox2F C100 See Table 10-7 for bit descriptions.
Option Register 0 (ORO0)
Ox2F C104 See Table 10-8 for bit descriptions.
Base Register 1 (BR1)
Ox2F C108 See Table 10-7 for bit descriptions.
Option Register 1 (OR1)
Ox2F C10C See Table 10-8 for bit descriptions.
Base Register 2 (BR2)
Ox2F C110 See Table 10-7 for bit descriptions.
Option Register 2 (OR2)
Ox2F C114 See Table 10-8 for bit descriptions.
Base Register 3 (BR3)
Ox2F C118 See Table 10-7 for bit descriptions.
Option Register 3 (OR3)
Ox2F C11C See Table 10-8 for bit descriptions.
MPC555 / MPC556 UNIFIED SYSTEM INTERFACE UNIT MOTOROLA
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Table 5-1 USIU Address Map (Continued)

MPC555 / MPC556

Address Register
Ox2F C120 — Reserved
0x2F C13C
Dual-Mapping Base Register (DMBR)
Ox2F C140 See Table 10-9 for bit descriptions.
Dual-Mapping Option Register (DMOR)
Ox2F C144 See Table 10-10 for bit descriptions.
0x2F C148 — Reserved
0x2F C174
c178! Memory Status (MSTAT)
Ox2F C178 See Table 10-6 for bit descriptions.
OX2FCI7A— o e
0x2F C1FFC
System Integration Timers
Time Base Status and Control (TBSCR)
Ox2F €200 See Table 6-16 for bit descriptions.
Time Base Reference 0 (TBREFO)
Ox2F C204 See 6.13.4.3 Time Base Reference Registers for bit descriptions.
Time Base Reference 1 (TBREF1)
Ox2F C208 See 6.13.4.3 Time Base Reference Registers for bit descriptions.
0x2F C20C — Reserved
0x2F C21C
Real-Time Clock Status and Control (RTCSC)
Ox2F C220 See Table 6-17 for bit descriptions.
Real-Time Clock (RTC)
Ox2F C224 See 6.13.4.6 Real-Time Clock Register (RTC) for bit descriptions.
Ox2F C228 Real-Time Alarm Seconds (RTSEC) — Reserved
Real-Time Alarm (RTCAL)
0x2F C22C See 6.13.4.7 Real-Time Clock Alarm Register (RTCAL) for bit de-
scriptions.
0x2F C230 — Reserved
0x2F C23C
PIT Status and Control (PISCR)
Ox2F G240 See Table 6-18 for bit descriptions.
PIT Count (PITC)
Ox2F C244 See Table 6-19 for bit descriptions.
PIT Register (PITR)
Ox2F C248 See Table 6-20 for bit descriptions.
0x2F C24C — Reserved
0x2F C27C
Clocks and Reset
System Clock Control Register (SCCR)
Ox2F C280 See Table 8-9 for bit descriptions.
PLL Low-Power and Reset Control Register (PLPRCR)
Ox2F C284 See Table 8-10 for bit descriptions.
oF Cogg' Reset Status Register (RSR)
Ox 88 See Table 7-3 for bit descriptions.
Change of Lock Interrupt Register (COLIR)
1
Ox2F C28C See Table 8-11 for bit descriptions.
UNIFIED SYSTEM INTERFACE UNIT MOTOROLA
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Table 5-1 USIU Address Map (Continued)

Address Register
1 VDDSRM Control Register (VSRMCR)
Ox2F G290 See Table 8-12 for bit descriptions.
0x2F C294 — Reserved
0x2F C2FC
System Integration Timer Keys
Time Base Status and Control Key (TBSCRK)
Ox2F C300 See Table 8-8 for bit descriptions.
Time Base Reference 0 Key (TBREFOK)
Ox2F C304 See Table 8-8 for bit descriptions.
Time Base Reference 1 Key (TBREF1K)
Ox2F C308 See Table 8-8 for bit descriptions.
Time Base and Decrementer Key (TBK)
Ox2F C30C See Table 8-8 for bit descriptions.
0x2F C310 — Reserved
0x2F C31C
Real-Time Clock Status and Control Key (RTCSCK)
Ox2F €320 See Table 8-8 for bit descriptions.
Real-Time Clock Key (RTCK)
Ox2F C324 See Table 8-8 for bit descriptions.
Real-Time Alarm Seconds Key (RTSECK)
Ox2F C328 See Table 8-8 for bit descriptions.
Real-Time Alarm Key (RTCALK)
Ox2F C32C See Table 8-8 for bit descriptions.
0x2F C330 — Reserved
0x2F C33C
PIT Status and Control Key (PISCRIK)
Ox2F C340 See Table 8-8 for bit descriptions.
PIT Count Key (PITCK)
Ox2F C344 See Table 8-8 for bit descriptions.
0x2F C348 — Reserved
0x2F C37C
Clocks and Reset Keys
System Clock Control Key (SCCRK)
Ox2F C380 See Table 8-8 for bit descriptions.
PLL Low-Power and Reset Control Register Key (PLPRCRK)
Ox2F C384 See Table 8-8 for bit descriptions.
Reset Status Register Key (RSRK)
Ox2F G388 See Table 8-8 for bit descriptions.
0x2F C38C — Reserved
0x2F C3FC
NOTES:

1. 16-bit register.

5.4 USIU PowerPC Memory Map

Table 5-2 lists the USIU PowerPC special-purpose registers (SPR). These registers
can be accessed with the PowerPC mtspr and mfspr instructions, or from an external
master (refer to 6.2 External Master Modes for details). All registers are 32 bits wide.
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Table 5-2 USIU Special-Purpose Registers

Address[o:31] Register epr{5:6]:spri0a]!
0x2C00 Decrementer (DEC) 22
0x1880 Time Base — Read (TB) 268
0x1A80 Time Base Upper — Read (TBU) 269
0x3880 Time Base — Write (TB) 284
0x3A80 Time Base Upper — Write (TBU) 285
0x3B30 Internal Memory Mapping Register (IMMR) 638

NOTES:

1. Bits [0:17] and [28:31] are all 0.

Table 5-3 shows the PowerPC special address range. For an external master access-
ing a PowerPC SPR, address bits [0:17] and [28:31] are compared to zeros to confirm
that an SPR access is valid.

MPC555 / MPC556
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0:17

18:27

28:31

0..

.0 spr[0:9]

0000
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SECTION 6
SYSTEM CONFIGURATION AND PROTECTION

The MPC555 / MPC556 incorporates many system functions that normally must be
provided in external circuits. In addition, it is designed to provide maximum system
safeguards again hardware and/or software faults. The system configuration and pro-
tection sub-module provides the following features:

» System Configuration — The USIU allows the user to configure the system ac-
cording to the particular requirements. The functions include control of show cycle
operation, pin multiplexing, and internal memory map location. System configura-
tion also includes a register containing part and mask number constants to iden-
tify the part in software.

* Interrupt Configuration — The interrupt controller receives interrupt requests
from a number of internal and external sources and directs them on a single in-
terrupt-request line to the RCPU.

* General-Purpose I/0 — The USIU provides 64 pins for general-purpose I/O. The
SGPIO pins are multiplexed with the address and data pins.

» External Master Modes Support — External master modes are special modes
of operation that allow an alternate master on the external bus to access the in-
ternal modules for debugging and backup purposes.

* Bus Monitor — The SIU provides a bus monitor to watch internal to external ac-
cesses. It monitors the transfer acknowledge (TA) response time for internal to
external transfers. A transfer error acknowledge (TEA) is asserted if the TA re-
sponse limit is exceeded. This function can be disabled.

» Software Watchdog Timer (SWT) — The SWT asserts a reset or non-maskable
interrupt (as selected by the system protection control register) 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 max-
imum 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.

* 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 us to 4 seconds with a 4-Mhz crystal or 200 ns
to 0.8 ms with a 20-Mhz crystal. The PIT function can be disabled.

* Power-PC Time Base Counter (TB) — The TB is a 64-bit counter defined by the
MPC555 / MPC556 architecture to provide a time base reference for the operat-
ing system or application software. The TB has four independent reference reg-
isters which can generate a maskable interrupt when the time-base counter
reaches the value programmed in one of the four reference registers. The asso-
ciated bit in the TB status register will be set for the reference register which gen-
erated the interrupt.

* Power-PC Decrementer (DEC) — The DEC is a 32-bit decrementing counter de-
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fined by the MPC555 / MPC556 architecture to provide a decrementer interrupt.
This binary counter is clocked by the same frequency as the time base (also de-
fined by the MPC555 / MPC556 architecture). The period for the DEC when driv-
en by a 4-Mhz oscillator is 4295 seconds, which is approximately 71.6 minutes.
* 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 reach-
es the value programmed in the alarm register. The RTC is clocked by the same
clock as the PIT.
* Freeze Support — The SIU allows control of whether the SWT, PIT, TB, DEC
and RTC should continue to run during the freeze mode.

Figure 6-1 shows a block diagram of the system configuration and protection logic.

Module
Configuration

Interrupt
Controller

Bus

—» TEA Signal
Monitor 9

Clock

Periodic Interrupt
Timer

Y

Software
Watchdog Timer

MPC555
Decrementer

MPC555
Time Base Counter

Real-Time
Clock

|

|

|

|

Interrupt

Interrupt or
System Reset

Decrementer
Exception

Interrupt

Interrupt

Figure 6-1 System Configuration and Protection Logic
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6.1 System Configuration

The SIU allows the user to configure the system according to the particular require-
ments. The functions include control of show cycle operation, pin multiplexing, and in-
ternal memory map location. System configuration also includes a register containing
part and mask number constants to identify the part in software.

System configuration registers include the system configuration register (SIUMCR),
the internal memory mapping register (IMMR). Refer to 6.13 System Configuration
and Protection Registers for register diagrams and bit descriptions.

6.1.1 USIU Pins Multiplexing

Some of the functions defined in the various sections of the SIU (external bus inter-
face, memory controller, and general-purpose 1/O) share pins. Table 6-1 summarizes
how the pin functions of these multiplexed pins are assigned.

Table 6-1 USIU Pins Multiplexing Control

Pin Name Multiplexing Controlled By:

IRQO/SGPIOCO
IRQ1/RSV/SGPIOCT
IRQ2/CR/SGPIOC2/MTS

g i it U At Power-on reset: MODCK][1:3]
IRQ3/KR/RETRY/SGPIOC3 o .
TRQ4/AT2/SGPIOCA Otherwise: programmed in SIUMCR

TRQB/SGPIOC5/MODCKA (See 6.13.1.1 SIU Module Configuration Register.)

TRQ6/MODCK2
IRQ7/MODCK3

SGPIOC6/FRZ/PTR
SGPIOC7/IRQ_OUT/LWPO
BG/VFO/LWP1
BR/VF1/IWP2
BB/VF2/IWP3 Programmed in the SIUMCR and via the hard reset configuration.
IWP[0:1]/VFLS[0:1] (See 6.13.1.1 SIU Module Configuration Register and
BI/STS 7.5.2 Hard Reset Configuration Word.)
WE(0:3)/BE(0:3)/AT(0:3)
TDI/DSDI
TCK/DSCK
TDO/DSDO

. . Programmed in SIUMCR and hard reset configuration.
gégg[[%g]]//zgillgi[[ggl]] (See 6.13.1.1 SIU Module Configuration Register and
’ ) 7.5.2 Hard Reset Configuration Word.)

At Power-on reset: RSTCONF
RSTCONF/TEXP Otherwise: programmed in SIUMCR.
(See 6.13.1.1 SIU Module Configuration Register.)

6.1.2 Memory Mapping
The MPC555 / MPC556 internal memory space can be assigned to one of eight loca-
tions.

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
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mapping register (IMMR). The eight possible locations are the first eight 4-Mbyte
memory blocks starting with address 0x0000 0000. (Refer to Figure 6-2.)

0x0000 0000
-
0x003F FFFH
0x0040 0000
-
0X007F FFFH
0X0080 0000
-
0x00BF FFFH
0x00C0 0000
-
0x00FF FFFH Internal 4-Mbyte Memory Block
0x0100 0000 [~ (Resides in one of eight locations)
-
0x013F FFFH
0x0140 0000
-
0x017F FFFH
0x0180 0000
-
0x01BF FFFH
0x01C0 0000
B —

0x01FF FFFF

OXFFFF FFFH

Figure 6-2 MPC555 / MPC556 Memory Map

6.1.3 Arbitration Support

Two bits in the SIUMCR control USIU bus arbitration. The external arbitration (EARB)
bit determines whether arbitration is performed internally or externally. If EARB is
cleared (internal arbitration), the external arbitration request priority (EARP) bit deter-
mines the priority of an external master’s arbitration request. The operation of the in-
ternal arbiter is described in 9.5.6.4 Internal Bus Arbiter.
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6.2 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 purpos-
es. They provide access to the internal buses (U-bus and L-bus) and to the intermod-
ule bus (IMB3).

There are two external master modes. Peripheral mode (enabled by setting PRPM in
the EMCR) is a special slave mechanism in which the RCPU is shut down and an al-
ternate master on the external bus can perform accesses to any internal bus slave.
Slave mode (enabled by setting SLVM and clearing PRPM in the EMCR) 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 fair priority between internal RCPU ac-
cesses and external master accesses. If the bandwidth of external master accesses is
large, it is recommended that the system forces gaps between external master ac-
cesses in order to avoid suspension of internal RCPU activity.

The MPC555 / MPC556 does not support burst accesses from an external master;
only single accesses of 8, 16, or 32 bits can be performed. The MPC555 / MPC556
asserts burst inhibit (Bl) on any attempt to initiate a burst access to internal memory.

The MPC555 / MPC556 provides memory controller services for external master ac-
cesses (single and burst) to external memories. See SECTION 10 MEMORY CON-
TROLLER for details.

6.2.1 Operation of 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 enable the external master
to configure EMCR with the required attributes, and then access the internal registers.
The external master must be granted external bus ownership in order to initiate the ex-
ternal master access. The SIU compares the address on the external bus to the allo-
cated 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 ISB (see 6.13.1.2 Internal Memory Map Register 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 the 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 ac-
cesses and prevent additional internal accesses from being initiated on the internal
bus. The SIU will also mask internal accesses to support consecutive external access-
es if the delay between the external accesses is less than 4 clocks. The external mas-
ter access and retry timings are described in 9.5.11 Bus Operation in External
Master Modes.
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The external master may access the internal MPC555 / MPC556 special registers that
are located outside the RCPU. In order to access one of these MPC555 / MPC556 reg-
isters, program the EMCR to MPC555 / MPC556 special register access (CONT = 1
and SUPU =0 in EMCR). Next, access the register by providing the address according
to the MPC555 / MPC556 address map. Only the first external master access that fol-
lows EMCR setting will be assigned to the special register map; the next accesses will
be directed to the normal address map. This is done in order to enable the user to ac-
cess the EMCR again after the required MPC555 / MPC556 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” MPC555 / MPC556 from occupying the external bus. In-
ternal bus arbitration is selected by clearing the EARB bit in the SIUMCR (see 6.13.1.1
SIU Module Configuration Register).

6.2.2 Address Decoding for External Accesses

During an external master access, the USIU compares the external address with the
internal address block to determine if MPC555 / MPC556 operation is required. Since
only 24 of the 32 internal address bits are available on the external bus, the USIU as-
signs zeros to the most significant address bits (ADDRJ[0:7]).

The address compare sequence can be summarized as follows:

e Normal external access. If the CONT bit in EMCR is cleared, the address is com-
pared to the internal address map.

* MPC555 / MPC556 special register external access. If the CONT bit in EMCR is
set by the previous external master access, the address is compared to the
MPC555 / MPC556 special address range. See 5.4 USIU PowerPC Memory
Map 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 gener-
ates the appropriate chip select and attribute accordingly

When trying to fetch an MPC555 / MPC556 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 MPC555 / MPC556 internal memory controller, this aliasing
does not occur since the chip select is disabled. If the device has its own address de-
coding or is being selected by external logic, this case should be resolved.

6.3 USIU General-Purpose I/O

The USIU provides 64 general-purpose I/O (SGPIO) pins. The SGPIO pins are multi-
plexed with the address and data pins. In single-chip mode, where communicating with
external devices is not required, the user can use all 64 SGPIO pins. 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 func-
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tionality. The functionality of these pins is assigned by the single-chip (SC) bit in the
SIUMCR. (See 6.13.1.1 SIU Module Configuration Register.)

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 6.13.5 General-Purpose I/O Registers.

Table 6-2 SGPIO Configuration

Available | Available |, AVaEDI® | pyaijable
SGPIO Individual Direction When SC = 00 | When SC = 01 (Sing e-C;li When SC =11
Group Name Pin Control Control (32-bit Port (16-bit Port M og o withp (Single-Chip
Size Mode) Size Mode) T Mode)
race)
SGPIODI[0:7] GDDRO X X

SGPIODI[8:15] GDDR1 X X
SGPIOD[16:23] GDDR2 X X X
SGPIOD[24:31] X SDDRD[23:31] X X X

SGPIOC[0:7]! X SDDRC[0:7]

SGPIOA[8:15] GDDR3 X
SGPIOA[16:23] GDDR4 X
SGPIOA[24:31] GDDR5 X
NOTES:

1. SGPIOC[0:7] is selected according to GPC and MLRC fields in SIUMCR. See 6.13.1.1 SIU Module Configu-
ration Register.

Figure 6-3 illustrates the functionality of the SGPIO.
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Figure 6-3 SGPIO Cell

6.4 Interrupt Controller

The USIU receives interrupts from internal sources (such as the PIT and RTC), from
the IMB3 module (which has its own interrupt controller), and from external pins
IRQ[0:7]. An overview of the MPC555 / MPC556 interrupt structure is shown in Figure

6-4.
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Figure 6-4 MPC555 / MPC556 Interrupt Structure

If programmed to generate interrupts, the SWT and external pin IRQ[0] always gener-
ate a non-maskable interrupt (NMI) to the RCPU. Notice that the RCPU takes the sys-
tem reset interrupt when an NMI is asserted and the external interrupt for any other
interrupt asserted by the interrupt controller.

Each one of the external pins IRQ[1:7] has its own dedicated assigned priority level.
IRQ[O] is also mapped but should be used only as a status bit indicating that IRQ[0]
was asserted and generated an NMI interrupt. There are eight additional interrupt pri-
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ority levels. Each one of the SIU internal interrupt sources, as well as the interrupt re-
quests generated by the IMB3 modules, can be assigned by the software to any one
of those eight interrupt priority levels.

The same interrupt request signal that is generated within the RCPU is optionally driv-
en on the IRQ_OUT pin. This pin may be used in peripheral mode, in which the internal
processor is shut off and the internal modules are accessed externally.

The IMBS interrupts are controlled by the UIMB. The IMB3 provides 32 interrupt levels.
Any interrupt source can be configured to any IMB3 interrupt level. The 32-bit UIPEND
register in the UIMB holds the pending IMBS interrupt requests. IMB3 interrupt request
levels zero to six are mapped to USIU interrupt levels zero to six, respectively. IMB3
interrupt request levels seven to 31 are mapped to USIU request level seven. The user
must read the UIPEND register to determine the actual source of the interrupt. Refer
to 12.4 Interrupt Operation for more information.

NOTE

If the same interrupt level is assigned to more than one source, soft-
ware must read the appropriate status bits in the appropriate UIMB3
registers to determine which interrupt was asserted.

Figure 6-5 illustrates the operation of the interrupt controller.
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Figure 6-5 MPC555 / MPC556 Interrupt Configuration

6.4.1 SIU Interrupt Sources Priority
The SIU has 15 interrupt sources that assert just one interrupt request to the RCPU.
There are eight external IRQ pins (IRQ[0] should be masked since it generates a NMI)

and eight interrupt levels. The priority between all interrupt sources is shown in Table
6-3.
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Table 6-3 Priority of Interrupt Sources

Priority Interrupt Source Interrupt Code
0 (Highest) IRQO 00000000
1 Level 0 00000100
2 IRQ1 00001000
3 Level 1 00001100
4 IRQ2 00010000
5 Level 2 00010100
6 IRQ3 00011000
7 Level 3 00011100
8 IRQ4 00100000
9 Level 4 00100100
10 IRQ5 00101000
11 Level 5 00101100
12 IRQ6 00110000
13 Level 6 00110100
14 IRQ7 00111000
15 (Lowest) Level 7 00111100
16-31 Reserved —

6.5 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 ac-
cesses on the external bus. The monitor counts from transfer start to transfer acknowl-
edge and from transfer acknowledge to transfer acknowledge within bursts. If the
monitor times out, transfer error acknowledge (TEA) is asserted internally.

The bus monitor timing bit in the system protection control register (SYPCR) defines
the bus monitor time-out period. The programmability of the time-out allows for varia-
tion in system peripheral response time. The timing mechanism is clocked by the sys-
tem clock divided by eight. The maximum value is 2040 system clock cycles.

The bus monitor enable (BME) bit in the SYPCR enables or disables the bus monitor.
The bus monitor is always enabled, however, when freeze is asserted or when a de-
bug mode request is pending, regardless of the state of this bit.

6.6 MPC555 / MPC556 Decrementer

The decrementer (DEC) is a 32-bit decrementing counter defined by the MPC555 /
MPC556 architecture to provide a decrementer interrupt. This binary counter is
clocked by the same frequency as the time base (also defined by the MPC555 /
MPC556 architecture). The operation of the time base and decrementer are therefore
coherent. In the MPC555 / MPC556, the DEC is clocked by the TMBCLK clock. The
decrementer period is computed as follows:
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232

T =
dec
thbclk

The state of the DEC is not affected by any resets and should be initialized by soft-
ware. The DEC runs continuously after power-up once the time base is enabled by set-
ting the TBE bit of the TBSCR (see Table 6-16) (unless the clock module is
programmed to turn off the clock). The decrementer continues counting while reset is
asserted.

Loading from the decrementer has no effect on the counter value. Storing to the dec-
rementer replaces the value in the decrementer with the value in the GPR.

Whenever bit zero (the MSB) of the decrementer changes from zero to one, a decre-
menter 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 6-4 illustrates some of the periods available for the decrementer, assuming a 4-
MHz or 20-MHz crystal, and TBS = 0 which selects tbclk division to FOUR.

NOTE

Time base must be enabled to use the decrementer. See 6.13.4.4
Time Base Control and Status Register for more information.

Table 6-4 Decrementer Time-Out Periods

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
1.0 us 0.2 pys
10 ps 2.0 s
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 3.9.5 Decrementer Register (DEC) for more information.

6.7 MPC555 / MPC556 Time Base (TB)

MPC555 / MPC556
USER’S MANUAL

The time base (TB) is a 64-bit free-running binary counter defined by the MPC555 /
MPC556 architecture. The TB has two independent reference registers which can
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generate a maskable interrupt when the time base counter reaches the value pro-
grammed in one of the two reference registers. The period of the TB depends on the
driving frequency. In the MPC555 / MPC556, the TB is clocked by the TMBCLK clock.
The period for the TB is:

64
T 2

TB =
Fimbelk

The state of the time base 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 MPC555 / MPC556 architecture for read-
ing and writing the time base. For the MPC555 / MPC556 implementation, it is not pos-
sible 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: TBREFO 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 sta-
tus register (TBSCR) indicate which one of the two reference registers generated the
interrupt.

Refer to 6.13.4 System Timer Registers for diagrams and bit descriptions of time
base registers. Refer to 3.9.4 Time Base Facility (TB) — OEA and to RCPU Refer-
ence Manual (RCPURM/AD) for additional information regarding the MPC555 /
MPC556 time base.

6.8 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. It is clocked by the pitrtclk clock.The
counter 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.
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32-bit Register (RTCAL)

Figure 6-6 RTC Block Diagram

6.9 Periodic Interrupt Timer (PIT)

The periodic interrupt timer consists of a 16-bit counter clocked by the PITRCLK clock
supplied by the clock module.

The 16-bit counter counts down to zero when loaded with a value from the PITC. After
the timer reaches zero, the PS bit is set and an interrupt is generated if the PIE bit is
is a logic one. The software service routine should read the PS bit and then write it to
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 loaded 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 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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Figure 6-7 PIT Block Diagram

The timeout period is calculated as:

PIT . _PITC+1_ PITC+ 1
period™ Fpitrtclk (Externa/Clock)
40r256

Solving this equation using a 4-MHz external clock and a pre-divider of 256 gives:

PITC+ 1

PlTperiod = 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.

6.10 Software Watchdog Timer (SWT)

The software watchdog timer (SWT) prevents system lockout in case the software be-
comes trapped in loops with no controlled exit. The SWT is enabled after system reset
to cause a system reset if it times out. it. 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.

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 OxAA39 to the SWSR

The service sequence clears the watchdog timer and the timing process begins again.
If any value other than 0x556C or OxAA39 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 excep-
tions to occur, if necessary, between the two writes.

Reset Not 0x556C / Don’t Reload
ese 0x556C / Don't Reload

State 0 State 1
Waiting for 0x556C Waiting for 0OxAA39

'§ 0xAA39 / Reload /

Not 0OxAA39 / Don’t Reload

Not 0x556C / Don’t Reload

Figure 6-8 SWT Interrupts and Exceptions

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 6-9, the range is determined by the value 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 val-
ue is loaded into the SWTC, the software watchdog timer is not updated until the ser-
vicing sequence is written to the SWSR. If the SWE is loaded with the value zero, the
modulus counter does not count.
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Figure 6-9 SWT Block Diagram

6.11 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, unless changed by the software. The bus monitor, howev-
er, remains enabled regardless of this signal.

6.12 Low Power Stop Operation

When the processor is set in a low-power mode (doze, sleep, or deep sleep), the soft-
ware watchdog timer is frozen. It remains frozen and maintain 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.

6.13 System Configuration and Protection Registers

This section provides diagrams and bit descriptions of the system configuration and
protection registers.
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6.13.1 System Configuration Registers
System configuration registers include the SIUMCR, the EMCR, and the IMMR.

6.13.1.1 SIU Module Configuration Register
The SIU module configuration register (SIUMCR) configures various aspects of SIU

operation.

SIUMCR — SIU Module Configuration Register 0x2F C000
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘EARB| EARP | RESERVED ‘DSHW‘ DBGC |DBPC|ATWC| GPC | DLK ‘

RESET:
IDO* 0 0 0 0 0 0 0 0 ID[O:10]  ID11* ID12* 0 0 0
LSB
16 7 18 19 20 21 22 28 24 25 26 27 28 29 30 o
RE-
SERV sC RCTX|  MLRC RESERVED |MTSC RESERVED
D
RESET:
0 ID[17:18]" 0 0 0 0 0 0 0 0 0 0 0 0 0

* The reset value is a reset configuration word value, extracted from the indicated internal data bus lines.

WARNING

Software must not change any SIUMCR fields controlled by the reset
configuration word while the functions that these fields control are ac-

tive.
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Table 6-5 SIUMCR Bit Descriptions

Bit(s)

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 arbitra-
tion request. This field is valid when EARB is cleared. Refer to 9.5.6.4 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 instruc-
tion show cycles are programmed in the ICTRL and L-bus data show cycles (to SRAM) are pro-
grammed 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 6-6.

11

DBPC

Debug port pins configuration. Refer to Table 6-7.

12

ATWC

Address write type enable configuration. This bit configures the pins to function as byte write en-
ables 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]

13:14

GPC

This bit configures the pins as shown in Table 6-8.

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. Chang-
ing the SC field while external accesses are performed is not supported. Refer to Table 6-9.

19

RCTX

Reset configuration/timer expired. During reset the RSTCONF/TEXP pin functions as
RSTCONEF. 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 6-10.

22:23

Reserved

24

MTSC

Memory transfer start control.
0 = IRQ[2]/CR/SGPIOC[2)/MTS functions according to the MLRC bits setting
1 = IRQ[2)/CR/SGPIOC[2)/MTS functions as MTS

25:31

Reserved

NOTES:

1. WE/BE is selected per memory region by WEBS in the approprite BR register in the memory controller.
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Table 6-6 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 IwpP2 IWP3

Table 6-7 Debug Port Pins Configuration

DBPC Pin Function
TCK/DSCK TDI/DSDI TDO/DSDO
0 DSCK DSDI DSDO
1 TCK TDI TDO
Table 6-8 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 6-9 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 | gpinpi0:15]  |SPGIOD[16:31] | ADDR[8:31]
cycles for debugging)

11 (single-chip) SPGIOD[0:15] | SPGIOD[16:31] SPGIOA[8:31]
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Table 6-10 Multi-Level Reservation Control Pin Configuration

Pin Function
SGPIOC[0] | sGPioc[1] | SGPIOC[2Y A=l SGPIOC[4] oC[sY

MTS SGPIOCI3] MODCK[1]'
00 IRQ[0] IRQ[1] IRQI2]2 IRQ[3] 1RQ[4] MIORS([:S&[/H
01 TRQI0] RSV CR2 KR/RETRY AT[2] M'ORS([;]([/ .
10 | SGPIOC[0] | SGPIOC[1] | SGPIOC[22 | SGPIOC[3] | SGPIOC[4] ?\/IG(;:')%%?]]/
11 TRQIO] TRQ[1] SGPIOC[22 | KR/RETRY AT[2] ?\AGOPE')%%?]]/

NOTES:

1. Operates as MODCK]1] during reset.
2. This holds if MTSC bit is reset to 0. Otherwise IRQ[2]/CR/SGPIOC[2)/MTS will function as MTS.

6.13.1.2 Internal Memory Map Register

The internal memory map register (IMMR) is a special register located within the
MPC555 / MPC556 special register space. The IMMR contains identification of a spe-
cific 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.

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.

IMMR — Internal Memory Mapping Register SPR 638
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PARTNUM ‘ MASKNUM ‘
RESET:
Read-Only Fixed Value Read-Only Fixed Value
LSB
16 17 18 19 20 21 22 28 24 25 26 27 28 29 30
RESERVED | FLEN | RESERVED ‘ CLES ‘ RESERVED ISB | 0 ‘
RESET:
0 0 0 0 ID20* 0 0 D23 0 0 0 0 ID[28:30]" 0

* The reset value is a reset configuration word value extracted from the indicated bits of the internal data bus. Refer
to 7.5.2 Hard Reset Configuration Word.
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Table 6-11 IMMR Bit Descriptions

Bit(s) Name Description
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
0:7 PARTNUM - . . . X
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 MPC555 /
MPC556 chip has an ID of 0x30.
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
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
20 FLEN  |Wword:- o ,
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
Core little-endian swap
23 CLES 0 = Little-endian swap logic in the EBI is not activated for RCPU accesses after reset
1 = Little-endian swap logic in the EBI is activated for RCPU accesses after reset
24:27 — Reserved
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
28:30 ISB 010 = 0x0080 0000
011 = 0x00CO0 0000
100 = 0x0100 0000
101 = 0x0140 0000
110 = 0x0180 0000
111 = 0x01CO0 0000
31 — Reserved

6.13.1.3 External Master Control Register (EMCR)

The external master control register selects the external master modes and deter-
mines the internal bus attributes for external-to-internal accesses.

EMCR — External Master Control Register 0x2F C030
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
| RESERVED |
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 "3315
‘PRPM|SLVM| 0 | SIZE |SUPU‘ INST‘ RESERVED ‘RESV‘CONT| 0 |TRAC|SIZEN| RESERVED
RESET:
ID16* 0 0 0 1 0 1 0 0 1 1 0 1 1 0 0

* The reset value is a reset configuration word value, extracted from the indicated internal data bus line. Refer to 7.5.2
Hard Reset Configuration Word.

Table 6-12 EMCR Bit Descriptions

Bit(s) Name Description

0:15 — Reserved

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
16 PRPM | by the reset configuration word bit 16. The bit can also be written by software.

0 = Normal operation

1 = Peripheral mode operation

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
17 SLVM set, the value of SLVN is a “don’t care.”

0 = Normal operation

1 = Slave mode

18 — Reserved

Size attribute. If SIZEN = 1, the SIZE bits controls the internal bus attributes as follows:
00 = Double word (8 bytes)

19:20 SIZE 01 = Word (4 bytes)

10 = Half word (2 bytes)

11 = Byte

Supervisor/user attribute. SUPU controls the supervisor/user attribute as follows:
21 SUPU |0 = Supervisor mode access permitted to all registers
1 = User access permitted to registers designated “user access”

Instruction attribute. INST controls the internal bus instruction attribute as follows:
22 INST 0 = Instruction fetch
1 = Operand or non-CPU access

23:24 — Reserved
Reservation attribute. RESV controls the internal bus reservation attribute as follows:
25 RESV |0 = Storage reservation cycle

1 = Not a reservation

Control attribute. CONT drives the internal bus control bit attribute as follows:
26 CONT |0 = Access to MPC555 / MPC556 control register, or control cycle access
1 = Access to global address map

27 — Reserved

Trace attribute. TRAC controls the internal bus program trace attribute as follows:
28 TRAC |0 = Program trace
1 = Not program trace

External size enable control bit. SIZEN determines how the internal bus size attribute is driven:

29 SIZEN |0 = Drive size from external bus signals TSIZE[0:1]
1 = Drive size from SIZEOQ, SIZE1 in EMCR
30:31 — Reserved
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6.13.2 SIU Interrupt Registers

The SIU interrupt controller contains the SIPEND, SIMASK, SIEL, and SIVEC regis-
ters.

6.13.2.1 SIPEND Register

Each of the 32 bits in the SIPEND register corresponds to an interrupt request. The
bits associated with internal exceptions indicate, if set, that an interrupt service is re-
quested (if not masked by the corresponding bit in the SIMASK register). Each bit re-
flects the status of the internal requestor device and is cleared when the appropriate
actions are initiated by the software in the device itself. Writing to these bits while they
are not set has no effect.

The bits associated with the IRQ pins have a different behavior depending on the sen-
sitivity defined for them in the SIEL register. When the IRQ is defined as a “level” in-
terrupt the corresponding bit behaves similar to the bits associated with internal
interrupt sources. When the IRQ is defined as an “edge” interrupt and if the corre-
sponding bit is set, it indicates that a falling edge was detected on the line and the bit
can be reset by software by writing a 1 to it.

SIPEND — SIU Interrupt Pending Register 0x2F C010

MSB
0

‘ IRQO | LVLO | IRQ1 | LVL1 | IRQ2 | LVL2 ‘ IRQ3 ‘ LVL3 ‘ IRQ4 ‘ LVL4 ‘ IRQS5 | LVL5 | IRQ6 | LVL6 | IRQ7 | LVL? ‘

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.13.2.2 SIU Interrupt Mask Register (SIMASK)

The SIMASK is a 32-bit read/write register. Each bit corresponds to an interrupt re-
quest bit in the SIPEND register. Setting a bit in this register allows the interrupt re-
quest to reach the RCPU. SIMASK is updated by the 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.

SIMASK — SIU Interrupt Mask Register 0x2F C014

MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

‘IRMO*| LVMO| IRM1 | LVMA | IRM2 |LVM2 ‘ IRM3 ‘ LVMS‘ IRM4 ‘ LVM4‘ IRM5 | LVM5| IRMS6 | LVM6| IRM7 | LVM7‘

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 H;F
RESERVED

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*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.

6.13.2.3 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 MPC555 / MPC556 to exit low-power mode.

SIEL — SIU Interrupt Edge Level Register 0x2F C018

MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

‘ EDO |WMO| ED1 |WM1 | ED2 |WM2‘ ED3 ‘wms‘ ED4 ‘WM4‘ ED5 |WM5| ED6 |WM6| ED7 |WM7‘
RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.13.2.4 SIU Interrupt Vector Register

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 ei-
ther 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.

SIVEC — SIU Interrupt Vector 0x2F C01C
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ INTERRUPT CODE RESERVED ‘
RESET:
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0
MPC555 / MPC556 SYSTEM CONFIGURATION AND PROTECTION MOTOROLA
USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 6-26

Go to: www.freescale.com



Freescale Semiconductor, Inc.

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 H;F

RESERVED

RESET:

6.13.3 System Protection Registers

6.13.3.1 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.

SYPCR — System Protection Control Register 0x2F C004
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
| SWTC |
RESET:

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 H;F

BMT ‘ BME ‘ RESERVED | SWF | SWE | SWRI | Swp ‘
RESET:
1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1
Table 6-13 SYPCR Bit Descriptions
Bit(s) Name Description
0:15 SWTC Sroftware watchdog timer count. This field contains the count value of the software watchdog tim-
. Bus monitor timing. This field specifies the time-out period, in eight-system-clock resolution, of
16:23 BMT .
the bus monitor.
Bus monitor enable
24 BME 0 = Disable bus monitor
1 = Enable bus monitor
25:27 — Reserved
Software watchdog freeze
28 SWF 0 = Software watchdog continues to run while FREEZE is asserted
1 = Software watchdog stops while FREEZE is asserted
Software watchdog enable. Software should clear this bit after a system reset to disable the
SWT.
29 SWE 0 = Watchdog is disabled
1 = Watchdog is enabled
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Table 6-13 SYPCR Bit Descriptions (Continued)

Bit(s) Name Description

Software watchdog reset/interrupt select
30 SWRI 0 = Software watchdog time-out causes a non-maskable interrupt to the RCPU
1 = Software watchdog time-out causes a system reset

Software watchdog prescale
31 SWP 0 = Software watchdog timer is not pre-scaled
1 = Software watchdog timer is prescaled by 2048

6.13.3.2 Software Service Register (SWSR)

The SWSR is the location to which the SWT servicing sequence is written. To prevent
SWT time-out, the user should write a 0x556C followed by 0xAA39 to this register. The
SWSR can be written at any time but returns all zeros when read.
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SWSR — Software Service Register 0x2F COOE
MSB 2 3 4 5 6 7 8 o 10 11 12 13 14 P
‘ SWSR ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 6-14 SWSR Bit Descriptions

Bit(s) Name Description

SWT servicing sequence is written to this register. To prevent SWT time-out, the user should
0:15 SWSR |write a 0x556C followed by 0xAA39 to this register. The SWSR can be written at any time but
returns all zeros when read.

6.13.3.3 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 that these bits may be set due to canceled spec-
ulative 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 trans-
fers.

TESR — Transfer Error Status Register 0x2F C020
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ RESERVED ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 LSB

RESERVED | IEXT | IBMT | RESERVED ‘DEXT| DBM | RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 6-15 TESR Bit Descriptions

Bit(s) Name Description

0:17 — Reserved

Instruction external transfer error acknowledge. This bit is set if the cycle was terminated by an

18 IEXT externally generated TEA signal when an instruction fetch was initiated.

Instruction transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor

19 IBMT time-out when an instruction fetch was initiated.

20:25 — Reserved

Data external transfer error acknowledge. This bit is set if the cycle was terminated by an exter-

26 DEXT nally generated TEA signal when a data load or store is requested by an internal master.
Data transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor time-
27 DBM ; :
out when a data load or store is requested by an internal master.
28:31 — Reserved

6.13.4 System Timer Registers

The following sections describe registers associated with the system timers. These fa-
cilities are powered by the KAPWR and can preserve their value when the main power
supply is off. Refer to 8.3.3 Pre-Divider for details on the required actions needed in
order to guarantee this data retention.

6.13.4.1 Decrementer Register

The 32-bit decrementer register is defined by the MPC555 / MPC556 architecture. The
values stored in this register are used by a down counter to cause decrementer excep-
tions. 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 instruc-
tion. 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.

DEC — Decrementer Register SPR 22

MSB LSB
0 31

Decrementing Counter
PORESET
0 0 0O 0OO OO O OOOUOOT OO OOOOOTOOOUOOOOWOOUOTUOTUOTOGOTO

HRESET/SRESET: UNCHANGED

Refer to 3.9.5 Decrementer Register (DEC) for more information on this register.

6.13.4.2 Time Base SPRs

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

MPC555 / MPC556 SYSTEM CONFIGURATION AND PROTECTION MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 6-30
Go to: www.freescale.com




Freescale Semiconductor, Inc.
initialization. The contents of the register may be written by the mttbl or the mttbu in-
structions, see 3.9.4 Time Base Facility (TB) — OEA.

Referto 3.8 PowerPC VEA Register Set — Time Base and 3.9.4 Time Base Facility
(TB) — OEA for more information on reading and writing the TBU and TBL registers.

TB — Time Base (Reading) SPR 268, 269
MSB 31 32 LBSSB
TBU TBL ‘

RESET: UNCHANGED

TB — Time Base (Writing) SPR 284, 285

MSB LSB
0 31 32 63

TBU ‘ TBL ‘
RESET: UNCHANGED

6.13.4.3 Time Base Reference Registers

Two reference registers (TBREFO 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.

TBREFO0 — Time Base Reference Register 0 0x2F C204
MSB LSB
0 31
TBREFO ‘

RESET:

TBREF1 — Time Base Reference Register 1 0x2F C208
MSB LSB
0 31
| TBREF1 |
RESET:

6.13.4.4 Time Base Control and Status Register

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 reg-
ister 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.
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TBSCR — Time Base Control and Status Register 0x2F C200
MSB 2 3 4 5 6 7 8 9 10 11 12 13 14 5P
| TBIRQ ‘REFA‘REFB| RESERVED |REFAE|REFBE| TBF | TBE |
PORESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 6-16 TBSCR Bit Descriptions

Bit(s) Name Description

. Time base interrupt request. These bits determine the interrupt priority level of the time base. Re-
0:7 TBIRQ . .
fer to 6.4 Interrupt Controller for interrupt level encodings.

Reference A (TBREFO) interrupt status.
8 REFA |0 = No match detected
1 = TBREFO value matches value in TBL

Reference B (TBREF1) interupt status.

9 REFB 0 = No match detected
1 = TBREF1 value matches value in TBL
10:11 — Reserved
Reference A (TBREFO) interrupt enable. If this bit is set, the time base generates an interrupt
12 REFAE .
when the REFA bit is set.
Reference B (TBREF1) interrupt enable. If this bit is set, the time base generates an interrupt
13 REFBE .
when the REFB bit is set.
14 TBE Time base freeze. If this bit is set, the time base and decrementer stop while FREEZE is assert-
ed.
Time base enable
15 TBE 0 = Time base and decrementer are disabled

1 = Time base and decrementer are enabled

6.13.4.5 Real-Time Clock Status and Control Register

The RTCSC is used to enable the different RTC functions and to report the source of
the interrupts. The register can be read anytime. A status bit is cleared by writing it to
a one. (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. Unlocking is accomplished
by writing Ox55CCAAS33 to its associated key register. See 8.9.3.2 Keep Alive Power
Registers Lock Mechanism.

RTCSC — Real-Time Clock Status and Control Register 0x2F C220
MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Re-
RTCIRQ SEC | ALR served 4M SIE ALE | RTF | RTE
RESET:
0 0 0 0 0 0 0 0 0 0 0 — 0 0 0 —
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Table 6-17 RTCSC Bit Descriptions

Bit(s) Name Description
. Real-time clock interrupt request. Thee bits determine the interrupt priority level of the RTC. Re-
0:7 RTCIRQ . .
fer to 6.4 Interrupt Controller for interrupt level encodings.
8 SEC Once per second interrupt. This status bit is set every second. It should be cleared by the soft-
ware.
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
Real-time clock source
11 4M 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.
Real-time clock enable
15 RTE 0 =RTC is disabled
1 = RTC is enabled

6.13.4.6 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. Unlocking is accomplished by writing 0xX55CCAASS to its as-
sociated key register. See 8.9.3.2 Keep Alive Power Registers Lock Mechanism.

RTC —Real-Time Clock Register 0x2F C224
MSB LSB
0 31

RTC |

RESET: UNCHANGED

6.13.4.7 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 sec. This
register is locked after RESET. Unlocking is accomplished by writing 0xX55CCAA33 to
its associated key register. See 8.9.3.2 Keep Alive Power Registers Lock Mecha-
nism.

RTCAL — Real-Time Clock Alarm Register 0x2F C22C
MSB LSB
0 31

ALARM |

RESET: UNCHANGED
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6.13.4.8 Periodic Interrupt Status and Control Register (PISCR)

The PISCR contains the interrupt request level and the interrupt status bit. It also con-
tains the controls for the 16 bits to be loaded into a modulus counter. This register can
be read or written at any time.

PISCR — Periodic Interrupt Status and Control Register 0x2F C240
MSB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 LSB
0 15
‘ PIRQ ‘ PS ‘ RESERVED | PIE | PITF| PTE ‘
HARD RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 6-18 PISCR Bit Descriptions

Bit(s) Name Description
. Periodic interrupt request. These bits determine the interrupt priority level of the PIT. Refer to 6.4
0:7 PIRQ : .
Interrupt Controller for interrupt level encodings.
Periodic interrupt status. This bit is set if the PIT issues an interrupt. The PIT issues an interrupt
8 PS 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.
Periodic timer enable
15 PTE 0 = PIT stops counting and maintains current value
1 = PIT continues to decrement

6.13.4.9 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.

PITC — Periodic Interrupt Timer Count 0x2F C244
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ PITC ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 H?F
RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 6-19 PITC Bit Descriptions

Bit(s) Name Description

015 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 writeable at any time.

16:31 — Reserved

6.13.4.10 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.

PITR — Periodic Interrupt Timer Register 0x2F C248
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PIT |
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 H;F

RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 6-20 PIT Bit Descriptions
Bit(s) Name Description
. Periodic interrupt timing count — This field contains the current count remaining for the periodic
0:15 PIT . . -
timer. Writes have no effect on this field.
16:31 — Reserved
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6.13.5 General-Purpose I/O Registers

6.13.5.1 SGPIO Data Register 1 (SGPIODT1)

SGPIODT1 — SGPIO Data Register 1 0x2F C024
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ SGPIOD[0:7] SGPIOD[8:15] ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 L;B
SGPIOD[16:23] SGPIOD[24:31]
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 6-21 SGPIODT1 Bit Descriptions

Bit(s) Name Description

SIU general-purpose 1/0O Group D[0:7]. This 8-bit register controls the data of general-pur-
0:7 SGPIOD[0:7] |pose I/O pins SGPIODI[0:7]. The direction (input or output) of this group of pins is controlled
by the GDDRO bit in the SGPIO control register.

SIU general-purpose I/O Group D[8:15]. This 8-bit register controls the data of general-pur-
8:15 |SGPIODI[8:15] | pose I/O pins SGPIOD[8:15]. The direction (input or output) of this group of pins is con-
trolled by the GDDR1 bit in the SGPIO control register.

SGPI- SIU general-purpose I/0 Group D[16:23]. This 8-bit register controls the data of the gen-
16:23 OD[16:23] eral-purpose I/0O 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

SIU general-purpose I/0 Group D[24:31]. This 8-bit register controls the data of the gen-
SGPI- eral-purpose |/0O pins SGPIOD[24:31]. The direction of SGPIOD[24:31] is controlled by
OD[24:31] eight dedicated direction control signals SDDRD[24:31]. Each pin in this group can be con-
figured separately as general-purpose input or output.

24:31

6.13.5.2 SGPIO Data Register 2 (SGPIODT2)

SGPIODT2 — SGPIO Data Register 2 0x2F C028
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ SGPIOC[0:7] SGPIOA[8:15] ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 L;B
SGPIOA[16:23] SGPIOA[24:31]
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 6-22 SGPIODT2 Bit Descriptions

Bit(s) Name Description
SIU general-purpose 1/0 Group C[0:7]. This 8-bit register controls the data of the general-
purpose /O pins SGPIOC[0:7]. The direction of SGPIOCJ0:7] is controlled by 8 dedicated
0:7 SGPIOCJ0:7] |direction control signals SDDRC[0:7] in the SGPIO control register. Each pin in this group
can be configured separately as general-purpose input or output.
NOTE: Bit 0 controls SGPIOCO, bit 1 controls SGPIOCH1, etc.
SIU general-purpose I/0 Group A[8:15]. This 8-bit register controls the data of the general-
8:15 | SGPIOA[8:15] | purpose I/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.
SGPIOA SIU general-purpose I/O Group A[16:23]. This 8-bit register controls the data of the gener-
16:23 [16:23] al-purpose I/0 pins SGPIOA[16:23]. The GDDRA4 bit in the SGPIO control register config-
' ures these pins as a group as general-purpose input or output.
SGPIOA SIU general-purpose I/O Group A[24:31]. This 8-bit register controls the data of the gener-
24:31 [24:31] al-purpose I/0 pins SGPIOA[24:31]. The GDDRS5 bit in the SGPIO control register config-
' ures these pins as a group as general-purpose input or output.

6.13.5.3 SGPIO Control Register (SGPIOCR)

SGPIOCR — SGPIO Control Register 0x2F C02C
MSB 2 3 4 5 6 7 8 9 10 11 12 13 14 15
‘ SDDRCJ[0:7] RESERVED ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
GDODR GD1DR GD2DR GD3DR GD4DR GD5DR RESERVED SDDRD[24:31]
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 6-23 SGPIOCR Bit Descriptions
Bit(s) Name Description
. . SGPIO data direction for SGPIOC[0:7]. Each SDDR bit zero to seven controls the direction
0:7 SDDRCI0:7] . .
of the corresponding SGPIOC pin zero to seven
8:15 — Reserved
16 GDDRO Group data direction for SGPIODJ[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 bit 24:31 controls the direction of
' [24:31] the corresponding SGPIOD pin [24:31].
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Table 6-24 describes the bit values for data direction control.

Table 6-24 Data Direction Control

SDDR/GDDR Operation
0 SGPIO configured as input
1 SGPIO configured as output
MPC555 / MPC556 SYSTEM CONFIGURATION AND PROTECTION MOTOROLA
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SECTION 7
RESET

This section describes the MPC555 / MPC556 reset sources, operation, control, and
status.

7.1 Reset Operation

The MPC555 / MPC556 has several inputs to the reset logic which include the follow-
ing:

* Power on reset

e External hard reset pin (HRESET)
 External soft reset pin (SRESET)
* Loss of lock

* On-chip clock switch

» Software watchdog reset

* Checkstop reset

* Debug port hard reset

* Debug port soft reset

* JTAG reset

All of these reset sources are fed into the reset controller. The control logic determines
the cause of the reset, synchronizes it if necessary, and resets the appropriate logic
modules, depending on the source of the reset. The memory controller, system pro-
tection 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.

7.1.1 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
in the KAPWR pin. After detecting the assertion of PORESET, the MPC555 / MPC556
enters the power-on reset state. During this state the MODCK][1:3] signals determine
the oscillator frequency, PLL multiplication factor, and the PITRCLK and TMBCLK
clock sources. In addition, the MPC555 / MPC556 asserts the SRESET and HRESET
pins.

The PORESET pin should be asserted for a minimum time of 100,000 cycles of clock
oscillator after a valid level has been reached on the KAPWR supply. After detecting
the assertion of PORESET, the MPC555 / MPC556 remains in the power-on reset
state until the last of the following two events occurs:

* The Internal PLL enters the lock state and the system clock is active.
* The PORESET pin is negated.

MPC555 / MPC556 RESET MOTOROLA
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If the MPC555 / MPC556 is in single-chip mode and limp mode is enabled, the internal
PLL is not required to be locked before the chip exits power-on reset.

After exiting the power-on reset state, the MCU 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 7.5.1 Hard Reset
Configuration) and the MCU stops driving the HRESET and SRESET pins. In addi-
tion, the internal MODCK]1:3] values are sampled.

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, bi-directional 1/0O pin. The MPC555 / MPC556
can detect an external assertion of HRESET only if it occurs while the MCU is not as-
serting reset.

When the MPC555 / MPC556 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 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 MCU 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, bi-directional I/O pin. The MPC555 / MPC556
can only detect an external assertion of SRESET if it occurs while the MPC555 /
MPC556 is not asserting reset.

When the MPC555 / MPC556 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 MPC555 / MPC556 detects
the negation of SRESET, it waits 16 clock cycles before testing the presence of an ex-
ternal soft reset.

MPC555 / MPC556 RESET MOTOROLA
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7.1.4 Loss of Lock

If the PLL detects a loss of lock, erroneous external bus operation will occur if syn-
chronous external devices use the MPC555 / MPC556 input clock. Erroneous opera-
tion could also occur if devices with a PLL use the MPC555 / MPC556 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 gener-
ates an internal hard reset sequence. Refer to SECTION 8 CLOCKS AND POWER
CONTROL for more information on loss of lock.

7.1.5 On-Chip Clock Switch

If the system clocked is switched to the backup clock or switched from backup clock
to another clock source an internal hard reset sequence is generated. Refer to SEC-
TION 8 CLOCKS AND POWER CONTROL.

7.1.6 Software Watchdog Reset

When the MPC555 / MPC556 software watchdog counts to zero, a software watchdog
reset is asserted. The enabled software watchdog event generates an internal hard re-
set sequence.

7.1.7 Checkstop Reset

When the RCPU enters a checkstop state, and the checkstop reset is enabled (the
CSR bitin the PLPRCR is set), a checkstop reset is asserted. The enabled checkstop
event generates an internal hard reset sequence. Refer to the RCPU Reference Man-
ual (RCPURM/AD) 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, see SECTION 8 CLOCKS AND POW-
ER CONTROL. In this case the development tool must reconfigure the debug port. Re-
fer to SECTION 21 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, see SECTION 8 CLOCKS AND POWER
CONTROL. In this case the development tool must reconfigure the debug port. Refer
to SECTION 21 DEVELOPMENT SUPPORT for more information.

7.1.10 JTAG Reset

When the JTAG logic asserts the JTAG soft reset signal, an internal soft reset se-
quence is generated, see SECTION 8 CLOCKS AND POWER CONTROL. Refer to
SECTION 22 IEEE 1149.1-COMPLIANT INTERFACE (JTAG) for more information.

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
- Debug Other
Logicand | System Clock AR s mam—
Reset Source PLL Configura-| Module P';':gﬁsgn c orff?rt ra- ITgr?:l P?:Eﬁs;rn
States tion Reset Reset ti ogn R eg ot
Reset
Power On Reset Yes Yes Yes Yes Yes Yes Yes
Hard Reset Sources
External Hard Reset
Loss of Lock
On-Chip Clock Switch No Yes Yes Yes Yes Yes Yes
lllegal Low-Power Mode
Software Watchdog
Checkstop
Debug Port Hard Reset
Soft Reset Sources
External Soft Reset
Debug Port Soft Reset O e O M Yes Yes Yes
JTAG Reset

7.3 Data Coherency During Reset

The MPC555 / MPC556 supports data coherency and avoids data corruption while re-
set. If a cycle is to be executed when detecting any SRESET or HRESET source, then
the cycle will either complete or will not start before generating the corresponding reset
control signal. There are reset sources, however, when the MPC555 / MPC556 gen-
erates an internal reset due to special internal situation where this protection is not
supported. See 7.4 Reset Status Register.

In the case of large operand size (32 or 16 bits) transaction 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).

A contention on the data pins may occur while asserting external reset (EXT_RESET)
if the data coherency mechanism is required, and thus enables a cycle to complete,
while external hardware drives the data for the configuration word. See Table 7-2 for

a description of the required EXT_RESET line source in a system.

Table 7-2 Reset Configuration Word and Data Corruption/Coherency

Reset Driven

Reset to Use for Data Coherency
(EXT_RESET)

Comments

HRESET

SRESET

SRESET

HRESET

HRESET & SRESET

HRESET || SRESET

Provided only one of them is driven
into the MPC555 / MPC556 at a time

MPC555 / MPC556
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7.4 Reset Status Register

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 re-
quests 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 oc-

curred.

Once set, individual bits in the RSR remain set until software clears them. 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 dur-
ing power-on reset. The RSR is powered by the KAPWR pin.

RSR — Reset Status Register 0x2F C288
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DB- DB- GH- | GSRS
EHRS | ESRS | LLRS | SWRS | CSRS HRS | SRS JTRS [OCCS | ILBC |GPOR RST T RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0
Table 7-3 Reset Status Register Bit Descriptions
Bit(s) Name Description
External hard reset status
0 EHRS' |0 = No external hard reset has occurred
1 = An external hard reset has occurred
External soft reset status
1 ESRS' |0 = No external soft reset has occurred
1 = An external soft reset has occurred
Loss of lock reset status
2 LLRS 0 = No enabled loss-of-lock reset has occurred
1 = An enabled loss-of-lock reset has occurred
Software watchdog reset status
3 SWRS |0 = No software watchdog reset has occurred
1 = A software watchdog reset has occurred
Checkstop reset status
4 CSRS |0 = No enabled checkstop reset has occurred
1 = An enabled checkstop reset has occurred
Debug port hard reset status
5 DBHRS |0 = No debug port hard reset request has occurred
1 = A debug port hard reset request has occurred
Debug port soft reset status
6 DBSRS |0 = No debug port soft reset request has occurred
1 = A debug port soft reset request has occurred
JTAG reset status
7 JTRS 0 = No JTAG reset has occurred
1 = A JTAG reset has occurred
On-chip clock switch
8 OCCS |0 = No on-chip clock switch reset has occurred
1 = An on-chip clock switch reset has occurred
MPC555 / MPC556 RESET MOTOROLA
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Table 7-3 Reset Status Register Bit Descriptions (Continued)

Bit(s) Name Description

lllegal bit change. This bit is set when the MPC555 / MPC556 changes any of the following bits
when they are locked:

9 ILBC LPM[0:1], locked by the LPML bit

MF[0:11], locked by the MFPDL bit

DIVF[0:4], locked by the MFPDL bit

Glitch detected on PORESET pin. This bit is set when the PORESET pin is asserted for more
than TBD ns

0 = No glitch was detected on the PORESET pin
1 = A glitch was detected on the PORESET pin

10 GPOR

Glitch detected on HRESET pin. This bit is set when the HRESET pin is asserted for more than
TBD ns

0 = No glitch was detected on the HRESET pin

1 = A glitch was detected on the HRESET pin

11 GHRST

Glitch detected on SRESET pin. If the SRESET pin is asserted for more than TBD ns 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. The GSRST bit remains set until software clears it. The GSRST bit
can be negated by writing a one to GSRST. A write of zero has no effect on this bit.

0 = No glitch was detected on SRESET pin

1 = A glitch was detected on SRESET pin.

12 GSRST

13:15 — Reserved

NOTES:
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.

7.5 Reset Configuration

7.5.1 Hard Reset Configuration

When a hard reset event occurs, the MPC555 / MPC556 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 (CMFCFIG)

If at the sampling time (at HRESET negation) RSTCONF is asserted, then the config-
uration is sampled from the data bus. If RSTCONF is negated and a valid NVM value
exists (CMFCFIG bit HC=0), then the configuration is sampled from the NVM register
inthe CMF module. If RSTCONF is negated and no valid NVM value exists (CMFCFIG
bit HC=1), then the configuration word is sampled from the internal default. HC will be
“1” if the internal flash is erased. Table 7-4 summarizes the reset configuration op-
tions.

NOTE

If the CMFCFIG reset config word is being used, then the flash is au-
tomatically enabled.

MPC555 / MPC556 RESET MOTOROLA
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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 (CMFCFIG)
1 1 Internal data word default (0x0000 0000)

If the PRDS control bit in the PDMCR register is set and HRESET and RSTCONF are
asserted, the MPC555 / MPC556 pulls the data bus low with a weak resistor. The user
can overwrite this default by driving the appropriate bit high. See Figure 7-1 for the
basic reset configuration scheme.

Has Configuration HC
Config.
Word 32 CMF
- MUX | /32
— 132
E
A A T
Dx (Data line)
EXT_RESET
Data (See Table 7-2)
Coherency
INT_RESET HRESET/SRESET
RSTCONF
MPC555

Figure 7-1 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 as-
serted when the PORESET is negated or the CLKOUT starts to oscillate. To ensure

MPC555 / MPC556 RESET MOTOROLA
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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, and the maximum rise time of HRESET
should be less than 6 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 7-2 to Figure 7-5 provide sample reset configuration timings.

CLKOUT |‘|H‘|‘|‘ |‘|‘|‘

PORESET

Internal PORESET /

HRESET -

RSTCONF < Tsup .

Internal DATA[0:31] ><

- Default i RSTCONF Controlled ~
Figure 7-2 Reset Configuration Sampling Scheme
For “Short” PORESET Assertion, Limp Mode Disabled
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CLKOUT
(Backup Clock)

PORESET

Internal PORESET

Jjﬁﬁ

HRESET /
SRESET
RSTCONF Tsup
Internal DATA(0:31) W >< ><
-_-«—p « -
Default RSTCONF Controlled

Figure 7-3 Reset Configuration Timing for
“Short” PORESET Assertion, Limp Mode Enabled

A T UL

[
— I
m PLL lock | /
|
Internal PORESET : /
HRESET |
1
RSTCONF I  Tsup
| -« Ll
|
< > >
Default RSTCONF Controlled
Figure 7-4 Reset Configuration Timing for
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“Long” PORESET Assertion, Limp Mode Disabled
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7.5.2 Hard Reset Configuration Word

The hard reset configuration word, which is sampled from the internal data bus on the
negation of HRESET, is shown below. 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
USIU. The user should refer to the appropriate register definition for a detailed descrip-
tion of each control bit.

Hard Reset Configuration Word

MSB

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
EARB| IP [BDRV | BDIS BPS Reserved DBGC  |DBPC|ATWG| EBDF | He
DEFAULT:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LSB
6 17 18 19 20 20 22 23 24 25 26 27 28 29 30 31
EN EXC RE-

PRPM SC ETRE | FLEN | dovip | Gonip |senven Reserved ISB DME
DEFAULT:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 7-5 Hard Reset Configuration Word Bit Descriptions

Bit(s) Name Description

External arbitration. Refer to 6.13.1.1 SIU Module Configuration Register for a detailed bit
definition.

0 = Internal arbitration is performed

1 = External arbitration is assumed

0 EARB

Initial interrupt prefix. This bit defines the initial value of the MSR][IP] bit immediately after re-
1 P set. MSR][IP] defines the interrupt table location.

0 = MSRJIP] = 0 after reset

1 = MSR[IP] = 1 after reset

Bus pins drive strength. This bit determines the driving capability of the bus pins (address,
data, and control) and the CLKOUT pin. For detalils, refer to description of the COM bits in
8.12.1 System Clock Control Register (SCCR). The default value is full drive strength for

2 BDRV the bus pins and CLKOUT.
0 = Full drive
1 = Reduced drive
External boot disable. If a write to the ORO register occurs after reset, this bit definition is ig-
3 BDIS nored.
0 = Memory controller bank 0 is active and matches all addresses immediately after reset
1 = Memory controller is not activated after reset.
Boot port size. If a write to the ORO register occurs after reset, this field definition is ignored.
00 = 32-bit port (default)
4:5 BPS 01 = 8-bit port
10 = 16-bit port
11 = Reserved
6:8 — Reserved
9:10 DBGC Debug pins configuration. See 6.13.1.1 SIU Module Configuration Register for this field
’ definition. The default value is for these pins to function as VFLS[0:1], BI, BR, BG, and BB.
MPC555 / MPC556 RESET MOTOROLA
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Table 7-5 Hard Reset Configuration Word Bit Descriptions (Continued)

Bit(s) Name Description
11 DBPC Debug port pins configuration. See 6.13.1.1 SIU Module Configuration Register for this
field definition. The default value is for these pins to function as development support pins.
12 ATWC Address type write-enable configuration. Refer to 6.13.1.1 SIU Module Configuration Reg-

ister for this field definition. The default value is for these pins to function as write-enable pins.

External bus division factor. This field defines the initial value of the external bus frequency.
13:14 EBDF Refer to 8.12.1 System Clock Control Register (SCCR) for details. The default value is that
CLKOUT frequency is equal to that of the internal clock (divide by one).

15 — Reserved

Peripheral mode enable. This bit determines whether the chip is in peripheral mode. Refer to
16 PRPM 6.13.1.3 External Master Control Register (EMCR) for details. The default value is that pe-
ripheral mode is not enabled.

Single chip select. Refer to 6.13.1.1 SIU Module Configuration Register for details.
00 = Extended chip, 32 bits data

17:18 SC 01 = Extended chip, 16 bits data

10 = Single chip and show cycles (address)

11 = Single chip

Exception table relocation enable. This field defines whether the exception table relocation
19 ETRE feature in the BBC is enabled or disabled. The default state is disabled. Refer to SECTION 4
BURST BUFFER for details.

Flash Enable — This field determines whether the on-chip flash memory is enabled or dis-
abled out of reset. The default state is disabled, which means that by default, the boot is from
20 FLEN external memory.

0 = Flash disabled — boot is from external memory
1 = Flash enabled

EN Enable Compression — This bit enables the operation of the MPC555 / MPC556 with com-

21 COMP! pressed code. The default state is disabled. See Table 4-8.
EXC Exception Compression — This bit determines the operation of the MPC555 with exceptions.
22 COMI;1 If this bit is set, than the MPC555 assumes that ALL the exception routines are in compressed
code. The default indicates the exceptions are all non-compressed. See Table 4-8.
23 — This bit should not be high in the reset configuration word.
24:27 — Reserved
Initial internal space base select. This field defines the initial value of the ISB field in the IMMR
28:30 ISB register. Refer to 6.13.1.2 Internal Memory Map Register for details. The default state is that

the internal memory map is mapped to start at address 0x0000 0000.

Dual mapping enable. This bit determines whether dual mapping of the flash EEPROM mod-
ule is enabled. Refer to 10.8.5 Dual Mapping Base Register (DMBR) for details.The default
31 DME value is for dual mapping to be disabled.

0 = Dual mapping disabled

1 = Dual mapping enabled

NOTES:
1. This bit is available only on the MPC555 / MPC556.

7.5.3 Soft Reset Configuration

When a soft reset event occurs, the MPC555 / MPC556 reconfigures the development
port. Refer to SECTION 21 DEVELOPMENT SUPPORT for details.

MPC555 / MPC556 RESET MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 7-13
Go to: www.freescale.com



Freescale Semiconductor, Inc.

MPC555 / MPC556 RESET MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 7-14
Go to: www.freescale.com



Freescale Semiconductor, Inc.

SECTION 8
CLOCKS AND POWER CONTROL

8.1 Overview
The main timing reference for the MPC555 / MPC556 can monitor any of the following:

* A crystal with a frequency of four MHz 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 is programmable in integer multiples of the
input oscillator frequency to generate the internal (VCO/2) operating frequency. A pre-
divider before the SPLL enables the user to divide the high frequency crystal oscillator.
The SPLL VCO is twice the system frequency. 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 count (increment/decre-
ment) 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 to 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 volt-
age value as the voltage of the 1/0 buffers and logic.

The MPC555 / MPC556 clock module consists of the main crystal oscillator (OSCM),
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 low-power and reset-control register (PLPRCR), and the PLL.

All of the MPC555 peripherals on the IMB bus derive its clock timing from the UIMB
module. The UIMB runs on the main system clock, but can divide the system frequen-
cy in half. See 12.3 Clock Module.

Figure 8-1 illustrates the functional block diagram of the clock unit.
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Figure 8-1 Clock Unit Block Diagram

MPC555 / MPC556 CLOCKS AND POWER CONTROL MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 8-2
Go to: www.freescale.com



Freescale Semiconductor, Inc.

8.2 System Clock Sources

The system clock can be provided by the main system oscillator (OSCM), an external
clock input, or the backup clock (BUCLK) on-chip ring oscillator, see Figure 8-2.

The OSCM 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 guaran-
teed.

The external clock input receives a clock signal from an external source. The clock fre-
quency must be either in the range of 3 MHz — 5 MHz or at the system frequency of at
least 15 MHz (1:1 mode). When the external clock input is the timing reference to the
system PLL skew elimination between the EXTCLK pin and the CLKOUT is less than
+ 1 ns.

The backup clock on-chip ring oscillator enables the MCU to function with a less pre-
cise clock. When operating from the backup clock, the MCU is in limp mode. This en-
ables the system to continue minimum functionality until the system is fixed. The
BUCLK frequency is approximately 7 MHz (see APPENDIX G ELECTRICAL CHAR-
ACTERISTICS for the complete frequency range).

For normal operation, at least one clock source (EXTCLK or OSCM) must be active.
A configuration with both clock sources active is possible as well. At this configuration
EXTCLK provides the OSCCLK and OSCM provides the PITRTCLK. The input of an
unused timing reference (EXTCLK or EXTAL) must be grounded.

XTAL EXTAL

iU

*Resistor is not currently required on the board but space should be available for its addition in the future.

Figure 8-2 Main System Oscillator (OSCM)

8.3 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. Lower frequency clock input
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
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* Skew elimination
* Frequency division

8.3.1 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 out-
put frequency must be at least 15 MHz. The multiplication factor is set to a predeter-
mined value during power-on reset as defined in Table 8-1.

8.3.2 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 use-
ful for tight synchronous timings. Skew elimination is active only when the PLL is en-
abled 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.

8.3.3 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.

8.3.4 PLL Block Diagram

As shown in Figure 8-3, the reference signal, OSCCLK, goes to the phase compara-
tor. 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 multi-
plication factor is one (MF = 0). The PLL output frequency is twice the maximum sys-
tem frequency. This double frequency is needed to generate GCLK1 and GCLK2
clocks. On power-up, with a four MHz or 20 MHz crystal and the default MF settings,
System Frequency (FREQgyg) will be 40 MHz and the system clock will be 20 MHz.
The equation for system frequency (FREQgyg) is shown below:

System Frequency (FREQgys) = LOSCCLK x(MF+1)x2/2

DIVF + 1

NOTE

When operating with the backup clock, the system clock (and CLK-
OUT) is one-half of the ring oscillator frequency. (i.e., the system
clock is a nominal seven MHz). The time base and PIT clocks will be
twice the system clock frequency.
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The PLL maximum lock time is determined by the input clock to the phase detector.
The PLL locks within 500 input clock cycles.

NOTE

Upon initial system power up and after KAPWR is lost, an external
circuit must assert power on reset (PORESET). If limp mode will be
enabled during power-on reset, PORESET must be asserted for at
least 100,000 cycles of input PLL clock after a valid level has been
reached on the KAPWR supply. If limp mode will be disabled,
PORESET should be asserted for approximately 3 ps after a valid
level has been reached on the KAPWR supply.

Whenever power-on reset is asserted, the MF bits are set according to Table 8-1, and
the DFNH and DFNL bits in SCCR are set to the value of 0 (+1 and 2), respectively.

XFC
OSCCLK  |Division Fact System
ivision Factor Frequency
DIVF[0:4] > Phase p (FREQSYS)
Feedback - Comparator | Down +2’
2
Clock L Multiplication Factor |
Delay | MF[0:11]

Figure 8-3 System PLL Block Diagram

8.3.5 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 ex-
tremely 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 pack-
age.

* VSSSYN — Source voltage. This is the Vgg 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 yF capacitor located as close
as possible to the chip package.

* 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 termi-
nal is connected to VDDSYN.

The off-chip capacitor must have the following values:
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O<MF+1<4 (680 x (MF + 1) — 120) pF
MF +1 >4 1100 x (MF + 1) pF

Where MF = the value stored on MF[0:11]. This is one less than the desired frequency multiplication factor.

8.4 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 MCU 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 s 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, 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 unpre-
dictable 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.

8.5 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 gen-
erates the general system clocks sent to the rest of the MPC555 / MPC556. The PLL
System Frequency (FREQgys) is always divided by at least 2.

The purpose of the low-power divider block is to allow the user to reduce and restore
the operating frequencies of different sections of the MPC555 / MPC556 without losing
the PLL lock. Using the low-power divider block, the user can still obtain full chip op-
eration, 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.

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.
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8.6 MPC555 / MPC556 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 MPC555 / MPC556 system clock.

GCLK1

System Clock

GCLK2
GCLK1_50

(EBDF = 00)

GCLK2_50
(EBDF = 00)

CLKOUT
(EBDF = 00)

GCLK1_50

(EBDF = 01)

GCLK2_50
(EBDF = 01)

CLKOUT
(EBDF = 01)

T

T2

T3

T4

Figure 8-4 MPC555 / MPC556 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
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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. GCLK1_50 rises
simultaneously with GCLK1. When the MPC555 / MPC556 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 MOCCK1, MODCK2, and MODCKS3 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. MODCK1 specifies the input source to
the SPLL (OSCM or EXTCLK). MODCK1, MODCK2, and MODCKS3 together deter-
mine 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 MODCKT1 is cleared, the output of the main oscillator (OSCM) is selected as the
input to the SPLL. When MODCK1 is asserted, the external clock input (EXTCLK) is
selected as the input to the SPLL. In all cases, the system clock frequency (frquc|k2)
can be reduced by the DFNHI[0:2] bits in the SCCR. Note that freqgcikomax) occurs
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 MODCKS3 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 as-
serted).

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.
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Table 8-1 Reset Clocks Source Configuration

Default Values @ PORESET

MODCK[1:3]' | LME PITCLK | TMBCLK SPLL Options
MF+1 | Division | Division
000 0 513 4 4 Used for testing purposes.
Normal operation, PLL enabled.
001 0 1 256 16 Main timing reference is freq(OSCM) = 20 MHz.
Limp mode disabled.
Normal operation, PLL enabled.
010 1 5 256 4 Main timing reference is freq(OSCM) = 4 MHz.
Limp mode enabled.
Normal operation, PLL enabled.
011 1 1 256 16 Main timing reference is freq(OSCM) = 20 MHz.
Limp mode enabled.
100 Normal operation, PLL enabled. 1:1 Mode
0 1 256 16 freqclkout(max) = freq(EXTCLK)
101 . .
Limp mode disabled.
Normal operation, PLL enabled.
110 0 5 256 4 Main timing reference is freq(EXTCLK) = 3-5 MHz.
Limp mode disabled.
Normal operation, PLL enabled. 1:1 Mode
111 1 1 256 16 freqclkout(max) = freq(EXTCLK)
Limp mode enabled.
NOTES:

1. For other implementations in the MPC500 family, MODCK2 could be inverted.

NOTE

The reset value of the PLL pre-divider is 1.

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

SCCR[TBS] MF + 1 DaBeLK
1 — 16
1,2 16
>2 4

8.6.1 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
MPC555/MPC556. 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/
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2 = 20 MHz (assuming a 20-MHz system frequency) with default power-on reset MF
values.

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 sys-
tem clock control register (SCCR), as shown in Figure 8-5.

VCO/2 (e.g., 40 MHz) DENH Normal

O DFNH Divider O

DFNL

DFNL Divider O

-

General System Clock

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 pe-
riods. Interrupt routines, for example, may require more performance than the low fre-
qguency operation provides, but must consume less power than in maximum frequency
operation. The MPC555 / MPC556 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 gen-
eral 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 MPC555 / MPC556. Insure that the proper power supply filtering is available to
handle this change instantaneously.

When the general system clock is divided, its duty cycle is changed. One phase re-
mains the same (e.g., 12.5 ns @ 40 MHZ) while the other become longer. Note that
CLKOUT does not have a 50% duty cycle when the general system clock is divided.
The CLKOUT waveform is the same as that of GCLK2_50.
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GCLK1Divideby1||||||||||||||||||||
GCLK2 Divide by 1 ||||||||||||||||||||

GCLK1 Divide by 2_|_| [] [] [] []
GCLK2 Divideby2 [ ] [] [] [] []
GCLK1 Divide by 4 [ | [] [
GCLK2 Divide by 4 _[ ] [] []

Figure 8-6 Divided System Clocks Timing Diagram

The system clocks GCLK1 and GCLK2 frequency is:

FREQ. = FREQsysmax

sys (2DFNH) o (oDFNL+ 1

where FREQsysmax = System Frequency (FREQgyg)/2
Therefore, the complete equation for determining the system clock frequency is:

OSCCLK (MF + 1) 2
X X

System Frequency (FREQ = —
Y auenoy (FREQsvs) = 5ve 5 (2DFNH o pDFNL + 1)

The clocks GCLK1_50 and GCLK2_50 frequency is:

FREQsysmax 1
(2DFNH)Or(2DFNL+ 1) EBDF + 1

FREQg, =

Figure 8-7 shows the timing of USIU clocks when DFNH = 1 or DFNL = 0.
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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)

8.6.2 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) repre-
sents 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 defaults
to VCO/2. CLKOUT can drive full- or half-strength or be disabled. The drive strength
is controlled in the system clock and reset-control register (SCCR). Disabling or de-
creasing the strength of CLKOUT can reduce power consumption, noise, and electro-
magnetic 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).

8.6.3 Engineering Clock

ENGCLK is an output clock with a 50% duty cycle. Its frequency defaults to VCO/1 281,
which is one-sixtyfourth of the main system frequency. ENGCLK frequency can be pro-
grammed to the main system frequency divided by a factor from one to 64, as con-
trolled by the ENGDIV[0:5] bits in the SCCR. ENGCLK can drive full- or half-strength
or be disabled (remaining in the high state). The drive strength is controlled by the EE-
CLK][0:1] bits in the SCCR. Disabling ENGCLK can reduce power consumption, noise,
and electromagnetic interference on the printed circuit board.

1- Mask sets prior to K62N default to VCO/4.
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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.

8.7 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 user has the option 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 as-
serts 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 ST-
BUC 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 sta-
tus and control for each state.
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Figure 8-8 Clock Source Flow Chart

hresert_b

NOTES

BUCLK_ENABLE = (STBUC | LOC) & 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 BU-
CLK.
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The switching from state three to state four is accomplished by clear-
ing the STBUC and LOCSS bits. If the switching is done when the
PLL is not locked, the system clock will not oscillate until lock condi-

tion is met.
Table 8-3 Status of Clock Source
STATE | PORESET | HRESET | LME (:gﬁl‘:‘) :-s(t):::fys) STBUC | BUCS sc(:jgl:%e
0 0 1 0 0 0 1 BUCLK
2 1 0 1 0/1 0 0 1 BUCLK
31 1 1 1 x2 0N on 1 BUCLK
4 1 0 0/1 0 X2 0 0 Oscillator
5 1 1 0/1 0 X2 0 0 Oscillator
6 1 0 1 0N 1 o 1 BUCLK
NOTES:

1. At least one of the two bits, LOCSS or BUCS, must be asserted (one) in this state.
2. X =don’t care.

The default value of the LME bit is determined by MODCK]1:3] during assertion of
the PORESET line. The configuration modes are shown in Table 8-1.

8.8 Low-Power Modes

The LPM and other bits in the PLPRCR are encoded to provide one normal operating
mode and four low-power modes. In normal and doze modes the system can be in
high state with frequency defined by the DFNH bits, or in the low state with frequency
defined by the DFNL bits. The normal-high operating mode is the state out of reset.
This is also the state of the bits after the low-power mode exit signal arrives.

There are four low-power modes:

* Doze mode

* Sleep mode

* Deep-sleep mode
* Power-down mode

8.8.1 Entering a Low-Power Mode

Low-power modes are enabled by setting the POW bit in the MSR and clearing the
LPML (low-power mode lock) bit in the PLPRCR. Once enabled, a low-power mode is
entered by setting the LPM bits to the appropriate value. This can be done only in one
of the normal modes. The user cannot change the LPM or CSRC bits when the MCU
is in doze mode.

Table 8-6 summarizes the control bit descriptions for the different clock power modes.
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Table 8-4 Power Mode Control Bit Descriptions

Power Mode LPM[0:1] | CSRC TEXPS
Normal-high 00 0 X
Normal-low (“gear”) 00 1 X
Doze-high 01 0 X
Doze-low 01 1 X
Sleep 10 X X
Deep-sleep 11 X 1
Power-down 11 X 0

8.8.2 Power Mode Descriptions

Table 8-5 describes the power consumption, clock frequency, and chip functionality
for each power mode.

Table 8-5 Power Mode Descriptions

Operation Mode SPLL Clocks Functionality
Full frequency +
Normal-high Active DG,I:NH y
2 Full functions not in use
o _ Full frequency + are shut off
Normal-low (“gear”) Active SDFNL+1
, . Full frequency + Enabled: RTC, PIT,
Doze-high Active DFNH TB and DEC,
memory controller
) Full frequency + Disabled: extended
Doze-low Active DFNL+1 core
(RCPU, BBC, FPU)
Sleep Active Not active
Deep-sleep Not active Not active EnableghdR'll'DCé,CPlT, B
Power-down Not active Not active
. , SRAM'’s data
VDDSRAM Not active Not active retention

8.8.3 Exiting from Low-Power Modes

Exiting from low-power modes occurs through an asynchronous interrupt or a synchro-
nous interrupt generated by the memory controller. Any enabled asynchronous inter-
rupt clears the LPM bits but does not change the PLPRCR[CSRC] bit.

The exit from normal-low, doze-high, and low modes and sleep mode to normal-high
mode is accomplished with the asynchronous interrupt. The sources of the asynchro-
nous interrupt are:

* Asynchronous wake-up interrupt from the interrupt controller
* RTC, PIT, or time base interrupts (if enabled)
* Decrementer exception

The system response to asynchronous interrupts is fast. The wake-up time from nor-
mal-low, doze-high, doze-low, and sleep mode due to an asynchronous interrupt or
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decrementer exception is only three to four clock cycles of maximum system frequen-
cy. In 40-MHz systems, this wake-up requires 75 to 100 ns. The asynchronous wake-
up interrupt from the interrupt controller is level sensitive one. It will therefore be ne-
gated only after the reset of interrupt cause in the interrupt controller.

The timers (RTC, PIT, time base, or decrementer) interrupts indication set status bits
in the PLPRCR (TMIST). The clock module considers this interrupt to be pending
asynchronous interrupt as long as the TMIST is set. The TMIST status bit should be
cleared before entering any low-power mode.

Table 8-7 summarizes wake-up operation for each of the low-power modes.

Table 8-6 Power Mode Wake-Up Operation

. Wake-up Return Time from Wake-up
Sheiatiiogs Method Event to Normal-High
Software
Normal-low (“gear”) or Asynchronous interrupts:
Interrupt 3-4 maximum system cycles
; Synchronous interrupts:
Doze-high Interrupt 3-4 actual system cycles
Doze-low Interrupt
Sleep Interrupt 3-4 maximum system clocks

< 500 Oscillator Cycles
Deep-sleep Interrupt 125 pysec — 4 MHz
25 psec — 20 MHz

<500 oscillator cycles + power
supply wake-up

Power-down Interrupt

VDDSRAM External Power-on sequence

8.8.3.1 Exiting from Normal-Low Mode

In normal mode (as well as doze mode), if the PLPRCR[CSRC] bit is set, the system
toggles between low frequency (defined by PLPRCR[DFNL]) and high frequency (de-
fined by PLPRCR[DFNH]. The system switches from normal-low mode to normal-high
mode if either of the following conditions is met:

* An interrupt is pending from the interrupt controller; or
* The MSR[POW] bit is cleared (power management is disabled).

When neither of these conditions are met, the PLPRCR[CSRC] bit is set, and the asyn-
chronous interrupt status bits are reset, the system returns to normal-low mode.

8.8.3.2 Exiting from Doze Mode

The system changes from doze mode to normal-high mode whenever an interrupt is
pending from the interrupt controller.

8.8.3.3 Exiting from Deep-Sleep Mode

The system switches from deep-sleep mode to normal-high mode if any of the follow-
ing conditions is met:
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* An interrupt is pending from the interrupt controller
* An interrupt is requested by the RTC, PIT, or time base
* A decrementer exception

In deep-sleep mode the PLL is disabled. The wake-up time from this mode is up to 500
PLL input frequency clocks. In one-to-one mode the wake-up time may be up to 100
PLL input frequency clocks. For a PLL input frequency of 4 MHz, the wake-up time is
less than 125 ps.

8.8.3.4 Exiting from Power-Down Mode

Exit from power-down mode is accomplished through hard reset. External logic should
assert HRESET in response to the TEXPS bit being set and TEXP pin being asserted.
The TEXPS bit is set by an enabled RTC, PIT, time base, or decrementer interrupt.
The hard reset should be asserted for no longer than the time it takes for the power
supply to wake-up in addition to the PLL lock time. When the TEXPS bit is cleared (and
the TEXP signal is negated), assertion of hard reset sets the bit, causes the pin to be
asserted, and causes an exit from power-down low-power mode. Refer to 8.9.3 Keep
Alive Power for more information.

8.8.3.5 Low-Power Modes Flow
Figure 8-9 shows the flow among the different power modes.
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SR

Software * Normal-Low
LPM = 00, CSRC =1 -

(MSRpow+Interrupt)+CSRC

-
((MSRpow+Interrupt))*CSRC***

L

LPM =01, CSRC =1

Software * Doze-High

!

Software * Doze-Low )j'

Software *

Software *

Interrupt
Wake-up: 3 - 4 SysFreq -
Clocks
Asynchronous
Interrupts
LPM =01, CSRC = 0/1 Wake-up: 3 -4 SysFreqmg Normal
Clocks High Mode
LPM =00
CSRC = 0/1
Sleep Mode
LPM =10, CSRC =0
Async. Wake-up or
Deep-Sleep Mode \ RTC/PIT/TB/DEC Interrupt
LPM = 11, CSRC = 0, Wake-up: 500 Inout >
TEXPS =1 j Frequency Clocks

Software *

P

Power-Down Mode

LPM =11, CSRC = 0, RTC/PIT/TB/DEC Interrupt followed

by External Hard Reset
TEXPS = 0** J or External Hard Reset
Software * 3
Hard Reset

N

= Software is active only in normal-high/low modes
+ TEXPS receives the zero value by writing one. Writing of zero has no effect on TEXPS.
= The switch from normal-high to normal-low is enable only if the conditions to asynchronous

interrupt are c

leared

Figure 8-9 MPC555 / MPC556 Low-Power Modes Flow Diagram
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8.9 Basic Power Structure

8.9.1 Clock Unit Power Supply

KAPWR and VSS power the following clock unit modules: oscillator, PITRTCLK and
TMBCLK generation logic, timebase, decrementer, RTC, PIT, system clock control
register (SCCR), low-power and reset-control register (PLPRCR), and reset status
register (RSR). All other circuits are powered by the normal supply pins, VDDI, VDDL,
VDDH and VSS. The power supply for each block is listed in Table 8-7.

Table 8-7 Clock Unit Power Supply

Circuit Power Supply
CLKOUT
SPLL (digital),
System low-power control VDDL/VDDI
Internal logic
Clock drivers
SPLL (analog) VDDSYN

Main oscillator

Reset machine

Limp mode mechanism
Register control

SCCR, PLLRCR and RSR
RTC, PIT, TB, and DEC

SRAM,
VDDSRAM detector, VDDSRAM
VSRMCR

KAPWR

The following are the relations between different power supplies:

* VDDL = VDDI = VDDSYN = VDDF = 3.3V £10%

* KAPWR 2= VDDL - 0.2 V (during normal operation)

* VDDSRAM = VDDL — 0.3 V (during normal operation)
* VDDSRAM = 1.4 V (during standby operation)

* VPP = VDDL - 0.3V, but VPP — VDDL < 4.0 volts

8.9.2 Chip Power Structure

The MPC555 / MPC556 provides a wide range of possibilities for power supply con-
nections. Figure 8-10 illustrates the different power supply sources for each of the ba-
sic units on the chip.

8.9.2.1 VDDL
The 1/0O buffers and logic are fed by a 3.3-V power supply.

8.9.2.2 VDDI
VDDI powers the internal logic of the MPC555 / MPC556, nominally 3.3 V.
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8.9.2.3 VDDSYN, VSSSYN

The charge pump and the VCO of the SPLL are fed by a separate 3.3-V power supply
(VDDSYN) in order to improve noise immunity and achieve a high stability in its output
frequency. VSSSYN provides an isolated ground reference for the PLL.

8.9.2.4 KAPWR

The oscillator, time base counter, decrementer, periodic interrupt timer and the real-
time clock are fed by the KAPWR rail. This allows the external power supply unit to
disconnect all other sub-units of the MCU in low-power deep-sleep mode. The TEXP
pin (fed by the same rail) can be used by the external power supply unit to switch be-
tween sources. The IRQ[6:7]/MODCK][2:3], IRQ[5]/MODCK1, XTAL, EXTAL, EXT-
CLK, PORESET, HRESET, SRESET, and RSTCONF/TEXP input pins are powered
by KAPWR. Circuits, including pull-up resisters, driving these inputs should be pow-
ered by KAPWR.

8.9.2.5 VDDA, VSSA

VDDA supplies power to the analog subsystems of the QADC_A and QADC_B mod-
ules; it is nominally 5.0 V. VDDA is the ground reference for the analog subsystems.

8.9.2.6 VPP

VPP supplies the programming and erase voltage for the CMF flash modules. It is
nominally 5.0 V for program or erase operations and can be lowered to a nominal 3.3
V for read operations.

8.9.2.7 VDDF, VSSF

VDDF provides internal power to the CMF flash module; it should be a nominal 3.3 V.
VSSF provides an isolated ground for the CMF flash module.

8.9.2.8 VDDH
VDDH provides power for the 5-V 1/O operations. It is a nominal 5.0 V.

8.9.2.9 VDDSRAM

VDDSRAM supplies power to the 26-Kbyte SRAM module and the DPTRAM. It can
be used to keep the contents on the SRAM stable while the rest of the MPC555 /
MPC556 is powered down for standby operation.

8.9.2.10 VSS
VSS provides the ground reference for the MPC555 / MPC556.
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VPP  VDDF
/0
VDDH
SRAM FLASH
A Oscillator, TEXP -
Internal Logic PIT, RTC, TB,
A and DEC KAPWR
VDDI
Clock Control
PLL - VDDL
VDDI
VDDSRAM VDDSYN

Figure 8-10 Basic Power Supply Configuration

8.9.3 Keep Alive Power

8.9.3.1 Keep Alive Power Configuration

Figure 8-11 illustrates an example of a switching scheme for an optimized low-power
system. SW1 and SW2 can be unified in only one switch if VDDSYN and VDDI/VDDL
are supplied by the same source.
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Figure 8-11 External Power Supply Scheme

The MPC555 / MPC556 asserts the TEXP signal, if enabled, when the RTC or TB time
value matches the value programmed in the associated alarm register or when the PIT
or DEC value reaches zero. The TEXP signal is negated when the TEXPS status bit
is written to one.

The KAPWR power supply feeds the main crystal oscillator (OSCM). The condition for
the main crystal oscillator stability is that the power supply value changes slowly. The
maximum slope must be less than 5 mV per oscillation cycle (T > 200-300/freqysem)-

8.9.3.2 Keep Alive Power Registers Lock Mechanism

The USIU timer, clocks, reset, power, decrementer, and time base registers are pow-
ered by the KAPWR supply. When the main power supply is disconnected after power-
down mode is entered, the value stored in any of these registers is preserved. If pow-
er-down mode is not entered before power disconnect, there is a chance of data loss
in these registers. To minimize the possibility of data loss, the MPC555 / MPC556 in-
cludes a key mechanism that ensures data retention as long as a register is locked.
While a register is locked, writes to this register are ignored.

Each of the registers in the KAPWR region have a key that can be in one of two states:
open or locked. At power-on reset the following keys are locked: RTC, RTSEC, RT-
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CAL, and RTCSC. All other registers are unlocked. Each key has an address associ-
ated with it in the internal memory map.

A write of 0xX65CCAASS3 to the associated key register changes the key to the open
state. A write of any other data to this location changes the key to the locked state.

NOTE

A read of a key register may be interpreted as a write of a lock value
and may lock the associated KAPWR register.

The key registers are write-only. A read of the key register has undefined side effects
and may be interpreted as a write that locks the associated register.

Table 8-8 lists the registers powered by KAPWR and the associated key registers.

Table 8-8 KAPWR Registers and Key Registers

KAPWR Register Associated Key Register
Address or . .
SPR Number Register Address Register

Time Base Status and Control (TBSCR) Time Base Status and Control Key

0x2F C200 See Table 6-16 for bit descriptions. 0x2F C300 (TBSCRK)
Time Base Reference 0 (TBREFO0)

0x2F C204 See 6.13.4.3 Time Base Reference Reg- | 0x2F C304 | Time Base Reference 0 Key (TBREFOK)
isters for bit descriptions.
Time Base Reference 1 (TBREF1)

0x2F C208 See 6.13.4.3 Time Base Reference Reg- | Ox2F C308 | Time Base Reference 1 Key (TBREF1K)
isters for bit descriptions.
Real Time Clock Status and Control '

OX2F C220 (RTCSC) Ox2F C320 (que?cl:-ls—lé:n}?)ClOCk Status and Control Key
See Table 6-17 for bit descriptions.
Real Time Clock (RTC)

0x2F C224 See 6.13.4.6 Real-Time Clock Register |0x2F C324 |Real Time Clock Key (RTCK)
(RTC) for bit descriptions.

O0x2F C228 Real Time Alarm Seconds (RTSEC) O0x2F C328 |Real Time Alarm Seconds Key (RTSECK)
Reserved
Real Time Alarm (RTCAL)

0x2F C22C | See 6.13.4.7 Real-Time Clock Alarm 0x2F C32C |Real Time Alarm Key (RTCALK)
Register (RTCAL) for bit descriptions.
PIT Status and Control (PISCR)

0x2F C240 See Table 6-18 for bit descriptions. 0x2F C340 |PIT Status and Control Key (PISCRK)
PIT Count (PITC)

0x2F C244 See Table 6-19 for bit descriptions. 0x2F C344 | PIT Count Key (PITCK)
System Clock Control Register (SCCR)

0x2F C280 See Table 8-9 for bit descriptions. 0x2F C380 | System Clock Control Key (SCCRK)
PLL Low-Power and Reset-Control .

Ox2F C284 | Register (PLPRCR) Ox2F C384 tF;';'k'éo"}’;,Fl’_‘;,"é%;E‘; Reset-Control Regis-
See Table 8-10 for bit descriptions. y
Reset Status Register (RSR) .

0x2F C288 See Table 7-3 for bit descriptions. 0x2F C388 | Reset Status Register Key (RSRK)
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Table 8-8 KAPWR Registers and Key Registers (Continued)

KAPWR Register Associated Key Register

SPR Number

Address or Register Address Register

Decrementer
SPR 22 See 3.9.5 Decrementer Register (DEC)
for bit descriptions.

0x2F C30C | Time Base and Decrementer Key (TBK)

Time Base
SPR 268, 269, _
284, 285, Seg Table 3-11 and Table 3-14 for bit de-
scriptions.

Figure 8-12 illustrates the process of locking or unlocking a register powered by KAP-
WR.

Power On Reset

(Valid for other registers)
Open

Write to the key other value Write to the Key 0x55CCAAS3

Power On Reset

/ (Valid for RTC, RTSEC,
Locked RTCAL and RTCSC)

Figure 8-12 Keep Alive Register Key State Diagram

8.10 VDDSRAM Supply Failure Detection

A special circuit for VDDSRAM supply failure detection is provided. In the case of sup-
ply failure detection, the dedicated sticky bits LVSRS in the VSRMCR register are as-
serted. Software can read or clear these bits. The user should enable the detector and
then clear these bits. If the user reads any of the LVSR bits as one, then a power failure
of VDDSRAM has occurred. The circuit is capable of detecting supply failure below 2.6
V. Also, enable/disable control bit for the VDDSRAM detector may be used to discon-
nect the circuit and save the detector power consumption.

8.11 Power Up/Down Sequencing

Figure 8-13 and Figure 8-14 detail the power-up sequencing for MPC555 / MPC556
during normal operation. Note that for each of the conditions detailing the voltage re-
lationships the absolute bounds of the minimum and maximum voltage supply cannot
be violated, i.e. the value of VDDL cannot fall below 3.0 V or exceed 3.6 V and the
value of VDDH cannot fall below 4.5 V or exceed 5.5 V for normal operation. Further
information detailing the functionality of the VPP signal for flash program and erase is
outlined in 19.9.2 FLASH Program/Erase Voltage Conditioning. Power consump-
tion during power up sequencing can not be specified prior to evaluation and charac-

MPC555 / MPC556 CLOCKS AND POWER CONTROL MOTOROLA

USER’S MANUAL For MoreiRYolm388RS 7 Y0is Product, 8-25
Go to: www.freescale.com




Freescale Semiconductor, Inc.

terization of production silicon. The goal is to keep the power consumption during
power up sequencing below the operating power consumption.

During the power down sequence the user needs to assert PORESET while VDDI and
VDDL are at a voltage equal or greater to 3 V. Below this voltage the power supply
chip can be turned off. If the turn off voltage of the power supply chip is greater than
0.74 V for the 3-V supply and greater than 0.8 V for the 5-V supply, then the circuitry
inside the MPC555 / MPC556 will act as a load to the respective supply and will dis-
charge the supply line down to these values. Since the 3-V logic represents a larger
load to the supply chip, the 3-V supply line will decay faster than the 5-V supply line.

| 1 | 1
| | | Power On | Operating | PowerOff [
f f i f I f i
I | I Sge Note 1.  See|Note 2. I |
e | | | L \__l |
, ] |

g ! '/‘% .' L '
1 1 I |
KAPRR | [ |v [ | \ | L
VDDSRAM | [ [ / | b ‘\ I |
VDDA, VRH "1 T ] ' : ] [
VDDSYN e | I / | | ) N |
I I | I T \ I I
gg/ | | ! i
| | | | | | }
| [ I | I | [
| I [ — — [ [
VFLASH(5V) I l [ \, ] .
PORESET | | | | I I | |
AreseT | | I : I I

{ | I | 1 |

Figure 8-13 No Standby, No KAPWR, All System Power On/Off
MPC555 / MPC556 CLOCKS AND POWER CONTROL MOTOROLA

USER'S MANUAL For MoreiRYolm388RS 7 Y0is Product, 8-26

Go to: www.freescale.com



Freescale Semiconductor, Inc.
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1 | |
I I I No Battery I
1 | 1 l | | L
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l | l | I | |
VoDH | | ! | | | |
[ 1 [ ' 1 r
VDD, NVVL, ! ! L ! ! I
QVDDL | | | | ] | )
KaPRR | I | / | I N\ | |
VDDSRAM ! ! I i m— \ ! I
| | | / | | | )
VDDA, VRH

' I [ [ | b \ | |
VDDSYN " y " / ] ] ! !
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VFLASH (5 V) . i . / v N i \ ;
T T 1 1 T 1
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Figure 8-14 Standby and KAPWR, Other Power-On/Off

NOTE
The following notes apply to Figure 8-13 and Figure 8-14 above:

1. VDDH >VDDL - 0.35 V (0.5 V max. at temperature extremes)
VPP <VDDH + 0.5V AND VPP >VDDL - 0.35 V
(The delta VPP - VDDL must be < 3.6 V during power on or off)

VDDA can lag VDDH, and VDDSYN can lag VDDL, but both must be at a valid
level before resets are negated.

2. If keep alive functions are NOT used, then when system power is on:
KAPWR = VDDSRAM = VDDL + 0.35 V
3. If keep alive functions ARE used, then

KAPWR = VDDSRAM = VDDL = 3.3 V = 0.35 V when system power is on
VDDSRAM > 1.8 V and optionally KAPWR = 3.3 V + 0.3 V when system power
is off

Normal system power is defined as
VDDL = VDDI = VDDF = VDDSYN = VPP = VDDSRAM = KAPWR = 3.3 + 0.3
V and VDDA =VDDH=5.0+0.5V
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Flash programming requirements are the same as normal system power, ex-
cept VPP =5.0+£0.25V

Do not hold the 3-V supplies at ground while VDDH/VDDA is ramping to 5 V.
If 5V is applied before the 3-V supply, all 5-V outputs will be in indeterminate
states until the 3-V supply reaches a level that allows reset to be distributed
throughout the device

ok

8.12 Clocks Unit Programming Model

8.12.1 System Clock Control Register (SCCR)
The SPLL has a 32-bit control register, SCCR, which is powered by keep-alive power.

SCCR — System Clock Control Register 0x2F C280
M(S)B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DBCT COM DCSLR | MFPDL| LPML TBS |RTDIVZ|STBUC SERRI\E/-ED PRQEN | RTSEL | BUCS EBDF LME

POWER-ON RESET:

1 0 ID2! 0 0 0 0 12 0 0 1 EQ23 ID[13:14]'  EQ3*
HARD RESET:
u 0 D21 U 0 0 U U U 0 1 U U ID[13:14]" u

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 L;B
EECLK ENGDIV® — DFNL — DFNH
POWER-ON RESET:

0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0
HARD RESET:

U U U U U U U U 0 0 0 0 0 0 0
NOTES:

1. The hard reset value is a reset configuration word value, extracted from the indicated internal data bus lines.
Refer to 7.5.2 Hard Reset Configuration Word.

U = Unaffected by reset

2. RTDIV will be 0 if MODCK[1:3] = 0b000

3. EQ2 = MODCK1
4. EQ3 = (MODCK1 & MODCK2 & MODCK3) | (MODCK1 & MODCK2 & MODCK3) | (MODCK1 & MODCK2 &

MODCKS). See Table 8-1.
5. On mask sets prior to K62N, ENGDIV defaults to 0b000001.
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Table 8-9 SCCR Bit Descriptions

Bit(s) Name Description
Disable backup clock for timers. The DBCT bit controls the timers clock source while the chip
is in limp mode. If DBCT is set, the timers clock (tbclk, rtclk) source will not be the backup
clock, even if the system clock source is the backup clock ring oscillator. The real-time clock
0 DBCT source will be EXTAL or EXTCLK according to RTSEL bit (see description in bit 11 below),
and the time base clocks source will be determined according to TBS bit and MODCK1.
0 = If the chip is in limp mode, the timer clock source is the backup (limp) clock
1 =The timer clock source is either the external clock or the crystal (depending on the current
clock mode selected)
Clock output mode. These bits control the output buffer strength of the CLKOUT and external
bus pins. These bits can be dynamically changed without generating spikes on the CLKOUT
and external bus pins. If CKLOUT is not connected to external circuits, set both bits (dis-
abling CLKOUT) to minimize noise and power dissipation. COM1 is determined by the hard
1:2 COM reset configuration word.
00 = Clock output enabled full-strength output buffer, bus pins full drive
01 = Clock output enabled half-strength output buffer, bus pins reduced drive
10 = Clock output disabled, bus pins full drive
11 = Clock output disabled, bus pins reduced drive
Disable clock switching at loss of lock during reset. When DCSLR is clear and limp mode is
enabled, the chip will switch automaticaly to the backup clock if the PLL losses lock during
HRESET. When DCSLR is asserted, a PLL loss-of-lock event does not cause clock switch-
3 DCSLR ing. If HRESET is asserted and DCSLR is set, the chip will not negate HRESET until the PLL
aquires lock.
0 = Enable clock switching if the PLL loses lock during reset
1 = Disable clock switching if the PLL loses lock during reset
MF and pre-divider lock. Setting this control bit disables writes to the MF and DIVF bits. This
helps prevent runaway software from changing the VCO frequency and causing the SPLL to
lose lock. In addition, to protect against hardware interference, a hardware reset will be as-
4 MFPDL serted if these fields are changed while LPML is asserted. This bit is writable once after pow-
er-on reset.
0 = MF and DIVF fields are writable
1 = MF and DIVF fields are locked
LPM lock. Setting this control bit disables writes to the LPM and CSRC control bits. In addi-
tion, for added protection, a hardware reset is asserted if any mode is entered other than nor-
mal-high mode. This protects against runaway software causing the MCU to enter low-power
5 LPML modes. (The MSR[POW] bit provides additional protection). LPML is writable once after
power-on reset.
0 = LPM and CSRC bits are writable
1 =LPM and CSRC bits are locked and hard reset will occur if the MCU is not in normal-high
mode
Time base source. Note that when the chip is operating in limp mode (BUCS = 1), TBS is
6 TBS ignored, and the backup clock is the time base clock source.
0 = Source is OSCCLK divided by either four or 16
1 = Source is system clock divided by 16
RTC (and PIT) clock divider. At power-on reset this bit is cleared if MODCK][1:3] are all low;
otherwise the bit is set.
/ RTDIV 0 =RTC and PIT clock divided by four
1 = RTC and PIT clock divided by 256
Switch to backup clock control. When software sets this bit, the system clock is switched to
the on-chip backup clock ring oscillator, and the chip undergoes a hard reset. The STBUC
8 STBUC bit is ignored if LME is cleared.
0 = Do not switch to the backup clock ring oscillator
1 = Switch to backup clock ring oscillator
9 — Reserved
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Table 8-9 SCCR Bit Descriptions (Continued)

Bit(s)

Name

Description

10

PRQEN

Power management request enable

0 = Remains in the lower frequency (defined by DFNL) even if the power management bit in
the MSR is reset (normal operational mode) or if there is a pending interrupt from the
interrupt controller

1 = Switches to high frequency (defined by DFNH) when the power management bit in the
MSR is reset (normal operational mode) or there is a pending interrupt from the interrupt
controller

11

RTSEL

RTC circuit input source select. At power-on reset RTSEL receives the value of the
MODCKT bit. Note that if the chip is operating in limp mode (BUCS = 0), the RTSEL bit is
ignored, and the backup clock is the clock source for the RT and PIT clocks

0 = OSCM clock is selected as input to RTC and PIT

1 = EXTCLK clock is selected as the RTC and PIT clock source

12

BUCS

Backup clock status. This status bit indicates the current system clock source. When loss of
clock is detected and the LME bit is set, the clock source is the backup clock and this bit is
set. When the user sets the STBUC bit and LME bit is set, the system switches to the backup
clock and BUCS is set.

0 = System clock is not the backup clock

1 = System clock is the backup clock

13:14

EBDF

External bus division factor. These bits define the frequency division factor between (GCLK1
and GCLK2) and (GCLK1_50 and GCLK2_50). CLKOUT is similar to GCLK2_50. The
GCLK2_50 and GCKL1_50 are used by the external bus interface and memory controller in
order to interface to the external system. The EBDF bits are initialized during hard reset us-
ing the hard reset configuration mechanism.

00 = CLKOUT is GCKL2 divided by 1

01 = CLKOUT is GCKL2 divided by 2

1x = Reserved

15

LME

Limp mode enable. When LME is set, the loss-of-clock monitor is enabled and any detection
of loss of clock will switch the system clock automatically to backup clock. It is also possible
to switch to the backup clock by setting the STBUC bit.

If LME is cleared, the option of using limp mode is disabled. The loss of clock detector is not
active, and any write to STBUC is ignored.

The LME bit is writable once, by software, after power-on reset, when the system clock is not
backup clock (BUCS = 0). During power-on reset, the value of LME is determined by the
MODCK([1:3] bits. (Refer to Table 8-1.)

0 = Limp mode disabled

1 = Limp mode enabled

16:17

EECLK

Enable engineering clock. This field controls the output buffer strength of the ENGCLK pin.
When both bits are set the ENGCLK pin is held in the high state. These bits can be dynam-
ically changed without generating spikes on the ENGCLK pin. If ENGCLK is not connected
to external circuits, set both bits (disabling ENGCLK) to minimize noise and power dissipa-
tion. For measurement purposes the backup clock (BUCLK) can be driven externally on the
ENGCLK pin.

00 = Engineering clock enabled, full-strength output buffer

01 = Engineering clock enabled, half-strength output buffer

10 = BUCLK is the output on the ENGCLK full-strength output buffer

11 = Engineering clock disabled

18:23

ENGDIV

Engineering clock division factor. These bits define the frequency division factor between
VCO/2 and ENGCLK. The divider ratio is ENGDIV+1. Division factor can be from 1 (ENGDIV
= 0b000000) to 64 (ENGDIV = 0b111111). These bits can be read and written at any time.
They are not affected by hard reset but are cleared during power-on reset.

NOTE: If the engineering clock division factor is not a power of two, synchronization between
the system and ENGCLK is not guaranteed.

NOTE: The default (Power On Reset) value of ENGDIV will be 0Ob111111 on all mask sets
after K62N. The default for previous mask sets (J76N, KO2A, and K83H) is 0b000001.

MPC555 / MPC556
USER’S MANUAL

CLOCKS AND POWER CONTROL MOTOROLA
For MoreiRYolm388RS 7 Y0is Product, 8-30

Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table 8-9 SCCR Bit Descriptions (Continued)

Bit(s) Name Description
24 — Reserved

Division factor low frequency. The user can load these bits with the desired divide value and
the CSRC bit to change the frequency. Changing the value of these bits does not result in a
loss of lock condition. These bits are cleared by power-on or hard reset. Refer to 8.6.1 Gen-
eral System Clocks and Figure 8-5 for details on using these bits.

000 = Divide by 2

25:07 DFNL 001 = Divide by 4

010 = Divide by 8

011 = Divide by 16

100 = Divide by 32

101 = Divide by 64

110 = Reserved

111 = Divide by 256

28 — Reserved

Division factor high frequency. These bits determine the general system clock frequency dur-
ing normal mode. Changing the value of these bits does not result in a loss of lock condition.
These bits are cleared by power-on or hard reset. The user can load these bits at any time
to change the general system clock rate. Note that the GCLKs generated by this division fac-
tor are not 50% duty cycle (i.e. CLKOUT).

000 = Divide by 1

29:31 DFNH 001 = Divide by 2

010 = Divide by 4

011 = Divide by 8

100 = Divide by 16

101 = Divide by 32

110 = Divide by 64

111 = Reserved

8.12.2 PLL, Low-Power, and Reset-Control Register (PLPRCR)

The PLL, low-power, and reset-control register (PLPRCR) is a 32-bit register powered
by the keep alive power supply.
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PLPRCR — PLL, Low-Power, and Reset-Control Register 0x2F C284
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RE- Loc-
MF SERVE | LOCS SPLS
0 ss

POWER-ON RESET:

0OR4 0 0 0 0
HARD RESET:
U U U U U u u u u u U U u U U U
LSB
6 17 18 19 2 21 22 23 24 25 26 27 28 29 8 o
RE- RE- RE-
SPLS | TEXP | seRvE | TMIST | SERVE | CSRC LPM csk | O | seRrve DIVF
s S RE
D D D
POWER-ON RESET:
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HARD RESET:
U 1 u 0 u 0 0 0 u u u U U U U

U = Unaffected by reset
Table 8-10 PLPRCR Bit Descriptions

Bit(s) Name Description

Multiplication factor bits. The output of the VCO is divided to generate the feedback signal to
the phase comparator. The MF bits control the value of the divider in the SPLL feedback
loop. The phase comparator determines the phase shift between the feedback signal and
the reference clock. This difference results in either an increase or decrease in the VCO out-
put frequency.

0:11 MF The MF bits can be read and written at any time. However, this field can be write-protected
by setting the MF and pre-divider lock (MFPDL) bit in the SCCR. Changing the MF bits caus-
es the SPLL to lose lock. Also, the MF field should not be modified when entering or exiting
from low power mode (LPM change), or when back-up clock is active.

The normal reset value for the DFNH bits is zero (divide by one). When the PLL is operating
in one-to-one mode, the multiplication factor is set to x1 (MF = 0).

12 — Reserved

Loss of clock status. When the oscillator or external clock source is not at the minimum fre-

quency, the loss-of-clock circuit asserts the LOCS bit. This bit is cleared when the oscillator
or external clock source is functioning normally. This bit is reset only on power-on reset.

13 LOCS . o

Writes to this bit have no effect.

0 = No loss of oscillator is currently detected
1 = Loss of oscillator is currently detected

Loss of clock sticky. If, after negation of PORESET, the loss-of-clock circuit detects that the
oscillator or external clock source is not at a minimum frequency, the LOCSS bit is set. LOC-
SS remains set until software clears it by writing a one to it. A write of zero has no effect on
14 LOCSS this bit. The reset value is determined during hard reset. The STBUC bit will be set provided
the PLL lock condition is not met when HRESET is asserted, and cleared if the PLL is locked
when HRESET is asserted.

0 = No loss of oscillator has been detected

1 = Loss of oscillator has been detected
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Table 8-10 PLPRCR Bit Descriptions (Continued)

Bit(s) Name Description

System PLL lock status bit
15 SPLS 0 = SPLL is currently not locked
1 = SPLL is currently locked

SPLL lock status sticky bit. An out-of-lock sets the SPLSS bit. The bit remains set until soft-
ware clears it by writing a one to it. A write of zero has no effect on this bit. The bit is cleared
at power-on reset. This bit is not affected due to a software initiated loss-of-lock (MF change
and entering deep-sleep or power-down mode). The SPLSS bit is not affected by hard reset.
0 = SPLL has remained in lock

1 = SPLL has gone out of lock at least once (not due to software-initiated loss of lock)

16 SPLSS

Timer expired status bit. This bit controls whether the chip negates the TEXP pin in deep-
sleep mode, thus enabling external circuitry to switch off the VDD (power-down mode).
When LPM =11, CSRC =0, and TEXPS is high, the TEXP pin remains asserted. When LPM
=11, CSRC = 0, and TEXPS is low, the TEXPS pin is negated.

To enable automatic wake-up TEXPS is asserted when one of the following occurs:
* The PIT is expired

17 TEXPS * The real-time clock alarm is set

* The time base clock alarm is set

* The decrementer exception occurs

The bit remains set until software clears it by writing a one to it. A write of zero has no effect
on this bit. TEXPS is set by power-on or hard reset.

0 = TEXP is negated in deep-sleep mode

1 = TEXP pin remains asserted always

18 — Reserved

Timers interrupt status. TMIST is set when an interrupt from the RTC, PIT, TB or DEC occurs.
The TMIST bit is cleared by writing a one to it. Writing a zero has no effect on this bit. The

system clock frequency remains at its high frequency value (defined by DFNH) if the TMIST
19 TMIST bit is set, even if the CSRC bit in the PLPRCR is set (DFNL enabled) and conditions to switch
to normal-low mode do not exist. This bit is cleared during power-on or hard reset.

0 = No timer expired event was detected

1 = A timer expire event was detected

20 — Reserved
Clock source. This bit is cleared at hard reset.
21 CSRC 0 = General system clock is determined by the DFNH value

1 = General system clock is determined by the DFNL value

Low-power mode select. These bits are encoded to provide one normal operating mode and
four low-power modes. In normal and doze modes, the system can be in high state (frequen-
22:23 LPM cy determined by the DFNH bits) or low state (frequency defined by the DFNL bits). The LPM
field can be write-protected by setting the LPM and CSRC lock (LPML) bit in the PLPRCR
Refer to Table 8-4 and Table 8-5.

Checkstop reset enable. If this bit is set, then an automatic reset is generated when the
RCPU signals that it has entered checkstop mode, unless debug mode was enabled at reset.
If the bit is clear and debug mode is not enabled, then the USIU will not do anything upon
receiving the checkstop signal from the RCPU. If debug mode is enabled, then the part en-
ters debug mode upon entering checkstop mode. In this case, the RCPU will not assert the
checkstop signal to the reset circuitry. This bit is writable once after soft reset.

0 = No reset will occur when checkstop is asserted

1 = Reset will occur when checkstop is asserted

24 CSR

Loss of lock reset enable
0 = Loss of lock does not cause HRESET assertion
25 LOLRE 1 = Loss of lock causes HRESET assertion

Note: if limp mode is enabled, use the COLIR feature instead of setting the LOLRE bit. See
8.12.3 Change of Lock Interrupt Register (COLIR).
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Table 8-10 PLPRCR Bit Descriptions (Continued)

Bit(s) Name Description

26 — Reserved

The DIVF bits control the value of the pre-divider in the SPLL circuit. The DIVF bits can be
read and written at any time. However, the DIVF field can be write-protected by setting the
MF and pre-divider lock (MFPDL) bit in the SCCR. Changing the DIVF bits causes the SPLL
to lose lock.

27:31 DIVF

8.12.3 Change of Lock Interrupt Register (COLIR)

The COLIR is 16-bit read/write register. It controls the change of lock interrupt gener-
ation, and is used for reporting a loss of lock interrupt source. It contains the interrupt
request level and the interrupt status bit. This register is readable and writable at any
time. A status bit is cleared by writing a one (writing a zero does not affect a status bit’s
value). The COLIR is memory mapped into the MPC555 / MPC556 USIU register map.

COLIR — Change of Lock Interrupt Register 0x2F C28C
MSB 2 3 4 5 6 7 8 9 10 11 12 13 14 'SB
0 15
COLIRQ cous| P& |coLE Reserved
served
RESET:
0 0 0 0 0 0 0 0 0 0 u u u u u u

U = Unaffected by reset
Table 8-11 COLIR Bit Descriptions

Bit(s) Name Description

Change of lock interrupt request level. These bits determine the interrupt priority level of the

0:7 COLIRQ change of lock. To specify certain level, the appropriate one of these bits should be set.

If set (“one”), the bit indicates that a change in the PLL lock status was detected. The PLL
8 COLIs was locked and lost lock, or the PLL was unlocked and got locked. The bit should be cleared
by writing a one.

9 — Reserved

Change of Lock Interrupt enable. If COLIE bit is asserted, an interrupt will generate when the
COLIS bit is asserted.

10 COLIE 0 = Change of lock Interrupt disable
1 = Change of lock Interrupt enable
10:15 — Reserved

8.12.4 VDDSRAM Control Register (VSRMCR)

This register contains control bits for enabling or disabling the VDDSRAM supply de-
tection circuit. There are also four bits that indicate the failure detection. All four bits
have the same function and are required to improve the detection capability in extreme
cases.
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VSRMCR — VDDSRAM Control Register 0x2F C290
MgB 1 2 3 4 5 6 7 8 9 10 11 12 13 14 L1SSB
0 LVSRS %’SI'E RESERVED
HARD RESET:
u u u u 0

U 