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MB91360 HARDWARE MANUAL PREFACE

PREFACE

B Objectives and Intended Readership

The MB91360 was developed as a product in the FR50 series of 32-bit, single-chip
microcontrollers. The MB91360 contains a RISC architecture CPU core and is suitable for
embedded applications requiring a high level of CPU processing power.

This manual describes the functions and operation of the MB91360 and is written for engineers
who are developing actual products using MB91360 family products. Refer to the "FR Family
Instruction Manual"for further information on the MB91360 instruction set.

Note: FR: Fujitsu RISC

B Configuration of This Manual

This manual consists of the following chapters:

CHAPTER 1 MB91360 DESCRIPTION

This chapter provides an overview of the MB91360 and describes key information such as
the features, block diagram, and function description.

CHAPTER2 CPU

This chapter describes key information about the functions of the FR50 series CPU core
including the architecture, specifications, and instructions.

CHAPTER 3  INSTRUCTION CACHE

This chapter describes the instruction cache memory included in MB91360 family members
and it operation. This only applies to MB91FV360GA.

CHAPTER4  BOOT ROM / CONFIGURATION REGISTER

This chapter describes the functionality of the embedded boot ROM which is used in single
chip mode.

CHAPTER S5  CLOCK GENERATION AND DEVICE STATES

This chapter describes details about generation and control of the clock used to control the
MB91360. In addition device states and low power modes are explained. This chapter
assumes operation without subclock. For a description of subclock operation see the
corresponding chapter.

CHAPTER6  CLOCK MODULATOR

This chapter provides an overview of the Clock Modulator and its features. It describes the
register structure and operation of the Clock Modulator.

CHAPTER7 I/O PORTS

This chapter provides an overview of 1/O ports, lists the registers, and describes conditions
for using external pins as 1/O ports.

CHAPTER 8 EXTERNAL BUS INTERFACE

This Chapter describes in detail basic information about the external bus interface, the
register structure and functions, bus operation basics and bus timing.
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CHAPTER 9 INTERRUPT CONTROLLER

This Chapter provides an overview of the interrupt controller, describes the register structure
and functions, and describes the interrupt controller operation

CHAPTER 10 EXTERNAL INTERRUPT/NMI CONTROLLER

This chapter provides an overview of the external interrupt/NMI controller, describes the
register structure and functions, and describes the operation of the external interrupt/NMI
controller.

CHAPTER 11 DMA CONTROLLER (DMAC)

This Chapter provides an overview of the DMA controller (DMAC), describes the register
structure and functions, and describes the operation of the DMA controller.

CHAPTER 12 MODULES FOR OS SUPPORT

This Chapter provides an overview of the delayed interrupt and the bit search module and
describes their register structure and functions, operation, and save and restore processing
for the search module.

CHAPTER 13 PWM TIMER

This chapter provides an overview of the PWM timer, describes the register structure and
functions, and describes the operation of the PWM timer.

CHAPTER 14 A/D CONVERTER

This chapter provides an overview of the A/D converter, describes the register structure and
functions, and describes the operation of the A/D converter.

CHAPTER 15 16-BIT RELOAD TIMER

This chapter provides an overview of the 16-bit reload timer, describes the register structure/
functions, and describes the operation of the 16-bit reload timer.

CHAPTER 16 CAN CONTROLLER

This Chapter provides an overview of the CAN Interface, describes the register structure and
functions, and describes the operation of the CAN Interface.

CHAPTER 17 D/A CONVERTER

This Chapter provides an overview of the D/A converter, describes the register structure and
functions, and describes the operarton of the D/A converter.

CHAPTER 18 100 kHz I12C INTERFACE

This section describes the functions and operation of the MB91360 series basic 12C
interface. This interface allows operation up to 100 kHz and 8-bit-addressing.

CHAPTER 19 400 kHz I2C INTERFACE
This section describes the functions and operation of the fast I12C interface.
CHAPTER 20 16-BIT I/O TIMER

The MB91360 Series contains two 16-bit free-running timer modules, two output compare
modules, and two input capture modules and supports four input channels and four output
channels.

CHAPTER 21 ALARM COMPARATOR

This chapter provides an overview of the Alarm Comparator (also called Under/Overvoltage
Detection), describes the register structure and functions, and describes the operation of the
Alarm Comparator.



MB91360 HARDWARE MANUAL PREFACE

CHAPTER 22 POWER DOWN RESET

This Chapter provides an overview of the Power Down Reset, describes the register
structure and functions, and describes the operation of the Power Down Reset Module

CHAPTER 23 SERIAL I/O INTERFACE (SIO)

This Chapter provides an overview of the Serial I/O Interface (SIO), describes the register
structure and functions, and describes the operation of the SIO.

CHAPTER 24 SOUND GENERATOR

This Chapter provides an overview of the Sound Generator, describes the register structure
and functions, and describe the operation of the Sound Generator.

CHAPTER 25 STEPPER MOTOR CONTROLLER

This Chapter provides an overview of the Stepper Motor Control Module, describe the
register structure and functions, and described the operation of the Stepper Motor Control
Module.

CHAPTER 26 U-TIMER

The U-timer (U-TIMER) is a 16-bit timer used to generate the baud rate for the UART. This
chapter provides an overview of the U-timer, describes the register structure and functions,
and describes the operation of the U-timer.

CHAPTER 27 UART

The UART is a serial I/O port for performing asynchronous (start bit synchronization)
communications. This chapter provides an overview of the UART, describes the register
structure and functions, and describes the operation of the UART.

CHAPTER 28 USART WITH LIN-FUNCTIONALITY

This chapter explains the functions and operation of USART. The USART with LIN (Local
Interconnect Network) - Function is a general-purpose serial data communication interface
for performing synchronous or asynchronous communication with external devices.

CHAPTER 29 REAL TIME CLOCK

This Chaper provides an overview of the Real Time Clock (also called Watchtimer),
describes the register structure and functions , and describes the operation of RTC module.

CHAPTER 30 SUBCLOCK
This section describes the functions and operation of the subclock
CHAPTER 31 32kHz CLOCK CALIBRATION UNIT

The 32kHz Clock Calibration Module provides possibilities to calibrate the 32kHz oscillation
clock with respect to the 4MHz oscillation clock. This chapter gives an overview of the
calibration unit, describes the registers and provides some application notes.

CHAPTER 32 FLASH MEMORY

MB91360 devices feature 256 KB, 512 KB or 768 KB of embedded flash memory. It is
connected to the F-bus.

CHAPTER 33 EDSU

The Embedded Debug Support Unit (EDSU) is a module which enables basic in circuit
debugging support functions on single chip FLASH MCU devices.

CHAPTER 34 ELECTRICAL SPECIFICATION

This Chapter provides information on maximum ratings, operating conditions and AC
iii
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specifications.

Appendices

The appendices contain details that could not be included in the main text and reference
information for programming. These include the “I/O Map, ” “Interrupt Vectors, ” “Pin States
in Each CPU State, and “Instructions”.

B Trademarks

FR is an abbreviation for FUJITSU RISC controller, and is a product of Fujitsu, Ltd.
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» The contents of this document are subject to change without notice. Customers are advised to consult
with FUJITSU sales representatives before ordering.

» The information and circuit diagrams in this document are presented as examples of semiconductor
device applications, and are not intended to be incorporated in devices for actual use. Also, FUJITSU is
unable to assume responsibility for infringement of any patent rights or other rights of third parties
arising from the use of this information or circuit diagrams.

» The products described in this document are designed, and manufactured as contemplated for general
use, including without limitation, ordinary industrial use, general office use, personal use, and household
use, but are not designed, developed and manufactured as contemplated (1) for use accompanying fatal
risks or dangers that, unless extremely high safety is secured, could have a serious effect to the public,
and could lead directly to death, personal injury, severe physical damage or other loss (i.e., nuclear
reaction control in nuclear facility, aircraft flight control, air traffic control, mass transport control, medical
life support system, missile launch control in weapon system), or (2) for use requiring extremely high
reliability (i.e., submersible repeater and artificial satellite).

Please note that Fujitsu will not be liable against you and/or any third party for any claims or damages
arising in connection with above-mentioned uses of the products.

* Any semiconductor devices have an inherent chance of failure. You must protect against injury,
damage or loss from such failures by incorporating safety design measures into your facility and
equipment such as redundancy, fire protection, and prevention of over-current levels and other
abnormal operating conditions.

» If any products described in this document represent goods or technologies subject to certain
restrictions on export under the Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export of those products from Japan.

] 2002 FUJITSU LIMITED Printed in Japan



PREFACE MB91360 HARDWARE MANUAL

Vi



MB91360 HARDWARE MANUAL CONTENTS

1 MB91360 DESCRIPTION ....cuiiiiiiiiiriirerrnsresisesssnsresssesssnssesssessrassenssenssasssasssnssenssassen 1
1.1 MBO1360 FEATURES ... et e et e e e e e et e e e e e e s aabeeeaees 2
1.2 MB91360 PRODUCT LINEUP ...t e e e 4
1.3 PACKAGE DIMENSIONS ... e e e e e e e e e e e e e e e e e e e e e e e e ee e rare e e ar e nans 8
1.4 MB91360 BLOCK STRUCTURE ..ottt 9
1.5 PIN ASSIGNIMENT e e e e e e e et e e e e e e et e e e e s ee b e e eaeseeeanseeeeens 17
1.51 Pin Diagram MBOTFV3B0GA ...ttt e e e e e e e e e 17

1.5.2 Pin Diagram MBO1TF362GB .........cccueiiiiiiiiiee e 18

1.5.3 Pin Diagram MBOTF364G ..ottt e e e e e e e e s 19

154 Pin Diagram MBOTF3B9GA ...t a e e e e e e e 20

1.5.5 Pin Diagram MBO1TF365GB ...t 21

1.5.6 Pin Diagram MB91F366GB/MBO1F376G ........ccccciiiiiiieeeeee e 22

1.5.7 Pin Diagram MBOTF367GB ........cccciiiiieiieie e 23

1.5.8 Pin Diagram MBO1TF368GB .........cccuuiiiiiiiiiee e 24

1.59 Pin Diagram MBO1366GA ........cooiiiiiiee et e e e e e e e e e e e s anes 25

1.6 /O PINS AND THEIR FUNCTION ...ttt e e et e e e e s e e ea e 26
1.6.1 MB91FV360GA 1/0O Pins and Their FUNCLON ...........oovvuuiiiiiiiee e, 26

1.6.2 MB91F362GB I/0O Pins and Their FUNCHION ........ccooooviiiiiiiiiieeeee e 38

1.6.3 MB91F364G I/O Pins and Their FUNCLION ..........cooviiiiiieiiieeeeeeeeeeee e 44

164 MB91F369GA I/0 Pins and Their FUNCHION ........ccoooiiiiiiiiiiieeee e 48

1.6.5 MB91F365GB/F366GB/F376G, MB91366GA /O PINS ...ccoovvveeieeieeeeeeeeeee 53

1.6.6 MB91F367GB/F368GB 1/O Pins and Their Function ..........ccccocoeeeiiiiiiiiieeeeeeeeenn, 57

1.6.7 [/O CirCUit TYPE LSt .o e 61

1.7 /O CIRCUIT TYPES ..ottt e e e e e e e e e e e e e e e e et e et e s 62
1.8 MEMORY SP A CE ...t 70
1.9 HANDLING DEVICES ... oottt 71
2 o TSP 75
2.1 CPU ARCHITECTURE ...ttt et e e e e e e e et e e e e e e e e e e e e e eeebaneeas 76
2.2 CPU HARDWARE STRUGCTURE ..ottt ettt e e e e e e e e e e 78
2.3 INTERNAL ARCHITECTURE OF THE FRS5O0 .....coveeieieiteeeeeeee et 80
24 PROGRAMMING MODEL ... et 83
2.4.1 General-purpose REGISIEIS .......cciiiiiiiieee e 84

242 Dedicated REGISIEIS ......ccooieeiii i 85

2.4.3 Program Status Register (PS) ......ccuuuiiiiiiiieieeee e 88

2.5 DATA STRUCGTURE ...ttt e e e et e e e e e et e e e e e ee e e e e erenaaseeeeeees 92
2.5.1 LAY o I e T 2T o L R 93

2.6 MEMORY M A P e et 94
2.7 INS T RUCTIONS e e 96
2.71 Overview of Instructions and Basic Instructions ..o 97

2.7.2 Branch INStIUCLIONS ...t e e e e e e e e e e e e enaanaes 101

2.8 EIT (EXCEPTIONS, INTERRUPT, TRAP) ..ottt a e e 105
2.8.1 Multiple EIT ProCeSSIiNg .....cccooeiiiiiiieeieeeeeeeeee s e s e e e s e e e e e e e aa e e e e eeeeeeeaeeeeeens 111

Vi



CONTENTS MB91360 HARDWARE MANUAL

2.8.2 [ I IO o= =1 o o SR 113

2.9 RESET (DEVICE INITIALIZATION) .ottt ettt ettt et e e e e st ee e e s snnaeeaenns 117
2.9.1 L@ Ty {1 = PRSPPI 117

29.2 RESEE LEVEL ... 117

293 RESEE SOUICE ...t e e ree e e e 118

294 RESEE SEQUENCE ..o e e e e e 120

295 Oscillation Stabilization Waiting Time ........cccceiiiiiiiieiiee e 121

2.9.6 RESEE MOUE ... 123

210  OPERATING MODES ... .ottt ettt e e et e e e e et e e e e e anbe e e e e e antbeeeeeenees 125
2101 BUS MOAE ...t 125

2.10.2 MOAE SELHING ..evveieiiiiiiee e a e 126

2.10.3 FIXEA VECLOT ..o 127

3 INSTRUCTION CACHE .......ccoooiiieeeeeteeeeeen s s s s s s s s e s s e ss s s s s s smss s s s ss s s s snsnnnnnnns 129
3.1 GENERAL DESCRIPTION ...ttt ettt ettt e sttt e st e e e snnaaeae s snnneeaesnnnnneens 130
3.2 MAIN BODY STRUCTURE .....ooiiiitiiiii ettt ettt e e e et e e e e st e eaesnnseeeesennsaeeaeaas 130
3.3 VARIOUS OPERATING MODE CONDITIONS ...t 136
3.4 INSTRUCTION CACHE SPACE FOR CACHING .....ccoiiiiiiieiiee e 137
3.5 SETUP FOR FR50 I-CACHE USAGE .......oeiiiiiiiiiiee ettt 137
4 BOOT ROM / CONFIGURATION REGISTER ... reremee e e e e 139
4.1 BOOT ROM ..ttt ettt e e e et e e e e ettt e e s eatteeeeesastaeeeeseasteeeeeaasssaeeesasseeeeeanes 140
4.2 CONFIGURATION REGISTER (F362 MODE REGISTER F362MD) .......cccevvveiiiiienieiinaenn. 144
5 CLOCK GENERATION AND DEVICE STATES........cooiieeeeeeenssssssssssseeseesenenens 147
5.1 CLOCK GENERATION OQUTLINE ....ouiiiiiiiiiieie ettt e e e e e e ennnnnees 149
5.2 BASE CLOCK GENERATION ..ottt ettt e e e st e e e e snsaeee e s snneeeaeans 149
5.3 PLL CONTROL .ettiii ittt ettt ettt s et e e ettt e e e e st e e e e e sntaeeeeesntbaeeeessntaeeaessnsbseeeesansaneaanans 150
5.3.1 PLL Oscillation Enable/Disable ............coiciiiiiiiiiiieeeeeee e 150

5.3.2 PLL MUHIPIY RAIE ..eeieeie et 150

54 WAITING TIMES ...ttt e et e e s e n et e e e s aneb e e e e e ansbeeaesennnreeeeeanees 151
5.5 CLOCK DISTRIBUTION ..ottt ittt ettt sttt e st e e e snee e e e s nsaeeeesnnneeeean 153
5.6 CLOCK PULSE DIVISION ..ottt ittt et ea e s s estee e e s anstee e s e enraeeasennsneeaesennnes 155
5.7 CLOCK GENERATION CONTROL ...uviiiiiiiiiiiie it s ettt eeeseittee s ee e s ssnseeaessensaeeaesnnnnnees 156
5.8 REGISTERS IN CLOCK GENERATION CONTROL BLOCK .....ccvviiieiiiiieee e 157
5.8.1 RSRR: Reset Source Register, Watchdog Timer Control Register .................... 157

5.8.2 STCR: Standby Control REGIStEr .........ccociiiiiiiiiiiiiee e 159

5.8.3 TBCR: Time-base counter control register ..........ccccceeeeeeiiiiiiiiiiiiee e, 161

5.8.4 CTBR: Time-base counter clear register ..........cccccvveeiiiiiiiiiiee e 163

5.8.5 CLKR: Clock source control register ..........ccccouiiiiiiiieeiii i 164

5.8.6 WPR Watchdog reset generation postponement register ...........ccoovvvvvvvvviivinnnnns 166

5.8.7 DIVRO: Base clock division setting register 0 ...........ccccceeiiiiiiiiiiiiiiiieeeeeeeeeeeeeee, 167

5.8.8 DIVR1: Base clock division setting register 1 ..........cccooceiiiiiiiiiiiiiiiieeeeeeeeee, 171

5.8.9 CMCR: Clock Control for CAN MOdUIES ........cccoiiiiiiiiiiiiiiee e 172

5.8.10 Y10 N I o ] o PSSR 172

5.9 SWITCHING FROM/TO CLOCK SOURCE PLL ...ooiiiiiiiiiieiiiiiee e 173
5.9.1 INEFOAUCTION ..t e e 173

viii



MB91360 HARDWARE MANUAL CONTENTS

5.9.2 Reduction of Internal Voltage Change ..........cccccoiiiiiiiiiiiie e 173

593 104 (o To1 Q1 1Y/ [ o [1] =1 (o) PR 174

594 g o ToT =Y o [ USRI 174

5.10 CLOCK CONTROL SECTION RESOURGCES ........cccctiiiieiiiiiiee ettt staee e sraaeea e 176
5.10.1 TimMe-base COUNLEE .......oooiiiiiii e e 176

5.11 DEVICE STATE CONTROL ..ottt sttt sttt e e e e e s nneeeeas 179
5.11.1 Device States and State Transition .........cccoccoieiiiiiiii e, 179

5.11.2 Priority Of Each State Transition Request ...........ccccooiiiiiiieiiiiiieeeeee e 181

5.12 LOW POWER CONSUMPTION MODES ........cctiiiiiiiiiiiee ettt e rteeaeesnnneea e 182
5121 R[5 o 101V o o - SRR 182

512.2 Stop MOdE/RTC MOAE ..ot e e e 184

5.12.3 Hardware Standby MO ........ccuiiiiiiiii e 185

5124 Transition from 4MHz RTC Mode to RUN Mode ... 189

6 CLOCK MODULATOR ... cciciercessseersmsssssssssssmmsss s s s s s smnsssssssensmnssssssssnmnnssssssnnnnnns 191
6.1 OVERVIEW ..ttt e e ettt e e e sttt e e e e st e e e e e antbee e e s esnreeeeeennnees 192
6.2 REGISTER DESCRIPTION .....uiiiiiiiiiiiee ittt e st e e e e snenae e e snneeeeas 194
6.2.1 Control Register (CMCR) ....ooiiiiiiiiic et 195

6.2.2 Modulation Parameter Register (CMPR) ...t 199

6.2.3 Frequency Resolution Setting Register (CMLS0..3) .....oovvvieeiiiiiiiiiiiiiieieeeeeeee 199

6.2.4 Random Number Generator and Observer Register (CMLTO0..3) .......cccceeeeinnns 200

6.2.5 Automatic Calibration Reload Timer Value (CMAC) ........cccocviiiieiieeeieeciiieee, 202

6.2.6 Status RegiSter (CMTS) ..o a e 203

6.3 APPENDIX oottt e ettt e et e e e e et e e e et b ae e e e e e taeeae e e traeaeeaaraeeaeearareaaeaans 204
6.3.1 Modulation Parameter selection ... 204

6.3.2 Configuration FIOWChart ... 205

6.3.3 (=520 0] o1 (SN o4 0o = o o SRR 206

6.3.4 POSSIDIE SEHINGS ... 208

7 1 2N = 1 0 1= 211
7.1 I/O PORTS AND REGISTER CONFIGURATION ..ottt 212
7.1.1 Port Data RegiISTErs ......cooiiiiiii i 214

7.1.2 Data Direction Registers (DDR) .....coooiiiiiiiiiiiieieeee e 216

713 Port Function Registers (PFR) ........ouviiiiiiiiiiii e 218

7.2 PORT FUNCTION REGISTER SETTINGS ......ottiiiiiiiiiie ettt et ee e nnnanea e 220
8 EXTERNAL BUS INTERFACE.........ccostueusenesseesseseessesssessesssssssssssssesassssesssessssanees 229
8.1 BUS INTERFAQGE ..ottt ettt s et e e e ettt e e e et te e e e e anbbeeeeeannbeeeeeanneeeas 230
8.1.1 FRALUIES ..ottt e e 230

8.1.2 [Tt QD= o | - o o 1PN 231

8.1.3 OVEIVIBW .ttt et e s e ettt e e e ettt e e e e e st e e e e e st beee e e enreeeeeennnees 232

8.14 T[] (Y o I PPN 233

8.1.5 Description Of REGISTEIS .....cocoiiiiiiee e a e e 234

8.2 BUS OPERATION ..ottt ettt e e et e e e ettt e e e e mb e e e e e ntbee e e e ennreeeeeeennees 247
8.2.1 Relationship between Data Bus Width and Control Signal ...........cccocceiiiineen. 247

8.2.2 Big-endian BUS ACCESS ......ooiiiiiiiiie it 247

8.2.3 EXternal BUS ACCESS ....iiiiiiiiiiiii ettt e e e e e e e e 253

8.3 BUS SIGNALS ..ttt et e et e s et e e e s e et e e e asessteeeeennseaeaeananreeaeeeeansees 259



CONTENTS

10

11

8.4 BUS TIMING ...ttt s e e e e st e e e st e e e e e anteeeeeesntbaeeeeesnseeeeessnsbseaeessnssneaanans 260
8.4.1 NOIMAl BUS ACCESS ...eiiiiiii ettt e e e e e e e e e e e e nnees 260
8.4.2 32 Bit BUS WIALN .. aa e 262
8.4.3 B Bit BUS WIdLh ... 266
8.4.4 [AIE CYCIES .t 268
8.4.5 Wait Cycle OPeration ..........coooiuiiiiiiiiiiiee e 269
8.4.6 External Bus ReqUEST ... 270
8.5 USING THE BUS INTERFACE AS GENERAL I/O PORTS .....ooiiiiiiieiiiieee e 271
8.5.1 INEFOAUCTION ..t e e 271
8.5.2 PrECAUSIONS ...ttt e e e e e e e e e e e 271
8.5.3 USEA REGISTEIS .ottt e s e e e e e e e e e e e e e eeeees 272
8.5.4 Software Workaround, if CAN iS NOt USEd .........cccueiiiiiiiiiiiieiiiee e 273
8.5.5 Software Workaround, if CAN iS USEd ........cceeiiiiiiiiiiiiiie e 275
INTERRUPT CONTROLLER. ... s 277
9.1 OVERVIEW ..ttt ettt e ettt e e ettt e e e e ettt e e e essae e e e s nsseeeesasssaeeeanssaeeeeannnnneeeas 278
9.2 LIST OF REGISTERS ..ottt ettt et e e e st e e e e st e e e e e snsbaeeeesasneaaanans 279
9.3 BLOCK DIAGRAM ...ttt ettt ettt e e e ettt e e ettt e e e st e e e e e e st b e e e e e snbaeeeeesnsbaeeeesansaneaanans 281
9.4 DETAILED EXPLANATION OF REGISTERS .....cooiiiiiiie e 282
9.4.1 ICR (Interrupt Control REGISIEI) .....ccoceiieiieeeee e 282
9.4.2 HRCL (Hold Request Cancel Level register) .......cccoveeiiiiiiiiiiiiiiiieieeeeeceeecie 283
9.5 EXPLANATION OF OPERATION ..ottt ettt ettt e e snnte e e e s eneeeee e 284
9.5.1 Priority @valuation ............oooiiiiiiii e 284
9.5.2 NMI (Non-Maskable INterrupt) .........oooooiiiiiiii e 284
9.5.3 Hold request cancel request (HRCL) .....c.oooiiiiiiiiiii e 284
9.54 Recovery from standby mode (Stop/sleep) .......ccvveiiiiiiiiiiiii e 285
9.5.5 Example of using the HRCL function ........cccooiiiiiii e 285
EXTERNAL INTERRUPT/NMI CONTROLLER.........coociririiininirrenrn e 289
10.1 OVERVIEW OF THE EXTERNAL INTERUPT CONTROLLER ........ccoeiiiiiiiiiiiiiee e, 290
10.2 EXTERNAL INTERRUPT CONTROLLER REGISTERS .......cooiiiiiiiiiiiiieeeceee e 291
10.3 OPERATION OF THE EXT. INTERRUPT CONTROLLER ......cocoiiiiiiiiiiiee e 293
DMA CONTROLLER (DMAQC) .....oiiiiiiiiiiiirrnnsssesssssssssssssssssss s s s s s s ss s nmsssssssssssssas 297
111 L@ 11 8 I PR 299
11.2  OUTLINE OF REGISTERS ...ttt et e et e e e snaeeee e 300
11.3  BLOCK DIAGRAM ...ttt ettt et e e e e ettt e e e sttt e e e e sbteeeeesbbeeeaesanaeeeeeans 301
11.4  DETAILED EXPLANATION OF REGISTERS .....cooiiiiiiiii e 302
11.4.1 Notes on setting registers ... 302
11.4.2 DMAC - Channel 0,1,2,3,4 control/status register A ..., 302
11.4.3 DMAC - Channel 0,1,2,3,4 control/status register B ..........ccccooiiiiiiiiiie 306
11.4.4 DMAC - Ch.0-4 transfer source/destination address reg. .........ccccccveiviiiieeenenne 312
11.4.5 DMAC - Channel 0,1,2,3,4 overall control register ............ccocoiiiiiiiiiiiiie, 313
T1.5  OPERATION ..ottt e e ettt e e e ettt e e e e sata e eeeesatbeeeeeesntaeeaesansbaeeessansaneaenans 315
11.5.1 L@ T {11 = USRS 315
11.5.2 Setting a transfer reqQUESE ... 317
11.5.3 Transfer SEQUENCE ... 318
1154 General DMA transfer ... 322

MB91360 HARDWARE MANUAL



MB91360 HARDWARE MANUAL CONTENTS

11.5.5 AAAresSiNg MOAE .....cooiiuiiiiiiiieii et e e e sbeeee e e 323

11.5.6 Data tYPE ... 324

11.5.7 Controlling the transfer Count ... 324

11.5.8 Controlling the CPU ... e 325

11.5.9 HoOId intervention ......... ..o 325

11.5.10  Operation Start ... 326

11.5.11  Accepting a transfer request and performing transfer .............cccccooiiiiiis 326

11.5.12  Clearing a peripheral interrupt by the DMA ... ..o 326

R Tt I B =T 0T o] = VA< (o o 327

11.5.14  Operation termination/StoP ........ ..o 327

L T K TS (o) o Jo [ 1= (o TF=T o I =Y o S 328

11.5.16  DMAC interrupt CONrol ..o 328

11.5.17  DMA transfer during SIEEP .......oeeiiiiiiiiii e 329

11.5.18 Channel selection and CONtrol ... 330

11.5.19  External Pin and Internal Operation Timing .........ccccccoriiiiiiiiiiiiniiieeeiieeeee 331

11.6  OPERATION FLOW ..ottt ittt et s ettt e e e et e e e e et e e e e ent e e e e e snteeeeeennees 334
11.6.1 BlOCK transfer ... 334

11.6.2 BUISt IraNS er .. e 335

11.6.3 Demand transfer ... e 336

T1.7  DATA BUS e e et e e e e ettt e e e ettt e e e et e e e e e nt bt e e e e e nnraeeeeennrees 337
11.71 Data flow for two-Cycle transfer ..., 337

11.7.2 Data flow for fly-by transfer ... 339

11.8  EXTERNAL DMA SIGNALS ...ttt ettt e e s bee e e e eennaee e e e annees 340
T1.9  EXAMPLES ..ottt et e e et e e e et e e e et e e e e e be e e e e nnre e e e e anreeeeennrres 341
12 MODULES FOR OS SUPPORT ... rnr s s s n s s s s s msmanas 347
121 DELAYED INTERRUPT .ottt ettt e sttt e e ettt e e e e et e e e e snnnnee e e s anneeeas 348
12.2  BIT SEARCH MODULE .....oooiiiiiiiii ettt ettt e e et e e e e ennae e e e e e 349
12.2.1 Overview of the Bit Search Module ...........cccoooiiiiiiii e 349

12.2.2 Bit Search Module ReGISIEIS ..........c..uviiiiiiiiie e 350

12.2.3 Bit Search Module Operation and Save and Restore Processing ...................... 351

13 PWM TIMER ... st s s e s s s e e s smma s e s s s s n s s e e e nmmn e s e e e e mm s e e e nmmnnnas 355
13.1 OVERVIEW OF THE PWM TIMER ......ooiiiiiiiiie ettt 356
13.2 PWM TIMER REGISTERS ...ttt ettt e et e e e e 359
13.2.1 Control Status Registers (PCNH, PCNL) ......oooooiiiiiiiieee e 361

13.2.2 PWM Cycle Setting Register (PCSR) .....oooooiiiiiiieeeeee e 364

13.2.3 PWM Duty Setting Register (PDUT) ......cooiiiieeeee e 365

13.2.4 PWM Timer Register (PTMR) .......uuiiiiiiiiiiec ettt e 366

13.2.5 General Control Register 1 (GCN10,GCN11) ..o 367

13.2.6 Disable/General Control Register 2 (GCN20, GCN21) .....oevveiiiiiiieiiiiiiee e, 372

13.3  PWM TIMER OPERATION ..ottt ettt et e e e et e e e e e 373
13.3.1 PWM OPEeration ...ttt e e e e e e e e s e e e eeaae e e e e aannns 374

13.3.2 One-Shot OPeration ... 376

13.3.3 a1 (=T 5 (U] ) S 378

13.34 AlL"L" and All "H" PWM OULPULS ......eviieeieiiiiie e 379

13.3.5 Activating Multiple PWM Timer Channels ............ccccooiiiiiii s 380

14 A/D CONVERTER ... rrnrms s s e s s s s s s s mmas s s e s e mm s e s s e e mmmn s e e r e s 383
141 OVERVIEW . ettt e e ettt e e e sttt e e e e s abte e e e e antbee e e e eanreeeaeennnees 384

Xi



CONTENTS MB91360 HARDWARE MANUAL

(3 S = €1 S I o I 1S SRR 385
14.3  BLOCK DIAGRAM ..ottt ettt sttt e et e et e et e e e aneeeeaneeeemneeeaneeeeanneeeanne 386
14.4  DETAILED REGISTER DESCRIPTIONS ..ottt 387
14.4 1 ADCH (A/D Channel Setting RegiSter) .........cccviiiiiiiei e 387

14.4.2 ADMD (A/D M0ode REJISIET) ....coviiiiiiiiiiiiie ettt 389

14.4.3 ADCS (A/D Control Status Register) ..o 391

14.4.4 ADCD (A/D Data REJISTET) ...coieiiieiiieeiiiiiie et 393

14.45 ADBL (A/D Disable ReGIStEI) .......ccovuiiiiiieiiiie ettt 393

14.5  ADC OPERATION .ttt ettt ettt nan e e bt e e e 394
14.5.1 SINGIE MOUE ...ttt 394

14.5.2 ContiNUOUS MOAE ..o e e e 394

14.5.3 1 (o] o 8 1Y/ [ To [ 394

14.5.4 Conversion Operations Using DMA ...t 395

14.5.5 Conversion Data Protection FUNCHON ..........ccoocuiiiiiiiiiiie 395

14.6 OTHER PRECAUTIONARY INFORMATION ....oiiiiiiiiiiiiii ittt 397
15 16-BIT RELOAD TIMER ........ee i 399
15.1 OVERVIEW OF THE 16-BIT RELOAD TIMER ......oiiiiiiiiiieee e 400
15.2  16-BIT RELOAD TIMER REGISTERS ......ooiiiiiiiiie e 402
15.2.1 Control Status Register (TMCSR) ........cooiiiiiiiiee e 402

15.2.2 16-bit Timer Register (TMR) .....ccoiiiiiiiie e 403

15.2.3 16-bit Reload Register (TMRLR) .....c.ooiiiiiiiiiieciiie e 404

15.3  OPERATION OF THE 16-BIT RELOAD TIMER ..ottt 405
15.3.1 Internal CloCK OPEration ... e 405

15.3.2 Underflow OPEeration ..........cccoieiiiiiiiiiii e 405

15.3.3 Counter Operation States ...........ooiiiiiiiiiii e 406

15.3.4 Other OPErations ........ooioi oo e e e e e e e neees 407

16 CAN CONTROLLER.........iriiir s s 409
16.1 LIST OF CONTROL REGISTERS ...ttt 411
16.2  MESSAGE BUFFERS ... ..ottt 413
16.3  BLOCK DIAGRADM ...ttt ettt et e et e e te e e e e et e e e anseeeaaneeesmneeeaneeeeanneeeanee 419
16.4  OVERALL CONTROL REGISTER ... .ottt e e 420
16.4.1 CSR: Control Status RegiSter ...........ooiiiiiiiiii e 420

16.4.2 LEIR: Last Event Indicator Register .........ccccoiiiiiiiiiiii e 423

16.5 RTEC: RECEIVE AND TRANSMIT ERROR COUNTERS .......ccociiiiiiiieiiiee e 424
16.6  BTR: BIT TIMING REGISTER ...ttt 425
16.7 MESSAGE BUFFER CONTROL REGISTERS ......coooiiiiiiiiieiiiie e 427
16.7.1 BVALR: Message Buffer Valid Register ...........coccciiiiiiiiiii e 427

16.7.2 IDER: IDE FEQISTEI . ..eeeiiiiiiiiiie et 427

16.7.3 TREQR: Transmission Request Register ... 428

16.7.4 TRTRR: Transmission RTR RegISter ........cccviiiiiiiiiiiiii e, 429

16.7.5 RFWTR: Remote Frame Receiving Wait Register ..........cccccceiiiii 429

16.7.6 TCANR: Transmission Cancel Register .........cccooiuiiiiiiiiiii e, 430

16.7.7 TCR: Transmission Complete Register ..o, 430

16.7.8 TIER: Transmission Interrupt Enable Register ..........ccooooviiiiiiiiieeees 431

16.7.9 RCR: Reception Complete Register ... 431

16.7.10 RRTRR: Remote Request Receiving Register ..........ccccoiiiiiiiiiiiiiiiiniee e, 432

Xii



MB91360 HARDWARE MANUAL CONTENTS

16.7.11  ROVRR: Receive Overrun Register ... 433

16.7.12 RIER: Reception Interrupt Enable Register ... 433

16.7.13 AMSR: Acceptance Mask Select Register ...........ccccoiiiiiiiii e 434

16.7.14 AMRO and AMR1: Acceptance Mask Registers 0 and 1 ..........cccoeieeiiiiiieennnns 435

16.8  MESSAGE BUFFERS ...ttt ettt et e et e e smte e e snee e e smneeeanneaea 437
16.8.1 IDRx: ID Register X (X = 010 15) ...oviiiiiiiiiiiciiee e 438

16.8.2 DLCRx: DLC Register X (X =010 15) ..eiiiiiiiiiiiieiee e 439

16.8.3 DTRx: Data Register X (X = 010 15) ..ooviiiiiiiiiiieeee e 440

16.9 CREG: INTERFACE CONTROL REGISTER .....ciiiiiiiiiiieiiiecec et 442
16.10  TRANSMISSION ...ttt ettt et san et e s e e nneees 444
2 B O =X O = I (] SR 446
16.12  USAGE PROCEDURE ...ttt ettt e e en e et eeeemnae e emeeeeeneeas 449
16.12.1  Setting Bit TIMING ..oeoiiiiiiiiei e 449

16.12.2  Setting Frame FOrmat ........ooo i 449

(G R T 7= 11T 1 SR 449

16.12.4  Setting Acceptance Filter ...........ooo i e 449

16.12.5 Procedure for Transmission by Message Buffer (X) ........ccccooiieiiiiiiiiiieennns 449

16.12.6  Procedure for Reception by Message Buffer (X) .......ccccccciiiiiiniiiiiiiieees 451

16.12.7  Setting Configuration of Multi-level Message Buffer ...........cccccciiiiiinis 452

17 D/A CONVERTER ...t s s s s mn s 455
171 BLOCK DIAGRAM ...ttt sttt e st e et e s bt e sbe e e ennee e e nnreeea 456
17.2  REGISTERS ittt ettt s bt st e ea bt e sb e e sb e sre e e s eas 457
17.3  REGISTER DETAILLS ... oottt ettt ettt ettt s e st e e ent e e emt e e smnee e smeeeeeneeas 457
17.3.1 DACR (D/A control register) ..o 457

17.3.2 DADR (D/A data register) e 458

17.3.3 DDBL (D/A clock control register) ..o 458

17.4  OPERATIONS ..ottt ettt et et e e ettt e e et e e et e e e smseeeaneeeeamseeeannaeeeneeeanneeas 459
18 100 KHZ 12C INTERFAGCE........coieueueemresreessesssessessssse s sssessssssessssssssssssessssssessssanes 461
18.1 [2C INTERFACE OVERVIEW ...ttt 462
18.2  12C INTERFACE BLOCK DIAGRAM ...ttt 464
18.3  12C REGISTERS ...ttt ettt e et e e s nee e e nae e aneeeeeneeeenneeas 465
18.3.1 Bus Status Register (IBSR) .........uiiiiiiiiiii e 465

18.3.2 Bus Ccontrol Register (IBCR) ......oooiiiiiiiiii e 467

18.3.3 Clock Control Register (ICCR) ......oiiiiiiiiiie e 470

18.3.4 Address Register (IADR) / Data Register (IDAR) .......ccooeiiiiiiiiiiiieciieeee s 472

18.4  12C INTERFACE OPERATION ..ottt e 473
19 400 KHZ 12C INTERFAGCE........coieureueemresreessessssssessssssesssssessssssesssssssssssssessssssessssanes 475
19.1 [2C INTERFACE OVERVIEW ... ettt e e et e e e 476
19.2  12C INTERFACE REGISTERS ... ittt e e smee e e eneeas 478
19.2.1 Bus Status Register (IBSR2) ........cooiiiiiiiiii e 480

19.2.2 Bus Control Register (IBCR2) .......coooiiiiiii e 483

19.2.3 Ten Bit Slave Address Register (ITBA) .....oooiiiiiiii e 487

19.2.4 Ten Bit Address Mask Register (ITMK) .......coooiiiiiiiiii e 488

19.2.5 Seven Bit Slave Address Register (ISBA) ......c.uiiiiiiii e 489

19.2.6 Seven Bit Slave Address Mask Register (ISMK) ..., 490

xiii



CONTENTS MB91360 HARDWARE MANUAL

19.2.7 Data Register (IDAR2) ..o 491

19.2.8 Clock Control Register (ICCR2) ......c.uiiiiiiiiiie e 492

19.2.9 Clock Disable Register (IDBL2) ........c.uuiiiiiiiiiieeiieiee et 494

19.3  12C INTERFACE OPERATION ...ttt ettt ettt e e e st e e e s sttae e e e s snraneaeens 495
19.4 PROGRAMMING FLOW CHARTS ..ottt ettt e e s e e e snaeeee s 498
20 16-BIT /O TIMER........coiiiiiiiiiiiriireeemenssssssss s s s s e s e s e s es s nssss s ssssssssssssssessnsnnnnnnnnnnn 501
20.1 FUNCTION OVERVIEW ..ottt e et a e e st e e e e e nteee e e ennneaeeeennes 502
20.2  REGISTERS ..ottt e e e e e e et e e e e e st ae e e e e et eeeeeeanbee e e e e anteeeeeeanrraeeeeenres 503
20.3  BLOCK DIAGRAM ittt e et e e e s te e e e e st te e e e e st e e e e e anreeeeeeanrreeeeeennres 503
20.4  16-BIT FREE-RUNNING TIMER ...ttt e 504
20.4.1 16-bit Free-Running Timer Block Diagram ..o 504

20.4.2 16-bit Free-Running Timer Data register (TCDT)  .cccooviiiiiieeeeee e 504

20.4.3 16-bit F.-R. Timer Control/Status Register (TCCS)  .....cccooiieiiiiiiiieeieee e 505

20.5  OUTPUT COMPARE ...t e e et e e e et e e e e staee e e e e e 507
20.5.1 Output Compare Block Diagram  .....oooiiiiiiie e 507

20.5.2 Output Compare Comparision Register (OCCP) ..., 507

20.5.3 Output Compare Control status register (OCS01) ... 508

20.6  INPUT CAPTURE .....coiiiieiiiiie ettt e e ettt e e e e sttt e e e e este e e e e e eanbe e e e e eanteeeeeeansraeeeeennees 510
20.6.1 Input Capture Block Diagram ... 510

20.6.2 Input Capture Data Register (IPCP) ... 510

20.6.3 Input Capture Control Status Register (ICS) ... 511

20.6.4 Input Capture Disable Register (IOTDBL)  .....oveviiiiiieieeieeeeeee e 512

20.7  OPERATIONS .ottt e e ettt e e e e e et e e e e sste e e e e e snteeeeeasnteeeeeessaeaeeeenees 513
20.7.1 16-bit Free-Running TIMEr .......uuueieiieieie s 513

20.7.2 16-bit OULPUL COMPAIE .....eviiiiiiiiie e e ee e e e 514

20.7.3 16-bit INPUL CAPIUIE ... 515

20.8  TIMING .ottt e e ettt e e e e et e e e e e et e e e e e e bt e e e e e e bt e e e e e anbee e e e e anrreeeeeenees 516
20.8.1 16-bit Free-Running Timer Count TimiNg .........ccoooviiiiiiiiiiiiieee e 516

20.8.2 Output Compare TIMING .....cccoiiiiieiee e e e e e e e e e enn e 517

20.8.3 Input Capture INPUE TIMING ...ooeiiiiei e 518

21 ALARM COMPARATOR .....coccuriurenrereetecteeseesssssssssssessssssssssssssssassssssesssssssneans 519
21.1 BLOCK DIAGRAM .. ittt ettt ettt e e sttt e e e e sttt eeests e eeeessaeeeeesssseeeesansseeaanans 520
21.2  REGISTERS ..ottt ettt e e e et e e e e et e e e e e et e e e e e anbee e e e e anraeeaeeenees 521
21.2.1 Alarm Comparator Clock Disable Register (ACCDBL) ......ccvvvveeeeiiiiiiiiiiiiieeeeeen 521

21.2.2 Alarm Comparator Status Disable Register (ACSR) ......cccccveeveeeiiiiiiiiiiiiieeeeeen, 521

21.3  OPERATION MODES ... .ottt ettt e e et e e e et e e e e e snbee e e e e anbaeeeeeenees 523
21.3.1 Interrupt Mode (IEN=1) ..o 523

21.3.2 Polling Mode (IEN=0) ....ooooiiiiiee et e e ee e e 523

21.3.3 Setting and Resetting of IRQ-Flagbit ..........c.coooiiiiiii e 523

21.3.4 Power Down Modes of the Alarm Comparator ............ccooooiiiiiiiiiiieeee e 524

21.4  SIMULATION OF THE VERILOG MODEL OF ALARM ......ooiiiiiiiiie et 524
22 POWER DOWN RESET.......cooicciiiirrccesssssrrssssssssssssnnssssssssssmssssssssssnsnssssssssnnnsssnses 525
221 OVERVIEW .ttt ettt e e ettt e e ettt e e s bt e e e e snsteee e e s nsseeeeeannnnaeeens 526
A =L €1 1S [ = RSP 527

Xiv



MB91360 HARDWARE MANUAL CONTENTS

22.3  OPERATION MODES ......oiiiitiiiie sttt ettt e et e e s sttt e e e e sssa e e e s s annaeeeessnssseeesannnneeaens 528
22.31 RUN MOAES ...ttt e e e e e e e e e ee e e e e e e e e e e s aannnnnes 528

22.3.2 LOW POWETF IMOAES ...ttt e e e e e e e e e e e e e e e e e e e annns 528

23 SERIAL I/O INTERFACE (SIO) ...cciiiiiiiiiiierieesessnsssss s s s s s s sss s ssssssssss s sssssssssnnnnns 529
23.1 BLOCK DIAGRADM ...ttt ettt ettt e e et e e e e et e e e e e st e e e e enbeeeeeennnees 530
23.2  REGISTERS .. ittt e et e e e et e e e e et e e e e e ann e e e e e ana e e e e e annnra e e e annreees 531
23.3  REGISTER DETAILS ..ottt et e et e e s sttt e e s st e e e s s s e e e e snssaeeesnnneeees 531
23.3.1 Serial Mode Control Status Register (SMCS) .......ocooiiiiiiiii e 531

23.3.2 Serial Shift Data Register (SDR) e 534

23.3.3 S10 Edge Selection / Clock Disable Register (SES) . ....occoiviiiiiiiiiiieece 535

23.4  SERIAL /O PRESCALER ..ottt ettt e e st a e e s ae e e s ennnneeee s 535

DA S I O ] =1 o N I (] RSP 536
23.5.1 L@ 1Ty {1 o R PRURP 536

23.5.2 011190 [ Yo PRSPPI 536

23.5.3 Serial /O OPEration .........oceuiiiiiiiiii e 537

2354 Shift Operation Start/Stop Timing and 1/O TimMiNg .....cccccevviiiieeiiie e 539

23.55 T o 10011 T PSR 541

23.5.6 INtErruPt FUNCLION ...uiieeeee e e e e e e e 541

23.5.7 Negative Clock Operation ...........ccccuviiiiiiiie e e 541

24 SOUND GENERATOR ........ccciiiiiiiiiiririrse s sss s s e s s s e s s s s ns s nsnsssssssssssssssssssnsnnnnns 543
24 1 BLOCK DIAGRADM ...ttt ettt e e e ee e e et ee e e e e st e e e e antbeeeeeenteeeeeeensees 544
242  REGISTERS ...ttt et e e e et e e e e et e e e e e anasee e e e e e naeeeeeannntee e e nnnreees 545
243  REGISTER DETAILLS ..ottt ettt e sttt e e s et e e e e sns e e e e s nneeeeas 546
24.3.1 Sound Control Register (SGCR) .....ccccuiiiiiiiiiiee e 546

24.3.2 Frequency Data Register (SGFR) .......cooiviiiiiiiiieeieee e 547

24.3.3 Amplitude Data Register (SAGR) ......ooooiiiiiiieeee e 547

24.3.4 Decrement Grade Register (SGDR) .......ccocoiiiiiiiiiiiiiee e 548

24.3.5 Tone Count Register (SGTR) ...ocvviiiiiiiiieeee e 548

24.3.6 Sound Disable Register (SGDBL) ......cc..uviiiiiiieeiiec e 549

25 STEPPER MOTOR CONTROLLER ......c.cccostreuetreuneassssssssssesssesssseassssssssssssessnenns 551
25.1 OVERVIEW ...ttt e e et e e e e e tte e e e e st ee e e e e entaeeeeaansbaeaeseanteeaeeennsens 552
252  BLOCK DIAGRAM ....oiiiititiie ettt e ettt e e e st e e s e et eeeesasssaeeesesnsaeeeesansnseeesannnreeens 553

DA T T o] =L €1 1 I =1 8 R 554
25,4  REGISTER DETAILLS ..ottt et e sttt e e sttt e e s et e e e e annnee e e s nneeeeas 555
25.41 PWM Control 0 Register (PWECO) ......ueiiiiiieeiei it e e 555

25.4.2 Zero Detect 0 register (ZPDO0) ........cooveiiiiiceeeeeee e 556

25.4.3 PWM1&2 Compare Registers (PWC10, PWC20) ......coovvvveeiiiiiiiiiiiieeieee e 557

25.4.4 PWM1&2 Select registers (PWS10, PWS20) .....cccviiiiiieiieeeeeeceee e 558

25.4.5 PWM Clock Disable Register (SMDBL) .........ccccoiiiiiiiiieeeee e, 559

26 U-TIMER ... irerce s e s s s s s s snn s s s e s s smss s se s e nnm s s e s ennmsns s e e snnnnsssnssrnnnnnn 561
26.1 OVERVIEW OF THE U-TIMER .....ooiiitiiie ettt e et e e e ennes 562
26.2  U-TIMER REGISTERS ...ttt e e ettt e e e ee e e e snneeeens 563
26.2.1 U-Timer Register (UTIM) ..ot e e 563

26.2.2 U-Timer Reload Register (UTIMR) .......ocooiiiiiiiiieiieee e 563

26.2.3 U-Timer Control Register (UTIMC) .....oooiiiiiiiiieeeeeeee et 564

XV



CONTENTS MB91360 HARDWARE MANUAL

26.2.4 DMA Interrupt Clear Register (DRCL) .......oooiiiiiiiiiiiiieee e 565

26.3  U-TIMER OPERATION ...ttt ettt et e e et e e e et e e e s e st e e e e enraeeeeeennees 566
26.3.1 Baud Rate Calculation .............oooiiiiiiiii e 566

2 L 1 50 567
271 OVERVIEW OF THE UART ..ottt ettt et e e s s nssae e e e s nnnseeaessennaeeaenannnnees 568
27.2  UART REGISTERS ..ottt ettt et e e st e e e e e st e e e s e entae e e e e entraeeeeenees 570
27.2.1 Serial Mode Register (SMR) ......ooiiiiiiiii e 571

27.2.2 Serial Control Register (SCR) ......ouiiiiiiiiii e 573

27.2.3 Serial Input / Output Register (SIDR/ SODR) .......cooviiiiiiiiiiiiieeeiiiee e 575

27.2.4 Serial Status Register (SSR) ... 576

27.2.5 UART Level Select Register (ULS) ......ooceiiiiiiiiiee e 578

27.3  UART OPERATION ..ottt ettt e et e e e e st e e e e et e e e e e nnte e e e e ennsaeeeeeenees 579
27.3.1 Asynchronous (Start Bit Synchronization) Mode ...........cccoccoiiiiiiiiiiiiniiee e 580

27.3.2 Interrupt Generation and Flag Set Timings ............ooccviiiiieiiee e 581

27.3.3 Other HEIMS ..ot e e e et e e s e e e e s ennneeeeeens 584

28 USART WITH LIN-FUNCTIONALITY ...cooiiiiieeeeetmenssnsssssssssssssss s s s s s s ssssnssnssssssssssns 587
28.1 OVERVIEW OF USART oottt ettt ettt e st e e e e st e e s snstaeaeessnteeaeesasntaeeesaasseneaeans 588
28.2  CONFIGURATION OF USART ...oiiiiiiiiiiii ettt e e etiee e e e tee e s e ettt e e e e st e e e s e nnteeaeesansneeeeeenens 591
28.3  USART PINS ..ottt e e et e e e e st ee e e e e st e e e e e e s aabeeaeeeantaeeeeeansreeeeeennnes 595
28.4  USART REGISTERS ...ttt ettt e e et e e e e stee e e e e s ntaee e e e e enees 597
28.4.1 Serial Control Register 5 (SCR5) ..vveiviiiiiiii i 598

28.4.2 Serial Mode Register 5 (SMR5) ........uiiiiiiiiiee e 600

28.4.3 Serial Status Register 5 (SSR5) ....vvuiiiiiiiiii it 602

28.4.4 Reception and Transmission Data Register (RDR5/ TDR5) .......ccccceevvviieeennnnee 604

28.4.5 Extended Status/Control Register (ESCR5) ........cccooviiiiiiiiiiie e 605

28.4.6 Extended Communication Control Register (ECCRS5) ........ccccvvvviieeeeieiiiiicine 607

28.4.7 Baud Rate / Reload Counter Register 0 and 1 (BGRO /1) ...cccovevviiiiiiiiiiiieeens 609

28.5  USART INTERRUPTS ...ttt ettt e e e ettt e e e e et e e e e e s e e e e e ennees 610
28.5.1 Reception Interrupt Generation and Flag Set Timing .........cccccooviiiiiiiiiiiieneenne, 613

28.5.2 Transmission Interrupt Generation and Flag Set Timing ..........ccoccciiiieniiniiienn. 614

28.6  USART BAUD RATES ...ttt ettt et e e e e estee e e e e st e e e s e antae e e e ennsaaeeeeenees 615
28.6.1 Setting the Baud Rate ... 617

28.6.2 Restarting the Reload Counter ... 620

28.7  OPERATION OF USART ..ottt ettt e e ettt e e e e et e e e e s nte e e e e enneeee e e ennees 621
28.7.1 Operation in Asynchronous Mode (Op. Modes 0 and 1) ......ccccccvveeeeeeeiieivcnnnnne, 623

28.7.2 Operation in Synchronous Mode (Operation Mode 2) .........cccccvvvieveeieeiiiiiciienne, 625

28.7.3 Operation with LIN Function (Operation Mode 3) ..........ccccoovviiiiiiieeiee e 629

28.7.4 Direct Access t0 Serial PiNS .......cooiiiiiiiiiiie e 631

28.7.5 Bidirectional Communication Function (Normal Mode) ...........cccccceeeeiiiiiiinninnen. 632

28.7.6 Master-Slave Communication Function (Multiprocessor Mode) ............ccccuuveeeee. 633

28.7.7 LIN Communication FUNCHON .........ccoiiiiiiiiiieiiee e 636

28.7.8 Sample Flowcharts for USART in LIN Communication (Operation Mode 3) ....... 637

28.8  NOTES ON USING USART ..oiiiiiiiiiie ettt ettt ettt e s s sttt e e e s sttt e e s s snteee e e e anbeeeaeeannreeeeeeanes 640
29 REAL TIME CLOCK ... ieeecreiirsrmsssssessssms s s s ss s s s s s s s nmmss s s s e s nmnsssssessnnnnsssnnees 643
29.1 BLOCK DIAGRAM ...ttt ettt e ettt e e ettt e e e sttt e e e e sbs e eeeessaeeeeesssseeeesansseeaanans 644

Xvi



MB91360 HARDWARE MANUAL

30

31

32

29.2  REGISTERS ...ttt e ettt e e e sttt e e e e e aa et e e e an e e e e e e ana e e e e e annrae e e nnnreeas 645
29.3  BREGISTER DETAILLS ...ooiiiioiiiie ettt ettt et e s et e e s et e e e s e snnne e e e e ennsaneeesannneeens 647
29.3.1 Timer Control Register (WTCR) ....cooiiieee e 647
29.3.2 Sub-Second Registers (WTBR) ........oiiiiiiiiieieiieee e 648
29.3.3 Second/Minute/Hour Registers (WTSR,WTMR,WTHR) ......ccccooiiiiiiiiiiineeee, 649
29.3.4 Clock Disable Register (WTDBL) ......cccvvuiiiiiiiiee et a e 649
29.4  NOTES ON USING THE RTC ..oiiiiiiiiiie ittt e s ee e et e e e snnnee s 650
29.41 Using the Update Bit (UPDT) ......ooiiiiiiiiiieiiiie et 650
£ U 1 = 70 10 0 < GO 651
30.1 OVERVIEW OF THE SUBCLOCK SYSTEM ....oooiiiiiee ettt 652
30.2 OPERATION OF SUBCLOCK (SELCLK = 0) ..tttiiiiiiciiiieeeiciiiiee e eiieeee e etiiee e esnreeeeesnnnnneae e 652
30.3 4MHz REAL TIME CLOCK CONFIGURATION (SELCLK=1) ..cciiiiiiieiiiiiiee e 653
30.4 USE OF REAL TIME CLOCK MODULE ......coiiiiiiii ettt seeee e 654
32kHz CLOCK CALIBRATION UNIT ...t ss s e s ee s s e e s s en s snsms s 655
31.1 OVERVIEW ...ttt e e et e e e e e tte e e e e st ee e e e e entaeeeeaansbaeaeseanteeaeeennsens 656
31.1.1 TS 4o 1) o RS 656
31.1.2 ] (oTed Q=T | =1 1o P PRSPPI 656
31.1.3 1102113V T PSSR 657
31.14 L0 oo 14O 658
31.2 REGISTER DESCRIPTION ....oiiiiiiiiii ettt ettt e e e et e e e s snteeeeeesnreeeaeeans 658
31.21 Calibration Unit Control Register (CUCR) ........coooiiiiiiiieiiieee e 660
31.2.2 32KHz Timer Data Register (16 bit) (CUTD) .....cceiiiiiiiiiiiiiiee e 661
31.2.3 4MHz Timer Data Register (24 bits) (CUTR) ........ccooiiiiiiiiiiieeiee e, 663
31.3  APPLICATION NOTE ...oiiiiiiitiiiie ettt ettt e ettt e e sttt e e e e st e e e e e smtbeee e e s ambeeeeeeansnneaeeans 664
FLASH MEMORY ... irirmeesss s s s e s mmss s s s s s smma s s s s e s smas s s e e s mmmn s s s s e nnmnnnsssnnnnnn 667
32.1 OUTLINE OF FLASH MEMORY  ...oiiiiitiiie ettt ettt e et e e e et te e e e s entea e e e ennnes 668
32.2 BLOCK DIAGRAMS OF FLASH MEMORY ...ttt 669
32.2.1 Block Diagram of Flash MemOry ..........oooiiiiiiiiiiiiieeeee e 669
32.2.2 Entire Block Diagram of Flash MemOry ...........cccoviiiiiiiiee e, 670
32.2.3 Sector Configuration ..........oooiiiiiiii i e 671
32.3  WRITE/ERASE MODES ...ttt ettt e et e e e st e e e s embeeeeesanbeeeaeenns 672
32.3.1 Flash Memory MOAE .....o..uiiiiiiiiiee e 672
32.3.2 L0 o U 43T o L= PSSR 672
32.3.3 Control signals of flash Memory ... 672
324  FLASH CONTROL STATUS REGISTER (FMCS) .....ooiiiiiiiiiee et e e 685
325 READ/WRITE ACCESS ...ttt ettt e e e et e e e e st e e e s sbbeeeesanrsaeeaenans 687
32.5.1 Read/Write Access in Flash Memory Mode ..........cceuviiiiiiiiiie 687
32.5.2 CPU Read Access, Flash Wait Control Reg. (FMWT) .....ooovviiiiiiiiiiieeeeeeeeen, 688
32.5.3 CPU WIEE ACCESS ...ttt ettt ettt e e et e e e e enare e e e e e 693
32.6  AUTOMATIC WRITE/ERASE ...ttt e et e e et e e e e snteaeee e e 694
32.6.1 Flash COmMMAaNAS ......coooiiiiiiiiie e eee s 694
32.6.2 Execution State of Automatic Algorithm ..., 699
32.7 SECTOR PROTECT OPERATION ..ottt et e satee e e e s sntaee e e s snrnanaaeeans 704

CONTENTS

XVii



CONTENTS MB91360 HARDWARE MANUAL

32.8  EXTERNAL COMMAND ....oooiiiiiiiiiie ettt ettt ettt e e e e te e e e e e tte e e e e etnte e e e s snteeaesansaeaeeeennees 707
32.9 CONNECTION TO FLASH MEMORY ...oooiiiiiiiiie ettt ee e e e ee e e 709
32.10 NOTES FOR USE OF FLASH MEMORY ...ttt 710
32.11  TIMING DIAGRAMS IN FLASH MODE ..ottt 71
32.12 AC CHARACTERISTICS IN FLASH MEMORY MODE .......ccccooiiiiiiiiiee e 717

B T ] 10 1 0 PRt 721
33.1 EDSU OVERVIEW ...ttt ettt s bttt e e e st e e e st te e e e e sbaeeeeessbseeeessssneaanans 722
33.1.1 EDSU Application SYSIEM .......uviiiiiieiii i 722

33.1.2 DEDUQG SYSIEMS ..o a e e e 723

33.1.3 EDSU Main FUNCLONS .....cooiiiiiiieiiiie ettt e 724

33.1.4 More Information About EDSU ... 724

34 ELECTRICAL SPECIFICATION .......coecciciiisissesee s e s s s s ss s sssmsssssssssssssssssssessssnnnnnnns 725
34.1 ABSOLUTE MAXIMUM RATINGS ...ttt e e e 726
34.2 RECOMMENDED OPERATING CONDITIONS ..ottt 727
34.3  OPERATING CONDITIONS ...ttt ettt eee e et e e e stee e e s e entee e e e e enraaeeeeeenees 728
34.4 RUN MODE CURRENT / POWER CONSUMPTION ......cccoiviiiiiiiiieeecieee e 731
34.4.1 Logic Power CONSUMPLION .....uuviiiiiiiiei et e e e 731

34.4.2 Analog Power CONSUMPLION ........coiiiiiiiiiiiiieiie e e e ee s 733

34.4.3 I/O and SMC Power ConsuMPLioN .......c.ooiiiiiiiiiiei e 733

3444 Packages and Maximal Allowed Power Consumption ...........ccccccceeeeeiiiiiccnnnnnen, 735

34.5  CLOCK SETTINGS ..ottt ettt ettt e e ettt e e e sttt e e e e smbe e e e e e aanbe e e e s e ante e e e e eneaeeeeeennees 735
34.6  THE TIME FOR POWER SUPPLY ...ttt 736
34.7 CONVERTER CHARACTERISTICS .....oiiiiiiiie ettt 737
34.7.1 A/D Converter CharacteristiCs .........uuuuuuiiiiiiiiiiee e 737

34.7.2 A/D CoNnVerter GlOSSArY ........oooiiiuuiiiiiiiii et 737

34.7.3 Notes on USiNg A/D CONVEMET ........uiiiiiiiiiie e 740

34.74 D/A CONVEILET ...ttt ettt e e e e e e e e e e aaaaaaeaees 740

34.8  AC CHARACTERISTICS ..ottt et e ettt e e et e e e s e st e e e e e enrree e e e enees 741
34.8.1 Measurement CONAItIONS  ........uuiiiiiiiii e 741

34.8.2 External bus CIOCK ... 742

34.8.3 External bus interface ... 744

34.8.4 I PSSR 746

34.8.5 =TT SRS 747

34.8.6 DM A e e e e e e e e b e e e e e e bae e e e e abeteae e annees 748
APPENDIX A 10 1 749
APPENDIX B INTERRUPT VECTORS ... s s s e se e 781
APPENDIX C PIN STATES IN EACH CPU STATE........o e 785
APPENDIX D INSTRUCTIONS ... e s s e s s s s s e n e 790
D.1 FR50 SERIES INSTRUGCTIONS ......ooiiiiiiiiiie ettt e sttt e et e e e s s sntee e e e s snstaeeesssnseeeaennns 794
IND X ... iiiieieecesr s rrmces s ss s s e s s ma s s e s e mnss s s e rermmsssssserenmnssssssrennnsssssssmnnnnssssnsmnnnnnnsnnsennnnnn 807

xviii



MB91360 HARDWARE MANUAL CHAPTER 1: MB91360 DESCRIPTION

CHAPTER 1 MB91360 DESCRIPTION

This chapter provides an overview of the MB91360 and describes key information such
as the features, block diagram, and function description.
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1.1 MB91360 FEATURES

The Fujitsu MB91360 is a standard microcontroller containing a range of 1/O0
peripherals and bus control functions. The MB91360 features a 32-bit RISC CPU (FR50
series) core and is suitable for embedded control applications requiring high-
performance and high-speed CPU processing.

The MB91360 also contains up to 4 KByte instruction cache memory and other internal
memories to improve the execution speed of the CPU.

B Features

@® Execution time: up to 15.6 ns (64 MHz) - device dependent
@® FR50 series CPU: RISC architecture

The CPU has a general-purpose register architecture with improved numeric implementation
whereby a wide range of delayed branch instructions reduces losses in execution time due
to pipeline breaks.

Bit manipulation instructions and memory access instructions have been enhanced resulting
in improved code efficiency and execution speed for control implementation.

» A five-stage pipeline structure provides high-speed processing (one instruction per cycle)
» 32-bit linear address space: 4 Gbytes
» Fixed 16-bit instruction size (basic instructions)
» High-speed multiplication/step division
» High-speed interrupt processing (6 cycles)
» General-purpose registers: 16 x 32 bits
@ External bus interface unit with a wide range of functions

Divides the external memory space into a maximum of eight areas. Chip select signal
setting, data bus width selection (8, 16, 32-bit), and area size can be specified for each area.

* Address bus up to 32 bit wide
* Programmable auto-wait function
@ Internal instruction cache

The MB91360 contains up to 4-KByte instruction cache to improve the execution speed of
external programs.

» Two-way set associative caching
® DMAC

Direct memory access (DMA) can be used to perform various types of data transfer without
going via the CPU. This improves system performance.

» Eight channels (including up to 3 external channels)
» Four transfer modes supported: single/block, burst, continuous transfer, and fly-by

@® Power consumption control mechanisms



MB91360 HARDWARE MANUAL CHAPTER 1: MB91360 DESCRIPTION

The MB91360 contains a number of functions for controlling the operating clock to reduce
power consumption.

Software control: Sleep and stop/real time clock functions
Hardware control: Hardware standby function

Gear (divider) function: The CPU and peripheral clock frequencies
can be set independently.

@® Contains a range of peripheral functions

UART, U-timer, USART with LIN functionality
Real Time Clock (with optional subclock operation and subclock calibration module)
Stepper Motor Control

Sound Generator

Serial 10 (S10), SIO-Prescaler

Power Down Reset

Alarm Comparator

[O-Timer

I2C Interface

10 Bit D/A Converter

CAN Interface

10-bit A/D converter

16-bit reload timer

16-bit PWM timer

Watchdog timer

Bit search module

Interrupt controller

External interrupt inputs

I/O port function

@ Interrupt levels

16 maskable interrupt levels

@® Power Supply

5V power supply is used, the internal regulator creates internal supply of 3.3V

@® Packages

MB91FV360GA uses a PGA401 package, MB91F362GB will be delivered in a QFP208
package, while MB91F369GA will be delivered in a QFP160 package.

MB91F364G, MB91F365GB, MB91F366GB, MB91F367GB, MB91F368GB, MB91366GA
and MB91F376G will be delivered in a QFP120 package.

See also section “PACKAGE DIMENSIONS” on page 8.
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1.2 MB91360 PRODUCT LINEUP

This section shows the products of the MB91360 family and lists their functions and
memory sizes.

H MB91360 Product Lineup

Table 1.2a Product Lineup MB91FV360, MB91F362GB, MB91F364G, MB91F369GA

Ressource
Channels MB91FV360GA | MB91F362GB | MB91F364G | MB91F369GA
Memory Size

Cache/Instruction
RAM 4 KB /4 KB -/ 4 KB -/- -/14 KB
D-bus RAM 16 KB 12 KB 12 KB 16 KB
F-bus RAM 16 KB 4 KB 4 KB 16 KB
Flash/ROM 512 KB 512 KB 256 KB 512 KB
on F-Bus
Boot ROM 2 KB 2 KB 2 KB 2 KB
EDSU - - 1 -
CAN 4 ch 3ch 1 ch 2ch
Stepper Motor 4 ch 4 ch ) )
Control
Sound Generator 1ch 1ch - 1ch
PPG 8 ch 8 ch 4 ch 4 ch
Input Capture 4 ch 4 ch 4 ch -
Output Compare 4 ch 4 ch 4 ch -
Free Running 2 ch 2 ch 2 ch ;
Timer
D/A Converter 2ch 2ch 2 ch -
A/D Converter 16 ch 16 ch 12 ch 10 ch
I2C 100kHz 1 ¢ch 1ch - 1ch
12C 400kHz 1ch (1) 1 ch 1ch (1)
Alarm Comparator 1ch 1ch - 1ch
SIO/SIO prescaler 2ch 2ch 1ch 2ch
UART/U-Timer 3ch 3ch 1ch 1ch
USART with LIN

. - - 2 ch -
function
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Table 1.2a Product Lineup MB91FV360, MB91F362GB, MB91F364G, MB91F369GA

Ressource
Channels MB91FV360GA | MB91F362GB | MB91F364G | MB91F369GA
Memory Size
16-bit Reload 6 ch 6 ch 3ch 6 ch
Timer
Ext. Interrupt 8 ch 8 ch 8 ch 8 ch
Non maskable
1 - 1 -

Interrupt
Real Time Clock 1 1 1 1
32 kHz subclock os no os no
option for RTC y y
subclock calibra- os no os no
tion y y
LED port 8 bit 8 bit 8 bit -
Power down Reset 1 1 - 1
Bit search Module 1 1 1 1
Watchdog timer 1 1 1 1
Ext. Address Bus 32 bit 21 bit - up to 24 bit
Ext. Data Bus 32 bit 32 bit - 32 bit
Ext. DMA 3ch 1ch - 1ch
Max. operating
frequency
(for device spe- 64 MHz 64 MHz 64 MHz 64 MHz
cific limitations see
datasheets)

Table 1.2b Product Lineup MB91F365GB, MB91F366GB, MB91F367GB, MB91F368GB

Ressource
Channels MB91F365GB | MBI1F366GB | \no1r367GB | MB91F368GB | MB91F376G
. MB91366GA
Memory Size

Cacheflnstruction /4 KB /4 KB /4 KB 14 KB 14 KB
RAM
D-bus RAM 16 KB 16 KB 16 KB 16 KB 16 KB
F-bus RAM 16 KB 16 KB 16 KB 16 KB 16 KB
Flash/ROM 512 KB 512 KB 512 KB 512 KB 768 KB
on F-Bus
Boot ROM 2 KB 2 KB 2 KB 2 KB 2 KB
EDSU - - - - -
CAN 2 ch 2 ch 2 ch 2 ch 2 ch
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Table 1.2b Product Lineup MB91F365GB, MB91F366GB, MB91F367GB, MB91F368GB

Ressource
Channels MB91F365GB MB91F366GB MB91F367GB | MB91F368GB | MB91F376G
. MB91366GA
Memory Size
Stepper Motor 4 ch 4 ch ) ) 4 ch
Control
Sound Generator 1ch 1ch - - 1ch
PPG 8 ch 8 ch 4 ch 4 ch 8 ch
Input Capture 4 ch 4 ch 4 ch 4 ch 4 ch
Output Compare 2 ch 2 ch 2 ch 2ch 2 ch
Free Running 2 ch 2 ch 2 ch 2 ch 2 ch
Timer
D/A Converter 2 ch - - - -
A/D Converter 8 ch 8 ch 8 ch 8ch 8 ch
I2C 100kHz
2C 400kHz 1ch 1ch 1ch 1ch 1ch
Alarm Comparator 1ch 1ch 1ch 1ch 1ch
SIO/SIO prescaler 2 ch 2 ch 2 ch 2 ch 2 ch
UART/U-Timer 2ch 2ch 1ch 1ch 2ch
USART with LIN i i i i i
function
16-bit Reload 6 ch 6 ch 3ch 3ch 6 ch
Timer
Ext. Interrupt 8 ch 8 ch 8 ch 8 ch 8 ch
Non maskable ) ) ) i i
Interrupt
Real Time Clock 1 1 1 1 1
32 kHz subclock no s no s s
option for RTC y y y
subclock calibra- o s no s s
tion y y y
LED port - - - - -
Power down Reset 1 1 1 1 1
Bit search Module 1 1 1 1 1
Watchdog timer 1 1 1 1 1
Ext. Address Bus - - - - -
Ext. Data Bus - - - - -
Ext. DMA - - - - -
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Table 1.2b Product Lineup MB91F365GB, MB91F366GB, MB91F367GB, MB91F368GB

Ressource
Channels MB91F365GB MB91F366GE MB91F367GB | MB91F368GB | MB91F376G
- MB91366GA
Memory Size
Max. operating
frequency
(for device spe- 64 MHz 64 MHz 64 MHz 64 MHz 64 MHz

cific limitations see
datasheets)
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1.3 PACKAGE DIMENSIONS

This section lists the packages for the devices of the MB91360 family.

For package dimensions please consult the Fujitsu Semiconductor "Package] Databook.

MB91FV360GA will be delivered in a 401 pin ceramic pin grid array package called
PGA-401C-A02.

MB91F362GB will be delivered in a 208 pin plastic quad flat I-leaded package called FPT-208P-
MO04, while MB91F369GA will be delivered in a 160 pin package called FPT-160P-M15.

MB91F364G, MB91F365GB, MB91F366GB, MB91F367GB, MB91F368GB, MB91366GA and
MB91F376G will be delivered in a 120 pin plastic quad flat I-leaded package called
FPT-120P-M21.
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1.4 MB91360 BLOCK STRUCTURE

Figure 1.4a Overall Block Diagram of MB91360 Devices

Clock FR50 Watchdog
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User RAM
D-bus 32
Instruction
321 Cache/RAM
Bit Search
Module
Boot ROM
F-bus RAM 2KB
DMA 3, Bus 3 I ]
Controller Converter
Flash-
memory
32 External
Bus
R-Bus External Bus CAN
Adapter Interface
SIO Pre- 16 ADC DAC External
scaler/ SIO Interrupt
U-Timer/ Subclock
UART Calibration
E—
) Reload Alarm Real Time
12C i Timer Comparator Clock I
Power Free Run-
Down Reset ICU 7| ning Timer|[~ ocu
Voltage
regulator
LED Sound Stepper Prog. Pulse

Generator Motor Generator
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B MB91360 Block Functions
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Table 1.4a MB91360 Block Functions
Function Feature Remarks
FR50 Core 32-bit Fujitsu RISC Core

FR30 software compatible

Clock module
(clock control, clock
divider, PLLs)

Setting of frequencies for CPU and
peripherals

Low power consumption modes:
RTC mode: only the Real Time Clock
and the oscillator are active

STOP mode: all internal circuits and the
oscillation circuits are halted

initial value for osciallation stabilisa-
tion time in mode MD="000": 32 ms
at 4 MHz oscillation clock.

Time starts after release of INITX

Sub-clock/Calibration
32 KHz

RTC module can be clocked either from
32kHz quartz or from 4 MHz quartz.
Dynamic switching is not allowed. Addi-
tionally, a calibration of the RTC timer in
32 kHz operation, based on the more

accurate 4 MHz clock timing, is possible.

For availibility, see “MB91360
PRODUCT LINEUP” on page 4

Watchdog

adjustable watchdog timer interval
(between 220 and 2?6 system clock
cycles)

Cache or Instruction
RAM

cache mode or RAM mode,
lock function to make a specific program

see remark below table

up to 4 KB section cache resident
User RAM RAM for user data see remark below table
up to 16 KB
F-bus RAM RAM for data and code see remark below table
up to 16 KB
sector architecture:
sector 0: 64 KB | sector 7: 64 KB
sector 1: 64 KB | sector 8: 64 KB Minimum 10000 proaram/erase
sector 2: 64 KB | sector 9: 64 KB cvelos prog
sector 3: 32 KB | sector 10: 32 KB yel .
: ) Minimum 10 years data retention
Flash Memo sector4: 8 KB | sector 11: 8 KB
corg sector 5: 8 KB | sector 12: 8 KB ocated on F-Bus
sector 6: 16 KB | sector 13: 16 KB
| | For MB91F376G, please refer to
v v the data sheet
16 bit 16 bit )
write access is 16 bit wide, read access
can be 16 or 32 bit wide
Boot ROM
2 KB
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5 channels (up to 3 channels external)
up to 16 DMA sources can be used

On MB91F362GB the DMAO pin
locations can be mapped into the
power-separated area of the Exter-
nal Bus, controlled by the mode

2 operand data breakpoints;
breakpoints with mask- and
range function

DMA transfer modes: register (F362MD):

single/block bu.rst continuous DREQO <==>BRQ
9 ’ ' DACKO <==> BGRNTX
DEOPQ <==> AS

Debug Support Unit with trace function-

DSU allity (128 steps with internal FIFO; more Only on MB91FV360GA
steps with optional external trace mem-
ory)
Embedded debug support unit:
4 instructions address breakpoints,

EDSU 2 operand address breakpoints, Only on MB91F364G

32 bit demultiplexed
External Bus Interface

32 bit data, up to 27 bit address, 7 CS,
CLK

Can be set to HiZ by software:
(refer to feature “Mode Register”)
Can be operated at 3.3V on
MB91F362GB and MB91F369GA.

Interrupt Controller

8 external interrupt channels,
38 internal interrupts,
16 programmable priority levels

Bit Search Module

Searches a word for the position of the
first “1” and “0” change bit, starting from

the MSB. Performs the search in 1 cycle.

Fixed Reset Vector

Hardwired reset and mode vector

Code starts at OF:4000H

Voltage Regulator

Generates internal voltage of 3.3 V

Remark 1:

The MB91360 clock module allows the generation of a lot of clock frequencies. It cannot be
guaranteed that at all those frequencies the resources will be able to generate all their
specified output baud rates and frequencies.

Remark 2:

Set bit 9 (SYNCR) of TBCR to 1 to enable the synchronisation of the reset signal; a reset will
be generated only after all bus accesses have been done. This avoids that erronous data are
written to the RAMSs during reset.

11




CHAPTER 1: MB91360 DESCRIPTION MB91360 HARDWARE MANUAL

B MB91360 Block Functions continued

Table 1.4b MB91360 Block Functions (Continued)

Function Feature Remarks

16-bit PWM Timer

16 bit down counter, cycle and duty set-
ting registers

interrupt at triggering, cycle or duty
match

can be triggered by software or reload
PPG for dimmer timer

PWM operation and one-shot operation

Clock disable

internal prescaler allows fRES/1, fRES/4, Required frequencies are 90-300
fRES/16, fRES/64 as counter clock Hz

successive approximation, internal sam-
ple and hold circuit

10-bit resolution, 5 V operation,
(conversion time: 178cycles of CLKP)
program selectable analogue input
channels:

single conversion mode

continuous conversion mode

stop conversion mode

ADC
interrupt at the end of a conversion can
be used to activate DMA transfer
activation by software, external trigger or
reload timer can be selected
Prescaling is done internally
Clock disable
16-bit reload timer,

Basic Interval Timer includes clock prescaler (fRES/2, fRES/
28, fRES/2%)
conforms to CAN specification version
2.0 A and B, including 0-TQ bit timing
automatic re-transmission in case of
error
automatic transmission responding to
remote frame

CAN prioritized 16 message buffers for data

and IDs

supports multiple messages

flexible configuration of acceptance fil-
tering: full bit compare / full bit mask /
two partial bit masks

supports up to 1 Mb/s

Clock Disable

12
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DAC

R-2R D/A converter
10-bit resolution, 5 V operation
Clock disable

Available on FV360GA and
F362GA

External Interrupt

can be programmed to be edge sensitive
or level sensitive

interrupt mask and request pending bits
per channel

Mode Register

Special Mode Register, controls
- the I12C module selection,
- the DMA pin mapping,

Address: 0001FEH

Bit 8: New I2C select

Bit 9: DMA mapping enable

Bit 10-13: Ext.Bus high-Z control

for standard mode

compatible to I2C standard mode speci-
fication (operation up to 100 kHz,
7 bit addressing)

includes clock divider functionality

Clock disable

(F362MD) - the external bus disable mode oA
- create asymmetric CLKT g:; 1‘51' ﬁgﬁl\sﬂ\(/:vgg
- address / CSX swap See section 4.2 for detalis
master or slave transmission
arbitration function
clock synchronization function
slave address and general call address
detect function ) )
transfer direction detect function Sgtlﬁ/ iInC-;r:IT;I CE:ﬁ gao?c l?g éjzs&cé) \?V(I)ﬁ
start condition repeat generation and X ’ . .
detection function be used to decide which module is
12C-1 bus error detect function connected fo the SCL and SDA

pads. By default it is I12°C-1.

12C-2
for standard and fast
mode

master or slave transmission
arbitration function

clock synchronization function

slave address and general call address
detect function

transfer direction detect function

start condition repeat generation and
detection function

bus error detect function

compatible to I°C standard and fast
mode specification (operation up to 400
kHz,

10 bit addressing)

includes clock divider functionality

Clock disable

Only 12C-1 or I?C-2 can be used, not
both in parallel. Bit 0 of F362MD
will be used to decide which module
is connected to the SCL and SDA
pads. By default it is I12°C-1.

SCL and SDA lines include optional
noise filter. The noise filter allows
the suppression of spikes in the
range of 1 to 1.5 cycles of CLKP.

Communication on the I12C bus
between other connected devices is
not possible if MB91360 devices
are switched off.

13
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Table 1.4b MB91360 Block Functions (Continued)
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16-bit Input Capture
(ICU)

rising edge, falling edge or rising & fall-
ing edge sensitive

two 16-bit capture registers

signals an interrupt at external event
Clock disable

Available for FV360GA and
F362GA

16-bit Output Compare
ocu

signals an interrupt when a match with
the timer value of the corresponding free
running timer occurs

an output signal can be generated
Clock disable

Available for FV360GA and
F362GA

Free running Timer

16-bit free running timer, signals an
interrupt when overflow or match with
compare register_0

includes prescaler (fRES/22, fRES/24,
fRES/26)

timer data register has R/W access
Clock disable

Available for FV360GA and
F362GA

LED Port

allows to source 14 mA at Vdd-0.8 V and
sink 24 mA at Vss+0.8 V respectively

The sum of all IOL currents of these
8 channels may not exceed 120
mA. The sum of all IOH currents of
these channels may not exceed 120
mA.

Available for FV360GA and
F362GA

Alarm Comparator
(OV/UV detection)

monitors an external voltage

and generates an interrupt in case of a
voltage lower or higher than the defined
thresholds

status is readable, interrupts can be
masked separately

Clock disable

uses external 4:1 voltage divider

Power down reset

monitors Vdd and generates a reset if
Vdd is less than a defined threshold volt-
age

is disabled in RTC and STOP mode

Serial 10

SIO

Synchronous Serial
Interface

+

SIO-Prescaler

Serial 10

transfer can be started from MSB or LSB
supports internal clock synchronized
transfer and external clock synchronized
transfer

prescaler for shift clock allows:
fRES/3, fRES/4, fRES/5, fRES/6, fRES/7,
fRES/8

Clock disable

supports positive and negative
clock edge synchronization
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Table 1.4b MB91360 Block Functions (Continued)

CHAPTER 1: MB91360 DESCRIPTION

8-bit PWM signal is mixed with tone fre-
quency from 8-bit reload counter Target frequency to be programma-
PWM clock by internal prescaler: ble in the range of 300 Hz to 5 kHz
Sound Generator fRES/1, fRES/2, fRES/4, fRES/5, fRES/8
(Buzzer) tone frequency: PWM frequency / 2 / fRES/1 and a reload value of 5 result
(reload value + 1) in 5.2 kHz at fRES = 16MHz,
fRES/4 and a reload value of 25
result in 300.48 Hz @ fRES =
Clock disable 16MHz
;Oelfr high current outputs for each chan- Available for EV360GA and
two synchronized 8-bit PWMs per chan- F362GA
nel .
Stepper Motor Control internal prescaling for PMW clock: target frequency: 16 kHz
f8RES, fRES/2, fRES/4, fRES/5, fRES/6, fres/ MB91360 devices include output
drivers with a slew rate of typically
includes zero detection circuit 40 ns.
Clock disable
serial 1/0 port for performing asynchro-
UART S
nous (start-stop synchronization) com-
munication
full duplex, double buffering
supports multi-processor mode
variable data length (7/8 bit)
1 or 2 stop bits
error detection function (parity, framing,
overrun) polarity of the port signals for
interrupt function receive and transmit is programma-
NRZ type transfer format ble
baud rate generated by U-Timer
16-bit timer to generate the required
UART clock:
5 ~ 21
U-Timer fRES/23,...,~fRES/2?! (asynchr. mode)
(1 per UART) Clock disable

15
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Table 1.4b MB91360 Block Functions (Continued)

serial 1/0 port for performing synchro-
nous and asynchronous (start-stop syn-
chronization) communication

full duplex, double buffering

supports multi-processor mode

special features for LIN-bus systems
variable data length (7/8 bit)

1 or 2 stop bits

error detection function (parity, framing,
overrun)

interrupt function

NRZ type transfer format

This is a new module which cannot
be emulated by MB91FV360GA.

USART
with LIN option

polarity of the port signals for
receive and transmit is programma-

baud rate generated by Baudrate Gener- ble

ator

15-bit timer to generate the required
UART clock:

fcLkp/2,...,~fCLKP/21®

Clock disable

facility to correct oscillation deviation
read/write accessible second/minute/
hour registers

can signal interrupts every second/

Real Time Clock (RTC) | Minute/hour/day

(Watch Timer) internal clock divider and prescaler pro- prescaler value for 4 MHz is

vide exact 1s clock based on the 4 MHz | 1E847FH

input prescaler value for 32 kHz is
04000FH
Clock disable
16 tap modulation circuit
Clock modulator max. input frequency 48 MHz,

max output frequency 64 MHz

16



MB91360 HARDWARE MANUAL

1.5
1.5.1

PIN ASSIGNMENT
Pin Diagram MB91FV360GA

Figure 1.5.1 Pin diagram MB91FV360GA
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1.5.2 Pin Diagram MB91F362GB

Figure 1.5.2 Pin diagram MB91F362GB
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1.5.3 Pin Diagram MB91F364G

Figure 1.5.3 Pin diagram MB91G364G
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1.5.4 Pin Diagram MB91F369GA

Figure 1.5.4 Pin diagram MB91F369GA
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1.5.5 Pin Diagram MB91F365GB

Figure 1.5.5 Pin diagram MB91F365GB
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1.5.6 Pin Diagram MB91F366GB/MB91F376G

Digital 0-Ports

Figure 1.5.6 Pin diagram MB91F366GB
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1.5.7 Pin Diagram MB91F367GB

Figure 1.5.7 Pin diagram MB91F367GB
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1.5.8 Pin Diagram MB91F368GB

Figure 1.5.8 Pin diagram MB91F368GB
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CHAPTER 1: MB91360 DESCRIPTION

1.5.9 Pin Diagram MB91366GA

Digital 10-Ports

Figure 1.5.9 Pin diagram MB91366GA
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1.6 1/0 PINS AND THEIR FUNCTION
1.6.1 MB91FV360GA I/O Pins and Their Function
Table 1.6.1 MB91FV360 I/O pins and their functions
:: Pin Name 110 I?lfrl:::rsatla C_Ii_;:ueit Function
10 Port

1 D18 I/O Q Ext. Bus Data Bit 18

2 D11 I/O Q Ext. Bus Data Bit 11

3 D2 I/O Q Ext. Bus Data Bit 2

4 not connected

5 HVSS

6 HVDD5B

7 PWM2M1 I/O PR7 M SMC 1

8 PWM1M1 I/O PR5 K SMC 1

9 PWM1PO I/O PRO K SMC 0

10 VDD5R

11 VDD5P

12 SCK4 I/O PN2 A SIO Clock

13 VDD5J

14 EXRAM I P Trace Control

15 TWRX O X Trace Control

16 TAD9 O X Trace Address

17 TAD5S O X Trace Address

18 TAD3 O X Trace Address

19 TDT68 I/0 w Trace Data

20 TDT63 I/O w Trace Data

21 TDTS7 I/10 w Trace Data

22 TDT49 I/1O w Trace Data

23 TDT23 I/10 w Trace Data

24 TDT16 I/1O w Trace Data

25 TDT7 I/10 w Trace Data

26 TDT2 I/10 w Trace Data

27 ICDO I/O N ICE Data

28 ICLK I/O L ICE Clock

29 X0 H 4 MHz Oscillator Pin

30 INITX I u Initial Pin

31 MD1 I T Mode Pin 1
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Table 1.6.1 MB91FV360 1/O pins and their functions (Continued)

32 IN3 IO PL3 A ICU Input 3

33 INT3 IO PK3 A Ext. Interrupt 3

34 AN3 I/0 PH3 B ADC Input 3

35 DACK2 110 PB6 A DMA Acknowledge 2
36 AN13 I/0 PG5 B ADC Input 13

37 ANS I/0 PGO B ADC Input 8

38 ALE I/0 P91 A Ext. Bus Control

39 WR1X I/0 P85 S Ext. Bus Control

40 RDX IO P83 S Ext. Bus Control

41 CS7X IO A Chip Select 7 (CANSs)
42 A26 I/0 Q Ext. Bus Address Bit 26
43 A20 I/0 Q Ext. Bus Address Bit 20
44 A12 I/0 Q Ext. Bus Address Bit 12
45 D21 IO Q Ext. Bus Data Bit 21
46 D16 IO Q Ext. Bus Data Bit 16
47 D13 IO Q Ext. Bus Data Bit 13
48 D7 IO Q Ext. Bus Data Bit 7

49 D3 IO Q Ext. Bus Data Bit 3

50 VSS

51 PWM2P2 IO PS2 K SMC 2

52 PWM2P1 IO PR6 K SMC 1

53 PWM1P1 IO PR4 K SMC 1

54 not connected

55 SIN1 IO PQ2 A UART 1 Input

56 TX3 I/0 PP6 Q CAN 3 TX

57 SOT3 I/0 PN4 A SIO Output

58 SOT4 IO PNO A SIO Output

59 not connected

60 not connected

61 SGO I/O PMO A Sound Generator SGO
62 TOEX O X Trace Control

63 TADS8 O X Trace Address

64 TAD2 O X Trace Address

65 TDT67 I/O w Trace Data

66 TDT60 I/O w Trace Data

67 TDT54 I/O w Trace Data

27



CHAPTER 1: MB91360 DESCRIPTION MB91360 HARDWARE MANUAL

Table 1.6.1 MB91FV360 I/O pins and their functions (Continued)

68 TDT48 I/0 w Trace Data

69 TDT26 I/0 w Trace Data

70 TDT21 I/0 w Trace Data

71 TDT18 I/0 w Trace Data

72 TDT12 I/0 w Trace Data

73 TDT8 I/0 w Trace Data

74 TDT3 I/0 w Trace Data

75 ICS2 o) G ICE Status

76 VDD5F

77 RSTX I E Reset Pin

78 ouT2 I/O PL6 A OCU Output 2

79 INO I/O PLO A ICU Input O

80 INT2 I/0 PK2 A Ext. Interrupt 2

81 ANG6 I/0 PH6 B ADC Input 6

82 AN1 I/0 PH1 B ADC Input 1

83 AVCC Analog VCC

84 DEOPO I/O PB2 A DMA EOP 0

85 AN14 I/0 PG6 B ADC Input 14

86 AN9 I/0 PG1 B ADC Input 9

87 AS I/0 P90 A Ext. Bus Control

88 BRQ I/O P82 A Ext. Bus Control

89 CS6X I/0 P76 A Chip Select 6

90 A23 I/0 Q Ext. Bus Address Bit 23
91 A17 I/O Q Ext. Bus Address Bit 17
92 A11 I/O Q Ext. Bus Address Bit 11
93 D27 I/O Q Ext. Bus Data Bit 27
94 D22 I/O Q Ext. Bus Data Bit 22
95 D17 I/O Q Ext. Bus Data Bit 17
96 D6 I/O Q Ext. Bus Data Bit 6
97 VDD5S

98 PWM1M3 I/O PS5 K SMC 3

99 PWM2M3 I/O PS7 M SMC 3

100 HVDD5A

101 PWM2PO I/O PR2 K SMC 0

102 VCC3/C C Bypass Capacitor Pin
103 SOT1 I/0 PQ3 A UART 1 Output
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Table 1.6.1 MB91FV360 /O pins and their functions (Continued)

104 SINO I/0 PQO A UART O Input
105 1 I/0 PP2 Q CAN1TX

106 OCPA2 I/0 PO2 A PPG Output
107 SCK3 I/0 PN5 A SIO Clock

108 SIN4 I/0 PN1 A SIO Input

109 SCL I/0 PM3 Y [2C SCL

110 TCLK I/O w Trace Control
111 TAD12 o X Trace Address
112 TAD15 0] X Trace Address
113 TAD1 0] X Trace Address
114 TDT65 I/0 w Trace Data

115 TDTS59 I/0 w Trace Data

116 TDTS55 I/0 w Trace Data

117 TDT51 I/0 w Trace Data

118 TDT42 I/0 w Trace Data

119 TDT32 I/0 w Trace Data

120 TDT27 I/0 w Trace Data

121 TDT22 I/0 w Trace Data

122 TDT11 I/0 w Trace Data

123 TDT4 I/0 w Trace Data

124 ICD3 IO N ICE Data

125 TDT1 I/0 w Trace Data

126 SELCLK I F Clock Selection
127 NMIX I E Non maskable Interrupt
128 OouT1 IO PL5 A OCU Output 1
129 IN1 I/O PLA1 A ICU Input 1

130 INT5 /0 PK5 A Ext. Interrupt 5
131 LED4 I/O PJ4 J LED Port 4

132 ALARM I D Alarm Comparator Input
133 AN7 I/O PH7 B ADC Input 7
134 AN2 I/0 PH2 B ADC Input 2
135 DACKO Ie} PB1 A DMA Acknowledge 0
136 AN10 IO PG2 B ADC Input 10
137 CS0X 110 P94 A Chip select 0
138 CS3X 110 P97 A Chip select 3
139 BGRNTX I/0 P81 A Ext. Bus Control
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Table 1.6.1 MB91FV360 I/O pins and their functions (Continued)

140 CS4X I/0 P74 A Chip Select 4

141 A22 I/0 Q Ext. Bus Address Bit 22
142 A18 I/O Q Ext. Bus Address Bit 18
143 A14 I/O Q Ext. Bus Address Bit 14
144 A5 I/O Q Ext. Bus Address Bit 5
145 Index Pin - - - Index Pin

146 D30 I/O Q Ext. Bus Data Bit 30
147 D26 I/O Q Ext. Bus Data Bit 26
148 D19 I/O Q Ext. Bus Data Bit 19
149 D10 I/O Q Ext. Bus Data Bit 10
150 D9 I/O Q Ext. Bus Data Bit 9
151 D5 I/O Q Ext. Bus Data Bit 5
152 PWM2M2 I/O PS3 M SMC 2

153 PWM1P3 I/O PS4 K SMC 3

154 PWM2MO I/O PR3 M SMC 0

155 VSS

156 SOT2 110 PQ5 A UART 2 Output

157 SOTO0 I/0 PQ1 A UART 0 Output

158 VDD50

159 OCPA7 I/O PO7 A PPG Output

160 OCPA5 I/O PO5 A PPG Output

161 OCPA1 I/O PO1 A PPG Output

162 VDD5K

163 X1A o) I 32 kHz Oscillator Pin
164 X0A I I 32 kHz Oscillator Pin
165 SDA I/O PM2 Y [2C SDA

166 TAD10 O X Trace Address

167 TAD11 O X Trace Address

168 TDT66 I/1O w Trace Data

169 TDT61 I/1O w Trace Data

170 TDT58 I/1O w Trace Data

171 TDT52 I/1O w Trace Data

172 TDT45 I/1O w Trace Data

173 TDT39 I/O w Trace Data

174 TDT35 I/O w Trace Data

175 TDT31 I/1O w Trace Data
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Table 1.6.1 MB91FV360 1/O pins and their functions (Continued)

176 TDT24 I/0 W Trace Data

177 TDT15 I/0 W Trace Data

178 TDT14 I/0 W Trace Data

179 TDT10 I/0 W Trace Data

180 ICD1 I/0 N ICE Data

181 ICD2 I/0 N ICE Data

182 HSTX I E Hardware Standby

183 OuT3 I/0 PL7 A OCU Output 3

184 ouTo I/0 PL4 A OCU Output 0

185 INT6 IO PK6 A Ext. Interrupt 6

186 LED7 IO PJ7 J LED Port 7

187 LED1 IO PJ1 J LED Port 1

188 CPUTESTX | | E Test Input

189 DA1 ] C DAC Output

190 AN4 I/0 PH4 B ADC Input 4

191 DEOP1 I/0 PB5 A DMA EOP 1

192 DACK1 I/0 PB4 A DMA Acknowledge 1
193 DREQO IO PBO A DMA Request 0

194 CLK IO P92 A Ext. Bus Clk

195 AH/BOOT 1/0 P93 A Ext. Bus Control/Boot Signal
196 CS5X IO P75 A Chip Select 5

197 A24 I/0 Q Ext. Bus Address Bit 24
198 A21 I/0 Q Ext. Bus Address Bit 21
199 A15 I/0 Q Ext. Bus Address Bit 15
200 A8 I/0 Q Ext. Bus Address Bit 8
201 A2 I/0 Q Ext. Bus Address Bit 2
202 A0 I/0 Q Ext. Bus Address Bit 0
203 D29 IO Q Ext. Bus Data Bit 29
204 D25 IO Q Ext. Bus Data Bit 25
205 D20 IO Q Ext. Bus Data Bit 20
206 D15 IO Q Ext. Bus Data Bit 15
207 D4 IO Q Ext. Bus Data Bit 4
208 HVDD5C

209 PWM1M2 I/0 PS1 K SMC 2

210 PWM1P2 IO PSO K SMC 2

211 PWM1MO I/0 PR1 K SMC 0
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Table 1.6.1 MB91FV360 I/O pins and their functions (Continued)

212 SIN2 I/0 PQ4 A UART 2 Input
213 RX3 I/0 PP7 Q CAN 3 RX
214 VSS

215 RX0 I/0 PP1 Q CAN 0 RX
216 VDD5N

217 OCPA4 I/O PO4 A PPG Output
218 OCPAO I/O POO A PPG Output
219 SIN3 1’0 PN3 A SIO Input

220 VSS

221 SGA I/0 PM1 A Sound Generator SGA
222 TAD13 0] X Trace Address
223 TAD7 0] X Trace Address
224 TADG 0] X Trace Address
225 TDT64 I/0 w Trace Data
226 TDT56 I/0 w Trace Data
227 TDTS50 I/0 w Trace Data
228 TDT44 I/0 w Trace Data
229 TDT41 I/0 w Trace Data
230 TDT37 I/0 w Trace Data
231 TDT34 I/0 w Trace Data
232 TDT30 I/0 w Trace Data
233 TDT25 I/0 w Trace Data
234 TDT20 I/0 w Trace Data
235 TDT9 I/0 w Trace Data
236 BREAK I o) ICE Break
237 ICS1 o) G ICE Status
238 ICSO o) G ICE Status
239 MD2 [ T Mode Pin 2
240 IN2 I/O PL2 A ICU Input 2
241 INT4 I/0 PK4 A Ext. Interrupt 4
242 LED6 I/0 PJ6 J LED Port 6
243 LED3 I/0 PJ3 J LED Port 3
244 not connected

245 TESTX I E Test Input

246 DAO o) DAC Output
247 AN5 110 PH5 B ADC Input 5
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Table 1.6.1 MB91FV360 1/O pins and their functions (Continued)

248 ANO I/0 PHO B ADC Input 0

249 AN15 I/0 PG7 B ADC Input 15

250 CS1X IO P95 A Chip select 1

251 WR3X I/0 P87 S Ext. Bus Control

252 WR2X I/0 P86 S Ext. Bus Control

253 DREQ2 IO P73 A DMA Request 2

254 A19 I/0 Q Ext. Bus Address Bit 19
255 A13 I/0 Q Ext. Bus Address Bit 13
256 A7 I/0 Q Ext. Bus Address Bit 7
257 A4 I/0 Q Ext. Bus Address Bit 4
258 D31 IO Q Ext. Bus Data Bit 31
259 D28 IO Q Ext. Bus Data Bit 28
260 D23 IO Q Ext. Bus Data Bit 23
261 D14 IO Q Ext. Bus Data Bit 14
262 D8 IO Q Ext. Bus Data Bit 8
263 D1 IO Q Ext. Bus Data Bit 1
264 DO IO Q Ext. Bus Data Bit 0
265 not connected

266 HVSS

267 not connected

268 VSS

269 RX2 I/0 PP5 Q CAN 2 RX

270 RX1 I/0 PP3 Q CAN 1 RX

271 VSS

272 OCPA3 I/0 PO3 A PPG Output

273 VSS

274 not connected

275 VDD5I

276 TADSCX O X Trace Control

277 TCE1X O X Trace Control

278 TAD4 O X Trace Address

279 TADO O X Trace Address

280 TDT62 I/O w Trace Data

281 TDTS3 I/O w Trace Data

282 TDT47 I/O w Trace Data

283 TDT43 I/O w Trace Data
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Table 1.6.1 MB91FV360 I/O pins and their functions (Continued)

284 TDT36 I/0 W Trace Data

285 TDT33 I/0 W Trace Data

286 TDT28 I/0 W Trace Data

287 TDT19 I/0 W Trace Data

288 TDT13 I/0 W Trace Data

289 TDT6 I/0 w Trace Data

290 TDTS I/0 w Trace Data

291 X1 H 4 MHz Oscillator Pin
292 MONCLK @) G Clock Output for test purposes
293 MDO [ T Mode Pin 0

294 INT7 I/0 PK7 A Ext. Interrupt 7

295 INT1 I/0 PK1 A Ext. Interrupt 1

296 LED5 I/0 PJ5 J LED Port 5

297 LTESTX I E Test Input

298 ATGX I/O PI3 A ADC Trigger

299 AVRL R Analog Reference Low
300 AVRH R Analog Reference High
301 DREQ1 I/O PB3 A DMA Request 1

302 AN12 I/0 PG4 B ADC Input 12

303 AN11 I/0 PG3 B ADC Input 11

304 WROX I/O P84 S Ext. Bus Control

305 RDY I/0 S Ext. Bus Control

306 A25 I/0 Q Ext. Bus Address Bit 25
307 A16 I/O Q Ext. Bus Address Bit 16
308 A10 I/0 Q Ext. Bus Address Bit 10
309 A6 I/O Q Ext. Bus Address Bit 6
310 A1 I/O Q Ext. Bus Address Bit 1
311 not connected

312 D24 I/O Q Ext. Bus Data Bit 24
313 D12 I/O Q Ext. Bus Data Bit 12
314 not connected

315 PWM2P3 I/O PS6 K SMC 3

316 HVSS

317 HVSS

318 not connected

319 VDD5Q




MB91360 HARDWARE MANUAL

CHAPTER 1: MB91360 DESCRIPTION

Table 1.6.1 MB91FV360 1/O pins and their functions (Continued)

320 TX2 I/0 PP4 Q CAN2TX
321 TXO0 I/0 PPO Q CANO TX
322 OCPAB I/0 PO6 A PPG Output
323 VDD5M

324 VDD5L

325 not connected

326 VDD5H

327 TAD14 O X Trace Address
328 VSS3

329 VSS3

330 not connected

331 VDD3C

332 TDT46 I/0 W Trace Data
333 TDT40 I/O w Trace Data
334 TDT38 I/O w Trace Data
335 VDD3B

336 TDT29 I/O w Trace Data
337 TDT17 I/O w Trace Data
338 VDD3A

339 TDTO I/O w Trace Data
340 VSS

341 VSS

342 not connected

343 VDD5E

344 INTO IO PKO A Ext. Interrupt O
345 LED2 I/0 PJ2 J LED Port 2
346 LEDO IO PJO J LED Port 0
347 VDD5D

348 AVSS Analog VSS
349 DEOP2 110 PB7 A DMA EOP 2
350 VDD5C

351 Cs2Xx IO P96 A Chip select 2
352 VSS

353 VSS

354 VDD5B

355 not connected
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Table 1.6.1 MB91FV360 I/O pins and their functions (Continued)

356 A9 I/O Q Ext. Bus Address Bit 9
357 A3 I/O Q Ext. Bus Address Bit 3
358 VSS

359 VSS

360 VDD5T

361 VSS

362 VSS

363 VSS

364 not connected
365 HVSS

366 VSS

367 VSS

368 not connected
369 VSS

370 VSS

371 not connected
372 VSS

373 VSS

374 VSS

375 VDD3D

376 VSS3

377 VSS3

378 VSS3

379 not connected
380 VSS3

381 VSS3

382 not connected
383 VSS3

384 VSS3

385 VSS3

386 VDD5G

387 VSS

388 VSS

389 VSS

390 not connected
391 VSS
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Table 1.6.1 MB91FV360 /O pins and their functions (Continued)

CHAPTER 1: MB91360 DESCRIPTION

392 VSS

393 not connected
394 VSS

395 VSS

396 VSS

397 not connected
398 VSS

399 VSS

400 VSS

401 VDD5A
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1.6.2 MB91F362GB I/O Pins and Their Function

Table 1.6.2 MB91F362GB I/O pins and their function

38

Pin : General | ¢; 0 it :
No. Pin Name 110 Purpose Type Function
10 Port
1 D24 I/10 Q Ext. Bus Data Bit 24
2 D25 I/O Q Ext. Bus Data Bit 25
3 D26 I/10 Q Ext. Bus Data Bit 26
4 D27 I/10 Q Ext. Bus Data Bit 27
5 D28 I/10 Q Ext. Bus Data Bit 28
6 D29 I/10 Q Ext. Bus Data Bit 29
7 D30 I/O Q Ext. Bus Data Bit 30
8 D31 110 Q Ext. Bus Data Bit 31
9 A0 I/O Q Ext. Bus Address Bit 0
10 A1 I/1O Q Ext. Bus Address Bit 1
11 A2 110 Q Ext. Bus Address Bit 2
12 A3 I/0 Q Ext. Bus Address Bit 3
13 A4 I/0 Q Ext. Bus Address Bit 4
14 A5 I/0 Q Ext. Bus Address Bit 5
15 A6 I/0 Q Ext. Bus Address Bit 6
16 A7 I/0 Q Ext. Bus Address Bit 7
17 A8 I/0 Q Ext. Bus Address Bit 8
18 A9 I/0 Q Ext. Bus Address Bit 9
19 A10 I/0 Q Ext. Bus Address Bit 10
20 A11 I/10 Q Ext. Bus Address Bit 11
21 A12 I/0 Q Ext. Bus Address Bit 12
22 A13 I/0 Q Ext. Bus Address Bit 13
23 A14 I/0 Q Ext. Bus Address Bit 14
24 A15 I/0 Q Ext. Bus Address Bit 15
25 VDD35 separated Ext.Bus VDD, 3.3 or 5.0V
26 VSS
27 A16 I/0 Q Ext. Bus Address Bit 16
28 A17 I/10 Q Ext. Bus Address Bit 17
29 A18 I/0 Q Ext. Bus Address Bit 18
30 A19 I/0 Q Ext. Bus Address Bit 19
31 A20 I/0 Q Ext. Bus Address Bit 20
32 CSs4X I/0 P74 A Chip Select 4
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Table 1.6.2 MB91F362GB 1/O pins and their function (Continued)

33 CS5X I/O P75 A Chip Select 5

34 CS6X I/O P76 A Chip Select 6

35 RDY I/O S Ext. Bus Control

36 BGRNTX I/O P81 A Ext. Bus Control

37 BRQ I/0 P82 A Ext. Bus Control

38 RDX I/O S Ext. Bus Control

39 WROX I/O S Ext. Bus Control

40 WR1X I/O S Ext. Bus Control

41 WR2X I/O S Ext. Bus Control

42 WR3X I/0 S Ext. Bus Control

43 AS I/0 P90 A Ext. Bus Control

44 ALE I/0 P91 A Ext. Bus Control

45 CLK I/O A Ext. Bus Clk

46 AH I/O P93 A Ext. Bus Control Signal
47 CSO0X I/O P94 A Chip select 0

48 CS1X I/O P95 A Chip Select 1

49 Cs2Xx I/O P96 A Chip Select 2

50 CS3X I/O P97 A Chip Select 3

51 VDD35 separated Ext.Bus VDD, 3.3 0or 5.0V
52 VSS

53 ANS8 I/0 PGO B ADC Input 8

54 AN9 I/0 PG1 B ADC Input 9

55 AN10 I/0 PG2 B ADC Input 10

56 AN I/0 PG3 B ADC Input 11

57 AN12 I/0 PG4 B ADC Input 12

58 AN13 I/0 PG5 B ADC Input 13

59 AN14 I/0 PG6 B ADC Input 14

60 AN15 I/0 PG7 B ADC Input 15

61 DREQO I/0 PBO A DMA Request 0

62 DACKO I/0 PB1 A DMA Acknowledge 0
63 DEOPO I/O PB2 A DMA EOP 0

64 AVCC Analog VCC

65 AVRH R Analog Reference High
66 ANO I/0 PHO B ADC Input 0

67 AN1 I/0 PH1 B ADC Input 1

68 AN2 110 PH2 B ADC Input 2
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Table 1.6.2 MB91F362GB 1/O pins and their function (Continued)

69 AN3 I/0 PH3 B ADC Input 3
70 AN4 I/0 PH4 B ADC Input 4
71 AN5 I/0 PH5 B ADC Input 5
72 ANG6 I/0 PH6 B ADC Input 6
73 AN7 I/0 PH7 B ADC Input 7
74 AVSS, Analog VSS,
AVRL Analog Reference Low
75 DAO o) C DAC Output
76 DA1 o) C DAC Output
77 ALARM I D Alarm Comparator Input
78 VSS
79 VDD
80 ATGX I/O PI3 A ADC Trigger Input
81 TESTX I E Test Input (should be connected to VDD)
82 CPUTESTX | | E Test Input (should be connected to VDD)
83 LTESTX I E Test Input (should be connected to VDD)
84 LEDO I/O PJO J LED Port 0
85 LED1 I/O PJ1 J LED Port 1
86 LED2 I/O PJ2 J LED Port 2
87 LED3 I/O PJ3 J LED Port 3
88 LED4 I/O PJ4 J LED Port 4
89 LED5S I/O PJ5 J LED Port 5
90 LED6 I/O PJ6 J LED Port 6
91 LED7 I/O PJ7 J LED Port 7
92 VDD
93 VSS
94 INTO I/0 PKO A Ext. Interrupt O
95 INT1 I/0 PK1 A Ext. Interrupt 1
96 INT2 I/0 PK2 A Ext. Interrupt 2
97 INT3 I/0 PK3 A Ext. Interrupt 3
98 INT4 I/0 PK4 A Ext. Interrupt 4
99 INT5 I/0 PK5 A Ext. Interrupt 5
100 INT6 I/O PK6 A Ext. Interrupt 6
101 INT7 I/O PK7 A Ext. Interrupt 7
102 INO I/O PLO A ICU Input O
103 IN1 I/O PLA1 A ICU Input 1
104 IN2 I/O PL2 A ICU Input 2
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Table 1.6.2 MB91F362GB 1/O pins and their function (Continued)

105 IN3 I/O PL3 A ICU Input 3

106 ouTo I/0 PL4 A OCU Output 0

107 ouT1 I/0 PL5 A OCU Output 1

108 OouT2 I/0 PL6 A OCU Output 2

109 OuT3 I/0 PL7 A OCU Output 3

110 VSS

111 MDO I T Mode Pin 0

112 MD1 I T Mode Pin 1

113 MD2 I T Mode Pin 2

114 HSTX I E Hardware Standby

115 INITX I u Initial Pin

116 MONCLK @) G System Clock Output for evaluation purposes
117 SELCLK I F Clock Selection, must be connected to VDD
118 VDD

119 X0 H 4 MHz Oscillator Pin

120 X1 4 MHz Oscillator Pin

121 X0A I I reserved - must be connected to VSS
122 X1A 0] I reserved - should be left open

123 VSS

124 CPO C reserved - should be left open

125 VCI D reserved - must be connected to VSS
126 SGO I/0 PMO A Sound Generator SGO

127 SGA I/0 PM1 A Sound Generator SGA

128 SDA I/O PM2 Y [2C SDA

129 SCL I/O PM3 Y [2C SCL

130 SOT4 I/0 PNO A SIO Output

131 SIN4 I/O PN1 A SIO Input

132 SCK4 I/O PN2 A SIO Clock

133 SIN3 I/O PN3 A SIO Input

134 SOT3 I/0 PN4 A SIO Output

135 SCK3 I/O PN5 A SIO Clock

136 OCPAO I/O POO A PPG Output

137 OCPA1 I/O PO1 A PPG Output

138 OCPA2 I/O PO2 A PPG Output

139 OCPA3 I/O PO3 A PPG Output

140 OCPA4 I/O PO4 A PPG Output
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Table 1.6.2 MB91F362GB 1/O pins and their function (Continued)

141 OCPA5 I/O PO5 A PPG Output
142 OCPA6 I/O PO6 A PPG Output
143 OCPA7 I/O PO7 A PPG Output
144 VDD

145 VSS

146 TXO0 I/0 PPO Q CAN O TX

147 RX0 I/O PP1 Q CAN 0 RX

148 X1 I/0 PP2 Q CAN 1 TX

149 RX1 I/0 PP3 Q CAN 1 RX

150 TX2 I/0 PP4 Q CAN 2 TX

151 RX2 I/0 PP5 Q CAN 2 RX

152 SINO I/0 PQO A UART 0 Input
153 SOTO0 I/0 PQ1 A UART 0 Output
154 SIN1 I/0 PQ2 A UART 1 Input
155 SOT1 110 PQ3 A UART 1 Output
156 SIN2 I/0 PQ4 A UART 2 Input
157 SOT2 I/0 PQ5 A UART 2 Output
158 VSS

159 VCC3/C C Bypass Capacitor Pin
160 VDD

161 HVSS

162 PWM1PO I/O PRO K SMC 0

163 PWM1MO I/0 PR1 K SMC 0

164 PWM2PO I/O PR2 K SMC 0

165 PWM2MO I/0 PR3 M SMC 0

166 HVDD

167 PWM1P1 I/0 PR4 K SMC 1

168 PWM1MA1 I/0 PR5 K SMC 1

169 PWM2P1 I/O PR6 K SMC 1

170 PWM2M1 I/0 PR7 M SMC 1

171 HVSS

172 PWM1P2 I/O PSO K SMC 2

173 PWM1M2 I/0 PS1 K SMC 2

174 PWM2P2 I/O PS2 K SMC 2

175 PWM2M2 I/0 PS3 M SMC 2

176 HVDD
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Table 1.6.2 MB91F362GB 1/O pins and their function (Continued)

177 PWM1P3 I/O PS4 K SMC 3

178 PWM1M3 I/O PS5 K SMC 3

179 PWM2P3 I/O PS6 K SMC 3

180 PWM2M3 I/O PS7 M SMC 3

181 HVSS

182 VDD35 separated Ext.Bus VDD, 3.3 or 5.0 V
183 DO I/O Q Ext. Bus Data Bit 0
184 D1 I/O Q Ext. Bus Data Bit 1
185 D2 I/O Q Ext. Bus Data Bit 2
186 D3 I/O Q Ext. Bus Data Bit 3
187 D4 I/O Q Ext. Bus Data Bit 4
188 D5 I/O Q Ext. Bus Data Bit 5
189 D6 I/O Q Ext. Bus Data Bit 6
190 D7 I/O Q Ext. Bus Data Bit 7
191 D8 I/O Q Ext. Bus Data Bit 8
192 D9 I/O Q Ext. Bus Data Bit 9
193 D10 I/O Q Ext. Bus Data Bit 10
194 D11 I/O Q Ext. Bus Data Bit 11
195 D12 I/O Q Ext. Bus Data Bit 12
196 D13 I/O Q Ext. Bus Data Bit 13
197 D14 I/O Q Ext. Bus Data Bit 14
198 VDD35 separated Ext.Bus VDD, 3.3 0or 5.0V
199 VSS

200 D15 I/O Q Ext. Bus Data Bit 15
201 D16 I/O Q Ext. Bus Data Bit 16
202 D17 I/O Q Ext. Bus Data Bit 17
203 D18 I/O Q Ext. Bus Data Bit 18
204 D19 I/O Q Ext. Bus Data Bit 19
205 D20 I/O Q Ext. Bus Data Bit 20
206 D21 I/O Q Ext. Bus Data Bit 21
207 D22 I/O Q Ext. Bus Data Bit 22
208 D23 I/O Q Ext. Bus Data Bit 23

Note: If pins VDD35 (25, 51, 182, 198) are connected to 3.3V then the external bus
interface (pins 1-52, 182-208) can be operated at 3.3V levels.
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1.6.3 MB91F364G I/O Pins and Their Function

Table 1.6.3 MB91F364G 1/O pins and their function

Pin . General | ¢y cuit .
No Pin Name | I/0 | Purpose Type Function
10 Port
1 ANO I/O | PHO B ADC input 0
2 AN1 I/O | PH1 B ADC input 1
3 AN2 I/O | PH2 B ADC input 2
4 AN3 I/O | PH3 B ADC input 3
5 AN4 I/O | PH4 B ADC input 4
6 AN5 I/O | PH5 B ADC input 5
7 AVSS, AVSS,
AVRL analog reference low
8 AVRH R analog reference high
9 AVCC AVCC
10 AN6 I/O | PH6 B ADC input 6
11 AN7 I/O | PH7 B ADC input 7
12 AN8 IO | PGO B ADC input 8
13 AN9 /0 | PG1 B ADC input 9
14 AN10 I/0 | PG2 B ADC input 10
15 AN11 I/0 | PG3 B ADC input 11
16 VSS
17 VDD
18 SDA I/O | PM2 YA I2C SDA
19 SCL /O | PM3 YA I2C SCL
20 SOTO0 /0 | PQ1 A UART 0 SOT
21 SINO /0 | PQO A UART 0 SIN
22 HSTX I F hardware standby
23 NMIX | E non maskable interrupt
24 SELCLK I F select RTC clock
25 VDD
26 MONCLK (0] Q1 modulated clock output
27 VSS
28 X1A 0] I 32 kHz oscillator pin
29 X0A I I 32 kHz oscillator pin
30 VDD
31 X1 @) H 4 MHz oscillator pin
32 X0 I H 4 MHz oscillator pin
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Pin . General Circuit .
No Pin Name | 1/O | Purpose Type Function
10 Port

33 VSS

34 INTO /10 | PKO B external interrupt 0

35 INT1 /10 | PK1 B external interrupt 1

36 INT2 /10 | PK2 B external interrupt 2

37 INT3 I/0 | PK3 B external interrupt 3

38 INT4 /0 | PK4 B external interrupt 4

39 INTS /0 | PK5 B external interrupt 5

40 INT6 /O | PK6 B external interrupt 6

41 INT7 /0 | PK7 B external interrupt 7

42 VDD

43 VSS

44 INO I/O | PLO B ICU input O (see note 1)

45 IN1 I/O | PL1 B ICU input 1 (see note 1)

46 IN2 I/O | PL2 B ICU input 2 (see note 1)

47 IN3 I/O | PL3 B ICU input 3 (see note 1)

48 ouTo /O | PL4 B OCU output 0

49 ouT1 /O | PL5 B OCU output 1

50 OouT2 /O | PL6 B OCU output 2

51 OuT3 /O | PL7 B OCU output 3

52 VDD

53 VSS

54 TESTX I E test input

55 CPUTESTX | | E test input

56 ATGX I/O | PI3 A ADC trigger

57 MDO | T mode pin 0

58 MD1 | T mode pin 1

59 MD2 | T mode pin 2

60 INITX I u inital pin

61 VDD

62 VCC3C pins for regulator capaci-
tance or for external sup-

63 VCC3C ply of core voltage
Don’t connect to VSS

64 VSS (#) in first ES series !
Leave open! See note 3
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Table 1.6.3 MB91F364G 1/O pins and their function (Continued)

Pin . General | i cyit :
No Pin Name | 1/O | Purpose Type Function
10 Port

65 VDDI
66 VDDI separate core supply
67 VDDI
68 BREAKX I BREAKX | E EDSU break pin
69 VDD
70 VSS
71 RX0 I/O | PP1 Q CAN RX
72 TXO0 I/0 | PPO Q CAN TX
73 OCPAO I/O | POO A PPG output 0
74 OCPA1 I/O | PO1 A PPG output 1
75 OCPA2 I/O | PO2 A PPG output 2
76 OCPA3 I/O | PO3 A PPG output 3
77 VSS
78 SIN5 I/O | PTO A USART 5 SIN
79 SCK5 /O | PT1 A USART 5 SCK
80 SOT5 I/O | PT2 A USART 5 SOT
81 SOT6 I/O | PT3 A USART 6 SOT
82 SCK6 I/O | PT4 A USART 6 SCK
83 SING I/O | PT5 A USART 6 SIN
84 VDD
85 VSS
86 SIN3 I/O | PN3 A SIO SIN
87 SOT3 I/O | PN4 A SIO SOT
88 SCK3 I/O | PN5 A SIO SCK
89 VSS
90 LTESTX I LTESTX | E test pin
91 VDD
92 PRO I/O | PRO A port R0
93 PR1 I/O | PR1 A port R 1
94 PR2 I/O | PR2 A port R 2
95 PR3 I/O | PR3 A port R 3
96 PR4 I/O | PR4 A port R 4
97 PR5 I/O | PR5 A portR 5
98 PR6 I/O | PR6 A port R 6

46



MB91360 HARDWARE MANUAL CHAPTER 1: MB91360 DESCRIPTION

Table 1.6.3 MB91F364G 1/O pins and their function (Continued)

Pin . General Circuit .
No Pin Name | 1/O | Purpose Type Function
10 Port

99 PR7 I/0 | PR7 A portR7
100 VSS

101 VDD

102 LEDO /0 | PJO J LED port 0
103 LED1 /O | PJ1 J LED port 1
104 LED2 /O | PJ2 J LED port 2
105 LED3 /O | PJ3 J LED port 3
106 VSS

107 LED4 /O | PJ4 J LED port 4
108 LED5S /O | PJ5 J LED port 5
109 LED6 I/O | PJ6 J LED port 6
110 LED7 /0 | PJ7 J LED port 7
111 VSS

112 VDD

113 PO4 I/O | PO4 A port O 4
114 PO5 I/O | PO5 A port O 5
115 PO6 I/0 | PO6 A port O 6
116 PO7 I/0 | PO7 A port O 7
117 DAO @) C See note 2
118 DA1 @) C See note 2
119 VSS

120 VDD

Note 1: If the port L function register bits are cleared, the ICU input lines are connected with the
LSYNC outputs of the LIN-USARTSs.

Note 2: The pins DA1 and DAO are also used for digital test functions. To ensure proper system
function, always write '0’ to port P data direction register DDRP[3:2] and port P function register
PFRP[3:2].

Note 3: Pin 064 (VSS) will be available after redesign. In the first ES series, this pin must be left
open.
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1.6.4 MB91F369GA I/O Pins and Their Function

Table 1.6.4 MB91F369GA 1/O pins and their functions

48

Pin : General | ¢; 0 it :
No. Pin Name 110 Purpose Type Function
10 Port

1 A4 I/10 Q Ext. Bus Address Bit 4

2 A5 I/O Q Ext. Bus Address Bit 5

3 A6 I/O Q Ext. Bus Address Bit 6

4 A7 I/0 Q Ext. Bus Address Bit 7

5 A8 I/O Q Ext. Bus Address Bit 8

6 A9 I/O Q Ext. Bus Address Bit 9

7 A10 I/O Q Ext. Bus Address Bit 10

8 A11 I/0 Q Ext. Bus Address Bit 11

9 VDD35 separated Ext.Bus VDD, 3.3 or 5.0V

10 CLK 1/0 A Ext. Bus CLock

11 VSS

12 A12 I/0 Q Ext. Bus Address Bit 12

13 A13 I/0 Q Ext. Bus Address Bit 13

14 A14 I/1O Q Ext. Bus Address Bit 14

15 A15 I/0 Q Ext. Bus Address Bit 15

16 A16 I/0 Q Ext. Bus Address Bit 16

17 A17 I/0 Q Ext. Bus Address Bit 17

18 A18 I/0 Q Ext. Bus Address Bit 18

19 A19 I/0 Q Ext. Bus Address Bit 19

20 A20 I/0 Q Ext. Bus Address Bit 20

21 VDD35 separated Ext.Bus VDD, 3.3 or 5.0 V

22 VSS

23 CSs4X I/0 P74 A Chip Select 4

24 CS5X I/0 P75 A Chip Select 5

25 CS6X 110 P76 A Chip Select 6

26 RDX 1/0 S Ext. Bus Control

27 BGRNTX I/O P81 A Ext. Bus Control

28 BRQ I/10 P82 A Ext. Bus Control

29 AS 110 P90 A Ext. Bus Control

30 ALE I/1O P91 A Ext. Bus Control

31 AH I/0 P93 A Ext. Bus Control Signal

32 CSO0X 110 P94 A Chip select 0
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Table 1.6.4 MB91F369GA 1/O pins and their functions (Continued)

33 CS1X I/O P95 A Chip Select 1
34 CS2X I/O P96 A Chip Select 2
35 CS3X I/O P97 A Chip Select 3
36 DREQO I/0 PBO A DMA Request 0
37 DACKO I/0 PB1 A DMA Acknowledge 0
38 DEOPO I/O PB2 A DMA EOP 0
39 VSS
40 VDD35 separated Ext.Bus VDD, 3.3 0or 5.0V
41 AVRH R Analog Reference High
42 AVCC Analog VCC
43 AVSS, Analog VSS,
AVRL Analog Reference Low
44 ANO I/0 PHO B ADC Input 0
45 AN1 I/0 PH1 B ADC Input 1
46 AN2 I/0 PH2 B ADC Input 2
47 AN3 I/0 PH3 B ADC Input 3
48 AN4 I/0 PH4 B ADC Input 4
49 AN5 I/0 PH5 B ADC Input 5
50 ANG I/0 PH6 B ADC Input 6
51 AN7 I/0 PH7 B ADC Input 7
52 ANS8 I/0 PGO B ADC Input 8
53 AN9 I/0 PG1 B ADC Input 9
54 ALARM I D Alarm Comparator Input
55 VSS
56 VDD
57 ATGX I/O PI3 A ADC Trigger Input
58 MDO I T Mode Pin 0
59 MD1 I T Mode Pin 1
60 MD2 I T Mode Pin 2
61 HSTX I E Hardware Standby
62 INITX [ u Initial Pin
63 TESTX I E Test Input (should be connected to VDD)
64 CPUTESTX | | E Test Input (should be connected to VDD)
65 LTESTX I E Test Input (should be connected to VDD)
66 VDD
67 VSS
68 INTO I/0 PKO A Ext. Interrupt O
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Table 1.6.4 MB91F369GA 1/O pins and their functions (Continued)

69 INT1 I/0 PK1 A Ext. Interrupt 1

70 INT2 I/0 PK2 A Ext. Interrupt 2

71 INT3 I/0 PK3 A Ext. Interrupt 3

72 INT4 I/0 PK4 A Ext. Interrupt 4

73 INT5 I/0 PK5 A Ext. Interrupt 5

74 INT6 I/0 PK6 A Ext. Interrupt 6

75 INT7 I/0 PK7 A Ext. Interrupt 7

76 SGO I/0 PMO A Sound Generator SGO

77 SGA I/0 PM1 A Sound Generator SGA

78 SDA I/0 PM2 Y [2C SDA

79 SCL I/0 PM3 Y [2C SCL

80 SOT4 I/O PNO A SIO Output

81 SIN4 I/0 PN1 A SIO Input

82 SCK4 I/O PN2 A SIO Clock

83 SIN3 I/0 PN3 A SIO Input

84 SOT3 I/O PN4 A SIO Output

85 SCK3 I/O PN5 A SIO Clock

86 VSS

87 VDDI Supply voltage for internal regulator
88 VDDI Supply voltage for internal regulator
89 VDDI Supply voltage for internal regulator
90 VDDI Supply voltage for internal regulator
91 VCC3C Capacitor pin for internal regulator
92 VSS

93 TXO0 I/O PPO Q CAN O TX

94 RX0 I/O PP1 Q CAN 0 RX

95 TX1 I/O PP2 Q CAN 1 TX

96 RX1 I/O PP3 Q CAN 1 RX

97 SINO I/0 PQO A UART 0 Input

98 SOTO I/O PQ1 A UART 0 Output

99 VDD

100 VSS

101 OCPAO I/O POO A PPG Output

102 OCPA1 I/O PO1 A PPG Output

103 OCPA2 I/O PO2 A PPG Output

104 OCPA3 I/O PO3 A PPG Output
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Table 1.6.4 MB91F369GA 1/O pins and their functions (Continued)

CHAPTER 1: MB91360 DESCRIPTION

105 VDDX

106 X0 H 4 MHz Oscillator Pin
107 X1 4 MHz Oscillator Pin
108 VSS

109 VDD

110 MONCLK O Q1 System Clock Output
111 VSS

112 VDD35 separated Ext.Bus VDD, 3.3 or 5.0 V
113 VSS

114 WR3X I/O S Ext. Bus Control

115 WR2X I/O S Ext. Bus Control

116 WR1X I/O S Ext. Bus Control

117 WROX I/O S Ext. Bus Control

118 RDY I/O S Ext. Bus Control

119 VDD35 separated Ext.Bus VDD, 3.3 0or 5.0V
120 VSS

121 DO I/O Q Ext. Bus Data Bit 0
122 D1 I/O Q Ext. Bus Data Bit 1
123 D2 I/O Q Ext. Bus Data Bit 2
124 D3 I/O Q Ext. Bus Data Bit 3
125 D4 I/O Q Ext. Bus Data Bit 4
126 D5 I/O Q Ext. Bus Data Bit 5
127 D6 I/O Q Ext. Bus Data Bit 6
128 D7 I/O Q Ext. Bus Data Bit 7
129 D8 I/O Q Ext. Bus Data Bit 8
130 D9 I/O Q Ext. Bus Data Bit 9
131 D10 I/O Q Ext. Bus Data Bit 10
132 D11 I/O Q Ext. Bus Data Bit 11
133 D12 I/O Q Ext. Bus Data Bit 12
134 D13 I/O Q Ext. Bus Data Bit 13
135 D14 I/O Q Ext. Bus Data Bit 14
136 D15 I/O Q Ext. Bus Data Bit 15
137 VDD35 separated Ext.Bus VDD, 3.3 0or 5.0V
138 VSS

139 D16 I/O Q Ext. Bus Data Bit 16
140 D17 I/O Q Ext. Bus Data Bit 17
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Table 1.6.4 MB91F369GA 1/O pins and their functions (Continued)

141 D18 I/O Q Ext. Bus Data Bit 18
142 D19 I/O Q Ext. Bus Data Bit 19
143 D20 I/O Q Ext. Bus Data Bit 20
144 D21 I/O Q Ext. Bus Data Bit 21
145 D22 I/O Q Ext. Bus Data Bit 22
146 D23 I/O Q Ext. Bus Data Bit 23
147 D24 I/O Q Ext. Bus Data Bit 24
148 D25 I/O Q Ext. Bus Data Bit 25
149 D26 I/O Q Ext. Bus Data Bit 26
150 D27 I/O Q Ext. Bus Data Bit 27
151 D28 I/O Q Ext. Bus Data Bit 28
152 D29 I/O Q Ext. Bus Data Bit 29
153 D30 I/O Q Ext. Bus Data Bit 30
154 D31 I/O Q Ext. Bus Data Bit 31
155 VDD35 separated Ext.Bus VDD, 3.3 or 5.0V
156 VSS

157 A0 I/O Q Ext. Bus Address Bit 0
158 A1 I/O Q Ext. Bus Address Bit 1
159 A2 I/O Q Ext. Bus Address Bit 2
160 A3 I/O Q Ext. Bus Address Bit 3

Note: If pins VDD35 (9, 21, 40, 112, 119, 137, 155) are connected to a 3.3V supply
the external bus interface (pins 1-40, 112-160) can be operated at 3.3V levels.
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1.6.5 MB91F365GB/F366GB/F376G, MB91366GA 1/O Pins

Table 1.6.5 MB91F365GB/F366GB/F376G, MB91366GA 1/0 Pins and their function

Circuit Circuit
Pin No. . General Type Typeon .
QFP120 Pin Name | 1/O I;’lljor;;c;srf Fl(:;h ROM Function
Device Device

1 VDD
2 VSS
3 PJ4 /0O | PJ4 A A Digital 10-Port
4 PJ5 /0 | PJ5 A A Digital 10-Port
5 PJ6 /0 | PJ6 A A Digital 10-Port
6 PJ7 /o | PJ7 A A Digital 10-Port
7 PI3 /o | PI3 A A Digital |0-Port
8 VDD
9 VSS
10 SGO I/0 | PMO A A Sound Gen. SGO
11 SGA /O | PM1 A A Sound Gen. SGA
12 SDA I/0 PM2 Y Y I12C SDA (no internal pull-up!)
13 SCL I/0 PM3 Y Y I12C SCL (no internal pull-up!)
14 VDD
15 VSS
16 AVRH R R Analog Voltage Ref. high
17 AVCC Analog VCC
18 ﬁg;ﬁl Ana.Volt.Ref.low/An.VSS
19 ANO I/O | PHO B B ADC input
20 AN1 /O | PH1 B B ADC input
21 AN2 /0 | PH2 B B ADC input
22 AN3 /O | PH3 B B ADC input
23 AN4 /O | PH4 B B ADC input
24 AN5 /O | PH5 B B ADC input
25 ANG6 /O | PH6 B B ADC input
26 AN7 /O | PH7 B B ADC input

DAO 0] C C DAC Output (MB91F365GB)
27 OA | | | 32 kHz Osc (MB91F366GB/366GA/

MB91F376G)
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Table 1.6.5 MB91F365GB/F366GB/F376G, MB91366GA 1/O Pins and their function (Continued)

Circuit R
PinNo. | .. General | Type TC;II;:L;: ,
QFP120 Pin Name | /O I:’Itg;;c;s: Flzr;h ROM Function
Device Device
DA1 0] C C DAC Output (MB91F365GB)

28 SAA o | | 32 kHz Osc. (MB91F366GB/366GA/

MB91F376G)
29 ALARM I D D Alarm Comparator Input
30 VSS
31 BOOT 1/0 P93 BOOT pin (see remark)
32 TESTX I Test mode pin
33 CPUTESTX | | Test mode pin
34 VDD
35 X0 I H H 4 MHz Oscillator Pin
36 X1 O H H 4 MHz Oscillator Pin
37 VSS
38 MONCLK | O G G Clock output
39 INTO I/0 | PKO A A Ext. Interrupt
40 INT1 /0 | PK1 A A Ext. Interrupt
41 INT2 /0 | PK2 A A Ext. Interrupt
42 INT3 I/0 | PK3 A A Ext. Interrupt
43 INT4 /0 | PK4 A A Ext. Interrupt
44 INT5 /0 | PK5 A A Ext. Interrupt
45 INT6 /0 | PK6 A A Ext. Interrupt
46 INT7 /0 | PK7 A A Ext. Interrupt
47 VDD supply pin for internal voltage regulator
48 VCC3/C Capacitor pin for internal voltage reg.
49 VSS
50 INO /O | PLO A A ICU input
51 IN1 /O | PL1 A A ICU input
52 IN2 /0 | PL2 A A ICU input
53 IN3 /O | PL3 A A ICU input
54 ouTo /O | PL4 A A OCU Output
55 ouT1 /O | PL5 A A OCU Output
56 VDD supply pin for internal voltage regulator
57 MDO [ T F Mode Pin
58 MD1 [ T F Mode Pin
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Table 1.6.5 MB91F365GB/F366GB/F376G, MB91366GA 1/O Pins and their function (Continued)

Circuit Circuit
Pin No. . General Type Typeon .
QFP120 Pin Name | 1/O I:’/l(‘)r';%s: Flc:;h ROM Function
Device Device
59 MD2 I T F Mode Pin
60 INITX I u u Initial
61 VDD supply pin for internal voltage regulator
62 VSS
63 SOT4 I/O | PNO A A SIO output
64 SIN4 I/0 | PN1 A A SIO input
65 SCK4 /0 | PN2 A A SIO clock
66 SIN3 /O | PN3 A A SIO input
67 SOT3 /O | PN4 A A SI0O output
68 SCK3 /O | PN5 A A SIO clock
69 VSS
70 OCPAO /0 | POO A A PPG output
71 OCPA1 /0 | PO1 A A PPG output
72 OCPA2 /0 | PO2 A A PPG output
73 OCPA3 /0 | PO3 A A PPG output
74 OCPA4 /0 | PO4 A A PPG output
75 OCPA5 /0 | PO5 A A PPG output
76 OCPA6 /0 | PO6 A A PPG output
77 OCPA7 /o | PO7 A A PPG output
78 TXO0 /0 | PPO Q Q CAN TX output
79 RX0 /0 | PP1 Q Q CAN RX output
80 TX1 /0 | PP2 Q Q CAN TX output
81 RX1 /0 | PP3 Q Q CAN RX output
82 VDD
83 VSS
84 SINO /0 | PQO A A UART input
85 SOTO0 /o | PQ1 A A UART output
86 SIN1 /o | PQ2 A A UART input
87 SOT1 /0 | PQ3 A A UART output
88 PGO /0 | PGO A A Digital 10-Port
89 PG1 /0 | PG1 A A Digital 10-Port
90 PG2 /0 | PG2 A A Digital 10-Port
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Table 1.6.5 MB91F365GB/F366GB/F376G, MB91366GA 1/O Pins and their function (Continued)

Circuit Circuit
Pin No. . General Type Typeon .
QFP120 Pin Name | /O I:’Itg;;c;s: F;r;h ROM Function
Device Device
91 PG3 /0 | PG3 A A Digital 10-Port
92 PG4 /0 | PG4 A A Digital 10-Port
93 PG5 I/0 | PG5 A Digital 10-Port
94 VDD
95 HVSS SMC VSS
96 PWM1PO | I/O | PRO K K SMC O
97 PWM1IMO | I/O | PR1 K K SMCO0
98 PWM2PO | I/O | PR2 K K SMC O
99 PWM2MO | I/O | PR3 M M SMCO0
100 HVDD SMC vDD
101 PWM1P1 /O | PR4 K K SMC 1
102 PWM1M1 | I/O | PR5 K K SMC 1
103 PWM2P1 /O | PR6 K K SMC 1
104 PWM2M1 | I/O | PR7 M M SMC 1
105 HVSS SMC VSS
106 PWM1P2 | I/O | PSO K K SMC 2
107 PWM1M2 | I/O | PS1 K K SMC 2
108 PWM2P2 | I/O | PS2 K K SMC 2
109 PWM2M2 | I/O | PS3 M M SMC 2
110 HVDD SMC vDD
1M1 PWM1P3 | I/O | PS4 K K SMC 3
112 PWM1M3 | I/O | PS5 K K SMC 3
113 PWM2P3 | I/O | PS6 K K SMC 3
114 PWM2M3 | I/O | PS7 M M SMC 3
115 HVSS
116 VDD
117 PJO /0 | PJO A A Digital 10-Port
118 PJ1 /0 | PJ1 A A Digital 10-Port
119 PJ2 /0 | PJ2 A A Digital 10-Port
120 PJ3 /O | PJ3 A A Digital 10-Port
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Remark: (1) Pin 31 (BOOT) should be low by default (pull down resistor). To avoid disturbances
in case of reset/boot it should preferably only be used as output by any application.




MB91360 HARDWARE MANUAL CHAPTER 1: MB91360 DESCRIPTION

1.6.6 MB91F367GB/F368GB I/O Pins and Their Function

Table 1.6.6 MB91F367GB/F368GB I/O Pins and their functions

General
QP::nPT;(') Pin Name | 1/O P:Tgs C.Ii.;:l;it Function
Port
1 VDD
2 VSS
3 PJ4 /O | PJ4 A Digital 10-Port
4 PJ5 /O | PJ5 A Digital 10-Port
5 PJ6 /O | PJ6 A Digital 10-Port
6 PJ7 /o | PJ7 A Digital 10-Port
7 PI3 /O | PI3 A Digital 10-Port
8 VDD
9 VSS
10 PMO /O | PMO A Digital 10-Port
11 PM1 /O | PM1 A Digital 10-Port
12 SDA I/0 PM2 Y I12C SDA (no internal pull-up!)
13 SCL I/0 PM3 Y I12C SCL (no internal pull-up!)
14 VDD
15 VSS
16 AVRH R Analog Voltage Ref. high
17 AVCC Analog VCC
18 ﬁngl Ana.Volt.Ref.low/An.VSS
19 ANO /O | PHO B ADC input
20 AN1 /O | PH1 B ADC input
21 AN2 /O | PH2 B ADC input
22 AN3 /O | PH3 B ADC input
23 AN4 /O | PH4 B ADC input
24 AN5 /O | PH5 B ADC input
25 ANG6 /1O | PH6 B ADC input
26 AN7 /O | PHY B ADC input
X0A I I 32 KHz Oscillator Pin (MB91F368GB)
27 N.C. not connected (MB91F367GB)
X1A O I 32 KHz Oscillator Pin (MB91F368GB)
28 N.C. not connected (MB91F367GB)
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Table 1.6.6 MB91F367GB/F368GB 1/0 Pins and their functions (Continued)

General
QP::"P:‘;(') Pin Name | 10 | PUTPos CTi;‘I’;;" Function
Port
29 ALARM I D Alarm Comparator Input
30 VSS
31 BOOT I/0 P93 A BOOT pin (see remark!)
32 TESTX I E Test mode pin
33 CE:Q%I I E Test mode pin
34 VDD
35 X0 I H 4 MHz Oscillator Pin
36 X1 O H 4 MHz Oscillator Pin
37 VSS
38 MONCLK | O G Clock output
39 INTO /0 | PKO A Ext. Interrupt
40 INT1 /0 | PK1 A Ext. Interrupt
41 INT2 I/0 | PK2 A Ext. Interrupt
42 INT3 /0 | PK3 A Ext. Interrupt
43 INT4 /0 | PK4 A Ext. Interrupt
44 INT5 /0 | PK5 A Ext. Interrupt
45 INT6 /0 | PK6 A Ext. Interrupt
46 INT7 Il0 | PK7 A Ext. Interrupt
47 VDD supply pin for internal voltage regulator
48 VCC3/C Capacitor pin for V. reg.
49 VSS
50 INO /O | PLO A ICU input
51 IN1 /0 | PL1 A ICU input
52 IN2 /0 | PL2 A ICU input
53 IN3 /O | PL3 A ICU input
54 ouTo /0O | PL4 A OCU Output
55 ouT1 /0 | PL5 A OCU Output
56 VDD supply pin for internal voltage regulator
57 MDO I T Mode Pin
58 MD1 I T Mode Pin
59 MD2 I T Mode Pin
60 INITX I u Initial
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Table 1.6.6 MB91F367GB/F368GB 1/0 Pins and their functions (Continued)

General

Ghpizy | PinName | o | Purhos CTi;‘I’;;" Function
Port

61 VDD supply pin for internal voltage regulator
62 VSS
63 SOT4 I/0 | PNO A SI0O output
64 SIN4 /O | PN1 A SIO input
65 SCK4 /0 | PN2 A SIO clock
66 SIN3 I/0 | PN3 A SIO input
67 SOT3 /0 | PN4 A SI0O output
68 SCK3 /0 | PN5 A SIO clock
69 VSS
70 OCPAO /0 | POO A PPG output
71 OCPA1 /0 | PO1 A PPG output
72 OCPA2 /0 | PO2 A PPG output
73 OCPA3 /0 | PO3 A PPG output
74 PO4 /0 | PO4 A Digital 10-Port
75 PO5 /0 | PO5 A Digital 10-Port
76 PO6 /0 | PO6 A Digital 10-Port
77 PO7 /0 | PO7 A Digital 10-Port
78 TXO0 /O | PPO Q CAN TX output
79 RX0 /0 | PP1 Q CAN RX output
80 X1 /0 | PP2 Q CAN TX output
81 RX1 /0 | PP3 Q CAN RX output
82 VDD
83 VSS
84 SINO /O | PQO A UART input
85 SOTO0 /0 | PQ1 A UART output
86 PQ2 /0 | PQ2 A Digital 10-Port
87 PQ3 /0 | PQ3 A Digital 10-Port
88 PGO /0 | PGO A Digital 10-Port
89 PG1 /0 | PG1 A Digital 10-Port
90 PG2 /0 | PG2 A Digital 10-Port
91 PG3 /0 | PG3 A Digital 10-Port
92 PG4 /0 | PG4 A Digital 10-Port
93 PG5 /0 | PG5 A Digital 10-Port
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Table 1.6.6 MB91F367GB/F368GB 1/0 Pins and their functions (Continued)

General
QP::“P:‘;(') Pin Name | 10 | PUTPos CTi;‘I’;;" Function
Port
94 VDD
95 VSS
96 PRO I/0 PRO K Digital 10-Port
97 PR1 I/0 PR1 K Digital 10-Port
98 PR2 I/0 PR2 K Digital 10-Port
99 PR3 I/0 PR3 M Digital IO-Port
100 HVDD VDD for ports R and S
101 PR4 I/0 PR4 K Digital 10-Port
102 PRS5 I/0 PR5 K Digital 10-Port
103 PR6 I/0 PR6 K Digital 10-Port
104 PR7 I/0 PR7 M Digital I0-Port
105 VSS
106 PSO 1/0 PSO K Digital 1O0-Port
107 PS1 1/0 PS1 K Digital IO-Port
108 PS2 1/0 PS2 K Digital IO-Port
109 PS3 I/0 PS3 M Digital IO-Port
110 HVDD VDD for ports R and S
111 PS4 I/0 PS4 K Digital 1O0-Port
112 PS5 1/0 PS5 K Digital IO-Port
113 PS6 I/0 PS6 K Digital 1O-Port
114 PS7 I/0 PS7 M Digital IO-Port
115 VSS
116 VDD
117 PJO I/0 PJO A Digital 1O0-Port
118 PJ1 I/0 PJ1 A Digital IO-Port
119 PJ2 I/0 PJ2 A Digital IO-Port
120 PJ3 I/0 PJ3 A Digital IO-Port

Remark: Pin 31 (BOOT) should be low by default (pull down resistor). To avoid disturbances in
case of reset/boot it should preferably only be used as output by any application.
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1.6.7 1/O Circuit Type List
The circuit types, listed in the preceeding tables, have the following properties:
Table 1.6.7 1/O circuit type list
C.Ii.;:l;it Description

A I/0, 10H=4 mA /IOL=4 mA, CMOS Automotive Schmitt-Trigger Input, STOP control

B :ﬁ IOH=4 mA /10L=4 mA, CMOS Automotive Schmitt-Trigger Input, Analog Input, STOP con-
C Analog Output

D Analog Input

E CMOS Schmitt-Trigger Input, 50K Pull-up

F CMOS Schmitt-Trigger Input

G Tristate Output, IOH=4 mA / IOL=4 mA

H 4 MHz Oscillator Pin

I 32 kHz Oscillator pin

J I/0, I0H=14 mA / IOL = 24 mA, CMOS Automotive Schmitt-Trigger Input, STOP control (LED)
K !/O, IOH=30 mA /IOL=30 mA, CMOS Automotive Schmitt-Trigger Input, STOP control,slew rate

improved for EMC (SMC)
L I/0, IOH=4 mA /10L=4 mA, CMOS Input; 5V or 3 V input
M I/0, 10H=30 mA/_ IOL=30 mA, CMOS Automotive Schmitt-Trigger Input, Analog Input, STOP
control, slew rate improved for EMC (SMC)

N I/0, IOH=4 mA /10L=4 mA, CMOS Input, 50K Pulldown; 5 V or 3 V input

@) CMOS Input, 50K Pulldown; 5 V or 3 V input

P CMOS Input; 3 V input

Q I/0, IOH=4 mA /10L=4 mA, CMOS Input, STOP control
Q1 I/0, IOH=8 mA /I0OL=8 mA, CMOS Input, STOP control

R AVRL / AVRH Input

S I/0, IOH=4 mA /10L=4 mA, CMOS Input, STOP control, 10K Pull-up Resistor

T CMOS Input, can withstand VID for flash programming

U CMOS Schmitt-Trigger Input, 50K Pull-up, 3.3 V and 5 V inputs to core

w I/0, IOH=4 mA /10L=4 mA, CMOS Input; 3 V input

X Tristate Output , IOH=4 mA /I0OL=4 mA, 3V

Y I/0, IOH=3mA / I0L=3mA (I2C), CMOS Input, STOP control
YA I/0, IOH=3mA / IOL=3mA (I°C), CMOS Schmitt Trigger Input, STOP control

61




CHAPTER 1: MB91360 DESCRIPTION MB91360 HARDWARE MANUAL

1.7 1/0 CIRCUIT TYPES

1/0 circuit types for the terminals in chapter 1.6 are shown in Table 1.7

Table 1.7 1/O Circuit Types

Type Circuit type Remarks

Note: Symbols used in circuit types (Common to all circuit diagrams)

P: P channel transistor
N: N channel transistor
R: Diffusion resistor

+ 1/0, CMOS Automotive Schmitt-Trigger
Input, STOP control, IOH =4 mA, IOL =4

mA
P |7 Digital
i
A R% N Ii Digital
Vss
.

’:-— Digital

Stop control

* 1/0, CMOS Automotive Schmitt-Trigger
Analog Input, Analog Input, STOP control, IOH = 4

mA, IOL =4 mA
R

B Di P igita
RS "

|—
Ii Digital
Vss

.

’:.-— Digital

Stop control
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Table 1.7 1/0 Circuit Types (Continued)
Type Circuit type Remarks
Note: Symbols used in circuit types (Common to all circuit diagrams)
P: P channel transistor
N: N channel transistor
R: Diffusion resistor
* Analog output
——Vce
P
C
N
777~ Vss
Analog out-
* Analog Input
——Vce
"I
D
N
R
Vss
Analog
* CMOS Schmitt-Trigger Input, 50K Pullup
Vee T Vce
g V]
R %
Vss Vss
{ Digital
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Table 1.7 1/O Circuit Types (Continued)

Type Circuit type Remarks

Note: Symbols used in circuit types (Common to all circuit diagrams)

P: P channel transistor
N: N channel transistor
R: Diffusion resistor

* CMOS Schmitt-Trigger Input

3 e

R %
777 Vss

Digital
* Tristate Output, IOH =4 mA, IOL =4 mA
Vee
P § ——Digital
G
N | ——— Digital
Vss
* 4 MHz Oscillator Pin
X o
5 Clock
H |_{

ch

Stop control

* 32 kHz Oscillator Pin

X1 | &Ocmck
L+

Stop control
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Table 1.7 1/O Circuit Types (Continued)

CHAPTER 1: MB91360 DESCRIPTION

Type Circuit type Remarks
Note: Symbols used in circuit types (Common to all circuit diagrams)
P: P channel transistor
N: N channel transistor
R: Diffusion resistor
* 1/0, CMOS Automotive Schmitt-Trigger
Input, STOP control (LED), IOH = 14 mA,
. IOL =24 mA
P |— Digital
J < % N Ii Digital
Vss
Digital
Stop control
I/O0, CMOS Automotive Schmitt-Trigger
Input, STOP control (SMC), IOH = 30 mA,
IOL =30 mA
=) |7 Digital typ. slew rate of 40 ns
K N Digital
=
777~ Vss
[\ ) Digital
Stop control
* 1/0, CMOS Input; 5V or 3 Vinput, IOH = 4
Voo mA, IOL =4 mA
= |7 Digital
L N | |——— pigital
Ré Vss
{>c Digital
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Table 1.7 1/O Circuit Types (Continued)

Type Circuit type Remarks

Note: Symbols used in circuit types (Common to all circuit diagrams)

P: P channel transistor
N: N channel transistor
R: Diffusion resistor

* 1/0, CMOS Automotive Schmitt-Trigger

Analog Input, Analog Input, STOP control (SMC),
% IOH = 30 mA, IOL = 30 mA
R

* typ. slew rate of 40 ns

|— Digital

Ii Digital

Vss

S Digital

i P
RS

Stop control

* /O, CMOS Input, 50K Pulldown; 5V or 3V

Digital input, IOH =4 mA, IOL =4 mA

—— Vee
R é
N —— Digital

;5
N |[—Digital
L TE g
Vss
* CMOS Input, 50K Pulldown; 5V or 3V

Digital input

—+— Vee Vce
R %
: STy
N

'
Vss 777 Vss
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Table 1.7 1/O Circuit Types (Continued)

CHAPTER 1: MB91360 DESCRIPTION

Digital

Stop control

Type Circuit type Remarks
Note: Symbols used in circuit types (Common to all circuit diagrams)
P: P channel transistor
N: N channel transistor
R: Diffusion resistor
* CMOS Input; 3V input
——Vce
P
P N Ii
=
777~ Vss
[>o Digital
* Q: I/0 CMOS Input, STOP control,
IOH =4 mA, IOL =4 mA
P |7 Digital out- .
* Q1: 1/0 CMOS Input, STOP control,
Q/Q1 N || Digital out- IOH = 8 mA, IOL = 8 mA
RS
Vss
— 1> Digital
Stop control
* 1/0, CMOS Input, STOP control, 10K Pullup
Ve Resistor, IOH =4 mA, IOL =4 mA
I:i |— ;ﬁ —— Digital
N | [—Digital
S g
R %
777 Vss
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Table 1.7 1/0 Circuit Types (Continued)

Type Circuit type Remarks

Note: Symbols used in circuit types (Common to all circuit diagrams)

P: P channel transistor
N: N channel transistor
R: Diffusion resistor

* CMOS Input
 can withstand high VID for flash
programming

T T

I 1 Control sig-

|_. _ A\\\— MD

R
777
* CMOS Schmitt-Trigger Input, 50K Pullup
Vee j Vee 3V and 5V input to the core
v N
R
Vss 7 Vss

|® Digital

* 1/0, CMOS Input; 3 V input

3V

P Digital

w N | Digital
Ré Vss

{>c Digital

* Tristate Output, 3V

3V

P |7Digital

X

N | |———nDigital

Vss
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Table 1.7 1/0 Circuit Types (Continued)

CHAPTER 1: MB91360 DESCRIPTION

Type Circuit type Remarks
Note: Symbols used in circuit types (Common to all circuit diagrams)
P: P channel transistor
N: N channel transistor
R: Diffusion resistor
* 1/0 CMOS Input, STOP control , IOH =3
mA, IOL = 3 mA, in I2C mode operating as
= Digital out- open drain outputs
v N |7 Digital out-
=
Vss
—— »—nigtal
Stop control
* |/O CMOS Schmitt-Trigger Input, STOP
control ,
P | Digital out- IOH=3 mA, IOL=3 mA,
in I°C mode operating as open drain
outputs
VA N | ——Digital out-
=
Vss
S Digital
Stop control
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1.8 MEMORY SPACE

The FR50 series has a 4-Gbyte logical address space (232 locations) available from the
CPU by linear access.

B Memory Map

Figure 1.8 shows the memory space of the MB91360.
Figure 1.8 MB91360 Memory Map

0000 0000H
Byte data |lI/
0000 0100H
Halfword data Direct  addressing
0000 0200H
Word data I/
0000 0400H
Other |/
0000 0800H
~ ~
000F FCOOH
Initial vector
000F FFFFH
~v s
FFFF FFFFH

@® Direct addressing areas

The address space areas listed below are the direct addressing areas used for I/O. You can
specify addresses in these areas directly in instruction operands.

The direct area differs as follows depending on the size of the data accessed.
» Byte data access: 0 to OFFH

» Halfword data access: 0to 1FFH

* Word data access: 0 to 3FFH
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1.9

HANDLING DEVICES

This section describes a number of precautions to observe when using the device.

B Preventing latch-up

Latch-up may occur in a CMOS IC if a voltage greater than Vop or less than Vss is applied to an
input or output pin or if the voltage applied between Vbbp and Vss exceeds the rating. If latch-up
occurs, the power supply current increases rapidly resulting in thermal damage to circuit
elements. Therefore, ensure that maximum ratings are not exceeded in circuit operation.

Bl Connecting unused pins

Leaving unused input pins open may result in misbehaviour or latch up and possible permanent
damage of the device. Therefore they must be tied to VDD or VSs through resistors. In this case
those resistors should be more than 2 KOhm.

Unused bidirectional pins should be set to the output state and can be left open, or the input
state with the above described connection.

The resistor of more than 2 KOhm is used to limit currents through the protection diodes. In
case of voltages at the not used pin of 0.3 V or more below Vss or 0.3 V or more above VDD
currents which could cause latch-up will flow through those diodes.

H External reset input

When inputting an "L" level to the INITX pin, hold this low level at the INITX pin long enough so
that after release of the low level at INITX and the passing of the built in waiting time stable
oscillation of the oscillation circuit is achieved. INITX must be pulled low for at least 8 cycles of
the 4 MHz oscillation clock.

Bl Power supply pins

All VDD pins should be connected to the same potential (exception can be the external bus
interface on F362GA and F369GA). The analogue supply voltage (AVCC) must not be turned on
before the digital supply voltage. If the external bus interface is supplied with 3.3 V this voltage
also must not be turned on before the 5V digital voltage has been switched on. If the supply
voltage to the external bus interface is switched off (it may not be tristate but should be pulled
low) it must be made sure that all related signals do not have a voltage higher than this pulled
down supply.

When multiple Vob and Vss pins are provided, be sure to connect all Vbp and Vss pins to the
power supply or ground externally. Although pins at the same potential are connected together
in the internal device design so as to prevent malfunctions such as latch-up, connecting all Vbp
and Vss pins appropriately minimizes unwanted radiation, prevents malfunction of strobe signals
due to increases in the ground level, and keeps the overall output current rating.

Also, take care to connect Vbb and Vss to current source in the lowest possible impedance.

Connection of a ceramic bypass capacitor of approximately 0.1 pF between Vbb and Vss close
to the device is recommended.

The MB91360 contains a regulator. To use the device with the 5-V power supply, supply 5-V
power to the Vcc pins and be sure to connect a bypass capacitor of 10 pF parallel to 10 nF to
the VCC3/C pin for the regulator.
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Figure 1.9a Example of Power Supply Connection

[Use with 5-V power supply]
5V VDD VCC3C
5V Avcc
—1 AVRH —— 10 uF —— 10nF
—1 AVSss
— Vss
GND

B Crystal oscillator circuit

Noise in the vicinity of the X0 and X1 pins can be a cause of device malfunction. Design the
circuit board so that X0, X1, the crystal oscillator (or ceramic oscillator), and the bypass
capacitor to ground are located as close to the device as possible.

A printed circuit board design that surrounds the X0 and X1 pins with ground provides for stable
operation and is strongly recommended.

B Using an external clock

To use an external clock, drive X0 pin only and leave X1 pin open.
Below is a diagram of how to use external clock.

Figure 1.9b Example of using external clock

[\ MB91360 Series

X1

B Mode pins
Connect the mode pins (MDO to MD2) directly to Vobp or Vss.

To prevent the device unintentionally entering test mode due to noise, lay out the printed circuit
board so as to minimize the distance from the mode pins to Vbb or Vss and to provide a low-
impedance connection.

72



MB91360 HARDWARE MANUAL CHAPTER 1: MB91360 DESCRIPTION

H Turning the power supply on

Immediately after power on always execute INIT at the INITX pin (start with a low level at the
INITX pin). Hold this low level at the INITX pin long enough so that after release of the low level
at INITX and the passing of the built in waiting time stable oscillation of the oscillation circuit is
achieved. INITX must be pulled low for at least 8 cycles of the 4 MHz oscillation clock.

The analogue supply voltage (AVCC) must not be turned on before the digital supply voltage. If
the external bus interface is supplied with 3.3 V this voltage also must not be turned on before
the 5V digital voltage has been switched on.

W Status during power-on

As long as the minimum operating voltage has not been reached during power-on the output pin
levels are not guaranteed.

B Note on during operation of PLL clock mode

If the PLL clock mode is selected, the microcontroller attempt to be working with the self-
oscillating circuit even when there is no external oscillator or external clock input is stopped.
Performance of this operation, however, cannot be guaranteed.

B The function of the watchdog timer

The watchdog timer in this model has the functions watching that the program performs the
delay of reset within a fixed period and resetting the CPU when the delay of reset is not
performed because of the program malfunction.

Therefore, once the function of the watchdog timer is enabled, the watchdog timer keeps on
watching until the reset operation.

As a exceptional processing, the watchdog timer performs the delay of reset automatically under
the condition in which the CPU program operation is stopped. Please refer to the explanation
item of the function of the watchdog timer about the exceptional codition.

By the way, if above codition will be issued by the system program or hardware malfunction, a
watchdog reset may be not performed. In this case please perform the reset operation (INIT) by
using the external INITX pin.
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CHAPTER2 CPU

CHAPTER 2: CPU

This chapter describes key information about the functions of the FR50 series CPU

core including the architecture, specifications, and instructions.

2.1 CPUARCHITECTURE .....cccoiiiiiiiee e
2.2 CPUHARDWARE STRUCTURE ......c.cccociiiiiiiieee
2.3 INTERNAL ARCHITECTURE OF THE FR50..............
24 PROGRAMMING MODEL ......cccoiiiiiiiiiiieieeeeee

241 General-purpose Registers.........ooooiiiiiiiiiiiiic s
242 Dedicated Registers.........ccocviiiiiiiiiieiiieeiee e
2.4.3 Program Status Register (PS)..........coooevciiiiieeiiiiiis

25 DATASTRUCTURE .......ccoiiiieeeee e
2.5.3 Word Alignment ........ccoooiiiiiiiiiie

2.6 MEMORY MAP ...
2.7 INSTRUCTIONS ...

2.7.1  Overview of Instructions and Basic Instructions...............
2.7.2 Branch InStructions ..........ccoooueiiiiiiiiie e,

2.8 EIT (EXCEPTIONS, INTERRUPT, TRAP).......cccee..o..
2.8.5 Multiple EIT Processing ........cccovvviiiveveveieeeeeeieieann
2.8.2 EIT Operation........coooiiiiiieeeee e

2.9 RESET (DEVICE INITIALIZATION) ....oviiiiiieieeeeeeeeee,
291 OUINE ..o
2.9.2 ReSetLevel ..o
2.9.3 RESELSOUICE .....oeiiiiiiiiiiie et
2.94 Reset SEqQUENCE ..o
2.9.5 Oscillation Stabilization Waiting Time ............cccceeeeineen.
2.9.6 ReSEtMOde.....ccoiiiiiiiiii

2.10 OPERATING MODES........cooiiiieeeeeiecee e,
2.10.1 BUS MOUE....uuiiiiieie e s
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21 CPU ARCHITECTURE

The FR50 CPU is a high performance CPU core with a RISC architecture. The CPU
features additional high-level instructions suitable for embedded applications.

B Features

@® RISC architecture

Basic instructions are executed at one instruction per cycle (high-speed processing using a
five-stage pipeline).

@ 32-bit architecture
General-purpose registers : 16 X 32 bits
@® 4-GByte linear memory space
@ Internal multiplier
32-bit X 32-bit multiplication: 5 cycles
16-bit X 16-bit multiplication: 3 cycles
@® Enhanced interrupt processing function
Fast response speed (6 cycles)
Supports multiple interrupts
Level masking function (16 levels)
@® Enhanced I/O manipulation instructions
Memory-to-memory transfer instructions
Bit manipulation instructions
@® High code efficiency
Basic instruction word length: 16 bits
@® Low-power consumption

Sleep mode and stop mode
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B FR50 CPU Specifications

CHAPTER 2: CPU

Table 2.1 FR50 CPU Specifications

Parameter Specification
Clock up to 64 MHz (device dependent)
Minimum instruction execution
. 1 clock
time
Pipeline stages 5 stages

Interlock control

Automatic pipeline interlock control by internal hardware

Internal bus

Harvard bus, instruction/data: 16 bits/32 bits

Data length

4 bits, 8 bits, 16 bits, or 32 bits

Memory space

4 GBytes (2%)

Number of registers

General-purpose registers R0 to R15: 16 X 32 bits

Dedicated registers PC : 32bits Program counter
PS : 32bits Flags and interrupt level
TBR : 32 bits Interrupt vector table
RP : 32bits Stores the return address
SSP : 32 bits System stack (shared with R15)
USP : 32 bits User stack (shared with R15)
MDH: 32 bits Multiplication and division data
MDL : 32 bits Multiplication and division data

Number of instructions

165 instructions

Instruction length

16 bits (fixed) (excluding immediate value instructions)

Special instructions

Multiplication instruction: 32-bit X 32-bit = 64 bits, 5 cycles, signed or
unsigned
16-bit X 16-bit = 32 bits, 3 cycles, signed or
unsigned

Division instruction: 32-bit / 32-bit = 32 bits, step operation

Barrel shift instruction

Bit manipulation instructions : Performs a logical operation on memory and

transfers the result to memory.

Delayed branch instructions : Automatically selected by the compiler

Multi-register save and restore instructions

Instructions to reserve and release dynamic variables

Byte data swap instructions for semaphore control

Memory-to-memory transfer instructions

High-level internal peripheral access instructions

: Can shift by specified number of bits in 1 clock

Exceptions

Reset, INT instruction, reserved instruction exception, maskable
interrupts, Non-Maskable Interrupt NMI

Interrupt levels

16 levels (maskable interrupts)

Interrupt response time

6 clocks

Process

0.35 pm

Power supply

5V /internal voltage regulator generates internal supply voltage of 3.3 V
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2.2 CPUHARDWARE STRUCTURE

This section contains the FR50 CPU block diagram and gives an overview of the CPU
functions.

Bl CPU Block Diagram

Figure 2.2 CPU Block Diagram

32 bits Data bus

T =

w ALU Shifter 2

PC

PS

2

L]
| TBR | .
L]
MDL SSP .
R15
USP
Dedicated registers General-purpose
registers
\/
*1: 32-bit x 32-bit: 5 clock cycles PC : Program counter
16-bit x 16-bit : 3 clock cycles PS : Program status
*2: Barrel shifts require 1 cycle. TBR : Table base register

RP : Return pointer

SSP : System stack pointer

USP : User stack pointer

MDH/MDL : Multiplication and division result register
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H CPU Function Description

Internal bus structure

The width of the internal data bus is 32 bits. 32-bit operations can be performed in one clock
cycle.

The instruction address (32 bits) and instruction data (16 bits), and data address (32 bits)
and data (32 bits) buses have a Harvard bus interface structure.

Registers
The general-purpose registers consist of RO to R15 (16 X 32-bit registers).

The dedicated registers consist of the program counter (PC), program status (PS), table
base register (TBR), return pointer (RP), system stack pointer (SSP), and user stack pointer
(USP). All dedicated registers are 32 bits.

Multiplication and division result registers MDH (32 bits) and MDL (32 bits) are also provided.
These registers store 64-bit multiplication results, division result divisor, and the remainder
and quotient of the result.

General-purpose register R13 is used as the virtual accumulator and R14 as the frame
pointer for special instructions. R15 can be selected within a program to function as the SSP
or USP.

Barrel shifter

The barrel shifter can perform a shift of the specified number of bits on 32-bit data in one
clock cycle.

The barrel shifter is used in multiplication, division, average, and similar calculations
containing power of two constants.

ALU

Used for operations such as 32-bit operations, logical operations, and multiplication and
division.

Multiplier

A 32-bit X 32-bit integer multiplier circuit. The 64-bit result is stored in MDH and MDL.

Write buffer

The CPU contains a two-stage data store buffer.

Delayed branch

The compiler automatically selects delayed branch instructions.

Interrupt control

The program can branch to the interrupt vector address in 6 clock cycles.
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2.3 INTERNAL ARCHITECTURE OF THE FR50

The FR50 CPU has a Harvard architecture in which the data and instruction buses are

independent.

The on-chip instruction cache is connected to the instruction bus (I bus). The data bus
(D bus) connects to the Data RAM. The Harvard bus/Princeton bus converter is
connected to both the | bus and D bus and acts as the interface between the CPU, the

bus controller and the 32bit-16 bit bus converter.

H Internal Architecture of the MB91360

Figure 2.3a Internal Architecture of the FR50

Peripherals resource

FR50 CPU
D bus | bus
/\
| address 32
Instruction > Harvard
cache | data 32
D address 32 Princeton
Data busrt
converter
RAM D data 32 >
/\
20T Address 32
Data
16-bit 32
bus
converter
16
R bus
AVARR V4

Bus controller
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Bl CPU Pipeline Operation

The CPU is a compact implementation of the 32-bit RISC FR50 architecture.

To execute one instruction per cycle, the CPU uses a five-stage instruction pipeline structure.
The pipeline consists of the following stages.

@ Instruction fetch (IF): Outputs the instruction address and fetches the instruction.

@ Instruction decode (ID) : Decodes the fetched instruction. Also reads registers.

@® Execution (EX) . Executes the operation.

® Memory access (MA) : Performs memory load or store accesses.

® Write back (WB) : Writes the operation result (or loaded memory data) to a register.

Figure 2.3b Instruction Pipeline

ha A I S R S e e
Instruction 1 WB :
Instruction 2 MA WB : : : |
Instruction 3 EX MA wB : :
Instruction 4 ID EX MA WB : |
Instruction 5 = ID EX MA WB :
Instruction 6 IF ID EX MA WB '

Instructions are not executed out of order. Therefore, if instruction A enters the pipeline ahead of
instruction B, instruction A always reaches the writeback stage before instruction B.

The standard instruction execution speed is one instruction per cycle. However, load and store
instructions that involve a memory wait, branch instructions without a delay slot, and multi-cycle
instructions require more than one cycle to execute. The instruction execution speed also drops
if delivery of instructions is slow.
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B Instruction Cache

The on-chip instruction cache enables a high-performance system to be implemented without
the added cost of external high-speed memory and related control logic. Even if the external bus
speed is low, instructions can be supplied to the CPU at high speed.

See chapter 3 "INSTRUCTION CACHE" on page 129 for further information on the instruction
cache.

B 32-bit - 16-bit Bus Converter

Acts as an interface between the CPU core and the 16-bit R bus and enables the CPU to access
data in the internal peripheral circuits.

When a 32-bit access from the CPU occurs, the bus converter converts the access into two 16-
bit accesses on the R bus. Note that the access width of some internal peripheral circuits is
restricted.

B Harvard -~ Princeton Bus Converter

82

Handles CPU instruction and data bus accesses and provides a smooth interface to the external
bus.

The CPU has a Harvard architecture in which the instruction and data buses are separate.
However, the bus controller that controls the external bus has a single-bus princeton
architecture. The bus converter prioritizes CPU instruction and data bus accesses and controls
access to the bus controller. This function continuously optimizes the order of external bus
accesses.

In order to eliminate times when the CPU is waiting on the bus, a two-word write buffer and one-
word prefetch buffer for instruction fetches are provided.
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24 PROGRAMMING MODEL

CHAPTER 2: CPU

This section describes the main CPU registers used in programming.
The CPU has the following two types of registers.

® General-purpose registers
® Dedicated registers

Bl General-purpose Registers

32 bits

RO

R1

R12

R13 AC

R14 FP

R15 SP

B Dedicated Registers
32-bit
Program counter PC | |
Program status ps | - | ™ |- |scr| ccr |
Table base register TBR | |
Return pointer RP | |
System stack pointer SSP | |
User stack pointer usP | |
. . . . . . . MDH

Multiplication and division result registers MDL
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241 General-purpose Registers

The general-purpose registers are CPU registers R0 to R15. The register are used as
the accumulator for operations and as pointers (a field indicating an address) for
memory access. The user can specify the purpose for which the general-purpose
registers are used.

B Structure of the General-purpose Registers

Figure 2.4.1 Structure of the General-purpose Registers

32 bits

. Initial value
RO XXXX XXXXH
R1 :
R12
R13 AC (Accumulator) :
R14 FP (Frame Pointer) XXXX XXXXH
R15 SP (Stack Pointer) 0000 0000H

Among 16 general-purpose registers, the following registers assume a special purpose. This
enhances some instructions.

R13 : Virtual accumulator (AC)
R14 : Frame pointer (FP)
R15 : Stack pointer (SP)

The initial value of RO to R14 after a reset is indeterminate. The initial value of R15 is
00000000+ (SSP value).
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2.4.2 Dedicated Registers

Each of the dedicated registers is used for a particular purpose. The dedicated
registers consist of the program counter (PC), program status (PS), table base register
(TBR), return pointer (RP), system stack pointer (SSP), user stack pointer (USP), and
multiplication and division result registers (MDH/MDL).

B Structure of the Dedicated Registers

Figure 2.4.2 Structure of the Dedicated Registers

32 bits

Initial value

Program counter | PC | XXXX XXXXH (Indeterminate)
Program status | PS |

Table base register | TBR | 000F FCOOH
Return pointer | RP | XXXX XXXXH (Indeterminate)

System stack pointer | SSP | 0000 0000H
User stack pointer | USP | XXXX XXXXH (Indeterminate)
MDH XXXX XXXXH (Indeterminate)
Multiplication and division result registers VDL XXX XXXXH (Ind )
H (Indeterminate

B Descriptions of the Dedicated Registers

@® PC (Program Counter)
The program counter (PC) points to the address of the currently executing instruction.

Bit 0 is set to "0" when updating the PC as part of instruction execution. Bit 0 can only have
the value "1" when an odd-numbered address is specified as a branch destination address.

However, even if bit 0 is "1", the bit 0 value is ignored and instructions must be located at
addresses that are multiples of two.

The initial value after a reset is indeterminate.
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PS (Program Status)

Stores the program status and consists of the CCR, SCR, and ILM sections. See
section 2.4.3 "Program Status Register (PS)" on page 88 for further information.

All undefined bits are reserved bits and are always read as "0". Writing is ignored.
TBR (Table Base Register)

The table base register stores the top address of the vector table used for EIT(exception,
interrupt, and trap) processing.

Initialized to 00OFFCOOH by a reset.

RP (Return Pointer)

The return pointer stores the return address from subroutines.
Executing the CALL instruction places the value of the PC in the RP.
Executing the RET instruction places the contents of the RP in the PC.
The initial value after a reset is indeterminate.

SSP (System Stack Pointer)

The SSP is the system stack pointer.

Functions as R15 when the S flag is "0".

The SSP can also be specified as the stack pointer (R15).

The SSP can also be used as the stack pointer that specifies the stack on which to save the
PS and PC when an EIT occurs.

Initialized to 00000000H by a reset.

USP (User Stack Pointer)

The USP is the user stack pointer.

Functions as the stack pointer (R15) when the S flag is "1".
The USP can also be specified as the stack pointer (R15).

The initial value after a reset is indeterminate.
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@® MDH/MDL : Multiplication and division result register
These registers are used for multiplication and division. Both registers are 32 bits.
The initial value after a reset is indeterminate.

Execution of a multiplication

For a 32-bit X 32-bit multiplication, the 64-bit result is stored in the multiplication and division
result registers as shown below.

MDH: Upper 32 bits
MDL: Lower 32 bits

For a 16-bit X 16-bit multiplication, the result is stored as follows.
MDH: Indeterminate
MDL: 32-bit result

Execution of a division

Stores the dividend in MDL when starting the calculation.

Executes the DIVOS/DIVOU, DIV1, DIV2, DIV3, and DIV4S instructions to perform the
division. This stores the result in MDH and MDL.

MDH: Remainder
MDL: Quotient
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2.4.3 Program Status Register (PS)

The PS stores the program status and consists of the CCR, SCR, and ILM sections.
All undefined bits are reserved bits and are always read as "0". Writing is ignored.

B Structure of the Program Status Register (PS)
Figure 2.4.3a Structure of the Program Status Register (PS)

Bit position ::> 31 20 16 10 8 7 0
T T R B I ‘ L1 ‘ L 111 ‘ [ ‘ I N I B |
ILM SCR CCR

CCR: Condition Code Register
SCR: System Condition Code Register
ILM : Interrupt Level Mask

B Condition Code Register (CCR)
@® CCR structure

Figure 2.4.3b Structure of the Condition Code Register

Bty 7 6 5 4 3 2 1 0 Initial value
— | =S|I |N|[Z]V]|C]| --00XXXXs

@® Functions of the CCR bits
[Bit 5] S: Stack flag

Specifies the stack pointer to use as R15.

Value Function

SSP is used as R15.
Automatically changes to "0" when an EIT occurs.
However, the value saved on the stack is the value before the bit is cleared.

1 USP is used as R15.

Cleared to "0" by a reset.
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[Bit 4] I: Interrupt enable flag

Controls the enabling and disabling of user interrupt requests.

Value Function

User interrupts disabled
0 Cleared to "0" by the INT instruction.
However, the value saved on the stack is the value before the bit is cleared.

User interrupts enabled
The ILM value controls masking of user interrupt requests.

Cleared to "0" by a reset.
[Bit 3] N: Negative flag

Specifies the sign of the operation result interpreted as a two’s complement integer.

Value Function
0 Indicates that the operation result was positive.
1 Indicates that the operation result was negative.

The initial value after a reset is indeterminate.

[Bit 2] Z: Zero flag

Specifies whether the operation result was zero or not.

Value Function
0 Indicates that the operation result was non-zero.
1 Indicates that the operation result was zero.

The initial value after a reset is indeterminate.

[Bit 1] V: Overflow flag

Specifies whether or not an overflow occurred in the operation result. (When the operand
used in the operation is interpreted as a two’s complement integer.)

Value Function
0 Indicates that no overflow occurred in the operation result.
1 Indicates that an overflow occurred in the operation result.

The initial value after a reset is indeterminate.
[Bit 0] C: Carry flag

Specifies whether a carry or borrow from the MSB occurred in the operation.

Value Function
0 Indicates that neither a carry nor borrow occurred.
1 Indicates that a carry or borrow occurred.

The initial value after a reset is indeterminate.
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B System Condition Code Register (SCR)
® SCR structure

Figure 2.4.3c Structure of the System Condition Code Register

(Bit) 10 9 8 |Initial value
D1|DO| T | XXOB

@® Functions of the SCR bits

[Bit 10, 9] D1, DO: Step division flags
Stores intermediate data during execution of step divisions.
Do not modify these bits during a division operation.

If performing other operations during a step division, restarting of the division is assured if
the value of the PS register is saved and restored.

The initial value after a reset is indeterminate.
Executing the DIVOS instruction references the dividend and divisor and sets the bits.
Executing the DIVOU instruction forcibly clears the bits.

[Bit 8] T: Step trace trap flag

This flag specifies whether the step trace trap is enabled or disabled.

Value Function
0 Disable the step trace trap.
1 Enable the step trace trap.
This disables the user NMI and all user interrupts.

Initialized to "0" by a reset.

The step trace trap function is used by the emulator. The function cannot be used by the
user program when using the emulator.
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B Interrupt Level Mask Register (ILM)
® LM structure

Figure 2.4.3d Structure of the Interrupt Level Mask Register

(Bit) 20 19 18 17 16 Initial value
ILM4 [ILM3 | ILM2 | ILM1 [ILMO [ 011118

@® Functions of the ILM bits

The ILM register stores the interrupt level mask value. The value stored in the ILM is used
for the level mask.

Only interrupt requests with an interrupt level that has a higher priority than the level in the
ILM are accepted.

Level 0 (000008) has the highest priority and level 31 (111118) has the lowest priority.

Restrictions apply to the values that can be set by the program. When the original value is
between 16 and 31, only new values between 16 and 31 can be set. Executing an instruction
to set a value between 0 and 15 transfers the value "specified value + 16".

If the original value is between 0 and 15, any value between 0 and 31 can be set.

Initialized to 15 (011118) by a reset.
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2.5 DATA STRUCTURE

Data is allocated in the FR50 series as follows.
@ Bit ordering: Little endian

® Byte ordering: Big endian

H Bit Ordering

The FR50 uses little endian bit ordering.

In little endian bit ordering, bit 0 is located in the lowest position, and bits 1, 2, and so on are
placed in successively higher positions.

Figure 2.5a Little Endian Bit Ordering

Bit 31 29 27 25 23 21 19 17 15 13 1 9 7 5 3 1
30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0

MSB LSB
(Most Signficant Bit) (Least Significant Bit)

B Byte Ordering

The FR50 uses big endian byte ordering.

For 32-bit data, big endian byte ordering places byte 0 at the highest position and byte 3 at the
lowest position. Byte 0 is located in the lowest address, byte 1 is in the byte 0 address + 1, and
so on. See Figure 2.5b.

Figure 2.5b Big Endian Byte Ordering

Memory Byte 0 Byte 1 Byte 2 Byte 3

Bit 10101010 | 11001100 | 11111111 [ 00010001
7

0 T A
Address n 10101010

Address (n+1) [ 11001100 |-
Address (n+2) | 11111111
Address (n+3) [ 00010001 |-

A
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2.5.3 Word Alignment

Instructions and data are accessed by byte. Therefore, the address at which the
instructions or data are located depends on the instruction or data size. This section
describes address allocation for program access and data access.

Bl Program Access

As the FR50 series uses 16-bit instructions (fixed-length), program must be located at addresses
that are a multiple of two.

Bit 0 of the program counter (PC) is set to "0" when updating the PC as part of instruction
execution. Bit 0 can only have the value "1" when an odd-numbered address is specified as a
branch destination address. However, even if bit 0 is "1", the bit 0 value is ignored and
instructions must be located at addresses that are multiples of two. There is no odd-numbered
address exception.

W Data Access

The address for data access in the FR50 series is forcibly aligned as follows depending on the
data access size.

Word access: Address is a multiple of 4. (The lowest two bits are forcibly set to "00".)
Halfword access : Address is a multiple of 2. (The lowest bit is forcibly set to "0".)
Byte access: (Any address can be used.)

In word or halfword data access, it is the effective address that may have bits forcibly set to "0".
For example, in the @(R13, Ri) addressing mode, the register values prior to the addition are
used without change (even if the LSB is "1") and the LSB of the addition result is masked. The
register values used in the calculation are not masked.

[Example] LD @(R13, R2), R0

R13  [00002222H
+) R2  [00000003H
Result of addition 00002225H

{  Lower two bits forcibly masked

Address pins 00002224H
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2.6

MEMORY MAP

MB91360 HARDWARE MANUAL

This section shows the MB91360 memory map and the FR50 series Common Memory
Map.

B MB91360 Memory Map

94

—— 00:0000

Internal memory area

00:03FF

00:07FF

00:1000
00:1024

01:1000
01:1FFF

03:C000

03:FFFF
04:0000
04:3FFF

05:0000
05:07FF

08:0000

0F:4000
OF:FFFF

10:0000
10:07FF

Figure 2.6a MB91360 Memory Map

Direct (short) addresssing

Direct
IO Area
DMA
I-RAM
D-bus RAM
F-bus RAM
Boot ROM
128K Flash Memory
128K
on F-bus
128K
64K
16K
16K Bootsector
32K Fixed Reset Vector
CAN

-

p 0..0FF: Byte access
0..1FF: Halfword access (16 bit)
0..3FF: Word access (32 bit)

Not available on F364G

03:D000 - 03:FFFF on F362GA, F364G

04:0000 - 04:0FFF on F362GA, F364G

04:4000 - 04:47FF on F376G

04:4800 - OF:FFFF on F376G,
0C:0000 - OF:FFFF on F364G

20:0000 - 20:03FF on F376G

Addresses for CAN depend on
settings for the chip select area CS7.

The addresses given here are valid
for the CS7 settings done in the Boot ROM.
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B FR50 Series Common Memory Map

The address space is a 32-bit linear logical address space giving a total area of 4 Gbytes (2%
locations).

Figure 2.6b FR50 series Common Memory Map

0000 0000+ Byte data /0
0000 0100H
Halfword data 1/0 Direct addressing area
0000 0200+ Word data /0
0000 0400+
Other 1/0

0000 0800H

~s ~s
000F FCOOH

Initial vector table
area

000F FFFFH

~ ~
FFFF FFFFH

@ Direct addressing area

The following areas of the address space are I/O areas that can be accessed by direct
addressing. Address operands can be specified directly in instructions.

The size of directly addressable address areas depends the length of the data being

accessed.
* Byte data (8 bits) : 0to OFFH
» Halfword data (16 bits) : 0 to 1FFH
» Word data (32 bits) : 0 to 3FFH

@® Initial vector table area
The area between 000FFCO0H and O00FFFFFH is the initial EIT vector table area.

The vector table used in EIT processing can be set to a user-specified address by changing
the table base register (TBR). However, after initialization by a reset, the vector table is
located in this area.

After execution of the code in the internal boot ROM TBR is set to 000FFCOOH.
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2.7 INSTRUCTIONS

The FR50 series instruction set adds easily controlled CISC-type instructions to the
previous RISC processor instruction set. The instruction set is suitable for embedded

applications and supports use of high-level languages.

This section describes the instruction set features, lists the basic instructions, and
describes the branch instructions (delayed branch instructions) which have a large

influence on the flow of pipeline operations.

See Appendix D "INSTRUCTIONS" on page 790 and the FR50 series Instruction Manual

for further information about the instruction set.

B Features

96

@ Fixed, 16-bit instruction length (excluding immediate transfer instructions)
Improved instruction code efficiency compared with high-level RISC processors

@® Number of instructions: 165

@ High-speed multiplication instruction and step division instruction
32-bit X 32-bit: 5 clock cycles
16-bit X 16-bit: 3 clock cycles
32-bit / 32-bit: 33 clock cycles
36 clock cycles (signed)

@ Barrel shift instruction

@ |/O control instructions optimized for embedded control
Bit manipulation : Immediate or memory-to-memory operations
Logical operations : Operations between general-purpose registers and memory
Memory-to-memory transfer : Memory-to-memory data transfer

@ Instructions optimized for compiler or realtime operating system
Function call and return processing instructions
Instructions to save and restore multiple consecutive general-purpose registers
Delayed branch instructions

@ Peripheral accelerator instructions

MB91360 HARDWARE MANUAL
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2.7.1 Overview of Instructions and Basic Instructions

In addition to standard RISC instructions, the FR50 provides logical operations
optimized for embedded applications, bit manipulation instructions, and direct
addressing instructions. As instructions are 16 bits (some instructions are 32 bits or 48
bits), the FR50 provides superior memory utilization.

B Overview of Instructions

The instruction set can be divided into the following functional groups.
* Arithmetic operations
* Load and store
* Branch
* Logical operations and bit manipulation
* Direct addressing

* Others

@ Arithmetic operations

The standard arithmetic operation instructions (add, subtract, compare) and shift instructions
(logical shift, arithmetic operation shift) are provided. Addition and subtraction include
operations with carry for use in multi-word operations and operations that do not change the
flags (which are suitable for address calculations).

32-bit X 32-bit multiplication, 16-bit X 16-bit multiplication, and 32-bit / 32-bit step division
instructions are provided. Immediate value transfer instructions (which set immediate values
to registers) and register-to-register transfer instructions are also provided.

The arithmetic operation instructions all perform operations using the general-purpose
registers and multiplication and division registers in the CPU.

@® Load and store

Load and store instructions read data from or write data to external memory. The instructions
are also used to read from and write to the internal peripheral circuits (1/0).

Load and store instructions are provided for byte (8 bit), halfword (16 bit), and word length
(32 bit) access. In addition to standard register indirect memory addressing, some
instructions support register indirect with displacement memory addressing and register
indirect with register increment or decrement memory addressing.
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Branch
The branch, call, interrupt, and return instructions.

Branch instructions are divided into those that have a delay slot and those that do not. This
allows optimization to suit the usage. See “Branch Instructions” on page 101 for further
information on branch instructions.

Logical operations and bit manipulation

Logical operation instructions can perform AND, OR, or EOR logical operations between
general-purpose registers or between general-purpose registers and memory (or 1/0). The
bit manipulation instructions can manipulate the contents of memory (or 1/O) directly. These
instructions use standard register indirect memory addressing.

Direct addressing

Direct addressing instructions are instructions used for addresses between |/O and general-
purpose registers, and between I/O and memory. Specifying an /O address directly in an
instruction rather than by register indirect addressing provides high-speed, high-efficiency
access. Some instructions support register indirect with register increment or decrement
memory addressing.

Other

These include instructions to set the flags in the PS register, perform stack operations, and
sign-extend or zero-extend. Function entry and exit processing instructions for high-level
languages and multi-register loading and storing instructions are also provided.
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B Basic Instructions

Table 2.7.1 Basic Instructions

CHAPTER 2: CPU

Addition and subtraction instructions

Bit manipulation instructions

Register-to-register transfer instructions

ADD R|, Ri
*ADD  #s5, Ri
ADDC Rj, Ri
ADDN Rj, Ri
*ADDN #s5, Ri
SUB Rj, Ri
SUBC Rj, R
SUBN Rj, Ri
ADD #u4, Ri
ADD2 #u4, Ri
ADDN #u4, Ri
ADDN2 #u4 Ri

"BAND #u8, @Ri
BANDL#u4, @RI
BANDH#u4, @RI
*BOR  #u8, @RI
BORL #u4, @RI
BORH #u4, @RI
*BEOR #u8, @RI
BEORL#u4, @R
BEORH#u4, @R
BTSTL #u4, @RI
BTSTH#u4, @RI

MOV Rj, Ri
MOV Rs, Ri
MOV Ri, Rs
MOV PS, Ri
MOV Ri, PS

Memory load instructions

Multiplication and division instructions

Compare operation instructions

CMP Rj, Ri
*CMP  #s5, Ri
CMP #u4, Ri
CMP2 #u4, Ri

MUL Rj, Ri
MULU Rj, Ri
MULH Rj, Ri
MULUHR]j, Ri
DIV Ri
*DIVU  Ri
DIVOS Ri
DIVOU Ri
DIV1 Ri
DIV2 Ri
DIV3

DIV4S

[D @R, Ri
LD  @(R13,R)), Ri

LD  @(R14,disp10), Ri
LD  @(R15,udisp6), Ri
LD  @R15+ Ri

LD  @R15+ Rs

LD  @R15+ PS

Logical operation instructions

Shift instructions

AND Rj, Ri
AND R}, @Ri
ANDH Rj, @Ri
ANDB R}, @Ri
OR Rj, Ri

OR Rj, @RI
ORH Rj, @RI
ORB Rj, @RI
EOR Rj, Ri

EOR Rj, @RI
EORH Rj, @RI
EPRB Rj, @RI

LSL Rj, Ri
*LSL  #u5, Ri
LSR Rj, Ri
*LSR  #u5, Ri
ASR Rj, Ri
*ASR  #u5, Ri
LSL  #ud, Ri
LSL2 #ud, Ri
LSR  #ud, Ri
LSR2 #ud, Ri
ASR #u4, Ri
ASR2 #u4, Ri

LDUH @R, Ri

LDUH @(R13,Rj), Ri

LDUH @(R14,disp9), Ri

LDUB @R, Ri

LDUB @(R13,Rj), Ri

LDUB @(R14,disp8), Ri
Memory store instructions

ST R, @R

ST Ri, @R13R)

ST R, @(R14,disp10)

ST Ri, @(R15,udisp6)

ST Ri, @-R15

ST Rs, @-R15

ST PS, @-Ri15

STH Ri, @R

STH Ri, @(R13R)

STH Ri, @(R14,disp9)

STB Ri, @R

STB Ri, @(R13R)

STB Ri, @(R14,disp8)

Immediate value transfer instructions

*LDI #{i8]i20]i32}, R
LDI:32 #i32, Ri
LDI:20 #i20, Ri
LDI:8 #i8, Ri

Note: An asterisk(*) on the left of the mnemonic indicates that the instruction is an extended
instruction for which instructions are expanded or added by the assembler.

99



CHAPTER 2: CPU MB91360 HARDWARE MANUAL

Table 2.7.1 Basic Instructions (Continued)

Standard branch instructions *1 Other instructions Direct addressing instructions
JMP @RI NOP DMOV @dir10, R13
CALL label12 ANDCCR #u8 DMOV R13, @dir10
CALL @R ORCCR  #u8 DMOV  @dir10, @R13+
RET STILM #u8 DMOV @R13+, @dir10
INT #u8 ADDSP #u10 DMOV @dir10, @-R15
INTE EXTSB Ri DMOV @-R15, @dir10
RETI EXTUB Ri DMOVH @dir9, R13
BRA label9 EXTSH Ri DMOVH R13, @dir9
BNO label9 EXTUH Ri DMOVH @dir9, @R13+
BEQ label9 *LDM (reglist) DMOVH @R13+, @dir9
BNE label9 LDMO (reglist) DMOVB @dir8, R13
BC  label9 LDM1 (reglist) DMOVB R13, @dir8
BNC label9 *STM (reglist) DMOVB @dir8, @R13+
BN  label9 STMO (reglist) DMOVB @R13+, @dir8
BP label9 STM1 (reglist)

BV label9 ENTER #u10

BNV  label9 LEAVE

BLT label9 XCHB @Rj, Ri

BGE label9

BLE label9

BGT label9

BLS label9

BHI label9

Delayed branch instructions *2 Peripheral instructions
JMP:D @Ri LDRES @Ri+, #u4
CALL:D label12 STRES #u4, @Ri+
CALL:D @Ri

RET:D

BRA:D label9

BNO:D label9

BEQ:D label9

BNE:D label9

BC:D label9

BNC:D label9

BN:D label9

BP:D label9

BV:D label9

BNV:D label9

BLT:D label9

BGE:D label9

BLE:D label9

BGT:D label9

BLS:D label9

BHI:D  label9

*1: Without delay slot *2: With delay slot
Note: An asterisk(*) on the left of the mnemonic indicates that the instruction is an extended
instruction for which instructions are expanded or added by the assembler.
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2.7.2 Branch Instructions

In the FR50 series, you can specify whether branch instructions operate with or
without a delay slot. Operation with a delay slot means that the instruction placed after
the branch instruction is executed.

H Branch Instructions with a Delay Slot

The instructions with the notation listed below perform the branch operation with a delay slot.

JMP:-D @Ri CALL:D label12 CALL:-D @Ri RET:D

BRA:D label9 BNO:D  label9 BEQ:D label9 BNE:D label9
BC:D label9 BNC:D  label9 BN:D label9 BP:D label9
BV:D label9 BNV:D  label9 BLT:D label9 BGE:D label9
BLE:D label9 BGT:D  label9 BLS:D label9 BHI:D label9
@® Operation

Branching with a delay slot means that the branch operation occurs after executing the
instruction placed immediately after the branch instruction (in what is called the delay slot).

As the instruction in the delay slot is executed before the branch operation, the apparent
execution speed is one cycle. However, if no useful instruction can be placed in the delay
slot, a NOP instruction must be placed instead.

[Example]
; Instruction sequence

ADD Rl, R ;

BRA: D LABEL ;  Branch instruction

MoV R2, R3 ; Delay slot: Executed before branching
LABEL ST R3, @R4 ; Branch destination

For conditional branch instructions, the instruction in the delay slot is executed whether or
not the branch condition is satisfied.

Although delayed branch instructions appear to reverse the execution order of some
instructions, this only applies to the updating of the program counter (PC). Other operations
(such as updating or referencing registers) are executed in the order they appear in the
program.
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The following describes some specific examples.

1) The value of Ri referenced by the JMP:D @Ri or CALL:D @RI instruction is not changed
by any update of Ri by the instruction in the delay slot.

[Example]
LDl : 32 #Label, RO
JVMP: D @RO ; Branch to Label.
LDl : 8 #0, RO ; Does not change the branch destination address.

2) The value of RP referenced by the RET:D instruction is not changed by any update of RP
by the instruction in the delay slot.

[Example]

RET: D ; Branch to the address previously set in RP.
MoV R8, RP  ; Does not affect the return operation.

3) The flags referenced by the Bcc:D rel instruction are not affected by the instruction in the

delay slot.
[Example]
ADD #1, RO ; Flag change
BC.D Overflow ; Branch depending on the result of the previous
instruction.
ANDCCR #0 ; This flag update does not reference the above

branch instruction.

4) Referencing the RP by the instruction in the CALL:D instruction’s delay slot reads the RP
value updated by the CALL:D instruction.

[Example]
CALL: D Label ; Update RP and branch.

MoV RP, RO ; Transfers the RP value resulting from the
: execution of the above CALL:D.
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@® Restrictions
(1) Instructions that can be placed in the delay slot
Only instructions that meet the following criteria can be executed in the delay slot.
* 1-cycle instruction
* Not a branch instruction
* Instruction not affected by the order in which it is executed

"One-cycle instructions" are instructions with "1", "a", "b", "¢", or "d" listed in the number of
cycles column of the instruction list.

(2) Step trace trap

Step trace traps do not occur between execution of branch instructions with a delay slot
and the delay slot.

(3) Interrupts/NMI

Interrupts and NMI are not accepted between execution of branch instructions with a delay
slot and the delay slot.

(4) Undefined instruction exception

If the delay slot contains an undefined instruction, the undefined instruction exception is
not generated. In this case, the undefined instruction is executed as an NOP instruction.
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H Branch Instructions without a delay slot

The instructions with the notation listed below perform the branch operation without a delay slot.

JMP @RI CALL label12 CALL @Ri RET

BRA label9 BNO label9 BEQ label9 BNE label9
BC label9 BNC label9 BN label9 BP label9
BV label9 BNV  label9 BLT label9 BGE label9
BLE label9 BGT label9 BLS label9 BHI label9

@® Description of operation

Branching without a delay slot means that instructions are always executed in the order they
appear in the program. The instruction following the branch instruction is never executed
before branching.

[Example]

; Instruction sequence
ADD Rl, R2 ;
BRA LABEL ; Branch instruction (without delay slot)
MoV R2, R3 ; Not executed

LABEL éT R3, @R4 ; Branch destination

The number of cycles required to execute a branch instruction without a delay slot is two
cycles if the branch occurs and one cycle if the branch does not occur.

As no instruction can be placed in the delay slot for a branch instruction without a delay slot,
instruction code efficiency is increased compared with a branch instruction with a delay slot
containing a NOP instruction.

Use a delay slot when there is a useful instruction to place in the delay slot and do not use a
delay slot otherwise. This satisfies both execution speed and code efficiency.
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2.8 EIT (EXCEPTIONS, INTERRUPT, TRAP)

The term EIT is a general name for exceptions, interrupts and traps. EITs interrupt
execution of the current program when an event occurs and pass control to another
program.

Exceptions are generated based on the execution context. Execution restarts from the
instruction that caused the exception.

Interrupts are generated independently of the execution context and are triggered by
hardware events.

Traps are generated based on the execution context. These include traps generated by
an operation within the program like a system call. Execution restarts from the
instruction following the instruction that caused the trap.

The context refers to the information required to completely define the state of the CPU
when executing an instruction.

B Features

Multiple interrupt support
Level mask function for interrupts (15 levels are available to the user.)

Trap instruction (INT)

EITs for activating the emulator (hardware/software)

W EIT Triggers

The following items can generate an EIT.

Reset

User interrupt (internal peripherals, external interrupts)
NMI (Non-Maskable Interrupt)

Delayed interrupt

Undefined instruction exception

Trap instruction (INT)

Trap instruction (INTE)

@ Step trace trap
Bl Returning from an EIT

@® Use the RETI standard branch instruction to return from an EIT.
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H Interrupt Levels

Interrupt levels have the range 0 to 31 and are managed as a 5-bit value.
Table 2.8a, “Interrupt Levels,” on page 106 lists the assignment of each level.

Table 2.8a Interrupt Levels

Level
EIT Type Remarks
Binary Decimal
00000 0 (System reserved)
00011 3 (System reserved) o
If the original value of the ILM
INTE instruction is between 16 and 31, values
00100 4 o
Step trace trap in this range cannot be set to
the ILM by the program.
00101 5 (System reserved)
01110 14 (System reserved)
01111 15 NMI (user)
When set to the ILM, user
10000 16 Interrupt interrupts are disabled.
10001 17 Interrupt
11110 30 Interrupt
When set to the ICR, the
T 31 o interrupt is disabled.

Levels 16 to 31 are available for the user.

The undefined instruction exception and INT instruction are not affected by the interrupt level.
Similarly, they do not change the ILM.

W | Flag

This flag enables or disables interrupts. The flag is located in bit 4 of the condition code register
(CCR) in the PS.

Value Function

Cleared to "0" by the INT instruction.
0 Interrupts disabled However, the value saved on the stack is the value
before the bit is cleared.

Masking of interrupt requests is controlled by the

1 Interrupts enabled value in ILM.
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H ILM (Interrupt Level Mask Register)

The ILM register is located in the PS and stores the interrupt level mask value.

Only interrupt requests to the CPU with an interrupt level that has a higher priority than the level
in the ILM are accepted.

Level 0 (000008) has the highest priority and level 31 (111118) has the lowest priority.

Restrictions apply to the values that can be set by the program. When the original value is
between 16 and 31, only new values between 16 and 31 can be set. Executing an instruction to
set a value between 0 and 15 transfers the value "specified value + 16".

If the original value is between 0 and 15, any value between 0 and 31 can be set.

The SETILM instruction is used to set a value in the ILM register.

B Level Mask for Interrupts/NMI

When an NMI or interrupt request occurs, the interrupt’s priority level (Table 2.8a) is compared
with the level mask value in the ILM.

If the following condition is satisfied, the interrupt is masked and the request not accepted:

Interrupt level of interrupt request = Level mask value

H ICR (Interrupt Control Register)

These are registers located in the interrupt controller and set the level for each interrupt request.
ICR registers are provided for each interrupt input. The ICR registers are mapped in the 1/O
memory space and are accessed by the CPU via the bus.

@® ICR structure

Figure 2.8a Structure of the Interrupt Control Registers

Bit 7 6 5 4 3 2 1 0 Initial value

- - — |ICR4 |ICR3 |ICR2 |ICR1 |ICRO | ---11111
R RW RW RW R/W <=Access

R: Read, R/W: Read/write

@® Functions of the ICR bits

Table 2.8b Functions of the Interrupt Control Register Bit

Bit
Function

No. Name

4 ICR4 Always "1"

3 ICR3

2 ICR2 Lower 4 bits of the interrupt level for the interrupt

Readable and writable
1 ICR1 Including bit 4, an ICR can have values in the range 16 to 31.
0 ICRO
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® ICR mapping
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Table 2.8¢c Interrupt Control Register and Interrupt Vector for Each Interrupt

Interrupt control register Corresponding interrupt vector
Interrupt No.
No. Address Address
Hexadecimal | Decimal
IRQO0 ICROO 00000400+ 10H 16 TBR + 3BCH
IRQO1 ICRO1 00000401+ 11H 17 TBR + 3B8H
IRQO2 ICRO2 00000402+ 12H 18 TBR + 3B4H
|
IRQ47 ICR47 0000042FH 3FH 63 TBR + 300+
Note: See chapter 9 "INTERRUPT CONTROLLER" on page 277ff .

Bl SSP (System Stack Pointer)

Figure 2.8b System Stack Pointer Register

Bit
SSP

31-00

0000

Initial value

00000000+

The SSP is used as the pointer to the stack used to save and restore data on receiving or
returning from an EIT.

The value of the SSP is decremented by 8 by EIT processing and incremented by 8 on returning
from the EIT by the RETI instruction.

Initialized to 00000000+ by a reset.

If during the execution of the internal boot ROM code, a valid boot condition is detected. SSP is

set to 0003D3F8H.
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H Interrupt Stack

The area pointed to by the SSP and used to save and restore the PC and PS values. After an
interrupt occurs, the PC is placed at the address pointed to by SSP and the PS at the address
"SSP+4".

Figure 2.8c Example of Interrupt Stack Operation

Before interrupt After interrupt
Memory Memory
80000000H -~ 80000000H
7FFFFFFCH 7FFFFFFCH PS
7FFFFFF8H 7FFFFFF8H PC |a—

Bl TBR (Table Base Register)
This register contains the top address of the EIT vector table.

The vector address for each EIT is calculated by adding the offset value for that EIT to the TBR.
Initialized to 000FFCOOH by a reset.

B EIT Vector Table

The 1-Kbyte area starting from the address pointed to by TBR is the EIT vector area.

Each vector consists of four bytes. The following formula shows the relationship between the
vector number and vector address.

vctadr =TBR + vctofs
=TBR + (3FCH — 4 X vct)
vetadr : Vector address
vctofs : Vector offset

vct  : Vector number

The lower 2 bits of the addition result are always treated as "00".

The initial vector table area after a reset is the area between 000FFCO00H and O00FFFFFH.

Special functions are assigned to some vectors. See table 2.8d for further information.
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Table 2.8d Vector Table

Vector number
Vector offset (Hexadecimal) Description
Hexadecimal Decimal
3FC 00 0 Reset (*)
3F8 01 1 System reserved
3F4 02 2 System reserved
3F0 03 3 System reserved
3E0 07 7 System reserved
3DC 08 8 System reserved
3D8 09 9 INTE instruction
3D4 0A 10 System reserved
3D0 0B 11 System reserved
3CC oC 12 Step trace trap
3C8 0D 13 System reserved
3c4 0E 14 Undefnjed instruction
exception
3C0 OF 15 NMI (user)
3BC 10 16 Maskable interrupt #0
3B8 11 17 Maskable interrupt #1 (Note)
300 3F 63 !\/Iaskab_le interrupt/INT
instruction
System reserved (used by
2FC 40 64 REALOS)
System reserved (used by
2F8 41 65 REALOS)
oF4 42 66 !\/Iaskab_le interrupt/INT
instruction

Note: See Appendix B "INTERRUPT VECTORS" on page 781 for the MB91360 vector
table.
*: Even if the TBR value is modified, the reset vector is always located at the fixed address
000FFFFCH.
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2.8.5 Multiple EIT Processing

When more than one EIT occurs at the same time, the CPU repetitively performs the
following operations: select one EIT to accept, execute the EIT sequence, then detect
the next EIT.

The CPU executes the handler instructions for the last EIT to be accepted when EIT
detection finds no more EITs that can be accepted.

Therefore, the sequence for executing the handlers for multiple EITs that occur at the
same time is determined by the following two factors.

® The priority of the accepting EITs
® How other EITs are masked when an EIT is accepted.

W Priority for Accepting EITs

The EIT acceptance priority is the priority order for selecting which EIT to execute. The EIT
sequence consists of saving the PS and PC, updating the PC (as required), and performing
masking of other EITs.

Consequently, the handler of the first EIT to be accepted is not necessarily executed first.
Table 2.8.1a lists the priority order for accepting EITs.
Table 2.8.1a Priority Order for Accepting EITs and Masking of Other EITs

Priority for accepting EIT Masking of other EITs
ElTs
1 Reset Other ElITs are cleared.
2 Undefined instruction exception | Canceled
3 INT instruction [ flag=10
4 User interrupt ::;,:\él rr=uIF_)teveI of accepted
5 NMI (user) ILM =15
6 (INTE instruction) ILM =4 *1
7 NMI (emulator) ILM=4
8 Step trace trap ILM=4

*1: The priority becomes 6 only when an emulator NMI generated at the same time as the INTE
instructions.
(The MB91360 uses the emulator NMI for a break by data access.)
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After accepting an EIT and performing masking of other EITs, the priority for executing the
handlers of EITs that occur at the same time is as shown in Table 2.8.1b .

Table 2.8.1b Execution Priority for EIT Handlers

Handler execution priority EIT

1 Reset *1

Undefined instruction exception

Step trace trap *2

INTE instruction *2

NMI (user)

INT instruction

N| oo B~ W|DN

User interrupt

*1:0Other EITs are cleared.

*2:If the INTE instruction is executed by step execution, only the step trace trap EIT is
generated. The INTE EIT is ignored.

Figure 2.8.1 Example of Multiple EIT Processing

Main routine
INT instruction NMI handler
7
Priority handler Pt
N b d
- AN
(High) NMI occurance E - ~
(Low) INT Instruction execution 5 W . ¥ (1) Execute first
N
N
(2) Execute next
\
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2.8.2 EIT Operation

This section describes EIT operation.

In the following explanation, the transfer source "PC" contains the address of the
instruction at which the EIT was detected.

Also, in the operation description, the "address of the next instruction” depends on the
instruction at which the EIT was detected, as follows.

® For LDL: 32..........o i, PC+6
® For LDI: 20, COPOP, COPLD, COPST, COPSV........ PC+4

@ For all other InStructions........c.oeuemieieeiecieceeceeeenans PC+2

B Operation of User Interrupts and NMI

When a user interrupt or user non-maskable interrupt (NMI) request is generated, the following
sequence determines whether or not the request can be accepted.
@® Determining whether an interrupt request can be accepted

1) Compare the interrupt levels of any simultaneously occurring requests and
select the interrupt with the highest priority level (smallest level value).

For maskable interrupts, the level value used for the comparison is the
value stored in the interrupt’s ICR. For the NMI, a predefined constant is used.

2) If more than one interrupt request with the same level is generated, select
the interrupt request with the lowest interrupt number.

3) Compare the interrupt level of the selected interrupt request with the level
mask value set by the ILM.

If the interrupt level = the level mask value, the interrupt request is masked
and not accepted.

If the interrupt level < the level mask value, proceed to step 4).

4) If the selected interrupt request is a maskable interrupt and the | flag is "0", the interrupt
request is masked and not accepted. If the | flag is "1", proceed to step 5).

If the selected interrupt request is an NMI, proceed to step 5) regardless of
the | flag value.

5) If the above conditions are satisfied, the interrupt request is accepted at
the end of the current instruction processing.
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If a user interrupt or NMI request is accepted when an EIT request is detected, the CPU
operates as follows using the interrupt number corresponding to the accepted interrupt request.

( ) represents the address the register points to.

[Operation]

(1) SSP-4 . SSP

(2) PS -~ (8SP)

(3) SSP-4 . SSP

(4) address of next instruction - (SSP)

(5) interrupt level of accepted request -  ILM

(6) "o" - Sflag

(7) (TBR + vector offset of received interrupt request) - PC

After the interrupt sequence completes, the system checks whether any new EITs are present
before executing the first instruction of the handler. If an EIT that can be accepted is present, the
CPU enters the EIT processing sequence.

B Operation of the INT Instruction

INT #u8
Branches to the interrupt handler at the vector indicated by u8.

[Operation]

(1) SSP-4 . SSP

) PS ~ (SSP)

(3) SSP-4 . SSP

4) PC+2 - (SSP)

(5) "o" - Iflag

(6) "o" - Sflag

(7) (TBR + 3FCH—4 X u8) - PC

B Operation of the INTE Instruction

INTE
Branches to the interrupt handler pointed to by vector #9.

[Operation]

(1) SSP-4 . SSP
(2) PS -~ (8SP)
(3) SSP-4 . SSP
(4) PC+2 - (SSP)
(5) "00100" - ILM
(6) "o" - Sflag
(7) (TBR + 3D8H) — PC

Do not use the INTE instruction in the handler for the INTE instruction or step trace trap.

Also, the INTE does not generate an EIT during step execution.
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Bl Operation of the Step Trace Trap

If the T flag in the SCR of the PS is set (enabling the step trace function), a trap occurs after
execution of each instruction. The trap causes execution to break.

[Conditions for detecting a step trace trap]
(1) Tflag=1
(2) Not a delayed branch instruction

(3) The currently executing program is not a handler for the INTE instruction or step trace

trap.
(4) If the above conditions are satisfied, a break occurs at the end of the current instruction.
[Operation]
(1) SsP-4 SSP

) PS - (SSP)
) SSP-4 SSP
(4) address of next instruction - (SSP)
) "00100" - ILM
) "o" - S flag
(7) (TBR+3CCH) - PC
The user NMI and user interrupts are disabled when the step trace trap is enabled by the T flag.
Similarly, the INTE instruction does not generate EITs.

B Operation of the Undefined Instruction Exception

The undefined instruction exception is generated if an undefined instruction is detected at
instruction decoding.

[Conditions for detecting an undefined instruction exception]
(1) An undefined instruction is detected at instruction decoding.

(2) The instruction is not in a delay slot (not located immediately after a delayed branch
instruction).

(3) If the above conditions are satisfied, an undefined instruction exception is generated
and execution breaks.

[Operation]
(1) SSP-4 - S8SP
(2) PS - (SSP)
(3) SsP-4 - S8SP
(4) PC - (SSP)
(5) "o" - Sflag

(6) (TBR+3C4H) — PC

The saved PC value is the address of the instruction that caused the undefined instruction
exception.
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Bl Operation of the RETI Instruction

MB91360 HARDWARE MANUAL

The RETI instruction returns from an EIT processing routine.

[Operation]
(1) (R15) =
(2) R15+4 =
(3) (R15) -
(4) R15+4 -

PC
R15
PS
R15

Note that the stack pointer used to restore the PS and PC is selected based on the contents of
the S flag. It is recommended that you set the S flag to "1" to set USP as R15 if executing
instructions that operate on R15 (stack pointer) in the interrupt handler. In this case, restore the
S flag to "0" prior to the RETI instruction.

B Precautions

@® Delay slot

Restrictions apply to EITs in the delay slot of branch instructions.
See 2.7.2 "Branch Instructions" on page 101.
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2.9 RESET (DEVICE INITIALIZATION)
2.9.1 Outline

This chapter explains reset operations that initialize the FR50 series of devices.

When a reset factor occurs, the FR50 series of devices stops all programs and hardware
operations and initializes.

This state is called the reset state.

When the reset factor is released, the device starts the programs and hardware operations from
the initial state.

The series of operations from this reset state to the operation start is called the reset sequence.

2.9.2 Reset Level

The reset operation of the FR50 series of devices is divided into two levels: setting initialization
reset (INIT), and operation initialization reset (RST). The occurrence factor and initialization type
of each reset level differ.

Each reset level is explained below.

B Setting Initialization Reset (INIT)

The most powerful reset level, which initializes all settings, is called setting initialization reset
(INIT).

INIT initializes the following settings:
+ Device operation mode (settings of bus mode and external bus width)

» All settings related to internal clocks (clock source selection, PLL control, division rate
setting)

+ All settings of external bus extension interface

+ All settings related to other pin states

+ All settings to be initialized by operation initialization reset (RST)
For details, see each Function Description.

After power-on, always execute INIT at the INITX pin.

B Operation Initialization Reset (RST)

The normal reset level, which initializes program operation, is called operation initialization reset
(RST). When INIT occurs, RST occurs at the same time.

RST initializes the following settings:
* Program operation
+ CPU and internal bus
» Register setting values of resources

» 1/O port setting
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« All settings related to CSO areas of external bus

For details, see each function description.

2.9.3 Reset Source

This chapter explains each reset source in the FR50 series of devices and the reset levels. Past
reset sources can be obtained by reading the reset source register (RSRR). For details of
registers and flags that appear in each description, see section 5.8 "REGISTERS IN CLOCK
GENERATION CONTROL BLOCK" on page 157.

H Input to INITX Pin (Setting Initialization Reset Pin)

The INITX pin (external pin) functions as the setting initialization reset pin.

The setting initialization reset (INIT) request occurs when a Low-level signal is input to the INITX
pin.

This request is released by inputting a High-level signal to the INIT pin.

When setting initialization reset (INIT) is executed according to the INIT request, the INIT bit
(bit 15) in the reset source register (RSRR) is set.

INIT executed by this request is the most powerful reset of all reset sources; it takes priority over
all inputs, operations, and states. Immediately after power-on, always execute INIT at the INITX
pin. Also hold a Low-level input to the INITX pin to secure the oscillation stabilization waiting
time of the requested oscillator circuit.

(Executing INIT at the INITX pin initializes the set stabilization oscillation waiting time to the
minimum value.)

» Occurrence factor:  Low-level input to external INITX pin
* Release factor: High-level input to external INITX pin
* Occurrence level: Setting initialization reset (INIT)

« Corresponding flag:  INIT bit (bit 15)

B Input to RSTX Pin (Operation Initialization Reset Pin)
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The RSTX pin (external pin) functions as the operation initialization reset pin.

The operation initialization reset (RST) request occurs when a Low-level signal is input to the
RSTX pin.

This request is released by inputting a High-level signal to the RSTX pin.

When operation initialization reset (RST) is executed according to the RSTX request, the ERST
bit (bit 12) in the reset source register (RSRR) is set.

If the SYNCR bit (bit 7) in the time-base counter control register (TBCR) is set, RST is executed
according to this request only after all bus access stops. For this reason, it may take some time
RST until occurs depending on the bus usage state.

* Occurrence factor:  Low-level input to external RSTX pin

* Release factor: High-level input to external RSTX pin
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» Occurrence level: Operation initialization reset (RST)

» Corresponding flag: ERST bit (bit 12)

H Internal Power down reset (see chapter 22 "POWER DOWN RESET" on page 525)

Like a low-level signal at the RSTX pin, the internal power down reset will cause an operation
initialization reset (RST).

B STCR: Write to SRST Bit (Software Reset)

When 0 is written to the SRST bit (bit 4) in the standby control register (STCR), a software reset
request occurs.

The software reset request is the operation initialization reset (RST) request.
If RST occurs, the accepted software reset request is released.

When operation initialization reset (RST) is executed according to the software reset request, the
SRST bit (bit 11) in the reset source register (RSRR) is set.

If the SYNCR bit (bit 7) in the time-base counter control register (TBCR) is set, RST is executed
according to this request only after all bus access stops. For this reason, it may take some time
RST until occurs depending on the bus usage state.

* Occurrence factor: 0 written to SRST bit (bit 4) in STCR
* Release factor: Execution of operation initialization reset (RST)
* Occurrence level: Operation initialization reset (RST)

» Corresponding flag: SRST bit (bit 11)

Bl Watchdog Reset

Writing data to the watchdog timer control register (RSRR) starts the watchdog timer. If A5h and
5Ah are not written subsequently to the watchdog reset occurrence delay register (WPR) within
the cycle set by the WT1 and WTO bits (bits 9 and 8) in the RSRR, a watchdog reset request
occurs. The watchdog reset request is the setting initialization reset (INIT) request. When INIT
or RST occurs, the accepted watchdog reset request is released.

If INIT is executed according to the watchdog reset request, the WDOG bit (bit 13) in the reset
source register (RSRR) is set. If INIT is executed according to the watchdog reset request, the
set oscillation stabilization waiting time is not initialized.

» Occurrence factor:  Elapse of set watchdog timer cycle

* Release factor: Execution of setting initialization reset (INIT) or operation
initialization reset (RST)

* Occurrence level: Setting initialization reset (INIT)
» Corresponding flag: WDOG bit (bit 13)
H Input to HSTX Pin (Hardware Standby Pin)

The HSTX pin (external pin) functions as the hardware standby pin. A hardware standby
request occurs when a Low-level signal is input to the HSTX pin.

When the hardware standby request is accepted and the device switches to the hardware
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standby state, setting initialization reset (INIT) occurs at the same time.

When a High-level signal is input to the HSTX pin, the hardware standby request is released.
Setting initialization reset (INIT) is also released.

If the INIT request occurs at the external INITX pin when the device is in the hardware standby
state, the hardware standby request is released but INIT remains in the state in which it
occurred.

If INIT occurs when the device is in the hardware standby state, the HSTB bit (bit 14) in the reset
source register (RSRR) is set.

If the hardware standby request occurs immediately after power-on, setting initialization reset
(INIT) at the INITX pin has priority over other resets. However, if INIT at the INITX pin is
released subsequently and the device switches to the hardware standby state, the set oscillation
waiting time is initialized to the maximum value and the oscillation stabilization waiting time after
the hardware standby request has been released is set to the maximum value.

» Occurrence factor: Low-level signal input to external HSTX pin

* Release factor: High-level signal input to external HSTX pin or setting
initialization reset (INIT) at INITX pin

» Occurrence level: Setting initialization reset (INIT)

» Corresponding flag: HSTB bit (bit 14)

2.9.4 Reset Sequence

When the reset factor is released, the device starts execution of the reset sequence. The reset
sequence operation differs for each reset level and is explained for each reset level below.

B Setting Initialization Reset (INIT) Release Sequence

When the setting initialization reset (INIT) request is released, the device executes the following
operations in sequence:

1) Releases INIT and switches to oscillation stabilization waiting state

2) Retains operation initialization reset (RST) state during oscillation stabilization waiting time
(bits 3 and 2 (OS1 and OSO0) in STCR) and stops internal clock

) Sets operation initialization reset (RST) and starts internal clock operation
) Releases RST and switches to normal operation state
) Reads mode vector from O00FFFF8h address
6) Writes mode vector to mode register (MODR) at 000007FDh address
) Reads reset vector from 000FFFFCh address
) Writes reset vector to program counter (PC)
)

Starts program operation at address indicated by PC, in case of single chip mode this is
the first address of the internal boot ROM (see chapter 4 "BOOT ROM /
CONFIGURATION REGISTER" on page 139).

H Operation Initialization Reset (RST) Release Sequence

When the operation initialization reset (RST) request is released, the device executes the
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following operations in sequence:

W N -
= = = -

N

Releases RST and switches to normal operation state
Reads reset vector from 000FFFFCh address
Writes reset vector to program counter (PC)

Starts program operation at address indicated by PC

B Hardware Standby Release Sequence

When the hardware standby request or low-voltage detection standby request is released, the
device executes the following operations in sequence:

~N o o1 b
O = T = = <= <=

= O o

Sets setting initialization reset (INIT), starts internal clock operation, releases pin high-
impedance processing

Releases INIT and switches to oscillation stabilization waiting state

Retains operation initialization reset (RST) state during oscillation stabilization waiting time
(bits 3 and 2 (OS1 and OS0) in STCR) and stops internal clock

Sets operation initialization reset (RST) and starts internal clock operation
Releases RST and switches to normal operation state

Reads mode vector from 000FFFF8h address

Writes mode vector to mode register (MODR) at 000007FDh address
Reads reset vector from 000FFFFCh address

Writes reset vector to program counter (PC)

Starts program operation at address indicated by PC

2.9.5 Oscillation Stabilization Waiting Time

The device automatically switches to the oscillation stabilization waiting state when it returns
from a state in which the original oscillation stopped, or may have stopped.

This function disables use of unstable oscillator output after oscillation has started.

During the oscillation stabilization waiting time, supply of internal and external clock stops and
only the built-in time-base counter operates. The device waits for the elapse of the stabilization
waiting time set by the standby control register (STCR).

The oscillation stabilization waiting operation is detailed below.

B Oscillation Stabilization Waiting Factors

The oscillation stabilization waiting occurrence factors are shown below.

1)

When setting initialization reset (INIT) released.

Immediately after INIT has been released, the device switches to the oscillation
stabilization waiting state.

After the oscillation stabilization waiting time has elapsed, the device switches to the
operation initialization reset (RST) state.
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2) At return from stop mode.
Immediately after the stop mode has been released, the device switches to the oscillation
stabilization waiting state.
However, if the stop mode is released by the setting initialization reset (INIT) request, the
device switches to the INIT state. It switches to the oscillation stabilization waiting state
after INIT has been released.
After the oscillation stabilization waiting time has elapsed, the device switches to the state
corresponding to the stop mode release factor.

At return due to input of valid external interrupt request (including NMI)
-> Device switches to normal operation state

At return due to INIT request

-> Device switches to RST state

At return due to the RST request

-> Device switches to RST state

3) At return due to error state occurrence (valid when PLL selected).
If a PLL control error(*) occurs when the PLL is operating as a source clock, the device
switches automatically to the oscillation stabilization waiting time to secure the PLL lock
time.
After the oscillation stabilization waiting time has elapsed, the device switches to the
normal operation state.
(*): Change of division rate during use of PLL and PLL operation enable bit error, etc.

B Selection of Oscillation Stabilization Waiting Time
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The built-in time-base counter is used to count the oscillation stabilization waiting time.

When the device switches to the oscillation stabilization waiting state because an oscillation
stabilization waiting factor occurs, the built-in time-base counter starts counting the oscillation
stabilization waiting time after it has been initialized once.

The OS1 and OSO0 bits (bits 3 and 2) in the standby control register (STCR) can be used to
select and set one of the four oscillation stabilization waiting times.

The set oscillation stabilization waiting time can be initialized only by setting initialization reset
(INIT) at the INTX pin (external pin). At other resets (e.g., watchdog reset, hardware standby,
and operation initialization reset (RST)), the oscillation stabilization waiting time set before the
reset is held.

The four oscillation stabilization waiting times assume the following uses:

1) 0S1,0S0 =00: No oscillation stabilization waiting time
(When PLL and oscillator not stopped in stop mode)

2) 0S1,080 =01: PLL lock waiting time (When oscillator not stopped
in external clock input or in stop mode)

3) 0S1,080 =10: Oscillation stabilization waiting time (middle)
(When fast-stabilizing oscillator (e.g., ceramic oscillator) used)

4) 0S1,080 =11: Oscillation stabilization waiting time (long)
(When ordinary crystal oscillator, etc., used)

Immediately after power-on, always execute INIT at the INITX pin. Also hold Low-level input to
the INITX pin to secure the oscillation stabilization waiting time of the oscillator circuit requested
by the oscillator circuit.



MB91360 HARDWARE MANUAL CHAPTER 2: CPU

(Executing INIT at the INITX pin initializes the set stabilization oscillation waiting time to the
minimum value.)

If the hardware standby request occurs immediately after power-on, setting initialization reset
(INIT) at the INITX pin has priority over other resets. However, if INIT at the INITX pin is
released subsequently and the device switches to the hardware standby state, the set oscillation
waiting time is initialized to the maximum value and the oscillation stabilization waiting time after
the hardware standby request has been released is set to the maximum value.

2.9.6 Reset Mode

Operation initialization reset (RST) usually supports two modes: ordinary (asynchronous) reset
mode, and synchronous reset mode. Use the SYNCR bit (bit 7) in the time-base counter control
register (TBCR) to select the mode.

The set reset mode can be initialized only by setting the initialization reset (INIT).
INIT is always executed asynchronously.
Ordinary (asynchronous) reset and synchronous reset are explained below.

B Ordinary (Asynchronous) Reset

Immediate switching to the RST state or the hardware standby state when the RST or hardware
standby request occurs is called ordinary (asynchronous) reset.

When the RST or hardware standby request is accepted in the ordinary (asynchronous) reset
mode, the device immediately switches to the RST or hardware standby state without reference
to the internal bus access state.

The result of bus access being performed when this mode switches to another mode is not
guaranteed. However, the bus access request is always accepted.

When the SYNCR bit (bit 7) in the TBCR is 0, the device operates in the ordinary
(asynchronous) reset mode.

The initial value after INIT has occurred is the ordinary reset mode.

Bl Synchronous Reset

Switching to the RST or hardware standby state after all bus accesses have stopped when the
RST or hardware standby request occurs is called synchronous reset.

Even if the RST or hardware standby request is accepted in the synchronous reset mode, the
device does not switch to the RST or hardware standby state if the internal bus is being
accessed.

When the above request is accepted, a sleep request is issued to the internal buses. When
each bus stops operation and switches to the sleep state, the device switches to the RST or
hardware standby state. All bus accesses stop when the synchronous reset mode switches to
another mode and the results of all bus accesses are guaranteed.

However, if bus access does not stop for some reason, each request cannot be accepted.
(Even in this case, INIT becomes valid immediately.) Bus access does not stop in the following
cases:

1) When BRQ (bus release acknowledge) valid, and internal bus issues new bus access
request

2) When RDY (ready request) input continuously to external extension bus interface and bus
wait valid. In the following case, the device switches finally to each state. However, this
switching takes a long time.
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Note: The DMA controller does not delay device switching to each state because it stops
transfer when it receives a request.
When the SYNCR bit (bit 7) in the TBCR is 1, it indicates the synchronous reset mode.
After INIT has occurred, the initial value returns to the ordinary (asynchronous) reset

mode.
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210 OPERATING MODES

There are two operating modes; bus mode, and access mode.

Bus Mode Access Mode

Single chip

Internal ROM, external bus 32-bit bus width
- 16-bit bus width

External ROM, external bus 8-bit bus width

1) Bus mode
In the bus mode, the internal ROM operations and external access functions are
controlled. It is defined by the mode setup pins (MD2, MD1, and MDO) and the ROVA bit
values in the mode data.

2) Access mode
In the access mode, the external data bus width is controlled. It is defined by WTH1 and
WTHO bits in the mode register and BW1 and BWO bits in AMDO to AMD7 (Area MoDe
Register).

2.10.1 Bus mode

There are three bus modes in the FR50 series. For details, see section 2.10.2 "Mode Setting"
on page 126.

B Bus mode 0 (single chip mode)

This mode is valid for Fbus RAM in addition to the internal 1/0. Ibus RAM and Dbus RAM.
Access to other areas are invalid.

Bl Bus mode 1 (internal ROM external bus mode)

This mode is valid for Fbus RAM (internal ROM etc.) in addition to the internal 1/O, Ibus RAM
and Dbus RAM.

Access to other areas is access to external space. A part of the external pins function as bus
pins.

Bl Bus mode 2 (external ROM external bus mode)

This mode is valid for the internal I/O, Ibus RAM and Dbus RAM.

It forbids access to Fbus RAM; all accesses are to external space. A part of the external pins
function as bus pins.
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2.10.2 Mode Setting

The FR50 series of devices uses mode pins (MD2 to MDO) and a mode register (MODR) to set

the operation mode.

B Mode Pins

Three mode pins (MD2 to MDO) are used to specify mode vector fetch and set a test mode.

Table 2.10.2 Mode Setting

Mode Pins Reset
MD2 MD1 MDO Mode name vector Remarks
access area

0O 0 O Internal ROM mode vector Internal

External ROM mode The mode register is used to set the
0 0 1 | Vector External | 1,5 width.
remaining Reserved, but see chapter 32 about

settings flash memory mode.

B Mode Register (MODR)

The data to be written to 0000_7FDH using mode vector fetch is called mode data.

MODR is located at 0000_07FDH. After an operation mode has been set in MODR, the device
operates in this operation mode. MODR is set only when a reset factor (INIT level) occurs. User

programs cannot write data to MODR.

< Mode Register (MODR)>

MODR 7 6 5 4 3 2 1 0 Initial Value

Address 0 0 0 0 0 |ROMA|WTHL1|WTH

0000 O7FDH o 0 XXXXXXXX
< >

Operation mode setting bit

[Bits 7 to 3]: (Reserved bits)

Always set 00000 at bits 7 to 3. Operation is not guaranteed when other values are set.

[Bit2]: ROMA (internal ROM enable bit)

The ROMA bit is used to set whether to validate the internal ROM area (Fbus memory area).

ROMA Function Remarks
0 External ROM mode Access to the Fbus area is external.
1 Internal ROM mode
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[Bits 1 and 0]: WTH1 and WTHO (bus width/single chip mode specifying bits)

The WTH1 and WTHO bits are used to set the bus width (valid when operation mode is
external bus mode) and the single chip mode. When the operation mode is the external bus
mode, this value is set at the BW1 and BWO bits of AMDO (CSO area).

WTH1 WTHO Function Remarks
0 0 8-bit bus width External bus mode
0 1 16-bit bus width External bus mode

32-bit bus width

External bus mode

Single chip mode

2.10.3 Fixed Vector

If MB91360 devices are started in mode MD[2:0]=000, the internal fixed mode vector
(FMV=0x06) and the fixed reset vector are used. The fixed reset vector points to the start
address of the internal BootROM.

This enables access to the F-bus area, to the internal CAN modules and the internal flash

memory.

See also chapter 4 "BOOT ROM / CONFIGURATION REGISTER" on page 139.
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CHAPTER 3 INSTRUCTION CACHE

This chapter describes the instruction cache memory included in MB91360 family
members and it operation. This only applies to MB91FV360GA.

3.1  GENERAL DESCRIPTION ... 130
3.2 MAIN BODY STRUCTURE........ccciiiiiiiiiiiee e 130
3.3 VARIOUS OPERATING MODE CONDITIONS ........cccooiiiiiiee e 136
3.4 INSTRUCTION CACHE SPACE FOR CACHING .........cccoiiiiieen. 137
3.5 SETUP FOR FR50 I-CACHE USAGE .........cocciiiiiiiieeeee e 137
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3.1 GENERAL DESCRIPTION

The instruction cache is temporary memory. When an external low-speed memory accesses an
instruction code,the instruction cache stores the single-accessed code to increase the second
and subsequent access speeds.Setting this memory to the RAM mode enables software to
directly read and write instruction cache data RAM and tag RAM. To turn on instruction cache
once and then to turn it off, always use the subroutine described in Section 3.5.

3.2 MAIN BODY STRUCTURE

* FR basic instruction length: 2 bytes
» Block arrangement system: 2-way set associative system

» Block One way consists of 128 blocks.
One block consists of 16 bytes (= 4 sub-blocks).
One sub-block consists of 4 bytes (= 1 bus access unit).

Figure 3.2a Instruction Cache Structure

< 4 bytes <-4 bytes <4 bytes —»¢-4 bytes <-4 bytes |

Way 1 13 12 11 10

Cache tag Sub-block 3 | Sub-block 2 [ Sub-block 1 | Sub-block 0| Block 0
128 Blocks

Cache tag Sub-block 3 | Sub-block 2 | Sub-block 1 | Sub-block 0| Block 127
Way 2

Cache tag Sub-block 3 | Sub-block 2 [ Sub-block 1 | Sub-block 0| Block 0
128 Blocks

l Cache tag Sub-block 3 | Sub-block 2 | Sub-block 1 | Sub-block 0| Block 127
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Figure 3.2b Instruction Cache Tag

Way 1
31 09 08
Address tag Reserved
07 06 05 04 03 02 01 00
SBV3 | SBV2 | SBV1 | SBVO | TAGV |Reserved| LRU ETLK
| |

Sub-block valid — TAG valid
LRU
Entry lock

Way 2

31 09 08

Address tag Reserved

07 06 05 04 03 02 01 00

SBV3 | SBV2 | SBV1 | SBVO | TAGV |  Reserved ETLK
' |

Sub-block valid —I TAG valid

Entry lock

[Bits 31 to 9] Address tag
The upper 23 bits of the memory address of the instruction cached in the associated block

are stored.
The memory address IA of the instruction data stored in sub-block k of block i is as follows:

IA=addresstag x 2" +i x 24+ k x 22
Performs coincidence checkout of instruction address that CPU requests access to.

The following operations are performed depending on the tag checkout results.

When the requested instruction data is in the cache (hit), the cache transfers the data

to the CPU within one cycle.
When the requested instruction data is not in the cache (miss), the CPU and cache
simultaneously acquire the data (1 sub-block) by external access.

1)
2)

[Bits 7 to 4] SBV3 to SBV0: Sub-block valid bits

When SBV* = 1, the current instruction data at the tagged address is entered in the
associated sub-block. Normally, two instructions are stored in a sub-block (except for the

immediate value transferinstruction).
[Bit 3] TAGV: TAG valid bit
This bit indicates whether address tag value is valid.
When this bit is 0, this block is invalid irrespective of the sub-valid bit (flushed state).
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[Bit 1] LRU bit (way 1 only)

Present only for way-1 instruction cache tag. Regarding the selected set, this bit indicates
whether a way-1 or way-2 entry was accessed in the cache last. When LRU = 1, a way-1
set entry was not found in the cache last. Conversely, when LRU = 0, a way-2 set entry was
not found in the cachelast.

[Bit 0] ETLK: Entry lock bit
This bit locks all tagged entries within block in cache.

When ETLK = 1, the locked state prevails so entries are not updated when they are not
found inthe cache. However, invalid sub-blocks are updated. If the data is not found in the
cache when way 1 and way 2 are both entry-locked, the external memory is accessed after
the loss of one cycle of "cache miss" evaluation.

B Control register structure

IRBS (32 bit) 31 30 29 28 27 26 25 24 Initial value
0000 0300H 0 0 0 0 0 0 0 0 0000 00008
R R R R R R
23 22 21 20 19 18 17 16
0 0 0 0 0 0 0 1 0000 0001B
R R R R R R R
15 14 13 12 11 10 9 8
(0000 0302H) | IRBS | IRBS | IRBS | IRBS - - - - 0010 ----B

R/W R/W R/W R/W - - - -

IRBS [bits 15 to 12]

These bits are used to set the base address of cache RAM at access in the RAM mode.
Align cache RAM in units of 4K bytes. These bits are initial-ized by | NI T. The initial value is
the 00012000H address.
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ISIZE (8 bit) 7 6 5 4 3 2 1 0 Initial value
0000 0307H - - - - - SIZE1 | SIZEO - | e 118
- - - - - R/W R/W -

ISIZE [bits 1 to 0] : SIZE1 and SIZEO

These bits are used to set the cache size. As shown in Figure I-CACHE-3, the cache size,
IRAM size, and address map in the RAM mode change according to setting of these bits.
Whenthe cache size is changed, always turn on cache after unlocking flush and entry lock.

CACHE Size Register

SIZE1 SIZEO Size
0 0 1KB
0 1 2KB
1 0 Setting disabled
1 1 4 KB (initial value)

The | CHCR (I-CacHe Control Register) controls the instruction cache operations.

Writing to the | CHCR does not affect caching of instructions fetched within three subsequent

cycles.
ICHCR (8 bit) 7 6 5 4 3 2 1 0 Initial value
0000 03E7H | RAM - GBLK | ALFL | EOLK | ELKR | FLSH | ENAB 0-00 00008

R/W - R/W R/W R/W R/W R/W R/W

If during the execution of the code in the internal boot ROM a valid boot condition is detected
this register is set to "0x81".

[Bit 7] RAM: RAM Mode
Setting the RAM bit to 1 enables instruction cache to operate in the RAM mode.

If the ENAB bit is 1 (cache on) when this bit is set to 1, cache RAM is mapped to the area
specified by IRBS.

[Bit 5] GBLK: Global lock bit
This bit locks all current entries in cache.

When GBLK = 1, valid entries in the cache are not updated at a "cache miss." However,
invalid sub-blocks are updated. The resulting instruction data fetch operation is the same as
for unlocked entries.
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[Bit 4] ALFL: Auto lock fail bit

If locking a locked entry, the ALFL is set to 1. When entry-auto-locked entry is updated for a
locked entry, the new entry is not locked in the cache despite theuser's intention.
Referencing is done for program debugging.

This bit is cleared when 0 is written.

[Bit 3] EOLK: Entry auto lock bit

This bit specifies whether auto locking feature is enabled or disabled for indi-vidual entries in
instruction cache.

Entries accessed (only at miss) while EOLK = 1, are locked when the entry lock bit in the
cache tag is set to 1 by hardware. Locked entries are not subse-quently updated at a cache
miss. However, invalid sub-blocks are updated.

To assure proper locking, first flush, and then set bit 3.
[Bit 2] ELKR: Entry lock release bit
This bit is used to clear entry lock bits at all cache tags.
When ELKR is set to 1, entry lock bits at all cache tags are cleared to 0 at the next cycle.

However, the value of this bit is held only for one clock cycle. It is cleared to 0 at the second
and subsequent clock cycles.

[Bit 1] FLSH: Flush bit
This bit specifies flushing of instruction cache.

When FLSH = 1, the cache data is flushed. However, the value of this bit is held only for 1
clock cycle. ltis cleared to 0 at the second and subsequent clock cycles.

[Bit 0] ENAB:Enable bit
This bit enables or disables instruction cache.

When ENAB = 0, the instruction cache is disabled so instruction accessing from the CPU is
performed directly relative to the outside, without using the cache.

When the instruction cache is disabled, instructions in the cache are saved.
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(IRBS)
Initial Value

TAG RAM

Address

00010000
00010200
00010400
00010600
00010800
00010A00
00010C00
00010E00
00011000
00011200
00011400
00011600
00011800
00011A00
00011C00
00011E00
00012000
00012200
00012400
00012600
00012800
00012A00
00012C00
00012E00
00013000

00010000
00010004
00010008
0001000C
00010010
00010014

00010020

Cache off Cache off Cache 4K

CHAPTER 3: INSTRUCTION CACHE

Figure 3.2c [|-Cache Address Map
Figure I-CHCHE-3 RAM Address Map

RAM off RAM on
TAG
(way0)
TAG
(way1)
IRAM IRAM
(way0) (way0)
IRAM IRAM
(way1) (way1)

RAM off

If the IRBS setting value overlaps any other memory areas, IRBS memory ($RAM) has priority over other memo

l:lis a mirror area.

Entry at 00x address

Mirror at 00x address

Entry at 00x address

Mirror at 00x address

Cache 4K Cache 2K Cache 2K Cache 1K Cache 1K
RAM on RAM off RAM on RAM off RAM on
TAG TAG TAG(way0)
(way0) (way0)
TAG TAG TAG(way1)
(way1) (way1)
IRAM IRAM IRAM IRAM
(way0) (way0) (way0) (way0)
IRAM IRAM IRAM IRAM
(way1) (way1) (wayl) (wayl)
$RAM $RAM $RAM(way0)
(way0) (way0) $RAM(way1)
$RAM
(wayl)
$RAM
(way1)

$RAM

00012000
00012004
00012008
0001200C
00012010
00012014

Figure I-CACHE-4 Memory Assignment For Each Cache Size

Address
000
200
400
600
800
A0O
(o]0}
E00

Address

00000000
00010000
00020000
00030000
00040000

Instruction (SBVO0) at 000 address
Instruction (SBV1) at 004 address
Instruction (SBV2) at 008 address
Instruction (SBV3) at 00C address
Instruction (SBVO0) at 010 address
Instruction (SBV1) at 014 address
Instruction (SBV2) at 018 address
Instruction (SBV3) at 01C address

(Even the D-bus RAM area is cached when it is transferred to the Al bus.)

Cache 4K Cache 2K Cache 1K Cache off
$RAM IRAM IRAM IRAM
(WAY0)
$RAM Not used
$RAM
$RAM IRAM IRAM IRAM
(WAY1)
$RAM Not used
$RAM
Figure I-CACHE-5 Cache Areas
ROMAB=0 ROMAB=1
(Without  (With ROM)
ROM)
Direct area [Direct area
IRAM IRAM
Cache arealInternal
ROM
Cache area

00100000
FFFFFFFF

This area can be set as a non-cache area for each chip selection area.

135



CHAPTER 3: INSTRUCTION CACHE

3.3

B Cache status in various operating modes

The table below indicates the prevailing state for disable and flush when the associated bit is

changed by bit manipulation instruction, etc.

MB91360 HARDWARE MANUAL

VARIOUS OPERATING MODE CONDITIONS

Immediately
after Reset

Disable

Flush

Cache Memory

The contents

are undefined.

The preceding state is held.
Rewriting is impossible while
the cache is disabled.

The preceding state is held.

Rewriting is possible while
the cache is disabled.

Tag Address The contents The preceding state is held. | The preceding state is held.
Tag are undefined. | Rewriting is impossible while
the cache is disabled.
Sub-block The contents The preceding state is held. The preceding state is held.
Valid Bit are undefined. | Rewriting is impossible while
the cache is disabled.
LRU The contents The preceding state is held. The preceding state is held.
are undefined. | Rewriting is impossible while
the cache is disabled.
Entry Lock The contents The preceding state is held. The preceding state is held.
the cache is disabled.
TAG Valid The contents The Igreceding state is held. All entries are invalid.
Bit are undefined. | Flushingis possible while the
cache is disabled.
RAM The preceding state is held. The preceding state is held.
Flushing is possible while
the cache is disabled.
Control Global Unlock The preceding state is held. The preceding state is held.
Register Lock Rewriting is possible while
the cache is disabled.
Auto lock No fail The preceding state is held. The preceding state is held.
Fail Rewriting is possible while
the cache is disabled.
Entry Auto Unlock The preceding state is held. The preceding state is held.
Lock Rewriting is possible while
the cache is disabled.
Entry Lock No release The preceding state is held. The preceding state is held.
Release Rewriting is possible while
the cache is disabled.
Enable Disabled Disabled The preceding state is held.
Flush Not flushed The preceding state is held. Flushed in cycle following

memory accessing.
Reverts to 0 subsequently.
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Bl Cache Entry Update

Cache entries are updated as shown in the following table.

Unlock Lock
Hit Not updated Not updated.
Miss The memory data is loaded, and the | Not updated at tag miss.
cache entry data is updated. Updated when sub-block invalid.

3.4 INSTRUCTION CACHE SPACE FOR CACHING

* Instruction cache can be cached only in external bus space.

« Even if the external memory data is updated by DMA transfer, coherency with cached
instructions will not be maintained. If coherency needs must maintained, flush the cache.

+ Instruction cache can be set as a non-cache area for each chip selection area. Even in this
case, cache-on is subject to a 1-cycle penalty but cache-off is not.

3.5 SETUP FOR FR50 I-CACHE USAGE

1) Initializing

To use the I-Cache, first, clear the cache contents. Erase the old data by setting the register
FLSH bit and ELKR bit to 1.

I di  #0x000003e7, r 0// 1-Cache control register address
I di #0B00000110, r 1// FLSHbit (bit 1)

I ELKR bit (bit 2)
sth ri, @ 0// Writing to register
The cache is now initialized.

2) Enabling (turning ON) cache

To enable the I-Cache, set the ENAB bit to 1.
I di  #0x000003e7, r 0// I-Cache control register address
I di #0B00000001, r 1// ENAB bit (bit 0)
sth r1, @ 0// Writing to register
All subsequently-accessed instructions will be cached.
Cache can be validated and initialized at the same time.
I di  #0x000003e7, r 0// I-Cache control register address
I di #0B00000111, r 1// ENAB bit (bit 0)

I FLSH bit (bit 1)

I ELKR bit (bit 2)
stb r1, @0// Writing to register

3) Disabling (turning OFF) cache
To disable the I-Cache, set the ENAB bit to 0.
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I di #0x000003e7, r 0// I-Cache control register address
I di  #0B00000000, r 1// ENAB bit (bit 0)
stb r1, @O0// Writing to register

In the resultant state (same as state prevailing after reset), there appears to be no cache.
The cache can be turned off if the processing may experience problems due to cache
overhead

Locking all cached instructions

To lock all the currently-cached instructions in the I-Cache, set the register GBLK bit to 1.
The ENAB bit must also be set to 1. If it is not, the cache is turned OFF, so instructions
locked in the cache cannot be used.

| di #0x000003e7, r 0// 1-Cache control register address
| di #0B00100001, r 1// ENAB bit (bit 0)
I GBLK bit (bit 5)
stb r1, @O0// Writing to register
Locking specific cached instructions

To lock a specific group of instructions (e.g., subroutines) in the cache, set the EOLK bit to 1
before executing such instructions.

Instructions locked in this manner are accessed rapidly as if using high-speed internal ROM.
| di #0x000003e7, r 0// 1-Cache control register address
| di #0B00001001, r 1// ENAB bit (bit 0)
I ECLK bit (bit 3)
stb r1, @O0// Writing to register

The above instruction lock becomes effective starting with the instruction next to the stb
instruction although it depends on the memory wait count. Set the EOLK bit to 0 when the
group of instructions which want to lock is ended.

| di #0x000003e7, r 0// 1-Cache control register address
| di #0B00000101, r 1// ENAB bit (bit 0)
I ECQLK bit (bit 3)

stb r1, @ O0// Writing to register

Unlocking cached instructions
To release the lock, proceed as follows.
| di #0x000003e7, r 0// I-Cache control register address
| di #0B00000000, r 1//Cash disabled
stb r1, @ 0// Writing to register
| di #0B00000100, r 1// ELKR bit (bit 2)
stb r1, @ O0// Writing to register

Only lock information is released; locked instructions are replaced sequentially with new
instructions according to the state of the LRU bit.
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CHAPTER4 BOOT ROM/ CONFIGURATION REGISTER

This chapter describes the functionality of the embedded boot ROM which is used in
single chip mode.

4.1 BOOT ROM ... 140
4.2 CONFIGURATION REGISTER (F362 MODE REGISTER F362MD)..144
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41 BOOT ROM

The BootROM is a fixed start-up routine which is located at FFO00 (Reset entry) and will
therefore be executed after every RST or INIT. The purpose of this ROM is to configure the
device after a reset and to provide a simple serial bootloader for programming the embedded
Flash memories.

The BootROM contains three logical parts :

B Chip Initializations
Immediately after each reset, the following settings will be made :
CSO0 : 200000...2FFFFF, 32Bit Bus, 1 wait-state (default external access)
CS7 :100000...10FFFF , 16Bit Bus, 1 wait-state (CAN)

In addition, the Table-Base Register will be initialized and the synchronous reset (see TBCR) will
be enabled.

B Check for Bootcondition

After the chip initializations, the "Security-Vector" will be checked (Vector #66).
This check is performed as follows:

Table 4.1a Security Vector Check

Device Security Vector Check
MB91F362GA Security vector is FFFFFFFFH
Security vector is FFFFFFFFH
MB91F376G or security vector is outside of

04:4800H - 13: FFFFH,

Security vector is FFFFFFFFH
or security vector is outside of
08: 0000H - OF: FFFFH

All other MB91360
series devices

The purpose of this feature is to disable the bootstraploader due to security reasons; only if the
conditions in the table above apply the bootstraploader can be started.

The RSRR (reset cause register) will be read and saved. If no power-on reset (external INITX
input, RSRR=0x80) is indicated, a branch to the user application will be initiated.

If INITX was detected and the "Security-Vector" check okay, the following conditions must be
met in order to start the Bootstraploader:

Within a certain time, the start-up character "V" must be received via UARTO (9600,8N1). The
timeout is set to 200ms. On MB91FV360GA the Bootstraploader will also be started, if the
external Bootpin (Boot/P93) is high.

Bl Bootstraploader

If the Bootcondition was met, an acknowledge character "F" will be transmitted via UARTO to
indicate that the Bootloader is ready to accept commands. 4 different commands are possible :
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* Receive and write to a specified memory block

« Dump the contents of a specified memory block

Initiate a "CALL" to a certain location

* Re-dump a calculated checksum for verification

'

S Set Clock to 2MHz
Chip initialization Init UARTO

¢ .

Reset and save
RSRR(Reset Cause)

"V" received ?

Security-
Vector =
check
okay?

No

No

Timeout
?

Yes

Reset- Yes

Cause =
INITX ?

Start

Bootloader

Jump
Application
start

Jump
@(SecVec)

Note: The RSRR register can only be read once. After reading the RSRR-register, the contents
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Bl Bootstraploader Description

B Serial Communication Protocol
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will be saved temporarily in RAM (3D500) and will be present in R4 (C-Compiler
convention for parameters) after a branch to Application start or the address specified by
the Security-Vector.
The BootROM initializes the chip and changes the settings of some registers (see table

below).

The standard start-address (if no other address was specified by the Security-Vector) for
user-programs is F4000.

If a valid bootcondition was detected, data can be written to or read from the MCU using a serial
protocol. In addition, calls to a dedicated address or re-dumps of checksums (16-Bit length,
calculated while receiving or transmitting data) are possible. The communication channel is
UARTO (9600 baud ,8 data-bits, no parity,1 stop bit, no handshaking, binary transmission).

Note: Software to transfer data using this protocol is available from Fujitsu.

Table 4.1b Boot ROM Serial Communication

5

CS (2 Bytes)

Command PC to MCU MCU to PC Remark
241 (OxF1)
; 130 (0x82) Lo, MidLo, MidHi, Hi
Read (2) Lo, Hi
éidzre(‘(lngt?:g) Binary Dum Direct read and dump
y Y P Bootloader sends 16-Bit check-
CS (2Bytes) sum
1 241 (0xF1)
3 131(0x83) Lo, MidLo, MidHi, Hi
Write (3) Adr (4 Bytes) Lo, Hi
Size (2 Bytes) Receive and store
Binary Dump CS (2 Bytes) SS;tloader sends 16-Bit check-
y 241 (OxF1) Calls specified Address and
Call (4) 4 132 (0x84) waits for a return. The returned
Adr (4 Bytes) parameter in R4 will be echoed
y ret. Parameter | to the PC
y 241 (OxF1) MCU re-dumps 16-bit checksum
Get Checksum (5) 133 (0x85) (Lo, Hi) calculated at last write or

read operation
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B Registers modified by the BootROM

Table 4.1c Registers modified by Boot ROM

CHAPTER 4: BOOT ROM | CONFIGURATION REGISTER

Register Value Address Description

ASRO 0x20 0x640 Area select register 0

AMRO OxOF 0x642 Area mask register 0

AMDO 0x11 0x660 Area mode register 0

ASRY7 0x10 0x65C Area select register 7

AMR7 0x00 Ox65E Area mask register 7

AMD7 0x29 0x667 Area mode register 7

CSE 0x81 0x668 CS-Select enable register

CMCR 0x0180 0x0164 CAN Clock Enable

TBR 0xOFFCO00 - Table Base Register

TBCR 0x03 0x482 Time-base counter/Sync-RST Register
RSRR 0 (see note) 0x480 Reset Source Register (visible in R4)
SP* 0x3D3F8 - Stack pointer

CLKR* 8§g6(?3“gEHZ)z) 0x484 Clock source control register

DIVRO* 8§$7(?3'\3Ef|)2) 0x486 Clock division register 0 (CPU and RBus)
DIVR1* 8§$0(?3'\3Ef|)2) 0x487 Clock division register 1 (ext. Bus)
PFRQ* 0x03 0x41A Port function register Port Q (UARTO)
SMRO* 0x31 0x63 UARTO Mode Register

SCRO* 0x13 0x62 UARTO Control Register

UTIMRO* | 0x05 0x68 U-TimerO Reload

UTIMCO* | Ox82 0x6B U-Timer0 Control

FMWT 0x13 0x00007004H Flash Wait Control Register

FMCS 0x60 0x00007000H Flash Control Status Register

Note: * these registers will only be modified if a check for valid bootcondition is performed
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4.2 CONFIGURATION REGISTER (F362 MODE REGISTER
F362MD)
This register is used to control which pins of the external bus interface are active, where the pins
for the external DMA channel are located and which [2C module is used.
address bit 15 bit14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
00001FEH | ADRSWAP | ASYMCLKT HIZ_D_A HIZ_ECLK | HIZ_D_23_16 | HIZ_D_15_0 | DMASWP IICSEL
access R/W RW R/W R/W R/W RIW R/IW RIW
initial 0 0 0 0 0 0 0 0
value
Bit 15: ADRSWAP (only available on MB91F369GA)

0: Pin 23 = CS4X, Pin 24 = CS5X, Pin 25 = CS6X
1: Pin 23 = A [21], Pin 24 = A[22], Pin 25 = A[23]

This is valid if the corresponding PFRs are set to output CSX or address signals,
respectively.

Bit 14: ASYMCLKT (not available on MB91F364G)
0: duty cycle for CLKT is 1:1

1: for odd ratios between CLKB and CLKT (1:3, 1:5, ...) the high pulse of CLKT will be
shortened by the length of 1 high pulse of CLKB

Example for CLKB:CLKT = 1:3

CLKB o
CLKT | \ | \

(ASYMCLKT = 0)

CLKT

(ASYMCLKT = 1)

Bit 13: HIZ_D_A (only availabe on devices with external interface)
0: D[31:24], A[20:0], RDX, WR3X, WR2X, WR1X, WR0X outputs enabled
1: D[31:24], A[20:0], RDX, WR3X, WR2X, WR1X, WROX outputs high-Z
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Bit 12: HIZ_ECLK (only availabe on devices with external interface)
0: CLK output enabled
1: CLK output high-Z

Bit11: HIZ_D_23_16 (only availabe on devices with external interface)
0: D[23:16] outputs enabled
1: D[23:16] outputs high-Z

Bit10: HIZ_D_15_0 (only availabe on devices with external interface)
0: D[15:0] outputs enabled
1: D[15:0] outputs high-Z

Bit9: DMASWP (only on MB91F362GB and MB91FV360GA)
0: external DMA channel 0 swapping disabled

1: external DMA channel 0 swapping enabled (see table below for pin locations)

DMA Pin Swap MB91F362GB MB91FV360GA
DREQO <-> BRQ Pin 61 <-> Pin 37 Pin 193 <-> Pin 88
DACKO <-> BGRNTX Pin 62 <-> Pin 36 Pin 135 <-> Pin 139
DEOPO <-> AS Pin 63 <-> Pin 43 Pin 84 <-> Pin 87

Bit 8:  IICSEL (only available on devices with 100 kHz and 400 kHz I2C interfaces)
0: selection of 100 kHz I2C interface (I1>C-1)
1: selection of 400 kHz I?C interface (I1°C-2)
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CHAPTER S5 CLOCK GENERATION AND DEVICE
STATES

This chapter describes details about generation and control of the clock used to
control the MB91360. In addition device states and low power modes are explained.
This chapter assumes operation without subclock. For a description of subclock
operation see the corresponding chapter.
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5.1 CLOCK GENERATION OUTLINE

The MB91V360 generates internal operating clocks as follows:

+ Base clock generation: Device scales clock source input by 2 (X clock) or oscillates base
clock with PLL to generate basic clock (PLL clock)

« Generation of each internal clock: Device scales base clock to generate clocks supplied to
each block

Generation and control of each clock are explained below.

For details of the registers and flags, see sections 5.7 "CLOCK GENERATION CONTROL" on
page 156 and 5.8 "REGISTERS IN CLOCK GENERATION CONTROL BLOCK" on page 157.

Some devices allow the operation of the RTC module based on a separate 32 kHz subclock.
See chapter 30 "SUBCLOCK" on page 651 about subclock operation for more details.

5.2 BASE CLOCK GENERATION

A 4 MHz crystal and capacitances need to be connected to pins X0 and X1.
All clocks including the external bus clock are generated by the device itself.
The built-in PLL (see block diagram in section 5.7) is used to scale the main clock.

An internal base clock is generated by selecting one of the following source clocks:

+ Source clock generated by scaling main clock input by 2 (X clock = 2 Mhz)

+ Source clock generated by multiplying main clock using PLL (PLL clock)

Source clock selection is controlled by the setting of the clock source control register (CLKR).
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5.3

5.3.1

PLL CONTROL

Oscillation enable/disable and division rate is controlled by settings of the clock source control
register (CLKR).

PLL Oscillation Enable/Disable

PLL oscillation enable/disable for the PLL is controlled according to the setting of the PLL1EN bit
(bit 10) in the CLKR.

PLL1EN (bit 10) in the CLKR is initialized to O after setting initialization reset (INIT) has been
executed and PLL oscillation is stopped. When PLL oscillation is stopped, PLL clock cannot be
selected as the source clock.

When program operation is started, first, set the multiply rate for the PLL and enable PLL
oscillation. Then, switch the source clock PLL clock after the PLL lock waiting time has elapsed.
In this case, the time-base timer interrupt should be used to indicate the end of the PLL lock
waiting time.

When PLL clock is selected as the source clock, the PLL operation cannot be stopped (write
operations to the corresponding register bits are ignored). To stop the PLL e.g. when the device
switches to the stop mode, reselect X clock as the source clock, then stop the PLL.

When the OSCD1 bit (bit 0) in the standby control register (STCR) is set so that oscillation stops
in the stop mode, the PLLs also automatically stop when the device switches to the stop mode.

When the device subsequently returns from the stop mode, the PLLs automatically start
oscillation.

5.3.2 PLL Multiply Rate

The PLL1S2, PLL1S1, and PLL1SO bits (bits 14 to 12) in the clock source control register
(CLKR) are used to set the multiply rate of PLL.

All these bits are initialized to 0 after setting initialization reset (INIT) has been executed.

Bl PLL multiply rate setting

150

To change the PLL multiply rate setting at the beginning, set the rate before or when enabling
PLL operation. After modifying the multiply rate, switch the source clock to PLL clock when the
lock waiting time has elapsed. In this case, the time-base timer interrupt should be used to
indicate that the PLL lock waiting time is over.

When changing the PLL multiply rate setting during operation, switch the source clock to X clock,
then change the setting. After changing the multiply rate, as explained above, switch the source
clock back to PLL clock when the lock waiting time has elapsed.

The PLL multiply rate setting can be changed even when the PLL is in use. However, in this
case, the device switches automatically to the oscillation stabilization waiting state after the
multiply rate setting has been changed.

Program operation stops until the oscillation stabilization waiting time has elapsed. If the clock
source is switched to X clock, program operation does not stop.
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5.4 WAITING TIMES

After enabling of the oscillators it will take some time before a stable clock signal from the
oscillators becomes available. This time is called the oscillation stabilization waiting time.(see
section 5.10 "CLOCK CONTROL SECTION RESOURCES" on page 176).

After startup of the PLLs again a certain time is needed before the set PLL output frequency
stabilizes. This time is called PLL lock waiting time

The following lines give some details about when it is necessary to wait for the elapsing of these
times.

B Waiting time after power-on

After power-on, it is necessary to postpone operation until the oscillation stabilization waiting
time of the oscillator circuit is over.

The oscillation stabilization waiting time is initialized to its default value by inputting a low-level
signal to the INITX pin. See section 5.8.2 "STCR: Standby Control Register" on page 159.

In this initial state, the lock waiting time need not be considered because no PLL operation is
enabled.

B Waiting time after initialization reset

When the initialization reset (INIT) is released, the device switches to the oscillation stabilization
waiting state. In this state the oscillation stabilization waiting time is generated internally.

In the oscillation stabilization waiting state caused by low-level signal input to the INITX pin at
power -on, the time is initialized to its default value.

However, if a low-level signal is input to the HSTX pin (hardware standby pin) in this state, the
device switches to the hardware standby state and the oscillator circuit stops. This causes the
oscillation stabilization waiting time to be initialized to the maximum value for safety.

If INIT is caused by an event other than signal input to the INITX pin after program operation has
been started, the oscillation stabilization waiting time set by the program is used when INIT is
released.

In these states, the lock waiting time needs not to be considered because no PLL operation is
enabled.

B Waiting time after PLL operation enabled

When operation of the inactive PLL is enabled after program operation has started, PLL output
cannot be used before the lock waiting time has elapsed.

If the PLL is not selected as the source clock, program operation can be executed even during
the lock waiting time.

In this case, the time-base timer interrupt should be used to indicate that the PLL lock waiting
time is over.

Bl Waiting time after PLL multiply rate changed

When the multiply rate setting of the operating PLL is enabled after program operation has been
started, PLL output cannot be used unless the lock waiting time has elapsed.

If the PLL is not selected as the source clock, program operation can be executed even during
the lock waiting time.
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In this case, the time-base timer interrupt should be used to show that the PLL lock waiting time
has elapsed.

B Waiting time after return from stop mode

152

When the device switches to the stop mode after program operation had been started, the
oscillation stabilization waiting time set by the program is used at return from stop mode.

If the oscillator circuit is set to stop in the stop mode, the oscillation stabilization waiting time of
the oscillator circuit or the lock waiting time of the PLL being used, whichever is longer, becomes
necessary. Set the oscillation stabilization waiting time before switching the device to the stop
mode.

If the oscillator circuit is set not to stop in the stop mode, the oscillation stabilization waiting time
should be set to the minimum value before the device switches to the stop mode. (However, if
the hardware standby request is input in the stop mode after the oscillator circuit stops, the
oscillation stabilization stop time becomes necessary after return. However, if the oscillation
stabilization waiting time is set to the minimum value, operation after return is not guaranteed
because this waiting time cannot be acquired. In this case, set the oscillation stabilization
waiting time for the oscillator circuit in advance.)
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5.5 CLOCKDISTRIBUTION

Operating clocks for each function are created from the base clock generated from the source
clock. The device has three main internal operating clocks. The division rate of each of these
clocks can be set independently.

Each internal operating clock is explained below.

B CPU clock (CLKB)

The CPU clock is used by the CPU, internal memory, and internal buses.
The following circuits use the CPU clock.

« CPU

» Instruction cache

+ Built-in RAM, built-in Flash and ROM (see chapter 32 "FLASH MEMORY" on page 667 for
related wait cycle setting)

+ Bit search module

* Ibus, D bus, X bus, F bus
* DMA controller

- DSU

The upper frequency limit is device dependent, see table in first chapter. Combinations of
multiply and division rates that exceed this upper frequency limit cannot be set.

Bl Resource clock (CLKP)

The resource clock is used by resources and peripheral buses.
The following circuits use the resource clock.

* Peripheral bus

» Clock control block (bus interface block only)
* Interrupt controller, External interrupt input

» 1/O port bus, Resource I/O ports

» Stepper Motor Controllers

* UART modules, U-Timers

+ SIO, SIO Prescalers

» 16-bit reload timer

» A/D converter, D/A converter

+ |O-Timer

» Sound Generator

« PWM Timer

+ [°C Interface

» Alarm Comparator, Power-down reset
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The operable upper frequency limit is 32 MHz. Combinations of multiply and division rates that
exceed this upper frequency limit cannot be set.

B External bus clock (CLKT)

The external bus clock is used by the external extension bus interface.
The following circuits use the external bus clock.

» External extension bus interface

» External CLK output

* Bus Interface 1/O ports

The operable upper frequency limit is 32 MHz. Combinations of multiply and division rates that
exceed this upper frequency limit cannot be set.

In addition to those three clocks there are:

B Clock for the CAN modules (CANCLK)

This clock is directly taken from the output of PLL1. The rate for this clock is controlled by a
progammable 8 bit prescaler (Register CMCR).
The value for CANCLK is PLL clock / (prescaler value + 1).

B Clock for the RTC (Real Time Clock module)

The clock is directly either the output of the 4 MHz or the 32 KHz oscillator circuit - depending on
the device and the SELCLK pin setting.
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5.6

CLOCK PULSE DIVISION

The division rate of each internal operating clock can be set independently from the base clock.
This function enables setting of the optimum operating frequency for each circuit.

The division rate is set by the basic clock division setting register 0 (DIVRO) and basic clock
division setting register 1 (DIVR1). DIVRO and DIVR1 each have 4 setting bits corresponding to
each clock. Register setting value + 1 is the division rate for the base clock. Even if the set
division rate is odd, the duty is always 50.

When the register setting value is changed, the new division rate becomes valid from the rising
edge of the next clock after setting.

Division rate setting is not re-initialized if an operation initialization reset (RST) occurs, and the
division rate setting before RST occurs is held. The division rate setting is initialized only when
the setting initialization reset (INIT) occurs. In the initial state, the division rates of all clocks
other than the resource clock (CLKP) are 1.

For this reason, always set a division rate before changing the source clock to PLL clock.

The operable upper frequency limit is specified for each clock. Operation is not guaranteed if the
operable upper frequency limit is exceeded as a result of the combined source clock selection,
PLL multiply rate setting, and division rate setting. Pay attention to this. (Take care not to make
a mistake in the change setting sequence for source clock selection.)
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5.7 CLOCK GENERATION CONTROL

The figure below shows the block diagram of the clock generation control block. For details of
the registers, see section 5.8.

[Clock generation block]

R DIVRO and DIVR1
| | registers |
B
] — N ]
s CPU clock d|V|S|on}—> H CPU clock
—>< o CLKB
= 5
—>{ Resource clock dIVISIOI"l H 2 Resource olock
- s CLKP
—>{ Ext. bus clock division | <’W e
| Ext. bus clock
[CLKR register —= CLKT
SELCLK Clock for CAN
X0 Presc. CANCLK
—=1Oscillator| PLL1 MONCLK
X1 circuit %%%k H
=~ 4 MHz ’
1/2
} Clock for RTC
0
X0,
AOsg:illa.ttorj
X1A | circui
32 kHz [Stop/sleep control block]
[ STCR register Stop state
internal Interrupt State
p trans;tloln | Sleep state
internal Reset i?;;ﬁ Resel FIF
occurrence Internal reset (RST)
HETX occurRrgrﬁgEe £ Internal reset (INIT)

[Reset source circuit]

RSTX

INITX

[

RSRR register

WPR register —>{ Watchdog F/F ‘

—

| Time-base counter
CTBR register
TBCR register | ———————>] Overflow detect. F/F]

\_’_\ Time-base timer
) interrupt request

[Watchdog control block]

Interrupt enable
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5.8 REGISTERS IN CLOCK GENERATION CONTROL BLOCK

5.8.1 RSRR: Reset Source Register, Watchdog Timer Control

Register
bit 15 14 13 12 11 10 9 8
address : 0000 0480H INIT HSTB | WDOG | ERST SRST - WTH1 WTO
access R R R R R - R/W R/W
Initial Value (INITX) 1 0 0 0 0 - 0 0
Initial Value (INIT) * * * X X - 0 0
Initial Value (RST) X X * * - 0 0
After Boot ROM ** 0 0 0 0 0 - 0 0

*: varies with reset factor
x: not initialized
**. After execution of the program in the internal boot ROM the reset source is visible in R4.

RSRR is used to retain the preceding reset factor and to control the watchdog timer start. It is
also used to set the watchdog timer cycle. The held reset factor is cleared when this register is
read. If a reset occurs several times before this register is read, several reset factor flags are
accumulated (set).

The watchdog timer is started when this register is written. Watchdog timer operation continues
until RST occurs.

[Bit 15]: INIT (INITialize reset occurred)
This bit indicates whether rest (INIT) was caused by input to the INITX pin.

0 INIT not caused by input to INITX pin
1 INIT caused by input to INITX pin

This bit is set to 0 by reading it.
This bit is read only. Write does not affect other bit values.

[Bit 14]: HSTB (Hardware STandBy reset occurred)
This bit indicates whether reset (INIT) was caused by input to the HSTX pin.

0 INIT not caused by input to HSTX pin
1 INIT caused by input to HSTX pin

This bit is initialized to 0 when reset (INIT) is caused by input to the INITX pin or reading it.
This bit is read only. Write does not affect other bit values.
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[Bit 13]: WDOG (WatchDOG reset occurred)

This bit indicates whether reset (INIT) was caused by the watchdog timer.

0 INIT not caused by watchdog timer

1 INIT caused by watchdog timer

This bit is initialized to 0 when reset (INIT) is caused by input to the INITX pin or
by reading it.
This bit is read only. Write does not affect other bit values.

[Bit 12]: ERST (External ReSeT occurred)
This indicates whether reset (RST) was caused by input to the RSTX pin.

0 RST not caused by input to RSTX pin

1 RST caused by input to RSTX pin

This bit is initialized to 0 when reset (INIT) is caused by input to the INITX pin or
by reading it.
This bit is read only. Write does not affect other bit values

[Bit 11]: SRST (Software ReSeT occurred)

This bit indicates whether reset (RST) was caused by data write (software reset) to the

SRST bit of the STCR register.

0 RST not caused by software reset

1 RST caused by software reset

This bit is initialized to 0 when reset (INIT) is caused by input to the INITX pin or immediately

after read.
This bit is read only. Write does not affect other bit values.

[Bits 9 and 8]: WT1, WTO (Watchdog interval Time select)

These bits are used to set the watchdog timer cycle.

Select one of the four watchdog timer cycles from the table below by writing the values to

these bits.
Minimum writing interval to WPR | Time between last 5AH writing to
WT1 WTO0 required for control R and occurrence

of watchdog reset occurrence of watchdog reset
0 0 @ X 22 (Initial Value) @X 220 to pX 221
0 1 pX2% PX22to X 28
1 0 QX 2% @X 2% to X 2%
1 1 pX 2% OX 2% to X 2%

(o indicates system base clock cycle)

These bits are initialized to 00 by reset (RST). These bits are read only. Only the first write after
reset (RST) is valid; subsequent writes are invalid.
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5.8.2 STCR: Standby Control Register

bit 7 6 5 4 3 2 1 0
address : 0000 04814 | STOP | SLEEP HIZ SRST 0S1 0Sso OSCD2 | OSsCD1
access R/W R/W R/W R/W R/W R/W R/W R/wW
Initial Value (INITX) 0 0 1 1 0 0 1 1
Initial Value (HSTX)* 0 0 1 1 1 1 1 1
Initial Value (INIT) 0 0 1 1 X X 1 1
Initial Value (RST) 0 0 X 1 X X X X

* : Valid only when this initialization is performed simultaneously with initialization by INITX:
others same as INIT.

This register is used to control the device operation mode.

It switches the device to the stop or sleep mode (standby mode) and controls the pins in the stop
mode and oscillation stop. It also sets the oscillation stabilization waiting time and issues a
Software Reset instruction.

[Bit 7]: STOP (STOP mode)

This bit is used to instruct the device to switch to the stop mode. It has priority over bit 6
(SLEEP bit); when both the bits are 1, the device switches to the stop mode.

0 Device does not switch to stop mode (initial value)

1 Device switches to stop mode

This bit is initialized to 0 when reset (RST) or a stop return factor occurs.
This bit is readable and writable.

See also section 5.12.2 "Stop Mode/RTC Mode" on page 184 about STOP mode.

[Bit 6]: SLEEP (SLEEP mode)

This bit is used to instruct the device to switch to the sleep mode. Bit 7 (STOP bit) has
priority over this bit; when both the bits are 1, the device switches to the stop mode.

0 Device does not switch to sleep mode (initial value)

1 Device switches to sleep mode

This bit is initialized to 0 when reset (RST) or a stop return factor occurs.
This bit is readable and writable.

See also section 5.12.1 "Sleep Mode" on page 182 about SLEEP mode.
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[Bit 5]: HIZ (HIZ Mode)

This bit is used to control the pin state when the device is in the stop mode.

0 The pin state before the device switches to the stop mode is held.
1 When the device is in the stop mode, pin output enters the high-
impedance state (initial valuegj.

This bit is initialized to 1 when reset (INIT) occurs.

This bit is readable and writable.

[Bit 4]: SRST (Software ReSeT)

This bit is used to issue the Software Reset (RST) instruction.

0 Software Reset (RST) instruction issued

1 Software Reset (RST) instruction not issued (initial value)

This bit is initialized to 1 when a reset (RST) occurs.

This bit is readable and writable. 1 is always read.

[Bits 3,2]: OS1,0S0 (Oscillation Stabilization time select)

These bits set the oscillation stabilization wait time after a reset (INIT) or after a return to the
stop mode.

The table below shows the combination of values written to these bits and the four
associated oscillation stabilization wait times.

0s1 0Sso0 Oscillation stabilization wait time os‘::illvlla:izon
0 0 @ X' (Initial value) 32 [msec]
0 1 @to 2" 1 [msec]
1 0 @to 2'° 32 [msec]
1 1 @to 2! 1 [usec]

(pis the system-based clock cycle. In this case, it is half the original oscillation.)
These bits are initialized to 00 at reset (INIT) caused by input to the INITX pin.

However, when the reset (INIT) caused by input to the INITX pin and the reset (INIT) caused
by input to the HSTX pin are valid at the same time, these bits are initialized to 11.

These bits are readable and writable.

[Bit 1]: OSCD2 (Oscillation disable mode for subclock oscillator)
For settings see chapter 30 "SUBCLOCK" on page 651 about subclock operation.
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[Bit 0]: OSCD1 (OSCillation Disable mode for main oscillator)

This bit controls the stop mode oscillation stop for main oscillation input (XIN1).

0 Oscillation does not stop in the stop mode.

1 Oscillation stops in the stop mode (initial value).

This bit is initialized to 1 at reset (INIT).

These bits are readable and writable.

5.8.3 TBCR: Time-base counter control register

bit 15 14 13 12 11 10 9 8
address : 00000482+ | TBIF | TBIE | TBC2 | TBC1| TBCO | - |SYNCR|SYNCS

Initial value (INIT) 0 0 X X X X 0 0

Initial value ((RST) 0 0 X X X X X X

R/W R/W R/W R/W R/W R/W R/W R/W

After execution of the code in the internal boot ROM the value of this register is "0x03".
This register controls time-base timer interrupts, etc.

It enables the time-base timer interrupt, selects the interrupt interval, and sets the reset
operation option function.

[Bit 15]: TBIF (Time-base timer Interrupt Flag)
This bit is the time-base counter interrupt flag.

It indicates that the interval to which the time-base counter was set has passed (interval set
by bits 13 to 11 (bits TBC2 to TBCO0)).

With an interrupt enabled by bit 14 (TBIE bit) (TBIE=1), when bit 15 is set to 1, a time-base
timer interrupt request is generated.

Clearing factor 0 written by instruction
Setting factor Elapse of set gor specified) interval (falling edge of time-base
counter output detected)

This bit is initialized to 0 at reset (RST).
These bits are readable and writable.

However, only 0 can be written. If 1 is written, the bit value does not change. 1 is always
read by a read-modify-write instruction.
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[Bit 14]: TBIE (Time-base timer Interrupt Enable)
This bit enables output of the time-base timer interrupt request.

It controls the interrupt request output caused by the elapse of the interval to which the time-
base counter was set.

When this bit is set to 1, a time-base timer interrupt request is generated when bit 15 (TBIF
bit) is set to 1.

0 Disables time-base timer interrupt request output (initial value)

1 Enables time-base timer interrupt request output

This bit is initialized to 1 at reset (RST).

These bits are readable and writable.

[Bits 13 to 11]: TBC2, TBC1, TBCO (Time-base timer Counting time select)
These bits set the interval of the time-base counter used for the time-base timer.

The table below shows the combination of values written to these bits and their associated 8

intervals.
TBC2 | TBC1 | TBCO | Timer If clock frequency is set to 48 MHz
interval

0 0 0 P 42.6 [usec]
0 0 1 P12 85.3 [usec]
0 1 0 P13 170.6 [usec]
0 1 1 X% 87.3 [msec]
1 0 0 xR 174.7 [msec]
1 0 1 X% 349.5 [msec]
1 1 0 X% 699 [msec]
1 1 1 X% 1.4 [sec]

(pis the system-based clock cycle.)

The initial values of these bits are undefined. Always set a value before enabling an
interrupt.

These bits are readable and writable.

[Bit 10]: (reserved bit)
This bit is reserved.

The read value is undefined; write has no effect.
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[Bit 09]: SYNCR (SYNChronous Reset enable)

This bit is a synchronous reset enable bit.

When an operation initialization reset (RST) request or a hardware standby request is
generated, this bit selects an ordinary reset that immediately causes a reset (RST), or a
hardware standby transition, or a synchronous reset that causes an operation initialization
reset (RST), or a hardware standby transition after all bus access has stopped.

0 Causes ordinary reset

1 Causes synchronous reset

This bit is initialized to 0 at reset (INIT).

These bits are readable and writable.

[Bit 08]: SYNCS (SYNChronous Standby enable)

This bit enables synchronous standby operation.

When generating a standby request (sleep mode request or stop mode request), this bit
selects either the ordinary standby operation in which a transition to the standby state is only
caused by a write to the control bit of the STCR register, or the synchronous standby
operation in which a transition to the standby state is caused by reading the STCR register
after writing to the control bit of the STCR register.

0 Performs ordinary standby operation

1 Performs synchronous standby operation

This bit is initialized to 0 at reset (INIT).

These bits are readable and writable.

5.8.4 CTBR: Time-base counter clear register

bit 7 6 5 4 3 2 1 0
address : 00000483H D7 D6 D5 D4 D3 D2 D1 DO
Initial value (INIT) X X X X X X X X
Initial value(RST) X X X X X X X X

W W W W W W W W

This register initializes the time-base counter.

When {A5h} and {5Ah} are written consecutively to this register, all bits of the time-base counter
are cleared to 0 immediately after a write to {5Ah}. There is no time restriction between the
{ASh} write and {5Ah} write.

However, when data other than {5Ah} is written after the {A5h} write, the time-base counter is
not cleared even when {5Ah} is written unless {A5h} is written again.

The value read from this register is undefined.
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Note: When the time-base counter is cleared using this register, the oscillation stabilization wait
interval, watchdog timer cycle, and time-base timer cycle changes temporarily.

5.8.5 CLKR: Clock source control register

bit 15 14 13 12 11 10 9 8

address : 00000484+ | PLL2SO | PLL1S2 | PLL1S1 | PLL1SO |PLL2EN |PLLIEN |CLKS1 [CLKSO |
R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Initial value(INIT) 0 0 1 1 0 0 0 0
Initial value(RST) X X X X X X X X

If during the execution of the code in the internal boot ROM a valid bootcondition is found this
register is set to either "0x00" (4 MHz mode) or to "0x36" (32 kHz mode).

This register selects the clock source used as the base clock for the system and controls the
PLL.

This register selects one of three types of clock sources (two are available with this product).
Also, it enables the PLL operation and multiply rate for the main system and subsystem.

[Bit 15]: PLL2SO0 (PLL2 ratio Select 0)
This bit is not supported by this product.

[Bits 14 to 12]: PLL1S2, PLL1S1, PLL1SO0 (PLL1 ratio Select 2-0)
These bits select the multiply rate for PLL1.

One of eight multiply rates is selected for PLL1 (six multiply rates are available for this
product).

Rewrite of this bit is disabled while the PLL is selected as the clock source.

PLL1S | PLL1S | PLL1S PLL1 multiply system-based clock cycle

2 1 0 rate o®

0 0 0 reserved n.a.

0 0 1 reserved n.a.

0 1 0 Multiplied by 6) =41.7 [nsec] (24 [MHz])
0 1 1 Multiplied by 4) =62.5 [nsec] (16 [MHz])

Multiplied by 8)

Multiplied by 10)
Multiplied by 12)
Multiplied by 16)

=31.3 [nsec] (32 [MHz])
=25.0 [nsec] (40 [MHz])
=20.8 [nsec] (48 [MHz])
=15.6 [nsec] (64 [MHz])

( ®
( ®
( ®
( ®
( ®
( ®

(pis the system-based clock cycle.)
These bits are initialized to 000 at reset (INIT).

These bits are readable and writable.
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[Bit 11]: PLL2EN (PLL2 ENable)

For settings see chapter 30 "SUBCLOCK" on page 651 about subclock operation.
[Bit 10]: PLL1EN (PLL1 ENable)

This bit enables the operation of both PLLs.

Rewrite of this bit is disabled while the PLL is selected as the clock source.

Also, while this bit is 0, selection of the PLL as the clock source is disabled.
(The clock source depends on the setting of bits 9, 8 (CLKS1, 0 bits).)

When bit 0 (OSCD1) of STCR is 1, the PLLs stop in the stop mode even when bit 10 is 1.
The PLL operation is enabled after returning from the stop mode.

0 Stops PLLs (initial value)

1 Enables PLLs operation

This bit is initialized to 0 at reset (INIT).
These bits are readable and writable.
Set this bit to "1" before changing CLKS1, CLKSO to select the PLL as clock source.

Set this bit to "1" only after all other clock settings have been done (But see also note
following the description of DIVRO).

[Bits 9,8]: CLKS1, CLKSO (CLocK source Select)
These bits set the clock source used for the FR50 core.

The table below shows the combination of values written to these bits and their associated
clock sources.

(Two clock sources are available with this product.)

While bit 9 (CLKS1) is 1, the value of bit 8 (CLKS0) cannot be changed.

[forbidden changes] [allowed changes]
"00" - "11" "00"-"01" or "10"
"01"-"10" "01"-"11" or "00"
"10"-"01" or "11" "10"-"00"
"11"-"00" or "10" "11"-"01"
CLKS1 CLKSO0 Clock source setting

0 0 Oscillation input divided by 2 "X clock" (initial value)

0 1 Oscillation input divided by 2 "X clock"

1 0 PLL clock

1 1 reserved
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These bits are initialized to 00 at reset (INIT).
These bits are readable and writable.

Setting these bits to "10" only works if the PLL has been enabled before (PLL1EN = "1").

5.8.6 WPR Watchdog reset generation postponement register

bit 7 6 5 4 3 2 1 0

Address : 00000485H D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value (INIT) X X X X X X X X
Initial value(RST) X X X X X X X X
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This register postpones generation of the watchdog reset. When {A5h} and {5Ah} are written
consecutively to this register, the detection FF of the watchdog timer is cleared immediately after
the {5Ah} write to postpone generation of the watchdog reset. There is no minimum time
restriction between the {A5h} write and the {5Ah} write.

However, when data other than {5Ah} is written after the {A5h} write, the detection FF of the
watchdog timer is not cleared even when {5Ah} is written, unless {A5h} is written again. Also,
the watchdog reset is generated if writing of both data is not finished within the period specified
in the table below.

The change shown in the table depends on the state of WT1 (bit 9) and WTO (bit 8) of the RSRR
register.

Maximum writing interval to Time between last 5AH writing to
WT1 WTO - WPR WPR and occurrence
required for control of of watchdog reset
watchdog reset occurrence
0 0 @ X 22 (Initial Value) @X 220 to pX 221
0 1 pX2% PX22to X 28
1 0 PX22 OX2%to X 2%
1 1 pX22 X 2% to X 27

(pis the system-based clock cycle. WT1 (bit 9) and WTO (bit 8) are used to set the cycle of the
watchdog timer of RSRR.)

Although the CPU is not operating in the stop state, clearing is performed automatically during
DMA transfer in the sleep state. Consequently, when these conditions occur, the watchdog
reset is postponed automatically. See also section 5.10.1 "Time-base Counter" on page 176ff.

However, when a hold request for the external bus (BRQ) is accepted, the watchdog reset is not
postponed, so, to hold the external bus for a long period, validate the sleep mode and then input
the hold request (BRQ).

The value read from this register is undefined.
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5.8.7 DIVRO0: Base clock division setting register 0

bit 7 6 5 4 3 2 1 0

address : 00000486+ B3 B2 Bl BO P3 P2 Pl PO
R/W R/IW R/W R/IW R/IW R/W R/IW R/W
Initial value (INIT) 0 0 0 0 0 0 1 1

Initial value ((RST) X X X X X X X X

If during the execution of the code in the internal boot ROM a valid bootcondition is found this
register is set to "0x00."

This register controls the base clock division ratio of each internal clock.

It sets the division ratio of the clock for the CPU and internal buses (CLKB), and the clock for
resources and peripheral buses (CLKP).

The upper operation frequency limit is defined for each clock. Note that operation is not assured
if the upper frequency limit is exceeded by a combination of the source clock selection, PLL
multiply rate setting, and division ratio setting. (Take care not to use the procedure to set the
change of the source clock selection).

When this register setting is changed, the new division ratio is valid from the next clock rate.

[Bits 15 to 12]: B3, B2, B1, BO (clkB divide select 3 to 0)

These bits set the division ratio for the CPU clock (CLKB), internal memory, and internal
buses.

When these bits are set, one base clock division ratio (clock frequency) is selected from the
16 shown in the table below for the CPU clock and internal buses.

The upper frequency limit is 64 MHz. Do not set a division ratio causing a frequency
exceeding the upper frequency limit

Important Note:

When dividing CLKB some precautions have to be taken with regard to the ratio between
CLKB and CLKT. If CLKB needs to be divided it is necessary to follow the guidelines below:

 Startup with both clocks undivided.
» Enable the PLL.

+ Wait for the PLL to be locked.

+ Set clock source to PLL.

« Set division ratio for both clocks at the same time;
write in parallel to DIVRO and DIVR1 (half word access).

Always select a ratio such that the frequency of CLKB is higher or equal to the frequency of
CLKT and the frequency of CLKB divided by the frequency of CLKT is an integer.

See following table for allowed settings:

Before going into stop mode set the division ratio for CLKB back to 1, deselect the PLL as
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clock source, then go into the stop mode.
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B3 | B2 | B1 | B0 | Clock division ratio Whencl;::: giﬂt‘i:% MHz:
0 0 0 0 (0] 48 [MHZz] (Initial value)

0 0 0 1 ¢ X 2(2 division ratio) 24 [MHz]

0 0 1 0 ¢ X 3(3 division ratio) 16 [MHz]

0 0 1 1 @ X 4(4 division ratio) 12 [MHZz]

0 1 0 0 @ X 5(5 division ratio) 9.6 [MHZz]

0 1 0 1 @ X 6(6 division ratio) 8 [MHz]

0 1 1 0 @ X 7(7 division ratio) 6.8 [MHZz]

0 1 1 1 @ X 8(8 division ratio) 6 [MHz]

1 1 1 1 ¢ X 16(16 division ratio) 3 [MHZz]

(pis the system-based clock cycle.)

These bits are initialized to 0000 at reset (INIT).

These bits are readable and writable.

[Bits 11 to 8]: P3, P2, P1, PO (clkP divide select 3 to 0)

These bits set the division ratio for the peripheral clock (CLKP) and peripheral buses

(CLKP).

When these bits are set, one base clock division ratio (clock frequency) is selected from the

16 types shown in the table below for the peripheral circuits and buses.

The upper frequency limit is 32 MHz. Do not set a division ratio causing a frequency that

exceeds the upper frequency limit.

P3 | P2 | P1 | PO | Clock division ratio WhencbI::: irl‘f)?;el:% MHz:
0 0 0 0 [0) 48 [MHz]

0 0 0 1 @ X 2(2 division ratio) 24 [MHz]

0 0 1 0 @ X 3(3 division ratio) 16 [MHZz]

0 0 1 1 @ X 4(4 division ratio) 12 [MHZz] (Initial value)

0 1 0 0 @ X 5(5 division ratio) 9.6 [MHZ]

0 1 0 1 @ X 6(6 division ratio) 8 [MHz]

0 1 1 0 @ X 7(7 division ratio) 6.8 [MHZ]

0 1 1 1 @ X 8(8 division ratio) 6 [MHz]

1 1 1 1 @ X 16(16 division ratio) 3 [MHZz]
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These bits are initialized to 0011 at reset (INIT).

These bits are readable and writable.
Table 5.8.7a DIVRO (B3 to 0), DIVR1 (T3 to 0) register combination

DIVRO DIVR1 Divide DIVRO DIVR1 Divide
(B3to0) | (T3to0) | CLKB:CLKT (B3to0) | (T3to0) | CLKB:CLKT

0000 XXXX 1:X Setnd

0001 0000 2:1 Seme | ot01 0000 6:1 A
0001 0001 2:2 Seting 0101 0001 6:2 A
0001 0010 2:3 ;ggﬂ% 0101 0010 6:3 I;EXI;II’_\IEGD
0001 0011 2:4 eSneatha% 0101 0011 6:4 DSIETAE'II_\'EGD
0001 0100 2:5 Seme | ot01 0100 6:5 A
0001 0101 2:6 ;‘f:gca% 0101 0101 6:6 esnztglr;%
0001 0110 2.7 Seme | ot01 0110 6:7 A
0001 0111 2:8 esneatgl’;% 0101 0111 6:8 DSIETAE'II_\'EGD
0001 111 2:16 esrgglr(‘a% 0101 1111 6:16 SEZEIII_\IEGD
0010 0000 3:1 e | oo 0000 7:1 A
0010 0001 3:2 e | oo 0001 7:2 A
0010 0010 3:3 esn‘iglr(‘a% 0110 0010 7:3 SgZTB'f_\'EGD
0010 0011 3:4 e | oo 0011 7:4 A
0010 0100 3:5 e | oo 0100 7:5 A
0010 0101 3:6 esn‘iglr(‘a% 0110 0101 7:6 SgZTB'f_\'EGD
0010 0110 3:7 e | oo 0110 7.7 Setting
0010 0111 3:8 e | oo 0111 7:8 A
0010 1111 316 | S| o110 111 7:16 S ABLEn
0011 0000 4:1 e | o 0000 8:1 A
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Table 5.8.7a DIVRO (B3 to 0), DIVR1 (T3 to 0) register combination (Continued)

DIVRO | DIVR1 Divide DIVRO | DIVR Divide
(B3t00) | (T3to0) | CLKB:CLKT (B3to0) | (T3to0) | CLKB:CLKT

0011 0001 4:2 om0 0001 8:2 A
0011 0010 43 om0 0010 8:3 A
0011 0011 4:4 esgg:;% 0111 0011 8:4 [ig;gl[\lEGD
0011 0100 45 om0 0100 8:5 A
0011 0101 4:6 om0 0101 8:6 A
0011 0110 47 Senmen | o1 0110 8:7 DISABLED
0011 0111 4:8 ;‘iﬂ{;% 0111 0111 8:8 esnztgg%

0011 1111 4:16 Seting 0111 111 8:16 Seting

0100 0000 5:1 enmey |11 0000 16:1 DISABLED
0100 0001 52 | Seamen | 11 0001 162 | oo DN
0100 0010 5:3 AN IR 0010 16:3 | SorDNS
0100 0011 54| Soames | 11 0011 16 | oo DN
0100 0100 5:5 Setnd 111 0100 16:5 | oD
0100 0101 5:6 AN IR 0101 166 | Sorl
0100 0110 57 | Seamen | 11 0110 167 | ool
0100 0111 5:8 Senmey |1 0111 16:8 | ool
0100 1111 56 | oo DNO 4 1111 16:16 Seting

(X:10r0)
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5.8.8 DIVR1: Base clock division setting register 1

bit 7 6 5 4 3 2 1 0

address : 00000487H T3 T2 T1 TO S3 S2 S1 SO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value (INIT) 0 0 0 0 0 0 0 0
Initial value(RST) X X X X X X X X

If during the execution of the code in the internal boot ROM a valid bootcondition is found this
register is set to either "0x00" (4 MHz mode) or to "0x70" (32 kHz mode).

This register controls the base clock division ratio for each internal clock.
It sets the division ratio for the external extended bus interface (CLKT).

The upper frequency limit is defined for each clock. Note that operation is not assured if the
upper frequency limit is exceeded by a combination of the source clock selection, PLL multiply
rate setting, and division ratio setting. (Take care not to use the procedure to set the change of
the source clock selection).

When this register setting is changed, the new division ratio is valid from the next clock rate.

[Bits 7 to 4]: T3, T2, T1, TO (cIkT divide select 3 to 0)

These bits set the clock division ratio for the external buses (CLKT). When these bits are
set, one base clock division ratio (clock frequency) is selected from the 16 shown in the table
below for the clock for the external extended bus interface.

The upper frequency limit is 32 MHz. Do not set a division ratio causing about a frequency
that exceeds the upper frequency limit.

T3 | T2 | T1 | TO | Clock division ratio Whencbkaus:: Zi?:ﬁ:% MHz:
0 0 0 0 [0) 48 [MHZ] (Initial value)
0 0 0 1 @ X 2(2 division ratio) 24 [MHz]

0 0 1 0 ¢ X 3(3 division ratio) 16 [MHZz]
0 0 1 1 @ X 4(4 division ratio) 12 [MHZz]
0 1 0 0 @ X 5(5 division ratio) 9.6 [MHZz]
0 1 0 1 @ X 6(6 division ratio) 8 [MHz]

0 1 1 0 @ X 7(7 division ratio) 6.8 [MHz]
0 1 1 1 @ X 8(8 division ratio) 6 [MHz]

1 1 1 1 ¢ X 16(16 division ratio) 3 [MHz]

(pis the system-based clock cycle.)

These bits are initialized to 0000 at reset (INIT).

These bits are readable and writable.
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[Bits 3to 0]: S3, S2, S1, SO (clkS divide select 3 to 0)

These bits are not used by this product.

5.8.9 CMCR: Clock Control for CAN Modules

The MB91360 family allows to use a dedicated clock for the CAN modules instead of the
External Bus Clock (CLKT). CLKT may have to obey other requirements and may not always be
fitting for the generation of the proper CAN bit timing. The CMCR register is used to activate the
dedicated clock for the CAN modules CANCLK.

This separation of clocks also would allow to scale down the CPU clock and the External Bus
Clock but still operate the CAN at e.g. 16 MHz.

For details, please see section 6.2.1 "Control Register (CMCR)" on page 195.

5.8.10 MONCLK pin
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The MONCLK pin offers the possibility to monitor internal clock signals at an external pin.

Depending on the device, it is possible to select between PLL clock, oscillator signals and the
CAN clock.

Two registers control the MONCLK pin functionality. The control register CMCR, enables and
disables the pin. The Select Register CMLT1 determines which signal is observable at the
MONCLK pin.

For details, please see sections 6.2.1 "Control Register (CMCR)" on page 195 and
6.2.4 "Random Number Generator and Observer Register (CMLTO0..3)" on page 200.
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5.9

5.9.1

SWITCHING FROM/TO CLOCK SOURCE PLL

Introduction

During operation the above mentioned devices will often switch from operation at low clock
frequencies to operation at higher clock frequencies. This will happen each time when the clock
source is changed from oscillator input to PLL e.g. after power-on or reset or after return from
low power modes (STOP and RTC modes).

And there is the inverse situation: when going from PLL based operation to low frequency
operation. Before going to STOP or RTC mode clock source must be set to oscillator input.

Clock source selection is done by writing the appropriate values into bits 8 and 9 of the CLKR
register:

CLKR (clock source register at address 0x484

Clock Source Setting
CLKS1 (bit 9 of CLKR) | CLKSO (bit 8 of CLKR)

0 Don’t care Oscillation input divided by 2
1 0 PLL clock
1 1 Reserved setting

It has been observed that for both changes in operating frequency there is a temporary change
of the supply voltage generated by the internal voltage regulator. When going to higher
frequencies there is a voltage drop, when going to lower frequencies there is an increase of the
internal voltage. The size of the drop or increase depends on the used operating frequency.

To avoid operation outside of the device specification or operation failures the items described in
the following chapters must be considered. Especially for operation at 48 MHz and above certain
counter measures are required to guarantee a fail free operation. For 64 MHz limitations with
regard to maximum ambient temperature and minimum operation voltage have to be applied
(see table below).

There is no need for counter measures in the case of transitions from/to SLEEP mode. Here only
very small voltage drops and voltage increases have been observed.

5.9.2 Reduction of Internal Voltage Change

The recommended way of reducing the internal voltage drop or voltage surge is to add a

W larger Capacitance at VCC3C pin

A capacitance of 10 pF connected in parallel with a capacitance of 10 nF at the VCC3C pin will
result in a significant improvement with regard to the internal voltage change. Adding a
capacitance only will allow operation up to a PLL frequency of 48 MHz (see also table below).

An additional external capacitor for reducing voltage drops or surges can be omitted if the below
given procedures are used.

B Smooth start and stop of clocks

Instead of switching all clocks (CLKB, CLKT and CLKP) directly from a low frequency setting to
their target frequencies this can be done in several steps. Also the return to low frequency
operation is done in several steps. The sleep mode is utilised to reduce the current consumption
— and by this the voltage changes — during the transition between slow and fast clock operation.
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5.9.3 Clock Modulator

Overview of recommended counter measures to avoid malfunction:

PLL frequency
setting

Measures to be taken

64 MHz (see also
device dependent limi-
tations described in

Maximum ambient temperature of 70 degr. C,
Minimum operating voltage of 4.75 V and
additional capacitance of 10 pF AND Startup/Shutdown routines

datasheets)
48 MHz Additional capacitance of 10 uF OR Startup/Shutdown routines
32 MHz Additional capacitance of 10 uF OR Shutdown routine
No special requirements, additional capacitance of 10 uF OR Star-
24 MHz .
tup/Shutdown routines recommended
16 MHz No special requirements, additional capacitance of 10 uF OR Star-

tup/Shutdown routines recommended

To avoid calibration errors the clock modulator may not be started during the voltage drop
caused by the operation frequency changes described above.

It is recommended to insert a waiting time of 10 pus between that operation which sets the clock
frequencies to their target values and the activation of the clock modulator.

About clock modulation, please see chapter 6 "CLOCK MODULATOR" on page 191.

5.9.4 Procedure

For the recommended way to implement a smooth start and stop procedure please see below:
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Fujitsu provides a function to switch the PLL. This function basically implements the following

command sequence:

» reduce frequency of external bus and of resource bus

+ initialize, enable interrupt and start of time base counter

+ switch to sleep mode and immediately after select oscillator as clock source and switch off

PLL

+ wake up through time base counter interrupt

+ disable time base timer interrupt

* initialize, enable interrupt and start of time base counter

» set multiply factor of PLL

+ switch to sleep mode and select PLL as clock source

+ wake up through time base counter interrupt

+ disable time base timer interrupt
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* increase frequency of external bus and of resource bus

At the moment when PLL is enabled and selected as clock source the controller is in sleep
mode. After expiring of the time base timer it returns to run mode.

Please see also the following flow diagram.

change PLL setting

* save context

* lower interrupt levels
*

*

switch off clock modulator
lower bus frequencies

1

no
PLL clock source ?

L yes

enable TBC

clock source --> oscillator
disable PLL as clock source
enter sleep mode TBC interupt

B
L ¢

* switch PLL off
* set FMWT : 1 wait statg

no

PLL to be switched on?

yes

* enable TBC

* set parameter to FMWT register
* set PLL frequency

* switch on PLL

L

N

Lockup time
time expired ?

\L yes

* enable PLL as clock source
* enter SLEEP mode

TBC interupt

* set parameter to DIVRO, DIVRO
* restore interrupt levels
* restore context

>< return to application

For more details please ask for corresponding application note from Fujitsu.
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5.10 CLOCK CONTROL SECTION RESOURCES

The resource function of the clock control section is explained below.

5.10.1 Time-base Counter

The clock control section has a 26-bit time-base counter that operates using system-based
clocks.

The time-base counter is used to count the oscillation stabilization wait time as well as for the
following uses:

Watchdog timer

The watchdog timer is used to detect malfunction of software or hardware by generating a
setting initialization reset (INIT) request after a defined time.

Time-base timer

The time-base counter output is used to generate interval interrupts.

Those functions are explained below.

B Watchdog Timer
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The watchdog timer detects the program or hardware malfunction by using a time-base counter
output. When the watchdog reset generation delay is no longer caused during the set (or
specified) interval due to the program or hardware malfunction, the watchdog timer generates
the setting initialization reset (INIT) request as a watchdog reset.

Watchdog timer start and setting cycle

The watchdog timer is started by a write to the 1st RSRR (reset factor register/watchdog
timer control register) after a reset (RST). At this point, the watchdog timer interval is set
using bits 09, 08 (bits WT1, WTQ). Only the interval set by the first write is valid; all intervals
set by succeeding writes are ignored.

Watchdog reset generation delay

After the watchdog timer is started, the program must write data to WPR (watchdog reset
generation delay register) regularly in the order of {A5h}, {5Ah}. When data is written, the
watchdog reset generation flag is initialized.

Watchdog reset generation

The watchdog reset generation flag is set by the falling edge of the time-base counter output
at the set interval.

When the flag is still set at detection of the second falling edge, the watchdog timer
generates a setting initialization reset (INIT) request as a watchdog reset.

Watchdog timer stop

After the watchdog timer is started, it cannot be stopped until the operation initialization reset
(RST) generates.

In the following condition in which RST generates, the watchdog timer stops until it is
restarted by the program:

« Operation initialization reset (RST) state

« Setting initialization reset (INIT) state
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» Oscillation stabilization wait reset (RST) state
+ Hardware standby state
»  Watchdog timer temporary stop (delay of automatic generation)

When the CPU program operation is stopped, the watchdog timer initializes the watchdog
reset generation flag, delaying generation of the watchdog reset. Stop of the program
operation means that the program is in one of the following states:

» Sleep state
+ Stop state
» Oscillation stabilization wait run state

» Transferring DMA to either the I-Bus (instruction bus) or D-Bus (data bus)
(MB91FV360GA, MB91F36[5-8]GB, MB91366GA, MB91F369G only)

» Data access to the I-Bus area (I-RAM or I-Cache in IRAM mode)
(MB91FV360GA, MB91F36[5-8]GB, MB91366GA, MB91F369G only)

» Fetching an instruction from D-Bus RAM
(MB91FV360GA, MB91F36[5-8]GB, MB91366GA, MB91F369G only)

» Breaking the program by using the emulator debugger. (MB91FV360GA only)
» Breaking the program by using the monitor debugger. (MB91FV360GA only)

« Period from execution of INTE instruction until execution of RETI instruction
(MB91FV360GA only)

» Breaking at each instruction in step trace trap mode (T-flag of IP register = 1)
(MB91FV360GA only)

» Breaking the program by using the EDSU (MB91F364G, MB91F376G only)

When the time-base counter is cleared, the watchdog reset generation flag is also initialized,
delaying generation of a watchdog reset.

If the states, listed above, will be issued by the system program or hardware malfunction, a
watchdog reset may be not performed. In this case please perform the reset operation (INIT)
by using the external INITX pin.

B Time-base Timer

The time-base timer is an interval interrupt generation timer that uses the output of the time-base
counter. The timer is suitable for counting a relatively long duration of up to {base clock x 2?27}
cycles, such as PLL lock wait time, and subclock oscillation stabilization wait time.

When the falling edge of output of the time-base counter for the set interval is detected, the time-
base timer generates a time-base timer interrupt request.

+ Time-base timer start and setting interval

The time-base timer sets an interval by using bits 13-11 (bits TBC2, TBC1, TBCO0) of TBCR
(time-base counter control register).

The falling edge of output of the time-base counter for the set interval is always detected, so
after setting an interval, clear bit 15 (TBIF bit), and then set bit 14 (TBIE bit) to 1 to enable
the interrupt request output.

When changing the interval, set bit 14 (TBIE bit) to 0 in advance to disable the interrupt
request output.

The time-base counter is always counting and is affected by these settings. To obtain an
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accurate interval interrupt time, clear the time-base counter before enabling an interrupt.
Otherwise, an interrupt request might occur immediately after an interrupt is enabled.

Clearing time-base counter by program

When data is written to CTBR, in order of {A5h} and {5Ah}, all bits of time-base counter are
cleared to 0 immediately after {5Ah} writing. There are no limits of time between {A5h} and
{5Ah} writing.

However, if the data other than {5Ah} is written after {A5h} writing, {5Ah} writing does not
make a clearing if {A5h} is written again.

When the time-base counter is cleared, the watchdog reset generation flag is initialized,
delaying generation of the watchdog reset.

Clearing time-base counter at device state transition

All bits of the time-base counter are cleared simultaneously to 0 at transition of the following
device states:

» Stop state
» Setting initialization reset (INIT) state
* Hardware standby state

In particular, in the stop state, the time-base counter is used for counting the oscillation
stabilization wait time, so the time-base timer interval interrupt might generate
unintentionally. Therefore, before setting the stop mode, disable the time-base timer
interrupt, and not use the time-base timer.

In the other states, the operation initialization reset (RST) is generated, so the time-base
timer interrupts are disabled automatically.
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5.11 DEVICE STATE CONTROL

The states and control of the FR50 series of devices are explained below.

5.11.1 Device States and State Transition

The FR50 series of devices have the following operation states:

B Run State (Ordinary Operation)

B Sleep State

l Stop State

In the run state, the program runs; all the internal clocks are supplied and all the circuits operate.

However, the bus clock for the 16-bit peripheral bus stops when the peripheral bus is not
accessed.

Transition requests for each state are accepted, but in the synchronous reset mode, the state
transition response to transition requests is partly different from that in the ordinary reset mode.
For details, see section 2.9.6 "Reset Mode" on page 123.

In the sleep state, the program stops. Program operation causes state transition.

In the sleep state, only CPU program execution is stopped and resources remain operational.
The instruction cache is stopped, and various internal memory and internal and external buses
are stopped unless requested by the DMA controller.

When a valid interrupt request is generated, the sleep state is cleared and a transition to the run
state (ordinary operation) occurs.

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

When an operation initialization reset (RST) request is generated, a transition to the operation
initialization reset (RST) state occurs.

When a hardware standby request is generated, a transition to the hardware standby state
occurs.

In the stop state, devices are stopped. Program operation causes state transition.

In the stop state, all internal circuits are stopped, all the internal clocks are stopped, and the
oscillation circuit and PLL can be stopped by appropriate setting.

Also, by performing the appropriate setting, external pins (some external pins are excluded) can
be put in the high-impedance state.

When a particular valid interrupt request (not used clock) is generated, a transition to the
oscillation stabilization wait run state occurs.

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

When an operation initialization reset (RST) request is generated, a transition to the oscillation
stabilization wait reset (RST) state occurs.

When a hardware standby request is generated, a transition to the hardware standby state
occurs.
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Bl Hardware Standby State

In the hardware standby state, devices are stopped. When a Low level (hardware standby
request) is input to the external HSTX pin the transition into hardware standby state occurs.

In the hardware standby state, all internal circuits are stopped, all internal clocks are stopped,
and the oscillation circuits and PLLs are also stopped.

A setting initialization reset (INIT) is supplied to the internal circuits.
External pins (some external pins are excluded) are uniformly put in the high-impedance state.

When a high level is input to the external HSTX pin or when a low level is input to the external
INITX pin, a transition to the setting initialization reset (INIT) state occurs.

B Oscillation Stabilization Wait Run State

In the oscillation stabilization wait run state, devices are stopped. A transition to this state
occurs after a return from the stop state.

All the internal circuits are stopped except the clock generation control section (time-base
counter and device state control section). All the internal clocks are stopped, but the oscillation
circuit and the operation-enabled PLL operate.

High-impedance control of external pins in the stop state, etc., is cleared.

When the set (or specified) oscillation stabilization wait time has elapsed, a transition to the run
state (ordinary operation) occurs.

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

When an operation initialization reset (RST) request is generated, a transition to the oscillation
stabilization wait reset (RST) state occurs.

When a hardware standby request is generated, a transition to the hardware standby state
occurs.

B Oscillation Stabilization Wait Reset (RST) State
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In the oscillation stabilization wait reset (RST) state, devices are stopped. A transition to this
state occurs after a return from the stop state or the setting initialization reset (INIT) state.

All the internal circuits are stopped except the clock generation control section (time-base
counter and device state control section). All the internal clocks are stopped, but the oscillation
circuit and the operation-enabled PLL operate.

High-impedance control of external pins in the stop state, etc., is cleared.
An operation initialization reset (RST) is output to internal circuits.

When the set oscillation stabilization wait time has elapsed, a transition to the oscillation
stabilization wait reset (RST) state occurs.

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

When a hardware standby request is generated, a transition to the hardware standby state
occurs.
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B Operation Initialization Reset (RST) State

In the operation initialization reset (RST) state, the program is in the initialization state. A
transition to this state occurs when an operation initialization reset (RST) request is accepted, or
the oscillation stabilization wait reset (RST) state is terminated.

The CPU program execution stops and the program counter is initialized. Most resources are
initialized. All the internal clocks and oscillation circuits and the operation-enabled PLL operate.

An operation initialization reset (RST) is output to internal circuits.

When an operation initialization reset (RST) request is released, a transition to the run state
(ordinary operation) occurs, executing the operation initialization reset sequence. After a return
from the setting initialization reset (INIT) state, the setting initialization reset sequence is
executed.

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

When a hardware standby request is generated, a transition to the hardware standby state
occurs.

B Setting Initialization Reset (INIT) State

In the setting initialization reset (INIT) state, all the settings are initialized. A transition to this
state occurs when a setting initialization reset (INIT) request is accepted or the hardware
standby state is terminated.

The CPU program execution stops and the program counter is initialized. All the resources are
initialized. The oscillation circuit operates, but the PLL stops. All the internal clocks stop while a
Low level is input to the external INITX pin, but they operate during other periods.

A setting initialization reset (INIT) and an operation initialization reset (RST) are output to the
internal circuits.

When the setting initialization reset (INIT) request is released, this state is cleared and a
transition to the oscillation stabilization wait reset (RST) state occurs. After this, a transition to
the operation initialization reset (RST) state occurs, executing the setting initialization reset
sequence.

5.11.2 Priority Of Each State Transition Request

In any state, each state transition request follows the priority below. However, some requests
are only generated in a particular state, so they are only valid in that state.

[Highest] Setting initialization reset (INIT) request
Hardware standby request

Termination of oscillation stabilization wait time
(Only the oscillation stabilization wait reset state

and the oscillation stabilization wait run state occur,)

Operation initialization reset (RST) request

Valid interrupt request (Only the run, sleep, and stop states occur.)
Stop mode request (write to register) (Only the run state occurs.)

[Lowest] Sleep mode request (write to register) (Only the run state occurs.)
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5.12 LOW POWER CONSUMPTION MODES

Each low power consumption mode and its use for the FR50 series of devices are explained.
The low power consumption modes for the FR50 series of devices are shown below.
+ Sleep mode
A write to the register changes the device to the sleep state.
+ Stop mode
A write to the register changes the device to the stop state.
+ Hardware standby mode

Input of a Low level to the external HSTX pin changes the device to the hardware standby
state.

Each of the above modes is explained below.

5.12.1 Sleep Mode

When 1 is written to bit 6 (SLEEP bit) of STCR (standby control register), the sleep mode is
enabled. The sleep state remains valid until a factor for returning from the sleep state occurs.

When 1 is written to both bit 7 (STOP bit) and bit 6 (SLEEP bit) of STCR (standby control
register), bit 7 (STOP bit) takes precedence over bit 6 (SLEEP bit), causing a transition to the
stop state.

For the sleep state, see section 5.11.1 "Device States and State Transition" on page 179.

W Circuits stopped in sleep state

» CPU program execution

» Instruction cache

» Data cache

« Bit search module (This operates when a DMA transfer occurs.)

+ Various internal memory (These operate when a DMA transfer occurs.)

» Internal/external bus (This operates when a DMA transfer occurs.)

B Circuits operating in sleep state
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» Oscillation circuit

» Operation-enabled PLLs

» Clock generation control section
* Interrupt controller

* Resources

» DMA controller

- DSU
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B Factors for returning from sleep state

+ Valid interrupt request

When an interrupt request higher than the level set by the CPU ILM is generated, the sleep
mode is cleared, causing a transition to the run state (ordinary operation).

When an interrupt request equal to or lower than the level set by the CPU ILM is generated,
the sleep mode is not cleared.

+ Setting initialization reset (INIT) request

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

+ Hardware standby request

When a hardware standby request is generated, a transition to the hardware standby state
occurs.

» Operation initialization reset (RST) request

When an operation initialization reset (RST) request is generated, a transition to the
operation initialization reset (RST) state occurs.

Note: For the priority of each factor, see section 5.11.2 "Priority Of Each State Transition
Request" on page 181.

B Ordinary standby operation and synchronous standby operation

When bit 8 (SYNCS bit) of TBCR (time-base counter control register) is set to 1, the
synchronous standby operation is enabled. In this state, a write to the SLEEP bit does not
cause a transition to the sleep state. A write to the SLEEP bit followed by a read from the STCR
register causes a transition to the sleep state.

When the SYNCS bit is set to 0, the ordinary standby operation is enabled. In this state, a write
to the SLEEP bit causes a transition to the sleep state.

With the ordinary standby operation enabled, when the division rate of the peripheral clock
(CLKP) is a large value compared to the CPU clock (CLKB), many instructions are executed by
the time a write is actually performed to the SLEEP bit.

So, after a write instruction to the SLEEP bit, if a NOP instruction is not placed that is equal to or
higher than the {5 + (division rate of CPU clock)/(division rate of peripheral clock)} instructions,
the succeeding instructions are executed before changing to the sleep state.

With the synchronous standby operation enabled, transition to the sleep state does not occur
until a read from the STCR register is completed after a write to the SLEEP bit is actually
performed. This is because the CPU uses the bus until the value read from the STCR register is
stored by the CPU.

So, irrespective of the setting of the division rate of the CPU clock (CLKB) and peripheral clock
(CLKP), when only two NOP instructions are placed after a write instruction to the SLEEP bit and
a read instruction to the STCR register, execution of the succeeding instructions can be
prevented before changing to the sleep state.
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5.12.2 Stop Mode/RTC Mode

When 1 is written to bit 7 (STOP bit) of STCR (standby control register), the stop mode is
enabled. The stop state remains valid until a factor for returning from the stop state occurs.

When 1 is written to both bit 7 (STOP bit) and bit 6 (SLEEP bit) of STCR (standby control
register), bit 7 (STOP bit) takes precedence over bit 6 (SLEEP bit), causing a transition to the
stop state.

For the stop state, see section 5.11.1 "Device States and State Transition" on page 179.

B Circuits stopped in stop state

» Oscillation circuits set to be stopped

When bit 0 (OSCD1 bit) of STCR (standby control register) is set to 1, the oscillation circuit
for main clocks in the stop state enters the stop state.

* Non-enabled PLLs or PLLs connected to oscillation circuit set to be stopped

When bit 0 (OSCD1 bit) of STCR (standby control register) is set to 1, even if bit 10 (PLL1EN
bit) of CLKR (clock source control register) is set to 1, the PLLs enter the stop state.

» All internal circuits except following:

Bl Non-stopped circuits in stop state

» Oscillation circuits set to be not-stopped

When bit 1 (OSCD1 bit) of STCR (standby control register) is set to 0, the oscillation circuit
does not stop in the stop state. This mode is also called RTC mode.

+ Enabled PLLs or PLLs connected to oscillation circuit set to be non-stopped

When bit 0 (OSCD1 bit) of STCR (standby control register) is set to 0, even if bit 10 (PLL1EN
bit) of CLKR (clock source control register) is set to 1, the PLL enters the stop state.

H High impedance control of pins in stop state

When bit 5 (HIZ bit) of STCR (standby control register) is set to 1, output from a pin in the stop
state enters the high impedance state. For pins subject to high-impedance control, see
Appendix C.

When bit 5 (HIZ bit) of STCR (standby control register) is set to 0, the pin output in the stop state
holds the value before it changed to the stop state. For details, see Appendix C.

B Factors for returning from stop state

* Occurrence of valid interrupt request requiring no clocks
Only external interrupt input pins (INTO - INT7) with request type set to 'H’ level are valid.

When an interrupt request higher than the level set by the CPU ILM is generated, the stop
mode is cleared, causing a transition to the run state (ordinary operation).

When an interrupt request equal to or lower than the level set by the CPU ILM is generated,
the stop mode is not cleared.

» Setting initialization reset (INIT) request

When a setting initialization reset (INIT) request is generated, a transition to the setting
initialization reset (INIT) state occurs.

+ Hardware standby request

When a hardware standby request is generated, a transition to the hardware standby state
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occurs.
» Operation initialization reset (RST) request

When an operation initialization reset (RST) request is generated, a transition to the
operation initialization reset (RST) state occurs.

Note: For the priority of each factor, see section 5.11.2 "Priority Of Each State Transition
Request" on page 181

B Clock source selection in stop mode

Select the main clock divided by 2 (X clock) as the source clock before setting the stop mode.
For details, see section 5.2 "BASE CLOCK GENERATION" on page 149.

The division rate setting restrictions are the same as for ordinary operation.

B Ordinary standby operation and synchronous standby operation

When bit 8 (SYNCS bit) of TBCR (time-base counter control register) is set to 1, the
synchronous standby operation is enabled. In this state, a write to the STOP bit does not cause
a transition to the sleep state. A write to the STOP bit followed by a read from the STCR register
causes a transition to the stop state.

When the SYNCS bit is set to 0, the ordinary standby operation is enabled. In this state, a write
to the STOP bit causes a transition to the stop state.

With the ordinary standby operation enabled, when the division rate of the peripheral clock
(CLKP) is a large value compared to the CPU clock (CLKB), many instructions are executed by
the time a write is actually performed to the STOP bit.

So, after a write instruction to the STOP bit, if not more NOP instructions are placed than the {56
+ (division rate of CPU clock)/(division rate of peripheral clock)} instructions, the succeeding
instructions are executed before changing to the stop state.

With the synchronous standby operation enabled, transition to the stop state does not occur until
a read from the STCR register is completed after a write to the STOP bit is actually performed.
This is because the CPU uses the bus until the value read from the STCR register is stored by
the CPU.

So, irrespective of the setting of the division rate of the CPU clock (CLKB) and peripheral clock
(CLKP), when only two NOP instructions are placed after a write instruction to the STOP bit and
a read instruction to the STCR register, execution of the succeeding instructions can be
prevented before changing to the stop state.

5.12.3 Hardware Standby Mode

When a Low level is input to the external HSTX pin, a hardware standby request is generated,
causing a transition to the hardware standby state. After this, the hardware standby state is held
while a Low level is input.

For the hardware standby state, see section 5.11.1 "Device States and State Transition" on page
179.

B Circuits stopped in hardware standby state

* All oscillation circuits
« AllPLLs

e Allinternal circuits
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H Circuits not stopped in hardware standby state

* None

B High-impedance control of pins in hardware standby state

In the hardware standby state, output from pins enters the high impedance state. For pins
subject to highimpedance control, see Appendix C.

B Hardware standby state return factors

» Input of High level to external HSTX pin

When the hardware standby request is released, a transition occurs to the setting
initialization reset (INIT) state.

« Setting initialization reset (INIT) due to input of Low level to external INITX pin

When a setting initialization reset (INIT) request is generated by the external INITX pin, a
transition to the setting initialization reset (INIT) state occurs. Other setting initialization reset
(INIT) requests are not generated in the hardware standby state.

Note: For the priority of each factor, see section 5.11.2 "Priority Of Each State Transition
Request" on page 181

B Ordinary reset and synchronous reset

When bit 9 (SYNCR bit) of TBCR (time-base counter control register) is set to 1, the
synchronous reset is enabled. In this state, no transition to the hardware standby state occurs
while the internal bus is being accessed even if a hardware standby request is accepted.

When the SYNCR bit is set to 0, the ordinary reset is enabled. In this state, when a hardware
standby request is accepted, a transition to the hardware standby state occurs irrespective of the
operation state of the internal bus access.

For details, see section 2.9.6 "Reset Mode" on page 123.
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H Operation in Standby Modes

CHAPTER 5: CLOCK GENERATION AND DEVICE STATES

Internal clock
Mode Tra:jilttilo: Osc:llat PLL CPU/ DMA/ Resour Pins \;Iol\(N to
co o ° internal | periphe ces akeup
bus ral
Run — O O O O O Operating —
— wqn Interrupt
Sleep Sth§1F')C_)R1 O O X O O Operating request
RST, INIT
STOP="1", Interrupt
RTC OSCD1="0" O m x X X * request
of STCR RST, INIT
STOP="1", Interrupt
Stop OSCD1="1" X X X X X * request
of STCR RST, INIT
Hardware standby HSTX=*“0" X X X X X Hi-Z HSTX=*“1"
Reset (RST) RST O O Reset (RST) is applied to registers Hi-Z
Reset (INIT) INIT O X Reset (INIT) is applied to registers Hi-Z

Note: O: Operating,

x: Halted, Hi-Z: High impedance

RST: External reset pin (RSTX) = “0”

INIT:

Software reset (SRST bit of STCR register = “0”)

Power-down reset

External reset pin (INITX) = “0”
Return from Hardware Standby

Watchdog reset

Hold previous states when HIZ of STCR is “0”. Go to Hi-Z when HIZ is “1”.

PLLs must be switched off before entering RTC state
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B State Transition Diagram for Standby Modes
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Figure 5.12 State Transition Diagram for Standby Modes
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5.12.4 Transition from 4MHz RTC Mode to RUN Mode

MB91360 devices contain two voltage regulators — one which is used for STOP and RTC mode
operation, the other which is used for RUN mode operation.

When going from STOP/RTC mode to RUN mode the “RUN mode regulator” is switched on and
after a delay of typically 12 ps the other regulator is switched off.

If there is a transition from STOP mode to RUN mode or from 32 kHz RTC mode to RUN mode
the 4 MHz oscillator must be started and an appropriate oscillation stabilisation time must be
applied. In these cases the internal clocks will start significantly after the RUN mode regulator
has been switched on.

This can be different in case of a transition from 4 MHz RTC mode to RUN mode. In this case
the 4 MHz oscillator is already running:

If the transition from 4 MHz RTC mode to RUN mode is done

« at a supply voltage below 4.75 V,

+ with a capacitance of less than 4.7uF connected to the VCC3C pin,
+ with the minimum oscillation stabilisation time of 1 ps set,

then the device may show wrong behaviour. This setting means that the internal clocks start
running before the “RUN mode regulator” is properly switched on. A voltage drop can be seen at
the VCC3C pin.

This problem can be avoided by making sure that not all the conditions given above apply:

+ Use supply voltages equal or above 4.75 V

or

+ Connect a capacitance of 4.7uF or more to the VCC3C pin. A larger capacitance is also
recommended to avoid problems when switching on the PLL in RUN mode

or

+ Select a larger oscillation stabilisation time e.g. by setting the OS1, OSO0 bits in the STCR
register to “01” which defines an oscillation stabilisation time of 1 ms.
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CHAPTER6 CLOCK MODULATOR

This chapter provides an overview of the Clock Modulator and its features. It describes
the register structure and operation of the Clock Modulator.
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6.1 OVERVIEW

The clock modulator is intended for the reduction of electromagnetic interference
(EMI), by spreading the spectrum of the clock signal over a wide range of frequencies.

The module is fed with an unmodulated reference clock with frequency Fo, provided by the PLL
circuit. This reference clock is frequency modulated, controlled by a random signal. l.e. the width
of every clock pulse in the modulated clock is randomly determined.

Figure 6.1 frequency spectrum of the modulated clock (fundamentals only)

} e

modulation range

p frequency
Fmin Fo Fmax

B modulation degree and frequency resolution

Maximum and minimum frequencies (Fmax and Fmin) of the modulated clock are well defined by
the modulation degree parameter. Furthermore the resolution of the modulation range is
selectable in 3 steps from low to high. Higher resolution implies a finer granularity of discrete
frequencies in the spectrum of the modulated clock but less possible modulation degrees.

In general the highest possible frequency resolution combined with the highest possible
modulation degree results in the highest EMI reduction. But for some cases a lower modulation
degree or a higher modulation degree at a lower resolution may result in a better EMI behaviour.
Please refer to the table of possible settings in the appendix.

The mean frequency of the modulated clock is equal to the reference clock frequency Fo.

Bl calibration unit

The modulator can adapt to input frequencies between 16MHz - 48 MHz. For this purpose the
module contains a calibration unit. The calibration process can be triggered by software or
automatically by hardware (recommended).

The calibration process must be started by software when the modulator is enabled. During
normal operation, the automatic calibration feature cares for a calibrated modulator. The
frequency of automatic calibration events is programmable via the automatic calibration reload
timer value.

Bl CAN prescaler

B Observer
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Because the CAN module requires an unmodulated operation clock, the modulator provides an
unmodulated clock besides the modulated one.

This CAN-clock is scalable via the CAN clock prescaler.

Some internal clock signals can be observed at the external MONCLK pin. The modulator



MB91360 HARDWARE MANUAL CHAPTER 6: CLOCK MODULATOR

module provides a multiplexer to select the desired signal.

For further information, please contact FUJITSU.
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6.2 REGISTER DESCRIPTION

MB91360 HARDWARE MANUAL

This section lists the clock modulator registers and describes the function of each

register in detail.

Register
Address Block
+0 +1 +2 +3
000164H CMCR [R/W] CMPR [R/W] Clock Modu-
11111111 0000000 ----1001 1---0001 lation
000168H CMLSO [R/W] CMLS1 [R/W]
01110111 1111111 01110111 1111111
00016CH CMLS2 [R/W] CMLS3 [R/W]
01110111 1111111 01110111 1111111
000170H CMLTO [R/W] CMLT1 [R/W]
----- 100 00000010 11110100 00000010
000174H CMLT2 [R/W] CMLT3 [R/W]
----- 100 00000010 -----100 00000010
000178H CMAC [R/W] CMTS [R]
11111111 1111111 --000001 01111111
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6.2.1 Control Register (CMCR)

The Control Register (CMCR) has the following functions:

Modulator enable/disable

Enable MONCLK pin

Select output-clock (for testing only)
Start calibration

Initialize random number generator
Rbus registers enable/disable

CAN prescaler enable/disable

CAN prescale value

Precaution: Write the prescale value PRE (CMCRH-register) only, when the prescaler is
disabled.

Control Register low byte 7 6 5 4 3 2 1 0 O Bit no.

Address: 000165H PRES|cpsBLE IRNG| CAL |[MSEL|MTST| SCLKMSRT CMCRL

Read/write 0  (R/W) (R/W) (R/W) (R/W) (R/W) (RIW) (R/W) (R/W)
Defaultvalued  (0) (0) (0) (0) (0) (0) (0) (0)

H BIT[0]: MSRT - Modulator Start

This bit enables / disables the modulator.

0 Modulator off (default)

1 Modulator on

Before the modulator can be started, all configuration registers (CMLT, CMLS, etc.) must be set.

When the modulator is started, the CAL-bit and the IRNG-bit must be set, in order to start a
calibration process and initialize the random number generator.

In order to set the output clock to modulated clock, the SCLK-bit must be set to 1. If SCLK
remains 0, the output clock is unmodulated, even if the modulator is switched on.

Caution: It is not allowed to switch off the modulator, when a software triggered (CAL-bit)
calibration process is active.

The end of calibration which was triggered by software is indicated by the cleared CAL bit. After
the software triggered calibration process is finished, the modulator can be switched off at any
time.

Caution: The clock modulator must be switched off every time before

a) the PLL frequency will be changed

b) the PLL will be switched off (e.g. in power save modes)

The modulator can be switched on after the PLL delivers a stable clock signal (after PLL lock
time).
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H BIT[1]: SCLK - Select Clock

This bit selects the output-clock.

0 Output = unmodulated clock (default)

1 Output = modulated clock

This bit should be used only for test-reasons, i.e. to run the modulator while the core is feeded
with unmodulated clock.

A change of this bit, while the modulator is running, has no effect until the next calibration is
triggered by soft- or by hardware.

For normal operation, SCLK should be set at the same time as the MSRT-bit for modulator-start
or it should be already set when the modulator is started.

When the modulator is switched off, the output-clock changes automatically to unmodulated
clock, independent of this bit.

H BIT[2]: MTST - Enable Testclk-pin MONCLK

0 MONCLK pin is disabled (default)

1 MONCLK pin is enabled

The test-signal at the TESTCLK-pin can be selected with the MSEL-bit and the OBS-bits in
CMLT1-register.

H BIT[3]: MSEL - Select Testclock

0 Signal at testpin is modulated clock (default)

1 Signal at testpin is selected with OBS-bits in CMLT1-register

Note: The MSEL-signal is not synchronized. Therefore glitches can occur at the TESTCLK-pin
during the switching.

H BIT[4]: CAL - Calibration trigger
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This bit starts a calibration (software calibration request) of the modulator and indicates the end
of calibration

0 The delay-chain is calibrated (default)

1 Start calibration

CAL can be set only by software and is cleared by hardware at the end of calibration.

When the modulator is started (MSRT-bit), CAL must be set, in order to start a calibration
process at the beginning of modulation.

Writing of a 0 by software is ignored. The read-cycle of RMW-instructions (read modify write)
returns 0.

When the Rbus registers are locked by the CDSBLE-bit, SW calibration requests can not be
executed.

Caution: It is not allowed to switch off the modulator, when a software triggered (CAL-bit)
calibration process is active.

The CAL-bit indicates an active calibration process only if this process was triggered by
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software. Calibration processes which are triggered automatically by hardware are not indicated
by a set CAL bit.

During calibration, the output is set to the unmodulated clock automatically.

The duration of the calibration is 44xTo. (To=period of input clock, Fo=frequency of input clock)

Fo [MHZz] | To [ns] | duration of calibration

16 62.5 2.75 ps
32 31.25 1.375 ps
48 20.83 0.916 ps

H BIT[5]: IRNG - Initialize random number generator

IRNG initializes the random number generator.

0 random number generator is initialized

1 random number generator will be initialized

This bit can be set only by software and is cleared by hardware after the initialization is finished.

When the modulator is started (MSRT-bit), IRNG must be set, in order to initialize the random
number generator.

Writing of a 0 by software is ignored. The read-cycle of RMW-instructions (read modify write)
returns 0.

H BIT[6]: CDSBLE - Rbus register enable / disable

0 | All Rbus registers are enabled (default)

1 All Rbus registers disabled, except for CDSBLE-bit in CMCR-register

The CDSBLE bit is a safety feature to avoid unintended register write access.

When the registers are disabled, only read access is possible, i.e. the registers are write
protected.

Note: When the Rbus registers are locked, SW calibration requests can not be executed.

Caution: It is necessary to perform a software calibration request every time the modulator is
started (see CAL-bit description). If the CDSBLE bit is set at the same time as the modulator is
started and calibration is requested, the hardware can not reset the CAL-bit to 0 after calibration
is finished -> CAL remains 1.

As a side effect, automatic (hardware) calibration can not be triggered and the modulator is not
calibrated.

Therefore it is necessary to wait until the first calibration is finished before the CDSBLE bit can
be set. The end of calibration which was triggered by software is indicated by the cleared CAL
bit. After the software triggered calibration is finished, the register lock can be set at any time,
even if automatic calibration is enabled.
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H BIT[7]: PRES - CAN Prescaler enable / disable

0 CAN prescaler disabled (default)

1 CAN prescaler enabled

The scaling factor for the CAN prescaler is set with the PRE-bits in CMCRH.
The CANCLK-output has the polarity '1’, if the prescaler is disabled.

Control Register high byte 15 14 13 12 11 10 9 8 O Bit no.
Address: 000164H PRE7|PRE6 |PRE5|PRE4 |[PRE3|PRE2|PRE1|PREOD CMCRH

Read/write 1 (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)
Defaultvalued (1) (1) (1) (1) (1) 1) (1) (1)

H BIT[15:8]: PRE - CAN Prescaler Value
Value for CAN prescaler. The clock for the CAN-module is determined with the following
equation:
ANCLK = 0o 0 Note: The CANCLK will be divi-
B”\ " PRE+ 10 ded by 2 in the CAN modules!

Fo = unmodulated input clock (output of PLL1 or X0 oscillator).
Default value: PRE=255, CANCLK=F0/256

Precaution: Write the prescale value PRE (CMCRH-register) only, when the prescaler is
disabled.

The CANCLK is enabled with the PRES - bit in CMCRL.
The CANCLK-output has the polarity ’1’, if the prescaler is disabled.

- Arnnnnnn

CANCLK
PRE=0

CANCLK
PRE=1

CANCLK
PRE=2

SCANPREEN
(sync CLK) —

falling edges of CANCLK occur only at falling edges of CLK
rising edges of CANCLK occur at rising or falling edges of CLK

CANCLK starts always with a falling edge

SCANPREEN:The internal synchronized PRES-bit of the CMCR register (BIT[7])
CAN prescaler enable

CLK: Unmodulated input clock (output of PLL1 or X0 oscillator)
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6.2.2 Modulation Parameter Register (CMPR)

The Modulation Parameter Register (CMPR) determines the modulation degree.

Precaution: Write this register only, when the modulator is switched off. l.e. at first the
modulator has to be configured, then it can be enabled with the MSRT-bit.

Depending on the input frequency and the frequency resolution, several different modulation
degrees can be chosen. The appendix contains a list of possible register settings. In general the
the highest possible frequency resolution combined with the highest possible modulation degree
results in the highest EMI reduction. But for some cases a lower resolution with a higher
modulation degree may result in a better EMI behaviour.

Register Address initial value value to be
programmed
CMPR 000166h OXFOF 1 refer to the appendix

6.2.3 Frequency Resolution Setting Register (CMLSO0..3)

The CMLS registers determine the frequency resolution of the modulation range

Precaution: Write these registers only, when the modulator is switched off. l.e. at first the
modulator has to be configured, then it can be enabled with the MSRT-bit.

The frequency resolution within the modulation range can be set in three steps from low to high.
Higher resolution implies a finer granularity of discrete frequencies in the spectrum of the
modulated clock but less possible modulation degrees.

In general the highest possible frequency resolution combined with the highest possible
modulation degree results in the highest EMI reduction. But for some cases a lower resolution
with a higher modulation degree may result in a better EMI behaviour.

CMLSO and CMLS1 must be always set to 0xF800, resp. OxFF04. The value for CMLS2 and
CMLS3 depends on the desired frequency resolution. Please refer to the table of possible
settings in the appendix.

Register Address initial value p\;zlgurz:r?r:: d
CMLSO0 000168h Ox77FF 0xF800
CMLS1 00016Ah Ox77FF OxFFO04
CMLS2 00016Ch Ox77FF refer to the appendix
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CMLS3 00016Eh Ox77FF refer to the appendix

6.2.4 Random Number Generator and Observer Register

(CMLTO..3)

CMLTO - CMLT3 configure the random number generator. In addition CMLT1 contains
the observer control register.
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Precaution: Write these registers only, when the modulator is switched off. l.e. at first the
modulator has to be configured, then it can be enabled with the MSRT-bit.

The random number generator must be configured with the register values listed in the following

table:
Register Address initial value value to be
programmed
CMLTO 000170h 0xFCO02 0xF802
CMLT1 000172h 0xF402 0xS8802
CMLT2 000174h 0xFCO02 0xF802
CMLT3 000176h 0xFCO02 0xF802
legend: S = OBSERVER => control register described below
The observer control register is located in CMLT1.
CMLT1 high byte 15 14 13 12 1110 9 8 0 Bit no.
Address: 000172H OBS3|0BS2|0OBS1|0OBS0O| LT11 | LT10 | LT9 | LTS8 CMLT1H

Read/write O (R/W) (RIW) (R/W) (RW) (R/W) (RIW) (RIW) (R/W)
Defaultvalued (1) (1) (1) (1) (© (1) (0O (0

CMLT1 low byte 7 6 5 4 3 2 1 0 O Bitno.
Address: 000173H LT7 | LT6 | LT5 | LT4 | LT3 | LT2 | LT1| LTO CMLT1L

Read/write 0  (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)
Defaultvalued  (0) (0) (0) (0) (0) (0) (1 (0
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H BIT[15:12] OBS - Observer

These bits are implemented in CMLT1-register. Default value is b1111.

With OBS[3:0], the output at the MONCLK-pin is selected. To observe internal signals at the
MONCLK-pin, this must be enabled with the MTST-bit in CMCR register.

If the OBS-bits shall determine which signal can be observed, MSEL, located in CMCR, must be
set to 1. Otherwise the modulated clock is observable at MONCLK.

Note: The OBS-signal is not synchronized. Therefore glitches can occur at the MONCLK-pin
during the switching.

The MONCLK-pin is driven by a pin driver. Therefore the frequency spectrum, measured at this
pin, does not represent the spectrum of the internal clock signal.

The following internal signals are observable:

OBS[3:0] signal
CMCR. MB91F361G Mﬁ;;':‘égggg'“’ MB91F365GB,
MSEL bin dec MB91F362GB, B MB91F367GB
MB91F369GA MB91F366GB,
MB91F368GB
0 dddd modulated clock modulated clock modulated clock
y 0000 0 unmodulated clock unmodulated clock unmodulated clock
(PLL) (PLL) (PLL)
1 0001 1 reserved 4MHz oscillator 4MHz oscillator
1 0010 2 4MHz oscillator 32kHz oscillator 0
1 0011 3 CAN clock CAN clock CAN clock
1 else 4-14 reserved reserved reserved
y 111 15 automatic calibration automatic calibration automatic calibration
timer pulse timer pulse timer pulse

legend: d=don’t care
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6.2.5 Automatic Calibration Reload Timer Value (CMAC)

This register contains the reload value of the automatic calibration reload timer.

Precaution: Write this register only, when the modulator is switched off. l.e. at first the
modulator has to be configured, then it can be enabled with the MSRT-bit.

high byte 15 14 13 12 11 10 9 8 0 Bit no.
Address: 000178H RELF |RELE |RELD |RELC |RELB|RELA|REL9 |RELS CMACH

Read/write 0 (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)
Defaultvalued (1) (1) (1) (1) (1) ) M )

low byte 7 6 5 4 3 2 1 0 0 Bit no.
Address: 000179H REL7|REL6|REL5|REL4 |REL3| REL2| REL1|RELO CMACL

Read/write 0 (R/W) (RIW) (RW) (R/W) (R/W) (RIW) (R/W) (R/W)
Defaultvalued (1) (1) (1) (1) (1) (1) M M

The automatic calibration reload timer triggers a new calibration of the modulator in intervals of
the time tCAL. tCAL can be calculated with the following equation:

¢ _ 2047 [reloadvalue
CAL FO

The following table shows the maximal possible calibration interval (reload value = 0xFFFF) for
different input frequencies. Because the modulator switches to unmodulated clock during
calibration, the calibration interval time tCAL should be not less than 1 sec.

Fo (input clock) maximum-tCAL ?;;Ilri?)t::tr;o:f
16MHz 8.39 sec 3 us
32MHz 4.19 sec 1.5 pus
48MHz 2.8 sec 1 us
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6.2.6 Status Register (CMTS)

The Status Register contains the error flags ELF and EHF of the calibration unit

Precaution: All other bits are reserved and read only.

high byte 15 14 13 12 11 10 9 8 0 Bit no.
Address: 00017AH - - | ELF |EHF | - - - - CMTSH

Readwrite0 (R) (R) (R) (R) (R) ((R) ((R) (R)
Default valued (1) (1 @ © © © ©O

low byte 7 6 5 4 3 2 1 0 0 Bit no.
Address: 00017BH - - - - - - - - CMTSL

Readwrite0 (R) (R) (R) (R) (R) (R) ((R) (R)
DefaultvalueD  (0) (1) (1) () () () (1) (1)

H BIT[12] EHF - error flag high input frequency

The EHF error flag is set, if the modulator can not be calibrated due to high input frequency.
Reduce the input frequency in order to avoid misbehavior of the clock modulator.

The condition is checked at the end of the calibration process. The flag is always cleared at the
beginning of an new calibration process. The error flag has read only access.

0 no error occured during calibration

1 an error occured during calibration - input frequency is too high

H BIT[13] ELF - error flag low input frequency

The ELF error flag is set, if the modulator can not be calibrated due to low input frequency.
Increase the input frequency in order to avoid misbehavior of the clock modulator.

The condition is checked at the end of the calibration process. The flag is always cleared at the
beginning of an new calibration process. The error flag has read only access.

0 no error occured during calibration

1 an error occured during calibration - input frequency is roo low
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6.3 APPENDIX

The appendix provides application examples and tables with possible register settings.

6.3.1 Modulation Parameter selection

It is not possible to recommend a particular modulation parameter setting to achieve a particular
reduction in EMI. The best setting depends much on the actual application, the whole system
and the requirements.

In order to find the optimal modulation parameter setting, the following approach is
recommended.

1) define the required PLL frequency

based on performance needs e.g. 32 MHz

2) choose the setting with the highest reso-

lution and modulation degree. e.g. resolution:medium, degree:2

3) perform EMI measurements

4) if the EMI measuerments does not fulfill
the requirements, you may either
reduce the modulation degree at the

same frequency resolution, e.g. resolution:medium, degree:1
or

increase the modulation degree at a or

lower frequency resolution e.g. resolution:low, degree:5

5) repeat item 3) with the new setting and
continue until the best settings is identi-
fied
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6.3.2 Configuration Flowchart

PLL clock stable

set random number generator control register

(CMLT registers)

#

set frequency resolution
(CMLS registers)

#

set modulation parameter
(CMPR register)

¢

set automatic calibration reload value
(CMAC register)

¢

set CAN prescaler
(CMCR register)
start modulator

v

modulator is running

\

stop modulator
(CMCR register)

#

disable PLL
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6.3.3 Example program

The following example assembler program shows, how to configure and start the clock
modulator. It is important to begin with the configuration of the modulator and start it in the last
step.
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First, the CMLT control registers are set to their required values. The observer selector
remains the initial value OxF.

The frequency resolution is set to medium.

Corresponding to the selected frequency resolution there are 3 possible modulation degree
settings for 16MHz input clock, 2 settings for 24MHz, 2 settings for 32MHz and 1 setting for
40MHz (refer to the table of possible settings in the appendix). Assuming the input clock is
32MHz, modulation degree 2 is chosen (frequency range from 23.273MHz to 51.2MHz).

The automatic calibration timer reload value is set to OxFFFF what corresponds to an
calibration interval of 4.192 sec. at 32MHz input clock.

Finally, the clock modulator is started. At the same time, the CAN-prescaler is set to 3
(CANCLK=input_clock/4) and the MONCLK pin remains disabled. Note that the calibration is
triggered (CAL bit) and the random number generator is initialized (IRNG bit) together with
the start of the modulator.

/1 control register CM.T

| di #0xF802,r0
| di #CMLTO, r 1
| di #CMLT1,r2
| di #CMLT2, r 3
| di #COM.T3, r 4
sth ro,@1
sth ro, @2
sth ro, @3
sth ro, @4

/1 frequency resolution register CM.S

| di #0xF800, r 0
| di #0xFF04,r 1
| di #0xF813,r 2
[ di #0x0000, r 3
[ di #CMLSO, r 4
[ di #CM.S1,r5
| di #CM.S2,r6
| di #CM.S3, r 7
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sth ro, @4
sth rl, @5
sth r2, @6
sth r3, @7

/1 nodul ation paranmeter register CVMPR
| di #0x0A82,r0

| di #CWPR, r 1

sth ro,@1

/] calibration reload ti mer CMAC = OxFFFF

| di #OXFFFF, r 0
| di #CMAC, r 1
sth ro,@1

/1 control register CMCR
/1 set CAN-prescaler = 3 (CANCLK=i nput_ CLK/ 4), enabl e CAN cl ock
/1 di sabl e MONCLK pin

!/l start clock nodul at or

| di #0x03B3,r0
| di #CMCR, r 1
sth ro,@1

/1 stop clock nodul at or

/1 CAN cl ock remai ns enabl ed

| di #0x0380,r0
| di #CMCR, r 1
sth ro,@1
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6.3.4 Possible Settings

Fo= input-frequency
Fmax=upper modulation range border

Fmin= lower modulation range border

Note: The actual highest frequency occurring in the modulated clock can be higher than the
listed frequency Fmax . Respectively the lowest occurring frequency can be lower than Fmin. The
absolute highest frequency occurring in the modulated clock is below 64 MHz.

FO |frequency modulation| Fmin Fmax

[MHZz] res%lutiox degree [MHZz] [MHZz] CMLS2 CMLS3 CMPR
16 low 1 15.059 | 17.067 0x0000 0x0000 0x0F81
16 low 2 14.222 | 18.286 0x0000 0x0000 0x0E82
16 low 3 13.474 | 19.692 0x0000 0x0000 0x0D83
16 low 4 12.800 | 21.333 0x0000 0x0000 0x0C84
16 low 5 12.190 | 23.273 0x0000 0x0000 0x0B85
16 low 6 11.636 | 25.600 0x0000 0x0000 0x0A86
16 low 7 11.130 | 28.444 0x0000 0x0000 0x0987
16 low 8 10.667 | 32.000 0x0000 0x0000 0x0888
16 low 9 10.240 | 36.571 0x0000 0x0000 0x0789
16 low 10 9.846 42.667 0x0000 0x0000 0x068A
16 medium 1 13.474 | 19.692 0xF813 0x0000 0x0D81
16 medium 2 11.636 | 25.600 0xF813 0x0000 0x0A82
16 medium 3 10.240 | 36.571 0xF813 0x0000 0x0783
16 high 1 11.130 | 28.444 0xF813 OxFF84 0xF9F1
24 low 1 22.588 | 25.600 0x0000 0x0000 0x0F81
24 low 2 21.333 | 27.429 0x0000 0x0000 0x0E82
24 low 3 20.21 29.538 0x0000 0x0000 0x0D83
24 low 4 19.200 | 32.000 0x0000 0x0000 0x0C84
24 low 5 18.286 | 34.909 0x0000 0x0000 0x0B85
24 low 6 17.455 | 38.400 0x0000 0x0000 0x0A86
24 low 7 16.696 | 42.667 0x0000 0x0000 0x0987
24 low 8 16.000 | 48.000 0x0000 0x0000 0x0888
24 medium 1 20.211 29.538 0xF813 0x0000 0x0D81
24 medium 2 17.455 | 38.400 0xF813 0x0000 0x0A82
24 high 1 16.696 | 42.667 0xF813 OxFF84 0xF9F1
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32 low 1 30.118 | 34.133 0x0000 0x0000 O0x0F81
32 low 2 28.444 | 36.571 0x0000 0x0000 0x0E82
32 low 3 26.947 | 39.385 0x0000 0x0000 0x0D83
32 low 4 25.600 | 42.667 0x0000 0x0000 0x0C84
32 low 5 24.381 | 46.545 0x0000 0x0000 0x0B85
32 low 6 23.273 | 51.200 0x0000 0x0000 0x0A86
32 medium 1 26.947 | 39.385 0xF813 0x0000 0x0D81
32 medium 2 23.273 | 51.200 0xF813 0x0000 0x0A82
40 low 1 37.647 | 42.667 0x0000 0x0000 Ox0F81
40 low 2 35.556 | 45.714 0x0000 0x0000 0x0E82
40 low 3 33.684 | 49.231 0x0000 0x0000 0x0D83
40 medium 1 33.684 | 49.231 0xF813 0x0000 0x0D81
48 low 1 45176 | 51.200 0x0000 0x0000 Ox0F81
48 low 2 42.667 | 54.857 0x0000 0x0000 0x0E82
legend:
initial value
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CHAPTER 7 1/0 PORTS

CHAPTER 7: 110 PORTS

This chapter provides an overview of /O ports, lists the registers, and describes

conditions for using external pins as 1/O ports.

7.1 1/O PORTS AND REGISTER CONFIGURATION
7.1.2 Port Data Registers..........ccoccceivniieeiinnnnn.
7.1.3  Data Direction Registers (DDR)
7.1.4  Port Function Registers (PFR)

7.2 PORT FUNCTION REGISTER SETTINGS
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7.1 1/O PORTS AND REGISTER CONFIGURATION

In the MB91360, pins not used by peripherals can be used as I/O ports. This section
shows the basic port block diagram (structure diagram) and lists the register
configuration.

The MB91360 has the following three types of I/O port registers:

* Port data and Port function registers (PDR and PFR)
* Data direction registers (DDR)

H Basic Block Diagram of Port

Figure 7.1a Basic Block Diagram of Port

Port Bus
A Peripheral input <«———
PDR read

0

b
~

1
Peripheral output ——— ¢

o—" ]
1
PDR —7{0—‘ - Pin
' I/I L]

PFR

DDR

v PDR: port data register
DDR: data direction register

PFR: port function register

B Register Description and Configuration

The I/O port registers consist of the "port data registers (PDR)", the "data direction registers
(DDR)" and the "port function registers (PFR)".

The bits in PDRs correspond to the bits in DDRs and PFRs. Similarly, the register bits
correspond to the port pins.

The port data registers contain the port /0O data and the data direction registers specify whether
the corresponding bits (pins) are inputs or outputs. Bits set to "0" are inputs and bits set to "1"
are outputs.The port function registers specify whether the port is used as peripheral port or as
"I/O" port. Usually bits set to "0" mean I/O port and bits set to "1" mean functional port.

In case of analog peripherals there is additional circuitry to ensure that the digital logic is not
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disturbed by the analog signals. If the analog input function e.g. ADC is enabled the digital input
is fixed to "0".

® Input mode (DDR ="0")
*+ PDRread....: Reads the level on the corresponding external pin.
+ PDR write...: Writes the PDR setting value.

® Output mode (DDR ="1")
* PDRread....: Reads the PDR value.

+ PDR write ...: Outputs the PDR value to the corresponding external pins.
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7.1.2 Port Data Registers

PDR7
Address:  00000007H
PDR8
Address:  00000008H
PDR9
Address:  00000009H
PDRB
Address:  0000000BH

PDRG
Address:  00000010H
PDRH
Address: 00000011H
PDRI
Address:  00000012H
PDRJ
Address:  00000013H
PDRK
Address:  00000014H
PDRL
Address:  00000015H
PDRM

Address:  00000016H
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7 6 5 4 3 2 1 0
P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70
7 6 5 4 3 2 1 0
P87 | P86 | P85 | P84 | P83 | P82 | P81 | P80
7 6 5 4 3 2 1 0
PO7 | P96 | P95 | P94 | P93 | P92 | P91 | P90
7 6 5 4 3 2 1 0
PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO
7 6 5 4 3 2 1 0
PG7 | PG6 | PG5 | PG4 | PG3 | PG2 | PG1 | PGO
7 6 5 4 3 2 1 0
PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO
7 6 5 4 3 2 1 0
PI7 --- --- --- PI3 - --- -
7 6 5 4 3 2 1 0
PJ7 | PJ6 | PJ5 | PJ4 | PJ3 | PJ2 | PJ1 | PJO
7 6 5 4 3 2 1 0
PK7 | PK6 | PJK | PK4 | PK3 | PK2 | PJK | PKO
7 6 5 4 3 2 1 0
PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO
7 6 5 4 3 2 1 0

--- --- - - | PM3 | PM2 | PM1 | PMO

Initial Value

1111XXXXB

Initial Value

XXXXXXXXB

Initial Value

XXXXXXX1B

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

X-=-X---B

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

-—--XXXXB

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W
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PDRN
Address:  00000017H
PDRO
Address:  00000018H
PDRP
Address:  00000019H
PDRQ
Address:  0000001AH
PDRR
Address:  0000001BH
PDRS
Address:  0000001CH
PDRT

Address:  0000001DH
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7 6 5 4 3 2 1 0
— | -~ | PN5 | PN4 | PN3 | PN2 | PN1 | PNO
7 6 5 4 3 2 1 0

PO7 | PO6 | PO5 | PO4 | PO3 | PO2 | PO1 | POO
7 6 5 4 3 2 1 0

PP7 | PP6 | PP5 | PP4 | PP3 | PP2 | PP1 | PPO
7 6 5 4 3 2 1 0
— | — | PQ5|PQ4 | PQ3|PQ2|PQl| PQ
7 6 5 4 3 2 1 0

PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO
7 6 5 4 3 2 1 0

PS7 | PS6 | PS5 | PS4 | PS3 | PS2 | PS1 | PSO
7 6 5 4 3 2 1 0
— | — | PT5 | PT4 | PT3 | PT2 | PT1 | PSO

Figure 7.1.2 Port Data Registers

Initial Value

--XXXXXXB

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

--XXXXXXB

Initial Value

XXXXXXXXB

Initial Value

XXXXXXXXB

Initial Value

- XXXXXXB

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W
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DDR7 7 6 5 4 3 2 1 0
Address: 00000607+ | P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70
DDR8 7 6 5 4 3 2 1 0
Address: 00000608+ | P87 | P86 | P85 | P84 | P83 | P82 | P81 | P80
DDR9 7 6 5 4 3 2 1 0
Address: 00000609+ | P97 | P96 | P95 | P94 | P93 | P92 | P91 | P90
DDRB 7 6 5 4 3 2 1 0
Address:  0000060BH | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO
DDRG 7 6 5 4 3 2 1 0
Address: 00000400+ | PG7 | PG6 | PG5 | PG4 | PG3 | PG2 | PG1 | PGO
DDRH 7 6 5 4 3 2 1 0
Address: 00000401+ | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO
DDRI 7 6 5 4 3 2 1 0
Address:  00000402H --- - --- - PI3 - --- ---
DDRJ 7 6 5 4 3 2 1 0
Address:  00000403H | PJ7 | PJ6 | PJ5 | PJ4 | PJ3 | PJ2 | PJ1 | PJO
DDRK 7 6 5 4 3 2 1 0
Address:  00000404H | PK7 | PK6 | PK5 | PK4 | PK3 | PK2 | PK1 | PKO
DDRL 7 6 5 4 3 2 1 0
Address: 00000405+ | PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO
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Initial Value

000000008

Initial Value

000000008

Initial Value

000000008

Initial Value

000000008

Initial Value

000000008

Initial Value

000000008

Initial Value

~--0---B

Initial Value

000000008

Initial Value

000000008

Initial Value

000000008

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W
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DDRM
Address:  00000406H
DDRN
Address:  00000407H

DDRO
Address:  00000408H
DDRP
Address:  00000409H

DDRQ
Address:  0000040AH
DDRR
Address:  0000040BH
DDRS
Address:  0000040CH
DDRT

Address:  0000040DH

CHAPTER 7: 110 PORTS

7 6 5 4 3 2 1 0
— | - | =~ | — [PM3]|PM2]|PM1|PMO
7 6 5 4 3 2 1 0
— | -~ | PN5 | PN4 | PN3 | PN2 | PN1 | PNO
7 6 5 4 3 2 1 0

PO7 | PO6 | PO5 | PO4 | PO3 | PO2 | PO1 | POO
7 6 5 4 3 2 1 0

PP7 | PP6 | PP5 | PP4 | PP3 | PP2 | PP1 | PPO
7 6 5 4 3 2 1 0
— | — | PQ5|PQ4 | PQ3|PQ2|PQl | PQO
7 6 5 4 3 2 1 0

PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO
7 6 5 4 3 2 1 0

PS7 | PS6 | PS5 | PS4 | PS3 | PS2 | PS1 | PSO
7 6 5 4 3 2 1 0
— | — | PT5 | PT4 | PT3 | PT2 | PT1 | PSO

Figure 7.1.3 Data Direction Registers

Initial Value

----00008B

Initial Value

--0000008B

Initial Value

000000008

Initial Value

000000008

Initial Value

--0000008B

Initial Value

000000008

Initial Value

000000008

Initial Value

--0000008B

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W
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PFR7 7 6 5 4 3 2 1 0
Address: 00000617+ | P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70
PFR8 7 6 5 4 3 2 1 0
Address: 00000618+ | P87 | P86 | P85 | P84 | P83 | P82 --- -—-
PFR9 7 6 5 4 3 2 1 0
Address: 00000619+ | P97 | P96 | P95 | P94 | P93 | P92 | P91 | P90
PFRB 7 6 5 4 3 2 1 0
Address:  0000061BH | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO
PFR27 7 6 5 4 3 2 1 0
Address: 00000627+ | P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70
PFRG 7 6 5 4 3 2 1 0
Address: 000004104 | PG7 | PG6 | PG5 | PG4 | PG3 | PG2 | PG1 | PGO
PFRH 7 6 5 4 3 2 1 0
Address:  00000411H | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO
PFRI 7 6 5 4 3 2 1 0
Address:  00000412H = -—- --- - PI3 - --- -
PFRJ 7 6 5 4 3 2 1 0
Address:  00000413H | PJ7 | PJ6 | PJ5 | PJ4 | PJ3 | PJ2 | PJ1 | PJO
PFRK 7 6 5 4 3 2 1 0
Address:  00000414H | PK7 | PK6 | PK5 | PK4 | PK3 | PK2 | PK1 | PKO
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Initial Value

000011118

Initial Value

111110--B

Initial Value

111101018

Initial Value

000000008

Initial Value

1111-00-B

Initial Value

000000008

Initial Value

000000008

Initial Value

~--0---B

Initial Value

000000008

Initial Value

000000008

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W

Access

R/W
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PFRL 7 6 5 4 3 2 1 0 Initial Value  Access
Address: 00000415H | PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO 000000008 R/W
PFRM 7 6 5 4 3 2 1 0 Initial Value  Access
Address:  00000416H PM3 | PM2 | PM1 | PMO ----0000B R/W
PFRN 7 6 5 4 3 2 1 0 Initial Value  Access
Address:  00000417H PN5 [ PN4 | PN3 | PN2 | PN1 | PNO --000000B R/W
PFRO 7 6 5 4 3 2 1 0 Initial Value  Access
Address: 00000418H | PO7 | PO6 | PO5 | PO4 | PO3 | PO2 | PO1 | POO | 00000000B R/W
PFRP 7 6 5 4 3 2 1 0 Initial Value  Access
Address: 00000419+ | PP7 | PP6 | PP5 | PP4 | PP3 | PP2 | PP1 | PPO 000000008 R/W
PFRQ 7 6 5 4 3 2 1 0 Initial Value  Access
Address:  0000041AH PQ5 | PQ4 | PQ3 | PQ2 | PQ1 | PQO --000000B R/W
PFRR 7 6 5 4 3 2 1 0 Initial Value  Access
Address: 0000041BH | PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO 000000008 R/W
PFRS 7 6 5 4 3 2 1 0 Initial Value  Access
Address: 0000041CH | PS7 | PS6 | PS5 | PS4 | PS3 | PS2 | PS1 | PSO 000000008 R/W
PFRT 7 6 5 4 3 2 1 0 Initial Value  Access
Address:  0000041DH PT5 | PT4 | PT3 | PT2 | PT1 | PTO --000000B R/W

Figure 7.1.4 Port Function Registers
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7.2 PORT FUNCTION REGISTER SETTINGS

The following table lists the initial values and functions of PFR registers.

Note: About PFR7, PFR27, PFR8, PFR9 and PFRB see also section
8.5 "USING THE BUS INTERFACE AS GENERAL I/O PORTS" on page 271.

Table 7.2a Port Function Registers PFR7, PFR27

Register Name Bit Name Bit Function
- 0 [ Versatile port
a PFR? - P70 - 1 | Address output A24(Initial status)
0 0 | Versatile port
0 1 | Address output A25(Initial status)
PFR27(P271)) PFR7(P71 P271| P71
( ) (P71) 1 0 | Setting disabled
1 1 [IOWX
0 0 [ Versatile port
0 1 | Address output A26 (Initial status)
PFR27(P272) PFR7(P72 p272 | P72
( ) (P72) 1 0 | Setting disabled
1 1 |IORX
- 0 | Versatile port
- PFR7 - P7
3 - 1 | Address output A27 (Initial status)
0 0 [ Versatile port
1 |A tput A2
PFR27(P274) PFR7(PT4) | P274| P74 |2 ddress output A28
1 0 | 1-output (Initial status)
1 1 [ CS4 output (see also section 4.2)
0 0 | Versatile port
0 1 | Address output A29
PFR27(P275) PFR7(P75) | P275| P75 . 0 [1-output (Initial status)
1 1 | CS5 output (see also section 4.2)
0 0 [ Versatile port
0 1 | Address output A30
PFR27(P27 PFR7(P7 P27 P7
( ®) (P76) 6 6 1 0 | 1-output (Initial status)
1 1 [ CS6 output (see also section 4.2)
0 0 [ Versatile port
1 |A tput A31
PFR27(P277) PFR7(PT7) | P277| P77 |2 ddress output A3
1 0 | 1-output (Initial status)
1 1 | CS7 output
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Table 7.2b Port Function Registers PFRS8 ... PFRT

Bit

Register Name Bit Function
Name
PFR8
(Becomes a dedicated BGRNTX pin if the P82
PFR8 (BGRNTX) - - bit is set to the BRO pin can be used as versa-
tile port otherwise.)
0 Versatile port (Initial status)
PFRS8 (BRQ) P82
1 BRQ
PFR8 (RDX) P83 1 Must be set to 1
PFR8 (WRO0X) P84 1 Must be set to 1
PFR8 (WR1X) P85 1 Must be set to 1
0 Versatile port
PFR8 (WR2X) P86
1 WR2X output (Initial status)
0 Versatile port
PFR8 (WR3X) P87
1 WR3X output (Initial status)
PFR9
0 Versatile port
PFR9 (AS) P90
1 AS (Initial status)
0 Versatile port (Initial value)
PFRO9 (ALE) P91
1 ALE is not implemented (output 0)
0 Versatile port, see section 8.5 !
PFR9 (CLK) P92
1 CLK Output (Initial value)
PFR9 p3 0 AH is not implemented (Initial status: 0)
(AH/BOOT) 1 Versatile port
0 Versatile port
PFR9 (CS0X) P94 1 Should be set to 1 when an external bus is used.
(Initial value: 1)
0 Versatile port
PFR9 (CS1X) P95
1 CS1 output (Initial status)
0 Versatile port
PFR9 (CS2X) P96
1 CS2 output (Initial status)
0 Versatile port
PFR9 (CS3X) P97

CS3 output (Initial status)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRB
PFRB (PBO0), PBO, 0 Should be set to 0 during normal operation.
PFRB (PB3) PB3 (Initial value: 0)
PFRB (PB1), PB1, 0 Versatile port (Initial status)
PFRB (PB4), PB4,
PFRB (PB6) PB6 1 DACKO, 1, 2
0,0 Versatile port input (Initial status)
; 0,1 Versatile port output
(PB2) 1,0 | DMAC: DSTP input
1,1 DMAC: DEOP output
0,0 Versatile port input (Initial status)
; 0,1 Versatile port output
(PBS) 1,0 | DMAC: DSTP input
1,1 DMAC: DEOP output
0,0 Versatile port input (Initial status)
; 0,1 Versatile port output
(PB7) 1,0 | DMAC: DSTP input
1,1 DMAC: DEOP output
PFRG ... PFRK
. 0 I/O port (Initial value)
PFRG Egg
1 AN15 - AN8 (ADC inputs)
_ 0 I/O Port (Initial value)
PFRH i
1 AN7 - ANO (ADC inputs)
0 I/O Port (Initial value)
PI3
PERI 1 ATGX (ADC trigger input)
PI7 The value of SELCLK can be read at P17
(PDR7[7])
: 0 I/O Port (Initial value)
PFRJ gjg
1 LED7-LEDO (LED port outputs)
: 0 I/O Port (Initial value)
PFRK EE;
1 INT7 - INTO (ext. interrupts inputs)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRL
PLO- 0 I/O Port (Initial value)
PL3 1 | INO-IN3 (ICU inputs)
PFRL
PL4- 0 I/O Port (Initial value)
PL7 1 | OUT0-OUT3 (OCU outputs)
PFRM
0 I/O Port (Initial value)
PMO
1 SGO (Sound Gen. output)
0 I/O Port (Initial value)
PMA1
1 SGA (Sound Gen. output)
PFRM
0 I/O Port (Initial value)
PM2
1 SDA (I2C data)
0 I/O Port (Initial value)
PM3
1 SCL (I°C clock)
PFRN
0 I/O Port (Initial value)
PNO
1 SOT4 (SIO output)
0 I/O Port (Initial value)
PN1
1 SIN4 (SIO input)
0 I/O Port (Initial value)
PN2
1 SCK4 (SIO clock)
PFRN
0 I/0O Port (Initial value)
PN3
1 SIN3 (SIO input)
0 I/O Port (Initial value)
PN4
1 SOT3 (SIO output)
0 I/O Port (Initial value)
PN5
1 SCK3 (SIO clock)
PFRO
POO- 0 I/O Port (Initial value)
PFRO PO7
1 OCPAO - OCPATY (PPG outputs)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRP
0 I/O Port (Initial value)
PPO
1 TX0 (CAN 0)
0 I/O Port (Initial value)
PP1
1 RXO0 (CAN 0)
0 I/O Port (Initial value)
PP2
1 TX1 (CAN 1)
0 I/O Port (Initial value)
PP3
1 RX1 (CAN 1)
PFRP
0 I/O Port (Initial value)
PP4
1 TX2 (CAN 2)
0 I/O Port (Initial value)
PP5
1 RX2 (CAN 2)
0 I/O Port (Initial value)
PP6
1 TX3 (CAN 3)
0 I/O Port (Initial value)
PP7
1 RX3 (CAN 3)
PFRQ
0 I/O Port (Initial value)
PQO
1 SINO (UART 0) (value after boot ROM )
0 I/O Port (Initial value)
PQ1
1 SOTO (UART 0) (value after boot ROM 1)
0 I/O Port (Initial value)
PQ2
1 SIN1 (UART 1)
PFRQ
0 I/O Port (Initial value)
PQ3
1 SOT1 (UART 1)
0 I/O Port (Initial value)
PQ4
1 SIN2 (UART 2)
0 I/O Port (Initial value)
PQ5
1 SOT2 (UART 2)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRR
0 I/O Port (Initial value)
PRO
1 PWM1PO (Stepper Motor Control)
0 I/O Port (Initial value)
PR1
1 PWM1MO (Stepper Motor Control)
0 I/0O Port (Initial value)
PR2
1 PWM2PO (Stepper Motor Control)
0 I/O Port (Initial value)
PR3
1 PWM2MO (Stepper Motor Control)
PFRR
0 I/O Port (Initial value)
PR4
1 PWM1P1 (Stepper Motor Control)
0 I/0O Port (Initial value)
PR5
1 PWM1M1 (Stepper Motor Control)
0 I/O Port (Initial value)
PR6
1 PWM2P1 (Stepper Motor Control)
0 I/O Port (Initial value)
PR7

PWM2M1 (Stepper Motor Control)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRS
0 I/O Port (Initial value)
PSO
1 PWM1P2 (Stepper Motor Control)
0 I/O Port (Initial value)
PS1
1 PWM1M2 (Stepper Motor Control)
0 I/O Port (Initial value)
PS2
1 PWM2P2 (Stepper Motor Control)
0 I/O Port (Initial value)
PS3
1 PWM2M2 (Stepper Motor Control)
PFRS
0 I/O Port (Initial value)
PS4
1 PWM1P3 (Stepper Motor Control)
0 I/O Port (Initial value)
PS5
1 PWM1M3 (Stepper Motor Control)
0 I/O Port (Initial value)
PS6
1 PWM2P3 (Stepper Motor Control)
0 I/O Port (Initial value)
PS7

PWM2M3 (Stepper Motor Control)
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Table 7.2b Port Function Registers PFRS8 ... PFRT (Continued)

Register Name Bit Bit Function
Name
PFRT (MB91F364G only)

I/O Port (Initial value)
PTO

SIN5 (LIN-UART 5)

I/O Port (Initial value)
PT1

SCKS5 (LIN-UART 5)

I/O Port (Initial value)
PT2

SOT5 (LIN-UART 5)

PFRT

I/O Port (Initial value)
PT3

SOT6 (LIN-UART 6)

I/O Port (Initial value)
PT4

SCKB6 (LIN-UART 6)

I/O Port (Initial value)
PT5

SING (LIN-UART 6)

Note: 1) Only if a valid boot condition is detected during the execution of the boot code, this
value will be set.

227



CHAPTER 7: 110 PORTS MB91360 HARDWARE MANUAL

228



MB91360 HARDWARE MANUAL CHAPTER 8: EXTERNAL BUS INTERFACE

CHAPTER 8 EXTERNAL BUS INTERFACE

This Chapter describes in detail basic information about the external bus interface, the
register structure and functions, bus operation basics and bus timing.
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8.1 BUS INTERFACE

The external bus interface controls the interfaces with the external memory and external 1/Os.

8.1.1 Features

Up to 32-bit (4 GB) address output.

Up to eight independent banks provided by chip-select function. "

The banks can be set in 64-KB (minimum) at any position in the logic address space.
Can be set to no area.

32/16/8 bit bus width setup can be performed for each chip-select area.
Programmable automatic memory wait (up to 7 cycles) insertion.

Unused address/data pins can be used as 1/O ports.?

Can handle DMAC fly-by

Note: " Chip Select Areas CS7 and CS1 are used for the internal CAN modules and Flash
module (F361G only) respectively. The necessary register settings are done by an
internal boot routine. Take care not to overwrite register bits related to those CS area.

Note: 2 If the CAN macros which are connected internally to the external bus (also called User
Logic Bus) are used, a certain number of data , address and control ports of the external
bus interface cannot be configured as general purpose 10 ports.

For details see sections 7.2 "PORT FUNCTION REGISTER SETTINGS" on page 220
and 8.5 "USING THE BUS INTERFACE AS GENERAL I/0O PORTS" on page 271.
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8.1.2 Block Diagram

ADDRESS BUSDATA BUS

CHAPTER 8: EXTERNAL BUS INTERFACE

32 32
// d
EXTERNAL
DATA BUS
write bus switch
read buffer switch DATA BLOCK

I
Eﬂ alignment

ADDRESS BLOCK

EXTERNAL

address buffer

ASR

ADDRESS BUS

AMR

comparator

| External pin control section |

CSOX-CS7X

| All block control

registers & control

RDX
WROX, WR1X
WR2X, WR3X

BRQ

BGRNTX
RDY
CLK
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8.1.3 Overview
B Area

A total of eight types of chip-select areas are provided for the bus interface.

Individual areas can be positioned in 64-KB (minimum) within a 4-GB space using area select
registers ASRO to ASR7 and area mask registers AMRO to AMR7. External bus access to areas
designated by the ASRO0 to ASRY7 registers causes the corresponding chip-select signals CS0X
to CS7X to be active 'L".

Example 1 shows how area 0 is arranged at addresses 00000000H to 000FFFFFH, and areas 1
to 5 are arranged at addresses 00100000H to 0014FFFFH in 64-KB increments. Example 2
shows how area 0 is arranged at addresses 00080000H to OOOFFFFFH, and area 1 is arranged
at addresses 00000000H and 0007FFFFH in 512-KB increments and areas 2 to 5 are arranged
in 1-MB increments at addresses 00100000H to 004FFFFFH.

[Example 1] [Example 2]
00000000H N 00000000
0007FFFEH CS1 (512 Kbvte)
00080000H > CSO (1 Mbyte) 000FFFFFH CS0 (512 Kbvte)
CS2 (1 Mbyte)
000FFFFFH / 001FFFFFH
CS1 (64 Kbyte)
0010FFFFH - > CS3 (1 Mbyte)
CS2 (64 Kbvte)
0011FFFFH - 002FFFFFH 4
CS3 (64 Kbyte)
0012FFFFH - > CS4 (1 Mbyte)
CS4 (64 Kbyte)
0013FFFFH 003FFFFFH 4
CSb (64 Kbyte)
0014FFFFH > CS5 (1 Mbyte)
004FFFFFH <
>

B Bus Size Designation

The bus width can be specified for all areas by performing register setup.
For area 0, after clearing the setting initialization reset (INIT) and operation initialization reset
(RST), the bus size is specified by the setting written to the mode vector (MODR) using mode
vector fetch.
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8.1.4 Register List
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Address 31to 24 23 to 16 15to 8 7to0
0000 0640H ASRO(Area Select Reg. 0) AMRO(Area Mode Reg. 0)
0000 0644H ASR1(Area Select Reg. 1) AMR1(Area Mode Reg. 1)
0000 0648H ASR2(Area Select Reg. 2) AMR2(Area Mode Reg. 2)
0000 064CH ASR3(Area Select Reg. 3) AMR3(Area Mode Reg. 3)
0000 0650H ASR4(Area Select Reg. 4) AMRA4(Area Mode Reg. 4)
0000 0654H ASRS5(Area Select Reg. 5) AMRS(Area Mode Reg. 5)
0000 0658H ASRG6(Area Select Reg. 6) AMRG6(Area Mode Reg. 6)
0000 065CH ASR7(Area Select Reg. 7) AMRY7(Area Mode Reg. 7)
0000 0660H AMDO AMD1 AMD2 AMD3
0000 0664H AMDA4 AMDS5 AMDG6 AMD7
0000 0668H CSE - - -
0000 0670H CHE - - -
0000 O7FCH MODR

ASR (Area Select Register)

AMR (Area Mask Register)

AMD (Area Mode Register)

CSE (Chip Select Enable Register)
CHE (CacHe Enable Register)
MODR(MODe Register )
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8.1.5 Description of Registers
B Area Select Registers (ASRO to ASR7)

Initial value
ASRO 15 14 3 12 .- 2 1 0 INIT RST Access
0000 0640 H| A31 | A30 | A29 |--- ---| A18 | Al7 | Al6 | 0000 H 0000 H W
Initial value Access
ASR1 15 14 3 12 ... 2 1 0 INIT RST
0000 0644 H| A31 | A30 | A29 - -+ .- | A18 | Al7 | Al6 | 0000 H xxxx H w
Initial value Access
ASR2 15 14 3 12 ... 2 1 0 INIT RST
0000 0648 H| A31 | A30 | A29 [--- ---| A18 | Al7 | Al6 |0000 H xxxx H W
Initial value Access
ASR3 15 14 3 12 ... 2 1 0 INIT RST
0000 064C H| A31 | A30 | A29 |- - - . Al18 | Al17 | A16 [ 0000 H xxxx H W
____________ Initial value Access
ASR4 15 14 13 12 ... 2 1 0 INIT RST
0000 0650 H| A31 | A30 | A29 |- - - --| A18 | Al7 | A16 |0000 H xxxx H W
Initial value Access
ASR5 15 14 3 12 ... 2 1 0 INIT RST
0000 0654 H| A31 | A30 | A29 | --- ---| A18| Al17 | Al16 |0000 H xxxx H w
Initial value Access
ASR6 15 14 3 12 .- 2 1 0 INIT RST
0000 0658 H| A31 | A30 | A29 | --- - --| A18 | Al7 | A16 | 0000 H xxxx H w
Initial value Access
ASR7 15 14 3 12 .- 2 1 0 INIT RST
0000 065CH| A31 | A30 | A29 | - - - ---| A18 | Al7 | Al6 |0000 H xxxx H W

Note: After execution of the code in the internal boot ROM ASRO is set to "0x20" and
ASR7 to "0x10".
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B Area Mask Registers (AMRO to AVR7)

Initial value Access
AMRO 15 14 3 12 - 2 1 0 INIT RST
0000 0642 H| A31 | A30 | A29 | - -- ---| A18 | Al7 | Al6 |FFFF H FFFF H W
Initial value Access
AMR1 15 14 3 12 - 2 1 0 INIT RST
0000 0646 H A31 | A30 | A29 | --- ---| A18 | Al7 | Al6 | 0000 H xxxx H W
Initial value Access
AMR2 15 14 R 2 1 0 INIT RST
0000 064A H| A31 | A30 | A29 R Al18 | Al7 | A16 [0000 H xxxx H W
Initial value Access
AMR3 15 14 3 12 .- 2 1 0 INIT RST
0000 064E H| A31 | A30 | A29 | --- ---| A18 | Al7 | A16 | 0000 H xxxx H w
Initial value Access
AMR4 15 14 3 12 - 2 1 0 INIT RST
0000 0652 H| A31 | A30 | A29 | - - - - --] A18 | Al7 | Al16 | 0000 H xxxx H w
Initial value Access
AMR5 15 14 3 12 - 2 1 0 INIT RST
0000 0656 H| A31 | A30 | A29 | - -+ ---] A18 | Al7 | Al16 | 0000 H xxxx H W
Initial value Access
AMRG6 15 14 3 12 - 2 1 0 INIT RST
0000 O65AH| A31 | A30 | A29 | --- - --| A18 | Al7 | Al6 | 0000 H xxxx H W
Initial value Access
AMR7 15 14 3 12 - 2 1 0 INIT RST
0000 0O65E H| A31 | A30 | A29 | -+ | A18 | Al7 | Al16 | 0000 H xxxx H W

Note: After execution of the code in the internal boot ROM AMRO is set to "0xO0F" and
AMRY to "0x00"

Area select registers ASRO to ASR7 and area mask registers AMRO to AMR7 specify the address
space range for chip-select areas 0 to 7.

The ASRO to ASRY registers specify the 16 high-order address bits A31 to A16.

The AMRO to AVRY registers mask the associated address bits. Regarding the AMRO to AVRY
bits, the value 0 means car e and the value 1 means don't care. care indicates address
space 0 when the ASR setting is 0, or address space 1 when the ASR settingis 1. don't care
indicates address spaces 0 and 1 irrespective of the ASR setting.

ASRO, AMRO: Initialization is performed at reset, setting all the areas in the address space to the
specification of area 0.

ASR1 to 7, AMRL to 7: Initialization is performed at INIT. At reset, the previous value is retained.

An ASR/ AMR combination example of individual chip select area designations is shown below.
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Example 1:

Example 2:

236

ASR1
AMRL

00000000 00000011 B
00000000 00000000 B

When the above setup is used, the AVR1 bit related to the bit setting 1 for the ASR1 is O.
Therefore, the area-1 address space is 64 KB as shown below.

00000000 00000011 00000000 00000000 B (00030000 H)
to
00000000 00000011 1121121121 11121111 B (OOO3FFFF H)

ASR2
AVR2

00001111 11111111 B
00000000 00000011 B

When the above setup is used, the ASR2 setting related to the bit setting 0 for the AMR2 is car e
(1 for 1 or O for 0), whereas the ASR2 bit related to the bit setting 1 for the AMR2 isdon' t care
(0 or 1). Therefore, the area-2 address space is 256 KB as shown below.

00001111 11111100 00000000 00000000 B (0ODDCO0O00 H)
to
00001111 12112211 2211122111 121112111 B (OFFFFFFF H)

The address spaces for areas 1 to 5 can be arranged as desired in minimum 64-KB unit within a
4-GB space using the ASR1 to ASR5 registers, and AMR1 to AMR5 registers. When bus access is
gained to an area designated by such registers, the associated chip select pin (CS0 to CS7)
delivers a Low output.

At reset, area O is allocated to all areas.

If a continuous area is required there is also a certain maximum for a chip select area. The table
below shows some examples for this:

Table 8.1.5 CS Area Examples

ASR AMR CS Area

0020H | 001FH | 1 MB: 0020:0000H to 002F:FFFFH

0200H | O1FFH | 16 MB: 0200:0000H to 02FF:FFFFH

2000H | 1FFFH | 256 MB: 2000:0000H to 2FFF:FFFFH

Note: Chip-select areas must be set so that they do not overlap.

When chip select areas overlap, the chip select area with the smaller number has priority.
Both chip select signals will be active but the settings for bus width, auto wait cycles, RDY
enable of the area with the smaller number will be used.
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(Initial value) (Example 1, 2)

00000000 H 00000000 H
Area 0

00030000 H

Area 1 64KB
00040000 H

OFFCO0000 H

Area 2 256KB

10000000 H

FFFFFFFF H FFFFFFFF H

Bl Area Mode Registers (AMDO to AMD7)

The AMDO to AMD7 registers specify the memory access operation mode for individual chip-
select areas.

Initial value
AMDO 7 6 5 4 3 2 1 0 INIT RST Access

0000 0660 H - - RDYE[| Bwi| Bwo | wtc2| wrci| wrcol - 0000111 B - 00xx111 B R/W

After execution of the code in the internal boot ROM this register is set to "0x11".

The AMDO specifies the operating mode for chip-select area 0. When a reset is performed, area
0 is selected for all areas.

[bit6] = (reserved )

Reserved bit

At ordinary operation, always set this bit to 0.
[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 0 as shown below.

RDYE
0 Invalidates RDY input (initial value)
1 Validates RDY input
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[bit4,3] = BW1,0 (Bus Width bit)
The BWL. and BW) bits specify the bus width for area 0.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

After resetting INIT, the mode-fetched value (WTH bit of mode register) is reflected to BW bit
immediately after mode-fetching.

[bit2 to 0] = WTC2 to 0 (Wait Cycle bit)

These bits specify the automatic wait insertion count for the normal bus interface.

WTC2 WTC1 WTCO Insertion Wait Cycle Count
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 (Initial value)

When reset, the WI'C2 to WI'CO bits of the AMDO are set to 111. For bus access immediately
after the reset state is cleared, 7-cycle wait insertion is performed automatically.

Initial value
AMD1 7 6 5 4 3 2 1 0 INIT RST Access

0000 0661 H - - | rove| Bwi| Bwo | wrcz| wrei| wrco| - 0000000 B - XXXXXxX B R/W

The AMD1 specifies the operating mode for chip-select area 1 (area designated by ASR1 and
AMRL).

[bit6] = (reserved)
Reserved bit

At ordinary operation, always set this bit to 0.
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[bitS] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 1 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input

[bit4,3] = BW1,0 (Bus Width bit)

These bits specify the area-1 bus width.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to 0] = WTC2 to 0 (Wait Cycle bit)

These bits specify the automatic insertion wait cycle count for normal bus interface and time
division 1/O interface operations. These bits operate in the same manner as the WIC2 to
WI'CO bits of the AMDO. However, at reset, they are initialized to 000, so the insertion wait
cycle count is 0.

Note: This product type does not support the time division I/O interface.

Initial value
AMD?2 7 6 5 4 3 2 1 0 INIT RST Access

0000 0662 H - - RDYE| Bw1| Bwo | wTc2| wtci| wreco| --000000 B --XXXXXX B R/W

AMD?2 specifies the operation mode for chip select area 2.

[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 2 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input
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[bit4,3] = BW1,0 (Bus Width bit)
BW1, 0 specify the bus width for area 2.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to 0] = WTC2 to O(Wait Cycle bit)

WTC2 to WTCO specify the auto-insert wait cycle count for the normal bus interface

operation.
WTC2 WTC1 WTCO Auto-insert wait cycle count

0 0 0 0
0 0 1

0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

WTC2 to WTCO have a similar function to those for the other AMD registers and are
initialized to 000 at setting initialization reset (INIT), and the insert wait cycle count is O.

Initial value
AMD3 7 6 5 4 3 2 1 0 INIT RST Access

0000 0663 H - - | rove| Bwi| Bwo | wrc2| wrel| wrco[ --000000 B --XXXXXX B R/W

AMD3 specifies the operation mode for chip select area 3.
[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 3 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input
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[bit 4, 3] = BW1, 0 (Bus Width bit)

BW1, 0 specify the bus width for area 3.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to bit0] = WTC2 to WTCO (Wait Cycle bit)

WTC2 to WTCO specify the auto-insert wait cycle count for the normal bus interface

operation.
WTC2 WTC1 WTCO Auto-insert wait cycle count
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

WTC2 to WTCO have a similar function to those for the other AMD registers and are
initialized to 000 at setting initialization reset (INIT), and the insert wait cycle count is 0.

Initial value
AMDA4 7 6 5 4 3 2 1 0 INIT RST Access

0000 0664 H - - RDYE| BwW1| Bwo | wTc2| wtci| wrco| --000000 B --XXXXXX B R/W

AMD4 specifies the operation mode for chip select area 4.
[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 4 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input
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[bit4,3] = BW1,0 (Bus Width bit)
BW1, 0 specify the bus width for area 4.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to bit0] = WTC2 to WTCO (Wait Cycle bit)
WTC2 to WTCO specify the auto-insert wait cycle count for the ordinary bus interface

operation.
WTC2 WTC1 WTCO Auto-insert wait cycle count

0 0 0 0
0 0 1

0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

WTC2 to WTCO have the function similar to those of the other AMD registers and are
initialized to "000" at setting initialization reset (INIT), and the insert wait cycle count is '0".

Initial value
AMD5 7 6 5 4 3 2 1 0 INIT RST Access

0000 0665 H - - | rRDYE| Bw1| Bwo | wTc2| wtci| wtco| --000000 B --XXXXXX B R/W

AMDS5 specifies the operation mode for chip select area 5.
[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 5 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input
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[bit4,3] = BW1,0 (Bus Width bit)
BW1, 0 specify the bus width for area 5.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to bit0] = WTC2 to WTCO (Wait Cycle bit)

WTC2 to WTCO specify the auto-insert wait cycle count for the normal bus interface

operation.
WTC2 WTC1 WTCO Auto-insert wait cycle count

0 0 0 0
0 0 1

0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

WTC2 to WTCO have a similar function to those for the other AMD registers and are
initialized to 000 at setting initialization reset (INIT), and the insert wait cycle count is 0.

Initial value
AMDG6 7 6 5 4 3 2 1 0 INIT RST Access

0000 0666 H - - | roYE| BwW1| BwWO | wrc2| wrci| wrco| --000000 B --XXXXXX B R/W

AMDG6 specifies the operation mode for chip select area 6 (the area specified by ASR6 and
AMR®).

[bit6] = ( reserved)
Reserved bit. At ordinary operation, always set this bit to 0.

[bit5] = RDYE (ReaDY input Enable bit)

RDYE controls RDY input for area 6 as shown below.

RDYE
0 Invalidates RDY input
1 Validates RDY input
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[bit4,3] = BW1,0 (Bus Width bit)
BW1, 0 specify the bus width for area 6.

BW1 BWO Bus width
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 reserved

[bit2 to bit0] = WTC2 to WTCO (Wait Cycle bit)

WTC2 to WTCO specify the auto-insert wait cycle count for the memory access to area
6.WTC2 to WTCO have a similar function to those for the other AMD registers and are
initialized to 000 at reset, and the insert wait cycle count is 0.

Initial value
AMD7 7 6 5 4 3 2 1 0 INIT RST Access

0000 0667 H - - | roYEl BwW1| BwoO | wrc2| wtci| wrco| --000000 B --XXXXXX B R/W

After execution of the code in the internal boot ROM this register is set to "0x29" (only on
F361G).

AMDY7 specifies the bus mode for chip select area 7 (the area specified by ASR7 and AMRY7).

Each bit here has the same meaning as for AMDG6.
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Bl CHE (CacHe Enable register )

15 14 13 12 11 10 9 8 Initial value Access

0000 0670 H |[cHE7|cHE6|CcHES|CHE4|CHE3|CHE2|CHEL|CcHEO| 11111111 B R/W

[bit15 to bit8]
These bits specify the cache/non-cache area in each CS area (CSO0 to CS7).

0: Non-cache area

1: Cache area

CHE bit Associated CS
CHEO Cso
CHE"1 CS1
CHE2 Cs2
CHE3 CS3
CHE4 Cs4
CHE5 Cs5
CHE®6 CS6
CHE7 Cs7

CHEO is associated with the CS0 area, and CHE1 is associated with the CS1 area.

When a non-cache area specification and a cache area specification are overlapped, the

non-cache area specification has priority over the cache area specification.

B CSE (Chip Select Enable register)

15 14 13 12 11 10 9 8 Initial value Access

0000 0668 H |[cse7|csee|csEs|csEa|cseE3|csE2|{csEL|csEo| 00000001 B R/W

After execution of the code in the internal boot ROM this register is set to "0x81".
[bit15 to bit8]

These bits are the enable bits for the CS0 to CS7 chip select areas.

The initial value is 00000001 B; only CSEO is enabled.

Writing 1 to CSEOQ to CSE7 validates the setting of ASR0 to ASR7 and AMRO to AMRY.

CSEOQ to CSE7 Setting of ASR0 to ASR7, AMRO to AMR7
0 disable
1 enable
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CSE bit Associated CS
CSEO Cso
CSE1 CS1
CSE2 CSs2
CSE3 CS3
CSE4 Cs4
CSE5 CSs5
CSE6 CS6
CSE7 Cs7

CSEQOQ is associated with the CSO0 area, and CSE1 is associated with the CS1 area.

B MODR (MODe Register)

246

See Section 2.10.2 "Mode Setting" on page 126.



MB91360 HARDWARE MANUAL CHAPTER 8: EXTERNAL BUS INTERFACE

8.2 BUS OPERATION

8.2.1 Relationship between Data Bus Width and Control Signal

The WRX to WR3X, control signals always have a one-to-one correspondence with the data bus
byte positions irrespective of big/little endian mode or data bus width.

The following summarizes the relationships between the control signals and the MB91360 data
bus byte positions used for preselected data bus widths in various bus modes.

B Normal bus interface

a)32bit bus width b)16bit bus width b)8bit bus width
Data bus Control signal Data bus Control signal Data bus Control signal
D31 D31 D31
WROX . WROX . WROX
D24
WR1X © WRIX - Do-
D16
WR2X - Do - Do
: WR3X - Do- - To-
DO (D15 to DO: not used) (D23 to DO: not used)

8.2.2 Big-endian Bus Access
FRS50 series devices perform external access using big endian.

B Dataformat

The relationship between the internal register and external data bus is as follows.

Word access Halfword access
(when LD/ ST instruction executed) (when LDUH STH instruction executed)

a) Output address low order 00 b) Output address low order 10
Internal External Internal External Internal External
register bus register bus register bus
D31 — —— D31 D31 — D31 D31 — —— D31
AAL- -AA Faa
D23 |— — D23 D23 — e bos D23 —] —{ D23
BB e ‘BB 7 les
D15 |— L1 p1s pis— - |— b1s D15 |— L1 bis
[olc; TR Nelo AA AA L AA
D07 |— —— D07 DO7 }—— .- — po7 D07 |—— —— DO7
DD} ‘DD i BB |- - BB
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Byte access (when LDUB/ STB instruction executed)

a) Output address b) Output address c) Output address d) Output address
low order 00 low order 01 low order 10 low order 11

Internal External Internal External Internal External Internal External

register bus register bus register bus register bus

D31 —— D31 D31— — D31 D31 — —— D31 D31 (— — D31

| AA
D23 ‘' D23 D23— — D23 D23 — D23 D23 — — D23
|AA
Di5— . |— D15 pig— . }—{ D15 D15— —1{ D15 D15 |— 1 D15
g A

po7— - | po7 po— .©  f— po7 po7}— .- |— Dpo7 DO7 |— L_{ po7

A AAY AA} AAJ- - AA

B Data bus width

32-bit bus width16-bit bus width

Internal register External bus Internal register External bus
D3]l AA AA | P31 Output address low ——
D23 D23 0 or
BB ; BB
Aread/wnte > D31| Aa read/write AA | cc P31
D23| BB BB | bo P23
D07 pp op |Dpo7
D15| cc
po7| pp

8-bit bus width

Internal register External bus

Output address low
"00' "01 "100 "1

read/write D31

D31| gp | <— [Aa_BB_CC_DD|

D23| gg
D15| cc

DO7| pD
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B External bus access

To summarize the external bus access, this section describes the access byte position, program
address and output address, and bus access count under the 32-bit/16-bit/8-bit bus width and
word/halfword/byte access categories.

PA1/PAO Program-designated rwo low-order address bits
Output A1/A0  Two low order address bits to be output

D Starting byte position of address to be output
D + D Data byte position to access

(1) to (4) Bus access count

Therefore, at word access, the output address two low-order bits are all 00 even when the
program-designated address two low-order bits are 00, 01, 10, or 11. On the other hand, at
halfword access, the output address two low-order bits are 00 when the program-designated
address two low-order bits are 00 or 01, or 10 when the program-designated address two low-
order bits are 10 or 11.

@® 32-bit bus width
(A) word access

(a)PAL/PAO="00" (b)PA1/PAO='01" (C)PAL/PAO="10' (d)PAL/PAO="11'
—> (1)Output A1/A0='00' —>(1) Output AL/A0O='00'  —> (1) Output AL/AO='00'  —> (1) Output A1/A0="00'

MSB LsSB

® ® ® ®
= |00 | 01(10] 11 = |00 01|10/ 11 => |00 |01]10]f11 =>|00|o01]|10]11

32bit

(B) half word access

(a)PA1/PAO="00 (b)PA1/PAO="01" (c)PAL/PAO="10 (d)PAL/PAO="11"
—> (1) Output A1/A0="00' —> (1) Output A1/A0='00" —> (1) Output A1/A0="10' —> (1) Output A1/A0="10'

® ® ® ©)
=>|o0| 01| 10 121] =>]oo| 01| 10| 11] =>|oo|o1|10|12f =>|oo|o1f10]11

(C) byte access

(a)PA1/PAO="00' (b)PA1/PAO="01" (C)PAL/PAO="10' (d)PAL/PAO="11"
—> (1) Output A1/A0O='00' —> (1) Output AL/AO="01' —> (1) Output AL/A0="'10'  —> (1) Output AL/A0="11'

® ® ® ®
= |o0| 01| 10| 11 =>|o00|01]|10] 11 =>]lo0|01]|10] 11 =>|00|01]|10 | 11
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@® 16bit bus width
(A) word access

(a)PA1/PAO="00' (b)PA1/PAC="0T"'
—> (1) Output AL/A0="00"  —>(1) Output A1/A0="00'
(2) Output A1/A0="10'

MSB LSB
O => o0 | 01 O =>]o0 | 01
@c=>]10]( 11 @ c=>]10| 11

16bit

(B) half word access

(b)PA1/PAO="01"
(1) Output A1/A0="00"

(a)PA1/PAO="00
(1) Output A1/A0="00"

O e=> oo | o1 O => |00 | 01

10| 11 10| 11

(C) byte access

(a)PA1/PAO="00
—> (1) Output A1/A0="00'

(b)PA1/PAO="01'
—> (1) Output A1/A0="01'

O =>]o00| 01 (O => |00 | 01

10| 11 10| 11
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(c)PAL/PAO="10
—> (1) Output A1/A0="00'
(2) Output A1/A0="10'

O=>]o00| 01
@c=>|10] 12

(C)PA1/PAO="10'
(1) Output A1/A0="10"

00 | 01

(c)PA1/PAO="10'
—> (1) Output A1/A0="10'

00| 01

(d)PAL/PAO="11"
—> (1) Output A1/A0="00'
(2) Output A1/A0="10'

®O=>]o00 | 01

@c>110] 11

(d)PAL/PAO="11"
(1) Output A1/A0="10'

00 | 01

OHe>|10]11

(d)PA1/PAO="11"
—> (1) Output AL/A0="10"

00| 01
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@® 8bit bus width

(A) word access

(2)PA1/PAO="00'

—> (1) Output A1/A0='00'
(2) Output A1/A0="01"
(3) Output A1/A0="10'
(4) Output A1/A0="11'

MSB LSB

O=>1 00
@=>| o1
®=>1 10
@G> 1

8bit

(b)PA1/PAO="01"

—> (1) Output A1/A0="00"
(2) Output A1/A0="01"
(3) Output A1/A0="10'
(4) Output A1/A0="11'

O=>| o0
@=>1 o1
®=>| 10
@@= 11

(B) half word access

(2)PAL/PAO="00'
—> (1) Output A1/A0="00'
(2) Output A1/A0="01"

O =>| 00
@=>| o1
10
11

(b)PAL/PAO="01'

—> (1) Output A1/A0="00'

(2) Output A1/A0='01'

OH=> | 00
@=| m1
10
11

(C) byte access

(2)PA1/PAO="00"
—> (1) Output A1/A0="'00"

O =>| 00

01

10

11

(b)PA1/PAO="01"

—s (1) Output A1/A0="01'

00

10

11
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(c)PAL/PAO="10'
—> (1) Output A1/A0='00'
(2) Output A1/A0="01"'
(3) Output A1/A0="10'
(4) Output A1/A0="11"

O=>| o0
@=>| o1
®=>| 10
@c=> | 11

(C)PAL/PAO="10"
—> (1) Output AL/A0="10'
(2) Output AL/A0="11"

00
01
®=>| 10
@=> | 11

(C)PA1/PAO="10"
—> (1) Output A1/A0="10'

00

01

11

(d)PA1/PAO="11"
—> (1) Output A1/A0="00'
(2) Output A1/A0="01"'

(3) Output A1/A0="10"

(4) Output A1/A0='11"

O=>
@=>
=
@=>

00

01

10

11

(d)PA1/PAO="11"
—> (1) Output AL/A0="10'
(2) Output AL/A0="11"

Q=
2 =>

(d)PA1/PAO="11"

00

01

10

11

—> (1) Output A1/A0="11'

=

00

01

10

11
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B Typical connection to external device
Figure 8.2.2 Typical connection to external device

MB91360
W W w W ) , . .
D31 R D23 R D15 R DO7 R * For a 16-bit/8-bit device, use the MSB side
| o 1 | 2 3 data bus of the MB91360 device.
D24 X D16 X D08 X D00 X
00 01 10 11 0 1 0
D31 D24D23 D16D15 DO08D07 D00 D15 D08D07 D00 D07 D00
32-bit device * 16-bit device * 8-bit device
('0'to 'l Address 1 low-order 1 bit

('00'to '11": Address low-order 2 bit
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8.2.3 External Bus Access

The following diagram explains in some more detail the bus access for different bus widths and
word widths.

B Word access

big endian mode
Internal register External pin Control pin
Address low-order 2 bits: '0'
D31 D31
AA AA WROX
32-bit
Bus BB BB WR1X
width
cc cc WR2X
DD DD WR3X
D00 D00
©)
Internal register External pin Control pin
Address: '0' 2
D31 D31
AA AA | CC WROX
16-bit
Bus BB BB | DD WR1X
. D
width /
cc
DD
D00
© o
Internal register External pin Control pin
Address: o2 3
D31 D31
8-bit AA AA | BB | CC | DD | WROX
Bus ae
width
cc
DD
D00
® ® 6 o
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Bl Half word access

254

big endian mode

Internal register External pin Control pin
Address: '0'
D31 D31
AA WROX
BB WR1X
AA
BB
D00 D00
32-bit ©
Bus
width
Internal register External pin Control pin
Address: ‘0
D31 D31
cc cc WR2X  (
DD DD WR3X  (
D00 D00
©)
Internal register External pin Control pin
Address: '0'
D31 D31
AA WROX
BB WR1X
D!
AA
BB
D00
: ®
16-bit
Bus
width
Internal register External pin Control pin
Address: '2'
D31 D31,
cc WROX
DD WR1X
D6
cc
DD
D00
®

MB91360 HARDWARE MANUAL




MB91360 HARDWARE MANUAL

CHAPTER 8: EXTERNAL BUS INTERFACE

big endian mode

8-bits
Bus
Width

Internal register

D31

D00

ternal register

D31

address:

"o

External pin

o

D31

BB

BB

address: "2"

D31

External pin

ngu

CcC

DD

ccC

D00

DD

D00

Control pin

WROX ¢

Control pin

WROX
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Bl Byte access
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32-bit
Bus
Width

big endian mode
Internal register External pin Control pin
address: "0"
D31 D31
AA WROX
AA
D00 D00
®
Internal register External pin Control pin
address: "1"
D31 D31
BB WRI1X
BB
D00 D00
©)
Internal register External pin Control pin
address: "2"
WR2X
Internal register External pin Control pin
address: "3"
D31 D31
DD DD WR3X CAS3 WE3
D00 D00
©)
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big endian mode

16-bit
Bus
Width

Internal register External pin Control pin
address: "0"
D31 D31
AA WROX
16
AA
D00
®
Internal register External pin Control pin
address: "1"
D31 D31
BB WR1X
D:
BB
D00
6}
Internal register External pin Control pin

address: "2"

WROX
Internal register External pin Control pin
address: "3"
D31 D31
DD WRI1X
D.
DD
D00
(O]
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8-bit
Bus
Width

big endian mode
Internal register External pin Control pin
address: "0"
D31 D3l
D24
AA
pool——I
O]
Internal register External pin Control pin
address: "1"
D31 D31
BB WROX
D2,
BB
D00
6}
Internal register External pin Control pin
address: "2"
WROX
Internal register External pin Control pin
address: "3"
D31 D31
DD WROX
D2,
DD
D00
©)
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8.3 BUS SIGNALS
Table 8.3 Bus signals
Signal Function Relatgcli-;t-:ll_ge of Read Write E);ttueu; Note
A[31:0] Address rising edge Output Output 4
AH Test Signal n.a. Output /0 | Output/0 | Output/0 (1)
ALE Bus Control n.a. Output/0 | Output/0 | Output/0 (2)
AS Address Strobe | rising edge Output Output Output /0
BGRNTX igini‘jv‘i‘;‘gste rising edge Output/1 | Output/1 | Output
BRQ Bus Request rising edge Input Input Input
CLK Clock reizigs/falling Output Output Output
CSnX Chip Select rising edge Output Output Output / 1
write: rising edge
D[31:0] Data read: falling Input Output Z
edge
RDX Read falling edge Output Output/1 | Z
RDY Ready falling edge Input Input Input
WRX][3:0] | Write falling edge Output/ 1 | Output Z

Note: (1) Bus related function not implemented, can be used as IO port.

Note: (2) Bus control port for multiplex bus access (Address and data are using the same bus
ports). Not implemented in MB91360 family.

Initial function: Port in input direction. After setting PFR9[1] output / 0.
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8.4

BUS TIMING

8.4.1

This section details the bus access operations in various modes. Please refer to section
34.8 "AC CHARACTERISTICS" on page 741 for detailed information about timing.

Normal Bus Access

When the normal bus interface is used, the basic bus cycle consists of t wo cl ocks at both
read and write accesses.

Note: The term BW denotes the bus width. The term access used below refers to word/
halfword/byte access for read/write operation.

H Basic read/write cycle

260

CLK

AS

A[31:0]

D[31:24]

D[23:16]

D[15:8]

D[7:0]

RDX

WRX[3]

WRX[2]

WRX[1]

WRX[0]

CSnX

CSmX

BA BA BA1 BA2 ldle BA1 BA2 BA BA BA BA

Dn1 [\ Dm1
|
Dn2 Dm2

Idle Cycle | Write Cycle |
| |

|
| |
! | | | |
| Read Cycle |
| |
+ The CLKis generated by an internal clock (CLKT).
» AS outputs L only during the bus cycle start (BA1) period.

+ The external A31 to AOO outputs the word/halfword/byte access starting byte position
address at the beginning of the bus cycle.

+ The CSOX to CS7X (area chip select) signal outputs are the same timing as the A31 to AQ0O.

» In the read cycle, the external D31 to DOO input is acquired at the rising edge of the external
RDX output signal.

* Inthe read cycle, the external D31 to DOO input is entirely acquired according to the RD signal
irrespective of the bus width or word/halfword/byte access, and the MB91360 internally
checks whether the acquired data is valid.
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» In the write cycle, write data output generation starts at the beginning of the bus cycle (BAl),
and the WROX, WR1X, WR2X and WR3X control the control signals related to the individual data
bus byte positions.

The examples on the following pages are based on CPU operation (CLKB) at 16 MHz and
operation of the external bus interface (CLKT) at 4 MHz. Please refer also to section 8.4.4 "Idle
Cycles" on page 268 for idle cycles which will be inserted depending on the clock ratio between
CPU clock and bus interface clock and also depending on the operation sequence.
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8.4.2 32 Bit Bus Width

B 8 Bit Access

CLK

AS
A[31:0]
D[31:24]
D[23:16]
D[15:8]
D[7:0]
RDX
CSnX

CSmX

CLK
AS
A[31:0]
D[31:24]
D[23:16]
D[15:8]
D[7:0]
RDX
CSnX

CSmX
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CLKB/CLKT = 16/4 / External bus width 32 / Read 8 bit - Read 8 bit / Continues addresses

i

| |

| X An X An+1 K An+2 K An+3

| | | | |
| | \ Dn0 |/ X Y < X Y X >________j
| GG GG ——
| | | | |
I 