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Preface

Thank you for your continued use of Fujitsu semiconductor products.
Read this manual and "Data Sheet" thoroughly before using products in the MB91590 series.

B Purpose of this manual and intended readers
This series is Fujitsu 32-bit microcontroller designed for automotive and industrial control. It contains the
FR81S CPU that is compatible with the FR family. The FR81S CPU has a high level performance among
the FR family by enhancing instruction pipeline and load store processing, and improving internal bus
transfer.
It is best suited for application control for automotive.
This manual explains the function, operation, and the usage for the engineer who develops the product by
actually using this series.

B Trademark
FR is an abbreviation for the FUJITSU RISC controller, which is a product of Fujitsu Semiconductor
Limited.
The company names and brand names herein are the trademarks or registered trademarks of their respective
owners.

B Sample programs and development environment
Fujitsu Semiconductor offers sample programs free of charge for using the peripheral functions of the
FR81S family. Fujitsu Semiconductor also makes available descriptions of the development environment
required for the MB91590 series. Feel free to use them to verify the operational specifications and usage of
this Fujitsu semiconductor microcontroller.

+ Microcontroller support information:
http://edevice.fujitsu.com/micom/en-support/

*: Note that the sample programs are subject to change without notice. Since they are offered as a way to
demonstrate standard operations and usage, evaluate them sufficiently before running them on your
system.

Fujitsu semiconductor assumes no responsibility for any damage that may occur as a result of using a
sample program.
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e The contents of this document are subject to change without notice.
Customers are advised to consult with sales representatives before ordering.

e The information, such as descriptions of function and application circuit examples, in this document are presented
solely for the purpose of reference to show examples of operations and uses of FUJITSU SEMICONDUCTOR device;
FUJITSU SEMICONDUCTOR does not warrant proper operation of the device with respect to use based on such
information. When you develop equipment incorporating the device based on such information, you must assume any
responsibility arising out of such use of the information. FUJITSU SEMICONDUCTOR assumes no liability for any
damages whatsoever arising out of the use of the information.

e Any information in this document, including descriptions of function and schematic diagrams, shall not be construed as
license of the use or exercise of any intellectual property right, such as patent right or copyright, or any other right of
FUJITSU SEMICONDUCTOR or any third party or does FUJITSU SEMICONDUCTOR warrant non-infringement of
any third-party's intellectual property right or other right by using such information. FUJITSU SEMICONDUCTOR
assumes no liability for any infringement of the intellectual property rights or other rights of third parties which would
result from the use of information contained herein.

e The products described in this document are designed, developed 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 SEMICONDUCTOR 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.

e 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.

o Exportation/release of any products described in this document may require necessary procedures in accordance with
the regulations of the Foreign Exchange and Foreign Trade Control Law of Japan and/or US export control laws.

e The company names and brand names herein are the trademarks or registered trademarks of their respective owners.

Copyright ©2011 FUJITSU SEMICONDUCTOR LIMITED All rights reserved.
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How to Use This Manual

B Finding a function
The following methods can be used to search for the explanation of a desired function in this manual:

- Search from the table of the contents
The table of the contents lists the manual contents in the order of description.

+ Search from the register
The register list for this device has been described. You can look up the name of a desired register on the
list to find the address of its location or the page that explains it.
The address where each register is located is not described in the text. To verify the address of a register,
see "B. 1/0 Map" of "APPENDIX".

+ Search from the index
You can look up the keyword such as the name of a peripheral function in the index to find the
explanation of the function.

B About the chapters
Basically, this manual explains 1 peripheral function per chapter.

B Terminology
This manual uses the following terminology.

Term Explanation
Word Indicates access in units of 32 bits.
Half word Indicates access in units of 16 bits.
Byte Indicates access in units of 8 bits.

B How to Read This Manual
* Primary Terms
The following explains the primary terms used in this series

Term Explanation

A 32-bit width, high-speed internal bus.

The bus master is used for access from the CPU (for instruction fetch), the CPU (for
data reading or writing), or the on-chip bus.

XBS The bus slave is used to access to the on-chip bus, RAM (via the XBS built-in wild
register), and flash memory.

The bus has a crosshar switch configuration, and a circuit from each bus master to
each bus slave can operate simultaneously.

A 32-bit width, high-speed internal bus. It has a 2-layer structure for XBS and DMA, and they
can operate simultaneously.

The bus master of the XBS layer is accessed from the XBS.

On-chip bus The bus master of the DMA layer is accessed from the DMA.

The bus slave of both layers has an external bus interface, CAN, 16/32-bit peripheral bus
bridge and others.

The bus slave of only DMA layer has an access to the XBS.

32-bit peripheral | A 32-bit width, low-speed internal bus.
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Term

Explanation

bus

It connects to various types of peripherals.

16-bit peripheral
bus (R-bus)

A 16-bit width, low-speed internal bus.
It connects to various types of peripherals. The 32-bit width access to this bus is divided into
16 bits x 2.

External bus
(External bus)

8/16-bit width, low-speed external bus. It connects to memory devices, ASIC and others. This
series is the bus master, and a device connected to the external bus is a bus slave.

This is the reference clock for LSI operation, and it is supplied from the high-speed system

Main clock oscillator.
(MCLK) It is connected to the timer for main oscillation stabilization wait, the clock generator (PLL)
and others.
This is the reference clock for LSI operation, and it is supplied from the low-speed system
Sub clock oscillator.
(SBCLK) It is connected to the timer for sub oscillation stabilization wait and others.

It can be used by the dual clock products only.

CR oscillation

The clock for watchdog timer 1 (hardware watchdog)

PLL clock
(PLLCLK)

The main clock is multiplied by PLL.

CPU clock
(CCLK)

The clock for peripherals operating under the XBS.

On-chip
bus clock
(HCLK)

The clock for peripherals operating under the on-chip bus.

Peripheral clock
(PCLK)

The clock for peripherals operating under the 32-bit peripheral bus and 16-bit peripheral bus.

External
bus clock
(TCLK)

The reference clock for an external bus interface connected to the X-bus and for the external
clock output. It is generated from the base clock by the clock generator.

Main clock mode

The operation mode based on the main clock. The main clock mode has the main RUN, main
sleep, main stop, oscillation stabilization wait RUN, oscillation stabilization wait reset, and
program reset state.

Main RUN The main clock mode is selected, and all circuits are operable.

Oscillation When the clock is switched from the stop state to the oscillation state, the clock takes the
stabilization oscillation stabilization time. During the oscillation stabilization wait time, the clock is not
wait time supplied.

OCD The on-chip debugger for this series

OCbhuU The OCD interface built in this product.

OCD tool The OCD tool can be connected to the DEBUG I/F pin of this device.

Chip reset In the chip reset sequence, the connection of OCD tool is checked. It takes (1026+3) PCLK
sequence cycles.

Power shutdown

The power supply to the target circuit is stopped, and power consumption is decreased.

It is not a target division for the power shutdown.

Always  power
supply ON block
PMU

Power

management unit

The power shutdown is controlled. PMU exists in always ON block.
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Term Explanation

SSCG mean "Spread Spectrum Clock Generator".

When the clock in electronic equipment generates a single frequency, the radiation because of
the frequency and the higher harmonics wave grows.

It is a technology to suppress the peak of EMI to low.

SSCG is a technology that suppresses the peak of EMI to low by the clock frequency change
SSCG slightly and oscillates it (= frequency modulation). When the clock in electronic equipment
generates a single frequency, the radiation because of the frequency and the higher harmonics
wave grows.

SSCG is a technology that does working that suppresses the peak of EMI to low especially
depending that makes the clock frequency change slightly and oscillates it (= frequency
modulation).
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B Access Unit and Address Position

Readable/Writable

Offset Register name Read only
| / /
I 7
Address offset value/Reaister name
Address 3 | g Block
+0 l +1 / +2 / +3
¥
0000604 SIDRO[R] /
SSRO[R/W] B, H, W SCRO[R/W] SMRO[R/W]
B, H, W SODRO[W] B, H, W B, H, W UARTO
00001000 B, H, W 00000100 00000-0-
XXXXXXXX
DRCLO UTIMCO[R
UTIMO[R] H B (W] B [RAW]
000064 (UTIMRO[W]H) XXX 0--00001 U-TIMERO
00000000 00000000
\\
Byte access, Half-word access, Word access Write only Initial Value

Although three types of access (Byte, Half-word, and Word access) are enabled, some registers have access

restrictions. For details, see "APPENDIX", or section "4. Detailed Register Description™ of each chapter.

B, H W
B

H

wW

B,H

H, W

(Reference)

: Byte access, Half-word access, and Word access are enabled.

: Byte access (Use the Byte access only.)

: Half-word access (Use the Half-word access only.)

: Word access (Use the Word access only.)

: Byte access and Half-word access only (The Word access is not allowed.)

: Half-word access and Word access only (The Byte access is not allowed.)

The following explains the address position during access.

+ During Word access, the address is a multiple of 4 (the lowest order 2 bits are forcibly set to "00").
+ During Half-word access, the address is a multiple of 2 (the lowest order 1 bit is forcibly set to "0").

+ During Byte access, the address remains unchanged.

Therefore, if the SSRO register is set to the Half-word access, for example, SSR0 + SIDR0O (SODRO) register at

address 0604 is accessed.
(If the address offsets are +1 and +2 (for example, SIDR0+SCRO), the Half-word access is not allowed.)

MN705-00009-3v0-E
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B Access Unit and Bit Position

Register name

Register abbreviation  Target peripheral function ~ Address Access unit

4.3 Serlal Status Register
UART sta

The register indicates
(Example) SSRO (UARTO) : Address 0060H (Access : Byte, Half-word, Word)

Bit position

bit 7 6 5 4 3 2 1 0
PE ORE FRE RDRF | TDRE BDS RIE TIE
\I/r:ltlizl 0 0 0 0 1 0 0 0
Attribute RW  R/WX R/WX R/WX R/WX R/IW R/IW R/IW
If the access unit is changed, the bit position changes.
If the address offset is +0: (Example of SSRO register)
Access size Address Bit position
Word 060H+0H 7 6 5 4 3 2 1 0
Half-word 060H+0H 15 14 13 12 11 10 9 8
Word 060H+0H 31 30 29 28 27 26 25 24
Bit name PE ORE FRE RDRF | TDRE BDS RIE TIE
If the address offset is +1: (Example of SIDRO register)
Access size Address Bit position
Word 060H+1H 7 6 5 4 3 2 1 0
Half-word 060H+0H 7 6 5 4 3 2 1 0
Word 060H+0H 23 22 21 20 19 18 17 16
Bit name D7 D6 D5 D4 D3 D2 D1 Do
If the address offset is +2: (Example of SCRO register)
Access size Address Bit position
Word 060H+2H 7 6 5 4 3 2 1 0
Half-word 060H+2H 15 14 13 12 11 10 9 8
Word 060H+0H 15 14 13 12 11 10 9 8
Bit name PEN P SBL CL A/D REC RXE TXE
If the address offset is +3: (Example of SMRO register)
Access size Address Bit position
Word 060H+3H 7 6 5 4 3 2 1 0
Half-word 060H+2H 7 6 5 4 3 2 1 0
Word 060H+0H 7 6 5 4 3 2 1 0
Bit name MD1 MDO CS2 CS1 CSO0 - SCKE -

MN705-00009-3v0-E

FUJITSU SEMICONDUCTOR LIMITED



MB91590 Series

B Meaning of Bit Attribute Symbols

R : Read enabled

w : Write enabled

RM : Reading operation during read-modify-write(RMW) operation

"I" (slash) R/W : Read and write enabled. (The read value is the written value.)

"" (comma) R, W : The read and written values differ from each other. (The read value is different

from the written value.)

RO : The read value is "0".

R1 : The read value is "1".

WO : This bit must always be written to "0".

w1 : This bit must always be written to "1".

(RMO) :"0" is read by read-modify-write(RMW) operation.

(RM1) - "1™ is read by read-modify-write(RMW) operation.

RX : The read value is undefined. (A reserved bit or an undefined bit)
WX : Writing does not affect on the operation. (Undefined bit)

* R/W writing examples

*R/IW : Read and write enabled (The read value is the written value.)
*RW : Read and write enabled (The read value is different from the written value.)
* R,RM/W : Read and write enabled (The read value is different from the written value. The written

value is read by read-modify-write (RMW) instruction. ) An example is a port data register.

* R(RM1),W : Read and write enabled (The read value is different from the written value. For

read-modify-write (RMW) instructions, "1" will be read out. ) An example is an interrupt

request flag.

* R,WX : Read only (Read enabled. Writing has no effect on operation. )

*R1W : Write only (Write enabled. The read value is "1".)

*RO,W : Write only (Write enabled. The read value is "0".)

* RX,W : Write only (Write enabled. The read value is undefined. )

* RO,W0 : Reserved bit (The written value is "0". The read value is the written value.)
* RO,W0 : Reserved bit (The written value is "0". The read value is "0".)

* R1,W0 : Reserved bit (The written value is "0". The read value is "1".)

* RX,W0 : Reserved bit (The written value is "0". The read value is undefined. )

* R/W1 : Reserved bit (The written value is "1". The read value is the written value.)
*R1,W1 : Reserved bit (The written value is "1". The read value is "1".)

* RO,W1 : Reserved bit (The written value is "1". The read value is "0".)

* RX,W1 : Reserved bit (The written value is "1". The read value is undefined. )

* RX,WX : Undefined bit (The read value is undefined. Writing has no effect on operation.)
* RO,WX : Undefined bit (The read value is "0". Writing has no effect on operation.)
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1. Overview MB91590 Series
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CHAPTER 1: OVERVIEW

1. Overview MB91590 Series

1. Overview

This section explains features of MB91590 series and basic specification.

MB91590 series is Fujitsu 32-bit microcontroller for application control for automotives. The FR81S CPU
that is compatible with the FR family is used.
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2. Features MB91590 Series

2. Features

This section explains features of MB91590 series.

2.1. FR81S CPU Core
2.2. Peripheral Functions
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CHAPTER 1: OVERVIEW

2. Features MB91590 Series

2.1. FR81S CPU Core

This section explains FR81S CPU core.

+ 32-bit RISC, load/store architecture, 5-stage pipeline
+ Maximum operating frequency: 128 MHz (Source oscillation = 4.0 MHz and 32 multiplied ( PLL clock
multiplication system ))
+ General-purpose register : 32 bits, 16 sets
- 16-bit fixed length instructions ( basic instruction ), 1 instruction per cycle
« Instructions appropriate to embedded applications
+ Memory-to-memory transfer instruction
+ Bit processing instruction
+ Barrel shift instruction etc.
+ High-level language support instructions
+ Function entry/exit instructions
+ Register content multi-load and store instructions
- Bit search instructions
+ Logical 1 detection, 0 detection, and change-point detection
+ Branch instructions with delay slot
+ Reduced overhead during branch process
+ Register interlock function
+ Easy assembler writing
+ Built-in multiplier / instruction level support
+ Signed 32-bit multiplication : 5 cycles
+ Signed 16-bit multiplication : 3 cycles
+ Interrupt ( PC/PS saving )
+ 6 cycles (16 priority levels)
+ The Harvard architecture allows simultaneous execution of program and data access.
+ Instruction compatibility with the FR family
» Built-in memory protection function ( MPU )
+ Eight protection areas can be specified commonly for instructions and the data.
+ Control access privilege in both privilege mode and user mode.
+ Built-in FPU (floating point arithmetic)
+ IEEE754 compliant
« Floating-point register 32-bit x 16 sets
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2. Features MB91590 Series

2.2. Peripheral Functions

This section explains peripheral functions of MB91590 series.

+ Clock generation (equipped with SSCG function)
+ Main oscillation (4MHz)
+ Sub oscillation (32kHz ) or none sub oscillation
+ PLL multiplication rate : 1 to 32 times
+ Built-in program flash capacity 1024 + 64KB
+ Built-in Data flash memory (WorkFlash) 64KB
+ Built-in RAM capacity
+ Main RAM 64KB
- Backup RAM 8 KB
+ General-purpose ports (5V Pin) : 63 (dual clock products : 61)
- Included I°C pseudo open drain ports: 4
+ General-purpose ports (3V Pin ) : 93
+ Included 48 combined external bus interface (For GDC external memory I/F)
« External bus interface
+ GDC external memory for I/F use
+ 25-bit address, 16-bit data
+ Power supply voltage fixed to 3.3V
+ DMA Controller
+ Up to 16 channels can be started simultaneously.
- 2 transfer factors ( Internal peripheral request and software )
+ A/D converter (successive approximation type)
+ 8/10-bit resolution : 32 channels
+ Conversion time :  3us
+ External interrupt input: 16 channels
+ Level ("H"/"L"), or edge detection ( rising or falling ) enabled
+ LIN-UART
+ 6 channels, ch.2 to ch.7
+ UART, synchronous mode, LIN-UART mode is selectable.
+ LIN protocol Revision 2.1 is supported
+ SPI( Serial Peripheral Interface ) supported ( synchronous mode )
+ Full-duplex double buffering system
+ LIN synch break detection ( linked to the input capture )
+ Built-in dedicated baud rate generator
- DMA transfer supported
+ Multi-function serial 1/0 ( with built-in transmission/reception FIFO ) : 2 channels

< UART (Asynchronous serial interface) >

+ Full-duplex double buffering system, 16-byte transmission FIFO, 16-byte reception FIFO
« Parity or no parity is selectable.

+ Built-in dedicated baud rate generator

+ An external clock can be used as the transfer clock

- Parity, frame, and overrun error detect functions provided

+ DMA transfer supported

<CSIO (Synchronous serial interface) >

+ Full-duplex double buffering system, 16-byte transmission FIFO, 16-byte reception FIFO
+ SPI supported; master and slave systems supported; 5 to 9-bit data length can be set.

« Built-in dedicated baud rate generator (Master operation)

+ An external clock can be entered. (Slave operation)

+ Overrun error detect function is provided

+ DMA transfer supported

<LIN-UART (Asynchronous Serial Interface for LIN) >
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2. Features MB91590 Series

+ Full-duplex double buffering system, 16-byte transmission FIFO, 16-byte reception FIFO
« LIN protocol revision 2.1 supported

+ Master and slave systems supported

+ Framing error and overrun error detection

+ LIN synch break generation and detection; LIN synch delimiter generation

+ Built-in dedicated baud rate generator

+ An external clock can be adjusted by the reload counter

- DMA transfer supported

<I’C>

+ Full-duplex double buffering system, 16-byte transmission FIFO, 16-byte reception FIFO
- Standard mode ( Max. 100kbps ) / high-speed mode ( Max. 400kbps ) supported
- DMA transfer supported ( for transmission only )
+ CAN Controller (C-CAN) : 3 channels
+ Transfer speed : Up to 1Mbps
+ 64-transmission/reception message buffering : 1 channel,
32-transmission/reception message buffering : 2 channels
+ PPG : 16-bit x 24 channels
+ Reload timer : 16-bit x 4 channels
+ Free-run timer : 32-bit x 2 channels (Can select each channel for input capture, output compare)
32-hit x 2 channels (LSYN (LIN synch field detection) for exclusive input capture)
» Input capture : 32-bit x 6 channels (linked to the free-run timer) LSYN (LIN synch field detected)
Exclusive 32-bit x 2 channels (linked to the free-run timer)
+ Output compare : 32-hit x 4 channels (linked to the free-run timer)
+ Sound generator : 5 channels
+ Frequency and amplitude sequencers provided
« Stepping motor controller : 6 channels
+ 8/10-bit PWM
+ High current output supported (4 lines x 6 channels)
« Can refer back electromotive force from the motor using pin-shared ADC
+ Real-time clock (RTC) (for day, hours, minutes, seconds)
+ Main oscillation frequency or sub oscillation frequency(dual clock product only) can be selected for
the operation clock
« Calibration:; A hardware watchdog of the CR oscillation drive and real-time clock (RTC) of the sub clock
drive(dual clock product only)
+ The CR oscillation frequency can be trimmed
+ The main clock to sub clock(dual clock product only) ratio can be corrected by setting the real-time
clock prescaler
+ Clock Supervisor
+ Monitoring abnormality (damage of crystal etc.) of sub oscillation ( 32kHz ) (dual clock products)
of the outside and main oscillation (4 MHz )
+ When abnormality is detected, it switches to the CR clock.
+ Base timer : 2 channels
+ 16-bit timer
+ Any of four PWM/PPG/PWClreload timer functions can be selected and used
+ A 32-bit timer can be used in 2 channels of cascade mode
+ CRC generation
+ Watchdog timer
+ Hardware watchdog
+ Software watchdog
+ NMI
« Interrupt controller
+ Interrupt request batch read
- Multiple interrupts from peripherals can be read by a series of registers.

+ 1/O relocation
+ Peripheral function pins can be reassigned.
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2. Features MB91590 Series

+ Low-power consumption mode
+ Sleep / Stop / Watch / Sub RUN mode
« Stop (power shutdown) / Watch (power shutdown) mode
+ GDC part self-support power supply
+ Power on reset/Internal low-voltage detection reset
+ Low-voltage detection reset
- GDC
+ Internal/memory frequency : 81MHz
+ The resolution of the display which can support : 800 x 480 at the maximum
Screen overlay of three simultaneous layers at the maximum (window)
Size of the resolution which can be supported varies depending on color format.

+ Analog video input (NTSC)

- Digital video input (RGB666/555)

* YUV input (BT.656)

+ Video image expansion/reduction /invert function is supported

- RGB Digital output (6-bit x 3)

* Built-in 2D rendering engine
The line drawing is supported.
The BitBIt function is supported.
Display list operation is supported
8bpp indirect color
ARGB-1555 direct color
Alpha blending, anti-aliasing

+ Built-in Sprite engine
Equipped with automatic display function when booted
Maximum of 512 sprites are supported
32 special sprites capable of automatic animation are supported.
The command list execution is supported.
1bpp, 2bpp, 4bpp, 8bpp indirect color
ARGB-1555, RGB-565, ARGB-8888 direct color
The color format for each sprite can be set.
Horizontal invert, Vertical invert
Alpha blending

+ Built-in memory (800KB)
+ Device Package : LQFP-208, HQFP-208
+ CMOS 90nm Technology
+ Power supplies
+ 5V/3.3V Power supply
+ The internal 1.2V is generated from 5V/3.3V with the depression circuit.
+ For 1/0 of an external bus and GDC, 3.3V power supply used.
+ For the other 1/O, 5V power supply used.
+ There is a constraint about power on sequence ( 5V — 3.3V).
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3. Product Line-up
This section shows product line-up of this series.
Table 3-1 : Product Line-up
Product

Item MB91F591B/S MB91F591BH/S

CPU core FR81S

Technology 90nm

Package LQFP208

Yes (Non-S series)

Sub clock No (S series)

Maximum CPU operating frequency 80MHz

Maximum GDC operating frequency 81MHz

Built-in CR oscillator 100kHz

System clock On chip PLL

Flash Main 576KB

Sub 64KB
RAM Main 40KB
Backup 8KB
VRAM 260KB

Watchdog timer

1ch Hardware
1ch Software

Clock supervisor

Initial value "OFF"

Initial value "ON"

External low voltage detection reset Yes
Internal low voltage detection reset Yes
NMI function Yes
DMA Controller 16¢ch

1ch (64msg)

CAN 2¢h (32msg)
LINX6
USART MESx?
AJD converter (8hit/10bit) lunit/32ch
Reload timer(16bit) 4ch
Base timer(16bit) 2ch
Free-run timer(32bit) 2ch
Input capture(32bit) 6ch
Output compare(32bit) 4ch
PPG timer(16bit) 24ch
Sound generator 5ch
Real-time clock Yes
External interrupt 16¢ch
CR/SUB compensation function Yes
CRC generator Yes

MN705-00009-3v0-E
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3. Product Line-up MB91590 Series

Product
Item MB91F591B/S MB91F591BH/S
Stepping motor control 6ch
Stop mode ( with power-shutdown ) Supported
Power supply voltage MICOM :4.5V to 5.5V

GDC : 3.0V to 3.6V

Operating temperature -40 to +105°C
Allowable power [mW] 1250
Others Flash product
On chip debugger Yes
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3. Product Line-up MB91590 Series
Product
Item MB91F592B/S |MB91F592BH/S| MB91F594B/S |[MB91F594BH/S
CPU core FR81S
Technology 90nm
Package LQFP208
Yes (Non-S series)
Sub clock No (S series)
Maximum CPU operating 80MHz
frequency
Maximum GDC operating 81MHz
frequency
Built-in CR oscillator 100kHz
System clock On chip PLL
Main 576KB | 1088KB
Flash
Sub 64KB
Main 40KB | 64KB
RAM
Backup 8KB
VRAM 800KB
. 1ch Hardware
Watchdog timer 1ch Software
Clock supervisor Initial value Initial value Initial value Initial value
P "OFF" "ON" "OFF" "ON"
External low voltage
. Yes
detection reset
Internal low voltage
. Yes
detection reset
NMI function Yes
DMA Controller 16¢ch
1ch (64msg)
CAN 2ch (32msg)
LINX6
USART MESx?
AJD converter (8bit/10bit) lunit/32ch
Reload timer(16bit) 4ch
Base timer(16bit) 2ch
Free-run timer(32bit) 2ch
Input capture(32bit) 6ch
Output compare(32bit) 4ch
PPG timer(16bit) 24ch
Sound generator 5ch
Real-time clock Yes
External interrupt 16¢ch
CR/SUB compensation
. Yes
function
CRC generator Yes
Stepping motor control 6ch
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3. Product Line-up

MB91590 Series

Product
Item

MB91F592B/S MB91F592BH/S| MB91F594B/S |MB91F594BH/S

Stop mode ( with
power-shutdown )

Supported

Power supply voltage

MICOM:4.5V to 5.5V
GDC:3.0V to 3.6V

On chip debugger

Operating temperature -40 to +105°C

Allowable power [mW] 1250

Others Flash product
Yes

MN705-00009-3v0-E
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3. Product Line-up MB91590 Series
Product
ltem MB91F596B/S | MB91F596BH/S | MB91F597B/S | MB91F597BH/S
CPU core FR81S
Technology 90nm
Package HQFP208
Yes (Non-S series)
Sub clock No (S series)
Maximum CPU operating 128MHz
frequency
Maximum GDC operating 81MHz
frequency
Built-in CR oscillator 100kHz
System clock On chip PLL
Main 576KB
Flash
Sub 64KB
Main 40KB
RAM
Backup 8KB
VRAM 260KB 800KB
. 1ch Hardware
Watchdog timer 1ch Software
Clock supervisor Initial value Initial value Initial value Initial value
P "OFF" "ON" "OFF" "ON"
External low voltage
. Yes
detection reset
Internal low voltage
. Yes
detection reset
NMI function Yes
DMA Controller 16¢ch
1ch (64msg)
CAN 2ch (32msg)
LINX6
USART MESx?
AJD converter (8bit/10bit) lunit/32ch
Reload timer(16bit) 4ch
Base timer(16bit) 2ch
Free-run timer(32bit) 2ch
Input capture(32bit) 6ch
Output compare(32bit) 4ch
PPG timer(16bit) 24ch
Sound generator 5ch
Real-time clock Yes
External interrupt 16¢ch
CR/SUB compensation
. Yes
function
CRC generator Yes
Stepping motor control 6ch
MN705-00009-3v0-E 12
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3. Product Line-up

MB91590 Series

Product
Item

MB91F596B/S | MB91F596BH/S| MB91F597B/S | MB91F597BH/S

Stop mode ( with
power-shutdown )

Supported

Power supply voltage

MICOM:4.5V to 5.5V

GDC:3.0V to 3.6V
Operating temperature -40 to +105°C
Allowable power [mW] 2500
Others Flash product
On chip debugger Yes
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3. Product Line-up MB91590 Series
Product
[tem MB91F599B/S MB91F599BH/S
CPU core FR81S
Technology 90nm
Package HQFP208
Sub clock Yes (Non-S series)

No (S series)

Maximum CPU operating

128MHz

frequency
Maximum GDC operating 81MHz
frequency
Built-in CR oscillator 100kHz
System clock On chip PLL

1088KB 1088KB
Flash

64KB 64KB

64KB 64KB
RAM

8KB 8KB
VRAM 800KB

Watchdog timer

1ch Hardware
1ch Software

Clock supervisor

Initial value "OFF"

Initial value "ON"

External low voltage

detection reset Yes
Internal low voltage
detection reset Yes
NMI function Yes
DMA 16¢ch
1ch (64ms
CAN 2ch E32msg;
LINXx6
USART MESx?
AJD Converter (8bit/10bit) lunit/32ch
Reload timer(16bit) 4ch
Base timer(16bit) 2ch
Free-run timer(32bit) 2ch
Input capture(32bit) 6ch
Output compare(32bit) 4ch
PPG timer(16bit) 24ch
Sound generator 5ch
Real-time clock Yes
External interrupt 16¢ch
CR/SUB compensation
function Yes
CRC generator Yes
Stepping motor control 6ch
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3. Product Line-up

MB91590 Series

Product
Item

MB91F599B/S MB91F599BH/S

Stop mode ( with
power-shutdown )

Supported

Power supply voltage

MICOM:4.5V to 5.5V

GDC:3.0V to 3.6V
Operating temperature -40 to +105°C
Allowable power [mW] 2500
Others Flash product
On chip debugger Yes
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MB91590 Series

4. Function Overview

This section shows function overview of MB91590 series.

Table 4-1 : Function Overview

Function

Features

CPU

32-bit RISC microcontroller FR81S CPU core
Built-in memory protection function (MPU) 8 channels
Built-in floating-point operation (FPU)

Clock

Main oscillation : 4MHz (Up to a maximum of 8MHz)

Sub oscillation :  32kHz or None

PLL multiplication rate: Up to 32 times of multiplication

Built-in CR oscillator as the count clock of hardware watchdog timer

1/0 ports

Each bit can be programmed for 1/O or peripheral signals
Input thresholds, driving capacity, and pull-up/pull-down can be set.

External bus Interface

25-bit address, 16-bit Data output
For GDC external memory I/F
Power supply voltage is fixed to 3.3V

Internal bus interface

On chip bus : 32-hit, maximum operating frequency : 128MHz

Peripheral bus interface

Maximum operating frequency : 40MHz
32-bit peripheral bus, or 16-bit peripheral bus (R-bus)
* Both of them operate in the same frequency.

Flash interface

Wild register function provided. However, usable only during NoWait operation.
1wait necessary to be added if operation frequency exceeds 80MHz.
Small sector (64KB size) is also supported.

DMA controller

Up to 16 channels can be started simultaneously.

The transfer cause (internal peripheral request or software) is selectable.

Burst or block transfer mode is selectable.

-When two or more interrupts are in one interrupt vector, it can select from which interrupt
to generate the DMA request.

-When two or more interrupts are in one interrupt vector, the interrupt cleared at the DMA
transfer completion can be selected.

Base timer

16-bit timer

Any of four PWM/PPG/PWCl/reload timer functions can be selected and used.

A 32-bit timer can be used in 2 channels of cascade mode for the reload timer/PWC
function.

Free-run timer

32-bit up counter

Input capture

32-hit capture registers to detect a rising edge, a falling edge, or both edges.
When an edge of pin input is detected, the counter value of 32-bit free-run timer is latched
and an interrupt request is generated.
LIN synch break/synch field linkage :
Input capture ch.0 — LIN-UART ch.2
Input capture ch.1 — LIN-UART ch.3
Input capture ch.2 — LIN-UART ch.4
Input capture ch.3 — LIN-UART ch.5
Input capture ch.4 — LIN-UART ch.6
Input capture ch.5 — LIN-UART ch.7
LSYN exclusive input capture ch.6
— Multi-function serial ch.0
LSYN exclusive input capture ch.7
— Multi-function serial ch.1
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Function

Features

Output compare

An interrupt signal is output during collating with the 32-bit free-run timer.

16-bit reload timer operation (The toggle output or one-shot output can be selected)

Reload timer Event count function can be selected.
The cycle and duty used for the one-shot square wave output and PWM output can be
PPG changed by the software.

Operation clock frequency :
Can be selected from following 4 types : PCLK x 1, 1/22, 1/2*, 1/2°

Delay interrupt

An interrupt for task switching is generated.
The CPU interrupt request can be generated or canceled by the software.

External interrupt

16 channel, independent
Interrupt factor : rising edge / falling edge / "L" level / "H" level can be selected.
Support of edge input detection when returned to standby state.

A/D Converter

Built-in A/D converter 1ch of resolution in 10-bit or 8-bit
Able to sample the analog value from 32ch input port
Conversion time : 3us

External trigger activation

Can be activated by the internal timer (16-bit reload timer)

LIN-UART

Full-duplex system

Asynchronous/synchronous transfer (with start/stop bits)

Built-in dedicated baud rate generator

LIN protocol, slave node supported, and LIN synch break/synch field detectable
SPI(Serial Peripheral Interface) supported

Version 2.1 supported.

Multi-function serial

Any of UART/CSIO/LIN-UART/I?C-UART functions can be selected and used.

Transmission FIFO (16-byte) and reception FIFO (16-byte) are provided.

Receive interrupt factor (3 types)

- Receive error detection (parity, overrun, and frame error)

- Data which amount is set for FIFO memory can be received.

- Data below the FIFO memory capacity is received, and an idle period longer than 8
clocks of baud rate clock is detected.

Transmission interrupt factor (2 types)

- No transmission operation.

- Empty transmission FIFO memory (including the time of transmission)

SPI(Serial Peripheral Interface) supported

LIN protocol revision 2.1 supported

Interrupt controller

Detects an interrupt request.
Sets an interrupt level.

Interrupt request batch read

A generation of multiple interrupts from peripherals can be read by a series of
registers.

CAN interface

CAN Specifications Version 2.0, Part A and Part B satisfied
64 message buffers x 1channel, 32 message buffers x 2channels
Plural messages are supported.
Flexible composition of acceptance filter :
Entire bit compare
Entire bit Mask
2 portion bit Mask
Up to 1Mbps supported.
CAN prescaler is mounted for the CAN operation clock

Stepping motor controller

High current output x 4 lines

The PWM cycle can be set to 15.625kHz

(when the peripheral clock operates in 16MHz).

Can refer back electromotive force from the motor using pin-shared ADC

MN705-00009-3v0-E
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MB91590 Series

Function

Features

Sound generator

In addition to the frequency data and amplitude data setting, the followings
can be set :

- Decrement or increment data, and execution cycle

- Tone output pulse count (output interval)

Real-time clock

Day/hours/minutes/seconds register

Main or sub oscillation frequency can be selected for the operation clock.

Sub clock correction function

- The sub clock cycle error is monitored by the main clock.

- The detected error is reflected on the second counter set value.

An interrupt can be generated in unit of 0.5 second, seconds, minutes, hours, or day.

Calibration

The real-time clock of the sub clock drive is corrected by comparison with the main clock.
The CR oscillation frequency can be corrected by the comparison with the main clock.

Software watchdog

It counts while CPU is working.
Stops counting when the CPU is stopped.
Cycle can be selected from 16 kinds of PCLK x (2° to 22%) cycles

Hardware watchdog

CR-based CPU operation detect counter

Used against program overrun

Period: 260ms to 416ms

(usually, 328ms, depending on the accuracy of the CR oscillation)

The calibration is possible with "RTC/WDT1 correction” circuit.

It is the one that width is at the cycle that originates in the difference of manufacturing.
Note that it is not because the cycle can be arbitrarily set.

CRC generation

The CRC code is displayed in the result register by writing in the input register one by
one.

Internal power supply low
voltage detection

Reset is generated when 1.2V voltage of the faction is observed, and it falls below.
An internal power supply voltage is observed, the low voltage is set, and the
flag is set by detection.

Low-voltage detection

Reset generation at low voltage detection

Graphic device interface

Maximum resolution: 800 x 480
NTSC/RGB666/555/BT.656 input supported
RBG666 output supported

Sprite engine mounted

Line engine mounted

VRAM : 800KB

Low-power consumption mode

Sleep mode

Stop mode

Watch mode

Stop mode (power shutdown)

Watch mode (power shutdown)

GDC part independence power supply
Sub RUN Mode

1/0 relocation

Relocation peripheral function and number of branches

- PPG 24 channels (4 branches for ch.1, 3 branches for ch.0 and ch.2 to ch.10, no
branches for ch.11 to ch.23).

- Input capture 6 channels x 3 branches

- LIN-UART 4 channels x 2 branches (No relocation for the remaining 2 channels)

- Reload timer 4 channels x 3 branches

NMI request

Non-maskable interrupt signal that is entered from NMIX pin.

Debug interface

Built-in OCD (On Chip Debug Unit)
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5. Block Diagram

This section shows block diagram of this series.

Figure 5-1 Block Diagram
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6. CPU MB91590 Series

6. CPU

This section explains general-purpose registers and dedicated registers of CPU.

6.1. General-purpose Registers
6.2. Dedicated Registers
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6. CPU MB91590 Series

6.1. General-purpose Registers

Registers RO to R15 are a general-purpose registers. They are used as the accumulators for
various operations and as pointers for memory access.

Figure 6-1 General-purpose Registers

<«——— 32-bit ———3 Initial value
RO Undefined
R1 Undefined
R2 Undefined
R3 Undefined
R4 Undefined
R5 Undefined
R6 Undefined
R7 Undefined
R8 Undefined
R9 Undefined
R10 Undefined
R11 Undefined
R12 Undefined
R13 Accumulator( AC) Undefined
R14 Frame Pointer (FP) Undefined
R15 SSP or USP 00000000y

Among these 16 registers, the following registers are assumed to be used for special applications. Therefore,
some instruction functions have been enchanced.

+ R13: AC (Accumulator )
+ R14: FP (Frame Pointer )
+ R15: SP (Stack Pointer )

The initial value during reset is undefined for registers RO to R14. Register R15 has 00000000, (SSP
value).
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6. CPU MB91590 Series

6.2. Dedicated Registers

There are nine dedicated registers for 32-bit length exclusive for various usages, and there is
one dedicated register for 64-bit length of the multiplication and division calculation.

Figure 6-2 List of Dedicated Registers

Initial value
PC Reset entry address
PS SSR=3y,ILM=011115, SCR=XX0g, CCR=0000XXX Xz
TBR OO0OFFCO00y4
RP Undefined
SSP 00000000y
USP Undefined
BP Undefined
FCR Undefined
ESR 00000000y
MD | Undefined

Dedicated register is used for a specific purpose.
In the FR family, the following dedicated registers are prepared.

+ Program counter (PC)

+ Program status (PS)

+ Table base register (TBR)

+ Return pointer (RP)

+ System stack pointer (SSP)

+ User stack pointer (USP)

- Base pointer (BP)

+ FPU control register (FCR)

+ Exception status register (ESR)

+ Multiplication and division register (MD)
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7. Pin Assignment

This section shows pin assignment of MB91590 series.

Figure 7-1 Pin Assignment (single clock product)
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MB91590 Series

Figure 7-2 Pin Assignment (dual clock product)
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8. Package Dimensions MB91590 Series

8. Package Dimensions

This section shows package dimensions of MB91590 series.

Figure 8-1 LQFP-208(FPT-208P-M06) Package Dimensions

208-pin plastic LQFP Lead pitch 0.50 mm
Package width x 28.0 x 28.0 mm
package length

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.70 mm MAX
Weight 255¢
(FPT-208P-M06) Code P-LFQFP208-28x28-0.50
(Reference)

208-pin plastic LQFP
(FPT-208P-M06)

Note 1) * : These dimensions do not include resin protrusion.
Note 2) Pins width and pins thickness include plating thickness.
Note 3) Pins width do not include tie bar cutting remainder.

30.00+0.20(1.181+.008)SQ
*28.00+0.10(1.102+.004)SQ

0.145+0.055
(.006+.002)

Details of "A" part
1.50%%5 ' '
W;’gég)(Mountmg height)
0.10+0.05
0°-8 (.004+.002)
= ‘ —Y R (Stand off)
B E ta f
LEAD No(1) (=) 0.60£0.15
50002 (:024+.006)
Il |.0.22+0.05 $[0.08(0039)
(.009£.002
Dimensions in mm (inches).
© 2003:2010 FUITSU SEMICONDUCTOR LIMITED F2080275¢:35 Note: The values in parentheses are reference values.

Please confirm the latest Package dimension by following URL.
http://edevice.fujitsu.com/package/en-search/
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8. Package Dimensions MB91590 Series

Figure 8-2 HQFP-208(FPT-208P-M04) Package Dimensions ( Under planning )

208-pin plastic QFP Lead pitch 0.50 mm
':)Zi%%i"lﬁﬂg‘t: 28.0 mm x 28.0 mm
Lead shape Gullwing
Sealing method Plastic mold
Mounting height 3.95 mm MAX
Weight 5.71g
(FPT-208P-M04) Remark Low heat resistance type
208-pin plastic QFP Note 1) * : These dimensions do not include resin protrusion
(FPT-208P-M04) Note 2) Pins width and pins thickness include plating thickness.

Note 3) Pins width do not include tie bar cutting remainder.

30.60+0.20(1.205+.008)SQ

0.177068
(.007%003)

[=[0.08(.003)]

Details of "A" part

0.50+0.20 0.25(.010)

I |
| |
! 3.75%5% ) ) |
< Mounting height
| (14858 ¢ 9 height) |
| T |
| |
| |
} ~ 0.40%1 }
[ —g° (,016%5%8) 1|
| or-8 _y(Stand off) |
| % |
| |
| |
| |
| [
| |
| |

(.020+.008
LEAD No(1) ©) 0.60£0.15
0.50(.020) 0.22+0.05 1716 681 503 @ L oaax008) 3
- (.009+.002) —
Dimensions in mm (inches).
(© 2003-2010 FUJITSU SEMICONDUCTOR LIMITED F208020S-c-3-6 Note: The values in parentheses are reference values.

Please confirm the latest Package dimension by following URL.
http://edevice.fujitsu.com/package/en-search/
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9. Explanation of Pin Functions

MB91590 Series

9. Explanation of Pin Functions

The pin function list of the MB91590 series is shown.

Table 9-1 List of Pin Functions

I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
84 X0 — L Main clock oscillation input pin
83 X1 — L Main clock oscillation output pin
171
(dual XO0A — N | Sub clock oscillation input pin
clock
product)
172
(dual X1A — N | Sub clock oscillation output pin
clock
product)
171
(single P137 — A | General-purpose I/O port
clock
product)
172
(single P136 — A | General-purpose 1/O port
clock
product)
97 NMIX N F1 | Non-masking interrupt input pin
170 |VSS — — |GND pin
87 RSTX N F1 |External reset input pin
86 MDO — P Mode pin 0
85 MD1 — P Mode pin 1
169 |MD2 — F2 | Mode pin 2
P000 — General-purpose 1/0 port (3V pin)
DO — External bus / Data bit0 1/0O pin
27 SIN2_1 — O  |LIN-UART ch.2 serial data input pin (1)
TINO_ 2 — Reload timer ch.0 event input pin (2)
PPGO — PPG ch.0 output pin
P001 — General-purpose 1/0 port (3V pin)
D1 — External bus / Data bit1 1/O pin
28 SOT2_1 — O |LIN-UART ch.2 serial data output pin (1)
TIN1 2 — Reload timer ch.1 event input pin (2)
PPG1 — PPG ch.1 output pin

MN705-00009-3v0-E
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name |Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

P002 — General-purpose 1/0 port (3V pin)
D2 — O | External bus / Data bit2 1/0 pin

29 |sck2.1 — LIN-UART ch.2 clock 1/0 pin (1)
TIN2 2 — Reload timer ch.2 event input pin (2)
PPG2 — PPG ch.2 output pin
P003 — General-purpose 1/0 port (3V pin)
D3 — External bus / Data bit3 1/O pin

30 SIN3_1 - O |LIN-UART ch.3 serial data input pin (1)
TIN3_2 — Reload timer ch.3 event input pin (2)
PPG3 — PPG ch.3 output pin
P004 — General-purpose 1/0 port (3V pin)
D4 — External bus / Data bit4 1/0 pin

31 |soT3.1 — O |LIN-UART ch.3 serial data output pin (1)
TOTO_2 — Reload timer ch.0 output pin (2)
PPG4 — PPG ch.4 output pin
P005 — General-purpose 1/0 port (3V pin)
D5 — External bus / Data bit5 1/0O pin

32 |sCK3. 1 — O | LIN-UART ch.3 clock I/O pin (1)
TOT1 2 — Reload timer ch.1 output pin (2)
PPG5 — PPG ch.5 output pin
P006 — General-purpose 1/0 port (3V pin)

23 D6 — o External bus / Data bit6 1/0 pin
TOT2 2 — Reload timer ch.2 output pin (2)
PPG6 — PPG ch.6 output pin
P007 — General-purpose 1/0 port (3V pin)
D7 — External bus / Data bit7 1/0O pin

34 0
TOT3 2 — Reload timer ch.3 output pin (2)
PPG7 — PPG ch.7 output pin
PO10 — General-purpose 1/0 port (3V pin)

= D8 — ° External bus / Data bit8 1/0 pin
PO11 — General-purpose 1/0 port (3V pin)

38 D9 — O | External bus / Data bit9 1/0 pin
ROUTO — Display digital RO output pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

P012 — General-purpose 1/0 port (3V pin)

39 D10 — 0 External bus / Data bit10 1/0 pin
ROUT1 — Display digital R1 output pin
PO13 — General-purpose 1/0 port (3V pin)

40 D11 — O | External bus / Data bitll I/O pin
GOUTO — Display digital GO output pin
P014 — General-purpose 1/0 port (3V pin)

41 D12 — O | External bus / Data bit12 /O pin
GOUT1 — Display digital G1 output pin
PO15 — General-purpose 1/0 port (3V pin)

42 D13 — O | External bus / Data bit13 I/O pin
BOUTO — Display digital BO output pin
PO16 — General-purpose 1/0 port (3V pin)

43 D14 — O | External bus / Data bit14 /O pin
BOUT1 — Display digital B1 output pin

a4 P017 — o General-purpose 1/0 port (3V pin)
D15 — External bus / Data bit15 1/0 pin

45 P020 — o General-purpose 1/0 port (3V pin)
WEX — External bus / Write enable output pin

46 P021 — o General-purpose 1/0 port (3V pin)
CSOX — External bus / Chip select 0 output pin

47 P022 — o General-purpose 1/0 port (3V pin)
CS1X — External bus / Chip select 1 output pin
P023 — General-purpose 1/0 port (3V pin)

8 REX — © External bus / Read enable output pin

49 P024 — O |eneral-purpose I/O port (3V pin)

50 P025 — O | General-purpose 1/0 port (3V pin)

51 P026 — o General-purpose 1/0 port (3V pin)
A00 — External bus / Address bit0 output pin

54 P027 — o General-purpose 1/0 port (3V pin)
A01 — External bus /Address bitl output pin

- P030 — o General-purpose 1/0 port (3V pin)
AQ2 — External bus / Address bit2 output pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

56 P031 — o General-purpose 1/0 port (3V pin)
A03 — External bus /Address bit3 output pin
P032 — General-purpose 1/0 port (3V pin)

> A04 — © External bus / Address bit4 output pin
P033 — General-purpose 1/0 port (3V pin)

> AQ05 — © External bus / Address bit5 output pin
P034 — General-purpose 1/0 port (3V pin)

> AQ06 — © External bus / Address bit6 output pin

60 P035 — o General-purpose 1/0 port (3V pin)
AQ07 — External bus / Address bit7 output pin
P036 — General-purpose 1/0 port (3V pin)

o A08 — © External bus/Address bit8 output pin
P037 — General-purpose 1/0 port (3V pin)

°2 AQ9 — © External bus/Address bit9 output pin

63 P040 — o General-purpose 1/0 port (3V pin)
Al0 — External bus / Address bit10 output pin
P041 — General-purpose 1/0 port (3V pin)

o All — © External bus / Address bit11 output pin
P042 — General-purpose 1/0 port (3V pin)

% Al2 — © External bus / Address bit12 output pin
P043 — General-purpose 1/0 port (3V pin)

o0 Al3 — © External bus / Address bit13 output pin
P044 — General-purpose 1/0 port (3V pin)

o7 Al4 — © External bus / Address bit14 output pin
P045 — General-purpose 1/0 port (3V pin)

8 Al5 — ° External bus / Address bit15 output pin
P046 — General-purpose 1/0 port (3V pin)

% Al6 — © External bus / Address bit16 output pin
P047 — General-purpose 1/0 port (3V pin)

K Al7 — © External bus / Address bit17 output pin

24 PO50 — o General-purpose 1/0 port (3V pin)
Al8 — External bus / Address bit18 output pin

- P051 — o General-purpose 1/0 port(3V pin)
Al9 — External bus / Address bit19 output pin

MN705-00009-3v0-E

FUJITSU SEMICONDUCTOR LIMITED

30




CHAPTER 1: OVERVIEW

9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name |Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

P052 — General-purpose 1/0 port(3V pin)

e A20 — © External bus / Address bit20 output pin
P053 — General-purpose 1/0 port(3V pin)

77 |A21 - O | External bus / Address bit21 output pin
SPI_DO — SPI data output pin
P054 — General-purpose 1/0 port (3V pin)

78 A22 - O | External bus / Address bit22 output pin
SPI_DI — SPI data input pin
PO55 — General-purpose 1/0 port (3V pin)

79 |A23 — O | External bus / Address bit23 output pin
SPI_SCK — SPI clock output pin
P056 — General-purpose 1/0 port (3V pin)

80 |A24 — O | External bus / Address bit24 output pin
SPI_XCS — SPI chip select output pin
P057 — General-purpose 1/0 port (3V pin)

o RDY — © External bus / Wait input pin
P060 — General-purpose 1/0 port

127 |PWMIPO — E | SMC ch.0 output pin
ANS8 — ADC Analog 8 input pin
P061 — General-purpose 1/0 port

128 | PWM1MO — E | SMC ch.0 output pin
AN9 — ADC Analog 9 input pin
P062 — General-purpose 1/0 port

129 |PWMZ2PO - E | SMC ch.0 output pin
AN10 — ADC Analog 10 input pin
P063 — General-purpose 1/0 port

130 |[PWM2MO — E |SMC ch.0 output pin
AN11 — ADC Analog 11 input pin
P064 — General-purpose 1/0 port

131 |PWM1P1 — E | SMC ch.1 output pin
AN12 — ADC Analog 12 input pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P065 — General-purpose 1/0 port
132 |PWM1M1 — E |SMC ch.1 output pin
AN13 — ADC Analog 13 input pin
P066 — General-purpose 1/0 port
133 |PwWM2P1 — E | SMC ch.1 output pin
AN14 — ADC Analog 14 input pin
P067 — General-purpose 1/0 port
134 |PWM2M1 — E |SMC ch.1 output pin
AN15 — ADC Analog 15 input pin
PO70 — General-purpose 1/0 port
137 |PWM1P2 — E | SMC ch.2 output pin
AN16 — ADC Analog 16 input pin
PO71 — General-purpose 1/0 port
138 |PWM1M2 — E |SMC ch.2 output pin
AN17 — ADC Analog 17 input pin
PO72 — General-purpose 1/0 port
139 |pwM2P2 — E  |SMC ch.2 output pin
AN18 — ADC Analog 18 input pin
PO73 — General-purpose 1/0 port
140 |pwWM2M2 — E | SMC ch.2 output pin
AN19 — ADC Analog 19 input pin
PO74 — General-purpose 1/0 port
141 PWM1P3 — E SMC ch.3 output pin
AN20 — ADC Analog 20 input pin
PPG12 1 — PPG ch.12 output pin (1)
PO75 — General-purpose 1/0 port
PWM1M3 — SMC ch.3 output pin
142 |AN21 — E |ADC Analog 21 input pin
SIN7_1 — LIN-UART ch.7 serial data input pin
PPG13 1 — PPG ch.13 output pin (1)
PO76 — General-purpose 1/0 port
PWM2P3 — SMC ch.3 output pin
143  |AN22 — E |ADC Analog 22 input pin
SOT7_1 — LIN-UART ch.7 serial data output pin
PPG14 1 — PPG ch.14 output pin (1)
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

PO77 — General-purpose 1/0 port
PWM2M3 — SMC ch.3 output pin

144 | AN23 — E | ADC Analog 23 input pin
SCK7_1 — LIN-UART ch.7 clock I/O pin
PPG15 1 — PPG ch.15 output pin (1)
P080 — General-purpose 1/0 port
PWM1P4 — SMC ch.4 output pin

147 |AN24 — E | ADC Analog 24 input pin
SING — LIN-UART ch.6 serial data input pin
PPG16 — PPG ch.16 output pin
P081 — General-purpose 1/0 port
PWM1M4 — SMC ch.4 output pin

148 | AN25 — E |ADC Analog 25 input pin
SOT6 — LIN-UART ch.6 serial data output pin
PPG17 — PPG ch.17 output pin
P082 — General-purpose 1/0 port
PWM2P4 — SMC ch.4 output pin

149 AN26 - E | ADC Analog 26 input pin
SCK6 — LIN-UART ch.6 clock I/O pin
PPG18 — PPG ch.18 output pin
P083 — General-purpose 1/0 port
PWM2M4 — SMC ch.4 output pin

150 |AN27 — E |ADC Analog 27 input pin
ICUO0_2 — Input capture ch.0 input pin (2)
PPG19 — PPG ch.19 output pin
P084 — General-purpose 1/0 port
PWM1P5 — SMC ch.5 output pin

151  |AN28 — E | ADC Analog 28 input pin
ICU1_2 — Input capture ch.1 input pin (2)
PPG20 — PPG ch.20 output pin
P085 — General-purpose 1/0 port
PWM1M5 — SMC ch.5 output pin

152 | AN29 — E | ADC Analog 29 input pin
ICU2_2 — Input capture ch.2 input pin (2)
PPG21 — PPG ch.21 output pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

P086 — General-purpose 1/0 port
PWM2P5 — SMC ch.5 output pin

153 | AN30 — E | ADC Analog 30 input pin
ICU3_2 — Input capture ch.3 input pin (2)
PPG22 — PPG ch.22 output pin
P087 — General-purpose 1/0 port
PWM2M5 — SMC ch.5 output pin

154 |AN31 — E ADC Analog 31 input pin
ICU4_2 — Input capture ch.4 input pin (2)
PPG23 — PPG ch.23 output pin
P090 — General-purpose 1/0 port

157 |ADTG - A | A/D converter external trigger input pin
PPGO_2 — PPG ch.0 output pin (2)
P091 — General-purpose 1/0 port
SGAO — Sound generator ch.0 SGA output pin
SIN2 — LIN-UART ch.2 serial data input pin

98 INT12 — C INT12 External interrupt input pin
TOT2_1 — Reload timer ch.2 output pin (1)
ICU2_1 — Input capture ch.2 input pin (1)
PPG6_1 — PPG ch.6 output pin (1)
P092 — General-purpose 1/0 port
SGO0 — Sound generator ch.0 SGO output pin
SCK2 — LIN-UART ch.2 clock I/O pin

99 INT13 — C INT13 External interrupt input pin
TOT3 1 — Reload timer ch.3 output pin (1)
ICUO_1 — Input capture ch.0 input pin (1)
PPG7_1 — PPG ch.7 output pin (1)
P093 — General-purpose 1/0 port
SGA1l — Sound generator ch.1 SGA output pin
SOT2 — LIN-UART ch.2 serial data output pin

100 INT14 — c INT14 External interrupt input pin
ICU3_1 — Input capture ch.3 input pin (1)
PPG8_1 — PPG ch.8 output pin (1)
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P094 — General-purpose 1/0 port
SGO1 — Sound generator ch.1 SGO output pin
SIN3 — LIN-UART ch.3 serial data input pin
160 INT15 — ¢ INT15 External interrupt input pin
ICU1 1 — Input capture ch.1 input pin (1)
PPG9 1 — PPG ch.9 output pin (1)
P095 — General-purpose 1/0 port
106 |TXO — A | CAN transmission dataO output pin
PPG10_1 — PPG ch.10 output pin (1)
P096 — General-purpose 1/0 port
107 |RXO - A | CAN reception data0 input pin
INT9 — INT9 External interrupt input pin
P097 — General-purpose 1/0 port
WOT — RTC overflow output pin
SOT3 — LIN-UART ch.3 serial data output pin
161 |INTS8 — c | INT8 External interrupt input pin
TINO — Reload timer ch.0 event input pin
ICU4_ 1 — Input capture ch.4 input pin (1)
PPGO_1 — PPG ch.0 output pin (1)
P100 — General-purpose 1/0 port
SIN4_1 — LIN-UART ch.4 serial data input pin (1)
114 |ANO — C ADC Analog 0 input pin
TINO_1 — Reload timer ch.0 event input pin (1)
PPG8 — PPG ch.8 output pin
P101 — General-purpose 1/0 port
SOT4 1 — LIN-UART ch.4 serial data output pin (1)
115 |AN1 — c | ADC Analog 1 input pin
TIN1 1 — Reload timer ch.1 event input pin (1)
PPG9 — PPG ch.9 output pin
P102 — General-purpose 1/0 port
SCK4 1 — LIN-UART ch.4 clock I/O pin(1)
116 |AN2 — c |ADC Analog 2 input pin
TIN2_1 — Reload timer ch.2 event input pin (1)
PPG10 — PPG ch.10 output pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P103 — General-purpose 1/0 port
SIN5_1 — LIN-UART ch.5 serial data input pin (1)
117 |AN3 - c |ADC Analog 3 input pin
TIN3_1 — Reload timer ch.3 event input pin (1)
PPG1_1 — PPG ch.1 output pin (1)
P104 — General-purpose 1/0 port
SOT5_1 — LIN-UART ch.5 serial data output pin (1)
118 |AN4 - c | ADC Analog 4 input pin
TOTO_1 — Reload timer ch.0 output pin (1)
PPG2_1 — PPG ch.2 output pin (1)
P105 — General-purpose 1/0 port
SCK5_1 — LIN-UART ch.5 clock I/0 pin (1)
119 |AN5 — C |ADC Analog 5 input pin
TOT1 1 — Reload timer ch.1 output pin (1)
PPG3_1 — PPG ch.3 output pin (1)
P106 — General-purpose 1/0 port
SGA4 1 — Sound generator ch.4 SGA output pin
120 ANG6 — ¢ ADC Analog 6 input pin
PPG4_1 — PPG ch.4 output pin (1)
P107 — General-purpose 1/0 port
SGO4 1 — Sound generator ch.4 SGO output pin
121 AN7 — c ADC Analog 7 input pin
PPG5_1 — PPG ch.5 output pin (1)
P110 — General-purpose 1/0 port
101 | TX1 — c | CAN transmission datal output pin
PPG1_2 — PPG ch.1 output pin (2)
P111 — General-purpose 1/0 port
RX1 — CAN reception data 1 input pin
102 INT10 — ¢ INT10 External interrupt input pin
PPG2_2 — PPG ch.2 output pin (2)
P112 — General-purpose 1/0 port
158 | TX2 — C | CAN transmission data 2 output pin
PPG3 2 — PPG ch.3 output pin (2)
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name |Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P113 — General-purpose 1/0 port
RX2 — CAN reception data 2 input pin
159 C
INT11 — INT11 External interrupt input pin
PPG4 2 — PPG ch.4 output pin (2)
P114 — General-purpose 1/0 port
SGA?2 — Sound generator ch.2 SGA output pin
SCK3 — LIN-UART ch.3 clock I/0 pin
162 C
TRG3 — PPG trigger 3 input pin ( ch.12 to ch.15)
TIN1 — Reload timer ch.1 event input pin
ICU5_1 — Input capture ch.5 input pin (1)
P115 — General-purpose 1/0 port
163 SGO2 — c Sound generator ch.2 SGO output pin
SIN4 — LIN-UART ch.4 serial data input pin
TIN2 — Reload timer ch.2 event input pin
P116 — General-purpose 1/0 port
SGA3 — Sound generator ch.3 SGA output pin
164 C
SOT4 — LIN-UART ch.4 serial data output pin
TIN3 — Reload timer ch.3 event input pin
P117 — General-purpose 1/0 port
SGO3 — Sound generator ch.3 SGO output pin
165 |[SCK4 — C | LIN-UART ch.4 clock 1/0 pin
TRG4 — PPG trigger 4 input pin ( ch.16 to ch.19)
TOTO — Reload timer ch.0 output pin
P120 — General-purpose 1/0 port
FRCK1 — Free-run timer 1 clock input pin
SIN5 — LIN-UART ch.5 serial data input pin
166 C
INT6 — INT6 External interrupt input pin
TOT1 — Reload timer ch.1 output pin
PPG5 2 — PPG ch.5 output pin (2)
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9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P121 — General-purpose 1/0 port
FRCKO — Free-run timer 0 clock input pin
SOT5 — LIN-UART ch.5 serial data output pin
167 C
INT7 — INT7 External interrupt input pin
TOT2 — Reload timer ch.2 output pin
PPG6_2 — PPG ch.6 output pin (2)
P122 — General-purpose 1/0 port
OocCuo — Output compare ch.0 output pin
168 |SCK5 - C LIN-UART ch.5 clock 1/O pin
TOT3 — Reload timer ch.3 output pin
PPG7_2 — PPG ch.7 output pin (2)
P123 — General-purpose 1/0 port
108 |OCU1l — A | Output compare ch.1 output pin
PPG8_2 — PPG ch.8 output pin (2)
P124 — General-purpose 1/0 port
OCu2 — Output compare ch.2 output pin
109 A
ICU5_2 — Input capture ch.5 input pin (2)
PPG9 2 — PPG ch.9 output pin (2)
P125 — General-purpose 1/0 port
Oocu3 — Output compare ch.3 output pin
110 A
ICUO — Input capture ch.0 input pin
PPG10 2 — PPG ch.10 output pin (2)
P126 — General-purpose 1/0 port
TRGO — PPG trigger 0 input pin( ch.0 to ch.3)
%0 SINO — A Multi-UART ch.0 serial data input pin
INT1 — INT1 External interrupt input pin
P127 — General-purpose 1/0 port
o1 SOTO . K | Multi-UART ch.0 serial data output pin /

I2C ch.0 serial data 1/0 pin
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CHAPTER 1: OVERVIEW

9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
P130 — General-purpose 1/0 port
SCKO — Multi-UART ch.0 clock 1/0 pin / 1°C ch.0 clock I/O pin
92 INTO — K | INTO External interrupt input pin
ICUl — Input capture ch.1 input pin
TIOAO — Base timer TIOAQ output pin
P131 — General-purpose 1/0 port
TRG1 — PPG trigger 1 input pin ( ch.4 to ch.7)
SIN1 — Multi-UART ch.1 serial data input pin
93 A
INT4 — INT4 External interrupt input pin
ICU2 — Input capture ch.2 input pin
TIOAL — Base timer TIOAL output / input pin
P132 — General-purpose 1/0 port
SOT1 . l\z/lulti-UAR'_I' ch.1 serial Qata output pin /
I1°C ch.1 serial data 1/0 pin
94 INT2 — K | INT2 External interrupt input pin
ICU3 — Input capture ch.3 input pin
TIOBO — Base timer TIOBO input pin
P133 — General-purpose 1/0 port
TRG5 — PPG trigger 5 input pin( ch.20 to ch.23)
PPG11 1 — PPG ch.11 output pin (1)
95 SCK1 — K | Multi-UART ch.1 clock 1/0 pin / I°C ch.1 clock 1/O pin
INT3 — INT3 External interrupt input pin
ICU4 — Input capture ch.4 input pin
TIOB1 — Base timer TIOB1 input pin
P134 — General-purpose 1/0 port
TRG2 — PPG trigger 2 input pin ( ch.8 to ch.11)
96 PPG1_3 — A | PPG ch.1 output pin (3)
INT5 — INT5 External interrupt input pin
ICU5 — Input capture ch.5 input pin
103 |DEBUGIF - G DEBUG IF pin
PA2 — General-purpose 1/0 port (3V pin)
176  |RIN2 — O | Capture R2 input pin (RGB mode)
VINO — Capture VINO input pin (656 mode)
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CHAPTER 1: OVERVIEW

9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name |Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
PA3 — General-purpose 1/0 port (3V pin)
177 |RIN3 — O | Capture R3 input pin (RGB mode)
VIN1 — Capture VIN1 input pin (656 mode)
PA4 — General-purpose 1/0 port (3V pin)
178 |RIN4 — O | Capture R4 input pin (RGB mode)
VIN2 — Capture VINZ input pin (656 mode)
PA5 — General-purpose 1/0 port (3V pin)
179 |RIN5S — O | Capture R5 input pin (RGB mode)
VIN3 — Capture VIN3 input pin (656 mode)
PA6 — General-purpose 1/0 port (3V pin)
180 |RING — O | Capture R6 input pin (RGB mode)
VIN4 — Capture VIN4 input pin (656 mode)
PA7 — General-purpose 1/0 port (3V pin)
181 |RIN7 — O | Capture R7 input pin (RGB mode)
VINS — Capture VINS5 input pin (656 mode)
PB2 — General-purpose 1/0 port (3V pin)
182 |GIN2 - O | Capture G2 input pin (RGB mode)
VING — Capture VING input pin (656 mode)
PB3 — General-purpose 1/0 port (3V pin)
183 |GIN3 - O | Capture G3 input pin (RGB mode)
VIN7 — Capture VIN7 input pin (656 mode)
PB4 — General-purpose 1/0 port (3V pin)
184 ]
GIN4 — Capture G4 input pin (RGB mode)
PB5 — General-purpose 1/0 port (3V pin)
185 ]
GIN5 — Capture G5 input pin (RGB mode)
PB6 — General-purpose 1/0 port (3V pin)
186 )
GING — Capture G6 input pin (RGB mode)
187 PB7 — o General-purpose 1/0 port (3V pin)
GIN7 — Capture G7 input pin (RGB mode)
PC2 — General-purpose 1/0 port (3V pin)
190 ]
BIN2 — Capture B2 input pin (RGB mode)
PC3 — General-purpose 1/0 port (3V pin)
191 ]
BIN3 — Capture B3 input pin (RGB mode)
PC4 — General-purpose 1/0 port (3V pin)
192 O
BIN4 — Capture B4 input pin (RGB mode)
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CHAPTER 1: OVERVIEW

9. Explanation of Pin Functions MB91590 Series
I/0
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types

PC5 — General-purpose 1/0 port (3V pin)
193 BIN5 — ° Capture B5 input pin (RGB mode)
194 PC6 — o General-purpose 1/0 port (3V pin)
BING — Capture B6 input pin (RGB mode)
105 PC7 — o General-purpose 1/0 port (3V pin)
BIN7 — Capture B7 input pin (RGB mode)
) PD2 — o General-purpose 1/0 port (3V pin)

ROUT2 — Display digital R2 output pin
PD3 — General-purpose 1/0 port (3V pin)

: ROUT3 — © Display digital R3 output pin
PD4 — General-purpose 1/0 port (3V pin)

) ROUT4 — © Display digital R4 output pin
PD5 — General-purpose 1/0 port (3V pin)

° ROUT5 — © Display digital R5 output pin
PD6 — General-purpose 1/0 port (3V pin)

° ROUT6 — © Display digital R6 output pin
PD7 — General-purpose 1/0 port (3V pin)

! ROUT7 — © Display digital R7 output pin
PE2 — General-purpose 1/0 port (3V pin)

° GOUT2 — © Display digital G2 output pin
PE3 — General-purpose 1/0 port (3V pin)

° GOUT3 — © Display digital G3 output pin
PE4 — General-purpose 1/0 port (3V pin)

10 GOUT4 — © Display digital G4 output pin
PE5 — General-purpose 1/0 port (3V pin)

H GOUT5 — © Display digital G5 output pin
1 PE6 — o General-purpose 1/0 port (3V pin)

GOUT6 — Display digital G6 output pin
PE7 — General-purpose 1/0 port (3V pin)

1 GOUT7 — © Display digital G7 output pin
14 PF2 — o General-purpose 1/0 port (3V pin)

BOUT2 — Display digital B2 output pin
PF3 — General-purpose 1/0 port (3V pin)

o BOUT3 — © Display digital B3 output pin
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9. Explanation of Pin Functions MB91590 Series
I/0
Pinno.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)
types
" PF4 — o General-purpose 1/0 port (3V pin)
BOUT4 — Display digital B4 output pin
PF5 — General-purpose 1/0 port (3V pin)
17 @]
BOUT5 — Display digital BS output pin
PF6 — General-purpose 1/0 port (3V pin)
21 @]
BOUT6 — Display digital B6 output pin
- PF7 — o General-purpose 1/0 port(3V pin)
BOUTY7 — Display digital B7 output pin
PGO — General-purpose 1/0 port (3V pin)
200 |DCKIN — O |Display reference clock input pin (for External sync)
CMDTRG — GDC command trigger input pin
PG1 — General-purpose 1/0 port (3V pin)
197 @] - - ] -
VSIN P Capture vertical sync signal input pin
PG2 — General-purpose 1/0 port (3V pin
198 o purp port (3V pin)
HSIN P Capture horizontal sync signal input pin
PG3 — General-purpose 1/0 port (3V pin)
199 CSOUT . 0 Display composite sync signal output pin,
Graphics/Video switch (for External sync) output pin
03 PG4 — o General-purpose 1/0 port (3V pin)
DCKOUT — Display reference clock output pin (for Internal sync)
PG5 — General-purpose 1/0 port (3V pin)
24 0 Display vertical sync signal output pin (for Internal sync), /
VSYNC — . - . . -
Display vertical sync signal input pin (for External sync)
PG6 — General-purpose 1/0 port (3V pin)
25 0 Display horizontal sync signal output pin (for Internal sync) /
HSYNC — . . . . '
Display horizontal sync signal input pin (for External sync)
PG7 — General-purpose 1/0 port (3V pin)
26 @]
DEOUT P Display enable display period output pin
PH3 — General-purpose 1/0 port (3V pin)
196 @] - -
CCLK — For capture, capture clock input pin
204 |REFOUT — T | Clamp level output pin
203 |AVR3 — “L” level reference voltage for NTSC-AD
205 |VIN — NTSC signal input pin
111  |AVCCS — — | AD converter analog power supply pin
201, 207 | AVCC3 — — | For NTSC, AD converter analog power supply pin
112 |AVRH5 — — | AD converter upper limit reference voltage
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CHAPTER 1: OVERVIEW .
9. Explanation of Pin Functions MB91590 Series

I/1O
Pin no.| Pin Name | Polarity | circuit| Function (For switching, see “CHAPTER : I/O Port”)

types

113 AVSS5/ . _ | AD converter GND/ AD converter lower limit reference
AVRL5 voltage

202, 206 | AVSS3 — — | NTSC AD converter GND pin

124 |C 1 — — | Built-in regulator capacitor connected pin 1

73 C2 — — | Built-in regulator capacitor connected pin 2

20 C3 — — | Built-in regulator capacitor connected pin 3

126,
136,146, | DVCC — — | SMC high current port power supply pin
156

125,
135, |DVSS — — | SMC high current port GND pin
145, 155

89, 105,

122,173 VCC5 — — | +5.0v power supply pin

1, 18,

37,53,

71,175,
189

VCC3 — — | +3.3v power supply pin

19, 36,

52,72,

82, 88,
104,
123,
174,
188,
208

VSS — — | GND pin
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CHAPTER 1: OVERVIEW
10. Pins of Each Function

MB91590 Series

10. Pins of Each Function

This section shows the pins of each function.

10.1.
10.2.
10.3.
10.4.
10.5.
10.6.
10.7.
10.8.
10.9.

10.10.
10.11.
10.12.
10.13.
10.14.
10.15.
10.16.
10.17.
10.18.
10.19.
10.20.
10.21.
10.22.
10.23.
10.24.

Pins of AD Converter

Pins of CAN (ch.0 to ch.2)

Pins of External Interrupt Input (ch.0 to ch.15)
Pins of LIN-UART (ch.2 to ch.7)

Pins of Multi-function Serial Interface (ch.0, ch.1)
Pins of PPG (ch.0 to ch.23)

Pin of Real Time Clock

Pins of Stepping Motor Controller (ch.0 to ch.5)
Pins of Output Compare (ch.0 to ch.3)

Pins of Input Capture (ch.0 to ch.5)

Pins of Sound Generator (ch.0 to ch.4)

Pins of Free-run Timer (ch.0, ch.1)

Pins of Base Timer (ch.0, ch.1)

Pins of Reload Timer (ch.0 to ch.3)

Pins of External Bus Interface (GDC External Memory I/F)
Pins of SPI Interface (GDC External Memory I/F)
Pins of Port Function (General-purpose 1/0)

Pins of GDC (Capture RGB Mode)

Pins of GDC (Capture 656 Mode)

Pins of GDC (Capture Other)

Pins of GDC (Display)

Pins of GDC (NTSC)

Pin of GDC (Other)

Pins of Other
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10. Pins of Each Function

MB91590 Series

10.1. Pins of AD Converter

Pins of AD converter are shown.

+ A/D converter external trigger input

+ ADC Analog 0 input
+ ADC Analog 1 input
+ ADC Analog 2 input
+ ADC Analog 3 input
+ ADC Analog 4 input
+ ADC Analog 5 input
+ ADC Analog 6 input
+ ADC Analog 7 input
+ ADC Analog 8 input
+ ADC Analog 9 input
+ ADC Analog 10 input
+ ADC Analog 11 input
+ ADC Analog 12 input
+ ADC Analog 13 input
+ ADC Analog 14 input
+ ADC Analog 15 input
+ ADC Analog 16 input
+ ADC Analog 17 input
+ ADC Analog 18 input
+ ADC Analog 19 input
+ ADC Analog 20 input
+ ADC Analog 21 input
+ ADC Analog 22 input
+ ADC Analog 23 input
+ ADC Analog 24 input
+ ADC Analog 25 input
+ ADC Analog 26 input
« ADC Analog 27 input
+ ADC Analog 28 input
« ADC Analog 29 input
+ ADC Analog 30 input
+ ADC Analog 31 input

+ AD converter analog power supply
+ AD converter upper limit reference voltage

(pin name) ADTG
(pin name) ANO
(pin name) AN1
(pin name) AN2
(pin name) AN3
(pin name) AN4
(pin name) AN5
(pin name) AN6
(pin name) AN7
(pin name) AN8
(pin name) AN9
(pin name) AN10
(pin name) AN11
(pin name) AN12
(pin name) AN13
(pin name) AN14
(pin name) AN15
(pin name) AN16
(pin name) AN17
(pin name) AN18
(pin name) AN19
(pin name) AN20
(pin name) AN21
(pin name) AN22
(pin name) AN23
(pin name) AN24
(pin name) AN25
(pin name) AN26
(pin name) AN27
(pin name) AN28
(pin name) AN29
(pin name) AN30
(pin name) AN31
(pin name) AVCC5

(pin no.) 157
(pinno.) 114
(pin no.) 115
(pin no.) 116
(pin no.) 117
(pin no.) 118
(pin no.) 119
(pin no.) 120
(pin no.) 121
(pin no.) 127
(pin no.) 128
(pin no.) 129
(pin no.) 130
(pin no.) 131
(pin no.) 132
(pin no.) 133
(pin no.) 134
(pin no.) 137
(pin no.) 138
(pin no.) 139
(pin no.) 140
(pin no.) 141
(pin no.) 142
(pin no.) 143
(pin no.) 144
(pin no.) 147
(pin no.) 148
(pin no.) 149
(pin no.) 150
(pin no.) 151
(pin no.) 152
(pin no.) 153
(pin no.) 154
(pin no.) 111

(pin name) AVRH5 (pin no.) 112
+ AD converter GND/ AD converter lower limit reference voltage
(pin name) AVSS5/AVRL5

(pin no.) 113

MN705-00009-3v0-E

FUJITSU SEMICONDUCTOR LIMITED

45



CHAPTER 1: OVERVIEW

10. Pins of Each Function MB91590 Series
10.2. Pins of CAN (ch.0to ch.2)
Pins of CAN are shown.

+ CAN reception data 0 input (pin name) RX0 (pin no.) 107

+ CAN reception data 1 input (pin name) RX1 (pin no.) 102

+ CAN reception data 2 input (pin name) RX2 (pin no.) 159

+ CAN transmission data 0 output (pin name) TXO0 (pin no.) 106

+ CAN transmission data 1 output (pin name) TX1 (pin no.) 101

+ CAN transmission data 2 output (pin name) TX2 (pin no.) 158
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10. Pins of Each Function

MB91590 Series

10.3. Pins of External Interrupt Input (ch.0 to ch.15)

Pins of external interrupt input are shown.

+ INTO External interrupt input
+ INT1 External interrupt input
+ INT2 External interrupt input
+ INT3 External interrupt input
+ INT4 External interrupt input
+ INT5 External interrupt input
+ INT6 External interrupt input
+ INT7 External interrupt input
+ INT8 External interrupt input
+ INT9 External interrupt input
+ INT10 External interrupt input
+ INT11 External interrupt input
+ INT12 External interrupt input
+ INT13 External interrupt input
+ INT14 External interrupt input
+ INT15 External interrupt input

(pin name) INTO
(pin name) INT1
(pin name) INT2
(pin name) INT3
(pin name) INT4
(pin name) INT5
(pin name) INT6
(pin name) INT7
(pin name) INT8
(pin name) INT9
(pin name) INT10
(pin name) INT11
(pin name) INT12
(pin name) INT13
(pin name) INT14
(pin name) INT15

(pin no.) 92
(pin no.) 90
(pin no.) 94
(pin no.) 95
(pin no.) 93
(pin no.) 96
(pin no.)166
(pin no.)167
(pin no.)161
(pin no.)107
(pin no.)102
(pin no.)159
(pin no.) 98
(pin no.) 99
(pin no.)100
(pin no.)160
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10. Pins of Each Function

MB91590 Series

10.4. Pins of LIN-UART (ch.2 to ch.7)

Pins of LIN-UART are shown.

+ LIN-UART ch.2 clock I/O

+ LIN-UART ch.2 clock /0O (1)

+ LIN-UART ch.2 serial data output

+ LIN-UART ch.2 serial data output (1)
+ LIN-UART ch.2 serial data input

+ LIN-UART ch.2 serial data input (1)
+ LIN-UART ch.3 clock I/O

+ LIN-UART ch.3 clock 1/0 (1)

+ LIN-UART ch.3 serial data output

+ LIN-UART ch.3 serial data output (1)
+ LIN-UART ch.3 serial data input

+ LIN-UART ch.3 serial data input (1)

+ LIN-UART ch.4 clock 1/0

+ LIN-UART ch.4 clock I/0 (1)

+ LIN-UART ch.4 serial data output

+ LIN-UART ch.4 serial data output (1)
* LIN-UART ch.4 serial data input

* LIN-UART ch.4 serial data input (1)

+ LIN-UART ch.5 clock I/O

+ LIN-UART ch.5 clock 1/0 (1)

+ LIN-UART ch.5 serial data output

+ LIN-UART ch.5 serial data output (1)
+ LIN-UART ch.5 serial data input

+ LIN-UART ch.5 serial data input (1)

« LIN-UART ch.6 clock 1/0

+ LIN-UART ch.6 serial data output
+ LIN-UART ch.6 serial data input

« LIN-UART ch.7 clock 1/0

+ LIN-UART ch.7 serial data output
« LIN-UART ch.7 serial data input

(pin name) SCK2  (pin no.) 99
(pin name) SCK2_1 (pin no.) 29
(pin name) SOT2  (pin no.)100
(pin name) SOT2_1 (pinno.) 28
(pin name) SIN2  (pinno.) 98
(pin name) SIN2_1 (pin no.) 27
(pin name) SCK3  (pin no.)162
(pin name) SCK3_1 (pin no.) 32
(pin name) SOT3  (pinno.)161
(pin name) SOT3_1 (pin no.) 31
(pin name) SIN3  (pin no.)160
(pin name) SIN3_1 (pin no.) 30
(pin name) SCK4  (pin no.)165
(pin name) SCK4_1 (pin no.)116
(pin name) SOT4  (pin no.)164
(pin name) SOT4_1 (pin no.)115
(pin name) SIN4  (pin no.)163
(pin name) SIN4_1 (pin no.)114
(pin name) SCK5  (pin no.)168
(pin name) SCK5_1 (pin no.)119
(pin name) SOT5  (pin no.)167
(pin name) SOT5_1 (pin no.)118
(pin name) SIN5  (pin no.)166
(pin name) SIN5_1 (pin no.)117
(pin name) SCK6  (pin no.)149
(pin name) SOT6  (pin no.)148
(pin name) SIN6  (pin no.)147
(pin name) SCK7_1 (pin no.)144
(pin name) SOT7_1 (pin no.)143
(pin name) SIN7_1 (pin no.)142
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10. Pins of Each Function MB91590 Series

10.5. Pins of Multi-function Serial Interface (ch.0, ch.1)

Pins of multi-function serial interface are shown.

+ MFS ch.0 clock 1/0 / 1?C ch.0 clock 1/0 (pin name) SCKO  (pin no.) 92
- MFS ch.0 serial data output / I°C ch.0 serial data I/O  (pin name) SOTO  (pin no.) 91
+ MFS ch.0 serial data input (pin name) SINO  (pin no.) 90
- MFS ch.1 clock 1/0 / I*C ch.1 clock I/0 (pin name) SCK1  (pinno.) 95
- MFS ch.1 serial data output / I°C ch.1 serial data I/0  (pin name) SOT1  (pin no.) 94
+ MFS ch.1 serial data input (pin name) SIN1  (pinno.) 93
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10. Pins of Each Function MB91590 Series

10.6. Pins of PPG (ch.0 to ch.23)

Pins of PPG are shown.
+ PPG ch.0 output (pin name) PPGO (pin no.) 27
+ PPG ch.0 output (1) (pin name) PPGO_1 (pin no.)161
+ PPG ch.0 output (2) (pin name) PPGO_2 (pin no.)157
+ PPG ch.1 output (pin name) PPG1 (pin no.) 28
+ PPG ch.1 output (1) (pin name) PPG1_1 (pin no.)117
+ PPG ch.1 output (2) (pin name) PPG1_2 (pin no.)101
+ PPG ch.1 output (3) (pin name) PPG1_3 (pin no.) 96
+ PPG ch.2 output (pin name) PPG2 (pin no.) 29
+ PPG ch.2 output (1) (pin name) PPG2_1 (pin no.)118
+ PPG ch.2 output (2) (pin name) PPG2_2 (pin no.)102
+ PPG ch.3 output (pin name) PPG3 (pin no.) 30
+ PPG ch.3 output (1) (pin name) PPG3_1 (pin no.)119
+ PPG ch.3 output (2) (pin name) PPG3_2 (pin no.)158
+ PPG ch.4 output (pin name) PPG4 (pin no.) 31
+ PPG ch.4 output (1) (pin name) PPG4_1 (pin no.)120
+ PPG ch.4 output (2) (pin name) PPG4_2 (pin no.)159
+ PPG ch.5 output (pin name) PPG5 (pin no.) 32
+ PPG ch.5 output (1) (pin name) PPG5_1 (pin no.)121
+ PPG ch.5 output (2) (pin name) PPG5_2 (pin no.)166
+ PPG ch.6 output (pin name) PPG6 (pin no.) 33
*+ PPG ch.6 output (1) (pin name) PPG6_1 (pin no.) 98
*+ PPG ch.6 output (2) (pin name) PPG6_2 (pin no.)167
+ PPG ch.7 output (pin name) PPG7 (pin no.) 34
+ PPG ch.7 output (1) (pin name) PPG7_1 (pin no.) 99
+ PPG ch.7 output (2) (pin name) PPG7_2 (pin no.)168
+ PPG ch.8 output (pin name) PPG8 (pin no.)114
+ PPG ch.8 output (1) (pin name) PPG8_1 (pin no.)100
+ PPG ch.8 output (2) (pin name) PPG8_2 (pin no.)108
+ PPG ch.9 output (pin name) PPG9 (pin no.)115
+ PPG ch.9 output (1) (pin name) PPG9_1 (pin no.)160
+ PPG ch.9 output (2) (pin name) PPG9_2 (pin no.)109
+ PPG ch.10 output (pin name) PPG10 (pin no.)116
+ PPG ch.10 output (1) (pin name) PPG10_1 (pin no.)106
+ PPG ch.10 output (2) (pin name) PPG10_2 (pin no.)110
+ PPG ch.11 output (1) (pin name) PPG11_1 (pin no.) 95
+ PPG ch.12 output (1) (pin name) PPG12_1 (pin no.)141
+ PPG ch.13 output (1) (pin name) PPG13 1 (pin no.)142
+ PPG ch.14 output (1) (pin name) PPG14 1 (pin no.)143
+ PPG ch.15 output (1) (pin name) PPG15 1 (pin no.)144
+ PPG ch.16 output (pin name) PPG16 (pin no.)147
+ PPG ch.17 output (pin name) PPG17 (pin no.)148
+ PPG ch.18 output (pin name) PPG18 (pin no.)149
+ PPG ch.19 output (pin name) PPG19 (pin no.)150
+ PPG ch.20 output (pin name) PPG20 (pin no.)151
+ PPG ch.21 output (pin name) PPG21 (pin no.)152
+ PPG ch.22 output (pin name) PPG22 (pin no.)153
+ PPG ch.23 output (pin name) PPG23 (pin no.)154
+ PPG trigger 0 input ( ch.0 to ch.3) (pin name) TRGO (pin no.) 90
+ PPG trigger 1 input ( ch.4 to ch.7) (pin name) TRG1 (pin no.) 93
+ PPG trigger 2 input ( ch.8 to ch.11) (pin name) TRG2 (pin no.) 96
* PPG trigger 3 input ( ch.12 to ch.15) (pin name) TRG3 (pin no.)162
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10. Pins of Each Function MB91590 Series
+ PPG trigger 4 input ( ch.16 to ch.19) (pin name) TRG4 (pin no.)165
+ PPG trigger 5 input ( ch.20 to ch.23) (pin name) TRG5 (pin no.) 95
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10.7. Pin of Real Time Clock

Pin of real time clock is shown.

+ RTC overflow output (pin name) WOT (pinno.) 161
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10.8. Pins of Stepping Motor Controller (ch.0 to ch.5)

Pins of stepping motor controller are shown.

+ SMC ch.0 output
+ SMC ch.0 output
+ SMC ch.0 output
+ SMC ch.0 output
+ SMC ch.1 output
+ SMC ch.1 output
+ SMC ch.1 output
+ SMC ch.1 output
+ SMC ch.2 output
+ SMC ch.2 output
+ SMC ch.2 output
+ SMC ch.2 output
+ SMC ch.3 output
+ SMC ch.3 output
+ SMC ch.3 output
+ SMC ch.3 output
+ SMC ch.4 output
+ SMC ch.4 output
+ SMC ch.4 output
+ SMC ch.4 output
+ SMC ch.5 output
+ SMC ch.5 output
+ SMC ch.5 output
+ SMC ch.5 output

+ SMC high current port GND
+ SMC high current port power supply

(pin name) PWM1MO
(pin name) PWM1PO
(pin name) PWM2MO
(pin name) PWM2P0
(pin name) PWM1M1
(pin name) PWM1P1
(pin name) PWM2M1
(pin name) PWM2P1
(pin name) PWM1M2
(pin name) PWM1P2
(pin name) PWM2M2
(pin name) PWM2P2
(pin name) PWM1M3
(pin name) PWM1P3
(pin name) PWM2M3
(pin name) PWM2P3
(pin name) PWM1M4
(pin name) PWM1P4
(pin name) PWM2M4
(pin name) PWM2P4
(pin name) PWM1M5
(pin name) PWM1P5
(pin name) PWM2M5
(pin name) PWM2P5
(pin name) DVSS

(pin name) DVCC

(pin no.) 128
(pin no.) 127
(pin no.) 130
(pin no.) 129
(pin no.) 132
(pin no.) 131
(pinno.) 134
(pin no.) 133
(pin no.) 138
(pin no.) 137
(pin no.) 140
(pin no.) 139
(pin no.) 142
(pin no.) 141
(pin no.) 144
(pin no.) 143
(pin no.) 148
(pin no.) 147
(pin no.) 150
(pin no.) 149
(pin no.) 152
(pin no.) 151
(pin no.) 154
(pin no.) 153

(pin no.) 125,135,145,155
(pin no.) 126,136,146,156
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10.9. Pins of Output Compare (ch.0 to ch.3)
Pins of output compare are shown.

+ Output compare ch.0 output (pin name) OCUO  (pin no.) 168

+ Output compare ch.1 output (pin name) OCU1 (pinno.) 108

+ Output compare ch.2 output (pin name) OCU2  (pin no.) 109

+ Output compare ch.3 output (pin name) OCU3  (pinno.) 110
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10.10. Pins of Input Capture (ch.0 to ch.5)

Pins of input capture are shown.

« Input capture ch.0 input
« Input capture ch.0 input (1)
+ Input capture ch.0 input (2)
+ Input capture ch.1 input
+ Input capture ch.1 input (1)
+ Input capture ch.1 input (2)
+ Input capture ch.2 input
* Input capture ch.2 input (1)
+ Input capture ch.2 input (2)
+ Input capture ch.3 input
* Input capture ch.3 input (1)
* Input capture ch.3 input (2)
+ Input capture ch.4 input
« Input capture ch.4 input (1)
« Input capture ch.4 input (2)
* Input capture ch.5 input
+ Input capture ch.5 input (1)
+ Input capture ch.5 input (2)

(pin name) ICUO  (pinno.) 110
(pin name) ICUO_1 (pinno.) 99
(pin name) ICUQO_2 (pin no.) 150
(pin name) ICU1  (pin no.) 92
(pin name) ICU1_1 (pinno.) 160
(pin name) ICU1_2 (pinno.) 151
(pin name) ICU2  (pin no.) 93
(pin name) ICU2_1 (pin no.) 98
(pin name) ICU2_2 (pinno.) 152
(pin name) ICU3  (pinno.) 94
(pin name) ICU3_1 (pinno.) 100
(pin name) ICU3_2 (pinno.) 153
(pin name) ICU4  (pin no.) 95
(pin name) ICU4_1 (pinno.) 161
(pin name) ICU4_2 (pin no.) 154
(pin name) ICU5  (pin no.) 96
(pin name) ICU5_1 (pin no.) 162
(pin name) ICU5_2 (pin no.) 109
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10.11. Pins of Sound Generator (ch.0 to ch.4)

Pins of sound generator are shown.

+ Sound generator ch.0 SGA output (pin name) SGAO0  (pinno.) 98

+ Sound generator ch.0 SGO output (pin name) SGO0  (pin no.) 99

+ Sound generator ch.1 SGA output (pin name) SGA1  (pinno.) 100
+ Sound generator ch.1 SGO output (pin name) SGO1  (pinno.) 160
+ Sound generator ch.2 SGA output (pin name) SGA2  (pin no.) 162
+ Sound generator ch.2 SGO output (pin name) SGO2  (pin no.) 163
+ Sound generator ch.3 SGA output (pin name) SGA3  (pinno.) 164
+ Sound generator ch.3 SGO output (pin name) SGO3  (pin no.) 165
+ Sound generator ch.4 SGA output (pin name) SGA4 1 (pin no.) 120
+ Sound generator ch.4 SGO output (pin name) SGO4_1 (pin no.) 121
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10.12. Pins of Free-run Timer (ch.0, ch.1)

Pins of free-run timer are shown.

+ Free-run timer 0 clock input (pin name) FRCKO (pin no.) 167
+ Free-run timer 1 clock input (pin name) FRCK1 (pin no.) 166
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10. Pins of Each Function MB91590 Series

10.13. Pins of Base Timer (ch.0, ch.1)

Pins of base timer are shown.

- Base timer TIOAO output (pin name) TIOAO (pin no.) 92
+ Base timer TIOBO input (pin name) TIOBO (pinno.) 94
+ Base timer TIOA1 output/input (pin name) TIOALl (pinno.) 93
+ Base timer TIOBL1 input (pin name) TIOB1 (pinno.) 95
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10.14. Pins of Reload Timer (ch.0 to ch.3)

Pins of reload timer are shown.

+ Reload timer ch.0 event input

+ Reload timer ch.0 event input (1)
+ Reload timer ch.0 event input (2)
+ Reload timer ch.0 output

+ Reload timer ch.0 output (1)

+ Reload timer ch.0 output (2)

+ Reload timer ch.1 event input

+ Reload timer ch.1 event input (1)
+ Reload timer ch.1 event input (2)
+ Reload timer ch.1 output

+ Reload timer ch.1 output (1)

+ Reload timer ch.1 output (2)

+ Reload timer ch.2 event input

+ Reload timer ch.2 event input (1)
* Reload timer ch.2 event input (2)
* Reload timer ch.2 output

* Reload timer ch.2 output (1)

* Reload timer ch.2 output (2)

* Reload timer ch.3 event input

+ Reload timer ch.3 event input (1)
* Reload timer ch.3 event input (2)
* Reload timer ch.3 output

* Reload timer ch.3 output (1)

* Reload timer ch.3 output (2)

(pin name) TINO  (pin no.) 161
(pin name) TINO_1 (pinno.) 114
(pin name) TINO_2 (pin no.) 27
(pin name) TOTO  (pin no.) 165
(pin name) TOTO_1 (pin no.) 118
(pin name) TOTO_2 (pin no.) 31
(pinname) TIN1  (pin no.) 162
(pinname) TIN1_1 (pinno.) 115
(pin name) TIN1_2 (pinno.) 28
(pin name) TOT1  (pinno.) 166
(pin name) TOT1_1 (pin no.) 119
(pin name) TOT1_2 (pin no.) 32
(pin name) TIN2  (pinno.) 163
(pin name) TIN2_1 (pinno.) 116
(pin name) TIN2_2 (pinno.) 29
(pin name) TOT2  (pin no.) 167
(pin name) TOT2_1 (pin no.) 98
(pin name) TOT2_2 (pin no.) 33
(pin name) TIN3  (pin no.) 164
(pin name) TIN3_1 (pin no.) 117
(pin name) TIN3_2 (pin no.) 30
(pin name) TOT3  (pin no.) 168
(pin name) TOT3_1 (pin no.) 99
(pin name) TOT3_2 (pin no.) 34
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10.15. Pins of External Bus Interface (GDC External Memory

I/F)
Pins of external bus interface (GDC external memory I/F) are shown.
+ External bus/Wait input (pin name) RDY  (pinno.) 81
- External bus/Address bit0 output (pin name) AQO (pin no.) 51
- External bus/Address bitl output (pin name) A01 (pin no.) 54
« External bus/Address bit2 output (pin name) AQ2 (pin no.) 55
« External bus/Address bit3 output (pin name) AO3 (pin no.) 56
- External bus/Address bit4 output (pin name) A04 (pin no.) 57
- External bus/Address bit5 output (pin name) AQ5 (pin no.) 58
« External bus/Address bit6 output (pin name) AQ06 (pin no.) 59
- External bus/Address bit7 output (pin name) AQ7 (pin no.) 60
« External bus/Address bit8 output (pin name) AO8 (pin no.) 61
- External bus/Address bit9 output (pin name) AQ9 (pin no.) 62
+ External bus/Address bit10 output (pin name) A10 (pin no.) 63
+ External bus/Address bit11 output (pin name) A1l (pin no.) 64
+ External bus/Address bit12 output (pin name) A12 (pin no.) 65
+ External bus/Address bit13 output (pin name) A13 (pin no.) 66
+ External bus/Address bit14 output (pin name) Al4 (pin no.) 67
« External bus/Address bitl5 output (pin name) A15 (pin no.) 68
+ External bus/Address bit16 output (pin name) A16 (pin no.) 69
+ External bus/Address bitl7 output (pin name) A17 (pinno.) 70
+ External bus/Address bit18 output (pin name) A18 (pinno.) 74
+ External bus/Address bit19 output (pin name) A19 (pin no.) 75
+ External bus/Address bit20 output (pin name) A20 (pin no.) 76
+ External bus/Address bit21 output (pin name) A21 (pin no.) 77
+ External bus/Address bit22 output (pin name) A22 (pinno.) 78
+ External bus/Address bit23 output (pin name) A23 (pinno.) 79
+ External bus/Address bit24 output (pin name) A24 (pin no.) 80
« External bus/Write enable output (pin name) WEX  (pinno.) 45
« External bus/Read enable output (pin name) REX (pin no.) 48
+ External bus/Chip select 0 output (pin name) CSOX  (pin no.) 46
+ External bus/Chip select 1 output (pin name) CS1X  (pinno.) 47
+ External bus/Data bit 0 1/0 (pin name) DO (pin no.) 27
+ External bus/Data bit 1 1/0 (pin name) D1 (pin no.) 28
- External bus/Data bit 2 1/0 (pin name) D2 (pinno.) 29
- External bus/Data bit 3 1/0 (pin name) D3 (pin no.) 30
- External bus/Data bit 4 1/0 (pin name) D4 (pinno.) 31
+ External bus/Data bit 5 1/0 (pin name) D5 (pin no.) 32
+ External bus/Data bit 6 1/0 (pin name) D6 (pin no.) 33
- External bus/Data bit 7 1/0 (pin name) D7 (pin no.) 34
« External bus/Data bit 8 1/0 (pin name) D8 (pin no.) 35
« External bus/Data bit 9 1/0 (pin name) D9 (pin no.) 38
+ External bus/Data bit10 1/0 (pin name) D10 (pin no.) 39
« External bus/Data bit1l I/O (pin name) D11 (pin no.) 40
+ External bus/Data bit12 1/0 (pin name) D12 (pin no.) 41
« External bus/Data bit13 1/0 (pin name) D13 (pin no.) 42
« External bus/Data bit14 1/0 (pin name) D14 (pin no.) 43
« External bus/Data bit15 1/0 (pin name) D15 (pin no.) 44
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10.16. Pins of SPI Interface (GDC External Memory I/F)

Pins of SPI interface (GDC external memory I/F) are shown.

+ SPI data output (pin name) SP1_DO (pin no.) 77
+ SPI data input (pin name) SP1_DI (pinno.) 78
+ SPI clock output (pin name) SP1_SCK (pinno.) 79
+ SPI chip select output (pin name) SP1_XCS (pin no.) 80
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10.17. Pins of Port Function (General-purpose 1/0)

Pins of port function (general-purpose I/O) are shown.

+ General-purpose 1/0 port (3V pin) (pin name) PO0O (pin no.) 27
+ General-purpose 1/0 port (3V pin) (pin name) PO01 (pin no.) 28
+ General-purpose 1/0 port (3V pin) (pin name) P002 (pin no.) 29
+ General-purpose 1/0 port (3V pin) (pin name) P003 (pin no.) 30
+ General-purpose 1/0 port (3V pin) (pin name) P004 (pin no.) 31
+ General-purpose 1/0 port (3V pin) (pin name) P005 (pin no.) 32
+ General-purpose 1/0 port (3V pin) (pin name) P006 (pin no.) 33
+ General-purpose 1/0 port (3V pin) (pin name) PO07 (pin no.) 34
+ General-purpose 1/0 port (3V pin) (pin name) P010 (pin no.) 35
+ General-purpose 1/0 port (3V pin) (pin name) P011 (pin no.) 38
+ General-purpose 1/0 port (3V pin) (pin name) P012 (pin no.) 39
+ General-purpose 1/0 port (3V pin) (pin name) PO13 (pin no.) 40
+ General-purpose 1/0 port (3V pin) (pin name) P014 (pin no.) 41
+ General-purpose 1/0O port (3V pin) (pin name) P0O15 (pin no.) 42
+ General-purpose 1/O port (3V pin) (pin name) P016 (pin no.) 43
+ General-purpose 1/0O port (3V pin) (pin name) P0O17 (pin no.) 44
+ General-purpose 1/0O port (3V pin) (pin name) P020 (pin no.) 45
+ General-purpose 1/0 port (3V pin) (pin name) P021 (pin no.) 46
+ General-purpose 1/0 port (3V pin) (pin name) P022 (pin no.) 47
+ General-purpose 1/0O port (3V pin) (pin name) P023 (pin no.) 48
+ General-purpose 1/0O port (3V pin) (pin name) P024 (pin no.) 49
+ General-purpose 1/0 port (3V pin) (pin name) P025 (pin no.) 50
+ General-purpose 1/0 port (3V pin) (pin name) P026 (pin no.) 51
+ General-purpose 1/0 port (3V pin) (pin name) P027 (pin no.) 54
+ General-purpose 1/0O port (3V pin) (pin name) PO30 (pin no.) 55
+ General-purpose 1/0 port (3V pin) (pin name) P031 (pin no.) 56
+ General-purpose 1/0 port (3V pin) (pin name) P032 (pin no.) 57
+ General-purpose 1/0 port (3V pin) (pin name) P033 (pin no.) 58
+ General-purpose 1/0 port (3V pin) (pin name) P034 (pin no.) 59
+ General-purpose 1/0 port (3V pin) (pin name) P035 (pin no.) 60
+ General-purpose 1/0 port (3V pin) (pin name) P036 (pin no.) 61
+ General-purpose 1/0 port (3V pin) (pin name) P037 (pin no.) 62
+ General-purpose 1/0 port (3V pin) (pin name) P040 (pin no.) 63
+ General-purpose 1/0 port (3V pin) (pin name) P041 (pin no.) 64
+ General-purpose 1/0 port (3V pin) (pin name) P042 (pin no.) 65
+ General-purpose 1/0 port (3V pin) (pin name) P043 (pin no.) 66
+ General-purpose 1/O port (3V pin) (pin name) P044 (pin no.) 67
+ General-purpose 1/O port (3V pin) (pin name) P045 (pin no.) 68
+ General-purpose 1/0O port (3V pin) (pin name) P046 (pin no.) 69
+ General-purpose 1/O port (3V pin) (pin name) P047 (pinno.) 70
+ General-purpose 1/0O port (3V pin) (pin name) P0O50 (pin no.) 74
+ General-purpose 1/0 port (3V pin) (pin name) P051 (pin no.) 75
+ General-purpose 1/0O port (3V pin) (pin name) P052 (pin no.) 76
+ General-purpose 1/0O port (3V pin) (pin name) P0O53 (pin no.) 77
+ General-purpose 1/0O port (3V pin) (pin name) P054 (pin no.) 78
+ General-purpose 1/0O port (3V pin) (pin name) P055 (pinno.) 79
+ General-purpose 1/0O port (3V pin) (pin name) P056 (pin no.) 80
+ General-purpose 1/0 port (3V pin) (pin name) P0O57 (pin no.) 81
+ General-purpose 1/0O port (pin name) PO60 (pin no.) 127
+ General-purpose 1/0O port (pin name) P061 (pin no.) 128
+ General-purpose 1/0 port (pin name) P062 (pin no.) 129
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+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0O port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port
+ General-purpose 1/0 port

(pin name) P063
(pin name) P064
(pin name) P065
(pin name) P066
(pin name) P067
(pin name) PO70
(pin name) PO71
(pin name) PO72
(pin name) PO73
(pin name) P074
(pin name) PO75
(pin name) PO76
(pin name) PO77
(pin name) P080
(pin name) P081
(pin name) P082
(pin name) P083
(pin name) P084
(pin name) P085
(pin name) P086
(pin name) P087
(pin name) P090
(pin name) P091
(pin name) P092
(pin name) P093
(pin name) P094
(pin name) P095
(pin name) P096
(pin name) P097
(pin name) P100
(pin name) P101
(pin name) P102
(pin name) P103
(pin name) P104
(pin name) P105
(pin name) P106
(pin name) P107
(pin name) P110
(pin name) P111
(pin name) P112
(pin name) P113
(pin name) P114
(pin name) P115
(pin name) P116
(pin name) P117
(pin name) P120
(pin name) P121
(pin name) P122
(pin name) P123
(pin name) P124
(pin name) P125
(pin name) P126
(pin name) P127
(pin name) P130
(pin name) P131
(pin name) P132
(pin name) P133
(pin name) P134

(pin no.) 130
(pin no.) 131
(pin no.) 132
(pin no.) 133
(pinno.) 134
(pin no.) 137
(pin no.) 138
(pin no.) 139
(pin no.) 140
(pin no.) 141
(pin no.) 142
(pin no.) 143
(pin no.) 144
(pin no.) 147
(pin no.) 148
(pin no.) 149
(pin no.) 150
(pin no.) 151
(pin no.) 152
(pin no.) 153
(pin no.) 154
(pin no.) 157
(pin no.) 98

(pin no.) 99

(pin no.) 100
(pin no.) 160
(pin no.) 106
(pin no.) 107
(pin no.) 161
(pin no.) 114
(pin no.) 115
(pin no.) 116
(pin no.) 117
(pin no.) 118
(pin no.) 119
(pin no.) 120
(pin no.) 121
(pin no.) 101
(pin no.) 102
(pin no.) 158
(pin no.) 159
(pin no.) 162
(pin no.) 163
(pin no.) 164
(pin no.) 165
(pin no.) 166
(pin no.) 167
(pin no.) 168
(pin no.) 108
(pin no.) 109
(pin no.) 110
(pin no.) 90

(pin no.) 91

(pin no.) 92

(pin no.) 93

(pin no.) 94

(pin no.) 95

(pin no.) 96
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+ General-purpose 1/0 port(single clock product)
+ General-purpose 1/0 port(single clock product)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0O port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0O port (3V pin)
+ General-purpose 1/0O port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
+ General-purpose 1/0 port (3V pin)
- General-purpose /0O port (3V pin)
- General-purpose 1/0O port (3V pin)
- General-purpose /0O port (3V pin)
- General-purpose /0 port (3V pin)
+ General-purpose /0O port (3V pin)
+ General-purpose 1/0O port (3V pin)
+ General-purpose 1/0O port (3V pin)
+ General-purpose 1/0O port (3V pin)

(pin name) P136
(pin name) P137
(pin name) PA2
(pin name) PA3
(pin name) PA4
(pin name) PA5
(pin name) PA6
(pin name) PA7
(pin name) PB2
(pin name) PB3
(pin name) PB4
(pin name) PB5
(pin name) PB6
(pin name) PB7
(pin name) PC2
(pin name) PC3
(pin name) PC4
(pin name) PC5
(pin name) PC6
(pin name) PC7
(pin name) PD2
(pin name) PD3
(pin name) PD4
(pin name) PD5
(pin name) PD6
(pin name) PD7
(pin name) PE2
(pin name) PE3
(pin name) PE4
(pin name) PE5
(pin name) PE6
(pin name) PE7
(pin name) PF2
(pin name) PF3
(pin name) PF4
(pin name) PF5
(pin name) PF6
(pin name) PF7
(pin name) PGO
(pin name) PG1
(pin name) PG2
(pin name) PG3
(pin name) PG4
(pin name) PG5
(pin name) PG6
(pin name) PG7
(pin name) PH3

(pin no.) 172
(pinno.) 171
(pinno.) 176
(pin no.) 177
(pin no.) 178
(pin no.) 179
(pin no.) 180
(pin no.) 181
(pin no.) 182
(pin no.) 183
(pinno.) 184
(pin no.) 185
(pin no.) 186
(pin no.) 187
(pin no.) 190
(pin no.) 191
(pin no.) 192
(pin no.) 193
(pin no.) 194
(pin no.) 195
(pinno.) 2
(pinno.) 3
(pinno.) 4
(pinno.) 5
(pinno.) 6
(pinno.) 7
(pinno.) 8
(pinno.) 9
(pin no.) 10
(pinno.) 11
(pinno.) 12
(pinno.) 13
(pinno.) 14
(pin no.) 15
(pin no.) 16
(pinno.) 17
(pinno.) 21
(pin no.) 22
(pin no.) 200
(pin no.) 197
(pin no.) 198
(pin no.) 199
(pin no.) 23
(pin no.) 24
(pin no.) 25
(pin no.) 26
(pin no.) 196

Note:

P135 is a missing number.
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10.18. Pins of GDC (Capture RGB Mode)

Pins of GDC (Capture RGB mode) are shown.
+ Capture R2 input (RGB mode) (pin name) RIN2 (pinno.) 176
+ Capture R3 input (RGB mode) (pin name) RIN3 (pin no.) 177
+ Capture R4 input (RGB mode) (pin name) RIN4 (pinno.) 178
+ Capture R5 input (RGB mode) (pin name) RIN5 (pinno.) 179
+ Capture R6 input (RGB mode) (pin name) RING (pin no.) 180
+ Capture R7 input (RGB mode) (pin name) RIN7 (pin no.) 181
+ Capture G2 input (RGB mode) (pin name) GIN2 (pin no.) 182
+ Capture G3 input (RGB mode) (pin name) GIN3 (pin no.) 183
+ Capture G4 input (RGB mode) (pin name) GIN4 (pin no.) 184
+ Capture G5 input (RGB mode) (pin name) GIN5 (pin no.) 185
+ Capture G6 input (RGB mode) (pin name) GING (pin no.) 186
+ Capture G7 input (RGB mode) (pin name) GIN7 (pin no.) 187
+ Capture B2 input (RGB mode) (pin name) BIN2 (pin no.) 190
+ Capture B3 input (RGB mode) (pin name) BIN3 (pin no.) 191
+ Capture B4 input (RGB mode) (pin name) BIN4 (pin no.) 192
+ Capture B5 input (RGB mode) (pin name) BIN5 (pin no.) 193
+ Capture B6 input (RGB mode) (pin name) BING (pin no.) 194
+ Capture B7 input (RGB mode) (pin name) BIN7 (pin no.) 195
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10.19. Pins of GDC (Capture 656 Mode)
Pins of GDC (Capture 656 mode) are shown.

+ Capture VINO input (656 mode) (pin name) VINO (pinno.) 176

« Capture VIN1 input (656 mode) (pin name) VIN1 (pin no.) 177

+ Capture VIN2 input (656 mode) (pin name) VIN2 (pinno.) 178

+ Capture VIN3 input (656 mode) (pin name) VIN3 (pin no.) 179

+ Capture VIN4 input (656 mode) (pin name) VIN4 (pin no.) 180

+ Capture VIN5 input (656 mode) (pin name) VINS (pin no.) 181

+ Capture VING input (656 mode) (pin name) VING (pin no.) 182

+ Capture VIN7 input (656 mode) (pin name) VIN7 (pin no.) 183
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10.20. Pins of GDC (Capture Other)

Pins of GDC (Capture other) are shown.

« Capture vertical sync signal input (pin name) VSIN (pin no.) 197
+ Capture horizontal sync signal input (pin name) HSIN (pin no.) 198
+ Capture capture clock input (pin name) CCLK (pin no.) 196
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- Display digital R4 output (pin name) ROUT4  (pinno.) 4

- Display digital R5 output (pin name) ROUT5  (pinno.) 5

- Display digital R6 output (pin name) ROUT6  (pinno.) 6

- Display digital R7 output (pin name) ROUT7  (pinno.) 7

- Display digital GO output (pin name) GOUTO  (pin no.) 40
- Display digital G1 output (pin name) GOUT1  (pinno.) 41
- Display digital G2 output (pin name) GOUT2  (pinno.) 8

- Display digital G3 output (pin name) GOUT3  (pinno.) 9

- Display digital G4 output (pin name) GOUT4  (pin no.) 10
- Display digital G5 output (pin name) GOUT5  (pinno.) 11
- Display digital G6 output (pin name) GOUT6  (pin no.) 12
- Display digital G7 output (pin name) GOUT7  (pinno.) 13
- Display digital BO output (pin name) BOUTO  (pin no.) 42
- Display digital B1 output (pin name) BOUT1  (pinno.) 43
- Display digital B2 output (pin name) BOUT2  (pin no.) 14
- Display digital B3 output (pin name) BOUT3  (pinno.) 15
- Display digital B4 output (pin name) BOUT4  (pinno.) 16
- Display digital B5 output (pin name) BOUT5  (pin no.) 17
- Display digital B6 output (pin name) BOUT6  (pinno.) 21
- Display digital B7 output (pin name) BOUT7  (pin no.) 22
- Display enable display period output (pin name) DEOUT  (pin no.) 26

10. Pins of Each Function MB91590 Series
10.21. Pins of GDC (Display)
Pins of GDC (Display) are shown.

- Display digital RO output (pin name) ROUTO  (pin no.) 38

- Display digital R1 output (pin name) ROUT1  (pin no.) 39

- Display digital R2 output (pin name) ROUT2  (pinno.) 2

- Display digital R3 output (pin name) ROUT3  (pinno.) 3

- Display composite sync signal output, /
Graphics/Video switch (External sync) output
- Display reference clock output (Internal sync)
- Display vertical sync signal output (Internal sync) /
Display vertical sync signal input (External sync) (pin name) VSYNC  (pin no.) 24
- Display horizontal sync signal output (Internal sync) /
Display horizontal sync signal input (External sync)  (pin name) HSYNC  (pin no.) 25
- Display reference clock input (External sync) (pin name) DCKIN  (pin no.)200

(pin name) CSOUT  (pin no.)199
(pin name) DCKOUT (pin no.) 23
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10.22. Pins of GDC (NTSC)

Pins of GDC (NTSC) are shown.

+ Clamp level output (pin name) REFOUT
« “L” level reference voltage for NTSC-AD (pin name) AVR3

+ NTSC signal input (pin name) VIN

+ For NTSC, AD converter analog power supply (pin name) AVCC3

+ NTSC AD converter GND (pin name) AVSS3

(pin no.) 204
(pin no.) 203
(pin no.) 205

(pin no.) 201, 207
(pin no.) 202, 206
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10.23. Pin of GDC (Other)

Pin of GDC (Other) is shown.

+ GDC command trigger input (pin name) CMDTRG (pin no.) 200
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10.24. Pins of Other

Pins of other such as power supply and GND are shown.

+ +5.0v power supply
+ +3.3v power supply

+ GND

- Built-in regulator capacitor connected pin 1

« Built-in regulator capacitor connected pin 2

« Built-in regulator capacitor connected pin 3

+ Main clock oscillator output

+ Main clock oscillator input

+ Sub-clock oscillator output (dual clock product)
+ Sub-clock oscillator input (dual clock product)
+ Mode pin 0

+ Mode pin 1

+ Mode pin 2

« NMI interrupt input

DEBUG I/F

« External reset input

(pin name) VCC5  (pin no.) 89,105,122,173
(pin name) VCC3  (pinno.) 1,18,37,53,71,
175,189
(pin no.) 19,36,52,72,82,88,
104,123,174,188,208,170

(pin name) VSS

(pinname) C_1 (pinno.) 124
(pin name) C_2 (pinno.) 73
(pin name) C_3 (pinno.) 20
(pin name) X1 (pinno.) 83
(pin name) X0 (pinno.) 84
(pin name) X1A (pinno.) 172
(pin name) X0A (pinno.) 171
(pin name) MDO (pinno.) 86
(pin name) MD1 (pinno.) 85
(pin name) MD2 (pinno.) 169
(pin name) NMIX  (pinno.) 97
(pin name) DEBUGIF (pin no.) 103
(pinname) RSTX  (pinno.) 87
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MB91590 Series

11. I/O Circuit Types

This section shows I/O circuit types of MB91590 series.

Type Circuit Remarks
A |7 Pull-up control : gs{;}iﬂ%{;ﬁxrgﬂfﬁ I/O port
« Pull-up resistor control 50kQ
F— begital output * Pull-down resistor control 50kQ
= * CMOS input
B |— Degital output * Schmitt input
* TTL input
» Automotive input
|7 Pull-down control
[T o > O—— CMOS-hys input
Standby control
Standby control
mo > o Automotive input
Standby control
Standby control
C - Analog 1/0, General-purpose 1/0 port
|7 Pull-up control R OUtpUt lmA, 2mA
« Pull-up resistor control 50kQ
F— pegital outpur * Pull-down resistor control 50kQ
=t * CMOS input
= |— Degital output * Schmitt input
* TTL input
|7 Pull-down control * Automotive mpUt
Lo »- CMOS-hys input
Standby control
Standby control
D- > O Automotive input
Standby control
Standby control
Analog input
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TTL input

Type Circuit Remarks
E - Analog input, General-purpose 1/0 port
Pulkup contol « Output ImA, 2mA, 30mA (High current for SMC)
« Pull-up resistor control 50kQ
|—Degital output « Pull-down resistor control 50kQ
= * CMOS input
3 |— Degital output b SChmItt input
* TTL input
|7Pull—down control * AUtOmOtiVe inpUI
Stnadby control
Stnadby control
m' »' Automotive input
Stnadby control
Stnadby control
Analog input
F1  Schmitt input
« Pull-up resistor control 50kQ (5V cont)
CMOS-hys input
F2  Schmitt input
« Pull-down resistor control 50kQ (5V cont)
CMOS-hys input
G « Open-drain 1/0

« Output 25mA (NOD)
e TTL input
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Type Circuit Remarks
J « Automotive input
WNV_W Automotive input
K « Analog input, General-purpose /O port
" Putpconn « Output ImA, 2mA, 3mA(I*C)
« Pull-up resistor control 50kQ
I Digial output « Pull-down resistor control 50kQ
* CMOS input
z « Schmitt input
&7 Digital output o TTL input
 Automotive input
}7 Pull-down control
T ' }’ CMOS-hys input
Standby control
Standby control
7 Automotive input
Standby control
Standby control
— Analoginput
L = @o— Input « Main oscillation 1/0
—
L Do-
$——————  Standby control
N = f>o— 1wt « Sub oscillation 1/0
—
[ Oo-
$———————— Standby control
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Type Circuit Remarks
0] « Analog input, 3.3V General-purpose 1/O port
Pull=up control « Output 2mA, 5mA, 10mA and 20mA
« Pull-up resistor control 33kQ
F— bigital output « Pull-down resistor control 33kQ
= * Schmitt input
3 |_ Digital output M TTL inpUt
|7 Pull-down control
Standby control
Standby control
P * Mode I/0
—  Schmitt input
|_ W Mode input
T
I 1 Control
—
i
S R M\————————— Analog input * Analog input(3V)
T R ——————— Analog output * Analog output(3V)
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1. Handling Precautions MB91590 Series
CHAPTER: HANDLING THE DEVICE

This chapter explains the notes on using this series.

1. Handling Precautions
2. Handling Device
3. Application Notes

Code : 02_MB91590 HM_E_introdution_004 20111127
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1. Handling Precautions MB91590 Series

1. Handling Precautions

Any semiconductor devices have inherently a certain rate of failure. The possibility of failure is
greatly affected by the conditions in which they are used (circuit conditions, environmental
conditions, etc.).

This page describes precautions that must be observed to minimize the chance of failure and
to obtain higher reliability from your FUJITSU SEMICONDUCTOR devices.

B Precautions for Product Design
This section describes precautions when designing electronic equipment using semiconductor devices.

® Absolute Maximum Ratings
Semiconductor devices can be permanently damaged by application of stress (voltage, current, temperature,
etc.) in excess of certain established limits, called absolute maximum rating. Do not exceed these ratings.

® Recommended Operating Conditions
Recommended operating conditions are normal operating ranges for the semiconductor device. All the
device's electrical characteristics are warranted when operated within these ranges.

Always use semiconductor devices within the recommended operating conditions. Operation outside these
ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on the data
sheet. Users considering application outside the listed conditions are advised to contact their sales
representative beforehand.

® Processing and Protection of Pins
These precautions must be followed when handling the pins which connect semiconductor devices to power
supply and input/output functions.

1. Preventing Over-Voltage and Over-Current Conditions
Exposure to voltage or current levels in excess of maximum ratings at any pin is likely to cause
deterioration within the device, and in extreme cases leads to permanent damage of the device. Try to
prevent such overvoltage or over-current conditions at the design stage.

2. Protection of Output Pins
Shorting of output pins to supply pins or other output pins, or connection to large capacitance can
cause large current flows. Such conditions if present for extended periods of time can damage the
device. Therefore, avoid this type of connection.

3. Handling of Unused Input Pins
Unconnected input pins with very high impedance levels can adversely affect stability of operation.
Such pins should be connected through an appropriate resistance to a power supply pin or ground pin.

® Latch-up
Semiconductor devices are constructed by the formation of P-type and N-type areas on a substrate. When
subjected to abnormally high voltages, internal parasitic PNPN junctions (called thyristor structures) may
be formed, causing large current levels in excess of several hundred mA to flow continuously at the power
supply pin. This condition is called latch-up.

CAUTION:The occurrence of latch-up not only causes loss of reliability in the semiconductor device, but
can cause injury or damage from high heat, smoke or flame. To prevent this from happening, do the
following:

1. Be sure that voltages applied to pins do not exceed the absolute maximum ratings.
This should include attention to abnormal noise, surge levels, etc.
2. Be sure that abnormal current flows do not occur during the power-on sequence.
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® Observance of Safety Regulations and Standards
Most countries in the world have established standards and regulations regarding safety, protection from
electromagnetic interference, etc. Customers are requested to observe applicable regulations and standards
in the design of products.

® Fail-Safe Design
Any semiconductor devices have inherently a certain rate 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.

® Precautions Related to Usage Devices
FUJITSU SEMICONDUCTOR devices are intended for use in standard applications (computers, office
automation and other office equipment, industrial, communications, and measurement equipment, personal
or household devices, etc.).

CAUTION: Customers considering the use of our products in special applications where failure or
abnormal operation may directly affect human lives or cause physical injury or property damage, or where
extremely high levels of reliability are demanded (such as aerospace systems, atomic energy controls, sea
floor repeaters, vehicle operating controls, medical devices for life support, etc.) are requested to consult
with sales representatives before such use. The company will not be responsible for damages arising from
such use without prior approval.

B Precautions for Package Mounting
Package mounting may be either lead insertion type or surface mount type. In either case, for heat resistance
during soldering, you should only mount under FUJITSU SEMICONDUCTOR's recommended conditions.
For detailed information about mount conditions, contact your sales representative.

® Lead Insertion Type
Mounting of lead insertion type packages onto printed circuit boards may be done by two methods: direct
soldering on the board, or mounting by using a socket.

Direct mounting onto boards normally involves processes for inserting leads into through-holes on the
board and using the flow soldering (wave soldering) method of applying liquid solder. In this case, the
soldering process usually causes leads to be subjected to thermal stress in excess of the absolute ratings for
storage temperature. Mounting processes should conform to FUJITSU SEMICONDUCTOR recommended
mounting conditions.

If socket mounting is used, differences in surface treatment of the socket contacts and IC lead surfaces can
lead to contact deterioration after long periods. For this reason it is recommended that the surface treatment
of socket contacts and IC leads be verified before mounting.

® Surface Mount Type
Surface mount packaging has longer and thinner leads than lead-insertion packaging, and therefore leads are
more easily deformed or bent. The use of packages with higher pin counts and narrower pin pitch results in
increased susceptibility to open connections caused by deformed pins, or shorting due to solder bridges.

You must use appropriate mounting techniques. FUJITSU SEMICONDUCTOR recommends the solder
reflow method, and has established a ranking of mounting conditions for each product. Users are advised to
mount packages in accordance with FUJITSU SEMICONDUCTOR ranking of recommended conditions.

® L ead-Free Packaging
CAUTION: When ball grid array (BGA) packages with Sn-Ag-Cu balls are mounted using Sn- Pb eutectic
soldering, junction strength may be reduced under some conditions of use.
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® Storage of Semiconductor Devices

Because plastic chip packages are formed from plastic resins, exposure to natural environmental conditions

will cause absorption of moisture. During mounting, the application of heat to a package that has absorbed

moisture can cause surfaces to peel, reducing moisture resistance and causing packages to crack. To prevent,
do the following:

(1) Avoid exposure to rapid temperature changes, which cause moisture to condense inside the product.
Store products in locations where temperature changes are slight.

(2) Use dry boxes for product storage. Products should be stored below 70% relative humidity, and at
temperatures between 5 C and 30 “C. When you open Dry Package that recommends humidity 40%
to 70% RH.

(3) When necessary, FUJITSU SEMICONDUCTOR packages semiconductor devices in highly
moisture-resistant aluminum laminate bags, with a silica gel desiccant. Devices should be sealed in their
aluminum laminate bags for storage.

(4) Avoid storing packages where they are exposed to corrosive gases or high levels of dust.

® Baking
Packages that have absorbed moisture may be de-moisturized by baking (heat drying). Follow the FUJITSU
recommended conditions for baking.
Condition: 125°C /24 h

® Static Electricity

Because semiconductor devices are particularly susceptible to damage by static electricity, you must take
the following precautions:

(1)Maintain relative humidity in the working environment between 40% and 70%.Use of an apparatus for
ion generation may be needed to remove electricity.

(2)Electrically ground all conveyors, solder vessels, soldering irons and peripheral equipment.

(3)Eliminate static body electricity by the use of rings or bracelets connected to ground through high
resistance (on the level of 1MQ). Wearing of conductive clothing and shoes, use of conductive floor
mats and other measures to minimize shock loads is recommended.

(4)Ground all fixtures and instruments, or protect with anti-static measures.

(5)Avoid the use of styrofoam or other highly static-prone materials for storage of completed board
assemblies.

B Precautions for Use Environment
Reliability of semiconductor devices depends on ambient temperature and other conditions as described
above.
For reliable performance, do the following:
(1)Humidity
Prolonged use in high humidity can lead to leakage in devices as well as printed circuit boards. If high
humidity levels are anticipated, consider anti-humidity processing

(2)Discharge of Static Electricity
When high-voltage charges exist close to semiconductor devices, discharges can cause abnormal
operation.
In such cases, use anti-static measures or processing to prevent discharges.

(3)Corrosive Gases, Dust, or Qil
Exposure to corrosive gases or contact with dust or oil may lead to chemical reactions that will
adversely affect the device. If you use devices in such conditions, consider ways to prevent such
exposure or to protect the devices.

(4)Radiation, Including Cosmic Radiation
Most devices are not designed for environments involving exposure to radiation or cosmic radiation.
Users should provide shielding as appropriate.

(5)Smoke, Flame
CAUTION: Plastic molded devices are flammable, and therefore should not be use near combustible
substances. If devices begin to smoke or burn, there is danger of the release of toxic gases.
Customers considering the use of FUJITSU SEMICONDUCTOR products in other special
environmental conditions should consult with sales representatives.
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Please check the latest handling precautions at the following URL.
http://edevice.fujitsu.com/fj/handling-e.pdf
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2. Handling Device

This section explains the handling device.

B Notes on Handling Device
This section explains the latch-up prevention and pin processing.

® For latch-up prevention
If a voltage higher than VCC or a voltage lower than VSS is applied to an 1/0 pin, or if a voltage exceeding
the ratings is applied between VCC and VSS pins, a latch-up may occur in CMOS IC. If the latch-up occurs,
the power supply current increases excessively and device elements may be damaged by heat. Take care to
prevent any voltage from exceeding the maximum ratings in device application.

Also, the analog power supply (AVCC5, AVRH5), the NTSC power supply (AVCC3, AVR3), analog input
and power supply to high-current output buffer pins must not be exceed the digital power supply (VCC5 or
VVCC3) when the power supply to the analog system and high-current output buffer pins is turned on or off.

In the correct power-on sequence of the microcontroller unit, turn on the digital power supply (VCC5),
analog power supplies (AVCC5, AVRH5), and the power supply of high-current output buffer pins (DVCC)
simultaneously. Or, turn on the digital power supply (VCC5), and then turn on analog power supplies
(AVCC5, AVRH5) and the power supply of high-current output buffer pins (DVCC).

In the correct power-on sequence of GDC unit, similarly turn on the digital power supply (VCC3) and the
NTSC analog power supply (AVCC3) simultaneously. Or, turn on the digital power supply (VCC3), and
then turn on the NTSC analog power supply (AVCC3).

® Treatment of unused pins
If unused input pins are left open, they may cause a permanent damage to the device due to malfunction or
latch-up. Connect a 2kQ resistor or more to each of unused pins for pull-up or pill-down processing.

Also, if 1/O pins are not used, they must be set to the output state for releasing or they must be set to the
input state and treated in the same way as for the input pins.
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® Power supply pins
The device is designed to ensure that if the device contains multiple VCC or VSS pins, the pins that should
be at the same potential are interconnected to prevent latch-up or other malfunctions. Further, connect these
pins to an external power supply or ground to reduce unwanted radiation, prevent strobe signals from
malfunctioning due to a raised ground level, and fulfill the total output current standard, etc. As shown in
Figure 2-1, all Vss power supply pins must be treated in the similar way. If multiple Vcc or Vss systems are
connected, the device cannot operate correctly even within the guaranteed operating range.

Figure 2-1 Power Supply Input Pins
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The power supply pins should be connected to VCC and VSS of this device at the low impedance from the
power supply source.

In the area close to this device, a ceramic capacitor having the capacitance larger than the capacitor of the C
pin is recommended to use as a bypass capacitor between VCC and VSS pins.

® Crystal oscillation circuit
An external noise to the X0 or X1 pin may cause a device malfunction. The printed circuit board must be
designed to lay out X0 and X1 pins, crystal oscillator (or ceramic resonator), and the bypass capacitor to be
grounded to the close position to the device.

The printed circuit board artwork is recommended to surround the X0 and X1 pins by ground circuits.

® Mode pins (MD2, MD1, MDO)
Connect the MD2, MD1and MDO mode pins to the VVcc or Vss pin directly. To prevent an erroneous
selection of test mode caused by the noise, reduce the pattern length between each mode pin and Vcc or
Vss pin on the printed circuit board. Also, use the low-impedance pin connection.

® During power-on
To prevent a malfunction of the voltage step-down circuit built in the device, set the voltage rising time to
have 50us or longer (between 0.2V and 2.7V) during power-on.

® Notes during PLL clock operation
When the PLL clock is selected and if the oscillator is disconnected or if the input is stopped, this clock
may continue to operate at the free running frequency of the self oscillator circuit built in the PLL clock.
This operation is not guaranteed.
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® Treatment of A/D converter power supply pins
Connect the pins to have AVCC5=AVRH5=VCC5 and AVSS5/AVRL5=VSS even if the A/D converter is
not used.

Also, similarly connect the pins of NTSC A/D converter power supply to have AVCC3=VCC3 and
AVSS3=VSS. At this time, open VIN/REFOUT.

® Notes on using external clock
An external clock is not supported.

None of the external direct clock input can be used for both main clock and sub clock.

® Power-on sequence of A/D converter power supplies and analog inputs
Be sure to turn on the digital power supply (Vcc5) first, and then turn on the A/D converter power supplies
(AVcce5, AVRHS5, AVRLS5) and analog inputs (ANO to AN31). Also, turn off the A/D converter power
supplies and analog inputs first, and then turn off the digital power supply (Vcc5). When the AVRHS is
turned on or off, it must not exceed AVCCS5. Even if a common analog input pin is used as an input port, its
input voltage must not exceed AVcc5. (However, the analog power supply and digital power supply can be
turned on or off simultaneously.)

Be sure to similarly turn on the digital power supply (VCC3) first, and then turn on the A/D converter
power supply (AVCC3) for NTSC and NTSC inputs (VIN, AVR). Also, turn off the A/D converter power
supplies and analog inputs first, and then turn off the digital power supply (VCC3).

® Treatment of power supplies for high current output buffer pins (DVcc, DVss)
Be sure to turn on the digital power supply (Vcc) first, and then turn on the power supplies for high current
output buffer pins (DVcc, DVss). Also, turn off the power supplies for high current output buffer pins first,
and then turn off the digital power supply (Vcc).

Even if the high current output buffer pins are used as general-purpose ports, the power supplies of high
current output buffer pins (DVcc, DVss) must be powered. (The power supplies of high current output
buffer pins and the digital power supplies can be turned on or off simultaneously. )

® Treatment of C pin
This device contains a voltage step-down circuit. A capacitor must always be connected to the C pin to
assure the internal stabilization of the device. For the standard values, see the "Recommended Operating
Conditions" of the latest data sheet.

Note:
For the detailed specifications of operating voltages, see the latest data sheet.
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3. Application Notes
This section explains application notes.
3.1 Function Switching of a Multiplexed Port
3.2 Low-power Consumption Mode
3.3 Notes When Writing Data in a Register Having the Status Flag
85
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3.1. Function Switching of a Multiplexed Port

Function switching of a multiplexed port is shown.

To switch between the port function and the multiplexed pin function, use the PFR (port function register).
For details, see "CHAPTER: I/O PORTS".
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3.2. Low-power Consumption Mode

This section explains low-power consumption mode.

To transit to the sleep mode, watch mode, stop mode, watch mode(power shutdown) or stop mode(power
shutdown), follow the procedure explained in the "Activating the sleep mode, watch mode, or stop mode"
or the "Activating the watch mode (power shutdown) or stop mode(power shutdown)" of "CHAPTER:
POWER CONSUMPTION CONTROL".

And GDC part and MICOM part should be power-controlled separately.
Take the following notes when using a monitor debugger.

+ Do not set a break point for the low-power consumption transition program.
- Do not execute an operation step for the low-power consumption transition program.
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3.3. Notes When Writing Data in a Register Having the
Status Flag

This section explains notes when writing data in a register having the status flag.

When writing data in the register that has a status flag (especially, an interrupt request flag) to control
function, taking care not to clear its status flag erroneously must be followed.

The program must be written not to clear the flag to the status bit, and then to set the control bits to have the
desired value.

Especially, if multiple control bits are used, the bit instruction cannot be used. (The bit instruction can
access to a single bit only.) By the Byte, Half-word, or Word access, data is written to the control bits and
status flag simultaneously. During this time, take care not to clear other bits (in this case, the bits of status
flag) erroneously.

Note:

It is not necessary to note that the bit instruction considers this respect compared with the register
to which read-modify-write (RMW) is supported. When the bit instruction is used for the register to
which read-modify-write (RMW) is not supported, it is necessary to note it.
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CHAPTER: CPU

This chapter explains the CPU.

Overview

Features

CPU Operating Description

Pipeline Operation

Floating Point Operation Processing
Data Structure

Addressing

Programming Model

Reset and EIT Processing

0. Memory Protection Function (MPU)
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Code : 03_MB91590 HM_E_cpu_005_20111127
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1. Overview

This section explains the overview of the CPU.

The FR81 architecture is a microcontroller architecture that uses the FR family instruction set with
improved floating point functionality, memory protection functionality and on-chip debugging functionality.

The integer family instruction set is compatible with the FR80.

For details, see "FR Family FR81 32-bit Microcontroller Programming Manual”.
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2. Features

This section explains features of the CPU.

The FR family is a CPU core for 32-bit RISC-based controllers equipped with a custom FUJITSU
architecture. In particular, this architecture is optimal as the CPU core in microcontrollers designed for
embedded control applications that require high-speed control.

W General
General-purpose register architecture (32-bit x 16)
32-bit address space (4GB)
16-hit fixed instruction length (excluding immediate data transfer instructions)
High-speed processing of basic instructions at one instruction per cycle using a 5-stage pipeline
architecture
32-bit x 32-bit multiplication instruction that completes in 5 cycles
32-bit/32-bit division instruction by stepped division
Direct addressing instructions for accessing peripherals
High-speed interrupt processing that finishes in six cycles
Single precision floating point arithmetic instructions
Floating point register 32-bit x 16
Privilege mode and user mode
Protection of some address-mapped registers as system registers during user mode
Protection of some instructions as privilege instructions during user mode
FPU, instruction access, and data access exception functions
FPU exceptions
Instruction access protection violation exception
Data access protection violation exception
Illegal instruction exception (changed from undefined instruction exception)
Data access error exception
Non-existent FPU exception

B Memory Protection Function (MPU)
Eight protection areas can be specified common to instructions and data
The protection areas are determined in a fixed order of precedence.(The areas can overlap)
Avreas are specified by a page address and a page size
Page size: Can be specified as 2" bytes from 16 bytes
Page address: Misaligned address also supported
The following access privileges are controlled using privilege mode and user mode
Instruction fetch (execution) permitted / forbidden
Read permitted / forbidden
Write permitted / forbidden
The following attributes can be specified for each area
Bufferable/Non-Bufferable
Access privileges and attributes can be specified for unset areas
On protection violation, an instruction access protection violation exception or data access protection
violation exception occurs
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B Floating Point Operations
IEEE754 compliant
Support single precision
- Six exception sources are supported.
- Underflow
Overflow
Division-by-zero
Invalid operation
Inexact
Inputs an unnormalized number
The only rounding mode supported is nearest value
Denormalized numbers are truncated to O or generate an exception
Floating-point register: 32-bit x 16 sets
Multiply and Add, Multiply and Sub instructions supported
Division and square root operations supported
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3. CPU Operating Description

This section explains the operation of the CPU.

B CPU Operating Status
The CPU operation state includes the following states: reset state, normal run state, low-power consumption
state, and debug run state.

The operating state transitions are shown below.

Figure 3-1 CPU operating state transition diagram

Reset state

DSU directive

ICE not connected DSU directive

DSU directive

Privilege mode
EIT |
‘

Normal Run State

Debug state

RETI

User State

Debug Run State

Low-power consumption mode
transition sequence execution

Low-power consumption mode
transition sequence execution

Low-power
consumption
state

® Reset State
The reset state is the state when the CPU is being reset. Resets consist of two levels: initialize level and
reset level. When an initialize level reset is issued, everything in the chip is initialized. For the reset level,
others exclusive of the debug control functions, clocks, and reset control functions are initialized.

® Normal Run State
The normal run state is the state when sequential instruction and EIT processing are executed. The normal
run state has privilege mode and user mode.

In user mode, there are restrictions on instructions and access destination, and there are instructions and
access destinations that can only be executed in privilege mode. When the CPU enters the normal run state
after reset is released, the CPU enters privilege mode, and changes to user mode when RETI is executed.
The transition from user mode to privilege mode in the normal run state is triggered by reset or the EIT
execution, and transition from privilege mode to user mode is triggered by the RETI execution.
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® Low-power Consumption State
The low-power consumption state is the state when the CPU is stopped to reduce the power consumption.
The transition to the low-power consumption state is carried out by the standby control of the the clock
control unit. The low-power consumption state has three modes: sleep, stop and watch mode. Recovery
from the low-power consumption state is carried out by interrupts.

® Debug Run State
The debug run state is the state when the CPU is connected to ICE and debug related functions are enabled.
The debug run state has two states: a user state and a debug state. The transition between the debug run state
and other states is basically carried via the reset state. However, the transition from the normal run state to
the debug run state forcefully is also enabled.

The user state has a privilege mode and a user mode as the normal run state. However, when a break for

debugging is carried out, the state changes to the debug state. In the debug state, instructions are executed in
a privilege mode and all registers and memory can be accessed under the state when the memory protection
function, etc. is disabled. The transition from a debug state to a user state is carried by the RETI instruction.
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4. Pipeline Operation

This section explains the pipeline operation of the CPU.

In FR81, the common pipeline processing is carried out by the decode stage, and there are two types of
pipelines such as an integer pipeline and a floating point pipeline from the execution stage. Although the
completion between each pipeline processing differs from the sequence of instruction issuances, the
processing results based on the program sequence are guaranteed.

For details, see "FR Family FR81 32-bit Microcontroller Programming Manual”.
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5. Floating Point Operation Processing

The floating point operation processing for the CPU is shown.

This series incorporates FPU.

For details of the floating point operation processing, see "FR Family FR81 32-bit Microcontroller
Programming Manual".

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 96



CHAPTER 3: CPU

6. Data Structure MB91590 Series

6. Data Structure

This section explains the data structure.

The data types which can be handled with FR81 family CPU are the integer type, which can be handled
with FR80 family or earlier, and the single precision floating point type.

For the integer type, little endian as the bit ordering and big endian as the byte ordering are used.

For details, see "FR Family FR81 32-bit Microcontroller Programming Manual”.
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7. Addressing

This section explains addressing of the CPU.

A memory space is 32-bit linear.

The CPU manages the address space in bytes. Specify a value of 32-bit for the address on the address space
to access from the CPU. Figure 7-1 shows the address space.

Figure 7-1 Memory Map

0x0000 0000 Byte
data
0x0000 0100 Direct addressing
Half-word data
area
0x0000 0200
Word data
0x0000 0400
20-bit
Addressing area
TBR | 0x000F FCO00 Vector table

0x0010 0000

32-hit
Addressing area

OXFFFF FFFF

The address space is also called memory space. The address space is the CPU-based logical address space.
Address conversion is not performed. The CPU-based logical address is same as the physical address where
memory and 1/O are actually located.

For details, see "FR Family FR81 32-bit Microcontroller Programming Manual".
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8. Programming Model

This section explains the programming model of the CPU.

The CPU of FR81 has general-purpose registers, dedicated registers, and floating point registers. Besides
these registers, the FR81 core has address-mapped system registers.
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8.1. General-purpose Registers, Dedicated Registers, and
Floating Point Registers

This section explains general-purpose registers, dedicated registers, and floating point

registers.

Figure 8-1 shows the initial values for this series.

For details of each register, see "FR Family FR81 32-bit Microcontroller Programming Manual".

Figure 8-1 Initial values of general-purpose registers, dedicated registers, and floating point

Configuration and initial values of Configuration and initial values of
general-purpose registers dedicated registers
P 32 bit N P 32 bit o
~ »|  [initial value] I ¥ [initial value]
RO XXX XXXX,, Program counter PC I XXXX XXXX,,
R KRRX XXX [ SSR=0011, SCR=XXO0,,
R2 XXX XXXX,, Program status PS ILM=01111, CCR=XX00XXXX,,
R3 XXX XX, Table base register TeR | | o00F Fcoo,
R4 XXXX XXXX,,
RS XXXX XXXX,, Return pointer RP I I XXXX XXXX
R6 XXX OO, System stack pointer SSP I I 0000 0000,,
R7 XXXX XXXX,,
RS XXXX XXXX,, User stack pointer usP I I XXXX XXXX,
R9 XXXX XXXX
" Multiplication and MDH XXXX XXXX,,
R10 XXXX XXXX division result register MDL XXX XXXX,,
R11 XXXX XXXX,,
R12 XXXX XXXX,, Base pointer BP I I XXXX XXXX,,
R13 AC XXXX XXXX,,
FPU control register FCR XXXX XXXX,,
R14 FP XXXX XXXX,,
R15 SP 0000 0000, Exception status register ESR I I 0000 0000,
Configuration and initial values of
floating point registers
4 32 bit N
- 7| [initial value]
FRO XXXX XXXX,,
FR1 XXXX XXXX,,
FR2 XXXX XXXX,,
FR3 XXXX XXXX,,
FR4 XXXX XXXX,,
FRS XXXX XXXX,,
FR6 XXXX XXXX,,
FR7 XXXX XXXX,,
FR8 XXXX XXXX,,
FR9 XXXX XXXX,,
FR10 XXXX XXXX,,
FR11 XXXX XXXX,,
FR12 XXXX XXXX,,
FR13 XXXX XXXX,,
FR14 XXXX XXXX,,
FR15 XXXX XXXX,,
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8.2. System Register

This section explains System register.

System register is an address mapping register for controlling system. These registers can be accessed only
in the privilege mode. There are system registers as follows.

Clock control-related register
Reset control-related register
Debug control-related register
Memory protection-related register
DMA-related register

Watchdog timer register

Wild register control register
FLASH control register

When these registers are written and/or read in the user mode, the illegal instruction exception (data access
error) occurs.

The access protection to system registers is judged on a priority bases than the memory protection function.
Therefore, when user access to the system register area is enabled in the memory protection function and
access is disabled in the privilege mode, those settings are disabled. Read and/or write is enabled only in the
privilege mode and read and/or write is disabled in the user mode.
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9. Reset and EIT Processing

This section explains Reset and EIT processing.

Reset and EIT processing is the processing that is carried out by other than normal programs when Reset,
Exception, Interrupt and Trap are detected.
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9.1. Reset

This section explains Reset.

Reset forcibly suspends operations currently running, initializes the device and restarts the program from
the reset vector entry address.

Note:

In this series, the FixedVector function returns not the value written in the address of OxF_FFFC on
flash memory but the first address of + 0x0024 on flash memory to reset vector. See "CHAPTER10
FixedVector FUNCTION" for details.
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9.2. EIT Processing

This section explains the EIT processing.

The EIT processing suspends operations currently running, stores resumable information into memory and
transfers control to the predetermined processing program.
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9.3. Vector Table

The vector table is shown.

Table 9-1 Vector Table

Interrupt Vector I Address at
Interruption Factor Number nterrupt Offset TBR Initial
. Hexa Level
Decimal | .o Value
Reset 0 00 - 0x3FC 0x000FFFFC
System reserved 1 01 - 0x3F8 0x000FFFF8
System reserved 2 02 - 0x3F4 0x000FFFF4
System reserved 3 03 - 0x3F0 0x000FFFF0
System reserved 4 04 - O0x3EC 0x000FFFEC
FPU exception 5 05 - 0x3E8 0x000FFFE8
Instruc_tlon access protection violation 6 06 i 0x3E4 Ox000FFEE4
exception
Data access protection violation 7 07 i 0X3EO Ox000FFEED
exception
Data access error interrupt 8 08 - 0x3DC 0x000FFFDC
INTE instruction 9 09 - 0x3D8 0x000FFFD8
Instruction break 10 0A - 0x3D4 0x000FFFD4
System reserved 11 0B - 0x3D0 0x000FFFDO
System reserved 12 0C - 0x3CC 0x000FFFCC
System reserved 13 0D - 0x3C8 0x000FFFC8
Illegal instruction exception 14 OE - 0x3C4 0x000FFFC4
NMI request 15 OF 15(0xF)Fixed | 0x3CO 0x000FFFCO
Peripheral interrupt #0 16 10 ICROO 0x3BC 0x000FFFBC
Peripheral interrupt #1 17 11 ICRO1 0x3B8 0x000FFFB8
Peripheral interrupt #2 18 12 ICRO2 0x3B4 0x000FFFB4
Peripheral interrupt #3 19 13 ICRO3 0x3B0 0x000FFFBO
Peripheral interrupt #4 20 14 ICR04 0x3AC 0x000FFFAC
Peripheral interrupt #5 21 15 ICRO5 0x3A8 0x000FFFA8
Peripheral interrupt #6 22 16 ICRO6 0x3A4 0x000FFFA4
Peripheral interrupt #7 23 17 ICRO7 0x3A0 0x000FFFAOQ
Peripheral interrupt #8 24 18 ICRO8 0x39C 0x000FFF9C
Peripheral interrupt #9 25 19 ICRO9 0x398 0x000FFF98
Peripheral interrupt #10 26 1A ICR10 0x394 0x000FFF94
Peripheral interrupt #11 27 1B ICR11 0x390 0x000FFF90
Peripheral interrupt #12 28 1C ICR12 0x38C 0x000FFF8C
Peripheral interrupt #13 29 1D ICR13 0x388 0x000FFF88
Peripheral interrupt #14 30 1E ICR14 0x384 0x000FFF84
Peripheral interrupt #15 31 1F ICR15 0x380 0x000FFF80
Peripheral interrupt #16 32 20 ICR16 0x37C 0X000FFF7C
Peripheral interrupt #17 33 21 ICR17 0x378 0x000FFF78
Peripheral interrupt #18 34 22 ICR18 0x374 0x000FFF74
Peripheral interrupt #19 35 23 ICR19 0x370 0x000FFF70
Peripheral interrupt #20 36 24 ICR20 0x36C 0x000FFF6C
Peripheral interrupt #21 37 25 ICR21 0x368 0x000FFF68
Peripheral interrupt #22 38 26 ICR22 0x364 0x000FFF64
Peripheral interrupt #23 39 27 ICR23 0x360 0x000FFF60
Peripheral interrupt #24 40 28 ICR24 0x35C 0x000FFF5C
Peripheral interrupt #25 41 29 ICR25 0x358 0x000FFF58
Peripheral interrupt #26 42 2A ICR26 0x354 0x000FFF54
Peripheral interrupt #27 43 2B ICR27 0x350 0x000FFF50
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Interrupt Vector I Address at
Interruption Factor Number nterrupt Offset TBR Initial
. Hexa Level

Decimal | i Value
Peripheral interrupt #28 44 2C ICR28 0x34C 0x000FFF4C
Peripheral interrupt #29 45 2D ICR29 0x348 0x000FFF48
Peripheral interrupt #30 46 2E ICR30 0x344 0x000FFF44
Peripheral interrupt #31 47 2F ICR31 0x340 0x000FFF40
Peripheral interrupt #32 48 30 ICR32 0x33C 0x000FFF3C
Peripheral interrupt #33 49 31 ICR33 0x338 0x000FFF38
Peripheral interrupt #34 50 32 ICR34 0x334 0x000FFF34
Peripheral interrupt #35 51 33 ICR35 0x330 0x000FFF30
Peripheral interrupt #36 52 34 ICR36 0x32C 0x000FFF2C
Peripheral interrupt #37 53 35 ICR37 0x328 0x000FFF28
Peripheral interrupt #38 54 36 ICR38 0x324 0x000FFF24
Peripheral interrupt #39 55 37 ICR39 0x320 0x000FFF20
Peripheral interrupt #40 56 38 ICR40 0x31C 0x000FFF1C
Peripheral interrupt #41 57 39 ICR41 0x318 0x000FFF18
Peripheral interrupt #42 58 3A ICR42 0x314 0x000FFF14
Peripheral interrupt #43 59 3B ICR43 0x310 0x000FFF10
Peripheral interrupt #44 60 3C ICR44 0x30C 0x000FFFOC
Peripheral interrupt #45 61 3D ICR45 0x308 0x000FFFO08
Peripheral interrupt #46 62 3E ICR46 0x304 0x000FFF04
Delay interrupt 63 3F ICR47 0x300 0x000FFFO00
System reserved (For REALOS use) | 64 40 - 0x2FC 0x000FFEFC
System reserved (For REALOS use) | 65 41 - 0x2F8 0x000FFEF8

66 42 Ox2F4 O0x000FFEF4
For INT instruction use | | - | |

255 FF 0x000 0x000FFCO00

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 106



CHAPTER 3: CPU .
10. Memory Protection Function (MPU) MB91590 Series

10. Memory Protection Function (MPU)

This section explains the memory protection function (MPU) of the CPU.

10.1. Overview
10.2. List of Registers
10.3. Description of Registers

10.4. Operations of Memory Protection Function (MPU)
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10.1. Overview

The overview of the memory protection function (MPU) is shown.

This architecture supports a memory protection function. The memory protection function is a function that
monitors access to a specified area and generates an exception on prohibited access. However, protection
specified on system registers is ignored.

Eight protection areas can be specified that are shared by instructions and data
The protection area with the highest priority is area 0, with the priority decreasing for areas 1, 2, 3, etc.
(The areas can overlap)
Avreas are specified by a page address and a page size
Page size: Can be specified in units of 2"bytes from 16 bytes
Page address: Misaligned addresses also supported
The following access privileges are controlled using privilege mode and user mode
Instruction fetch:  Enabled/ Disabled

Data Read: Enabled/ Disabled

Data Write: Enabled/ Disabled
Attributes are specified for each area

Buffer: Enabled/ Disabled

The access rights and attributes of undefined areas are controlled as a default area

Protection violation exceptions occur when a protection violation occurs

The register for the memory protection function can only be accessed in a privilege mode as system
registers

Data access error notification function

1/0O area (000000004 to 0000FFFF) is fixed buffer disabled
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10.2. List of Registers

The list of registers is shown.

Table 10-1 Registers Map

Address Registers Register function
+0 +1 +2 +3

0x0310 Reserved MPUCR MPU Control Register
0x0314 Reserved
0x0318 Reserved
0x031C Reserved
0x0320 DPVAR Data access protection violation address register
0x0324 Reserved DPVSR Data access protection violation status register
0x0328 DEAR Data access error address register
0x032C Reserved DESR Data access error status register
0x0330 PABRO Protection area base address register 0
0x0334 Reserved PACRO Protection area control register 0
0x0338 PABR1 Protection area base address register 1
0x033C Reserved PACR1 Protection area control register 1
0x0340 PABR2 Protection area base address register 2
0x0344 Reserved PACR2 Protection area control register 2
0x0348 PABR3 Protection area base address register 3
0x034C Reserved PACR3 Protection area control register 3
0x0350 PABR4 Protection area base address register 4
0x0354 Reserved PACR4 Protection area control register 4
0x0358 PABR5 Protection area base address register 5
0x035C Reserved PACR5 Protection area control register 5
0x0360 PABR6 Protection area base address register 6
0x0364 Reserved PACR6 Protection area control register 6
0x0368 PABR7 Protection area base address register 7
0x036C Reserved PACR7 Protection area control register 7
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10.3. Description of Registers

Registers are shown.

10.3.1. MPU Control Register (MPUCR)

10.3.2. Instruction Access Protection Violation Address Register (IPVAR)
10.3.3. Instruction Access Protection Violation Status Register (IPVSR)
10.3.4. Data Access Protection Violation Address Register (DPVAR)
10.3.5. Data Access Protection Violation Status Register (DPVSR)
10.3.6. Data Access Error Address Register (DEAR)

10.3.7. Data Access Error Status Register (DESR)

10.3.8. Protection Area Base Address Register 0 to 7 (PABRO to PABR7)

10.3.9. Protection Area Control Register 0 to 7 (PACRO to PACR?7)
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10.3.1. MPU Control Register (MPUCR)

The bit configuration of the MPU control register (MPUCR) is shown.

The MPU control register controls whether the MPU is enabled or disabled, and configures the access
permissions in privilege mode and user mode to default areas (areas not specified as protection areas).

B MPUCR : Address 0312y (Access: Half-word)

bit15

bit14

bitl3 bit12 bit11l bit10 bit9 bit8
PIE PRE PWE UIE URE UWE [ Reserved BE

Initial value 0 0 0 0 0 0 - 0
Attribute  R/W R/W R/W R/W R/W R/W RO,WO0 R/W
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved PAN1 PANO DEE MPE

Initial value - - - - 0 1 0 0
Attribute ROWO ROWO ROWO ROWO ROWX R1,WX R/W R/W

[bit15] PIE (Privilege Mode Instruction Fetch Enable)

This bit is for permitting instruction fetch in privilege mode from the default areas (areas that have not been
specified as protection areas).

PIE Access to default area
0 Instruction fetch not permitted in privilege mode (Initial value)
1 Instruction fetch permitted in privilege mode

[bit14] PRE (Privilege Mode Read Access Enable)

This bit is for permitting data read access in privilege mode from the default areas (areas that have not been
specified as protection areas).

PRE Access to default area
0 Read access not permitted in privilege mode (Initial value)
1 Read access permitted in privilege mode

[bit13] PWE (Privilege Mode Write Access Enable)

This bit is for permitting data write access in privilege mode to the default areas (areas that have not been
specified as protection areas).

PWE Access to default area
0 Write access not permitted in privilege mode (Initial value)
1 Write access permitted in privilege mode
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[bit12] UIE (User Mode Instruction Fetch Enable)
This bit is for permitting instruction fetch in user mode from the default areas (areas that have not been
specified as protection areas).

UIE Access to default area
0 Instruction Fetch not enable at User Mode (Initial value)
1 Instruction Fetch enable at User Mode

[bit1l] URE (User Mode Read Access Enable)
This bit is for permitting data read access in user mode from the default areas (areas that have not been
specified as protection areas).

URE Access to default area
0 Read access not permitted in user mode (Initial value)
1 Read access permitted in user mode

[bit10] UWE (User Mode Write Access Enable)
This bit is for permitting data write access in user mode to the default areas (areas that have not been
specified as protection areas).

UWE Access to default area
0 Write access not permitted in user mode (Initial value)
1 Write access permitted in user mode

[bit9] Reserved
Always write "0" when writing. This bit reads out "0".

[bit8] BE (Buffer Enable)
The bit permits buffering to be used when performing data access to default areas (areas that are not
specified as protection areas). When the use of buffering is forbidden, the CPU stops pipeline operation and
waits for the data access to finish before starting the next operation. As a result, although the data access
efficiency decreases, it is possible to perform data access synchronized to the instruction. Illegal instruction
exceptions occur when there is an error during data access only if buffering is forbidden. When buffering is
permitted, data access errors can be notified as interrupts.

BE Buffer enable specification for the default area
0 Buffer disabled (Initial value)
1 Buffer enabled

[bit7 to bit4] Reserved
These bits are reserved. Always write "0" when writing.
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[bit3, bit2] PAN[1:0] (Protection Area Number)
Indicates the number of configurable protection areas that can be specified. This bit is read-only and
indicates the number of areas implemented in hardware.

PAN[1:0] Number of memory protection areas implemented
00 Reserved
01 8 areas
10 12 areas
11 16 areas

[bitl] DEE (Data Access Error Interrupt Enable)
This bit permits interrupts to occur when a data access error occurs in areas where buffer operation is
enabled. If a data access error occurs in an area where buffer operation is permitted while this bit is enabled,
a data access error interrupt occurs. At this time, the address where the error occurred is stored in the data
access error address register (DEAR), and the details of the access are stored in the data access error status
register (DESR). If interrupts are disabled, the above registers are updated only.

DEE Data access error interrupt enabled
0 Data access error interrupt disabled (Initial value)
1 Data access error interrupt enable

[bit0] MPE (Memory Protection Unit Enable)
This bit is for enabling the memory protection function. If the memory protection function is disabled,
buffering is configured as disabled for accesses to all areas.

MPE Memory protection function
0 Memory protection function disabled (Initial value)
1 Memory protection function enabled
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10.3.2. Instruction Access Protection Violation Address
Register (IPVAR)

The bit configuration of the instruction access protection violation address register is shown.

This register stores the address where an instruction access protection violation occurred.
Also see "10.4.2. Instruction Access Protection Violation" and "10.4.7. Notes".

B IPVAR : Address 0318, (Access: Word)

bit31 . bit0
IPVA[31:0]
Initial value X . . . X
Attribute R,WX . . . R,WX

[bit31 to bit0] IPVA[31:0] (Instruction fetch Protection Violation Address)
This register stores the address where an instruction access protection violation occurred when a violation
has not occurred in the instruction access protection violation status register (IPVSR:IPV =0). This is not
aligned.

Note:
This register is a prohibition of use.
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10.3.3. Instruction Access Protection Violation Status
Register (IPVSR)

The bit configuration of the instruction access protection violation status register is shown.

This register indicates the status when an instruction access protection violation occurs.

The content of this register is updated by hardware only when IPVV=0. Only writing "0" to the IPV bit has an
effect. Writes to any other bits and writing "1" to IPV are ignored.

Also see "10.4.2. Instruction Access Protection Violation" and "10.4.7. Notes".

B [PVSR : Address 031Ey (Access : Half-word)
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8

Reserved

Initial value - - - - - - - -
Attribute ROWO ROWO ROWO ROWO ROWO ROWO ROWO ROWO

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Reserved SZ[1:0] MD Reserved IPV

Initial value - - 0 0 0 - - 0
Attribute ROOWO ROWO0 RWX RWX RWX ROWO ROWO RW

[bit15 to bit6, bit2, bitl] Reserved
These bits are reserved. Always write "0" to these bits.

[bit5, bit4] SZ[1:0]
The access size when the violation occurred.

SZ[1:0] Access size
00 Byte
01 Half-word
10 Word
1 Reserved
[bit3] MD
Indicates the mode of the access.
MD Operation mode
0 Access in user mode
1 Access in privilege mode
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[bit0] IPV (Instruction fetch Protection Violation)
This bit indicates that an instruction access protection violation occurred. In order to save the details of new
protection violations, clear this bit.

IPV Instruction access protection violation
0 Instruction access protection violation not detected (initial value)
1 Instruction access protection violation detected

Note:
This register is a prohibition of use.

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 116



CHAPTER 3: CPU .
10. Memory Protection Function (MPU) MB91590 Series

10.3.4. Data Access Protection Violation Address
Register (DPVAR)

The bit configuration of the data access Protection violation address register is shown.

The address where the violation of the data access protection occurs is saved.

B DPVAR : Address 03204 (Access : Word)

bit31 . bit0
DPVA[31:0]
Initial value X . . . X
Attribute R,WX . . . R,WX

[bit31 to bit0] DPVA[31:0] (Data Access Protection Violation Address)
This register stores the address where a data access protection violation occurred when a violation has not
occurred in the data access protection violation status register (DPVSR:DPV =0). This register indicates the
address requested by the CPU, and the address is not aligned.
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10.3.5. Data Access Protection Violation Status Register
(DPVSR)

The bit configuration of the data access protection violation status register is shown.

This register indicates the status when a data access protection violation occurs.

The content of this register is updated by hardware only when DPV=0. Writing "0" to DPV only is valid.
Writes to any other bits and writing "1" to DPV are ignored.

B DPVSR : Address 03264 (Access : Half-word)
bitl5  bitl4  bitl3  bitl2  bitll  bitl0 bit9 bit8

Reserved

Initial value 0 0 0 0 0 0 0 0
Attribute ROWO ROWO ROWO ROWO ROWO ROWO ROWO ROWO

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

RW[1:0] SZ[1:0] MD Reserved DPV

Initial value 0 0 0 0 0 0 0 0
Attribute RWX RWX RWX RWX RWX ROWO ROWO RW

[bit15 to bit8, bit2, bitl] Reserved
These bits are reserved. Always write "0" to these bits.

[bit7, bit6] RW[1:0] (Read/Write)
The access type when the violation occurred. When a read-modify-write is executed, because both read and
write access rights are required and the determination is made in the initial read cycle, RW=01g read
(read-modify-write) even if the violation occurs in the write part of the read-modify-write.

RWI[1:0] Access type
00 Read
01 Read ( Read-modify-write )
10 Write
11 Reserved
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[bit5, bit4] SZ[1:0]
The access size when the violation occurred.

SZ[1:0] Access size
00 Byte
01 Half word
10 Word
11 Reserved
[bit3] MD
Indicates the mode of the access.
MD Operation mode
0 Access in user mode
1 Access in privilege mode

[bit0] DPV (Data Access Protection Violation)
This bit indicates that a data access protection violation occurred. In order to save the details of hew
protection violations, clear this bit.

Writing "0" to this bit only is valid. Writing "1" to the bit is ignored.

DPV Data access protection violation
0 Data access protection violation not detected (initial value)
1 Data access protection violation detected
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10.3.6. Data Access Error Address Register (DEAR)

The bit configuration of the data access error address register is shown.

This register stores the address where a data access error occurred.

B DEAR : Address 0328, (Access : Word)

bit31 . . . bit0
DEA[31:0]
Initial value X . . . X
Attribute R,WX . . . R,WX

[bit31 to bit0] DEA[31:0] (Data Access Error Address)
This register stores the address where a data access error occurred when a violation has not occurred in the
data access error status register (DESR:DAE =0). If the protection violation occurred while accessing
system registers, the access address from the CPU is stored as it is without being aligned. If the result of
performing a bus access is an error, the address is aligned.
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10.3.7. Data Access Error Status Register (DESR)

The bit configuration of the data access error status register is shown.

This register indicates the status when a data access error occurs. The content of this register is updated by
hardware only when DAE=0. Writing "0" to DAE only is valid. Writes to any other bits and writing "1" to
DAE are ignored.

B DESR : Address 032Ey ( Access : Half-word)
bitl5  bitl4  bitl3  bitl2  bitll  bitl0 bit9 bit8

Reserved

Initial value 0 0 0 0 0 0 0 0
Attribute ROWO ROWO ROWO ROWO ROWO ROWO ROWO ROWO

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

RWI[1:0] SZ[1:0] MD Reserved DAE

Initial value 0 0 0 0 0 0 0 0
Attribute RWX RWX RWX RWX RWX ROWO ROWO RW

[bit15 to bit8, bit2, bitl] Reserved
These bits are reserved. Always write "0" to these bits. These bits read out "0".

[bit7, bit6] RW[1:0] (Read/Write)
The access type when the error occurred.

RWI[1:0] Access type

00 Read

01 Read ( Read-modify-write )

10 Write

11 Reserved

[bit5, bit4] SZ[1:0]
The access size when the error occurred.

SZ[1:0] Access size
00 Byte
01 Half-word
10 Word
11 Reserved
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[bit3] MD

This bit indicates the mode of the access.

MD Operation mode
0 Access in user mode
1 Access in privilege mode

[bit0] DAE (Data Access Error)
This bit indicates that a data access error occurred. In order to save the details of new data errors, clear this

bit.

The interrupt request is withdrawn by clearing this bit when the data access error interrupt is effectively

done. Only "0" writing is effective to this bit. "1" writing is invalid.

DAE Data access error
0 Data Access Error not detected (Initial value)
1 Data Access Error detected
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10.3.8. Protection Area Base Address Register 0to 7
(PABRO to PABR7)

The bit configuration of protection area base address register 0 to 7 is shown.

These registers set the base addresses of the protection areas for each MPU channel.

B PABRO to PABR7 : Address 03304, 03384, 0340 = = - (Access : Word)

bit31 . . . bit8
PABR[31:8]
Initial value X X . . . X X X
Attribute  R/W R/W . . . R/W R/W R/W
bit7 bité bit5 bit4 bit3 bit2 bitl bit0
PABR[7:0]
Initial value X X X X 0 0 0 0

Attribute  R/W RW RW R/W ROWX ROWX ROWX ROWX

[bit31 to bit0] PABR[31:0] (Protection Area Base Address Register)
These registers point to the base address of the protection area. The area from the address specified here to
the size specified by the protection area control registers (PACRO to PACRY7) is the protection area. The
address does not need to be aligned to the protection area size.

The lower 4 bits of the PABR register are fixed at "0000g".
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10.3.9. Protection Area Control Register 0 to 7 (PACRO to
PACRY7)

The bit configuration of protection area control register 0 to 7 is shown.

These registers set access permissions and restrictions for each MPU channel.

B PACRO to PACRY : Address 0336y 033Ey 03464 = - = (Access : Half-word)
bitl5  bitl4  bitl3  bitl2  bitll  bitl0 bit9 bits

PE | PRE | PWE | UE | URE | UwE Re::rv BE

Initial value 0 0 0 0 0 0 - 0
Attribute R/W R/W R/W R/W R/W R/W ROWO R/

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
ASZ[4:0] Reserved PAE
Initial value 0 0 0 0 0 - - 0

Attribute  R/W R/W R/W R/W RW ROWO ROWO R/W

[bit15] PIE (Privilege Mode Instruction Fetch Enable)
This bit is for enabling instruction fetch in privilege mode for the specified protection area.

PIE Access to the specified protection area
0 Instruction fetch not permitted in privilege mode (Initial value)
1 Instruction fetch permitted in privilege mode

[bit14] PRE (Privilege Mode Read Access Enable)
This bit is for enabling data read access in privilege mode for the specified protection area.

PRE Access to the specified protection area
0 Read access not permitted in privilege mode (Initial value)
1 Read access permitted in privilege mode

[bit13] PWE (Privilege Mode Write Access Enable)
This bit is for enabling data write access in privilege mode for the specified protection area.

PWE Access to the specified protection area
0 Write access not permitted in privilege mode (initial value)
1 Write access permitted in privilege mode
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[bit12] UIE (User Mode Instruction Fetch Enable)
This bit is for enabling instruction fetch in user mode for the specified protection area.

UIE Access to the specified protection area
0 Instruction fetch not permitted in user mode (initial value)
1 Instruction fetch permitted in user mode

[bit1ll] URE (User Mode Read Access Enable)
This bit is for enabling data read access in user mode for the specified protection area.

URE Access to the specified protection area
0 Read access not permitted in user mode (initial value)
1 Read access permitted in user mode

[bit10] UWE (User Mode Write Access Enable)
This bit is for enabling data write access in user mode for the specified protection area.

UWE Access to the specified protection area
0 Write access not permitted in user mode (initial value)
1 Write access permitted in user mode

[bit9] Reserved
Always write "0" to this bit. This bit reads out "0".

[bit8] BE (Buffer Enable)
This bit permits buffering to be used during data access for the specified protection area. When the use of
buffering is forbidden, the CPU stops pipeline operation and waits for the data access to finish before
starting the next operation. As a result, although the data access efficiency decreases, it is possible to
perform data access synchronized to the instruction. Illegal instruction exceptions occur when there is an
error during data access only if buffering is forbidden. When buffering is permitted, data access errors can
be notified as interrupts.

BE Buffer enable specification for the specified protection area
0 Buffer Disable (Initial value)
1 Buffer Enable

[bit7 to bit3] ASZ[4:0] (Area Size)
These bits specify the size of the specified protection area. The specified address does not need to be
aligned to the sizes described below. Furthermore, if the lower limit of the area specified by the address and
size exceeds FFFFFFFF, the lower limit of the area is treated as FFFFFFFF.

ASZ[4:0] Size of the specified
protectorate area
00000 Reserved
00001 Reserved
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00010 Reserved
00011 168
00100 328
00101 64B
00110 128B
00111 2568
01000 512B
01001 1KB
01010 2KB
01011 4KB
01100 8KB
01101 16KB
01110 32KB
01111 64KB
10000 128KB
10001 256KB
10010 512KB
10011 1MB
10100 2MB
10101 AMB
10110 SMB
10111 16MB
11000 32MB
11001 64MB
11010 128MB
11011 256MB
11100 512MB
11101 1GB
11110 2GB
11111 4GB

[bit2, bitl] Reserved
These bits are reserved. Always write "0" when writing.
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[bitO] PAE (Protection Area Enable)
This bit is for enabling the memory protection function.

PAE Memory protection area

0 Specified memory protection area disabled (Initial value)

1 Specified memory protection area enabled
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10.4. Operations of Memory Protection Function (MPU)

This section explains operations of the memaory protection function (MPU) of the CPU.

10.4.1. Setting Up Memory Protection Areas
10.4.2. Instruction Access Protection Violation
10.4.3. Data Access Protection Violation

10.4.4. Data Access Errors

10.4.5. Memory Protection Operation by Delay Slot
10.4.6. DEAR and DESR Update

10.4.7. Notes
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10.4.1. Setting Up Memory Protection Areas

This section explains setting up memory protection areas of the CPU.

The memory protection function is configured by settings whether instructions, data reads, and data writes
are permitted or forbidden in privilege mode and user mode for a maximum of eight protection areas
specified by address and size, and default areas that are not contained in these protection areas. The buffer
permitted or forbidden setting can also be configured for each area at the same time.

If there are overlaps between specified protection areas, the area with the smallest number takes precedence.

When the memory protection function is disabled (MPUCR:MPE =0), access is performed with access
permitted to all areas and buffering disabled.
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10.4.2. Instruction Access Protection Violation

This section explains instruction access protection violation of the CPU.

The memory protection unit (MPU) monitors CPU instruction fetches and determines whether instruction
fetches are permitted to the accessed areas. The instruction address when an instruction access protection
violation exception occurs can be determined from the PC value saved on the system stack.
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10.4.3. Data Access Protection Violation

This section explains data access protection violation of the CPU.

The memory protection unit (MPU) monitors CPU data accesses and determines whether accesses (reads
and writes) to the corresponding area are permitted. If an access was not permitted, the MPU stores that
address and access information in the data access protection violation address register (DPVAR) and the
data access protection violation status register (DPVSR). However, if data access protection violation
information already exists in the above register (DPVSR:DPV =1), this is not overwritten. The data access
that caused the violation at this time is not performed.

If a data access protection violation occurs during the execution of an instruction that performs multiple
data accesses, the data accesses that had executed up until the violation occurred are not cancelled. If a data
access protection violation exception occurs during the LDMO, LDM1, STMO0, STM1, FLDM, or FSTM
instructions, the list of remaining registers is stored in the exception status register ESR:RL.

If a data access protection violation occurs during the EIT processing sequence or the RET]I instruction, the
CPU is halted and can only be recovered by break interrupt or reset.
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10.4.4. Data Access Errors

This section explains data access errors of the CPU.

If the following conditions are satisfied during a data access, this is treated as a data access error and the
access information at that time are stored in the data access error address register (DEAR) and data access
error status register (DESR). However, if data access error information already exists in the above register
(DESR:DAE =1), this is not overwritten.

System register access in user mode
Bus error during data access

The operation after a bus error occurs during data access differs between accesses with buffering enabled
and accesses with buffering disabled. System register accesses in user mode are always processed as illegal
instruction exceptions (data access).

If a data access error occurs during access to an unbufferable area, the CPU processes this as an illegal
instruction exception (data access error).

If a data access error occurs during access to a bufferable area, and if the data access error interrupt is
enabled by MPU control register MPUCR:DEE =1, the data access error interrupt is triggered and the CPU
performs data access error interrupt processing. If a data access error occurs during access to a bufferable
area, because the CPU is executing a subsequence instruction, the PC saved when the data access error
interrupt occurs is not the PC value for the instruction that performed the data access.

If an illegal instruction exception (data access error) occurs during the execution of an instruction that
performs multiple data accesses, the data accesses that had executed up until the error occurred are not
cancelled. If an illegal instruction exception (data access error) occurs during the LDMO, LDM1, STMO,
STML1, FLDM, or FSTM instructions, the list of remaining registers is stored in the exception status register
ESR:RL, and the bit indicating a data access error ESR:INV®6 is set.

If an illegal instruction exception (data access error) occurs during the EIT processing sequence or the RETI
instruction, the CPU is halted and can only be recovered by break interrupt or reset.
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10.4.5. Memory Protection Operation by Delay Slot

The memory protection operation by a delay slot is shown.

The instruction arranged in the delay slot is processed as 16-bit. Therefore, the exception is generated as an
illegal instruction exception (instruction that cannot be arranged in the delay slot) even if there are an

instruction access protection violation factor and an instruction access error factor in the lower 16-bit by
arranging 32-bit instruction in the delay slot.
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10.4.6. DEAR and DESR Update

The DEAR and the DESR update are shown.

The data access error address register (DEAR) and the data access error status register (DESR) are renewed
in the following cases.

System register access in user mode (illegal instruction exception)
Bus error in buffer prohibition area access (illegal instruction exception)
Bus error in buffer permission area access (data access error interrupt)

DEAR and DESR are renewed in the instruction that did the corresponding access and it is renewed to the
asynchronization with the instruction operation in the case where the data access error interrupt is generated
in the case where the illegal instruction exception is generated. It gives priority to the illegal instruction
exception factor when the factor is generated at the same time.
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10.4.7. Notes

This section explains notes of the Memory Protection Function (MPU).

Access protection violation exception will occur when an instruction of access protection violation is
executed. For details, see "FR Family FR81 32-bit Microcontroller Programming Manual". For details of
the instruction access protection violation and the instruction access protection violation exception, also
see "10.4.2. Instruction Access Protection Violation".

If the boundary of delay slot is different from that of instruction access protection area, the instruction
access protection violation occurs regardless of whether the branch is established or not. PC with
occurrence of exception is PC of delayed branch instruction.

BEQ:D L_MYPROC2

NOP Protection specified
(instruction fetch)
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CHAPTER : OPERATION MODE

This chapter explains the operation mode.

Overview
Features
Configuration
Register
Operation

arwNE

Code : 04_MB91590_HM_E_mode_005_20111127

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 137



CHAPTER 4: OPERATION MODE

1. Overview MB91590 Series

1. Overview

This section explains the overview of the operation mode.

This chapter explains the operation mode of this type of item decided after reset is released. See

"CHAPTER: POWER CONSUMPTION CONTROL" for the mode of each power consumption control and
the mode of each clock selection.
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2. Features

This section explains features of the operation mode.

This device supports the following operation modes.

® User mode
The external bus of the 16-bit bus width for GDC only can be used.

The program starts from the built-in FLASH.

® Serial writer mode
It is a mode to which the built-in FLASH is programmed by using the serial writer.

The program starts from the built-in Boot-ROM.
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3. Configuration

This section explains the configuration of the operation mode.

Figure 3-1 Block Diagram

Reset control

circuit
On-chip bus
4
address decoder <
Mode decision
I/O function circuit
mode selector -

MDO, MD1, MD2
External pin

P127
External pin
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4. Register
This section explains the register of the operation mode.
Register _ _
Address Register function
+0 +1 +2 +3
0x07FC | BMODR | Reserved | Reserved | Reserved Bus mode data register

B Bus Mode Register : BMODR (Bus MODe Register)

This register indicates the mode that has been set during startup. The register data can be read only.

Data writing does not affect on this register value.

® BMODR : Address 07FCy (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
BMODJ[7:0]
Initial value * * * * * * * *
Attribute  RWX R,WX R,WX R,WX R,WX R,WX R,WX R,WX
* |t depends on operation mode.
[bit7 to bit0] BMOD[7:0] : Operation mode
These bits indicate the current operation mode. Data writing is ineffective.
BMODI7:0] Operation mode
0101xxxX User mode
0111xx1x Serial writer mode
141
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5. Operation

This section shows operations of the operation mode.

5.1. MDO, MD1, MD2, P127 Pins Settings
5.2. Fetching the Operation Mode

5.3. Explanation of Each Operation Mode
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5.1. MDO, MD1, MD2, P127 Pins Settings
MDO, MD1, MD2 and P127 pins settings are shown.
Table 5-1 Pin Settings
Operation mode MD2 MD1 MDO P127
User mode 0 0 0 -
Serial writer mode 0 0 1 1
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5.2. Fetching the Operation Mode

This section explains fetching the operation mode.

The operation mode is fetched by sampling the RST (Reset). During the time when an RST is issued and
when it is released, the MDO, MD1, MD2 and P127 pin inputs must be determined. (The P127 pin needs
not be determined in the User mode.)

The following shows an operation sequence from an occurrence of reset cause to the determination of an
operation mode.

Figure 5-1 Operation Mode Fetch Timing Chart

When the initialization reset (INIT) occurs;

Factor —|

INIT
(Settings initialization
reset) PR

RST
(Operation initialization
reset) P
(oscillation stabilization PCLKX16 Chip reset sequence
wait time) + cycles
PCLKX4 cycles (*1)
Operation mode
pin
<Before operating mode determined> <After operating mode determined>

When reset (RST) occurs;

PCLK
Factor

INIT
(Settings initialization
reset) L

RST
(Setting initialization PCLKx4 PCLKX16
reset) cycles cycles

Bus idle waiting

(*1)

Operation mode
pin

<Before operating mode determined> <After operating mode determined>

Notes:  (*1) Continue fixing MDO, MD1 and MD2 pins even after operating mode determined.
- When in serial writer mode, the P127 pin needs not be fixed after operating mode
determined.
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5.3. Explanation of Each Operation Mode

This section explains each operation mode.

The following details each operation mode.

B User Mode
An external bus pin is reset immediately when a reset is entered for the external reset pin. For details, see
"D. Pin Status in CPU Status" in "APPENDIX".

W Serial Writer Mode
Contact their representatives.
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CHAPTER : CLOCK

This chapter explains the clock.

1. Overview

2. Features

3. Configuration
4. Register

5. Operation

Code : 05_MB91590_HM_E_clock 011 20111127
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1. Overview

This section explains the overview of the clock.

The built-in oscillation circuit generates a dual clock product, which generates individual clock systems on
the chip. This product also implements the CR oscillation circuit for watchdog timer 1.

+ External pins for the built-in oscillation circuit :
Main clock : Connects to the crystal oscillator
Sub clock : Connects to the crystal oscillator

+ Generation of source clocks : Selects from the clocks which are multiplied by PLL/SSCG of main clock
(MCLK) or divided by 2 of main clock, or sub clock (SBCLK).

- Division of source clock : Divides the source clock and generates operating clocks for supplying to each
unit.
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Figure 1-1 Diagram of the Clock Generation System
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2. Features

This section explains features of the clock.

« 2 system on-chip oscillators is implemented.

+ The main clock (MCLK) is multiplied by on-chip PLL/SSCG.

+ Microcontroller/GDC multiply clock is supplied by independent PLL/SSCG.

+ Each clock has been forced not to supply by using the timer until it becomes stabilized (oscillation
stabilization wait timer).

+ Oscillation stabilization wait end interrupt can be generated.

+ Main clock oscillation stabilization wait timer (main timer) and sub clock oscillation stabilization wait
timer (sub timer) can be used as a general-purpose interrupt interval timer after the oscillation
stabilization of each clock for main, and sub takes place.

+ The clock for the real time clock can be selected from the main clock (MCLK) and the sub clock
(SBCLK).

+ Implements a CR oscillation circuit for 100kHz WDT1 clock. See "CHAPTER: RTC/WDT1
CALIBRATION" for configuration (calibration) of this oscillation circuit.

+ Generates the clock for CAN prescaler. Use the PLL clock (PLLCLK) [non spread clock] when using a
PLL, otherwise use the on-chip bus clock (HCLK).

+ For the noise decrement, the SSCG clock [spread clock] can be selected as CPU and a clock of the
resource.
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3. Configuration

This section explains the configuration of the clock.

Figure 3-1 Connection Diagram of Clock (1)-1 Main Clock Generation Unit
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Figure 3-2 Connection Diagram of Clock (1)-2 Sub Clock Generation Unit
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Figure 3-4 Connection Diagram of Clock (2) Source Clock Selection Unit

MCLK Divider MCLK2 00
Main clock (1/2) Main clock 2 division 01
PLLSSCLK 01 f———————————» MCLK2/PLLSSCLK/SBCLK
PLL/SSCG clock Source clock
SBCLK 11
Sub clock
CSELR. .
CKS Clock selection control CMCOK’\,‘\AR'

Figure 3-5 Connection Diagram of Clock (3) Divider Control
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Figure 3-6 Connection Diagram of Clock (4) CAN Prescaler Clock Generation
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Figure 3-7 Connection Diagram of Clock (5) GDC Clock Generation
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Figure 3-8 Connection Diagram of Clock (6) Watch/Power Management Clock Generation
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4. Registers

This section explains registers of the clock.

Table 4-1 Registers Map

Registers

Address

+0

+1

+2

+3

Register function

0x0488

DIVRO

DIVR1

DIVR2

Reserved

Division Configuration Register 0
Division Configuration Register 1
Division Configuration Register 2

0x0510

CSELR

CMONR

MTMCR

STMCR

Clock Source Configuration Register
Clock Source Monitor Register
Main Timer Control Register

Sub Timer Control Register

0x0514

PLLCR

CSTBR

PTMCR

PLL Setting Register

Oscillation Stabilization Wait Setting
Register

PLL clock Oscillation Stabilization Wait
Timer

Control Register

0x0520

CCPSSELR

Reserved

Reserved

CCPSDIVR

PLL/SSCG Clock Selection Register
PLL/SSCG Output Clock Division Setting
Register

0x0524

Reserved

CCPLLFBR

CCSSFBRO

CCSSFBR1

PLL Feedback Division Setting register
SSCG Feedback Division Setting register 0
SSCG Feedback Division Setting register 1

0x0528

Reserved

CCSSCCRO

CCSSCCR1

SSCG configuration setting register 0
SSCG configuration setting register 1

0x052C

Reserved

CCCGRCRO

CCCGRCR1

CCCGRCR2

Clock Gear Configuration setting Register 0
Clock Gear Configuration setting Register 1
Clock Gear Configuration setting Register 2

0x0530

CCRTSELR

Reserved

CCPMUCRO

CCPMUCR1

RTC/PMU Clock Selection Register
PMU Clock Division Register 0
PMU Clock Division Register 1

0x0534

Reserved

Reserved

Reserved

Reserved

Reserved

0x0538

Reserved

Reserved

Reserved

Reserved

Reserved

0x053C

Reserved

Reserved

Reserved

Reserved

Reserved

0x0F50

Reserved

GPLLCR

PTIMCR

PEDIVCR

GDC PLL Control Register

GDC PLL Timer Setting Register
GDC PLL External Division Setting
Register

0x0F54

Reserved

PDIVCR

SDIVCRO

SDIVCR1

GDC PLL Multiply Setting Register

GDC PLL_SSCG Multiply Setting Register
0

GDC PLL_SSCG Multiply Setting Register
1
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Registers

Address

+0

+1

+2

+3

Register function

0x0F58

Reserved

SSSCRO

SSSCR1

GDC PLL_SSCG Spread Spectrum Setting

Register 0

GDC PLL_SSCG Spread Spectrum Setting

Register 1

OxOF5C

Reserved

PGRCRO

PGRCR1

PGRCR2

GDC PLL Clock Gear Setting Register 0
GDC PLL Clock Gear Setting Register 1
GDC PLL Clock Gear Setting Register 2

0x0F60

Reserved

SGRCRO

SGRCR1

SGRCR2

GDC PLL_SSCG Clock Gear Setting
Register 0
GDC PLL_SSCG Clock Gear Setting
Register 1
GDC PLL_SSCG Clock Gear Setting
Register 2

0x1000

SACR

PICD

Reserved

Reserved

Sync/Async Control Register
Peripheral Interface Clock Divider
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4.1. Division Configuration Register 0 : DIVRO (Division

clock configuration Register 0)

The bit configuration of the division configuration register O is shown.

This register controls division of clocks.

B DIVRO : Address 0488y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
DIVBI[2:0] Reserved
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7 to bit5] DIVB[2:0] (Division ratio of Baseclock) : Base clock division setting

These bits configure a division in the area where the base clock is generated from the source clock

(SRCCLK) as follows.

The CPU clock (CCLK) and the on-chip bus clock (HCLK) have the same frequency as that of the base

clock.
DIVB[2:0] Division ratio
000 Do not divide (Initial value)
001 2 division
010 3 division
011 4 division
100 5 division
101 6 division
110 7 division
111 8 division

[bit4 to bit0] (Reserved)
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4.2. Division Configuration Register 1 : DIVR1 (Division
clock configuration Register 1)

The bit configuration of the division configuration register 1 is shown.

This register controls division of clocks.

B DIVR1 : Address 0489 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
TSTP DIVT[2:0] Reserved
Initial value 0 0 0 1 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7] TSTP (TCLK SToP) : External bus clock stop enable
This bit configures whether to stop the external bus clock (TCLK) when going into sleep mode.

TSTP TCLK in sleep mode
0 Do not stop (Initial value)
1 Stop

[bit6 to bit4] DIVT[2:0] (DIVide ratio of TCLK) : External bus clock division setting
These bits configure the division ratio when generating the external bus clock (TCLK) from the base clock.

DIVT[2:0] Base clock — TCLK division ratio

000 Do not divide

001 2 division (Initial value)

010 3 division

011 4 division

100 5 division

101 6 division

110 7 division

111 8 division

Note:
Set this register so that the external bus clock (TCLK) definitely becomes 40MHz or less.

[bit3 to bit0] (Reserved)

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 159



CHAPTER 5: CLOCK

4. Registers MB91590 Series

4.3. Division Configuration Register 2 : DIVR2 (Division
clock configuration Register 2)

The bit configuration of the division configuration register 2 is shown.

This register controls division of clocks.

B DIVR2 : Address 048A4 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
DIVP[3:0] Reserved
Initial value 0 0 1 1 0 0 0 0
Attribute  R/W R/W R/W R/W R/W R/W R/W R/W

[bit7 to bit4] DIVP[3:0] (Division ratio of PCLK) : Peripheral clock division setting
These bits configure the division ratio when generating the peripheral clock (PCLK1) from the base clock.

DIVP[3:0] Base clock — PCLK1 division ratio
0000 Do not divide
0001 2 division
0010 3 division
0011 4 division (Initial value)
0100 5 division
0101 6 division
0110 7 division
0111 8 division
1000 9 division
1001 10 division
1010 11 division
1011 12 division
1100 13 division
1101 14 division
1110 15 division
1111 16 division

Note:
Set this register to peripheral clock (PCLK1) to be sure to become 40MHz or less.

[bit3 to bit0] (Reserved)
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4.4. Clock Source Selection Register : CSELR (Clock
source Selection Register)

The bit configuration of the clock source selection register is shown.

This register selects a control and a source clock (SRCCLK) for each clock source.

Note:

The value set for this register and the value read out from this register are not actually controlled
and selected. You can make sure that the value set for this register would really take effect by
reading out CMONR. After making sure that the value of this register is the same as that of
CMONR, rewrite the register. While switching clocks is in progress (CKS[1:0] # CKM[1:0]), a write
operation to this register will be ignored.

B CSELR : Address 05104 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
SCEN PCEN MCEN Reserved CKS[1:0]
Initial value * 0 1 0 0 0 0 0
Attribute RW R,W R,W RO,WX RO,WX RO,WX R,W R,W
*: This bit is initialized to “0”. But this bit is not initialized by the return from the watch mode (power
shut-down).

[bit7] SCEN (Sub Clock ENable) : Sub clock oscillation enable
This bit controls an oscillation circuit for sub clock (SBCLK) as follows.

SCEN Oscillation control for sub clock
0 Stop oscillation (Initial value)
1 Oscillate

This bit cannot be rewritten when a sub clock (SBCLK) is selected as the source clock (SRCCLK).

The oscillation circuit for sub clock always stops in stop mode regardless of the value of this bit.

The sub timer is cleared when this bit is set to "0".

For a single clock product, this bit always reads "0" and therefore a write operation would not be affected.

Note:

It takes main clock x about 3 cycles + sub clock x about 3 cycles until the switch operation of RTC and
PMU clock completes after rewriting the CSC bit . When main clock and sub clock oscillation are stopped
during the switching operation, the switching operation does not complete correctly. The oscillation must
always be stooped in the status that the CST bit is "0" (the status of the completion of switching.

The CSC bit is not initialized by the return from the standby watch mode (power shut-down). Moreover,
any reset factors other than those, caused by power on reset/internal low voltage reset/RSTX-NMIX
simultaneous assertion, can not be accepted because an internal reset signal is generated while returning
from the standby watch mode (power shut-down). At this time the CSC bit is not initialized. Initialize this
bit in case of need, when the reset signal comes from RSTX terminal input or external low-voltage
detection is flagged after the return from power shut-down.
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[bité] PCEN (PLL Clock ENable) : PLL oscillation enable
This bit controls the PLL/SSCG clock oscillation circuit as follows .

PCEN Oscillation control for PLL/SSCG clock (PLLSSCLK)
0 Stop oscillation (Initial value)
1 Oscillate

This bit cannot be rewritten when a PLL/SSCG clock (PLLSSCLK) is selected as the source clock
(SRCCLK). Also, this bit cannot be rewritten when the main clock oscillation is stopped or during the main
clock oscillation stabilization wait time (CMONR. MCRDY=0).

Set this bit to "0" before switching to the stop mode.

Rewriting the MCEN bit with "0" causes this bit to set to "0".

Note:

PLL enters the status of the oscillation enable regardless of the value of this bit while
communicating the MDI in high-speed.

[bit5] MCEN (Main Clock ENable) : Main clock oscillation enable
This bit controls an oscillation circuit for main clock as follows.

MCEN Oscillation control for main clock
0 Stop oscillation
1 Oscillate (Initial value)

This bit cannot be rewritten when a main clock (MCLK) or PLL/SSCG clock (PLLSSCLK) is selected as
the source clock (SRCCLK).

The oscillation circuit for main clock always stops in stop mode regardless of the value of this bit.

The main timer is cleared when this bit is set to "0".

Note:

The main clock enters the status of the oscillation enable regardless of the value of this bit while
communicating the MDI in low-speed.

[bit4 to bit2] (Reserved)

[bit1, bit0] CKS[1:0] (ClocK Select) : Source clock selecttion
These bits select the source clock (SRCCLK) as follows.

CKS[1:0] Source selection
00 Division of the main clock (MCLK) by 2(Initial value)
01 Division of the main clock (MCLK) by 2
10 PLL/SSCG clock (PLLSSCLK)
11 Sub clock (SBCLK)
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However, when CKS[1:0] # CKM]J1:0], these bits cannot be rewritten. When the clock oscillation which
you are trying to switch operations by these bits stops or is waiting for a stabilization

(CMONR:xCRDY=0), this bit cannot also be rewritten.

A direct switch from PLL/SSCG clock (PLLSSCLK) to the sub clock (SBCLK) or vice versa cannot be

performed.

Possible combinations for changing these bits are shown below.

CKS value before I Rewritten I
Eligible values " Ineligible values
change conditions
00,01 MCRDY=1
00 11
10 PCRDY=1
00, 01 MCRDY=1
01 10
11 SCRDY=1
00 MCRDY=1
10 01,11
10 PCRDY=1
01 MCRDY=1
11 00,10
11 SCRDY=1

Do not write the values which cannot be rewritten.
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4.5. Clock Source Monitor Register : CMONR (Clock
source MONitor Register)

The bit configuration of the clock source monitor register is shown.

This register displays a status and a source clock (SRCCLK) for each clock source.

You can confirm that the value set at CSELR is really reflected in the actual status by reading this register.

Note:
If you have changed CSELR, do not write next value on CSELR until CMONR is equal to CSELR.

B CMONR: Address 05114 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
SCRDY | PCRDY | MCRDY Reserved CKM[1:0]
Initial value * 0 1 0 0 0 0 0

Attribute  R,WX R,WX RWX ROWX ROWX ROWX RWX R,WX

*: This bit is initialized to “0”. But this bit is not initialized by the return from the watch mode (power
shut-down).

[bit7] SCRDY (Sub Clock ReaDY) : Sub clock ready
This bit shows the sub clock (SBCLK) status as follows.

SCRDY Sub clock (SBCLK) status
0 Oscillation stops or in the oscillation stabilization wait status.
1 It is in the oscillation stabilization status and available for the source clock.

This bit cannot select a sub clock (SBCLK) as the source clock (SRCCLK) when this bit is set to "0".

Note:
SCRDY=1 may be read immediately after changing SCEN=1 to 0.

[bit6] PCRDY (PLL Clock ReaDY) : PLL clock ready
This bit shows the PLL/SSCG clock (PLLSSCLK) status as follows.

PCRDY PLL/SSCG clock (PLLSSCLK) status
0 Oscillation stops or in the oscillation stabilization wait status.
1 Itis in the oscillation stabilization status and available for the source clock.

This bit cannot select a PLL/SSCG clock (PLLSSCLK) as the source clock (SRCCLK) when this bit is set
to "0".
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Note:

PCRDY=1 may be read immediately after changing PCEN=L1 to O.
PLL enters the status of the oscillation enable regardless of the value of this bit while
communicating the MDI in high-speed.

[bit5] MCRDY (Main Clock ReaDY) : Main clock ready
This bit shows the main clock (MCLK) status as follows.

MCRDY Main clock (MCLK) status
0 Oscillation stops or in the oscillation stabilization wait status.
1 It is in the oscillation stabilization status and available for the source clock.

This bit cannot select a main clock (MCLK) or a PLL/SSCG clock (PLLSSCLK) as the source clock
(SRCCLK) when this bit is set to "0".

The initial value of "1" for this bit means that it is oscillation stabilized at the first reset vector fetch after
power-on reset, not that it is already oscillation stabilized immediately after power-on reset.

Note:

MCRDY=1 may be read immediately after changing MCEN=1 to 0.
The main clock enters the status of the oscillation enable regardless of the value of this bit while
communicating the MDI in high-speed.

[bit4 to bit2] (Reserved)

[bit1, bit0] CKM[1:0] (ClocK Monitor) : Source clock display
These bits show the source clock (SRCCLK) currently selected.

CKM[1:0] Source selection
00 Division of main clock (MCLK) by 2
01 Division of main clock (MCLK) by 2
10 PLL/SSCG clock (PLLSSCLK)
11 Sub clock (SBCLK)
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4.6. Main Timer Control Register : MTMCR (Main clock
TiMer Control Register)

The bit configuration of the main timer control register is shown.

This register controls the main timer which runs with the main clock (MCLK).

B MTMCR : Address 0512y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
MTIF MTIE MTC MTE MTSJ[3:0]
Initial value 0 0 0 0 1 1 1 1
Attribute RRML),W  RW  RRMO)W  R/W R1,WX R/W R/W R/W

Because the main timer is used for generating the oscillation stabilization wait time for main clock
(MCLK), it can be used only after the main clock oscillation is stabilized.

The main timer is cleared when the main clock oscillation stops (MCEN=0) or it is in the stop mode.

When the operation of the main timer is not allowed (MTE=0), the main timer stops except that it is waiting
for a main clock oscillation stabilization. The write operation to this register becomes enabled only when

MCRDY=1 except for MTIE. Thus a main timer clear executed by MTC=1 in main clock oscillation
stabilization wait status (MCEN=1 and MCRDY=0) is not effective.

When the main timer stops (MTE=0) it will be cleared and while being cleared MTC=1 will be read out.

At that time the main timer interrupt flag (MTIF) is not set. The main timer overflow period (MTS[3:0])

should be changed at the time when the main timer stops (MTE=0).

When rewriting MTE=1 with 0, the main timer will continue to operate until the MTC bit is set to "0". In

this interval, the main timer interrupt flag may turn to "1". When writing MTC=1, the main timer will

continue to operate until the MTC bit is set to "0". In this interval, the main timer interrupt flag may turn to
"1". If a MTE=0 to 1 rewrite and a MTC=1 write occur at the same time, the operation starts after a clear

takes place, so the start will be delayed.

[bit7] MTIF (Main clock Timer Interrupt Flag) : Main timer interrupt flag
The flag to indicate that an overflow happens in the interval for which the main timer has selected.
When the MTIE bit is "1" and this bit is set, a main timer interrupt request is generated.

- "0" write

Clear factor - A DMA transfer is generated by the main timer interrupt.

+ An overflow occurred in the interval set by MTS[3:0]

+ The end of oscillation stabilization wait time of the main clock after setting MCEN=0
to 1.

+ The end of oscillation stabilization wait time of the main clock (MCLK) after exiting
the stop mode. (A set will not take place at the end of oscillation stabilization wait
time after reset by SINIT.)

Set factor

Writing "1" to this bit is ineffective.
When the MTIE bit is set to "0", this bit will not be cleared by DMA transfer.
For read-modify-write instructions, "1" will be read out.

If a set factor and a clear factor occur at the same time, the set factor will take precedence.
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[bit6] MTIE (Main clock Timer Interrupt Enable) : Main timer interrupt enabled
This bit controls interrupts by main timer overflow as follows.

MTIE Main timer interrupt
0 Interrupt disabled (Initial value)
1 Interrupt enabled (outputs the interrupt request at the time when the MTIF bit is "1")

[bit5] MTC (Main clock Timer Clear) : Main timer clear
This bit clears the main timer.

MTC Write

0 Does nothing.

1 Clear the main timer.
MTC Read

0 Operating normally

1 Clearing the main timer

This bit automatically returns to "0" after writing "1".
For read-modify-write instructions, "0" will be read out.
When writing MTC=1 at the time of MTC=1, the second write will be ignored.

[bit4] MTE (Main clock Timer Enable) : Main timer operation enable
This bit controls the operation of the main timer as follows.

MTE Main timer operation
0 Operation disabled (Initial value)
1 Operation enabled

At the time of MTC=1, MTE=1 write is prohibited.

When you perform a PLL/SSCG clock oscillation stabilization wait, make sure to set this bit to "0" and stop
the main timer.

[bit3 to bit0] MTS[3:0] (Main clock Timer interval selection) : Main timer interval selection
These bits select the overflow interval of the main timer as follows.

MTS[3:0] Main timer overflow interval At 4AMHz
1000 2% x main clock cycle 128.0[ps]
1001 2% x main clock cycle 256.0[ps]
1010 2 x main clock cycle 512.0[ps]
1011 2'2x main clock cycle 1024.0[ps]
1100 2"3x main clock cycle 2048.0[ps]
1101 2x main clock cycle 4096.0[ps]
1110 2"°x main clock cycle 8192.0[us]
1111 2'° x main clock cycle (Initial value) 16384.0[ps]

The MTS3 bit always reads "1".
Change MTS[3:0] at the time when the main timer stops (MTE=0).
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4.7. Sub Timer Control Register : STMCR (Sub clock TiMer
Control Register)

The bit configuration of the sub timer control register is shown.

This register controls the sub timer which runs with the sub clock.

B STMCR: Address 05134 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
STIF STIE STC STE Reserved STS[2:0]
Initial value 0 0 0 0 0 1 1 1
Attribute R(RM1)W  RMW  RRMO)W  RMW RO,WX R/W R/W R/W

Because the sub timer is used for generating the oscillation stabilization wait time for the sub clock
(SBCLK)), it can be used only after the sub clock oscillation is stabilized.

The sub timer is cleared when the sub clock oscillation stops (SCEN=0) or it is in the the stop mode.

When the operation of the sub timer is not allowed (STE=0), the sub timer stops except that it is waiting for
a sub clock oscillation stabilization. The write operation to this register becomes enabled only when
SCRDY=1 except for STIE. Thus a sub timer clear executed by STC=1 in sub clock oscillation stabilization
wait status (SCEN=1 and SCRDY=0) is not effective.

When the sub timer stops (STE=0) it will be cleared and while being cleared STC=1 will be read out. At
that time the sub timer interrupt flag is not set. The sub timer overflow period (STS[2:0]) should be changed
at the time when the sub timer stops (STE=0).

When rewriting STE=1 with 0, the sub timer will continue to operate until STC is set to "0". In this interval,
the sub timer interrupt flag may turn to "1". When writing STC=1, the sub timer will continue to operate
until STC is set to "0". In this interval, the sub timer interrupt flag may turn to "1". If a STE=0 to 1 rewrite
and a STC=1 write occur at the same time, the operation starts after a clear takes place, so the start will be
delayed.

[bit7] STIF (Sub clock Timer Interrupt Flag) : Sub timer interrupt flag
The flag to indicate that an overflow happens in the interval for which the sub timer has selected.
When the STIE bit is "1" and this bit is set, a sub timer interrupt request is generated.

- "0" write

Clear factor |, A DMA transfer is generated by the sub timer interrupt.

+ An overflow occurred in the interval set by STS[2:0].

+ The end of oscillation stabilization wait time of the sub clock after setting

Set factor SCEN=0to 1.

+ The ends of oscillation stabilization wait time of the sub clock after exiting the
stop mode.

Writing "1" to this bit is ineffective.

When the STIE bit is set to "0", this bit will not be cleared by DMA transfer.

For read-modify-write instructions, "1" will be read out.

If a set factor and a clear factor occur at the same time, the set factor will take precedence.
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[bit6] STIE (Sub clock Timer Interrupt Enable) : Sub timer interrupt enable
This bit controls interrupts by sub timer overflow as follows.

STIE Sub timer interrupt
0 Interrupt disabled (Initial value)
1 Interrupt enabled (output the interrupt request at the time STIF bit is "1")

[bit5] STC (Sub clock Timer Clear) : Sub timer clear

This bit clears the sub timer.

STC Write
0 Does nothing.
1 Clear the sub timer.
STC Read
0 Operating normally
1 Clearing the sub timer

This bit automatically returns to "0" after writing "1".
For read-modify-write instructions, 0" will be read out.
When writing STC=1 at the time of STC=1, the second write will be ignored.

[bit4] STE (Sub clock Timer Enable) : Sub timer operation enabled
This bit controls the operation of the sub timer as follows.

STE Sub timer operation
0 Operation disabled (Initial value)
1 Operation enabled

At the time of STC=1, STE=1 write is prohibited.

[bit3] (Reserved)

[bit2 to bit0] STS[2:0] (Sub clock Timer interval selection) : Sub timer interval selection
These bits select the overflow interval of the sub timer as follows.

STS[2:0] Sub timer overflow interval At 32kHz
000 28x sub clock cycle 8[ms]
001 29% sub clock cycle 16[ms]
010 2% sub clock cycle 32[ms]
011 2 sub clock cycle 64[ms]
100 22x sub clock cycle 128[ms]
101 213% sub clock cycle 0.256[s]
110 2% sub clock cycle 0.512[s]
111 2% sub clock cycle (Initial value) 1.024[s]
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4.8. PLL Setting Register : PLLCR (PLL Configuration

Register)

The bit configuration of the PLL setting register is shown.

This register configures the multiplication rate or division ratio in the PLL/SSCG clock oscillation circuit

and the oscillation stabilization wait time.

B PLLCR: Address 0514y (Access : Byte, Half-word, Word)

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Reserved Reserved Reserved
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WO0 RO,WO0 RO,WX RO,WO0 RO,WO0 RO,WO0 RO,WO0 RO,WO0
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
POSWI[3:0] PDSJ[3:0]

Initial value 1 1 1 1 0 0 0 0

Attribute R1,WX R,.W R.W R,.W R,.W R.W R,.W R,.W

This register configures the parameters in the PLL/SSCG clock oscillation circuit generating the PLL/SSCG

clock (PLLSSCLK) from the main clock (MCLK).

When PLL/SSCG clock oscillation is allowed (CSELR:PCEN=1), writing to this register will be disabled.

[bitl5, bit14] Reserved
Always write "0".

[bit13] (Reserved)

[bit12 to bit8] Reserved
Always write "0".
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[bit7 to bit4] POSWI3:0] (Pl clock clock OSc Wait) : PLL clock oscillation stabilization wait selection

These bits select the oscillation stabilization wait time for the PLL/SSCG clock (PLLSSCLK) as follows.

posw[zg] | PHLISSTE clock oscillation At 4MHz At 8MHz
1000 2% x main clock cycle 128.0[us] 64.0[us]
1001 2% x main clock cycle 256.0[us] 128.0[us]
1010 2™ x main clock cycle 512.0[us] 256.0[us]
1011 2% x main clock cycle 1024.0[us] 512.0[ps]
1100 2" x main clock cycle 2048.0[us] 1024.0[us]
1101 2 x main clock cycle 4096.0[ps] 2048.0[us]
1110 2"° x main clock cycle 8192.0[us] 4096.0[ps]
1111 2% x main clock cycle (Initial value) 16384.0[us] 8192.0[ps]

POSW3 always reads "1".

Note:

The PLL/SSCG clock oscillation stabilization wait time specification in this model is 200[us].
Reserve the 200[us] wait time or more by either of the following methods.

- Select 256[us] POSW]3:0] or more.
- Reserve the 200[us] wait time or more by software processing, regardless of POSW/[3:0]

settings.
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[bit3 to bit0] PDS[3:0] (PIl input clock Divider selection) : PLL input clock divider selection

These bits select the main clock (MCLK) division for the PLL/SSCG input clock as follows.

PDS[3:0] PLL/SSCG input clock divider select
0000 PLL/SSCG input clock = Main clock / 1
0001 PLL/SSCG input clock = Main clock / 2
0010 PLL/SSCG input clock = Main clock / 3
0011 PLL/SSCG input clock = Main clock / 4
0100 PLL/SSCG input clock = Main clock / 5
0101 PLL/SSCG input clock = Main clock / 6
0110 PLL/SSCG input clock = Main clock / 7
0111 PLL/SSCG input clock = Main clock / 8
1000 PLL/SSCG input clock = Main clock / 9
1001 PLL/SSCG input clock = Main clock / 10
1010 PLL/SSCG input clock = Main clock / 11
1011 PLL/SSCG input clock = Main clock / 12
1100 PLL/SSCG input clock = Main clock / 13
1101 PLL/SSCG input clock = Main clock / 14
1110 PLL/SSCG input clock = Main clock / 15
1111 PLL/SSCG input clock = Main clock / 16

* Follow the configuration steps for your appropriate PLL/SSCG and system specifications.
*See "5.1.3 PLL/SSCG Clock (PLLSSCLK)" for configuration samples.

Aset value is limited. See "5.1.4 Limitations when PLL/SSCG Clock is used" when you set it.
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4.9. Clock Stabilization Selection Register : CSTBR (Clock
STaBilization selection Register)

The bit configuration of the oscillation stabilization selection register is shown.

This register configures the oscillation stabilization wait for each clock source.

The oscillation stabilization wait time set by this register will be used at the time when returning from the
stop/watch mode. It will also be used for a period from the time when the oscillation of a clock which have
not been selected as the source clock is allowed until the ready status (CMONR:*CRDY) of that clock
switches to "1". If an oscillation stabilization wait is necessary at reset, it will always be set to the
stabilization wait time selected as an initial value by this register. Write operations to MOSW/[3:0] will not
be effective at the main clock oscillation stabilization wait time (MCEN=1 and MCRDY=0).

Write operations to SOSW[2:0] will not be effective at the sub clock oscillation stabilization wait time
(SCEN=1 and SCRDY=0).

B CSTBR: Address 05164 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved SOSW[2:0] MOSW]I3:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WX RW R.W RW RW RW R,.W RW

[bit7] (Reserved)

[bit6 to bit4] : SOSW][2:0] (Sub clock OSc Wait) : Sub clock oscillation stabilization wait selection
These bits select the oscillation stabilization wait time for the sub clock (SBCLK) as follows.

SOSW[2:0] Sub clock oscillattiirc:]r;stabilization wait At 32kHz

000 2% x sub clock cycle (Initial value) 8[ms]

001 2% x sub clock cycle 16[ms]
010 2% x sub clock cycle 32[ms]
011 2™ x sub clock cycle 64[ms]
100 22 x sub clock cycle 128[ms]
101 21 x sub clock cycle 0.256]s]
110 2 x sub clock cycle 0.512[s]
111 2 x sub clock cycle 1.024[s]
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[bit3 to bitd] MOSW]3:0] (Main clock OSc Wait) : Main clock oscillation stabilization wait selection
The main timer interval is set by the set value for MOSW[3:0].
These bits select the oscillation stabilization wait time for the main clock (MCLK) as follows.

MOSW[3:0] Main clock os\,;g:?g(r)nnestabilization At AMHz
0000 2*° xmain clock cycle (Initial value) 8[ms]
0001 2* xmain clock cycle 500[ns]
0010 2° xmain clock cycle 8[us]
0011 2% xmain clock cycle 16[ps]
0100 2" xmain clock cycle 32[us]
0101 28 xmain clock cycle 64[us]
0110 2 xmain clock cycle 128[us]
0111 2% xmain clock cycle 256[ps]
1000 2 xmain clock cycle 512[ps]
1001 22 xmain clock cycle 1[ms]
1010 23 xmain clock cycle 2[ms]
1011 2'* xmain clock cycle 4[ms]
1100 2" xmain clock cycle 33[ms]
1101 2 xmain clock cycle 131[ms]
1110 2% xmain clock cycle 524[ms]
1111 2% xmain clock cycle 2[s]

Note:

Note that the determination detection is done while waiting for the oscillation stability when the
cycle of the determination detection is shorter than a set cycle of this register when the Clock
supervisor function is effective.
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4.10. PLL Clock Oscillation Timer Control Register : PTMCR
(PLL clock osc TiMer Control Register)

The bit configuration of the PLL clock Oscillation timer control register is shown.

The timer that works with the main clock that does PLL/SSCG clock oscillation stabilization wait is
controlled.

The PLL/SSCG clock oscillation stabilization wait timer is used only at the oscillation stabilization wait
time of the PLL/SSCG clock (PLLSSCLK).

The PLL/SSCG clock oscillation stabilization wait time becomes time set by PLLCR:POSW/[3:0].

When PLL/SSCG clock oscillation is enabled(CSELR.PCEN=1), PLL/SSCG clock stabilization timer starts
couting up. After the oscilation stabilization time elapses, PLL/SSCG clock stabilization timer stops.
Moreover, when PLL/SSCG clock oscillation stop (CSELR:PCEN =0) is done, it is cleared.

B PTMCR: Address 05174 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
PTIF PTIE Reserved
Initial value 0 0 0 0 0 0 0 0

Attribute  R(RM1),W R/W RO,WX RO,WX RO,WX RO,WX RO,WX RO,WX

[bit7] PTIF (PII clock osc wait Timer Interrupt Flag) : PLL clock oscillation stabilization wait timer
interrupt flag
It is a flag that shows that the overflow at the time set by PLL clock oscillation stabilization wait selection
(PLLCR: POSW [3:0]) was generated. If this bit is set when the PTIE bit is "1", PLL/SSCG clock
oscillation stabilization wait timer interrupt request is generated.

Clear « "0" write
factor + Generation of DMA transfer with PLL/SSCG oscillation stabilization wait timer

- End of the oscillation stabilization wait time for PLL/SSCG clock oscillation

Set factor stabilization wait clock after PCEN=0—1

The "1" writing in this bit is invalid.

When the PTIE bit is ‘0, the clearness of this bit by the DMA forwarding is not done.

In the read modify write instruction, "1" is read.

The set factor is given priority when a set factor and a clear factor are generated at the same time.

[bit6] PTIE (PIlI clock osc wait Timer Interrupt Enable) : PLL clock oscillation stabilization wait timer
interrupt enable
The interrupt by the overflow of PLL/SSCG clock oscillation stabilization wait timer is controlled as

follows.
PTIE Operation
0 Interrupt disabled (Initial value)
1 Interrupt enabled
(The interrupt request is output when the PTIF bit is "1".)

[bit5 to bit0] (Reserved)
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4.11. PLL/SSCG Clock Selection Register : CCPSSELR

(CCtl PlI/Sscg clock Selection Register)

The bit configuration of the PLL/SSCG clock selection register is shown.

It is a register that selects the clock source supplied to system.

This register can be written only at PLL/SSCG clock oscillation stop (CSELR:PCEN = 0).

B CCPSSELR: Address 05204 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved PCSEL
Initial value 0 0 0 0 0 0 0 0
Attribute  ROWX  RO,WX RO,WX RO,WX RO,WX RO,WX RO,WX R/W
[bit7 to bitl] (Reserved)
[bit0] PCSEL (PII Clock source Selection) : PLL/SSCG Clock source selection
It selects the PLL/SSCG clock source.
PCSEL PLL or SSCG
0 Selects PLL
1 Selects SSCG
Note:
SSCG (Because it is unused) always becomes a reset status for PCSEL=0.
The PLL clock is supplied to CAN and OCDU for PCSEL=1.
176
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4.12. PLL/SSCG Output Clock Division Setting Register :
CCPSDIVR (CCtl Pll/Sscg clock DIVision Register)

The bit configuration of the PLL/SSCG output clock division setting register is shown.

It is a register that sets the ratio of dividing frequency of the PLL/SSCG clock.

This register can be written only at PLL/SSCG clock oscillation stop (CSELR:PCEN = 0).

B CCPSDIVR: Address 05234 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved PODS[2:0] Reserved SODSJ[2:0]
Initial value 0 0 0 0 0 0 0 0
Attribute RO,WX R/W R/W R/W RO,WX R/W R/W R/W

[bit7] (Reserved)

[bit6 to bit4] PODS[2:0] (PIl Oscillator Divider selection) : Selection of PLL macro oscillation clock
dividing frequency ratio
The ratio of dividing frequency of the PLL clock is set.

PODS[2:0] Dividing frequency ratio setting
000 PLL clock = PLL macro oscillation clock /2
001 PLL clock = PLL macro oscillation clock /4
010 PLL clock = PLL macro oscillation clock /6
011 PLL clock = PLL macro oscillation clock /8
100 PLL clock = PLL macro oscillation clock /10
101 PLL clock = PLL macro oscillation clock /12
110 PLL clock = PLL macro oscillation clock /14
111 PLL clock = PLL macro oscillation clock /16

Note:

It is only dividing of the even number in the setting by this bit. The odd number dividing frequency
cannot be set. Duty of the output clock becomes 50%.

Please set for the PLL clock to become 128MHz or less. (The operation guarantee that exceeds
128MHz is not done. )

[bit3] (Reserved)
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[bit2 to bit0] SODS[2:0] (Sscg Oscillator Divider selection) : SSCG Selection of SSCG macro
oscillation clock dividing frequency Ratio
The ratio of dividing frequency of the SSCG clock is set.

SODSI[2:0] Dividing frequency ratio setting
000 SSCG clock = SSCG macro oscillation clock /2
001 SSCG clock = SSCG macro oscillation clock /4
010 SSCG clock = SSCG macro oscillation clock /6
011 SSCG clock = SSCG macro oscillation clock /8
100 SSCG clock = SSCG macro oscillation clock /10
101 SSCG clock = SSCG macro oscillation clock /12
110 SSCG clock = SSCG macro oscillation clock /14
111 SSCG clock = SSCG macro oscillation clock /16

Note:

It is only dividing of the even number in the setting by this bit. The odd number dividing frequency
cannot be set. Duty of the output clock becomes 50%.

Please set for the SSCG clock to become 128MHz or less. (The operation guarantee that exceeds
128MHz is not done. )

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.13. PLL Feedback Division Setting Register : CCPLLFBR

(CCtl PLL FB clock division Register)

The bit configuration of the PLL feedback division setting register is shown.

It is a register that sets the multiple ratio of PLL.

This register can be written only at PLL/SSCG clock oscillation stop (CSELR:PCEN = 0).

B CCPLLFBR: Address 05254 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved IDIV[6:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WX R/W R/W R/W R/W R/W R/W R/W

[bit7] (Reserved)

[bit6 to bit0] IDIV[6:0] (pll feedback Input DIVider ratio settings) : Setting of PLL macro FB input

dividing frequency ratio
PLL multiple rario is set.

IDIV[6:0] Dividing frequency ratio setting
0000000 to — L

0001011 Setting is prohibited

0001100 13

0001101 14

0001110 15

1100010 99

1100011 100
1100100 to — _

1111111 Setting is prohibited

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.14. SSCG Feedback Division Setting Register O :
CCSSFBRO (CCtl SScg FB clock division Register 0)

The bit configuration of the SSCG feedback division setting register 0 is shown.

It is a register that sets multiple ratio of SSCG.
The multiple ratio of SSCG becomes P x N together with the setting of CCSSFBRL1.

This register can be written only at PLL/SSCG clock oscillation stop (CSELR:PCEN = 0).

B CCSSFBRO: Address 05264 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Reserved NDIV[5:0]
Initial value 0 0 0 0 0 0 0 0
Attribute RO,WX RO,WX R/W R/W R/W R/W R/W R/W

[bit7, bit6] (Reserved)

[bit5 to bit0] NDIV[5:0] (sscg feedback input N-DIVider ratio settings) : SSCG macro FB input N
dividing frequency ratio setting
It sets the SSCG multiple ratio N.

NDIV[5:0] Dividing frequency ratio setting
000000 Setting is prohibited
000001 2
000010 3
000011 4
111101 62
111110 63
111111 Setting is prohibited

Aset value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.15. SSCG Feedback Division Setting Register 1 :
CCSSFBR1 (CCtl SScg FB clock division Register 1)

The bit configuration of the SSCG feedback division setting register 1 is shown.

It is a register that sets the multiple ratio P of SSCG. The multiplication ratio of SSCG becomes P x N along
with the setting of CCSSFBRO.

This register can be written only at PLL/SSCG clock oscillation stop (CSELR. PCEN = 0).

B CCSSFBR1: Address 05274 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved PDIV[4:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WX RO,WX RO,WX R/W R/W R/W R/W R/W

[bit7 to bit5] (Reserved)

[bit4 to bit0] PDIV[4:0] (sscg feedback input P-DIVider ratio settings) : SSCG macro FB input P
divider frequency ratio setting
It sets the SSCG multiple ratio P.

PDIV[4:0] Dividing frequency ratio setting

00000 1

00001 2

00010 3

00011 4

11101 30

11110 31

11111 Setting is prohibited

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.16. SSCG Configuration Setting Register 0 : CCSSCCRO
(CCtl SSCg Config. Register 0)

The bit configuration of the SSCG configuration setting register 0 is shown.

SSCG is variously set.
This register can be written only at PLL/SSCG clock oscillation stop (CSELR:PCEN = 0)

B CCSSCCRO: Address 0529y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Reserved SFREQ[1:0] SMODE SSEN
Initial value 0 0 0 1 0 0 0 0
Attribute RO,WX RO,WX RO,WX R/W R/W R/W R/W R/W

[bit7 to bit4] (Reserved)

[bit3, bit2] SFREQ[1:0] (Spread spectrum modulation FREQuency settings) : Spread spectrum
modulation frequency settings
The spread spectrum modulation frequency of SSCG is set.

SFREQI1:0] Modulation frequency
00 1/1024
01 1/2048
1x 1/4096

[bitl] SMODE (Spread spectrum modulation MODE settings) : Spread spectrum modulation mode
settings
Sets spread spectrum modulation mode of SSCG.

SMODE Modulation mode
0 Down Spread
1 Center Spread

® Down Spread

Target | K 77777777777777777777777 ﬁ 777777777777 4 Cycle to cycle jitter

time

Period
1/Modulation frequency
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® Center Spread

Target

time

Period
1/Modulation frequency

[bit0] SSEN (Spread Spectrum ENable) : Spread spectrum enable
This bit enables supread spectrum of SSCG.

SSEN Spread spectrum enable
0 Spread spectrum disabled
1 Spread spectrum enabled

Note:

Diffusivity of the spread spectrum becomes 0% regardless of a setting of the CCSSCCR1:RATESEL
when SSEN is set disabled.
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4.17. SSCG Configuration Setting Register 1 : CCSSCCRL1
(CCtl SSCg Config. Register 1)

The bit configuration of the SSCG configuration setting register 1 is shown.

Sets various settings of SSCG.

This register can be written only when PLL/SSCG clock oscillation stops. (CSELR:PCEN = 0).

B CCSSCCR1: Address 052A4 (Access : Half-word, Word)

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
RATESEL[2:0] Reserved
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W RO,WX RO,WX RO,WX R/WO R/WO
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved
Initial value 0 0 0 0 0 0 0 0

Attribute R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO

[bit15 to bit13] RATESEL][2:0] (spread spectrum modulation RATE SELection) : spread spectrum
modulation rate selection
Sets the spread spectrum modulation rate of SSCG.

RATESEL[2:0] Modulation rate
00x 0.5%
010 1%
011 2%
100 3%
101 4%
110 5%
111 Setting is prohibited

[bit12 to bit10] (Reserved)
Writing has no effect.

[bit9 to bit0] (Reserved)
Always write "0" to these bits.

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 184



CHAPTER 5: CLOCK
4. Registers

MB91590 S

eries

4.18. Clock Gear Configuration Setting Register O :
CCCGRCRO (CCtl Clock Gear Config. Register 0)

The bit configuration of the clock gear configuration setting register O is shown.

Sets various settings of clock gear.

B CCCGRCRO: Address 052Dy (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
GRSTS[1:0] Reserved GRSTR GREN
Initial value 0 0 0 0 0 0 0 0
Attribute R,WX R,WX RO,WX  ROWX ROWX  ROWX R(RMO)W1 R/W
[bit7, bit] GRSTS[1:0] (clock GeaR STatusS flags) : Clock gear status flags
Displays status of Clock gear.
GRSTS[1:0] Status
Stop in the state of clock gear low-speed oscillation or
00 No use of clock gear (CCCGRCRO0:GREN=0) or
In the status of PLL/SSCG reset (CSELR:PCEN=0)
01 In operation of GEAR UP
10 Stop in the status of clock gear high-speed oscillation
11 In operation of GEAR DOWN
[bit5 to bit2] (Reserved)
[bitl] GRSTR (clock GeaR STaRt) : clock gear start
Writing "1" to this bit starts the operation of clock gear
The operation of clock gear depends on the value of the GRSTS bits. (Gear up or gear down)
When GRSTS=00
GRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear up
When GRSTS=01/11
GRSTR OPeration
"0" write Not affect the operation
"1" write Not affect the operation
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When GRSTS=10
GRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear down

Note:

This bit can be written only when CSELR:CKS[1:0]=10 (PLL/SSCG clock (PLLSSCLK) selection)
and CCCGRCRO:GREN=1 (clock gear enabled).

This bit is automatically cleared to "0" after the operation of clock gear up (down) complete. Also,
this bit is cleared to "0" when CSELR:PCEN=0 (PLL/SSCG clock oscillation stopped).

In the instruction of read modify write "0" is always read from this bit.When writing is executed
while this bit is "1", writing for the second and subsequent times is ignored.

[bit0] GREN (clock GeaR ENable) : Clock gear enable
This bit enables the operation of clock gear.

GREN Operation
0 No use of clock gear
1 Use of clock gear

Note:

This bit can be written only when PLL/SSCG clock oscillation is stopped (CSELR:PCEN = 0).
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4.19. Clock Gear Configuration Setting Register 1 :
CCCGRCR1 (CCtl Clock Gear Config. Register 1)

The bit configuration of the clock gear configuration setting register 1 is shown.

Sets various settings of clock gear.

This register can be written only when PLL/SSCG clock oscillation is stopped (CSELR:PCEN = 0).

B CCCGRCR1 : Address 052Ey (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
GRSTP[1:0] GRSTNI5:0]
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7, bit6] GRSTP[1:0] (clock GeaR STeP selection) : Clock gear step selection
These bits select the step number at the time of clock gear up/down (the number of increment /decrement).

GRSTP[1:0] Step number
00 1
01 2
10 3
11 4

[bit5 to bit0] GRSTNI[5:0] (clock GeaR STart step Number selection) : Clock gear start step nhumber
selection
These bits select the step at the start of clock gear operation and select the step between 0 and 63.

GRSTN[5:0] Step number
000000 0
000001 1
000010 2
111101 61
111110 62
111111 63

Note:
The gear does not operate at GRSTN =111111(number 63 of steps) setting.
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4.20. Clock Gear Configuration Setting Register 2 :
CCCGRCR2 (CCtl Clock Gear Config. Register 2)

The bit configuration of the clock gear configuration setting register 2 is shown.

Sets various settings of clock gear.

This register can be written only when PLL/SSCG clock oscillation is stopped. (CSELR:PCEN = 0).

B CCCGRCR2 : Address 052Fy (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
GRLP[7:0]
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7 to bit0] GRLP[7:0] (clock GeaR LooP number selection) : clock gear loop number selection
These bits select the loop number of one step. The setting enabled number of iteration is between 1 to 256.
Step is incremented/decremented when the number set to this bit is completed.

GRLP[7:0] Loop number
0000_0000 1
0000_0001 2
0000_0010 3
1111 1101 254
1111 1110 255
1111 1111 256
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4.21. RTC/PMU Clock Selection Register : CCRTSELR (CCitl
RTc pmu clock Selection Register)

The bit configuration of the RTC/PMU clock selection register is shown.

Selects RTC/PMU clock source.

B CCRTSELR : Address 05304 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CST Reserved CSC
Initial value * 0 0 0 0 0 0 *

Attribute  R,WX RO,WX RO,WX RO,WX RO,WX RO,WX RO,WX RW

*. These bits are initialized to “0”. But these bits are not initialized by the return from the watch mode
(power shut-down).

[bit7] CST (Clock source selection STatus monitor): Clock source selection status monitor
Atime lag by clock switch occurs until the CSC bit is written and then the clock switch completes. Whether
the switch completes or not is monitored by this bit.

CST Monitor
0 The completion of clock switch
1 During clock switch

Note:

When single clock products (SUBDIS=1), this bit is always fixed with "0". Normally, switch
completes by main clock x about 3 cycles + sub clock x about 3 cycles.

[bit6 to bitl] (Reserved)

[bit0] CSC (Clock SourCe selection) : Clock source selection
Selects clock source of RTC/PMU clock.

CSC Clock source
0 Main oscillation clock
1 Sub oscillation clock

Note:

The CSC bit can be rewritten only when SCRDY=1 and MCRDY=1. When single clock products ,
this bit is always fixed with "0" in spite of the written value.
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Note:

It takes main clock x about 3 cycles + sub clock x about 3 cycles until the switch operation of RTC
and PMU clock completes after rewriting the CSC bit. When main clock and sub clock oscillation
are stopped during the switching operation, the switching operation does not complete correctly.
The oscillation must always be stooped in the status that the CST bit is "0" (the status of the
completion of switching.

The CSC bit is not initialized by the return from the standby watch mode (power shut-down).
Moreover, any reset factors other than those, caused by power on reset/internal low voltage
reset/RSTX-NMIX simultaneous assertion, can not be accepted because an internal reset signal is
generated while returning from the standby watch mode (power shut-down). At this time the CSC
bit is not initialized. Initialize this bit in case of need, when the reset signal comes from RSTX
terminal input or external low-voltage detection is flagged after the return from power shut-down.

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 190



CHAPTER 5: CLOCK

4. Registers MB91590 Series

4.22. PMU Clock Division Setting Register 0 : CCPMUCRO
(CCtl PMU Clock division Register 0)

The bit configuration of the PMU clock division setting register 0 is shown.

This register does the setting of dividing frequency of the PMU clock. .
B CCPMUCRO : Address 05324 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
FST Reserved FDIV[1:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  R,WX RO,WX RO,WX RO,WX RO,WX RO,WX R/W R/W

[bit7] FST (F-divider STatus monitor): F-divider status monitor
Atime lag by clock switch occurs until FDIV[1:0] register is written and the written value is reflected.
Whether the setting value is reflected can be monitored by this bit.

Normally, it takes RTC clock x about 4 cycles + PCLK1 x about 4 cycles to reflect the setting value of the

register.
FST Monitor
0 Completion of reflecting the written value
1 During reflecting the written value

[bit6 to bit2] (Reserved)

[bitl to bit0] FDIV[1:0] (F-DIVide ratio setting): F-divide ratio setting
Sets the division rate of F-divider. The clock less than 32kHz must be provided with PMU. When
CCRTSELR:CSC=0 (selection of main oscillation clock), this bit is set to be less than 32kHz by F divider.

FDIV[1:0] Division rate Target main oscillation frequency
00 Divided by 128 (Initial value) 4MHz
01 Divided by 256 8MHz
10 Divided by 384 12MHz
11 Divided by 512 16MHz

Note:

Writing to this bit is ignored while the CCPMUCRO:FST bit is "1".
When CCRTSELR:CSC=1 (selection of sub oscillation clock), F-division rate become undivided in
spite of the value of this bit.
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4.23. PMU Clock Division Setting Register 1 : CCPMUCR1
(CCtl PMU Clock division Register 1)

The bit configuration of the PMU clock division setting register 1 is shown.

This register does the setting of dividing frequency of the PMU clock.
B CCPMUCRL1 : Address 05334 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
GST Reserved GDIV[4:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  R,WX RO,WX RO,WX R/W R/W R/W R/W R/W

[bit7] GST (G-divider STatus monitor): G-divider status monitor
Atime lag by clock switch occurs until GDIV[4:0] register is written and the written value is reflected.
Whether the setting value is reflected can be monitored by this bit.

Normally, it takes RTC clock x about 4 cycles + PCLK1 x about 4 cycles to reflect the setting value of the

register.
GST Monitor
0 Completion of reflecting the written value
1 During reflecting the written value
Note:

Writing to CCPMUCR1:GDIV[4:0] is ignored while this bit is "1".

[bit6, bit5] (Reserved)

[bit4 to bit0] GDIV[4:0] (G-DlIVide ratio setting) : G-divide ratio setting
These bits set the division rate of G-divider. The period of the PMU clock must be more than four times the
period of the bus clock (APB) which is provided with PMU. The division rate of the PMU clock is set by
this divider to meet the above relation.

GDIV[4:0] Division rate
00000 Do not divide (Initial value)
00001 2
00010 3
11101 30
11110 31
11111 32
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Note:
Writing to this bit is ignored while CCPMUCRZ1:GST bit is "1".
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4.24. Sync/Async Control Register : SACR (Sync/Async

Control Register)

The bit configuration of the sync/async control register is shown.

Selects the peripheral clock (PCLK2).
B SACR : Address 10004 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved M
Initial value 1 1 1 1 1 1 1 0
Attribute  R1,WX  R1,WX R1,WX R1,WX R1,WX R1,WX R1,WX RIW
[bit7 to bitl] (Reserved)
[bit0] M : Synchronous/asynchronous setting register of peripheral clock(PCLK2)
The peripheral clock(PCLK?2) is switched when CPU selects the SSCG clock.
M Synchronous/asynchronous setting
0 Synchronous (PLL/SSCG clock for CPU/peripheral)
1 Asynchronous (PLL/SSCG clock for CPU, PLL clock for peripheral)
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4.25. Peripheral Interface Clock Divider : PICD (Peripheral
Interface Clock Divider)

The bit configuration of peripheral interface clock divider is shown.

The setting of dividing frequency of the peripheral clock made from the PLL clock (PLLCLK) is done.
B PICD : Address 1001y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved PDIV[3:0]
Initial value 1 1 1 1 0 0 1 1
Attribute R1,WX R1,WX R1,WX R1,WX R/W R/W R/W R/W

[bit7 to bit4] (Reserved)

[bit3 to bit0] PDIV[3:0] : Sets peripheral clock division rate

The ratio of dividing frequency of the peripheral clock (PCLK2) is set from the PLL clock (PLLCLK) [non

spread spectrum clock] at SACR.M=1.

PDIV[3:0] PLL clock (PLLCLK)[non spread spectrum clock]
— PCLK2 division rate

0000 Do not divide

0001 2 division

0010 3 division

0011 4 division (initial value)
0100 5 division

0101 6 division

0110 7 division

0111 8 division

1000 9 division

1001 10 division

1010 11 division

1011 12 division

1100 13 division

1101 14 division

1110 15 division

1111 16 division

MN705-00009-3v0-E

FUJITSU SEMICONDUCTOR LIMITED 195




CHAPTER 5: CLOCK

4. Registers MB91590 Series

Note:
Set this register so that the peripheral clock (PCLK2) definitely becomes 40MHz or less.
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4.26. GDC PLL Control Register : GPLLCR

The bit configuration of the GDC PLL control register is shown.

Displays the status of PLL/SSCG oscillation in GDC and sets interrupt.

B GPLLCR : Address OF51y (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
G_PCRDY Reserved G_PCEN
Initial value 0 0 0 0 0 0 0 0
Attribute  R,WX RXWX  RXWX RXWX  RXWX R/WO R/WO R/W
[bit7] G_PCRDY : PLL clock ready flag
It is a flag to confirm whether PLL/SSCG in the GDC can be used.
G_PCRDY PLL/SSCG clock ready in the GDC
0 Oscillation is stopped or oscillation stabilization wait
1 Oscillation stabilization and enabled
[bit6 to bit3] Reserved
The reading value is undefined. Writing has no effect.
[bit2, bitl] Reserved
Always write "0" to these bits.
[bit0] G_PCEN : PLL clock enabled
This bit controls PLL/SSCG clock oscillation circuit for GDC as follows.
G_PCEN PLL/SSCG clock enabled in GDC
0 Oscillation stopped
1 Oscillation enabled
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4.27. GDC PLL Timer Setting Register : PTIMCR:

The bit configuration of the GDC PLL timer setting register is shown.

Sets the oscillation stabilization wait time of PLL SSCG in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B PTIMCR : Address OF52, (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Reserved POSWI[3:0]
Initial value 0 0 0 0 1 1 1 1
Attribute RO,WX RO,WX RO,WX RO,WX R/W R/W R/W R/W

[bit7 to bit4] Reserved

[bit3 to bit0] POSWI3:0] : PLL oscillation stabilization wait time selection
These bits select the oscillation stabilization wait time of PLL/SSCG for GDC as follows:

POSWI[3:0] OSC|IIat|Fc’)I[1L7tSa§|(I:|éa]E:§>rnGV\§C|;[ time of At AMHz
1000 2° x main clock period 128.0[ps]
1001 2% x main clock period 256.0[ps]
1010 2" x main clock period 512.0[ps]
1011 22 x main clock period 1024.0[ps]
1100 2% x main clock period 2048.0[ps]
1101 2 x main clock period 4096.0[ps]
1110 2'° x main clock period 8192.0[us]
1111 2'° x main clock period (Initial value) 16384.0[ps]

"1" is always read from POSW3.
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4.28. GDC PLL External Division Setting Register :
PEDIVCR

The bit configuration of the GDC PLL external division setting register is shown.

Sets the division rate of PLL SSCG output clock in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B PEDIVCR : Address OF53y (Access : Byte, Half-word,Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Reserved PODS[2:0] Reserved SODS[2:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WX R/W R/W R/W RO,WX R/W R/W R/W

[bit7] (Reserved)

[bit6 to bit4] PODS[2:0] : PLL macro oscillation clock division rate selection
Selects the division rate when the PLL macro oscillation clock in GDC is converted to the PLL clock in
GDC (which is input into clock gear) from the followings:

PODS[2:0] Division rate setting
000 GDC PLL clock = GDC PLL macro oscillation clock /2
001 GDC PLL clock = GDC PLL macro oscillation clock /4
010 GDC PLL clock = GDC PLL macro oscillation clock /6
011 GDC PLL clock = GDC PLL macro oscillation clock /8
100 GDC PLL clock = GDC PLL macro oscillation clock /10
101 GDC PLL clock = GDC PLL macro oscillation clock /12
110 GDC PLL clock = GDC PLL macro oscillation clock /14
111 GDC PLL clock = GDC PLL macro oscillation clock /16

Note:

Setting by this bit is only division by an even number. Division by an odd number can not be set.
The duty of the output clock is 50%.

[bit3] (Reserved)
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[bit2 to bit0] SODS[2:0] : PLL_SSCG macro oscillation clock division rate selection
Selects the division rate when the SSCG macro oscillation clock in GDC is converted to the SSCG clock in
GDC (which is input into clock gear) from the followings:

SODSI[2:0] Division rate setting
000 GDC SSCG clock = GDC SSCG macro oscillation clock /2
001 GDC SSCG clock = GDC SSCG macro oscillation clock /4
010 GDC SSCG clock = GDC SSCG macro oscillation clock /6
011 GDC SSCG clock = GDC SSCG macro oscillation clock /8
100 GDC SSCG clock = GDC SSCG macro oscillation clock /10
101 GDC SSCG clock = GDC SSCG macro oscillation clock /12
110 GDC SSCG clock = GDC SSCG macro oscillation clock /14
111 GDC SSCG clock = GDC SSCG macro oscillation clock /16

Note:

Setting by this bit is only division by an even number.
Division by an odd number can not be set. The duty of the output clock is 50%.

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 200



CHAPTER 5: CLOCK

4. Registers MB91590 Series

4.29. GDC PLL Multiplier Setting Register : PDIVCR

The bit configuration of the GDC PLL multiplier setting register is shown.

Sets the multiplication rate of PLL in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B PDIVCR : Address OF55y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Reserved IDIV[6:0]
Initial value 0 0 0 0 0 0 0 0
Attribute  RO,WX R/W R/W R/W R/W R/W R/W R/W

[bit7] (Reserved)

[bit6 to bit0] IDIV[6:0] : PLL Clock multiplication rate selection
Selects the multiplication rate of the PLL macro oscillation clock in GDC from the following:

IDIV[6:0] Multiplication rate
0000000-0001011 Setting is prohibited
0001100 13
1100010 99
1100011 100
1100100-1111111 Setting is prohibited

Aset value is limited. See "5.1.4 Limitations when PLL/SSCG Clock is used" when you set it.
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4.30. GDC PLL_SSCG Multiplier Setting Register O :

SDIVCRO

The bit configuration of the GDC PLL_SSCG multiplier setting register 0 is shown.

This is a register to set the multiplication rate N of SSCG in GDC. The multiplication ratio of SSCG for

GDC is P x N with the setting of SDIVCRL.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SDIVCRO : Address OF56y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Reserved NDIV[5:0]
Initial value 0 0 0 0 0 0 0 0
Attribute RO,WX RO,WX R/W R/W R/W R/W R/W R/W

[bit7, bit6] (Reserved)

[bit5 to bit0] NDIV[5:0] : PLL_SSCG clock multiplication rate (N-Divider) selection

Selects the multiplication rate of the SSCG macro oscillation clock (the part of N-Divider) in GDC from the

followings:
NDIV[5:0] Multiplication rate
000000 Setting is prohibited
000001 2
000010 3
000011 4
111101 62
111110 63
111111 Setting is prohibited

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.31. GDC PLL_SSCG Multiplier Setting Register 1 :
SDIVCR1

The bit configuration of the GDC PLL_SSCG multiplier setting register 1 is shown.

This is a register to set the multiplication rate P of SSCG in GDC. The multiplication ratio of SSCG for
GDC is P x N with the setting of SDIVCRO.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SDIVCRL1 : Address OF57y (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Reserved PDIV[4:0]
Initial value 0 0 0 0 0 0 0 0
Attribute RO,WX RO,WX RO,WX R/W R/W R/W R/W R/W

[bit7 to bit5] (Reserved)

[bit4 to bit0] PDIV[4:0] : PLL_SSCG clock multiplication rate (P-Divider) selection
Selects the multiplication rate of the SSCG macro oscillation clock (the part of P-Divider) in GDC from the

followings:
PDIV[4:0] Multiplication rate

00000 1

00001 2

00010 3

00011 4

11101 30

11110 31

11111 Setting prohibited

A set value is limited. See "5.1.4  Limitations when PLL/SSCG Clock is used" when you set it.
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4.32. GDC PLL_SSCG Spread Spectrum Setting Register O :
SSSCRO

The bit configuration of the GDC PLL_SSCG spread spectrum setting register 0 is shown.

Sets various settings of SSCG in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SSSCRO : Address 0OF59y (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Reserved SFREQ[1:0] SMODE SEN

Initial value 0 0 0 1 0 0 0 0
Attribute RO,WX RO,WX RO,WX R1,wW1 R/W R/W R/W R/W

[bit7 to bit4] (Reserved)
Always write "1" to bit 4.

[bit3, bit2] SFREQ[1:0] : Spread spectrum modulation frequency selection
These bits select a spread spectrum modulation frequency of SSCG in GDC from the followings:

SFREQI1:0] Modulation frequency
00 1/1024
01 1/2048
1x 1/4096

[bitl] SMODE : Spread spectrum modulation mode selection
These bits select spread spectrum modulation mode of SSCG in GDC from the followings:

SMODE Modulation mode
0 Down Spread
1 Center Spread

® Down Spread

Target | VN 77777777777777777777777 7K 777777777777 4§ Cycle tocycle jitter

modulation yt

time

Period
1/Modulation frequency
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® Center Spread

Target

time

Period
1/Modulation frequency

[bit0] SEN : Spread spectrum enabled
This bit controls spread spectrum enabled /disabled of SSCG in GDC.

SEN Spread spectrum enabled
0 Spread spectrum disabled
1 Spread spectrum enabled

Note:

Diffusivity of the spread spectrum becomes 0% regardless of a setting of the SSSCR1:RATESEL when
SEN is set disabled.
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4.33. GDC PLL_SSCG Spread Spectrum Setting Register 1 :
SSSCR1

The bit configuration of the GDC PLL_SSCG spread spectrum setting register 1 is shown.

Sets various settings of SSCG in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SSSCR1 : Address OF5A (Access : Half-word, Word)

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
RATESEL[2:0] Reserved
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W RO,WX RO,WX RO,WX R/WO R/WO
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Reserved
Initial value 0 0 0 0 0 0 0 0

Attribute  R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO

[bit15 to bit13] RATESEL[2:0] : Spread spectrum modulation rate selection
Selects the spread spectrum modulation rate of SSCG in GDC from the followings.

RATESEL[2:0] Modulation rate
00x 0.5%
010 1%
011 2%
100 3%
101 4%
110 5%
111 Setting is prohibited

[bit12 to bit10] (Reserved)
Writing has no effect.

[bit9 to bit0] (Reserved)
Always write "0" to these bits.
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4.34. GDC PLL Clock Gear Setting Register 0 : PGRCRO

The bit configuration of the GDC PLL clock gear setting register 0 is shown.

Sets various settings of PLL clock gear in GDC.

B PGRCRO: Address OF5Dy (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
PGRSTS[1:0] Reserved PGRSTR | PGREN
Initial value 0 0 0 0 0 0 0 0
Attribute  RWX R,WX RO,WX RO,WX RO,WX RO,WX R,.W R/W

[bit7, bit] PGRSTS[1:0] : PLL clock gear status flag
These bits indicate the status of a clock gear for controlling PLL clock in GDC.

PGRSTS[1:0] Status
00 Stop in the status of low-speed oscillation or no use of clock gear
01 In the operation of GEAR UP
10 Stop in the status of high-speed oscillation
11 In the operation of GEAR DOWN

[bit5 to bit2] (Reserved)

[bitl] PGRSTR : PLL clock gear start
The clock gear starts when PGRSTR=1(this bit) and PGREN=1.
After the operation of gear completes, this bit is cleared to "0".

When PGRSTS=00

PGRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear up

When PGRSTS=01/11

PGRSTR Operation
"0" write Not affect the operation
"1" write Not affect the operation

When PGRSTS=10

PGRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear down
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Note:

Write "1" to this bit when GPLLCR:G_PCEN=1
The operation of this bit depends on the setting value of the PGRSTS bit.
The clock gear does not operate while PGREN=0 even if "1" is written to this bit.

[bit0] PGREN PLL clock gear enabled
Enables the operation of the clock gear.

PGREN Operation
0 No use of clock gear
1 Use of clock gear

Note:

This bit can be set when GPLLCR:G_PCEN=0.
Only use of the clock gear up or the clock gear down is disabled.
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4.35. GDC PLL Clock Gear Setting Register 1 : PGRCR1

The bit configuration of the GDC PLL clock gear setting register 1 is shown.

Sets the various settings of the PLL clock gear in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B PGRCR1: Address OF5Ey (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
PGRSTP[1:0] PGRSTNI5:0]
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7, bit6] PGRSTP[1:0]: PLL clock gear step selection

These bits select the number of steps (the number of increments/decrements) at the time of the clock gear

up/down.
PGRSTP[1:0] The number of steps
00 1
01 2
10 3
11 4

[bit5 to bit0] PGRSTN[5:0] : PLL clock gear start step selection

These bits select the step at the start of the clock gear operation. The step between 0 to 63can be selected.

PGRSTN[5:0] The number of steps
000000 0
000001 1
000010 2
111101 61
111110 62
111111 63
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Note:
The gear does not operate at PGRSTN =111111(number 63 of steps) setting.
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4.36. GDC PLL Clock Gear Setting Register 2 : PGRCR2

The bit configuration of the GDC PLL clock gear setting register 2 is shown.

Sets the various settings of the PLL clock gear in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B PGRCR2 : Address OF5F, (Access : Byte, Half-word, Word)

7 6 5 4 3 2 1 0
PGRLP[7:0]
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7 to bit0] PGRLP[7:0]: PLL clock gear repeat count selection
Selects the repeat count of 1 step. The repeat count between 1 to 256 can be set.
The step is incremented/decremented when the repeat count set by this bit completes.

PGRLP[7:0] The number of loop
0000_0000 1
0000_0001 2
0000_0010 3
1111 1101 254
1111 1110 255
1111 1111 256
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4.37. GDC PLL_SSCG Clock Gear Setting Register O :
SGRCRO

The bit configuration of the GDC PLL_SSCG clock gear setting register 0 is shown.

Sets the various settings of the SSCG clock gear in GDC.

B SGRCRO : Address OF61y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SGRSTS[1:0] Reserved SGRSTR | SGREN
Initial value 0 0 0 0 0 0 0 0
Attribute  R,WX R,WX RO,WX RO,WX RO,WX RO,WX R,.W R/W

[bit7, bit6] SGRSTS[1:0] : PLL_SSCG clock gear status flag
These bits indicate the status of the clock gear which controls the SSCG clock in GDC.

SGRSTS[1:0] Status
00 Stop in the status of low-speed oscillation or no use of clock gear
01 In the operation of GEAR UP
10 Stop in the status of high-speed oscillation
11 In the operation of GEAR DOWN

[bit5 to bit2] (Reserved)

[bitl]] GRSTR : PLL_SSCG clock gear start
The operation of the clock gear starts when SGRSTR=1 (this bit) and SGREN=L1.
This bit is cleared to "0" when the operation of gear completes.

When SGRSTS=00

SGRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear up

When SGRSTS=01/11

SGRSTR Operation
"0" write Not affect the operation
"1" write Not affect the operation
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When SGRSTS=10

SGRSTR Operation
"0" write Not affect the operation
"1" write Start the operation of gear down

Note:

Write "1" to this bit when GPLLCR:G_PCEN=1.
The operation of this bit depends on the setting value of the SGRSTS bit.

The clock gear does not operate while SGREN =0 even if "1" is written to this bit.

[bit0] SGREN : PLL_SSCG clock gear enabled
This bit enables the operation of the clock gear.

SGREN Operation
0 No use of clock gear
1 Use of clock gear

Note:

This bit can be set when GPLLCR:G_PCEN=0.
Only use of the clock gear up or the clock gear down is disabled.
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4.38. GDC PLL_SSCG Clock Gear Setting Register 1:
SGRCR1

The bit configuration of the GDC PLL _SSCG clock gear setting register 1 is shown.

Sets the various settings of the SSCG clock gear in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SGRCRL1 : Address OF62y (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SGRSTP[1:0] SGRSTN[5:0]
Initial value 0 0 0 0 0 0 0 0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

[bit7, bit6] SGRSTP[1:0]: PLL_SSCG clock gear step selection
Selects the number of steps (the number of increments/decrements) at the time of the clock gear up/down.

SGRSTP[1:0] The number of steps
00 1
01 2
10 3
11 4

[bit5 to bit0] SGRSTN[5:0] : PLL_SSCG clock gear start step selection
Selects the step at the start of the clock gear operation. The step between 0 to 63 can be selected.

SGRSTNI5:0] The number of steps
000000 0
000001 1
000010 2
111101 61
111110 62
111111 63
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Note:
The gear does not operate at SGRSTN =111111(number 63 of steps) setting.
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4.39. GDC PLL _SSCG Clock Gear Setting Register 2 :

SGRCR2

The bit configuration of the GDC PLL _SSCG clock gear setting register 2 is shown.

Sets the various settings of the SSCG clock gear in GDC.

Note:
This register can be written only when GPLLCR:G_PCEN=0.

B SGRCR2 : Address OF63y (Access : Byte, Half-word, Word)

7 6 5 4 3 2 1 0
SGRLP[7:0]

Initial value 0 0 0 0 0 0 0 0
Attribute  R/W R/W R/W R/W R/W R/W R/W R/W
[bit7 to bit0] SGRLP[7:0] : PLL_SSCG clock gear repeat count selection

These bits select the repeat count of one step. The repeat count between 1 to 256 can be set.

The step is incremented/decremented when the repeat count set by this bit completes.

SGRLP[7:0] The number of loops
0000_0000 1
0000_0001 2
0000_0010 3
1111 1101 254
1111 1110 255
1111 1111 256
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5. Operation

This section explains operations of clock.

5.1. Oscillation Control

5.2. Oscillation Stabilization Wait

5.3. Selecting the Source Clock (SRCCLK)
5.4. Timer

5.5. Notes when Clocks Conflict

5.6. The Clock Gear Circuit

5.7. Operations during MDI Communications
5.8. About PMU clock (PMUCLK)
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5.1. Oscillation Control

This section explains oscillation control.

5.1.1.
51.2.
5.1.3.
5.14.

Main Clock (MCLK)

Sub Clock (SBCLK)

PLL/SSCG Clock (PLLSSCLK)
Limitations when PLL/SSCG Clock is used

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED

218



CHAPTER 5: CLOCK

5. Operation MB91590 Series

5.1.1. Main Clock (MCLK)

The main clock (MCLK) is shown.

The oscillation of the main clock stops on any of the following conditions.

+ SINIT reset (See "CHAPTER: RESET".)

+ During the stop mode

+ While the sub clock (SBCLK) are selected as the source clock (SRCCLK) and "0" is set to
CSELR:MCEN

After all the above conditions of the oscillation stop are cancelled and then the oscillation stabilization wait
time which is set to CSTBR:MOSW/[3:0] goes by, supplying the clock starts. The oscillation stabilization
wait time specified by the initial value is required because CSTBR:MOSW/[3:0] is initialized at the time of
return from the reset input.

Note:
For the single clock products, the main clock oscilation enable is always enabled (MCEN=1).
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5.1.2. Sub Clock (SBCLK)

The sub clock (SBCLK) is shown.

The oscillation of the sub clock stops on any of the following conditions.

« After the occurrence of reset (the bus idle wait time before stop is required. See "CHAPTER: RESET".)

+ During the stop mode

+ While a clock other than the sub clock (SBCLK) are selected as the source clock (SRCCLK) and "0" is
set to CSELR:SCEN.

+ When the clock is used as a port because the clock is used for sub oscillation and port (metal option).

After all the above conditions of the oscillation stop are cancelled and then the oscillation stabilization wait
time which is set to CSTBR:SOSW/2:0] goes by, supplying the clock starts. The sub clock oscillation stops
until "1" is set to because CSELR:SCEN is initialized to "0" at the time of return from the reset input or the
INIT status.

Notes:

+ For the single clock products, the sub clock oscilation enable is always disabled (SCEN=0).
+ For the single clock product, the sub timer cannot be used.
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5.1.3. PLL/SSCG Clock (PLLSSCLK)

The PLL/SSCG clock (PLLSSCLK) is shown.

This LSI has PLL and SSCG (PLL which generates spread spectrum clock) and can select SSCG for
reducing noise. The combinations of clocks which CPU and peripheral functions can select are as follows.

Table 5-1 Clock Mode

Clock mode
RUN1 RUN2 RUN3
CPU PLL SSCG SSCG
CAN PLL PLL PLL
Peripheral PLL SSCG PLL
OoCbhu PLL PLL PLL
GDC(NTSC) PLL PLL PLL
GDC(other than above) SSCG SSCG SSCG

The CPU/Peripheral (timer/communication) clock is selected by CCPSSELR:PCSEL. Also, when CPU is
operated by the SSCG clock, peripheral (timer/communications) can be operated by the PLL clock. In this
case, the peripheral clock is selected by SACR:M and divided by PICD:PDIV [3:0].

Note:

When the CPU is operated by SSCG and the perippherals are operated by PLL, because the
asynchronization transfer enters between CPU/ Peripheral, the penalty of 5 xPCLK2 to 8xPCLK2
is added to the access cycle. In this case, the frequency of PCLK2 must be same as that of
PCLKZ1. Select synchronization with SACR:M when you want to make both CPU/Peripheral
operation with the PLL clock.

The oscillation of the PLL/SSCG clock (PLLSSCLK) stops on any of the following conditions.

« After the occurrence of reset (the bus idle wait time before stop is required. See "CHAPTER: RESET".)

+ While the main clock oscillation stops (PCEN=0)

+ During the time of main clock oscillation stabilization wait (PCEN=0)

+ During the watch mode

+ While a clock other than the PLL/SSCG clock (PLLSSCLK) are selected as the source clock (SRCCLK)
and "0" is set to CSELR:PCEN.

After all the above conditions of the oscillation stop are cancelled and then PLL/SSCG clock lock wait time
which is set to PLLCR:POSW]|3:0] goes by, supplying the clock starts. The PLL/SSCG clock oscillation
stops until "1" is set to because CSELR:PCEN is initialized to "0" at the time of return from the reset input
or the INIT status.
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The formula for calculating the clock frequency and the multiplication rate related to PLL/SSCG is as
follows:

(PLL/SSCG setting in Microcontroller unit)

+ PLL/SSCG input clock frequency =(main oscillation frequency) / (PLLCR:PDS[3:0] division ratio)
+ PLL/SSCG multiplication rate =( CCPLLFBR:IDIV[6:0] FB input division ratio)
SSCG multiplication rate =(CCSSFBRO:NDIV[5:0]FB input division ratio)x(CCSSFBR1:PDIV
[4:0] FB input division ratio)
+ PLL macro oscillation clock frequency =(PLL/SSCG input clock frequency) X PLL multiplication
rate
SSCG macro oscillation clock frequency=(PLL/SSCG input clock frequency) X SSCG

multiplication rate
+ PLL clock frequency =(PLL macro oscillation clock frequency) / (CCPSDIVR:PODS[2:0] division

ratio)
SSCG clock frequency= (SSCG macro oscillation clock frequency)/ (CCPSDIVR:SODS[2:0]division ratio)

Figure 5-1 PLL Peripheral Block Diagram in Microcontroller Unit

PLLCR: PLL CCPSDIVR:
PDS[3:0] PoDS[2:0] |
CCPLLFBR:
IDIV[6:0]

Figure 5-2 SSCG Peripheral Block Diagram in Microcontroller Unit

PLLCR: SSCG CCPSDIVR:
PDS[3:0] SODS[2:0] >

CCSSFBRO:NDIV[5:0]

X

CCSSFBR1:PDIV[4:0]

(PLL/SSCG setting in GDC unit)

+ PLL/SSCG input clock frequency = (main oscillation frequency)

+ PLL multiplication rate = ( PDIVCR:IDIV[6:0] FB input division ratio)
SSCG multiplication rate = ( SDIVCRO:NDIV[5:0] FB input division ratio) x

( SDIVCRL1:PDIV[4:0] FB input division ratio)

+ PLL macro oscillation clock frequency = (PLL/SSCG input clock frequency) x PLL multiplication
rate
SSCG macro oscillation clock frequency = (PLL/SSCG input clock frequency) x SSCG
multiplication rate

+ PLL clock frequency = (PLL macro oscillation clock frequency) / (PEDIVCR:PODS[2:0]division
ratio)
SSCG clock frequency = (SSCG macro oscillation clock frequency) / (PEDIVCR:SODS[2:0]
division ratio)
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Figure 5-3 PLL Peripheral Block Diagram in GDC Unit
PLL PEDIVCR:
> PODS|[2:0] >
PDIVCR:
IDIV[6:0] —
Figure 5-4 SSCG Peripheral Block Diagram in GDC Unit
SSCG PEDIVCR:
> SODS[2:0] >

SDIVCRO:NDIV[5:0] %
SDIVCR1:PDIV[4:0] —

PLL/SSCG input clock, PLL/SSCG multiplication rate and PLL/SSCG macro oscillation clock must be set
within the operating condition ranges for built-in PLL/SSCG in this series. For the operating condition
ranges of PLL/SSCG, see the data sheet.

Notes:

+ In debug operation (E_DBCR:PLOCK =1), PLL can not stop because always supplying the PLL
clock is required for MDI communication.

+ Interrupts can not be transferred normally in switching PLL-SSCG. Therefore, when switching
PLL-SSCG synchronous/asynchronous, disable the interrupt from resource.

+ The PLL/SSCG macro oscillation clock frequency has the upper bound and the lower bound.
Set the multiplication rate of PLL/SSCG so as not to exceed the following range.
PLL/SSCG in Microcontroller unit:
+ 200MHz < PLL macro oscillation clock frequency < 333MHz
+ 200MHz < SSCG macro oscillation clock frequency < 333MHz (Down Spread)

PLL/SSCG in GDC unit:
+ 200MHz < PLL macro oscillation clock frequency < 400MHz
+ 200MHz < SSCG macro oscillation clock frequency < 400MHz (Down Spread)
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5.1.4. Limitations when PLL/SSCG Clock is used

The limitations of the PLL/SSCG clock are shown.

Use it according to the following limitations when you use the PLL/SSCG clock.

Microcontroller Unit Clock Control PLL Clock Frequency

Frequency . CCPSSELR:
(max) FCTLR:FAW PCSEL Remarks
128MHz 01 0
80MHz 00 0

Note:
Set PLLCR or CCPSDIVR and CCPLLFBR so as not to exceed frequency (max).

Microcontroller Unit Clock Control SSCG Clock Frequency

Frequency | FCTLR: | CCPSSELR: | CCSSCCRO: | CCSSCCRO0: | CCSSCCR1: Remarks
(max) FAW PCSEL SSEN SMODE RATESEL
128MHz 01 1 1 0/1 000 to 110
72MHz 00 1 0 000 to 110 DownSpread
72MHz 00 1 1 1 000 Ce”(tgr;%ead
72MHz 00 1 1 1 010 CenterSpread (1%)
72MHz 00 1 1 1 011 CenterSpread (2%)
71MHz 00 1 1 1 100 CenterSpread (3%)
71MHz 00 1 1 1 101 CenterSpread (4%)
70MHz 00 1 1 1 110 CenterSpread (5%)
128MHz 01 1 0 0/1 000 to 110 Spread 0%
80MHz 00 1 0 0/1 000 to 110 Spread 0%

Note:

Set CCPSDIVR, CCSSFBRO0 and CCSSFBR1 so as not to exceed frequency (max).

GDC Unit Clock Control PLL Clock Frequency
Frequency
(max)
108MHz

Remarks

Note:
Set PEDIVCR and PDIVCR so as not to exceed frequency (max).
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GDC Unit Clock Control SSCG Clock Frequency
Frequency SSSCRO: SSSCRO: SSSCR1: Remarks
(max) SSEN SMODE RATESEL
81MHz 1 0/1 000 to 110
81MHz 0 0/1 000 to 110 Spread 0%

Note:
Set PEDIVCR, SDIVCRO0 and SDIVCR1 so as not to exceed frequency (max).

Relation Modulation Rate and Division Ratio when SSCG is Used

CCSSCCR1:RATESEL[2:0] CCSSFBRO:NDIV[5:0]
SSSCR1:RATESEL[2:0] SDIVCRO:NDIVI[5:0]

M . Set Range of Set value Set value
odulation rate L . L o
value | divisionratio | lower limit upper limit

0.50% 00x 8 - 60 7h 3Bh

1.00% 010 8 - 60 7h 3Bh

2.00% 011 8-48 7h 2Fh

3.00% 100 8-31 7h 1Eh

4.00% 101 8-23 7h 16h

5.00% 110 8-18 7h 11h
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5.2. Oscillation Stabilization Wait

Oscillation stabilization wait is shown.

This section describes oscillation stabilization wait for each clock input.
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5.2.1. Conditions for Generating Stabilization Wait Time

Conditions for the generating stabilization wait time are shown.

The cancellation of the oscillation stop control for each clock enters the oscillation stabilization wait status.
After the oscillation stabilization wait time specified by each clock, the oscillation stabilization wait status
is cancelled and supplying clock restarts.

The main (MCLK) clock enters the oscillation stabilization wait status when the oscillation stops before
cancellation of reset because the setting register is initialized by reset. The main clock does not enter the
oscillation stabilization wait status when the main clock oscillates by reset of INIT and RST level because
the main clock oscillation does not stop by reset of INIT and RST level.
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5.2.2. Selecting Stabilization Wait Time

Selecting the stabilization wait time is shown.

The stabilization wait time for each clock can be changed by setting of CSTBR and PLLCR .

Initial values after reset for clock oscillation stabilization wait time

- Main clock : CSTBR;MOSWI3:0] bit 2% main clock period
- PLL/SSCG clock : PLLCR:POSWI[3:0] bit 2% main clock period
+ Sub clock : CSTBR:SOSW[2:0] bit 28% sub clock period

The main clock oscillation stabilization wait time is always specified by the initial value because CSTBR:
MOSWI[3:0] is initialized by reset (INIT or RST). Except that case, the main clock oscillation stabilization
wait time can be changed by setting to CSTBR:MOSW[3:0].

The PLL/SSCG clock lock wait time is always specified by the initial value because PLLCR:POSW/[3:0] is
initialized by reset (INIT or RST). Except that case, the PLL/SSCG clock lock wait time can be changed by
setting to PLLCR:POSW][3:0]. Set "1" to CSELR:PCEN after setting to PLLCR:POSW[3:0]. For details,
see the explanation of POSW in "4.8 PLL Setting Register : PLLCR (PLL Configuration Register)".

The sub clock oscillation stabilization wait time is always specified by the initial value because
CSTBR:SOSWTI2:0] is initialized by reset (INIT or RST). Except that case, the sub oscillation stabilization
wait time can be changed by setting to CSTBR:SOSW[2:0].
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5.2.3. End of the Stabilization Wait Time

The end of the stabilization wait time is shown.

The operations are stopped while the clock which is selected as a source clock (SRCCLK) is the status of
the oscillation stabilization wait time. The operations restart after the end of the oscillation stabilization wait
time. You can verify that the clock which is not selected as the source clock has entered the oscillation
stabilization wait time by checking the value of the ready bit corresponding to each clock for CMONR
register when each clock is enabled.

Displays the clock oscillation stabilization wait status and the oscillation stabilization status

+ Main clock : CMONR:MCRDY ="0", = CMONR:MCRDY ="1"
*+ PLL/SSCG clock (PLLSSCLK) :CMONR:PCRDY ="0", CMONR:PCRDY ="1"
+ Sub clock (SBCLK) : CMONR:SCRDY ="0", CMONR:SCRDY ="1"
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5.3. Selecting the Source Clock (SRCCLK)

Selecting the source clock (SRCCLK) is shown.

This section explains the selection control of the source clock (SRCCLK) which functions as the operation
clock.
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5.3.1. Selecting the Source Clock at the Time of
Initialization

Selecting the source clock at the time of initialization is shown.

After reset (RST) the main clock (MCLK) divided by 2 is selected as the source clock(SRCCLK). After
program operation the source clock can be changed by setting CSELR:CKS[1:0].
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5.3.2. Procedure of switching the source clock

The procedure of switching the source clock is shown.

The source clock (SRCCLK) can not be directly switched from the PLL/SSCG clock (PLLSSCLK) to the
sub clock (SBCLK) and from the sub clock to the PLL/SSCG clock. Switch the main clock divided by 2
once. Set the oscillation stop as necessary because the value of the oscillation enabled bit (CSELR:XCEN) is
held, even though the source clock is switched.

Figure 5-5 Procedure of Switching the Source Clock

Division of main PLL/SSCG

clock by 2 clock

X

Sub clock

1. The main clock divided by 2—PLL/SSCG clock
While selecting the main clock divided by 2 as the source clock (CMONR:CKM][1:0]=00)

l

PLL/SSCG multiplication rate, SSCG modulation, PLL/SSCG selection, setting PLL/SSCG lock wait
time (setting PLLCR/ CCPSSELR/ CCPSDIVR/ CCPLLFBR/ CCSSFBR0/ CCSSFBR1/ CCSSCCRO/
CCSSCCR1) --when PLL/SSCG oscillation is not enabled--

!

Sets clock gear (CCCGRCR0:GREN/CCCGRCR1/CCCGRCR2)
!

Clears PLL/SSCG clock oscillation stabilization wait timer interrupt source (PTIF=0)
!

(as necessary) setting PLL/SSCG clock oscillation stabilization wait timer interrupt enabled (PTIE=1)
!

PLL/SSCG oscillation begins (PCEN=0—1)
!

PLL/SSCG lock wait loop (loop until when PCRDY=1), or interrupt wait
!

PLL/SSCG clock oscillation stabilization wait timer interrupt clear (PTIF=0, PTIE=0)
!

Switches from the source clock to PLL/SSCG clock (CSELR:CKS[1:0]=00—10)

MN705-00009-3v0-E FUJITSU SEMICONDUCTOR LIMITED 232



CHAPTER 5: CLOCK

5. Operation MB91590 Series
!
The clock gear begins (CCCGRCRO0:GRSTR=1)
!
Verifies that the clock gear high-speed oscillation is stopped (CCCGRCR0:GRSTS[1:0]=10)
!

While selecting PLL/SSCG clock as the source clock (CMONR:CKM[1:0]=10)

2. PLL/SSCG clock—the main clock divided by 2
While selecting PLL/SSCG clock as the source clock (CMONR:CKM[1:0]=10)

l
Clock gear begins (CCCGRCR0:GRSTR=1)

!
Verifies that the clock gear low-speed oscillation is stopped (CCCGRCR0:GRSTS[1:0]=00)

l
Switches the source clock to the main clock divided by 2 (CSELR:CKS[1:0]=10—00)

l
While selecting the main clock as the source clock (CMONR:CKM[1:0]=00)

3. the main clock divide by 2—sub clock
While selecting the main clock divided by 2 as the source clock (CMONR:CKM[1:0]=01)

l

Sets the sub clock oscillation stabilization wait time (sets CSTBR:SOSW[2:0])
—when sub oscillation is not enabled—

l

Clears the sub timer interrupt source (STIF=0)
!

(as necessary) sets sub timer interrupt enable (STIE=1)
!

The sub oscillation begins (SCEN=0—1)
!

Sub clock oscillation stabilization wait loop (loop until when SCRDY=1), or interrupt wait
!

Clears sub timer interrupt (STIF=0)
!

Switches the source clock to the sub clock (CSELR:CKS[1:0]=01—11)
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l
While selecting the sub clock as the source clock (CMONR:CKM[1:0]=11)

4. the sub clock—the main clock divided by 2
While selecting the sub clock as the source clock (CMONR:CKM[1:0]=11)

l

Sets the main clock oscillation stabilization wait time (sets CSTBR:MOSW][3:0])
— when the main oscillation is not enabled—

!
Clears the main timer interrupt source (MTIF=0)
!
(as necessary) Sets the main timer interrupt enable (MTIE=1)
!
The main oscillation begins (MCEN=0—1)
!
The main clock oscillation stabilization wait loop (loop until when MCRDY=1), or interrupt wait
l
Clears the main timer interrupt (MTIF=0)
l
Switches the source clock to the main clock divided by 2 (CSELR:CKS[1:0]=11—01)
l

While selecting the main clock as the source clock (CMONR:CKM[1:0]=01)
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Figure 5-6 Example of PLL/SSCG Mode Setting

Main — PLL/SSCG

CSELR.CKS=00
CMONR.CKM=00

Is the SSCG used?

Main clock mode is confirmed.

PLL/SSCG clock stabilization wait time is set.

The SSCG use is judged.

[Tecrssemrcses T ]

PLLCR.PDS
CCPSDIVR.PODS
CCPLLFBR.IDIV

CCPSDIVR.SODS
CCSSFBRO.NDIV
CCSSFBRLPDIV

CCSSCCROSFREQ

CCSSCCRO.SMODE
CCSSCCROSSEN

CCSSCCR1RATESEL

Select SSCG Select PLL

[Tecrsseunreseio | ]

Multiplication rate of PLL is set.
(For CAN and OCD) PLLCR.PDS
CCPSDIVR.PODS

CCPLLFBR.IDIV

Multiplication rate of PLL is set.

Muttiplication rate of SSCG is set.

The method of SSCG's spread is set.

The gear use is judged.

CCCGRCRLGRSTP
CCCGRCRLGRSTN
CCCGRER2.GRLP

The gear is set to the invalid status.

CCCGRCRO0.GREN=0

The gear is set to the valid status.

Setting of gear step

PLL/SSCG clock oscillation stabilization wait timer
interrupt flag is clear.

PLL/SSCG clock oscillation stabilization
wait timer interrupt to effective

‘The operation of PLUISSCG begins.

The operation of PLL/SSCG starts CSELR.PCEN=1

CMONR.PCRDY=1

PLL/SSCG clock oscillation The PLLISSCG clack operation stabilty is judged.

stabilization is fixed.

Peripheral resource

Dividing various clocks (CPU/Peripheral) is set.

When SSCG is used, peripheral resource is judged and whether it operates with PLL clock is judged.
When PLL is used, it is always synchronization

Asynchronously 2

Dividing the asynchronous peripheral clock is set.

SACR.

When PLL/SSCG clock exceeds 80MHz,
ilnsert wait cycle into FLASH access.

The relation of the CPUJperipheral clock is set
synchronously.

The relation of the CPU/peripheral clock is set asynchronously.

Change to the PLL/SSCG clock

Comfirm whether the source clock has switched PLL/SSCG.

When the gear is used, the gear is bequn.

CCCGRCRO0.GRSTS=00

[ Jeccorcrocrste=t ||

CCCGRCRO.GRSTS=10

Yes

Itis confirmed that the clock
has low-speed stopped.

Gear Start

The gear completion is confirmed.

PLL/SSCG operation
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Figure 5-7 Example of PLL/SSCG Mode Setting

PLL/SSCG

— Main

art

CMONR.CKM=10

CSELR.CKS=10 u PLL/SSCG clock mode is confirmed.

The gear use is judged.

Itis confirmed that the clock has high-speed stopped.

Gear start

[ The gear completion is confirmed.

. CSELR.PCEN=0 .
. FCTLR.FAW .

DIVRO.DIVB
DIVR2.DIVP

Peripheral resource

No

Change to the main clock

Comfirm whether the source clock has switched the main oscillation.

The operation of PLL/SSCG is stopped.

When PLL/SSCG clock exceeds 80MHz, FLASH access is set to no wait, again.

Dividing various clocks (CPU/Peripheral) is set.

When SSCG is used, peripheral resource is judged and whether it operates with PLL clock is judged.

When PLL is used, itis always synchronization.

Asynchronously ?

Yes
[T sowo [

The relation of the CPU/peripheral clock is set synchronously.
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5.4. Timer

The timer is shown.

5.4.1. Main Clock Oscillation Stabilization Wait Timer (Main Timer)
5.4.2. Sub Clock Oscillation Stabilization Wait Timer (Sub Timer)

5.4.3. PLL/SSCG Clock Oscillation Stabilization Wait timer (PLL Timer)
5.4.4. Setting

5.4.5. Procedure for Setting the Timer Interrupt

5.4.6. Timer Operations

5.4.7. Watch Mode and Timer Interrupt
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5.4.1. Main Clock Oscillation Stabilization Wait Timer (Main
Timer)

The main clock oscillation stabilization wait timer (Main Timer) is explained.

The main timer is operated by the main clock (MCLK). It is used for tha main clock stabilization time
counter. When main clock is stabilized, the timer can be used as the timer which generates interrupt after the
specified period.
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5.4.2. Sub Clock Oscillation Stabilization Wait Timer (Sub
Timer)

The sub clock oscillation stabilization wait timer (Sub Timer) is explained.

The sub timer is operated by the sub clock (SBCLK). This timer is used for the generation of the sub clock
oscillation stabilization wait time, and in the the sub clock stabilization status other than those can be used
as the timer which generates interrupt after the specified period.
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5.4.3. PLL/SSCG Clock Oscillation Stabilization Wait timer
(PLL Timer)

The PLL/SSCG clock oscillation stabilization wait timer (PLL Timer) is shown.

The PLL timer is operated by the main clock and only for generation of the PLL/SSCG clock oscillation
stabilization wait time. This timer can not be used for a general-purposed timer.
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5.4.4. Setting

Setting is shown.

If the main timer operation is enabled (MTMCR:MTE=1), the count operation of the main timer starts. If
the main timer operation is disabled (MTMCR:MTE=0), the count operation of the main timer stops and the
main timer is cleared. If the main timer is cleared (MTMCR:MTC=1), the main timer is cleared.

MTMCR:MTC=L1 is read until clear. The period of interrupt can be set by MTMCR:MTS[3:0]. When
MTMCR:MTIE=1, if MTMCR:MTIF=1, the main timer interrupt occurs. MTMCR:MTIF is cleared by
writing "0".

If the sub timer operation is enabled (STMCR:STE=1), the count operation of the sub timer starts. If the sub

timer operation is disabled (STMCR:STE=0), the count operation of the sub timer stops and the sub timer is
cleared.

If the sub timer is cleared (STMCR:STC=1), the sub timer is cleared. STMCR:STC=1 is read until clear.
The period of interrupt can be set by STMCR:STS[2:0]. When STMCR:STIE=], if STMCR:STIF=1, the
sub timer interrupt occurs. STMCR.STIF is cleared by writing "0".

Note:

For setting the period of the timer interrupt (MTS and STS), set the period more than PCLK1 x 5
clock. When the period of the timer interrupt is set to the extremely short time, the interrupt source
may not be set.
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5.4.5. Procedure for Setting the Timer Interrupt

The procedure for setting the timer interrupt is shown.

This section describes the procedure for setting interrupt. The examples of the procedure for setting
interrupt are shown as follows.

Sets the timer interrupt disable (MTMCR:MTIE=0)/(STMCR:STIE=0)
and the interrupt flag clear(MTMCR:MTIF=0)/(STMCR:STIF=0)

l
Sets the timer operation disable (MTMCR:MTE=0)/(STMCR:STE=0)

!
Verifies MTC=0/STC=0

l
Sets the period of the timer (MTMCR:MTS=1000 to 1111)/(STMCR:STS=000 to 111)

l
Sets the timer interrupt enable (MTMCR:MTIE=1)/(STMCR:STIE=1)

!
Sets the timer operation enable (MTMCR:MTE=1)/(STMCR:STE=1)

l

The interrupt occurs after setting time

l

To the interrupt routine

l
Sets the interrupt flag clear (MTMCR:MTIF=0)/(STMCR:STIF=0)

!
Verifies the interrupt flag (MTMCR:MTIF=0)/(MTMCR:STIF=0)

l

Program operations

!
RETI

* Repeat reading until "0" is read because actual setting of the interrupt flag clear is delayed.
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5.4.6. Timer Operations

Timer operations are shown.

When MTMCR:MTE=1, the main timer counts up by the main clock (MCLK). If the timer overflows by
the period which is selected by MTMCR:MTS[3:0], MTMCR:MTIF is "1".

While STMCR:STE=1, the sub timer counts up by the sub clock (SBCLK). If the timer overflows by the
period which is selected by STMCR:STS[2:0], STMCR:STIF is "1".
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5.4.7. Watch Mode and Timer Interrupt

Watch mode and timer interrupt are shown.

Watch mode stops the specific functions and all operations other than timer. (See "CHAPTER: POWER
CONSUMPTION CONTROL") The wake-up from the watch mode is enabled by using main/sub timer

interrupt or RTC interrupt. The example for switching of the watch mode in the setting of wake-up from the
sub timer is shown as follows.

Figure 5-8 Wake-up from the Watch Mode

Sub clock selection> Sub timer setting>Watch mode setting> Sub watch mode Wakeup >
Sub timer AXAX XX XX X oF
Interrupt / Wakeup
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5.5. Notes when Clocks Conflict

Notes when clocks conflict is shown.

Notes that if peripheral interrupt activated by the very low frequency lower than the CPU clock (CCLK) in
the interrupt handler is cleared and the interrupt handler is immediately stopped, the peripheral can not
complete the internal process within the period of interrupt handler and the interrupt handler may be called
over again.
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5.6. The Clock Gear Circuit

The clock gear circuit is shown.

When the main clock is switched to the PLL/SSCG clock or the PLL/SSCG clock is switched to the main
clock, the power supply current fluctuates widely because the frequency fluctuates rapidly. Using the clock
gear circuit in the part of the clock switching can gradually fluctuate the operating frequency from a low
frequency to a high frequency or from a high frequency to a low frequency and therefore can reduce the
fluctuation of the power supply current.
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5.6.1. Procedure of Gear Up

The procedure of gear up is shown.

1. The clock of the start step set to the clock gear start step selection is output after the oscillation
stabilization wait timer completes.

2. When the clock gear start (CCCGRCRO0:GRSTR, PGRCR0:PGRSTR and SGRCR0:SGRSTR) is set
to "1" and the rising is detected, the clock gear status flag (CCCGRCR0:GRSTS[1:0],
PGRCRO:PGRSTS[1:0] and SGRCR0:SGRSTS[1:0]) transits to "00"->"01" (give up start).

3. The gear up is executed according to the clock gear step selection and the repeat number selection.
The step number is the smaller and the repeat number is the larger that the operation changes the
more gradually

4. When the clock reaches the maximum step, the clock gear status flag (CCCGRCRO:GRSTS[1:0],
PGRCRO:PGRSTS[1:0] and SGRCRO:SGRSTS[1:0]) transits to "01"->"10"

(the end of gear up, the gear stops). After this, a clock is output at the maximum step (64 steps).

5. After the gear stops, the clock gear start (CCCGRCR0:GRSTR,PGRCRO0.PGRSTR and
SGRCRO:SGRSTR) is cleared to "0" by hardware.
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5.6.2. Procedure of Gear Down

The procedure of gear down is shown.

1.  When the clock gear start (CCCGRCR0:GRSTR, PGRCR0:PGRSTR and SGRCR0:SGRSTR) is set
to "1" and the rising is detected, the clock gear status flag (CCCGRCR0:GRSTS[1:0],
PGRCRO:PGRSTS[1:0] and SGRCR0:SGRSTS[1:0]) transits to "10"->"11" (give down start).

2. The gear down is executed according to the clock gear step selection and the repeat number selection.
The step number is the smaller and the repeat number is the larger that the operation changes the
more gradually.

3. When the clock reaches the minimum step, the clock gear status flag (CCCGRCRO0:GRSTS[1:0],
PGRCRO:PGRSTS[1:0] and SGRCRO0:SGRSTS[1:0]) transits to "11"->"00" (the end of gear down,
the gear stops). After this, the clock of the start step set for the clock gear start step selection is
output.

4. After the gear stops, the clock gear start (CCCGRCRO:GRSTR, PGRCRO0:PGRSTR and
SGRCRO:SGRSTR) is cleared to "0" by hardware.
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5.7. Operations during MDI Communications

Operations during MDI communications are shown.

The main oscillation is controlled so as not to be stopped during MDI communications even if the stop
mode is transited to.

Moreover, (E_DBCR:PLOCK=1) is controlled so that the PLL reference clock is supplied even if
CSELR:PCEN is cleared while communicating the MDI high speed. The value of the register related to
PLL is maintained and not updated. However, when software sets CSELR:PCEN=0, the value of the
register related to PLL can be freely updated (write).

When a value set to the register related to PLL last time and a different value are written and the PLL/SSCG
clock oscillation permission is assumed to be effective (CSELR:PCEN=1), the frequency of the PLL clock
is not updated. (PLL : because it maintains the locked status. )

Normally, always write the same value in the register related to PLL usually. When you change the setting
value in the debug, monitor the value of E_DBCR:PLOCK and rewrite the register related to PLL in the
status of E_ DBCR:PLOCK =0.

* The register related to PLL is as follows.

- CCPSDIVR:PODS
+ CCPLLFBR: IDIV
* PLLCR:PDS
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5.8. About PMU clock (PMUCLK)

The PMU clock (PMUCLK) is shown.

The PMU clock is an operation clock of power management unit (PMU). Complete the setting of this clock
before controlling the standby mode.

Figure 5-9 Watch/Power Management Clock Generation Unit

CCRTSELR.CSC
RTC clock
MCLK g0 (WATCLK)
2
SBCLK 1
Main clock PMU clock
divider (Fdivider) 0 PMU clock (PMUCLK)
(128 to 512division) — divider cdividey >
1 (1 to 32division)
CCPMUCRO:FDIV CCPMUCR1:GDIV

The frequency of the PMU clock can be calculated by the following expressions.

+ When CCRTSELR:CSC=0 (main clock is selected)
PMU clock frequency=
(Main clock frequency) / (CCPMUCRO: FDIV [1:0] division ratio) / (CCPMUCR1:GDIV[4:0]
division ratio)

+ When CCRTSELR:CSC=1 (sub clock is selected)
PMU clock frequency=(Sub clock frequency) / (CCPMUCR1:GDIV[4:0] division ratio)

Moreover, observe the following specification limitation to the PMU clock. (There is a possibility that the
shutdown processing is not normally done when this limitation is not defended. )

(1) Selects the clock under the oscillation about CCRTSELR:CSC.*

(2) The PMU clock must use the machine of F divider frequency to become 32kHz or less.

(3) Please use the machine of G dividing frequency to become 1/4 of the frequencies of peripheral clock
(PCLK1).

*: Always CCRTSELR:CSC="0" is always read for single clock products.

It explains each specification limitation as follows.

(1) Selects the clock under the oscillation about CCRTSELR:CSC.
Please confirm the CMONR: MCRDY register and the CMONR: SCRDY register to the oscillation of
the main clock and a sub-clock. Moreover, when the CCRTSELR:CSC register is rewritten, the
processing of the handshaking of the main clock and a sub-clock (clock transfer) is generated. If both
clocks are oscillating (CMONR:MCRDY=CMONR:SCRDY=1), the change operation is not normally
completed for this period. Please confirm the status of the clock transfer by the CCRTSELR:CST
register.
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(2) The PMU clock must use the machine of F divider frequency to become 32kHz or less.
The PMU clock is used to control the power switch, and the frequency of 32kHz or less is recommended for
the reasons for the stabilization at the pressure rising time when the power supply is input etc.

As for the PMU clock, the main clock is selected for CCRTSELR:CSC=0 as a source clock. Please set the
CCPMUCRO:FDIV register so that the frequency of the PMU clock may become 32kHz or less. The
machine of F divider frequency does not influence operation for CCRTSELR:CSC=1.

FDIV[L:0] Division rate Targetfrrg"a‘il:‘eﬁi;‘"a“"”
00 128 division(initial value) 4MHz
01 256 division 8MHz
10 384 division 12MHz
1 512 division 16MHz

(3) Please use the machine of G dividing frequency to become 1/4 of the frequencies of peripheral clock
(PCLK1). Signal transfer between peripheral clock (PCLK) and PMU clock (PMUCLK) needs 4 PMU
clock cycles.

When the source clock of peripheral clock(PCLK?1) is sub oscillation clock (CMONR:CKM=10), the
frequency of peripheral clock(PCLK1) should be set quadruple (or more higher) frequency of PMU clock.
It can be set by CCPMUCR1:GDIV register.

When the source clock of peripheral clock(PCLK1) is main oscillation clock (CMONR:CKM=00 or
CMONR:CKM=01). If the frequency of peripheral clock(PCLKZ1) is slower than 128kHz (depends on
DIVRO:DIVB and DIVR2:DIVP), CCPMUCRL1:GDIV register should be set as same.

GDIV[4:0] Division ratio
00000 Do not divide (initial value)
00001 2 division
11110 31 division
11111 32 division

[Reference]

The frequency of the peripheral clock (PCLK1) can be calculated by the following expressions.

Peripheral clock (PCLK1) frequency=(Clock frequency selecting it by CMONR:CKM) /
(DIVRO0:DIVB[2:0] division ratio) /(DIVR2:DVP[3:0] division ratio)
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CHAPTER 6: CLOCK RESET STATE TRANSITION

1. Overview MB91590 Series
CHAPTER: CLOCK RESET STATE TRANSITIONS

This chapter explains clock reset state transitions.

1. Overview
2. Device States and Transitions

3. Device State and Regulator Mode Corresponding to those States

Code : 06_MB91590 HM_E _clockreset 004 20111127
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1. Overview

This section explains the overview of clock reset state transitions.

This chapter explains state transition of clock and reset. For features and settings of power consumption
control state, see "CHAPTER: POWER CONSUMPTION CONTROL". For the operations of reset, see
"CHAPTER: RESET". For the regulator mode, see "CHAPTER: REGULATOR CONTROL".
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2. Device States and Transitions

This section explains device states and transitions of clock reset state transitions.

2.1. Diagram of State Transitions
2.2. Explanation of Each States
2.3. Priority of State Transition Requests
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2.1. Diagram of State Transitions

This section shows diagram of state transitions.

The device state transitions for this series are shown below.

Figure 2-1 Diagram of Device State Transitions

Power on
or Low-voltage
detect

Initialization
(SINIT)

@
Main oscillation
stabilization wait|
MGRDY=0 | (ReseT)
MCRDY =0
MCRDY= 0
(U] ® ® PLL clock mode
Setting 1 R
MCRDY= 1 initialization oL >
(INIT) *1 o ®
MCRDY =1 ®
® @
®
@»
o Frogram - 8 5
reset L -
(RST) ® : | 0.0.0
MCRDY =1

Main clock mode

L || ©®0.06.0 Main
o watch mode |22
(shutdown)

9.90.6.0
subwatch | @
mode

Sub clock mode

(Shutdown)

\

) ()
( [0
@ v’vv'af:'c”h Main W ® ( Sub ® Sub watch ) ®
4®L mode RUN- | 1 RUN mode ®
@) /\@ ® o\
®. 0.0 TR\ ©.08.0 gl )

2.3 | N e . °.0.6
®.0 < ® 4 a0
G)‘ Main stop W(m Main Main Sub Sub Sub stop

(Shutdown) J o stop sleep sleep stop (Shutdown)
\
®®‘ ® CD‘ an‘ ® ®‘ @‘ ® CD} ® am‘ ® @
| ‘I | ‘I ‘ | l‘ |
® ©® ® / [) oL /
Main ® Sub ®
wait wait

Power-on reset or internal low-voltage detection or external reset and simultaneous assert of NMI
Power-on reset release and internal low-voltage release and external reset and release simultaneous assert of NMI
End of oscillation stabilization wait
End of oscillation stabilization wait (if the reset factor is @ or @)

INIT release

Software watchdog reset (including irregular) or software reset (irregular)
External reset input (NMI disabled ) or external low-voltage detection
External reset input (NMI disabled + irregular) or external low-voltage detection (irregular)
Hardware watchdog reset (including irregular)

Sleep mode (write instruction)

Stop mode (write instruction)

Watch mode (write instruction)

Interrupt (including @ and @)

@ Interrupt (clock not required)/NMI

@ Main timer interrupt/Sub timer interrupt/RTC interrupt

@® Switch from main to sub (write instruction)

Switch from sub to main (write instruction)

@) Switch from main to PLL (write instruction)

(21) Switch from PLL to main (write instruction)

(22) Illegal standby mode transition

(23) lllegal standby mode transition detection reset

(

(

24) Stop mode and shutdown (write instruction)
25) Watch mode and shutdown (write instruction)
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*1 : There is a register not reset when returning from the watch mode (Shutdown) and returning from the
stop mode (Shutdown). See "Limitations of the standby control power shutdown/usually" in
"CHAPTER : POWER CONSUMPTION CONTROL" for detail.

Notes:

+ The transition may be different from above diagram when connecting to OCD tool. See
"CHAPTER: ON CHIP DEBUGGER (OCD)" for details.

+ The sub clock mode is not transmitted to because single clock products do not include the sub
clock input.
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2.2. Explanation of Each States

This section explains each state.

Device operation states for this series are shown below.

B RUN State (Normal Operation)
The program is running. All internal clocks supply and all circuits are ready to operate. High-impedance
controls for the external pins in the stop state and watch mode state will be released.

W Sleep Mode
The program is not running. The state transits by program operations. There are some settings; one to stop
program execution of the CPU only (CPU sleep mode) and the other to stop the CPU, on-chip bus (on-chip
bus) and on-chip bus clock (HCLK) driven peripheral (bus sleep mode). For details, see "CHAPTER:
POWER CONSUMPTION CONTROL".

B Watch Mode State
The devices are not running. The state transits by program operations. Internal circuits other than oscillation
circuits (main clock generation unit, sub clock generation unit) stop. Stop PLL oscillation before going into
the watch mode state. It is also possible to use the external pins altogether (except for some pins) for high
impedance by the settings. Transits to the RUN state by some specific (no clock required) effective
interrupts, main timer interrupts, sub timer interrupts and watch counter interrupts. For details, see
"CHAPTER: POWER CONSUMPTION CONTROL".

B Watch Mode (Power Shutdown) State
The device is stopped while the power supply unnecessary for the watch mode is turned off. The state
transits by program operation. The power supply for the internal circuit in Microcontroller/GDC unit is
turned off and the internal circuits other than the oscillation circuits (the main clock generation unit and the
sub clock generation unit) are stopped. Stop PLL oscillation before going into the watch mode (power
shutdown) state. It is also possible to use the external pins altogether (except for some pins) for high
impedance by the settings. Transits to the setting initialization (INIT) state by some specific (no clock
required) effective interrupts, the main timer interrupt, the sub timer interrupt and the watch counter
interrupt. For details, see "CHAPTER: POWER CONSUMPTION CONTROL".

W Stop State
The devices are not running. The state transits by program operations. All internal circuits will stop. Stop
PLL oscillation before going into the stop mode state. It is also possible to use the external pins altogether
(except for some pins) for high-impedance by the settings. Transits to the oscillation stabilization wait RUN
state by NMI interrupt. For details, see "CHAPTER: POWER CONSUMPTION CONTROL".

B Stop (Power Shutdown) State
The device is stopped while the power supply unnecessary for the stop state is turned off. The state transits
by program operation. The power supply for the internal circuit in Microcontroller/GDC unit is turned off
and all the internal circuits are stopped. Stop PLL oscillation before going into the stop (power shutdown)
state. It is also possible to use the external pins altogether (except for some pins) for high impedance by the
settings. Transits to the main oscillation stabilization wait (reset) state by NMI interrupt. For details, see
"CHAPTER: POWER CONSUMPTION CONTROL".

B Main Oscillation Stabilization Wait, Sub Oscillation Stabilization Wait (RUN) State
The devices are not running. Transits after returning from the stop state. All the internal circuits except for
the timer operations for oscillation stabilization wait will stop. All internal clocks stop but the enabled
oscillation circuits will still be running. After the elapse of the oscillation stabilization wait time interval set,
transits to the RUN state (normal operation).
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B Main Oscillation Stabilization Wait (Reset) State
The devices are not running. Transits after returning from the initialization (SINIT) state. All the internal
circuits except for the timer operations for oscillation stabilization wait will stop. All internal clocks stop
but the main oscillation circuit will still be running. Outputs the program reset (RST) to the internal circuits.
When the accepted reset level is an initialization reset, outputs also the setting initialization reset (INIT).
After the elapse of the main clock oscillation stabilization wait time (2° x main clock cycle), transits to the
setting initialization (INIT) state.

B Program Reset (RST) State
The program is initialized. Transits after accepting the operation initialization reset (RST) request or at the
end of the setting initialization (INIT) state. Outputs the program reset (RST) to the internal circuits. When
transiting from the INIT state, OCD chip reset sequence (1026+3 PCLK cycles) will be performed.

Transits to the RUN state (normal operation) when removing the operation initialization reset (RST) request.
For details, see "CHAPTER: RESET".

B Setting Initialization (INIT) State
All settings are initialized. Transits after accepting a setting initialization (INIT) request. The main
oscillation circuit continues to run but the sub oscillation circuit and PLL will stop operations. Outputs a
setting initialization (INIT) and a program reset (RST) to the internal circuits. Transits to the program reset
(RST) state when removing the setting initialization (INIT) request and this state being released. For details,
see "CHAPTER: RESET".
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2.3. Priority of State Transition Requests

Priority of state transition requests is shown.

The state transition requests are prioritized in the following order in any states. However, since some
requests are generated only in the specific states, they are enabled only in those states.

[Highest priority] Initialization (SINIT) request
! Setting initialization (INIT) request
! The end of the oscillation stabilization wait time

(generates an oscillation stabilization wait reset state and an oscillation
stabilization wait RUN state only.)

! Program reset (RST) request
! Effective interrupt request (generates RUN, sleep, stop, watch mode states only)
! Stop mode request (register write) (generates RUN state only)
! Watch mode request (register write) (generates RUN state only)
[ Lowest priority] Sleep mode request (register write) (generates RUN state only)
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3. Device State and Regulator Mode Corresponding to
those States

Device state and regulator mode corresponding to those states are shown.

The regulator mode corresponding to each device state is shown in the following table. For regulator mode,
see "CHAPTER: REGULATOR CONTROL".

Table 3-1 Relationship between Device State and Regulator Mode (single clock product)

Device state Main clock Regulator mode
Main RUN Oscillation Main mode
Main sleep Oscillation Main mode
Main watch mode Oscillation Standby mode
Main watch mode (Shutdown) Oscillation Standby mode
Main stop Stop Standby mode
Main stop (Shutdown) Stop Standby mode
Main Oscillation wait Oscillation Main mode
PLL RUN Oscillation Main mode
PLL sleep Oscillation Main mode
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Table 3-2 Relationship between Device State and Regulator Mode (dual clock product)

Device state Main clock Sub clock Regulator mode
Main RUN Oscillation Oscillation or Stop | Main mode
Main sleep Oscillation Oscillation or Stop | Main mode
Main watch mode Oscillation Oscillation or Stop | Standby mode
Main watch mode(Shutdown) Oscillation Oscillation or Stop | Standby mode
Main stop Stop Stop Standby mode
Main stop (Shutdown) Stop Stop Standby mode
Main Oscillation wait Oscillation Oscillation or Stop | Main mode
Sub RUN 1 Oscillation Oscillation Main mode
Sub RUN 2 Stop Oscillation Sub mode
Sub sleep 1 Oscillation Oscillation Main mode
Sub sleep 2 Stop Oscillation Sub mode
Sub watch mode Oscillation or Stop | Oscillation Standby mode
Sub watch mode (Shutdown) Oscillation or Stop | Oscillation Standby mode
Sub stop Stop Stop Standby mode
Sub stop (Shutdown) Stop Stop Standby mode
Sub Oscillation wait 1 Oscillation Oscillation Main mode
Sub Oscillation wait 2 Stop Oscillation Sub mode
PLL RUN Oscillation Oscillation or Stop | Main mode
PLL sleep Oscillation Oscillation or Stop | Main mode
Note:

When OCD tool is connected, the regulator mode is a main mode in the above any tables.
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CHAPTER: RESET

This chapter explains the reset.

1. Overview

2. Features

3. Configuration

4. Regisyers

5. Operation Description

Code : 07_MB91590 HM_E reset 006 20111127
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1. Overview

This section explains the overview of the reset.

When a reset factor is generated, the device terminates all programs and most of the hardware operations
and initializes the state. This state is referred to as a reset.
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2. Features

This section explains features of the reset.

This product, which has the following reset factors, issues a reset by accepting each factor to initialize the
components in the device.

+ Power-on reset

+ RSTX pin Input

+ Watchdog reset 0 (Software watchdog)

+ Watchdog reset 1 (Hardware watchdog)

- Software reset

- lllegal standby mode transition detection reset
+ Flash security violation

+ Internal low-voltage detection

- External low-voltage detection

+ Clock supervisor reset

+ Recovery reset from stand by (power shutdown)

Other than the case of irregular reset (see "4.1 Reset Source Register : RSTRR (ReSeT Result Register)™),
the contents of memory being accessed by the reset (RAM, Flash) will not be destroyed since all resets are
issued once the completion of all bus accesses have been confirmed.

To issue a forced reset in case the bus does not return the response within a certain time frame, the device
waits for the reset issue delay counter. If there is no response within the specified time frame, a reset will be
issued whether or not the bus has responded. (Reset timeout)

See "CHAPTER : CLOCK SUPERVISOR" for clock supervisor reset.
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3. Configuration

This section explains the configuration of the reset.

Figure 3-1 Configuration Diagram of Reset
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Figure 3-2 Configuration Diagram of Reset (Reset Control)
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4. Registers

This section explains the registers of the reset.

Table 4-1 Registers Map

Registers ) )
Address Register function
+0 +1 +2 +3
0x0480 RSTRR RSTCR Reserved Reserved Reset Source Register
Reset Control Register
CPU Abnormal Operation
0x0518 Reserved Reserved CPUAR Reserved .
Register
0x0590 PMUSTR Reserved Reserved Reserved PMU Status Register
Note:

Please note that the register of "CHANPTER : POWER CONSUMPTION CONTROL" is allocated

in address 0x0482, 0x0591, and 0x0592.
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4.1. Reset Source Register : RSTRR (ReSeT Result
Register)

The bit configuration of the reset source register is shown.

This register displays various reset factors generated until just before.

Note:

When this register is read out, all bits will be cleared.

This register is not cleared in reading in the debugging state.

Because each reset factor is masked in the debugging state, this register does not detect
the reset factor either.

B RSTRR : Address 04804 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
IRRST ERST WDG1 WDGO Reserved SCRT SRST
Initial value * * * * - - * *

Attribute RWX R,WX R,WX R,WX RX,WX RX,WX R,WX R,WX
* Due to a reset factor.

[bit7] IRRST (IRregular ReSeT) : Irregular reset
This bit indicates that any of power-on reset, internal low-voltage detection, reset timeout, or simultaneous
assert of RSTX and NMIX external pins has occurred, so that the bus access state when issuing a reset
cannot be guaranteed. When this bit is "0" after the reset, no bus access was executed at the previous reset,
which guarantees that memory contents have not been destroyed by the reset. When this bit is "1" after the
reset, it is possible that a bus access was executed at the previous reset, which does not guarantee that
memory contents have not been destroyed by the reset.

IRRST Irregular reset detected
0 Irregular reset undetected
1 Irregular reset detected

This bit will be cleared when it is read out.

[bit6] ERST (External ReSeT) : Reset pin input, illegal standby mode transition detection, external
low-voltage detection, clock supervisor reset, simultaneous assert of RSTX and NMIX external
pins

This bit indicates that there was a reset input from RSTX pin input, illegal standby mode transition
detection reset, external low-voltage detection, clock supervisor reset or simultaneous assert of RSTX and
NMIX external pins.

In case of a reset time out due to this reset factor, IRRST along with this bit will be "1".
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RSTX pin reset detection, illegal standby mode
ERST transition detection, external low-voltage detection, clock
supervisor reset or simultaneous assert of RSTX and NMIX
external pins
0 Undetected
1 Detected

This bit will be cleared when it is read out.

[bit5] WDG1 (WatchDoG reset 1) : Watchdog Reset 1

This bit indicates a reset from the watchdog timer 1.

In case of a reset time out due to this reset factor, IRRST along with this bit will be "1".

WDG1 Watchdog timer 1 reset
0 Undetected
1 Detected

This bit will be cleared when it is read out.

The CPUAR register also has a flag that indicates a reset factor generation by the watchdog reset 1. The bit

will not be cleared when the CPUAR register is read.

[bit4] WDGO (WatchDoG reset 0) : Watchdog Reset 0

This bit indicates a reset from the watchdog timer 0.

In case of a reset time out due to this reset factor, IRRST along with this bit will be "1".

WDGO Watchdog timer 0 reset
0 Undetected
1 Detected

This bit will be cleared when it is read out.

[bitl] SCRT (Flash SeCuRiTy violation) : Flash security violation reset

This bit indicates that a flash memory security violation reset has occurred.

In case of a reset time out due to this reset factor, IRRST along with this bit will be "1".

SCRT Flash security violation reset
0 Undetected
1 Detected

This bit will be cleared when it is read out.

[bit0] SRST (Software ReSeT) : Software reset

This bit indicates a reset by writing "1" to the RSTCR:SRST bit.

In case of a reset time out due to this reset factor, IRRST along with this bit will be "1".

SRST Software reset
0 Undetected
1 Detected

This bit will be cleared when it is read out.
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4.2. Reset Control Register : RSTCR (ReSeT Control
Register)

The bit configuration of the reset control register is shown.

This register controls various types of reset issuance.

B RSTCR : Address 04814 (Access : Byte, Half-word, Word)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0
RDLY[2:0] Reserved SRST
Initial value 1 1 1 0 0 0 0 0
Attribute  RW R,W R,W R/W R/W R/W R/W R,W

[bit7 to bit5] RDLY[2:0] (Reset DeLaY) : Reset issue delay
These bits set the reset timeout value. A reset will be issued if all bus operations become idle or the timer
has counted to the reset timeout by this bit after a reset factor has been detected. (The latter is a case of
irregular reset). These bits can be written for only once after the reset.

RDLY[2:0] Reset timeout value

000 PCLK x 2 cycles

001 PCLK x 4 cycles

010 PCLK x 8 cycles

011 PCLK x 16 cycles

100 PCLK x 32 cycles

101 PCLK x 64 cycles

110 PCLK x 128 cycles

111 PCLK x 256 cycles (Initial value)

[bit0] SRST (Software ReSeT) : Software reset
You will be able to generate a software reset request by reading RSTCR after writing "1" to this bit.

After you have written "1" to this bit, any values written to RSTCR will be ignored until a reset is
generated, which means that register values cannot be changed.

In the RSTCR reading in the debugging state, reset is not generated.

SRST Software reset
0 No output (initial value)
1 The set request is output by RSTCR reading.
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4.3. CPU Abnormal Operation Register : CPUAR (CPU
Abnormal operation Register)

The bit configuration of the CPU abnormal operation register is shown.

This register indicates the status and settings associated with the abnormal operation of CPU.

B CPUAR : Address 051A4 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
PSTRE Reserved PMDF PSTF HWDF
Initial value 0 0 0 0 * * * *
R(RM1),

Attribute R/ ROWX ROWX ROWX RXWX RRMLHW RERMLHW "0

* . It will be initialized to "0" by RSTX pin asserts (including simultaneous assert with NMIX). It will not
be initialized by the other reset factors.

[bit7] PSTRE (illegal PLL-run to STandby Reset Enable) : lllegal standby mode transition detection
reset enable
This bit configures whether or not to issue a reset when a watch mode or a stop mode transition has been
detected (illegal standby mode transition) with the PLL clock selected as a clock source.

When enabled, a reset due to the illegal standby mode transition detection factor will be generated at a
transition from the PLL-run state to watch mode or stop mode.

PSTRE Description
0 Reset will not be generated (initial value)
1 Reset generation enabled

Note:

When you set this bit, make sure to clear the PSTF bit by writing "0" to the PSTF bit before setting
this bit. If you set this bit before clearing the PSTF bit, a reset may be generated since the value of
the PSTF bit after the power-on reset is indefinite.

Note:

When the OCD tool is connected, and the high-speed UART mode and phase modulation UART
mode are selected, an illegal standby mode transition detection reset will not be generated.
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[bit2] PMDF (PLL mode Main clock Down detection Flag) : PLL mode main oscillation determination
detection flag
When the clock supervisor does the main oscillation determination detection when PLL output is selected as
a clock source, this bit is set. Moreover, the source clock is written automatically in main mode (CKS=
CKM=00), and reset (RST level) is generated at once.
If a read-modify-write instruction is executed, "1" will be read out.

PMDF Read Write

0 The main oscillation determination detection is not in PLL
mode. (initial value)

Clear this bit

1 The main oscillation determination detection is in PLL mode. No effect
The set factor is given to priority when a set factor and a clear factor are generated at the same time.

[bitl] PSTF (illegal PLL-run to STandby Flag) : lllegal standby mode transition detection flag
This bit will be set when a watch mode or a stop mode transition has been detected (illegal standby mode
transition) with the PLL clock selected as a clock source. Moreover, the source clock is written
automatically in main mode (CKS=CKM=00). When the PSTRE bit is "1", reset (RST level) is generated.

This bit is cleared by writing "0".
If a read-modify-write instruction is executed, "1" will be read out.

PSTF Read Write
0 No illegal standby mode transition has been detected Clear this bit
1 Illegal standby mode transition has been detected. No effect

[bit0] HWDF (Hardware WatchDog Flag) : Hardware watchdog detection flag
When a reset factor for the watchdog timer 1 (Hardware watchdog) has been detected, this bit will be set.
This bit is cleared by writing "0".
If a read-modify-write instruction is executed, "1" will be read out.

HWDF Read Write
0 No watchdog timerl (Hardware watchdog) reset factor has Clear this bit
been generated.
1 Watchdog timerl (Hardware watchdog) reset factor has been No effect
generated.

The set factor is given to priority when a set factor and a clear factor are generated at the same time.

Note:

There is a detection flag also in RSTRR:WDG1, and the factor disappears when read once
because it is read clear. Because CPUAR:HWDF is maintained, the factor is maintained until
clearing.
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4.4. PMU Status Register : PMUSTR (Power Management
Unit STatus register)

The bit configuration of the PMU status register is shown.

This register indicates the PMU status.

B PMUSTR : Address05904 (Access : Byte, Half-word, Word)

bit7 bit6 bit5 bit4 bit3 hit2 bitl bit0
PMUST Reserved PONR_F [ RSTX_F
Initial value 0 0 0 0 0 0 1 *
Attribute R,.W RO,WO0 RO,WO0 ROWO ROWO ROWO R,.W R,.W

* . It will be initialized to "1" by RSTX pin asserts (including simultaneous assert with NMIX). It will not be
initialized by the other reset factors.

[bit7] PMUST (Power Management Unit STatus)
The state immediately before shows information on whether it was a shutdown mode.

PMUST PMU status
0 Operation return from initial state and initialization reset
1 Operation return from Shutdown mode

This bit is cleared by writing "0". "1" writing is invalid.

[bit6 to bit2] Reserved
"0" is always read. Please be sure to write "0".

[bitl] PONR_F (Power ON Reset Flag)
This bit is a power-on reset detection flag.

PONR_F Power-on reset
0 No detection
1 Detection

This bit is cleared by writing "0". "1" writing is invalid.
This bit is not initialized in reset factors other than power-on reset.

[bit0] RSTX_F (ReSeTX input Flag)
This bit is an external reset detection flag.

RSTX_F RSTX input reset
0 No detection
1 Detection

This bit is cleared by writing "0". "1" writing is invalid.
This bit is not cleared by the power-on reset. Be sure to use after clear.
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5. Operation Description

This section explains each operation of the reset feature of this product.

5.1. Reset Level

5.2. Reset Factor

5.3. Reset Acceptance
5.4. Reset Issue

5.5. Reset Sequence
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5.1. Reset Level

The reset level is explained.

The following two levels of resets are available with this product.

Note:

Except the registers for debug interface (OCDU), the registers initialized by the reset of both levels
are the same for this product. However, there are some registers initialized by the INIT level
instead of the RST level when the OCD tool is connected, and the high speed UART mode and
phase modulation UART mode are selected. See "CHAPTER : ON CHIP DEBUGGER (OCD)".
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5.1.1. Initialize Reset (INIT)

Initialize reset (INIT) is explained.

It initializes all register settings and the entire hardware. It terminates the CPU programs running, and the
program counter will be initialized. All peripheral circuits will be initialized. A main oscillation circuit
continues to run. If it was inactive, it starts running again. In this case a sub oscillation circuit and, PLL
become inactive.

This reset level is applied at a reset by the following reset factors.

« Irregular reset
+ Watchdog reset 0, 1

Only the following register will be initialized by this reset level.
+ Register of the debug interface (OCDU)

There are some registers initialized by the INIT level instead of the RST level when the OCD tool is
connected, and the high-speed UART mode and phase modulation UART mode are selected. See
"CHAPTER : ON CHIP DEBUGGER (OCD)".
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5.1.2. Reset (RST)

The reset (RST) is explained.

It initializes the entire hardware and all registers except the ones initialized only by the initialize reset
(INIT). It terminates the CPU programs running, and the program counter will be initialized. All peripheral
circuits will be initialized.

When an initialize reset (INIT) is issued, a reset (RST) is issued at the same time.
The reset in the entire document indicates this reset level unless otherwise specified.

There are some registers initialized by the INIT level instead of the RST level when the OCD tool is
connected, and the high-speed UART mode and phase modulation UART mode are selected. See
"CHAPTER : ON CHIP DEBUGGER (OCD)".
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5.2. Reset Factor

This section explains each reset factor of this product.

5.2.1.
52.2.
5.2.3.
524,
5.2.5.
5.2.6.
5.2.7.
5.2.8.
5.2.9.

Power-on Reset

RSTX Pin Input

Watchdog Reset 0

Watchdog Reset 1

External Low-\oltage Detection Reset

lllegal Standby Mode Transition Detection Reset
Internal Low-Voltage Detection Reset

Flash Security Violation Reset

Software Reset (RSTCR:SRST)

5.2.10. Recovery from Standby (Power Interception)
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5.2.1. Power-on Reset

Power-on reset is shown.

It is a reset factor generated when detecting the power has turned on.

All resets due to this reset factor are detected as an irregular reset and issue an initialize reset (INIT).
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5.2.2. RSTX Pin Input

The RSTX pin input is shown.

It is a hardware reset input from the outside of the device.

Reset by this reset factor is detected as irregular reset only at the reset timeout or simultaneous assert of the

NMIX pin.
Other than the irregular reset detection, a reset (RST) will be issued.
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5.2.3. Watchdog Reset 0

The watchdog reset 0 is shown.

It is a hardware reset input from the FR81S-core built-in watchdog timer 0 (software watchdog).

Resets due to this reset factor will be detected as an irregular reset only at the time of reset timeout.
Whether or not an irregular reset has been detected, an initialize reset (INIT) will be issued.
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5.2.4. Watchdog Reset 1

The watchdog reset 1 is shown.

It is a hardware reset input from the FR81S-core built-in watchdog timer 1 (hardware watchdog).

Resets due to this reset factor will be detected as an irregular reset only at the time of reset timeout.
Whether or not an irregular reset has been detected, an initialize reset (INIT) will be issued.
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CHAPTER 7: RESET MB91590 Series

5. Operation Description

5.2.5. External Low-Voltage Detection Reset

The external low-voltage detection reset is shown.

Low-voltage detection (external voltage) is a hardware reset input from the low-voltage detection circuit
located inside of the device. Resets due to this reset factor will be detected as an irregular reset only at the
time of reset timeout. Other than the irregular reset detection, a reset (RST) will be issued.

See "CHAPTER : LOW VOLTAGE DETECTION (EXTERNAL LOW-VOLTAGE DETECTION)" for
details on voltage detection.
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CHAPTER 7: RESET MB91590 Series

5. Operation Description

5.2.6. lllegal Standby Mode Transition Detection Reset

the illegal standby mode transition detection reset is shown.

It is a hardware reset generated when a watch mode or a stop mode transition has been detected (illegal

standby mode transition) with the PLL clock selected as a clock source.
Resets due to this reset factor will be detected as an irregular reset only at the time of reset timeout. Other

than the irregular reset detection, a reset (RST) will be issued
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CHAPTER 7: RESET MB91590 Series

5. Operation Description

5.2.7. Internal Low-Voltage Detection Reset

The internal low-voltage detection reset is shown.

Low-voltage detection (internal voltage) is a hardware reset input from the low-voltage detection circuit
located inside of the device. The reset from this reset source is detected as irregular reset. After the
detection, an initialize reset (INIT) will be issued.

See "CHAPTER : LOW VOLTAGE DETECTION (INTERNAL LOW-VOLTAGE DETECTION)" for
details on voltage detection.
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CHAPTER 7: RESET .
5. Operation Description MB91590 Series

5.2.8. Flash Security Violation Reset

The Flash security violation reset is shown.

It is a reset issued when a violation of flash memory security protection has occurred.
Resets due to this reset factor will be detected as an irregular reset only at the time of reset timeout.

Other than the irregular reset detection, a reset (RST) will be issued.
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.2.9. Software Reset (RSTCR:SRST)

The software reset (RSTCR:SRST) is shown.

It is a software reset generated inside of the device.

This reset will be issued when you read RSTCR after writing 1" to the bit0: SRST bit of the RSTCR.
Resets due to this reset factor will be detected as an irregular reset only at the time of reset timeout. Other
than the irregular reset detection, a reset (RST) will be issued.

[Example] Sample program of a software reset issue

LDI #value_of reset, RO ; SRST hit=1

LDI # RSTCR, R12 ;

STB RO, @R12 ; Write

LDUB @R12, RO ; Read (generation of a software reset request)
MOV RO, RO ; Dummy processing for pipeline adjustment
NOP ; Dummy processing for pipeline adjustment
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.2.10. Recovery from Standby (Power Interception)

Recovery from standby (power interception) is shown.

On majority of the block including microcontroller, the operation corresponding to the power-on reset is
executed by the start from the standby. However, power-on reset factor is always at the power-on block, the
detection is not displayed in the reset source register (RSTRR) . The factors are displayed in the PMU status
register (PMUSTR), and please confirm this register, when the microcontroller reactivates.

Reset by this reset factor issues the initialization reset (INIT).
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.3. Reset Acceptance

This section explains the acceptance processing of each reset factor.

5.3.1. Generation of Reset Request
5.3.2.  Acceptance of Reset Request
5.3.3. Reset Issue Delay Counter
5.3.4. Irregular Reset
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CHAPTER 7: RESET .
5. Operation Description MB91590 Series

5.3.1. Generation of Reset Request

The generation of a reset request is shown.

A reset request will be generated when at least one reset factor is retrieved. The reset request will be
notified to the internal bus controller, and the following processing will be executed.

+ Stop the CPU programs running (same processing as sleep mode)
+ Acquire bus control right of the on-chip bus
+ Confirm that idle request has been notified to all busses
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.3.2. Acceptance of Reset Request

Acceptance of a reset request is shown.

Once all processing for the reset request completes, the component where a reset is issued accepts the reset
request and issues a reset of which level corresponds to the reset factor. If the reset issue delay counter
overflows (= reset timeout occurs), the reset request is accepted without waiting for the completion of reset
request processing, and an irregular reset will be issued.
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.3.3. Reset Issue Delay Counter

The reset issue delay counter is shown.

As so0n as a reset request is generated, the 8-bit reset issue delay counter starts counting. If the delay cycle
specified by the bit7 to bit5: RDLY[2:0] bits of the RSTCR register has elapsed without a reset being issued
and the counter overflows (= reset timeout occurs), an irregular reset will be issued.

The RDLY[2:0] bit of the RSTCR will be initialized by a reset. This bit can be rewritten for once only after
areset is released. If the delay cycle is set for a short time, it is more likely to generate an irregular reset. If
the delay cycle is set for a long time, it might take a long time for a reset to be issued since the generation of
a reset factor.
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.3.4. Irregular Reset

The irregular reset is shown.

If a reset is issued without confirming the completion of reset request processing, it will generate an
irregular reset.

Once an irregular reset is generated, the following processing will be executed.

+ Regardless of the type of reset factor, initialize reset (INIT) will be issued.
+ Set the bit7: IRRST bit of RSTRR register to "1".

When an irregular reset occurs, there is no guarantee that memory contents were not destroyed by the reset
since a bus access may have been executed at the time of inputting the reset. The irregular reset does not
necessarily mean that the memory contents were destroyed, but how the bus access was executed cannot be
identified.
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.4. ResetlIssue

A reset will be issued after a reset request has been accepted. This section explains
each type of reset issue.

5.4.1. Power-on Reset (SINIT)
5.4.2. Initialize Reset (INIT)
5.4.3. Reset (RST)
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CHAPTER 7: RESET

5. Operation Description MB91590 Series

5.4.1. Power-on Reset (SINIT)

The Power-on reset (SINIT) is shown.

The power-on reset (SINIT) will be issued first for power-on reset, internal low-voltage detection, or
simultaneous assert of RSTX and NMIX.
This reset is exclusively used for initializing the indefinite state of division circuits and so on.

While this reset is being issued, all clocks become inactive.
When 