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Notes for CMOS Devices

Precaution against ESD for semiconductors

Strong electric field, when exposed to a MOS device, can cause destruction of
the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it once, when it has occurred. Environmental control must be
adequate. When it is dry, humidifier should be used. It is recommended to
avoid using insulators that easily build static electricity. Semiconductor devices
must be stored and transported in an anti-static container, static shielding bag
or conductive material. All test and measurement tools including work bench
and floor should be grounded. The operator should be grounded using wrist
strap. Semiconductor devices must not be touched with bare hands. Similar
precautions need to be taken for PW boards with semiconductor devices on it.

Handling of unused input pins for CMOS

No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input level
may be generated due to noise, etc., hence causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to VDD or GND with a resistor,
if it is considered to have a possibility of being an output pin. All handling
related to the unused pins must be judged device by device and related
specifications governing the devices.

Status before initialization of MOS devices

Power-on does not necessarily define initial status of MOS device. Production
process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/0 settings or contents of registers. Device is not initialized until
the reset signal is received. Reset operation must be executed immediately
after power-on for devices having reset function.
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Legal Notes

The information in this document is current as of April 2008. The information
is subject to change without notice. For actual design-in, refer to the latest
publications of NEC Electronics data sheets or data books, etc., for the most
up-to-date specifications of NEC Electronics products. Not all products
and/or types are available in every country. Please check with an NEC sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any
means without prior written consent of NEC Electronics. NEC Electronics
assumes no responsibility for any errors that may appear in this document.

NEC Electronics does not assume any liability for infringement of patents,
copyrights or other intellectual property rights of third parties by or arising
from the use of NEC Electronics products listed in this document or any
other liability arising from the use of such NEC Electronics products. No
license, express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this
document are provided for illustrative purposes in semiconductor product
operation and application examples. The incorporation of these circuits,
software and information in the design of customer's equipment shall be
done under the full responsibility of customer. NEC Electronics assumes no
responsibility for any losses incurred by customers or third parties arising
from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and
safety of NEC Electronics products, customers agree and acknowledge that
the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising
from defects in NEC Electronics products, customers must incorporate
sufficient safety measures in their design, such as redundancy, fire-
containment and anti-failure features.

NEC Electronics products are classified into the following three quality
grades: “Standard”, “Special” and “Specific”.

The "Specific" quality grade applies only to NEC Electronics products
developed based on a customer-designated “quality assurance program” for
a specific application. The recommended applications of NEC Electronics
product depend on its quality grade, as indicated below. Customers must
check the quality grade of each NEC Electronics product before using itin a
particular application.

"Standard": Computers, office equipment, communications
equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances,
machine tools, personal electronic equipment and
industrial robots.

"Special: Transportation equipment (automobiles, trains, ships,
etc.), traffic control systems, anti-disaster systems,
anti-crime systems, safety equipment and medical
equipment (not specifically designed for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters,
nuclear reactor control systems, life support systems and
medical equipment for life support, etc.
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The quality grade of NEC Electronics products is “Standard” unless
otherwise expressly specified in NEC Electronics data sheets or data books,
etc. If customers wish to use NEC Electronics products in applications not
intended by NEC Electronics, they must contact NEC Electronics sales
representative in advance to determine NEC Electronics 's willingness to
support a given application.

Note 1. "NEC Electronics" as used in this statement means NEC Electronics
Corporation and also includes its majority-owned subsidiaries.

2. "NEC Electronics products" means any product developed or
manufactured by or for NEC Electronics (as defined above).

SuperFlash®  SuperFlash(F) is a registered trademark of Silicon Storage Technology, Inc. in
several countries including the United States and Japan.

This product uses SuperFlash(®) technology licensed from Silicon Technology,
Inc.

FlexRay™ FlexRay™ is a trademark of DaimlerChrysler AG.

FlexRay™ The FlexRay IP-Module is licensed from the Robert Bosch GmbH.
IP-Module
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Purpose
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Numeric notation:

Prefixes
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Diagrams

Further Information

Preface

This manual is intended for users who want to understand the functions of the
concerned microcontrollers.

This manual presents the hardware manual for the concerned
microcontrollers.

This system specification describes the following sections:

¢ Pin function

¢ CPU function

¢ Internal peripheral function

These microcontrollers may contain several instances of a dedicated module.
In general the different instances of such modules are identified by the index
“n”, where “n” counts from 0 to the number of instances minus one.

Symbols and notation are used as follows:

* Weight in data notation:  Left is high order column, right is low order

column

* Active low notation: xxx (pin or signal name is over-scored) or
/xxx (slash before signal name)

¢ Memory map address: High order at high stage and low order at low
stage

Additional remark or tip

Iltem deserving extra attention

* Binary: XXXX OF XXXg

¢ Decimal: XXXX

* Hexadecimal: XXXXp OF OX XXXX

representing powers of 2 (address space, memory capacity):

* K (kilo): 210 = 1024

* M (mega): 220 = 10242 = 1,048,576

* G (giga): 2%0 = 1024° = 1,073,741,824

X, x = don’t care

Block diagrams do not necessarily show the exact wiring in hardware but the
functional structure.

Timing diagrams are for functional explanation purposes only, without any
relevance to the real hardware implementation.

For further information see http:/www.ee.nec.de.
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NEC Electronics appreciates your feedback to this document.
Please submit your suggestions for corrections or improvements
to

DOC_PHO3@eu.necel.com

Thank you
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Chapter 1

1.1

M

()

Introduction

The V850E/PHOS is a product in NEC Electronics’ V850 family of single-chip
microcontrollers designed for automotive applications.

General

The V850E/PHOS3 single-chip microcontroller devices make the performance
gains attainable with 32-bit RISC-based controllers available for embedded
control applications.

The V850E/PHOS3 devices provide an excellent combination of general
purpose peripheral functions like serial communication interfaces,
timers/counters, measurement and control functions, with dedicated motor
control timers and full CAN network support. The integrated FlexRay™
interface implements the FlexRay™ network protocol.

Thus equipped, the V850E/PHO3 product is ideally suited for automotive
control and electric power steering (EPS) applications. It is also an excellent
choice for other applications where a combination of sophisticated peripheral
functions and CAN network support is required.

V850E CPU

The V850E CPU core is a 32-bit RISC processor. Through the use of basic
instructions that can be executed in one clock period combined with an
optimized pipeline architecture, it achieves marked improvements in
instruction execution speed.

In addition, to make it ideal for use in digital control applications, a 32-bit
hardware multiplier supports multiply instructions, saturated multiply
instructions, bit operation instructions, etc.

Through two-byte basic instructions and instructions compatible with high level
languages, the object code efficiency in a C compiler is increased, and
program size can be reduced.

Further, because the on-chip interrupt controller provides high-speed interrupt
response and processing, the device is well suited for high level real-time
control applications.

On-chip flash memory

The V850E/PHO3 microcontroller has on-chip flash memory. It is possible to
program the controller directly in the target environment where it is mounted.

With this feature, system development time can be reduced and system
maintainability after shipping can be markedly improved.
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1.2

Reliability

Focus of the design was to achieve utmost reliability and availability. Flash
memory, RAM, and FlexRay interface are equipped with error correction code
(ECC). ECC makes it possible to correct single bit errors automatically and to
detect and flag double bit errors.

Writing to the flash is protected by various measures.

The CPU core is subject to a multi-channel cyclic redundancy check (CRC).
This allows comprehensive self-diagnosis of the CPU.

A full range of software development tools

A development system is available that includes an optimized C compiler,
debugger, in-circuit emulator, simulator, system performance analyzer, and
other elements.

Features Summary

The V850E/PHOS series consists of the yPD70F3441 and yPD70F3483
microcontrollers.

The CPU core provides:

* 96 instructions

e 32 general registers (32 bits each)
¢ Comprehensive instruction set:

— VB850E (compatible with V850, added powerful instructions for reducing
code and increasing execution speed)

— Signed multiplication (16 bits x 16 bits — 32 bits or
32 bits x 32 bits — 64 bits) in 1 to 2 clocks

— Saturated operation instructions (with overflow/underflow detection)
— 32-bit shift instructions in 1 clock cycle
— Bit manipulation instructions
— Load/store instructions with long/short format
— Signed load instructions
¢ Linear address space 256 MB
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Table 1-1

The following table gives an overview of the most outstanding controller

features.

V850E/PHO3 features (1/2)

Features V850E/PHO3
CPU V850E (32-bit RISC)
e pPD70F3483: 768 KB
ROM
Code ROM |, pD70F3441: 992 KB
Internal Mask ROM | -
memory
RAM 60 KB
Data Flash 32 KB
Address bus | 22 bit
Data bus sizeable 32, 16, 8 bit
External
memory Four programmable chip select areas
interface Features Wait state. |nser.t|on func.tlon
Idle state insertion function
Endian switch function
CPU max. 128 MHz
frequency
MainOSC operates on 16 MHz crystal
Operating PLLrato |x8,x5
clocks
Internal
oscillator 6.8 MHz typ.
FlexRay 80 MHz
Non-maskable | 1 ch
Interrupts Maskable int. | 101 ch
Maskable ext. | 14 ch
1/0 ports 143
I/0 lines
Input ports 5
TAA 10 ch (16-bit general purpose timer/counter,
cascadable for 32-bit operations)
Timers ™S 2ch (.16-b|t timer/counter with Motor Control
Functions)
™T 2 ch (16-bit general purpose timer/counter with
PWM functions)
Analog inputs | 20
AD Resolution 10 bit
converters
Type Successive approximation
UARTC 3ch
CSIiB 2 ch Clocked Serial Interface
Serial
interfaces CSIE 2 ch queued CSI
CAN 2 ch CAN
(32 message buffers for each channel)
FlexRay 2 ch (Protocol specification V2.1)
DMA 8ch
Boundary scan provided
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Table 1-1

V850E/PHO3 features (2/2)

Features V850E/PHO3
Power save HALT
modes
RNG Random Number Generator provided
Clock Monitor | Main oscillator monitor provided
Other Aux. frequency Programmable baud rate generator provided
functions output

On-chip debug

e Connection of an external N-Wire emulator
provided

e NBD (Non Break Debug) interface with 4 KB of
tuning RAM (overlay RAM) for RAM monitoring,
data tuning, calibration and bypassing

Power supply

e 33V+0.3V
e 15V+0.15V
(refer to Data Sheet)

Package

357 pin BGA (0.8 mm ball pitch)
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1.3

Description

The following figure provides a functional block diagram of the V850E/PHO3
microcontroller.

NMI|——| Interrupt
INTPO to INTP13——|  Controller Note: UPD70F3483: 768 KB, uPD70F3441: 992 KB
CPU Memory Access
Serial Interfaces CPU Core
TXDCO to TXDC2 =—— UARTCO to UARTC2 Code — RD
RXDCO to RXDC2 —— BRG flash L WR
memory Bus Memory [ WAIT
SOBO to SOB1 «—— System Controller Note Control ! Control?e,r BENO to BEN3
SIBOto SIB1— cgigotoCcsBY |o ] Unit CS0, C2,
SCKBO to SCKB1 =—— iRAM Cs3,Cs4
SSBO to SSB1 — BRG | 60KB l+—= DO to D31
— A0 to A21
SOEO to SOE1 «—— Standby Controller
SIEO to SIET ——|
SCKEO to SCKE1+—=| CSIEOto CSIE1 |+ DMA
SCSCEO0 to SCSCE07 ~——|
SCSCE10 to SCSCE13 =—— 5RG .
FCRXDO to FCRXD1 ]
FCTXDO to FCTXD1 | CANO 10 CANY
= CPU-CRC
Measurement Interfaces Internal Bus
F— DATA-CRC
ANI00 to ANI09 —— I
ANI10 to ANI19 —— 2x
ADTRGO to ADTRG1 ——| -bi
o 10-bit ADC | Ports | Data flash
AVDD —— 10 channels I— 32 KB
AVSSO0 to AVSS1 [ ] ] ] [ [ ] ] l ] ] memory
AVREFO to AVREF1 ——|
STNNNONNDOON I SN~ 0BG WO WO l«— FRXDA
EaaRiReEE8E 8363200 |~ FTXDA
. 29ggoggogeoflagaangnl — FTXENA
Timers coooocoooo002 8 g55225% ¢ l~— FRXDB
S-NOFTOLONOOQonNShyo=22 l~—{ FlexRay
faaaaaaataec03Of82509 —= FTXDB
TIAAQ0 to TIAA90 —=| oty '185 2Za |—= FTXENB
TIARO1 to TIAAT1, TIAA9T ——= s Saa ~—FSTPWT
TEVTAAO to TEVTAAQ ——~ 10x £5 = FTINTO
TTRGAAO to TTRGAAY, 16-bit Timer AA|+——] Ss
TTRGAA9 82
TOAAOD to TOAA70, TOAASD ~—— &
TOAAO1 to TOAA9T ~———
ES00, ESO1 —~|
TAPTS00 to TAPTS02 ——| Clesls Camerter
TAPTS10 to TAPTS12 —1 ox Mai lat X1
TOS00 to TOSO7~——1 14.pit Timer S [ ain oscillator X2
TOS10 to TOS17 ~——
TEVTSO0, TEVTS1 — UL
TTRGSO, TTRGS1 —— Internal oscillator
TIT0O, TITO1 ——
TIT10, TIT11 ——~ Clock Monitor
TECRTO, TENCO0, TENCO1 ——~{
TECRT1, TENC10, TENC11 ——f 2x
TEVTTO, TEVTT1 —{ 16-bit Timer T
TTRGTO, TTRGT1 —~| Auxiliary Functions
TOTO0, TOTO1 =——
TOT10, TOT11 ~—— |~—DRST
. l~—DDI
On-chip
Auxiliary Frequency — RNG debug unit :ggg
Output
3 AFO«~—— BRG2 | l—DMs
[— TRIG_DBG
NBD [+~ ADO_DBG to AD3_DBG
l~—CLK_DBG, SYNC, MODE_DBG

Figure 1-1

Note

V850E/PHO3 block diagram

The CAN Controller of this device fulfills the requirements according ISO
11898. Additionally, the CAN Controller was tested according to the test
procedures required by ISO 16845. The CAN Controller has successfully
passed all test patterns. Beyond these test patterns, other tests like robustness
tests and processor interface tests as recommended by C&S/FH
Wolfenbuettel have been performed with success.
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Chapter 1 Introduction
1.3.1 Internal units
CPU The CPU can execute almost all instruction processing, such as address
calculation, arithmetic and logic operations, and data transfer, in one clock
cycle under control of a five-stage pipeline.
Dedicated hardware units such as a multiplier and a 32-bit barrel shifter are
provided to speed up complicated instruction processing.
Code This is a built-in flash memory of 992 KB (768 KB) mapped to addresses
flash 000 0000y to O0OF 7FFF (00B FFFFy). The CPU can access this memory in
one clock when it fetches an instruction.
Data flash A 32 KB data flash is provided, accessible via the Memory Controller.
RAM This is a RAM of 60 KB mapped to addresses 3FF 00004 to 3FF EFFFy. The

DMA Controller

BCU/MEMC

Clock Generator

Clock Monitor

On-chip
Debug Unit

NBD

INTC

CPU-CRC

DATA-CRC

UARTC

csiB
CSIE

CAN

A/D Converter

Timers/counters
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CPU can access this RAM in one clock when it accesses data.

The V850E/PHOS3 has an eight-channel DMA Controller that transfers data
between the internal RAM, serial interfaces, Timer S and external memory - in
response to interrupt requests from the on-chip peripherals.

The Bus Control Unit (BCU) and Memory Controller (MEMC) control the
access to the on-chip peripherals, to the data flash, FlexRay, and to external
memory.

The Clock Generator generates the system clocks. It includes the crystal-
controlled 16 MHz main oscillator and an internal 8 MHz internal oscillator.

The Clock Monitor monitors the main oscillator. In case of failure, it can switch
the CPU system and the Memory Controller to the internal oscillator.

An on-chip debug function that uses an N-Wire interface is provided.

The Non Break Debug unit allows to access code flash, RAM, tuning RAM and
peripherals in the background while the CPU is executing program code.

The Interrupt Controller (INTC) processes non-maskable and maskable
interrupt requests from the on-chip peripheral hardware and external sources.
Eight levels of priorities can be specified for these interrupt requests, and
multiple servicing control can be performed on interrupt sources.

The CPU-CRC (CPU Cyclic Redundency Check) function can be used to
support user self test software designed for testing the CPU core function.

The DATA-CRC (DATA Cyclic Redundency Check) can be used verify or
generate CRC protected data streams of arbitrary length and different bit
widths.

The UARTSs provide 2-wire asynchronous serial interfaces.
The Clocked Serial Interfaces are 3-wire variable-length serial interfaces.

The Enhanced Queued Clocked Serial Interfaces CSIE provide an internal
FIFO buffer for queued operation.

The CAN Controllers are small-scale digital data transmission systems that
transfer data between units.

These are two high-speed, high-resolution 10-bit A/D Converters, each with 10
analog input pins. They are of successive approximation type.

Ten 16-bit timers/event counters TAA, two 16-bit timers/event counters TMS
with motor control capability, and two general purpose 16-bit timers TMT are
provided.
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RNG

AFO

NBD

1.3.2

The hardware Random Number Generator (RNG) generates 16-bit random
numbers. The seed is generated by hardware, and the sequence of numbers
passes the FIPS tests.

The Auxiliary Frequency Output (AFO) provides a clock signal generated by a
separate baud rate generator (BRG2).

The Non-Breaking Debug unit (NBD) supports real-time debugging while the
controller is active.

Structure of the manual

This manual explains how to use the V850E/PHOS3 microcontroller devices. It
provides comprehensive information about the building blocks, their features,
and how to set registers in order to enable or disable specific functions.

The manual provides individual chapters for the building blocks. These
chapters are organized according to the grouping in the diagram.

¢ Core functions

“Pin Functions” on page 31

“CPU System Functions” on page 97
“Interrupt Controller (INTC)” on page 125
“CRC Function (CRC)” on page 169
“Clock Generator” on page 179

e Memory access
“Flash Memory” on page 191

“Bus and Memory Control (BCU, MEMC)” on page 225
“DMA Functions (DMA Controller)” on page 279

¢ Serial interfaces

“Asynchronous Serial Interface (UARTC)” on page 301

“Clocked Serial Interface (CSIB)” on page 337

“Enhanced Queued Clocked Serial Interface (CSIE)” on page 369
“CAN Controller (CAN)” on page 429

¢ Measurement interfaces
“A/D Converter (ADC)” on page 567
e Timers

“16-Bit Timer/Event Counter AA (TAA)” on page 605
“16-Bit Timer/Event Counter S (TMS)” on page 677
“16-bit Timer/Event Counter T (TMT)” on page 1019
“Timer Interconnection” on page 1105

¢ Auxiliary functions
“On-Chip Debug Unit” on page 1119
“Random Number Generator (RNG)” on page 1127
“Auxiliary Frequency Output Function (AFO)” on page 1129
“Non Break Debug Unit (NBD)” on page 1133
“FlexRayTM” on page 1147

¢ Power and reset

“Reset Function” on page 1345
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2.1

Features summary

Pin Functions

This chapter lists the ports of the microcontroller. It presents the configuration
of the ports for control functions. Noise elimination on input signals is
explained and a recommendation for the connection of unused pins is given at
the end of the chapter.

Overview

The microcontroller offers various pins for input/output functions, so-called
ports. The ports are organized in port groups.

To allocate other than general purpose input/output functions to the pins,
several control registers are provided.

For a description of the terms pin, port or port group, see “Terms” on page 35.

¢ Number of ports and port groups:
— Input/Output ports:143

— Input ports: 5
— Port groups: 20
e 3.3VI/O:

Please refer to the Data Sheet.
¢ Configuration possible for individual pins.

¢ Emergency shut-off configuration (only for dedicated ports 5 and 6)
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2.1.1 Description

This microcontroller has the port groups shown below.

Port group 0

Port group 1

Port group 2

Port group 3

Port group 4

Port group 5

Port group 6

Port group 7

Port group 8

Port group 9

_— ——  ——  —  —  ——  ——  —  —— ——

P00

P04

P10

P17

P20

P27

P30

P37

P40

P45

P50

P57

P60

P67

P70

P75

P80

P86

P90

P96

P100

to
P102

P110

P115

PALO

PAL15

PAHO

PAH5

PCSO
PCS2

PCS4

PCT4
PCT5
PCMO
PCM1

PCM6
PCM7

PCD2
to

PCD5

PDLO
to

PDL15

PDHO
to

PDH15

Figure 2-1 Port groups
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Port group overview Table 2-1 gives an overview of the port groups. For each port group it shows

the supported functions in port mode and in alternative mode. Any port group
can operate in 8-bit or 1-bit units. Port groups AL, DL and DH can additionally
operate in 16-bit units.

Table 2-1

Functions of each port group (1/2)

Port Function
group
name Port mode Alternative mode
0 5-bit input e External interrupt 0 to 3
¢ Non maskable interrupt
e Emergency shut-off control of Timers TMS0/TMS1
e ADC trigger input
1 8-bit input/output | e Timer TAAO to TAA3 channels
8-bit input/output | e Timer TAA4 to TAA7 channels
8-bit input/output | ¢ External interrupt 4 and 5
e UARTCO receive/transmit data,
¢ UARTCH1 receive/transmit data
¢ CANO receive/transmit data,
e CANT1 receive/transmit data
4 6-bit input/output | e CSIBO data/clock line
e (CSIB1 data/clock line
¢ UARTC2 receive/transmit data
e External interrupt 13
8-bit input/output | e Timer TMSO pulse signal output
8-bit input/output | Timer TMS1 pulse signal output
7 6-bit input/output | e Timer TMTO channels
e Timer TMT1 channels
e External interrupt 12
¢ Auxiliary frequency output
8 7-bit input/output | ¢ CSIEOQ data/clock line
e CSIEO chip select areas 0 to 3
e CSIBO serial slave select input
e External interrupts 6 to 8
9 7-bit input/output | e CSIEO chip select areas 4 to 7
e CSIE1 data/clock line
e CSIE1 chip select areas
e CSIB1 serial slave select input
e External interrupts 9 to 11
e Interrupt signal from external/internal FlexRay
10 3-bit input/output | e Timer TAA8 channels
e Timer TAA9 channels
11 6-bit input/output | ® Timer TMSO input channels
e Timer TMS1 input channels
AL 16-bit input/output |  External memory interface address lines 0 to 15
AH 6-bit input/output | External memory interface address lines 16 to 21
Cs 4-bit input/output | External memory interface chip select signals
CT 2-bit input/output | External memory interface read/write strobe
CM 4-bit input/output | * Bus clock output from MEMC

External memory interface data wait request
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Table 2-1 Functions of each port group (2/2)

Port Function
group -
name Port mode Alternative mode

CD 4-bit input/output | Byte enable output of external data bus

DL 16-bit input/output | ¢ External memory interface data lines 0 to 15

DH 16-bit input/output |  External memory interface data lines 16 to 31

Pin configuration To define the function of a pin, several control registers are provided.

¢ For a general description of the registers, see “Port Group Configuration
Registers” on page 36.

* For every port, detailed information on the configuration registers is given in
“Port Group Configuration” on page 49.

There are several types of control circuits, defined as port types. For a
description of the port types, see “Port Types Diagrams” on page 55.
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2.1.2
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Terms

In this section, the following terms are used:

Pin
Denotes the physical pin. Every pin is uniquely denoted by its pin number.

A pin can be used in several modes. Depending on the selected mode, a pin
name is allocated to the pin.

Port group

Denotes a group of pins. The pins of a port group have a common set of port
mode control registers.

Port mode / Port

A pin in port mode works as a general purpose input/output pin. It is then
called “port”.

The corresponding name is Pnm. For example, PO7 denotes port 7 of port
group 0. It is referenced as “port P07”.

Alternative mode

In alternative mode, a pin can work in various non-general purpose
input/output functions, for example, as the input/output pin of on-chip
peripherals.

The corresponding pin name depends on the selected function. For
example, pin INTPO denotes the pin for one of the external interrupt inputs.
Note that for example P01 and INTPO denote the same physical pin. The
different names indicate the function in which the pin is being operated.

Port type

A control circuit evaluates the settings of the configuration registers. There
are different types of control circuits, called “port types”.

Noise elimination

The input signals at some pins are passing a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters.

See “Noise Elimination” on page 87 for a detailed description.
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2.2 Port Group Configuration Registers

This section starts with an overview of all configuration registers and then
presents all registers in detail. The configuration registers are classified in the
following groups:

* “Pin function configuration” on page 37
e “Pin data input/output”’ on page 41
* “Emergency shut-off configuration” on page 43

o “Write enable register” on page 47

2.2.1 Overview

For the configuration of the individual pins of the port groups, the following
registers are used:

Table 2-2 Registers for port group configuration

Register name Shortcut Function

Port mode control register PMCn Pin function configuration

Port mode register PMn

Port function control register PFCn

Port function control expansion register PFCEn

Port register Pn Pin data input/output

Emergency shut-off control register PESCn Emergency shut-off

Emergency shut-off status register ESOSTn configuration

Emergency shut-off mask register PESMKn

Write enable register PRCMD Port configuration registers
write enable

n=0to 11, AL, AH, DL, DH, CS, CT, CM and CD
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2.2.2 Pin function configuration

The registers for pin function configuration define the general function of a pin:

e port mode or alternative mode

* in port mode: input mode or output mode

¢ in alternative mode: selection of one of the alternative functions in
alternative mode

An overview of the register settings is given in the table below.

Table 2-3 Pin function configuration (overview)

. Registers
Function /O
PMC PM PFCE PFC
Port mode (output) 0 0 X X (0]
Port mode (input) 1 X X |
Alternative mode (alternative function 1) 0 0
Alternative mode (alternative function 2) 1
1 X I/08
Alternative mode (alternative function 3) ] 0
Alternative mode (alternative function 4) 1
a) In alternative mode, the corresponding port type defines whether a pin is in input mode or output mode.
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Access

Address

Initial Value

15 14 13 12

PMCn - Port mode control register

The PMCn register specifies whether the individual pins of port group n are in
port mode or in alternative mode.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.

see “Port Group Configuration” on page 49
004 or 0000y. This register is initialized by RESET.
7 6 5 4 3 2 1 0

| PMCn7 | PMCn6 | PMCn5 \ PMCnd \ PMCn3 \ PMCn2 \ PMChn1 | PMCnO |
R/W R/W R/W R/W R/W RIW R/W R/W

11 10 9 8 7 6 5 4 3 2 1 0

‘PMCn15‘PMCn14|PMCn13‘PMCn12‘PMCnH |PMCn10| PMCn9 \ PMCn8 \ PMCn7 | PMCn6 \ PMCn5 \ PMCn4 | PMCn3 | PMCn2 \ PMCn1 | PMCRO |

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-4

Caution

38

PMCn register contents

Bit position | Bit name Function

7t00 PMCn[7:0] | Specifies the operation mode of the corresponding pin
or or 0: Port mode
15100 PMC[15:0] | 1: Alternative mode

When changing the function of a port from port mode (PCMnm = 0) to external
interrupt input (PCMnm = 1) an advertent interrupt may occur.

Therefore, it is recommended to follow the below procedure:

1. To select the alternative input function INTPn (l), set PFCE.PFCEnm and
PFC.PFCnm accordingly.

Set PMCnm = 1 to change to the alternative mode.

Wait until the delay of the noise rejection filter has passed.

Set INTnIC.INTnIF = 0 to clear the interrupt request.

Clear INTnIC.INTnMK (or clear INTMR.INTnMK) to enable the interrupt.
In step 3 you must wait for a certain time span because the external interrupt
pins are equipped with noise rejection filters. The filters cause a delay in

which the interrupt request flag INTnIC.INTnIF is set. This flag must be
cleared (step 4).

ok~ 0N
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(2) PMn - Port mode register

If a pin is in port mode (PMCn.PMCnm = 0), the PMn register specifies
whether the individual pins of the port group n are in input mode or in output
mode.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

Note If a pin is in alternative mode (PMCn.PMCnm = 1) and the corresponding PMn
bit is set (PMn.PMnm = 1), then the pin behaves as in input port mode:
Reading Pn.Pmn reads the pin status.

Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.

Address see “Port Group Configuration” on page 49
Initial Value FFy or FFFFy. This register is initialized by RESET.
7 6 5 4 3 2 1 0

| PMn7 | PMn6 | PMn5 \ PMn4 \ PMn3 \ PMn2 \ PMn1 | PMnO |
R/W R/W R/W R/W R/W RIW R/W R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\PMms\PMn14|PMn13\PMn12\PMn11 |PMn10| PMn9 \ PMn8 \ PMn7 | PMn6 \ PMn5 \ PMn4 | PMn3 | PMn2 \ PMnf | PMn0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-5 PMn register contents

Bit position | Bit name Function

Specifies input/output mode of the corresponding pin in
port mode

0: Output mode (output enabled)

1: Input mode (output disabled)

7t00 PMn[7:0]
or or
15100 PMn[15:0]
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(3) PFCn - Port function control register

If a pin is in alternative mode (PMCn.PMCnm = 1) some pins offer up to four
alternative functions.

The 8-bit PFCn register together with the 8-bit PFCEnN register specifies which
function of a pin is to be used. The corresponding port type defines whether a
pin is in input or output mode.

Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 49
Initial Value 00y
This register is initialized by RESET.

7 6 5 4 3 2 1 0
| PFCn7 | PFCn6 | PFCn5 \ PFCné \ PFCn3 \ PFCn2 \ PFCni | PFCnO |
R/W R/W R/W R/W R/W RIW R/W R/W

Table 2-6 PFCn register contents

Bit position | Bit name Function
7t00 PFCn[7:0] | See Table 2-3 on page 37 for details

(4) PFCERN - Port function control expansion register

If a pin is in alternative mode (PMCn.PMCnm = 1) some pins offer up to four
alternative functions.

The 8-bit PFCEnN together with the PFCn register specifies which function of a
pin is to be used. The corresponding port type defines whether a pin is in input
or output mode.

Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 49
Initial Value 00y
This register is initialized by RESET.

7 6 5 4 3 2 1 0
|PFCEn7 | PFCEn6 | PFCEn5 \ PFCEnd \ PFCEn3 \ PFCEn2 \ PFCEn{ |PFCEn0|
RW RW RW RW RW RW RW RW

Table 2-7 PFCEn register contents

Bit position | Bit name Function
7100 PFCn[7:0] | See Table 2-3 on page 37 for details
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2.2.3 Pin data input/output

If a pin is in port mode, the registers for pin data input/output specify the input
and output data.

(1) Pn - Port register

If a pin is in port mode (PMCn.PMCnm = 0), data is input from or output to an
external device by writing or reading the Pn register.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.

Address see “Port Group Configuration” on page 49
Initial Value Undefined.

Note After reset, the ports are in input mode (PMn.PMnm = 1). The read input value
is determined by the port pins.

7 6 5 4 3 2 1 0
Pn7 Pn6 Pn5 Pn4 | Pn3 | Pn2 | Pn1 Pno
R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|Pn15|Pn14|Pn13|Pn12|Pn11|Pn10| Pn9 | Pn8 | Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 | Pno |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-8 Pn register contents

Bit position | Bit name Function
7t00 Pn[7:0] Data, see Table 2-9 on page 41 and Table 2-10 on
or or page 42 for details.
15t00 Pn[15:0]

Note The value written to register Pn is retained until a new value is written to
register Pn.

Port mode In port mode (PMCn.PMCnm = 0), register PMn specifies whether a pin is in
input or in output mode. Data is written to or read from the Pn register as
follows:

Table 2-9 Writing/reading register Pn in port mode (PMCn.PMCnm = 0)

Function | pm | WO
Write to Pn...

...and output contents of Pn to pins 0 0]
...without affecting the pin status 1 |

Read from Pn...

...and thus read the pin status 1 |

...and disregard the pin status 0 (0]
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Alternative mode

Table 2-10

Caution

In alternative mode (PMCn.PMCnm = 1), the corresponding port type defines
whether a pin is in input or output mode. However, register PMn influences the
writing/reading of register Pn.

In alternative mode, data is written to or read from the Pn register as follows:

Writing/reading register Pn in alternative mode (PMCn.PMCnm = 1)

Function PM /(o]

Write to Pn

without affecting the pin status X -

Read from Pn...

...and read the value of the alternative output function
(for pins in alternative output function)

...and disregard the pin status
(for pins in alternative input function)

...and thus read the pin status 1 |

Although 1-bit operations (read-modify-write operations) on Pn registers are
intended to modify only a single bit, the entire Pn register is read. After the
single bit has been modified, the contents of the complete register is written
back.

If the ports of the register Pn contain both input and output ports Pnm, the
read of Pn returns

¢ the contents of the register Pn for output ports
 the pin status of input ports, but not the Pn register bits

That means the read value of Pn may be different to the contents of the Pn
register at bit positions, which are assigned to input ports.

Thus the contents of Pn may differ to the previous value not just in the bit that
was to be modified, but also in other bits.

Example:
* Register P1 has the contents 00y.

* Port P10 is configured as an output port, all other ports of port group 1
(ports P11 to P17) are configured as input ports.

* The port pins of ports P11 to P17 all have the level “1”.

¢ Bit P1.P10is set to 1 by a 1-bit operation.

Afterwards, register P1 holds the value FF instead of the expected value

01y, since bits P11 to P17 have be overwritten with the corresponding pin

levels “17.
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Access
Address

Initial Value

Table 2-11

Caution

Emergency shut-off configuration

The emergency shut-off function sets a port immediately into high impedance
state upon occurrence of two events:

* assertion of an external signal ESOm
* interrupt of the Clock Monitor INTOSD

Both events can be separately permitted respectively prohibited to trigger an
emergency shut-off.

The registers for controlling the emergency shut-off are described in the
following.

PESCn - Emergency shut-off control register

The 8-bit PESCn register specifies the condition of the concerned external
control pin to trigger an emergency shut-off. An emergency shut-off can be
generated upon edges or levels.

Writing to this register is protected by a special sequence of instructions. To
enable write access to PESChn, first write to PRCMD. Please refer to “Write
Protected Registers” on page 123 for details.

This register can be read/written in 8-bit units.
see “Port Group Configuration” on page 49
00y. This register is initialized by RESET.

7 6 5 4 3 2 1 0
0 0 0 ESOmEN 0 ESOmED1 | ESOmEDO
R R R R R/W R R/W R/W

PESCn register contents

B.'t. Bit Name Function
Position
Enables/disables the emergency shut-off control by
ESOm input
8 ESOmEN | 70; disabled
1: enabled
Sets the edge or level of input signal ESOm for
triggering an emergency shut-off.
ESOmED1 | ESOmEDO | Selected edge/level
0 0 falling edge
ESOmED
1100 [1:0] 0 1 rising edge
1 0 low level
1 1 high level

State of the edge detection control bits ESOmED1 and ESOmEDO must not be
changed while ESOmEN is set to 1. Otherwise the output shut-off function may
be unintentionally triggered or a trigger event may be lost.
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Note 1. The emergency shut-off function is not dedicated to a single port of a port
group, but acts on the entire port group. However, note that not all ports of
a port group may be subject to the emergency shut-off function. Refer to
the description of the concerned port group.

2. If the emergency shut-off condition is fulfilled, the concerned pin is also
switched to high impedance state if the port is configured as port output
(PMCnm = 0, PMnm = 0).

3. The output buffer of the concerned ports Pnm are forcibly disabled (high
impedance output) as long as PESCn.ESOmEN and ESOSTn.ESOmST
are setto 1.

Setting up an The setup of the emergency shut-off function must be performed in the
emergency shut-off following sequence. Otherwise the output shut-off function may be
unintentionally triggered or a trigger event may be lost.

Power on (all registers are reset)
PRCMD write (write protect released)
Clear ESOmEN bit to 0

PRCMD write (write protect released)
Set ESOmEDO, ESOmED1 bits
PRCMD write (write protect released)
Clear ESOmST bit of ESOSTn register to 0
PRCMD write (write protect released)
9. Set PESMKnm bits to O respectively 1
10. PRCMD write (write protect released)
11. Set ESOmEN bit to 1

© N AN~
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Access
Address

Initial Value

Table 2-12

Note

ESOSTn - Emergency shut-off status register

The 8-bit ESOSTNn register indicates the status of an emergency shut-off

condition.

Writing to this register is protected by a special sequence of instructions. To

enable write access to ESOSTNn, first write to PRCMD. Please refer to “Write
Protected Registers” on page 123 for details.

This register can be read/written in 8-bit units.

see “Port Group Configuration” on page 49
00y. This register is initialized by RESET.

7 6 5 4 3 2
ESOmST 0 0 0 0
R/W R R R R R
ESOSTn register contents
B.'t. Bit Name Function
Position
Specifies the level at the corresponding pin after
emergency shut-off
7 ESOmST 0: high (n_o emergency shut-off was triggered: pin
output is active)
1: low (emergency shut-off was triggered: pin is in high
impedance state)

1. The emergency shut-off function is not dedicated to a single port of a port
group, but acts on the entire port group. However, note that not all ports of
a port group may be subject to the emergency shut-off function. Refer to

the description of the concerned port group.

2. Writing the emergency shut-off status flag (ESOmST) is only possible if

PESCn.ESmEN is cleared (0).

3. The ESOmST flag can only be cleared by CPU to 0. Setting the ESOmMST
flag to 1 is not possible.

4. The output buffers of concerned ports Pnm are forcibly disabled (high

impedance output) as long as PESCn.ESOmEN and PESCn.ESOmST are

setto 1.
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(3) PESMKn - Emergency shut-off mask register
The 8-bit PESMKn register allows to mask and unmask events to perform an
emergency shut-off.
Writing to this register is protected by a special sequence of instructions. To
enable write access to PESMKDn, first write to PRCMD. Please refer to “Write
Protected Registers” on page 123 for details.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 49
Initial Value 00y. This register is initialized by RESET.
7 6 5 4 3 2 1 0
0 0 0 0 0 PESMKn1 | PESMKn0
R R R R R R R R/W
Table 2-13 PESMKn register contents
B't Bit Name Function
Position
Masks function of INTOSD
0: unmasked (INTOSD can trigger an emergency
1 PESMKn1 shut-off)
1: masked (INTOSD can not trigger an emergency
shut-off)
Masks function of ESOm input signal
0: unmasked (ESOm can trigger an emergency
0 PESMKnO shut-off)
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1: masked (ESOm can not trigger an emergency
shut-off)
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2.2.5

M

Access

Address

Initial Value

Write enable register

Some port group configuration registers are write protected. Write access to a
write protected register is only given immediately after writing to a
corresponding write enable register.

PRCMD - Command register

The 8-bit PRCMD register protects port group configuration registers from
inadvertent write access, so that the system does not stop in case of a
program hang-up.

After writing to the PRCMD register, you are permitted to write once to one of
the protected registers. This must be done immediately after writing to the
PRCMD register. After the second write action, or if the second write action
does not follow immediately, all protected registers are write-locked again.

The following registers are protected by PRCMD (n = 5, 6):

PMCn Port mode control register

PMn Port mode register

Pn Port register

PESCn Emergency shut-off control register
ESOSTn Emergency shut-off status register

An invalid write attempt to one of the above registers sets the error flag
PHS.PRERR. PHS.PRERR is also set, if a write access to PRCMD is not
immediately followed by an access to one of the protected registers.

This register can only be written in 8-bit units.
FFFF F1FCp.

The contents of this register is undefined.

7 6 5 4 3 2 1 0
X X X X X X X X
w w w w w w w w
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(2) PHS - Peripheral status register

The 8-bit PHS register indicates the status of a write attempt to a register
protected by PHCMD (see also “PRCMD - Command register” on page 47).

Access This register can be read/written in 8-bit units.
Address FFFF F802.

Initial Value 00y. The register is cleared by any reset.

7 6 5 4 3 2 1 0
0 0 0 0 0 PRERR
R? R? R? R? R® R? R? RIW

8)  These bits may be written, but write is ignored.

Table 2-14 PHS register contents

Bit position | Bit name Function

0 PRERR Write error status:
0: Write access was successful.
1: Write access failed.
You can clear this bit by writing 0 to it. Setting this bit to 1 by software is not

possible.

Note PHS.PRERR is set, if a write access to register PRCMD is not directly followed
by a write access to one of the write-protected registers.
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2.3 Port Group Configuration

2.3.1

This section provides an overview of the port groups (Table 2-15) and of the
pin functions (Table 2-17 on page 56). In Table 2-63 on page 91 it is listed how
the pin functions change if the microcontroller is reset or if it is in one of the
standby modes.

In the subsections, for every port group the settings of the configuration
registers is listed. Further, the addresses and initial values of the configuration
registers are given. See “Port group 0” on page 64 to “Port group DH” on
page 85.

For the port type diagrams refer to “Port Types Diagrams” on page 55.

Port group configuration lists

Table 2-15 provides an overview of the functions available at each port pin.

Table 2-15 Port group list (1/5)

Port group | Port Alternative Alternative Pin
name name | outputs inputs HEILETED location

P00 - NMI 2 J-23
PO1 - ESOO/INTPO 2 J-24

0 P02 - ESO1/INTP1 2 H-24
P03 - ADTRGO/INTP2 2 H-23
P04 - ADTRG1/INTP3 2 G-23
P10 TOAAO00 TIAAQO/TEVTAA1 5-K AC-11
P11 TOAAO1 TIAAO1/TTRGAA1 5-K AD-11
P12 TOAA10 TIAA10/TTRGAAOQ 5-K AD-12
P13 TOAA11 TIAA11/TEVTAAOQ 5-K AC12

1 P14 TOAA20 TIAA20/TEVTAA3 5-K AB-14
P15 TOAA21 TIAA21/TTRGAA3 5-K AC-13
P16 TOAA30 TIAA30/TTRGAA2 5-K AD-13
P17 TOAA31 TIAA31/TEVTAA2 5-K AA-14
P20 TOAA40 TIAA40/TEVTAAS 5-K AC-14
P21 TOAA41 TIAA41/TTRGAA5S 5-K AD-14
P22 TOAA50 TIAA50/TTRGAA4 5-K AA-15

5 P23 TOAA51 TIAA51/TEVTAA4 5-K AB-15
P24 TOAA60 TIAA6O/TEVTAA7 5-K AC-15
P25 TOAAG61 TIAA61/TTRGAA7 5-K AD-15
P26 TOAA70 TIAA70/TTRGAA6 5-K AC-16
P27 TOAAT71 TIAA71/TEVTAAG 5-K AD-16
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Table 2-15 Port group list (2/5)

Port group | Port Alternative Alternative P Pin
name name | outputs inputs SURVES location
P30 - RXDCO/INTP4 5-K AC-20
P31 TXDCO - 5-K AD-20
P32 - RXDC1/INTP5 5-K AC-21
P33 TXDC1 - 5-K AD-21
° P34 - FCRXDO 5-K V-23
P35 FCTXDO - 5-K V-24
P36 - FCRXD1 5-K U-23
P37 FCTXD1 - 5-K U-24
P40 - 1S:I380/RXDCZ/INTP 5-K M-23
P41 SOB0/TXDC2 - 5-K M-24
4 P42 SCKBO SCKBO 5-K L-23
P43 - SIB1 5-K L-24
P44 SOBH1 - 5-K K-23
P45 SCKB1 SCKB1 5-K K-24
P50 TOS00 - 5-K T-23
P51 TOSO01 - 5-K T-24
P52 TOS02 - 5-K R-23
P53 TOS03 - 5-K R-24
> P54 TOS04 - 5-K P-23
P55 TOS05 - 5-K P-24
P56 TOS06 - 5-K N-23
P57 TOS07 - 5-K N-24
P60 TOS10 - 5-K AC-17
P61 TOS11 - 5-K AD-17
P62 TOS12 - 5-K AD-18
P63 TOS13 - 5-K AC-18
® P64 TOS14 - 5-K AB-18
P65 TOS15 - 5-K AA-18
P66 TOS16 - 5-K AC-19
P67 TOS17 - 5-K AD-19
P70 TOTO0 :Ir':;rl\(j)g/_lTCI)EC;/Tﬁ 5-K A-15
P71 TOTO1 E;I’ﬁé/;’;}RGﬂ 5.K B-14
; P72 - TECRTO/INTP12 5-K A-14
P73 TOT10 -lT-glJJ g/;’ 1'I'1RGTO 5-K c-13
P74 TOT11 _Tl_:;l'|\1j é /'|T 1EO\/TTO 5.K D-13
P75 AFO TECRT1 5-K B-13
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Table 2-15 Port group list (3/5)

Port group | Port Alternative Alternative P Pin
name name | outputs inputs SURVES location
P80 - SIEO 5-K G-24
P81 SOEOQ - 5-K F-23
P82 SCKEO SCKEO 5-K F-24
8 P83 SCSE00 INTP6 5-K E-23
P84 SCSEO01 INTP7 5-K E-24
P85 SCSE02 INTP8 5-K D-23
P86 SCSEO03 SSBO 5-K D-24
P90 - SIE1 5-K B-18
P91 SOE1 - 5-K A-18
P92 SCKEH1 SCKE1 5-K A-17
9 P93 SCSE10/SCSE04 | INTP9 5-K B-17
P94 ?_IC_:I?\II_EIj0 1/SCSEQ05/ | INTP10 5.K A-16
P95 SCSE12/SCSE06 | INTP11/FSTPWT 5-K B-16
P96 SCSE13/SCSE07 | SSB1 5-K B-15
P100 | TOAAS81 TIAABO/TEVTAA8 5-K A-13
10 P101 | TOAA90 TIAA90/TTRGAA9 5-K B-12
P102 | TOAA91 TIAA91/TEVTAA9 5-K A-12
P110 |- TAPTSO0/TEVTSO 5-K B-11
P111 |- '(I)'APTSO1/TTRGS 5-K A-11
11 P112 |- TAPTS02 5-K B-10
P113 |- TAPTS10/TEVTS1 5-K A-10
P114 |- TAPTS11/TTRGS1 5-K A-9
P115 |- TAPTS12 5-K B-9
PALO |AO - 5 C-2
PAL1 | A1 - 5 C-1
PAL2 | A2 - 5 D-2
PAL3 | A3 - 5 D-1
PAL4 | A4 - 5 E-2
PAL5 | A5 - 5 E-1
PAL6 | A6 - 5 F-2
AL PAL7 | A7 - 5 G-3
PAL8 | A8 - 5 F-1
PAL9 | A9 - 5 G-4
PAL10 | A10 - 5 G-2
PAL11 | Al1 - 5 G-1
PAL12 | A12 - 5 H-3
PAL13 | A13 - 5 H-4
PAL14 | A14 - 5 H-2
PAL15 | A15 - 5 H-1
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Table 2-15 Port group list (4/5)

Port group | Port Alternative Alternative P Pin
. ort type .
name name | outputs inputs location
PAHO | A16 - 5 J-2
PAH1 | A17 - 5 J1
PAH2 | A18 - 5 K-2
AH
PAH3 | A19 - 5 K-1
PAH4 | A20 - 5 L-4
PAH5 | A21 - 5 L-3
PCSO |CSO - 5 B-8
PCS2 |CS2 - 5 C-6
CS —
PCS3 | CS3 - 5 A-8
PCS4 | CS4 - 5 D-7
PCT4 |RD - 5 B-7
CT —
PCT5 | WR - 5 A-7
PCMO |- WAIT 5 B-6
PCM1 |- - 5 A-6
CM
PCM6 | — - 5 A-5
PCM7 |- - 5 B-5
PCD2 | BENO - 5 B-4
PCD3 | BENT1 - 5 A-4
CD ——
PCD4 | BEN2 - 5 B-3
PCD5 | BEN3 - 5 A-3
PDLO | DO DO 5 L-2
PDL1 | D1 D1 5 L-1
PDL2 | D2 D2 5 M-4
PDL3 | D3 D3 5 M-3
PDL4 | D4 D4 5 M-2
PDL5 | D5 D5 5 M-1
PDL6 | D6 D6 5 R-3
DL PDL7 | D7 D7 5 N-2
PDL8 | D8 D8 5 N-1
PDL9 | D9 D9 5 T3
PDL10 | D10 D10 5 P-2
PDL11 | D11 D11 5 P-1
PDL12 | D12 D12 5 R-2
PDL13 | D13 D13 5 R-1
PDL14 | D14 D14 5 T1
PDL15 | D15 D15 5 T-2
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Table 2-15 Port group list (5/5)

Port group | Port Alternative Alternative P Pin

name name | outputs inputs SURVES location
PDHO | D16 D16 5 U-4
PDH1 | D17 D17 5 U-3
PDH2 | D18 D18 5 U-1
PDH3 | D19 D19 5 u-2
PDH4 | D20 D20 5 V-1
PDH5 | D21 D21 5 V-2
PDH6 | D22 D22 5 W-1
PDH7 | D23 D23 5 W-2

bH PDH8 | D24 D24 5 Y-1

PDH9 | D25 D25 5 W-3
PDH10 | D26 D26 5 Y-2
PDH11 | D27 D27 5 W-4
PDH12 | D28 D28 5 AA-1
PDH13 | D29 D29 5 AA-2
PDH14 | D30 D30 5 AB-1
PDH15 | D31 D31 5 AB-2

2.3.2 Non-port pins

Table 2-16 lists all pins which do not have a general purpose 1/O port function.

Table 2-16 Non-port pins

Name Port type Pin location
ADO_DBG 5-K D-14
AD1_DBG 5-K C-14
AD2_DBG 5-K C-7
AD3_DBG 5-K D-6
ANIOO 7 AD-3
ANIO1 7 AC-3
ANIO2 7 AD-4
ANIO3 7 AC-4
ANIO4 7 AD-5
ANIO5 7 AC-5
ANIO6 7 AB-6
ANIO7 7 AA-6
ANIO8 7 AB-7
ANIO9 7 AA-7
ANI10 7 AA-10
ANI11 7 AB-10
ANI12 7 AA-9
ANI13 7 AB-9
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Table 2-16 Non-port pins

Name Port type Pin location
ANI14 7 AC-9
ANI15 7 AD-9
ANI16 7 AA-8
ANI17 7 AB-8
ANI18 7 AC-8
ANI19 7 AD-8
CLK_DBG 2 D-11
DCK 2 M-22
DDI 2 L-22
DDO 5 P-22
DMS 2 N-21
DRTS 2-1 L-21
FRXDA 2 B-22
FRXDB 2 B-21
FTXDA 3 A-22
FTXDB 3 A-21
FTXENA 3 A20
FTXENB 3 A-19
MODE_DBG 2- C-11
MODEO/FLMD1 2 H-21
MODE1/FLMDO 2 G-22
MODE2 2 G-21
MODE3 2 H-22
PLLSEL 2 u-22
RESET 2 N-22
SYNC 2 C-17
TRIG_DBG 4 C-16
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2.3.3 Port Types Diagrams

Type 1 Type 4
VDD VDD
data —:D I )
IN i ? P-ch IN/OUT
N-ch output N-ch
disable
Type 2 Type 5
VDD
data —— ;
Do Pon IN/OUT
0O
IN qutput N-ch
disable
Schmitt trigger input with hysteresis enable
Type 2-| Type 5-K
VDD
data —— ;
DB Pon IN/QUT
IN —0
output N-ch
disable
o]
input
Schmitt trigger input with hysteresis enable
Type 3 Type 7
IN P-ch==

VDD
|—| I%;'Ch
data O OUT
|_| %:I-Ch

comparator
(threshold)

Figure 2-2 Port type diagrams
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2.3.4 Alphabetic pin function list

Table 2-17 Alphabetic pin functions list (1/8)

Table 2-17 provides a list of all pin function names in alphabetic order.

Pin name /0 | Pin function Port Pin location
A0 O | External memory interface address bus PALO C-2
A1l PALA1 C-1
A2 PAL2 D-2
A3 PAL3 D-1
A4 PAL4 E-2
A5 PAL5 E-1
A6 PAL6 F-2
A7 PAL7 G-3
A8 PAL8 F-1
A9 PAL9 G-4
A10 PAL10 G-2
Al PAL11 G-1
A12 PAL12 H-3
A13 PAL13 H-4
Al4 PAL14 H-2
A15 PAL15 H-1
A16 PAHO J-2
A17 PAH1 J1
A18 PAH2 K-2
A19 PAH3 K-1
A20 PAH4 L-4
A21 PAH5 L-3
ADO_DBG I/O | NBD command/data - D-14
AD1_DBG - C-14
AD2_DBG - C-7
AD3_DBG - D-6
ADTRGO | ADCO trigger input P03 H-23
ADTRG1 | ADC1 trigger input P04 G-23
AFO O | Auxiliary frequency output P75 B-13
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Table 2-17 Alphabetic pin functions list (2/8)

Pin name /O | Pin function Port Pin location

ANIOO | ADC inputs - AD-3

ANIO1 - AC-3

ANIO2 - AD-4

ANIO3 - AC-4

ANIO4 - AD-5

ANIO5 - AC-5

ANIO6 - AB-6

ANIO7 - AA-6

ANIO8 - AB-7

ANIO9 - AA-7

ANI10 - AA-10

ANI11 - AB-10

ANI12 - AA-9

ANI13 - AB-9

ANI14 - AC-9

ANI15 - AD-9

ANI16 - AA-8

ANI17 - AB-8

ANI18 - AC-8

ANI19 - AD-8

AVDD — | ADC supply voltage (3.3 V) - AC-6, AD-6

AVREFO — | ADCO reference voltage input - AD-7

AVREF1 — | ADC1 reference voltage input - AC-7

AVSS0 — | ADCO ground - AA-5, AB-5

AVSS1 — | ADC1 ground - AC-10, AD-

10

BENO O | Byte enable output of external data bus (D0-D7) PCD2 B-4

BEN1 O | Byte enable output of external data bus (D8-D15) PCD3 A-4

BEN2 O | Byte enable output of external data bus (D16-D23) PCD4 B-3

BEN3 O | Byte enable output of external data bus (D24-D31) PCD5 A-3

CLK_DBG | NBD clock signal - D-11

CSo O | External memory interface chip select signals PCSO0 B-8

cs2 PCS2 C-6

CS3 PCS3 A-8

CS4 PCS4 D-7

CvDD15 — | Oscillator supply voltage (1.5 V) - W-24, AA-24

CVSS15 Oscillator supply ground - Y-24, AB-24
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Table 2-17 Alphabetic pin functions list (3/8)

Pin name /O | Pin function Port Pin location
DO I/O | External memory interface data bus PDLO L-2
D1 PDLA1 L-1
D2 PDL2 M-4
D3 PDL3 M-3
D4 PDL4 M-2
D5 PDL5 M-1
D6 PDL6 R-3
D7 PDL7 N-2
D8 PDL8 N-1
D9 PDL9 T-3
D10 PDL10 P-2
D11 PDL11 P-1
D12 PDL12 R-2
D13 PDL13 R-1
D14 PDL14 T1
D15 PDL15 T2
D16 PDHO uU-4
D17 PDHA1 U-3
D18 PDH2 U-1
D19 PDH3 uU-2
D20 PDH4 V-1
D21 PDH5 V-2
D22 PDH6 W-1
D23 PDH7 W-2
D24 PDH8 Y-1
D25 PDH9 W-3
D26 PDH10 Y-2
D27 PDH11 W-4
D28 PDH12 AA-1
D29 PDH13 AA-2
D30 PDH14 AB-1
D31 PDH15 AB-2
DCK | N-Wire interface clock - M-22
DDI | N-Wire interface debug data input - L-22
DDO O | N-Wire interface debug data output - pP-22
DMS | N-Wire interface debug mode select input - N-21
DRST | | N-Wire debug interface reset - L-21
ESOO0 | Emergency shut-off control of Timer TMSO PO1 J-24
ESO1 | Emergency shut-off control of Timer TMS1 P02 H-24
FCRXDO | CANO receive data P34 V-23
FCRXD1 | CAN1 receive data P36 uU-23
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Table 2-17 Alphabetic pin functions list (4/8)
Pin name /O | Pin function Port Pin location
FCTXDO O | CANO transmit data P35 V-24
FCTXD1 O | CANT1 transmit data P37 uU-24
FLMDO | Flash writing control - G-22
(= MODE1)
FLMD1 | Flash writing control - H-21
(= MODEO)
FRXDA | FlexRay channel A receive data - B-22
FRXDB | FlexRay channel B receive data - B-21
FSTPWT | Interrupt signal from external FlexRay P95 B-16
FTINTO O | Interrupt signal from internal FlexRay P94 A-16
FTXDA O | FlexRay channel A transmit data - A-22
FTXDB O | FlexRay channel B transmit data - A-21
FTXENA O | FlexRay channel A transmit permission - A-20
FTXENB O | FlexRay channel B transmit permission - A-19
INTPO | External interrupts PO1 J-24
INTP1 P02 H-24
INTP2 P03 H-23
INTP3 P04 G-23
INTP4 P30 AC-20
INTP5 P32 AD-20
INTP6 P83 E-23
INTP7 P84 E-24
INTP8 P85 D-23
INTP9 P93 B-17
INTP10 P94 A-16
INTP11 P95 B-16
INTP12 P72 A-14
INTP13 P40 M-23
MODE_DBG | NBD execution permission - C-11
MODEO I Operating mode select pins - H-21
MODEH1 - G-22
MODE2 - G-21
MODES3 - H-22
NMI | Non-maskable interrupt P00 J-23
PLLSEL PLL selection (80 MHz or 128 MHz) - u-22
RD O | External memory interface read strobe PCT4 B-7
RESET | | Reset input - N-22
RXDCO | UARTCO receive data P30 AC-20
RXDCH1 I UARTCH1 receive data P32 AC-21
RXDC2 I UARTC2 receive data P40 M-23
SCKBO I/0O | Clocked Serial Interface CSIBO clock line P42 L-23
SCKB1 I/O | Clocked Serial Interface CSIB1 clock line P45 K-24
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Table 2-17 Alphabetic pin functions list (5/8)

Pin name /O | Pin function Port Pin location
SCKEO I/0O | CSIEO clock line P82 F-24
SCKEH1 I/O | CSIE1 clock line P92 A-17
SCSEQ0 O | CSIEO chip selects P83 E-23
SCSEO1 P84 E-24
SCSE02 P85 D-23
SCSEO03 P86 D-24
SCSE04 P93 B-17
SCSE05 P94 A-16
SCSE06 P95 B-16
SCSE07 P96 B-15
SCSE10 O | CSIE1 chip selects P93 B-17
SCSE11 P94 A-16
SCSE12 P95 B-16
SCSE13 P96 B-15
SIBO I CSIBO data input P40 M-23
SIB1 | CSIB1 data input P43 L-24
SIEO I CSIEO data input P80 G-24
SIE1 I CSIE1 data input P90 B-18
SOBO O | CSIBO0 data output P41 M-24
SOBH1 O | CSIB1 data output P44 K-23
SOEQ O | CSIEO data output P81 F-23
SOE1 O | CSIE1 data output P91 A-18
SSBO | CSIBO serial slave select input P86 D-24
SSB1 | CSIB1 serial slave select input P96 B-15
SYNC | NBD synchronizing signal - C-17
TAPTS00 | Timer TMSO trigger signals P110 B-11
TAPTSO1 P111 A-11
TAPTS02 P112 B-10
TAPTS10 | Timer TMS1 trigger signals P113 A-10
TAPTS11 P114 A-9
TAPTS12 P115 B-9
TECRTO | Timer TMTO clear input signal P72 A-14
TECRTA1 | Timer TMT1 clear input signal P75 B-13
TENCTOO | Timer TMTO encoder input P70 A-15
TENCTO1 P71 B-14
TENCT10 | Timer TMT1 encoder input P74 D-13
TENCT11 P73 C-13
TEVTAAO | Timer TAAO event input P13 AC-12
TEVTAA1 | Timer TAA1 event input P10 AC-11
TEVTAA2 | Timer TAA2 event input P17 AA-14
TEVTAA3 | Timer TAA3 event input P14 AB-14
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Table 2-17 Alphabetic pin functions list (6/8)

Pin name /O | Pin function Port Pin location
TEVTAA4 | Timer TAA4 event input P23 AB-15
TEVTAA5 | Timer TAA5 event input P20 AC-14
TEVTAA6 | | Timer TAAG event input P27 AD-16
TEVTAA7 | Timer TAA7 event input P24 AC-15
TEVTAA8 | | Timer TAA8 event input P100 A-13
TEVTAA9 | | Timer TAA9 event input P102 A-12
TEVTSO | Timer TMSO event input P110 B-11
TEVTSH | Timer TMS1 event input P113 A-10
TEVTTO | Timer TMTO event input P74 D-13
TEVTT1 | Timer TMT1 event input P70 A-15
TIAA0O | Timer TAAO capture trigger input P10 AC-11
TIAAO1 P11 AD-11
TIAA10 | Timer TAA1 capture trigger input P12 AD-12
TIAA11 P13 AC-12
TIAA20 | Timer TAA2 capture trigger input P14 AB-14
TIAA21 P15 AC-13
TIAA30 | Timer TAA3 capture trigger input P16 AD-13
TIAA31 P17 AA-14
TIAA40 | Timer TAA4 capture trigger input P20 AC-14
TIAA41 P21 AD-14
TIAA50 | Timer TAA5 capture trigger input p22 AA-15
TIAA51 P23 AB-15
TIAAG0 | Timer TAAG capture trigger input P24 AC-15
TIAAG1 P25 AD-15
TIAA70 | Timer TAA7 capture trigger input P26 AC-16
TIAA71 P27 AD-16
TIAA80 | Timer TAAS8 capture trigger input P100 A-13
TIAA90 | Timer TAA9 capture trigger input P101 B-12
TIAA91 P102 A-12
TITOO | Timer TMTO capture trigger input P70 A-15
TITO1 P71 B-14
TIT10 | Timer TMT1 capture trigger input P73 C-13
TIT11 P74 D-13
TOAAOQ0 O | Timer TAAO pulse signal output P10 AC-11
TOAAO1 P11 AD-11
TOAA10 O | Timer TAA1 pulse signal output P12 AD-12
TOAA11 P13 AC-12
TOAA20 O | Timer TAA2 pulse signal output P14 AB-14
TOAA21 P15 AC-13
TOAA30 O | Timer TAAS pulse signal output P16 AD-13
TOAA31 P17 AA-14
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Table 2-17 Alphabetic pin functions list (7/8)

Pin name /O | Pin function Port Pin location
TOAA40 O | Timer TAA4 pulse signal output P20 AC-14
TOAA41 P21 AD-14
TOAA50 O | Timer TAAS5 pulse signal output p22 AA-15
TOAA51 P23 AB-15
TOAAG0 O | Timer TAAG pulse signal output P24 AC-15
TOAAG61 P25 AD-15
TOAA70 O | Timer TAA7 pulse signal output P26 AC-16
TOAAT71 P27 AD-16
TOAA81 O | Timer TAAS8 pulse signal output P100 A-13
TOAA90 O | Timer TAA9 pulse signal output P101 B-12
TOAA91 P102 A-12
TOS00 O | Timer TMSO pulse signal outputs P50 T-23
TOSOf eoriz;t:nz(;z?tlt-tgff-rgsg ?;;f;rk;isg; gl?gi((j)f? zl::r;]figuraﬁon" PS1 24
TOS02 on page 43. P52 R-23
TOS03 P53 R-24
TOS04 P54 P-23
TOS05 P55 P-24
TOS06 P56 N-23
TOS07 P57 N-24
TOS10 O | Timer TMS1 pulse signal outputs P60 AC-17
TOS11 Sr?]tepr;t;-lc-:(y)g; L]t-tgffT(S)S; (‘S‘I:E:;r;rzzsg; tsrf?gi(;f?z::figuration” Pe1 AD-17
TOS12 on page 43. P62 AD-18
TOS13 P63 AC-18
TOS14 P64 AB-18
TOS15 P65 AA-18
TOS16 P66 AC-19
TOS17 P67 AD-19
TOTO00 O | Timer TMTO pulse signal output P70 A-15
TOTO1 P71 B-14
TOT10 O | Timer TMT1 pulse signal output P73 C-13
TOT11 P74 D-13
TRIG_DBG O | NBD event trigger output - C-16
TTRGAAO | Timer TAAO trigger input P12 AD-12
TTRGAAT1 | Timer TAA1 trigger input P11 AD-11
TTRGAA2 | Timer TAA2 trigger input P16 AD-13
TTRGAAS | Timer TAAS trigger input P15 AC-13
TTRGAA4 | Timer TAA4 trigger input P22 AA-15
TTRGAAS5 | Timer TAAS5 trigger input P21 AD-14
TTRGAA6 | Timer TAAB trigger input P26 AC-16
TTRGAA7 | Timer TAAY trigger input P25 AD-15
TTRGAA9 | Timer TAA9 trigger input P101 B-12

62

Preliminary User's Manual U17754EE4VOUMO0




Pin Functions

Chapter 2

Table 2-17 Alphabetic pin functions list (8/8)

Pin name /O | Pin function Port Pin location

TTRGSO0 | Timer TMSO trigger input P111 A-11

TTRGSH1 | Timer TMS1 trigger input P114 A-9

TTRGTO | Timer TMTO trigger input P73 C-13

TTRGT1 | Timer TMT1 trigger input P71 B-14

TXDCO O | UARTCO transmit data P31 AD-20

TXDCA O | UARTC1 transmit data P33 AD-21

TXDC2 O | UARTC2 transmit data P41 M-24

VDD15x — | Core supply voltage -

VDD3x — | /O supply voltage - refer to
Figure 2-4 on

VS8S15x — | Core supply ground - page 95

VSS3x — | /O supply ground -

WAIT | External memory interface data wait request PCMO B-6

WR O | External memory interface write strobe PCT5 A-7

X1 — | Main oscillator terminals - W-23

X2 Crystal connection/external clock input for system clock _ Y-23

oscillation (X2 opens when the external clock is input)
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2.3.5 Portgroup0
Port group 0 is an 5-bit port group. This port group is only for input alternative
mode. It comprises pins for the following functions:
* Non-maskable interrupt (NMI)
* External interrupt (INTPO to INTP3)
* Emergency shut-off control of Timer TMS (ESO0, ESO1)
» Trigger input of A/D Converter (ADTRGO, ADTRG1)

Port group 0 includes the following pins:

Table 2-18 Port group 0: pin functions and port types

Pin functions in different modes Pin function Port | Noise Input
Port mode Alternative mode® after reset type | filter® | charact.”
POO (1) NMI (1) POO (1) 2 A S
PO1 (1) ESOO (I)/ PO1 (1)
INTPO (1) 21 A S
Po2 (1) ESO1 (I)/ Po2 (1)
INTP1 (1) 2 A S
P03 (1) ADTRGO (1)/ P03 (1)
INTP2 (1) 2| Db S
P04 (1) ADTRGH1 (1)/ P04 (1)
INTP3 (1) 2 D S

a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.

b)  S: Schmitt trigger; nS: non-Schmitt trigger

©) Since all alternative functions are pure input functions, no PMCn register is re-
quired.

Table 2-19 Port group 0: configuration registers

. Initial .
Register | Address value Used bits

P02 FFFF F400y |- 0 ‘0 |0 ‘P04 ‘POS |P02 ‘P01 ‘POO

a) Note that this register is read-only since port 0 is for input only.

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.6 Port group 1

Port group 1 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ Timer TAAO channels
(TOAA00, TOAAO1, TIAAQO, TIAAO1, TEVTAAO, TTRGAADO)

¢ Timer TAA1 channels
(TOAA10, TOAA11, TIAA10, TIAA11, TEVTAA1, TTRGAAT)

¢ Timer TAA2 channels
(TOAA20, TOAA21, TIAA20, TIAA21, TEVTAA2, TTRGAA2)

¢ Timer TAA3 channels
(TOAA30, TOAA31, TIAA30, TIAA31, TEVTAAS3, TTRGAARI)

Port group 1 includes the following pins:

Table 2-20 Port group 1: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut
(PMCnm = 0) (PMCnm = 1) function oIse put
: . after reset type | filter charact.
Function 1 Function 2
PFC=0 PFC =1
P10 (1/O) TIAAQO (1)/ TOAAO00 (O) P10 (1) 5.K D s
TEVTAA1 (1)
P11 (I/O) TIAAO1 (1)/ TOAAO01 (O) P11 (I) 5.K D s
TTRGAA1 (1)
P12 (1/O) TIAA10 (1)/ TOAA10 (O) P12 (1) 5.K D s
TTRGAAO (1)
P13 (I/O) TIAA11 (1)/ TOAA11 (O) P13 (1) 5.K D s
TEVTAAO (I)
P14 (1/O) TIAA20 (1)/ TOAA20 (O) P14 (1) 5.K D s
TEVTAAS (1)
P15 (I/O) TIAA21 (1)/ TOAA21 (O) P15 (1) 5.K D s
TTRGAAS3 (1)
P16 (1/O) TIAA30 (1)/ TOAA3O0 (O) P16 (1) 5.K D s
TTRGAA2 (1)
P17 (I/O) TIAA31 (1)/ TOAA31 (O) P17 (1) 5.K D s
TEVTAAZ2 (1)
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-21 Port group 1: configuration registers
Register | Address L] Used bits
value
PMC1 FFFF F442, | 00y PMC17 | PMC16 | PMC15 |PMC14 |PMC13 |PMCi2 |PMC11 PMC10
PM1 FFFF F422, | FF4 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10
PFC1 FFFF F462y | 00y PFC17 PFC16 PFC15 PFC14 PFC13 PFC12 PFC11 PFC10
P1 FFFF F402y | 00y P17 P16 P15 P14 P13 P12 P11 P10
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.7 Port group 2
Port group 2 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ Timer TAA4 channels
(TOAA40, TOAA41, TIAA40, TIAA41, TEVTAA4, TTRGAA4)

¢ Timer TAA5 channels
(TOAA50, TOAA51, TIAA50, TIAA51, TEVTAAS5, TTRGAADS)

¢ Timer TAA6 channels
(TOAAB0, TOAAB1, TIAAGO, TIAAG1, TEVTAAG, TTRGAAB)

¢ Timer TAA7 channels
(TOAA70, TOAA71, TIAA70, TIAA71, TEVTAA7, TTRGAA7?)

Port group 2 includes the following pins:

Table 2-22 Port group 2: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut
(PMCnm = 0) (PMCnm = 1) function tvoe | filtera chagct b
Function 1 Function 2 T REE P .
PFC=0 PFC =1
P20 (1/0) TIAA40 (1)/ TOAA40 (O) P20 (1) 5.K D s
TEVTAAS (1)
P21 (I/O) TIAA41 (1)/ TOAA41 (O) P21 (1) 5.K D s
TTRGAAS (1)
P22 (1/0) TIAAS5O0 (1)/ TOAA50 (O) P22 (1) 5.K D s
TTRGAA4 (1)
P23 (I/0) TIAA51 (1)/ TOAA51 (O) P23 (1) 5.K D s
TEVTAA4 (1)
P24 (1/0) TIAABO (1)/ TOAAG0 (O) P24 (1) 5.K D s
TEVTAAT (1)
P25 (I/0) TIAA61 (1)/ TOAA61 (O) P25 (1) 5.K D s
TTRGAAT7 (1)
P26 (1/0) TIAA70 (1)/ TOAA70 (O) P26 (1) 5.K D s
TTRGAAG (1)
P27 (I/0) TIAA71 (1)/ TOAA71 (O) P27 (1) 5.K D s
TEVTAAG (I)
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-23 Port group 2: configuration registers
Register | Address L] Used bits
value
PMC2 FFFF F444, | 00y PMC27 | PMC26 |PMC25 |PMC24 |PMC23 |PMC22 |PMC21 PMC20
PM2 FFFF F424, | FF4 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PFC2 FFFF F464y | 00y PFC27 PFC26 PFC25 PFC24 PFC23 PFC22 PFC21 PFC20
P2 FFFF F404y | 00y P27 P26 P25 P24 P23 P22 P21 P20

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.8 Port group 3
Port group 3 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
* External interrupts (INTP4, INTP5)
¢ UARTCO receive/transmit data (RXDCO, TXDCO)
* UARTCH1 receive/transmit data (RXDC1, TXDC1)
* CANO receive/transmit data (FCRXDO, FCTXDO0)
* CAN1 receive/transmit data (FCRXD1, FCTXD1)
Port group 3 includes the following pins:
Table 2-24 Port group 3: pin functions and port types
Pin functions in different modes Pin
. Port | Noise Input
Port mode Alternative mode function type | filter? | charact.P
(PMCnm = 0) (PMCnm = 1) after reset
P30 (I/0) RXDCO (1)/ P30 (1) i
INTP4 (1) K D S
P31 (1/0) TXDCO (O) P31 (1) 5-K - S
P32 (1/0) RXDC1 (1)/ P32 (1) )
INTP5 () Sk D S
P33 (1/0) TXDC1 (0) P33 (I) 5-K - S
P34 (1/0) FCRXDO (1) P34 (1) 5-K - S
P35 (I/0) FCTXDO (O) P35 (1) 5-K - S
P36 (I/0) FCRXD1 (1) P36 (I) 5K | - S
P37 (1/0) FCTXD1 (O) P37 () 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-25 Port group 3: configuration registers
Register | Address Lllic] Used bits
value
PMC3 FFFF F446, | 00y PMC37 PMC36 PMC35 PMC34 PMC33 PMC32 PMC31 PMC30
PM3 FFFF F426, | FFy PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
P3 FFFF F406y | 004 P37 P36 P35 P34 P33 P32 P31 P30
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.9 Port group 4

Port group 4 is a 6-bit port group. In alternative mode, it comprises pins for the
following functions:

* External interrupt (INTP13)
* UARTC2 receive/transmit data (RXDC2, TXDC2)

¢ Clocked Serial Interface CSIBO data/clock line
(SIB0O, SOB0, SCKBO0)

¢ Clocked Serial Interface CSIB1 data/clock line
(SIB1, SOB1, SCKBH1)

Port group 4 includes the following pins:

Table 2-26 Port group 4: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut

(PMCnm = 0) (PMCnm = 1) function oIse put

: . after reset type | filter charact.

Function 1 Function 2
PFC=0 PFC =1
P40 (1/0) SIBO (1) RXDC2/INTP13 (I) | P40 (1) 5-K D S
P41 (1/O) SOBO (O) TXDC2 (O) P41 (1) 5-K - S
P42 (I/0) SCKBO (I/O) prohibited P42 (1) 5-K - S
P43 (1/0) SIB1 (1) prohibited P43 (1) 5-K - S
P44 (1/0) SOB1 (O) prohibited P44 (1) 5-K - S
P45 (1/0) SCKB1 (I/O) prohibited P45 (1) 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-27 Port group 4: configuration registers
Register | Address Lllic] Used bits
value

PMC4 FFFF F448, | 00y 0 0 PMC45 PMC44 PMC43 PMC42 PMC41 PMC40
PM4 FFFF F428, | FFy 1 1 PM45 PM44 PM43 PM42 PM41 PM40
PFC4 FFFF F468, | 00y 0 0 0 0 0 0 PFC41 PFC40
P4 FFFF F408, | 00y 0 0 P45 P44 P43 P42 P41 P40
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Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.10 Port group 5
Port group 5 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
¢ Timer TMSO0 pulse signal output (TOS00 to TOS07)

Note The outputs TOS01 to TOS06 of timer TMSO can be controlled by an
emergency shut-off. See “Emergency shut-off configuration” on page 43 for
details.

Port group 5 includes the following pins:
Table 2-28 Port group 5: pin functions and port types
Pin functions in different modes Pin
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.?
(PMCnm = 0) (PMCnm = 1) after reset
P50 (I/O) TOSO00 (O) P50 (1) 5-K - S
P51 (I/O) TOS01 (0)° P51 (1) 5-K - S
P52 (I/O) TOS02 (0)° P52 (1) 5-K - S
P53 (I/0) TOS03 (0)° P53 (1) 5-K - S
P54 (I/O) TOS04 (0)° P54 (1) 5-K - S
P55 (I/O) TOS05 (0)° P55 (1) 5-K - S
P56 (I/O) TOS06 (0)° P56 (1) 5-K - S
P57 (I/O) TOS07 (O) P57 (1) 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
©) Subject to emergency shut-off function
Table 2-29 Port group 5: configuration registers
Register | Address Lullic] Used bits
value
PMC5 FFFF F44Ay | 00y PMC57 PMC56 PMC55 PMC54 PMC53 PMC52 PMC51 PMC50
PM5 FFFF F42Ay | FFy PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
P5 FFFF F40Ay | 00y P57 P56 P55 P54 P53 P52 P51 P50
PESC5 FFFF F888, | 00y 0 0 0 0 ESOOEN |0 ESOOED1 | ESOOEDO
ESOSTS FFFF F88AL | 00y ESO0ST |0 0 0 0 0 0 0
PESMK5 | FFFF F890, | 00y 0 0 0 0 0 0 PESMK51 | PESMK50

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

Note Writing to registers PMC5, PM5, P5, PESC5, ESOST5 and RESMKS is

protected by a special sequence of instructions. Please refer to “Write enable
register” on page 47 for details.
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2.3.11 Port group 6
Port group 6 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
¢ Timer TMS1 pulse signal output (TOS10 to TOS17)

Note The outputs TOS11 to TOS16 of timer TMS1 can be controlled by an
emergency shut-off. See “Emergency shut-off configuration” on page 43 for
details.

Port group 6 includes the following pins:
Table 2-30 Port group 6: pin functions and port types
Pin functions in different modes Pin
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.?
(PMCnm = 0) (PMCnm = 1) after reset
P60 (I/0) TOS10 (O) P60 (1) 5-K - S
P61 (I/O) TOS11 (0)° P61 (1) 5-K - S
P62 (1/0) TOS12 (0)° P62 (1) 5-K - S
P63 (I/0) TOS13 (0)° P63 (1) 5-K - S
P64 (I/O) TOS14 (0)° P64 (1) 5-K - S
P65 (I/0) TOS15 (0)° P65 (1) 5-K - S
P66 (I/0) TOS16 (0)° P66 (1) 5-K - S
P67 (I/O) TOS17 (O) P67 (1) 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
©) Subject to emergency shut-off function
Table 2-31 Port group 6: configuration registers
Register | Address Lullic] Used bits
value
PMC6 FFFF F44Cy | 00y PMC67 PMC66 PMC65 PMC64 PMC63 PMC62 PMC61 PMC60
PM6 FFFF F42Cy | FFy PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60
P6 FFFF F40Cy | 004 P67 P66 P65 P64 P63 P62 P61 P60
PESC6 FFFF F88Cy | 00y 0 0 0 0 ESO1EN |0 ESO1ED1 | ESO1EDO
ESOST6 FFFF F88Ey | 00y ESO1ST |0 0 0 0 0 0 0
PESMK6 | FFFF F892, | 004 0 0 0 0 0 0 PESMK61 | PESMK60
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Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

Note Writing to registers PMC6, PM6, P6, PESC6, ESOST6 and and RESMKE6 is

protected by a special sequence of instructions. Please refer to “Write enable
register” on page 47 for details.
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2.3.12 Port group 7

Port group 7 is a 6-bit port group. In alternative mode, it comprises pins for the
following functions:

e Timer TMTO channels
(TITOO, TITO1, TOTOO, TOTO1, TEVTTO, TTRGTO, TECRTO, TENCTOO,
TENCTO1)

e Timer TMT1 channels
(TIT10, TIT11, TOT10, TOT11, TEVTT1, TTRGT1, TECRT1, TENCT10,
TENCT11)

* External interrupt (INTP12)

¢ Auxiliary frequency output (AFO)

Port group 7 includes the following pins:

Table 2-32 Port group 7: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut
(PMCnm = 0) (PMCnm = 1) function oIse put
: . after reset type | filter charact.
Function 1 Function 2
PFC=0 PFC =1
P70 (1/0) TITOO (I)/ TOTO00 (O) P70 (1)
TEVTT1 (1)/ 5-K D S
TENCTOO (1)
P71 (1/0) TITO1 (I)/ TOTO1 (O) P71 (1)
TTRGT1 (I)/ 5-K D S
TENCTO1 (1)
P72 (1/0) TECRTO (1) INTP12 (1) P72 () 5-K D S
P73 (1/0) TIT10 (I)/ TOT10 (O) P73 (1)
TTRGTO (1)/ 5-K D S
TENCT11 (1)
P74 (1/0) TIT11 (1)/ TOT11 (O) P74 (1)
TEVTTO (1)/ 5-K D S
TENCT10 (1)
P75 (1/0) TECRT1 (I) AFO (O) P75 (1) 5-K D S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-33 Port group 7: configuration registers
Register | Address Lllic] Used bits
value
PMC7 FFFF F44Ey, | 00y 0 0 PMC75 PMC74 PMC73 PMC72 PMC71 PMC70
PM7 FFFF F42Ey | FFy 1 1 PM75 PM74 PM73 PM72 PM71 PM70
PFC7 FFFF F46E, | 00y 0 0 PFC75 PFC74 PFC73 PFC72 PFC71 PFC70
P7 FFFF F40EL | 00y 0 0 P75 P74 P73 P72 P71 P70
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.13 Port group 8
Port group 8 is a 7-bit port group. In alternative mode, it comprises pins for the
following functions:

¢ Clocked Serial Interface CSIEO data/clock line
(SIEO0, SOEOQ, SCKEOQ)

¢ Clocked Serial Interface CSIEOQ chip select signal (SSCSE00 to SCSE03)
¢ Clocked Serial Interface CSIBO serial slave select input (SSB0)
* External interrupts (INTP6 to INTP8)

Port group 8 includes the following pins:

Table 2-34 Port group 8: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut
(PMCnm = 0) (PMCnm = 1) function olse put
_ . after reset type | filter charact.
Function 1 Function 2
PFC=0 PFC =1
P80 (I/O) SIEO (1) prohibited P80 (1) 5-K - S
P81 (1/O) SOEOQ (O) prohibited P81 (1) 5-K - S
P82 (I/0) SCKEO (I/0) prohibited P82 (1) 5-K - S
P83 (I/0) SCSEOQ0 (O) INTP6 (1) P83 (1) 5-K D S
P84 (1/0) SCSEO01 (O) INTP7 (1) P84 (1) 5-K D S
P85 (1/0) SCSEO02 (O) INTPS (1) P85 (1) 5-K D S
P86 (1/0) SCSEO03 (O) SSBO (1) P86 (1) 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-35 Port group 8: configuration registers
Register | Address Lllic] Used bits
value
PMC8 FFFF F4504 | 00y 0 PMC86 | PMC85 |PMC84 |PMC83 |PMC82 |PMC81 PMC80
PM8 FFFF F430y | FFy 1 PM86 PM85 PM84 PM83 PM82 PM81 PM80
PFC8 FFFF F4704 | 00y 0 PFC86 PFC85 PFC84 PFC83 0 0 0
P8 FFFF F4104 | 00y 0 P86 P85 P84 P83 P82 P81 P80

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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Port group 9

Port group 9 is a 7-bit port group. In alternative mode, it comprises pins for the
following functions:

Port group 9 includes the following pins:

Table 2-36 Port group 9: pin functions and port types

Clocked Serial Interface CSIEO chip select signal (SCSE04 to SCSEQ7)

Clocked Serial Interface CSIE1 data/clock line
(SIE1, SOE1, SCKET1)

Clocked Serial Interface CSIE1 chip select signal (SCSE10 to SCSE13)
Clocked Serial Interface CSIB1 serial slave select input (SSB1)
External interrupt (INTP9 to INTP11)
FlexRay external/internal interrupt (FSTPWT, FTINTO)

Pin functions in different modes
Port mode Alternative mode .
(PMCnm = 0) (PMCnm =1) Pin Port | Noise | Input
function |, e | filter? | charact.?
PFCE =0 PFCE =1 after reset | VP :
Function 1 | Function 2 | Function 3 | Function 4
PFC=0 PFC =1 PFC=0 PFC =1
P90 (1/0) SIET (1) prohibited prohibited prohibited | P90 (1) 5-K - S
P91 (I/O) SOE1 (0) prohibited prohibited prohibited | P91 (1) 5-K - S
P92 (1/0) SCKE1 (I/0) | prohibited prohibited prohibited | P92 (1) 5-K - S
P93 (1/0) SCSE10 (O) | INTP9 (1) SCSEO04 (O) | prohibited | P93 (1) 5-K D S
P94 (I/0) SCSE11 (O) |INTP10(l) | SCSEO05 (O) | FTINTO (O) | P94 (1) 5-K D S
P95 (1/O) SCSE12 (O) | INTP11 (I)/ | SCSEO06 (O) | prohibited | P95 (1) 5-K D S
FSTPWT (I)
P96 (I/0) SCSE13 (O) | SSB1 () SCSEO07 (O) | prohibited | P96 (I) 5-K - S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-37 Port group 9: configuration registers
Register | Address L] Used bits
value
PMC9 FFFF F452, | 00y 0 PMC96 | PMC95 |PMC94 |PMC93 |PMC92 |PMCO1 PMC90
PM9 FFFF F432y | FFy 1 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PFC9 FFFF F472, | 00y 0 PFC96 PFC95 PFC94 PFC93 0 0 0
PFCE9 FFFF FC32 | 00y 0 PFCE96 | PFCE95 |PFCE94 |PFCE93 |0 0 0
P9 FFFF F412y | 00y 0 P96 P95 P94 P93 P92 P91 P90
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.15 Port group 10

Port group 10 is a 3-bit port group. In alternative mode, it comprises pins for

the following functions:

¢ Timer TAA8 channels
(TOAA81, TIAA80, TEVTAAS)

¢ Timer TAA9 channels
(TOAA90, TOAA91, TIAAQO, TIAA91, TEVTAA9, TTRGAA9)

Port group 10 includes the following pins:

Table 2-38 Port group 10: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin Port | Noise Inbut
(PMCnm = 0) (PMCnm = 1) function oIse put
: . after reset type | filter charact.
Function 1 Function 2
PFC =0 PFC =1
P100 (I/O) TIAA80 (1)/ TOAA81 (O) P100 (1) 5.K D s
TEVTAAS (1)
P101 (I/O) TIAA90 (1)/ TOAA9O0 (O) P101 (1) 5.K D s
TTRGAAO9 (1)
P102 (1/O) TIAA91 (1)/ TOAA91 (O) P102 (1) 5.K D s
TEVTAAOQ (1)
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-39 Port group 10: configuration registers
Register | Address Lllic] Used bits
value
PMC10 FFFF F454, | 00y 0 0 0 0 0 PMC102 | PMC101 | PMC100
PM10 FFFF F434y | FFy 1 1 1 1 1 PM102 PM101 PM100
PFC10 FFFF F474y | 00y 0 0 0 0 0 PFC102 | PFC101 | PFC100
P10 FFFF F414y | 00y 0 0 0 0 0 P102 P101 P100
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.16 Port group 11

Port group 11 is a 6-bit port group. In alternative mode, it comprises pins for
the following functions:

e Timer TMSO input channels
(TAPTSO00 to TAPTS02, TEVTSO0, TTRGSO0)

e Timer TMS1 input channels
(TAPTS10 to TAPTS12, TEVTS1, TTRGS1)

Port group 11 includes the following pins:

Table 2-40 Port group 11: pin functions and port types
Pin functions in different modes Pin
- " Port | Noise | Input
Port mode Alternative mode function type | filter® | charact.
(PMCnm = 0) (PMCnm =1) after reset
P110 (I/O) TAPTSO0 (1)/ P110 (1) i
TEVTSO (I K| D S
P111 (I/O) TAPTSO1 (1)/ P111 (I i
TTRGSO (1) oKD s
P112 (I/O) TAPTSO2 (1) P112 (1) 5-K D S
P113 (1/0) TAPTS10 (1)/ P113 (1) i
TEVTST (1) K D S
P114 (I/O) TAPTS11 (I)/ P114 (1) i
TTRGST () Sk D S
P115 (I/O) TAPTS12 (1) P115 (1) 5-K D S
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-41 Port group 11: configuration registers
Register | Address L] Used bits
value
PMC11 FFFF F456, | 00y 0 0 PMC115 | PMC114 | PMC113 | PMCi12 | PMC111 | PMC110
PM11 FFFF F436y | FFy 1 1 PM115 PM114 PM113 PM112 PM111 PM110
P11 FFFF F416y | 00y 0 0 P115 P114 P113 P112 P111 P110
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.17 Port group AL

Port group AL is a 16-bit port group. In alternative mode, it comprises pins for

the external memory interface address lines 0 to 15.

Port group AL includes the following pins:

Table 2-42 Port group AL: pin functions and port types

Pin functions in different modes Pin B -
. or oise npu
Port mode Alternative mode function type | filter? chafact b
(PMCnm = 0) (PMCnm = 1) after reset i
PALO (I/O) A0 (O) PALO (I) 5 - nS
PAL1 (1/O) A1 (O) PAL1 (1) 5 - nS
PAL2 (I/O) A2 (0) PAL2 (I) 5 - nS
PAL3 (I/0) A3 (0) PAL3 (I) 5 - nS
PAL4 (1/O) A4 (O) PAL4 (1) 5 - nS
PAL5 (1/O) A5 (O) PALS5 (I) 5 - nS
PALS (1/O) A6 (O) PALS (I) 5 - nS
PAL7 (1/O) A7 (O) PAL7 (1) 5 - nS
PALS (I/O) A8 (0) PALS (I) 5 - nS
PALO (I/O) A9 (O) PALO (I) 5 - nS
PAL10 (I/0) [ A10(O) PAL10 (I) 5 - nS
PAL11 (/0) | A11(O) PAL11 () 5 - nS
PAL12 (/0) |A12(O) PAL12 (1) 5 - nS
PAL13 (I/0) [ A13(0) PAL13 (I) 5 - nS
PAL14 (/0) | A14(0) PAL14 (1) 5 - nS
PAL15 (/0) | A15 (O) PAL15 (1) 5 - nS

a) A: analog noise filter; D: digital noise filter; —: no noise filter

The filters are only effective for the alternative input functions.
S: Schmitt trigger; nS: non-Schmitt trigger

b)
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Table 2-43 Port group AL: configuration registers

Register | Address :":It:la: Used bits

PMCALL FFFF FO404 |00y PMCAL7 | PMCAL6 |PMCAL5 |PMCAL4 |PMCAL3 |PMCAL2 | PMCAL1 | PMCALO
PMCALH | FFFF F041y | 004 PMCAL15 | PMCAL14 | PMCAL13 | PMCAL12 | PMCAL11 | PMCAL10 | PMCAL9 | PMCALS
PMCAL FFFF F0404 | 0000y PMCAL15 to PMCAL8 (PMCALH) PMCAL7 to PMCALO (PMCALL)

(16 bit)

PMALL FFFF F0O204 | FFy PMAL7 | PMAL6 |PMAL5 |PMAL4 |PMAL3 |PMAL2 | PMALT PMALO
PMALH FFFF FO21y | FFy PMAL15 | PMAL14 | PMAL13 | PMAL12 |PMAL11 |PMAL10 |PMAL9 | PMALS
PMAL FFFF F0O20y | FFFFy PMAL15 to PMAL8 (PMALH) MAL7 to PMALO (PMALL)

(16 bit)

PALL FFFF FO004 | 004 PAL7 PAL6 PAL5 PAL4 PAL3 PAL2 PAL1 PALO
PALH FFFF FOO1y | 00y PAL15 PAL14 PAL13 PAL12 PAL11 PAL10 PAL9 PALS
PAL FFFF FO00, | 0000y PAL15 to PAL8 (PALH) PAL7 to PALO (PALL)

(16 bit)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

All 16-bit registers can be accessed in 16-bit units.
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2.3.18 Port group AH

Port group AH is a 6-bit port group. In alternative mode, it comprises pins for
the external memory interface address lines 16 to 21:

Port group AH includes the following pins:

Table 2-44 Port group AH: pin functions and port types

Pin functions in different modes Pin
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.?
(PMCnm = 0) (PMCnm = 1) after reset
PAHO (I/O) A16 (O) PAHO (1) 5 - nS
PAH1 (1/O) A17 (O) PAH1 (1) 5 - nS
PAH2 (1/O) A18 (O) PAH2 (1) 5 - nS
PAHS3 (I/O) A19 (O) PAH3 (1) 5 - nS
PAH4 (1/O) A20 (O) PAH4 (1) 5 - nS
PAH5 (1/O) A21(O) PAHS5 (1) 5 - nS
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-45 Port group AH: configuration registers
Register | Address L] Used bits
value
PMCAH FFFF F042, | 00y 0 0 PMCAH5 | PMCAH4 | PMCAH3 | PMCAH2 | PMCAH1 | PMCAHO
PMAH FFFF F022y | FFy 1 1 PMAH5 PMAH4 PMAH3 PMAH2 PMAH1 PMAHO
PAH FFFF F002y | 00y 0 0 PAH5 PAH4 PAH3 PAH2 PAH1 PAHO

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.19 Port group CS
Port group CS is a 4-bit port group. In alternative mode, it comprises pins for
the external memory interface chip select signals (CS0, CS2, CS3, CS4)
Port group CS includes the following pins:
Table 2-46 Port group CS: pin functions and port types
Pin functions in different modes Pin .
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.?
(PMCnm = 0) (PMCnm = 1) after reset
PCSO (I/0) CSO0 (0) PCSO (1) 5 - nS
PCS2 (I/0) CS2 (0) PCS2 (1) 5 - nS
PCS3 (I/0) CS3 (0) PCS3 () 5 - nS
PCS4 (I/0) CS4 (0) PCS4 (1) 5 - nS
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-47 Port group CS: configuration registers
. Initial .
Register | Address value Used bits
PMCCS FFFF F048y | 004 0 0 0 PMCCS4 | PMCCS3 | PMCCS2 |0 PMCCS0
PMCS FFFF F028y | FFy 1 1 1 PMCS4 | PMCS3 |PMCS2 |1 PMCS0
PCS FFFF F008y | 00y 0 0 0 PCS4 PCS3 PCS2 0 PCSO
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.20 Port group CT
Port group CT is a 2-bit port group. In alternative mode, it comprises pins for
the external memory interface read/write strobe.
Port group CT includes the following pins:
Table 2-48 Port group CT: pin functions and port types
Pin functions in different modes Pin
. Port | Noise Input
Port mode Alternative mode function type | filter® | charact.
(PMCnm = 0) (PMCnm = 1) after reset
PCT4 (1/0) RD (0) PCT4 (1) 5 - nS
PCTS5 (I/0) WR (O) PCT5 (I) 5 - nS
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-49 Port group CT: configuration registers
Register | Address L] Used bits
value
PMCCT FFFF FO4Ay | 004 0 0 PMCCT5 | PMCCT4 |0 0 0
PMCT FFFF FO2Ay | FFy 1 1 PMCT5 PMCT4 1 1 1
PCT FFFF FOOAy | 004 0 0 PCT5 PCT4 0 0 0
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.21 Port group CM
Port group CM is a 4-bit port group. In alternative mode, it comprises pins for
the following functions.
* External memory interface data wait request (WAIT)
Port group CM includes the following pins:
Table 2-50 Port group CM: pin functions and port types
Pin functions in different modes Pin .
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.?
(PMCnm = 0) (PMCnm =1) after reset
PCMO (I/0) WAIT (1) PCMO (1) 5 - nS
PCM1 (1/0) - PCM1 (1) 5 - nS
PCMS6 (1/0) - PCM® (1) 5 - nS
PCM?7 (1/0) - PCM7 (1) 5 - nS
a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
Table 2-51 Port group CM: configuration registers
. Initial .
Register | Address value Used bits
PMCCM FFFF F04Cy | 00y 08 0@ 0 0 08 PMCCMO
PMCM FFFF F02Cy | FFy PMCM7 | PMCM6 |1 1 PMCM1 | PMCMO
PCM FFFF FOOCy | 00y PCM7 PCM6 0 0 PCM1 PCMO
) These bits must remain in their default state 0.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.22 Port group CD

Port group CD is a 4-bit port group. In alternative mode, it comprises pins for
the byte enable output of the external data bus.

Port group CD includes the following pins:

Table 2-52 Port group CD: pin functions and port types

Pin functions in different modes Pin 2o | e N
. or oise npu

Port mode Alternative mode function type | filter? chal!)act.b
(PMCnm = 0) (PMCnm = 1) after reset
PCD2 (I/O) BENO (O) PCD2 (1) 5 - nS
PCD3 (1/0) BENT (O) PCD3 (I) 5 - nS
PCD4 (1/0) BEN2 (O) PCD4 (I) 5 - nS
PCD5 (1/0) BEN3 (O) PCDS5 () 5 - nS

a) A: analog noise filter; D: digital noise filter; —: no noise filter
The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger

Table 2-53 Port group CD: configuration registers

Register | Address :’r;iltlilael Used bits

PMCCD FFFF FO4EL | 004 0 0 PMCCD5 | PMCCD4 | PMCCD3 | PMCCD2 |0 0
PMCD FFFF FO2EL | FFy 1 1 PMCD5 | PMCD4 |PMCD3 |PMCD2 |1 1
PCD FFFF FOOEL | 00y 0 0 PCD5 PCD4 PCD3 PCD2 0 0

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.3.23 Port group DL

Port group DL is a 16-bit port group. In alternative mode, it comprises pins for
the external memory interface data lines 0 to 15.

Port group DL includes the following pins:

Table 2-54 Port group DL: pin functions and port types

Pin functions in different modes Pin
. Port | Noise Input
Port mode Alternative mode function type | filter® | charact.

(PMCnm = 0) (PMCnm = 1) after reset
PDLO (I/O) DO (I/O) PDLO (1) 5 - nS
PDL1 (I/O) D1 (/O) PDL1 (1) 5 - nS
PDL2 (1/O) D2 (1/0) PDL2 (1) 5 - nS
PDL3 (I/O) D3 (I/O) PDL3 (1) 5 - nS
PDL4 (1/O) D4 (1/0) PDL4 (1) 5 - nS
PDLS5 (I/O) D5 (I/O) PDLS5 (1) 5 - nS
PDLS6 (I/O) D6 (I/O) PDLS6 (1) 5 - nS
PDL7 (I/O) D7 (/0) PDL7 (1) 5 - nS
PDLS8 (I/O) D8 (I/O) PDLS8 (1) 5 - nS
PDL9 (I/O) D9 (I/O) PDL9 (1) 5 - nS
PDL10 (I/O) D10 (I/O) PDL10 (1) 5 - nS
PDL11 (I/O) D11 (I/O) PDL11 (1) 5 - nS
PDL12 (I/O) D12 (I/O) PDL12 (1) 5 - nS
PDL13 (I/O) D13 (I/O) PDL13 (1) 5 - nS
PDL14 (I/O) D14 (I/O) PDL14 (1) 5 - nS
PDL15 (I/O) D15 (1/0) PDL15 (1) 5 - nS

a) A: analog noise filter; D: digital noise filter; —: no noise filter

The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
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Table 2-55 Port group DL: configuration registers

Register | Address Lllic] Used bits
value

PMCDLL FFFF F044, | 004 PMCDL7 | PMCDL6 | PMCDL5 | PMCDL4 |PMCDL3 |PMCDL2 |PMCDL1 |PMCDLO

PMCDLH | FFFF F045, | 004 PMCDL15 | PMCDL14 | PMCDL13 | PMCDL12 | PMCDL11 |PMCDL10 | PMCDL9 | PMCDL8

PMCDL | FFFF F044, | 0000, PMCDL15 to PMCDL8 (PMCDLH) PMCDL7 to PMCDLO (PMCDLL)
(16 bit)

PMDLL FFFF F024y | FFy PMDL7 PMDL6 PMDL5 PMDL4 PMDL3 PMDL2 PMDLA1 PMDLO

PMDLH FFFF F025y | FFy PMDL15 | PMDL14 |PMDL13 |PMDL12 |PMDL11 |PMDL10 |PMDL9 | PMDLS8

PMDL FFFF F024y | FFFFy PMDL15 to PMDL8 (PMDLH) PMDL7 to PMDLO (PMDLL)
(16 bit)

PDLL FFFF FOO4, |00, |PDL7 |PDL6  |PDLs  |PDL4 |PDL3 |PDL2  |PDLI PDLO
PDLH FFFF FOO5, |00, |PDL15 |PDL14 |PDL13 |PDLi2 |PDL11 |PDL10 [PDLY  |PDLS
PDL FFFF FO04y | 0000 PDL15 to PDL8 (PDLH) PDL7 to PDLO (PDLL)

(16 bit)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

All 16-bit registers can be accessed in 16-bit units.
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2.3.24 Port group DH

Port group DH is a 16-bit port group. In alternative mode, it comprises pins for
the external memory interface data lines 16 to 31.

Port group DH includes the following pins:

Table 2-56 Port group DH: pin functions and port types

Pin functions in different modes Pin
. Port | Noise Input
Port mode Alternative mode function type | filter® | charact.

(PMCnm = 0) (PMCnm = 1) after reset
PDHO (I/0) D16 (I/0) PDHO (I) 5 - nS
PDH1 (1/O) D17 (I/O) PDH1 (1) 5 - nS
PDH2 (1/O) D18 (I/O) PDH2 (1) 5 - nS
PDHS3 (I/0) D19 (1/0) PDH3 (1) 5 - nS
PDH4 (1/0) D20 (I/0) PDH4 (1) 5 - nS
PDHS5 (1/0) D21 (I/O) PDHS5 (1) 5 - nS
PDH6 (1/0) D22 (I/0O) PDH® (1) 5 - nS
PDH?7 (1/O) D23 (I/0) PDH7 (1) 5 - nS
PDHS8 (1/0) D24 (I/0O) PDH8 (1) 5 - nS
PDH9 (I/0) D25 (1/0) PDH9 (1) 5 - nS
PDH10 (I/O) D26 (I/0) PDH10 (1) 5 - nS
PDH11 (I/O) D27 (I/0) PDH11 (1) 5 - nS
PDH12 (I/O) D28 (I/0) PDH12 (1) 5 - nS
PDH13 (I/O) D29 (I/0) PDH13 (1) 5 - nS
PDH14 (1/O) D30 (I/0) PDH14 (1) 5 - nS
PDH15 (I/O) D31 (1/0) PDH15 (1) 5 - nS

a) A: analog noise filter; D: digital noise filter; —: no noise filter

The filters are only effective for the alternative input functions.
b)  S: Schmitt trigger; nS: non-Schmitt trigger
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Table 2-57 Port group DH: configuration registers

Register | Address Lllic] Used bits
value

PMCDHL | FFFF F046 | 004 PMCDH7 | PMCDH6 | PMCDH5 | PMCDH4 | PMCDH3 | PMCDH2 | PMCDH1 | PMCDHO

PMCDHH | FFFF F047, | 004 PMCDH15 | PMCDH14 | PMCDH13 | PMCDH12 | PMCDH11 | PMCDH10 | PMCDH9 | PMCDH8

PMCDH | FFFF F046, | 0000, PMCDH15 to PMCDH8 (PMCDHH) PMCDH?7 to PMCDHO (PMCDHL)
(16 bit)

PMDHL FFFF F026y | FFy PMDH7 | PMDH6 | PMDH5 | PMDH4 |PMDH3 |PMDH2 | PMDH1 PMDHO

PMDHH FFFF F027y | FFy PMDH15 | PMDH14 | PMDH13 | PMDH12 | PMDH11 | PMDH10 | PMDH9 | PMDH8

PMDH FFFF F026, | FFFFy PMDH15 to PMDH8 (PMDHH) PMDH?7 to PMDHO (PMDHL)

(16 bit)

PDHL FFFF FOOBy |00, |PDH7 |PDH6  |PDH5 |PDH4 |PDH3  |PDH2  [PDH1  |PDHO
PDHH FFFF FO07, |00y, |PDH15 |PDH14 |PDH13 |[PDH12 |PDH11 |PDH10 [PDH9  |PDHS
PDH FFFF FO0By | 0000 PDH15 to PDH8 (PDHH) PDH7 to PDHO (PDHL)

(16 bit)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

All 16-bit registers can be accessed in 16-bit units.
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2.4

2.4.1

Table 2-58

Noise Elimination

The input signals at some pins are passing a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters.

If the pins are used as general purpose I/O ports Pmn, the signals are not
filtered.

Following alternative function signals are not filtered at the ports:

¢ UARTCn receive data signals RXDCn, but UARTCn has built-in noise
rejection filters

* FlexRay receive data signals FRXDA, FRXDB and interrupt input FSTPWD,
but FlexRay has built-in noise rejection filters

¢ CANnN receive data signals FCRXDn

In the following all signals are listed, which are filtered.
The port group functions tables in section “Port group 0” on page 64 and all
following also indicate filtered signals.

Analog filtered inputs

The analog filter suppresses input pulses that are shorter than a specified
pulse width (refer to the Data Sheet). This assures the hold time for the
external interrupt signals.

The analog filter is not effective if the corresponding pin works as a general
purpose /O port.

Table 2-58 lists all signals which are passed through an analog filter to remove
noise and glitches.

Input signals with analog filters

Function Pin name Inputs with analog filter
Reset RESET RESET
DRST DRST
MODE_DBG MODE_DBG
Interrupts POO/NMI NMI
P01/ESO0/INTPO ESOO0/INTPO
P0O2/ESO1/INTP1 ESO1/INTP1
Others PLLSEL PLLSEL
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2.4.2 Digitally filtered inputs

The inputs of the peripherals listed in Table 2-59 are passed through a digital
filter to remove noise and glitches.

The digital filter is not effective if the corresponding pin works as a general
purpose /O port.

Table 2-59 Input signals with digital filters (1/2)

Function Pin name Inputs with digital filter

Interrupts PO3/ADTRGO/INTP2 ADTRGO/INTP2
P04/ADTRG1/INTP3 ADTRG1/INTP2
P30/RXDCO/INTP4 INTP4
P32/RXDC1/INTP5 INTP5
P83/SCSEO00/INTP6/FCRXD2 INTP6
P84/SCSEO01/INTP7/FCTXD2 INTP7
P85/SCSEO02/INTP8/FCRXD3 INTP8
P93/SCSE10/INTP9/SCSE04 INTP9
P94/SCSE11/INTP10/SCSEO05/FTINTO INTP10
P95/SCSE12/INTP11/SCSE06/FSTPWT | INTP11
P72/TECRTO/INTP12 TECRTO/INTP12
P40/SIBO/RXDC2/INTP13 INTP13

Timers A P10/TIAAOO/TEVTAA1/TOAAQ0O TIAAOO/TEVTAA1
P11/TIAAO1/TTRGAA1/TOAAO1 TIAAO1/TTRGAA1/
P12/TIAA10/TTRGAAO/TOAA10 TIAA10/TTRGAAO/
P13/TIAA11/TEVTAAO/TOAA11 TIAA11/TEVTAAO/
P14/TIAA20/TEVTAA3/TOAA20 TIAA11/TEVTAAO/
P15/TIAA21/TTRGAA3/TOAA21 TIAA21/TTRGAA3/
P16/TIAA30/TTRGAA2/TOAA30 TIAA30/TTRGAA2/
P17/TIAA31/TEVTAA2/TOAAS3A TIAA31/TEVTAA2
P20/TIAA40/TEVTAAS/TOAA40 TIAA40/TEVTAAS
P21/TIAA41/TTRGAA5/TOAA41 TIAA41/TTRGAAS
P22/TIAA50/TTRGAA4/TOAA50 TIAA41/TTRGAAS
P23/TIAA51/TEVTAA4/TOAA51 TIAA51/TEVTAA4
P24/TIAA60/TEVTAA7/TOAAGBO TIAABO/TEVTAA7
P25/TIAA61/TTRGAA7/TOAA6B1 TIAA61/TTRGAA7
P26/TIAA70/TTRGAAB/TOAA70 TIAA70/TTRGAA6
P27/TIAA71/TEVTAAG/TOAAT1 TIAA71/TEVTAAG
P100/TIAA80/TEVTAA8/TOAA81 TIAABO/TEVTAAS8
P101/TIAA9O/TTRGAA9/TOAA90 TIAA90/TTRGAA9
P102/TIAA91/TEVTAA9/TOAA91 TIAA91/TEVTAA9
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Table 2-59

Filter operation

T
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Input signals with digital filters (2/2)

Function Pin name Inputs with digital filter

Timers S P110/TAPTSOO/TEVTSO TAPTSO00/TEVTSO
P111/TAPTS01/TTRGSO0 TAPTS01/TTRGSO0
P112/TAPTS02 TAPTS02
P113/TAPTS10/TEVTSH TAPTS10/TEVTS1
P114/TAPTS11/TTRGS1 TAPTS11/TTRGSH
P115/TAPTS12 TAPTS12

Timers T P70/TITOO/TEVTT1/TOTOO/TENCTOO TITOO/TEVTT1/TENCTO0O
P71/TITO1/TTRGT1/TOTO1/TENCTO1 TITO1/TTRGT1/TENCTO1
P72/TECRTO/INTP12 TECRTO/INTP12

P73/TIT10/TTRGTO/TOT10/TENCT11 TIT10/TTRGTO/TENCT11
P74/TIT11/TEVTTO/TOT11/TENCT10 TIT11/TEVTTO/TENCT10

P75/TECRT1/AFO TECRT1

The input terminal signal is sampled with the sampling frequency fg. Spikes

shorter than 4 sampling cycles are suppressed and no internal signal is
generated. Pulses longer than 5 sampling cycles are recognized as valid
pulses and an internal signal is generated. For pulses between 4 and 5
sampling cycles, the behaviour is not defined. The filter operation is illustrated
in Figure 2-3.
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Figure 2-3

Table 2-60

Digital noise removal example

The minimum input terminal pulse width to be validated is defined by the
sampling frequency fs. The sampling frequency fg can be chosen as 32 MHz or

4 MHz by the noise rejection time control register NCR.

Digital noise removal features

Sampling frequency fs | Minimum pulse width to generate an internal signal

32 MHz 125 -156.25 ns

4 MHz 1-1.25 psec

The sampling clock for the noise elimination circuit can be individually adjusted
for each of the aforementioned external input signals. The clock is specified by
the 8-bit register NRC.
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(1) NRC - Noise rejection time control register

The 8-bit NRC register specifies the sampling clock for the noise elimination
circuit.

Access This register can be read/written in 8-bit and 1-bit units.
Address FFFF F7AOy

Initial Value 00y. This register is cleared by RESET.

7 6 5 4 3 2 1 0

NRC7 NRC6 NRC5 NRC4 NRC3 NRC2 NRC1 NRCO

R/W R/W R/W R/W RW RW R/W R/W

Table 2-61 NRC register contents

Bit position | Bit name Function

Sets the sampling clock for the noise elimination
circuit for the corresponding input signal:

0: 32 MHz

1: 4 MHz
For an assignment of bit positions to input signals see
Table 2-62 on page 90.

7100 NRC[7:0]

Table 2-62 Assignment of input signals to bit positions for register NRC

Bit position | Bit name | Input signals Description

2 NRC7 e TAPTS10to TAPTS12, TEVTS1, TTRGSH1 e Timer TMS1 input channels
e TAPTSO00 to TAPTS02, TEVTSO, TTRGSO e Timer TMSO0 input channels

6 NRC6 e TIAA90,TIAA91, TTRGAA9, TEVTA9 e Timer TAA9 input channels
e TIAA80, TEVTAAS8 e Timer TAAS8 input channels

5 NRC5 e TIAA70,TIAA71, TEVTAA7, TTRGAA7 e Timer TAA7 input channels
e TIAA60,TIAA61, TEVTAAG, TTRGAA6 e Timer TAA6 input channels

4 NRC4 e TIAA50,TIAA51, TEVTAA5, TTRGAA5 e Timer TAAS5 input channels
e TIAA40,TIAA41, TEVTAA4, TTRGAA4 e Timer TAA4 input channels

3 NRC3 e TIAA30,TIAA31, TEVTAA3, TTRGAA3 e Timer TAAS input channels
e TIAA20,TIAA21, TEVTAA2, TTRGAA2 e Timer TAA2 input channels

5 NRC2 e TIAA10,TIAA11, TEVTAA1, TTRGAA1 e Timer TAA1 input channels
e TIAAO00,TIAAO1, TEVTAAO, TTRGAAO e Timer TAAO input channels
e TIT10, TIT11, TEVTT1, TTRGT1, TECRTI1, e Timer TMT1 input channels

1 NRC1 TENCT11, TENCT10 e Timer TMTO input channels
e TITOO, TITO1, TEVTTO, TTRGTO, TECRTO,

TENCTO1, TENCTOO

0 NRCO e ADTRGO, ADTRGH1 e ADCO and ADC1 trigger input

e INTP2to INTP13 e External interrupts 2 to 13
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2.5 Pin Functions during and after Reset

The following table summarizes the status of the pins during reset and after
reset release in normal operation mode, i.e. MODE1 = 0.

Table 2-63 Pin functions during and after RESET (1/2)

RESET =1
Pin name RESET=0 | Normal | CPU in HALT mode, No access
operation DMA operating to external memory
External memory interface
A[21:0] (PAL[15:0], PAH[5:0]) Hi-Z operating operating retains status of last
external memory access

D[31:0] (PDL[15:0], PDH[15:0]) Hi-Z operating operating Hi-Z

CS0, CS[4:2] (PCS0, PCS[4:2)) Hi-Z operating operating H

BENI[3:0] (PCD[5:2]) Hi-Z operating operating H

RD (PCT4) Hi-Z operating operating H

WR (PCT5) Hi-Z operating operating H

WAIT (PCMO) Hi-Z operating operating -

N-Wire interface

DCK DRST=L Hi-Z Hi-Z Hi-Z Hi-Z
DRST=H operating | operating operating operating

DDI DRST=L Hi-Z Hi-Z Hi-Z Hi-Z
DRST=H operating | operating operating operating

DDO DRST =L Hi-Z L L L
DRST=H operating | operating operating operating

DMS DRST =L Hi-Z Hi-Z Hi-Z Hi-Z
DRST=H operating | operating operating operating

Non-break debug interface

CLK_DBG MODE_DBG =L Hi-Z Hi-Z Hi-Z Hi-Z
MODE_DBG =H Hi-Z operating operating operating

SYNC MODE_DBG =L Hi-Z Hi-Z Hi-Z Hi-Z
MODE_DBG =H Hi-Z operating operating operating

TRIG_DBG MODE_DBG =L Hi-Z Hi-Z Hi-Z Hi-Z
MODE_DBG =H Hi-Z operating operating operating

ADO_DBG, MODE_DBG =L Hi-Z Hi-Z Hi-Z Hi-Z

AD1_DBG, MODE_DBG =H Hi-Z operating operating operating

AD2_DBG,

AD3_DBG

Flexray interface

FRXDA/FRXDB Hi-Z operating operating operating

FTXDA/FTXDB Hi-Z operating operating operating

FTXENA/FTXENB Hi-Z operating operating operating

FTINTO (P94) Hi-Z operating operating operating

FSTPWT (P95) Hi-Z operating operating operating
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Table 2-63 Pin functions during and after RESET (2/2)

RESET =1
Pin name RESET =0 | Normal | CPU in HALT mode, No access
operation DMA operating to external memory
Pins in alternative mode, which are not mentioned above
Alternative inputs - operating operating operating
Alternative outputs - operating operating operating
Pins in port mode, which are not mentioned above
Port inputs Hi-Z operating - operating
Port outputs - operating | retains the last status operating

92
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2.6 Recommended Connection of unused Pins

If a pin is not used, it is recommended to connect it as follows:

Table 2-64 Recommended connection of unused pins

Caution

Note

Pins with fixed level

Pin

Recommended connection

Port pins

Pins of port group 0: P0O[4:0]

connect to VSS3x

Pins of all other port groups:

P1[7:0], P2[7:0], P3[7:0], P4[5:0],
P5[7:0], P6[7:0], P7[5:0], P8[6:0],
P9[6:0], P10[2:0], P11[5:0], PAL[15:0],
PAH[5:0], PCS0, PCS[4:2], PCD[5:2],
PDL[15:0], PAH[15:0]

* output ports:
leave open

¢ input ports:
connect to VDD3x or VSS3x via
resistors

Non-port pins

ADO_DBG to AD3_DBG

connect to VSS3x via resistors

ANIO00 to ANIO9

connect to AVDD or AVSSO0

ANI10 to ANI19

connect to AVDD or AVSSH1

CLK_DBG connect to VSS3x via resistor
DCK, DDI, DMS connect to VDD3Xx via resistors
DDO leave open
DRST connect to VSS3x
FRXDA/FRXDB connect to VDD3x or VSS3x via resistors
FTXDA/FTXDB/FTXENA/FTXENB leave open
MODE_DBG connect to VSS3x
PLLSEL e 128 MHz: connect to VSS3x via
resistor
e 80 MHz: connect to VDD3x via resistor
SYNC connect to VSS3x via resistor
TRIG_DBG leave open

Pins to be connected via a resistor to VSS3x respectively VDD3x must be

connected via separate resistors.

1. For pins requiring a pull-up/-down resistor a resistance of 1 to 10 KQ. is

recommended.

2. If the overall maximum output current exceeds its maximum value the

output buffer can be damaged. We
resistor to prevent damage in case

recommend the placement of a series
of accidentally enabled outputs. Refer

to the absolute maximum rating parameter in the Data Sheet.

Beside the power supply pins VDD30/VSS30 and VDD 15/VSS15 several other
pins have to be set to a fixed level, respectively have to be left open:

¢ pins to be connected to VSS3x or VSS5x, marked as IC_VSSxx in

Figure 2-4)

¢ pins to be connected to VSS3x, marked as IC_VSS3x in Figure 2-4)
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¢ pins to be connected to VDD3x, marked as IC_VDD3x in Figure 2-4)
* pins to be left open, marked as NC in Figure 2-4)

2.7 Package Pins Assignment

The following figure shows the location of pins in top view. Every pin is labelled
with its pin name. For port pins, only the pin name in port mode is given. For a
list of all alternative pin names, refer to Table 2-15 on page 49.

Note When connecting the pins, consider the following:

e |C_VSSxx: Connect to VSS3x or VSS15x

e |C_VSS3x: Connect to VSS3x

e |C_VDD3x:Connect to VDD3x

e NC: Don’t connect, leave open

* Index: Connect to VSS3x or VSS15x or leave open

e AVSSx:  Avoid injecting noise from VSS30 or VSS15 by providing a low
impedance connection of AVSSx to a location with low noise
ground potential.

e Thermal: Connectto VSS3x or VSS15x.
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=N WA OO N

N Wwh OO N®

A B C D = 7 G H J K L M
IC_VSSxx | IC_VSSxx NC P86 P84 P82 P80 P02 PO1 P45 P43 P41
IC_VSSxx | IC_VSSxx [ IC_VSSxx P85 P83 P81 P04 P03 P00 P44 P42 P40

FTXDA FRXDA IC_VSSxx | VSS30 VSS15 VDD15 MODE1 MODE3 VSS30 VDD30 DDI DCK
FTXDB FRXDB VSS30 IC_VSSxx | IC_VSSxx VDD15 MODE2 MODEO VSSi15 VDD30 DRST VSS30
FTXENA NC VSS15 1C_VSSxx
FTXENB NC VDD30 VDD30
P91 P90 IC_VDD3x [ IC_VDD3x
P92 P93 SYNC VDD15
P94 P95 TRIG_DBG | VDD15
P70 P96 VSSi15 VSS30 Thermal Thermal Thermal
P72 P71 AD1_DBG [ ADO_DBG Thermal Thermal Thermal
P100 P75 P73 P74 Thermal Thermal Thermal
P102 P101 VSS30 VDD30 Thermal Thermal Thermal
P111 P110 MODE_DBG| CLK_DBG Thermal Thermal Thermal
P113 P112 VSS15 VDD15 Thermal Thermal Thermal
P114 P115 VSS30 VDD15
PCS3 PCS0 VSS15 VDD30
PCT5 PCT4 AD2_DBG PCS4
PCM1 PCMO PCS2 AD3_DBG
PCM6 PCM7 VDD30 IC_VSSxx INDEX
PCD3 PCD2 VSS30 IC_VSSxx [ IC_VSSxx | VDD30 PAL9 PAL13 VDD30 VSS15 PAH4 PDL2
PCD5 PCD4 IC_VSSxx VSS15 VSS30 VDD15 PAL7 PAL12 VDD15 VSS30 PAH5 PDL3
IC_VSSxx_| IC_VSSxx PALO PAL2 PAL4 PAL6 PAL10 PAL14 PAHO PAH2 PDLO PDL4
IC_VSSxx | IC_VSSxx PAL1 PAL3 PALS PAL8 PAL11 PAL15 PAH1 PAH3 PDL1 PDL5
A B © D E F G H J K L M
N B R T U Vv w Y AA AB AC AD
P57 P55 P53 P51 P37 P35 CVDD15 | CVSS15 | CVDD15 | CVSS15 [ IC_VSSxx | IC_VSSxx
P56 P54 P52 P50 P36 P34 X1 X2 IC_VSS3xx | IC_VSS3xx | IC_VSS3xx | IC_VSSxx
RESET. DDO VDD15 VSS15 PLLSEL |IC vSS3x | VSSi5 VSS15 VSS30 [ 1C_VSSxx_|IC_VSS3xx | IC_VSS3xx
DMS VDD30 VDD30 VSS30 IC_VSS3x | IC_VSS3x | VDD15 IC_VSSxx [IC_VvSSxx | VSS30 P32 P33
IC_VSSxx_|[ VDD30 P30 P31
VDD15 VDD15 P66 P67
P65 P64 P63 P62
VSS15 VSS15 P60 P61
VSS30 VSS30 P26 P27
Thermal Thermal Thermal P22 P23 P24 P25
Thermal Thermal Thermal P17 P14 P20 P21
Thermal Thermal Thermal VDD30 VDD30 P15 P16
Thermal Thermal Thermal VDD15 VDD30 P13 P12
Thermal Thermal Thermal V8§15 VSS30 P10 P11
Thermal Thermal Thermal ANI10 ANI11 AVSS1 AVSS1
ANI12 ANI13 ANI14 ANI15
ANI16 ANI17 ANI18 ANI19
ANIO9 ANI08 AVREF1 AVREFO
ANIO7 ANIO6 AVDD AVDD
AVSS0 AVSS0 ANIO5 ANI04
VSS15 VDD30 VDD30 VSS30 PDHO VDD30 PDH11 IC_VSSxx_[ IC_VSSxx | IC_VSSxx ANIO3 ANIO2
VSS30 VDD15 PDL6 PDL9 PDH1 VDD15 PDH9 VSS15 VSS30 IC_VSSxx ANIO1 ANIOO
PDL7 PDL10 PDL12 PDL15 PDH3 PDH5 PDH7 PDH10 PDH13 PDH15 IC_VSSxx | IC_VSSxx
PDL8 PDL11 PDL13 PDL14 PDH2 PDH4 PDH6 PDH8 PDH12 PDH14 IC_VSSxx [ IC_VSSxx
N B R T U Vv w Y AA AB AC AD

Figure 2-4 Pin overview

@ View direction

[e[sjeeleelele)
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3.1

Features summary

CPU System Functions

This chapter describes the registers of the CPU, the operation modes, the
address space and the memory areas.

Overview

The CPU is founded on Harvard architecture and it supports a RISC instruction
set. Basic instructions can be executed in one clock period. Optimized five-
stage pipelining is supported. This improves instruction execution speed.

The floating-point unit (FPU) supports online diagnostics as well as
applications demanding floating-point representation such as physical sensor
data or automatically generated code.

In order to make the microcontroller ideal for use in digital control applications,
a 32-bit hardware multiplier enables this CPU to support multiply instructions,
saturated multiply instructions, bit operation instructions, etc.

The CPU has the following special features:
¢ Memory space:
— 64 MB linear program space
— 4 GB linear data space
¢ 32 general purpose registers
¢ Internal 32-bit architecture
¢ Five-stage pipeline
¢ Efficient multiplication and division instructions
e Saturation logic (saturated operation instructions)

¢ Floating-point arithmetic unit
(single precision, 32 bits, according to IEEE 754-85 standard)

¢ Barrel shifter (32-bit shift in one clock cycle)
* |Instruction formats: long and short

¢ Four types of bit manipulation instructions: set, clear, not, test
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3.1.1 Description

The figure below shows a block diagram of the microcontroller, focusing on the
CPU and modules that interact with the CPU directly. Table 3-1 lists the bus

types.

RCU interface

CPU

System controller —]
Df‘> Floating-point
Instruction queue unit
Vv T Multiplier [
F i> (32x 32— 64)[ ]
B Program counter
~—
General-purpose D:> Barrel
registers shifter
A~ ]
Bus control unit
System registers -
h (BCY) v
'
S
N1 K2 K=>
Vv B
D
B
'
N1
A
DMA control unit
—
(DMAC)
<
KA
— —
Interrupt control unit —
< P
(INTC) —
Bus bridge
(BBR)
R Standby control unit
K—>
< (STBC)

NPB

Figure 3-1 CPU system

The shaded busses are used for accessing the configuration registers of the

concerned modules.

Table 3-1 Bus types

Bus type

Function

NPB — Peripheral bus

Bus interface to the peripherals (internal bus).

VSB — System bus

Bus interface to the Memory Controller for access to
external memory and to the NPB bus bridge BBR.

VFB — Fetch bus

Interface to the internal ROM (mask ROM or flash ROM).

VDB - Data bus

Interface to the internal RAM.
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3.2 CPU Register Set

There are three categories of registers:
¢ General purpose registers

¢ System registers

¢ Floating-point arithmetic registers

All registers are 32-bit registers. An overview is given in the figure below. For
details, refer to VB50E1 User’'s Manual Architecture.

General purpose registers System registers
31 0 31 0
ro (Zero Register) EIPC (Status Saving Register during interrupt)
r1 (Reserved for Assembler) EIPSW  (Status Saving Register during interrupt)
r2
r3 (Stack Pointer (SP)) FEPC (Status Saving Register during NMI)
r4 (Global Pointer (GP)) FEPSW (Status Saving Register during NMI)
r5 (Text Pointer (TP))
ré | ECR (Interrupt/Execution Source Register) |
r7
ré | PSW (Program Status Word) |
r9
r10
11 CTPC (Status Saving Register during CALLT execution)
r
12 CTPSW  (Status Saving Register during CALLT execution)
R
r13
14 DBPC  (Status Saving Register during exception/debug trap)
"5 DBPSW  (Status Saving Register during exception/debug trap)
r16
17 [ctBP (cALLT Base Pointer) |
r18
r19 | PC (Program Counter) |
r20
r21
r22
r23
r24
r25
r26
27
28 Floating point arithmetic registers
r29
r30 (Element Pointer (EP)) EFG (Floating-point arithmetic flag register)
r31 (Link Pointer (LP)) ECT (Floating-point arithmetic control register)

Figure 3-2 CPU register set
Some registers are write protected. That means, writing to those registers is

protected by a special sequence of instructions. Refer to “Write Protected
Registers” on page 123 for more details.
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3.2.1 General purpose registers (r0 to r31)
Each of the 32 general purpose registers can be used as a data variable or
address variable.

However, the registers r0, r1, r3 to r5, r30, and r31 may implicitly be used by
the assembler/compiler (see Table 3-2). For details refer to the documentation
of your assembler/compiler.

Table 3-2 General purpose registers

Register name | Usage Operation

ro Zero register Always holds 0. It is used for
operations using 0 and offset 0
addressing.2

r1 Assembler-reserved register | Used for 32-bit direct addressing.b

r2 User address/data variable register

r3 Stack pointer Used to generate stack frame when
function is called.?

r4 Global pointer Used to access global variable in
data area.?

r5 Text pointer Used to indicate the start of the text
area (where program code is
located).?

ré to r29 User address/data variable registers

r30 Element pointer Base pointer when memory is

accessed by means of instructions
SLD (short format load) and SST
(short format store).2

r31 Link pointer Used when calling a function.?

a) Registers r0 and r30 are used by dedicated instructions.

Registers r1, r3, r4, r5, and r31 may be used by the assembler/compiler.

Caution Before using registers r1, r3 to r5, r30, and r31, their contents must be saved
so that they are not lost. The contents must be restored to the registers after
the registers have been used.
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3.2.2

Example

System register

System register set

System registers control the status of the CPU and hold interrupt information.
Additionally, the program counter holds the instruction address during program
execution.

To read/write the system registers, use instructions LDSR (load to system
register) or STSR (store contents of system register), respectively, with a
specific system register number (RegID) indicated below.

The program counter states an exception. It cannot be accessed via LDSR or
STSR instructions. No reglD is allocated to the program counter.

STSR 0,r2
Stores the contents of system register 0 (EIPC) in general purpose register r2.

The table below gives an overview of all system registers and their system

numbers register number (regID). It shows whether a load/store instruction is allowed
(x) for the register or not (-).
Table 3-3 System register numbers
. Operand specification
regiD System register name Shortcut
LDSR STSR
0 Status saving register during interrupt EIPC 9 y
(stores contents of PC)
1 Status saving register during interrupt EIPSW « y
(stores contents of PSW)
2 Status saving register during non-maskable interrupts FEPC
X X
(stores contents of PC)
3 Status saving register during non-maskable interrupts FEPSW « 9
(stores contents of PSW)
4 Interrupt source register ECR - X
5 Program status word PSW X X
6to 15 Reserved (operations that access these register numbers _ _
cannot be guaranteed).
16 Status saving register during CALLT execution CTPC
X X
(stores contents of PC)
17 Status saving register during CALLT execution CTPSW y y
(stores contents of PSW)
18 Status saving register during exception/debug trap DBPC a
X X
(stores contents of PC)
19 Status saving register during exception/debug trap DBPSW @ y
(stores contents of PSW)
20 CALLT base pointer CTBP X X
2110 31 Reserved (operations that access these register numbers B _
cannot be guaranteed).

a)

Reading from this register is only enabled between a DBTRAP exception (exception handler address

0000 0060y) and the exception handler terminating DBRET instruction. DBTRAP exceptions are generated
upon ILGOP detections (refer to “Interrupt Controller (INTC)” on page 125).
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O

Access

Initial Value

()

Table 3-4

Note

Caution

PC - Program counter

The program counter holds the instruction address during program execution.
The lower 26 bits are valid, and bits 31 to 26 are fixed to 0. If a carry occurs
from bit 25 to 26, it is ignored. Branching to an odd address cannot be
performed. Bit 0 is fixed to 0.

This register can not be accessed by any instruction.
0000 0000y. The program counter is cleared by RESET.

31 26 25 1

0
fixed to O instruction address during execution | 0 |

EIPC, FEPC, DBPC, CTPC - PC saving registers

The PC saving registers save the contents of the program counter for different
occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, except for some
instructions, the address of the instruction following the one being executed is
saved to the saving registers.

For more details refer to Table 3-9 on page 106 and to the “Interrupt Controller
(INTC)” on page 125.

All PC saving registers are built up as the PC, with the initial value Oxxx Xxxxy
(x = undefined).

PC saving registers

Register Shortcut | Saves contents of PC in case of

Status saving register EIPC e software exception
during interrupt e maskable interrupt

Status saving register FEPC e non-maskable interrupt
during non-maskable
interrupts

Status saving register DBPC? | exception trap
during exception/debug * debug trap

trap e debug break
¢ during a single-step operation

Status saving register CTPC e execution of CALLT instruction
during CALLT execution

a) Reading from this register is only enabled in debug mode. Otherwise, the read val-
ue is undefined.

When multiple interrupt servicing is enabled, the contents of EIPC or FEPC
must be saved by program—because only one PC saving register for
maskable interrupts and non-maskable interrupts is provided, respectively.

When setting the value of any of the PC saving registers, use even values
(bit 0 = 0). If bit 0 is set to 1, the setting of this bit is ignored.
This is because bit 0 of the program counter is fixed to 0.
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(3) PSW - Program status word

The 32-bit program status word is a collection of flags that indicates the status
of the program (result of instruction execution) and the status of the CPU.

If the bits in the register are modified by the LDSR instruction, the PSW will
take on the new value immediately after the LDSR instruction has been
executed.

Initial Value 0000 0020y. The program status is initialized by RESET.

31 8 7 6 5 4 3 2 1 0
fixed to 0 |NP|EP|ID|SAT|CY|OV|S|Z|
R R RW RW RW RW RW RW RW RW

Table 3-5 PSW register contents (1/2)

Bit position Flag Function

Indicates that non-maskable interrupt (NMI) servicing is in progress.

This flag is set when NMI request is acknowledged, and multiple interrupt
7 NP servicing is disabled.

0: NMI servicing is not in progress.

1: NMI servicing is in progress.

Indicates that exception processing is in progress.

This flag is set when an exception occurs. Even when this bit is set, interrupt
6 EP requests can be acknowledged.

0: Exception processing is not in progress.

1: Exception processing is in progress.

Indicates whether a maskable interrupt request can be acknowledged.
0: Interrupts enabled.
5 ID 1: Interrupts disabled.

Note: Setting this flag will disable interrupt requests even while the LDSR
instruction is being executed.

For saturated operation processing instructions only:
Indicates that the operation result is saturated due to overflow.
0: Not saturated.
1: Saturated.

4 SAT2 Note: 1. This is a cumulative flag: The bit is not automatically cleared if
subsequent instructions lead to not saturated results.
To clear this bit, use the LDSR instruction to set PSW.SAT = 0.

2. Ina general arithmetic operation this bit is neglected. It is neither
set nor cleared.

Carry/borrow flag.

Indicates whether a carry or borrow occurred as a result of the operation.
0: Carry or borrow did not occur
1: Carry or borrow occurred.
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Table 3-5 PSW register contents (2/2)

Bit position Flag

Function

2 ova

Overflow flag.

Indicates whether an overflow occurred as a result of the operation.
0: Overflow did not occur.
1: Overflow occurred.

Sign flag.

Indicates whether the result of the operation is negative.
0: Result is positive or zero.
1: Result is negative.

Zero flag.

Indicates whether the result of the operation is zero.
0: Result is not zero.
1: Result is zero.

a)

In the case of saturate instructions, the SAT, S, and OV flags will be set according to the result of the operation

as shown in the table below. Note that the SAT flag is set only when the OV flag has been set during a satu-

rated operation.

Saturated operation The following table shows the setting of flags PWS.SAT, PWS.0V, and PWS.S,
instructions depending on the status of the operation result.

Table 3-6 Saturation-processed operation result

. Flag status | saturation-processed
Status of operation result .
SAT | ov S | operation result
Maximum positive value exceeded 1 1 0 | 7FFF FFFFy
Maximum negative value exceeded 1 1 1 | 8000 0000y
Positive (maximum not exceeded) a 0 0 | Operation result itself
X
Negative (maximum not exceeded) 1

a)

Retains the value before operation.
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(4)

Table 3-7

Note

Caution

EIPSW, FEPSW, DBPSW, CTPSW saving registers

The PSW saving registers save the contents of the program status word for
different occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, the current value of the
PSW is saved to the saving registers.

All PSW saving registers are built up as the PSW, with the initial value
0000 0xxxy (x = undefined).

PSW saving registers

Register Shortcut | Saves contents of PSW in case of
Status saving register EIPSW ¢ software exception
during interrupt * maskable interrupt
Status saving register FEPSW |e non-maskable interrupt
during non-maskable
interrupts
Status saving register DBPSW? | exception trap
during exception/debug * debug trap
trap * debug break
e during a single-step operation
Status saving register CTPSW | e execution of CALLT instruction
during CALLT execution

a) Reading from this register is only enabled in debug mode. Otherwise, the read val-
ue is undefined.

When multiple interrupt servicing is enabled, the contents of EIPSW or
FEPSW must be saved by program—because only one PSW saving register
for maskable interrupts and non-maskable interrupts is provided, respectively.

Bits 31 to 26 of EIPC and bits 31 to 12 and 10 to 8 of EIPSW are reserved for
future function expansion (fixed to 0).When setting the value of EIPC, FEPC,
or CTPC, use even values (bit 0 = 0).

If bit 0 is set to 1, the setting of this bit is ignored. This is because bit 0 of the
program counter is fixed to 0.
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(5) ECR - Interrupt/exception source register

The 32-bit ECR register displays the exception codes if an exception or an
interrupt has occurred. With the exception code, the interrupt/exception source
can be identified.

For a list of interrupts/exceptions and corresponding exception codes, see
Table 3-9 on page 106.

Initial Value 0000 0000y. This register is cleared by RESET.

31 26 25 0

FECC EICC

Table 3-8 ECR register contents

B.'t. Bit name Function
position
3110 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupts

The following table lists the exception codes.

Table 3-9 Interrupt/execution codes

Interrupt/Exception Source . Value
e e Exception | Handler
Classification restored to

Name Trigger Code Address EIPCIFEPC
Non-maskable interrupt refer to Interrupt 0010y 0000 0010y next PC
(NMI) “Interrupt (see Note)
Maskable interrupt rC(7I,zlt7r'oC/$e Interrupt refer to ¢ higher 16 bits: next PC

on “Interrupt 0000 (see Note)

page 12 Controller |« ower 16 bits:

5 (INTC) exception code

on
page 125
Software TRAPON TRAP Exception 004ny 0000 00404 next PC
exception (n=0toFp) instruction
TRAP1n TRAP Exception 005ny 0000 00504 next PC
(n=0toFy) |instruction

Exception trap (ILGOP) lllegal Exception 00604 0000 00604 next PC

instruction

code
Debug trap DBTRAP | Exception 00604 0000 00604 next PC

instruction
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If an interrupt (maskable or non-maskable) is acknowledged during instruction
execution, generally, the address of the instruction following the one being
executed is saved to the saving registers, except when an interrupt is
acknowledged during execution of one of the following instructions:

* |oad instructions (SLD.B, SLD.BU, SLD.H, SLD.HU, SLD.W)
* divide instructions (DIV, DIVH, DIVU, DIVHU)

* PREPARE, DISPOSE instruction (only if an interrupt is generated before the
stack pointer is updated)

In this case, the address of the interrupted instruction is restored to the EIPC
or FEPC, respectively. Execution is stopped, and after the completion of
interrupt servicing the execution is resumed.

(6) CTBP - CALLT base pointer
The 32-bit CALLT base pointer is used with the CALLT instruction. The register
content is used as a base address to generate both a 32-bit table entry
address and a 32-bit target address.
Initial Value Undefined
31 30 29 28 27 26 25 1 0
o oo o o] o] base address [ o |
R R* R* R R® R? R/W R

) These bits may be written, but write is ignored.

3.2.3

Table 3-10

Floating-point arithmetic registers

Floating-point arithmetic unit (FPU) is controlled by means of the following
registers:

FPU control registers

Register name Shortcut
Floating-point arithmetic flag register EFG
Floating-point arithmetic control register ECT
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(1) EFG - Floating-point arithmetic flag register
The 32-bit EFG register holds the status of the FPU.
Initial Value 0000 00004.

31 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 |RO||V\ZD\VF\UD|PR|o|o|o|TR|o\ov\s\z|

Table 3-11 EFG register contents

Bit position Bit name Function

Running Operation: Indicates whether the floating-
point arithmetic unit is running.

0: Operation in progress.

1: FPU idle.

13 RO

InValid operation: Indicates that an invalid operation
has been requested.

0: Normal operation.

1: Invalid operation detected.

12 \%

Zero Divide: Indicates whether a division by 0 has
been detected.

0: Normal operation.

1: Division by 0 detected.

11 ZD

oVerFlow: Indicates that the result of executing a
floating-point operation has overflowed.

0: No overflow generated.

1: Overflow generated.

10 VF

UnDervalue: Indicates that the result of executing a
floating-point operation has underflowed.

0: No underflow generated.

1: Underflow generated.

PRecision error: indicates that an accuracy failure
occurred.

0: No accuracy failure occurred.

1: Accuracy failure occurred.

This flag summarizes the state of the FPU:
0: Normal state.
1: Abnormal condition detected: one of the bits 12
to 8 of the ECT register is set.
The setting conditions of this flag depend on the ECT
register value.

OVerflow: Indicates whether an overflow occurred
during floating-point to integer conversion

0: No overflow generated.

1: Overflow generated.

Sign: Indicates whether a floating-point operation
result is negative.

0: Operation result is not negative.

1: Operation result is negative.

Zero: Indicates whether a floating-point operation
result is 0.

0: Operation result is not 0.

1: Operation result is 0.
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31

()

Initial Value

ECT - Floating-point arithmetic control register

The 32-bit ECT register controls the setting conditions of the TR flag in the
EFG register. The TR flag is a logical OR between all the invalid operations the
FPU can detect. Each bit of ECT is a mask bit for one condition.

0000 0000y

13 12 11 10 9 8 7 0

| IT | zT | VT | uT | PT | 0

Table 3-12

ECT register contents

Bit position Bit name Function

Enables invalid operation detection in the TR value

calculation

12 IT 0: IV is set when an invalid operation is detected

1: IV and TR are set when an invalid operation is
detected

Enables zero divide operation detection in the TR
value calculation
0: ZD is set when a zero divide operation is
detected.
1: ZD and TR are set when a zero divide operation
is detected.

11 T

Enables overflow detection in the TR value
calculation

0: VF is set when an overflow is detected.

1: VF and TR are set when an overflow is detected.

10 VT

Enables underflow detection in the TR value

calculation

9 uT 0: UD is set when an underflow is detected.

1: UD and TR are set when an underflow is
detected.

Enables accuracy fail detection in the TR value

calculation

8 PT 0: PR is set when an accuracy fail is detected.

1: PR and TR are set when an accuracy fail is
detected.
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3.3 Operation Modes

This section describes the operation modes of the CPU and how the modes
are specified.

The following operation modes are available for the flash memory devices:

* Normal operation mode

* Flash programming mode

After reset release, the microcontroller starts to fetch instructions from an
internal boot ROM which contains the internal firmware. The firmware checks

the pins MODEO to MODES to set the operation mode after reset release
according to Table 3-13.

Table 3-13 Selection of operation modes

Pins

MODE1/ | MODEO/ | Operation Mode
FLMDO | FLMD1

MODE3 | MODE2

Normal operation mode

0 0 (fetch from flash)
0 1 0 Flash programming mode
1 0 Boundary scan mode
all other Reserved

Note 1. The MODE1 pin function is shared with the FLMDO pin.
2. Pins MODEO and MODES must be connected to VSS3x.

3.3.1 Normal operation mode

In normal operation mode, the internal flash memory is not re-programmed.

After reset release program execution is started at address 0000 0000y.

The lower 1 MB of the memory area is mapped to internal resources, for
instance to the internal flash memory. Thus, external memory mapped to this
area can not be addressed in normal operation mode. See also “Bus and
Memory Control (BCU, MEMC)” on page 225.

3.3.2 Flash programming mode
In flash programming mode, the internal flash memory is erased and
re-programmed.

After reset release, the firmware initiates loading of the user's program code
from the external flash programmer and programs the flash memory.

After detaching the external flash programmer, the microcontroller can be
started up with the new user's program in normal operation mode.

For more information see section “Flash Memory” on page 191.
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3.3.3

3.4

3.4.1

Boundary scan mode

This mode enables boundary tests according to the IEEE1149.1 specification
via a JTAG interface.

For more information see section “Boundary Scan” on page 1349.

Address Space

In the following sections, the address space of the CPU is explained. Size and
addresses of CPU address space and physical address space are explained.
The address range of data space and program space together with their wrap-
around properties are presented.

CPU address space and physical address space

The CPU supports the following address space:

¢ 4 GB CPU address space
With the 32-bit general purpose registers, addresses for a 4 GB memory
can be generated. This is the maximum address space supported by the
CPU.

e 256 MB physical address space
The CPU provides 256 MB physical address space. That means that a
maximum of 256 MB internal or external memory can be accessed.

Any 32-bit address is translated to its corresponding physical address by
ignoring bits 31 to 28 of the address. Thus, 16 addresses point to the same
physical memory address. In other words, data at the physical address
0000 0000y can additionally be accessed by addresses 1000 0000y,

2000 0000y, ..., EO00 0000y, or FOOO 0000y.

The 256 MB physical address space is seen as 16 images in the 4 GB CPU
address space:
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A
image 15
/| peripheral /O OFFF FFFF,
/

/ 4KB OFFF F0004
/ internal RAM OFFF EFFFy
/ BOKB MNote ) | oeer 0000,
/ OFFE FFFFy

external

! memory

/ (Note 2)

/
/ programmable
/ peripheral I/O
/ (PPA)
/ 16 KB PBA (Note 3)
/
/

/ external

4GB memory

e ! (Note 2)

/
/
/ 0400 0000y
/ access prohibited O3FF FFFFy
/ 4 kB

03FF F000y
/ internal RAM O3FF EFFF,
/ 60 KB (Note 1) 03FF 0000,
/ 03FE FFFF

external

memory

A (Note 2)
0010 00004

(Note 4)
image 0 256 MB
ROM/Flash

(Note 4)

A4 -y _____ 0000 0000,
Figure 3-3 Images in the CPU address space
Note 1. The internal RAM area (03FF 0000y and 03FF EFFFy) is mirrored to the

area OFFF 00004 to OFFF EFFF. If data is written in one area, it appears
also in the other area.

2. Note that other internal resources may be mapped to the external memory
areas. Refer to “Bus and Memory Control (BCU, MEMC)” on page 225.

3. The programmable peripheral base address is defined by the BPC register.

4. pPD70F3483: 768 KB up to 000B FFFF;
PPD70F3441: 1 MB up to 000F 7FFFy,
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3.4.2 Program and data space

The CPU allows the following assignment of data and instructions to the CPU
address space:

¢ 4 GB as data space
The entire CPU address space can be used for operand addresses.

* 64 MB as program space
Only the lower 64 MB of the CPU address space can be used for instruction
addresses. When an instruction address for a branch instruction is
calculated and moved to the program counter (PC), then bits 31 to 26 are
set to zero.

Figure 3-4 shows the assignment of the CPU address space to data and
program space.

CPU address space

FFFF FFFFH
L —~L Data area
(4 GB linear)
0400 0000H
03FF FFFFH
Program area
(64 MB linear)
0000 0000H

Figure 3-4 CPU address space
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M

Figure 3-5

()

Figure 3-6

Caution

Wrap-around of data space

If an operand address calculation exceeds 32 bits, only the lower 32 bits of the
result are considered. Therefore, the addresses 0000 0000y and FFFF FFFF

are contiguous addresses. This results in a wrap-around of the data space:

Data space
FFFF FFFEH
FFFF FFFFH
(+) ¢)
0000 0000H direction direction
0000 0001H
Data space

Wrap-around of data space

Wrap-around of program space

If an instruction address calculation exceeds 26 bits, only the lower 26 bits of
the result are considered. Therefore, the addresses 0000 0000y and

03FF FFFFy are contiguous addresses. This results in a wrap-around of the
program space:

Program space
03FF FFFEH
03FF FFFFH
(+) )
0000 0000H direction direction
0000 0001H
Program space

Wrap-around of program space

No instruction can be fetched from the 4 KB area of OFFF FO00y to
OFFF FFFF4 because this area is defined as peripheral I/O area. Therefore,
do not execute any branch to this area.
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3.5

3.5.1

M

Table 3-14

()

Note

©)

Memory

In the following sections, the memory of the CPU is introduced. Specific
memory areas are described and a recommendation for the usage of the
address space is given.

Memory areas

The internal memory of the CPU provides several areas:
¢ Internal flash area for flash memory devices

¢ Internal RAM area

¢ Internal fixed peripheral I/O area

e Programmable peripheral I/O area

The areas are briefly described below.

Internal flash area

summarizes the size and addresses of the internal flash memories. These
cannot be used for access to external memory.

Internal flash areas

Device Internal flash size Address range
uPD70F3483 768 KB 0000 0000y to 000B FFFF
puPD70F3441 992 KB 0000 00004 to O00F 7FFFy

Internal RAM area

The 60 KB area between addresses 03FF 0000y and 03FF EFFFy is provided
as the internal RAM area.

The internal RAM area is mirrored to the area OFFF 0000y to OFFF EFFFy. If
data is written in one area, it appears also in the other area.

Fixed peripheral I/O area

The 4 KB area between addresses OFFF FO00 and OFFF FFFFy is provided

as the fixed peripheral I/O area. Accesses to these addresses are passed over
to the NPB bus (internal bus).

The following registers are mapped to the peripheral 1/0 area:

» All registers of peripheral functions

¢ Registers of timers

» Configuration registers of Interrupt, DMA, Bus and Memory Controller Units
¢ Configuration registers of the Clock Generator

For a list of all peripheral I/O registers, see “Special Function Registers” on
page 1351.
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Note

Caution

(4)

®)

1. Because the physical address space covers 256 MB, the address bits
A[31:28] are not considered. Thus, this address space can also be
addressed via the area FFFF FO00y to FFFF FFFFy. This has the

advantage that the area can be indirectly addressed by an offset and the
zero base rO0.

Therefore, in this manual, all addresses of peripheral 1/O registers in the
4 KB peripheral I/O area are given in the range FFFF FOOO4 to

FFFF FFFFy instead of OFFF FOOOy to OFFF FFFF,.

2. The fixed peripheral 1/0 area is mirrored to the upper 4 KB of the
programmable peripheral I/O area PPA—regardless of the base address of
the PPA. If data is written to one area, it appears also in the other area.

3. Program fetches cannot be executed from any peripheral I/O area.

4. Word registers, that means 32-bit registers, are accessed in two half word
accesses. The lower two address bits are ignored.

5. For registers in which byte access is possible, if half word access is
executed:
e During read operation: The higher 8 bits become undefined.
e During write operation: The lower 8 bits of data are written to the
register.

1. Addresses that are not defined as registers are reserved for future
expansion. If these addresses are accessed, the operation is undefined and
not guaranteed.

2. For DMA transfer, the fixed peripheral 1/0O area (OFFF FOOOy to
OFFF FFFFy) cannot be specified as the source/destination address. Be

sure to use the RAM area (OFFF 0000y to OFFF EFFFy or 03FF 00004 to
03FF EFFFy) for source/destination address of DMA transfer.

Programmable peripheral /O area

A 16 KB area is provided as a programmable peripheral I/0 area (PPA). The
PPA can be freely located. The base address of the programmable peripheral
I/0 area is specified by the initialization of the peripheral area selection control
register (BPC).

See “Bus and Memory Control (BCU, MEMC)” on page 225 for details.

External memory area

All address areas that do not address any internal memory or peripheral I/O
registers can be used as external memory area. Note that other internal
resources may be mapped to the external memory areas.

Access to the external memory area uses the chip select (CS) signals
assigned to each memory area.

For access to external memory, see “Bus and Memory Control (BCU, MEMC)”
on page 225.
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3.6

Note

3.6.1

RAM ECC error detection

The RAM control circuit is equipped with an error detection function. A 5-bit
ECC (Error Correction Coding) code is dedicated to each 8-bit word in the
RAM.

The ECC can detect and correct single bit errors and detect double bit errors.
In the latter case the double error detection interrupt INTDEDR is generated.

INTDEDR can generate two kinds of interrupts:

¢ an NMI via the NMI sharing function

* a maskable interrupt (exception code 0080y), that is shared with double
error detections of the flash memory and FlexRay error detection functions

Besides generating an non-maskable or maskable interrupt, the address of the
erroneous data and the location of the erroneous data byte of the 32-bit data
are saved in registers.

A RAM access is always performed with 32-bit, i.e. 4-byte, data.

Thus a double error detection interrupt INTDEDR is also generated upon an
1-byte or 2-byte access, even if the read target byte(s) are not erroneous, but
any other data byte that is read concurrently.

RAM ECC initialization

The RAM content and the 5-bit ECC values are undefined after device
power-up, the 5-bit ECC values do not fit to their respective 8-bit data. Thus
the entire RAM must be initialized, i.e. written, in order to fit the ECC values to
the data. Since a double error detection interrupt INTDEDR may have been
issued due to undefined data and ECC values after power-up, follow below
procedure to start up the RAM ECC:

1. After device power-up NMI sharing is disabled (INTSEL.ISR = 0) and the
maskable interrupt is masked (ERRIC.ERRMK = 1). Don’t enable NMI
sharing respectively unmask the maskable interrupt before the RAM has
been completely initialized.

2. Initialize the entire RAM by writing to all RAM locations. The data written is
not of concern.

3. Enable NMI sharing by INTSEL.ISR = 1 or unmask the maskable interrupt
by ERRIC.ERRMK = 0, whatever is desired.

Also when program code shall be executed from RAM, it is recommended to fill
the entire RAM, preferably all data bytes with the NOP instruction code, before
fetching the first instruction from RAM. This avoids ECC errors generated by
instruction prefetches by the execution pipeline.
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3.6.2 RAM ECC registers
The RAM ECC is operated by means of the following registers:
Table 3-15 RAM ECC registers overview
Register name Shortcut Address
RAM ECC error address register RAMEAD FFFF F8B0y
RAM ECC error data location register RAMEDLR FFFF F8B2y
RAM ECC control register RAMECC FFFF F8B4y
(1) RAMEAD - RAM ECC error address register
The 16-bit RAMEAD register holds the lower 16 bit of the address of the RAM
location, where an error was detected first.
Access This register can be read in 16-bit units.
Address FFFF F8B0y
Initial Value 0000y
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RAMEADDR | o]o]
Table 3-16 RAMEAD register contents
Bit Position Bit Name Function
15-2 RAMEADDR 16-bit address of first detection of a RAM error.

118

The address of the first error detection is stored in RAMEAD. At the same time
the interrupt flag INTERRF.INTERR1 is set to 1. Additionally the erroneous
byte location is indicated in the RAMEDLR register.

This register is not overwritten by a new error detection until

¢ the INTERRF.INTERR1 is cleared to 0. Thus no new error is signaled by
interrupt INTDEDR until the INTERRFINTERRH1 is cleared to 0.

* RAMEAD is cleared to 0000y by any reset.

Afterwards the lower 16 bit of a new ECC detection address can be stored and
a new INTDEDR interrupt can be generated.
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(2) RAMEDLR - RAM ECC error data location register
RAMEDLR indicates which byte of the 32-bit data byte at address RAMEAD
has generated an error.
Access This register can be read in 8-bit units.
Address FFFF F8B2y
Initial Value 00y
7 6 5 4 3 2 1 0
| o | o | o | o0 |REBEN3|REBEN2|REBEN1|REBENO |
R R R R R R R R
Table 3-17 RAMEDLR register contents
Bit Position Bit Name Function
ECC error status in data bits 31 to 24:
3 REBEN3 0: ECC error did not occur in bits 31 to 24
1: ECC error occurred in bits 31 to 24
ECC error status in data bits 23 to 16:
2 REBEN2 0: ECC error did not occur in bits 23 to 16
1: ECC error occured in bits 23 to 16
ECC error status in data bits 15 to 8:
1 REBEN1 0: ECC error did not occur in bits 15t0 8
1: ECC error occured in bits 15 to 8
ECC error status in data bits 7 to 0:
0 REBENO 0: ECC error did not occur in bits 7 to 0
1: ECC error occured in bits 7t0 0

The content of RAMEDLR is related to the error detection address in
RAMEAD, thus only valid after an error detection interrupt INTDEDR, i.e. if
INTERRF.INTERR1 = 1.
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(3) RAMECC - RAM ECC control register
RAMECC control the operation of the RAM ECC function.
Writing to this register is only possible immediately after writing to the
associated write protection register.
First write to the PRCMD register. The contents is ignored. Then, you are
permitted to write once to the RAMECC register. This must be done
immediately after writing to the PRCMD register. After the second write action,
or if the second write action does not follow immediately, all protected registers
are write-locked again.
Access This register can be read/written in 8-bit and 1-bit units.
Address FFFF F8B4y
Initial Value 00y
4 1 0
| o | | | o | | o 0 |RAEENB|
R R R R R
Table 3-18 RAMECC register contents
Bit Position Bit Name Function
ECC function enable:
0 RAEENB 0: ECC function enabled
1: ECC function disabled
Caution 1. Before modifying RAEENB make sure to stop any DMA transfers.

120

2. Confirm correct setting of RAEENB by re-reading this bit after its

modification.
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3.6.3 RAM ECC function check

In order to check the functionality of the RAM ECC error detection proceed as
described below:

1.
2.

3.

enable ECC function by RAMECC.RAEENB =0

write some data word (e.g. data_1) to the RAM: correct ECC wil be
generated

disable ECC function by RAMECC.RAEENB = 1

write another data word (e.g. data_2) to the RAM address of the first data
word data_1: no new ECC will be generated, thus ECC does not fit to
data_2

enable ECC function by RAMECC.RAEENB = 0

read data_2: a maskable or non-maskable ECC error interrupt should be
generated
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3.6.4 Recommended use of data address space

When accessing operand data in the data space, one register has to be used
for address generation. This register is called pointer register. With relative
addressing, an instruction can access operand data at all addresses that lie in
the range of +32 KB relative to the address in the pointer register.

By this offset addressing method load/store instructions can be
accommodated in a single 32-bit instruction word, resulting in faster program
execution and smaller code size.

To enhance the efficiency of using the pointer in consideration of the memory
map, the following is recommended:

For efficient use of the relative addressing feature, the data segments should
be located in the address range FFFF F800y to 0000 0000 and 0000 0000y
to 0000 7FFFy. The peripheral I/O registers and the internal RAM is aligned to

the upper bound, thus the registers and a part of the RAM can be addressed
via relative addressing, with base address 0 (r0).

It is recommended to locate flash memory data segments in the area up to
0000 7FFFy, so access to these constant data can utilize also relative

addressing.
Use the r0 register as pointer register for operand addressing. Since the r0
register is fixed to zero by hardware, it can be used as a pointer register and,

at the same time, for any other purposes, where a zero register is required.
Thus, no other general purpose register has to be reserved as pointer register.

0000 7FFFH

Internal flash area| +32 KB

(r0=) 0000 0000H

Fixed
peripheral I/O area
FFFF FOOOH (4 KB)
FFFF EFFFH .32 KB
Internal RAM area
(28 KB)
FFFF 800OH |
FFFF 7FFFH
Internal RAM area
(32 KB)
FFFF 0000H

Figure 3-7 Example application of wrap-around
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3.7 Write Protected Registers
Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc. Write access to a write protected register is
only given immediately after writing to a corresponding write enable register.
For a write access to the write protected registers you have to use the
following instructions:
1. Store instruction (ST/SST instruction)
2. Bit operation instruction (SET1/CLR1/NOT1 instruction)
When reading write protected registers, no special sequence is required.
The following table gives an overview of the write protected registers and their
corresponding write enable registers.
For some registers, incorrect store operations can be checked by a flag of the
corresponding status register. This is also marked in the table below.
Table 3-19 Overview of write protected registers
Write protected register | Shortcut Correspon.d ing write Shortcut For details see
enable register
Port group control registers PS, PM5, PMCS,
of poft grgup . 9 PESCS5, ESOSTS,
PESMK5 “pj ions”
Command register PRCMD Pin Functions”on
Port group control registers P6, PM8, PMCE, page 31
oot amug o PESCS, ESOSTS,
port group PESMK6
“RAM ECC error
RAM ECC control register | RAMECC Command register PRCMD detection” on
page 117
CIo_ck Monitor mode CLM Command register PRCMD Clock Generator
register on page 179
Data flash control register | DFLCTL Command register PRCMD Flash Memory
on page 191

Note

Example

Note

The FlexRay module also contains write protected registers. See “FlexRayTM”
on page 1147 for details.

Write to port register P5:

PRCMD = Ox5A;
P5 = 0x80;

Make sure that the compiler generates two consecutive assembler “store”
instructions to PRCMD and the protected register (P5 in the above example)
from the associated C statements.

Alternatively check the bit PHS.PRERR to be “0”, as this indicates a successful
write to the protected register.

Since any action between writing to a write enable register and writing to a
protected register destroys this sequence, the effects of interrupts and DMA
transfers have to be considered:

e Interrupts:
After writing to PRCMD no maskable interrupts will be acknowledged, until
the subsequent instruction has been executed. Thus a maskable interrupt
can not destroy the sequence.
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However, any non-maskable interrupt can still be acknowledged.

e DMA:
In the above example, DMA transfers can still take place. They may destroy
the sequence.

If appropriate, you may disable DMA transfers in advance. Otherwise you
must check whether writing to the protected register was successful. To do
s0, check the status via the status register, if available, or by reading back
the protected register.
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4.1

This controller is provided with a dedicated Interrupt Controller (INTC) for
interrupt servicing and can process a large amount of maskable and up to five
non-maskable interrupt requests.

An interrupt is an event that occurs independently of program execution, and
an exception is an event whose occurrence is dependent on program
execution. Generally, an exception takes precedence over an interrupt.

This controller can process interrupt requests from the on-chip peripheral
hardware and external sources. Moreover, exception processing can be
started by the TRAP instruction (software exception) or by generation of an
exception event (i.e. fetching of an illegal opcode) (exception trap).

Eight levels of software-programmable priorities can be specified for each
interrupt request. Starting of interrupt servicing takes no fewer than 4 system
clocks after the generation of an interrupt request.

Features

¢ Interrupts

— Non-maskable interrupts: up to 5 sources
(depending on whether interrupt sharing is enabled or not)

— Maskable interrupts:
- internal peripherals: 101 sources
- external: 14 sources

— 8 levels of programmable priorities (maskable interrupts)
— Multiple interrupt control according to priority
— Masks can be specified for each maskable interrupt request

— Noise elimination, edge detection and valid edge specification, level
detection for external interrupt request signals

— Wake-up capable
(analogue noise elimination for external interrupt request signals)

e Exceptions
— Software exceptions: 2 channels with each 16 sources
— Exception traps: 1 source (illegal opcode exception)
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Chapter 4

Interrupt Controller (INTC)

Table 4-1 Interrupt/exception source list (1/6)
Interrupt/Exception Source
Tvoe - Default | Exception| Handler | Restored
yp Name contro' Generating s°urce Generatlng P”Orlty Code Addl'eSS PC
Register Unit
Reset RESET - RESET input Pin - 0000H 00000000H |  undef.
Non- NMI - P00 NMI Input Pin
maskable "yrpepre | Double error detection Flash
memory
INTDEDR? - Double error detection RAM - 0010H 00000010H | nextPC
INTDEDFR? | - Double error detection FlexRay
INTOSD? - Oscillator stop detection Clock
Monitor
Softwa_re TRAPOn - TRAP instruction _ _ 004nH 00000040H | nextPC
exception | (n=0toFy) (n=0toFy)
TRAP1n - TRAP instruction _ _ 005nH 00000050H | nextPC
(n=0toFy) (n=0toFp)
Exception | ILGOP - lllegal opcode -
trap . . - 0060H 00000060H | nextPC
DBTRAP - DBTRAP instruction -
Maskable | INTDEDF? ERRIC Double error detection Flash
memory
INTDEDR® Double error detection RAM 0 0080H | 00000080H | - nextPC
INTDEDFR® Double error detection FlexRay
2 - -
INTOSD 0SDIC Oscillator stop detection CIo_ck : 0090H 00000090H | nextPC
Monitor
INTPO PICO External interrupt 0 Pin 2 00AOH | 000000A0H | next PC
INTP1 PIC1 External interrupt 1 Pin 3 00BOH | 000000BOH | next PC
INTP2 PIC2 External interrupt 2 Pin 4 00COH | 000000COH | next PC
INTP3 PIC3 External interrupt 3 Pin 5 00DOH | 000000DOH | next PC
INTUCOR® | PIC4 UARTCO receive complete UARTCO
interrupt (DMAC)° 6 00EOH | 000000EQH | next PC
INTP4? External interrupt 4 Pin
INTUC1R® PIC5 UARTC1 receive complete UARTC1
interrupt (DMAC)® 7 00FOH | 000000FOH | next PC
INTP5® External interrupt 5 Pin
INTP PIC6 External interrupt 6 Pin 8 0100H 00000100H | next PC
INTP7 PIC7 External interrupt 7 Pin 9 0110H 00000110H | next PC
INTP8 PIC8 External interrupt 8 Pin 10 0120H 00000120H | next PC
INTP9 PICY External interrupt 9 Pin 11 0130H 00000130H | next PC
INTP10 PIC10 External interrupt 10 Pin 12 0140H 00000140H | next PC
INTP11 PIC1H External interrupt 11 Pin 13 0150H 00000150H | next PC
INTP12 PIC12 External interrupt 12 Pin 14 0160H 00000160H | next PC
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Table 4-1 Interrupt/exception source list (2/6)
Interrupt/Exception Source ;
Type - Default | Exception| Handler | Restored
Name Seniie. Generating Source Generating | priority |  Code Address PC
Register Unit
Maskable | INTTSOOV | TSOOVIC | TMSO overflow interrupt TMSO 15 0170H 00000170H | next PC
INTTSOCCO | TSOCCICO | TMSO capture compare TMSO 16 0180H 00000180H | next PC
channel 0
INTTSOCC1 | TSOCCIC1 | TMSO capture compare NSO 17 0190H 00000190H | next PC
channel 1
INTTS0CC2 | TSOCCIC2 | TMSO capture compare TMSO 18 01AOH | 000001A0H | next PC
channel 2
INTTSOCC3 | TSOCCIC3 | TMSO capture compare NSO 19 01BOH 000001B0H | next PC
channel 3
INTTSOCC4 | TSOCCIC4 | TMSO capture compare TMSO 20 01CoH | 000001COH | next PC
channel 4
INTTSOCC5 | TSOCCIC5 | TMSO capture compare NSO 21 01D0H 000001D0H | next PC
channel 5
INTTSOCDO | TSOCDICO | TSOCNT top reversal TMSO 22 01EOH | 000001EOH | next PC
INTTSOOD | TSOODIC | TSOCNT bottom reversal TMSO 23 01FOH 000001FOH | next PC
INTTSOER | TSOERIC | TMSO error detection TMS0 24 0200H 00000200H | next PC
INTTSOWN | TSOWNIC | TMSO warning interrupt TMS0 25 0210H 00000210H | next PC
INTTS1OV | TSTOVIC | TMS1 overflow interrupt TMSH1 26 0220H 00000220H | next PC
INTTS1CCO | TS1CCICO | TMS1 capture compare ™S 97 0230H 00000230H | next PC
channel 0
INTTS1CC1 | TSICCIC1 | TMST capture compare NS 28 0240H 00000240H | next PC
channel 1
INTTS1CC2 | TS1CCIC2 | TMS1 capture compare ™S 29 0250H 00000250H | next PC
channel 2
INTTS1CC3 | TS1CCIC3 | TMST capture compare NS 30 0260H 00000260H | next PC
channel 3
INTTS1CC4 | TS1CCIC4 | TMS1 capture compare ™S 31 0270H 00000270H | next PC
channel 4
INTTS1CC5 | TS1CCIC5 | TMS1 capture compare NS 3 0280H 00000280H | next PC
channel 5
INTTS1CDO | TS1CDICO | TS1CNT top reversal TMS1 33 0290H 00000290H | next PC
INTTS1OD | TS1ODIC | TS1CNT bottom reversal TMS1 34 02A0H 000002A0H | next PC
INTTS1ER TS1ERIC TMS1 error detection TMS1 35 02B0H 000002BOH | next PC
INTTSTWN | TSTWNIC | TMS1 warning interrupt TMSH1 36 02COH | 000002COH | next PC
INTTTOOV | TTOOVIC | TMTO overflow interrupt TMTO 37 02DOH | 000002DOH | nextPC
INTTTOCCO | TTOCCICO | TMTO capture compare TMTO 38 02EOH | 000002E0H | nextPC
channel 0
INTTTOCC1 | TTOCCICT | TMTO capture compare ™MTO 39 02FOH 000002F0H | nextPec
channel 1
INTTTOEC TTOECIC TMTO encoder clear interrupt T™MTO 40 0300H 00000300H | nextPC
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Table 4-1 Interrupt/exception source list (3/6)

Interrupt/Exception Source ;
Type - Default | Exception| Handler | Restored
Name Seniie. Generating Source Generating | priority |  Code Address PC
Register Unit

Maskable | INTTTIOV | TTIOVIC | TMT1 overflow interrupt TMT1 4 0310H 00000310H | nextPC

INTTTICCO | TTICCICO | TMT1 capture compare IMTH 42 0320H 00000320H | nextPC
channel 0

INTTT1CC1 | TTICCICT | TMT1 capture compare MTH 13 0330H 00000330H | nextPC
channel 1

INTTTIEC | TTIECIC | TMT1 encoder clear interrupt TMT1 44 0340H 00000340H | nextPC

INTTAAOOV | TAAOOVIC | TAAO overflow interrupt TAAO 45 0350H 00000350H | nextPC

INTTAAOCCO | TAAOCCICO | TAAQ capture compare TAAO 16 0360H 00000360H | nextPC
channel 0

INTTAAOCC1 | TAAOCCICT | TAAO capture compare TAAO 47 0370H 00000370H | nextPC
channel 1

INTTAATOV | TAATOVIC | TAAT overflow interrupt TAA1 48 0380H 00000380H | nextPC

INTTAA1CCO | TAA1CCICO | TAAT capture compare TAAY 49 0390H 00000390H | nextPC
channel 0

INTTAA1CC1 | TAA1CCICT | TAA1 capture compare TAAY 50 03A0H 000003A0H | nextPeC
channel 1

INTTAA20V | TAA20VIC | TAA2 overflow interrupt TAA2 51 03BOH | 000003BOH | nextPC

INTTAA2CCO | TAA2CCICO | TAA2 capture compare TAA2 5 03COH | 000003COH | nextpC
channel 0

INTTAA2CC1 | TAA2CCICT | TAA2 capture compare TAA2 53 03D0H 000003D0H | nextPC
channel 1

INTTAA30V | TAA3OVIC | TAA3 overflow interrupt TAA3 54 03EOH | 000003EOH | nextPC

INTTAA3CCO | TAA3CCICO | TAAS capture compare TAA3 55 03FOH 000003F0H | nextPec
channel 0

INTTAA3CC1 | TAA3CCICT | TAA3 capture compare TAA3 56 0400H 00000400H | nextPC
channel 1

INTTAA4QV | TAAOVIC | TAA4 overflow interrupt TAA4 57 0410H 00000410H | nextPC

INTTAA4CCO | TAA4CCICO | TAA4 capture compare TAA4 58 0420H 00000420H | nextPC
channel 0

INTTAA4CC1 | TAA4CCICT | TAA4 capture compare TAA4 59 0430H 00000430H | nextPC
channel 1

INTTAA5QV | TAASQVIC | TAAS overflow interrupt TAAS 60 0440H 00000440H | nextPC

INTTAASCCO | TAASCCICO | TAAS capture compare TAAS 61 0450H 00000450H | nextPC
channel 0

INTTAASCC1 | TAASCCICT | TAAS capture compare TAAS 62 0460H 00000460H | nextPC
channel 1

INTTAABOV | TAABOVIC | TAAG overflow interrupt TAAG 63 0470H 00000470H | nextPC

INTTAA6CCO | TAA6CCICO | TAAG capture compare TAAG 64 0480H 00000480H | nextPC
channel 0

INTTAA6CC1 | TAAGCCICT Iﬁ:ﬁ;i?ﬁn”e compare TAAG 65 0490H 00000490H | nextPC
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Table 4-1 Interrupt/exception source list (4/6)
Interrupt/Exception Source ;
Type - Default | Exception| Handler | Restored
Name Seniie. Generating Source Generating | priority |  Code Address PC
Register Unit
Maskable | INTTAA7OV | TAATOVIC | TAAT overflow interrupt TAA7 66 04A0H | 000004A0H | nextPC
INTTAA7CCO | TAA7CCICO | TAAT capture compare TAA7 67 04BOH | 000004BOH | nextPC
channel 0
INTTAA7CC1 | TAA7CCICT | TAA7 capture compare TAA7 68 04COH 000004CoH | nextpC
channel 1
INTTAABOV | TAABOVIC | TAA8 overflow interrupt TAA8 69 04DOH | 000004DOH | nextPC
INTTAABCCO | TAABCCICO | TAA8 capture compare TAAS 70 04EOH 000004E0H | nextPeC
channel 0
INTTAASCC1 | TAASCCICT | TAA8 capture compare TAAS 7 04FOH 000004F0H | nextPC
channel 1
INTTAAQOV | TAAQOVIC | TAA9 overflow interrupt TAA9 72 0500H | 00000500H | nextPC
INTTAA9CCO | TAAICCICO | TAA9 capture compare TAA 73 0510H 00000510H | nextPC
channel 0
INTTAA9CC1 | TAA9CCICT | TAA9 capture compare TAA9 74 0520H 00000520H | nextPC
channel 1
INTBRGO" | BRGIC BRGO match BRGO
3 75 0530H | 00000530H | nextPC
INTBRG1 BRG1 match BRG1
INTBRG2 BRGIC2 BRG2 match BRG2 76 0540H | 00000540H | nextPC
INTFRO FRICO FlexRay error/status FlexRay 77 0550H | 00000550H | nextPC
interrupt line 0
INTFR1 | FRIC1 ) FlexRay error/status FlexRay | 78 | O0560H | 00000560H | nextPC
interrupt line 1
INTFR2 FRIC2 FlexRay timer 0 interrupt FlexRay 79 0570H 00000570H | nextPC
INTFR3 FRIC3 FlexRay timer 1 interrupt FlexRay 80 0580H 00000580H | nextPC
INTFRIB FRIBIC ELes);Ray transfer IBF to MBF FlexRay 81 0590H 00000590H | nextPC
INTFROB FROBIC ElljesxyRay transfer MBF to OBF FlexRay 82 05A0H | 000005A0H | nextPC
INTCOERR | COERRIC | CANO error interrupt CANO 83 05BOH | 000005BOH | nextPC
INTCOWUP | COWUPIC | CANO wake up interrupt CANO 84 05C0H | 000005COH | nextPC
INTCOREC | CORECIC | CANO receive interrupt CANO 85 05DOH | 000005D0H | nextPC
INTCOTRX | COTRXIC | CANO transmit interrupt CANO 86 05EOH | 000005EQH | nextPC
INTCIERR | C1ERRIC | CAN{ error interrupt CAN1 87 05FOH | 000005FO0H | nextPC
INTCIWUP | CIWUPIC | CAN1 wake up interrupt CAN1 88 0600H | 00000600H | nextPC
INTCIREC | CIRECIC | CAN1 receive interrupt CAN1 89 0610H 00000610H | nextPC
INTCITRX | CITRXIC | CAN1 transmit interrupt CAN1 90 0620H | 00000620H | nextPC
Preliminary User's Manual U17754EE4V0OUMO0 129



Chapter 4 Interrupt Controller (INTC)

Table 4-1 Interrupt/exception source list (5/6)

Interrupt/Exception Source
Default | Exception | Handler | Restored

Type Name Contro' Generating s°urce Generating Priority Code Address PC
Register Unit
Maskable | INTTSOCC1B | C2ERRIC | TMSO capture compare channel 1 TMS0 91 0630H 00000630H | nextPC
INTTS0CC2B | C2WUPIC | TMSO capture compare channel 2 TMS0 92 0640H 00000640H | nextPC
INTTSOCC3B | C2RECIC | TMSO capture compare channel 3 TMS0 93 0650H | 00000650H | nextPC
Reserved - Reserved - 94 0660H 00000660H | nextPC
INTTS1CC1B | C3ERRIC | TMS1capture compare channel 1 TMS1 95 0670H 00000670H | nextPC
INTTS0CC2B | C3WUPIC | TMST capture compare channel 2 TMS1 96 0680H | 00000680H | nextPC
INTTSOCC3B | C3RECIC | TMS1 capture compare channel 3 TMS1 97 0690H 00000690H | nextPC
Reserved - Reserved - 98 06A0H 000006A0H | nextPC
INTCBOT® CBOTIC CSIBO transmit interrupt CSIBO
(DMAC)®
; — 99 06BOH | 000006BOH | nextPC
INTUC2T UARTC2 transmit interrupt UARTC2
(DMAC)®
INTCBOR® | CBORIC | CSIBO receive complete CSIBO
interrupt (DMAC)®
INTUC2R® UARTC2 receive complete UARTC2 100 06COH | 000006COH | nextPC
interrupt (DMAC)®
INTP13° External interrupt 13 Pin
INTCBORE® | CBOREIC | CSIBO receive error interrupt CSIBO
INTUC2RE® UART2 receive error 101 06DOH | 000006DOH | nextPC
. UART2
interrupt
INTCBIT CB1TIC CSIB1 transmit interrupt CSIB1 . 102 06EOH 000006E0H | nextPC
(DMAC)
INTCB1R CBIRIC CSIB1 receive complete CSIB1
interrupt (DMAC)® 103 06FOH | 000006FOH | nextPC
INTCBIRE | GBIREIC | CSIB1 receive error interrupt CSIB1 104 0700H 00000700H | nextPC
INTCEOOF | CEOOFIC | CSIEQ overflow interrupt CSIED 105 0710H 00000710H | nextPC
INTCEOC CEQCIC CSIEO transfer end interrupt CSIEOc 106 0720H 00000720H | nextPC
(DMAC)
INTCE1OF | CE10FIC | CSIE1 overflow interrupt CSIET 107 0730H 00000730H | nextPC
INTCE1C CE1CIC CSIET transfer end interrupt ([()3'\71\?)0 108 0740H 00000740H | nextPC

INTUGORE UGOREIC UARTCO receive error

. UARTCO 109 0750H 00000750H | nextPC
interrupt

INTUCOT UcoTIC UARTCO transmit interrupt UARTCO

(DMAC)® 110 0760H 00000760H | nextPC

INTUGIRE UGIREIC UARTCH receive error

. UARTC1 111 0770H 00000770H | nextPC
interrupt

INTUCIT UCITIC UARTC1 transmit interrupt UARTCH

(DMAC)® 112 0780H 00000780H | nextPC
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Table 4-1 Interrupt/exception source list (6/6)

Interrupt/Exception Source ;
Type - Default | Exception| Handler | Restored
Name o Generating Source Generating | priority |  Code Address PC
Register Unit

Maskable | INTADO ADICO ADCO end of conversion (DA,\;)/)‘C((:))C 113 0790H 00000790H | nextPC
INTAD1 ADICH ADC1 end of conversion ([)Al\;),t(\:(;)c 114 07A0H 000007A0H | nextPC
INTDMA2 DMAIC2 DMA?2 transmission end DMAC 115 07B0OH 000007BOH | nextPC

INTDMA3® DMAIC3 DMAS3 transmission end DMAC
INTFL Sequencer interrupt Flash 116 07COH | 000007COH | nextPC

memory

a) Depending on the setting of INTSEL.ISR, this interrupt source generates an NMI or a maskable interrupt. For

more information see “Interrupt Sharing” on page 153. For details see “Interrupt Sharing” on page 153.

This is a shared interrupt. For details see “Interrupt Sharing” on page 153.

© If this interrupt is defined as a DMA trigger, it is generated by the corresponding DMA completion interrupt
INTDMAR instead of the original interrupt source. For further details refer to “DMA Functions (DMA Controller)”
on page 279

Note 1. Default priority: The priority order when two or more maskable
interrupt requests are generated at the same time.
The highest priority is 0.

2. Restored PC: The value of the PC saved to EIPC or FEPC when
interrupt/exception processing is started. However, the
value of the PC saved when an interrupt is
acknowledged during division (DIV, DIVH, DIVU,
DIVHU) instruction execution is the value of the PC of
the current instruction (DIV, DIVH, DIVU, DIVHU).

3. nextPC: The PC value that starts the processing following
interrupt/exception processing.

4. The execution address of the illegal instruction when an illegal opcode
exception occurs is calculated by (Restored PC — 4).
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4.2 Non-Maskable Interrupts

A non-maskable interrupt request is acknowledged unconditionally, even when
interrupts are in the interrupt disabled (DI) status.

Non-maskable interrupts of this microcontroller are available for the following
requests:

Table 4-2 Non-maskable interrupts

Interrupt Source | Generating Unit | Comment

NMI Pin When the valid edge specified by bits
INTMO.ESN[1:0] is detected on the NMI pin,
the interrupt occurs.

INTDEDF Flash memory These interrupt sources only generate a non-

INTDEDR RAM maskable interrupt if mterrl_th sharing is
enabled for non-maskable interrupts. See

INTDEDFR FlexRay “Interrupt Sharing” on page 153.

INTOSD Clock Monitor

Note If a NMI is generated while NMI is being serviced, the service is executed as
follows:

The new NMI request is held pending regardless of the value of the PSW.NP
bit. The pending NMIVC request is acknowledged after servicing of the current
NMI request has finished (after execution of the RETI instruction).

Caution If PSW.NP is cleared by the LDSR instruction while a non-maskable interrupt
is being serviced, a following NMI interrupt cannot be acknowledged correctly.

Several NMI requests generated
simultaneously

Main routine

NMI servicing

NMI request —>
(generated
simultaneously)

System reset

Figure 4-1 Example of non-maskable interrupt request acknowledgement operation:
multiple NMI requests generated at the same time

Preliminary User's Manual U17754EE4VOUMO0




Interrupt Controller (INTC) Chapter 4

Main routine

NMI request (Held pending)
NMI request ¥

e

NMI servicing

Servicing of
pending NMI

Figure 4-2 Example of non-maskable interrupt request acknowledgement operation:
NMI request generated during NMI servicing

4.2.1 Operation

If a non-maskable interrupt is generated, the CPU performs the following
processing, and transfers control to the handler routine:

1. Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception code 0010H to the higher halfword (FECC) of ECR.
Sets the NP and ID bits of the PSW and clears the EP bit.

Sets the handler address corresponding to the non-maskable interrupt to
the PC, and transfers control.

oM~ wN

The processing configuration of a non-maskable interrupt is shown in
Figure 4-3.

< C NMI input )
INTC

acknowledgement

Non-maskable interrupt
request

<o >

0

CPU processing

FEPC <« Restored PC
FEPSW «— PSW
ECR.FECC « Exception

code
PSW.NP  «1
PSW.EP «0
PSW.ID «1
PC < NMI-Handler
address

C Interrupt service ) Cnterrupt request pendingD

Figure 4-3 Processing configuration of non-maskable interrupt
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4.2.2 Restore

Execution is restored from the non-maskable interrupt (NMI) processing by the
RET]I instruction.

When the RETI instruction is executed, the CPU performs the following
processing, and transfers control to the address of the restored PC.

1. Restores the values of the PC and the PSW from FEPC and FEPSW,
respectively, because the EP bit of the PSW is 0 and the NP bit of the PSW
is 1.

2. Transfers control back to the address of the restored PC and PSW.

Figure 4-4 illustrates how the RETI instruction is processed.

C RETI instruction )

PSW.NP
,,,,,,,,,,,,,,,,,,,,,,,,,, -0
PC -—EIPC PC -— FEPC
PSW -—EIPSW PSW -— FEPSW

C Original processing restored )

Figure 4-4 RETI instruction processing

Caution When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction
during non-maskable interrupt processing, in order to restore the PC and PSW
correctly during recovery by the RETI instruction, it is necessary to set
PSW.EP back to 0 and PSW.NP back to 1 using the LDSR instruction
immediately before the RETI instruction.

Note The solid line indicates the CPU processing flow.
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4.2.3 Non-maskable interrupt status flag (NP)

The NP flag is a status flag that indicates that non-maskable interrupt (NMI)
processing is under execution.

This flag is set when an NMI interrupt has been acknowledged, and masks all
interrupt requests and exceptions to prohibit multiple interrupts from being
acknowledged.

31 8 7 6 5 4 3 2 1 0 |Iniialvalue

N S s B B B B B E Y B B B B
PSW]10 0000000O0CO0O0O0O0OO0O0O0O0O0O0O0O0CO0O0O|NP|EP|ID|[SAT|CY|QV| S | Z | 00000020H

Bit position | Bit name Function
Indicates whether NMI interrupt processing is in progress.
7 NP 0: No NMl interrupt processing
1: NMI interrupt currently being processed

4.2.4 NMI control
The NMI can be configured to generate an NMI upon a rising, falling or both

edges at the NMI pin. To enable respectively disable the NMI and to configure
the edge refer to “Edge and Level Detection Configuration” on page 150.
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4.3 Maskable Interrupts

4.3.1

Maskable interrupt requests can be masked by interrupt control registers.

If two or more maskable interrupt requests are generated at the same time,
they are acknowledged according to the default priority. In addition to the
default priority, eight levels of priorities can be specified by using the interrupt
control registers (programmable priority control).

When an interrupt request has been acknowledged, the acknowledgement of
other maskable interrupt requests is disabled and the interrupt disabled (DI)
status is set.

When the El instruction is executed in an interrupt processing routine, the
interrupt enabled (EI) status is set, which enables servicing of interrupts having
a higher priority than the interrupt request in progress (specified by the
interrupt control register). Note that only interrupts with a higher priority will
have this capability; interrupts with the same priority level cannot be nested.

However, if multiple interrupts are executed, the following processing is
necessary.

1. Save EIPC and EIPSW in memory or a general-purpose register before
executing the El instruction.

2. Execute the Dl instruction before executing the RETI instruction, then reset
EIPC and EIPSW with the values saved in (1).

Operation

If a maskable interrupt occurs by INT input, the CPU performs the following
processing, and transfers control to a handler routine:

Saves the restored PC to EIPC.

Saves the current PSW to EIPSW.

Writes an exception code to the lower halfword of ECR (EICC).
Sets the ID bit of the PSW and clears the EP bit.

Sets the handler address corresponding to each interrupt to the PC, and
transfers control.

[SARE N A

The processing configuration of a maskable interrupt is shown in Figure 4-5.
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CPU processing

Figure 4-5

Note

INT input )

No

Priority higher than

Is the interrupt
mask released?

No

that of interrupt currently
processed?

Priority higher

No

than that of other interrupt
request?

ighest default
priority of interrupt requests

No

with the same priority?

- (Maskable interrupt request)

( Interrupt request pending)

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC -«— exception code
PSW.EP =—0

PSW.ID =1

PC -— handler address

C Interrupt processing )

Maskable interrupt processing

( Interrupt request pending)

For the ISPR register, see “ISPR - In-service priority register” on page 148.

An INT input masked by the Interrupt Controllers and an INT input that occurs
while another interrupt is being processed (when PSW.NP =1 or PSW.ID = 1)
are held pending internally by the Interrupt Controller. In such case, if the

interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by the
RETI and LDSR instructions, input of the pending INT starts the new maskable
interrupt processing.
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4.3.2 Restore
Recovery from maskable interrupt processing is carried out by the RETI
instruction.
When the RETI instruction is executed, the CPU performs the following steps,
and transfers control to the address of the restored PC.
1. Restores the values of the PC and the PSW from EIPC and EIPSW
because the EP bit of the PSW is 0 and the NP bit of the PSW is 0.
2. Transfers control to the address of the restored PC and PSW.
Figure 4-6 illustrates the processing of the RETI instruction.
C RETI instruction )
1 #
10
<> 1
PSWNP oo
0
PC -— EIPC PC = FEPC
PSW -— EIPSW PSW <— FEPSW
Corresponding =— 0
bit of ISPRNete
C Restores original processing )
Figure 4-6 RETI instruction processing
Note 1. Forthe ISPR register, see “ISPR - In-service priority register” on page 148.
2. The solid lines show the CPU processing flow.
Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR

138

instruction during maskable interrupt processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 0 and PSW.NP back to 0 using the LDSR instruction
immediately before the RETI instruction.
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4.3.3 Priorities of maskable interrupts

This microcontroller provides multiple interrupt servicing in which an interrupt
is acknowledged while another interrupt is being serviced. Multiple interrupts
can be controlled by priority levels.

There are two types of priority level control: control based on the default
priority levels, and control based on the programmable priority levels that are
specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority
level specified by the xxPRn bit are generated at the same time, interrupts are
serviced in order depending on the priority level allocated to each interrupt
request type (default priority level) beforehand. For more information, refer to
the interrupt/exception source list table. The programmable priority control
customizes interrupt requests into eight levels by setting the priority level
specification flag.

Note that when an interrupt request is acknowledged, the ID flag of PSW is
automatically set to 1. Therefore, when multiple interrupts are to be used, clear
the ID flag to 0 beforehand (for example, by placing the El instruction in the
interrupt service program) to set the interrupt enable mode.
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Main routine

i

Processing of a Processing of b

Interrupt request a — Interrupt
(level 3) request b Interrupt request b is acknowledged because the
(level 2) — priority of b is higher than that of a and interrupts are
enabled.
/ Processing of ¢
Interrupt request ¢ — “nterrupt request d o ) o
(level 3) (level 2)— Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Processing of d

Processing of e

V!

Interrupt request € — “nterrypt request f

(level 2) (level 3) > Interrupt request f is held pending even if interrupts are

enabled because its priority is lower than that of e.

Processing of f

/1

Processing of g

Interrupt request g — Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even if interrupts are

enabled because its priority is the same as that of g.

Processing of h

|

Figure 4-7 Example of processing in which another interrupt request is issued
while an interrupt is being processed (1/2)

140 Preliminary User's Manual U17754EE4V0OUMO0



Interrupt Controller (INTC) Chapter 4

Processing of i
El

El Processing of k
Interrupt
Interrupt request i — rlequcle%t |-
(level 2) (level 3) Interrupt request j is held pending because its

Interrupt request k priority is lower than that of i.

level 1) ™
(level 1) k that occurs after j is acknowledged because it
has the higher priority.
Processing of j

Processing of |

interrupt Interrupt requests_ m and_ n are held pv_ending
request m because processing of | is performed in the
(level 3) = interrupt disabled status.

In'(erruptI request n

(level 1)
s . Pending interrupt requests are acknowledged after
Processing of n

processing of interrupt request I.

At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Processing of m

Processing of o

/TEI Processing of pP g of

Interrupt request 0 — rocessing of q

P (?evel 3) Interrt;pt _» L~ Interrupt E\/TEI Processing of r
ovel 2) request g 1" Interrupt

level 2
(tevel 2) (level 1) request r
(Ievel 0)

Interrupt request | —
(level 2)

If levels 3 to 0 are acknowledged

Processing of s Pending interrupt requests t and u are
acknowledged after processing of s.
Because the priorities of t and u are the same, u is

Interrupt

request t acknowledged first because it has the higher
Interrupt request s — (level 2) | Note? default priority, regardless of the order in which the
(level 1) Interrupt request u interrupt requests have been generated.

level 2)—»| Note2

Processing of u

Processing of t

Figure 4-8 Example of processing in which another interrupt request is issued
while an interrupt is being processed (2/2)
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Caution

Note

The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

1. <a>to <u> in the figures are the temporary names of interrupt requests
shown for the sake of explanation.

2. The default priority in the figure indicates the relative priority between two
interrupt requests.

C Main routine )

m4

Interrupt request a (level 2)

Interrupt request b (level 1) -
Interrupt request ¢ (level 1) NMI request =

Default priority

a>b>c

Figure 4-9

Caution

Note

Processing of interrupt request b = Interrupt request b and c are
acknowledged first according to
their priorities.

" Because the priorities of b and ¢ are
the same, b is acknowledged first

Processing of interrupt request ¢ a500rding to the default priority.

Processing of interrupt request a

W

Example of processing interrupt requests simultaneously generated

The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

<a> to <c> in the figure are the temporary names of interrupt requests shown
for the sake of explanation.
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4.3.4 xxICn - Maskable interrupts control register

An interrupt control register is assigned to each interrupt request (maskable
interrupt) and sets the control conditions for each maskable interrupt request.

This register can be read/written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 0 Address Initial
value
FFFFF110H to
xxICn xxIFn | xxMKn 0 0 0 xxPR2 | xxPR1 | xxPRO FFEFF1F8H 47H
Bit position | Bit name Function

This is an interrupt request flag.
0: Interrupt request not issued
7 xxIFn 1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.

This is an interrupt mask flag.
6 xXMKn 0: Enables interrupt processing
1: Disables interrupt processing (pending)

8 levels of priority order are specified for each interrupt.

xxPR2 xxPR1 xxPRO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
2100 xxPR2 to —

xxPRO 0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)

Note xx: identification name of each peripheral unit. For a complete list of all
interrupt control registers see Table 4-3 on page 144.

The address and bit of each interrupt control register is shown in the following
table.
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Table 4-3 Addresses and bits of interrupt control registers (1/3)

Adcress | Register [— e 1 | Pasocited
FFFFF110H ERRIC ERRIF ERRMK 0 ERRPR2 ERRPR1 ERRPRO INTDEDF
INTDEDR
INTDEDFR
FFFFF112H 0SDIC OSDIF OSDMK 0 OSDPR2 OSDPRT1 OSDPRO INTOSD
FFFFF114H PICO PIFO PMKO 0 PPR02 PPRO1 PPRO00 INTPO
FFFFF116H PIC1 PIF1 PMK1 0 PPR12 PPR11 PPR10 INTP1
FFFFF118H PIC2 PIF2 PMK2 0 PPR22 PPR21 PPR20 INTP2
FFFFF11AH PIC3 PIF3 PMK3 0 PPR32 PPR31 PPR30 INTP3
FFFFF11CH PIC4 PIF4 PMK4 0 PPR42 PPR41 PPR40 INTUCOR
INTP4
FFFFF11EH PIC5 PIF5 PMK5 0 PPR52 PPR51 PPR50 INTUCIR
INTP5
FFFFF120H PIC6 PIF6 PMK6 0 PPR62 PPR61 PPR60 INTP6
FFFFF122H PIC7 PIF7 PMK7 0 PPR72 PPR71 PPR70 INTP7
FFFFF124H PIC8 PIF8 PMK8 0 PPR82 PPR81 PPR80 INTP8
FFFFF126H PIC9 PIF9 PMK9 0 PPR92 PPRI1 PPR90 INTP9
FFFFF128H PIC10 PIF10 PMK10 0 PPR102 PPR101 PPR100 INTP10
FFFFF12AH PIC11 PIF11 PMK11 0 PPR112 PPR111 PPR110 INTP11
FFFFF12CH PIC12 PIF12 PMK12 0 PPR122 PPR121 PPR120 INTP12
FFFFF12EH TSOOVIC | TSOOVIF | TSOOVMK 0 TSOOVPR2 | TSOOVPR1 | TSOOVPRO INTTSOOV
FFFFF130H | TSOCCICO | TSOCCIFO | TSOCCMKO 0 TSO0CCPRO2 | TSOCCPRO1 | TSOCCPR0O | INTTS0CCO
FFFFF132H | TSOCCIC1 | TSOCCIF1 | TSOCCMK1 0 TSOCCPR12 | TSOCCPR11 | TSOCCPR10 | INTTS0CC1
FFFFF134H | TSOCCIC2 | TSOCCIF2 | TSOCCMK2 0 TSOCCPR22 | TSOCCPR21 | TSOCCPR20 | INTTS0CC2
FFFFF136H | TSOCCIC3 | TSOCCIF3 | TSOCCMK3 0 TSOCCPR32 | TSOCCPR31 | TSOCCPR30 | INTTS0CC3
FFFFF138H | TSOCCIC4 | TSOCCIF4 | TSOCCMK4 0 TSOCCPR42 | TSOCCPR41 | TSOCCPR40 | INTTS0CC4
FFFFF13AH | TSOCCIC5 | TSOCCIF5 | TSOCCMK5 0 TSOCCPR52 | TSOCCPR51 | TSOCCPR50 | INTTS0CC5
FFFFF13CH | TSOCDICO | TSOCDIFO | TSOCDMKO 0 TSOCDPR02 | TSOCDPRO1 | TSOCDPR0O | INTTSOCDO
FFFFF13EH TSOODIC | TSOODIF | TSOODMK 0 TSOODPR2 | TSOODPR1 | TSOODPRO INTTS00D
FFFFF140H TSOERIC | TSOERIF | TSOERMK 0 TSOERPR2 | TSOERPRT TSOERPRO INTTSOER
FFFFF142H TSOWNIC | TSOWNIF | TSOWNMK 0 TSOWNPR2 | TSOWNPR1 | TSOWNPRO INTTSOWN
FFFFF144H TS1OVIC | TS1OVIF | TS1OVMK 0 TS10VPR2 | TS10VPR1 | TS10VPRO INTTS10V
FFFFF146H | TS1CCICO | TS1CCIF0 | TS1CCMKO 0 TS1CCPR0O2 | TS1CCPRO1 | TS1CCPRO0 | INTTS1CCO
FFFFF148H | TS1CCIC1 | TS1CCIF1 | TS1CCMK1 0 TS1CCPR12 | TS1CCPR11 | TS1ICCPR10 | INTTS1CC1
FFFFF14AH | TS1CCIC2 | TS1CCIF2 | TS1CCMK2 0 TS1CCPR22 | TS1CCPR21 | TS1CCPR20 | INTTS1CC2
FFFFF14CH | TS1CCIC3 | TS1CCIF3 | TS1CCMK3 0 TS1CCPR32 | TS1CCPR31 | TS1CCPR30 | INTTS1CC3
FFFFF14EH | TS1CCIC4 | TS1CCIF4 | TS1CCMK4 0 TS1CCPR42 | TS1CCPR41 | TS1ICCPR40 | INTTS1CC4
FFFFF150H | TS1CCIC5 | TS1CCIF5 | TS1CCMK5 0 TS1CCPR52 | TS1CCPR51 | TS1CCPR50 | INTTS1CC5
FFFFF152H | TS1CDICO | TS1CDIF0 | TS1CDMKO 0 TS1CDPR0O2 | TS1CDPRO1 | TS1CDPR0O0 | INTTS1CDO
FFFFF154H TS10DIC | TS1ODIF | TS10DMK 0 TS10DPR2 | TS10DPR1 | TS10DPRO INTTS10D
FFFFF156H TS1ERIC | TS1ERIF | TS1ERMK 0 TS1ERPR2 | TS1ERPR1 TS1ERPRO INTTS1ER
FFFFF158H TSTWNIC | TSTWNIF | TSTWNMK 0 TSTWNPR2 | TSTWNPR1 | TS1WNPRO INTTSTWN
FFFFF15AH TTOOVIC | TTOOVIF | TTOOVMK 0 TTOOVPR2 | TTOOVPR1 TTOOVPRO INTTTOOV
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Table 4-3 Addresses and bits of interrupt control registers (2/3)

Address Register 2 G S B|t2 7 B Aisnst:m:)id
FFFFF15CH | TTOCCICO | TTOCCIFO | TTOCCMKO 0 TTOCCPR02 | TTOCCPRO1 | TTOCCPROO INTTTOCCO
FFFFF15EH TTOCCIC1 | TTOCCIF1 | TTOCCMK1 0 TTOCCPR12 | TTOCCPR11 | TTOCCPR10 INTTTOCCH
FFFFF160H TTOECIC TTOECIF | TTOECMK 0 TTOECPR2 | TTOECPR1 TTOECPRO INTTTOEC
FFFFF162H TT10VIC TT1OVIF | TT10VMK 0 TT10VPR2 | TT10VPR1 TT10VPRO INTTT1OV
FFFFF164H TT1CCICO | TT1CCIFO | TT1CCMKO 0 TT1CCPR02 | TT1CCPRO1 | TT1CCPRO0 INTTT1CCO
FFFFF166H TT1CCIC1 | TT1CCIF1 | TT1CCMK1 0 TT1CCPR12 | TTICCPR11 | TT1CCPR10 INTTT1CCH
FFFFF168H TT1ECIC TT1ECIF | TT1ECMK 0 TT1ECPR2 | TT1ECPR1 TT1ECPRO INTTT1EC
FFFFF16AH | TAAOOVIC | TAAOOVIF | TAAOOVMK 0 TAAOOVPR2 | TAAOOVPR1 | TAAOOVPRO INTTAAOOV
FFFFF16CH | TAAOCCICO | TAAOCCIFO | TAAOCCMKO 0 TAAOCCPR02 | TAAOCCPRO1 | TAAOCCPRO0 | INTTAAQCCO
FFFFF16EH | TAAOCCIC1 | TAAOCCIF1 | TAAOCCMKA 0 TAAOCCPR12 | TAAOCCPR11 | TAAOCCPR10 | INTTAAQOCCH
FFFFF170H TAA1QOVIC | TAA1OVIF | TAATOVMK 0 TAA1OVPR2 | TAA1OVPR1 | TAA1OVPRO INTTAA1OV
FFFFF172H | TAA1CCICO | TAA1CCIFO | TAA1CCMKO 0 TAA1CCPR02 | TAA1CCPRO1 | TAATCCPROO | INTTAA1CCO
FFFFF174H | TAA1CCIC1 | TAA1CCIF1 | TAA1CCMK1 0 TAA1CCPR12 | TAA1CCPR11 | TAATICCPR10 | INTTAA1CCH
FFFFF176H TAA20VIC | TAA20VIF | TAA20VMK 0 TAA20VPR2 | TAA20VPR1 | TAA20VPRO INTTAA20V
FFFFF178H | TAA2CCICO | TAA2CCIFO | TAA2CCMKO 0 TAA2CCPR02 | TAA2CCPRO1 | TAA2CCPRO0 | INTTAA2CCO
FFFFF17AH | TAA2CCIC1 | TAA2CCIF1 | TAA2CCMKA1 0 TAA2CCPR12 | TAA2CCPR11 | TAA2CCPR10 | INTTAA2CCH
FFFFF17CH | TAA3OVIC | TAA3QVIF | TAA3OVMK 0 TAA3OVPR2 | TAA3OVPR1 | TAA3OVPRO INTTAA3OV
FFFFF17EH | TAA3CCICO | TAA3CCIFO | TAASCCMKO 0 TAA3CCPR02 | TAA3CCPRO1 | TAA3CCPRO0 | INTTAA3CCO
FFFFF180H | TAA3CCIC1 | TAA3CCIF1 | TAA3CCMK1 0 TAA3CCPR12 | TAA3CCPR11 | TAA3CCPR10 | INTTAA3CCH1
FFFFF182H TAA4QVIC | TAA4OVIF | TAA4OVMK 0 TAA4OVPR2 | TAA4OVPR1 | TAA4OVPRO INTTAA4QV
FFFFF184H | TAA4CCICO | TAA4CCIFO | TAA4CCMKO 0 TAA4CCPR02 | TAA4CCPRO1 | TAA4ACCPRO0 | INTTAA4CCO
FFFFF186H | TAA4CCIC1 | TAAACCIF1 | TAAACCMK1 0 TAA4CCPR12 | TAAACCPR11 | TAA4ACCPR10 | INTTAA4CCH
FFFFF188H TAA50VIC | TAASQVIF | TAASOVMK 0 TAA50VPR2 | TAA50VPR1 | TAA50VPRO INTTAA50V
FFFFF18AH | TAA5CCICO | TAASCCIFO | TAA5CCMKO 0 TAA5CCPR02 | TAA5CCPRO1 | TAA5CCPRO0 | INTTAA5CCO
FFFFF18CH | TAASCCIC1 | TAASCCIF1 | TAASCCMKT 0 TAA5CCPR12 | TAA5CCPR11 | TAA5CCPR10 | INTTAA5CCH
FFFFF18EH | TAAGOVIC | TAA6OVIF | TAA6OVMK 0 TAAGOVPR2 | TAA6OVPR1 | TAA6OVPRO INTTAABOV
FFFFF190H | TAA6CCICO | TAABCCIFO | TAA6CCMKO 0 TAA6CCPRO02 | TAA6CCPRO1 | TAA6CCPRO0 | INTTAA6CCO
FFFFF192H | TAA6CCIC1 | TAABCCIF1 | TAA6BCCMK1 0 TAA6CCPR12 | TAA6CCPR11 | TAA6CCPR10 | INTTAA6CCH
FFFFF194H TAA7QVIC | TAA7OVIF | TAATOVMK 0 TAA7OVPR2 | TAA7OVPR1 | TAA7OVPRO INTTAA7QV
FFFFF196H | TAA7CCICO | TAA7CCIFO | TAA7CCMKO 0 TAA7CCPR02 | TAA7CCPRO1 | TAA7CCPRO0 | INTTAA7CCO
FFFFF198H | TAA7CCIC1 | TAA7CCIF1 | TAA7CCMK1 0 TAA7CCPR12 | TAA7CCPR11 | TAA7CCPR10 | INTTAA7CCH
FFFFF19AH | TAASOVIC | TAASOVIF | TAABOVMK 0 TAABOVPR2 | TAABOVPR1 | TAABOVPRO INTTAABOV
FFFFF19CH | TAABCCICO | TAABCCIFO | TAABCCMKO 0 TAABCCPR02 | TAABCCPRO1 | TAABCCPRO0 | INTTAA8CCO
FFFFF19EH | TAABCCIC1 | TAABCCIF1 | TAABCCMKA1 0 TAABCCPR12 | TAABCCPR11 | TAABCCPR10 | INTTAA8CCH1
FFFFF1AOH | TAA9OVIC | TAA9OVIF | TAA9OVMK 0 TAA9OVPR2 | TAA9OVPR1 | TAA9OVPRO INTTAA9QV
FFFFF1A2H | TAA9CCICO | TAA9CCIFO | TAAQCCMKO 0 TAA9CCPRO02 | TAA9CCPRO1 | TAA9CCPRO0 | INTTAA9CCO
FFFFF1A4H | TAA9CCIC1 | TAA9CCIF1 | TAA9CCMKA 0 TAA9CCPR12 | TAA9CCPR11 | TAA9CCPR10 | INTTAA9CCH
FFFFF1A6H BRGIC BRGIF BRGMK 0 BRGPR2 BRGPR1 BRGPRO INTBRGO
INTBRG1
FFFFF1A8H BRGIC2 BRGIF2 BRGMK2 0 BRGPR22 BRGPR21 BRGPR20 INTBRG2
FFFFF1AAH FRICO FRIFO FRMKO 0 FRPR02 FRPRO1 FRPRO0 INTFRO
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Table 4-3 Addresses and bits of interrupt control registers (3/3)

Address Register 2 G S Bit 2 7 B Aisnst:m:)id
FFFFF1ACH FRIC1 FRIF1 FRMK1 0 FRPR12 FRPR11 FRPR10 INTFR1
FFFFF1AEH FRIC2 FRIF2 FRMK2 0 FRPR22 FRPR21 FRPR20 INTFR2
FFFFF1BOH FRIC3 FRIF3 FRMK3 0 FRPR32 FRPR31 FRPR30 INTFR3
FFFFF1B2H FRIBIC FRIBIF FRIBMK 0 FRIBPR2 FRIBPR1 FRIBPRO INTFRIB
FFFFF1B4H FROBIC FROBIF FROBMK 0 FROBPR2 FROBPR1 FROBPRO INTFROB
FFFFF1B6H COERRIC | COERRIF | COERRMK 0 COERRPR2 | COERRPR1 | COERRPRO INTCOERR
FFFFF1B8H COWUPIC | COWUPIF | COWUPMK 0 COWUPPR2 | COWUPPR1 | COWUPPRO INTCOWUP
FFFFF1BAH CORECIC | CORECIF | CORECMK 0 CORECPR2 | CORECPR1 | CORECPRO INTCOREC
FFFFF1BCH COTRXIC | COTRXIF | COTRXMK 0 COTRXPR2 | COTRXPR1 COTRXPRO INTCOTRX
FFFFF1BEH C1ERRIC | C1ERRIF | C1ERRMK 0 C1ERRPR2 | C1ERRPR1 | C1ERRPRO INTC1ERR
FFFFF1COH CIWUPIC | CIWUPIF | C1WUPMK 0 CIWUPPR2 | CIWUPPR1 | C1WUPPRO INTC1WUP
FFFFF1C2H C1RECIC | CI1RECIF | C1RECMK 0 C1RECPR2 | C1RECPR1 | C1RECPRO INTCIREC
FFFFF1C4H CITRXIC | CITRXIF | C1TRXMK 0 C1TRXPR2 | C1TRXPR1 C1TRXPRO INTC1TRX
FFFFF1C6H C2ERRIC | C2ERRIF | C2ERRMK 0 C2ERRPR2 | C2ERRPR1 | C2ERRPRO INTC2ERR
FFFFF1C8H C2WUPIC | C2WUPIF | C2WUPMK 0 C2WUPPR2 | C2WUPPR1 | C2WUPPRO INTC2WUP
FFFFF1CAH C2RECIC | C2RECIF | C2RECMK 0 C2RECPR2 | C2RECPR1 | C2RECPRO INTC2REC
FFFFF1CEH C3ERRIC | C3ERRIF | C3ERRMK 0 C3ERRPR2 | C3ERRPR1 | C3ERRPRO INTC3ERR
FFFFF1DOH C3WUPIC | C3WUPIF | C3WUPMK 0 C3WUPPR2 | C3WUPPR1 | C3WUPPRO INTC3WUP
FFFFF1D2H C3RECIC | C3RECIF | C3RECMK 0 C3RECPR2 | C3RECPR1 | C3RECPRO INTC3REC
FFFFF1D6H CBOTIC CBOTIF CBOTMK 0 CBOTPR2 CBOTPR1 CBOTPRO INTCBOT
INTUC2T
FFFFF1D8H CBORIC CBORIF CBORMK 0 CBORPR2 CBORPRT1 CBORPRO INTCBOR
INTUC2R
INTP13
FFFFF1DAH CBOREIC | CBOREIF | CBOREMK 0 CBOREPR2 | CBOREPR1 | CBOREPRO INTCBORE
INTUC2RE
FFFFF1DCH CB1TIC CB1TIF CB1TMK 0 CB1TPR2 CB1TPR1 CB1TPRO INTCB1T
FFFFF1DEH CB1RIC CB1RIF CB1RMK 0 CB1RPR2 CB1RPR1 CB1RPRO INTCB1R
FFFFF1EOH CBIREIC | CB1REIF | CB1REMK 0 CB1REPR2 | CB1REPR1 | CB1REPRO INTCB1RE
FFFFF1E2H CEOOFIC | CEOOFIF | CEO0OFMK 0 CEOOFPR2 | CEOOFPR1 | CEOOFPRO INTCEOOF
FFFFF1E4H CEOCIC CEOCIF CEOCMK 0 CEOCPR2 CEOCPRT1 CEOCPRO INTCEQC
FFFFF1EGH CE1OFIC | CE10FIF | CE10FMK 0 CE10FPR2 | CE10FPR1 | CE10FPRO INTCE10OF
FFFFF1ESH CE1CIC CE1CIF CE1CMK 0 CE1CPR2 CE1CPR1 CE1CPRO INTCE1C
FFFFF1EAH UCOREIC | UCOREIF | UCOREMK 0 UCOREPR2 | UCOREPR1 | UCOREPRO INTUCORE
FFFFF1ECH UcoTIC UCOTIF UCOTMK 0 UCOTPR2 UCOTPR1 UCOTPRO INTUCOT
FFFFF1EEH UCTREIC | UCTREIF | UC1REMK 0 UC1REPR2 | UCIREPR1 | UC1REPRO INTUC1RE
FFFFF1FOH UC1TIC UCITIF UC1TMK 0 UC1TPR2 UC1TPR1 UC1TPRO INTUCIT
FFFFF1F2H ADICO ADIFO ADMKO 0 ADPR02 ADPRO1 ADPR0OO INTADO
FFFFF1F4H ADICH1 ADIF1 ADMK1 0 ADPR12 ADPR11 ADPR10 INTAD1
FFFFF1F6H DMAIC2 DMAIF2 DMAMK2 0 DMAPR22 DMAPR21 DMAPR20 INTDMA2
FFFFF1F8H DMAIC3 DMAIF3 DMAMK3 0 DMAPR32 DMAPR31 DMAPR30 INTDMA3
INTFL
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IMRO

IMR1

IMR2

IMR3

IMR4

IMR5

4.3.5 IMRO to IMR7 - Interrupt mask registers

These registers set the interrupt mask state for the maskable interrupts.

The IMKn bit of the IMRm (m = 0 to 7) registers is equivalent to the xxMK bit of
the xxIC register.

IMRm registers can be read/written in 16- bit, 8-bit, and 1-bit units.

The address of the lower 8-bit register IMRmL is equal to that of the 16-bit
IMRm register, and the higher 8-bit register IMRmH can be accessed on the
following address (address (IMRm) + 1).

Caution 1. Mask bits, indicated with “0”, must not be altered. Make sure to set them “0”

2. Mask bits, indicated with “1”, must not be altered. Make sure to set them “1”
when writing to the register.

15 14 13 12 11 10 9 8 Address Initial value
|TSOOVMK| PMK12 \ PMK1 1 | PMK10 \ PMK9 \ PMKS8 | PMK7 \ PMKS6 | FFFFF100H FFFFH

7 6 5 4 3 2 1 0
| PMK5 | PMK4 \ PMK3 | PMK2 \ PMK1 \ PMKO |OSDMK \ ERRMKl

15 14 13 12 11 10 9 8 Address Initial value
|TSICCMK4 |TS1CCMK3 ‘TSICCMK2 |TS1CCMK1 ‘TS1CCMKO ‘TSIOVMK |TSOWNMK ‘TSOERMK | FFFFF102H FFFFH

7 6 5 4 3 2 1 0
[TS00DMK [TSOCDMKO [TSOCCMK5 [TSOCCHK4 [TSOCCMK3 [TSOGCMK2 [TSOCCHK! [TSOCCMKO |

15 14 13 12 11 10 9 8 Address Initial value
|TTAOCCMK1|TTAOCCMKO‘TTAO0VMK |TT1ECMK ‘TT1CCMK1 ‘TT1CCMKO |TT10VMK ‘TTOECMK | FFFFF104H FFFFH

7 6 5 4 3 2 1 0
|TT000MK1 |TTOCCMKO ‘TTOOVMK |TS1WNMK ‘TS1ERMK ‘TS1ODMK |TS1CDMKO ‘TS1CCMK5|

15 14 13 12 11 10 9 8 Address Initial value
|TTA6OVMK |TTASCCMK1 ‘TTASCCMKO|TTA50VMK ‘TTA4CCMK1 ‘TTA4CCMKO|TTA4OVMK \TTA300MK1| FFFFF106H FFFFH

7 6 5 4 3 2 1 0
FTASCCMKO|TTA30VMK ‘TTAZCCMK1|TTA2CCMKO‘TTA2OVMK ‘TTA1CCMK1 |TTA1CCMKO‘TTA1OVMK |

15 14 13 12 11 10 9 8 Address Initial value
|FRMK2 |FRMK1 ‘FRMKO |BRGMK2 ‘BRGMK ‘TTA9CCMK1|TTA9CCMKO‘TTA9OVMK| FFFFF108H FFFFH

7 6 5 4 3 2 1 0
FTA8CCMK1 |TTA8CCMKO ‘TTA8OVMK |TTA7CCMK1 ‘TTA7CCMKO ‘TTA7OVMK |TTA6CCMK1 ‘TTAGCCMKO'

15 14 13 12 11 10 9 8 Address Initial value
| 1 | 1 \ 1 | 1 \ 1 ‘C1TRXMK|C1RECMK‘C1WUPMK| FFFFF10AH FFFFH
7 6 5 4 3 2 1 0
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|C1ERRMK|COTRXMK‘CORECMK|COWUPMK‘COERRMK‘FROBMK| FRIBMK \ FRMKS3 |

15 14 13 12 11 10 9 8 Address Initial value
IMR6 |UC1REMK| UCOTMK ‘UCOREMK| CE1CMK ‘CE1OFMK‘ CEOCMK |CEO0FMK‘CB1REMK| FFFFF10CH FFFFH

7 6 5 4 3 2 1 0
[ CB1RMK | CBITMK [CBOREMK| CBORMK [cBoTMK | 1 | 1 [ 1 |
15 14 13 12 11 10 9 8 Address  Initial value
w7z | o [ o | o [ o | o | o | o | 0 | FFFFFI0EH 001FH
7 6 5 4 3 2 1 0
[ o | o | 0 |DMAMK3|DMAMK2 | ADMK1 | ADMKO | UCITMK |
Bit position | Bit name Function

Interrupt mask flag.
15100 xXMKn 0: Interrupt servicing enabled
1: Interrupt servicing disabled (pending)

4.3.6 ISPR - In-service priority register

This register holds the priority level of the maskable interrupt currently
acknowledged. When an interrupt request is acknowledged, the bit of this
register corresponding to the priority level of that interrupt request is set to 1
and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt
request having the highest priority is automatically reset to 0 by hardware.
However, it is not reset to 0 when execution is returned from non-maskable
interrupt servicing or exception processing.

This register is read-only in 8-bit or 1-bit units.

Initial
value

ISPR | ISPR7 ‘ ISPR6 | ISPR5 ‘ ISPR4 | ISPR3 ‘ ISPR2 | ISPR1 ‘ ISPRO | FFFFFIFAH  OOH

7 6 5 4 3 2 1 0 Address

Bit position | Bit name Function

Indicates priority of interrupt currently acknowledged
0: Interrupt request with priority n not acknowledged
1: Interrupt request with priority n acknowledged

ISPR7 to

7100 ISPRO

Note n =0 to 7 (priority level)
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31

4.3.7 Maskable interrupt status flag (ID)

The ID flag is bit 5 of the PSW and this controls the maskable interrupt’s
operating state, and stores control information regarding enabling or disabling
of interrupt requests.

8 7 6 5 4 3 2 1 0 Initial value

| | I I
PSW [0 00000000000000000000000 NP EP ID SAT CY OV S Z | 00000020H

Bit position

Bit name

Function

Indicates whether maskable interrupt processing is enabled or disabled.

0: Maskable interrupt request acknowledgement enabled

1: Maskable interrupt request acknowledgement disabled (pending)
This bit is set to 1 by the Dl instruction and reset to 0 by the El instruction. Its value
is also modified by the RETI instruction or LDSR instruction when referencing to
PSW.
Non-maskable interrupt requests and exceptions are acknowledged regardless of
this flag. when a maskable interrupt is acknowledged, the ID flag is automatically
set to 1 by hardware.
The interrupt request generated during the acknowledgement disabled period
(ID = 1) is acknowledged when the PIFn bit of PICn register is set to 1, and the ID

flag is reset to 0.

4.3.8 External maskable interrupts

This microcontroller provides 14 maskable external interrupts INTPO to
INTP13 with the following features:

Analog input filter (refer to “Analog filtered inputs” on page 87)
Interrupt detection selectable for each interrupt input:

— Rising edge

— Falling edge

— Both edges: rising and falling edge

Wakeup capability from stand-by mode of INTPn upon

Rising edge

Falling edge

Both edges: rising and falling edge

For configuration of the external interrupt events refer to “Edge and Level
Detection Configuration” on page 150.
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4.4 Edge and Level Detection Configuration
The registers for the configuration of interrupts specify, whether an interrupt is
detected at the falling, rising, or on both falling and rising edge of the signal.
For every maskable or non-maskable interrupt two bits define the type of edge:
Table 4-4 Edge specification of interrupts
Function
ESN1 ESNO
INTPO to INTP13 NMI
0 0 falling edge falling edge
0 1 rising edge rising edge
1 0 disabled (no NMI generated) | Setting prohibited
1 1 falling and rising edge falling and rising edge
(1) INTMO - External interrupt edge specification register
The 8-bit INTMO register specifies the edge at which an interrupt is detected.
This register concerns the pins NMI and INTPO to INTP2.
Access This register can be read/written in 8-bit units.
Address FFFF F880y4
Initial Value 00y. This register is initialized by RESET.
7 6 5 4 3 2 1 0
| ES21 | ES20 | ES11 | ES10 | ESO1 | ES00 | ESN1 | ESNO |
R/W R/W R/W R/W R/W R/W R/W R/W
| INTP2 | INTP1 | INTPO | NMI |
Table 4-5 [INTMO register contents

150

Bit position | Bit name Function

7 ES21 Specifies the edge detection at terminal INTP2.
ES20 See Table 4-4 on page 150.

EST1 Specifies the edge detection at terminal INTP1.
ES10 See Table 4-4 on page 150.

ESO1 Specifies the edge detection at terminal INTPO.
ES00 See Table 4-4 on page 150.

ESN1 Specifies the edge detection at terminal NMI.
ESNO See Table 4-4 on page 150.

O| =[N W| |0l O
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()

Access
Address

Initial Value

Table 4-6

INTM1 - External interrupt edge specification register

The 8-bit INTM1 register specifies the edge at which an interrupt is detected.
This register concerns the pins INTP3 to INTP6.

This register can be read/written in 8-bit units.
FFFF F882y4

00y. This register is initialized by RESET.

7 6 5 4 3 2 1 0
| ES61 | ES60 | ES51 | ES50 | ES41 | ES40 | ES31 | ES30 |
RW RW RW RW RW RW RBW RW
| INTP6 | INTP5 | INTP4 | INT3 \

INTM1 register contents

Bit position | Bit name Function

7 ES61 Specifies the edge detection at terminal INTP6.
ES60 See Table 4-4 on page 150.

ESS51 Specifies the edge detection at terminal INTP5.
ES50 See Table 4-4 on page 150.

ES41 Specifies the edge detection at terminal INTP4.
ES40 See Table 4-4 on page 150.

ES31 Specifies the edge detection at terminal INTP3.
ES30 See Table 4-4 on page 150.

O| =[N W| ||l O
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(3) INTM2 - External interrupt edge specification register

The 8-bit INTM2 register specifies the edge at which an interrupt is detected.
This register concerns the pins INTP7 to INTP10.

Access This register can be read/written in 8-bit units.
Address FFFF F884y

Initial Value 00y. This register is initialized by RESET.

7 6 5 4 3 2 1 0
| ES101 | ES100 | ES91 | ES90 | ES81 | ES80 | ES71 | ES70 |
RW RW RW RW RW RW RBW RW

| INTP10 | INTP9 | INTPS | INTP7

Table 4-7 INTM2 register contents

Bit position | Bit name Function

7 ES101 Specifies the edge detection at terminal INTP10.
ES100 See Table 4-4 on page 150.

ES91 Specifies the edge detection at terminal INTP9.
ES90 See Table 4-4 on page 150.

ES81 Specifies the edge detection at terminal INTP8.
ES80 See Table 4-4 on page 150.

ES71 Specifies the edge detection at terminal INTP7.
ES70 See Table 4-4 on page 150.

O| =[N W| ||l O

(4) INTMS3 - External interrupt edge specification register

The 8-bit INTMS3 register specifies the edge at which an interrupt is detected.
This register concerns the pins INTP11 to INTP12.

Access This register can be read/written in 8-bit units.

Address FFFF F886y
Initial Value 00y. This register is initialized by RESET.

7 6 5 4 3 2 1 0
| o | o [Es131|ESt30 | ES121 | ES120 | ES111 | ES110 |
RW RW RW PRW RW RW BW RW
| INTP13 | INTP12 | INTP11 \

Table 4-8 INTMS3 register contents

Bit position | Bit name Function
5 ES131 Specifies the edge detection at terminal INTP13.
4 ES130 See Table 4-4 on page 150.
3 ES121 Specifies the edge detection at terminal INTP12.
2 ES120 See Table 4-4 on page 150.
ES111 Specifies the edge detection at terminal INTP11.
0 ES110 See Table 4-4 on page 150.
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4.5

Non-maskable
interrupts

Interrupt Source

NMI

Interrupt Sharing

Interrupt sharing is supported for both non-maskable and maskable interrupts.
The INTSEL register configures interrupt sharing.

Interrupt sharing for non-maskable interrupts can be enabled by setting bit
INTSEL.ISR = 1. If interrupt sharing is enabled, the interrupt signals INTDEDF,
INTDEDR, INTDEDFR, and INTOSD generate an NMI instead of a maskable
interrupt.

Figure 4-10 shows the logic operations of interrupt sharing for NMI.

Interrupt
Controller Input

INTSEL.ISR

INTERRF |INTEHR7| INTERR2 |INTERR1| INTEHRO|
A Yy Yy A

INTDEDF(Flash)

Set

INTDEDR(RAM)
INTDEDFR(FlexRay)

INTO (default
— priority 0)

INT1 (default

INTOSD

Figure 4-10

Maskable interrupts

o priority 1)

Interrupt sharing for NMI

Some interrupt sources share the same maskable interrupt. There are the

following options for interrupt sharing:

* Any of the interrupt sources can generate the corresponding interrupt
request. All these interrupt sources are combined with logical “or”.

¢ An interrupt selection bit defines which interrupt source can generate the
corresponding interrupt request.

Table 4-9 on page 154 lists the shared maskable interrupts and, if available,
their corresponding interrupt selection bit. For more details on the interrupt
sources see the interrupt/exception source list in Table 4-1 on page 126.
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Table 4-9 Shared maskable interrupts
_Shared Interrupt selection L =ILES Interrupt source identification Dgfaylt
interrupts sources priority
INTDEDF / INTDEDR | logical “or” INTDEDF / INTDEDR | status flags in the interrupt source module | O
| INTDEFR combination | INTDEFR
INTP4 / INTUCOR logical “or” INTP4 / INTUCOR INTUCOR identified by status flags in 6
combination UARTCO.
If only INTUCOR interrupts shall be served,
INTP4 interrupts can be suppressed by
setting INTM1.ES4[1:0] = 10g.
INTP5 / INTUCIR logical “or” INTP5 / INTUC1R INTUC1R identified by status flags in 7
combination UARTCH.
If only INTUC1R interrupts shall be served,
INTP5 interrupts can be suppressed by
setting INTM1.ES5[1:0] = 10g.
INTBRGO / INTBRG1 | INTSEL.BRGSSR | 0 | INTBRGO determined by INTSEL.BRGSSR 75
1 | INTBRG1
INTCBOT / INTUC2T | PFC4.PFC402 0 [ INTCBOT determined by PFC4.PFC40 99
1 | INTUC2T
INTCBOR / INTUC2R | PFC4.PFC402 0 | INTCBOR determined by PFC4.PFC40 100
/INTP13 1 [INTP13/INTUC2R | determined by PFC4.PFC40 and status
logical “or” flags in UARTC2
combination
If only INTUC2R interrupts shall be served,
INTP13 interrupts can be suppressed by
setting INTM3.ES13[1:0] = 10p.
INTCBORE / PFC4.PFC412 0 | INTCBORE determined by PFC4.PFC41 101
INTUCZRE 1 | INTUC2RE
INTDMA3 / INTFL INTSEL.INTSEL4 | O | INTDMA3 - 116
1 | INTFL -

a) For a description of registers PFCn see “Pin Functions” on page 31
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M

Access
Address

Initial Value

Caution

Table 4-10

Caution

INTSEL - Interrupt share enable register

The 8-bit INTSEL register specifies

* which interrupt source generates a maskable interrupt with priorities 75,
116
¢ whether or not the interrupt source for the NMI is shared

This register can be read/written in 8-bit and 1-bit units.
FFFF F6DOy
00y. This register is initialized by RESET.
7 6 5 4 3 2 1 0

ISR 0 0 INTSEL4 1 1 0 BRGSSR
R/W R/W R/W R/W R/W R/W R/W R/W

1. The bits INTSEL.bit3 and INTSEL.bit2 must be set to “1” after reset release
and must not be changed afterwards.

2. The bit INTSEL1.bit1 must not be changed from its default value “0”.

INTSEL register contents

Bit position | Bit name Function

Enables/disables sharing of NMI
0: NMI sharing disabled
1: NMI sharing enabled

7 ISR Caution: ISR can only be changed once after reset.
Thus the NMI can be enabled after reset,
but not disabled afterwards.

Maskable interrupt with priority 116 is generated by

4 INTSEL4 0: INTDMAS
1: INTFL
Maskable interrupt with priority 75 is generated by
0 BRGSSR 0: INTBRGO
1: INTBRG1

Before changing any interrupt selection bit in this register the related interrupt
sources must be disabled. Otherwise unrelated interrupt requests may occur.
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Access
Address

Initial Value

Table 4-11

Note

156

INTERRF - Interrupt source flag register

The 8-bit INTTERRF register identifies the interrupt source of NMI and INTO
(default priority 0) interrupts.

This register can be read/written in 8-bit and 1-bit units.
FFFF FeD2y
00y. This register is initialized by RESET.

7 6 5 4 3 2 1 0
INTERR7 0 0 0 0 INTERR2|INTERR1|INTERRO
R/W R/W R/W R/W R/W R/W R/W R/W

INTTERF register contents

Bit position | Bit name Function

Displays the status of interrupt INTOSD (Clock
Monitor)

0: Interrupt not generated

1: Interrupt generated

Displays the status of interrupt INTDEDFR (FlexRay)
2 INTERR2 0: Interrupt not generated
1: Interrupt generated

Displays the status of interrupt INTDEDR (RAM)
1 INTERR1 0: Interrupt not generated
1: Interrupt generated

Displays the status of interrupt INTDEDF (Flash)
0 INTERRO 0: Interrupt not generated
1: Interrupt generated

7 INTERR7

1. After the CPU has processed the associated interrupt routine, the related
flag in the INTERRF register must be reset to '0' by a bit manipulation
instruction. If a further interrupt occurs while the associated bit in the
register is reset, the new interrupt request will also be discarded.

2. Writing to ROMEAD register is prohibited while INTERRO bit is "1".
Writing to RAMEAD register is prohibited while INTERR1 bit is "1".

3. After occurrence of an INTDEDFR (FlexRay double error detection) event,
the bit FRMHDS.DMR in the FlexRay Controller must be reset to '0'
additionally.
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4.6 Software Exception

4.6.1 Operation

If a software exception occurs, the CPU performs the following processing, and
transfers control to the handler routine:

1. Saves the restored PC to EIPC.

2. Saves the current PSW to EIPSW.

3. Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt
source).

4. Sets the EP and ID bits of the PSW.

5. Sets the handler address (00000040H or 00000050H) corresponding to
the software exception to the PC, and transfers control.

Figure 4-11 illustrates the processing of a software exception.

- C TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC -— exception code
PSW.EP =1

PSW.ID =1

PC -— handler address

C Exception processing )

Figure 4-11 Software exception processing

CPU processing

Note TRAP Instruction Format: TRAP vector (the vector is a value from 0 to 1FH.)

The handler address is determined by the TRAP instruction’s operand (vector).
If the vector is 0 to OFH, it becomes 00000040H, and if the vector is 10H to
1FH, it becomes 00000050H.
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4.6.2 Restore
Recovery from software exception processing is carried out by the RETI
instruction.
By executing the RETI instruction, the CPU carries out the following
processing and shifts control to the restored PC’s address.
1. Loads the restored PC and PSW from EIPC and EIPSW because the EP
bit of the PSW is 1.
2. Transfers control to the address of the restored PC and PSW.
Figure 4-12 illustrates the processing of the RET]I instruction.
C RETI instruction )
1 #
o
—
0
|
PC <~—EIPC PC <—FEPC
PSW ~—EIPSW PSW <—FEPSW
C Original processing restored )
Figure 4-12 RETI instruction processing
Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR

158

instruction during the software exception processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 1 using the LDSR instruction immediately before the RETI
instruction.

Note The solid lines show the CPU processing flow.
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4.6.3 Exception status flag (EP)

The EP flag is bit 6 of PSW, and is a status flag used to indicate that exception
processing is in progress. It is set when an exception occurs.

3 8 7 6 5 4 3 2 1 0 |Initial value
L S B s s B B B B B B

PSW [0 0000000000000000000000O0]NP|EP|ID|SAT|CY|OQOV| S | Z |00000020H

Bit position | Bit name Function

Shows that exception processing is in progress.
6 EP 0: Exception processing not in progress.
1: Exception processing in progress.
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4.7

4.71

Exception Trap

An exception trap is an interrupt that is requested when an illegal execution of
an instruction takes place. For this microcontroller, an illegal opcode exception
(ILGOP: lllegal Opcode Trap) is considered as an exception trap.

lllegal opcode definition

The illegal instruction has an opcode (bits 10 to 5) of 111111B, a sub-opcode
(bits 23 to 26) of 0111B to 1111B, and a sub-opcode (bit 16) of OB. An
exception trap is generated when an instruction applicable to this illegal
instruction is executed.

15 1110 5 4 0 31 27 26 23 22 16
I | I I | | I I I | | I I I | | I I | | | I
01 1 1
X X x x|1 1 1 1 1 1]x x x x x|x x X x X to X X x x x x|0
1 11
Note x: Arbitrary
(1) Operation

If an exception trap occurs, the CPU performs the following processing, and
transfers control to the handler routine:

Saves the restored PC to DBPC.

Saves the current PSW to DBPSW.

Sets the NP, EP, and ID bits of the PSW.

Sets the handler address (00000060H) corresponding to the exception trap
to the PC, and transfers control.

Mo~

Figure 4-13 illustrates the processing of the exception trap.

T C Exception trap (ILGOP) occurs )

DBPC -— restored PC
DBPSW —=—PSW
PSW.NP <1

PSW.EP «—1

PSW.ID =1

PC ~— 00000060H

C Exception processing )

CPU processing

Figure 4-13 Exception trap processing

160
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(2) Restore

Recovery from an exception trap is carried out by the DBRET instruction. By
executing the DBRET instruction, the CPU carries out the following processing
and controls the address of the restored PC.

1. Loads the restored PC and PSW from DBPC and DBPSW.
2. Transfers control to the address indicated by the restored PC and PSW.

Figure 4-14 illustrates the restore processing from an exception trap.

C DBRET instruction )

PC -<— DBPC
PSW -<—  DBPSW

C Jump to address of restored PC )

Figure 4-14 Restore processing from exception trap
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4.7.2 Debug trap

The debug trap is an exception that can be acknowledged every time and is
generated by execution of the DBTRAP instruction.

When the debug trap is generated, the CPU performs the following processing.

(1) Operation

When the debug trap is generated, the CPU performs the following processing,
transfers control to the debug monitor routine, and shifts to debug mode.

Saves the restored PC to DBPC.
Saves the current PSW to DBPSW.

Sets the NP, EP and ID bits of the PSW.

Sets the handler address (00000060H) corresponding to the debug trap to
the PC and transfers control.

Moo nN =~

Figure 4-15 illustrates the processing of the debug trap.

T C DBTRAP instruction )

DBPC -— restored PC
DBPSW =— PSW
PSW.NP = 1

CPU processing PSWEP <— 1
PSW.ID = 1
PC ~— 00000060H

C Exception processing )

Figure 4-15 Debug trap processing
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(2) Restore

Recovery from a debug trap is carried out by the DBRET instruction. By
executing the DBRET instruction, the CPU carries out the following processing
and controls the address of the restored PC.

1. Loads the restored PC and PSW from DBPC and DBPSW.
2. Transfers control to the address indicated by the restored PC and PSW.
Figure 4-16 illustrates the restore processing from a debug trap.

C DBRET instruction )

PC -— DBPC
PSW -<—  DBPSW

C Jump to address of restored PC )

Figure 4-16 Restore processing from debug trap
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4.8 Multiple Interrupt Processing Control

Multiple interrupt processing control is a process by which an interrupt request
that is currently being processed can be interrupted during processing if there
is an interrupt request with a higher priority level, and the higher priority
interrupt request is received and processed first.

If there is an interrupt request with a lower priority level than the interrupt
request currently being processed, that interrupt request is held pending.

Maskable interrupt multiple processing control is executed when an interrupt
has an enable status (ID = 0). Thus, if multiple interrupts are executed, it is
necessary to have an interrupt enable status (ID = 0) even for an interrupt
processing routine.

If a maskable interrupt enable or a software exception is generated in a
maskable interrupt or software exception service program, it is necessary to
save EIPC and EIPSW.

This is accomplished by the following procedure.

(1) Acknowledgment of maskable interrupts in service program

Service program of maskable interrupt or exception

*EIPC saved to memory or register
*EIPSW saved to memory or register

*El instruction (interrupt acknowledgment enabled)

" Maskable interrupt acknowledgment

Dl instruction (interrupt acknowledgment disabled)
*Saved value restored to EIPSW
*Saved value restored to EIPC

*RET]I instruction

164
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(2) Generation of exception in service program

Service program of maskable interrupt or exception

*TRAP instruction

*RETI instruction

*EIPC saved to memory or register

*EIPSW saved to memory or register

eSaved value restored to EIPSW

eSaved value restored to EIPC

" Exception such as TRAP instruction acknowledged.

Caution

The priority order for multiple interrupt processing control has 8 levels, from 0
to 7 for each maskable interrupt request (0 is the highest priority), but it can be
set as desired via software. Setting of the priority order level is done using the
PPRnNO to PPRN2 bits of the interrupt control request register (PICn), which is
provided for each maskable interrupt request. After system reset, an interrupt
request is masked by the PMKn bit and the priority order is set to level 7 by the
PPRnO to PPRN2 bits.

The priority order of maskable interrupts is as follows.

(High) Level 0 > Level 1 > Level 2 > Level 3 > Level 4 >
Level 5> Level 6 > Level 7 (Low)

Interrupt processing that has been suspended as a result of multiple
processing control is resumed after the processing of the higher priority
interrupt has been completed and the RETI instruction has been executed.

A pending interrupt request is acknowledged after the current interrupt
processing has been completed and the RETI instruction has been executed.

In a non-maskable interrupt processing routine (time until the RETI instruction
is executed), maskable interrupts are suspended and not acknowledged.
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4.9

Figure 4-17

Note

Table 4-12

Interrupt Response Time

The following table describes the interrupt response time (from interrupt
generation to start of interrupt processing).

Except in the following cases, the interrupt response time is a minimum of 4
clocks:

¢ During software or hardware STOP mode

¢ When an external bus is accessed

* When there are two or more successive interrupt request non-sampling
instructions (see “Periods in Which Interrupts Are Not Acknowledged” on

page 167).
* When the interrupt control register is accessed

To input interrupt requests continuously, leave a space of at least 4 clocks
between interrupt request inputs.

If a peripheral register via the NPB is accessed, the “MEM” cycle of the
interrupted instruction may induce additional delay cycles, thus delaying also
the fetch of the 1st instruction of the interrupt service routine.

4 system clocks

VBCLK (Input) I
Interrupt request |

Instruction 1 [ IF [ 1D | EX [MEM] WB |
Instruction 2 IFX | IDX 1
Interrupt acknowledgement operation INT1 [INT2] INT3|INT4

Instruction (first instruction of IF | ID | EX
interrupt service routine)

Pipeline operation at interrupt request acknowledgment (outline)
INT1 to INT4: Interrupt acknowledgement processing

IFx: Invalid instruction fetch
IDx: Invalid instruction decode

Interrupt response time

Interrupt response time (internal system clocks)

Condition

Internal interrupt | External interrupt

Minimum

4

4 + digital noise | The following cases are exceptions:
filter delay * In IDLE/software STOP mode

Maximum

e External bit access

8 + digital noise | * Two or more interrupt request non-sample instructions
filter delay are executed

* Access to interrupt control register

166
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4.10 Periods in Which Interrupts Are Not Acknowledged

An interrupt is acknowledged while an instruction is being executed. However,
no interrupt will be acknowledged between an interrupt non-sample instruction
and the next instruction.

The interrupt request non-sampling instructions are as follows:
¢ Elinstruction

¢ Dl instruction

e LDSR reg2, 0x5 instruction (for PSW)

¢ The store instruction to the following registers:

interrupt control registers xxICn

interrupt in-service priority register ISPR

command register PRCMD
Timer T counter write buffer registers TTnTCW
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5.1

5.1.1

5.1.2

CRC Function (CRC)

The microcontroller offers two different instances for Cyclic Redundancy
Check (CRC) generation, CPU-CRC and DATA-CRC.

Features

CPU-CRC

The CPU-CRC function can be used to support user self test software
designed for testing the CPU core function. By observing dedicated CPU
internal states and automatically accumulating a CRC signature by hardware
corresponding routines for signature generation formerly realized in software
may become obsolete. Proper function of such self test software in conjunction
with the CRC unit and impact on the achieved fault coverage still needed to be
carefully checked by the user.

e 32-bit Ethernet CRC (04C11DB7y)
(X324 X201 X234 X221 X104 X124 X T4 X104 XBeXT 4 X5+ X A4 X2 +X141)
¢ CRC generation to an arbitrary data block length

» 5 fix assigned channels for different observation points
- Channel 0: synchronous register file write data
- Channel 1: the register number of PSWSTATE and register file
- Channel 2: IRAM address (only at write instructions)
- Channel 3: IRAM write data (only at write instruction)
- Channel 4: asynchronous register file write data
Throughout this chapter the channel numbers are indicated by “n”
(n=0to 4)

e CPU internal states are automatically stored in the CPU-CRC input register
on each trigger event and the generated CRC is stored in the CPU-CRC
data register.

DATA-CRC

The DATA-CRC can be used to verify or generate CRC protected data streams
of arbitrary length and different bit widths.

* 32-bit Ethernet CRC (04C11DB7},)
(X324 X204 X234 X221 X101 X124 X T4 X104 XB X4 X0+ X 4 X2 +X141)
Input data reflected

Output data reflected
Final XOR with FFFF FFFFy

« 16-bit CCITT CRC (1021y)

(X164X124X5+1)

Input data not reflected
Output data not reflected
Final XOR with 00004
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5.2

* CRC generation to an arbitrary data block length

¢ One channel for DATA-CRC generation

e After initialization of the DATA-CRC input register every write access to the
DATA-CRC input register generates a new CRC according to the chosen

polynomial and the result is stored in the CPU-CRC data register.

Configuration

The following picture shows the block diagram of the CRC module.

External bus(MEMC connection)

AN

32-Ethernet

CCRCDO(32bit)

CRC code generation circui

< CPUoutput signal c
CRC IF
(CCIF)
[T
CPU-CRCO 1_—_ \} DATA-CRC
CCRCO L
[CCRCINO(3201) | ( ) HEN [ DCRCIN(8/16/320it) | (bCRO)
iL i/ |
\L g e

32-Ethernet
CRC code generation circui

16-CCITT
CRC code generation circui

Selector

CRCC,POL_’l

DCRCD(32bit)

Y.

External bus(MEMC connection)

Figure 5-1
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Block diagram of CPU-CRC and DATA-CRC
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5.3 CRC Registers

Caution The CRC module is addressed via memory controller of the external bus,
hence the chip select CS7 of the memory controller (MEMC) must be

configured in advance.

The CRC is controlled and operated by means of the following registers:

Table 5-1 CRC registers overview

Register name Shortcut Address
CPU-CRC input register 0 CCRCINO <base>
CPU-CRC input register 1 CCRCINT{ <base> + 08y
CPU-CRC input register 2 CCRCIN2 <base> + 10y
CPU-CRC input register 3 CCRCIN3 <base> + 18
CPU-CRC input register 4 CCRCIN4 <base> + 20y
CPU-CRC data register 0 CCRCDO <base> + 04y
CPU-CRC data register 1 CCRCD1 <base> + 0Cy
CPU-CRC data register 2 CCRCD2 <base> + 14y
CPU-CRC data register 3 CCRCDs3 <base> + 1Cy
CPU-CRC data register 4 CCRCD4 <base> + 24y
DATA-CRC input register DCRCIN <base> + 30
DATA-CRC data register DCRCD <base> + 34
CRC control register CRCC <base> + 40

Base address The base address of the CRC module is OFEO 0000
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Access
Address

Initial Value

Output signal latch

172

CCRCINN - CPU-CRC input registern (n=0 - 4)

The CCRCINN register is a 32-bit data input register that holds the input data
for CRC calculation.

The register is latched by actions generated by CPU (refer to below).

This register is read-only in 32-bit units.

CCRCINO: <base>,

CCRCINT1: <base> + 08y

CCRCIN2: <base> + 10, CCRCINS: <base> + 18y
CCRCIN4: <base> + 204

0000 0000y. The register is cleared by any reset.

31

16

CCRINN[31:16]

15

CCRINN[15:0]

The CPU output signals are latched by the following action:

CCRCINO:
CCRCINT:

CCRCIN2:

CCRCINS:

CCRCIN4:

synchronous register file write data

PSWSTATE only bits 9-0, bits14 to 0 register number of
register file and bits 31 to 15 are set to "0"

at IRAM write access only address bits 27 to 2, the remaining
bits are set to “0”

IRAM data, only at write access. Always 32 bit are used for
input, at byte or half word accesses the invalid bytes are set
to HO”

asynchronous register file write data
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(2) CCRCDn - CPU-CRC data register n (n =0 - 4)

This register is a 32-bit register for the result storage of the CPU-CRC
generated by the 32-bit Ethernet polynomial.

Access This register can be read/written in 32-bit units.

Address CCRCDO: <base> + 04y, CCRCD1: <base> + 0Ch
CCRCD2: <base> + 14, CCRCD3: <base> + 1Cy
CCRCD4: <base> + 24y

Initial Value 0000 0000y. The register is cleared by any reset.

31 16
| CCRCDn[31:16] |

15 0
| CCRCDn[15:0] |

Preliminary User's Manual U17754EE4VOUMO0 173



Chapter 5 CRC Function (CRC)

(3) DCRCIN - DATA-CRC input register

The DCRCIN register is a 32-bit data input register that holds the input data for
DATA-CRC calculation. The effective bit width used for CRC calculation must
be set at CRCC.ISZn bits of the CRC control register.

The CRC calculation is immediately started after the DCRCIN register is
written. The DCRCD register must be initialized, with the initial starting value,
before the first data of the data block is written to DCRCIN register.

Access This register can be read/written in 32-bit units.

Address <base> + 30y

Initial Value 0000 0000y. The register is cleared by any reset.

31 16
| DCRCIN[31:16]

15 0
| DCRCIN[15:0]

(4) DCRCD - DATA-CRC data register

This register is a 32-bit register for the result storage of the DATA-CRC
generated by the 32bit Ethernet or 16-bit CCITT polynomial.

When the 16-bit CCITT polynomial is enabled, the bits 15-0 of the DCRCD
register show the CRC result. The bits 31-16 are undefined.

Access This register can be read/written in 32-bit units.

Address <base> + 34y

Initial Value 0000 0000y. The register is cleared by any reset.

31 16

| DCRCDI[31:16]

15 0

| DCRCDI[15:0]

Caution 1. This register must be initialized, with the initial starting value, before the first
data of the data block is written to DCRCIN register.
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®)

Access

Address

Initial Value

Note

Caution

CRCC - CRC control register

CCRC is a register that controls the CPU-CRC and DATA-CRC generation
process.

This register can be read/written in 32-bit units. The upper 16-bit are fixed to
“0”.
<base> + 40y

0000y. The register is cleared by any reset.

31 30 29 28 27 26 25 24

L o | o J o f o f o | o f o | o |
23 22 21 20 19 18 17 16

L o | o | o | o | | o | | o |
15 14 13 12 11 10 9 8

| 0 | 0 | 0 |CRCEN4|CRCEN3|CRCEN2|CRCEN1|CRCENO|
7 6 5 4 3 2 1 0

| 0 | 0 | 0 | 0 | 0 | 1SZ1 | 1ISZ0 | POL |

CRCENn | Enable / disable CPU-CRC generation for related channel n
0 CPU-CRC generation disabled
1 CPU-CRC generation enabled

ISZ11SZ0 | Select DATA-CRC bit width

00 32-bit

01 16-bit

10 8-bit

11 setting prohibited

POL Select DATA-CRC generating function

32-bit Ethernet CRC polynomial generation. The byte order of the
0 DCRCIN register is LSB (Least Significant Byte) first, means LSB at bit
position 7...0 of DCRCIN register.

16-bit CCITT CRC polynomial generation. The byte order of the
1 DCRCIN register is MSB (Most Significant Byte) first, means MSB at bit
position 7...0 of DCRCIN register.

After changing the DATA-CRC generating function (CRCC.POL) the DCRCD
register must be initialized.

The DATA-CRC bit width (CRCC.1SZn) must be set according to the data block
bit width. Switching the DATA-CRC bit width is not allowed during processing
of a data block (a data block consists of n bytes, half words or words). After the
final DATA-CRC result is read from DCRCD register, the bit width can be
changed and the DCRCD register must be initialized with the initial value
afterwards.
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5.4 Operation

5.4.1 CPU-CRC

The following flow chart shows the CPU-CRC generating sequence.

Disable interrupts and DMA
transfers

!

Initialize DCRD register
(e.g. with "0")

!

Execute instruction
MOV r31, r0

'

Enable CRC operation
CRCC.CRCENN =1

v

Interrupt control register read
(PICn)

Yes

Y

No

CPU trigger input?

The output data of CPU is
taken into the CRC input
register

!

Execute instruction
MOV r31, r0

Disable CRC operation
CRCC.CCRCENn=0

'

Execute instruction
MOV r31, r0

'

Interrupt control register read
(PICn)

‘ CRC calculation ‘

]

D : Processing in software
D : Processing in hardware

'

CPU-CRC result is written to
CCRCDn register

Read result from DCRCDn
register

Interrupts and DMA can be
enabled

Note 1:  Read one interrupt control register (there is no dedicated interrupt control register
any interrupt control register can be used) and ensure that always the same value is read,

otherwise the CPU-CRC generation result differs.

Note 2:  After the 1st CPU trigger input, the CPU-CRC operational result is not taken into the
CRC data register. But on read access of the CCRCD register the actual CRC value is forwarded

to the register and the actual CRC value is read.

Figure 5-2 CPU-CRC flow diagram
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Note

1.

During CPU-CRC generation, read access to all peripheral I/O registers
including the registers accessible via external memory bus (CS1, CS5,
CS6 and CS7) is prohibited.

Do not change the address position of the CPU-CRC program.

Interrupts are prohibited during CPU-CRC generating procedure including
maskable and non maskable interrupts.

DMA transfers are prohibited during CPU-CRC generating procedure.
Therefore all DMA transfers must be terminated beforehand.

The move instruction “mov r31, r0” must be executed before writing the
CRCC register.

Read the interrupt control register and ensure that always the same value
is read, otherwise the CPU-CRC generation result differs.

Channel 4 asynchronously monitors write data to the CPU's internal
register file. Accordingly the operation result may differ with the test
program's execution timing, even though the same program code was
executed. Therefore please make sure that the execution timing of any
selftest program using channel 4 is absolutely reproducible and does not
vary e.g. due to interrupt occurrence. Please consider that if this signature
is used to compute one final signature of several tests, the final signature
will also differ if channel 4 was operated with a different timing.
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5.4.2 DATA-CRC

The DATA-CRC module offers the possibility to generate a CRC of an arbitrary
data block length with a data width of 8, 16 or 32bit. The CRC polynomial can
either be selected for 32-bit Ethernet or 16-bit CCITT, the initial starting value
must be set at the DCRCD register before the first write access to the CRC
input register (DCRCIN) is done.

The flow chart below shows the DATA-CRC generating procedure.

Initialize DCRD register
(e.g. with "0")

Input data ?

Y
‘ Read result from DCRCD ‘

‘ Write DCRCIN register ‘ A
register

l

‘ CRC calculation ‘ End

L]

D : Processing in software
D : Processing in hardware

Figure 5-3 DATA-CRC flow diagram

Note 1. After the first data write to the input register DCRCIN, the DATA-CRC
operational result is not taken into the CRC data register (DCRCD). But on
read access of the DCRCD register the actual CRC value is forwarded to
the register and the actual CRC value is read.

2. The CRC data register DCRCD must be initialized if the polynomial is
changed by changing bit CRCC.POL.
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6.1

6.1.1

Clock Generator

The Clock Generator generates and monitors the internal system clock that is
supplied to the CPU and the peripherals.

Overview

The Clock Generator has two oscillators:

The main oscillator generates the system clock from an external 16 MHz
crystal or resonator.

An internal oscillator generates a clock that is used to monitor the main
oscillator. In case of a main oscillator malfunction detection, an interrupt or a
reset can be generated, while the micocontroller is operating with the free-
running PLL output clock.

Features

Crystal frequency: fy = 16 MHz

Multiplier function using two phase locked loop (PLL) synthesizers:

— Atimes 8 multiplier generates fyyx = 128 MHz, the high-speed internal
system clock.

— Atimes 5 multiplier generates fyy’ = 80 MHz for FlexRay. This clock can
also be applied to the CPU.

6.8 MHz internal oscillator
Built-in Clock Monitor

Automatic change of CPU clock source if main oscillator fails
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6.1.2 Description

The following figure shows a simplified block diagram of the Clock Generator:

CANCKSEL.CANCKO
fy=16MHz { |
S
> CLMRES E CANCLK
> Clogk f /8 =16 MHz 0 L
Monitor |, INTOSD x
T fRO
Int | -
ossilator /4232 Wiz » PCLKO
f./8 =16 MHz
> PCLK1
f, f/16 =8 MHz > PCLK2
16 MHz f /32 =4 MHz
for = > PCLK3
X1 @ wan 128 MHz Pre- | %=2v > PCLK4
oscillator PLL x 8 > f /128 =1 MHz
X2 @—» 16 MHz Scaler 1 /256 = 500 Kriz » PCLK5
fx 12 = 250 KH > PCLK6
/512 = 250 Kz > PCLK7
T
/2048 = 625 Wz » PCLK9
0 VBCLK
- CPU
E
L
]
DVC.DVCO
PLLSEL©
FlexRay
‘» PLLxX5 e SOIkC
80 MHz 80 MHz
Figure 6-1 Clock Generator block diagram
Note fy: Main oscillator output clock (16 MHz)
fyx: Internal system clock (PLL x 8 output, 128 MHz)
fux Internal system clock (PLL x 5 output, 80 MHz)
fro: Internal oscillator clock

VBCLK: Clock to CPU (128 MHz or 80 MHz)
BCLK:  Clock to Memory Controller
SCLKC: Clock to FlexRay (= fxx’: PLL x 5 output, 80 MHz)
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fyy PLL

fyx’ PLL

VBCLK

CANCLK

PCLK

An external resonator or crystal has to be connected to the X1 and X2 pins. Its
frequency is multiplied by the PLL synthesizer. By this an internal system clock
fyx is generated that has 8 times the frequency (fx) of the external resonator or

crystal.

The clock controller enables the PLL automatically and starts clock supply to
the system after oscillation stabilization time has passed.

An additional PLL, fed with the main oscillator clock fy, with a multiplication
factor of 5 generates the 80 MHz clock fyy’, which is used to supply the
FlexRay module, also named SCLKC. fyy’ can also be used as the internal
system clock instead of fy.

The CPU clock VBCLK can be switched from 128 MHz to 80 MHz by a high
level at pin PLLSEL (ground = 128 MHz, high level = 80 MHz). This is a
preselection that must not be changed when the controller is active.

The clock CANCLK for the CAN controllers can be chosen from the peripheral
clock PCLK1 or the main oscillator clock f,, both having a frequency of

16 MHz. The CANCLK choice is made by CANCKSEL.CANCKO.

The peripheral modules are supplied with a set of 10 peripheral clock PCLKO
to PCLK9, derived from the PLL output clock f,, by a prescaler. The maximum

frequency delivers PCLKO with 32 MHz, the other PCLKn are the half of its
predecessor PCLK(n-1).
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6.2 Control Registers

The Clock Generator is controlled and operated by means of the following
register:

Table 6-1 Clock Generator registers overview

Register name Shortcut Address

CAN clock selection register CANCKSEL FFFF F860y

(1) CANCKSEL - CAN clock selection register

The CANCKSEL register determines the clock source of the CAN clock
CANCLK.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F860y

Initial Value 00y. This register is initialized by any reset.

7 6 5 4 3 2 1 0
| 0 | 0 \ 0 \ 0 \ 0 | 0 | 0 |CANCKO\
R R R R R R R/W

Table 6-2 CANCKSEL register contents

Bit position | Bit name Function
16 MHz CAN clock CANCLK supply selection
0 CANCKO 0: peripheral clock PCLK1
1: main oscillator clock fy
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6.3

Caution

Emergency shut-off

6.3.1

Table 6-3

Clock Monitor

The Clock Monitor monitors the operation of the main oscillator.

In case of malfunction of the main oscillator, it can generate the reset CLMRES
or the interrupt INTOSD.

If the main oscillator has stopped to operate, the PLLs output their free-running
clock frequency at fyy respectively fyy’. Thus the CPU system clock VBCLK
and the base clock for all peripheral clocks PCLKn is derived from the free-
running PLL output clocks.

In case of a main oscillator stop, be aware of the following:

1. The CPU can operate on the free-running PLL output clock.
2. DMA transfers may fail to operate.

3. Peripheral modules, supplied by PCLKn, may fail to operate.

4. In on-chip debug mode the Clock Monitor is automatically stopped.
Read/write of the Clock Monitor’s registers is still possible.

The Clock Monitor interrupt INTOSD is capable to initiate an emergency
shut-off (immediate change into high impedance mode) of certain output pins.
For further information refer to “Pin Functions” on page 31.

Clock Monitor registers

The Clock Monitor is controlled and operated by means of the following

register:

Clock Monitor registers overview

Register name Shortcut Address

Clock Monitor mode register CLM FFFF FCAOy
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(1) CLM - Clock Monitor mode register
The 8-bit CLM register controls the operation of the Clock Monitor.

Writing to this register is only possible immediately after writing to the
associated write protection register.

First write to the PRCMD register. The contents is ignored. Then, you are
permitted to write once to the CLM register. This must be done immediately
after writing to the PRCMD register. After the second write action, or if the
second write action does not follow immediately, all protected registers are
write-locked again.

Access This register can be read/written in 8-bit or 1-bit units.

Address FFFF FCAO
Initial Value 00y. This register is initialized by RESET.

2 1 0
| o [ o | o | o | o | o |[cwD | CLME |
R R R R R R R R/W
Table 6-4 CLM register contents
Bit position | Bit name Function

Defines the action if the main oscillator frequency is too
low:

0: Generate internal reset CLMRES.

1: Generate interrupt INTOSD.

Clock Monitor enable:
0 CLME 0: Disable the Clock Monitor.
1: Enable the Clock Monitor.

1 CLMD

Note Once CLM.CLME has been set, it cannot be cleared by writing to the register.
This bit can only be cleared by RESET.

Caution CLMD must not be changed if the Clock Monitor is enabled (CLME = 1).

Since disabling of the Clock Monitor (CLME = 0) is only carried out by a
RESET, it is not possible to change CLMD after the Clock Monitor has been
started.
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6.3.2 Operation of the Clock Monitor

The Clock Monitor counts the falling edges of the main oscillator clock fy
during a period of 3 clock cycles of the half of the internal oscillator clock frg
(= 1/TRO)! i.e. within 3 x 2TRO'

In case the number of counted fy is less than two, the Clock Monitor issues the
reset CLMRES or the interrupt INTOSD, depending on CLM.CLMD.

As the frequency of the internal oscillator is heavily temperature depend, frg
varies between its minimum fromin (= 1/Tromin) @nd maximum fromax
(= 1/Tromay) values.

Main oscillator fail Figure 6-2 illustrates the calculation of the minimum frequency fyin4, that the
detection  Clock Monitor always detects as a main oscillator fail condition.
Txmax1 =3 * 2 * TRomax
and thus
fxmin1 = frRomin / 6

All main oscillator frequencies below fy,i,1 are reported as main oscillator
failure.

The main oscillator frequency fy (= 1/Ty) in Figure 6-2 falls below this limit
fxmin1 @nd the Clock Monitor reports oscillator failure by generating CLMRES
respectively INTOSD.

CLMRES (CLM.CLMD=0)
INTOSD (CLM.CLMD=1)

CLMRES (CLM.CLMD=0)
INTOSD (CLM.CLMD=1)

Figure 6-2 Main oscillator fail detection

Main oscillator  Figure 6-3 illustrates the calculation of the minimum frequency fyino, that the
no-fail detection  Clock Monitor always detects as a main oscillator no-fail condition.

2 * Txmax2 =3 * 2 * Tromin

and thus
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mein2 = fROmax /3

All main oscillator frequencies above fy,ino are judged as main oscillator

no-fail.

The main oscillator frequency fy (= 1/Tx) in Figure 6-3 falls below this limit
fxmin2 and the Clock Monitor reports oscillator failure by generating CLMRES

respectively INTOSD.

CLMRES (CLM.CLMD=0)
INTOSD (CLM.CLMD=1)

CLMRES (CLM.CLMD=0)
INTOSD (CLM.CLMD=1)

Figure 6-3 Main oscillator “no fail” detection

Table 6-5

Note

All main oscillator frequencies between fymin1 and fxmino May be detected as

oscillator failure.

Table 6-5 summarizes the main oscillator fail/no-fail detections and gives an

example with following internal oscillator frequencies:

o fROmin =588MHz = TROmax =170 ns

b fROmax =8,00 MHz = TROmin =125 ns

For information concerning the real internal oscillator frequencies refer to the

Data Sheet.

Main oscillator fail detection

fx Clock Monitor detection Example
fx < fxmin1 = fRomin /6 fail fy < 0,98 MHz
fxmin1 < fx < fxmin2 fail or no-fail 0,98 MHz < fy < 2,67 MHz
fx > fxmin2 = fRomax / 3 no-fail fy > 2,67 MHz

Main oscillator frequencies above its nominal value fy will not be detected as

failure.
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6.4 Power Save Control

Figure 6-4

Note

The power save function of V850E/PHO3 supports the HALT mode. In this
mode, the Clock Generator (oscillator and PLL synthesizers) continues to
operate, but the CPU clock and hence program execution stops. The built-in
RAM keeps the state it had before the HALT mode was set.

The clock supply to the on-chip peripherals continues. Peripheral devices that
do not require instruction processing remain operating.

The HALT mode can reduce the average power consumption of the entire
system by intermittent operation with the normal operation mode.

The system is switched to HALT mode by a specific instruction (the HALT
instruction).

Figure 6-4 shows the transitions between normal operation mode and HALT
mode.

Set HALT mode

MNormal operation mode HALT mode

/ Interrupt request Note 1

Note 2 RESET pin input

Wait for stabilization of
oscillation and PLL

Power Save Mode State Transition Diagram
1. Non-maskable interrupt request signal (NMI) or unmasked maskable
interrupt request signal.

2. The oscillation stabilization time is necessary after release of reset
because the PLL is initialized by a reset. The stabilization time is
determined by hardware.
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6.4.1

M

Caution

Table 6-6

HALT mode

Setting and operation status

The HALT mode is set when a dedicated instruction (HALT) is executed in the

normal operation mode.

When HALT mode is set, clock supply is stopped to the CPU only. The Clock
Generator and PLL continue operating. Clock supply to the other on-chip

peripheral functions continues.

As a result, program execution is stopped, and the internal RAM retains the
contents before the HALT mode was set. The on-chip peripheral functions that
are independent of instruction processing by the CPU continue operating.

Table 6-6 shows the operation status in the HALT mode.

The average power consumption of the system can be reduced by using the
HALT mode in combination with the normal operation mode for intermittent

operation.

1. Insert five or more NOP instructions after the HALT instruction.

2. If the HALT instruction is executed while an interrupt request is being held
pending, the HALT mode is set but is released immediately by the pending

interrupt request.

The following table shows the operation status in the HALT mode.

Operation Status in HALT Mode

Function Operation Status

Clock Generator Operating

Internal system clock (fxx) Supplied

CPU Stopped

DMA Operating

Interrupt controller Operating

Ports Maintained

On-chip peripheral I/0 (excluding ports) | Operating

Internal data

All internal data such as CPU registers,

states, data, and the contents of internal
RAM are retained in the state they were
before HALT mode was set.

A0 to A21 Holds last status
DO to D31 Hi-Z

RD H

WR H

BENO to BEN3 H

CSo, CS1, CS3, CS4 H

WAIT Invalid
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(2) Releasing HALT mode

The HALT mode is released by a non-maskable interrupt request signal (NM),
an unmasked maskable interrupt request signal, or any reset.

After the HALT mode has been released, the normal operation mode is

restored.

(a) Releasing HALT mode by non-maskable interrupt request signal or
unmasked maskable interrupt request signal

The HALT mode is released by a non-maskable interrupt request signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request. If the HALT mode is set in an interrupt servicing routine,
however, an interrupt request that is issued later is serviced as follows.

* |f an interrupt request signal with a priority lower than or same as the
interrupt currently being serviced is generated, the HALT mode is released,
but the newly generated interrupt request signal is not acknowledged. The
interrupt request signal itself is retained.

e |f an interrupt request signal with a priority higher than that of the interrupt
currently being serviced is issued (including a non-maskable interrupt
request signal), the HALT mode is released and that interrupt request

signal is acknowledged.

Table 6-7 Operation after releasing HALT mode by interrupt request signal

Release Source

Interrupt Enabled (EI)
Status

Interrupt Disabled (DI)
Status

Non-maskable interrupt
request signal

Execution branches to the h

andler address

Unmasked maskable
interrupt request signal

Execution branches to the
handler address or the
next instruction is
executed

The next instruction is
executed

(b) Releasing HALT mode by reset

The same operation as the normal reset operation is performed.
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Chapter 7 Flash Memory

The V850E/PHO3 microcontroller is equipped with following internal flash
memory:

¢ code flash:
— puPD70F3483: 768 KB
— pPD70F3441: 992 KB

¢ data flash: 32 KB

The code flash memory is attached to the dedicated fetch bus interface of the
V850 CPU core. It is used for non-volatile storage of program code and
constant data.

The data flash memory is accessible via the memory interface bus. It holds
nonvolatile user’s data, which are subject to be altered during normal program
operation.

Flash memory is commonly used in the following development environments
and applications:

* For altering software after solder-mounting of the V850 microcontroller on
the target system.

* For differentiating software in small-scale production of various models.
¢ For data adjustment when starting mass production.

* For facilitating inventory management.

¢ For updating software after shipment.

The flash memory can be written in different ways:
* by a flash programmer equipped with a suitable adapter (off-board write)

* mounted on the target board by connecting a dedicated flash programmer
to the target system (on-board write)

* by the V850 microcontroller’s application software (self-programming)
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71

7.1.1

7.1.2

Code Flash Memory Overview

Code flash memory features

¢ Internal code flash memory:
— uPD70F3483: 768 KB
— YPD70F3441: 992 KB
¢ Operation speed: up to 128 MHz by 2-way interleaved access
— 4-byte/1 CPU clock cycle access for consecutive instruction fetches
— 4-byte/5 CPU clock cycles access for random instruction and data fetches
¢ All-blocks batch erase or single block erase
» Erase/write with single power supply
e Communication with dedicated flash programmer via two serial interfaces
* On-board and off-board programming
* Flash memory programming by self-programming
e 7-bit ECC (error correction code) for every 4 bytes
— 1 bit error: automatic correction
— 2 bit errors: detection
— Specific interrupt generation in case of bit errors

Code flash memory mapping

The V850 microcontroller’s internal code flash memory area is divided into
blocks of 4 KB blocks and can be programmed/erased in block units. All or
some of the blocks can also be erased at once.

Following figures list the block structures and address assignments of the code
flash memory.

Additional information comprise:

* Boot swap cluster size
Configurable size of boot cluster for secure self-programming, refer to
“Secure self-programming (boot cluster swapping)” on page 215.

¢ |Interleave
Interleave configuration of the flash memory blocks.

¢ CPU branch latency
Number of additional CPU clock cycles during instruction fetches of non-
linear code.
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000F 7FFFH
Block 247 (4 KB)
000F 7000H
000C OFFFH
Block 192 (4 KB)
000C 0000H
000B FFFFH
Block 191 (4 KB) Block 191 (4 KB)
000B FOOOH
0008 OFFFH
Block 128 (4 KB) Block 128 (4 KB)
0008 0000H
0007 FFFFH @
Block 127 (4 KB) Block 127 (4 KB) £
0007 FOOOH 2
0006 OFFFH
Block 96 (4 KB) Block 96 (4 KB)
0006 0000H
0005 FFFFH
Block 95 (4 KB) Block 95 (4 KB)
0005 FOOOH
0000 1FFFH
Block 1 (4 KB) Block 1 (4 KB)
0000 1000H
0000 OFFFH
Block 0 (4 KB) Block 0 (4 KB)
0000 0000H
768 KB 992 KB Code flash size
64 KB Boot swap cluster sizes
2-way Interleave
4 cycles CPU branch latency
pPD70F3483 | HPD70F3441 Products

Figure 7-1 Code flash memory configuration
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Serial programming

Self-programming

194

Extra area

Boot swap

Protection

Code flash memory functional outline

The internal flash memory of the V850 microcontroller can be rewritten by
using the rewrite function of a dedicated flash programmer, regardless of
whether the V850 microcontroller has already been mounted on the target
system or the device is not mounted (off-board/on-board programming).

Since there is no functional difference between on-board and off-board
programming by an external flash programmer, both will be gathered as “serial
programming” - in contrast "to self-programming”.

The self-programming facility, which facilitates rewriting of the flash memory by
the user program, is ideal for program updates after production and shipment,
since no additional programming equipment is required. During self-
programming some software services as well as interrupt serving can still be in
operation, e.g to sustain communication with other devices.

While the self-programming mode can be initiated from the normal operation
mode the external flash programmer mode is entered immediately after
release of a system reset.

Refer to “Flash memory programming control” on page 207 for details on how
to enter normal operation or serial flash programming mode.

The flash memory contains an extra area, used to store the settings of security
and protection functions and other flash relevant information.

The extra area is not mapped into the CPU’s address space, thus is not directly
accessible by the user’'s program. The extra area’s settings can only be read
and modified by an external programmer or by the self-programming library.

A boot swap function makes safe re-programming of the flash memory
possible and is used to maintain an operable software version, even if re-
programming fails for any reason, e.g. in a power fail situation.

For further information concerning boot swapping refer to “Secure self-
programming (boot cluster swapping)” on page 215.

A set of protection flags can be specified during flash memory programming to
prohibit access the flash memory in different ways, implying read-out, rewrite
and erase protections. By these means the code flash memory can be
protected against read-out and rewrite of the flash memory content by
unauthorized persons.

For further information concerning data protection refer to “Data Protection and
Security” on page 219.
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Table 7-1

Flash memory write methods

Environment

Interface

Outline

Operation Mode

Serial
programming

Serial I/F (UART,
csl)

Flash memory programming is done by an external
flash programmer.

The device may be mounted on the target system (on-
board) or unmounted (off-board) by using a suitable
programming adapter board. In either case the
communication between the device and the flash
progammer is using a serial interface.

For details refer to “Flash Programming with Flash
Programmer” on page 202.

Flash memory
programming
mode

Self-
programming

Self-programming
library

Flash memory can be rewritten by executing a user
program that has been written to the flash memory in
advance by means of off-board/on-board
programming. The self-programming library provides
all necessary functions to be called by the user’s
software.

For details refer to “Code Flash Self-Programming” on
page 213.

Normal operation
mode

Table 7-2 on page 196 summarizes the functions used to modify flash memory

content.
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Table 7-2 Basic functions for flash memory modifications
Support
(V: Supported, x: Not supported)
Function Functional outline
Serial .
. Self-programming
programming

Block erasure | The contents of specified memory blocks are erased. \ \/
Multiple block | The contents of the specified successive multiple N N
erasure blocks are erased.
Chip erasure The contents of the entire memory area is erased all

at once. The extra area - except the boot block

cluster protection flag - is also erased.

- : - Y x 2
Caution: The chip erase function erases also the
data flash memory.

Write Writing to specified addresses, and a verify check to N N

see if write level is secured are performed.
Verify Data read from the flash memory is compared with N b

data transferred from the flash programmer.
Checksum Microcontroller internally calculated checksum over

the entire flash memory content is compared with the \ X

checksum calculated by the external programmer
Blank check The erasure status of the entire memory is checked. Y \/
Protection Following functions can be prohibited:
settings e chip erase

* block erase N Je

e write

e read

e rewriting of the boot block cluster

a) In self-programming mode all blocks can be specified to be erased at once by block erasure. Note that the extra
area is not erased in this case.

Can be carried out by the user’s program.

©) Except protection against rewriting of the boot block cluster all other protections have no effect in self-program-

ming mode.

Protection settings can be activated in self-programming mode. Already activate protection settings can not be

deactivated.

196

The following table lists the available flash memory protection functions.

For details refer to “Data Protection and Security” on page 219.
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Table 7-3 Protection functions

Applicable
(\: applies, x: doesn’t apply)
Function Functional outline L
Serial .
. Self-programming
programming

Chip erase Erasure of the entire flash (including the extra N x
command prohibit | area? and the data flash) or single blocks

impossible.
Block erase Erasure of single blocks impossible. S x
command prohibit
Program command | Erasure and rewrite of single blocks S X
prohibit impossible.
Read command Read-out of any flash content impossible. S x
prohibit
Rewritingboot area | Erasure (by block or chip erase) or writing of S \
prohibit the boot block cluster impossible.

) The boot block cluster protection flag is not erased.

7.1.4 Code flash memory erasure and rewrite

Erasure According to its block structure the flash memory can be erased in two different
modes.

¢ All-blocks batch erasure
All blocks are erased all together.

¢ Block erasure
Each 4 KB flash memory block can be erased separately.

In self-programming mode any number of contiguous flash memory blocks
can be erased all together.

Rewrite In self-programming and serial programming mode it is possible to rewrite the
flash memory in smaller units than one block. Once a complete block has been
erased it can be rewritten in units of 8 byte, starting at 8 byte aligned
addresses, i.e. at 000g as the lower 3 address bits. Each unit can be rewritten

only once after erasure of the complete block.

Preliminary User's Manual U17754EE4V0OUMO0 197



Chapter 7

Flash Memory

715

Note

M

Access

Address

Initial Value

31 30 29 28

Code flash memory error detection

The code flash memory control circuit is equipped with an error detection
function. A 7-bit ECC (Error Correction Coding) code is dedicated to each
32-bit word in the flash memory.

The ECC can detect and correct single bit errors and detect double bit errors.
In the latter case the double error detection interrupt INTDEDF is generated.

INTDEDF can generate two kinds of interrupts:

¢ an NMI via the NMI sharing function

* a maskable interrupt (exception code 0080y), that is shared with double
error detections of the RAM and FlexRay error detection functions

Besides generating an non-maskable or maskable interrupt, the address of the

erroneous data is saved a register.

As error detection is also performed on instructions, which are prefetched by
the CPU’s execution pipeline, an error may be detected and reported, even if
the instruction is not attempted to be executed because of a program branch.

One register is provided for the error correction function.

ROMEAD - Flash ROM ECC error register

The 32-bit ROMEAD register holds the address of the flash memory location,
where an error was detected first.

This register can be read in 32-bit units.
FFFF F8AOy

0000 0000y

27 26 25 24 23 22 21 20 19 18 17 16

|o\o|o\o\o|o|o\o\o|o\o\o| ROMEADDR |

15 14 13 12

11 10 9 8 7 6 5 4 3 2 1 0

ROMEADDR \ 0 | 0 |

Table 7-4 ROMEAD register contents

Bit Position

Bit Name Function

19-2

ROMEADDR 20-bit address of first detection of a flash ROM error.

198

The address of the first error detection is stored in ROMEAD. At the same time
the interrupt flag INTERRF.INTERRO is set to 1.

This register is not overwritten by a new error detection until

¢ the INTERRF.INTERRO is cleared to 0. Thus no new error is signaled by
interrupt INTDEDF until the INTERRF.INTERRQO is cleared to 0.

* ROMEAD is cleared to 0000 0000y by any reset.

Afterwards a new ECC detection address can be stored.
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(2) Flash memory error detection check

For checking the functionality of the flash memory error detection, a dedicated
address in the flash memory needs to be reserved for generating a mismatch
between the flash memory data word an its associated ECC.

This flash memory address needs to be programmed twice:

1. The first data written to the address generates the correct ECC

2. The second data written to the same address must differ to the first data.
Consider that during re-programming only “1” bits can be changed to “0”,
but not vice versa. Further the correct ECC of the second data must differ
to the correct ECC of the first data.

Afterwards any read of the data (either as an instruction fetch or as a read of a
constant) should generate a maskable or non-maskable flash memory error
interrupt INTDEDF.
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7.2

7.2.1

Note

7.2.2

Table 7-5

Data Flash Memory

The V850E/PHO3 microcontroller contains a 32 KB data flash in addition to the
code flash. The data flash is on-chip connected to the external memory bus.

Data flash memory features

The data flash has the following features:

¢ 32 KB of data flash memory in 2 KB blocks
¢ Write access in 32-bit steps
e Erase in 2 KB blocks

¢ Write, erase operations to the data flash while user’s code can be executed
from code flash

NEC provides sample code for a library enabling the flexible emulation of an
EEPROM. By means of this library the emulated number of write/erase cycles
can be extended far beyond the number of maximum write/erase cycles
specified in the Data Sheet.

Data flash memory map

The data flash is connected to the memory bus, but is built into the V850
microcontroller.

The data flash is mapped to the CS1 area to address range 3E0 00004 to
3EO0 7FFF.

The memory interface has to be set up as follows:

BCU/MEMC register settings for data flash access

Control bit Required setting Comment
CSC0.CS1[3:0] 0001g * area 0 assigned to CS1

e default, don’t change
BSC.BSC1[1:0] 10g e 32 bit bus width

e default, don’t change
BEC.BE10 0 ¢ little endian

e default, don’t change
BCTO0.ME1 1 * enable CS1

¢ no default, must be changed
AWC.AHW1 00g * no address setup/hold waits
AWC.ASW1 * no default, must be changed
DWCO0.DWC1[2:0] 001g ¢ 1 data wait state

¢ no default, must be changed
BCC.BC11 0 ¢ no idle states

¢ no default, must be changed

For further information about the memory interface configuration refer to
“Bus and Memory Control (BCU, MEMC)” on page 225.
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7.2.3

M

Access
Address

Initial value

Data flash control register

DFLCTL - Data flash control register

The data flash is controlled with the data flash control register DFLCTL to
enable the access to the data flash and to define the memory address location.

Writing to this register is protected by a special sequence of instructions.
Please refer to “Write Protected Registers” on page 123.

This register can be read/written in 8-bit or 1-bit units.

FFFF FCF8y

00y. This register is cleared by any reset.

7 6 5 4 3
DFLEN 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Table 7-6 DFLCTL register contents

7.2.5

Note

Bit position | Bit name Function
Read access control of data flash:
7 DFLEN 0: Disable
1: Enable
7.2.4 Data flash reading

The data flash can be read via the external memory bus.
Reading of the data flash is performed with the following procedure:

1. Enable the read access to the data flash by setting the
DFLCTL.DFLEN =1.

2. Execute read operation

Data flash writing
The data flash can be written by using the data flash library or serial
programming with an external flash programmer tool.

Programming during normal operation is achieved by using the data flash
access layer software library. The data flash access layer is described in a
separate User's Manual.

The chip erase command of an external programmer erases also the data
flash.
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7.3 Flash Programming with Flash Programmer

7.3.1

A dedicated flash programmer can be used for external writing of the flash
memory.

¢ On-board programming
The contents of the flash memory can be rewritten with the V850
microcontroller mounted on the target system. Mount a connector that
connects the flash programmer on the target system.

» Off-board programming
The flash memory of the V850 microcontroller can be written before the
device is mounted on the target system, by using a dedicated programming
adapter.

Programming environment

The necessary environment to write a program to the flash memory of the
V850 microcontroller is shown below.

FLMDO (FLMD1Mo)

Vob
RS-232-C Vss
usB RESET
Flash programmer UART/CSI V850
Host machine HS microcontroller

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-2 Environment to write program to flash memory

A host machine is required for controlling the flash programmer.

Following V850 microcontroller serial interfaces can be used as the interface
between the flash programmer and the V850 microcontroller:

¢ asynchroneous serial interface UART
 clocked serial interface CSI
If a CSl interface is used with handshake, the flash programmer’s HS signal is

connected to a certain V850 port, in the following generally named as
HSPORT. The port used as HSPORT for this product is given in Table 7-8.

Flash memory programming off-board requires a dedicated programming
adapter.

In this chapter the terms UART and CSI may be used generically for the
dedicated interface types and channels the V850 microcontroller provides.
UART and CSI signal names are used accordingly.
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7.3.2 Communication mode

The communication between the flash programmer and the V850
microcontroller utilizes the asynchronous serial interface UART or optionally
the synchronous serial interface CSI.

For programming via the synchronous serial interface CSI without handshake
and with handshake modes are supported. In the latter mode the port pin
HSPORT is used for the programmer’s handshake signal HS.

(1) UART
The external flash programmer offers various choices of available baud rates.

FLMDO (FLMDNete) — = FLMDO (FLMD1Nee)

Vob Voo
GND Vss
RESET ——  RESET
RXD TXD V850
TXD ———— RXD microcontroller

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-3 Communication with flash programmer via UART

(2) CSI without handshake
The external flash programmer offers various choices of available clock rates.

FLMDO (FLMDAM®) — = F| MDO (FLMD1%t)
Voo ———— Voo
Vss
RESET
SO

Sl V850
SCK microcontroller

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-4 Communication with flash programmer via CSI without handshake

The flash programmer outputs a transfer clock and the V850 microcontroller
operates as a slave.
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(3) CSI with handshake (CSI + HS)
The external flash programmer offers various choices of available clock rates.

FLMDO (FLMD1Nele) ———= FLMDO (FLMD1"ete)

Vop —————— Vop
GND
RESET
Sl
flash programmer SO Sl V850
SCK SCK microcontroller
HS HSPORT

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-5 Communication with flash programmer via CSI with handshake

The flash programmer outputs a transfer clock and the V850 microcontroller
operates as a slave.

HSPORT The microcontroller port used for the handshake signal HS is specified in
Table 7-8 on page 206.
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7.3.3 Pin connection with flash programmer PG-FP4

A connector must be mounted on the target system to connect the flash
programmer for on-board writing. In addition, functions to switch between the
normal operation mode and flash memory programming mode and to control

the V850 microcontroller’s reset pin must be provided on the board.

When the flash memory programming mode is set, all the pins not used for
flash memory programming are in the same status as immediately after reset.

If the PG-FP4 is used as the flash programmer, it generates the signals listed
in Table 7-7 for the V850 microcontroller. For details, refer to the PG-FP4

User’s Manual (U15260E).

Table 7-7 Signals generated by flash programmer PG-FP4
PG-FP4 Controller Connection
Signal hame /0 Pin function Pin name UART csl CSl + HS
FLMDO Output | Write enable/disable FLMDO v N v
FLMD1 Output Write enable/disable FLMD1 X
Vop 1/0 Vpp Voltage Vop J J V
generation/voltage monitor
GND - Ground Vss J J V
CLK Output | Clock output to the controller | X1 X X X
RESET Output | Reset signal RESET \/ \/ \
SI/RXD Input Receive signal SO/TXD \/ v \
SO/TXD Output | Transmit signal SI/RXD \/ S \
SCK Output | Transfer clock SCK X S \/
HS Input Handshake signal for HSPORT? X X Y
CSI + HS communication
a) The microcontroller port used for the handshake signal HS is specified in Table 7-8 on page 206.
Note +: Must be connected.
X: Does not have to be connected.
Preliminary User's Manual U17754EE4V0OUMO0 205



Chapter 7

Flash Memory

Table 7-8 Wiring of VB50E/PHO3 flash writing adapters for CSIB

Flash programmer p(il:\G-FP4) connection e UARTCO CSIBO + HS CSIBO
Signal name | 1/0 Pin function board pin Pin name Pin name Pin name
SI/RxD | Receive signal Sl TXDCO SOBO
SO/TxD 0] Transmit signal SO RXDCO SIBO
SCK o Transfer clock SCK Not needed SCKBO
CLK (0] Clock to V850 X1 Leave open
microcontroller X2 Leave open
RESET o] Reset signal RESET RESET
FLMDO | Write voltage FLMDO FLMDO
FLMD1 | Write voltage FLMD1 FLMD1
HS | Handshake signal RESERVE/ Not needed HSPORT = Not needed
for CSI + HS HS PDHO
VDD - VDD voltage VDD Voo
generation/ Voor
voltage monitor
BVoo
EVoo
AVrero
AVRer
GND - Ground GND Vss
Vsst
BVss
EVss
AVss
AVss1
Table 7-9 V850E/PHO3 pin numbers for serial programming
Pin name Port V850_EIPH03
pin nr.
TXDCO P31 AD-20
RXDCO P30 AC-20
SIBO P40 M-23
SOBO0 P41 M-24
SCKBO P42 L-23
RESET - N-22
FLMDO - G-22
FLMD1 - H-21
PDHO PDHO U-4

206
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7.3.4 Flash memory programming control

The procedure to program the flash memory is illustrated below.

( Start )

Transition to flash memory
programming mode

Select communication mode

Manipulation of flash memory

RESET pulse supply —=

Mo

Yes
( End )

Note: Areset pulse is required to initiate the selection
of the flash programming mode.

Figure 7-6 Flash memory programming procedure
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(1) Operation mode control

To rewrite the contents of the flash memory by using the flash programmer, set
the V850 microcontroller in the flash memory programming mode.

To set this mode, set the FLMDO and FLMD1 pins as shown in Table 7-10 on
page 208 and release RESET.

In the normal operation mode, 0 V is input to the FLMDO pin. A pull-down
resistor at the FLMDO pin ensures normal operation mode if no flash
programmer is connected. In the flash memory programming mode, the Vpp
write voltage is supplied to the FLMDO pin. Additionally the FLMD1 pin has to
hold O V level.

Table 7-10 Operation mode setting

Pins
Operation mode
FLMDO FLMD1
Vgs X Normal operation mode
Vpp Vss Flash programming mode
Vbp Setting prohibited

An example of connection of the FLMDO and FLMD1 pins is shown below.
FLMD1 can be connected to ground via a resistor. Alternatively the FLMD1 pin
may also be connected directly to the FLMD1 signal of the flash programmer.

PG-FP4 V850
FLMDO FLMDO
FLMD1 FLMD1

PG-FP4 V850
FLMDO FLMDO
FLMD1 FLMD1

Figure 7-7 Example of connection to flash programmer PG-FP4
Once started in normal operation mode (FLMDO = 0), FLMDO pin is used for

enabling self-programming. Refer also to “Code Flash Self-Programming” on
page 213.
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Serial /O signals

(2) Potential conflicts with on-board signal connections

If other devices are connected to the serial interface pins in use for flash

memory programming in on-board programming mode take care that the

concerned signals do not conflict with the signals of the flash programmer and
the V850 microcontroller. Output pins of the other devices must be isolated or
set in high impedance state. Ensure that the other devices do not malfunction
because of flash programmer signals.

V850 uC

output

O Flash programmer

V850 uC

Other
device

input

isolate or disable

input

V850 uC

input

Other

input

device

isolate or disable

O Flash programmer

O Flash programmer

Other
device

input

isolate or disable
or Hi-Z

Figure 7-8 Potential conflicts with serial interfaces signals

RESET Pay attention in particular if the flash programmer’s RESET signal is connected
also to an on-board reset generation circuit. The reset output of the reset
generator may ruin the flash programming process and may need to be

isolated or disabled.

V850 uC

RESET

O Flash programmer

Reset generator

RESET

isolate or disable

Figure 7-9 Potential conflict with RESET
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Ports

Oscillators
DRST

Power supply

The V850 port pins adopts following status during serial programming:
Ports used for programming are configured as UART respectively CSI pins.
All other pins remain in their default state after reset release.

In case the default state after reset of the pins not used for programming is
inport port or high -impedance output port, pay attention to other devices
connected to these pins. If these devices require defined levels at the pins, the
ports may have to be connected to Vpp or Vgg via a resistors.

Connect all oscillator pins in the same way as in the normal operation mode.

During flash memory programming, input a low level to DRST or leave it open.
Do not input a high level.

Supply the same power to all power supply pins, including reference voltages,
power regulator pins, etc., as in the normal operation mode.
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(3) Selection of the communication mode

The communication interface is chosen by applying a specified number of
pulses to the FLMDO pin after reset release. Note that this is handled by the
flash programmer.

Figure 7-10 on page 211 gives an example how the UART is established for
the communication between the flash programmer and the V850
microcontroller.

RESET (input)
Vss
Voo
FLMD1 (input)
Vss
Voo
FLMDO (input)
Ves | (Note)
Voo
RXD (input)
VSS —
Voo
TXD (output)
Vsg —— Oscillation|  Communication
stabilized mode selected
Flash control command communication
Poweron  Reset (erasure, write, etc.)
released
Figure 7-10 Selection of communication mode
Note The number of clocks to be inserted differs depending on the chosen
communication mode. For details, refer to Table 7-11 on page 211.
Table 7-11 FLMDO pulses for communication mode setting
FLMDO pulses Communication Mode Remarks
0 UART Communication rate: 9600 bps (after reset), LSB first

8 CsSi V850E/PHO3 performs slave operation, MSB first
11 CSI + HS V850E/PHO3 performs slave operation, MSB first
Other - Setting prohibited

When UART has been selected after reception of the FLMDO pulses with
9600 bps, the flash programmer changes the baud rate according to the user’s
choice via the flash programmer’s user interface.

At first the programmer sends two 00y bytes, which are used by the

microcontoller to measure the baud rate and to set up it's own baud rate
accordingly.
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(4) Communication commands

Figure 7-11

The flash programmer sends commands to the V850 microcontroller.
Depending on the commands, the V850 microcontroller returns status
information or the requested data.

Command

Status
Data

Flash programmer

V850
microcontroller

Communication commands exchange

The following table lists the flash memory control commands of the V850
microcontroller. All these commands are issued by the flash programmer, and
the V850 microcontroller performs the corresponding processing.

Table 7-12 Flash memory control commands

Support
Classification Command name Function
CSIB |CSIB + HS| UARTA
Blank check Block blank check N N N Checks erasure status of entire
command memory.
Erase Chip erase command N \/ S Erases all memory contents.
Block erase command Erases memory contents of
v v y "
specified block.
Write Write command Writes data by specifying write
N N N address and number of bytes to
be written, and executes verify
check.
Verify Verify command N N N Compares input data with all
memory contents.
System setting | Reset command \/ \ S Escapes from each status.
and control P e
Oscillation frequency N N N Sets oscillation frequency.
setting command
Baud rate setting _ _ N Sets baud rate when UART is
command used.
Silicon signature N N N Reads silicon signature
command information.
Version acquisition N N N Reads version information of
command device.
Status command \/ Y - Acquires operation status.
Protection setting Sets protection against chip
command v v v erasure, block erasure, and
writing.
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7.4

Figure 7-12

Caution

Code Flash Self-Programming

This V850 microcontroller supports a flash macro service that allows the user
program to rewrite the internal flash memory by itself.

By using this flash macro service and a self-programming library, provided by
NEC, the user’s program is able to rewrite the flash memory with data,
transferred in advance to the internal RAM or the external memory.

Thus the user program can be upgraded and constant data can be rewritten in
the field.

internal RAM / external memory

User’s re-programming routine
C Self-programming library )
\

1
\

Flash function execution Flash information

l

| Flash macro service |

Erase, write

| Flash memory |

Concept of self-programming

During self-programming access to the flash memory is not possible. Thus
program execution is only possible by instruction fetching from internal RAM or
external memory.

Consequently the instructions of user re-programming software routines, which
shall remain in operation during the self-programming procedure, must be
copied from the flash memory to the internal RAM or external memory prior to
activating the self-programming. Since interrupt processing by using the
interrupt vectors in the flash memory is also impossible during self-
programming, a special feature is provided to re-route interrupt acknowledges
to the internal RAM (refer to “Interrupt handling during flash self-programming”
on page 218).

It is recommended to refer to the Application Note “Self-Programming”
(document nr. U16929EE) for comprehensive information concerning flash
self-programming. This document explains also the functions of the self-
programming library. The latest version of this document and the library can be
loaded via the URL

http://www.eu.necel.com

The self-programming operation employs also the internal Firmware, which
makes use of 9 KB of the internal RAM in the address range FFFF CC00y to

FFFF EFFFy.

Thus this RAM area is overwritten and must be re-initialized after completion of
the self-programming.

Consider also that the stack occupies additionally up to 1 KB of the RAM.
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7.4.1 Self-programming enable

The self-programming functions can be started out of the normal user mode of
the V850 microcontroller.

The V850 microcontroller must be set into self-programming mode via the self-
programming library.

For security reasons writing and erasing of the flash memory must be
additionally permitted by setting the external FLMDO pin to high level. Note that
FLMDO holds low level in normal operation mode after reset release.

This requires some external components or wiring, e.g. connecting an output
port to FLMDO.

Self-programming
write/erase
, permitted ,

I Vopo --------
RESET signal I
g oV '

-
l 1

Vop -------- E ffffffffff
FLMDO pi . | |—
pin oV ;

' I
- .

" Normal Normal
operation mode operation mode

Figure 7-13 Self-programming enable

When self-programming has been completed, the voltage on the FLMDO pin
must be returnedto O V.

7.4.2 Self-programming library functions

Code flash memory self-programming by the user’s program is supported by
the self-programming library.

This library provides a set of C function calls to carry out basic functions like

* blank-check/erase/rewrite/verify of the flash

* boot cluster swapping, including definition of boot block clusters

» setting of protection flags

* obtain various information concerning the code flash memory

Detailed information how to use the library functions is given in the Application

Note: “Self-Programming Library for embedded Single Voltage FLASH”
(document no. U16929EE).

The up-to-date version of the self-programming library and the above
mentioned Application Note can be obtained from http://www.eu.necel.com.
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7.4.3

Boot swap cluster

Boot swap flag

Secure self-programming (boot cluster swapping)

The V850 flash microcontrollers support a mechanism to swap a cluster of
code flash memory blocks, starting from address 0000 0000y, with another

cluster of the same size, located immediately above the first one.

The cluster of blocks starting at address 0000 0000y is named active boot

swap cluster, since it contains the entry point of the user’s program at the
default reset vector 0000 0000y.

Which of the two clusters is the active boot block cluster is controlled by the
boot swap flag, that can be defined during flash programming via the self-
programming library.

The boot swap flag is stored in the flash memory extra area.

Figure 7-14 on page 215 shows an example of the boot block swapping
function with a cluster size of 4 flash memory blocks. After inverting the
boot_flag - it becomes not(boot_flag) - blocks 4 to 7 become the active boot
block cluster. Thus after next reset release the user’s program starts from the
new boot swap cluster.

last block last block
1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 . 1
1 1 1
block 8 block 8
T block 7 N P block 3
inactive block 6 block 2
boot N
swap N
cluster block 5 A block 1
l block 4 o . block 0
4 N S
I block 3 AN block7
active block 2 block 6
boot EAN
swap AN
cluster block 1 . block 5
l block 0 h\ block 4
ooooo0OOH .Y _ ¢ 1
boot_flag not(boot_flag)

Figure 7-14 Boot swap cluster swapping function
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Table 7-13

Number of boot
blocks

The boot cluster swapping function enables secure self-programming. In case
the boot code shall be rewritten, the new code can be written to the inactive
boot block cluster, while the boot_flag remains in its previous state.

If rewriting of the boot block cluster has been completed successfully, the
boot_flag can be inverted, making the new boot code active.

If rewriting of the new boot code fails for any reason, e.g. power fail or
unintended reset, the old boot code still remains active and rewriting can be
started again.

The boot code size itself may be smaller than the boot swap cluster size.

The number of flash memory blocks, which are part of the boot code, are
named boot block cluster. The number of boot blocks, which are member of the
cluster, can be defined during self-programming via the self-programming
library.

The boot block cluster size of the V850E/PHOS is fixed to 64 KB, i.e. it
comprises 16 blocks.

Table 7-13 on page 216 shows the relation between the number of boot blocks,
the boot block cluster size and the boot swap cluster.

Relation between boot block and boot swap cluster

Number of
boot blocks Boot block cluster Boot swap cluster
00y 0000 0000y - 0000 OFFFy 0000 00004 - 0000 FFFF
(4 KB) (64 KB)
01y 0000 00004 - 0000 1FFFy
(8 KB)
02 0000 0000y - 0000 2FFFy
(12 KB)
034 0000 0000y - 0000 3FFFy
(16 KB)
04y 0000 0000y - 0000 4FFFy
(20 KB)
074 0000 0000y - 0000 7FFF4
(32 KB)
08y 0000 0000H - 0000 8FFFy
(36 KB)
OFy 0000 0000y - 0000 FFFF
(64 KB)
104
Setting prohibited
FFy

The number of boot blocks has to be defined by the user during self-
programming. It determines the blocks, which are subject to the boot block
cluster protection, that allows to protect the boot blocks from any erase or write
process.
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Figure 7-15 on page 217 illustrates an example with following settings:

¢ number of boot blocks: 2 (boot block cluster contains 2 blocks), thus the
active boot block cluster comprises
— if boot_flag: blocks 0 and 1
— if not(boot_flag): blocks 4 and 5

¢ active boot swap clusters comprises
— if boot_flag: blocks 0 to 3
— if not(boot_flag): blocks 4 to 7

last block last block
1
1 1 ) 1
1 1 . 1
1 1 . 1
1 1 ) 1
1 1 . 1
1 1 1
block 8 block 8
1 bock?__ |1, o pocks
inactive block 6 ' block 2
swap A TN T
cluster ~ mactve block 5 y,\\ block 1
block N
cluster block 4 \ N oo block 0
\ N N
_______ X T T TR
I block 3 AN AN block 7
\,
active block 2 % block 6
boot o A
swap A <
cluster e block 1 N block 5
block N
cIu;ter block 0 < R block 4
boot_flag not(boot_flag)

Figure 7-15

Boot block
protection

Caution

Boot cluster swapping function

To prohibit rewriting of the boot blocks, the boot block cluster protection flag
can be set during flash memory programming. When this flag is set, the blocks
of the active boot block cluster can neither be erased nor written. Boot cluster
swapping is impossible as well.

Note that only the blocks of the active boot block cluster are protected. In the
example according to Figure 7-15 on page 217, for instance, blocks 0 and 1
would be prohibited, while blocks 2 and 3 could still be erased and written.

Once the boot block cluster protection has been activated, it can never be
deactivated again.

For further information concerning flash memory protection flags refer to “Data
Protection and Security” on page 219.
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7.4.4

Note

Interrupt handling during flash self-programming

This V850 microcontroller provides functions to maintain interrupt servicing
during the self-programming procedure.

Since neither the interrupt vector table nor the interrupt handler routines, which
are normally located in the code flash memory, are accessible while self-
programming is active, interrupt acknowledges have to be re-routed to non-
flash memory, i.e. to the internal RAM.

Therefore two prerequisites are necessary to enable interrupt servicing during

self-programming:

¢ The concerned interrupt handler routine needs to be copied to the internal
RAM, respectively external memory. The user has to initiate this copy
process.

* The concerned interrupt acknowledge has to be re-routed to that handler.
Re-routing to the handler is done by the internal firmware. Thus the user
doesn’t have to care about.

The internal firmware and the self-programming library provide functions to
initialize and process such interrupts.

The interrupt handler routines can be copied from flash to the internal RAM by
use of self-programming library functions.

The addresses of the interrupt handler routines are set up via the self-
programming library as well.

1. Note that this special interrupt handling adds some interrupt latency time.

2. Special interrupt handling is done only during the flash programming
environment is activated. If self-programming is deactivated, the normal
interrupt vector table in the flash memory is used.

All interrupt vectors are relocated to one entry point in the internal RAM:

* New entry point of all maskable interrupts is the 1st address of the internal
RAM. A handler routine must check the interrupt source. The interrupt
request source can be identified via the interrupt/exception source register
ECR.EICC (refer to “System register set” on page 101)

* New entry point of all non maskable interrupts is the word address following
the maskable interrupt entry, i.e. the second address of the internal RAM.
The interrupt request source can be identified via the interrupt/exception
source register ECR.FECC (refer to“System register set” on page 101).

In general a jump to a special handler routine will be placed at the 1st and 2nd
internal RAM address, which identifies the interrupt sources and branches to
the correct interrupt service routine.

The function serving the interrupt needs to be compiled as an interrupt function
(i.e. terminate with a RETI instruction, save/restore all used registers, etc.).

It is recommended to refer to the Application Note “Self-Programming”
(document nr. U16929EE) for comprehensive information concerning flash
self-programming. This document explains also the functions of the self-
programming library. The latest version of this document can be loaded via the
URL

http.//www.eu.necel.com
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Chapter 8

8.1

Security functions

Protection
functions

8.2

Data Protection and Security

Overview

The microcontroller supports various methods for securing safe (re-
)programming of the internal flash memory and protecting of the flash memory
data against undesired access, such as illegal read-out or illegal
reprogramming.

Security functions enhance the reliability of the flash operation during normal
operation and support countermeasures against unexpected failures during
reprogramming processes. These are basically:

e Secure self-programming
¢ Secure bootloader update
* Boot block cluster protection

These functions are described in detail in “Flash Memory” on page 191.

Protection functions provide a set of mechanisms to protect the internal flash
memory data from being read, erased or altered by unauthorized persons.
These are basically:

¢ On-chip (N-Wire) debug interface protection

¢ Flash memory erase/write/read protection via the serial programming
interface

Some interfaces offer in general access to the internal flash memory: N-Wire
debug interface, external flash programmer interfaces and self-programming
facilities. All of these interfaces need to be considered for a proper protection
concept.

The following sections give an overview about supported protection methods.

N-Wire Debug Interface Protection

In general, read-out of the flash memory contents is possible via the N-Wire
debug interface, but protection against illegal read-out can be enabled. For
protection of the flash memory, the usage of the debug interface can be
protected and it can be disabled. The debug interface is protected via a
10-byte ID code and an internal flag (N-Wire use enable flag).

When the debugger is started, the status of a flag is queried (N-Wire use
enable flag). Set this flag to zero to disable the use of the N-Wire in-circuit
emulator.

When debugging is enabled (N-Wire use enable flag is set), you have to enter
a 10-byte ID code via the debugger. The code is compared with the ID code
stored in the internal flash memory. If the codes do not match, debugging is not
possible.

The N-Wire use enable flag can be set or reset while reprogramming the flash
by an external flash writer or with the self-programming feature. The flag is
located at bit 7 at address 0000 0079,.
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You can specify your own 10-byte ID code and program it to the internal flash
memory by an external flash writer or with the self-programming feature. The
ID code is located in the address range 0000 0070y to 0000 0079,.

The protection levels are summarized in Table 8-1

Table 8-1 Possible results of ID code comparison

N-Wire use enable flag | ID code Protection Level

0 X2 Level 2:
Full protection
N-Wire debug interface cannot be used.?

1 user-specific | Level 1:

ID code ID code protection user ID code
N-Wire debug interface can only be used
if the user enters the correct ID code.

ID code is all | Level O:

ones® ID code protection with default ID code
N-Wire debug interface can be used if the
user enters the default ID code FF for all
ID bytes.

a) Codes are not compared

Once the N-Wire debug interface has been set as “use-prohibited”, it cannot be
used until the flash memory is re-programmed.

©) This is the default state after the flash memory has been erased.

Note 1. After you have set protection levels 1 or 2, set the “block erase disable
flag” in the flash extra area. Otherwise, an unauthorized person could
erase the block that contains the ID code or the “N-Wire use enable flag”,
respectively, and thus suspend the protection.

2. If an unauthorized user tries to find out the 10-byte ID by comparing all

possible ID codes, this will take up to 3.83 x 108 years at 100 MHz.

220 Preliminary User's Manual U17754EE4V0OUMO0



Data Protection and Security Chapter 8

8.3

Serial programming

Self-programming

Protection flags

M

()

©)

Flash Programmer and Self-Programming
Protection

In general, illegal read-out and re-programming of the flash memory contents
is possible via the flash writer interface and the self-programming feature. For
protection of the flash memory, the set of flags, which can be set by the user,
provide various protection levels.

It is possible to prohibit any access from external via the serial programming
interface, e.g. by an external flash programmer. With maximum protection the
internal flash memory can not be erased, read-out or written at all, neither in
block units nor the entire flash memory.

During self-programming all operations to erase, read or program the flash
memory is under control of the user's program. Thus no further protection
functions in self-programming mode are considered. One exception is the boot
block protection, which applies also in self-programming mode.

The protection flags can be set respectively reset by an external flash
programmer, provided the effective protection level allows to do so.

In self-programming mode the effective protection flags can not be reset, but
other ones can be set to enhance the protection level.

The protection flags are stored in the flash memory extra area.

Each protection function can be used in combination with the others at the
same time.

Write protection flag

Set this flag to disable the write function via external flash programmer
interfaces.

No flash memory content can be written from external, if this flag is set.
Erasure of single blocks is prohibited as well.

This flag does not affect the self-programming interface.
In self-programming mode writing of the flash memory is further on possible.

Chip erase protection flag

Set this flag to disable the chip erase function via external flash programmer
interfaces.

No flash memory content can be erased - neither in single blocks nor the entire
flash memory - from external, if this flag is set.

Chip erase is not available in self-programming mode, though it is possible to
erase the entire flash memory content by block erase of all blocks all together.
Note that the contents of the extra area is not erased by this means. l.e.
protection flags, etc. are still valid.

Block erase protection flag

Set this flag to disable the feature to erase single blocks via external flash
programmer interfaces.

Single blocks can not be erased. Chip erase is still possible, provided the chip
erase protection flag is not set.

This flag does not affect the self-programming interface.
In self-programming mode erasure of single blocks or sets of contiguous
blocks of the flash memory is further on possible.
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Read-out protection flag

Set this flag to disable the feature that allows reading back the flash memory
via the serial programming interfaces.
No flash content can be read out.

This flag does not affect the self-programming interface.
In self-programming mode read-out of flash memory content is further on
possible.

Boot block cluster protection flag

Set this flag to disable erasure and rewrite of the boot block cluster.
The boot block cluster can not be manipulated in any way (no erase/write).

This applies in serial and self-programming mode.

Once this flag is set, it is impossible to reset this flag. Thus the boot block
cluster content can not be changed any more.

For the explanation of the boot block cluster refer to “Secure self-programming
(boot cluster swapping)” on page 215.

All protection flags are reset after shipment of the device, thus no protection is
enabled at all.

Once a protection flag has been set, i.e. the protection is effective, it can not be
reset by any means, except after a chip erase, which erases the entire flash
memory including the extra area.

Consequently without prior chip erase the protection level can only be
increased, but not decreased.

Table 8-2 Protection functions overview

Applicable
(\: applies, x: doesn’t apply)

command prohibit

Once block erase protection is enabled,
disable is only possible after chip erase.

Function Functional outline
Serial .
; Self-programming
programming
Block erase Erasure of single blocks impossible. S X

Chip erase
command prohibit

Erasure of the entire flash (including the extra S X
area) or single blocks impossible.

Once chip erase protection is enabled, all
protection flag settings can not be changed

Once write protection is enabled, disable is
only possible after chip erase.

any more.
Program command | Erasure and rewrite of single blocks S X
prohibit impossible.

block cluster

the boot block cluster impossible.

Read command Read-out of any flash content impossible. S x
prohibit Once read protection is enabled, disable is

only possible after chip erase.
Rewriting boot Erasure (by block or chip erase) or writing of \/ y

prohibit Once rewrite protection of the boot block
cluster is enabled, it can not be disabled any
more.
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Table 8-3 Rewriting operation when erasing/writing is enabled/prohibited

Block erasure Write
Prohibition state Programming mode Boot ";ggf er(;';iupre Boot ";gg:
area area area area
Rewriting | All enabled Self-programming yes - yes
Zgzmﬁa Serial programming yes yes yes
Block erase Self-programming yes - yes
command prohibited Serial programming no yes yes
Chip erase command | Self-programming yes - yes
prohibited Serial programming no no yes
Write command Self-programming yes - yes
prohibited Serial programming no yes no
Rewriting | All enabled Self-programming no yes - no yes
S?;r:izirti?j Serial programming yes no yes
Block erase Self-programming yes - yes
command prohibited Serial programming no yes yes
Chip erase command | Self-programming yes - yes
prohibited Serial programming no no yes
Write command Self-programming yes - yes
prohibited Serial programming no yes no
Note —: not supported
Table 8-4 Read operation when reading is enabled/prohibited
Prohibition State Programming mode Read
Read command enabled Self-programming v
Serial programming S
Read command prohibited Self-programming \/
Serial programming X

Note +: execution enabled, x: execution disabled, —: not supported
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Chapter 9

9.1

Features summary

Bus and Memory Control (BCU, MEMC)

Besides providing access to on-chip peripheral I/Os, the microcontroller device

supports access to external memory devices (such as external ROM and
RAM) and external I/0O. The Bus Control Unit BCU and Memory Controller

MEMC control the access to on-chip peripheral 1/0Os and to external devices.

Overview

The following external devices can be connected to the microcontroller device:

* SRAM/RAM
* ROM
e External I/O

The bus and memory control of the microcontroller device provides:
e 22 address signals (A0 to A21)

¢ Selectable data bus width for each chip select area
(8 bits, 16 bits and 32 bits)

* 4 chip select signals externally available (CS0, CS2, CS3 and CS4 ) to
access external memory

¢ Access to memory takes a minimum of two CPU clock cycles

¢ An address setup wait state and an address hold state can be inserted for

each chip select area

¢ Up to 7 data wait states can be inserted for each chip select area
(programmable wait)

* External data wait function through WAIT pin

¢ |dle state can be inserted after a read/write cycle
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9.1.1 Description

The figure below shows a block diagram of the modules that are necessary for
accessing on-chip peripherals, external memory, or external I/0.

Data
Flash

VFB CPU

| | — A[21:0]
~— D[31:0]
— Cg:t?m Memory External AL
Unit VsB C,?,,'Emer Memory [~ %Z o
BCU I/F I~ RD
— WR
—— BEN[3:0]

Bus
Bridge

<~——FRXDA
Internal Bus (NPB) — FTXDA
—— FTXENA
<——FRDB
— FTXDB
On-chip Peripheral /O — FTXENB
<~——FSTPWT
= FTINTO

FlexRay

CRC

Figure 9-1 Bus and Memory Control block diagram

Busses The busses are abbreviated as follows:
NPB: NEC peripheral bus

VSB: V850 system bus

VDB: V850 data bus

VFB: V850 fetch bus

BCU The Bus Control Unit (BCU) controls the access to on-chip peripherals, to
external memory, and to external I/O.

For access to external devices, the BCU generates the necessary control
signals (chip select signals) for the Memory Controller.

Memory Controller The 256 MB address range is divided into 2-MB memory banks and 64-MB
memory areas. Each of the memory areas/banks can be assigned to an
external device via the chip select area control registers CSC0 and CSC1.

If an instruction uses such an address, a chip select signal is generated. The
device supports four chip select signals (CS0, CS2, CS3 and CS4). Each chip
select signal covers a certain address range, also called “chip select area”. For
details see “Memory areas/banks and chip select signals” on page 228.

The Memory Controller generates the control signals for access to the external
devices, the FlexRay module, the CPU- and DATA-CRC units and the data
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Table 9-1

Configuration

flash. For example, it generates the read strobe (RD) and the write strobe
(WR). From the 28 bit address of the CPU, the lower 22 bits are passed to the
external device.

If two chip select signals are specified in the CSCn registers for a single
memory area/bank, the priority control selects one of the chip select signals.
The priority order is given in “CSCn - Chip select area control registers” on
page 242.

The external signals of the Memory Controller are listed in the following table:

Memory Controller external connections

ﬁ:ﬂ::l /0 ;Aec‘:’tei:/e Pins Function

CSo 0 L CSo Chip select signal

Ccs2 0 L Cs2 Chip select signal

CS3 0 L CS3 Chip select signal

CS4 0 L CS4 Chip select signal

A[0:21] (0] - A0 to A21 Address bus

D[0:31] /0 — DO to D31 Data bus

WAIT | L WAIT Data wait

WR o L WR Write strobe

RD o L RD Read strobe

BENO 0 L BENO Byte enable output (D0-D7)
BEN1 0 L BEN1 Byte enable output (D8-D15)
BEN2 (0] L BEN2 Byte enable output (D16-D23)
BEN3 0 L BEN3 Byte enable output (D24-D31)

All pins are in input port mode after reset. Refer to “Pin Functions” on page 1.

The microcontroller device supports interfacing with various memory devices.
To make the bus and Memory Controller suitable for the connected device, the
endian format, wait functions and idle state insertions can be configured.

For a detailed description, see “Configuration of Memory Access” on
page 256.
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9.1.2

Chip select area

Note

Memory areas/banks and chip select signals
The 256 MB address range is divided into the 64 MB areas 0 to 3 (see Figure
9-2 on page 229).

The chip select signals CS1, CS3, CS4, CS6 are fixed assigned to these
areas.

Memory areas 0 and 3 are further subdivided into
¢ four 2 MB memory banks (banks 0 to 3, respectively 12 to 15)
¢ the remaining 56 MB

Each address in the address range of the memory banks O to 3 and 12to 15 is
assigned to one or more chip select (CS) signals by configuring the chip select
area control registers CSCO and CSC1:

* For addresses that lie within one of the memory banks, the corresponding
chip select signal can be configured.
If a memory bank is configured for external access, access to that memory
bank generates the corresponding chip select signals.

* For addresses which do not lie within any of the memory banks, the
corresponding chip select signal of the memory area is allocated by default.

The memory area that activates the same chip select signal is called chip
select area.

Throughout this chapter, the individual chip select signals are identified by “k”
(k =0 to 7), for example CSk for the chip select signal k or BSC.BSCKk[1:0] for
setting the data bus width of the memory banks corresponding to chip select

signal k.
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I T T T T TS TS T T TS TS ST TSI TSI ST s eSS T 1 === =-=-=-=-=-============-- 1
: A:/:’ on-chip peripheral /0 | FFF FFFFH :
| FFFFFFFHL - o o _ _ 1 4KB FFF FOOOH ,
! Bank 15 \ internal RAM .
1 2 MB ! L FFFO000H 1
1
| FEOO00OH|- = = = = - == - - - FEQOO7FH 1
! FDF FFFFH CRC '
1 Bank 14 1288 '
X 2 MB FEO0000H |
' 7 F80 080FH
' 57 FCo0000H FlexRay (ECC) |
' CS5  FBFFFFFH ! 168 |
! Bank 13 ' FB00800H !
! CS6 2MB ! FlexRay 1
' Area3 FA0 0000H ! SKB :
X FOF FFFFH . F800000H |
1 Bank 12 1 1
' 2MB X !
h F80 0000H | = = = = = = = = = = \ X
! F7F FFFFH ! ! '
1 1 ! 1
1 1 1 1
| 1 1 '
1 56 MB ! ! 1
1 1 1 I
| | 1 '

1

' €00 0000H X 5 8400BFFH
! BFF FFFFH ! N !
! ! ! N CAN1 1
1 ! ! g3 |
: | | Lol . 8400600H
| T4 | L |2 !
1 Area 2 1 1 s CANO \
| | g‘ |
e ' S - 8400000H !
1 1 1 CS4 external mem. :
: 800 0000H ! ! 4 M8 8000000H !
' 7FF FFFFH | | X
1 1 1 1
1 1 1 I
1 | 1 I
1 1 1 1 1
' Cs3 ' ! '
X Area 1 aE X ' !
1 1 1 I
T 1 1 — |
! ! ' CS3 external mem. | 43F FFFFH 1
! 400 0000H : | 4 M8 4000000H 1
! 3FF FFFFH ! ! !
| 1 1 |
1 | 1 I
! FC-Z---Z-Z-Z-Z2°C ! 1
' 56 MB ' X !
: 080 0000H \ 32KB 3E00000H
' 07F FFFFH ' — !
: Bank 3 : 1 [cS0/csa external mem. | O7F FFFFH 1
I 2 MB I 1 2MB 1
: 060 0000H JE— 0600000H |
' s 05F FFFFH T—— X
' Area 0 Bank 2 ' | |CS0/CS2 external mem. O5F FFFFH 1

L 2MB X 2MB !
| CSO 040 0000H j:/r 0400000H 1
' ‘CS2  O3FFFFFH ' X !
\ Bank 1 | 1 |
! 2MB ! ' !
! 2 H e e !
! 0200000 1 [cso/cs2 external mem.| ©1F FFFFH !
' O1F FFFFH ' ! 1MB |
X Bank 0 ' ! 0100000H !
N N SMBT T T T /r internal ROM/Flash | "*®? :
: 000 0000H f : e 0000000H !
1 1 1 I
1 . | 1 I
' Chip select Memory map ' X User memory Nete2 !
' assignment ' X !
1 1 1 1
Note 1:  The shown base address 0840 0000H of the programmable peripheral area assumes the

Peripheral area selection control register BPC = A100H.
Note 2:  Access to memory areas others than the shown user memory areas is forbidden.
Note3: pPD70F3483:768 KB up to 000B FFFFH;  uPD70F3441:1 MB up to 000F 7FFFH
The access to the grey shaded areas is prohibited!
Figure 9-2 Memory areas/banks and chip select signals
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9.1.3

Table 9-2

M

Access timing

Note

()

Figure 9-3

Access timing
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Peripheral I/O areas

Two areas of the address range are reserved for the registers of the on-chip
peripheral functions. These areas are called “peripheral I/O areas”:

Peripheral I/0 areas

Name Address range Size
Fixed peripheral I/O area | OFFF FOOOy to OFFF FFFFy 4 KB
Programmable peripheral | Can be allocated at arbitrary addresses. 16 KB
I/O area (PPA) Base address is defined in the BPC register.

Fixed peripheral I/O area

The fixed peripheral 1/0 area holds the registers of the on-chip peripheral 1/0
functions.

During a read or write access the CPU operation stops until the access via the
NPB is completed.

Because the address space covers 256 MB, the address bits A[31:28] are not
considered. Therefore, in this manual, all addresses of peripheral 1/O registers
in the 4 KB peripheral I/O area are given in the range FFFF FO00y to

FFFF FFFFy instead of OFFF FOOOy to OFFF FFFF,.

Programmable peripheral I/O area (PPA)

The usage and the address range of the PPA is configurable. The PPA extends
the fixed peripheral I/O area and assigns an additional 12 KB address space
for accessing on-chip peripherals.

The figure below illustrates the programmable peripheral I/O area (PPA).

FFF FFFFH
Peripheral
1/0 register

(4KB) NPB (NEC Peripheral Bus)

]

FFF FOOOH AN

FFF EFFFH

same area

base + 3FFFH x3FFFH
Peripheral I/O area

Programmable
/ (4 KB)

peripheral

I/0 register Access prohibited | x3000H
16 KB,
base of PPA ( ) X2FFFH
Programmable | x1800H
peripheral x17FFH )
1/0 area Dedicated area for

X0000H CAN controller

000 0000H

Programmable peripheral I/0 area

The CAN modules registers and message buffers are allocated to the PPA.
Refer to “CAN module register and message buffer addresses” on page 454
for information how to calculate the register and message buffer addresses of
the CAN modules.

During a read access the CPU operation stops until the read access via the
NPB is completed.
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Caution

Note

During a write access the CPU operation continues operation, provided any
preceded NPB access is already finished. If a preceded NPB access is still
ongoing the CPU stops until this access is finished and the NPB is cleared.

1. If the programmable peripheral I/O area overlaps one of the following areas,
the programmable peripheral I/O area becomes ineffective:

e Peripheral I/O area
* ROM area
* RAM area
2. The fixed peripheral 1/O area is mirrored to the upper 4 KB of the

programmable peripheral /O area — regardless of the base address of the
PPA. Access to this mirror of the fixed peripheral 1/0 area is prohibited.

All address definitions in this manual that refer to the programmable peripheral
area assume that the base address of the PPA is 840 0000y, that means

BPC = A100y,.
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9.1.4 Data flash access

The data flash is connected to the memory bus, but is built into the
microcontroller. The data flash is activated by chip select signal CS1. The data
flash can be accessed in the same way as external devices that are attached
to the external memory bus. Thus all options to configure access via the
external memory bus must be set up for the data flash as well.

Table 9-4 shows all required register settings for the data flash’s chip select
signal CS1. Some settings are appropriate for the data flash per default, others
must be changed before the first access to the data flash.

For details about the control settings refer to the description of the registers.

Table 9-3 Register settings for data flash access

Control bit

Required setting

Comment

CSC0.CS1[3:0]

0001g

e area 0 assigned to CS1
e default, don’t change

BSC.BSC1[1:0] 10g e 32 bit bus width

e default, don’t change
BEC.BE10 0 e little endian

e default, don’t change
BCTO0.ME1 1 * enable CS1

¢ no default, must be changed
AWC.AHWH1 00g * no address setup/hold waits
AWC.ASW1 * no default, must be changed
DWC0.DWC1[2:0] 001g ¢ 1 data wait state

¢ no default, must be changed
BCC.BC11 0 ¢ no idle states

¢ no default, must be changed

Base address The base address of the data flash is 03EO0 00004
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9.1.5 FlexRay access

The FlexRay module is connected to the memory bus, but is built into the

microcontroller. The module is activated by chip select signal CS5. The
FlexRay module can be accessed in the same way as external devices that are
attached to the external memory bus. Thus all options to configure access via
the external memory bus must be set up for the FlexRay module as well.

Table 9-4 shows all required register settings for the FlexRay module’s chip
select signal CS5. Some settings are appropriate for the FlexRay module per
default, others must be changed before the first access to the FlexRay module.

For details about the control settings refer to the description of the registers.

Table 9-4 Register settings for FlexRay module access

Control bit

Required setting

Comment

CSC1.CS5[3:0]

1000

bank 12 assigned to CS5
no default, must be changed

BSC.BSC5[1:0] 10g e 32 bit bus width

e default, don’t change
BEC.BE50 0 e little endian

e default, don’t change
BCT1.ME5 1 * enable CS5

¢ no default, must be changed
AWC.AHW5 00g * no address setup/hold waits
AWC.ASW5 * no default, must be changed
DWC1.DWC5[2:0] 001g ¢ 1 data wait state

¢ no default, must be changed
BCC.BC51 0 ¢ no idle states

no default, must be changed

Base address The base address of the FlexRay is 0F80 0000.
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9.1.6 CRC module access

The CRC module is connected to the memory bus, but is built into the
microcontroller. The module is activated by chip select signal CS7. The CRC
module can be accessed in the same way as external devices that are
attached to the external memory bus. Thus all options to configure access via
the external memory bus must be set up for the CRC module as well.

Table 9-4 shows all required register settings for the CRC module’s chip select
signal CS7. Some settings are appropriate for the CRC module per default,
others must be changed before the first access to the CRC module.

For details about the control settings refer to the description of the registers.

Table 9-5 Register settings for CRC module access

Control bit

Required setting

Comment

CSC1.CS7[3:0]

0001g

e bank 15 assigned to CS7
e default, don’t change

BSC.BSC7[1:0] 10g e 32 bit bus width

e default, don’t change
BEC.BE70 0 e little endian

e default, don’t change
BCT1.ME7 1 * enable CS7

¢ no default, must be changed
AWC.AHW7 00g * no address setup/hold waits
AWC.ASW7 * no default, must be changed
DWC1.DWC7[2:0] 000g * no data wait states

¢ no default, must be changed
BCC.BC71 0 ¢ no idle states

¢ no default, must be changed

Base address The base address of the CRC module is OFEO 0000.
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9.1.7 Chip select priority control

The chip select signals CS0 to CS7 can be assigned to overlapping memory
areas by setting the chip select area control registers CSC0 and CSC1. The
chip select priority control rules the generation of chip select signals in this
case.

Access to internal resources, which are mapped to a memory bank
respectively area overrules the external access. As a consequence, the
assigned CSn signal is not generated externally.

If different chip select signals are set (CSC0.CSCkm = 1) for the same memory
bank or area, the priority order is as follows:

¢ internal resource > CS0 > CS2 > CS1
¢ internal resource > CS7 > CS5 > CS6

¢ internal resource > CS4
¢ internal resource > CS3

Examples:

« If both chip select signal CS0 and CS1 are set for memory bank 1, only the
chip select signal CS0 will be generated.

* If during access to bank 2 CS2 should not be active, activate CSO0 for this
bank (CSCO0.CS02 = 1). Due to the priority order, only chip select signal
CSO0 will be active for bank 2.
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Bus properties

This section summarizes the properties of the external bus.

Bus width

The microcontroller device accesses external memory and external I/O in 8-bit,
16-bit, or 32-bit units.

The data bus size for each chip select area is specified in the bus size
configuration register (BSC).

”

The operation for each type of access is given in “Access to 8-bit data busses
on page 267 and in “Access to 16-bit data busses” on page 273.

Bus priority order

There are two kinds of external bus cycles as shown below. A CPU operand
data access has higher priority than an instruction fetch.

Bus priority order

Priority External bus cycle Bus master
High Operand data access CPU

Low Instruction fetch CPU

Bus access

The number of CPU (VBCLK) clocks necessary for accessing each resource -
independent of the bus width - is as follows:

Number of bus access clocks

Bus cycle configuration Intel;:\:slrc‘: o Internal RAM E:::‘r:s
o e oss | R
Branch 18 2+n)*m

Operand data access 1 (2+n)*m
a) In case of contention with data access, the instruction fetch from internal RAM

takes 2 clocks.

n: number of data wait states, defined in registers DWCO0 and DWC1

m: memory controller clock division factor, defined in register DVCO:
— DVCO0.DVCO = 0 (BCLK = VBCLK/2):m = 2
— DVCO0.DVCO =1 (BCLK = VBCLK/4):m = 4
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9.1.9

M

()

Note

Boundary operation conditions

The microcontroller device has the following boundary operation conditions:

Program space

Instruction fetches from the internal peripheral I/O area are inhibited and yield
NOP operations.

If a branch instruction exists at the upper limit of the internal RAM area, a pre-

fetch operation (invalid fetch) that straddles over the internal peripheral I/O
area does not occur.

Data space
The microcontroller device is provided with an address misalign function.

By this function, data of any format (word: 32 bit, halfword: 16 bit, byte: 8 bit)
can be placed to any address in memory, even though the address is not
aligned to the data format (that means address 4n for words, address 2n for
halfwords).

¢ Unaligned halfword data access
When the LSB of the address is A0 =1, two byte accesses are performed.

¢ Unaligned word data access
When the LSB of the address is A0 =1, two byte and one halfword accesses
are performed. In total it takes 3 bus cycles.
— When the LSBs of the address are A[1:0] =10g, two halfword accesses
are performed.

Accessing data on misaligned addresses takes more than one bus cycle to
complete data read/write. Consequently, the bus efficiency will drop.
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9.1.10

Caution

Initialization for access to external devices

To enable access to external devices as well as the internal FlexRay
communication controller, initialize the following registers after any reset.

1. Chip select area control registers CSCn
Define the memory banks that are allocated to external devices. Memory
banks that are not allocated to external devices, must be deactivated.

2. Bus cycle type configuration registers BCTn
Specify the external devices that are connected to the microcontroller
device. For memory banks that are not allocated to external devices, the
corresponding bits in registers BCTO and BCT1 should be reset.

3. Bus size configuration register BSC
Set the data bus width for the active chip select areas.

4. Data wait control registers DWCn
Set the number of data wait states with respect to the starting bus cycle.

5. Bus cycle control register BCC
Specify insertion of an idle state after read.
6. Endian configuration register BEC
Set the endian format for each chip select area.

7. Address setup wait control register AWC

Set the number of address setup wait and address hold wait states for
each chip select area.

8. Control register DVC
Specify insertion of an idle state after write.

1. Do not change these registers after initialization.

N

. Do not access external devices before initialization is finished.
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9.2

Registers

Access to on-chip peripherals, to external memory, and to external I/O is
controlled and operated by registers of the Bus Control Unit (BCU) and of the

Memory Controller:

Table 9-8 Bus and memory control register overview

Module Register name Shortcut Address
Bus Control Unit (BCU) Peripheral area selection control register BPC FFFF FO64y
Internal peripheral function wait control register | VSWC FFFF FOBEH
Chip select area control registers CSCo FFFF FO60H
CSCH FFFF FO62y
Bus size configuration register BSC FFFF FO66y
Endian configuration register BEC FFFF FO68y
Memory Controller (MEMC) | Bus cycle configuration registers BCTO FFFF F4804
BCT1 FFFF F482,
Address wait control register AWC FFFF F488y
Data wait control registers DWCO FFFF F484,
DWC1 FFFF F4864
Bus cycle control register BCC FFFF F48Ay
Bus clock dividing frequency control register DVC FFFF FA8EY
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9.2.1 BCU registers

The following registers are part of the BCU. They define the data bus width, the
endian format of word data, and they control access to external devices.

(1) BPC - Peripheral area selection control register

The 16-bit BPC register defines whether the programmable peripheral I/O area
(PPA) is used or not and determines the starting address of the PPA.

Access This register can be read/written in 16-bit units.

Address FFFF FO64y
Initial Value 0000y

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|PA15\ 0 |PA13\PA12\PA11 |PA10| PA9 \ PA8 \ PA7 | PA6 \ PA5 \ PA4 | PA3 | PA2 \ PA1 | PAO |

Table 9-9 BPC register contents

Bit

o Bit Name Function
Position

Select usage of programmable peripheral I/O area (PPA).
15 PA15 0: PPA disabled
1: PPA enabled

Bits PA[13:0] specify bits 27 to 14 of the starting address of the PPA. The other bits
of the address are fixed to 0.

13100 PA[13:0]

Caution The bits marked with 0 must always be 0.
The base address PBA of the programmable peripheral area sets the start
address of the 16 KB PPA in a range of 256 MB. The 256 MB page is mirrored
16 times to the entire 32-bit address range.

The base address PBA is calculated by

PBA = BPC.PA[13:0] x 24

Table 9-10 shows how the addresses of the programmable peripheral area are
assembled. The base address PBA is highlighted.

Table 9-10 Address range of programmable peripheral area (16 KB)

31 ... 28 27 14 13 ... 1 0 bit
| 0 \ | 0 \ BPC.PA[13:0] | 1 \ | 1 | 1 \
ol|..| o BPC.PA[13:0] o ..] o] 1
o] ..|o0 BPC.PA[13:0] o| ..l o o |PBA

Note The recommended setting for the BPC register is A1004. With this

configuration the programmable peripheral area is mapped to the address
range 0840 00004 to 0840 3FFFy. With this setting the CAN message buffer

registers are accessible via the addresses given in “CAN Controller (CAN)” on
page 429.
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(2) VSWC - Internal peripheral function wait control register

Access
Address

Initial Value

Table 9-11

Note

The 8-bit VSWC register controls the bus access wait for the on-chip
peripheral I/O registers.

Access to on-chip peripheral I/O registers is made in 3 clocks (without wait),
however, waits may be required depending on the operation frequency. Set the
values described below to the VSWC register in accordance with the operation
frequency used.

For DMA transfers, the bus access wait and signal timing is controlled by
registers DMAWCO and DMAWCH1. For a description of these registers see
“DMA Functions (DMA Controller)” on page 279.

This register can be read/written in 8-bit or 1-bit units.
FFFF FOBEy

774
VSWC must be initialized after RESET according to below table:

Initialization of VSWC

System clock 128 MHz 80 MHz
VSWC 374 24y

The bits marked with 0 must always be 0.
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CSChn - Chip select area control registers

The 16-bit registers CSC0O and CSC1 assign the chip select signals CS0 to
CS3 and CS4 to CS7 to memory banks respectively areas (see also “Memory
areas/banks and chip select signals” on page 228). If a bit in CSCn is set,

access to the corresponding memory bank or area will generate the
corresponding chip select signal and activate the Memory Controller.

CS1, CS3, CS4 and CS6 are fixed assigned to complete 64 MB memory
areas.

CS0, CS2, CS5 and CS7 can be assigned independently to several 2 MB
memory banks.

If several chip select signals are assigned to identical memory areas, a priority
control rules the generation of the signals (refer to “Chip select priority control”
on page 235).

Access
Address

These registers can be read/written in 16-bit units.
CSCO: FFFF F0604
CSC1: FFFF F062

2C11y
These registers must be initialized as described in Table 9-14 on page 244.

Initial Value

CscCo

15 14 13 12

11 10 9 8

7 6 5 4

3 2 1 0

0333\0832|0331\Csso

Cszs|cszz|csz1\cszo

Cs13|cs12\cs11\cs1o

Csos|csoz\cso1|csoo

CS3

Cs2

Cs1

CSo

CSC1
15 14 13 12

11 10 9 8

7 6 5 4

3 2 1 0

CS43|C842|CS41]CS40

CS53| €852 | CS51]C850

CS63|CS62|CS61|CS60

Cs73|CS72|CS71[CS70

Cs4

CS5

CSé6

Cs7

Caution To initialize an external memory area after a reset, registers CSCn have to be
set. Do not change these registers after initialization. Do not access external
devices before initialization is finished.
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The register contents in Table 9-12 and Table 9-13 read as follows:

¢ CSkm = 0: Corresponding chip select signal is not active during access to
memory bank/area.

e CSkm = 1: Corresponding chip select signal is active during access to
memory bank/area.

Table 9-12 CSCO register contents

Bit Position Bit Name Access to memory area or ChIF.) select
bank signal
. area 1, independent of —
15to0 12 CS3[3:0] bit 15 to 12 setting CS3
11 CS23 bank 3
10 CS22 bank 2
CS2
9 CS21 bank 1
8 CS20 bank 0
. area 0, independent of =
7t04 CS1[3:0] bit 7 to 4 setting CS1
3 CS03 bank 3
2 CS02 bank 2
CSo
1 CSo1 bank 1
0 CSo00 bank 0
Table 9-13 CSC1 register contents
Bit Position Bit Name Access to memory area or ChIF.) select
bank signal
. area 2, independent of e
15t0 12 CS4[3:0] bit 15 to 12 setting CS4
11 CS53 bank 12
10 CS52 bank 13
CS5
9 CS51 bank 14
8 CS50 bank 15
. area 3, independent of ==
7t04 CS6[3:0] bit 7 to 4 setting CS6
3 CS73 bank 12
2 CS72 bank 13
CS7
CS71 bank 14
0 CS70 bank 15
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Table 9-14

Initialize the registers as follows:

Initialization of CSCn

Bits

Set to value

Comment

CSC0.CS0[3:0]

xX0xg

Set as required to assign CS0 to bank 0, 2, 32:
e 0000g: no assignment

e 0001g: bankO

e 0100g: bank2

e 0101g: bankO,2

e 1000g: bank 3

e 1001g: bankO0, 3

e 1100g: bank2,3

e 1101g: bankO, 2,3

CSC0.CS1[3:0]

0001

Default, don’t change
CS1 assigned to area 0 for internal data flash

CSC0.CS2[3:0]

XX0xg

Set as required to assign CS2 to bank 0, 2, 3%:
e 0000g: no assignment

e 0001g: bankO

e 0100g: bank2

e 0101g: bankO, 2

e 1000g: bank 3

e 1001g: bankO, 3

e 1100g: bank2,3

e 1101g: bankO,2,3

CSC0.CS3[3:0]

0010g

Default, don’t change
CS3 is assigned to external memory in area 1
400 0000y - 7FF FFFFy

CSC1.CS4[3:0]

0010g

Default, don’t change
CS4 is assigned to external memory in area 2
800 0000y - BFF FFFFy

CSC1.CS5[3:0]

1000

CS5 assigned to bank 12 for internal FlexRay

Caution: These bits must be changed to

1000g (default value is 1100g).

CSC1.CS6[3:0]

0001

Default, don’t change

CSC1.CS7[3:0]

0001

Default, don’t change
CS7 assigned to bank 15 for internal CRC

3 - bank 0 external memory address rage: 010 0000, - 01F FFFF
- bank 2 external memory address rage: 040 0000y - O5F FFFF4
- bank 3 external memory address rage: 060 0000y - 07F FFFF4
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(4) BSC - Bus size configuration register
The 16-bit BSC register controls the data bus width for each chip select area.
Access This register can be read/written in 16-bit units.

Address FFFF F066y

Initial Value AAAAy
This register must be initialized as described in Table 9-16.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BS71|BS70|BS61|BS60 | BS51 | BS50 | BS41 | BS40 | BS31 | BS30 | BS21 |BS20 | BS11 | BS10 | BS01 | BS00

Cs7 CSé6 CS5 CS4 CS3 CSs2 CSt CSo

Table 9-15 BSC register contents

Bit position Bit name Function
Sets the data bus width for each chip select area.
BSk1 BSkO0 Data bus size
0 0 8 bit
15t00 BSK[1:0 0 1 16 bit
1 0 32 bit
1 1 prohibited

Caution To initialize an external memory area after a reset, register BSC has to be set.
Do not change this register after initialization. Do not access external devices
before initialization is finished.

Initialization Initialize the register as follows:

Table 9-16 Initialization of BSC

Bits Set to value Comment
BSC.BS0[1:0] XXB Set as required
BSC.BS1[1:0] 10g Default, don’t change
Data bus width for internal data flash: 32 bit
BSC.BS2[1:0] XXB Set as required
BSC.BS3[1:0] XXg Set as required
BSC.BS4[1:0] XXB Set as required
BSC.BS5[1:0] 10g Default, don’t change
Data bus width for internal FlexRay: 32 bit
BSC.BS6[1:0] 10g Default, don’t change
BSC.BS7[1:0] 10g Default, don’t change
Data bus width for internal CRC: 32 bit
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(5) BEC - Endian configuration register

The 16-bit BEC register defines the endian format in which word data in the
memory is processed. Each chip select area is controlled separately.

Access This register can be read/written in 16-bit units.
Address FFFF FO68y
Initial Value 0000y

This register must be initialized as described in Table 9-18

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 |BE70O| O |BE6O| O |BE50| O |BE40| O |BE30| O |BE20| O |BE10| O |BEOO

Cs7 CSé6 CS5 CS4 CS3 CSs2 CSt CSo

Table 9-17 BEC register contents

Bit . .
iee Bit Name Function
Position
Sets the endian format for processing of word data for each chip select area.
14,12, 10, . .
BEkO 0: Little endian
8,6,4,0 ) .
1: Big endian

Caution 1. The bits marked with 0 must always be 0.

2. To initialize an external memory area after a reset, register BEC has to be
set. Do not change this register after initialization. Do not access external
devices before initialization is finished.

Initialization Initialize the register as follows:

Table 9-18 Initialization of BEC

Bits Set to value Comment

BEC.BEOO XB Set as required

BEC.BE10 Og Default, don’t change
Endian format for internal data flash: little
endian

BEC.BE20 Xp Set as required

BEC.BE30 XB Set as required

BEC.BE40 Xg Set as required

BEC.BE50 Og Default, don’t change
Endian format for internal FlexRay: little
endian

BEC.BE60 Og Default, don’t change

BEC.BE70 Og Default, don’t change
Endian format for internal CRC: little endian

Note Set the chip select area which is specified as the programmable peripheral I/O
area to little endian format.
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9.2.2 Memory Controller registers
The following registers are part of the Memory Controller. They specify the
number of data wait states, the number of address wait states, and the number
of idle states.
(1) BCTn - Bus cycle configuration registers
The 16-bit BCTn registers enable the operation of the Memory Controller for
each chip select signal.
Access These registers can be read/written in 16-bit units.
Address BCTO: FFFF F480y
BCT1: FFFF F4824
Initial Value 4444,
These registers must be initialized as described in Table 9-20 on page 248.
BCTO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MES| 1 | o | o [ME2| 1 [ 0 | MET| 1 [ o | o [MEO| 1 [ 0 | 0O
CS3 S2 S1 CSo
BCT1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MEZ| 1 | o | o [MEB| 1 [ 0 | MES| 1 [ o | o [ME4] 1 [ 0 | 0
Cs7 CSé CS5 CS4
Table 9-19 BCTn register contents
B't Bit Name Function
Position
Enables/disables Memory Controller operation for
chip select area k.
15,11,7,3 MEK 0: Operation disabled
1: Operation enabled
Caution 1. The bits marked with 0 must always be 0.

2. The bits marked with 1 must always be 1.

3. To initialize an external memory area after a reset, registers BCTn have to
be set. Do not change this register after initialization. Do not access external
devices before initialization is finished.
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Initialization Initialize the registers as follows:

Table 9-20 Initialization of BCTn

Bits Set to value Comment
BCTO0.MEO XB Set as required
BCTO0.ME1 1 Enable internal data flash.

Caution: This bit must be changed to 1
(default value is 0).

BCTO0.ME2 XB Set as required
BCTO0.ME3 Xg Set as required
BCT1.ME4 XB Set as required
BCT1.ME5 1g Enable internal FlexRay.

Caution: This bit must be changed to 1
(default value is 0).

BCT1.ME6 Og Default, don’t change

BCT1.ME7 1 Enable internal CRC.

Caution: This bit must be changed to 1
(default value is 0).
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(2) AWC - Address wait control register

The 16-bit AWC register controls the insertion of an address setup wait and
address hold wait state before and after the T1 cycle. The address setup wait
and address hold wait state can be enabled for each chip select area.

Access This register can be read/written in 16-bit units.
Address FFFF F488y
Initial Value FFFFy: After system setup, by default, address hold and wait states insertion

is enabled for each chip select area.
This register must be initialized as described in Table 9-22 on page 250

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHW7|ASW7|AHW6|ASW6|AHW5|ASW5|AHW4|ASW4 AHW3|ASW3|AHW2| ASW2|AHW1|ASW1|AHWO|ASWO0
Cs7 CSé6 CS5 CS4 CS3 CSs2 CSt CSo

Table 9-21 AWC register contents

Bit position Bit name Function
Enables/disables the address hold wait insertion for chip select areas
1) 3! 5) 7! 9) . . .
11.13 15 AHWK 0: No wait state inserted
Y 1: Address hold wait state inserted after T1 bus cycle
Enables/disables the address setup wait insertion for chip select areas
0,2,4,6,8, . ; ;
10.12. 14 ASWk 0: No wait state inserted

1: Address setup wait state inserted before T1 bus cycle

Caution To initialize an external memory area after a reset, register AWC has to be set.
Do not change this register after initialization. Do not access external devices
before initialization is finished.

Note For access to internal memory and peripheral I/O areas, programmable waits
are noft carried out.

Preliminary User's Manual U17754EE4VOUMO0 249



Chapter 9

Bus and Memory Control (BCU, MEMC)

Initialization

250

Table 9-22

Initialize the registers as follows:

Initialization of AWC

Bits Set to value Comment
AWC.AHWO X Set as required
AWC.ASWO0 X
AWC.AHWA1 0 No insertions for internal data flash.
AWC.ASW1 0
Caution: These bits must be changed to 00g
(default value is 11g).
AWC.AHW2 X Set as required
AWC.ASW2 X
AWC.AHW3 X Set as required
AWC.ASW3 X
AWC.AHW4 X Set as required
AWC.ASW4 X
AWC.AHW5 0 No insertions for internal FlexRay.
AWC.ASW5 0
Caution: These bits must be changed to 00g
(default value is 11g).
AWC.AHW6 1 Default, don’t change
AWC.ASW6 1
AWC.AHW7 0 No insertions for internal CRC.
AWC.ASW7 0

Caution: These bits must be changed to 00g

(default value is 11g).
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Access
Address

Initial Value

DWCO

15 14 13 12

DWCn - Data wait control registers

The 16-bit DWCn registers control the number of data wait states after the first
access cycle (T1). Each chip select area is controlled separately. A maximum
of seven data wait states is possible.

This register can be read/written in 16-bit units.

DWCO: FFFF F484
DWC1: FFFF F486

7777y: After system setup, by default, seven data wait states are inserted for

each chip select area.
These registers must be initialized as described in Table 9-24 on page 252.

11 10 9 8 7 6 5 4 3 2 1 0

0 \Dwsz | DW31 \Dwso

o

0 |DW22|DW21\DW20 |DW12\DW11\DW10 0 |DW02‘DWO1|DW00

CS3

CS2 CSt CSo

DWCH

15 14 13 12

11 10 9 8 7 6 5 4 3 2 1 0

0 |pw72[pw71|pw70] 0 |DWe2|DW61{DW6E0| 0 [DW52|DW51/DW50| 0 |DW42|DW41|DW40
CS7 CS6 CS5 CS4
Table 9-23 DWCn register contents
Bit position Bit name Function
Sets the number of wait states after the first access cycle (T1) for chip select
areas.
DWk[2:0] Number of inserted wait states
000g No wait state inserted
14 t0 12, 001p 1 wait state
10to 8, .
6to 4 DWk[2:0] 010g 2 wait states
2t00
° 011g 3 wait states
111 7 wait states
Caution 1. The bits marked with 0 must always be 0.

Note

2. To initialize an external memory area after a reset, registers DWCn have to
be set. Do not change these registers after initialization. Do not access
external devices before initialization is finished.

For access to internal memory and peripheral I/O areas, programmable waits
are not carried out.
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Initialization Initialize the registers as follows:

Table 9-24 Initialization of DWCn

Bits Set to value Comment
DWCO0.DWCO0[2:0] | xxxg Set as required (refer to below caution)
DWC0.DWC1[2:0] | 0015 1 wait for Internal data flash.

Caution: These bits must be changed to
001g (default value is 1115).

DWCO0.DWC2[2:0] | xxxg Set as required (refer to below caution)
DWC0.DWC3[2:0] | xxxg Set as required (refer to below caution)
DWC1.DWC4[2:0] | xxxg Set as required (refer to below caution)
DWC1.DWC5[2:0] | 001g 1 wait for internal FlexRay.

Caution: These bits must be changed to
001g (default value is 1115).

DWC1.DWC6[2:0] | 111 Default, don’t change

DWC1.DWC7[2:0] | 000g No wait for internal CRC.

Caution: These bits must be changed to
000g (default value is 111g).

Caution If the CPU is operated with 128 MHz (pin PLLSEL = 0) and the memory
controller’s clock is chosen as BCLK = VBCLK/2 (DVC.DVCO = 0), at least one
data wait state is required for access to the external memory.

Thus minimum values in this case are

DWCO0.DWC0[2:0] > 001B
DWCO0.DWC2[2:0] > 001B
DWCO0.DWC3[2:0] > 001B
DWCO0.DWC4[2:0] > 001B
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(4) BCC - Bus cycle control register

The 16-bit BCC register controls for each chip select area
¢ insertion of an idle state after any read access

Access This register can be read/written in 16-bit units.
Address FFFF F48Ay

Initial Value AAAAQ: After system reset, an idle state is inserted.
These registers must be initialized as described below.

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0

2
BC71| 0 |BCe61| 0 |BC51| 0 |BC41| 0 |BC31| 0 |BC21| 0 |BC11| 0 |BCO1| O

Cs7 CS6 CS5 Cs4 CS3 CS2 S1 CSo

O

Note The default value 0 of bits 14, 12, 10, 8, 6, 4, 0 and 0 must not be changed.

Table 9-25 BCC register contents

Bit position Bit name Function
Enables/disables the idle state insertion after any read access for chip select
areas.
15, 13, 11, 0: No idle state inserted
9,7,5, 3,1 BCk1 1: Idle state inserted after any read access

Note: For inserting an idle state also after any write access DVC.BCWI has
to be set to 1 additionally..

Caution To initialize an external memory area after a reset, register BCC has to be set.
Do not change this register after initialization. Do not access external devices
before initialization is finished.

Note For access to internal memory and peripheral I/O areas, no idle states are
inserted.
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Initialization

Table 9-26

Initialize the registers as follows

Initialization of BCC

Bits Set to value Comment
BCC.BCo01 Set as required
BCC.BC11 0 Internal data flash:
¢ no idle states BCC.BC11 =0
Caution: BCC.BC11 must be changed to 0
(default value is 1).
BCC.BC21 X Set as required
BCC.BC31 X Set as required
BCC.BC41 X Set as required
BCC.BC51 0 Internal FlexRay:
e no idle states BCC.BC51 =0
Caution: BCC.BC51 must be changed to 0
(default value is 1).
BCC.BC61 1 Default, don’t change
BCC.BC71 0 Internal CRC:
¢ no idle states BCC.BC71 =0
Caution: BCC.BC71 must be changed to 0
(default value is 1).
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(5) DVC - Bus clock dividing frequency control register

The 8-bit DVC register controls
¢ idle state inserted after any write access
¢ the frequency of the bus clock BCLK

Access This register can be read/written in 8-bit units.
Address FFFF F48Ey
Initial Value 00y.

7 6 5 4 3 2 1 0
BCWI 0 0 0 0 0 0 DVCO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 9-27 DVC register contents

Bit position Bit name Function

Enables/disables the idle state insertion after any write access (only for chip
select areas with BCC.BCk1 =1, i.e. idle state insertion after read access

7 BCWI must be enabled as well).

0: No idle state inserted

1: Idle state inserted after any write access

Specifies the frequency of the bus clock BCLK.
0 DVCO 0: BCLK =f,,/2
1: BCLK = f,,/4

Caution 1. The bits marked with 0 must always be 0.

2. To initialize an external memory area after a reset, register DVC has to be
set. Do not change this register after initialization. Do not access external
devices before initialization is finished.

Note For access to internal memory, no idle states are inserted.
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9.3 Configuration of Memory Access

The microcontroller device supports interfacing with various memory devices.
Therefore, the endian format, wait functions and idle state insertions can be
configured.

9.3.1 Endian format

The endian format is specified with the endian configuration register (BEC). It
defines the byte order in which word data is stored.

"Big endian" means that the high-order byte of the word is stored in memory at
the lowest address, and the low-order byte at the highest address. Therefore,
the base address of the word addresses the high-order byte:

bit number 31 24 23 16 15 8 7 0

byte position Byte 0 Byte 1 Byte 2 Byte 3

access via

<base> + 3 <base> + 2 <base> + 1 <base>
addresses

Figure 9-4 Big endian addresses within a word
"Little Endian" means that the low-order byte of the word is stored in memory

at the lowest address, and the high-order byte at the highest address.
Therefore, the base address of the word addresses the low-order byte:

bit number 31 24 23 16 15 8 7 0

byte position Byte 3 Byte 2 Byte 1 Byte 0

access via

<base> + 3 <base> + 2 <base> + 1 <base>
addresses

Figure 9-5 Little endian addresses within a word
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9.3.2

M

()

3)

4)

Wait functions

Several wait functions are supported:

Address setup wait

The microcontroller device allows insertion of an address setup wait state
before the first access cycle (T1 state).

The address setup wait state can be enabled by AWC.ASWk = 1 individually
for each chip select area.

Address hold wait

The microcontroller device allows insertion of an address hold wait state after
the first access cycle (T1 state).

The address hold wait state can be enabled by AWC.AHWKk = 1 individually for
each chip select area

Programmable data wait function

With the purpose of realizing easy interfacing with low-speed memory or with
I/Os, it is possible to insert up to seven data wait states after the first access
cycle (T1 state).

The number of wait states can be specified by data wait control registers
DWCO0 and DWCH.

Idle state insertion function

To facilitate interfacing with low-speed memory devices, an idle state (Tl) can
be inserted between two bus cycle, that means after the T2 state. Idle states
are inserted to meet the data output flow delay on memory read or write
accesses for each chip select space. The next bus cycle is started after the idle
state.

The idle state after read access is specified by BCC.BCk1 = 1.
The idle state after write access is specified by DVC.BCWI = 1.
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9.3.3 External wait function

Each read or write operation takes at least two cycles (T1 and T2). To stretch
the access cycle for accessing slow external devices, any number of wait
states (TW) can be inserted under external control of the WAIT signal.

The WAIT signal can be set asynchronously from the system clock. The WAIT
signal is sampled at the rising edge of the clock in the T1 and TW states.
Depending on the level of the WAIT signal at sampling timing, a wait state is
inserted or not.

(1) Relationship between programmable wait and external wait

If both programmable wait and external wait (WAIT) are applied, an OR
relation gives the resulting number of wait cycles. Figure 9-6 shows that as
long as any of the two waits is active, a wait cycle will be performed.

‘ T ‘ T2 ‘ T2W ‘ T2W ‘ T2W ‘

TS A [ A I I B
WAIT pin [\ [ ]\

Wait by WAIT pin / \

Programmable wait / \

Wait control / \

Figure 9-6 Example of wait insertion

Note The circles indicate the sampling timing.
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9.4 External Devices Interface Timing

This section presents examples of write and read operations. The states are
abbreviated as:

¢ T1 state: The state the address is issued
e T2 state: The state for the data access.

e T2W state: Wait state that is inserted according to the DWCO and DWCH1
register settings and according to the WAIT input.

* T1S state: Address setup wait state that is inserted according to the
AWC.ASWK settings.

* T1H state: Address hold wait state that is inserted according to the
AWC.AHWK settings.

* Tl state: Idle state that is inserted according to the BCC register settings.

9.4.1 SRAM, external ROM, external I/O access

(1) Read (data wait inserted)

T T2 T T2 T2W

BCLK

SN
Azt0]  [X

X

N\

X

CSk

hEaNall

BEN[30] _| X
D[31:0] -~ -==rnnemmmnegoneees (:3 --------------------------------- <:3
WATT A\ \o/ 7T\

without data wait insertion | with data wait insertion

Y

Figure 9-7 Read timing (data wait inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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(2) Read (idle state inserted)

TH1 T2 Tl

BCLK J—\_—\_—\_—

A[21:0]

><

CSk

BENE0] X / o

D[31:0] --1-------------oo--e- { § -------------------
WAT | /

Figure 9-8 Read timing (idle state inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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(3) Read (data wait, idle state inserted)

BCLK

A[21:0]

CSk

T1

O\

T2

O\

T2W

O\

Tl

>

BEN[3:0]

D[31:0] ---

WAIT

Figure 9-9 Read timing (data wait, idle state inserted)

Note

1.

The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined

data.
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(4) Read (address setup wait and address hold wait state inserted)

T1S T1 T1H T2

selk /N /  \_/ \_/J \_/

azto]  [X X
csk X
m \ S
WR H
BEN[3:0] X

] ) e A { ? -----

AT 77N

Figure 9-10 Read timing (address setup wait and address hold wait state inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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(5) Write (data wait inserted)

T1 T2 T1 T2 T2wW
BCLK _/—\_ —\_ —\_ —\_ —\_/_
ARt:0] X X X
csk __ X X
BD H

WR \ /N /
BEN@l X X X
DIB1:0] === m o e <:§ -------------------- { D

VAT 7N \ /7N

. Wwithout data wait insertion | _ with data wait insertion .
Figure 9-11 Write timing (data wait inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined

data.
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(6) Write (idle state inserted)

T1 T2 TI

sk /N / /[ \__/J
Azt0] X

osk X / o

><

BENGOl X / \__

D[31:0] --q-------msoemeefee e ( ? -------------------
war ] s \

Figure 9-12 Write timing (idle state inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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(7) Write (data wait, idle state inserted)

T1 T2 T2W Tl

BCLK J—\_ —\_ —\_ —\_ -
ato] X X
csk X / \__

BeNEal X 7 -

DIBH:0] << m e b {

AT N

D—D
X<
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

N
V%

Figure 9-13 Write Timing (data wait, idle state inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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(8) Write (address setup wait and address hold wait state inserted)

T1S T1 T1H T2

sekk /N / N/ \_/J \_/J

A2to] [

><

CSk

ﬁH

WR \ /-
BEN30] X

3] E ) I B S IR ( ; -----

AT 79X,

Figure 9-14 Write timing (address setup wait and address hold wait state inserted)

Note 1. The circle indicates the sampling timing.

2. The dashed line indicates the high impedance state respectively undefined
data.
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9.5 Data Access Order

9.5.1 Access to 8-bit data busses

This section shows how byte, half word and word accesses are performed for
an 8-bit data bus.

(1) Byte access (8 bits)

(a) Little endian

Address Address
7 7 7 7
2n 2n + 1
0 0 0 0
Byte data External Byte data External
data bus data bus

Figure 9-15 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)

(b) Big endian

Address Address
7 7 7 7
2n 2n + 1
0 0 0 0
Byte data External Byte data External
data bus data bus

Figure 9-16 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)

Preliminary User's Manual U17754EE4V0OUMO0 267



Chapter 9 Bus and Memory Control (BCU, MEMC)

(2) Halfword Access (16 bits)

(a) Little endian

1-st Access 2-nd Access 1-st Access
15 15 15
8 Address 8 Address 8 Address
7 7 7 7 7 7
2n 2n+1 2n+1

0 0 0 0 0 0
Halfword External Halfword External Halfword External

data data bus data data bus data data bus

Figure 9-17 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)

(b) Big endian

1-st Access 2-nd Access 1-st Access
15 15 15
8 Address g Address 8 Address
7 7 7 7 7 7
2n 2n+1 2n+1

0 0 0 0 0 0
Halfword External Halfword External Halfword External

data data bus data data bus data data bus

Figure 9-18 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)
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2-nd Access
15
8 Address
7 7
2n+2
0 0
Halfword External
data data bus
2-nd Access
15
8 Address
7 7
2n+2
0 0
Halfword External
data data bus
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(3) Word Access (32 bits)

(a) Little endian

1-st Access 2-nd Access 3-rd Access 4-th Access
31 [ ] 31 [ ] 31 ] 31 [ ]
24 | | 24 | | 24 | | 24 | |
23 23 23 23
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
71 7 71 7 71 7 71 7
R 4n 4n +1 4n+2 4n +3
(o8 0 (o8 0 0l | 0 0l | 0
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus
Figure 9-19 Access to address 4n
1-st Access 2-nd Access 3-rd Access 4-th Access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24| | 24 ) | 24 | 24 |
23 23 23 23
16| | 16 || 16| | 16 | |
15 15 15 15
8 Address 8 Address 8 Address 8 Address
71 7 71 7 71 7 7 7
4n +1 4n +2 4n+3 — 4n +4
0l | 0 (N 0 0| | 0 0| 0
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus

Figure 9-20 Access to address 4n + 1
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1-st Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n +2
(N 0
Word data External
data bus
Figure 9-21
1-st Access
31 [ ]
24| |
23
16 | |
15
8 Address
7 7
DEE— 4n+3
(VN 0
Word data External
data bus

Figure 9-22 Access to address 4n + 3

2-nd Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n+3
(N 0
Word data External
data bus

Access to address 4n + 2

2-nd Access
31 [ ]
24| |
23
16| |
15
8 Address
7 7
4n +4

(N 0
Word data External

data bus

3-rd Access

31 [ ]

24| |

23

16 ||

15

8 Address
71 7

4n +4

0| 0

Word data External

data bus
3-rd Access
31 [ ]
241 |
23
16 | |
15
8 Address
7 7
4n+5

(N 0

Word data External

data bus
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31 [ ]

24| |

23

16 ||

15

8 Address
71 7

— 4n+5

(N 0

Word data External

data bus
4-th Access
31 [ ]
24| |
23
16 ||
15
8 Address
7 7
— 4n +6
(N 0
Word data External
data bus
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(b) Big endian
1-st Access 2-nd Access 3-rd Access 4-th Access
31 [ ] 31 [ 31 ] 31
24 24 24 24
23 [ 23 [ 23 [ 23 [
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
71 7 711 7 711 7 71 7
" 4n 4n +1 4n +2 R 4n +3
o | 0 oL | 0 (O} I 0 o[ | 0
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus
Figure 9-23 Access to address 4n
1-st Access 2-nd Access 3-rd Access 4-th Access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ 23 [ 23 [ ]
16 || 16 || 16 | 16 ] |
15 15 15 15
8 Address 8 Address 8 Address 8 Address
7 7 71 7 71 7 711 7
4n +1 4n +2 4n+3 4n +4
(o} I 0 o[ | 0 o | 0 (Ol I 0
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus
Figure 9-24 Access to address 4n + 1
Preliminary User's Manual U17754EE4VOUMO0 271



Chapter 9

Bus and Memory Control (BCU, MEMC)

272

Figure 9-25 Access to address 4n + 2

1-st Access

31 [ ]

24| |

23

16 ||

15

8 Address
71 7

— 4n +2

(o8 I 0

Word data External

data bus
1-st Access

31 [ ]
24| |
23

16 ||

15

8 Address
71 7

— 4n+3

(N 0

Word data External

data bus

Figure 9-26 Access to address 4n + 3

2-nd Access
31 [ ]
24 |
23
16 ||
15
8 Address
71 7
4n+3
0| | 0
Word data External
data bus

2-nd Access

31 [ ]
24
23 [

16 ||

15

8 Address
71 7

4n +4

(N 0

Word data External

data bus

3-rd Access
31 [ ]
24 |
23
16 ||
15
8 Address
71 7
4n+4
0| 0
Word data External
data bus
3-rd Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n+5
(N 0
Word data External
data bus
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4-th Access
31 [ ]
24 | |
23
16 ] |
15
8 Address
711 7
EE— 4n+5
ol | 0
Word data External
data bus
4-th Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n +6
(o8 I 0
Word data External
data bus
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9.5.2

M

0
Byte data

Figure 9-27

0
Byte data

Figure 9-28

Access to 16-bit data busses

This section shows how byte, half word and word accesses are performed for a
16 bit data bus.

Access all data in order starting from the lower order side.

Byte access (8 bits)

(a) Little endian

Address Address
15771 15
Pl 2n+1
8! 8
7 7 70
2n : l
0 0 0
External Byte data External
data bus data bus

Left: Access to even address (2n)
Right: Access odd address (2n + 1)

(b) Big endian

Address Address
15 153773
2n : :
8 8!
7. 7 7
Pl 2n + 1
0 0 0
External Byte data External
data bus data bus

Left: Access to even address (2n)
Right: Access to odd address (2n + 1)
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(2) Halfword Access (16 bits)

(a) Little endian

Address
15

2n +1

~

0

Halfword
data

2n

0

External
data bus

1-st Access
Address
15 15
2n+1
8 8
7 7.
0 0}
Halfword External
data data bus

Figure 9-29 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)

15

(b) Big endian

0

Halfword
data

Address
15
2n
8
7
2n+1
0
External
data bus

1-st Access
Address
15
8
7
2n +1
0
Halfword External
data data bus

Figure 9-30 Left: Access to even address (2n)
Right: Access to odd address (2n + 1)
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2-nd Access

Address

2n+2

Halfword External
data data bus

2-nd Access

Address

2n+2

Halfword External
data data bus
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(3) Word Access (32 bits)
(a) Little endian
1-st Access 2-nd Access
31 [ ] 31 [ ]
24 | | 24 | |
23 23
16 || - Address 16 || - Address
15 15 15 15
4n + 1 4n+3
8| 8 | 8 | 8 |
7 7 7 7
4n 4n +2
0 | 0 | 0| | 0 |
Word data External Word data External
data bus data bus
Figure 9-31 Access to address 4n
1-st Access 2-nd Access 3-rd Access
31 [ | 31 [ ] 31 [ |
24| | 24 | | 24| |
23 23 23
16 || Address 16 || - Address 16 || . Address
15 15 15 15 15 15 '
4n+1 4n+3 P
8| 8 8 8| _ 8| g
7 7 7 7 7 7
P 4n +2 an+4
o] 0 o] o] o] 0
Word data External Word data External Word data External
data bus data bus data bus

Figure 9-32 Access to address 4n + 1
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1-st Access 2-nd Access
31 [ ] 31 [ ]
24 | | 24| |
23 23
16 || - Address 16 [ . Address
15 15 15 15
4n+3 4n+5
8| 8 | 8| 8 |
7 7 7 7
4n + 2 an + 4
0 | 0 | 0| 0| |
Word data External Word data External
data bus data bus

Figure 9-33 Access to address 4n + 2

1-st Access 2-nd Access 3-rd Access
31 [ ] 31 [ ] 31 [ ]
24 | | 24 | | 24 | |
23 23 23
16 [ Address 16 || - Address 16 [ Address
15 15 15 15 15 155 '
4n+3 4n+5 P
8| | 8 8| | 8| | 8| | I
7 7. 7 7 7 7
P 4n+4 4n +6
ol 0. oL ol ol 0
Word data External Word data External Word data External
data bus data bus data bus

Figure 9-34 Access to address 4n + 3
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(b) Big endian
1-st Access 2-nd Access
31 [ ] 31 [ ]
24 | | 241 |
23 23
16 || Address 16 || Address
15 15 15 15
4n 4an + 2
8 | 8 8 | 8
7 7 7 7
4n +1 4n+3
0l | 0 (N 0
Word data External Word data External
data bus data bus
Figure 9-35 Access to address 4n
1-st Access 2-nd Access 3-rd Access
31 [ ] 31 [ | 31 [ |
24 | | 24| | 24| |
23 23 23
16 || . Address 16 || Address 16 Address
15 L 15 15
E : 4n +2 4n+4
8| | g1t 8[| 8
7 7 7 7 :
4n+1 4n+3 :
0 | 0 0 | 0 0 | 0.t
Word data External Word data External Word data External
data bus data bus data bus

Figure 9-36 Access to address 4n + 1
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1-st Access 2-nd Access
31 [ ] 31 [ ]
24| | 241 |
23 23
16 || Address 16 || Address
15 15 15 15
4n + 2 an +4
8| 8 8| 8
7 7 7 7
4n+3 4n+5
0 | 0 o[ | 0
Word data External Word data External
data bus data bus

Figure 9-37 Access to address 4n + 2

1-st Access 2-nd Access 3-rd Access
31 [ ] 31 [ ] 31 [ ]
24 | | 24| | 24| |
23 23 23
16 || . Address 16 || Address 16 || Address
15 15+ s 15 15 15
E : 4n + 4 4n+6
s || 8: : 8 8 8|
7 7 7 7 7
4n+3 4n+5

0 | 0 0 | 0 0 |
Word data External Word data External Word data External

data bus data bus data bus

Figure 9-38 Access to address 4n + 3
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Note

10.1

Features summary

Caution

10.1.1

DMA channels

DMA priorities

Transfer data units

Transfer addresses

DMA Functions (DMA Controller)

The microcontroller includes a Direct Memory Access Controller (DMAC) that
executes and controls DMA transfers.

Throughout this chapter, the individual channels of the DMA Controller are
identified by “n” (n =0to 7)

Overview

The DMAC controls data transfer between internal RAM and I/O, based on
DMA requests issued by the on-chip peripheral I/O.

The DMAC has the following features:
¢ 8 independently configurable channels

* Programmable access wait and signal timing

o Maximum DMA transfer count: 256 (28)

If the RAM error correction function is disabled, DMA operation is prohibited.
Thus disable all DMA channels in that case.

Principle of operation

A DMA transfer essentially transfers a predefined number of data units
between the internal RAM (iRAM) and peripheral I/O registers. The CPU
initiates the transfer and the transfer itself is performed by the DMAC.

Each DMA channel has a fixed transfer direction to transfer data between the
internal RAM and a peripheral I/O register:

¢ DMA channels 0, 1, 4, 5: /0 — iRAM
¢ DMA channels 2, 3, 6, 7: iRAM — I/O

The DMA channel priorities are fixed as follows:
DMA channel 0 > DMA channel 1 > DMA channel 2 > ... > DMA channel 7

The size of a data units to be transferred is either 8 bit or 16 bit:
¢ DMA channels 0 to 3: 16 bit
¢ DMA channels 4 to 7: 8 bit or 16 bit selectable

For a DMA transfer, the following addresses have to be defined:

¢ Source address: address of data to be copied
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Transfer start/stop

Transfer status

10.1.2

280

The source address depends on the DMA channel:
— DMA channels n = 0, 1: implicitly defined fixed ADC registers

— DMA channels n = 4, 5: implicitly defined fixed CSIBn, CSIEn, UARTCn
data receive register

— DMA channels n =2, 3, 6, 7: iRAM start address, defined by MARNn
registers
¢ Destination address: address to stored the data to
The destination address depends on the DMA channel:

— DMA channels n =0, 1, 4, 5: iRAM start address, defined by MARNn
register

— DMA channels n = 2, 3: Timer S start register address, defined by SARn

— DMA channels n = 6, 7: implicitly defined fixed CSIBn, CSIEn, UARTCn
data transmit registers

Depending on the transfer data unit, source start addresses SARn and
destination start addresses MARnN are automatically incremented after each
data transfer:

e 8-bit data: address increment by 1
* 16-bit data: address increment by 2

The DMA transfer is initiated by defined interrupts of the on-chip peripheral
I/Os. These interrupts are called DMA triggers.

To start a DMA transfer, the following conditions have to be fulfilled:
* DMA transfer is enabled (DMAMCL.DEn = 1).

¢ The number of transfer actions that has to be performed (transfer count) is
written to register DTRChn.

¢ The transfer status is set to “idle” (DMASL.DMASnN = 0).
* DMA trigger is generated.

When the defined number of transfer actions is completed, a DMA completion
interrupt (INTDMAN) is generated and the DMA transfer is stopped.

The transfer status can be monitored:
* Register DMASL displays the transfer status (idle/in progress/completed).

¢ Register DTCRn displays the current transfer count (it is decreased with
every transfer action).

Forcible termination of DMA transfer
A once started DMA transfer can be forcible terminated by clearing bit
DMAMCL.DEn = 0.

If the DMAMCL.DEn bit is cleared during a DMA transfer action, the current
transfer action is finished before the DMA transfer is stopped (see “Example of
forcible termination of DMA transfer” on page 300).
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10.1.3 DMA interrupt function

The DMA triggers are interrupts of
e A/D Converters

* serial interfaces

e Timer S

These interrupts are shared with their corresponding DMA transfer completion
interrupts (INTDMAn). If a DMA channel is enabled, the peripheral I/O interrupt
corresponding to the DMA trigger can no longer generate an interrupt request.
Instead, the DMA transfer completion interrupt can generate an interrupt with
the corresponding interrupt handler address.

The DMA triggers of Timers S (INTTSnOD and INTTSnCDO) are not shared
with their DMA transfer completion interrupts (INTDMAN). These DMA
completion interrupts have dedicated entries in the interrupt source list (refer to
“Interrupt Controller (INTC)” on page 125).

Table 10-1 shows the relations between DMA triggers and DMA completion
interrupts.

Table 10-1 Relations between DMA triggers and DMA completion interrupts

DMA completion interrupt

DMA channel | DMA trigger Entry in Handler

Ee interrupt list® address

0 ADDMARQO INTDMAO INTADO 0000 07904

1 ADDMARQ1 INTDMA1 INTAD1 0000 07A0H

> INTTSOCDO or | INTDMA2 INTDMA2 0000 07B0y
INTTSOOD

3 INTTS1CDO or | INTDMAS3 INTDMAS 0000 07CO0y
INTTS10D

INTCEOC INTDMA4, INTCEOC 0000 07204

INTCE1C INTDMAS INTCE1C 0000 0740,

INTCBOR INTCBOR 0000 06COy

4,5 INTCB1R INTCB1R 0000 06F0y

INTUCOR INTUCOR 0000 00EOH

INTUC1R INTUC1R 0000 00F0y

INTUC2R INTUC2R 0000 06COy

INTCEOC INTDMABG, INTCEOC 0000 07204

INTCE1C INTDMA7 INTCE1C 0000 0740,

INTCBOT INTCBOT 0000 06B0y

6,7 INTCBIT INTCIB1T 0000 06EOy

INTUCOT INTUCOT 0000 07604

INTUCIT INTUCIT 0000 07804

INTUC2T INTUC2T 0000 06B0y

) The interrupt/exception list is given in “Interrupt Controller (INTC)” on page 125
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10.2 Registers

The DMA Controller is controlled by means of the following registers:

Table 10-2 DMA Controller register overview

Register name Shortcut | Address

DMA wait control registers DMAWCO | FFFF FEOOy
DMAWC1 | FFFF FEO2y

DMA transfer SFR start address registers SAR2 <base> + 24y
SAR3 <base> + 26y

DMA transfer memory start address registers MARnN <base> + n x 24
(n=01o07)

DMA trigger factor registers DTFR4 <base> + 88y

DTFR5 <base> + 8Ay

DTFR6 <base> + 8Cy

DTFR7 <base> + 8Ey

DMA transfer count registers DTCRn <base> + 40 + n x 2y
(n=0to07)

DMA status register DMASL <base> + 62y

DMA mode control register DMAMCL | <base> + 60y

DMA data size control register DMADSCL | <base> + 64y

Table 10-3 DMA Controller register base address

Unit Base address
DMA Controller FFFF F300y
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O

Access
Address

Initial Value

DMAWCO

DMAWCH1

Caution

DMAWCM - DMA wait control registers

The 8-bit DMAWCmM registers control the internal bus timing for DMA transfers
(m=0,1).

These registers can be read/written in 8-bit units.

DMAWCO: FFFF FEOOy
DMAWCH1: FFFF FEO2,

DMAWCO: 37y
DMAWC1: 07y

The DMAWCO register must have the same setting as the internal peripheral
function wait control register VSWC:

DMAWCO = VSWC.

Note that the contents of the VSWC register depend on the system clock (see
“Bus and Memory Control (BCU, MEMC)” on page 225 for details).

The DMAWCH1 register must be set as follows:
DMAWC1 = 00.

The DMAWCM registers must be set up correctly before the first DMA transfer
is started. Do not change these registers afterwards.
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(2) SARn - DMA transfer SFR start address registers

The 8-bit SARN register specifies the start address of the TMS register for
which the DMA transfer is started on the corresponding DMA channel n
(n=2,3).

This register is only valid for DMA transfers to timers S.
Access This register can be read/written in 8-bit units.

Address SAR2: <base> + 24y
SAR3: <base> + 26y

Initial Value Undefined.

6 5 4 3 2 1 0
0 | 0 | 0 \ 0 SARNn3 | SARn2 | SARn1 | SARnO
R R R R R/W R/W R/W R/W

Writing to SARN.bit[7:4] is ignored.

Table 10-4 SARn register contents

posBiittion Bit name Function
Sets the start address of the TMS register for which the DMA transfer is started on the
corresponding DMA channel n (n =2, 3).
DMA transfer start address of TMS reload register
SARn3 | SARn2 | SARn1 | SARn0 n=2 n=3
Register Address Register Address
0 0 0 0 TSOOPT1A | FFFF FB40y | TS10PT1A | FFFF FBCOy
0 0 0 1 TSODTC1A | FFFF FB42y | TS1DTC1A | FFFF FBC2y
0 0 1 0 TSODTCOA | FFFF FB44y | TS1DTCOA | FFFF FBC4y
0 0 1 1 TSOCCR5A | FFFF FB46y | TS1CCR5A | OFFFF FBC6y
5100 SARN[3:0] 0 1 0 0 TSOCCR4A | FFFF FB48y | TS1ICCR4A | FFFF FBC8y
(n=2,3) 0 1 0 1 TSOCCR3B | FFFF FB4Ay | TS1CCR3B | FFFF FBCAy
0 1 1 0 TTSSO(?PE\F;??/ FFFF FB4Cy T?;?g:‘ff/ FFFF FBCC"
0 1 1 1 TTSggF(,)AF;LE/ FFFF FB4Ey TTSQEFE;‘FT{Z)E/ FFFF FBCEy
1 0 0 0 TSOCCROA | FFFF FB50y | TS1CCROA | FFFF FBDOy
1 0 0 1 TSOCCR3A | FFFF FB52y4 | TS1CCR3A | FFFF FBD2y
1 0 1 0 TSOCCR2A | FFFF FB54y | TS1CCR2A | FFFF FBD4y
1 0 1 1 TSOCCR1A | FFFF FB56y | TS1CCR1A | FFFF FBD6y
other settings than above prohibited

o

TSOCCR2B in T-PWM mode, TSOPAT1 in all other modes
TS1CCR2B in T-PWM mode, TS1PAT1 in all other modes
TSOCCR1B in T-PWM mode, TSOPATO in all other modes
TS1CCR1B in T-PWM mode, TS1PATO in all other modes

(2]

2o3o5yg
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(3) MARN - DMA transfer memory start address registers

The 16-bit MARN register specifies the subordinated 16 bits of
* the source address (transfer direction iRAM — 1/O)
¢ the destination start address (transfer direction /0 — iRAM)

within the internal RAM area for the DMA channel n.
Access This register can be read/written in 16-bit units.

Address <base> + nx 2y
Initial Value Undefined.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|MARn15|MARn14\MARn13\MARmz\MARnH \MARn1o| MARn9 | MARn8 | MARn7 | MARn6 | MARn5 \ MARn4 \ MARn3 \ MARn2 \ MARn1 | MARnO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 10-5 MARN register contents

Bit position | Bit name | Function

MARN15 to | Sets the subordinated 16 