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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

Note:

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. Inputlevels
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 Voo 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

Note:

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/O 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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MS-DOS and MS-Windows are either registered trademarks or trademarks of Microsoft
Corporation in the United States and/or other countries.
PC/AT and PC DOS are trademarks of IBM Corp.

The related documents in this publication may include preliminary versions. However, preliminary
versions are not marked as such.

The export of this product from Japan is regulated by the Japanese government. To export this
product may be prohibited without governmental license, the need for which must be judged by th
customer. The export or re-export of this product from a country other than Japan may also be
prohibited without a license from that country. Please call an NEC sales representative.

The information in this document is current as of 20.09.2001. The information is subject to change without
notice. For actual design-in, refer to the latest publications of NEC’s data sheets or data books, etc., for
the most up-to-date specifications of NEC semiconductor 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. NEC assumes no responsibility for any errors that may appear in this
document. NEC 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 semiconductor products listed in this
document or any other liability arising from the use of such products. No license, express, implied or
otherwise, is granted under any patents, copyrights or other intellectual property rights of NEC 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 assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information. While NEC endeavours to enhance
the quality, reliability and safety of NEC semiconductor 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 semiconductor products, customers must
incorporate sufficient safety measures in their design, such as redundancy, fire-containment and anti-
failure features. NEC semiconductor products are classified into the following three quality grades:
“Standard”, “Special” and “Specific”. The “Specific” quality grade applies only to semiconductor products
developed based on a customer-designated “quality assurance program” for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
application.

"Standard": Computers, office equipment, communications equipment, test and measurement equip-
ment, 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 specifi-
cally designed for life support).

"Specific": Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC semiconductor products is “Standard” unless otherwise expressly specified in
NEC's data sheets or data books, etc.

If customers wish to use NEC semiconductor products in applications not intended by NEC, they must
contact an NEC sales representative in advance to determine NEC's willingness to support a given
application.

Notes: (1) “NEC” as used in this statement means NEC Corporation and also includes its majority-owned
subsidiaries.
(2) “NEC semiconductor products” means any semiconductor product developed or manufactured
by or for NEC (as defined above).
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

+ Device availability
+ Ordering information

« Product release schedule

Availability of related technical literature

- Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

+ Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.
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Preface

Readers This manual is intended for users who want to understand the functions of the
V850E/CAL1 (nickname Atomic) (UPD70F3123, uyPD703123).

Purpose This manual presents the hardware manual of V850E/CAL.

Organization This system specification describes the following sections:
¢ Pin function

¢ CPU function

* Internal peripheral function

¢ Flash memory

Legend 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
Ixxx (slash before signal name)

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

Note . Explanation of (Note) in the text
Caution . Item deserving extra attention
Remark . Supplementary explanation to the text
Numeric notation : Binary . .. xxxx or xxxB

Decimal . . . xxxx

Hexadecimal . . . xxxxH or 0x Xxxx
Prefixes representing powers of 2 (address space, memory capacity)

K (kilo): 210 = 1024

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

G (giga): 2°° = 10243 = 1,073.741,824
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Chapter 1 Introduction

1.1 General

The V850E/CA1 / ATOMIC single chip microcontroller, is a member of NEC's V850 32-bit RISC family,
which match the performance gains attainable with RISC-based controllers to the needs of embedded
control applications. The V850 CPU offers easy pipeline handling and programming, resulting in com-
pact code size comparable to 16-bit CISC CPUs.

The V850E/CA1 / ATOMIC offers an excellent combination of general purpose peripheral functions, like
serial communication interfaces (UART, clocked Sl), display drivers and measurement inputs (A/D con-
verter), with dedicated CAN network support. To support more than one CAN network, three CAN inter-
faces and a CAN gateway are implemented on chip. The CAN gateway - realised in hardware - acts as
a configurable message handler and supports the increasing demand of messages without unneces-
sarily decreasing the CPU performance.

The device offers power-saving modes to manage the power consumption effectively under varying
conditions.

(1) V850E CPU

The V850E CPU supports the RISC instruction set, and through the use of basic instructions that can
each be executed in 1-clock period and an optimized pipeline, achieves marked improvements in
instruction execution speed. In addition, in order to make it ideal for use in digital servo control, a 32-bit
hardware multiplier enables this CPU to support multiply instructions, saturated multiply instructions, bit
operation instructions, etc.

Also, through 2-byte basic instructions and instructions compatible with high level languages, etc.,
object code efficiency in a C compiler is increased, and program size can be made more compact.
Further, since the on-chip interrupt controller provides high speed interrupt response, including
processing, this device is suited for high level real time control fields.

(2) External memory interface function

The V850E/CAL contains a non multiplexed external bus interface, including an address bus (24 bits)
and data bus (selectable 8 bits or 16 bits). SRAM and ROM can be connected as well as page ROM
memories.

The DMA controller allows, data transfers between internal RAM and peripheral 1/0. This reduces the
CPU load.

(3) On-chip flash memory (UWPD70F3123)

The on-chip flash memory version (WPD70F3123) has on-chip an high speed flash memory, which is
able to fetch one instruction one clock cycle. It is possible to program the user application direct in the
target application, on which the V850E/CA1 is mounted. In such case system development time can be
reduced and system maintainability after shipping can be markedly improved.

(4) A full range of development environment products

A development environment system that includes an optimized C compiler, debugger, in-circuit emula-
tor, simulator, system performance analyzer, and other elements is also available.
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1.2 Device Features

« CPU
- Core: V850E
- Number of instructions: 81
- Min. instruction execution time: 50 ns (@ fepy = 20 MH2z)
- General registers: 32 bits x 32

* Instruction set:

- V850E (compatible with V850 plus additional powerful instructions for reducing code and increas-
ing execution speed)

- Signed multiplication
(16 bits x 16 bits - 32 bits or 32 bits x 32 bits - 64 bits): 1 to 2 clocks

- Saturated operation instructions (with overflow/underflow detection function)

- 32-bit shift instructions: 1 clock

- Bit manipulation instructions

- Load/store instructions with long/short format

- Signed load instructions

* Internal memory

Part Number Internal ROM Internal RAM Full-CAN RAM LCD display RAM
pPD70F3123 | Flash memory: 10 Kbytes 2 Kbytes 40 x 4 bits
256 Kbytes (64 message buffers)
uPD703123 Mask ROM 10 Kbytes 2 Kbytes 40 x 4 bits
256 Kbytes (64 message buffers)

» Flash selfprogramming support

* Clock Generator

- Internal PLL 4 fold PLL

- Frequency range: up to 20 MHz

- Crystal frequency range: 4 MHz < fcrysTaL < 5 MHz
¢ Built-in power saving modes: WATCH, HALT, STOP
« Power supply voltage range 45V <Vpps <55V
* Temperature range: Ta=-40to0 + 85°C

» Bus control unit:
- Address/data separated bus (24-bit address/ 16/8-bit data bus)
- 16/8-bit bus sizing function

* DMA control unit: 4 channels
¢ |/Olines: 90
* A/D Converter: 10-bit resolution; 12 channels

* Serial Interfaces
- 3-wire mode: 2 channels
- UART mode: 3 channels
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¢ Full-CAN Interface:
- Full CAN 3 channel

e CAN Bridge for Gateway applications

e Timers
- 16/32-bit multi purpose timer/event counter: 3 channel
- 16-bit OS timer 2 channel
- Watch timer: 1 channel
- Watchdog timer: 1 channel

¢ LCD controller/driver

- Segment signal output: max. 40
- Common signal output: max. 4
- Bias: 1/1, 1/2, 1/3
- Operating supply voltage range: N°t® 45V <V cp < Vpp
e Interrupts < 64 vectored interrupts
* Package 144 QFP, 0.5 mm pin-pitch

Note: For an operating voltage below the given minimum value the quality of the displayed segments
will decrease.

1.3 Application Fields

The V850E/CA1 / ATOMIC is ideally suited for automotive applications, like dashboard or central gate-
way applications. It is also an excellent choice for other applications where a combination of sophisti-
cated peripheral functions and CAN network support is required.

1.4 Ordering Information

Part Number Package Program memory Data memory
ROM / Flash RAM FCAN RAM
[bytes] [bytes] [bytes]
pPD703123GJ-UEN 144-pin LQFP Mask ROM 10K 2K
(0.5 mm pitch) 256 K (= 64 message
buffers)
MPD70F3123GJ-UEN 144-pin LQFP Flash Memory 10K 2K
(0.5 mm pitch) 256 K (= 64 message
buffers)
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1.5 Pin Configuration (Top View)

Figure 1-1: Pin configuration of the uPD70(F)3123 microcontroller
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Introduction

Pin Identification

A0 to A23

DO to D15
ANIOO to ANI11
AVpp

AVRer

AVgg

CCLK

CLKSEL

CLOCKIN
CLKOUT

COMO to COM3
CRXD1 to CRXD3
CS2to CS4
CTXD1 to CTXD3
CVbp

CVgs

GND30 to GND33
GND50 to GND54

INTO to INT2 External interrupt request
INTPENO to . Interrupt Request from
INTPEN2 Peripherals

MODEO to MODES3 : Mode Inputs

NMI : Non-Maskable Interrupt Request
P10 to P17 s Portl

P20 to P27 : Port 2

P30 to P35 : Port3

P40 to P45 : Port4

P50 to P55 : Port 5

Remark: n=0to5

: Address Bus

. Data Bus

: Analog Input

: Analog Power Supply

: Analog Reference Voltage
: Analog Ground

CAN clock input

: Clock Generator Operating

Mode Select
External system clock input

: Clock Output

LCD common line

: CAN Receive Line Input

: Chip Select

: CAN Transmit Line Output
: Clock Generator Power

Supply

: Clock Generator Ground

Ground for 3 V Power Supply
Ground for 5 V Power Supply
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P60 to P65
PALO to PAL15
PAHO to PAH7
PCMO, PCM1
PCS2 to PCS4
PCTOto PCT4
PDLO to PDL15
RD

IC
RESET

RXDO to RXD2
SCKO, SCK1
SEGO to SEG39
Slo, si1

S00, SO1

TCLREO, TCLREL,
TCLRE2

TIEO to TIE2
TOENO, TOEN2

TXDO to TXD2
VCMPIN

VCMPOUT

Vbp3o 10 Vpps3
Vbpso 10 Vppss
Vicpo 10 Viep2
Vepo: Vpp1
WAIT

LWR, UWR
X1, X2

. Port 6

Port AL

. Port AH
. Port CM

. Port CS
:Port CT

. Port DL
. Read

Internal connection

. Reset
: Receive Data Input
: Serial Clock

LCD segment pins

. Serial Input
: Serial Output

: Timer Clear Input

: Timer Input
: Timer Output
: Transmit Data Output

Voltage Comparator Input

Cottage Comparator Feedback

Output

: 3V Power Supply
1 5V Power Supply

LCD driver power supply

: Programming Power Supply
: Wait

Write Enable

: Crystal
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1.6 Configuration of Function Block

1.6.1 Block Diagram of uPD70(F)3123

Figure 1-2: Block diagram of the uPD70(F)3123 microcontroller
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1.6.2 On-chip units

(1) CPU
The CPU uses five-stage pipeline control to enable single-clock execution of address calculations,
arithmetic logic operations, data transfers, and almost all other instruction processing.
Other dedicated on-chip hardware, such as the multiplier (16 bits x 16 bits — 32 bits or 32 bits x 32
bits - 64 bits) and the barrel shifter (32 bits), help accelerate processing of complex instructions.

(2) Bus control unit (BCU)

BCU starts a required external bus cycle based on the physical address obtained by the CPU.
When an instruction is fetched from external memory area and the CPU does not send a bus cycle
start request, the BCU generates a prefetch address and prefetches the instruction code. The
prefetched instruction code is stored in an instruction queue in the CPU.

The BCU provides a page ROM controller (ROMC) and a DMA controller (DMAC).

(a) Page ROM controller (ROMC)
This controller supports accessing ROM that includes the page access function.
It performs address comparisons with the immediately preceding bus cycle and executes wait con-
trol for normal access (off page)/page access (on page). It can handle page widths of 8 to 128
bytes.

(b) DMA controller (DMAC)
Instead of the CPU, this controller controls data transfer between memory and I/O.
There is one address mode: 2-cycle transfer and there are three bus modes: single transfer, single
step transfer, and block transfer.

(3) ROM

The pPD703123 has on-chip mask ROM (256 Kbytes) and the pPD70F3123 on-chip flash memory
(256 Kbytes).

During instruction fetch, ROM/flash memory can be accessed from the CPU in 1-clock cycles.

If the single chip mode 0 or flash memory programming mode is set, memory mapping is done from
address 00000000H.

(4) RAM
RAM are mapped from address FFFFCOOOH.
During instruction fetch, data can be accessed from the CPU in 1-clock cycles.

(5) Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTO, INT1, INT2) from on-chip periph-
eral I/0 and external hardware. Eight levels of interrupt priorities can be specified for these interrupt
requests, and multiple-interrupt servicing control can be performed for interrupt sources.

(6) Clock generator (CG)

This clock generator supplies frequencies which are 4 times the input clock (fxx) (used by the inter-
nal PLL) and 1/2 the input clock (when an on-chip PLL is not used) as an internal system clock
(fcpu)- As the input clock, an external oscillator is connected to pins X1 and X2 (only when an inter-
nal PLL synthesizer is used) or an external clock is input from pin X1.

(7) Real-time pulse unit (RPU)

This unit has 3 channels of 16/32-bit multi purpose timer/event counter and 2 channels of 16-bit
interval timer built in, and it is possible to measure pulse widths or frequency and to output a pro-
grammable pulse.
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(8) Serial interface (SIO)

(9)

A 3-channel asynchronous serial interface (UART), 2-channel clocked serial interface (CSl), and 3-
channel FCAN are provided as serial interface.

UART transfers data by using the TXDn and RXDn pins. (n =0 - 2)
CSl transfers data by using the SOn, SIn, and SCKn pins. (n =0, 1)
FCAN performs data transfer using CTXDn and CRXDn pins. (n =1 - 3)

A/D converter (ADC)

One high-resolution 10-bit A/D converter, it includes 12 analog input pins. Conversion uses the suc-
cessive approximation method.

(10) LCD-controller

The segment LCD 40 x 4 controller/driver allows direct connection of LCD modules.
Segment signal output: Max. 40

Common signal output: Max. 4

Bias: static, 1/2, 1/3 bias switching possible

Segment lines not used for a LCD can be configured to function as port pins.

(11) Ports

As shown below, the following ports have general port functions and control pin functions.

Port Port Function Control Function

Port 1 8-bit input/output Serial interface input/output

Port 2 8-bit input/output Serial interface input/output

Port 3 6-bit input/output Real-time pulse unit input/output, external interrupt input, PWM output

Port 4 6-bit input/output Real-time pulse unit input/output, external interrupt input, PWM output

Port 5 6-bit input/output Real-time pulse unit input/output, external interrupt input, PWM output

Port 6 6-bit input/output Serial interface input/output, external interrupt input

Port AL | 16-bit input/output | External address bus, LCD-controller driver segment line

Port AH | 8-bit input/output External address bus, LCD-controller driver segment line

Port DL | 16-bit input/output | External data bus

Port CS | 3-bit input/output External bus interface control signal output, LCD-controller driver segment line

Port CT | 5-bit input/output External bus interface control signal output, LCD-controller driver segment line

Port CM | 2-bit input/output Wait insertion signal input, internal system clock output, LCD-controller driver

segment line

28
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Chapter 2 Pin Functions

2.1 List of Pin Functions

The names and functions of this product’s pins are listed below. These pins can be divided into port

pins and non-port pins according to their functions.

(1) Port pins

Port I/0 Function Alternate
P10 1/0 Port 1 CRXD1
P11 8-bit input/output port CTXD1
P12 CRXD2
P13 CTXD2
P14 CRXD3
P15 CTXD3
P16 RXD1
P17 TXD1
P20 /O |Port2 SI0
P21 8-bit input/output port SO0
P22 SCKO
P23 Si1
P24 SO1
P25 SCK1
P26 RXDO
P27 TXDO
P30 /O |Port3 TIEO/INTPEOO
P31 6-bit input/output port TOE10/INTPE10
P32 TOE20/INTPE20
P33 TOE30/INTPE30
P34 TOE40/INTPE40
P35 TCLREO/INTPES50
P40 /O |Port4 TIEZ/INTPEO1
P41 6-bit input/output port TOE11/INTPE11
P42 TOE21/INTPE21
P43 TOE31/INTPE31
P44 TOE41/INTPE41
P45 TCLRE1/INTPE51
P50 /O |Port5 TIE2/INTPEO2
P51 6-bit input/output port TOE12/INTPE12
P52 TOE22/INTPE22
P53 TOE32/INTPE32
P54 TOE42/INTPE42
P55 TCLRE2/INTPE52
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30

Port I/0 Function Alternate
P60 I/1O Port 6 CCLK/SEG34
P61 6-bit input/output port INTO/SEG35
P62 INT1/SEG36
P63 INT2/SEG37
P64 RXD2/SEG38
P65 TXD2/SEG39
PALO-PAL15 110 Port AL AO-A15/

16-bit input/output port SEG23-SEGS8
PAHO-PAH7 I/O Port AH A16-A23/
8-bit input/output port SEG7-SEGO
PDLO- I/O Port DL D0-D15
PDL15 16-bit input/output port
PCS2-PCS4| 1/0 |PortCS CS2-CS4/
3-bit input/output port SEG24-SEG26
PCTO /O |PortCT LWR / SEG27
PCT1 5-bit input/output port UWR / SEG28
PCT2 SEG29
PCT3 SEG30
PCT4 RD/ SEG31
PCMO I/O Port CM WAIT / SEG32
PCM1 2-bit input/output port CLKOUT / SEG33
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(2) Non-port pins

Pin Name 110 Function Alternate
Vppso-Vbps4 - Power supply 5V -
Vsss50-Vsssa - GND potential -
Vbp3o-Vppas 0 - Connection for external capacities -
Vss30-Vssa3 - GND potential -
CVpphote 2 - Connection for external capacities to stabilize clock -

oscillator power supply
CVss -
X1 input | System clock oscillator connection pins. -
X2 - -
CLOCKIN input | External system clock input -
Vppo: Vpp1 - Flash memory programming voltage -
IC - Internal connection pin (connect directly to Vgg) -
MODEO-MODE1 input | Selects operating mode (internal ROM) -
MODE2-MODE3 input | Have to be fixed to GND -
RESET input | System reset input -
CLKOUT output | Internal CPU system clock output PCM1/SEG33
CLKSEL input | Clock generator operation mode -
(connect to Vgg for X1, X2 input)
AVpp - Power supply for A/D converter -
AVgg - Ground potential for A/D converter -
AVRer input | reference voltage input for A/D converter -
NMI input | non maskable interrupt input VCMPOUT
VCMPOUT output | voltage comparator feedback output NMI
VCMPIN input | voltage comparator compare input -
ANIO-ANI11 input | analog input to A/D converter -
SI0 input | serial receive data input to CSI0-CSI1 P20
Si1 P23
SO0 output | serial transmit data output from CSIO-CSI1 P21
SO1 P24
SCKO I/0 | serial clock 1/O from/to CSI0-CSI1 P22
SCK1 P25
RXDO input | serial receive data input to UARTO-UART2 P26
RXD1 P16
RXD2 P64/SEG38
TXDO output | serial transmit data output from UARTO-UART2 p27
TXD1 P17
TXD2 P65/SEG39
CRXD1 input | serial receive data input to FCAN1-FCAN3 P10
CRXD2 P12
CRXD3 P14
CTXD1 output | serial transmit data output from FCAN1-FCAN3 P11
CTXD2 P13
CTXD3 P15
CCLK input | CAN clock input P60/SEG34
D0-D15 I/O |data bus of external bus PDLO-PDL15
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Pin Name IO Function Alternate

AO-A7 output | address bus of external bus PALO-PAL7/SEG23-SEG16
A8-A15 /10 PAL8-PAL15/SEG15-SEGS
A16-A23 PAHO-PAH7/SEG7-SEGO
LWR write strobe lower byte (bit 0-7) PCTO/SEG27
UWR write strobe upper byte (bit 8-15) PCT1/SEG28
RD read strobe for external bus PCT4/SEG31
WAIT input | control signal input for external bus PCMO/SEG32
CS2-Cs4 output | chip select output for external bus PCS2-PCS4/SEG24-SEG26
INTO-INT2 input | external interrupt request P61-P63/SEG35-SEG37
Vicoo - Vicbpz - LCD controller/driver power supply -
COMO0-COM3 output | LCD controller/driver common line 0-3 -
TIEO input | Timer E channel O capture 0 input P30/INTPEQO
TOE10-TOE40 /O | Timer E channel O capture 1-4 input/compare output | P31-P34/INTPE10-INTPE40
TCLREO input | Timer E channel O capture 5 input or timer clear P35/INTPES0

input
TIE1 input | Timer E channel 1 capture 0 input P40/INTPEO1
TOE11-TOE41 /O | Timer E channel 1 capture 1-4 input/compare output | P41-P44/INTPE11-INTPE41
TCLRE1 input | Timer E channel 1 capture 5 input or timer clear P45/INTPE51

input
TIE2 input | Timer E channel 2 capture 0 input P50/INTPEO2
TOE12-TOE42 /O | Timer E channel 2 capture 1-4 input/compare output | P51-P54/INTPE12-INTPE42
TCLRE2 input | Timer E channel 2 capture 5 input or timer clear P55/INTPES52

input
SEGO-SEG7 I/O | LCD-driver segment lines A23-A16
SEG8-SEG15 I/10 A15-A8
SEG16-SEG23 I/10 A7-A0
SEG24-SEG26 110 PCS2-PCS4/CS2 - CS4
SEG27 110 PCTO/LWR
SEG28 110 PCT1L/UWR
SEG29 110 PCT2
SEG30 I/10 PCT3
SEG31 110 PCT4/ RD
SEG32 I/0 PCMO/WAIT
SEG33 I/1O PCM1/CLKOUT
SEG34 I/10 P60/CCLK
SEG35-SEG37 /0 P61-P63/INTO-INT2
SEG38 I/0 P64/RXD2
SEG39 I/O P65/TXD2
Notes: 1. All Vpp3 pins have to be connected to each other. On each pin of Vpp3, a capacitor has to

be attached as tight as possible to the pin.
2. On CVpp, a capacitor has to be attached as tight as possible to the pin. Vpp3 and CVy,

must not be connected.

The capacitors used should have only very low serial impedance.
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(3) Pinrelated to uPD70(F)3123 status

Operating Status| RESET STOP WATCH IDLE HALT idle state (TI)

Pin

DO to D15 N.A. Hi-z/--1 Hi-z/--1 Hi-z/--1 operate operate
A0 to A23 N.A. Hi-Zz Hi-z Hi-Zz operate operate
CS2to CS4 N.A. H H H operate operate
LWR, UWR N.A. H H H operate operate
RD N.A. H H H operate operate
WAIT N.A. - - - operate operate
CLKOUT N.A. L L L operate operate
VCMPOUT -- operate operate operate operate operate
VCMPIN - operate operate operate operate operate
SEG[39:0] N.A. HOLD operate operate operate operate
COM[3:0] Hi-Z HOLD operate operate operate operate
TIExy N.A. -- -- -- operate operate
INTPExy INT[2:0] NMI N.A. operate operate operate operate operate
TOExy N.A. HOLD HOLD HOLD operate operate
TCLRE[2:0] N.A. -- -- -- operate operate
S0O1, SO0 N.A. HOLD HOLD HOLD operate operate
Sli1, SIo N.A. - - - operate operate
SCK1, SCKO N.A. HOLD/--1 |HOLD/--! |HOLD/--1 |operate operate
RXD2 to RXDO N.A. - - - operate operate
TXD2 to TXDO N.A. HOLD HOLD HOLD operate operate
CRXD3 to CRXD1 N.A. - - - operate operate
CTXD3to CTXD1 N.A. HOLD HOLD HOLD operate operate
CCLK N.A. - - - operate operate
ANI11 to ANIO -- -- -- -- operate operate
P1, P2, P3, P4, P5, P6 Hi-Z HOLD/--! |HOLD/--! |HOLD/--1 |operate operate
PAL, PAH, PDL,PCS, PCT, |Hi-Z HOLD/--1 |HOLD/--! |HOLD/--1 |operate operate
PCM

Remarks: 1. N.A.: not available
2.--  :input data is not sampled
3.1 :output/input
4. Hi-Z : High Impedance
5x :0-5
6.y :0-2
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2.2 Description of Pin Functions

(1) P10to P17 (Port1) ... Input/output

Port 1 is an 8-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P10 to P17 operate as serial interface
(UART1, FCAN) input/output.

An operation mode of port or control mode can be selected for each bit and specified by the port 1
mode control register (PMC1).

(a) Port mode
P10 to P17 can be set to input or output in 1-bit units using the port 1 mode register (PM1).

(b) Control mode
P10 to P17 can be set to port or control mode in 1-bit units using PMCL1.

(c) CTXD1, CTXD2, CTXD3 (Transmit data for controller area network) ... Output
This pin outputs FCAN serial transmit data.

(d) CRXD1, CRXD2, CRXD3 (Receive data for controller area network) ... Input
This pin inputs FCAN serial receive data.

(e) TXD1 (Transmit data) ... Output
These pins output serial transmit data of UART1.

(f) RXD1 (Receive data) ... Input
These pins input serial receive data of UART1.
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(2) P20to P27 (Port 2) ... Input/output

Port 2 is an 8-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P20 to P27 operate as serial interface
(CsSI0, CSI1, UARTO) input/output.

An operation mode of port or control mode can be selected for each bit and specified by the port 2
mode control register (PMC2).

(a) Port mode
P20 to P27 can be set to input or output in 1-bit units using the port 2 mode register (PM2).

(b) Control mode
P20 to P27 can be set to port or control mode in 1-bit units using PMC2.

(c) SO0, SO1 (Serial output) ... Output
These pins output CSI0 and CSI1 serial transmit data.

(d) SI0, SI1 (Serial input) ... Input
These pins input CSI0 and CSI1 serial receive data.

(e) SCKO, SCK1 (Serial clock) ... Input/output
These are CSI0 and CSI1 serial clock input/output pins.

(f) TXDO (Transmit data) ... Output
These pins output serial transmit data of UARTO.

(g) RXDO (Receive data) ... Input
These pins input serial receive data of UARTO.
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(3) P30to P35 (Port 3) ... Input/output
Port 3 is a 6-bit input/output port in which input or output can be set in 1-bit units.
Besides functioning as an input/output port, in control mode, P30 to P35 operate as RPU input/out-
put and external interrupt request input.
An operation mode of port or control mode can be selected for each bit and specified by the port 3
mode control register (PMC3).

(&) Port mode
P30 to P35 can be set to input or output in 1-bit units using the port 3 mode register (PM3).

(b) Control mode
P30 to P35 can be set to port or control mode in 1-bit units using PMC3.

(c) TOE10 to TOE40 (Timer output) ... Output
These pins output a timer E pulse signal.

(d) TIEO (Timer input) ... Input
This is a timer E external counter clock input pin.

() TCLREO (Timer clear) ... Input
This is a timer E clear signal input pin.

(f) INPTOO to INTP50 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer E external capture trigger input pins.
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(4) P40 to P45 (Port 4) ... Input/output

Port 4 is a 6-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P40 to P45 operate as RPU input/out-
put and external interrupt request input.

An operation mode of port or control mode can be selected for each bit and specified by the port 4
mode control register (PMC4).

(a) Port mode
P40 to P45 can be set to input or output in 1-bit units using the port 4 mode register (PM4).

(b) Control mode
P40 to P45 can be set to port or control mode in 1-bit units using PMCA4.

(c) TOE11to TOEA41 (Timer output) ... Output
These pins output a timer E pulse signal.

(d) TIEL (Timer input) ... Input
This is a timer E external counter clock input pin.

(e) TCLREL (Timer clear) ... Input
This is a timer E clear signal input pin.

(f) INPTOL to INTP51 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer E external capture trigger input pins.
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(5) P50to P55 (Port 5) ... Input/output
Port 5 is a 6-bit input/output port in which input or output can be set in 1-bit units.
Besides functioning as an input/output port, in control mode, P50 to P55 operate as RPU input/out-
put and external interrupt request input.
An operation mode of port or control mode can be selected for each bit and specified by the port 5
mode control register (PMC5).

(&) Port mode
P50 to P55 can be set to input or output in 1-bit units using the port 5 mode register (PM5).

(b) Control mode
P50 to P55 can be set to port or control mode in 1-bit units using PMC5.

(c) TOE12 to TOE42 (Timer output) ... Output
These pins output a timer E pulse signal.

(d) TIE2 (Timer input) ... Input
This is a timer E external counter clock input pin.

(e) TCLREZ2 (Timer clear) ... Input
This is a timer E clear signal input pin.

(f) INPTO2 to INTP52 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer E external capture trigger input pins.
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(6) P60to P65 (Port 6) ... Input
Port 6 is an input/output port.
Besides functioning as an input port, in control mode, P60 to P65 operate as segment signal output
of LCD controller/driver, external CAN clock supply, serial interface (UART2) input/output and exter-

nal interrupt request input.
An operation mode of port or control mode can be selected for each bit and specified by the port 6

mode control register (PMCB).

(a) Port mode
P60 to P65 can be set to input or output in 1-bit units using the port 6 mode register (PM6).

(b) Control mode
P60 to P65 can be set to port or control mode in 1-bit units using PMCS6.

(c) CCLK (External CAN clock input) ... Input
This inputs the external CAN clock supply.

(d) INTO - INT2 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins.

(e) SEG34 - SEG 39 Segment Signal output of LCD controller/driver ... Output
These pins functions as segment signal output of LCD controller/driver.

(f) TXD2 (Transmit data) ... Output
These pins output serial transmit data of UART2.

(g) RXD2 (Receive data) ... Input
These pins input serial receive data of UART2.
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(7) PALOto PAL15 (Port AL) ... Input/output

Port AL is an 16-bit input/output port in which input or output can be set in 1-bit units.
Besides functioning as a port, in control mode (external expansion mode), these operate as the
address bus (A0 to A15) when memory is expanded externally and segment signal output of LCD

controller/driver.
An operation mode of port or control mode can be selected for each bit and specified by the port AL

mode control register (PMCAL).

(&) Port mode
PALO to PAL15 can be set to input or output in 1-bit units using the port AL mode register (PMAL).

(b) Control mode
PALO to PAL15 can be used as A0 to A15 by using PMCAL.

(c) AOto A15 (Address) ... Output
This pin outputs the lower 16-bit address of the 24-bit address in the address bus on an external

access.

(d) SEGS8 - SEG 23 Segment Signal output of LCD controller/driver ... Output
These pins functions as segment signal output of LCD controller/driver.
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(8) PAHO to PAH7 (Port AH) ... Input/output
Port AH is an 8-bit input/output port in which input or output can be set in 1-bit units.
Besides functioning as a port, in control mode (external expansion mode), these operate as the
address bus (A16 to A23) for when memory is expanded externally and segment signal output of
LCD controller/driver.
An operation mode of port or control mode can be selected for each bit and specified by the port AH
mode control register (PMCAH).

(a) Port mode
PAHO to PAH7 can be set to input or output in 1-bit units using the port AH mode register (PMAH).

(b) Control mode
PAHO to PAH7 can be used as A16 to A23 by using PMCAH.

(c) Al6to A23 (Address) ... Output
This pin outputs the upper 8-bit address of the 24-bit address in the address bus on an external
access.

(d) SEGO - SEG7 Segment Signal output of LCD controller/driver ... Output
These pins functions as segment signal output of LCD controller/driver.
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(9) PDLOto PDL15 (Port DL) ... Input/output
Port DL is a 16-/8-bit input/output port in which input or output can be set in 1-bit units.
Besides functioning as a port, in control mode (external expansion mode), these operate as the

data bus (DO to D15) for when memory is expanded externally.
An operation mode of port or control mode can be selected for each bit and specified by the port DL

mode control register (PMCDL).

(&) Port mode
PDLO to PDL15 can be set to input or output in 1-bit units using the port DL mode register (PMDL).

(b) Control mode
PDLO to PDL15 can be used as DO to D15 by using PMCDL.
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(10) PCS2to PCS4 (Port CS) ... Input/output

Port CS is a 3-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode (external expansion mode), it operates as control sig-
nal output when memory is expanded externally and segment signal output of LCD controller/driver.
An operation mode of port or control mode can be selected for each bit and specified by the port CS
mode control register (PMCCS).

(a) Port mode
PCS2 to PCS4 can be set to input or output in 1-bit units using the port CS mode register (PMCS).

(b) Control mode
PCS2 to PCS4 can be used as CS2 to CS4 by using PMCCS.

(c) CS2 to CS4(Chip select) ... Output
This is the chip select signal for external SRAM, external ROM, or external peripheral 1/O.
The signal CSn is assigned to memory block n (n = 2 to 4).
This is active for the period during which a bus cycle that accesses the corresponding memory
block is activated.
It is inactive in an idle state (TI).

(d) SEG24 - SEG 26 Segment Signal output of LCD controller/driver ... Output
These pins functions as segment signal output of LCD controller/driver.
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(11) PCTO to PCT4 (Port CT) ... Input/output

Port CT is a 5-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode (external expansion mode), it operates as control sig-
nal output when memory is expanded externally and segment signal output of LCD controller/driver.
An operation mode of port or control mode can be selected for each bit and specified by the port CT
code control register (PMCCT).

(@) Port mode

PCTO to PCT4 can be set to input or output in 1-bit units using the port CT mode register (PMCT).

(b) Control mode

PCTO to PCT4 can be used as LWR, UWR, RD by using PMCCT.

(c) LWR (Lower byte write strobe) ... Output

This is a strobe signal that shows that the executing bus cycle is a write cycle for SRAM, external
ROM, or an external peripheral I/O area.

In the data bus, the lower byte is in effect. If the bus cycle is a lower memory write, it becomes
active at the falling edge of a T1 state CLKOUT signal and becomes inactive at the falling edge of a
T2 state CLKOUT signal.

(d) UWR (Upper byte write strobe) ... Output

This is a strobe signal that shows that the executing bus cycle is a write cycle for SRAM, external
ROM, or an external peripheral I/O area.

In the data bus, the upper byte is in effect. If the bus cycle is an upper memory write, it becomes
active at the falling edge of a T1 state CLKOUT signal and becomes inactive at the falling edge of a
T2 state CLKOUT signal.

(e) RD (Read strobe) ... Output

This is a strobe signal that shows that the executing bus cycle is a read cycle for SRAM, external
ROM, or external peripheral I/O. It is inactive in an idle state (TI).

(f) SEG27 - SEG 31 Segment Signal output of LCD controller/driver ... Output

44
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(12) PCMO to PCM1 (Port CM) ... Input/output

Port CM is a 2-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode (external expansion mode), it operates as control sig-
nal output when memory is expanded externally and segment signal output of LCD controller/driver.
An operation mode of port or control mode can be selected for each bit and specified by the port
CM code control register (PMCCM).

(a) Port mode
PCMO0, PCML1 can be set to input or output in 1-bit units using the port CM mode register (PMCM).

(b) Control mode
PCMO to PCM1 can be used as CLKOUT, WAIT by using PMCCM.

(c) WAIT (Wait) ... Input
This control signal input pin, which inserts a data wait in a bus cycle, can input asynchronously with
respect to a CLKOUT signal. Sampling is done at the falling edge of a CLKOUT signal in a bus cycle
ina T1 or TW state. If the setup or hold time is not secured in the sampling timing, wait insertion
may not be performed.

(d) CLKOUT (Clock output) ... Output
This is an internal system clock output pin. To perform CLKOUT output, set this pin to control mode
using the port CM mode control register (PMCCM).

(e) SEG32 - SEG33 Segment Signal output of LCD controller/driver ... Output
These pins functions as segment signal output of LCD controller/driver.
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(13) ANIOO to ANI11 (Analog input) ... Input
These are analog input pins to the A/D converter.

(14) COMO to COM1 (Common signal)... Output
These are the common signal output of LCD-controller/driver

(15) CLKSEL (Clock generator operating mode select) ... Input

This is the input pin that specifies the operation mode of the clock generator. Fix it so that the input
level does not change during operation.

(16) VCMPIN (Voltage Comparator Input)... Input
This pin is the input pin for the voltage comparator.

(17) VCMPOUT (Voltage Comparator Output)... Output
This pin is the output pin of the voltage comparator.

(18) MODEO to MODE3 (Mode) ... Input

These are the input pins that specify the operation mode. Operation modes are broadly divided into
normal operation modes and flash memory programming mode. The operation mode is determined
by sampling the status of each of pins MODEO to MODE3 on a reset.

Fix these so that the input level does not change during operation.

(19) RESET (Reset) ... Input

RESET input is asynchronous input. When a signal having a certain low level width is input in asyn-
chronous with the operation clock, a system reset that takes precedence over all operations occurs.
Besides a normal initialize or start, this signal is also used to release a standby mode (HALT, IDLE,
Watch, software STOP).

(20) NMI (NON-Maskable Interrupt Request)... input
This is the non-maskable interrupt request input pin.

(21) X1, X2 (Crystal)

These pins connect a resonator for system clock generation.
They also can input external clocks. For external clock input, connect to the X1 pin and leave the X2
pin open.

(22) CVpp (Power supply for clock generator)
This is the positive power supply pin for the clock generator.
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(23) CVgg (Ground for clock generator)

This is the ground pin for the clock generator.

(24) V| cpo to V| cp2 (LCD driver supply)

These are the positive power supply pins for the LCD controller/driver.

(25) Vppso to Vppss (Power supply)

These are the positive power supply pins for the peripheral interface.

(26) Vsssp 10 Vsgse (Ground)
These are the ground pins for the peripheral interface.

(27) Vppao to Vppss (Power supply)
These are the positive power supply pins for the internal CPU.

(28) Vss3p to Vgszz (Ground)
These are the ground pins for the internal CPU.

(29) AVpp (Analog power supply)
This is the analog positive power supply pin for the A/D converter.

(30) AVgg (Analog ground)
This is the ground pin for the A/D converter.

(31) AVgrgr (Analog reference voltage) ... Input
This is the reference voltage supply pin for the A/D converter.

(32) Vpp (Programming power supply)

These are positive power supply pins used for flash memory programming mode. These pins are
used for the uPD70F3123.
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2.3 Types of Pin I/O Circuit and Connection of Unused Pin

Pin I/O Circuit Recommended Connection

Type

P10 CRXD1 5-K For input: individually connect to Vpps or Vggs Via a

P11 CTXD1 resistor.

P12 CRXD2 For output: leave open.

P13 CTXD2

P14 CRXD3

P15 CTXD3

P16 RXD1

P17 TXD1

P20 SIO 5-K

P21 SO0

P22 SCKO

P23 SI1

P24 SO1

P25 SCK1

P26 RXDO

P27 TXDO

P30 TIEO INTPEOO 5-K

P31 TOE10 INTPE10

P32 TOE20 INTPE20

P33 TOE30 INTPE30

P34 TOEA40 INTPE40

P35 TCLREO INTPES0

P40 TIE1 INTPEO1 5-K

P41 TOE11 INTPE11

P42 TOE21 INTPE21

P43 TOE31 INTPE31

P44 TOE41 INTPE41

P45 TCLRE1 INTPE51

P50 TIE2 INTPEO2 5-K

P51 TOE12 INTPE12

P52 TOE22 INTPE22

P53 TOE32 INTPE32

P54 TOE42 INTPE42

P55 TCLRE2 INTPES2

P60 CCLK SEG34 17-G

P61 INTO SEG35

P62 INT1 SEG36

P63 INT2 SEG37

P64 RXD2 SEG38

P65 TXD2 SEG39
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Pin 1/0 Circuit Recommended Connection

Type

PALO A0 SEG23 17-G For input: individually connect to Vpps or Vggs via a

PAL1 Al SEG22 resistor.

PALZ A2 SEG2L For output: leave open.

PAL3 A3 SEG20

PAL4 Ad SEG19

PALS5 A5 SEG18

PAL6 A6 SEG17

PAL7 A7 SEG16

PALS A8 SEG15

PAL9 A9 SEG14

PAL10 A10 SEG13

PAL11 All SEG12

PAL12 A12 SEG11

PAL13 A13 SEG10

PAL14 Ald SEG9

PAL15 A15 SEG8

PAHO A16 SEG7 17-G

PAH1 A17 SEG6

PAH2 A18 SEG5

PAH3 A19 SEG4

PAH4 A20 SEG3

PAHS5 A21 SEG2

PAH6 A22 SEG1

PAH7 A23 SEGO

PCMO WAIT SEG32 17-G

PCM1 CLKOUT SEG33

PCS2 CSs2 SEG24 17-G

PCS3 CS3 SEG25

PCS4 CSs4 SEG26

PCTO LWR SEG27 17-G

PCT1 UWR SEG28

PCT2 SEG29 17-G

PCT3 SEG30

PCT4 RD SEG31
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Pin I/0 Circuit Recommended Connection
Type
PDLO DO 5-K For input: individually connect to Vpps or Vggs via a
PDL1 D1 resistor.
PDL2 D2 For output: leave open.
PDL3 D3
PDL4 D4
PDL5 D5
PDL6 D6
PDL7 D7
PDL8 D8
PDL9 D9
PDL10 D10
PDL11 D11
PDL12 D12
PDL13 D13
PDL14 D14
PDL15 D15
AINO-AIN11 7 Individually connect to AVpp or AVgg via a resistor.
MODEO 2 Vsssx
MODE1 2 Vppsx
MODE2, 2 Vgssx
MODE3
COMO- 17-G -
COM3
Vppo,Vpp1 - connect to Vgg Vvia a resistor.
Vicoo - -
Vicp2
VCPMOUT NMI 5-K -
VCMPIN 1 connect to Vpps Via a resistor.
RESET 2 -
CLKSEL 2 connect to Vppsg or Vggg Via a resistor.
IC 1 Vsssx
CLOCKIN 2 connect to Vggg Via a resistor.
X2 - Please refer to the datasheet
AVpp - Vbpsx
AVRer - AVpp
AVss - Vsssx

50

Preliminary User's Manual U14913EE1VOUMOO




Chapter 2 Pin Functions

Figure 2-1: Pin I/O Circuits
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Chapter 3 CPU Function

The CPU of the VB850E/CAL / ATOMIC is based on a RISC architecture and executes almost all the
instructions in one clock cycle, using a 5-stage pipeline control.

3.1 Features

¢ Minimum instruction cycle: 50 ns (@ internal 20 MHz operation)
¢ Memory space
- Program space: 64 MB linear
- Data space: 4 GB linear
« Thirty-two 32-bit general registers
* Internal 32-bit architecture
* Five-stage pipeline control
« Multiplication/division instructions
e Saturated operation instructions
¢ One-clock 32-bit shift instruction (barrel shifter)
* Long/short instruction format
* Four types of bit manipulation instructions
- Set
- Clear

- Not
- Test
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3.2 CPU Register Set

The registers of the VB50E/CA1 / ATOMIC can be classified into two categories: a general program reg-
ister set and a dedicated system register set. All the registers are 32-bit width.
For details, refer to V850E User’s Manual Architecture.

Figure 3-1: CPU Register Set

(1) Program register set (2) System register set

31 0 31 0
Zero Register) EIPC (Status Saving Register during interrupt)

Reserved for Assembler) EIPSW (Status Saving Register during interrupt)

Interrupt Stack Pointer)

Stack Pointer (SP)) FEPC  (Status Saving Register during NMI)

Global Pointer (GP)) FEPSW (Status Saving Register during NMI)
Text Pointer (TP))

~lalalalal~

ECR (Interrrupt Source Register) |

PSW (Program Status Word) |

CTPC  (Status Saving Register during CALLT execution)
CTPSW (Status Saving Register during CALLT execution)

DBPC  (Status Saving Register during exception/debug trap)

DBPSW (Status Saving Register during exception/debug trap)

17 CTBP  (CALLT Base Pointer) |

r30 (Element Pointer (EP))
r31 (Link Pointer (LP))

| PC (Program Counter)
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3.2.1 Program register set

The program register set includes general registers and a program counter.

(1) General registers

Thirty-two general registers, r0 to r31, are available. Any of these registers can be used as a data
variable or address variable.
However, r0 and r30 are implicitly used by instructions, and care must be exercised when using

these registers. r0 is a register that always holds 0, and is used for operations using 0 and offset O
addressing. r30 is used, by means of the SLD and SST instructions, as a base pointer for when

memory is accessed. Also, r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler.
Therefore, before using these registers, 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.

Table 3-1: Program Registers

Name Usage Operation
ro Zero register Always holds 0
rl Assembler-reserved register | Working register for generating 32-bit immediate data
r2 Address/data variable registers
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 Register to indicate the start of the text area (where pro-
gram code is located)
ré to r29 |Address/data variable registers
r30 Element pointer Base pointer when memory is accessed
r31 Link pointer Used by compiler when calling function
PC Program counter Holds instruction address during program execution

(2) Program counter

This register holds the instruction address during program execution. The lower 26 bits of this regis-
ter are valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to 26, it is ignored.

Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

Figure 3-2: Program Counter (PC)

PC

Fixed to 0

I I I N I B B
Instruction address during execution

o
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3.2.2 System register set

System registers control the status of the CPU and hold interrupt information.
To read/write these system registers, use the system register load/store instruction (LDSR or STSR
instruction) with a specific system register number indicated below.

Table 3-2: System Register Numbers

No. System Register Name Operand Specification
LDSR Instruction | STSR Instruction

0 |status saving register during interrupt (EIPC)Note 1 o o

1 Status saving register during interrupt (EIPSW) (@) (@)

2 Status saving register during NMI (FEPC) (0] (0]

3 Status saving register during NMI (FEPSW) (0] (0]

4 Interrupt source register (ECR) X (0]

5 Program status word (PSW) (0] (0]

6 to 15 |Reserved number for future function expansion (operations that X X
access these register numbers cannot be guaranteed).

16 Status saving register during CALLT execution (CTPC) (0] (0]

17 Status saving register during CALLT execution (CTPSW) (0] (0]

18 Status saving register during exception/debug trap (DBPC) oNote 2 (0]

19 Status saving register during exception/debug trap (DBPSW) oNote 2 (0]

20 |CALLT base pointer (CTBP) (0] (0]

21 to 31 |Reserved number for future function expansion (operations that X X
access these register numbers cannot be guaranteed).

Notes: 1. Because this register has only one set, to approve multiple interrupts, it is necessary to
save this register by program.
2. Access is only possible while the DBTRAP instruction is executed.

Caution: Even if bit 0 of EIPC, FEPC, or CTPC is set to 1 with the LDSR instruction, bit O will be
ignored when the program returned by RETI instruction after interrupt servicing
(because bit 0 of the PC is fixed to 0). When setting the value of EIPC, FEPC, or CTPC,
use the even value (bit 0 = 0).

Remark: O:Access allowed
x:Access prohibited

Figure 3-3: Interrupt Source Register (ECR)

31 1615 0
R 1 T T 11 \FE\CC\ 1 T T 11 1 T 1 11 \EI(\:C\ 1 T 1 11 After reset
00000000H
Bit Position | Bit Name Function
31to 16 FECC |Exception code of non-maskable interrupt (NMI)
15t0 0 EICC Exception code of exception/maskable interrupt
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Figure 3-4: Program Status Word (PSW)

31 876543210
B B O B S I Y O B
After reset
PSW RFU NP|EP|ID [SATICY|OV| S | Z 00000020H
Bit Position Flag Function
31to8 RFU Reserved field (fixed to 0).

7 NP Indicates that non-maskable interrupt (NMI) processing is in progress. This flag is set

when NMI is accepted, and disables multiple interrupts.
0: NMI servicing not under execution.
1: NMI servicing under execution.
6 EP Indicates that exception processing is in progress. This flag is set when an exception is
generated. Moreover, interrupt requests can be accepted when this bit is set.
0: Exception processing not under execution.
1: Exception processing under execution.
5 ID Displays whether a maskable interrupt request has been acknowledged or not.
0: Interrupt enabled.
1: Interrupt disabled.

4 saTNote | Displays that the operation result of a saturated operation processing instruction is sat-
urated due to overflow. Due to the cumulative flag, if the operation result is saturated
by the saturation operation instruction, this bit is set (1), but is not cleared (0) even if
the operation results of subsequent instructions are not saturated. To clear (0) this bit,
load the data in PSW. Note that in a general arithmetic operation, this bit is neither set
(1) nor cleared (0).

0: Not saturated.
1: Saturated.

3 CY This flag is set if carry or borrow occurs as result of operation (if carry or borrow does
not occur, it is reset).

0: Carry or borrow does not occur.
1: Carry or borrow occurs.
2 ovyNote  [This flag is set if overflow occurs during operation (if overflow does not occur, it is
reset).

0: Overflow does not occur.
1: Overflow occurs.

1 gNote This flag is set if the result of operation is negative (it is reset if the result is positive).
0: The operation result was positive or O.
1: The operation result was negative.

0 z This flag is set if the result of operation is zero (if the result is not zero, it is reset).
0: The operation result was not 0.
1: The operation result was 0.

Note: The result of a saturation-processed operation is determined by the contents of the OV and S

flags in the saturation operation. Simply setting the OV flag (1) will set the SAT flag (1) in a sat-
uration operation.

Status of Operation Result Flag Status Saturation-Processed
SAT ov S Operation Result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (maximum not exceeded) Retains the 0 0 Operation result itself
- - value before
Negative (maximum not exceeded) operation 1
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3.3 Operation Modes

3.3.1 Operation modes

The V850E/CAL / ATOMIC has the following operations modes. Mode specification is carried out by the
MODEO to MODE3 pins.

(1) Normal operation mode
(a) Single-chip mode

Access to the internal ROM is enabled.
In single-chip mode 0, after system reset is cleared, each pin related to the bus interface enters the
port mode, program execution branches to the reset entry address of the internal ROM, and instruc-
tion processing starts. By setting the PMCAL, PMCAH, PMCDL, PMCCS, PMCCT, and PMCCM
registers to control mode by instruction, an external device can be connected to the external mem-
ory area.

The initial value of the register differs depending on the mode.

Table 3-3: Register Initial Values by Operation Modes

Operation Mode PMCAL | PMCAH | PMCDL | PMCCS | PMCCT |PMCCM| BSC
Normal Single-chip mode | 0000H | O000H | 0OO0OOH O0OH 00H 00H 5555H
operation
mode

(2) Flash memory programming mode (uWPD70F3123 only)

If this mode is specified, it becomes possible for the flash programmer to run a program to the inter-
nal flash memory.
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3.3.2 Operation mode specification

The operation mode is specified according to the status of pins MODEO to MODE3. In an application
system fix the specification of these pins and do not change them during operation. Operation is not
guaranteed if these pins are changed during operation.

(a) uPD703123

MODE3 | MODE2 | MODE1 | MODEO Operation Mode Remarks
L L H L Normal operation |Single-chip mode -
mode
Other than above Setting prohibited

(b) uPD70F3123

Vpp0/ [MODE3 |MODE2 |MODE1 |MODEQ Operation Mode Remarks
Vppl
oV L L H L |Normal operation |Single-chip mode -
mode
7.8V L L H L [Flash memory programming mode -
Other than above Setting prohibited

Remarks: 1. L:Low-level input
2. H:High-level input
3. H/L:High-level, or low-level input (optional)
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3.4 Address Space

3.4.1 CPU address space

The CPU of the V850E/CA1 / ATOMIC is of 32-bit architecture and supports up to 4 GB of linear
address space (data space) during operand addressing (data access). Also, in instruction address
addressing, a maximum of 64 MB of linear address space (program space) is supported.

Figure 3-5 shows the CPU address space.

Figure 3-5: CPU Address Space

CPU address space

FFFFFFFFH
P\t = Data area
(4-Gbyte linear)
04000000H
03FFFFFFH
Program area
(64-Mbyte linear)
00000000H
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3.4.2 Image

64 MB physical address space is seen as 64 images in the 4 GB CPU address space. In actuality, the
same 64 MB physical address space is accessed regardless of the values of bits 31 to 26 of the CPU
address. Figure 3-6 shows the image of the virtual addressing space.
Physical address x0000000H can be seen as CPU address 00000000H, and in addition, can be seen
as address 04000000H, address 08000000H, ..., address F8000000H, or address FCO00000H.

Figure 3-6: Image on Address Space

CPU address space

FFFFFFFFH .
Image \\\
\
FCO00000H
FBFFFFFFH N S
Image Vo N
AN h . Physical address space
F8000000H ' 7 -
N .7 Peripheral 1/0
F7FFFFFFH . N P
A N Internal RAM
Image \\>\/ i~
L L R . PN External memory
08000000H
07FFFFFFH K RN Internal ROM
// L
Image / /// K
04000000H i /
03FFFFFFH /!
Image /
/
00000000H !
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3.4.3 Wrap-around of CPU address space

(1) Program space

Of the 32 bits of the PC (program counter), the higher 6 bits are set to “0”, and only the lower 26 bits
are valid. Even if a carry or borrow occurs from bit 25 to 26 as a result of branch address calcula-
tion, the higher 6 bits ignore the carry or borrow.

Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit
address 03FFFFFFH become contiguous addresses. Wrap-around refers to the situation that the
lower-limit address and upper-limit address become contiguous like this.

Figure 3-7: Wrap-around of Program Space

03FFEEFEH Program space
03FFFFFFH
(+) direction (-) direction
00000000H
00000001H
Program space

Caution: No instruction can be fetched from the 4 KB area of 03FFFO00H to 03FFFFFFH
because this area is defined as peripheral I/O area. Therefore, do not execute any
branch address calculation in which the result will reside in any part of this area.

(2) Data space

The result of operand address calculation that exceeds 32 bits is ignored.

Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit
address FFFFFFFFH are contiguous addresses, and the data space is wrapped around at the
boundary of these addresses.

Figure 3-8: Wrap-around of Data Space

Data space
FFFFFFFEH
FFFFFFFFH
(+) direction (-) direction
00000000H
00000001H
Data space
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3.4.4 Memory map

The V850E/CA1 / ATOMIC reserves areas as shown in Figure 3-9. Each mode is specified by the
MODEO to MODE3 pins.

Figure 3-9: Memory Map (uUPD703123, 703F123)

Single-chip mode

X3FFFFFFH Ry
Internal peripheral
1/O area 4 Kbytes
Xx3FFFO00H o
X3FFEFFFH
X3FFE800H o
X3FFE7FFH
Internal RAM area 10 Kbytes
Xx3FFCO00H
X3FFBFFFH -
= A= 64 Mbytes
Access prohibitedt
x0100000H o
X00FFFFFH
Internal ROM area 1 Mbyte
x0000000H kN2

Note: By setting the PMCAL, PMCAH, PMCDL, PMCCS, PMCCT, and PMCCM registers to control
mode by instruction, this area can be used as external memory area.

Preliminary User's Manual U14913EE1VOUMOO 63



Chapter 3 CPU Function

3.45 Area

(1) Internal ROM area

(&) Memory map (uPD703123, 70F3123)
1 MB of internal ROM area, addresses 00000H to FFFFFH, is reserved.

<1>uPD703123
256 KB are provided in the following addresses as physical internal ROM (mask ROM).
» Addresses 000000H to O3FFFFH

<2>puPD70F3123
256 KB are provided in the following addresses as physical internal ROM (flash memory).
» Addresses 000000H to O3FFFFH

(b) Interrupt/exception table
The V850E/CAL / ATOMIC increases the interrupt response speed by assigning handler addresses
corresponding to interrupts/exceptions.
The collection of these handler addresses is called an interrupt/exception table, which is located in
the internal ROM area. When an interrupt/exception request is accepted, execution jumps to the
handler address, and the program written at that memory is executed. Table 3-4 shows the sources
of interrupts/exceptions, and the corresponding addresses.
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Table 3-3: Interrupt/Exception Table (1/2)

Start Address of Interrupt/
Exception Table

Interrupt/Exception Source

00000000H RESET
00000010H NMIVC

00000020H INTWDT

00000040H TRAPON (N =0 to F)
00000050H TRAPIn (n=0to F)
00000060H ILGOP/DBTRAP
00000080H CINTLPOW
00000090H AD/INTDET
000000AO0H INTWT

000000BOH TINTCMDO
000000COH TINTCMD1
000000DOH INTWTI

000000EOH INTO

000000FOH INT1

00000100H INT2

00000110H TINTOVEOO
00000120H TINTOVELO
00000130H TINTCCEOO/INTPEOO
00000140H TINTCCEL0/INTPELO
00000150H TINTCCE20/INTPE20
00000160H TINTCCE30/INTPE30
00000170H TINTCCE40/INTPE40
00000180H TINTCCES0/INTPES0
00000190H TINTOVEOL
000001A0H TINTOVELL
000001BOH TINTCCEOL/INTPEOL
000001COH TINTCCELL/INTPELL
000001D0H TINTCCE21/INTPE2L
000001EOH TINTCCE31/INTPE31
000001FOH TINTCCE41/INTPEAL
00000200H TINTCCES1/INTPESL
00000210H TINTOVEO2
00000220H TINTOVELZ2
00000230H TINTCCEO2/INTPEO2
00000240H TINTCCEL2/INTPELZ
00000250H TINTCCE22/INTPE22
00000260H TINTCCE32/INTPE32
00000270H TINTCCE42/INTPE42
00000280H TINTCCE52/INTPES2
00000290H INTAD

000002A0H INTMAC

000002B0H INTACT

000002COH CANIREC

Preliminary User's Manual U14913EE1VOUMOO

65



Chapter 3 CPU Function

Table 3-3: Interrupt/Exception Table (2/2)

Start Address of Interrupt/ Interrupt/Exception Source
Exception Table

000002D0OH CAN1TRX
000002EOH CAN1ERR
000002F0H CAN2REC
00000300H CAN2TRX
00000310H CAN2ERR
00000320H CAN3REC
00000330H CAN3TRX
00000340H CAN3ERR
00000350H INTCSIO
00000360H INTCSI1
00000370H INTSERO
00000380H INTSRO
00000390H INTSTO
000003A0H INTSER1
000003BOH INTSR1
000003COH INTST1
000003D0H INTSER2
000003EOH INTSR2
000003FOH INTST2
00000400H INTDMAO
00000410H INTDMAL
00000420H INTDMA2
00000430H INTDMAS3
00000440H INTeoNote
00000450H INT61
00000460H INT62
00000470H INT63

Note: Reserved for internal use only please leave at RESET value

(2) Internal RAM area

12 KB of memory, addresses 3FFCO00H to 3FFEFFFH, are reserved for the internal RAM area.
In the yPD70F3123/uPD703123 the 10 KB of addresses 3FFCO00OH to 3FFE7FFH are provided as
internal physical RAM.

66 Preliminary User's Manual U14913EE1VOUMOO0



Chapter 3 CPU Function

Figure 3-10: Internal RAM Area

HPD703123, uPD70F3123

3FFEFFFH

3FFE800H
3FFE7FFH

Internal RAM area (10 Kbytes)

3FFCO00H

(3) Internal peripheral I/O area

4 KB of memory, addresses 3FFFO00H to 3FFFFFFH, is provided as an internal peripheral 1/0O
area.

Figure 3-11: Internal Peripheral I/O Area

3FFFFFFH

Internal peripheral 1/0O area
(4 Kbytes)

3FFFO00H

Peripheral 1/0O registers associated with the operation mode specification and the state monitoring
for the internal peripherals I/O are all memory-mapped to the internal peripheral I/O area. Program
fetches cannot be executed from this area.

Cautions: 1. In the VB50E/CA1, no registers exist which are capable of word access. But if areg-
ister is word accessed, half word access is performed twice in the order of lower
address, then higher address of the word area, ignoring the lower 2 bits of the
address.

2. For registers in which byte access is possible, if half word access is executed, the
higher 8 bits become undefined during the read operation, and the lower 8 bits of
data are written to the register during the write operation.

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

4. Addresses 3FFFO00H to 3FFFFFFH cannot be specified as the source/destination
address of DMA transfer. Be sure to use addresses FFFFOOOH to FFFFFFFH for
source/destination address of DMA transfer.

Additionally to the peripheral I/O area, a 16 KB area is provided as a programmable peripheral I/O
area (refer to 3.4.9 Programmable peripheral I/O registers).
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(4) External memory area
The following areas can be used as external memory area.

(a) nPD703123, 70F3123
x0100000H to XFFFBFFFH

Access to the external memory area uses the chip select signal assigned to each memory block
(which is carried out in the CS unit set by chip area selection control registers 0 and 1 (CSCO,
CSC1)).

Furthermore, the internal ROM, internal RAM, and internal peripheral I/O areas cannot be
accessed as external memory areas.

3.4.6 External memory expansion

By setting the port n mode control register (PMCn) to control mode, an external memory device can be
connected to the external memory space using each pin of ports AL, AH, DL, CS, CT, and CM. Each
register is set by selecting control mode for each pin of these ports using PMCn (n = AL, AH, DL, CS,
CT, CM).

Furthermore, the status after reset differs as shown below in accordance with the operating mode spec-
ification set by pins MODEO to MODE3 (please refer to Operation Modes).

(&) In the case of single-chip mode

After reset, since the internal ROM area is accessed, each pin of ports AL, AH, DL, CS, CT, and CM
enters the port mode and external devices cannot be used.
To use external memory, set the port n mode control register (PMCn).

Remark: n=AL, AH, DL, CS, CT, CM

3.4.7 Recommended use of address space

The architecture of the V850E/CA1 / ATOMIC requires that a register is utilized for address generation
when accessing operand data in the data space. Operand data access from instruction can be directly
executed at the address in this pointer register £32 KB. However, the use of general registers as pointer
registers decreases the number of usable general registers for handling variables, but minimizes the
deterioration of address calculation performance when changing the pointer value and minimizes the
program size as well.

To enhance the efficiency of using the pointer in consideration of the memory map of the V850E/CAL /
ATOMIC, the following points are recommended:

(1) Program space
Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to zero (0), and only the lower

26 bits are valid. Therefore, a contiguous 64 MB space, starting from address 00000000H, uncondi-
tionally corresponds to the memory map of the program space.

(2) Dataspace

For the efficient use of resources to be performed through the wrap-around feature of the data
space, the continuous 16 MB address spaces 00000000H to O0OFFFFFFH and FFOOO000H to
FFFFFFFFH of the 4 GB CPU address space are used as the data space. With the V850E/CA1 /
ATOMIC, 64 MB physical address space is seen as 64 images in the 4 GB CPU address space.
The highest bit (bit 25) of this 26-bit address is assigned as address sign-extended to 32 bits.
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Figure 3-12: Example Application of wrap-around (UPD703123)

0001FFFFH

00007FFFH

(R=) 00000000H

FFFFFO00H
FFFFEFFFH

FFFFEB00H
FFFFE7FFH

FFFFCO0OH
FFFFBFFFH

FFFFAOOOH

Internal ROM area

32 Kbytes

Internal peripheral
1/O area

4 Kbytes

Internal RAM area

10 Kbytes

External memory
area

16 Kbytes

When R =r0 (zero register) is specified with the LD/ST disp16 [R] instruction, an addressing range

of 00000000H +32 KB can be referenced with the sign-extended, 16-bit displacement value. By
mapping the external memory into the 16 KB area in Figure 3-12, all resources including internal

hardware can be accessed with the same pointer.
The zero register (r0) is a register set to 0 by hardware, and eliminates the need for additional regis-

ters for the pointer.
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Program space
64 Mbytes

Note:

Remarks: 1. The arrows indicate the recommended area.

<

Figure 3-13: Recommended Memory Map

Data space

FFFFFFFFH

FFFFFA28H
FFFFFA27H

FFFFFOO0H

FFFFEFFFH

FFFFCO00H
FFFFBFFFH

04000000H |

Internal
peripheral I/0

Internal RAM

03FFFFFFH

03FFFOO0H

Internal
peripheral I/ONete

03FFEFFFH

03FFE800H
03FFE7FFH

03FFCO00H

Internal RAM
terna External

03FFBFFFH

00100000H

memory

External
memory

Internal
peripheral 1/0

Internal RAM

External
memory

Internal ROM

000FFFFFH

00020000H
0001FFFFH

00000000H

Jlnternal ROM J Ipternél ROM

This area cannot be used as a program area.

XFFFFFFFH
XFFFFA28H
XFFFFA27H

XFFFFOO0H
XFFFEFFFH

XFFFE800H
XFFFE7FFH

XFFFCO00H
XFFFFBFFFH

x0100000H
XO0OFFFFFH

x0020000H
X001FFFFH

x0000000H

2. This is a recommended memory map when the pPD703123 is set to single-chip mode,
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and used as external expansion mode.
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3.4.8 Peripheral I/O registers

Table 3-4: List of Peripheral /0 Registers (Sheet 1 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8bits | 16 bits
FFFFFOOOH |Port AL PAL R/W X Undefined
FFFFFOOOH |Port ALL PALL R/W x x Undefined
FFFFFOO1H |Port ALH PALH R/W x x Undefined
FFFFFO02H |Port AH PAH R/W X Undefined
FFFFFOO2H |Port AHL PAHL R/W x x Undefined
FFFFFOO3H |Port AHH PAHH R/W X X Undefined
FFFFFOO4H |Port DL PDL R/W X Undefined
FFFFFO04H |Port DLL PDLL R/W X X Undefined
FFFFFOO5H |Port DLH PDLH R/W x x Undefined
FFFFFOO8H |PortCS PCS R/W X x Undefined
FFFFFOOAH |Port CT PCT R/W x x Undefined
FFFFFOOCH |Port CM PCM R/W X x Undefined
FFFFFO20H |Port AL mode register PMAL R/W X FFFFH
FFFFFO20H |Port AL mode register L PMALL R/W X X FFH
FFFFF021H |Port AL mode register H PMALH R/W X X FFH
FFFFFO22H |Port AH mode register PMAH R/W X FFFFH
FFFFF022H |Port AH mode register L PMAHL R/W X X FFH
FFFFFO023H |Port AH mode register H PMAHH R/W X X FFH
FFFFFO024H |Port DL mode register PMDL R/W X FFFFH
FFFFF024H |Port DL mode register L PMDLL R/W X X FFH
FFFFFO25H |Port DL mode register H PMDLH R/W X X FFH
FFFFFO28H [Port CS mode register PMCS R/W X X FFH
FFFFFO2AH |Port CT mode register PMCT R/W X X FFH
FFFFFO2CH |Port CM mode register PMCM R/W X X FFH
FFFFFO40H |Port AL mode control register PMCAL R/W X 0000H
FFFFFO40H |Port AL mode control register L PMCALL R/W X X OOH
FFFFFO41H |Port AL mode control register H PMCALH R/W X X O00H
FFFFFO42H |Port AH mode control register PMCAH R/W X 0000H
FFFFFO42H |Port AH mode control register L PMCAHL R/W X X O00H
FFFFFO43H |Port AH mode control register H PMCAHH R/W X X OOH
FFFFFO44H |Port DL mode control register PMCDL R/W x 0000H
FFFFFO44H |Port DL mode control register L PMCDLL R/W X X OOH
FFFFFO45H |Port DL mode control register H PMCDLH R/W X X O00OH
FFFFFO48H |Port CS mode control register PMCCS R/W X X OOH
FFFFFO4AH |Port CT mode control register PMCCT R/W X X O00H
FFFFFO4CH |Port CM mode control register PMCCM R/W X X OOH
FFFFFO60H |Chip area select control register O CSCO R/W x 2C11H
FFFFFO62H |Chip area select control register 1 CscC1 R/W X 2C11H
FFFFFO64H |Peripheral area select control register |BPC R/W x OFFFH
FFFFFO66H |Bus size configuration register BSC R/W X 5555H
FFFFFO68H |Endian configuration register BEC R/W x 0000H
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Table 3-4: List of Peripheral /0 Registers (Sheet 2 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
FFFFFO6EH |System wait control register VSWC R/W X X 77H
FFFFFO80H |DMA source address register LO DSALO R/W X Undefined
FFFFFO82H |DMA source address register HO DSAHO R/W X Undefined
FFFFFO84H |DMA destination address register LO |DDALO R/W X Undefined
FFFFFO86H |DMA destination address register HO [DDAHO R/W X Undefined
FFFFFO88H |DMA source address register L1 DSAL1 R/W X Undefined
FFFFFO8AH |DMA source address register H1 DSAH1 R/W X Undefined
FFFFFO8CH |DMA destination address register L1 |DDAL1 R/W X Undefined
FFFFFO8B8EH |DMA destination address register H1 [DDAH1 R/W X Undefined
FFFFFO90H |DMA source address register L2 DSAL2 R/W X Undefined
FFFFF092H |DMA source address register H2 DSAH2 R/W X Undefined
FFFFF094H |DMA destination address register L2 |DDAL2 R/W X Undefined
FFFFF096H |DMA destination address register H2 [DDAH2 R/W X Undefined
FFFFF098H |DMA source address register L3 DSAL3 R/W X Undefined
FFFFFO9AH |DMA source address register H3 DSAH3 R/W X Undefined
FFFFFO9CH |DMA destination address register L3 |DDAL3 R/W X Undefined
FFFFFO9EH |DMA destination address register H3 |DDAH3 R/W X Undefined
FFFFFOCOH |DMA transfer count register O DBCO R/W X Undefined
FFFFFOC2H |DMA transfer count register 1 DBC1 R/W X Undefined
FFFFFOC4H |DMA transfer count register 2 DBC2 R/W X Undefined
FFFFFOC6H |DMA transfer count register 3 DBC3 R/W X Undefined
FFFFFODOH |DMA addressing control register O DADCO R/W X 0000H
FFFFFOD2H |DMA addressing control register 1 DADC1 R/W X 0000H
FFFFFOD4H |DMA addressing control register 2 DADC?2 R/W X 0000H
FFFFFOD6H |DMA addressing control register 3 DADC3 R/W X 0000H
FFFFFOEOH |DMA channel control register O DCHCO R/W X X O0OH
FFFFFOE2H |DMA channel control register 1 DCHC1 R/W X X O00H
FFFFFOE4H |DMA channel control register 2 DCHC2 R/W X X O0OH
FFFFFOE6H |DMA channel control register 3 DCHC3 R/W X X OOH
FFFFFOFOH |DMA disable status register DDIS R X X O00OH
FFFFFOF2H |DMA restart register DRST R/W X X OOH
FFFFF100H |Interrupt mask register O IMRO R/W X FFFFH
FFFFF100H |Interrupt mask register OL IMROL R/W X X FFH
FFFFF101H |Interrupt mask register OH IMROH R/W X X FFH
FFFFF102H |Interrupt mask register 1 IMR1 R/W X X x  |FFFFH
FFFFF102H |Interrupt mask register 1L IMR1L R/W X X FFH
FFFFF103H |Interrupt mask register 1H IMR1H R/W X X FFH
FFFFF104H |Interrupt mask register 2 IMR2 R/W X X x  |FFFFH
FFFFF104H |Interrupt mask register 2L IMR2L R/W X X FFH
FFFFF105H |Interrupt mask register 2H IMR2H R/W X X FFH
FFFFF106H |Interrupt mask register 3 IMR3 R/W X X FFFFH
FFFFF106H |Interrupt mask register 3L IMR3L R/W X X FFH
FFFFF107H |Interrupt mask register 3H IMR3H R/W X X FFH
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Table 3-4: List of Peripheral /0 Registers (Sheet 3 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8bits | 16 bits
FFFFF110H [Interrupt control register PICO R/W X X 47H
FFFFF112H |Interrupt control register PIC1 R/W X X 47H
FFFFF114H |Interrupt control register PIC2 R/W X X 47H
FFFFF116H [Interrupt control register PIC3 R/W X X 47H
FFFFF118H |Interrupt control register PIC4 R/W X X 47H
FFFFF11AH |Interrupt control register PIC5 R/W X X 47H
FFFFF11CH |Interrupt control register PIC6 R/W X X 47H
FFFFF11EH |Interrupt control register PIC7 R/W X X 47H
FFFFF120H |Interrupt control register PIC8 R/W X X 47H
FFFFF122H |Interrupt control register PIC9 R/W X X 47H
FFFFF124H |Interrupt control register PIC10 R/W X X 47H
FFFFF126H |Interrupt control register PIC11 R/W X X 47H
FFFFF128H |Interrupt control register PIC12 R/W X x 47H
FFFFF12AH |Interrupt control register PIC13 R/W X X 47H
FFFFF12CH |Interrupt control register PIC14 R/W X X 47H
FFFFF12EH |Interrupt control register PIC15 R/W X X 47H
FFFFF130H |Interrupt control register PIC16 R/W X X 47H
FFFFF132H |Interrupt control register PIC17 R/W X X 47H
FFFFF134H |Interrupt control register PIC18 R/W X X 47H
FFFFF136H |Interrupt control register PIC19 R/W X X 47H
FFFFF138H |Interrupt control register PIC20 R/W X X 47H
FFFFF13AH |Interrupt control register PIC21 R/W X X 47H
FFFFF13CH |Interrupt control register PIC22 R/W X X 47H
FFFFF13EH |Interrupt control register PIC23 R/W X X 47H
FFFFF140H |Interrupt control register PIC24 R/W X X 47H
FFFFF142H |Interrupt control register PIC25 R/W X X 47H
FFFFF144H |Interrupt control register PIC26 R/W X X 47H
FFFFF146H |Interrupt control register PIC27 R/W X X 47H
FFFFF148H |Interrupt control register PIC28 R/W X X 47H
FFFFF14AH |Interrupt control register PIC29 R/W X X 47H
FFFFF14CH |Interrupt control register PIC30 R/W X X 47H
FFFFF14EH |Interrupt control register PIC31 R/W X X 47H
FFFFF150H |Interrupt control register PIC32 R/W X X 47H
FFFFF152H |Interrupt control register PIC33 R/W X X 47H
FFFFF154H |Interrupt control register PIC34 R/W X X 47H
FFFFF156H |Interrupt control register PIC35 R/W X X 47H
FFFFF158H [Interrupt control register PIC36 R/W X X 47H
FFFFF15AH |Interrupt control register PIC37 R/W X X 47H
FFFFF15CH [Interrupt control register PIC38 R/W X X 47H
FFFFF15EH |Interrupt control register PIC39 R/W X X 47H
FFFFF160H |Interrupt control register PIC40 R/W X X 47H
FFFFF162H |Interrupt control register PIC41 R/W X X 47H
FFFFF164H |Interrupt control register PI1C42 R/W X X 47H
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Table 3-4: List of Peripheral /0O Registers (Sheet 4 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
FFFFF166H |Interrupt control register PIC43 R/W X X 47H
FFFFF168H |Interrupt control register PIC44 R/W X X 47H
FFFFF16AH |Interrupt control register PIC45 R/W X X 47H
FFFFF16CH |Interrupt control register PIC46 R/W X X 47H
FFFFF16EH |Interrupt control register PIC47 R/W X X 47H
FFFFF170H |Interrupt control register PIC48 R/W X X 47H
FFFFF172H |Interrupt control register PIC49 R/W X X 47H
FFFFF174H |Interrupt control register PIC50 R/W X X 47H
FFFFF176H |Interrupt control register PIC51 R/W X X 47H
FFFFF178H |Interrupt control register PIC52 R/W X X 47H
FFFFF17AH |Interrupt control register PIC53 R/W X X 47H
FFFFF17CH |Interrupt control register PIC54 R/W X X 47H
FFFFF17EH |Interrupt control register PIC55 R/W X X 47H
FFFFF180H |Interrupt control register PIC56 R/W X X 47H
FFFFF182H |Interrupt control register PIC57 R/W X X 47H
FFFFF184H |Interrupt control register PIC58 R/W X X 47H
FFFFF186H |Interrupt control register PIC59 R/W X X 47H
FFFFF1FAH |In-service priority register ISPR R X X O00OH
FFFFF1FCH |Command register PRCMD w x Undefined
FFFFF1FEH |Power save control register PSC R/W X X O00H
FFFFF200H |A/D converter with scan mode regis- |ADSCMO R/W X X x  |0000H
terO
FFFFF202H |A/D converter with scan mode regis- |ADSCM1 R/W X X x  |0000H
ter 1

FFFFF204H |A/D Voltage Detect mode register ADETM R/W X X x  |0000H
FFFFF210H |A/D conversion result register 0 ADCRO R X Undefined
FFFFF212H |A/D conversion result register 1 ADCR1 R X Undefined
FFFFF214H |A/D conversion result register 2 ADCR2 R x Undefined
FFFFF216H |A/D conversion result register 3 ADCR3 R X Undefined
FFFFF218H |A/D conversion result register 4 ADCR4 R x Undefined
FFFFF21AH |A/D conversion result register 5 ADCR5 R X Undefined
FFFFF21CH |A/D conversion result register 6 ADCR6 R X Undefined
FFFFF21EH |A/D conversion result register 7 ADCR7 R X Undefined
FFFFF220H |A/D conversion result register 8 ADCR8 R X Undefined
FFFFF222H |A/D conversion result register 9 ADCR9 R X Undefined
FFFFF224H |A/D conversion result register 10 ADCR10 R x Undefined
FFFFF226H |A/D conversion result register 11 ADCR11 R X Undefined
FFFFF400H |Portl P1 R/W X X Undefined
FFFFF402H |Port2 P2 R/W X x Undefined
FFFFF404H |Port3 P3 R/W X X Undefined
FFFFF406H |Port4 P4 R/W x x Undefined
FFFFF408H |Port5 P5 R/W X X Undefined
FFFFF40AH |Port6 P6 R/W x x Undefined
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Table 3-4: List of Peripheral /0 Registers (Sheet 5 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
FFFFF420H |Portl mode PM1 R/W X x FFH
FFFFF422H |Port2 mode PM2 R/W x x FFH
FFFFF424H |Port3 mode PM3 R/W X x FFH
FFFFF426H |Port4 mode PM4 R/W x x FFH
FFFFF428H |Port5 mode PM5 R/W X X FFH
FFFFF42AH |Port6 mode PM6 R/W X x FFH
FFFFF440H |Portl mode control PMC1 R/W X X 00H
FFFFF442H |Port2 mode control PMC2 R/W X X 00H
FFFFF444H |Port3 mode control PMC3 R/W X x O00H
FFFFF446H |Port4 mode control PMC4 R/W X X 00H
FFFFF448H |Port5 mode control PMC5 R/W X x O00H
FFFFF44AH |Port6é mode control PMC6 R/W X X 00H
FFFFF480H [Bus Cycle Type Control register 0 BCTO R/W X 8888H
FFFFF482H |Bus Cycle Type Control register 1 BCT1 R/W X 8888H
FFFFF484H |Data Wait Control register O DWCO R/W X 7777H
FFFFF486H |Data Wait Control register 1 DWC1 R/W X 7777H
FFFFF488H |Bus Cycle Control register BCC R/W X FFFFH
FFFFF48AH |Address Setup Wait Control register |ASC R/W X FFFFH
FFFFF49AH |Page-ROM Configuration register PRC X 7000H
FFFFF540H |Timer DO counter TMDO R X 000C0H
FFFFF542H | Timer DO compare register CMDO R/W X 000C0H
FFFFF544H |Timer DO Control register TMCDO R/W X X 0000H
FFFFF550H |Timer D1 counter TMD1 R X 0000H
FFFFF552H | Timer D1 compare register CMD1 R/W X 0000H
FFFFF554H | Timer D1 Control register TMCD1 R/W X X 0000H
FFFFF560H |Watch timer mode register WTM X X 0000H
FFFFF570H |[Watch dog timer mode register WDTM X X 0000H
FFFFF640H |Timer Macro Clock Stop Register STOPTEO |R/W X X x  |0000H
FFFFF642H |Count Clock / Control Edge Selection |CSEO R/W X X x  |0000H
Register
FFFFF644H |Subchannel Input Event Edge Selec- |SESEO R/W X X x  |0000H
tion Register
FFFFF646H |Timebases Control Register TCREO R/W X X x  |0000H
FFFFF648H |Output Control Register OCTLEO R/W X X x  |0000H
FFFFF64AH |Capture/Compare Control Register of | CMSE050 |R/W X O0000H
Subchannels 0 and 5
FFFFF64CH |Capture/Compare Control Register of | CMSE120 |R/W X 0000H
Subchannels 1 and 2
FFFFF64EH |Capture/Compare Control Register of |[CMSE340 |R/W X 0000H
Subchannels 3 and 4
FFFFF650H |Secondary Capture/Compare Regis- |CVSE10 R/W X 0000H
ter of Subchannel 1
FFFFF652H |Primary Capture/Compare Register of | CVPE10 R X 0000H
Subchannel 1
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Table 3-4: List of Peripheral /0 Registers (Sheet 6 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8 bits | 16 bits

FFFFF654H |Secondary Capture/Compare Regis- |CVSE20 R/W X 0000H
ter of Subchannel 2

FFFFF656H |Primary Capture/Compare Register of [CVPE20 R X 0000H
Subchannel 2

FFFFF658H |Secondary Capture/Compare Regis- |CVSE30 R/W X 0000H
ter of Subchannel 3

FFFFF65AH |Primary Capture/Compare Register of [CVPE30 R X 0000H
Subchannel 3

FFFFF65CH |Secondary Capture/Compare Regis- |CVSE40 R/W X 0000H
ter of Subchannel 4

FFFFF65EH |Primary Capture/Compare Register of [CVPE40 R X 0000H
Subchannel 4

FFFFF660H |Capture/Compare Register of CVSEQO R/W X 0000H
Subchannel 0

FFFFF662H |Capture/Compare Register of CVSE50 R/W X 0000H
Subchannel 5

FFFFF664H |Timebase Status Register TBSTATEO |R/(W) X 0000H

FFFFF666H |Capture/Compare Subchannels 1-4 |CCSTATEO |R/(W) X 0000H
Status Register

FFFFF668H |Output Delay Register ODELEO R/W X 0000H

FFFFF66AH |Software Event Capture Register CSCEO R/W X 0000H

FFFFF670H |Counter value of timebasecouter 0 |TBASEOO [R X 0000H

FFFFF672H |Counter value of timebasecouter_1 |TBASE10 |R X 0000H

FFFFF680H |Timer Macro Clock Stop Register STOPTE1 |R/W X X x  |0000H

FFFFF682H |Count Clock / Control Edge Selection |CSE1 R/W X X x  |0000H
Register

FFFFF684H |Subchannel Input Event Edge Selec- |SESE1 R/W X X x  |0000H
tion Register

FFFFF686H |Timebases Control Register TCRE1 R/W X X x  |0000H

FFFFF688H |Output Control Register OCTLE1 R/W X X x  |0000H

FFFFF68AH |Capture/Compare Control Register of [CMSE051 |R/W X 0000H
Subchannels 0 and 5

FFFFF68CH |Capture/Compare Control Register of [CMSE121 |R/W X 0000H
Subchannels 1 and 2

FFFFF68EH |Capture/Compare Control Register of [CMSE341 |R/W X 0000H
Subchannels 3 and 4

FFFFF690H |Secondary Capture/Compare Regis- |CVSE11l R/W X 0000H
ter of Subchannel 1

FFFFF692H |Primary Capture/Compare Register of [CVPE11 R X 0000H
Subchannel 1

FFFFF694H |Secondary Capture/Compare Regis- |CVSE21 R/W X 0000H
ter of Subchannel 2

FFFFF696H |Primary Capture/Compare Register of [CVPE21 R X 0000H
Subchannel 2

FFFFF698H |Secondary Capture/Compare Regis- |CVSE31 R/W X 0000H
ter of Subchannel 3

FFFFF69AH |Primary Capture/Compare Register of [CVPE31 R X 0000H

Subchannel 3
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Table 3-4: List of Peripheral /0 Registers (Sheet 7 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

FFFFF69CH |Secondary Capture/Compare Regis- |CVSE41 R/W X 0000H
ter of Subchannel 4

FFFFF69EH |Primary Capture/Compare Register of |CVPE41 R X 0000H
Subchannel 4

FFFFF6A0H |Capture/Compare Register of CVSEO1 R/W X 0000H
Subchannel 0

FFFFF6A2H |Capture/Compare Register of CVSE51 R/W X 0000H
Subchannel 5

FFFFF6A4H |Timebase Status Register TBSTATE1l |R/(W) X 0000H

FFFFF6A6H |Capture/Compare Subchannels 1-4 |CCSTATE1 |R/(W) X 0000H
Status Register

FFFFF6A8H |Output Delay Register ODELE1 R/W X 0000H

FFFFF6AAH |Software Event Capture Register CSCE1 R/W X 0000H

FFFFF6BOH |Counter value of timebasecouter 0 |TBASEO1 |R X 0000H

FFFFF6B2H |Counter value of timebasecouter 1  |TBASE1l1 (R X 0000H

FFFFF6COH |Timer Macro Clock Stop Register STOPTE2 |R/W X X x  |0000H

FFFFF6C2H |Count Clock / Control Edge Selection |CSE2 R/W X X x  |0000H
Register

FFFFF6C4H |Subchannel Input Event Edge Selec- |SESE2 R/W X X x  |0000H
tion Register

FFFFF6C6H |Timebases Control Register TCRE2 R/W X X x  |0000H

FFFFF6C8H |Output Control Register OCTLE2 R/W X X x  |0000H

FFFFF6CAH |Capture/Compare Control Register of | CMSE052 |R/W X 0000H
Subchannels 0 and 5

FFFFF6CCH |Capture/Compare Control Register of | CMSE122 |R/W X 0000H
Subchannels 1 and 2

FFFFF6CEH |Capture/Compare Control Register of |[CMSE342 |R/W X 0000H
Subchannels 3 and 4

FFFFF6DOH |Secondary Capture/Compare Regis- |CVSE12 R/W X 0000H
ter of Subchannel 1

FFFFF6D2H |Primary Capture/Compare Register of |CVPE12 R X 0000H
Subchannel 1

FFFFF6D4H |Secondary Capture/Compare Regis- |CVSE22 R/W X 0000H
ter of Subchannel 2

FFFFF6D6H |Primary Capture/Compare Register of | CVPE22 R X 000C0H
Subchannel 2

FFFFF6D8H |Secondary Capture/Compare Regis- |CVSE32 R/W X 0000H
ter of Subchannel 3

FFFFF6DAH |Primary Capture/Compare Register of | CVPE32 R X 0000H
Subchannel 3

FFFFF6DCH |Secondary Capture/Compare Regis- |CVSE42 R/W X 0000H
ter of Subchannel 4

FFFFF6DEH |Primary Capture/Compare Register of | CVPE42 R X 0000H
Subchannel 4

FFFFF6EOH |Capture/Compare Register of CVSEQ02 R/W X 0000H
Subchannel 0

FFFFF6E2H |Capture/Compare Register of CVSE52 R/W X 0000H
Subchannel 5
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Table 3-4: List of Peripheral /0 Registers (Sheet 8 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
FFFFF6E4H |Timebase Status Register TBSTATE2 |R/(W) X 0000H
FFFFF6E6H |Capture/Compare Subchannels 1-4 |CCSTATE2 |R/(W) X 0000H
Status Register
FFFFF6E8H |Output Delay Register ODELE2 R/W X 0000H
FFFFF6EAH |Software Event Capture Register CSCE2 R/W X 0000H
FFFFF6ECH |Counter value of timebasecouter 0 |TBASE02 [R X 0000H
FFFFF6EEH |Counter value of timebasecouter_ 1 |TBASE12 |R X 0000H
FFFFF700H |PORT /LCD selector 0 LSEGO R/W X x O00H
FFFFF702H |PORT / LCD selector 1 LSEG1 R/W X X 00H
FFFFF704H |PORT /LCD selector 2 LSEG2 R/W X x O00H
FFFFF706H |PORT /LCD selector 3 LSEG3 R/W X X O00H
FFFFF708H |PORT /LCD selector 4 LSEG4 R/W X x 00H
FFFFF710H |LCD display mode register LCDM R/W X X x  |0000H
FFFFF720H |LCD segment register00 SEGREGO00 [R/W X X x  |0000H
FFFFF722H |LCD segment register10 SEGREG10 |R/W X X x  |0000H
FFFFF724H |LCD segment register20 SEGREG20 [R/W X X x  |0000H
FFFFF726H |LCD segment register30 SEGREG30 |R/W X X x  |0000H
FFFFF730H |LCD segment register01 SEGREGO01 [R/W X X x  |0000H
FFFFF732H |LCD segment registerll SEGREG11 |R/IW X X x  |0000H
FFFFF734H |LCD segment register21 SEGREG21 [R/W X X x  |0000H
FFFFF736H |LCD segment register31 SEGREG31 |R/IW X X x  |0000H
FFFFF740H |LCD segment register02 SEGREGO02 [R/W X X x  |0000H
FFFFF742H |LCD segment register12 SEGREG12 |R/W X X x  |0000H
FFFFF744H |LCD segment register22 SEGREG22 [R/W X X x  |0000H
FFFFF746H |LCD segment register32 SEGREG32 |R/W X X x  |0000H
FFFFF800H |Peripheral command register PHCMD W X Undefined
FFFFF802H |Peripheral status register PHS R/W X X OOH
FFFFF810H |DMA trigger source select register 0 |[DTFRO R/W X X O00OH
FFFFF812H |DMA trigger source select register 1 |[DTFR1 R/W X X OOH
FFFFF814H |DMA trigger source select register 2 |DTFR2 R/W X X O00OH
FFFFF816H |DMA trigger source select register 3 |DTFR3 R/W X X O0H
FFFFF820H |Power save mode register PSM R/W X X O0OH
FFFFF822H | Clock control register CKC R/W X X O0OH
FFFFF824H |PLL status register PSTAT R X X OxH
FFFFF860H |Voltage comparator mode VCMPM O0OH
FFFFF880H |Filter edge mode channel 00 FEMOO R/W X X X
FFFFF881H |Filter edge mode channel 10 FEM10 R/W X X
FFFFF882H |Filter edge mode channel 20 FEM20 R/W X X X
FFFFF883H |Filter edge mode channel 30 FEM30 R/W X X
FFFFF884H |Filter edge mode channel 40 FEM40 R/W X X X
FFFFF885H |Filter edge mode channel 50 FEM50 R/W X X
FFFFF890H |Filter edge mode channel 01 FEMO1 R/W X X X
FFFFF891H |Filter edge mode channel 11 FEM11 R/W X X
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Table 3-4: List of Peripheral /0 Registers (Sheet 9 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8bits | 16 bits
FFFFF892H |Filter edge mode channel 21 FEM21 R/W X X X
FFFFF893H |Filter edge mode channel 31 FEM31 R/W X X
FFFFF894H |Filter edge mode channel 41 FEM41 R/W X X X
FFFFF895H |Filter edge mode channel 51 FEM51 R/W X X
FFFFF8AOH |Filter edge mode channel 02 FEMO02 R/W X X X
FFFFF8A1H |Filter edge mode channel 12 FEM12 R/W X X
FFFFF8A2H |Filter edge mode channel 22 FEM22 R/W X X X
FFFFF8A3H |Filter edge mode channel 32 FEM32 R/W X X
FFFFF8A4H |Filter edge mode channel 42 FEM42 R/W X X X
FFFFF8ASH |Filter edge mode channel 52 FEM52 R/W X X
FFFFF8BOH |Filter edge mode channel 03 FEMO3 R/W X X X
FFFFF8B1H |Filter edge mode channel 13 FEM13 R/W X X
FFFFF8B2H |Filter edge mode channel 23 FEM23 R/W X x X
FFFFFO00H |CSI operation mode register CSIMO R/W X X x  |0OH
FFFFFO01H |Clock selection register CsICo R/W X X O0H
FFFFF902H |Reception data buffer register SIRBO/ R X x  |0O000H
SIRBLO R X O00H
FFFFF904H |Transmission data buffer register SOTBO/ R/W X x  |0O000H
SOTBLO R/W X O0H
FFFFFO06H |Reception data buffer register for SIRBEO/ R X x  |0O000H
emulation read SIRBELO R < 00H
FFFFFO08H |First transmission data buffer register |SOTBFO/ R/W X x  |0O000H
SOTBFLO |R/W X O00H
FFFFFO0AH |Shift register SI100/ R/W x x  |0000H
SIOLO R/W X O00H
FFFFF910H |CSI operation mode register CSiM1 R/W X X x  |0OOH
FFFFF911H |Clock selection register CSIC1 R/W X X OOH
FFFFF912H |Reception data buffer register SIRB1/ R X x  |0O000H
SIRBL1 R X O00H
FFFFF914H |Transmission data buffer register SOTBY/ R/W X x  |0O000H
SOTBL1 R/W X O0H
FFFFF916H |Reception data buffer register for SIRBE1/ R X x  |0O000H
emulation read SIRBELL R < 00H
FFFFF918H |First transmission data buffer register |SOTBF1/ R/W X x  |0O000H
SOTBFL1 |R/W X O00H
FFFFF91AH |Shift register S101/ R/W X x  |0000H
SIoL1 R/W X O0H
FFFFF920H |BRGO pre-scalar mode register O PRSMO R/W X X 00H
FFFFF922H |Pre-scalar compare register O PRSCMO R/W X X O0OH
FFFFF930H |BRG1 pre-scalar mode registerl PRSM1 R/W X X 00H
FFFFF932H |Pre-scalar compare registerl PRSCM1 R/W X X OOH
FFFFFAOOH |UART operation mode register ASIMO R/W X X O00H
FFFFFAO2H |Reception buffer register RXBO R X X FFH
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Table 3-4: List of Peripheral /0O Registers (Sheet 10 of 10)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
FFFFFAO3H |UART reception error status register |ASISO R X O0OH
FFFFFAO4H |Transmission buffer register TXBO R/W X X FFH
FFFFFAO5H |UART transmission error status regis- |ASIFO R X O0OH
ter
FFFFFAO6H | Clock selection register CHKSRO R/W X X X FFH
FFFFFAO7H |Baudrate definition register BRGCO R/W X X O00H
FFFFFAL1O0H |UART operation mode register ASIM1 R/W X X O0OH
FFFFFA12H |Reception buffer register RXB1 R X X FFH
FFFFFA13H |UART reception error status register |ASIS1 R X OOH
FFFFFA14H |Transmission buffer register TXB1 R/W X x  |00H
FFFFFA15H |UART transmission error status regis- |ASIF1 R X FFH
ter
FFFFFA16H |Clock selection register CHKSR1 R/W X X x  |00H
FFFFFA17H |Baudrate definition register BRGC1 R/W X X FFH
FFFFFA20H |UART operation mode register ASIM2 R/W X X 00OH
FFFFFA22H |Reception buffer register RXB2 R X X FFH
FFFFFA23H |UART reception error status register |ASIS2 R X O00OH
FFFFFA24H | Transmission buffer register TXB2 R/W X X FFH
FFFFFA25H |UART transmission error status regis- |ASIF2 R X 00H
ter
FFFFFA26H |Clock selection register CHKSR2 R/W X X x  |0OH
FFFFFA27H |Baudrate definition register BRGC2 R/W X X FFH
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3.4.9 Programmable peripheral I/O registers

In the VB50E/CAL, the 16 KB area of XO000H to x3FFFH is provided as a programmable peripheral I/O
area. In this area, the area between x0000H and xOFFFH is used exclusively for the FCAN controller.
The internal bus of the VB50E/CA1 becomes active when the peripheral I/O register area (FFFFO00H to
FFFFFFFH) or the programmable peripheral 1/O register area (xxxxm0OOH to xxxxnFFFH) is accessed
(m = xx00B, n = xx11B). Note that when data is written to the peripheral I/O register area, the written
contents is reflected on the peripheral I/O register since peripheral I/O register area is allocated to the
last 4 KB of the programmable peripheral I/O register area.

Figure 3-14: Programmable Peripheral /0O Register (Outline)

3FFFFFFH _
okl Internal local bus
3FFFO00H 110 reglster:\—
3FFEFFFH
XXxXxNFFFH Programmable,/ . Peripheral Xx3FFFH
peripheral »# | | | Oarea | 30004
XxxxMOOOH I/0 register OFEEH
h Programmable
peripheral X%?:%OFEEI -
I/0 area X Dedicated area for
x0000H FCAN controller
0000000H

Cautions: 1. The CAN message buffer register can allocate address xxxx freely as a program-
mable peripheral 1/O register. but once the address xxxx is set, it cannot be
changed.

2. If the programmable peripheral I/O area overlaps the following areas, the program-
mable peripheral 1/O area becomes ineffective.

*Peripheral I/0O area
*ROM area
*RAM area

Remark: M =xx00B
N =xx11B
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(1) Peripheral area selection control register (BPC)
This register can be read/written in 16-bit units.

Figure 3-15: Peripheral Area Selection Control Register (BPC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

BPC |PA15| 0 |PA13 | PA12 |PA11|PA10| PA9 | PA8 | PAT | PAG | PA5 | PA4 | PA3 | PA2 | PAL | PAO |FFFFF064H 0000H

Bit Position | Bit Name Function
15 PA15 Enables/disables usage of programmable peripheral I/O area
PA15 Usage of Programmable Peripheral /O Area

0 |Disables usage of programmable peripheral 1/0 area
1 |Enables usage of programmable peripheral I/O area

13t0 0 PA13 to PAO | Specifies an address in programmable peripheral 1/O area (corre-
sponds to A27 to Al4, respectively).
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A list of the programmable peripheral I/O registers is shown below:

Table 3-5: List of programmable peripheral I/O registers (Sheet 1 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8 bits | 16 bits

xxxxn0OOOH |CAN message event pointer 000 M_EVTO000 |R/W X Undefined
xxxxn001H |CAN message event pointer 001 M_EVT001 |R/W X Undefined
xxxxn002H |CAN message event pointer 002 M_EVT002 |R/W X Undefined
xxxxn003H |CAN message event pointer 003 M_EVT003 |R/W X Undefined
xxxxn004H |CAN message data length register 00 (M_DLCO00 R/W X Undefined
xxxxn005H |CAN message control register 00 M_CTRLOO |R/W X Undefined
xxxxn006H |CAN message time stamp register 00 |[M_TIMEOO |R/W X Undefined
xxxxn008H |CAN message data register 000 M_DATA000 (R/W X X Undefined
xxxxn009H |CAN message data register 001 M_DATA001 |R/W X Undefined
xxxxnOOAH |CAN message data register 002 M_DATA002 |R/W X Undefined
xxxxnOOBH |CAN message data register 003 M_DATA003 |R/W X Undefined
xxxxnOOCH |CAN message data register 004 M_DATA004 |R/W X Undefined
xxxxnOODH |CAN message data register 005 M_DATA005 |R/W X Undefined
xxxXXnNOOEH |CAN message data register 006 M_DATA006 |R/W X Undefined
xxxxnOOFH |CAN message data register 007 M_DATA007 |R/W X Undefined
xxxxn010H |CAN message ID register LOO M_IDLOO R/W X Undefined
xxxxn012H |CAN message ID register HOO M_IDHO00 R/W X Undefined
xxxxn014H |CAN message configuration register 00 [M_CONFO00 |R/W X Undefined
xxxxn015H |CAN message status register 00 M_STAT00 |R X Undefined
xxxxn016H |CAN status set/cancel register 00 SC_STAT00 (W X 0000H

xxxxn020H |[CAN message event pointer 010 M_EVT010 |R/W X Undefined
xxxxn021H |CAN message event pointer 011 M_EVTO011 |R/W X Undefined
xxxxn022H |CAN message event pointer 012 M_EVTO012 |R/W X Undefined
xxxxn023H |CAN message event pointer 013 M_EVT013 |R/W X Undefined
xxxxn024H |CAN message data length register 01 (M_DLCO01 R/W X Undefined
xxxxn025H |CAN message control register 01 M_CTRLO1 |R/W X Undefined
xxxxn026H |CAN message time stamp register 01 |[M_TIMEO1 |R/W X Undefined
xxxxn028H |CAN message data register 010 M_DATA010 |R/W X Undefined
xxxxn029H |CAN message data register 011 M_DATA011 |R/W X Undefined
xxxxn02AH |CAN message data register 012 M_DATA012 |R/W X Undefined
xxxxn02BH |CAN message data register 013 M_DATA013 |R/W X Undefined
xxxxn02CH |CAN message data register 014 M_DATA014 |R/W X Undefined
xxxxn02DH |CAN message data register 015 M_DATA015 |R/W X Undefined
xxxxn02EH |CAN message data register 016 M_DATA016 |R/W X Undefined
xxxxn02FH |CAN message data register 017 M_DATA017 |R/W X Undefined
xxxxn030H |CAN message ID register LO1 M_IDLO1 R/W X Undefined
xxxxn032H |[CAN message ID register HO1 M_IDHO1 R/W X Undefined
xxxxn034H |CAN message configuration register 01 |M_CONF01 |R/W X Undefined
xxxxn035H |CAN message status register 01 M_STATO1 |R X Undefined
xxxxn036H |CAN status set/cancel register 01 SC_STATO01 (W X 0000H

xxxxn040H |CAN message event pointer 020 M_EVT020 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 2 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn041H |CAN message event pointer 021 M_EVT021 |R/W X Undefined
xxxxn042H |CAN message event pointer 022 M_EVT022 |R/W X Undefined
xxxxn043H |CAN message event pointer 023 M_EVT023 |R/W X Undefined
xxxxn044H |CAN message data length register 02 |M_DLC02 R/W X Undefined
xxxxn045H | CAN message control register 02 M_CTRLO2 |[R/W X Undefined
xxxxn046H |CAN message time stamp register 02 [M_TIMEO2 |R/W X Undefined
xxxxn048H |CAN message data register 020 M_DATA020 [R/W X Undefined
Xxxxn049H |CAN message data register 021 M_DATA021 |R/W X Undefined
xxxxn04AH |CAN message data register 022 M_DATA022 |R/W X Undefined
Xxxxn04BH |CAN message data register 023 M_DATA023 |R/W X Undefined
xxxxn04CH |CAN message data register 024 M_DATA024 |R/W X Undefined
xxxxn04DH |CAN message data register 025 M_DATA025 |R/W X Undefined
xxxXnO4EH |CAN message data register 026 M_DATA026 |R/W X Undefined
xxxxn04FH |CAN message data register 027 M_DATA027 |R/W X Undefined
xxxxn050H |CAN message ID register L02 M_IDLO2 R/W X Undefined
xxxxn052H |CAN message ID register HO2 M_IDH02 R/W X Undefined
xxxxn054H |CAN message configuration register 02 |M_CONFO02 |R/W X Undefined
xxxxn055H |CAN message status register 02 M_STAT02 |R X Undefined
xxxxn056H |CAN status set/cancel register 02 SC_STAT02 (W X 0000H

xxxxn060H |CAN message event pointer 030 M_EVT030 |R/W X Undefined
xxxxn061H |CAN message event pointer 031 M_EVT031 |R/W X Undefined
xxxxn062H |CAN message event pointer 032 M_EVT032 |R/W X Undefined
xxxxn063H |CAN message event pointer 033 M_EVT033 |R/W X Undefined
xxxxn064H |CAN message data length register 03 |M_DLCO03 R/W X Undefined
xxxxn065H |CAN message control register 03 M_CTRLO3 [R/W X Undefined
xxxxn066H |CAN message time stamp register 03 |[M_TIMEO3 |R/W X Undefined
xxxxn068H |CAN message data register 030 M_DATA030 [R/W X Undefined
xxxxn069H |CAN message data register 031 M_DATA031 |R/W X Undefined
xxxXn06AH |CAN message data register 032 M_DATA032 [R/W X Undefined
xxxxn06BH |CAN message data register 033 M_DATA033 |R/W X Undefined
xxxxn06CH |CAN message data register 034 M_DATA034 |R/W X Undefined
xxxxn06DH |CAN message data register 035 M_DATA035 |R/W X Undefined
xxxXnNO6EH |CAN message data register 036 M_DATA036 |R/W X Undefined
xxxxn06FH |CAN message data register 037 M_DATA037 |R/W X Undefined
xxxxn070H |CAN message ID register LO3 M_IDLO3 R/W X Undefined
xxxxn072H |CAN message ID register HO3 M_IDHO03 R/W X Undefined
xxxxn074H |CAN message configuration register 03 |M_CONFO03 |R/W X Undefined
xxxxn075H |CAN message status register 03 M_STAT03 |R X Undefined
xxxxn076H |CAN status set/cancel register 03 SC_STAT03 |W X 0000H

xxxxn08OH |CAN message event pointer 040 M_EVT040 |R/W X Undefined
xxxxn081H |CAN message event pointer 041 M_EVT041 |R/W X Undefined
xxxxn082H |CAN message event pointer 042 M_EVT042 |R/W X Undefined
xxxxn083H |CAN message event pointer 043 M_EVT043 |R/W X Undefined
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Table 3-5: List of programmable peripheral I/O registers (Sheet 3 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn084H |CAN message data length register 04 |M_DLCO04 R/W X Undefined
xxxxn085H |CAN message control register 04 M_CTRLO4 |R/W X Undefined
xxxxn086H |CAN message time stamp register 04 |[M_TIMEO4 |R/W X Undefined
xxxxn088H |CAN message data register 040 M_DATA040 |R/W X Undefined
xxxxn089H |CAN message data register 041 M_DATA041 |R/W X Undefined
xxxxn0BAH |CAN message data register 042 M_DATA042 |R/W X Undefined
xxxxn08BH |CAN message data register 043 M_DATA043 |R/W X Undefined
xxxxn0BCH |CAN message data register 044 M_DATA044 |R/W X Undefined
xxxxn08DH |CAN message data register 045 M_DATA045 |R/W X Undefined
xxxXxn0OBEH |CAN message data register 046 M_DATA046 |R/W X Undefined
xxxxn08FH |CAN message data register 047 M_DATA047 |R/W X Undefined
Xxxxn090H |CAN message ID register LO4 M_IDLO4 R/W X Undefined
xxxxn092H |CAN message ID register HO4 M_IDHO04 R/W X Undefined
xxxxn094H |CAN message configuration register 04 |M_CONF04 |R/W X Undefined
xxxxn095H |CAN message status register 04 M_STAT04 |R X Undefined
xxxxn096H |CAN status set/cancel register 04 M_STAT04 |W X 0000H

xxxxXnOAOH |CAN message event pointer 050 M_EVT050 |R/W X Undefined
xxxxnOA1H |[CAN message event pointer 051 M_EVTO051 |R/W X Undefined
xxxxn0OA2H |CAN message event pointer 052 M_EVT052 |R/W X Undefined
xxxXxnOA3H [CAN message event pointer 053 M_EVTO053 |R/W X Undefined
xxxxn0OA4H |CAN message data length register 05 |M_DLCO05 R/W X Undefined
xxxXxnOA5H |CAN message control register 05 M_DTRLO5 |R/W X Undefined
xxxxXnOA6H |CAN message time stamp register 05 |M_TIMEO5 |R/W X Undefined
xxxxnOA8H |CAN message data register 050 M_DATA050 |R/W X Undefined
xxxXnOA9H |CAN message data register 051 M_DATA051 |R/W X Undefined
xxxXxnOAAH |CAN message data register 052 M_DATA052 |R/W X Undefined
xxxxXnOABH |CAN message data register 053 M_DATA053 |R/W X Undefined
xxxXxnOACH |CAN message data register 054 M_DATA054 |R/W X Undefined
xxxXNOADH |CAN message data register 055 M_DATA055 |R/W X Undefined
xxxXnOAEH |CAN message data register 056 M_DATA056 |R/W X Undefined
xxxXnNOAFH |CAN message data register 057 M_DATA057 |R/W X Undefined
xxxxnOBOH |CAN message ID register LO5 M_IDLO5 R/W X Undefined
xxxxn0OB2H |CAN message ID register HO5 M_IDHO5 R/W X Undefined
xxxxn0B4H |CAN message configuration register 05 |M_CONF05 |R/W X Undefined
xxxxnOB5H |CAN message status register 05 M_STAT05 |R X Undefined
xxxxn0OB6H |CAN status set/cancel register 05 SC_STATO05 X 0000H

xxxxnOCOH |CAN message event pointer 060 M_EVT060 |R/W X Undefined
xxxxnOC1H |CAN message event pointer 061 M_EVTO061 |R/W X Undefined
xxxxnOC2H |CAN message event pointer 062 M_EVT062 |R/W X Undefined
xxxxnOC3H |[CAN message event pointer 063 M_EVTO063 |R/W X Undefined
xxxxn0OC4H |CAN message data length register 06 |M_DLCO06 R/W X Undefined
xxxxnOC5H |CAN message control register 06 M_DTRLO6 |R/W X Undefined
xxxxnOC6H |CAN message time stamp register 06 |M_TIMEO6 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 4 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxnOC8H |CAN message data register 060 M_DATA060 |R/W X Undefined
xxxxnOC9H |CAN message data register 061 M_DATA061 |R/W X Undefined
xxxxnOCAH |CAN message data register 062 M_DATA062 |R/W X Undefined
xxxxnOCBH |CAN message data register 063 M_DATA063 |R/W X Undefined
xxxxnOCCH |CAN message data register 064 M_DATA064 |R/W X Undefined
xxxxnOCDH |CAN message data register 065 M_DATA065 |R/W X Undefined
xxxXNnOCEH |CAN message data register 066 M_DATA066 |R/W X Undefined
xxxxnOCFH |CAN message data register 067 M_DATA067 |R/W X Undefined
xxxxnODOH |CAN message ID register LO6 M_IDLO6 R/W X Undefined
xxxxnOD2H |CAN message ID register HO6 M_IDHO06 R/W X Undefined
xxxxnOD4H |CAN message configuration register 06 |M_CONF06 |R/W X Undefined
xxxxnOD5H |CAN message status register 06 M_STAT06 |R X Undefined
xxxxnOD6H |CAN status set/cancel register 06 SC_STAT06 |W X 0000H

xxxXxnOEOH |CAN message event pointer 070 M_EVT070 |R/W X Undefined
xxxXnOE1H |CAN message event pointer 071 M_EVTO071 |R/W X Undefined
xxxxnOE2H |CAN message event pointer 072 M_EVTO072 |R/W X Undefined
xxxXnOE3H |CAN message event pointer 073 M_EVT073 [R/W X Undefined
xxxxnOE4H |CAN message data length register 07 |M_DLCO07 R/W X Undefined
xxxXnOE5H |CAN message control register 07 M_CTRLO7 |[R/W X Undefined
xxxXxnOE6H |CAN message time stamp register 07 |[M_TIMEO7 |R/W X Undefined
xxxXnNOE8H |CAN message data register 070 M_DATA070 |R/W X Undefined
xxxXxnOE9H |CAN message data register 071 M_DATA071 |R/W X Undefined
xxXXNOEAH |CAN message data register 072 M_DATA072 |R/W X Undefined
xxxxnOEBH |CAN message data register 073 M_DATA073 |R/W X Undefined
xxxXXNOECH |CAN message data register 074 M_DATA074 |R/W X Undefined
xxxXxnOEDH |CAN message data register 075 M_DATA075 |R/W X Undefined
xxXXNOEEH |CAN message data register 076 M_DATA076 |R/W X Undefined
xxxXxnOEFH |CAN message data register 077 M_DATA077 |R/W X Undefined
xxxxnOFOH |CAN message ID register LO7 M_IDLO7 R/W X Undefined
xxxxnOF2H |CAN message ID register HO7 M_IDHO7 R/W X Undefined
xxxxnOF4H | CAN message configuration register 07 |M_CONF07 |R/W X Undefined
xxxxnOF5H |CAN message status register 07 M_STATO07 |R X Undefined
xxxxnOF6H |CAN status set/cancel register 07 SC_STATO07 |W X 0000H

xxxxn100H |CAN message event pointer 080 M_EVT080 |R/W X Undefined
xxxxn101H |CAN message event pointer 081 M_EVT081 |R/W X Undefined
xxxxn102H |CAN message event pointer 082 M_EVT082 |R/W X Undefined
xxxxn103H |CAN message event pointer 083 M_EVT083 |R/W X Undefined
xxxxn104H |CAN message data length register 08 |M_DLCO08 R/W X Undefined
xxxxn105H |CAN message control register 08 M_CTRLO8 [R/W X Undefined
xxxxn106H |CAN message time stamp register 08 |[M_TIMEO8 |R/W X Undefined
xxxxn108H |CAN message data register 080 M_DATA080 [R/W X Undefined
xxxxn109H |CAN message data register 081 M_DATA081 |R/W X Undefined
xxxxn10AH |CAN message data register 082 M_DATA082 |R/W X Undefined
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Table 3-5: List of programmable peripheral I/O registers (Sheet 5 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn1l0OBH |CAN message data register 083 M_DATA083 |R/W X Undefined
xxxxn1lOCH |CAN message data register 084 M_DATA084 |R/W X Undefined
xxxxn1lODH |CAN message data register 085 M_DATA085 |R/W X Undefined
xxxXxn1l0EH |CAN message data register 086 M_DATA086 |R/W X Undefined
xxxxn10FH |CAN message data register 087 M_DATA087 |R/W X Undefined
xxxxn11l0H |CAN message ID register LO8 M_IDLO8 R/W X Undefined
xxxxn112H |CAN message ID register HO8 M_IDHO08 R/W X Undefined
xxxxnl1l1l4H |CAN message configuration register 08 [M_CONF08 |R/W X Undefined
xxxxnl11l5H |CAN message status register 08 M_STAT08 |R X Undefined
xxxxnl1ll6H |CAN status set/cancel register 08 SC_STAT08 (W X 0000H

xxxxn120H |CAN message event pointer 090 M_EVT090 |R/W X Undefined
xxxxn1l21H |[CAN message event pointer 091 M_EVT091 |R/W X Undefined
xxxxnl122H |CAN message event pointer 092 M_EVT092 |R/W X Undefined
xxxxn1l23H |[CAN message event pointer 093 M_EVT093 |R/W X Undefined
xxxxnl1l24H |CAN message data length register 09 |M_DLCO09 R/W X Undefined
xxxxn1l25H |CAN message control register 09 M_CTRLO9 |R/W X Undefined
xxxxnl1l26H |CAN message time stamp register 09 |M_TIMEQO9 |R/W X Undefined
xxxxn1l28H |CAN message data register 090 M_DATA090 |R/W X Undefined
xxxxn129H |CAN message data register 091 M_DATA091 |R/W X Undefined
xxxxn12AH |CAN message data register 092 M_DATA092 |R/W X Undefined
xxxxn12BH |CAN message data register 093 M_DATA093 |R/W X Undefined
xxxxn1l2CH |CAN message data register 094 M_DATA094 |R/W X Undefined
xxxxn12DH |CAN message data register 095 M_DATA095 |R/W X Undefined
xxxxn1l2EH |CAN message data register 096 M_DATA096 |R/W X Undefined
xxxxn12FH |CAN message data register 097 M_DATA097 |R/W X Undefined
xxxxn130H |CAN message ID register LO9 M_IDLO9 R/W X Undefined
xxxxn132H |CAN message ID register HO9 M_IDHO09 R/W X Undefined
xxxxn1l34H |CAN message configuration register 09 [M_CONF09 |R/W X Undefined
xxxxn135H |CAN message status register 09 M_STAT09 |R X Undefined
xxxxn1l36H |CAN status set/cancel register 09 SC_STATO09 X 0000H

xxxxn140H |CAN message event pointer 100 M_EVT100 |R/W X Undefined
xxxxn1l41H |CAN message event pointer 101 M_EVT101 |R/W X Undefined
xxxxnl142H |CAN message event pointer 102 M_EVT102 |R/W X Undefined
xxxxn1l43H |CAN message event pointerl103 M_EVT103 |R/W X Undefined
xxxxnl44H |CAN message data length register 10 |M_DLC10 R/W X Undefined
xxxxn1l45H |CAN message control register 10 M_CTRL10 |R/W X Undefined
xxxxnl1l46H |CAN message time stamp register 10 |[M_TIME10 |R/W X Undefined
xxxxn1l48H |CAN message data register 100 M_DATA100 |R/W X Undefined
xxxxnl149H |CAN message data register 101 M_DATA101 |R/W X Undefined
xxxxn1l4AH |CAN message data register 102 M_DATA102 |R/W X Undefined
xxxxnl14BH |CAN message data register 103 M_DATA103 |R/W X Undefined
xxxxn1l4CH |CAN message data register 104 M_DATA104 |R/W X Undefined
xxxxn14DH |CAN message data register 105 M_DATA105 |R/W X Undefined
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xxxxnl1l4EH |CAN message data register 106 M_DATA106 |R/W X Undefined
xxxxnl1l4FH |CAN message data register 107 M_DATA107 |R/W X Undefined
xxxxn150H |CAN message ID register L10 M_IDL10 R/W X Undefined
xxxxn152H |CAN message ID register H10 M_IDH10 R/W X Undefined
xxxxnl154H |CAN message configuration register 10 |M_CONF10 |R/W X Undefined
xxxxn155H |CAN message status register 10 M_STAT10 |R X Undefined
xxxxn156H |CAN status set/cancel register 10 SC_STAT10 (W X 0000H

xxxxn160H |CAN message event pointer 110 M_EVT110 |R/W X Undefined
xxxxnl61H |CAN message event pointerl1l M_EVT111 |R/W X Undefined
xxxxn162H |CAN message event pointer 112 M_EVT112 |R/W X Undefined
xxxxn163H |CAN message event pointer 113 M_EVT113 |R/W X Undefined
xxxxn164H |CAN message data length register 11 |M_DLC11 R/W X Undefined
xxxxnl65H |CAN message control register 11 M_CTRL11 |[R/W X Undefined
xxxxnl166H |CAN message time stamp register 11 [M_TIME11 |R/W X Undefined
xxxxn168H |CAN message data register 110 M_DATA110 [R/W X Undefined
xxxxn169H |CAN message data register 111 M_DATA111 |R/W X Undefined
xxxxn16AH |CAN message data register 112 M_DATA112 |R/W X Undefined
xxxxn16BH |CAN message data register 113 M_DATA113 |R/W X Undefined
xxxxn16CH |CAN message data register 114 M_DATA114 |R/W X Undefined
xxxxn16DH |CAN message data register 115 M_DATA115 |R/W X Undefined
xxxxn16EH |CAN message data register 116 M_DATA116 [R/W X Undefined
xxxxnl1l6FH |CAN message data register 117 M_DATA117 |R/W X Undefined
xxxxnl170H |CAN message ID register L11 M_IDL11 R/W X Undefined
xxxxnl172H |CAN message ID register H11 M_IDH11 R/W X Undefined
xxxxnl74H |CAN message configuration register 11 |M_CONF11 |R/W X Undefined
xxxxnl175H |CAN message status register 11 M_STAT11 |R X Undefined
xxxxnl76H |CAN status set/cancel register 11 SC_STAT11 |W X 0000H

xxxxn180H |CAN message event pointer 120 M_EVT120 |R/W X Undefined
xxxxnl181H |CAN message event pointer 121 M_EVT121 |R/W X Undefined
xxxxn182H |CAN message event pointer 122 M_EVT122 |R/W X Undefined
xxxxn183H |CAN message event pointer 123 M_EVT123 |R/W X Undefined
xxxxn184H |CAN message data length register 12 |M_DLC12 R/W X Undefined
xxxxn185H |CAN message control register 12 M_CTRL12 |R/W X Undefined
xxxxn186H |CAN message time stamp register 12 [M_TIME12 |R/W X Undefined
xxxxn188H |CAN message data register 120 M_DATA120 [R/W X Undefined
xxxxn189H |CAN message data register 121 M_DATA121 |R/W X Undefined
xxxxn18AH |CAN message data register 122 M_DATA122 |R/W X Undefined
xxxxn18BH |CAN message data register 123 M_DATA123 |R/W X Undefined
xxxxn18CH |CAN message data register 124 M_DATA124 |R/W X Undefined
xxxxn18DH |CAN message data register 125 M_DATA125 |R/W X Undefined
xxxxn18EH |CAN message data register 126 M_DATA126 |R/W X Undefined
xxxxn18FH |CAN message data register 127 M_DATA127 |R/W X Undefined
xxxxn190H |CAN message ID register L12 M_IDL12 R/W X Undefined
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Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn192H |[CAN message ID register H12 M_IDH12 R/W X Undefined
xxxxn194H |CAN message configuration register 12 |M_CONF12 (R/W X Undefined
xxxxn195H |CAN message status register 12 M_STAT12 |R X Undefined
xxxxn1l96H |CAN status set/cancel register 12 SC_STAT12 (W X 0000H

xxxxn1AOH |CAN message event pointer 130 M_EVT130 |R/W X Undefined
xxxxn1lA1lH |[CAN message event pointer 131 M_EVT131 |R/W X Undefined
xxxxn1lA2H |CAN message event pointer 132 M_EVT132 |R/W X Undefined
xxxxn1lA3H |[CAN message event pointer 133 M_EVT133 |R/W X Undefined
xxxxn1lA4H |CAN message data length register 13 |M_DLC13 R/W X Undefined
xxxxn1lA5H |CAN message control register 13 M_CTRL13 |R/W X Undefined
xxxxn1lA6H |CAN message time stamp register 13 |M_TIME13 |R/W X Undefined
xxxxn1lA8H |CAN message data register 130 M_DATA130 |R/W X Undefined
xxxxn1A9H |CAN message data register 131 M_DATA131 |R/W X Undefined
xxxXxn1lAAH |CAN message data register 132 M_DATA132 |R/W X Undefined
xxxxn1lABH |CAN message data register 133 M_DATA133 |R/W X Undefined
xxxxn1lACH |CAN message data register 134 M_DATA134 |R/W X Undefined
xxxxn1lADH |CAN message data register 135 M_DATA135 |R/W X Undefined
xxxXxn1lAEH |CAN message data register 136 M_DATA136 |R/W X Undefined
xxxxn1lAFH |CAN message data register 137 M_DATA137 |R/W X Undefined
xxxxn1BOH |CAN message ID register L13 M_IDL13 R/W X Undefined
xxxxn1lB2H |CAN message ID register H13 M_IDH13 R/W X Undefined
xxxxn1lB4H |CAN message configuration register 13 |M_CONF13 |R/W X Undefined
xxxxn1B5H |CAN message status register 13 M_STAT13 |R X Undefined
xxxxn1lB6H |CAN status set/cancel register 13 SC_STAT13 (W X 0000H

xxxxn1COH |CAN message event pointer 140 M_EVT140 |R/W X Undefined
xxxxn1lC1H |[CAN message event pointer 141 M_EVT141 |R/W X Undefined
xxxxn1C2H |CAN message event pointer 142 M_EVT142 |R/W X Undefined
xxxxn1lC3H |[CAN message event pointer 143 M_EVT143 |R/W X Undefined
xxxxn1C4H |CAN message data length register 14 |M_DLC14 |R/W X Undefined
xxxxn1lC5H |CAN message control register 14 M_CTRL14 |R/W X Undefined
xxxxn1C6H |CAN message time stamp register 14 |M_TIME14 |R/W X Undefined
xxxxn1lC8H |CAN message data register 140 M_DATA140 |R/W X Undefined
xxxxn1C9H |CAN message data register 141 M_DATA141 |R/W X Undefined
xxxXxn1CAH |CAN message data register 142 M_DATA142 |R/W X Undefined
xxxxn1CBH |CAN message data register 143 M_DATA143 |R/W X Undefined
xxxxn1lCCH |CAN message data register 144 M_DATA144 |R/W X Undefined
xxxxn1CDH |CAN message data register 145 M_DATA145 |R/W X Undefined
xxxXxn1lCEH |CAN message data register 146 M_DATA146 |R/W X Undefined
xxxxn1CFH |CAN message data register 147 M_DATA147 |R/W X Undefined
xxxxn1lDOH |CAN message ID register L14 M_IDL14 R/W X Undefined
xxxxn1D2H |CAN message ID register H14 M_IDH14 R/W X Undefined
xxxxn1lD4H |CAN message configuration register 14 |M_CONF14 (R/W X Undefined
xxxxn1lD5H |CAN message status register 14 M_STAT14 |R X Undefined
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Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn1lD6H |CAN status set/cancel register 14 SC_STAT14 |W X 0000H

xxxxn1lEOH |CAN message event pointer 150 M_EVT150 |R/W X Undefined
xxxxn1lE1H |CAN message event pointer 151 M_EVT151 |R/W X Undefined
xxxxn1lE2H |CAN message event pointer 152 M_EVT152 |R/W X Undefined
xxxxn1lE3H |CAN message event pointer 153 M_EVT153 [R/W X Undefined
xxxxn1lE4H |CAN message data length register 15 |M_DLC15 R/W X Undefined
XxxxnlE5H |CAN message control register 15 M_CTRL15 |[R/W X Undefined
XxxxnlE6H |CAN message time stamp register 15 [M_TIME15 |R/W X Undefined
xxxxn1lE8H |CAN message data register 150 M_DATA150 [R/W X Undefined
xxxxn1lE9H |CAN message data register 151 M_DATA151 |R/W X Undefined
xxxxn1lEAH |CAN message data register 152 M_DATA152 |R/W X Undefined
xxxxn1lEBH |CAN message data register 153 M_DATA153 |R/W X Undefined
xxxxXn1lECH |CAN message data register 154 M_DATA154 |R/W X Undefined
xxxxn1lEDH |CAN message data register 155 M_DATA155 |R/W X Undefined
xxxXn1lEEH |CAN message data register 156 M_DATA156 |R/W X Undefined
xxxxn1lEFH |CAN message data register 157 M_DATA157 |R/W X Undefined
xxxxn1lFOH |CAN message ID register L15 M_IDL15 R/W X Undefined
xxxxn1lF2H |CAN message ID register H15 M_IDH15 R/W X Undefined
xxxxnlF4H |CAN message configuration register 15|M_CONF15 |R/W X Undefined
xxxxn1lF5H |CAN message status register 15 M_STAT15 |R X Undefined
xxxxn1lF6H |CAN status set/cancel register 15 SC_STAT15 (W X 0000H

xxxxn200H |CAN message event pointer 160 M_EVT160 |R/W X Undefined
xxxxn201H |CAN message event pointer 161 M_EVT161 |R/W X Undefined
xxxxn202H |CAN message event pointer 162 M_EVT162 |R/W X Undefined
xxxxn203H |CAN message event pointer 163 M_EVT163 |R/W X Undefined
xxxxn204H |CAN message data length register 16 |M_DLC16 R/W X Undefined
xxxxn205H |CAN message control register 16 M_CTRL16 [R/W X Undefined
xxxxn206H |CAN message time stamp register 16 |(M_TIME16 |R/W X Undefined
xxxxn208H |CAN message data register 160 M_DATA160 |R/W X Undefined
xxxxn209H |CAN message data register 161 M_DATA161 |R/W X Undefined
xxxxn20AH |CAN message data register 162 M_DATA162 |R/W X Undefined
xxxxn20BH |CAN message data register 163 M_DATA163 |R/W X Undefined
xxxxn20CH |CAN message data register 164 M_DATA164 |R/W X Undefined
xxxxn20DH |CAN message data register 165 M_DATA165 |R/W X Undefined
xxxxn20EH |CAN message data register 166 M_DATA166 |R/W X Undefined
xxxxn20FH |CAN message data register 167 M_DATA167 |R/W X Undefined
xxxxn210H |CAN message ID register L16 M_IDL16 R/W X Undefined
xxxxn212H |CAN message ID register H16 M_IDH16 R/W X Undefined
xxxxn214H | CAN message configuration register 16 |M_CONF16 |R/W X Undefined
xxxxn215H |CAN message status register 16 M_STAT16 |R X Undefined
xxxxn216H |CAN status set/cancel register 16 SC_STAT16 |W X 0000H

xxxxn220H |CAN message event pointer 170 M_EVT170 |R/W X Undefined
xxxxn221H |CAN message event pointer 171 M_EVT171 |R/W X Undefined

90

Preliminary User's Manual U14913EE1VOUMOO




Chapter 3 CPU Function

Table 3-5: List of programmable peripheral I/O registers (Sheet 9 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn222H |CAN message event pointer 172 M_EVT172 |R/W X Undefined
xxxxn223H [CAN message event pointer 173 M_EVT173 |R/W X Undefined
xxxxn224H |CAN message data length register 17 (M_DLC17 R/W X Undefined
xxxxn225H |CAN message control register 17 M_CTRL17 |R/W X Undefined
xxxxn226H |CAN message time stamp register 17 |M_TIME17 |R/W X Undefined
xxxxn228H |CAN message data register 170 M_DATA170 |R/W X Undefined
xxxxn229H |CAN message data register 171 M_DATA171 |R/W X Undefined
xxxxn22AH |CAN message data register 172 M_DATA172 |R/W X Undefined
xxxxn22BH |CAN message data register 173 M_DATA173 |R/W X Undefined
xxxxn22CH |CAN message data register 174 M_DATA174 |R/W X Undefined
xxxxn22DH |CAN message data register 175 M_DATA175 |R/W X Undefined
xxxxn22EH |CAN message data register 176 M_DATA176 |R/W X Undefined
xxxxn22FH |CAN message data register 177 M_DATA177 |RIW X Undefined
xxxxn230H |CAN message ID register L17 M_IDL17 R/W X Undefined
xxxxn232H |CAN message ID register H17 M_IDH17 R/W X Undefined
xxxxn234H |CAN message configuration register 17 |M_CONF17 |R/W X Undefined
xxxxn235H |CAN message status register 17 M_STAT17 |R X Undefined
xxxxn236H |CAN status set/cancel register 17 SC_STAT17 X 0000H

xxxxn240H |CAN message event pointer 180 M_EVT180 |R/W X Undefined
xxxxn241H |CAN message event pointer 181 M_EVT181 |R/W X Undefined
xxxxn242H |CAN message event pointer 182 M_EVT182 |R/W X Undefined
xxxxn243H |CAN message event pointer 183 M_EVT183 |R/W X Undefined
xxxxn244H |CAN message data length register 18 |M_DLC18 R/W X Undefined
xxxxn245H |CAN message control register 18 M_CTRL18 |R/W X Undefined
xxxxn246H |CAN message time stamp register 18 |M_TIME18 |R/W X Undefined
xxxxn248H |CAN message data register 180 M_DATA180 |R/W X Undefined
xxxxn249H |CAN message data register 181 M_DATA181 |R/W X Undefined
xxxxn24AH |CAN message data register 182 M_DATA182 |R/W X Undefined
xxxxn24BH |CAN message data register 183 M_DATA183 |R/W X Undefined
xxxxn24CH |CAN message data register 184 M_DATA184 |R/W X Undefined
xxxxn24DH |CAN message data register 185 M_DATA185 |R/W X Undefined
xxxxn24EH |CAN message data register 186 M_DATA186 |R/W X Undefined
xxxxn24FH |CAN message data register 187 M_DATA187 |R/W X Undefined
xxxxn250H |CAN message ID register L18 M_IDL18 R/W X Undefined
xxxxn252H |CAN message ID register H18 M_IDH18 R/W X Undefined
xxxxn254H |CAN message configuration register 18 |M_CONF18 |R/W X Undefined
xxxxn255H |CAN message status register 18 M_STAT18 |R X Undefined
xxxxn256H |CAN status set/cancel register 18 SC_STAT18 (W X 0000H

xxxxn260H |CAN message event pointer 260 M_EVT260 |R/W X Undefined
xxxxn261H |CAN message event pointer 261 M_EVT261 |R/W X Undefined
xxxxn262H |CAN message event pointer 262 M_EVT262 |R/W X Undefined
xxxxn263H |CAN message event pointer 263 M_EVT263 |R/W X Undefined
xxxxn264H |CAN message data length register 19 |M_DLC19 R/W X Undefined
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xxxxn265H |CAN message control register 19 M_CTRL19 |R/W X Undefined
xxxxn266H |CAN message time stamp register 19 (M_TIME19 |R/W X Undefined
xxxxn268H |CAN message data register 190 M_DATA190 |R/W X Undefined
xxxxn269H |CAN message data register 191 M_DATA191 |R/W X Undefined
xxxxn26AH |CAN message data register 192 M_DATA192 |R/W X Undefined
xxxxn26BH |CAN message data register 193 M_DATA193 |R/W X Undefined
xxxxn26CH |CAN message data register 194 M_DATA194 |R/W X Undefined
xxxxn26DH |CAN message data register 195 M_DATA195 |R/W X Undefined
xxxxn26EH |CAN message data register 196 M_DATA196 |R/W X Undefined
xxxxn26FH |CAN message data register 197 M_DATA197 |R/W X Undefined
xxxxn270H |CAN message ID register L19 M_IDL19 R/W X Undefined
xxxxn272H |CAN message ID register H19 M_IDH19 R/W X Undefined
xxxxn274H | CAN message configuration register 19 |M_CONF19 |R/W X Undefined
xxxxn275H |CAN message status register 19 M_STAT19 |R X Undefined
xxxxn276H |CAN status set/cancel register 19 SC_STAT19 (W X 0000H

xxxxn280H |CAN message event pointer 200 M_EVT200 |R/W X Undefined
xxxxn281H |CAN message event pointer 201 M_EVT201 |R/W X Undefined
xxxxn282H |CAN message event pointer 202 M_EVT202 |R/W X Undefined
xxxxn283H |CAN message event pointer 203 M_EVT203 |R/W X Undefined
xxxxn284H |CAN message data length register 20 |M_DLC20 R/W X Undefined
xxxxn285H |CAN message control register 20 M_CTRL20 |[R/W X Undefined
xxxxn286H |CAN message time stamp register 20 [M_TIME20 |R/W X Undefined
xxxxn288H |CAN message data register 200 M_DATA200 [R/W X Undefined
xxxxn289H |CAN message data register 201 M_DATA201 |R/W X Undefined
xxxxn28AH |CAN message data register 202 M_DATA202 |R/W X Undefined
xxxxn28BH |CAN message data register 203 M_DATA203 |R/W X Undefined
xxxxn28CH |CAN message data register 204 M_DATA204 |R/W X Undefined
xxxxn28DH |CAN message data register 205 M_DATA205 |R/W X Undefined
xxxxn28EH |CAN message data register 206 M_DATA206 |R/W X Undefined
xxxxn28FH |CAN message data register 207 M_DATA207 |R/W X Undefined
xxxxn290H |CAN message ID register L20 M_IDL20 R/W X Undefined
xxxxn292H |CAN message ID register H20 M_IDH20 R/W X Undefined
xxxxn294H |CAN message configuration register 20 |M_CONF20 |R/W X Undefined
xxxxn295H |CAN message status register 20 M_STAT20 |R X Undefined
xxxxn296H |CAN status set/cancel register 20 SC_STAT20 (W X 0000H

xxxxn2A0H |CAN message event pointer 210 M_EVT210 |R/W X Undefined
xxxxn2A1lH |CAN message event pointer 211 M_EVT211 |[R/W X Undefined
xxxxn22AH |CAN message event pointer 212 M_EVT212 |R/W X Undefined
xxxxn2A3H |CAN message event pointer 213 M_EVT213 |R/W X Undefined
xxxxn2A4H |CAN message data length register 21 |M_DLC21 R/W X Undefined
xxxxn2A5H |CAN message control register 21 M_CTRL21 |R/W X Undefined
xxxxn2A6H |CAN message time stamp register 21 |[M_TIME21 |R/W X Undefined
xxxxn2A8H |CAN message data register 210 M_DATA210 [R/W X Undefined
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Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn2A9H |CAN message data register 211 M_DATA211 |R/W X Undefined
xxxxn2AAH |CAN message data register 212 M_DATA212 |R/W X Undefined
xxxxn2ABH |CAN message data register 213 M_DATA213 |R/W X Undefined
xxxxn2ACH |CAN message data register 214 M_DATA214 |R/W X Undefined
xxxxn2ADH |CAN message data register 215 M_DATA215 |R/W X Undefined
xxxxn2AEH |CAN message data register 216 M_DATA216 |R/W X Undefined
xxxxn2AFH |CAN message data register 217 M_DATA217 |R/W X Undefined
xxxxn2BOH |CAN message ID register L21 M_IDL21 R/W X Undefined
xxxxn2B2H |CAN message ID register H21 M_IDH21 R/W X Undefined
xxxxn2B4H |CAN message configuration register 21 |M_CONF21 |R/W X Undefined
xxxxn2B5H |CAN message status register 21 M_STAT21 |R X Undefined
xxxxn2B6H |CAN status set/cancel register 21 SC_STAT21 X 0000H

xxxxn2COH |CAN message event pointer 220 M_EVT220 |R/W X Undefined
xxxxn2C1H |[CAN message event pointer 221 M_EVT221 |R/W X Undefined
xxxxn2C2H |CAN message event pointer 222 M_EVT222 |R/W X Undefined
xxxxn2C3H |[CAN message event pointer 223 M_EVT223 |R/W X Undefined
xxxxn2C4H |CAN message data length register 22 |M_DLC22 R/W X Undefined
xxxxn2C5H |CAN message control register 22 M_CTRL22 |R/W X Undefined
xxxxn2C6H |CAN message time stamp register 22 |M_TIME22 |R/W X Undefined
xxxxn2C8H |CAN message data register 220 M_DATA220 |R/W X Undefined
xxxxn2C9H |CAN message data register 221 M_DATA221 |R/W X Undefined
xxxxn2CAH |CAN message data register 222 M_DATA222 |R/W X Undefined
xxxxn2CBH |CAN message data register 223 M_DATA223 |R/W X Undefined
xxxxn2CCH |CAN message data register 224 M_DATA224 |R/W X Undefined
xxxxn2CDH |CAN message data register 225 M_DATA225 |R/W X Undefined
xxxxn2CEH |CAN message data register 226 M_DATA226 |R/W X Undefined
xxxxn2CFH |CAN message data register 227 M_DATA227 |R/W X Undefined
xxxxn2DOH |CAN message ID register L22 M_IDL22 R/W X Undefined
xxxxn2D2H |CAN message ID register H22 M_IDH22 R/W X Undefined
xxxxn2D4H |CAN message configuration register 22 |M_CONF22 |R/W X Undefined
xxxxn2D5H |CAN message status register 22 M_STAT22 |R X Undefined
xxxxn2D6H |CAN status set/cancel register 22 SC_STAT22 (W X 0000H

xxxxn2EOH |CAN message event pointer 230 M_EVT230 |R/W X Undefined
xxxxn2E1H |CAN message event pointer 231 M_EVT231 |R/W X Undefined
xxxxn2EH  |CAN message event pointer 232 M_EVT232 |R/W X Undefined
xxxxn2E3H |[CAN message event pointer 233 M_EVT233 |R/W X Undefined
xxxxn2E4H |CAN message data length register 23 |M_DLC23 R/W X Undefined
xxxxn2E5H |CAN message control register 23 M_CTRL23 |R/W X Undefined
xxxxn2E6H |CAN message time stamp register 23 |M_TIME23 |R/W X Undefined
xxxxn2E8H |CAN message data register 230 M_DATA230 |R/W X Undefined
xxxxn2E9H |CAN message data register 231 M_DATA231 |R/W X Undefined
xxxxn2EAH |CAN message data register 232 M_DATA232 |R/W X Undefined
xxxxn2EBH |CAN message data register 233 M_DATA233 |R/W X Undefined
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xxxxn2ECH |CAN message data register 234 M_DATA234 |R/W X Undefined
xxxxn2EDH |CAN message data register 235 M_DATA235 |R/W X Undefined
xxxxn2EEH |CAN message data register 236 M_DATA236 |R/W X Undefined
xxxxn2EFH |CAN message data register 237 M_DATA237 |R/W X Undefined
xxxxn2FOH |CAN message ID register L23 M_IDL23 R/W X Undefined
xxxxn2F2H |CAN message ID register H23 M_IDH23 R/W X Undefined
xxxxn2F4H | CAN message configuration register 23 |M_CONF23 |R/W X Undefined
xxxxn2F5H |CAN message status register 23 M_STAT23 |R X Undefined
xxxxn2F6H |CAN status set/cancel register 23 SC_STAT23 |W X 0000H

xxxxn300H |CAN message event pointer 240 M_EVT240 |R/W X Undefined
xxxxn301H |CAN message event pointer 241 M_EVT241 |R/W X Undefined
xxxxn302H |CAN message event pointer 242 M_EVT242 |R/W X Undefined
xxxxn303H |CAN message event pointer 243 M_EVT243 |R/W X Undefined
xxxxn304H |CAN message data length register 24 |M_DLC24 R/W X Undefined
xxxxn305H | CAN message control register 24 M_CTRL24 |R/W X Undefined
xxxxn306H |CAN message time stamp register 24 |M_TIME24 |R/W X Undefined
xxxxn308H |CAN message data register 240 M_DATA240 |R/W X Undefined
xxxxn309H |CAN message data register 241 M_DATA241 |R/W X Undefined
xxxxn30AH |CAN message data register 242 M_DATA242 |R/W X Undefined
xxxxn30BH |CAN message data register 243 M_DATA243 |R/W X Undefined
xxxxn30CH |CAN message data register 244 M_DATA244 |R/W X Undefined
xxxxn30DH |CAN message data register 245 M_DATA245 |R/W X Undefined
xxxxn30EH |CAN message data register 246 M_DATA246 |R/W X Undefined
xxxxn30FH |CAN message data register 247 M_DATA247 |R/W X Undefined
xxxxn310H |CAN message ID register L24 M_IDL24 R/W X Undefined
xxxxn312H |[CAN message ID register H24 M_IDH24 R/W X Undefined
xxxxn314H | CAN message configuration register 24 |M_CONF24 |R/W X Undefined
xxxxn315H |CAN message status register 24 M_STAT24 |R X Undefined
xxxxn316H |CAN status set/cancel register 24 SC_STAT24 |W X 0000H

xxxxn320H |CAN message event pointer 250 M_EVT250 |R/W X Undefined
xxxxn321H |CAN message event pointer 251 M_EVT251 |R/W X Undefined
xxxxn322H |CAN message event pointer 252 M_EVT252 |R/W X Undefined
xxxxn323H |CAN message event pointer 253 M_EVT253 |R/W X Undefined
xxxxn324H |CAN message data length register 25 |M_DLC25 R/W X Undefined
xxxxn325H |CAN message control register 25 M_CTRL25 |R/W X Undefined
xxxxn326H |CAN message time stamp register 25 |[M_TIME25 |R/W X Undefined
xxxxn328H |CAN message data register 250 M_DATA250 [R/W X Undefined
xxxxn329H |CAN message data register 251 M_DATA251 |R/W X Undefined
xxxxn32AH |CAN message data register 252 M_DATA252 |R/W X Undefined
xxxxn32BH |CAN message data register 253 M_DATA253 |R/W X Undefined
xxxxn32CH |CAN message data register 254 M_DATA254 |R/W X Undefined
xxxxn32DH |CAN message data register 255 M_DATA255 |R/W X Undefined
xxxxn32EH |CAN message data register 256 M_DATA256 |R/W X Undefined
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xxxxn32FH |CAN message data register 257 M_DATA257 |R/W X Undefined
xxxxn330H |CAN message ID register L25 M_IDL25 R/W X Undefined
xxxxn332H |[CAN message ID register H25 M_IDH25 R/W X Undefined
xxxxn334H |CAN message configuration register 25 |M_CONF25 |R/W X Undefined
xxxxn335H |CAN message status register 25 M_STAT25 |R X Undefined
xxxxn336H |CAN status set/cancel register 25 SC_STAT25 (W X 0000H

xxxxn340H |CAN message event pointer 260 M_EVT260 |R/W X Undefined
xxxxn341H |[CAN message event pointer 261 M_EVT261 |R/W X Undefined
xxxxn342H |CAN message event pointer 262 M_EVT262 |R/W X Undefined
xxxxn343H |[CAN message event pointer 263 M_EVT263 |R/W X Undefined
xxxxn344H |CAN message data length register 26 |M_DLC26 R/W X Undefined
xxxxn345H |CAN message control register 26 M_CTRL26 |R/W X Undefined
xxxxn346H |CAN message time stamp register 26 |M_TIME26 |R/W X Undefined
xxxxn348H |CAN message data register 260 M_DATA260 |R/W X Undefined
xxxxn349H |CAN message data register 261 M_DATA261 |R/W X Undefined
xxxxn34AH |CAN message data register 262 M_DATA262 |R/W X Undefined
xxxxn34BH |CAN message data register 263 M_DATA263 |R/W X Undefined
xxxxn34CH |CAN message data register 264 M_DATA264 |R/W X Undefined
xxxxn34DH |CAN message data register 265 M_DATA265 |R/W X Undefined
xxxxn34EH |CAN message data register 266 M_DATA266 |R/W X Undefined
xxxxn34FH |CAN message data register 267 M_DATA267 |R/W X Undefined
xxxxn350H |CAN message ID register L26 M_IDL26 R/W X Undefined
xxxxn352H |CAN message ID register H26 M_IDH26 R/W X Undefined
xxxxn354H |CAN message configuration register 26 [M_CONF26 |R/W X Undefined
xxxxn355H |CAN message status register 26 M_STAT26 |R X Undefined
xxxxn356H |CAN status set/cancel register 26 SC_STAT26 (W X 0000H

xxxxn360H |CAN message event pointer 270 M_EVT270 |R/W X Undefined
xxxxn361H |CAN message event pointer 271 M_EVT271 |R/W X Undefined
xxxxn362H |CAN message event pointer 272 M_EVT272 |R/IW X Undefined
xxxxn363H |CAN message event pointer 273 M_EVT273 |R/W X Undefined
xxxxn364H |CAN message data length register 27 |M_DLC27 R/W X Undefined
xxxxn365H |CAN message control register 27 M_CTRL27 |R/W X Undefined
xxxxn366H |CAN message time stamp register 27 |M_TIME27 |R/W X Undefined
xxxxn368H |CAN message data register 270 M_DATA270 |R/W X Undefined
xxxxn369H |CAN message data register 271 M_DATA271 |R/W X Undefined
xxxxn36AH |CAN message data register 272 M_DATA272 |RIW X Undefined
xxxxn36BH |CAN message data register 273 M_DATA273 |R/W X Undefined
xxxxn36CH |CAN message data register 274 M_DATA274 |RIW X Undefined
xxxxn36DH |CAN message data register 275 M_DATA275 |R/W X Undefined
xxxxn36EH |CAN message data register 276 M_DATA276 |R/W X Undefined
xxxxn36FH |CAN message data register 277 M_DATA277 |RIW X Undefined
xxxxn370H |CAN message ID register L27 M_IDL27 R/W X Undefined
xxxxn372H |CAN message ID register H27 M_IDH27 R/W X Undefined
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xxxxn374H |CAN message configuration register 27 [M_CONF27 |R/W X Undefined
xxxxn375H |CAN message status register 27 M_STAT27 |R X Undefined
xxxxn376H |CAN status set/cancel register 27 SC_STAT27 |W X 0000H

xxxxn380H |CAN message event pointer 280 M_EVT280 |R/W X Undefined
xxxxn381H |CAN message event pointer 281 M_EVT281 |R/W X Undefined
xxxxn382H |CAN message event pointer 282 M_EVT282 |R/W X Undefined
xxxxn383H |CAN message event pointer 283 M_EVT283 |R/W X Undefined
xxxxn384H |CAN message data length register 28 |M_DLC28 R/W X Undefined
xxxxn385H |CAN message control register 28 M_CTRL28 |R/W X Undefined
xxxxn386H |CAN message time stamp register 28 |[M_TIME28 |R/W X Undefined
xxxxn388H |CAN message data register 280 M_DATA280 [R/W X Undefined
xxxxn389H |CAN message data register 281 M_DATA281 |R/W X Undefined
xxxxn38AH |CAN message data register 282 M_DATA282 |R/W X Undefined
xxxxn38BH |CAN message data register 283 M_DATA283 |R/W X Undefined
xxxxn38CH |CAN message data register 284 M_DATA284 |R/W X Undefined
xxxxn38DH |CAN message data register 285 M_DATA285 |R/W X Undefined
xxxxn38EH |CAN message data register 286 M_DATA286 |R/W X Undefined
xxxxn38FH |CAN message data register 287 M_DATA287 |R/W X Undefined
xxxxn390H |CAN message ID register L28 M_IDL28 R/W X Undefined
xxxxn392H |CAN message ID register H28 M_IDH28 R/W X Undefined
xxxxn394H | CAN message configuration register 28 |M_CONF28 |R/W X Undefined
xxxxn395H |CAN message status register 28 M_STAT28 |R X Undefined
xxxxn396H |CAN status set/cancel register 28 SC_STAT28 |W X 0000H

xxxxn3A0H |CAN message event pointer 290 M_EVT290 |R/W X Undefined
xxxxn3A1H |CAN message event pointer 291 M_EVT291 [R/W X Undefined
xxxxn3A2H |CAN message event pointer 292 M_EVT292 |R/W X Undefined
xxxxn3A3H |CAN message event pointer 293 M_EVT293 [R/W X Undefined
xxxxn3A4H |CAN message data length register 29 |M_DLC29 R/W X Undefined
xxxxn3A5H |CAN message control register 29 M_CTRL29 |[R/W X Undefined
xxxxn3A6H |CAN message time stamp register 29 |[M_TIME29 |R/W X Undefined
xxxxn3A8H |CAN message data register 290 M_DATA290 [R/W X Undefined
xxxxn3A9H |CAN message data register 291 M_DATA291 |R/W X Undefined
xxxxn3AAH |CAN message data register 292 M_DATA292 |R/W X Undefined
xxxxn3ABH |CAN message data register 293 M_DATA293 |R/W X Undefined
xxxxn3ACH |CAN message data register 294 M_DATA294 |R/W X Undefined
xxxxn3ADH |CAN message data register 295 M_DATA295 |R/W X Undefined
xxxXn3AEH |CAN message data register 296 M_DATA296 |R/W X Undefined
xxxxn3AFH |CAN message data register 297 M_DATA297 |R/W X Undefined
xxxxn3BOH |CAN message ID register L29 M_IDL29 R/W X Undefined
xxxxn3B2H |CAN message ID register H29 M_IDH29 R/W X Undefined
xxxxn3B4H |CAN message configuration register 29 |M_CONF29 |R/W X Undefined
xxxxn3B5H |CAN message status register 29 M_STAT29 |R X Undefined
xxxxn3B6H |CAN status set/cancel register 29 SC_STAT29 (W X 0000H
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xxxxn3COH |[CAN message event pointer 300 M_EVT300 |R/W X Undefined
xxxxn3C1H |[CAN message event pointer 301 M_EVT301 |R/W X Undefined
xxxxn3C2H |CAN message event pointer 302 M_EVT302 |R/W X Undefined
xxxxn3C3H |[CAN message event pointer 303 M_EVT303 |R/W X Undefined
xxxxn3C4H |CAN message data length register 30 |M_DLC30 R/W X Undefined
xxxxn3C5H |CAN message control register 30 M_CTRL30 |R/W X Undefined
xxxxn3C6H |CAN message time stamp register 30 |[M_TIME30 |R/W X Undefined
xxxxn3C8H |CAN message data register 300 M_DATA300 |R/W X Undefined
xxxxn3C9H |CAN message data register 301 M_DATA301 |R/W X Undefined
xxxXxn3CAH |CAN message data register 302 M_DATA302 |R/W X Undefined
xxxxn3CBH |CAN message data register 303 M_DATA303 |R/W X Undefined
xxxxn3CCH |CAN message data register 304 M_DATA304 |R/W X Undefined
xxxxn3CDH |CAN message data register 305 M_DATA305 |R/W X Undefined
xxxXxn3CEH |CAN message data register 306 M_DATA306 |R/W X Undefined
xxxxn3CFH |CAN message data register 307 M_DATA307 |R/W X Undefined
xxxxn3DOH |CAN message ID register L30 M_IDL30 R/W X Undefined
xxxxn3D2H |CAN message ID register H30 M_IDH30 R/W X Undefined
xxxxn3D4H |CAN message configuration register 30 [M_CONF30 |R/W X Undefined
xxxxn3D5H |CAN message status register 30 M_STAT30 |R X Undefined
xxxxn3D6H |CAN status set/cancel register 30 SC_STAT30 (W X 0000H

xxxxn3EOH |CAN message event pointer 310 M_EVT310 |R/W X Undefined
xxxxn3E1H |[CAN message event pointer 311 M_EVT311 |R/W X Undefined
xxxxn3E2H |CAN message event pointer 312 M_EVT312 |R/W X Undefined
xxxXxn3E3H |[CAN message event pointer 313 M_EVT313 |R/W X Undefined
xxxxn3E4H |CAN message data length register 31 |M_DLC31 R/W X Undefined
xxxxn3E5H |CAN message control register 31 M_CTRL31 |R/W X Undefined
xxxxn3E6H |CAN message time stamp register 31 |M_TIME31 |R/W X Undefined
xxxxn3E8H |CAN message data register 310 M_DATA310 |R/W X Undefined
xxxxn3E9H |CAN message data register 311 M_DATA311 |R/W X Undefined
xxxXxn3EAH |CAN message data register 312 M_DATA312 |R/W X Undefined
xxxxn3EBH |CAN message data register 313 M_DATA313 |R/W X Undefined
xxxXxn3ECH |CAN message data register 314 M_DATA314 |R/W X Undefined
xxxxn3EDH |CAN message data register 315 M_DATA315 |R/W X Undefined
xxxXxn3EEH |CAN message data register 316 M_DATA316 |R/W X Undefined
xxxxn3EFH |CAN message data register 317 M_DATA317 |R/W X Undefined
xxxxn3FCH |CAN message ID register L31 M_IDL31 R/W X Undefined
xxxxn3F2H |CAN message ID register H31 M_IDH31 R/W X Undefined
xxxxn3F4H |CAN message configuration register 31 |M_CONF31 |R/W X Undefined
xxxxn3F5H |CAN message status register 31 M_STAT31 |R X Undefined
xxxxn3F6H |CAN status set/cancel register 31 SC_STAT31 (W X 0000H

xxxxn400H |CAN message event pointer 320 M_EVT320 |R/W X Undefined
xxxxn401H |CAN message event pointer 321 M_EVT321 |R/W X Undefined
xxxxn402H |CAN message event pointer 322 M_EVT322 |R/W X Undefined
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xxxxn403H |CAN message event pointer 323 M_EVT323 |R/W X Undefined
xxxxn404H |CAN message data length register 32 |M_DLC32 R/W X Undefined
xxxxn405H |CAN message control register 32 M_CTRL32 |R/W X Undefined
xxxxn406H |CAN message time stamp register 32 [M_TIME32 |R/W X Undefined
xxxxn408H |CAN message data register 320 M_DATA320 [R/W X Undefined
xxxxn409H |CAN message data register 321 M_DATA321 |R/W X Undefined
xxxxn40AH |CAN message data register 322 M_DATA322 |R/W X Undefined
xxxxn40BH |CAN message data register 323 M_DATA323 |R/W X Undefined
xxxxn40CH |CAN message data register 324 M_DATA324 |R/W X Undefined
xxxxn40DH |CAN message data register 325 M_DATA325 |R/W X Undefined
xxxxn40EH |CAN message data register 326 M_DATA326 |R/W X Undefined
xxxxn40FH |CAN message data register 327 M_DATA327 |R/W X Undefined
xxxxn410H |CAN message ID register L32 M_IDL32 R/W X Undefined
xxxxn412H |CAN message ID register H32 M_IDH32 R/W X Undefined
xxxxn414H | CAN message configuration register 32 |M_CONF32 |R/W X Undefined
xxxxn415H |CAN message status register 32 M_STAT32 |R X Undefined
xxxxn416H |CAN status set/cancel register 32 SC_STAT32 |W X 0000H

xxxxn420H |CAN message event pointer 330 M_EVT330 |R/W X Undefined
xxxxn421H |CAN message event pointer 331 M_EVT331 |R/W X Undefined
xxxxn422H |CAN message event pointer 332 M_EVT332 |R/W X Undefined
xxxxn423H | CAN message event pointer 333 M_EVT333 |R/W X Undefined
xxxxn424H |CAN message data length register 33 |M_DLC33 R/W X Undefined
xxxxn425H |CAN message control register 33 M_CTRL33 [R/W X Undefined
xxxxn426H |CAN message time stamp register 33 [M_TIME33 |R/W X Undefined
xxxxn428H |CAN message data register 330 M_DATA330 [R/W X Undefined
xxxxn429H |CAN message data register 331 M_DATA331 |R/W X Undefined
xxxxn42AH |CAN message data register 332 M_DATA332 |R/W X Undefined
xxxxn42BH |CAN message data register 333 M_DATA333 |R/W X Undefined
xxxxn42CH |CAN message data register 334 M_DATA334 |R/W X Undefined
xxxxn42DH |CAN message data register 335 M_DATA335 |R/W X Undefined
xxxxn42EH |CAN message data register 336 M_DATA336 |R/W X Undefined
xxxxn42FH |CAN message data register 337 M_DATA337 |R/W X Undefined
xxxxn430H |CAN message ID register L33 M_IDL33 R/W X Undefined
xxxxn432H |CAN message ID register H33 M_IDH33 R/W X Undefined
xxxxn434H |CAN message configuration register 33 |M_CONF33 |R/W X Undefined
xxxxn435H |CAN message status register 33 M_STAT33 |R X Undefined
xxxxn436H |CAN status set/cancel register 33 SC_STAT33 |W X 0000H

xxxxn440H |CAN message event pointer 340 M_EVT340 |R/W X Undefined
xxxxn441H |CAN message event pointer 341 M_EVT341 |R/W X Undefined
xxxxn442H |CAN message event pointer 342 M_EVT342 |R/W X Undefined
xxxxn443H |CAN message event pointer 343 M_EVT343 |R/W X Undefined
xxxxn444H |CAN message data length register 34 |M_DLC34 R/W X Undefined
xxxxn445H | CAN message control register 34 M_CTRL34 |R/W X Undefined
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xxxxn446H |CAN message time stamp register 34 |M_TIME34 |R/W X Undefined
xxxxn448H |CAN message data register 340 M_DATA340 |R/W X Undefined
Xxxxn449H |CAN message data register 341 M_DATA341 |R/W X Undefined
xxxxn44AH |CAN message data register 342 M_DATA342 |R/W X Undefined
Xxxxn44BH |CAN message data register 343 M_DATA343 |R/W X Undefined
xxxxn44CH |CAN message data register 344 M_DATA344 |R/W X Undefined
xxxxn44DH |CAN message data register 345 M_DATA345 |R/W X Undefined
xxxxn44EH |CAN message data register 346 M_DATA346 |R/W X Undefined
xxxxnd44FH |CAN message data register 347 M_DATA347 |R/W X Undefined
xxxxn450H |CAN message ID register L34 M_IDL34 R/W X Undefined
xxxxn452H |CAN message ID register H34 M_IDH34 R/W X Undefined
xxxxn454H |CAN message configuration register 34 [M_CONF34 |R/W X Undefined
xxxxn455H |CAN message status register 34 M_STAT34 |R X Undefined
xxxxn456H |CAN status set/cancel register 34 SC_STAT34 (W X 0000H

xxxxn460H |CAN message event pointer 350 M_EVT350 |R/W X Undefined
xxxxn461H |CAN message event pointer 351 M_EVT351 |R/W X Undefined
xxxxn462H |CAN message event pointer 352 M_EVT352 |R/W X Undefined
xxxxn463H |CAN message event pointer 353 M_EVT353 |R/W X Undefined
xxxxn464H |CAN message data length register 35 |M_DLC35 R/W X Undefined
xxxxn465H |CAN message control register 35 M_CTRL35 |R/W X Undefined
xxxxn466H |CAN message time stamp register 35 |M_TIME35 |R/W X Undefined
xxxxn468H |CAN message data register 350 M_DATA350 |R/W X Undefined
xxxxn469H |CAN message data register 351 M_DATA351 |R/W X Undefined
xxxxn46AH |CAN message data register 352 M_DATA352 |R/W X Undefined
xxxxn46BH |CAN message data register 353 M_DATA353 |R/W X Undefined
xxxxn46CH |CAN message data register 354 M_DATA354 |R/W X Undefined
xxxxn46DH |CAN message data register 355 M_DATA355 |R/W X Undefined
xxxxn46EH |CAN message data register 356 M_DATA356 |R/W X Undefined
xxxxn46FH |CAN message data register 357 M_DATA357 |R/W X Undefined
xxxxn470H |CAN message ID register L35 M_IDL35 R/W X Undefined
xxxxn472H |CAN message ID register H35 M_IDH35 R/W X Undefined
xxxxn474H |CAN message configuration register 35 |M_CONF35 |R/W X Undefined
xxxxn475H | CAN message status register 35 M_STAT35 |R X Undefined
xxxxnd76H |CAN status set/cancel register 35 SC_STAT35 (W X 0000H

xxxxn480H |CAN message event pointer 360 M_EVT360 |R/W X Undefined
xxxxn481H |CAN message event pointer 361 M_EVT361 |R/W X Undefined
xxxxn482H |CAN message event pointer 362 M_EVT362 |R/W X Undefined
xxxxn483H |CAN message event pointer 363 M_EVT363 |R/W X Undefined
xxxxn484H |CAN message data length register 36 |M_DLC36 R/W X Undefined
xxxxn485H |CAN message control register 36 M_CTRL36 |R/W X Undefined
xxxxn486H |CAN message time stamp register 36 |M_TIME36 |R/W X Undefined
xxxxn488H |CAN message data register 360 M_DATA360 |R/W X Undefined
xxxxn489H |CAN message data register 361 M_DATA361 |R/W X Undefined
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xxxxn48AH |CAN message data register 362 M_DATA362 |R/W X Undefined
xxxxn48BH |CAN message data register 363 M_DATA363 |R/W X Undefined
xxxxn48CH |CAN message data register 364 M_DATA364 |R/W X Undefined
xxxxn48DH |CAN message data register 365 M_DATA365 |R/W X Undefined
xxxxn48EH |CAN message data register 366 M_DATA366 |R/W X Undefined
xxxxn48FH |CAN message data register 367 M_DATA367 |R/W X Undefined
Xxxxn490H |CAN message ID register L36 M_IDL36 R/W X Undefined
xxxxn482H |CAN message ID register H36 M_IDH36 R/W X Undefined
xxxxn494H |CAN message configuration register 36 |M_CONF36 |R/W X Undefined
xxxxn495H |CAN message status register 36 M_STAT36 |R X Undefined
xxxxn496H |CAN status set/cancel register 36 M_STAT36 |W X 0000H

xxxxn4AO0H |CAN message event pointer 370 M_EVT370 |R/W X Undefined
xxxxn4A1H |CAN message event pointer 371 M_EVT371 |R/W X Undefined
xxxxn4A2H |CAN message event pointer 372 M_EVT372 |R/W X Undefined
xxxxn4A3H |CAN message event pointer 373 M_EVT373 |[R/W X Undefined
xxxxn4A4H |CAN message data length register 37 |M_DLC37 R/W X Undefined
xxxxn4A5H |CAN message control register 37 M_DTRL37 |R/W X Undefined
xxxxn4A6H |CAN message time stamp register 37 |[M_TIME37 |R/W X Undefined
xxxxn4A8H |CAN message data register 370 M_DATA370 [R/W X Undefined
xxxxn4A9H |CAN message data register 371 M_DATA371 |R/W X Undefined
xxxxn4AAH |CAN message data register 372 M_DATA372 |R/W X Undefined
xxxxn4ABH |CAN message data register 373 M_DATA373 |R/W X Undefined
xxxxn4ACH |CAN message data register 374 M_DATA374 |R/W X Undefined
xxxxn4ADH |CAN message data register 375 M_DATA375 |R/W X Undefined
xxxXn4AEH |CAN message data register 376 M_DATA376 |R/W X Undefined
xxxxn4AFH |CAN message data register 377 M_DATA377 |R/W X Undefined
xxxxn4BOH |CAN message ID register L37 M_IDL37 R/W X Undefined
xxxxn4B2H |CAN message ID register H37 M_IDH37 R/W X Undefined
xxxxn4B4H |CAN message configuration register 37 |M_CONF37 |R/W X Undefined
xxxxn4B5H |CAN message status register 37 M_STAT37 |R X Undefined
xxxxn4B6H |CAN status set/cancel register 37 SC_STAT37 |W X 0000H

xxxxn4COH |CAN message event pointer 380 M_EVT380 |R/W X Undefined
xxxxn4C1H |CAN message event pointer 381 M_EVT381 |R/W X Undefined
xxxxn4C2H |CAN message event pointer 382 M_EVT382 |R/W X Undefined
xxxxn4C3H |CAN message event pointer 383 M_EVT383 |R/W X Undefined
xxxxn4C4H |CAN message data length register 38 |M_DLC38 R/W X Undefined
xxxxn4C5H |CAN message control register 38 M_DTRL38 [R/W X Undefined
xxxxn4C6H |CAN message time stamp register 38 [M_TIME38 |R/W X Undefined
xxxxn4C8H |CAN message data register 380 M_DATA380 [R/W X Undefined
xxxxn4C9H |CAN message data register 381 M_DATA381 |R/W X Undefined
xxxxn4CAH |CAN message data register 382 M_DATA382 |R/W X Undefined
xxxxn4CBH |CAN message data register 383 M_DATA383 |R/W X Undefined
xxxxn4CCH |CAN message data register 384 M_DATA384 |R/W X Undefined
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xxxxn4CDH |CAN message data register 385 M_DATA385 |R/W X Undefined
xxxxn4CEH |CAN message data register 386 M_DATA386 |R/W X Undefined
xxxxn4CFH |CAN message data register 387 M_DATA387 |R/W X Undefined
xxxxn4DOH |CAN message ID register L38 M_IDL38 R/W X Undefined
xxxxn4D2H |CAN message ID register H38 M_IDH38 R/W X Undefined
xxxxn4D4H |CAN message configuration register 38 [M_CONF38 |R/W X Undefined
xxxxn4D5H |CAN message status register 38 M_STAT38 |R X Undefined
xxxxn4D6H |CAN status set/cancel register 38 SC_STAT38 (W X 0000H

xxxxn4EOH |CAN message event pointer 390 M_EVT390 |R/W X Undefined
xxxxn4E1H |CAN message event pointer 391 M_EVT391 |R/W X Undefined
xxxxn4E2H |CAN message event pointer 392 M_EVT392 |R/W X Undefined
xxxxn4E3H |CAN message event pointer 393 M_EVT393 |R/W X Undefined
xxxxn4E4H |CAN message data length register 39 |M_DLC39 R/W X Undefined
xxxxn4E5H |CAN message control register 39 M_CTRL39 |R/W X Undefined
xxxxn4E6H |CAN message time stamp register 39 |M_TIME39 |R/W X Undefined
xxxxn4E8H |CAN message data register 390 M_DATA390 |R/W X Undefined
xxxxn4E9H |CAN message data register 391 M_DATA391 |R/W X Undefined
xxxXXxn4EAH |CAN message data register 392 M_DATA392 |R/W X Undefined
xxxxn4EBH |CAN message data register 393 M_DATA393 |R/W X Undefined
xxxXXn4ECH |CAN message data register 394 M_DATA394 |R/W X Undefined
xxxxn4EDH |CAN message data register 395 M_DATA395 |R/W X Undefined
xxxXXxn4EEH |CAN message data register 396 M_DATA396 |R/W X Undefined
xxxxXn4EFH |CAN message data register 397 M_DATA397 |R/W X Undefined
xxxxn4FOH |CAN message ID register L39 M_IDL39 R/W X Undefined
xxxxn4F2H |CAN message ID register H39 M_IDH39 R/W X Undefined
xxxxn4F4H |CAN message configuration register 39 [M_CONF39 (R/W X Undefined
xxxxn4F5H |CAN message status register 39 M_STAT39 |R X Undefined
xxxxn4F6H |CAN status set/cancel register 39 SC_STAT39 (W X 0000H

xxxxn500H |CAN message event pointer 400 M_EVT400 |R/W X Undefined
xxxxn501H |CAN message event pointer 401 M_EVT401 |R/W X Undefined
xxxxn502H |CAN message event pointer 402 M_EVT402 |R/W X Undefined
xxxxn503H |CAN message event pointer 403 M_EVT403 |R/W X Undefined
xxxxn504H |CAN message data length register 40 |M_DLC40 R/W X Undefined
xxxxn505H |CAN message control register 40 M_CTRL40 |R/W X Undefined
xxxxn506H |CAN message time stamp register 40 |[M_TIME40 |R/W X Undefined
xxxxn508H |CAN message data register 400 M_DATA400 |R/W X Undefined
xxxxn509H |CAN message data register 401 M_DATA401 |R/W X Undefined
xxxxn50AH |CAN message data register 402 M_DATA402 |R/W X Undefined
xxxxn50BH |CAN message data register 403 M_DATA403 |R/W X Undefined
xxxxn50CH |CAN message data register 404 M_DATA404 |R/W X Undefined
xxxxn50DH |CAN message data register 405 M_DATA405 |R/W X Undefined
xxxxn50EH |CAN message data register 406 M_DATA406 |R/W X Undefined
xxxxn50FH |CAN message data register 407 M_DATA407 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 20 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn510H |CAN message ID register L40 M_IDL40 R/W X Undefined
xxxxn512H |CAN message ID register H40 M_IDH40 R/W X Undefined
xxxxn514H |CAN message configuration register 40 [M_CONF40 |R/W X Undefined
xxxxn515H |CAN message status register 40 M_STAT40 |R X Undefined
xxxxn516H |CAN status set/cancel register 40 SC_STAT40 (W X 0000H

xxxxn520H |CAN message event pointer 410 M_EVT410 |R/W X Undefined
xxxxn521H |CAN message event pointer 411 M_EVT411 |R/W X Undefined
xxxxn522H |CAN message event pointer 412 M_EVT412 |R/W X Undefined
xxxxn523H |CAN message event pointer 413 M_EVT413 |R/W X Undefined
xxxxn524H |CAN message data length register 41 |M_DLC41 R/W X Undefined
xxxxn525H |CAN message control register 41 M_CTRL41 |R/W X Undefined
xxxxn526H |CAN message time stamp register 41 |(M_TIME41 |R/W X Undefined
xxxxn528H |CAN message data register 410 M_DATA410 [R/W X Undefined
xxxxn529H |CAN message data register 411 M_DATA411 |R/W X Undefined
xxxxn52AH |CAN message data register 412 M_DATA412 |R/W X Undefined
xxxxn52BH |CAN message data register 413 M_DATA413 |R/W X Undefined
xxxxn52CH |CAN message data register 414 M_DATA414 |R/W X Undefined
xxxxn52DH |CAN message data register 415 M_DATA415 |R/W X Undefined
xxxxn52EH |CAN message data register 416 M_DATA416 |R/W X Undefined
xxxxn52FH |CAN message data register 417 M_DATA417 |R/W X Undefined
xxxxn530H |CAN message ID register L41 M_IDL41 R/W X Undefined
xxxxn532H |CAN message ID register H41 M_IDH41 R/W X Undefined
xxxxn534H | CAN message configuration register 41 |M_CONF41 |R/W X Undefined
xxxxn535H |CAN message status register 41 M_STAT41 |R X Undefined
xxxxn536H |CAN status set/cancel register 41 SC_STAT41 (W X 0000H

xxxxn540H |CAN message event pointer420 M_EVT420 |R/W X Undefined
xxxxn541H |CAN message event pointer 421 M_EVT421 |R/W X Undefined
xxxxn542H |CAN message event pointer 422 M_EVT422 |R/W X Undefined
xxxxn543H |CAN message event pointer423 M_EVT423 |R/W X Undefined
xxxxn544H |CAN message data length register 42 |M_DLC42 R/W X Undefined
xxxxn545H | CAN message control register 42 M_CTRL42 |R/W X Undefined
xxxxn546H |CAN message time stamp register 42 |M_TIME42 |R/W X Undefined
xxxxn548H |CAN message data register 420 M_DATA420 (R/W X Undefined
xxxxn549H |CAN message data register 421 M_DATA421 |R/W X Undefined
xxxxn54AH |CAN message data register 422 M_DATA422 |R/W X Undefined
xxxxn54BH |CAN message data register 423 M_DATA423 |R/W X Undefined
xxxxn54CH |CAN message data register 424 M_DATA424 |R/W X Undefined
xxxxn54DH |CAN message data register 425 M_DATA425 |R/W X Undefined
xxxxn54EH |CAN message data register 426 M_DATA426 |R/W X Undefined
xxxxn54FH |CAN message data register 427 M_DATA427 |R/W X Undefined
xxxxn550H |CAN message ID register L42 M_IDL42 R/W X Undefined
xxxxn552H |CAN message ID register H42 M_IDH42 R/W X Undefined
xxxxn554H |CAN message configuration register 42 |M_CONF42 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 21 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn555H |CAN message status register 42 M_STAT42 |R X Undefined
xxxxnb56H |CAN status set/cancel register 42 SC_STAT42 |W X 0000H

xxxxn560H |CAN message event pointer 430 M_EVT430 |R/W X Undefined
xxxxn561H |CAN message event pointer431 M_EVT431 |R/W X Undefined
xxxxn562H |CAN message event pointer 432 M_EVT432 |R/IW X Undefined
xxxxn563H |CAN message event pointer 433 M_EVT433 |R/W X Undefined
xxxxn564H |CAN message data length register 43 |M_DLC43 R/W X Undefined
xxxxn565H |CAN message control register 43 M_CTRL43 |R/W X Undefined
xxxxn566H |CAN message time stamp register 43 |M_TIME43 |R/W X Undefined
xxxxn568H |CAN message data register 430 M_DATA430 |R/W X Undefined
xxxxn569H |CAN message data register 431 M_DATA431 |R/W X Undefined
xxxxn56AH |CAN message data register 432 M_DATA432 |R/W X Undefined
xxxxn56BH |CAN message data register 433 M_DATA433 |R/W X Undefined
xxxxn56CH |CAN message data register 434 M_DATA434 |R/W X Undefined
xxxxn56DH |CAN message data register 435 M_DATA435 |R/W X Undefined
xxxxn56EH |CAN message data register 436 M_DATA436 |R/W X Undefined
xxxxn56FH |CAN message data register 437 M_DATA437 |R/W X Undefined
xxxxn570H |CAN message ID register L43 M_IDL43 R/W X Undefined
xxxxn572H |CAN message ID register H43 M_IDH43 R/W X Undefined
xxxxn574H |CAN message configuration register 43 |M_CONF43 |R/W X Undefined
xxxxn575H |CAN message status register 43 M_STAT43 |R X Undefined
xxxxn576H |CAN status set/cancel register 43 SC_STAT43 (W X 0000H

xxxxn580H |CAN message event pointer 440 M_EVT440 |R/W X Undefined
xxxxn581H |CAN message event pointer 441 M_EVT441 |R/W X Undefined
xxxxn582H |CAN message event pointer 442 M_EVT442 |R/IW X Undefined
xxxxn583H |CAN message event pointer 443 M_EVT43 R/W X Undefined
xxxxn584H |CAN message data length register 44 |M_DLC44 R/W X Undefined
xxxxn585H |CAN message control register 44 M_CTRL44 |R/W X Undefined
xxxxn586H |CAN message time stamp register 44 |M_TIME44 |R/W X Undefined
xxxxn588H |CAN message data register 440 M_DATA440 |R/W X Undefined
xxxxn589H |CAN message data register 441 M_DATA441 |R/W X Undefined
xxxxn58AH |CAN message data register 442 M_DATA442 |R/W X Undefined
xxxxn58BH |CAN message data register 443 M_DATA443 |R/W X Undefined
xxxxn58CH |CAN message data register 444 M_DATA444 |R/W X Undefined
xxxxn58DH |CAN message data register 445 M_DATA445 |R/W X Undefined
xxxxn58EH |CAN message data register 446 M_DATA446 |R/W X Undefined
xxxxn58FH |CAN message data register 447 M_DATA447 |RIW X Undefined
xxxxn590H |CAN message ID register L44 M_IDL44 R/W X Undefined
xxxxn592H |CAN message ID register H44 M_IDH44 R/W X Undefined
xxxxn594H |CAN message configuration register 44 |M_CONF44 |R/W X Undefined
xxxxn595H |CAN message status register 44 M_STAT44 |R X Undefined
xxxxn596H |CAN status set/cancel register 44 SC_STAT44 X 0000H

xxxxn5A0H |CAN message event pointer 450 M_EVT450 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 22 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn5A1H |CAN message event pointer 451 M_EVT451 |R/W X Undefined
xxxxn5A2H |CAN message event pointer 452 M_EVT452 |R/W X Undefined
xxxxn5A3H |CAN message event pointer 453 M_EVT453 |R/W X Undefined
xxxxn5A4H |CAN message data length register 45 |M_DLC45 R/W X Undefined
xxxxn5A5H |CAN message control register 45 M_CTRL45 |[R/W X Undefined
xxxxn5A6H |CAN message time stamp register 45 |[M_TIME45 |R/W X Undefined
xxxxn5A8H |CAN message data register 450 M_DATA450 [R/W X Undefined
xxxxn5A9H |CAN message data register 451 M_DATA451 |R/W X Undefined
xxxxn5AAH |CAN message data register 452 M_DATA452 |R/W X Undefined
xxxxn5ABH |CAN message data register 453 M_DATA453 |R/W X Undefined
xxxxXn5ACH |CAN message data register 454 M_DATA454 |R/W X Undefined
xxxxn5ADH |CAN message data register 455 M_DATA455 |R/W X Undefined
xxxXn5AEH |CAN message data register 456 M_DATA456 |R/W X Undefined
xxxxn5AFH |CAN message data register 457 M_DATA457 |R/W X Undefined
xxxxn5BOH |CAN message ID register L45 M_IDL45 R/W X Undefined
xxxxn5B2H |CAN message ID register H45 M_IDH45 R/W X Undefined
xxxxn5B4H |CAN message configuration register 45 |M_CONF45 |R/W X Undefined
xxxxn5B5H |CAN message status register 45 M_STAT45 |R X Undefined
xxxxn5B6H |CAN status set/cancel register 45 SC_STAT45 |W X 0000H

xxxxn5COH |CAN message event pointer 460 M_EVT460 |R/W X Undefined
xxxxn5C1H |CAN message event pointer 461 M_EVT461 |R/W X Undefined
xxxxn5C2H |CAN message event pointer 462 M_EVT462 |R/W X Undefined
xxxxn5C3H |CAN message event pointer 463 M_EVT463 |R/W X Undefined
xxxxn5C4H |CAN message data length register 46 |M_DLC46 R/W X Undefined
xxxxn5C5H |CAN message control register 46 M_CTRL46 |R/W X Undefined
xxxxn5C6H |CAN message time stamp register 46 |(M_TIME46 |R/W X Undefined
xxxxn5C8H |CAN message data register 460 M_DATA460 |R/W X Undefined
xxxxn5C9H |CAN message data register 461 M_DATA461 |R/W X Undefined
xxxxn5CAH |CAN message data register 462 M_DATA462 |R/W X Undefined
xxxxn5CBH |CAN message data register 463 M_DATA463 |R/W X Undefined
xxxxn5CCH |CAN message data register 464 M_DATA464 |R/W X Undefined
xxxxn5CDH |CAN message data register 465 M_DATA465 |R/W X Undefined
xxxxn5CEH |CAN message data register 466 M_DATA466 |R/W X Undefined
xxxxn5CFH |CAN message data register 467 M_DATA467 |R/W X Undefined
xxxxn5DOH |CAN message ID register L46 M_IDL46 R/W X Undefined
xxxxn5D2H |CAN message ID register H46 M_IDH46 R/W X Undefined
xxxxn5D4H |CAN message configuration register 46 |M_CONF46 |R/W X Undefined
xxxxn5D5H | CAN message status register 46 M_STAT46 |R X Undefined
xxxxn5D6H | CAN status set/cancel register 46 SC_STAT46 |W X 0000H

xxxxn5EOH |CAN message event pointer 470 M_EVT470 |R/W X Undefined
xxxxn5E1H |CAN message event pointer 471 M_EVT471 |R/W X Undefined
xxxxn5E2H |CAN message event pointer 472 M_EVT472 |R/W X Undefined
xxxxn5E3H |CAN message event pointer 473 M_EVT473 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 23 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn5E4H |CAN message data length register 47 |M_DLC47 R/W X Undefined
Xxxxn5E5H |CAN message control register 47 M_CTRL47 |R/W X Undefined
Xxxxn5E6H |CAN message time stamp register 47 |M_TIME47 |R/W X Undefined
xxxxn5E8H |CAN message data register 470 M_DATA470 |R/W X Undefined
xxxxn5E9H |CAN message data register 471 M_DATA471 |RIW X Undefined
xxxXxn5EAH |CAN message data register 472 M_DATA472 |R/W X Undefined
xxxxn5EBH |CAN message data register 473 M_DATA473 |R/W X Undefined
xxxXxn5ECH |CAN message data register 474 M_DATA474 |RIW X Undefined
xxxxn5EDH |CAN message data register 475 M_DATA475 |RIW X Undefined
xxxXxn5EEH |CAN message data register 476 M_DATA476 |R/W X Undefined
xxxxn5EFH |CAN message data register 477 M_DATA477 |RIW X Undefined
xxxxn5FOH |CAN message ID register L47 M_IDL47 R/W X Undefined
xxxxn5F2H |CAN message ID register H47 M_IDH47 R/W X Undefined
xxxxn5F4H |CAN message configuration register 47 |M_CONF47 |R/W X Undefined
xxxxn5F5H |CAN message status register 47 M_STAT47 |R X Undefined
xxxxn5F6H |CAN status set/cancel register 47 SC_STAT47 |W X 0000H

xxxxn600H |CAN message event pointer 480 M_EVT480 |R/W X Undefined
xxxxn601H |[CAN message event pointer 481 M_EVT481 |R/W X Undefined
xxxxn602H |CAN message event pointer 482 M_EVT482 |R/W X Undefined
xxxxn603H |CAN message event pointer 483 M_EVT483 |R/W X Undefined
xxxxn604H |CAN message data length register 48 |M_DLC48 R/W X Undefined
xxxxn605H |CAN message control register 48 M_CTRL48 |R/W X Undefined
xxxxn606H |CAN message time stamp register 48 |M_TIME48 |R/W X Undefined
xxxxn608H |CAN message data register 480 M_DATA480 |R/W X Undefined
xxxxn609H |CAN message data register 481 M_DATA481 |R/W X Undefined
xxxxn60AH |CAN message data register 482 M_DATA482 |R/W X Undefined
xxxxn60BH |CAN message data register 483 M_DATA483 |R/W X Undefined
xxxxn60CH |CAN message data register 484 M_DATA484 |R/W X Undefined
xxxxn60DH |CAN message data register 485 M_DATA485 |R/W X Undefined
xxxXxn60EH |CAN message data register 486 M_DATA486 |R/W X Undefined
xxxxn60FH |CAN message data register 487 M_DATA487 |R/W X Undefined
xxxxn610H |CAN message ID register L48 M_IDL48 R/W X Undefined
xxxxn612H |CAN message ID register H48 M_IDH48 R/W X Undefined
xxxxn614H |CAN message configuration register 48 |M_CONF48 |R/W X Undefined
xxxxn615H |CAN message status register 48 M_STAT48 |R X Undefined
xxxxn616H |CAN status set/cancel register 48 SC_STAT48 X 0000H

xxxxn620H |CAN message event pointer 490 M_EVT490 |R/W X Undefined
xxxxn621H |CAN message event pointer 491 M_EVT491 |R/W X Undefined
xxxxn622H |CAN message event pointer 492 M_EVT492 |R/W X Undefined
xxxxn623H |[CAN message event pointer 493 M_EVT493 |R/W X Undefined
xxxxn624H |CAN message data length register 49 |M_DLC49 R/W X Undefined
xxxxn625H |CAN message control register 49 M_CTRL49 |R/W X Undefined
xxxxn626H |CAN message time stamp register 49 |M_TIME49 |R/W X Undefined
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xxxxn628H |CAN message data register 490 M_DATA490 |R/W X Undefined
xxxxn629H |CAN message data register 491 M_DATA491 |R/W X Undefined
xxxxn62AH |CAN message data register 492 M_DATA492 |R/W X Undefined
xxxxn62BH |CAN message data register 493 M_DATA493 |R/W X Undefined
xxxxn62CH |CAN message data register 494 M_DATA494 |R/W X Undefined
xxxxn62DH |CAN message data register 495 M_DATA495 |R/W X Undefined
xxxxn62EH |CAN message data register 496 M_DATA496 |R/W X Undefined
xxxxn62FH |CAN message data register 497 M_DATA497 |R/W X Undefined
xxxxn630H |CAN message ID register L49 M_IDL49 R/W X Undefined
xxxxn632H |CAN message ID register H49 M_IDH49 R/W X Undefined
xxxxn634H |CAN message configuration register 49 |M_CONF49 |R/W X Undefined
xxxxn635H |CAN message status register 49 M_STAT49 |R X Undefined
xxxxn636H |CAN status set/cancel register 49 SC_STAT49 (W X 0000H

xxxxn640H |CAN message event pointer 500 M_EVT500 |R/W X Undefined
xxxxn641H |CAN message event pointer 501 M_EVT501 |R/W X Undefined
xxxxn642H |CAN message event pointer 502 M_EVT502 |R/W X Undefined
xxxxn643H |CAN message event pointer 503 M_EVT503 |R/W X Undefined
xxxxn644H |CAN message data length register 508 |M_DLC50 R/W X Undefined
xxxxn645H |CAN message control register 50 M_CTRL50 [R/W X Undefined
xxxxn646H |CAN message time stamp register 50 [M_TIME50 |R/W X Undefined
xxxxn648H |CAN message data register 500 M_DATA500 [R/W X Undefined
xxxxn649H |CAN message data register 501 M_DATA501 |R/W X Undefined
xxxxn64AH |CAN message data register 502 M_DATA502 |R/W X Undefined
xxxxn64BH |CAN message data register 503 M_DATA503 |R/W X Undefined
xxxxn64CH |CAN message data register 504 M_DATA504 |R/W X Undefined
xxxxn64DH |CAN message data register 505 M_DATA505 |R/W X Undefined
xxxXn64EH |CAN message data register 506 M_DATA506 |R/W X Undefined
xxxxn64FH |CAN message data register 507 M_DATA507 |R/W X Undefined
xxxxn650H |CAN message ID register L50 M_IDL50 R/W X Undefined
xxxxn652H |CAN message ID register H50 M_IDH50 R/W X Undefined
xxxxn654H |CAN message configuration register 50 |M_CONF50 |R/W X Undefined
xxxxn655H |CAN message status register 50 M_STAT50 |R X Undefined
xxxxn656H |CAN status set/cancel register 50 SC_STAT50 (W X 0000H

xxxxn660H |CAN message event pointer 510 M_EVT510 |R/W X Undefined
xxxxn661H |CAN message event pointer 511 M_EVT511 |R/W X Undefined
xxxxn662H |CAN message event pointer 512 M_EVT512 |R/W X Undefined
xxxxn663H |CAN message event pointer 513 M_EVT513 |R/W X Undefined
xxxxn664H |CAN message data length register 51 |M_DLC51 R/W X Undefined
xxxxn665H |CAN message control register 51 M_CTRL51 |[R/W X Undefined
xxxxn666H |CAN message time stamp register 51 |[M_TIME51 |R/W X Undefined
xxxxn668H |CAN message data register 510 M_DATA510 [R/W X Undefined
xxxxn669H |CAN message data register 511 M_DATA511 |R/W X Undefined
xxxXn66AH |CAN message data register 512 M_DATA512 |R/W X Undefined
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xxxxn66BH |CAN message data register 513 M_DATA513 |R/W X Undefined
xxxxn66CH |CAN message data register 514 M_DATA514 |R/W X Undefined
xxxxn66DH |CAN message data register 515 M_DATA515 |R/W X Undefined
xxxXxn66EH |CAN message data register 516 M_DATA516 |R/W X Undefined
xxxxn66FH |CAN message data register 517 M_DATA517 |R/W X Undefined
xxxxn670H |CAN message ID register L51 M_IDL51 R/W X Undefined
xxxxn672H |CAN message ID register H51 M_IDH51 R/W X Undefined
xxxxn674H |CAN message configuration register 51 |M_CONF51 |R/W X Undefined
xxxxn675H |CAN message status register 51 M_STAT50 |R X Undefined
xxxxn676H |CAN status set/cancel register 51 SC_STAT51 (W X 0000H

xxxxn680H |CAN message event pointer 520 M_EVT520 |R/W X Undefined
xxxxn681H |CAN message event pointer 521 M_EVT521 |R/W X Undefined
xxxxn682H |CAN message event pointer 522 M_EVT522 |R/W X Undefined
xxxxn683H |CAN message event pointer 523 M_EVT523 |R/W X Undefined
xxxxn684H |CAN message data length register 52 |M_DLC52 R/W X Undefined
xxxxn685H |CAN message control register 52 M_CTRL52 |R/W X Undefined
xxxxn686H |CAN message time stamp register 52 |M_TIME52 |R/W X Undefined
xxxxn688H |CAN message data register 520 M_DATA520 |R/W X Undefined
xxxxn689H |CAN message data register 521 M_DATA521 |R/W X Undefined
xxxxn68AH |CAN message data register 512 M_DATA522 |R/W X Undefined
xxxxn68BH |CAN message data register 523 M_DATA523 |R/W X Undefined
xxxxn68CH |CAN message data register 524 M_DATA524 |R/W X Undefined
xxxxn68DH |CAN message data register 525 M_DATA525 |R/W X Undefined
xxxXXxn68EH |CAN message data register 526 M_DATA526 |R/W X Undefined
xxxxn68FH |CAN message data register 527 M_DATA527 |R/W X Undefined
xxxxn690H |CAN message ID register L52 M_IDL52 R/W X Undefined
xxxxn692H |CAN message ID register H52 M_IDH52 R/W X Undefined
xxxxn694H |CAN message configuration register 52 |M_CONF52 |R/W X Undefined
xxxxn695H |CAN message status register 52 M_STAT52 |R X Undefined
xxxxn696H |CAN status set/cancel register 52 SC_STAT52 X 0000H

XXxXn6A0H |CAN message event pointer 530 M_EVT530 |R/W X Undefined
xxxxn6A1H |CAN message event pointer 531 M_EVT531 |R/W X Undefined
xxxxn62AH |CAN message event pointer 532 M_EVT532 |R/W X Undefined
xxxXxn6A3H |CAN message event pointer 533 M_EVT533 |R/W X Undefined
xxxxn6A4H |CAN message data length register 53 |M_DLC53 R/W X Undefined
xxxxn6A5H |CAN message control register 53 M_CTRL53 |R/W X Undefined
xxxXn6A6H |CAN message time stamp register 53 |M_TIME53 |R/W X Undefined
xxxxn6A8H |CAN message data register 530 M_DATA530 |R/W X Undefined
xxxXn6A9H |CAN message data register 531 M_DATA531 |R/W X Undefined
xxxXXxn6AAH |CAN message data register 532 M_DATA532 |R/W X Undefined
xxxxXn6ABH |CAN message data register 533 M_DATA533 |R/W X Undefined
xxxXxn6ACH |CAN message data register 534 M_DATA534 |R/W X Undefined
xxxXn6ADH |CAN message data register 535 M_DATA535 |R/W X Undefined
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xxXxXxn6AEH |CAN message data register 536 M_DATA536 |R/W X Undefined
xxxxn6AFH |CAN message data register 537 M_DATA537 |R/W X Undefined
xxxxn6BOH |CAN message ID register L53 M_IDL53 R/W X Undefined
xxxxn6B2H |CAN message ID register H53 M_IDH53 R/W X Undefined
xxxxn6B4H |CAN message configuration register 53 |M_CONF53 |R/W X Undefined
xxxxn6B5H |CAN message status register 53 M_STAT53 |R X Undefined
xxxxn6B6H |CAN status set/cancel register 53 SC_STAT53 |W X 0000H

xxxxn6COH |CAN message event pointer 540 M_EVT540 |R/W X Undefined
xxxxn6C1H |CAN message event pointer 541 M_EVT541 |R/W X Undefined
xxxxn6C2H |CAN message event pointer 542 M_EVT542 |R/W X Undefined
xxxxn6C3H |CAN message event pointer 543 M_EVT543 |R/W X Undefined
xxxxn6C4H |CAN message data length register 54 |M_DLC54 R/W X Undefined
xxxxn6C5H |CAN message control register 54 M_CTRL54 |R/W X Undefined
xxxxn6C6H |CAN message time stamp register 54 |[M_TIME54 |R/W X Undefined
xxxxn6C8H |CAN message data register 540 M_DATA540 |R/W X Undefined
xxxxn6C9H |CAN message data register 541 M_DATA541 |R/W X Undefined
xxxxn6CAH |CAN message data register 542 M_DATA542 |R/W X Undefined
xxxxn6CBH |CAN message data register 543 M_DATA543 |R/W X Undefined
xxxxn6CCH |CAN message data register 544 M_DATA544 |R/W X Undefined
xxxxn6CDH |CAN message data register 545 M_DATA545 |R/W X Undefined
xxxXn6CEH |CAN message data register 546 M_DATA546 |R/W X Undefined
xxxxn6CFH |CAN message data register 547 M_DATA547 |R/W X Undefined
xxxxn6DOH |CAN message ID register L54 M_IDL54 R/W X Undefined
xxxxn6D2H |CAN message ID register H54 M_IDH54 R/W X Undefined
xxxxn6D4H |CAN message configuration register 54 |M_CONF54 |R/W X Undefined
xxxxn6D5H |CAN message status register 54 M_STAT54 |R X Undefined
xxxxn6D6H | CAN status set/cancel register 54 SC_STAT54 |W X 0000H

xxxXxn6EOH |CAN message event pointer 550 M_EVT550 |R/W X Undefined
xxxXn6E1H |CAN message event pointer 551 M_EVT551 |[R/W X Undefined
XXXXN6EH CAN message event pointer 552 M_EVT552 |R/W X Undefined
xxxxXn6E3H |CAN message event pointer 553 M_EVT553 [R/W X Undefined
xxxXxn6E4H |CAN message data length register 55 |M_DLC55 R/W X Undefined
xxxXn6E5H |CAN message control register 55 M_CTRL55 |[R/W X Undefined
xxXXXn6E6H |CAN message time stamp register 55 [M_TIME55 |R/W X Undefined
xxxXn6E8H |CAN message data register 550 M_DATA550 [R/W X Undefined
xxxxn6E9H |CAN message data register 551 M_DATA551 |R/W X Undefined
xxxXXNn6EAH |CAN message data register 552 M_DATA552 |R/W X Undefined
xxxXxn6EBH |CAN message data register 553 M_DATA553 |R/W X Undefined
xxxXXN6ECH |CAN message data register 554 M_DATA554 |R/W X Undefined
xxxXxn6EDH |CAN message data register 555 M_DATA555 |R/W X Undefined
xxXXNn6EEH |CAN message data register 556 M_DATA556 |R/W X Undefined
xxxXxn6EFH |CAN message data register 557 M_DATA557 |R/W X Undefined
xxxxn6FOH |CAN message ID register L55 M_IDL55 R/W X Undefined
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xxxxn6F2H |CAN message ID register H55 M_IDH55 R/W X Undefined
xxxxn6F4H |CAN message configuration register 55 |[M_CONF55 |R/W X Undefined
xxxxn6F5H |CAN message status register 55 M_STAT55 |R X Undefined
xxxxn6F6H |CAN status set/cancel register 55 SC_STAT55 (W X 0000H

xxxxn700H |CAN message event pointer 560 M_EVT560 |R/W X Undefined
xxxxn701H |CAN message event pointer 561 M_EVT561 |R/W X Undefined
xxxxn702H |CAN message event pointer 562 M_EVT562 |R/W X Undefined
xxxxn703H |CAN message event pointer 563 M_EVT563 |R/W X Undefined
xxxxn704H |CAN message data length register 56 |M_DLC56 R/W X Undefined
xxxxn705H |CAN message control register 56 M_CTRL56 |R/W X Undefined
xxxxn706H |CAN message time stamp register 56 |M_TIME56 |R/W X Undefined
xxxxn708H |CAN message data register 560 M_DATA560 |R/W X Undefined
xxxxn709H |CAN message data register 561 M_DATA561 |R/W X Undefined
xxxxn70AH |CAN message data register 562 M_DATA562 |R/W X Undefined
xxxxn70BH |CAN message data register 563 M_DATA563 |R/W X Undefined
xxxxn70CH |CAN message data register 564 M_DATA564 |R/W X Undefined
xxxxn70DH |CAN message data register 565 M_DATA565 |R/W X Undefined
xxxxn70EH |CAN message data register 566 M_DATA566 |R/W X Undefined
xxxxn70FH |CAN message data register 567 M_DATA567 |R/W X Undefined
xxxxn710H |CAN message ID register L56 M_IDL56 R/W X Undefined
xxxxn712H |CAN message ID register H56 M_IDH56 R/W X Undefined
xxxxn714H |CAN message configuration register 56 [M_CONF56 |R/W X Undefined
xxxxn715H |CAN message status register 56 M_STAT56 |R X Undefined
xxxxn716H |CAN status set/cancel register 56 SC_STAT56 (W X 0000H

xxxxn720H |CAN message event pointer 570 M_EVT570 |R/W X Undefined
xxxxn721H |CAN message event pointer 571 M_EVT571 |R/W X Undefined
xxxxn722H |CAN message event pointer 572 M_EVT572 |R/IW X Undefined
xxxxn723H |CAN message event pointer 573 M_EVT573 |R/W X Undefined
xxxxn724H |CAN message data length register 57 |M_DLC57 R/W X Undefined
xxxxn725H |CAN message control register 57 M_CTRL57 |R/W X Undefined
xxxxn726H |CAN message time stamp register 57 |M_TIME57 |R/W X Undefined
xxxxn728H |CAN message data register 570 M_DATA570 |R/W X Undefined
xxxxn729H |CAN message data register 571 M_DATA571 |R/W X Undefined
xxxxn72AH |CAN message data register 572 M_DATA572 |R/W X Undefined
xxxxn72BH |CAN message data register 573 M_DATA573 |R/W X Undefined
xxxxn72CH |CAN message data register 574 M_DATA574 |R/W X Undefined
xxxxn72DH |CAN message data register 575 M_DATA575 |R/W X Undefined
xxxxn72EH |CAN message data register 576 M_DATA576 |R/W X Undefined
xxxxn72FH |CAN message data register 577 M_DATA577 |RIW X Undefined
xxxxn730H |CAN message ID register L57 M_IDL57 R/W X Undefined
xxxxn732H |CAN message ID register H57 M_IDH57 R/W X Undefined
xxxxn734H |CAN message configuration register 57 |M_CONF57 |R/W X Undefined
xxxxn735H |CAN message status register 57 M_STAT57 |R X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 28 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn736H |CAN status set/cancel register 57 SC_STAT57 |W X 0000H

xxxxn740H |CAN message event pointer 580 M_EVT580 |R/W X Undefined
xxxxn741H |CAN message event pointer581 M_EVT581 |R/W X Undefined
xxxxn742H |CAN message event pointer 582 M_EVT582 |R/W X Undefined
xxxxn743H |CAN message event pointer 583 M_EVT583 |R/W X Undefined
xxxxn744H |CAN message data length register 58 |M_DLC58 R/W X Undefined
xxxxn745H | CAN message control register 58 M_CTRL58 |[R/W X Undefined
xxxxn746H |CAN message time stamp register 58 |[M_TIME58 |R/W X Undefined
xxxxn748H |CAN message data register 580 M_DATA580 [R/W X Undefined
xxxxn749H |CAN message data register 581 M_DATA581 |R/W X Undefined
xxxxn74AH |CAN message data register 582 M_DATA582 |R/W X Undefined
xxxxn74BH |CAN message data register 583 M_DATA583 |R/W X Undefined
xxxxn74CH |CAN message data register 584 M_DATA584 |R/W X Undefined
xxxxn74DH |CAN message data register 585 M_DATA585 |R/W X Undefined
xxxxn74EH |CAN message data register 586 M_DATA586 |R/W X Undefined
xxxxn74FH |CAN message data register 587 M_DATA587 |R/W X Undefined
xxxxn750H |CAN message ID register L58 M_IDL58 R/W X Undefined
xxxxn752H |CAN message ID register H58 M_IDH58 R/W X Undefined
xxxxn754H | CAN message configuration register 58 |M_CONF58 |R/W X Undefined
xxxxn755H |CAN message status register 58 M_STAT58 |R X Undefined
xxxxn756H |CAN status set/cancel register 58 SC_STAT58 |W X 0000H

xxxxn760H |CAN message event pointer 590 M_EVT590 |R/W X Undefined
xxxxn761H |CAN message event pointer 591 M_EVT591 |R/W X Undefined
xxxxn762H |CAN message event pointer 592 M_EVT592 |R/W X Undefined
xxxxn763H |CAN message event pointer 593 M_EVT593 |R/W X Undefined
xxxxn764H |CAN message data length register 59 |M_DLC59 R/W X Undefined
xxxxn765H |CAN message control register 59 M_CTRL59 [R/W X Undefined
xxxxn766H |CAN message time stamp register 59 [M_TIME59 |R/W X Undefined
xxxxn768H |CAN message data register 590 M_DATA590 [R/W X Undefined
xxxxn769H |CAN message data register 591 M_DATA591 |R/W X Undefined
xxxxn76AH |CAN message data register 592 M_DATA592 |R/W X Undefined
xxxxn76BH |CAN message data register 593 M_DATA593 |R/W X Undefined
xxxxn76CH |CAN message data register 594 M_DATA594 |R/W X Undefined
xxxxn76DH |CAN message data register 595 M_DATA595 |R/W X Undefined
xxxxn76EH |CAN message data register 596 M_DATA596 |R/W X Undefined
xxxxn76FH |CAN message data register 597 M_DATA597 |R/W X Undefined
xxxxn770H |CAN message ID register L59 M_IDL59 R/W X Undefined
xxxxn772H |CAN message ID register H59 M_IDH59 R/W X Undefined
xxxxn774H | CAN message configuration register 59 |M_CONF59 |R/W X Undefined
xxxxn775H |CAN message status register 59 M_STAT59 |R X Undefined
xxxxn776H |CAN status set/cancel register 59 SC_STAT59 (W X 0000H

xxxxn780H |CAN message event pointer 600 M_EVT600 |R/W X Undefined
xxxxn781H |CAN message event pointer 601 M_EVT601 |R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 29 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn782H |CAN message event pointer 602 M_EVT602 |R/W X Undefined
xxxxn783H |CAN message event pointer 603 M_EVT603 |R/W X Undefined
xxxxn784H |CAN message data length register 60 (M_DLC60 R/W X Undefined
xxxxn785H |CAN message control register 60 M_CTRL60 |R/W X Undefined
xxxxn786H |CAN message time stamp register 60 |[M_TIME60 |R/W X Undefined
xxxxn788H |CAN message data register 600 M_DATA600 |R/W X Undefined
xxxxn789H |CAN message data register 601 M_DATA601 |R/W X Undefined
xxxxn78AH |CAN message data register 602 M_DATA602 |R/W X Undefined
xxxxn78BH |CAN message data register 603 M_DATA603 |R/W X Undefined
xxxxn78CH |CAN message data register 604 M_DATA604 |R/W X Undefined
xxxxn78DH |CAN message data register 605 M_DATA605 |R/W X Undefined
xxxxn78EH |CAN message data register 606 M_DATA606 |R/W X Undefined
xxxxn78FH |CAN message data register 607 M_DATA607 |R/W X Undefined
xxxxn790H |CAN message ID register L60 M_IDL60 R/W X Undefined
xxxxn792H |CAN message ID register H60 M_IDH60 R/W X Undefined
xxxxn794H |CAN message configuration register 60 [M_CONF60 |R/W X Undefined
xxxxn795H |CAN message status register 60 M_STAT60 |R X Undefined
xxxxn796H |CAN status set/cancel register 60 SC_STAT60 X 0000H

xxxxn7A0H |CAN message event pointer 610 M_EVT610 |R/W X Undefined
xxxxn7A1H |CAN message event pointer 611 M_EVT611 |R/W X Undefined
xxxxn7A2H |CAN message event pointer 612 M_EVT612 |R/W X Undefined
xxxxn7A3H |CAN message event pointer 613 M_EVT613 |R/W X Undefined
xxxxn7A4H |CAN message data length register 61 |M_DLC61 R/W X Undefined
xxxxn7A5H |CAN message control register 61 M_CTRL61 |R/W X Undefined
xxxxn7A6H |CAN message time stamp register 61 |M_TIME61 |R/W X Undefined
xxxxn7A8H |CAN message data register 610 M_DATA610 |R/W X Undefined
xxxxn7A9H |CAN message data register 611 M_DATA611 |R/W X Undefined
xxxxn7AAH |CAN message data register 612 M_DATA612 |R/W X Undefined
xxxxn7ABH |CAN message data register 613 M_DATA613 |R/W X Undefined
xxxxn7ACH |CAN message data register 614 M_DATA614 |R/W X Undefined
xxxxn7ADH |CAN message data register 615 M_DATA615 |R/W X Undefined
xxxxn7AEH |CAN message data register 616 M_DATA616 |R/W X Undefined
xxxxn7AFH |CAN message data register 617 M_DATA617 |R/W X Undefined
xxxxn7BOH |CAN message ID register L61 M_IDL61 R/W X Undefined
xxxxn7B2H |CAN message ID register H61 M_IDH61 R/W X Undefined
xxxxn7B4H |CAN message configuration register 61 |M_CONF61 |R/W X Undefined
xxxxn7B5H |CAN message status register 61 M_STAT61 |R X Undefined
xxxxn7B6H |CAN status set/cancel register 61 SC_STAT61 (W X 0000H

xxxxn7COH |CAN message event pointer 620 M_EVT620 |R/W X Undefined
xxxxn7C1H |[CAN message event pointer 621 M_EVT621 |R/W X Undefined
xxxxn7C2H |CAN message event pointer 622 M_EVT622 |R/W X Undefined
xxxxn7C3H |CAN message event pointer 623 M_EVT623 |R/W X Undefined
xxxxn7C4H |CAN message data length register 62 |M_DLC62 R/W X Undefined
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 30 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits

xxxxn7C5H |CAN message control register 62 M_CTRL62 |R/W X Undefined
xxxxn7C6H |CAN message time stamp register 62 |M_TIME62 |R/W X Undefined
xxxxn7C8H |CAN message data register 620 M_DATA620 |R/W X Undefined
xxxxn7C9H |CAN message data register 621 M_DATA621 |R/W X Undefined
xxxxn7CAH |CAN message data register 622 M_DATA622 |R/W X Undefined
xxxxn7CBH |CAN message data register 623 M_DATA623 |R/W X Undefined
xxxxn7CCH |CAN message data register 624 M_DATA624 |R/W X Undefined
xxxxn7CDH |CAN message data register 625 M_DATA625 |R/W X Undefined
xxxxn7CEH |CAN message data register 626 M_DATA626 |R/W X Undefined
xxxxn7CFH |CAN message data register 627 M_DATA627 |R/W X Undefined
xxxxn7DOH |CAN message ID register L62 M_IDL62 R/W X Undefined
xxxxn7D2H |CAN message ID register H62 M_IDH62 R/W X Undefined
xxxxn7D4H |CAN message configuration register 62 |M_CONF62 |R/W X Undefined
xxxxn7D5H |CAN message status register 62 M_STAT62 |R X Undefined
xxxxn7D6H |CAN status set/cancel register 62 SC_STAT62 |W X 0000H
xxxxn7EOH |CAN message event pointer 630 M_EVT630 |R/W X Undefined
xxxxn7E1H |CAN message event pointer 631 M_EVT631 |R/W X Undefined
xxxxn7E2H |CAN message event pointer 632 M_EVT632 |R/W X Undefined
xxxxn7E3H |CAN message event pointer 633 M_EVT633 [R/W X Undefined
xxxxn7E4H |CAN message data length register 631 |M_DLC63 R/W X Undefined
xxxxn7E5H |CAN message control register 63 M_CTRL63 [R/W X Undefined
xxxxn7E6H |CAN message time stamp register 63 |[M_TIME63 |R/W X Undefined
xxxxn7E8H |CAN message data register 630 M_DATA630 [R/W X Undefined
xxxxn7E9H |CAN message data register 631 M_DATA631 |R/W X Undefined
xxxxn7EAH |CAN message data register 632 M_DATA632 |R/W X Undefined
xxxxn7EBH |CAN message data register 633 M_DATA633 |R/W X Undefined
xxxxn7ECH |CAN message data register 634 M_DATA634 |R/W X Undefined
xxxxn7EDH |CAN message data register 635 M_DATA635 |R/W X Undefined
xxxxn7EEH |CAN message data register 636 M_DATA636 |R/W X Undefined
xxxxn7EFH |CAN message data register 637 M_DATA637 |R/W X Undefined
xxxxn7FCH |CAN message ID register L63 M_IDL63 R/W X Undefined
xxxxn7F2H |CAN message ID register H63 M_IDH63 R/W X Undefined
xxxxn7F4H | CAN message configuration register 63 |M_CONF63 |R/W X Undefined
xxxxn7F5H |CAN message status register 63 M_STAT63 |R X Undefined
xxxxn7F6H |CAN status set/cancel register 63 SC_STAT63 |W X 0000H
xxxxn800H |CAN interrupt pending register CCINTP R X X 0000H
xxxxn802H |CAN global interrupt pending register |CGINTP R/W X X O00H
xxxxn804H |CANL1 local interrupt pending register [C1INTP R/W X X O00OH
xxxxn806H |CANZ2 local interrupt pending register |C2INTP R/W X X 00H
xxxxn808H |CANB3 local interrupt pending register [C3INTP R/W X X O00H
xxxxn80CH |CAN stop register CSTOP R/W X X 0000OH
Xxxxn810H Note CGST R/W X X X 0100H

CAN global status register
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 31 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1bit | 8bits | 16 bits

xxxxn812H |CAN global interrupt enable register CGIE R/W X X X OAOOH

Note
xxxxn814H |CAN main clock select register CGCs R/W X X X 7FO5H
xxxxn816H |CAN timer event enable register CGTEN R/W X X X 0000H
xxxxn818H |CAN time stop count register CGTSC R X X X 0000H
xxxxn81AH |CAN message find start register CGMSS w X  |0O000H
xxxxn81AH |CAN message find result register CGMSR R X 0000H
xxxxn81CH |CAN test bus register CTBR R/W X X  |0O000H
xxxxn840H |CAN1 address mask register LO C1MASKLO |(R/W X X Undefined
xxxxn842H |CAN1 address mask register HO C1MASKHO |R/W X X Undefined
xxxxn844H |CAN1 address mask register L1 C1MASKL1 |(R/W X X Undefined
xxxxn846H |CAN1 address mask register H1 C1MASKH1 |R/W X X Undefined
xxxxn848H |CAN1 address mask register L2 C1MASKL2 |(R/W X X Undefined
xxxxn84AH |CAN1 address mask register H2 C1MASKH2 |R/W X X Undefined
xxxxn84CH |CAN1 address mask register L3 C1MASKL3 |R/W X X Undefined
xxxXn84EH |CAN1 address mask register H3 C1MASKH3 |R/W X X Undefined
xxxxn850H |CANL1 control register C1CTRL R/W X X 0101H
xxxxn852H | CAN1 definition register N°te C1DEF RIW X X |0000H
xxxxn854H |CANL1 information register C1LAST R X X OOFFH
xxxxn856H |CANL1 error counter register ClERC R X X 0000H
XXxxn858H | CAN1 interrupt enable register Not® CliE RIW X X |0000H
xxxxn85AH |CANL1 bus active register C1BA R X X OOFFH
xxxxn85CH |CANL1 bit rate prescaler register C1BRP R/W X X 0000H
xxxxn85DH |CANL1 bus diagnostic information regis- | C1DINF R X X 0000H

ter
xxxxn85EH |CAN1 synchronization control register |C1SYNC R/W X X 0218H
xxxxn880H |CAN2 address mask register LO C2MASKLO |R/W X X Undefined
xxxxn882H |CAN2 address mask register HO C2MASKHO |R/W X X Undefined
xxxxn884H |CAN2 address mask register L1 C2MASKL1 |R/W X X Undefined
xxxxn886H |CAN2 address mask register H1 C2MASKH1 (R/W X X Undefined
xxxxn888H |CAN2 address mask register L2 C2MASKL2 |R/W X X Undefined
xxxxn88AH |CAN2 address mask register H2 C2MASKH2 |R/W X X Undefined
xxxxn88CH |CAN2 address mask register L3 C2MASKL3 |R/W X X Undefined
xxxXxn88EH |CAN2 address mask register H3 C2MASKH3 |R/W X X Undefined
xxxxn890H |CANZ2 control register C2CTRL R/W X X 0101H
xxxxn892H | CAN2 definition register N°te C2DEF R/W X X |0000H
xxxxn894H |CAN2 information register C2LAST R X X OOFFH
xxxxn896H |CANZ2 error counter register C2ERC R X X 0000H
xxxxn898H | CAN2 interrupt enable register ¢ |C2IE RIW X x  |0000H
xxxxn89AH |CANZ2 bus active register C2BA R X X OOFFH
xxxxn89CH |CANZ2 bit rate prescaler register C2BRP R/W X X 0000H
xxxxn89DH |CANZ2 bus diagnostic information regis- [ C2DINF R X X 0000H

ter
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Table 3-5: List of programmable peripheral 1/O registers (Sheet 32 of 32)

Address Function Register Name Symbol R/W | Bit Units for Manipulation |Initial Value
1 bit | 8 bits | 16 bits
xxxxn89EH |CAN2 synchronization control register |[C2SYNC R/W X X 0218H
xxxxn8COH |CANL1 address mask register LO C3MASKLO |[R/W X X Undefined
xxxxn8C2H |[CAN1 address mask register HO C3MASKHO |[R/W X X Undefined
xxxxn8C4H |CANL1 address mask register L1 C3MASKL1 |[R/W X X Undefined
xxxxn8C6H |CAN3 address mask register H1 C3MASKH1 |R/W X X Undefined
xxxxn8C8H |CAN3 address mask register L2 C3MASKL2 |R/W X X Undefined
xxxXn8CAH |CAN3 address mask register H2 C3MASKH2 |R/W X X Undefined
xxxxn8CCH |CAN3 address mask register L3 C3MASKL3 [R/W X X Undefined
xxxXn8CEH |CAN3 address mask register H3 C3MASKH3 |R/W X X Undefined
xxxxn8DOH |CAN3 control register C3CTRL R/W X X 0101H
xxxxn8D2H |cAN3 definition register Note C3DEF R/W X X 0000H
xxxxn8D4H |CAN3 information register C3LAST R X X OOFFH
xxxxn8D6H |CAN3 error counter register C3ERC R X X 0000H
xxxxn8D8H | CAN3 interrupt enable register Not€ C3IE R/W X x |0000H
xxxxn8DAH |CAN3 bus active register C3BA R X X OOFFH
xxxxn8DCH |CANR3 bit rate prescaler register C3BRP R/W X X 0000H
xxxxn8DDH |CAN3 bus diagnostic information regis- | C3DINF R X X 0000H
ter
xxxxXn8DEH |CAN3 synchronization control register |C3SYNC R/W X X 0218H
xxxXXxnA10H |ELISA timer event pointer register 0 TEPO R/W X O00H
xxxxnA11lH |ELISA timer event pointer register 1 TEP1 R/W X OOH
xxxxnA13H |ELISA timer event pointer register 3 TEP3 R/W X O00H
xxxxnAl14H |ELISA script event pointer register SEPCC R/W X X 0000H
xxxxnA1l6H |ELISA event processing status EEPS R X X 0000H
xxxxnA18H |ELISA status register ELSR R/W X X 0000H
xxXXXnA1lAH |ELISA last processed command ELC R X X 0000H
xxxXnA1BH |ELISA temporary buffer low ETBL R/W X X 0000H
xXXXnA1CH |ELISA temporary buffer high ETBH R/W X X 0000H
Note: This register can be accessed in 16-bit or 8-bit units during read and in 16-bit units during write.

Remark: n =xx00b
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3.5 Specific Registers

Specific registers are registers that are protected from being written with illegal data due to erroneous
program execution, etc. The write access of these specific registers is executed in a specific sequence,
and if abnormal store operations occur, it is notified by the peripheral status register (PHS). The V850E/
CAL1 has three specific registers, clock control register (CKC), the power save control register (PSC)
and the power save mode register (PSM). For details of the CKC register, refer to chapter 8.4.1 “Clock
Control Register (CKC)” on page 227, for details of the PSC register, refer to chapter 8.6.1 “Power
Save Control Register (PSC)” on page 240 and for details of the PSM register refer to chapter 8.6.2
“Power Save Mode Register (PSM)” on page 242.
The access sequence to the specified registers is shown below.
The following sequence shows the data setting of the specific registers.

« Store instruction (ST/SST instruction)

« Bit operation instruction (SET1/CLR1/NOT1 instruction)

Examples 1. <1> MOV 0x04,r10
<2> STB r10,PRCMDIr0]
<3> ST.B r10,PSC[r0]
<4> NOP dummy instruction (5 times NOP required)

No special sequence is required when reading the specific registers.

Remarks: 1. A store instruction to a command register will not be received with an interrupt.
This presupposes that this is done with the continuous store instructions in <1> and <2>
above in the program. If another instruction is placed between <1> and <2>, when an
interrupt is received by that instruction, the above sequence may not be established, and
cause a malfunction, so caution is necessary.

2. The data written in the PRCMD register is dummy data, but use the same general pur-
pose register for writing to the PRCMD register (<2> in the example above) as was used
in setting data in the specified register (<3> in the example above). Addressing is the
same in the case where a general purpose register is used.

3. In a store instruction to the PSC register for setting it in the software STOP mode or IDLE
mode, it is necessary to insert 1 or more NOP instructions just after. When clearing each
power save mode by interrupt, or when resetting after executing interrupt processing,
start executing from the next instruction without executing 1 instruction just after the store
instruction.
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3.5.1 Command Register (PRCMD)

This command register (PRCMD) is to protect the registers that may have a significant influence on the
application system (PSC, PSM) from an inadvertent write access, so that the system does not stop in
case of a program hang-up.

This register can only be written in 8-bit units (undefined data is used when this register is read).

Only the first write access to a specific on-chip register (hereafter referred to as a “specific register”)
after data has been written to the PRCMD register is valid.

In this way, the value of the specific register can be rewritten only in a specified sequence, and an illegal
write access is inhibited.

7 6 5 4 3 2 1 0 Address R/W At Reset
PRCMDl REG7 \ REG6 \ REG5 \ REG4 \ REG3 \ REG2 \ REG1 \ REGO | FFFFFIFCH R/MW  xxH

REG7-0: registration code (any 8-bit data)

Remark: The registers must be written with store instruction execution by CPU. DMA transfer is pro-
hibited.

3.5.2 Peripheral Command Register (PHCMD)

This command register (PHCMD) is to protect the registers that may have a significant influence on the
application system (CKC) from an inadvertent write access, so that the system does not stop in case of
a program hang-up.

This register can be only written in 8-bit units (undefined data is used when this register is read).

Only the first write access to a specific on-chip register (hereafter referred to as a “specific register”)
after data has been written to the PHCMD register is valid.

In this way, the value of the specific register can be rewritten only in a specified sequence, and an illegal
write access is inhibited.

7 6 5 4 3 2 1 0 Address R/W At Reset
PHCMDl REG7 | REG6 | REG5 \ REG4 \ REG3 | REG2 | REG1 \ REGO | FFFFF800H R/MW  xxH

REG?7-0: registration code (any 8-bit data)

Remark: The registers must be written with store instruction execution by CPU. DMA transfer is pro-
hibited.

If an illegal store operation takes place, it can be checked by the PRERR flag of the peripheral status
register (PHS).

Remark: Write to this registers by DMA transfer is prohibited!
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3.5.3 Peripheral Status Register (PHS)

The flag PRERR in the peripheral status register PHS indicates protection error occurrence.
This register can be read/written in 8-bit units or bit-wise.

1 0 Address R/W At Reset
Pis | o | o | o | o | o | o | 0 |PRERR|FFFFF802H RW  0OH

Protection error detection:

If an incorrect write operation in a sequence without accessing the command register is performed to a
protected internal register, the register is not written to, causing a protection error.

Writing "0" to the PRERR flag after the value is checked clears the error.

Operation conditions of PRERR flag:

Set condition:
<1> If the most recent store instruction for peripheral I/O register operation is not an operation to
write the PHCMD register and if data is written to the specific register

<2> If the first store instruction operation after data has been written to the PHCMD register is to
memory or peripheral 1/0s other than those of a specified register

Reset condition:

<1> When "0" is written to the PRERR flag of the PHS register

<2>  On system reset
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3.5.4 Internal peripheral function wait control register VSWC

This register inserts wait states to the internal access of peripheral SFRs.
This register can be read or written in 1-bit and 8-bit units.

7 6 5 4 3 2 1 0 Address R/W Reset
Value
VSWC | 0 |SuwL2 |SUWLL |SUWLO | O [VSwL2 | VSWLL | VSWLO | FFFFFOBEH RMW  77H
0 1 1 1 0 1 1 1
Bit Name Description
SUWL2, Setup wait for internal peripheral bus length
SUWL1, SUWL2 [ SUWL1 | SUWLO Number of data wait states (n = 7 - 0)
SUWLO 0 0 0 0
0 0 1 1 system clock
0 1 0 2 system clock
0 1 1 3 system clock
1 0 0 4 system clock
1 0 1 5 system clock
1 1 0 6 system clock
1 1 1 7 system clock (default)
VSWL2, internal peripheral bus wait length
VSWL1, VSWL2 [ VSWLI [ VSWLO | Number of data wait states (n = 7 - 0)
VSWLO 0 0 0 0
0 0 1 1 system clock
0 1 0 2 system clock
0 1 1 3 system clock
1 0 0 4 system clock
1 0 1 5 system clock
1 1 0 6 system clock
1 1 1 7 system clock (default)

Caution: Ensure that at least 1 wait SUWLXx and 2 wait VSWLX are set.
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The V850E/CA1 / ATOMIC is provided with an external bus interface function by which external memo-
ries such as ROM and RAM, and I/O can be connected.

4.1 Features

« 16-bit/8-bit data bus sizing function

« 8 chip areas select function

- 3 chip area select signals externally available (CS2 to CS4)

¢ Wait function

- Programmable wait function, capable of inserting up to 7 wait states for each memory block

- External wait function through WAIT pin
» Idle state insertion function
* Bus mastership arbitration function

¢ Bus hold function

« External device connection can be enabled via bus control/port alternate function pins

4.2 Bus Control Pins

The following pins are used for connecting to external devices.

Bus Control Pin (Function when in Control Mode) | Function when in Port Mode | Register for Port/Control

Mode Switching
Address data Data bus (DO to D15) PDLO to PDL15 (Port DL) PMCDL
Address bus (A0 to A15) PALO to PAL15 (Port AL) PMCAL
Address bus (A16 to A23) PAHO to PAH7 (Port AH) PMCAH
Chip select (CS2 to CS4) PCS2 to PCS4 (Port CS) PMCCS
Read/write control (LWR, UWR, RD) PCTO, PCT1, PCT4 (Port CT) |PMCCT
External wait control (WAIT) PCMO (Port CM) PMCCM
Internal system clock (CLKOUT) PCM1 (Port CM)
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4.3 Memory Block Function

The 64 MB memory space is divided into memory blocks of 2 MB, 4 MB, and 8 MB units.

Figure 4-1: Memory Block Function

__ 3FFFFFFH Block 15 N
3E00000H (2 Mbytes)
3DFFFFFH Block 14
= e Fen Ao 3C00000H (2 Mbytes)
CS7, CS5, CS6, CS4 3BFFFEFH Block 13
3A00000H (2 Mbytes)
39FFFFFH Block 12
y  3800000H (2 Mbytes)
R 37FFFFFH
Block 11
(4 Mbytes)
ey 3400000H
CS6, Cs4 33FFFFFH
Block 10
(4 Mbytes)
Y 3000000H
2FFFFFFH
Block 9
(8 Mbytes)
J— 2800000H
Cs4 27FFFFFH
Block 8
(8 Mbytes)
Y 2000000H
1FFFFFFH
Block 7
(8 Mbytes)
~=a 1800000H
cs3 17FFFFFH
Block 6
(8 Mbytes)
¥ 1000000H
OFFFFFFH
Block 5
(4 Mbytes)
~=7 ~ca 0C00000H
CS1,Cs3 OBFFFFFH
Block 4
(4 Mbytes)
Y 0800000H
O7FFFFFH Block 3
0600000H (2 Mbytes)
O5FFFFFH (ZBllﬁgktZ \
- es
S0, CS2, CS1, CS3 000008 Bloci :
0200000H (2 Mbytes)
01FFFFFH Block 0
1 0000000H (2 Mbytes)

01
Int
00!

3FFFFFFH .
Internal peripheral 1/0 area (4 Kbytes)
3FFFO00H

3FFE7FFH
Internal RAM area (10 Kbytes)

3FFCO00H

External memory area

00000H
ernal ROM area (1 Mbyte)
00000H
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4.3.1 Chip Select Control Function

The 64 MB memory area can be divided into 2 MB, 4 MB and 8 MB memory blocks by the chip area
selection control registers 0 and 1 (CSCO0, CSC1) to control the chip select signals.

The memory area can be effectively used by dividing the memory area into memory blocks using the
chip select control function. The priority order is described below.

(1) Chip area selection control registers 0, 1 (CSCO0, CSC1)

These registers can be read/written in 16-bit units. Valid by setting each bit (to 1).
If different chip area select signals are set to the same block, the priority order is controlled as fol-
lows.

CSCO: Peripheral I/0 area > CS0 > CS2 > CS1 > CS3 Note
CSC1: Peripheral I/O area > CS7 > CS5 > CS6 > CS4 Note

If both the CS0On and CS2n bits of the CSCO register are set to 0, CS1 becomes active to the corre-
sponding block (n =0 to 3).

Similarly, if both the CS5n and CS7n bits of the CSC1 register are set to 0, CS6 becomes active to
the corresponding block (n = 0 to 3).

Note: Not all the chip area select signals are externally available on output pins. Even so, enabling
chip area select signals other than CS2 to CS4, the setting for the corresponding memory
blocks will be effective too, regardless of an external chip select output pin.

Figure 4-2: Chip Area Select Control Registers 0, 1 (1/2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

CSCOlCSSS’CSSZ‘CSBl‘CS30|CSZ3|CS22|C821|C820‘C813‘0812‘0511|CSlO|C503|C502|C801‘CSOO|3FFFFF060H 2C11H

CS3 CS2 Cs1 CSso

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

CSCl|CS43‘CS42‘CS41‘CS40|C853|C852|C851|C850‘CSGS‘CSGZ‘0561|C860|CS73|CS72|CS71‘CS70|3FFFFF062H 2C11H

CSs4 CS5 CS6 Cs7
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Figure 4-2: Chip Area Select Control Registers 0, 1 (2/2)

Bit Position | Bit Name Function
15t0 0 CSnOto |Chip Select
Csn3 Enables chip select.

(n=0t07) CSnm CS Operation
CS00 CS0 active during block 0 access
Cso01 CSO0 active during block 1 access.
CS02 CS0 active during block 2 access.
CS03 CS0 active during block 3 access.
Cs10 CS1 active during block 0 or 1 access.
Csl11 CS1 active during block 2 or 3 access.
CS12 CS1 active during block 4 access.
CSs13 CS1 active during block 5 access.
CS20 CS2 active during block 0 access.
Cs21 CS2 active during block 1 access.
CSs22 CS2 active during block 2 access.
CS23 CS2 active during block 3 access.
CS30 CS3 active during block 0, 1, 2, or 3 access.
Cs31 CS3 active during block 4 or 5 access.
CS32 CS3 active during block 6 access.
CS33 CS3 active during block 7 access.
CS40 CS4 active during block 12, 13, 14, or 15 access.
Cs41 CS4 active during block 10 or 11 access.
CS42 CS4 active during block 9 access.
CSs43 CS4 active during block 8 access.
CS50 CS5 active during block 15 access.
CSh1 CS5 active during block 14 access.
CS52 CSS5 active during block 13 access.
CS53 CS5 active during block 12 access.
CS60 CS6 active during block 14 or 15 access.
Cs61 CS6 active during block 12 or 13 access.
CS62 CS6 active during block 11 access.
CS63 CS6 active during block 10 access.
CS70 CS7 active during block 15 access.
Cs71 CS7 active during block 14 access.
CS72 CS7 active during block 13 access.
CS73 CS7 active during block 12 access.

122
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4.4 Bus Cycle Type Control Function

In the VB50E/CAL / ATOMIC, the following external devices can be connected directly to each memory
block.

*« SRAM, external ROM, external 1/O
* Page ROM

Connected external devices are specified by the bus cycle type configuration registers 0, 1 (BCTO,
BCT1).

4.4.1 Bus cycle type configuration

(1) Bus cycle configuration registers 0, 1 (BCTO, BCT1)
These registers can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
BCTOlMES‘ 0 \ 0 ‘BT300‘ME2| 0 | 0 ‘BTZOO‘MEl‘ 0 | 0 lBTlOO‘MEO‘ 0 | 0 |BT00|FFFFF480H 8888H

L L L L
CS3 CS2 Cs1 Cso

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value
BeTi|ME7| 0 | o [T700[ME6 | 0 | o [BTeoo|mEs | o | o [BTs00|ME4 | 0 | 0 [BT400|FFFFF482H 8888H
L L L [
Cs7 CS6 CSs5 Cs4
Bit Position Bit Name Function
15,11, 7,3 MEn Memory Controller Enable
(BCTO), (n=0to 7) |Sets memory controller operation enable for each chip select signal CSn.
15,11, 7,3 MEn Memory Controller Operation Enable
(BCTY)
0 Operation disable
1 Operation enable
12,8,4,0 BTnO Bus Cycle Type
(BCTO), (n=0to 7) |Specifies the device to be connected to the CSn signal.
(BCTY) BTnO External Device Connected Directly to CSn signal
0 SRAM, external 1/O
1 Page ROM

Cautions: 1. Write to the BCTO and BCT1 registers after reset, and then do not change the set
value. Also, do not access an external memory area other than that for this initial-
ization routine until initial setting of the BCTO and BCT1 registers is finished. How-
ever, it is possible to access external memory areas whose initialization has been
finished.

2. The Bits marked as 0 are reserved. It have to leave to 0.
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45 Bus Access

4.5.1 Number of access clocks

The number of basic clocks necessary for accessing each resource is as follows.

Table 4-1: Number of Bus Access Clocks

Resources (Bus width)| Internal ROM Internal RAM Peripheral I/O External memory
(32 bits) (32 bits) (16 bits) (16 bits)
Bus Cycle Configuration
Instruction fetch | Normal access 1Note 1 1Note 1 - oNote 2
Branch 2 1 - oNote 2
Operand data access 5 1 3Note 2 oNote 2

Notes: 1. The instruction fetch becomes 2 clocks, in case of contention with data access.
2. This is the minimum value.

4.5.2 Bus sizing function

The bus sizing function controls data bus width for each CS area. The data bus width is specified by
using the bus size configuration register (BSC).

(1) Bus size configuration register (BSC)
This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address [nitial
value

BSC| 0 \Bsm\ 0 IBSGO‘ 0 IBSSO‘ 0 IBS40‘ 0 IBSSO‘ 0 |3320| 0 ‘BSlO| 0 ‘BSOOlFFFFFOGGH 5555H
L | L | L | L | L | L | L | L |

Cs7 CS6 Cs5 Cs4 Cs3 Cs2 Cs1 Cso
Bit Position Bit Name Function
15t0 0 BSn1, BSn0 |Data Bus Width
(n=0to7) |Sets the data bus width of CSn area.
BSnO Data Bus Width of CSn area
0 8 bits
1 16 bits

Cautions: 1. Write to the BSC register after reset, and then do not change the set value. Also, do
not access an external memory area other than that for this initialization routine
until initial setting of the BSC register is finished. However, it is possible to access
external memory areas whose initialization has been finished.

2. When the data bus width is specified as 8 bits, only the LWR signal becomes
active.
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4.5.3 Endian control function

The endian control function can be used to set processing of word data in memory either by the Big
Endian method or the Little Endian method for each CS area selected with the chip select signal (CS0
to CS7). Switching of the endian method is specified with the endian configuration register (BEC).

(1) Endian configuration register (BEC)
This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value
BEC| 0 \BE70\ 0 \BEGO\ 0 \BEso\ 0 \BE40\ 0 \BEeo\ 0 \BEzo\ 0 |BE10\ 0 |BEOO|FFFFF068H 0000H
L | L | L | L | L | L | L | L |

Cs7 CS6 CS5 CSs4 CS3 CS2 CS1 CSO0
Bit Position Bit Name Function
14,12, 10, 8, BENO Big Endian
6,4,2,0 (n=0to 7) |Specifies the endian method.
BENO Endian Control

0 Little Endian method
1 Big Endian method

Cautions: 1. Bits 15, 13,11, 9, 7, 5, 3, and 1 of the BEC register must be cleared (0). If these bits
are set to 1, the operation is not guaranteed.
2. Set the CSn area specified as the programmable peripheral I/O area to Little Endian
format (n =0to 7).
3. In the following areas, the data processing method is fixed to Little Endian method.

Any setting of Big Endian method for these areas according to the BEC register is
invalid.

- On-chip peripheral I/O area

- Internal ROM area

- Internal RAM area

- Fetch area of external memory

Figure 4-3: Big Endian Addresses within Word

31 24 23 16 17 87 0
oosH | ooooH | oooaH | oooBH
0004H 000H 0006H 0007H
0000H 0001H o002H 0003+

Figure 4-4: Little Endian Addresses within Word

31 24 23 16 17 87 0
 ooosd | oooaH | ooooH | ooosH
0007H 0006H 0005H 0004H
0003H 0002H 0001H 0000H
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4.5.4 Bus width

The V850E/CAL / ATOMIC accesses peripheral 1/0 and external memory in 8-bit, 16-bit, or 32-bit units.
The following shows the operation for each type of access. Access all data in order starting from the
lower order side.

(1) Byte access (8 bits)

(&) When the data bus width is 16 bits (Little Endian)

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
154773 15
I 2n+1
8! 8
7 7 7 7.
2n : .
0 0 0 0i..
Byte data External Byte data External
data bus data bus

(b) When the data bus width is 8 bits (Little Endian)

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
7 7 7 7
2n 2n+1
0 0 0 0
Byte data External Byte data External
data bus data bus
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(c) When the data bus width is 16 bits (Big Endian)

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
15 151773
2n b
8 81
7 70 7 7
Do 2n+1
0 0} 0 0
Byte data External Byte data External
data bus data bus

(d) When the data bus width is 8 bits (Big Endian)

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
7 7 7 7
2n 2n+1
0 0 0 0
Byte data External Byte data External
data bus data bus
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(2) Halfword access (16 bits)

(&) When the bus width is 16 bits (Little Endian)

<1> Access to even address (2n)

Address
15 15
2n+1
8 8
7 7
2n
0 0
Halfword External
data data bus

<2> Access to odd address (2n + 1)

1-st Access 2-nd Access
Address Address
15 15 15
2n+1
8 8 8
7 7 7
E : 2n+2
0 0 0
Halfword External Halfword External
data data bus data data bus

(b) When the data bus width is 8 bits (Little Endian)

<1> Access to even address (2n)

1-st Access 2-nd Access
15 15
8 Address 8 Address
7 7 7 7
2n 2n+1

0 0 0 0
Halfword External Halfword External

data data bus data data bus

128

<2> Access to odd address (2n + 1)

1-st Access 2-nd Access
15 15
8 Address 8 Address
7 7 7 7
2n+1 2n+2

0 0 0 0
Halfword External Halfword External

data data bus data data bus
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(c) When the data bus width is 16 bits (Big Endian)

<1> Access to even address (2n)

Address
15 15
2n
8 8
7 7
2n+1
0 0
Halfword External
data data bus

<2> Access to odd address (2n + 1)

1-st Access

15

~ 0o

0

Halfword
data

(d) When the data bus width is 8 bits (Big Endian)

<1> Access to even address (2n)

1-st Access
15
8 Address
7 7
2n

0 0
Halfword External

data data bus

15

2-nd Access
8 Address
7 7
2n+1
0 0
Halfword External
data data bus

Address

2n+1

External
data bus

<2> Access to odd address (2n + 1)

1-st Access
15
8 Address
7 7
2n+1

0 0
Halfword External

data data bus
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2-nd Access
Address
15 15
2n+2
8 8
7 7.
0 0
Halfword External
data data bus
2-nd Access
15
8 Address
7 7
2n+2
0 0
Halfword External
data data bus
129
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(3) Word access (32 bits)

(&) When the bus width is 16 bits (Little Endian)

<1> Access to address 4n

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
4an 4n+ 2
o | 0 0| | 0
Word data External Word data External
data bus data bus

<2> Access to address 4n + 1

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
E : 4n+2
0 0 0 0
Word data External Word data External
data bus data bus

3-rd Access
31 [ ]
24| |
23
16 || . Address
15 155 '
8| 81
7 7

in+4
0| 0
Word data External
data bus
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<3> Access to address 4n + 2

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 in +4
0| 0| 0| 0|
Word data External Word data External
data bus data bus

<4> Access to address 4n + 3

1-st Access 2-nd Access 3-rd Access
31 1 31 [ ] 31 1
24 | ] 24 || 24 | ]
23 23 23
16| | Address 16| | Address 16| . Address
15 15 15 15 15 5. !
4n + 3 4n+5 . -
8| 8 8| 8 8| 81
7 70 7 7 7 7
P 4n+4 4n+6
o[ 0 o 0 o 0
Word data External Word data External Word data External
data bus data bus data bus
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(b) When the bus width is 8 bits (Little Endian)

<1> Access to address 4n

1-st Access
311
24| |
23
16 | |
15
8 Address
71 7
4n

oL | 0
Word data External

data bus

2-nd Access
31 [ ]
24 | |
23
16 | |
15
8 Address
711 7
4n+1

o[ | 0
Word data External

data bus

<2> Access to address 4n + 1

1-st Access
31 [ 1
24| |
23
16 | |
15
8 Address
71 7
4n+1
o | 0
Word data External
data bus

132

2-nd Access
31 [ ]
24 | |
23
16 | |
15
8 Address
711 7
4n + 2
o[ | 0
Word data External
data bus
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3-rd Access
31 [ 1
24 | |
23
16 ||
15
) Address
7] 7
4n + 2

o[ | 0
Word data External

data bus

3-rd Access
31 [ 1
24 | |
23
16 ||
15
) Address
71 7
4n+3

o | 0
Word data External

data bus

4-th Access
311
24| |
23
16 | |
15
) Address
71 7
4n+3
o | 0
Word data External
data bus
4-th Access
31 [ 1
24| |
23
16 | |
15
) Address
71 7
4n+4
o | 0
Word data External
data bus
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<3> Access to address 4n + 2

1-st Access
31 [ ]
24| |
23
16 | |
15
8 Address
7] 7
an +2
0| 0
Word data External
data bus

2-nd Access
31 [ ]
24 |
23
16| |
15
8 Address
701 7
4n+3
0| 0
Word data External
data bus

<4> Access to address 4n + 3

1-st Access
31 [ ]
24 | |
23
16 | |
15
) Address
7] 7
4n+3
0 | 0
Word data External
data bus

2-nd Access
31 [ ]
24 |
23
16| |
15
8 Address
711 7
an+4

0 | 0
Word data External

data bus

3-rd Access
31 [ ]
24 ||
23
16| |
15
8 Address
701 7
4n+4
0| 0
Word data External
data bus
3-rd Access
31 [ ]
24 ||
23
16| |
15
8 Address
701 7
4n+5
0L | 0
Word data External
data bus
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4-th Access
31 [ ]
24 |
23
16 |
15
8 Address
7] 7
4n+5

0| 0
Word data External

data bus

4-th Access
31 [ ]
24| |
23
16 |
15
8 Address
7] 7
4an+6

0L | 0
Word data External

data bus

133



Chapter 4 Bus Control Function

(c) When the data bus width is 16 bits (Big Endian)

<1> Access to address 4n

1-st Access 2-nd Access
31 [ ] 31 [ ]
24 || 24 ||
23 23
16 || - Address 16 || - Addres
15 15 15 15
4n 4n +2
8 || 8 | 8 | 8 ||
7 7 7 7
an +1 4n+3
0 | 0| 0| 0 |
Word data External Word data External
data bus data bus

<2> Access to address 4n + 1

1-st Access 2-nd Access 3-rd Access
311 31 [ ] 31 [ ]
241 | 24| | 24| |
23 23 23
16 | - Address 16 || Address 16 Address
15 15 : 15 15
E : 4n + 2 4n+ 4
s || 8 8 [ 8
7 7 7 7 :
an+1 4n+3 :
o[ 0 0[] 0 oL 0oLt
Word data External Word data External Word data External
data bus data bus data bus
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<3> Access to address 4n + 2

1-st Access
31 [ ]
24 ||
23
16 || _ Address
15 15
an+2
81 | 8 |
7 7
an+3
0 | 0l |
Word data External
data bus

<4> Access to address 4n + 3

1-st Access
31 [ ]
24 |
23
16 || . Address
15 15: .
8| | i
7 7

4an+3
0] 0
Word data External
data bus

31

24
23

16
15

0

31

24
23

2-nd Access
Address
15 [ ]
4n+4
8 ——
7
an+5
0 S —
Word data External
data bus
2-nd Access
Address
15 [ ]
dn+4
8 —
7
4n+5
O S —

0

Word data External

data bus

3-rd Access

31

24
23

Word data
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Address

4n + 6

0L..
External
data bus
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(d) When the data bus width is 8 bits (Big Endian)

<1> Access to address 4n

1-st Access
31 [ ]
24 ||
23
16 | |
15
8 Address
701 7
4n

0| 0
Word data External

data bus

2-nd Access
31 [ ]
24| |
23
16 ||
15
8 Address
7] 7

4an+1
0| 0
Word data External
data bus

<2> Access to address 4n + 1

1-st Access
31 [ ]
24 | |
23
16 | |
15
8 Address
71 7
4n+1
0| 0
Word data External
data bus
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2-nd Access
31 [ ]
24| |
23
16| |
15
8 Address
711 7

4n +2
0l | 0
Word data External
data bus
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3-rd Access
31 [ ]
24 |
23
16| |
15
8 Address
71 7
4n+2

0| 0
Word data External

data bus

3-rd Access
31 [ ]
24 |
23
16 | |
15
) Address
71 7
4n+3

0| 0
Word data External

data bus

4-th Access
31 [ ]
24| |
23
16 | |
15
8 Address
70 7
4n +3

0| 0
Word data External

data bus

4-th Access
31 [ ]
24| |
23
16| |
15
8 Address
711 7
an+4

0| 0
Word data External

data bus
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<3> Access to address 4n + 2

1-st Access
31[]
24| |
23
16 ] |
15
8 Address
71 7
4n +2
0L | 0
Word data External
data bus

2-nd Access
31 [ ]
24 |
23
16 | |
15
8 Address
7 7
4n+3

0 | 0
Word data External

data bus

<4> Access to address 4n + 3

1-st Access
31[]
24 | |
23
16 | |
15
8 Address
7] 7
4n+3
0 | 0
Word data External
data bus

2-nd Access
31 [ ]
24 |
23
16| |
15
8 Address
701 7
an+4

0 | 0
Word data External

data bus

3-rd Access
31 [ ]
24 | |
23
16 | |
15
8 Address
71 7
4n+4

oL | 0
Word data External

data bus

3-rd Access
31 [ ]
24 | |
23
16 | |
15
8 Address
70 7
4n+5

0L | 0
Word data External

data bus
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4-th Access
31[]
24 |
23
16 | |
15
8 Address
71 7
an+5

0L | 0
Word data External

data bus

4-th Access
31[]
24 |
23
16| |
15
) Address
711 7
4n+6

0L | 0
Word data External

data bus
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4.6 Wait Function

4.6.1 Programmable wait function

(1) Data wait control registers 0, 1 (DWCO0, DWC1)

With the purpose of realizing easy interfacing with low-speed memory or with 1/Os, it is possible to
insert up to 7 data wait states with respect to the starting bus cycle for each CS area.

The number of wait states can be specified by data wait control registers 0 and 1 (DWCO0, DWC1) in
programming. Just after system reset, all blocks have 7 data wait states inserted.

These registers can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
cho| 0 ‘DW32‘DW31‘DW30‘ 0 \Dwzz\owm\owzo\ 0 ‘DWlZ‘DWll‘DWlO‘ 0 ‘DWOZ‘DWOl‘DWOOlFFFFF484H 7777H

[ | | I [ | | I
CS3 CS2 CSs1 CSO0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DWCll 0 \DW72\DW71|DW70| 0 ‘DWGZ‘DWGl‘DWGO‘ 0 |DW52|DW51|DW50| 0 ‘DW42‘DW41‘DW40|FFFFF486H 7777H
L | L | L | L |

Cs7 CS6 Cs5 Cs4
Bit Position | Bit Name Function
14 to0 12, DWn2 to |Data Wait L
10to 8, DwWnO Specifies the number of wait states inserted in the CSn area.
gtt% A(') (n=0t07) DWn2 Dwn1 DWnO Number of Wait States Inserted in CSn Space
0 0 0 No wait states inserted
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Cautions: 1. The internal ROM area and internal RAM area are not subject to programmable
waits and ordinarily no wait access is carried out. The internal peripheral /O area is
also not subject to programmable wait states, with wait control performed only by
each peripheral function.

2. In the following cases, the settings of registers DWCO and DWC1 are invalid (wait
control is performed by each memory controller).
- Page ROM on-page access

3. Write to the DWCO and DWCL1 registers after reset, and then do not change the set
values. Also, do not access an external memory area other than that for this initial-
ization routine until initial setting of the DWCO and DWC1 registers is finished.
However, it is possible to access external memory areas whose initialization has
been finished.
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Chapter 4 Bus Control Function

(2) Address setup wait control register (ASC)

The V850E/CA1 / ATOMIC allows insertion of address setup wait states before the T1 cycle of the
SRAM or page ROM cycle.
The number of address setup wait states can be set with the ASC register for each CS area.

This register can be read/written in 16-bit units.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address |Initial

value
ASC |AC71|AC70|AC61|AC60|AC51|AC50|AC41|AC40|AC31|AC30|AC21|AC20|AC11|AClO|ACOl|AC00|FFFFF48AH FFFFH
L | L | L | L | L | L | L | L |

Cs7 CS6 CS5 Cs4 CS3 CS2 Cs1 CSo
Bit Position | Bit Name Function
15t0 0 ACnl, |Address Cycle

ACnO Specifies the number of address setup wait states inserted before the T1 cycle of
(n=0to 7) |SRAM/page ROM cycle for each CS area.

ACnl ACnO Number of Wait States
0 0 Not inserted
0 1 1
1 0 2
1 1 3

Remark: During address setup wait, the external wait function is disabled by the WAIT pin.
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Chapter 4 Bus Control Function

4.6.2 External wait function

When an extremely slow device, I/0, or asynchronous system is connected, any humber of wait states
can be inserted in a bus cycle by the external wait pin (WAIT) to synchronize with the external device.
Just as with programmable waits, access to internal ROM, internal RAM, and internal peripheral I/O
areas cannot be controlled by external waits.

Input of the external WAIT signal can be done asynchronously to CLKOUT and is sampled at the rising
edge of the clock in the T1 and TW states of a bus cycle. If the setup/hold time at sampling timing is not
satisfied, the wait state may or may not be inserted in the next state.

4.6.3 Relationship between programmable wait and external wait

A wait cycle is inserted as the result of an OR operation between the wait cycle specified by the set
value of the programmable wait and the wait cycle controlled by the WAIT pin. In other words, the
number of wait cycles is determined by the side with the greatest number of cycles.

Programmable wait
- Wait control
Wait by WAIT pin

For example, if the programmable wait and the timing of the WAIT pin signal are as illustrated below,
three wait states will be inserted in the bus cycle.

Figure 4-5: Example of Wait Insertion

‘ T1 ‘ T™W ‘ T™W ‘ TW ‘ T2 ‘

wor LI LI LI LI LI LI
i 1\ [T

Wait by WAIT pin / \

Programmable wait / \

Wait control j \

Remark: The circle O indicates the sampling timing.
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Chapter 4 Bus Control Function

4.7 Idle State Insertion Function

To facilitate interfacing with low-speed memory devices, an idle state (Tl) can be inserted into the cur-
rent bus cycle after the T2 state to meet the data output float delay time (tdf) on memory read access
for each CS space. The bus cycle following the T2 state starts after the idle state is inserted.

An idle state is inserted after read/write cycles for SRAM, external I/O, or external ROM.

In the following cases, an idle state is inserted in the timing.

« after read/write cycles for SRAM, external I/O, or external ROM

The idle state insertion setting can be specified by program using the bus cycle control register (BCC).
Immediately after the system reset, idle state insertion is automatically programmed for all memory

blocks.

(1) Bus cycle control register (BCC)
This register can be read/written in 16-bit units.

15

14 13 12 11 10

9 8

7 6

4 3 2 1 0 Address

Initial
value

BCC |BC71 |BC70 |BC61 |BC60 |BC51 |BC50 |BC41 |BC40 |BC31 |BC30 |BC21 |BC20 |BC11 |BC10 |BC01 |BC00 | FFFFF488H FFFFH
| T T L I T T T |

Cs7 CS6 Cs5 Cs4 CS3 Cs2 Cs1 CSO
Bit Position | Bit Name Function
15t0 0 BCnl, |Data Cycle
BCnO Specifies the insertion of an idle state when accessing corresponding CSn area.

(n=0to7) BCnl

BCnO Idle State in CSn Area
0 0 Not inserted
0 1 1
1 0 2
1 1 3

Cautions: 1. The internal ROM area, internal RAM area, and internal peripheral 1/0 area are not
subject to insertion of an idle state.
2. Write to the BCC register after reset, and then do not change the set value. Also, do
not access an external memory area other than that for this initialization routine
until initial setting of the BCC register is finished. However, it is possible to access
external memory areas whose initialization has been finished.
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Chapter 4 Bus Control Function

4.8 Bus Priority Order

There are three external bus cycles: DMA cycle, operand data access, and instruction fetch.

As for the priority order, the highest priority has the DMA cycle, instruction fetch, and operand data
access, in this order.

An instruction fetch may be inserted between read access and write access during read modify write
access.

Also, an instruction fetch may be inserted between bus access and bus access during CPU bus clock.

Table 4-2: Bus Priority Order

Priority External Bus Cycle Bus Master
Order
High |DMA cycle DMA controller
Operand data access CPU
¢ Instruction fetch CPU
Low
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Chapter 4 Bus Control Function

4.9 Boundary Operation Conditions

4.9.1 Program space

(1) Branching to the peripheral I/O area or successive fetch from the internal RAM area to the internal
peripheral I/O area is inhibited. In terms of hardware, fetching the NOP op code continues, and
fetching from the external memory is not performed.

(2) 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 when instruction
fetch is performed.

4.9.2 Data space

The V850E/CA1 / ATOMIC is provided with an address misalign function.

Through this function, regardless of the data format (word data, halfword data, or byte data), data can
be placed in all addresses. However, in the case of word data and halfword data, if data are not sub-
jected to boundary alignment, the bus cycle will be generated a minimum of 2 times and bus efficiency
will drop.

(1) Inthe case of halfword length data access
When the address's LSB hit is 1, the byte length bus cycle will be generated 2 times.
(2) Inthe case of word length data access

(a) When the address's LSB is 1, bus cycles will be generated in the order of byte length bus cycle,
halfword length bus cycle, and word length bus cycle.

(b) When the address's lowest 2 bits are 10, the halfword length bus cycle will be generated 2 times.
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Chapter 5 Memory Access Control Function

5.1 SRAM, External ROM, External I/O Interface

5.1.1 Features
* Access to SRAM takes a minimum of 2 states.

« Upto 7 states of programmable data waits can be inserted through setting of the DWCO0 and DWC1
registers.

« Data wait can be controlled with input pin (WAIT).
« Up to 3idle states can be inserted after the read/write cycle through setting of the BCC register.

« Up to 3 address set up wait starts can be inserted through setting of the ASC register.
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Chapter 5 Memory Access Control Function

5.1.2 SRAM connections

An example of connection to SRAM is shown below.

Figure 5-1: Example of Connection to SRAM

(a) When data bus width is 16 bits

Al to A17

Al to Al7

DO to D15

CSn

D1to D16

cs

RD

LWR

UWR

V850E/CA1

)
)
B

Alto A17
DO to D7
csn

RD

LWR

D8 to D15

UWR

OE

WE

UBE

2-Mbit SRAM
(256 Kwords x 16 hits)

(b) When data bus width is 8 bits

AO to A16
D1to D8
cs

OE

WE

1-Mbit SRAM
(128 Kwords x 8 bits)

V850E/CAl

Remark: CSn=CS2to CS4

A0 to A16
D1 to D8

cs
OE
WE

1-Mbit SRAM
(128 Kwords x 8 bits)
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Chapter 5 Memory Access Control Function

5.1.3 SRAM, external ROM, external I/O access

Figure 5-2: SRAM, External ROM, External I/O Access Timing (1/6)

(a) During read

T1 T2 T1 T™W T2
CLKOUT (output) / \ \ \ \ \ \ \
A0 to A23 (output) Address Address

CSn (output)

'RD (output) _\ _\

DO to D15 (1/O) ==========- R S (" oaa

WAIT (input) / \ \ / / \

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.

3.CSn=CS21to CS4
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Figure 5-2: SRAM, External ROM, External I1/O Access Timing (2/6)

(b) During read (address setup wait, idle state insertion)

TASW T1 T2 TI
CLKOUT (output) / \ \ \ \ \ / \
A0 to A23 (output) Address
CSn (output)
RD (output) \
UWR (output) , \
LWR (output) '
DO to D15 (I/O) --=--------- >< -------------- ( Data = )==seeeeeepeeeeeeeea-
WAIT (input) / \

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.
3.CSn=CS2to CS4
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Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (3/6)

(c) During write

CLKOUT (output) / \

A0 to A23 (output)

T1 T2 T1 TW T2
Address Address

CSn (output)

'RD (output)

UWR (output) ’

B

1]

DO to D15 (I/Q) ==========- - - -

ps
-~

Data

Data

WAIT (input)

[T\

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.

3.CSn=CS21to CS4
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Figure 5-2: SRAM, External ROM, External I1/O Access Timing (4/6)

(d) During write (address setup wait, idle state insertion)

TASW Tl

T2

Tl

CLKOUT (output) / \ \ \

[ L

A0 to A23 (output) Address

CSn (output)

RD (output)

i
i

DO to D15 (I/Q) =========-=-~ > """"""" ««

Data

WAIT (input) /

Remarks: 1. The circles O indicate the sampling timing.

2. The broken line indicates the high-impedance state.

3.CSn=CS2to CS4
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Chapter 5 Memory Access Control Function

Figure 5-2: SRAM, External ROM, External I/O Access Timing (5/6)

(e) When read - write operation

T1

T2

T1

T2

CLKOUT (output) / \

A0 to A23 (output)

Address

CSn (output)

'RD (output)

DO to D15 (l/Q) ==========-= -

Data

Data

WAIT (input)

L

L

{(
/

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.

3.CSn=CS2to CS4
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Figure 5-2: SRAM, External ROM, External I1/O Access Timing (6/6)

(f) When write - read operation

T1

T2

T1

T2

CLKOUT (output) / \

-

A0 to A23 (output)

Address

CSn (output)

'RD (output)

UWR (output) ’
LWR (output) ’

L

L
L
i

DO to D15 (/O) === ======== B- -

Data

Data

WAIT (input)

|

Remarks: 1. The circles O indicate the sampling timing.

2. The broken line indicates the high-impedance state.

3.CSn=CS2to CS4
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Chapter 5 Memory Access Control Function

5.2 Page ROM Controller (ROMC)

The page ROM controller (ROMC) is provided for access to ROM (page ROM) with the page access
fCucr)]r(’r:1t::)oar;.ison of addresses with the immediately preceding bus cycle is carried out and wait control for
normal access (off-page) and page access (on-page) is executed. This controller can handle page
widths from 8 to 128 bytes.

5.2.1 Features

< Direct connection to 8-bit/16-bit page ROM supported

¢ In case of 16-bit bus width: 4/8/16/32/64 word page access supported

« In case of 8-bit bus width: 8/16/32/64/128 word page access supported

« Page ROM access a minimum of 2 states.

e On-page judgment function

< Addresses to be compared can be changed through setting of the PRC register.

* Upto 7 states of programmable data waits can be inserted during the on-page cycle through setting
of the PRC register.

» Up to 7 states of programmable data wait can be inserted during the off-page cycle through setting
of the DWCO0 and DWC1 registers.

* Waits can be controlled with pin input.

Preliminary User's Manual U14913EE1VOUMOO 153



Chapter 5 Memory Access Control Function

5.2.2 Page ROM connections

Examples of page ROM connections are shown below.

Figure 5-3: Example of Page ROM Connections

(a) In case of 16-bit data bus width

Al to A20 > A0 to A19
DO to D15 O1to 016
csn CE
RD OE
V850E/CA1 16-Mbit page ROM

(1 Mword x 16 bits)

(b) In case of 8-bit data bus width

Alto A21 A0 to A20
DO to D7 Ol1lto O8
csn CE
RD OE

16-Mbit page ROM
(2 Mwords x 8 bits)

L ] AOto A20
D8 to D15 O1to O8
SR 5
OE
V850E/CAl 16-Mbit page ROM

(2 Mwords x 8 bits)

Remark: CSn=CS2to CS4
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Chapter 5 Memory Access Control Function

5.2.3 On-page/off-page judgment

Whether a page ROM cycle is on-page or off-page is judged by latching the address of the previous
cycle and comparing it with the address of the current cycle.

Through the page ROM configuration register (PRC), according to the configuration of the connected
page ROM and the number of continuously readable bits, one of the addresses (A3 to A5) is set as the
masking address (no comparison is made).

Figure 5-4: On-Page/Off-Page Judgment during Page ROM Connection (1/2)

(a) In case of 16-Mbit (1 M x 16 bits) page ROM (4-word page access)

Internal address latch
(immediately preceding | a23 ‘a22 ‘ a2l ‘aZO ‘<7‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 |
address) T T T T T T T T T T

MAG | MA5 | MA4 | MA3

0 0 0 0 PRC register setting

( Comparison ]

V850E/CA1 | ‘ ‘ ‘ ‘
address output A23 [A22 [A21 A0 |7 | A7 | A6 | AS | A4 | A3 | A2 | Al | AD

Off-page address On-page address

U

Continuous reading possible:
16-bit data bus width x 4 words

(b) In case of 16-Mbit (1 M x 16 bits) page ROM (8-word page access)

Internal address latch

(immediately preceding | a23 |a22 |a2l1 |a20 |<~—— | a7 ab a5 a4 | a3
address) =7 T T T T T T T 1
A | - | ma6 | MAS | MA4 | MA3 : .
| | | | | | 0 0 0 1 PRC register setting
[ Comparison J
1 Y 1 i Y Y i Y v
V850E/CAL ,

address output |

Page ROM address | A19 A6 | A | A4 | A3 | A2 | A1l | AD
0OD0O000000000000000000 000000000
Off-page address On-page address

U

Continuous reading possible:
16-bit data bus width x 8 words
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Figure 5-4: On-Page/Off-Page Judgment during Page ROM Connection (2/2)

(c) In case of 32-Mbit (2 M x 16 bits) page ROM (16-word page access)

Internal address latch
(immediately preceding
address)

V850E/CAL
address output

a23 | a22 | a2l

a20 |~—| a7 a6 ab a4 a3

A [} A

MAG | MAS | MA4 | MA3 PRC register setting

[) [} A [) [}

Comparison )

Y Y Y

Y Y Y Y y ____ @ - <

A23 | A22 | A21

A20 |=— | A7 | A6 | A5 | A4 | A3 | A2 | A1 | A0 |

Page ROM address

Al19 A6 | A5 | A4 | A3 | A2 | A1 | AO

O00000000000000000 000oooooO0000d
Off-page address On-page address

U

Continuous reading possible:
16-bit data bus width x 16 words
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5.2.4 Page ROM configuration register (PRC)

This register specifies whether page ROM on-page access is enabled or disabled. If on-page access is

enabled, th
to the confi

e masking address (no comparison is made) out of the addresses (A3 to A6) corresponding
guration of the page ROM being connected to and the number of bits that can be read con-

tinuously, as well as the number of waits corresponding to the internal system clock, are set.
This register can be read/written in 16-bit units.

Figure 5-5: Page ROM Configuration Register (PRC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value

PRCl 0 ‘PRWZ‘PRWlIPRWO‘ 0 | 0 \ 0 | 0 \ 0 | 0 \ 0 | 0 ‘MAG‘MA5|MA4‘MA3|FFFFF49AH 7000H

Bit Position | Bit Name Function
14to 12 PRW2 to |Page-ROM On-page Wait Control
PRWO [Sets the number of waits corresponding to the internal system clock.
The number of waits set by this bit are inserted only when on-page. When off-page,
the waits set by registers DWCO and DWC1 are inserted.
PRW2 | PRW1 | PRWO Number of Inserted Wait Cycles
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
3to0 MA6to [Mask Address
MA3 Each respective address (A6 to A3) corresponding to MA6 to MA3 is masked (masked
by 1). The masked address is not subject to comparison during on/off-page judgment.
It is set according to the number of continuously readable bits.
MAG6 MA5S MA4 MA3 Number of Continuously Readable Bits
0 0 0 0 4 words x 16 bits (8 words x 8 hits)
0 0 0 1 8 words x 16 bits (16 words x 8 bits)
0 0 1 1 16 words x 16 bits (32 words x 8 bits)
0 1 1 1 32 words x 16 bits (64 words x 8 bits)
1 1 1 1 64 words x 16 bits (128 words x 8 hits)
Caution: Write to the PRC register after reset, and then do not change the set value. Also, do

not access an external memory area other than that for this initialization routine until
initial setting of the PRC register is finished. However, it is possible to access exter-
nal memory areas whose initialization has been finished.
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5.2.5 Page ROM access

Figure 5-6: Page ROM Access Timing (1/4)

(&) During read (when half word/word access with 8-bit bus width or when word access with
16-bit bus width)

T1 ™ T2 TO1 TO2
CLKOUT (output) / \ \ \ \ \ \ \
A0 to A23 (output) Off-page address On-page address

CSn (output)

'RD (output) —_\ _E
R L
L

DO to D7 (|/O) ___________ \ ___( Data ....( Data @ )=========-
DO to D15 (I/O)

WAIT (input) \ / / \ / \

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.

3.CSn=CS2to CS4
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Figure 5-6: Page ROM Access Timing (2/4)

(b) During read (when byte access with 8-bit bus width or when byte/half word access with 16-

bit bus width)

Tl TW T2

TO1

TO2

CLKOUT (output) / \ \ \ \

L

A0 to A23 (output) Off-page address

On-page address

CSn (output)

'RD (output) \

[

DOto D7 (10) \ (
DO to D15 (I/O) Data

Data

o L [T

Remarks: 1. The circles O indicate the sampling timing.

2. The broken line indicates the high-impedance state.

3.CSn=CS21to CS4
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Figure 5-6: Page ROM Access Timing (3/4)

(c) During read (address setup wait, idle state insertion) (when half word/word access with 8-
bit bus width or when word access with 16-bit bus width)

TASW T1 T2 TASW TO1 TO2 Tl
CLKOUT (output) / \ \ \ \ \ \ \ \
A0 to A23 (output) Off-page address On-page address
CSn (output)
RD (output) \

DOtoD7(0) TN | ( _________ ) ( ____________________
DO to D15 (I/O) > Data Data

o il I

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.
3.CSn=CS2to CS4
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Figure 5-6: Page ROM Access Timing (4/4)

(d) During read (address setup wait, idle state insertion) (when byte access with 8-bit bus
width or when byte/half word access with 16-bit bus width)

TASW T1

T2

TASW

TO1

TO2

Tl

CLKOUT (output) / \

L

L

A0 to A23 (output)

o

ff-page address

On-page address

CSn (output)

RD (output)

—

DO to D7 (I/O)

DOtoD15 (¥O) T > """"""" (

Data

Data

WAIT (input)

Remarks: 1. The circles O indicate the sampling timing.
2. The broken line indicates the high-impedance state.

3.CSn=CS21to CS4
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Chapter 6 DMA Functions (DMA Controller)

The V850E/CA1 / ATOMIC includes a direct memory access (DMA) controller (DMAC) that executes

and controls DMA transfer.
The DMAC controls data transfer between memory and I/O or among I/Os, based on DMA requests
issued by the on-chip peripheral I/O, or software triggers (memory refers to internal RAM).

6.1 Features

¢ 4 independent DMA channels

* Transfer units: 8, 16 and 32 bits

¢ Maximum transfer count: 65,536 (216)
* Two-cycle transfer
e Three transfer modes
- Single transfer mode
- Single-step transfer mode
- Block transfer mode
» Transfer requests
- Request by interrupts from on-chip peripheral 1/0
- Requests by software trigger
« Transfer objects
- Internal RAM « 1/O
- /0  Internal RAM
- 1/0 - 1/O

¢ Next address setting function

Preliminary User's Manual U14913EE1VOUMOO

163



Chapter 6 DMA Functions (DMA Controller)

6.2 Configuration

Figure 6-1: Block Diagram of DMA Controller Configuration

Internal RAM

@ Internal bus

On-chip
peripheral I/O

D

On-chip peripheral 1/O bus

CPU

7S
N

Data
control

Address
control

DMA source address
register (DSAHN/DSALN)

?

!

Count
control

—

Channel
control

|

DMA destination address
register (DDAHN/DDALRN)

DMA transfer count
register (DBCn)

DMA channel control
register (DCHCn)

DMA addressing control
register (DADCn)

DMA disable status
register (DDIS)

DMA restart register (DRST)

DMA trigger factor
register (DTFRn)

DMAC

Bus interface

BBR

U

V850E/CA1

Remark: n=0to3
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Chapter 6 DMA Functions (DMA Controller)

6.3 Control Registers

6.3.1 DMA source address registers 0to 3 (DSAO to DSA3)

These registers are used to set the DMA source addresses (28 bits each) for DMA channel n

(n =0to 3). They are divided into two 16-bit registers, DSAHNn and DSALn.

Since these registers are configured as 2-stage FIFO buffer registers, a new source address for DMA
transfer can be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function)

(1) DMA source address registers OH to 3H (DSAHO to DSAH3)
These registers can be read/written in 16-bit units.

Caution: When setting an address of a peripheral I/O register for the source address, be sure
to specify an address between FFFFOOOH and FFFFFFFH. An address of the periph-
eral 1/O register image (3FFFO00OH to 3FFFFFFH) must not be specified.

Figure 6-2: DMA Source Address Registers HO to H3 (DSAHO to DSAH3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSAHO | IR \ 0 \ 0 \ 0 ‘SAZG‘SAZG‘SA25‘8A24‘SA23‘SA22‘SAZl‘SAZO‘SA19|SA18‘SA17|SA16|FFFFFO82H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSAH1 | IR \ 0 \ 0 \ 0 ‘SAZG‘SAZG‘SA25‘8A24‘SA23‘SA22‘SA21‘SA20‘SA19|SA18‘SA17|SA16|FFFFF08AH undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSAH2 | IR | 0 \ 0 | 0 ‘SA26|8A26ISA25‘SA24|SA23‘SA22|SA21‘SA20‘SA19|SA18‘SA17|SA16|FFFFF092H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSAH3 | IR | 0 \ 0 | 0 ‘SA26|SA26|SA25‘SA24|SA23‘SA22|SA21‘SA20‘SA19|SA18‘SA17|SA16|FFFFF09AH undef.

Bit Position | Bit Name Function

15 IR Specifies the DMA source address.
0: On-chip peripheral 1/0
1: Internal RAM

11to 0 SA27to |Sets the DMA source addresses (A27 to A16). During DMA transfer, it stores the next
SA16 DMA transfer source address.
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Chapter 6 DMA Functions (DMA Controller)

(2) DMA source address registers LOto L3 (DSALO to DSAL3)
These registers can be read/written in 16-bit units.

15

Figure 6-3: DMA Source Address Registers LOto L3 (DSALO to DSAL3)

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address Initial

value

DSALO |SA15‘SA14|SA13‘SAlZISAll‘SAlOl SA9 \ SAS \ SA7 | SAG \ SA5 | SA4 \ SA3 | SA2 | SAL \ SAO |FFFFF080H undef.

15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value

DSAL1 |SA15\5A14|5A13\SA12|SA11\3A10| SA9 \ SA8 \ SA7 | SAG \ SA5 | SA4 \ SA3 | SA2 | SAL \ SAQ |FFFFF088H undef.

15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value

DSAL2 |SA15\5A14\5A13\3A12\5A11\3A10\ SA9 \ SA8 \ SA7 \SAe \ SA5 \SA4 \ SA3 | SA2 | SAL \ SAQ |FFFFF090H undef.

15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value

DSAL3 |SA15‘SA14‘SA13‘SA12‘SA11‘SA10‘ SA9 \ SA8 \ SA7 ‘SA6 \ SA5 ‘SA4 \ SA3 | SA2 | SAL \ SA0 |FFFFF098H undef,

Bit Position | Bit Name Function
15t0 0 SA15to |Sets the DMA source address (A15 to AO). During DMA transfer, it stores the next
SA0 DMA transfer source address.
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6.3.2 DMA destination address registers 0to 3 (DDAO to DDA3)

These registers are used to set the DMA destination address (28 bits each) for DMA channel n
(n =0to 3). They are divided into two 16-bit registers, DDAHn and DDALnN.
Since these registers are configured as 2-stage FIFO buffer registers, a new destination address for
DMA transfer can be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function)

(1) DMA destination address registers HO to H3 (DDAHO to DDAH3)

These registers can be read/written in 16-bit units.

Caution: When setting an address of a peripheral I/O register for the destination address, be
sure to specify an address between FFFFOOOH and FFFFFFFH. An address of the
peripheral 1/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

Figure 6-4: DMA Destination Address Registers OH to 3H (DDAOH to DDA3H)

15

14 13

12 11 10 9 8 7 6 5 4

3

2

1

0

DDAHO | IR \ 0 \ 0 \ 0 \DA27\DA26\DA25\DA24\DA23\DAzz\DA21\DAzo\DA19|DA18\DA17|DA16|FFFFF086H

15

14 13

12 11 10 9 8 7 6 5 4

3

2

1

0

DDAH1 | IR \ 0 \ 0 \ 0 ‘DAZ?‘DA26‘DA25‘DA24‘DA23‘DAZZ‘DAZl‘DAZO‘DA19|DA18‘DA17|DA16|FFFFF08EH

15

14 13

12 11 10 9 8 7 6 5 4

3

2

1

0

DDAH2 | IR \ 0 \ 0 \ 0 ‘DAZ?‘DA26‘DAZS‘DA24‘DA23‘DA22‘DA21‘DAZO‘DA19|DA18‘DA17|DA16|FFFFF096H

15

14 13

12 11 10 9 8 7 6 5 4

3

2

1

0

DDAH3 | IR \ 0 \ 0 | 0 ‘DAZ?IDAZGIDAZS‘DA24|DA23‘DA22|DA21‘DAZO‘DA19|DA18‘DA17|DA16|FFFFF09EH

Address

Address

Address

Address

Initial
value
undef.

Initial
value

undef.

Initial
value

undef.

Initial
value

undef.

Bit Position | Bit Name Function
15 IR Specifies the DMA destination address.
0: On-chip peripheral 1/0
1: Internal RAM
11to 0 DA27 to |Sets the DMA destination addresses (A27 to A16). During DMA transfer, it stores the
DA16 next DMA transfer destination address.
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(2) DMA destination address registers LO to L3 (DDALO to DDAL3)

These registers can be read/written in 16-bit units.

Figure 6-5: DMA Destination Address Registers LO to L3 (DDALO to DDAL3)

15

14 13 12 11 10 9 8 7 6

5 4

2

0

DDALO |DA15 ‘DA14|DA13 ‘DAlZ |DA11 ‘DAlOI DA9 \ DAS \ DA7 | DAG \ DA5 | DA4 \ DA3 | DA2 | DAL \ DAO |FFFFF084H

15

14 13 12 11 10 9 8 7 6

5 4

3

2

0

DDALL |DA15\DA14|DA13 ‘DAlZ |DA11 ‘DAlOI DAY \ DAS \ DA7 | DAG \ DA5 | DA4 \ DA3 | DA2 | DAL \ DAO |FFFFF08CH

15

14 13 12 11 10 9 8 7 6

5 4

3

2

1

0

DDAL? |DA15\DA14\DA13\DA12 \DAll\DAlo\ DAY \ DAS \ DA7 \ DAG \ DA5 \ DA4 \ DA3 | DA2 | DAL \ DAO |FFFFF094H

15

14 13 12 11 10 9 8 7 6

5 4

3

2

1

0

DDAL3 |DA15‘DA14‘DA13‘DA12 ‘DAll‘DAlO‘ DA9 \ DAS \ DA7 \ DA6 \ DA5 \ DA4 \ DA3 | DA2 | DAL \ DAO |FFFFF09CH

Address

Address

Address

Address

Initial
value
undef.

Initial
value
undef.

Initial
value
undef.

Initial
value

undef.

Bit Position | Bit Name Function
15t0 0 DA15to |Sets the DMA destination address (A15 to AO). During DMA transfer, it stores the next
DAO DMA transfer destination address.
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6.3.3 DMA transfer count registers 0to 3 (DBCO to DBC3)

These 16-hbit registers are used to set the transfer counts for DMA channels n (n = 0 to 3). They store
the remaining transfer counts during DMA transfer.

Since these registers are configured as 2-stage FIFO buffer registers, a new DMA transfer count for
DMA transfer can be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function)
During DMA transfer these registers are decremented by 1 for each transfer that is performed. DMA
transfer is terminated when an underflow occurs (from 0 to FFFFH). On terminal count these registers
are rewritten with the value that was set immediately before. (Refer to 6.9 Next Address Setting
Function)

These registers can be read/written in 16-bit units.

Figure 6-6: DMA Transfer Count Registers 0to 3 (DBCO to DBC3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBCO |Bc15\Bc14\3013|3012\Bc11|5c10|Bcg\Bcs|BC7\BC6|BC5\BC4\BC3|32C\Bc1|Bc0|FFFFFoc0H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC1 |BC15‘BC14‘BC13|BC12‘BC11|BC10|BC9‘BCBIBC7‘BCBIBC5‘BC4‘BCS|BZC‘BCl|BCO|FFFFFOC2H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC2 |BC15‘BC14‘BClSIBClZ‘BCllIBClOIBC9‘BCSIBC7‘BCBIBC5‘BC4‘BCS|BZC‘BCl|BCO|FFFFFOC4H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC3 |BC15\Bc14\Bc13\8012\5011\8010\Bc9\Bcs \Bc7 \ Bcs\Bcs \ BC4\BC3|52C \ BCl|BCO |FFFFFOC6H undef.

Bit Position | Bit Name Function
15t0 0 BC15to |Sets the transfer count. It stores the remaining transfer count during DMA transfer.
BCO DBCn States
0000H Transfer count 1 or remaining transfer count
0001H Transfer count 2 or remaining transfer count
FFFFH Transfer count 65,536 (216) or remaining transfer count

Preliminary User's Manual U14913EE1VOUMOO 169



Chapter 6 DMA Functions (DMA Controller)

6.3.4 DMA addressing control registers 0 to 3 (DADCO to DADC3)

These 16-bit registers are used to control the DMA transfer modes for DMA channel n (n = 0 to 3).
These registers cannot be accessed during DMA operation.
They can be read/written in 16-bit units.

Figure 6-7: DMA Addressing Control Registers 0to 3 (DADCO to DADC3)

15

14 13

12 11 10 9 8

7 6 5 4 3 2 1 0 Address Initial
value

paDCO [Ds1pso| 0 [0 [ o [0 |0 |

o

‘SADlISADO‘DADllDADO‘ ™1 | MO |

o
o

|FFFFFODOH 0000H

15

14 13

12 11 10 9 8

7 6 5 4 3 2 1 0 Address Initial
value

DADC! |D51\Dso| 0 \ 0 | 0 \ 0 | 0 \

o

‘SADlISADO‘DADlIDADO‘ ™1 |TMO | 0 \

o

|FFFFFOD2H 0000H

15

14 13

12 11 10 9 8

7 6 5 4 3 2 1 0 Address Initial
value

DADC?2 |D51\Dso| 0 \ 0 | 0 \ 0 | 0 \

o

o

‘SADlISADO‘DADlIDADO‘TMl|TMO| 0 \ |FFFFFOD4H 0000H

15

14 13

12 11 10 9 8

7 6 5 4 3 2 1 0 Address Initial
value

DADC3 |D51\Dso\ 0 \ 0 \ 0 \ 0 \ 0 \

o

o

‘SADl‘SADO‘DADl‘DADO‘TMl|TMO| 0 \ |FFFFFOD6H 0000H

Bit Position | Bit Name Function
15, 14 DS1, DSO |Sets the transfer data size for DMA transfer.
DS1 DSO Transfer Data Size
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 Setting prohibited
For the peripheral /0 and programmable peripheral 1/O registers, ensure the transfer
size matches the access size.
7,6 SAD1, Sets the count direction of the source address for DMA channel n (n = 0 to 3).
SADO SAD1 SADO Count Direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
54 DAD1, |Sets the count direction of the destination address for DMA channel n (n =0 to 3).
DADO DAD1 DADO Count Direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
3,2 TM1, TMO |Sets the transfer mode during DMA transfer.
T™1 T™MO Transfer Mode
0 0 Single transfer mode
0 1 Single-step transfer mode
1 0 Setting prohibited
1 1 Block transfer mode
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6.3.5 DMA channel control registers 0 to 3 (DCHCO to DCHC3)

These 8-bit registers are used to control the DMA transfer operating mode for DMA channel n
(n=0to 3).

These registers can be read/written in 8-bit or 1-bit units. (However, bit 7 is read only and bits 2 and 1
are write only. If bits 2 and 1 are read, the read value is always 0.)

Figure 6-8: DMA Channel Control Registers 0 to 3 (DCHCO to DCHC3)

7 6 5 4 3 2 1 0 Address Initial
value
DCHCOl TCO \ 0 | 0 \ 0 | MLEO \ INITO | STGO \ ENO |FFFFFOEOH 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC1| TC1 \ 0 | 0 \ 0 | MLE1 \ INIT1 | STG1 \ EN1 |FFFFFOE2H 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC2| TC2 \ 0 | 0 \ 0 | MLE \ INIT | STG \ EN2 |FFFFFOE4H 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC3| TC3 \ 0 \ 0 \ 0 \ MLE \ INIT \ STG \ EN3 |FFFFFOE6H 00H
Bit Position | Bit Name Function
7 TCn This status bit indicates whether DMA transfer through DMA channel n has ended or
not. It is read-only, and is set to 1 when DMA transfer ends and cleared (0) when it is
read.

0: DMA transfer had not ended.
1: DMA transfer had ended.

3 MLEn |When this bit is set to 1 at terminal count output, the Enn bit is not cleared to 0 and the
DMA transfer enable state is retained. Moreover, the next DMA transfer request can be
accepted even when the TCn bit is not read.

When this bit is cleared to 0 at terminal count output, the Enn bit is cleared to 0 and the
DMA transfer disable state is entered. At the next DMA request, the setting of the Enn
bit to 1 and the reading of the TCn bit are required.

2 INITn When this bit is set to 1, DMA transfer is forcibly terminated.

STGn If this bit is set to 1 in the DMA transfer enable state (TCn bit = 0, Enn bit = 1), DMA
transfer is started.

0 ENn Specifies whether DMA transfer through DMA channel n is to be enabled or disabled.
This bit is cleared to 0 when DMA transfer ends. It is also cleared to 0 when DMA
transfer is forcibly terminated by means of setting the INITn bit to 1 or by NMI input.
0: DMA transfer disabled
1: DMA transfer enabled

Remark: n=0to3
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6.3.6 DMA disable status register (DDIS)

This register holds the contents of the ENn bit of the DCHCn register during NMI input (n = 0 to 3).
This register is read-only in 8-bit or 1-bit units.

Figure 6-9: DMA Disable Status Register (DDIS)

7 6 5 4 3 2 1 0 Address Initial

value

pois [ o | o | o [ o | CH3 | CH2 | CHL | CHO | FFFFFOFOH  OOH
Bit Position Bit Name Function

3to0 CH3 to CHO |Reflects the contents of the ENn bit of the DCHCn register during NMI input. The
contents of this register are held until the next NMI input or until the system is
reset.

6.3.7 DMA restart register (DRST)

This register is used to restart DMA transfer that has been forcibly interrupted by a non-maskable inter-
rupt (NMI). The ENn bit of this register and the ENn bit of the DCHCn register are linked to each other
(n = 0 to 3). Following forcible interrupt by NMI input, the DMA channel that was interrupted is con-
firmed from the contents of the DDIS register, and DMA transfer is restarted by setting the ENn bit of
the corresponding channel to 1.

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

Figure 6-10: DMA Restart Register (DRST)

7 6 5 4 3 2 1 0 Address Initial

value

DRST | 0 \ 0 \ 0 \ 0 \ EN3 \ EN2 \ EN1 \ ENO |FFFFFOF2H OOH
Bit Position | Bit Name Function

3to0 EN3 to ENO|Specifies whether DMA transfer through DMA channel n is to be enabled or disabled.
This bit is cleared to 0 when DMA transfer is completed in accordance with the termi-
nal count output.
It is also cleared to 0 when DMA transfer is forcibly terminated by setting the INITn bit
to 1 or by NMI input.

0: DMA transfer disabled

1: DMA transfer enabled
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6.3.8 DMA trigger factor registers 0to 3 (DTFRO to DTFR3)

These 8-bit registers are used to control the DMA transfer start trigger through interrupt requests from

on-chip peripheral 1/O.

The interrupt requests set with these registers serve as DMA transfer start factors.

These registers can be read/written in 8-bit/1-bit units.

Figure 6-11: DMA Trigger Factor Registers 0to 3 (DTFRO to DTFR3) (1/3)

7 6 5 4 3 2 1 0 Address
DTFRO| 0 | o0 | IFC5 | IFC4 | IFC3 | IFC2 | IFC1 | IFCO | FFFFF810H
7 6 5 4 3 2 1 0 Address
DTFR1| 0 | 0 | IFC5 | IFC4 | IFC3 | IFC2 | IFC1 | IFCO | FFFFF812H
7 6 5 4 3 2 1 0 Address
DTFR2 | 0 | 0 | IFC5 | IFC4 | IFC3 | IFC2 | IFC1 | IFCO | FFFFF814H
7 6 5 4 3 2 1 0 Address
pTPR3 [ 0 | o | Fcs | IFca | IFcs | IFc2 | IFc1 | IFco | FFFFF816H
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Figure 6-11: DMA Trigger Factor Registers 0to 3 (DTFRO to DTFR3) (2/3)

Bit Posi- |Bit Name Function
tion
5t00 IFC5 to | Sets the interrupt source that serves as the DMA start factor.

IFCO

IFC5

IFC4

IFC3

IFC2

IFC1

IFCO

Interrupt Source

0

0

0

0

0

0

DMA request from on-chip peripheral

1/0 disabled

CINTLPOW

AD/INTDET

INTWT

TINTCMDO

TINTCMD1

INTWTI

INTO

INT1

INT2

TINTOVEQO

TINTOVE10

TINTCCEOO/INTPEOO

TINTCCE10/INTPE10

TINTCCE20/INTPE20

TINTCCE30/INTPE30

TINTCCE40/INTPE40

TINTCCES0/INTPES0

TINTOVEO1

TINTOVE11

TINTCCEO1/INTPEO1

TINTCCE11/INTPE11

TINTCCE21/INTPE21

TINTCCE31/INTPE31

TINTCCE41/INTPE41

TINTCCES51/INTPES1

TINTOVEOQ2

TINTOVE12

oO|l0o|0Ol0O|l0O|0O|l0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OC|O|O

RPlRr|P|IFPIFP|IFPIFP|IP[P|P|IP|P|IPIO|OC|O|O|0O|0O|0O|0O|OC|O|OCO|O|OC|O|O

PP P|IPIPIOIO|lOCO|O|CO|OCO|0O|OC|(FR|FRP|(FP|FP|FRP|FRP|FRP|[P|IOC|O|OC|O|OC|O|O

R|lO|O|lO|O|FRP|(FP|FP|P|IOC|O|OC|O|FR|(FRP|FP|P|IO|lOC|OC|O|(FR|FP|FP|FRP|OC|O|O

OlFr|P|IO|OC|F|IFP|IOCIO|FP|FRP|OC|OC|(FRP|FP|IO|OC|FR|P|IOC|O|FRP|IFP|IOC|IO|F|F|O

O(FrR|O|IFR|O|FRP|[O|FP|IO|FP|IO|RP|O|(FRP|OC|(FRP|O|FRP|O|FRP|O|FRPIO|FRP|O|FL|O|F

TINTCCEO2/INTPEO2
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Figure 6-11: DMA Trigger Factor Registers 0to 3 (DTFRO to DTFR3) (3/3)

Bit Posi- |Bit Name Function

tion

5t00 IFC5 to | Sets the interrupt source that serves as the DMA start factor.

IFCO IFC5 | IFC4 | IFC3 | IFC2 [ IFC1 | IFCO Interrupt Source
0 1 1 1 0 1 |TINTCCE12/INTPE12
0 1 1 1 1 0 |TINTCCE22/INTPE22
0 1 1 1 1 1 |TINTCCE32/INTPE32
1 0 0 0 0 0 |TINTCCE42/INTPE42
1 0 0 0 0 1 |TINTCCES52/INTPE52
1 0 0 0 1 0 |INTAD
1 0 0 0 1 1 |INTMAC
1 0 0 1 0 0 |INTACT
1 0 0 1 0 1 |CAN1REC
1 0 0 1 1 0 |CAN1TRX
1 0 0 1 1 1 |CAN1ERR
1 0 1 0 0 0 |CAN2REC
1 0 1 0 0 1 |CAN2TRX
1 0 1 0 1 0 |CAN2ERR
1 0 1 0 1 1 |CAN3REC
1 0 1 1 0 0 |CAN3TRX
1 0 1 1 0 1 |CAN3ERR
1 0 1 1 1 0 |INTCSIO
1 0 1 1 1 1 |INTCSI1
1 1 0 0 0 0 |INTSERO
1 1 0 0 0 1 |INTSRO
1 1 0 0 1 0 |INTSTO
1 1 0 0 1 1 |INTSER1
1 1 0 1 0 0 |[INTSR1
1 1 0 1 0 1 |INTST1
1 1 0 1 1 0 |[INTSER2
1 1 0 1 1 1 |INTSR2
1 1 1 0 0 0 |[INTST2
Other than above Setting prohibited

Cautions: 1. Be sure to stop DMA operation before making changes to DTFRn register settings
(n=0to 3).
2. An interrupt request input in a standby mode (IDLE or software STOP mode) can-
not be used as a DMA transfer start factor.
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6.4 DMA Bus States

6.4.1 Types of bus states

The DMAC bus states consist of the following 8 states.

(1) TI state
The Tl state is an idle state, during which no access request is issued.

(2) TO state

DMA transfer ready state (state in which a DMA transfer request has been issued and the bus mas-
tership is acquired for the first DMA transfer).

(3) TIR state

The bus enters the T1R state at the beginning of a read operation in the two-cycle transfer mode.
Address driving starts. After entering the T1R state, the bus invariably enters the T2R state.

(4) T2R state

The T2R state corresponds to the last state of a read operation in the two-cycle transfer mode, or to
a wait state.

In the last T2R state, read data is sampled. After entering the last T2R state, the bus invariably
enters the T1W state.

(5) T2RI state

State in which the bus is ready for DMA transfer to on-chip peripheral /O or internal RAM (state in
which the bus mastership is acquired for DMA transfer to on-chip peripheral /O or internal RAM).
After entering the last T2RI state, the bus invariably enters the T1W state.

(6) TI1W state

The bus enters the T1W state at the beginning of a write operation in the two-cycle transfer mode.
Address driving starts. After entering the T1W state, the bus invariably enters the T2W state.

(7) T2W state

The T2W state corresponds to the last state of a write operation in the two-cycle transfer mode, or
to a wait state.
In the last T2W state, the write strobe signal is made inactive.

(8) TE state

The TE state corresponds to DMA transfer completion. The DMAC generates the internal DMA
transfer completion signal and various internal signals are initialized. After entering the TE state, the
bus invariably enters the Tl state.
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6.4.2 DMAC bus cycle state transition

Except for the block transfer mode, each time the processing for a DMA transfer is completed, the bus
mastership is released.

Figure 6-12: DMAC Bus Cycle (Two-Cycle Transfer) State Transition

(28

ORO)
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6.5 Transfer Mode

6.5.1 Single transfer mode

In single transfer mode, the DMAC releases the bus at each byte/halfword/word transfer. If there is a
subsequent DMA transfer request, transfer is performed again once. This operation continues until a
terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the
higher priority DMA request always takes precedence.

6.5.2 Single-step transfer mode

In single-step transfer mode, the DMAC releases the bus at each byte/halfword/word transfer. Once a
DMA transfer request signal is received, transfer is performed again. This operation continues until a
terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the
higher priority DMA request always takes precedence.

6.5.3 Block transfer mode

In the block transfer mode, once transfer starts, the DMAC continues the transfer operation without
releasing the bus until a terminal count occurs. No other DMA requests are acknowledged during block
transfer.

After the block transfer ends and the DMAC releases the bus, another DMA transfer can be acknowl-
edged.

6.6 Transfer Types

6.6.1 Two-cycle transfer

In two-cycle transfer, data transfer is performed in two cycles, a read cycle (source to DMAC) and a
write cycle (DMAC to destination).

In the first cycle, the source address is output and reading is performed from the source to the DMAC.
In the second cycle, the destination address is output and writing is performed from the DMAC to the
destination.
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6.7 Transfer Object

6.7.1 Transfer type and transfer object

Table 6-1 lists the relationships between transfer type and transfer object (V: transfer enabled, x: trans-
fer disabled).

Table 6-1: Relationship Between Transfer Type and Transfer Object

Destination
Two-Cycle Transfer
Internal On-Chip External Internal External
ROM Peripheral I/O RAM Memory
I/0
On-chip peripheral 1/O X v x v X
o | External /O x x x x x
§ Internal RAM x v x x x
@ | External memory x X X x X
Internal ROM x X X X x

Cautions: 1. The operation is not guaranteed for combinations of transfer destination and
source marked with "x" in Table 6-1.
2. Addresses between 3FFFOO0H and 3FFFFFFH cannot be specified for the source
and destination address of DMA transfer. Be sure to specify an address between
FFFFOOOH and FFFFFFFH.

6.8 DMA Channel Priorities

The DMA channel priorities are fixed as follows.

DMA channel 0 > DMA channel 1 > DMA channel 2 > DMA channel 3

These priorities are valid in the Tl state only. In the block transfer mode, the channel used for transfer is
never switched.

In the single-step transfer mode, if a higher priority DMA transfer request is issued while the bus is
released (in the Tl state), the higher priority DMA transfer request is acknowledged.
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6.9 Next Address Setting Function

The DMA source address registers (DSAHN, DSALn), DMA destination address registers (DDAHN,
DDALN), and DMA transfer count register (DBCn) are buffer registers with a 2-stage FIFO configuration
(n=0to 3).

When the terminal count is issued, these registers are automatically rewritten with the value that was
set immediately before.

Therefore, during DMA transfer, transfer is automatically started when a new DMA transfer setting is
made for these registers and the MLEn bit of the DCHCn register is set to 1 (however, the DMA transfer
end interrupt may be issued even if DMA transfer is automatically started).

Figure 6-13 shows the configuration of the buffer register.

Figure 6-13: Buffer Register Configuration

Ny
Data read |
: !
>
o]
©
£
Q .
IS Data write Master Slave Address/
register register count
controller
)
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6.10 DMA Transfer Start Factors

There are two types of DMA transfer start factors, as shown below.

(1) Request from software

If the STGn, ENn, and TCn bits of the DCHCn register are set as follows, DMA transfer starts (n = 0
to 3).

*STGn bhit=1
*ENnbit=1
*TCnbit=0

(2) Request from on-chip peripheral /10
If, when the ENn and TCn bits of the DCHCn register are set as shown below, an interrupt request
is issued from the on-chip peripheral I/O that is set in the DTFRn register, DMA transfer starts (n = 0
to 3).

*ENnbit=1
*TCnbit=0

6.11 Forcible Interruption

DMA transfer can be forcibly interrupted by NMI input during DMA transfer.

At such a time, the DMAC resets the ENn bit of the DCHCn register of all channels to 0 and the DMA
transfer disabled state is entered. An NMI request can then be acknowledged after the DMA transfer
executed during NMI input is terminated (n = 0 to 3).

In the single-step transfer mode or block transfer mode, the DMA transfer request is held in the DMAC.
If the ENn bit is set to 1, DMA transfer restarts from the point where it was interrupted.

In the single transfer mode, if the ENn bit is set to 1, the next DMA transfer request is acknowledged
and DMA transfer starts.

Figure 6-14: Example of Forcible Interruption of DMA Transfer

NMI (input) 4/—\ /_\_
Forcible Transfer Forcible
r interruption r restart r interruption
DMA transferXDMA transfer stopX DMA transfer X DMA transfer stop

/

DDIS register X K 01H X

DRST register X\ 01H

EOO bit of DCHC register \ (Z; \
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6.12 DMA Transfer End

6.12.1 DMA transfer end interrupt

When DMA transfer ends and the TCn bit of the DCHCn register is set to 1, a DMA transfer end inter-
rupt INTDMADN) is issued to the interrupt controller (INTC) (n = 0 to 3).

6.12.2 Terminal count output upon DMA transfer end

The terminal count signal becomes active for one clock during the last DMA transfer cycle.

6.13 Forcible Termination

In addition to the forcible interruption operation by means of NMI input, DMA transfer can be forcibly ter-
minated by the INITn bit of the DCHCn register (n = 0 to 3).

Remark: The next condition can be set even during DMA transfer because the DSAn, DDAn, and
DBChn registers are buffered registers. However, the setting to the DADCn register is invalid
(refer to 6.9 Next Address Setting Function and 6.3.4 DMA addressing control regis-
ters 0 to 3 (DADCO to DADC3)).

6.14 Precautions

(1) Memory boundary

The transfer operation is not guaranteed if the source or the destination address exceeds the area
of DMA objects (internal RAM, or peripheral I/O) during DMA transfer.

(2) Transfer of misaligned data
DMA transfer of 16-bit/32-bit bus width misaligned data is not supported.

(3) Times related to DMA transfer

The overhead before and after DMA transfer and the minimum execution clock for DMA transfer are
shown below.

« Internal RAM access: 2 clocks

(4) Bus arbitration for CPU

The CPU can access on-chip peripheral I/O, and internal RAM not undergoing DMA transfer.
While data transfer is being executed between internal RAMs, the CPU can access external mem-
ory and peripheral I/O.

(5) Interrupt factors

DMA transfer is interrupted if a bus hold is issued.
If the factor (bus hold) interrupting DMA transfer disappears, DMA transfer promptly restarts.
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The V850E/CA1 / ATOMIC is provided with a dedicated interrupt controller (INTC) for interrupt servicing
and can process a total of 62 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.

The VB50E/CA1 / ATOMIC 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. Interrupt
servicing starts after no fewer than 11 system clocks (550 ns (@ 20 MHz)) following the generation of
an interrupt request.

7.1 Features

e Interrupts
- Non-maskable interrupts: 2 sources
Maskable interrupts: 60 sources
8 levels of programmable priorities (maskable interrupts)
Multiple interrupt control according to priority
Masks can be specified for each maskable interrupt request.

Noise eliminationN°t®, edge detection, and valid edge specification for external interrupt request
signals.

Note: For details refer to chapter 7.4 “Noise Elimination Circuit” on page 207.

« Exceptions
- Software exceptions: 32 sources
- Exception traps: 2 sources (illegal opcode exception and debug trap)

Interrupt/exception sources are listed in Table 7-1.
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Table 7-1: Interrupt/Exception Source List (Sheet 1 of 3)
Interrupt/Exception Source )
Type Classification - —— Default | Exception Handler Restored
Name | controlling Generating Source Generating | priority | Code Address PC
Register Unit
Reset Interrupt RESET - RESET input Pin - 0000H 00000000H | Undefined
Non-maskable | Interrupt NMIVC - VCMPOUT / NMI Input Voltage - 0010H 00000010H | nextPC
compara-
tor / NMI-
Pin
NMIWDT - Watchdog timer WDT - 0020H 00000020H | nextPC
Software Exception TRAPOnNote - TRAP instruction - - | 004nHNote | 00000040H | nextPC
exception
P Exception TRAP1nNote - TRAP instruction - - | 0o5nHNote | 00000050H | nextPC
Exception trap | Exception ILGOP/ - lllegal opcode/ - - | 0060H 00000060H | nextPC
DBTRAP DBTRAP instruction
Maskable Interrupt CINTLPOW | PICO Low Power Voltage 0 0080H 00000080H | nextPC
Comparator
Interrupt AD/INTDET | PIC1 Power Fail AID con- 1 0090H 00000090H | nextPC
verter
Interrupt INTWT PIC2 Real Time Clock Divider | Watch timer 2 00AOH 000000A0H | nextPC
Tick
Interrupt TINTCMDO |PIC3 Compare Match Timer DO 3 00BOH 000000BOH | nextPC
Interrupt TINTCMD1 |PIC4 Compare Match Timer D1 4 00COH 000000COH | nextPC
Interrupt INTWTI PIC5 interval Timer Watch 5 00DOH 000000D0OH | nextPC
Timer
Interrupt INTO PIC6 INTO input Pin 6 00EOH 000000EOH | nextPC
Interrupt INT1 PIC7 INT1 input Pin 7 00FOH 000000FO0H | nextPC
Interrupt INT2 PIC8 INT2 input Pin 8 0100H 00000100H | nextPC
Interrupt TINTOVEOO | PIC9 Time base Overflow Timer EO 9 0110H 00000110H | nextPC
Interrupt TINTOVE10 | PIC10 Time base Overflow Timer EO 10 | 0120H 00000120H | nextPC
Interrupt TINTCCEOO| PIC11 CC coincidence / Pin Timere0/ 11 | 0130H 00000130H | nextPC
[INTPEOO INTPEOO
Interrupt TINTCCE10| PIC12 CC coincidence / Pin TimerE0/ 12 | 0140H 00000140H | nextPC
[INTPE10 INTPE10
Interrupt TINTCCE20| PIC13 CC coincidence / Pin TimerE0/ 13 | 0150H 00000150H | nextPC
[INTPE20 INTPE20
Interrupt TINTCCE30| PIC14 CC coincidence / Pin Timere0/ 14 | 0160H 00000160H | nextPC
[INTPE30 INTPE30
Interrupt TINTCCE40| PIC15 CC coincidence / Pin TimerE0/ 15 [ 0170H 00000170H | nextPC
[INTPE40 INTPE40
Interrupt TINTCCES0| PIC16 CC coincidence / Pin TimerE0/ 16 | 0180H 00000180H | nextPC
[INTPE50 INTPES0
Interrupt TINTOVEOL | PIC17 Time base Overflow Timer E1 17 | 0190H 00000190H | nextPC
Interrupt TINTOVE1l | PIC18 Time base Overflow Timer E1 18 | 01A0H 000001A0H | nextPC
Interrupt TINTCCEO1| PIC19 CC coincidence / Pin TimerE1/ 19 | 01BOH 000001BOH | nextPC
[INTPEO1 INTPEOL
Interrupt TINTCCE11| PIC20 CC coincidence / Pin TimerE1/ 20 | 01COH 000001COH | nextPC
[INTPE11 INTPE1L
Interrupt TINTCCE21| PIC21 CC coincidence / Pin TimerE1/ 21 | 01DOH 000001DOH | nextPC
[INTPE21 INTPE21
Interrupt TINTCCE31| PIC22 CC coincidence / Pin TimerE1/ 22 | 01EOH 000001EOH | nextPC
[INTPE31 INTPE3L
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Table 7-1: Interrupt/Exception Source List (Sheet 2 of 3)
Interrupt/Exception Source )
Type Classification - —— Default | Exception Handler Restored
Name | Controlling Generating Source Generating | priority | Code Address pC
Register Unit
Maskable Interrupt TINTCCE41| PIC23 CC coincidence / Pin TimerE1/ 23 | 01FOH 000001FO0H | nextPC
[INTPE41 INTPE41
Interrupt TINTCCES51| PIC24 CC coincidence / Pin TimerE1/ 24 | 0200H 00000200H | nextPC
[INTPE51 INTPES1
Interrupt TINTOVEO2 | PIC25 Time base Overflow Timer E2 25 | 0210H 00000210H | nextPC
Interrupt TINTOVE12 | PIC26 Time base Overflow Timer E2 26 | 0220H 00000220H | nextPC
Interrupt TINTCCEO2| PIC27 CC coincidence / Pin TimerE2/ 27 | 0230H 00000230H | nextPC
[INTPEO2 INTPE02
Interrupt TINTCCE12| PIC28 CC coincidence / Pin Timerg2/ 28 | 0240H 00000240H | nextPC
[INTPE12 INTPE12
Interrupt TINTCCE22| PIC29 CC coincidence / Pin Timerg2/ 29 | 0250H 00000250H | nextPC
[INTPE22 INTPE22
Interrupt TINTCCE32| PIC30 CC coincidence / Pin Timerg2/ 30 [ 0260H 00000260H | nextPC
[INTPE32 INTPE32
Interrupt TINTCCE42| PIC31 CC coincidence / Pin Timerg2/ 31 | 0270H 00000270H | nextPC
[INTPE42 INTPE42
Interrupt TINTCCES52| PIC32 CC coincidence / Pin Timerg2/ 32 | 0280H 00000280H | nextPC
[INTPE52 INTPES52
Interrupt INTAD PIC33 AD conversion end AID 33 [ 0290H 00000290H | nextPC
Interrupt INTMAC PIC34 MAC interrupt CGINTP 1-2| FCAN 34 | 02A0H 000002A0H | nextPC
Interrupt INTACT PIC35 MAC interrupt CGINTP 7 | FCAN 35 | 02BOH 000002BOH | nextPC
Interrupt CAN1REC [PIC36 CAN1 receive interrupt FCAN1 36 | 02COH 000002COH | nextPC
pending
Interrupt CANITRX [PIC37 CAN1 transmit interrupt | FCAN1 37 | 02DOH 000002D0H | nextPC
pending
Interrupt CAN1ERR |[PIC38 CAN1 error interrupt pend-| FCAN1 38 | 02EOH 000002EQH | nextPC
ing
Interrupt CAN2REC |[PIC39 CAN2 receive interrupt FCAN2 39 | 02F0H 000002F0H | nextPC
pending
Interrupt CAN2TRX |PIC40 CAN2 transmit interrupt | FCAN2 40 | 0300H 00000300H | nextPC
pending
Interrupt CAN2ERR |[PIC41 CAN2 error interrupt pend-| FCAN2 41 | 0310H 00000310H | nextPC
ing
Interrupt CAN3REC |[PIC42 CAN3 receive interrupt FCAN3 42 |1 0320H 00000320H | nextPC
pending
Interrupt CAN3TRX | PIC43 CAN3 transmit interrupt | FCAN3 43 1 0330H 00000330H | nextPC
pending
Interrupt CAN3ERR |PIC44 CAN3 error interrupt pend-| FCAN3 44 1 0340H 00000340H | nextPC
ing
Interrupt INTCSIO PIC45 CSI0 transmission/ recep- | CSI0 45 [ 0350H 00000350H | nextPC
tion complete
Interrupt INTCSI1 PIC46 CSI1 transmission / recep- | CSI1 46 | 0360H 00000360H | nextPC
tion complete
Interrupt INTSERO | PIC47 UARTO reception error UARTO 47 | 0370H 00000370H | nextPC
Interrupt INTSRO PIC48 UARTO reception comple- | UARTO 48 | 0380H 00000380H | nextPC
tion
Interrupt INTSTO PIC49 UARTO transmission com- | UARTO 49 1 0390H 00000390H | nextPC
pletion
Interrupt INTSER1 | PIC50 UART1 reception error UART1 50 | 03A0H 000003A0H | nextPC
Interrupt INTSR1 PIC51 UART1 reception comple- | UART1 51 | 03BOH 000003BOH | nextPC
tion
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Table 7-1: Interrupt/Exception Source List (Sheet 3 of 3)

Interrupt/Exception Source )
Type Classification - — Default | Exception Handler Restored
Name | controlling Generating Source Generating | priority | Code Address PC
Register Unit

Maskable Interrupt INTST1 PIC52 UART1 transmission com- | UART1 52 | 03COH 000003COH | nextPC

pletion
Interrupt INTSER2 | PIC53 UART2 reception error UART2 53 | 03DOH 000003D0OH | nextPC
Interrupt INTSR2 PIC54 UART2 reception comple- | UART2 54 | 03EOH 000003EOH | nextPC

tion

Interrupt INTST2 PIC55 UART2 transmission com- | UART2 55 | 03FOH 000003FOH | nextPC

pletion
Interrupt INTDMAO | PIC56 DAM completed DMAO 56 | 0400H 00000400H | nextPC
Interrupt INTDMAL | PIC57 DMA completed DMA1 57 | 0410H 00000410H | nextPC
Interrupt INTDMA2 | PIC58 DMA completed DMA2 58 | 0420H 00000420H | nextPC
Interrupt INTDMA3 | PIC59 DMA completed DMA3 59 | 0430H 00000430H | nextPC
Interrupt reserved | PIC60 reserved reserved 60 | 0440H 00000440H | nextPC
Interrupt reserved PIC61 reserved reserved 61 | 0450H 00000450H | nextPC
Interrupt reserved PIC62 reserved reserved 62 | 0460H 00000460H | nextPC
Interrupt reserved | PIC63 reserved reserved 63 | 0470H 00000470H | nextPC

Note: n=0to FH

Remarks: 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 acknowl-
edged 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 process-
ing.

4. The execution address of the illegal instruction when an illegal opcode exception occurs
is calculated by (Restored PC — 4).
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7.2 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 V850E/CAL / ATOMIC are available for the following two requests:

« NMI pin input (NMIVC)
* Non-maskable watchdog timer interrupt request (NMIWDT)

When the valid edge specified by bits EDN1, EDNO of the voltage comparator mode register (VCMPM)
is detected on the NMI pin, or the comparator output, depending on the NSOCE bit of voltage compara-
tor mode register (VCMPM), the interrupt occurs.

The watchdog timer interrupt request (NMIWDT) is only effective as non-maskable interrupt if the
WDTM bit of the watchdog timer mode register (WDTM) is set 0.

If multiple non-maskable interrupts are generated at the same time, the highest priority servicing is exe-
cuted according to the following priority order (the lower priority interrupt is ignored):

NMIWDT > NMIVC

Note that if an NMIVC or NMIWDT request is generated while NMIVC is being serviced, the service is
executed as follows.

(1) If an NMIVC is generated while NMIVC is being serviced

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

(2) If an NMIWDT request is generated while NMIVC is being serviced

If the PSW.NP bit remains set (1) while NMIVC is being serviced, the new NMIWDT request is held
pending. The pending NMIWDT request is acknowledge after servicing of the current NMIVC
request has finished (after execution of the RETI instruction).

If the PSW.NP bit is cleared (0) while NMIVC is being serviced, the newly generated NMIWDT
request is executed (NMIVC servicing is halted).

Remark: PSW.NP: The NP bit of the PSW register.

Cautions: 1. Although the values of the PC and PSW are saved to an NMI status save register
(FEPC, FEPSW) when a non-maskable interrupt request is generated, only the
NMIVC can be restored by the RETI instruction at this time. Because NMIWDT can-
not be restored by the RETI instruction, the system must be reset after servicing
this interrupt.
2. If PSW.NP is cleared to 0 by the LDSR instruction during non-maskable interrupt
servicing, a NMIVC interrupt afterwards cannot be acknowledged correctly.
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7.2.1 Operation

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

(1) Saves the restored PC to FEPC.

(2) Saves the current PSW to FEPSW.

(3) Writes exception code 0010H to the higher halfword (FECC) of ECR.

(4) Sets the NP and ID bits of the PSW and clears the EP bit.

(5) Sets the handler address (00000010H) corresponding to the non-maskable interrupt to the PC, and
transfers control.

The processing configuration of a non-maskable interrupt is shown in Figure 7-1.

Figure 7-1: Processing Configuration of Non-Maskable Interrupt

( DCNMIn input )

INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
w 1
0
FEPC ~ Restored PC

FEPSW ~ PSW

ECR.FECC -~ Exception
code

PSW.NP <1

PSW.EP <0

PSW.ID -1

PC ~ NMI-Handler
address

( Interrupt service ) (Interrupt request pending)
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Figure 7-2: Acknowledging Non-Maskable Interrupt Request

(a) If a new NMIVC request is generated while an NMIVC service program is being executed

( Main routine )

(PSW.NP = 1)

NMI request held pending because

NMI r — NMI r —
equest equest PSW.NP = 1

Pending NMI request processed

(b) If anew NMIVC request is generated twice while an NMIVC service program is being exe-
cuted

( Main routine )

NMI request —| Held pending because NMI service program is being processed

NMI request —

NMI request —| Held pending because NMI service program is being processed

Only one NMI request is acknowledged even though
two NMI requests are generated
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Figure 7-3: Example of Non-Maskable Interrupt Request Acknowledgement Operation (1/2)

(c) Multiple NMI requests generated at the same time

NMIVC and NMIWD requests generated
simultaneously

Main routine

NMIWD servicing

—

NMIVC and NMIWD
requests
(generated
simultaneously)

System reset
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Figure 7-3: Example of Non-Maskable Interrupt Request Acknowledgement Operation (2/2)

(d) NMI request generated during NMI servicing

NMI being

NMI request generated during NMI servicing

serviced

NMIVC

* NMIWD request generated

NMIWD

NMIVC

« NMIVC request generated during
NMIVC servicing

Main routine

NMIVC request (Held pending)
NMIVC request

NMIVC request
I4>

NMIVC servicing

Y

Servicing of
pending NMIVC

during NMIVC servicing

Main routine

Main routine

(NP =1 retained before NMIWD
request)

NMIVC servicing

NMIWD request | (Held pending)

NMIWD servicing

y

System reset

* NMIWD request generated
during NMIVC servicing (NP =
0 set before NMIWD request)

NMIWD
servicing

NMIVC servicing

NMIVC
request

System reset

* NMIWD request generated
during NMIVC servicing (NP =
0 set after NMIWD request)

Main routine

NMIVC
request

request
NP=0

System reset

NMIWD

« NMIVC request generated during
NMIWD servicing

Main routine

NMIVC request

NMIWD servicing

(Invalid)

NMIWD request

* NMIWD request generated
during NMIWD servicing

NMIWD request

System reset

NMIWD servicing

(Invalid)

NMIWD request

System reset

Preliminary User's Manual U14913EE1VOUMOO

191



Chapter 7 Interrupt/Exception Processing Function

7.2.2 Restore

(1) NMIVC

Execution is restored from the non-maskable interrupt (NMIVC) processing by the RETI 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 7-4 illustrates how the RETI instruction is processed.

Figure 7-4: RETI Instruction Processing

( RETI instruction )

| 0

! 1

; PSW.NP

e -0
PC <EIPC PC < FEPC
PSW ~—EIPSW PSW < FEPSW

( Original processing restored )

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 dur-
ing 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 instruc-
tion.

Remark: The solid line indicates the CPU processing flow.

(2) NMIWDT
Restoring by RETI instruction is not possible. Perform a system reset after interrupt servicing.

192 Preliminary User's Manual U14913EE1VOUMOO0



Chapter 7 Interrupt/Exception Processing Function

7.2.3 Non-maskable interrupt status flag (NP)

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

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

Figure 7-5: Non-maskable Interrupt Status Flag (NP)

31 8 7 6 5 4 3 2 1 0 Inital
value

I I I 1 1 I I I I I I I I I I I I I

— ——
PSWJ0 0 0 0 0O OOOOOO0OOO® OO OO0OOUOO OO0 0 0 O|NPEP

D [SAT|CY|OV| S | Z |00000020H

Bit Position | Bit Name Function

7 NP Indicates whether NMI interrupt processing is in progress.
0: No NMl interrupt processing
1: NMl interrupt currently being processed
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7.2.4 Edge detection function

The behaviour of the non-maskable interrupt (NMIVC) can be specified by the voltage comparator
mode register. The valid edge of the external NMI pin input can be specified by the EDN1, EDNO bits,
whereas the source has to be selected by the NSOCE bhit.
The register can be read/written in 8-bit or 1-bit units.

Figure 7-6: Voltage Comparator Mode Register (VCMPM)

7 6 5 4 2 1 0 Address R/W Initial
value
VCMPM| VCEN |NSOCE | EFBK 0 EDN1 | EDNO | EDM1 | EDMO |FFFFF860H R/W OOH
Bit position Bit Name Function
7 VCEN Enables the voltage comparator.
6 NSOCE Specifies the NMI source.
0: NMI pin
1: Comparator output
5 EFBK Enables comparator feedback.
3,2 EDN1, EDNO | Specifies the NMI pin’s valid edge.
EDN1 EDNO Operation
0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both falling and rising edges
1,0 EDM1, EDMO | Specifies the valid edge for maskable comparator interrupt.
EDM1 EDMO Operation
0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both falling and rising edges

194

Preliminary User's Manual U14913EE1VOUMOO



Chapter 7 Interrupt/Exception Processing Function

7.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V850E/CA1 / ATOMIC
has 60 maskable interrupt sources.

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 speci-
fied 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 DI instruction before executing the RETI instruction, then reset EIPC and EIPSW with
the values saved in (1).

7.3.1 Operation

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

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower halfword of ECR (EICC).

(4) Sets the ID bit of the PSW and clears the EP bit.

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

The processing configuration of a maskable interrupt is shown in Figure 7-7.
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Figure 7-7: Maskable Interrupt Processing

' C

INT input

)

INTC accepted

Priority higher than
that of interrupt currently
being processed?

Priority higher
than that of other interrupt
request?

ighest default
priority of interrupt requests
with the same priority?

No

Is the interrupt
mask released?

No

No

No

T CMaskabIe

interrupt request)

CPU processing

Gnterrupt request held pendingD

EIPC
EIPSW
ECR.EICC
PSW.EP
PSW.ID

bit of ISPRNte
PC

Corresponding -— 1

restored PC
PSW
exception code
0

1

Prert

-— handler address

( Interrupt processing )

Note:

Gnterrupt request held pendingD

For the ISPR register, see 7.3.6 In-service priority register (ISPR).

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 control-
ler. 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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7.3.2 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 7-8 illustrates the processing of the RETI instruction.

Figure 7-8: RETI Instruction Processing

( RETI instruction )

PC -—EIPC PC -— FEPC
PSW ~—EIPSW PSW -— FEPSW

C Original processing restored )

Note: Forthe ISPR register, see 7.3.6 In-service priority register (ISPR).

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR 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.

Remark: The solid lines show the CPU processing flow.
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7.3.3 Priorities of maskable interrupts

The V850E/CA1 / ATOMIC 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 prior-
ity 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) before-
hand. For more information, refer to Table 7-1: Interrupt/Exception Source List (Sheet 1 of 3). 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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Figure 7-9: Example of Processing in Which Another Interrupt Request Is Issued While an Inter-
rupt Is Being Processed (1/2)

( Main routine )

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 ¢ — “Interrupt request d o o
(level 3) (level 2)— Although the pr|<_)r|ty of |nterrgpt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Processing of d

Processing of e

\

Interrupt request € — “nterrupt 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

/!

Processing of g

Interrupt request g —= Interrupt request h _ . 3
(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

|

Caution: 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.

Remarks: 1.ato uin the figure 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.
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Figure 7-9: Example of Processing in Which Another Interrupt Request Is Issued While an Inter-
rupt Is Being Processed (2/2)

C Main routine )

El

Processing of i
El Processing of k

Interrupt
Interrupt request i — request |_,_
(level 2) (level 3)

Interrupt request k InFer_rup_t request j is held pe_ndmg because its
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

Processing of |

interrupt Interrupt requests m and n are held pending
request m because processing of | is performed in the
(level 3) - interrupt disabled status.

Interrupt request n
(level 1) .

Interrupt request | —
(level 2)

Pending interrupt requests are acknowledged after
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 n

Processing of m

Processing of o

/Ta Processing of pP o of

Interrupt request o — n \/TEI rocessing of q _

terrupt

(level 3) requesutpp _»L—"Interrupt El Processing of r
request g Interrupt

level 2
(level 2) (level 1) request r —m
(level 0)

If levels 3 to 0 are acknowledged

Processing of s Pending interrupt requests t and u are
acknowledged after processing of s.

Interrupt Because the priorities of t and u are the same, u is

request t acknowledged first because it has the higher

Interrupt request s —= (level 2) | Noet default priority, regardless of the order in which the

(level 1) Interruptl rEQEg)St YUl ot interrupt requests have been generated.
evel 2)—»

;

Processing of u Notes: 1. Lower default priority

2. Higher default priority

Processing of t

Caution: 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.
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Figure 7-10: Example of Processing Interrupt Requests Simultaneously Generated

( Main routine )

El

Interrupt request a (level 2)
Interrupt request b (level 1)

Processing of interrupt request b = Interrupt request b and c are
Interrupt request c (level 1) 9 ptreq pt req

acknowledged first according to
their priorities.
* Because the priorities of b and c are
Default priorit ) ) the same, bis acknowledg_ed_ first
p y Processing of interrupt request ¢ according to the default priority.

a>b>c

Processing of interrupt request a

il

Caution: 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.
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7.3.4 Interrupt control register (PICn)

An interrupt control register is assigned to each interrupt request (maskable interrupt) and sets the con-
trol conditions for each maskable interrupt request.
This register can be read/written in 8-bit or 1-bit units.

Figure 7-11: Interrupt Control Register (PICn)

7 6 5 4 3 2 1 0 Address Initial
value
PICn | PIFn | PMKn \ 0 | 0 \ 0 | PPRnN2 \ PPRn1 \ PPRnOl FFFFF110H  47H

to FFFF18EH

Bit Position | Bit Name Function

7 PIFn This is an interrupt request flag.

0: Interrupt request not issued

1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.

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

2t00 PPRn2 to |8 levels of priority order are specified for each interrupt.
PPRnO PPRN2 PPRN1 PPRNO Interrupt Priority Specification Bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
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)

Remark: n=01to59

The address and bit of each interrupt control register are shown in the following Table 7-2.
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Table 7-2: Addresses and Bits of Interrupt Control Registers (Sheet 1 of 2)

Address Register Bit
7 6 5 4 3 2 1 0
FFFFF110H PICO PIFO PMKO 0 0 0 PPRO2 | PPRO1 | PPROO
FFFFF112H PIC1 PIF1 PMK1 0 0 0 PPR12 | PPR11 | PPR10
FFFFF114H PIC2 PIF2 PMK2 0 0 0 PPR22 | PPR21 | PPR20
FFFFF116H PIC3 POIF3 PMK3 0 0 0 PPR32 | POPR31 | PPR30
FFFFF118H PIC4 P1IF4 PMK4 0 0 0 PPR42 | P1PR41 | PPR40
FFFFF11AH PIC5 PIF5 PMK5 0 0 0 PPR52 | PPR51 | PPR50
FFFFF11CH PIC6 PIF6 PMKG6 0 0 0 PPR62 PPR61 PPR60
FFFFF11EH PIC7 PIF7 PMK7 0 0 0 PPR72 | PPR71 | PPR70
FFFFF120H PIC8 PIF8 PMK8 0 0 0 PPR82 PPRS81 PPR80
FFFFF122H PIC9 PIF9 PMK9 0 0 0 PPR92 | PPR91 | PPR90
FFFFF124H | PIC10 PIF10 PMK10 0 0 0 PPR102 | PPR101 | PPR100
FFFFF126H | PIC11 PIF11 PMK11 0 0 0 PPR112 | PPR111 | PPR110
FFFFF128H | PIC12 PIF12 PMK12 0 0 0 PPR122 | PPR121 | PPR120
FFFFF12AH| PIC13 PIF13 PMK13 0 0 0 PPR132 | PPR131 | PPR130
FFFFF12CH| PIC14 PIF14 PMK14 0 0 0 PPR142 | PPR141 | PPR140
FFFFF12EH| PIC15 PIF15 PMK15 0 0 0 PPR152 | PPR151 | PPR150
FFFFF130H | PIC16 PIF16 PMK16 0 0 0 PPR162 | PPR161 | PPR160
FFFFF132H | PIC17 PIF17 PMK17 0 0 0 PPR172 | PPR171 | PPR170
FFFFF134H | PIC18 PIF18 PMK18 0 0 0 PPR182 | PPR181 | PPR180
FFFFF136H | PIC19 PIF19 PMK19 0 0 0 PPR192 | PPR191 | PPR190
FFFFF138H | PIC20 PIF20 PMK20 0 0 0 PPR202 | PPR201 | PPR100
FFFFF13AH| PIC21 PIF21 PMK21 0 0 0 PPR212 | PPR11 | PPR110
FFFFF13CH| PIC22 PIF22 PMK22 0 0 0 PPR222 | PPR221 | PPR220
FFFFF13EH| PIC23 PIF23 PMK23 0 0 0 PPR232 | PPR231 | PPR230
FFFFF140H| PIC24 PIF24 PMK24 0 0 0 PPR242 | PPR241 | PPR240
FFFFF142H | PIC25 PIF25 PMK25 0 0 0 PPR252 | PPR251 | PPR250
FFFFF144H | PIC26 PIF26 PMK26 0 0 0 PPR262 | PPR261 | PPR260
FFFFF146H | PIC27 PIF27 PMK27 0 0 0 PPR272 | PPR271 | PPR270
FFFFF148H | PIC28 PIF28 PMK28 0 0 0 PPR282 | PPR281 | PPR280
FFFFF14AH| PIC29 PIF29 PMK29 0 0 0 PPR292 | PPR291 | PPR290
FFFFF14CH| PIC30 PIF30 PMK30 0 0 0 PPR302 | PPR301 | PPR300
FFFFF14EH| PIC31 PIF31 PMK31 0 0 0 PPR312 | PPR311 | PPR310
FFFFF150H | PIC32 PIF32 PMK32 0 0 0 PPR322 | PPR321 | PPR320
FFFFF152H | PIC33 PIF33 PMK33 0 0 0 PPR332 | PPR331 | PPR330
FFFFF154H| PIC34 PIF34 PMK34 0 0 0 PPR342 | PPR341 | PPR340
FFFFF156H | PIC35 PIF35 PMK35 0 0 0 PPR352 | PPR351 | PPR350
FFFFF158H | PIC36 PIF36 PMK36 0 0 0 PPR362 | PPR361 | PPR360
FFFFF15AH| PIC37 PIF37 PMK37 0 0 0 PPR372 | PPR371 | PPR370
FFFFF15CH| PIC38 PIF38 PMK38 0 0 0 PPR382 | PPR381 | PPR380
FFFFF15EH| PIC39 PIF39 PMK39 0 0 0 PPR392 | PPR391 | PPR390
FFFFF160H | PIC40 PIF40 PMK40 0 0 0 PPR402 | PPR401 | PPR400
FFFFF162H | PIC41 PIF41 PMK41 0 0 0 PPR412 | PPR411 | PPR410
FFFFF164H | PIC42 PIF42 PMK42 0 0 0 PPR422 | PPR421 | PPR420
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Table 7-2: Addresses and Bits of Interrupt Control Registers (Sheet 2 of 2)

Address Register Bit
7 6 5 4 3 2 1 0
FFFFF166H | PIC43 PIF43 PMK43 0 0 0 PPR432 | PPR431 | PPR430
FFFFF168H | PIC44 PIF44 PMK44 0 0 0 PPR442 | PPR441 | PPR440
FFFFF16AH | PIC45 PIF45 PMK45 0 0 0 PPR452 | PPR451 | PPR450
FFFFF16CH| PIC46 PIF46 PMK46 0 0 0 PPR462 | PPR461 | PPR460
FFFFF16EH | PICA47 PIF47 PMK47 0 0 0 PPR472 | PPR471 | PPR470
FFFFF170H | PIC48 PIF48 PMK48 0 0 0 PPR482 | PPR481 | PPR480
FFFFF172H | PIC49 PIF49 PMK49 0 0 0 PPR492 | PPR491 | PPR490
FFFFF174H| PIC50 PIF50 PMK50 0 0 0 PPR502 | PPR501 | PPR500
FFFFF176H| PIC51 PIF51 PMK51 0 0 0 PPR512 | PPR511 | PPR510
FFFFF178H| PIC52 PIF52 PMK52 0 0 0 PPR522 | PPR521 | PPR520
FFFFF17AH| PIC53 PIF53 PMK53 0 0 0 PPR532 | PPR531 | PPR530
FFFFF17CH| PIC54 PIF54 PMK54 0 0 0 PPR542 | PPR541 | PPR540
FFFFF17EH| PIC55 PIF55 PMK55 0 0 0 PPR552 | PPR551 | PPR550
FFFFF180H | PIC56 PIF56 PMK56 0 0 0 PPR562 | PPR561 | PPR560
FFFFF182H | PIC57 PIF57 PMK57 0 0 0 PPR572 | PPR571 | PPR570
FFFFF184H | PIC58 PIF58 PMK58 0 0 0 PPR582 | PPR581 | PPR580
FFFFF186H | PIC59 PIF59 PMK59 0 0 0 PPR592 | PPR591 | PPR590

Remark: For the interrupt source to the respective controlling registers PICn (n=0 to 59) refer to
Table 7-1, “Interrupt/Exception Source List (Sheet 1 of 3),” on page 184.
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7.3.5 Interrupt mask registers 0 to 3 (IMRO to IMR3)

These registers set the interrupt mask state for the maskable interrupts.

The PMKn bit of the IMRO to IMR3 registers is equivalent to the PMKn bit of the PICn register.
IMRm registers can be read/written in 16-bit units (m = 0 to 3).

When the IMRm register is divided into two registers: higher 8 bits (IMRmH register) and lower 8 bits
(IMRmL register), these registers can be read/written in 8-bit or 1-bit units (m = 0 to 3).

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 IMRmMH can be accessed on the following address (address(IMRm) + 1).

Figure 7-12: Interrupt Mask Registers 0 to 3 (IMRO to IMR3)

15 14 13 12 11 10 9 8 Address Initial

value

IMRO |PMK15 \ PMK14 | PMK13 \ PMK12 | PMK11 \ PMKlOl PMK9 \ PMKS | FFFFF100H FFFFH
7 6 5 4 3 2 1 0

| PMK7 \ PMK6 | PMK5 \ PMK4 | PMK3 \ PMK2 | PMK1 \ PMKO |

15 14 13 12 11 10 9 8 Address Initial

value

IMR1 | PMK31 \ PMK30 | PMK29 \ PMK28 | PMK27 \ PMK26 | PMK25 \ PMK24 | FFFFF102H  FFFFH
7 6 5 4 3 2 1 0

| PMK23 \ PMK22 | PMK21 \ PMK20 | PMK19 \ PMK18 | PMK17 \ PMK16 |

15 14 13 12 11 10 9 8 Address Initial

value

IMR2 | PMK47 \ PMK46 | PMK45 \ PMK44 | PMK43 \ PMK42 | PMK41 \ PMK40 | FFFFF104H  FFFFH
7 6 5 4 3 2 1 0

| PMK39 \ PMK38 | PMK37 \ PMK36 | PMK35 \ PMK34 | PMK33 \ PMK32 |

15 14 13 12 11 10 9 8 Address Initial

value

IMR3 | 1 \ 1 \ 1 \ 1 \ PMK59 \ PMK58 \ PMK57 \ PMK56 | FFFFF106H  FFFFH
7 6 5 4 3 2 1 0

| PMK55 \ PMK54 \ PMK53 \ PMK52 \ PMK51 \ PMK50 \ PMK49 \ PMK48 |

Bit Position | Bit Name Function

15t0 0 PMKn Interrupt mask flag.
0: Interrupt servicing enabled
1: Interrupt servicing disabled (pending)

Remark: n: peripheral unit number (refer to Table 7-2, “Addresses and Bits of Interrupt Control Regis-
ters (Sheet 1 of 2),” on page 203).
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7.3.6 In-service priority register (ISPR)

This register holds the priority level of the maskable interrupt currently acknowledged. When an inter-
rupt 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.

Figure 7-13: In-Service Priority Register (ISPR)

7 6 5 4 3 2 1 0 Address Initial
value

ISPR | ISPR7 | ISPR6 \ ISPR5 | ISPR4 \ ISPR3 | ISPR2 \ ISPR1 \ ISPRO | FFFFF1FAH  OOH

Bit Position | Bit Name Function
7t00 ISPR7 to | Indicates priority of interrupt currently acknowledged
ISPRO 0: Interrupt request with priority n not acknowledged
1: Interrupt request with priority n acknowledged

Remark: n =0to 7 (priority level)

7.3.7 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.

Figure 7-14: Maskable Interrupt Status Flag (ID)

31 8 76 543210 Inital
value

| | | I I | | I I | |
PSWiJj0 0 0 0 00 0O0O0O0OGOOOTOODO®OU®OOUOO0O0 O0NPEPIDSATCYOV S Z)00000020H
| | | | |

| | | | | | | | | | | | | | | | | | | | | | | | | |

Bit Position | Bit Name Function

5 ID 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 DI 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.
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7.4 Noise Elimination Circuit

V850E/CA1 / ATOMIC is provided with filter / edge detection circuits for ports 3, 4, 5 and port 6 (3 chan-

nels).
The circuit consists from programmable digital filter, analog filter, edge detection and input source
selection.
Figure 7-15: Timer E Input Circuit Overview
Filter Digital Filter Frequencies
Clock Clock 0 Clock 1 Clock 2
— |
TINTCCEmMO
from Timer EO
INTPEmMO
O Analog | | . TINTCCEmO
Input INTPEMO Filter Edge ~ to Interrupt
Detection | Controller
[
EDGEML,
— DFEN EDGEMO
L Digital
> Filter \ To Timer EO
TNIEm
Edge
FSMP1, Selection
FSMPO
TMS1,TMS0
O TINTCCEm2
O from Timer E2
- L
INTPEm2
O Analog . TINTCCEm2
Input INTPEmM2 Filter Edge x to Interrupt
Detection | —= Controller
EDGEML1,
W — DFEN EDGEMO
L Digital
> Filter To Timer E2
TNIEm
Edge
FSMP1, Selection
FSMPO
TMS1,TMSO

Remark: m=0to5
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Figure 7-16: Port Interrupt Input Circuit Overview

Filter Digital Filter Frequencies
Clock Clock 0 Clock 1 Clock 2

|
Q TINTCCEmMO

from Timer EO

INTPn

Analo
O 100 Es to Interrupt
Filter Edge =
Input INTPn Detection o Controller
EDGEM1,
DFEN EDGEMO

L Digital
> Filter

FSMP1,
FSMPO

Remark: n=0to2

7.4.1 Analog Filter

The analogue filter consists of a comparator stage, which compares the input pin level against a
delayed input pin level. The filter output follows the filter input, if this compare operation matches.
The delay stage is set to a fixed delay of 50 ns. The tolerance of this delay is at about 70%. This
defines the filter frequency in a range from 12 MHz to 67 MHz.

An edge detection circuitry can detect rising, falling or both edges (selectable).
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7.4.2 Digital Filter

Behavioral Description

The digital filter simply samples the input with the negative clock edge of the fcp internal system

clock. The negative clock edge is used to suppress the sampling of glitches caused by the V850E/CA1
/ ATOMIC hardware and its external circuitry itself (assuming that all outputs from the V850E/CA1 /
ATOMIC change their values only on positive edges of the f-p clock or any derived sub-clock).

The digital filter's behaviour is described as follows:
The digital filter samples the input signal with its fop; operating frequency (negative clock edge). To rec-

ognize a new value for its output, that differs from the current output state, 4 subsequent samples are
required, where each sample has read the same new input value.

However, to accept an input sample to be relevant for the new value, the level of the detection enable
signal has to be high. The detection enable signal is a divided clock derived from the system clock, with
frequencies: fepy, fepu/2, fepu/4.

To reject an input sample sequence, only one violation of an input sample against the sequence of
equal and accepted input samples is sufficient. Here, the detection enable signal is not relevant.

The following figure illustrates the behaviour of the filter’s state machine.

Figure 7-17: Digital Filter State Machine Diagram

input =
: Undisturbed { > detect_ enable 1

RESET : 1 sequence input =
{ ’ detect_ enable 1

—» input=0
» input =
N » other conditions

‘-——__
~~~~~
"~
i,
=
\,
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7.4.3 Interrupt trigger mode selection
The valid edge of the INTP pins can be selected by program. The edge that can be selected as the valid
edge is one of the following.

« Rising edge

« Falling edge

 Both the rising and falling edges

7.4.4 Filter Edge Detect Mode Register (FEMOn to FEM5n) for Timer E Input Pins (n=0 to 2)

This registers are 8-bit register that control the filter function for the input interrupt pins INTPEmn and
the Timer E input (TINEmn) (m=0 to 5, n=0 to 2). Additional they define the interrupt source and inter-
rupt edge selection to the dedicated interrupt controller.

They can be read or written in 8- or 1-bit units.

Figure 7-18: Timer E Input Pin Filter Edge Detect Mode Registers (FEMOn to FEM5n) (n=0 to 2) (1/2)

Initial

7 6 5 4 3 2 1 0 Address  value

FEMO0 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO | FFFFF880H  00H
FEMO1 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO | FFFFF890H  00H
FEMO02 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO | FFFFF8AOH  00H
FEM10 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF881H 00H
FEM11 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF891H 00H
FEM12 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF8ALH  00H
FEM20 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF882H 00H
FEM21 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF892H 0O0H
FEM22 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF8A2H  00H
FEM30 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF883H 00H
FEM31 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF893H 00H
FEM32 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF8A3H  00H
FEM40 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF884H 00H
FEM41 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF894H 00H
FEM42 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF8A4H  00H
FEM50 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF885H 00H
FEM51 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF895H  00H
FEM52 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | TMS1 | TMSO0 | FFFFF8ASH  00H
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Figure 7-18: Timer E Input Pin Filter Edge Detect Mode Registers (FEMOn to FEM5n) (n=0 to 2) (2/2)

Bit Name Description
DFEN Digital filter enable
Selects analog or digital filter for interrupt input.
0: Analog filter
1: Digital filter
Note: Refer to Figure 7-15: “Timer E Input Circuit Overview” on page 207
FSMP1, Filter sampling rate
FSMPO, Selects the sampling clock for the digital filter.
FSMP1 FSMPO Sampling clock (clock input)
0 0 fepu/ 1
0 1 fepu/ 2
1 0 fcpu /4
1 1 reserved
EDGEM1, Edge selection for INTPEmn to interrupt controller
EDGEMO Selects active edge for interrupt generation.
EDGEM1 EDGEMO Edge selection
0 0 Internal interrupt source direct
0 1 Positive edge
1 0 Falling edge
1 1 Both edges
Remark: m=0to5 n=0to 2
TMS1, Input mode for function input of Timer E
TMSO Selects filter mode for peripheral function input.
TMS1 TMSO Input mode
0 0 Direct port input
0 1 Digital filtered input
1 0 Reserved
1 1 Reserved
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7.4.5 Filter Edge Detect Mode Register (FEMOn to FEM5n) for INTO, INT1 and INT2 Input Pins

This registers are 8-bit register that control the analog or digital filter function for the INT2 to INTO inputs
and the edge selection to the dedicated interrupt controller.
They can be read or written in 8- or 1-bit units.

Figure 7-19: INTO, INT1 and INT2 Input Pin Filter Edge Detect Mode Registers (FEM03 to FEM23)
7 6 5 4 3 2 0 Address Initial
value
FEMO3 | DFEN | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | 0 | FFFFF8BOH 00H
FEM13 | DFEN1 | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | 0 | FFFFF8BIH  00H
FEM23 | DFEN2 | 0 | FSMP1 | FSMPO | EDGEM1 | EDGEMO | 0 | FFFFF8B2H  00H
Bit Name Description
DFEN Digital filter enable
Selects analog or digital filter for interrupt input.
0: Analog filter
1: Digital filter
Note: Refer to Figure 7-16: “Port Interrupt Input Circuit Overview” on page 208
FSMP1, Filter sampling rate
FSMPO, Selects the sampling clock for the digital filter.
FSMP1 FSMPO Sampling clock (clock input)
0 0 fepu /1
0 1 fepu /2
1 0 fecpu /4
1 1 reserved
EDGEM1, Edge selection for INTn to interrupt controller
EDGEMO Selects active edge for interrupt generation.
EDGEM1 EDGEMO Sampling clock (clock input)
0 0 Internal interrupt source direct
0 1 Positive edge
1 0 Falling edge
1 1 Both edges
Remark: n=0to2
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7.5 Software Exception

A software exception is generated when the CPU executes the TRAP instruction, and can be always
acknowledged.

7.5.1 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 7-20 illustrates the processing of a software exception.

Figure 7-20: Software Exception Processing

- C TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC —-+— exception code
PSW.EP =1

PSW.ID -1

PC --— handler address

C Exception processing )

Note: TRAP Instruction Format: TRAP vector (the vector is a value from 0 to 1FH.)

CPU processing

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.

Preliminary User's Manual U14913EE1VOUMOO 213



Chapter 7 Interrupt/Exception Processing Function

7.5.2 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 7-21 illustrates the processing of the RETI instruction.

Figure 7-21: RETI Instruction Processing

( RETI instruction )

0
—T—
: é
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -—FEPSW

( Original processing restored )

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during
the software exception processing, in order to restore the PC and PSW correctly dur-
ing recovery by the RETI instruction, it is necessary to set PSW.EP back to 1 using
the LDSR instruction immediately before the RETI instruction.

Remark: The solid lines show the CPU processing flow.
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7.5.3 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.

Figure 7-22: Exception Status Flag (EP)

31 8 76543210 Inital
value

I 1 1 I I I I I I I I I I I I I I I I I I

—
PSW|f0 0 0 00 0O0OOOOOOOOOOOOOOO 0 0 O|NP|EP|IDSATICY|OV|S |Z [00000020H

Bit Position | Bit Name Function

6 EP Shows that exception processing is in progress.
0: Exception processing not in progress.
1: Exception processing in progress.

Preliminary User's Manual U14913EE1VOUMOO 215



Chapter 7 Interrupt/Exception Processing Function

7.6 Exception Trap

An exception trap is an interrupt that is requested when an illegal execution of an instruction takes
place. In the VB50E/CAL / ATOMIC, an illegal opcode exception (ILGOP: lllegal Opcode Trap) is consid-
ered as an exception trap.

7.6.1 lllegal opcode definition

The illegal instruction has an opcode (bits 10to 5) of 111111B, a sub-opcode (bits 26 to 23) of 0111B to
1111B, and a sub-opcode (bit 16) of 0B. An exception trap is generated when an instruction applicable
to this illegal instruction is executed.

15 1110 5 4 031 27 26 2322 16
L 1 T T 1 L T T 1 T T T T T 1
X X X x %x[|1 1 1 1 1 1|x x x %x %x|%x x x %x x|/011 1/lx x x x x x|0
to
1111

Remark: x: Arbitrary

(1) Operation

If an exception trap occurs, the CPU performs the following processing, and transfers control to the
handler routine:

(1) Saves the restored PC to DBPC.

(2) Saves the current PSW to DBPSW.

(3) Sets the NP, EP, and ID bits of the PSW.

(4) Sets the handler address (00000060H) corresponding to the exception trap to the PC, and transfers
control.

Figure 7-23 illustrates the processing of the exception trap.

Figure 7-23: Exception Trap Processing

- C Exception trap (ILGOP) occurs )

DBPC -— restored PC
DBPSW =—PSW
PSW.NP =1

PSW.EP =1

PSW.ID =1

PC -+— 00000060H

( Exception processing )

CPU processing
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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 7-24 illustrates the restore processing from an exception trap.

Figure 7-24: Restore Processing from Exception Trap

( DBRET instruction )

PC -— DBPC
PSW -<— DBPSW

( Jump to address of restored PC )
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7.6.2 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.

(1) Saves the restored PC to DBPC.

(2) Saves the current PSW to DBPSW.

(3) Sets the NP, EP and ID bits of the PSW.

(4) Sets the handler address (00000060H) corresponding to the debug trap to the PC and transfers
control.

Figure 7-25 illustrates the processing of the debug trap.

Figure 7-25: Debug Trap Processing

- C DBTRAP instruction )

DBPC -— restored PC
DBPSW =— PSW
PSW.NP «— 1

CPU processing PSW.EP «—1
PSW.D <« 1
PC -— (00000060H

C Exception 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 7-26 illustrates the restore processing from a debug trap.

Figure 7-26: Restore Processing from Debug Trap

( DBRET instruction )

PC -— DBPC
PSW -—  DBPSW

( Jump to address of restored PC )
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7.7 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 proc-
essed, 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

¢ RETI instruction
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(2) Generation of exception in service program

Service program of maskable interrupt or exception

* EIPC saved to memory or register
» EIPSW saved to memory or register

* TRAP instruction — Exception such as TRAP instruction acknowledged.
* Saved value restored to EIPSW

» Saved value restored to EIPC
* RETI instruction

The priority order for multiple interrupt processing control has 8 levels, from 0 to 7 for each maska-
ble 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 PPRnO to PPRN2 bits of the interrupt control request regis-
ter (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 PPRn0 to PPRN2
bits.

The priority order of maskable interrupts is as follows.

(High) Level 0> Level1>Level 2> Level 3> Level 4> Level5>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 com-
pleted and the RETI instruction has been executed.

Caution: In anon-maskable interrupt processing routine (time until the RETI instruction is exe-
cuted), maskable interrupts are suspended and not acknowledged.
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7.8 Interrupt Response Time

The following table describes the V850E/CA1 / ATOMIC interrupt response time (from interrupt genera-
tion to start of interrupt processing).

Figure 7-27: Pipeline Operation at Interrupt Request Acknowledgment (Outline)

! 5 system clocks

Interrupt request J ; |

Instruction 1 ‘IIF D | EX MEM\WBE

Instruction 2 IFX | IDX
Interrupt acknowledgement operation INT1 |INT2 INT3|INT4
Instruction (start instruction of IF | ID | EX

interrupt processing routine)

Remark: INT1 to INT4:Interrupt acknowledgment processing
IFX:Invalid instruction fetch
IDX:Invalid instruction decode

Table 7-3: Interrupt Response Time

Interrupt Response Time (Internal System Clocks) Condition

Internal External interrupt

Interrupt INTPO to INTP2, INTPEQO to INTPE52
Minimum 5 5 + analog delay time 5 + digital noise filter The following cases are excep-
Maximum 11 11 + analog delay time 11 + digital noise filter tions:

¢ |n IDLE/software STOP
mode

« External bit access
e Two or more interrupt
request non-sample

instructions are executed

» Access to interrupt con-
trol register
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7.9 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
« LDSR reg2, 0x5 instruction (for PSW)

» The store instruction for the interrupt control register (PICn), in-service priority register (ISPR),
and command register (PRCMD).
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8.1 Features

e Multiplication function by PLL synthesizer: 4 x multiplication

* Clock sources
- Oscillation through oscillator connection
- External clock input

* Power save modes
- Watch mode
- HALT mode
- IDLE mode
- STOP mode

* low power sub-clock for watch, watchdog and LCD to reduce power consumption in watch mode

8.2 Configuration

Figure 8-1: Block Diagram of the Clock Generator

CLKSEL —
@ HALT
JE— CPU
STOP -
S
CV, 3
9 oo | CVoo 2 Peripherals
I ’6 (2]
f osc fosc PLL circuit f e E
(fex) foul = fosc x4 &
©
x2 ‘ \
CESEL VBSTAT
STOP §—‘
3 L HE |
CLKIN 3 g =
O 8
Asynchronous Ripple Counters Prescaler fSUB <f PLL 4
\ |
fsus
1 ,; 1 . Watch
2 2 fokseLe Timer
Watchdog
fokseLs Timer
y

LCD Controller

This block diagram does not necessarily show the exact wiring in hardware but the functional structure.
For example the CLKSEL pin is not connected to the CVpp of the PLL block but the function is as if.
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8.3 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or ceramic resonator connected to
the X1 and X2 pins.

Figure 8-2: Main system clock oscillator

—' I Bt
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8.4 Control Registers

8.4.1 Clock Control Register (CKC)

This is a 8-bit register that controls the clock management.

Data can be written to it only in a sequence of specific instructions so that its contents are not easily
rewritten in case of program hang-up.

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

7 6 5 4 3 2 1 0 Address R/W At Reset
CKC|PLLEN| 0 |TBCS|CESEL|] 0 | 0 | 0o | 0 |FFFFF822H RW  OOH
Bit name Function
PLLEN PLLEN enable bit
This bit enables or disables PLL operation.
0: PLL disabled
1: PLL enabled
Remark: PLL is enabled when “1” is written to this bit. Passing stabilization time and synchro-
nization stage PLL output is used for system clock.
CESEL Clock selection bit (X1,X2 pin function)
This bit sets PLL for proper operation with resonator or external oscillator.
0: Oscillation is enabled for a resonator
1: Oscillation is disabledN°t®
Note: If direct mode is selected by CLKSEL pin = 1, CESEL must be set to 1 by software after
RESET.
Remark: If CESEL is set to 1, oscillator stabilization stage will be skipped whenever power
save mode is released by any interrupt or NMI request.
TBCS Time base counter selection

This bit sets the clock source for the time base counter which is used to ensure the oscillator sta-
bilization time after software STOP mode has been released by any interrupt or NMI request, and
Flash stabilization time after the watch mode has been released.

In OSC mode (CESEL = 0):

TBCS fxx =4 MHz fxx =5 MHz
0 12.5 ms 10 ms
1 25 ms 20 ms

In direct mode (CESEL = 1):

TBCS fxx =4 MHz fxx =5 MHz
0 1.25 ms 1ms
1 2.5 ms 2ms

fxx: external oscillator frequency (clocking frequency / 2)
Remark: If CESEL is set to 1, oscillator stabilization stage will be skipped whenever power
save mode is released by any interrupt or NMI request.

Caution:

Data is set to the registers by the following sequence:

1. Write the set data to the command register (PHCMD) (see Chapter 3.5 “Specific

Registers” on page 115).

2. Write the set data to the destination register (CKC)

To write data to the CKC register, use the store instruction (ST/SST) and bit manipulation instruction
(SET1/CLR1/NOTY).
The contents of this register can be read in the normal sequence.
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(1) Start-up after any Power-Save Mode condition recommendation
It is recommended to proceed in the following way when performing power-save functions:

1. Switch off the PLL (PLLEN bit of CKC)

2. Wait for “PLL switch off status” by reading VBSTAT bit in PSTAT register.

3. Enter the desired power-save function

4. (Processor waits on a start-up condition).

5. (Condition fulfilled: Processor wakes up)

6. Let the processor execute at least 5 NOP instructions

7. Let the processor run in a loop that causes a wait for at least 20 Microseconds
8. Switch on the PLL, if desired (PLLEN bit of CKC)
9

. Continue with normal operation

8.4.2 PLL Status Register (PSTAT)

This is an 8-bit register that indicates PLL status.
This register can be read in 8- or 1-bit units.

7 6 5 4 3 2 1 0 Address R/W At Reset
PSTAT | VBSTAT \ 0 \ 0 | 0 \ 0 \ 0 | 0 \ 0 | FFFFF824H R xxH
Bit name Function

VBSTAT VBCLOCK status
0: PLL clock is not used for fcpyy (system clock)

1: PLL clock is used for fcpy (system clock)

8.4.3 Clock select pin

Two basic operating modes are provided: OSC mode and direct mode. The operating mode is selected
by specifying the CLKSEL pin.

Table 8-1: PLL mode / direct mode

CLKSEL Description
0 Normal mode using a resonator (crystal
or ceramic)
1 Direct clock input from CLOCKINNOt®

Note: If direct mode is selected by CLKSEL pin = 1, CESEL must be set to 1 by software after reset.

The CLKSEL pin level should be fixed according to the application system. Switching this pin during
operation may cause malfunction.

In OSC mode, the external signal supplied by a connected resonator is used to generate the system
clock that can be multiplied by the PLL synthesizer by setting the PLLEN bit. The input signal from an
external resonator is recommended to range from 4 MHz to 5 MHz, and the PLL synthesizer multiplies
the source clock signal by 4. Therefore, a system clock of up to approximately 20 MHz is available as
shown below, which is suitable for application systems requiring low noise and low power consumption.
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(1) Available clock frequencies in the OSC mode:

Table 8-2: Relation system clock to resonator frequency

System clock frequency (fcpy) | System clock frequency (fopy) | Frequency of external resonator
PLL On PLL Off (fxx)
20.000 MHz 5.0000 MHz 5.0000 MHz
16.000 MHz 4.0000 MHz 4.0000 MHz

In direct mode, an external clock whose frequency is twice the required system clock frequency should
be connected in the same way as conventional types. In this mode, the OSC and the PLL synthesizer
do not operate. Therefore, less power is consumed than in other modes. Consequently, this product is

suitable for application systems that do not require very high frequency operation. To reduce noise

most efficiently, the frequency of the externally supplied clock by CLKIN pin is recommended to be set
to 40 MHz (when system clock fcpy = 20 MHz).

(2) Available configurations:

Table 8-3: CESEL setting

CLKSEL=0

CLKSEL =1

CESEL =0 | Normal mode using a resonator (crystal or ceramic)

Not used

CESEL =1 | Prohibited

Direct Mode using an external clock™N°te

Note: If direct mode is selected by CLKSEL pin = 1, CESEL must be set to 1 by software after reset.
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8.5 Power Saving Functions

8.5.1 General

The device provides the following power saving functions. These modes can be combined and switched
to suit the target application, which enables effective implementation of low-power systems.

Table 8-4: Power Saving Modes Overview

Clock Source Mode Operation of Clock Supply to
oscillator PLL peripherals CPU LCD watch
OSC | Initial Mode Normal ad - O O 0 [
mode
PLL Normal ad O 0 [] 0 g
enabled
watch mode/ 0 - - - (=) N
IDLENOIe
HALT a a 0 - d d
STOP - - - - - -
Direct mode Normal - - a a g []
watch mode/ - - - - (0 O
|DLENOte
HALT - - 0 - 0 0
STOP - - - - - -
Remarks: 1.0 Operates
2. — Stopped
3. In addition the comparator circuit needs to be switched off in watch mode and STOP

4.

mode to save power consumption.
(): The LCD-driver probably have to be switched off in watch mode and/or in low voltage
mode to meet the power consumption requirements.

Note: Only for flash devices, in IDLE mode flash memory is active, in watch mode the power supply to
the flash memory is switched off.
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Figure 8-3 shows the operation of the clock generator in normal operation mode, HALT mode, IDLE
mode, WATCH mode, and software STOP mode.

An effective low power consumption system can be realized by combining these modes and switching
modes according to the required use.

Figure 8-3: Power Save Mode State Transition Diagram

Watch mode

Set WATCH mode™°'¢*

Release by RESET , N
NMI, or maskable interrupt

.
-

Release by RESET,
NMI, or maskable interrupt

ote 2

Release by RESET,

. Note 2
NMI, or maskable interrupt ote

Normal operation mode

Set HALT mode
Note 2

Release by RESET, \oic2
NMI, or maskable interrupt

Set STOP mode Nt ! HALT mode

Set IDLE modeN°t¢

IDLE mode

Software STOP mode

Notes: 1. Switch off PLL if activated before.
2. Enable PLL if required

The following table shows the supplied operating frequencies of all macros if a 4 MHz crystal is applied
to the oscillator circuit or an external clock signal with 16 MHz is applied to the CLOCKIN pin.
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Table 8-5: Power Saving Mode Frequencies
Clock Source Mode Operation of Clock Supply to
oscillator PLL peripherals CPU LCD watch/
prescaler | watch-
dog

prescaler

OoSsC Initial Status Normal 0 - 4 MHz 4MHz | 4MHz/ | 4 MHz/

mode 27 [27, 29]
PLL enabled Normal 0 O 16 MHz 16 MHz | 4 MHz/ | 4 MHz /

27 | [2".2%

watch mode/ 0 - - - 4MHz/ | 4 MHz/

IDLENotel [27] [27, 29

HALT 0 O 16 MHz - 4MHz/ | 4 MHz/

27 | [2".2%

STOP - - - - - -
Direct mode Normal - - 16 MHz 16 MHz | 32 MHz / | 32 MHz /
210 | [220, 212
watch mode/ - - - - 32MHz /|32 MHz/
IDLENoteL 210 | [2%0, 212
HALT - - 16 MHz 32 MHz /|32 MHz /
210 | [220, 212
STOP - - - - - -

Note: Only for flash devices: In IDLE mode flash memory is active, in watch mode the power supply to

the flash memory is switched off.
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8.5.2 Power Save Modes Outline

V850E/CA1 / ATOMIC is provided with the following standby modes: HALT, IDLE, WATCH, and software
STOP.

Application systems, which are designed so that these modes are switched appropriately according to
operation purposes, reduce power consumption efficiently.

(1) HALT mode:

In this mode supply of the operating clock to the CPU is stopped whereby other on-chip peripheral
functions continue to operate. Combining this mode with the normal operating mode to provide
intermittent operations enables the overall system power consumption to be reduced.

This mode is entered by executing the dedicated instruction (HALT).

IDLE mode:

In this mode, the clock generator continues to operate but stopping the supply of internal system
clock stops the overall system. As it is not necessary to secure the oscillation stabilization time, it is
possible to switch to the normal operating mode quickly in response to a release signal.

This mode provides low power consumption, where the power is only consumed from the OSC,
Watch/Watchdog, LCD and the flash memory.

This mode is entered by setting registers with software.

(3) WATCH mode:

In this mode, the clock generator stop to supply the clock excluding Watch/Watchdog timer unit. The
entire system stops. This mode provides ultra-low power consumption, where the power consumed
is only from OSC, Watch/ Watchdog and LCD circuit. (In addition clock supply to LCD may be
stopped by software.)

This mode is entered by setting registers with software.

(4) Software STOP mode:

In this mode, the clock generator is stopped and the entire system stops. This mode provides ultra-
low power consumption, where the power consumed is only leakage current.
This mode is entered by setting registers with software.

Remark: In the HALT mode, both the oscillator and the PLL continue to operate depend on PLLEN

bit.

By using PLL mode control, PLL is turn off to achieve low power.

However, when the external clock drives this product, the oscillator is stopped. In contrast,
the PLL synthesizer stops in the direct mode.
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8.5.3 HALT mode

In this mode, the CPU clock is stopped, though the clock generators (oscillator and PLL synthesizer)

continue to operate for supplying clock signals to other peripheral function circuits.
Setting the HALT mode when the CPU is idle reduces the total system power consumption.

In the HALT mode, program execution is stopped but the contents of all registers and internal RAM prior

are retained as is.

On-chip peripheral hardware irrelevant to the CPU instruction execution also continues to operate. The

state of the various hardware units in the HALT mode is tabulated below.

Table 8-6: Operating states in HALT mode

ltems Operation
Clock generator Operating
Internal system clock Operating
WT, WDT, LCD clock Operating
CPU Stopped
I/O line Unchanged
Peripheral function Operating

Internal data

Retains all internal data before entering HALT mode, such
as CPU registers, status, data, and on-chip RAM.

CLKOUT pin

Clock output (when not inhibited by port setting)

D[15:0], A[23:0], RD, UWR/
LWR, CSJ[2:4], WAIT

Operates

Remark: Even after the HALT instruction is executed, instruction fetch operations continue until the
internal instruction prefetch queue is full. After the queue becomes full, the CPU stops with

the items set as tabulated above.
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HALT mode release:

The HALT mode can be released by a non-maskable interrupt request, an unmasked maskable inter-
rupt request, or RESET signal input.

(1) Release by interrupt request

The HALT mode is released unconditionally by an unmasked maskable interrupt request regard-
less of its priority level. However, if the HALT mode is entered during execution of an interrupt han-
dler, the operation differs on interrupt priority levels as follows:

(a)If an interrupt request less prioritized than the currently serviced interrupt request is generated,
the HALT mode is released but the interrupt is not acknowledged. The interrupt request itself is

retained.

(b) If an interrupt request (including a non-maskable one) prioritized than the currently serviced
interrupt request is generated, the interrupt request is acknowledged along with the HALT

mode release.

Table 8-7: Operation after HALT mode release by interrupt request

Release cause El state | DI state
NMI request Branches to handler address.
Maskable interrupt Branches to handler address, or Executes the next instruction.
request executes the next instruction.

Remark: If HALT mode is entered during execution of a particular interrupt handler and an unmasked
interrupt request with a higher priority than the previous one is subsequently generated, the
program branches to the vector address for the latter interrupt.

(2) Release by RESET pin input
This operation is the same as normal reset operation.
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8.5.4 IDLE Mode

In this mode, the CPU clock is stopped resulting in stop of the entire system, though the clock genera-
tors (oscillator and PLL synthesizer) continue to operate.

As it is not necessary to secure the oscillator oscillation stabilization time and the PLL lock-up time, it is
possible to quickly switch to the normal operating mode in response to a release cause. The IDLE
mode can be entered by configuring the PSM and PSC registers.

In the IDLE mode, program execution is stopped but the contents of all registers and internal RAM prior
to entering this mode are retained. On-chip peripheral hardware operation is also stopped.

The state of the various hardware units in the IDLE mode is tabulated below.

Table 8-8: Operating States in IDLE Mode

Items Operation
Clock generator Operating
Internal system clock Stopped
WT, WDT, LCD clock Operating
CPU Stopped
I/O line Unchanged
Peripheral function Stops exclude watch/watchdog, LCD
Internal data Retains all internal data before entering IDLE mode, such
as CPU registers, status, data, and on-chip RAM.
D[15:0], A[23:0] Hi-Z
RD, UWR/LWR, CS[4:2] H
CLKOUT L
WAIT Input value is not sampled

IDLE mode release:

Release operation is same as release from HALT mode.
The IDLE mode is released by NMI, RESET signal input, or an unmasked maskable interrupt
request.

(a) Release by Interrupt input:
When the IDLE mode is released, the NMI request is acknowledged.
If the IDLE mode is entered during the execution of NMI handler, the IDLE mode is released but
the interrupt is not acknowledged. The interrupt itself is retained.

(b) Release by RESET input:
This operation is the same as normal reset operation.
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8.5.5 WATCH mode

In this mode fcp clock is stopped while the oscillator continue to operate to achieve low power, though

only oscillator & Watch/watchdog timer conti

This mode compensates the HALT modes concerning the oscillator stabilization time and power con-

nue to operate.

sumption. Only for the Flash memory an additional stabilization time is required.
This mode is entered by configuring the PSM and PSC registers.

In the WATCH mode, program execution is s
prior to entering this mode are retained. On-

topped but the contents of all registers and internal RAM
chip other peripheral hardware operation is also stopped.

The state of the various hardware units in the WATCH mode is tabulated below.

Table 8-9: Operating States in WATCH Mode

Items Operation
Clock generator Operating
Internal system clock Stopped
WT, WDT, LCD clock Operating
CPU Stopped
I/O line Unchanged

Peripheral function

Stops exclude watch/watchdog, LCD

Internal data

Retains all internal data before entering WATCH mode,
such as CPU registers, status, data, and on-chip RAM.

D[15:0], A[23:0]

Hi-zZ

RD, UWR/LWR, CS[4:2] H
CLKOUT L
WAIT Input value is not sampled

Watch mode release:

The WATCH mode can be released by a non-maskable interrupt request, an unmasked maskable
interrupt request, or RESET signal input.

(1) Release by interrupt request:

The WATCH mode is released unconditionally by an unmasked maskable interrupt request regard-
less of its priority level. After 1 ms has passed, CPU starts operation. However, if the WATCH
mode is entered during execution of an interrupt handler, the operation differs on interrupt priority
levels as follows:

(a) If an interrupt request less priorities than the currently serviced interrupt request is generated,
the WATCH mode is release but the interrupt is not acknowledged. The interrupt request itself
is retained.

(b) If an interrupt request (including a non-maskable one) priorities than the currently serviced inter-
rupt request is generated, the interrupt request is acknowledged along with the WATCH mode
release.
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Table 8-10: Operation after WATCH mode release by interrupt request

Release cause El state | DI state
NMI request Branches to handler address.
Maskable interrupt Branches to handler address, or Executes the next instruction.
request executes the next instruction.

Remark: If WATCH mode is entered during execution of a particular interrupt handler and an
unmasked interrupt request with a higher priority than the previous one is subsequently gen-
erated, the program branches to the vector address for the later interrupt.

(2) When released by RESET input

This operation is the same as normal reset operation. 1 ms Flash charge pump stabilization time
must be ensured by reset input.

(3) When released by WATCHDOG TIMER RESET input
After 1 ms has passed, CPU starts operation.

Remark: Before entering the WATCH mode the PLL must be switched off by software. After the
WATCH mode has been released the PLL can be switched on again. However, the start-up
of the PLL causes always a certain delay of some Milliseconds. During this time, the clock
operates, but the CPU operation is suspended due to clock security reasons.

If it is required to have a fast response when waking up from WATCH mode, the PLL should
not be re-enabled after waking up, as this causes again the delay. In this case, time-relevant
reactions of the CPU should be done first, before re-enabling the PLL.
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8.5.6 Software STOP mode

In this mode, the CPU clock is stopped including the clock generators (oscillator and PLL synthesizer),
resulting in stop of the entire system for ultra-low power consumption (the only consumed is device
leakage current). When this mode is released, the oscillation stabilization time for the oscillator should
be secured until the system clock is stabilized. However, when the external clock operates this product,
securing the oscillation stabilization time for the oscillator until the system clock is stabilized is unneces-
sary. In the direct mode as well, the lock-up time does not have to be secured.

This mode is entered by setting the PSM & PSC register.

In this mode, the program execution stops, but the contents of all registers and internal RAM prior to
entering this mode are retained. V850E/CA1 / ATOMIC peripherals operations are also stopped.

The state of the various hardware units in the software STOP mode is tabulated below.

Table 8-11: Operating States in STOP Mode

Items Operation
Clock generator Stopped
Internal system clock Stopped
WT, WDT, LCD clock Stopped
CPU Stopped
I/O lineNote Unchanged
Peripheral function Stopped
Internal data’Note Retains all previous internal data, such as CPU registers,
status, data, and on-chip RAM.
D[15:0], A[23:0] Hi-Z
RD, UWR/LWR, CS[4:2] H
CLKOUT L
WAIT Input value is not sampled

Note: When the Vpp value is within the operating range. However, even if Vpp falls below the lowest

operating voltage, the internal RAM content is retained as long as the data retention voltage
VpppRr IS Maintained.

STOP mode release:

The STOP mode can be released by a non-maskable interrupt request, an unmasked maskable
interrupt request, or RESET signal input.
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8.6 Register Description

8.6.1 Power Save Control Register (PSC)

This is an 8-bit register that controls the power save mode.
Data can be written only in a sequence of specific instructions so that its contents are not easily rewrit-
ten in case of program hang-up (see Chapter 3.5 “Specific Registers” on page 115).

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

7 6 5 4 3 2 1 0 Address R/W At Reset
PSC oNote | NMIIM | NMIOM | INTM 0 0 STB 0 FFFFF1IFEH R/W OOH
Bit name Function
STB Power save mode specification

0: IDLE, WATCH, STOP mode are released
1: IDLE, WATCH, STOP mode are entered

INTM Intsignal release mask
0: Release by maskable interrupt
1: Don't release by maskable interrupt

NMIOM Intsignal release mask
0: Release by NMIVC
1: Don't release by NMIVC

NMI1M Intsignal release mask
0: Release by NMIWDT
1: Don't release by NMIWDT

Note: If this bit is set to 1, proper operation can not be guaranteed!
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Data is set in the power save control register (PSC) according to the following sequence.

<1> Set the power save mode register (PSM) (with the following instructions).
 Store instruction (ST/SST instruction)
 Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

<2> Prepare data in any one of the general-purpose registers to set to the specific register.

<3> Write arbitrary data to the command register (PRCMD).
<4> Set the power save control register (PSC) (with the following instructions).
 Store instruction (ST/SST instruction)

 Bit manipulation instruction (SET1/CLR1/NOT1 instruction)
<5> Assert the NOP instructions (5 instructions (<5> to <9>).

Sample coding

<1>ST.B rl1, PSM [rO] ; Set PSM register
<2>MOV 0x04,rl10

<3>ST.B rl10, PRCMD [r0] ; Write PRCMD register

<4>ST.B  rl0, PSC [r0] ; Set PSC register

<5> NOP ; Dummy instruction

<6> NOP ; Dummy instruction

<7> NOP ; Dummy instruction

<8> NOP ; Dummy instruction

<9> NOP ; Dummy instruction

(next instruction) ; Execution routine after software STOP mode and IDLE mode release

No special sequence is required to read the specific register.

Cautions: 1. A store instruction for the command register does not accept interrupts. This cod-
ing is made on assumption that <3> and <4> above are executed by the program
with consecutive store instructions. If another instruction is set between <3> and
<4>, the above sequence may become ineffective when the interrupt is accepted by

that instruction, and a malfunction of the program may result.

2. Although the data written to the PHCMD register is dummy data, use the same reg-
ister as the general register used in specific register setting <4> for writing to the
PHCMD register (<3>). The same method should be applied when using a general

register for addressing.

3. At least 5 NOP instructions must be inserted after executing a store instruction to

the PSC register to set software STOP or IDLE mode.

4. Do not perform a write operation to the PRCMD and specific registers using DMA

transfer.

To write data to the PSC register, use the store instruction (ST/SST) and bit manipulation instruction

(SET1/CLR1/NOT1).

The contents of this register can be read in the normal sequence.
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8.6.2 Power Save Mode Register (PSM)

This is a 8-bit register that control the power save mode.
This register can be read or written in 8- or 1-bit units.

2 1 0 Address R/W At Reset
psM| o | o | o | o | o | o [Psvi]|PSmo|FFFFF820H RW  00H
Bit name Function
PSM1, PSMO | Standby mode specification after STB bit (PSC.1) set to “1”.
Sets the standby mode.
PSM1 PSMO Standby Mode
0 0 IDLE
0 1 STOP
1 0 WATCH
1 1 reserved
Note:  The setting is automatically reset to “00” when STOP mode is
released.

The contents of this register can be read in the normal sequence.
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8.7 Securing Oscillation Stabilization Time

8.7.1 Oscillation stabilization time security specification

Two methods can be used to secure the required stabilization times from when watch mode or software
STOP mode is released.

(1) Securing the time using an on-chip time base counter

Watch mode and software STOP mode are released when a valid edge is input to the NMI pin or a
maskable interrupt request is input (INTPn). Valid edge input to the pin causes the time base coun-

ter (TBC) to start counting, and the time until the clock output from the oscillator stabilizes is

secured during that counting time.

Oscillation stabilization time = TBC counting time

After a fixed time, internal system clock output begins, and processing branches to the NMI inter-

rupt or maskable interrupt (INTPn) handler address.

Figure 8-4: WATCH mode release by NMI or INT

Watch mode setting

'
Oscillation circuit NUWW\M WWW
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Not
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Figure 8-5: STOP mode release by NMI or INT

Set software STOP mode

¢ gt
)]
L L
R )] )]
Internal main clock | I | I | I | I | I |

STOP state

NMI (inputyNote |

Oscillator is stopped

Time base counter's
counting time

e: Valid edge: When specified as the rising edge.

The NMI pin should usually be set to an inactive level (for example, high level when the valid edge is
specified as the falling edge) in advance.

Watch mode and software STOP mode are immediately released if an operation is performed
according to NMI valid edge input or maskable interrupt request input (INTPn) timing in which
STOP mode is set until the CPU acknowledges the interrupt.

If direct mode (CESEL bit of CKC register = 1) is used, stabilization stage will be skipped.

If PLL mode and resonator connection mode (CESEL bit of CKC register = 0) are used, program
execution begins after the oscillation stabilization time or the flash stabilization time is secured
according to the time base counter, which begins counting due to NMI pin valid edge input.
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(2) Securing the time according to the signal level width (RESET pin input)

Watch mode and software STOP mode are released due to falling edge input to the RESET pin.
The time until the clock output from the oscillator stabilizes is secured according to the low level

width of the signal that is input to the pin.

The supply of internal system clocks begins after a rising edge is input to the RESET pin, and

processing branches to the handler address used for a system reset.

Figure 8-6: WATCH mode release by reset or watchdog timer
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Figure 8-7: STOP mode release by RESET pin input

Set software STOP mode

|

BAVAVAVAY)

R AVARIVAVAVAVAVAVAVAS

Undefined

Undefined

(
)
(
)
(
)
(
)

(
)T

—

(
)
(¢
)]

Oscillation stabilization

Oscillator is stopped

time secured by RESET

Preliminary User's Manual U14913EE1VOUMOO

245



Chapter 8 Clock Generator

8.7.2 Time base counter (TBC)

The time base counter (TBC) is used to secure the oscillator’s oscillation stabilization time when soft-
ware STOP mode is released. It also is used to secure the flash stabilization time when software

WATCH mode is released.

The TBC count clock is selected according to the TBCS bit of the CKC register, and the next counting
time can be set (reference).

Table 8-12: Counting Time Examples

TBCS Bit Counting Time
fxx = 4.0000 MHz fxx = 5.0000 MHz
0 125 ms 10.0 ms
1 25.0 ms 20.0 ms

Remark: fxx: External oscillation frequency
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9.1 TimerD

9.1.1 Features (timer D)

Timer D (TMD) functions as a 16-bit interval timer.

9.1.2 Function overview (timer D)

« 16-bit interval timer: 2 channels
» Compare registers: 2

» Count clock selected from divisions of internal system clock
(maximum frequency of count clock: 10 MHz @ fcpy = 20 MHz)

* Prescaler division ratio

The following division ratios can be selected related to the internal system clock (fopy).

Division Ratio Count Clock
1/2 fepul2
1/4 fepuld
1/8 fepu/8
1/16 fepu/16
1/32 fepu/32
1/64 fcpu/64
1/128 fopu/128
1/256 fcpu/256

« Interrupt request sources: 2
- Compare match interrupt

TINTCMDn generated with CMDn match signal

e Timer clear

TMDn register can be cleared by CMDn register match.

Remarks: 1. fcpy: Internal system clock.
2.n=0,1
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9.1.3 Basic configuration

Table 9-1: Timer D Configuration List

Timer Count Clock Register | R/W | Generated Capture Timer Other

Interrupt Trigger Output S/R | Functions
Signal

Timer D |fopy/2, fepul4, fepu/8, TMDO | R - - - -

fopu/16, fepu/32,fcpy/64, | CMDO | R/W | TINTCMDO - - -

fepu/128, fopy/256 TMCDO | RIW _ — — -

TMD1 R - - - -

CMD1 | R/W | TINTCMD1 - - -

TMCD1 | RIW - - - -

Remarks: 1. fcpy: Internal system clock
2. S/R: Set/Reset

Figure 9-1 shows the block diagram of the channel of timer D.

Figure 9-1: Block Diagram of Timer D

TMCDn:
clear and
count control
TMCDn
1/2
1/4
fepu ue Clear & start
1/16 — ear & sta
— 1 13 TMDn (16-bit)
1/64
1/128
1/256

| CMDn I TINTCMDn

Remark: n=0,1
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(1) Timers D Registers 0, 1 (TMDO, TMD1)

TMDn is a 16-bit timer. It is mainly used as an interval timer for software (n =0, 1).

Starting and stopping TMDn is controlled by the CE bit of the timer D control register n (TMCDn).
A division by the prescaler can be selected for the count clock from among fepy/2, fopy/4, fcpu/8,
fepu/16, fepy/32, fopy/64, fopy/128, and fep /256 by the CS2 to CSO bits of the TMCDn register.

TMDn is read-only in 16-bit units.

15

Figure 9-2: Timer D Registers 0, 1 (TMDO, TMD1)

Initial

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address value

TMDOl \

| PP PP [ [ [ [ [reerrsaon oooon

15

Initial

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address value

TMD1| \

| PP PP [ [ [ [rrrersson oooo

The conditions for which the TMDn register becomes 0000H are shown below.

* Reset input

*CAEDbit=0

*CEbit=0

» Match of TMDn register and CMDn register

* Overflow

Cautions: 1.

2.

If the CAE bit of the TMCDn register is cleared (0), a reset is performed asynchro-
nously.

If the CE bit of the TMCDn register is cleared (0), a reset is performed, synchro-
nized with the internal clock. Similarly, a synchronized reset is performed after a
match with the CMDn register and after an overflow.

. The count clock must not be changed during a timer operation. If it is to be over-

written, it should be overwritten after the CE bit is cleared (0).

. Up to fcpy/2 clocks are required after a value is set in the CE bit until the set value

is transferred to internal units. When a count operation begins, the count cycle
from O0O0OH to 0001H differs from subsequent count cycles.

. After a compare match is generated, the timer is cleared at the next count clock.

Therefore, if the division ratio is large, the timer value may not be zero even if the
timer value is read immediately after a match interrupt is generated.
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(2) Timer D compare registers 0, 1 (CMDO to CMD1)

CMDn and the TMDn register count value are compared, and an interrupt request signal
(TINTCMDn) is generated when a match occurs. TMDn is cleared, synchronized with this match. If
the CAE bit of the TMCDn register is set to 0, a reset is performed asynchronously, and the regis-
ters are initialized (n =0, 1).

The CMDn register is configured with a master/slave configuration. When a write operation to a
CMDn register is performed, data is first written to the master register and then the master register
data is transferred to the slave register. In a compare operation, the slave register value is com-
pared with the count value of the TMDn register. When a read operation to a CMDn register is per-
formed, data in the master side is read out.

CMDn can be read/written in 16-bit units.

Figure 9-3: Timer D Compare Registers 0, 1 (CMDO to CMD1)

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address vnalliﬁa
CMDO| \ \ | | \ \ | | | \ \ | | \ \ | FFFFF542H 0000H
Initial

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address value
CMD1| \ \ | | \ \ | | | \ \ | | \ \ |FFFFF552H 0000H

Cautions: 1. A write operation to the a CMDn register requires fcp,/2 clocks until the value that
was set in the CMDn register is transferred to internal units. When writing continu-
ously to the CMDn register, be sure to reserve a time interval of at least fopy/2
clocks.

2. The CMDn register can be overwritten only once in a single TMDn register cycle
(from O000H until an TINTCMDn interrupt is generated due to a match of the TMDn
register and CMDn register). If this cannot be secured by the application, make
sure that the CMDn register is not overwritten during timer operation.

3. Note that an TINTCMDn interrupt will be generated after an overflow if a value less
than the counter value is written in the CMDn register during TMDn register opera-
tion (Figure 9-4).
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Figure 9-4: Example of Timing During TMD Operation

(&) When TMDn < CMDn

TMDn ‘ ‘
3
cAE |
S ;
CMDn X q |
TINTCMDn |_| |_|
(b) When TMDn > CMDn
TMDn ‘ | | |
‘ X XX
cAE |
N e ; :
CMDn X n ‘ ‘ ‘
INTCMDn |_| |_| |_|

Remarks: 1. p = TMDn value when overwritten
2. q = CMDn value when overwritten
3.n=0,1
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9.1.4 Control register

(1) Timer D control registers 0, 1 (TMCDO to TMCD1)

The TMCDn register controls the operation of timer D (n =0, 1).
This register can be read/written in 8- or 1-bit units.

Figure 9-5: Timer D Control Register 0, 1 (TMCDO to TMCD1)

7 6 5 4 3 2 1 0 Address Initial value
TMCDO | 0 | cs2 | cst [ cso | 0 | 0 | CE | CAE | FFFFF544H  OOH
7 6 5 4 3 2 1 0 Address Initial value
TMCD1| 0 | cs2 | cst [ cso | 0 | 0 | CE | CAE | FFFFF554H  OOH
Bit Position | Bit Name Function
6to4 CS2 to CSO | Selects the TMDn count clock (n = 0, 1).
CSs2 Cs1 CSo Count Clock
0 0 0 fepy 12
0 0 1 fepy /4
0 1 0 fepy /8
0 1 1 fepy /16
1 0 0 fepy /32
1 0 1 fepy /64
1 1 0 fepy /128
1 1 1 fepy /256

Caution: Do not change the CS2 to CSO bits during timer operation. If they
are to be changed, they must be changed after setting the CE bit to
0. If the CS2 to CSO bits are overwritten during timer operation, the
operation is not guaranteed.

1 CE Count Enable: Controls the operation of TMDn (n = 0, 1).
0: Disable count (timer stopped at 0000H and does not operate)
1: Perform count operation
Caution:  CE bit is not cleared even if a match is detected by the compare
operation. To stop the count operation, clear the CE bit.

0 CAE Count Action Enable: Controls the internal count clock.
0: Asynchronously reset entire TMDn unit. Stop clock supply to TMDn unit.
1: Supply clock to TMDn unit (n =0, 1).
Cautions: 1. When CAE =0is set, the TMDn unit can be reset asynchronously.
2. When CAE = 0, the TMDn unit is in a reset state. To operate
TMDn, first set CAE = 1.
3. When the CAE bit is changed from 1 to 0, all the registers of the
TMDn unit are initialized. When again setting CAE = 1, be sure to
then again set all the registers of the TMDn unit.

Caution: The CAE bit and CE bit cannot be set at the same time. Be sure to set the CAE bit
prior to setting the CE bit.
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9.1.5 Operation

(1) Compare operation

TMDn can be used for a compare operation in which the value that was set in a compare register
(CMDn) is compared with the TMDn count value (n = 0, 1).

If a match is detected by the compare operation, an interrupt (TINTCMDn) is generated. The gener-
ation of the interrupt causes TMDn to be cleared (0) at the next count timing. This function enables
timer D to be used as an interval timer.

CMDn can also be set to 0. In this case, when an overflow occurs and TMDn becomes 0, a match is
detected and TINTCMDn is generated. Although the TMDn value is cleared (0) at the next count
timing, TINTCMDn is not generated according to this match.

Preliminary User's Manual U14913EE1VOUMOO 253



Chapter 9 Timer / Counter (Real Time Pulse Unit)

Count clock

Count up

TMDn clear

TMDn

CMDn

Match detected
(TINTCMDn)

Figure 9-6: TMD Compare Operation Example
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Remarks: 1. Interval time = (m + 1) x Count clock cycle
2. m =1 to 65536 (FFFFH)

3.n=0,1
(b) When CMDn is setto 0
Count clock I_l _l I_l
Count up I_ z' o 'E I_l
TMDn clear ! (iD_l
N Clear
TMDn FFFFH X : o / X 0 X
CMDn | 0

Match detected
(TINTCMDn)

Overflow

Remark: Interval time = (FFFFH + 2) x Count clock cycle
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9.1.6 Application example

(1) Interval timer
This section explains an example in which timer D is used as an interval timer with 16-bit precision.

Interrupt requests (TINTCMDn) are output at equal intervals (refer to Figure 9-6: TMD Compare
Operation Example). The setup procedure is shown below (n =0, 1).

<1> Set (1) the CAE bit.
<2> Set each register.
» Select the count clock using the CS2 to CSO bits of the TMCDn register.
» Set the compare value in the CMDn register.
<3> Start counting by setting (1) the CE bit.
<4> If the TMDn register and CMDn register values match, an TINTCMDn interrupt is generated.
<5> TINTCMDn interrupts are generated thereafter at equal intervals.

9.1.7 Precautions

Various precautions concerning timer D are shown below.
(1) To operate TMDn, first set (1) the CAE bit of the TMCDn register.

(2) Uptofepy/2 clocks are required after a value is set in the CE bit of the TMCDn register until the

set value is transferred to internal units. When a count operation begins, the count cycle from
0000H to 0001H differs from subsequent count cycles.

(3) Toinitialize the TMDn register status and start counting again, clear (0) the CE bit and then set
(1) the CE bit after an interval of fcp/2 clocks has elapsed.

(4) Upto fepy/2 clocks are required until the value that was set in the CMDn register is transferred

to internal units. When writing continuously to the CMDn register, be sure to secure a time
interval of at least fop/2 clocks.

(5) The CMDn register can be overwritten only once during a timer/counter operation (from 0000H
until an TINTCMDn interrupt is generated due to a match of the TMDn register and CMDn reg-
ister). If this cannot be secured, make sure that the CMDn register is not overwritten during a
timer/counter operation.

(6) The count clock must not be changed during a timer operation. If the clock selection by CS2 to
CSO0 bits is going to be changed, it should be overwritten after the CE bit is cleared (0). If the
count clock is changed during a timer operation, operation cannot be guaranteed.

(7) An TINTCMDn interrupt will be generated after an overflow if a value less than the counter
value is written in the CMDn register during TMDn register operation.

Remark: n=0,1
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9.2 Timer E

9.2.1 Features (timer E)

The 3 x 6 channels 16/32-bit multi purpose timers En (TMEN) (n = 0 to 2) operate as

Pulse interval and frequency measurement counter
Up/down event counter

Interval timer

Programmable pulse output

PWM output timer

9.2.2 Function overview (timer E)

16-bit timer/counter (TBASEOn, TBASE1n): 2 channels each unitn (n = 0 to 2)

Bit length
- Timer En registers (TBASEOn, TBASE1n): 16 bits
- During cascade operation: 32 bits (higher 16 bits:TBASE1n, lower 16 bits: TBASEON)

Capture/compare register
- In 16-bit mode: 6
- In 32-bit: 4 (capture mode only)

Count clock division selectable by prescaler (max. frequency of count clock: 10 MHz @ fcpy =
20 MHz)

Interrupt request sources

- Compare-match interrupt requests: 6 types
Perform comparison with sub-channel n capture/compare register and generate the TINTCCExn
interrupt upon compare match.

- Timer counter overflow interrupt requests: 2 types
The TINTOVEON (TINTOVELN) interrupt is generated when the count value of TBASEONn
(TBASE1n) becomes FFFFH.

Capture request
- Count values of TBASEON, TBASE1n can be latched using external pin (INTPExn)Note 1. Note 2

PWM output function

- Control of the outputs of pins TOE1n to TOE4n in the compare mode and PWM output can be per-
formed using the compare match timing of sub-channels 1 to 4 and the zero count signal of the
timer counter.

Timer count operation with external clock inputNote 2
- Timer count operation can be performed with the pin TIEn clock input signal.

Note 3 tNote 2

Timer count enable operation with external pin inpu
- Timer count enable operation can be performed with the TCLRERN pin input signal.

Timer counter clear controlNOt€ 3. Note 4 \yith external pin inputNote 2
- Timer counter clear operation can be performed with the TCLREnR pin input signal.
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« Up/down count controlNot€ 3. Note 5 ith external pin inputNote 2
- Up/down count operation in the compare mode can be controlled with the TCLRER pin input sig-
nal.

¢ Output delay operation
- A clock-synchronized output delay can be added to the output signal of pins TOE1n to TOE4n.
- This is effective as an EMI counter measure.

e Input filter
- An input filter can be inserted at the input stage of external pins (TIEn, INTPEOnN to INTPE5N,
TCLREN) (refer to cross reference to Input Filter Mode Registers FEMnO to FEMn5).

Notes: 1. For the registers used to specify the valid edge for external interrupt requests (INTPEON
through INTPESN) to timer E, refer to the chapter Timer E input filter mode registers 0 to 5
(FEMOn to FEM5n).
2. The pairs TIEn and INTPEOn, TOE1n and INTPE1n, TOE2n and INTPE2n, TOE3n and
INTPE3n, TOE4n and INTPE4n, TCLREnN and INTPE5SnN are each alternate function pins.
3. The count enable operation for the timer counter through external pin input, timer counter
clear operation, and up/down count control cannot be performed combined all at the same
time.

4. In the case of 32-bit cascade connection, clear operation by external pin input (TCLRENR)
cannot be performed.

5. Up/down count control using 32-bit cascade connection cannot be performed.

Remarks: 1. fcpy: Internal system clock

2.x=0to5
3.n=0to 2
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9.2.3 Basic configuration

The basic configuration is shown below.

Table 9-2: Timer E Configuration List

Timer | Count Clock | Register | R/W | Generated | Capture Trigger | Timer Output Note1 Other
Interrupt S/R Functions
Signal
Timer fcpu/2, | TBASEOn| — | TINTOVEON - Note 2 Note 3
En fcpu /4, | TBASEIn| — |TINTOVE1n — Note 2 Note 3
fcpu /8, | CVSEONn | R/W | TINTCCEON | INTPEON/ - -
fepy /16, INTPESN
fcpu /32, | CVSEIn | RIW - INTPELn/ TOE1nNote 4/ BufferNote 5
fepy 164, INTPE4n TOE4nNote 4
fepu/ 128, | cvse2n |RW - INTPE2n/ TOE2nNote 4 BufferNote 5
TIENn pln |NTPE3n TOESnNQte 4
CVSE3n | R/W - INTPE3n/ TOE3nNote 4/ BufferNote 5
INTPE2n TOE2nNote 4
CVSE4n | RIW - INTPE4n/ TOE4nNote 4/ BufferNote 5
INTPE1n TOE1nNote 4
CVSE5Sn | R/W | TINTCCEDSN | INTPESN/ - -
INTPEON
CVPE4n R | TINTCCE4n | INTPE4n/ TOEA4n/TOE3n Note 5
INTPE1n
CVPE3n R | TINTCCE3n | INTPE3n/ TOE3n/TOE2n Note 5
INTPE2n
CVPE2n R | TINTCCE2n | INTPE2n/ TOE2n/TOE1n Note 5
INTPE3n
CVPE1n R | TINTCCEln | INTPE1n/ TOE1n/TOE43n Note 5
INTPE4n
Notes: 1. Refer to OTMEx1, OTMEXO bits in (5)“Timer E output control registers 0 to 2 (OCTLEO to

OCTLE2)” on page 271
2. Reset operation by zero count signal is enabled.
3. Cascade operation with TBASEOn and TBASE1n is enabled.
4. Only in buffer-less mode (BFEEX) bit of CMSEmn register = 0)
5. Cascade operation using the CVSEXxn register and CVPEXxn register is enabled.

Remarks: 1. fcpy: Internal system clock

2. S/R: Set/Reset
3.m=12,34;x=1t04;,n=0to0 2)
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Figure 9-7 shows the block diagram of one timer E unit.

Figure 9-7: Block Diagram of Timer E

ECLR CNT = MAX. TINTOVEOn
112, 1/4, 1/8, 1/16, TBASEOn CNT =0
tom| 132, 164, 11128 CT  (16-bit) R
FEMON
- : ED1 TINTCCEONn
TIENINTPEON (O) Input filter I Sub-channel 0
| CVSEON (16-bit)
'
t |
! | TINTCCEL
FEM1n + | 4 L "
T 1o+ ED1 SIT
INTPE1n Input filter T TNAEl lecti | I ovsemeni) 21
| |_edge selection i ED2 “— RELOAD2A RA Output © ToEIn
: | Sub-channel 1 CVPELN U601 Jpe onpzs RB circuit 1
| ﬁ T RN
FEM2n : | TINTCCE2n
- F] - — ED1 SIT
) TNIE2 | .
INTPE2n ©—’@ 1| edge selection : EpplCYSEZ (1650 =y RELOAD2A RA Output ©) TOE2
-hil N N n
: : Sub-channel 2 CVPE2N (1641 Jge onps RB circuit 2
| ﬁ ? RN
FEM3n | : TINTCCES3n
] L.[TNIES IR ED1 ‘ ST
INTPE3n Input filter : | edgeselectionl \ Ep2L_CYSER (1601 =t RELOAD2A RA Output
" SUPY —=©) TOE3
i | Sulychare 3 ﬂm” 520 Ireionnss RB circuit 3 "
! ! TINTCCE4 RN
FEM4n | | 4 ¥ "
[N ==y EDL
INTPE4n Input filter TR | CVSEdn (160i) [ L ST
| edge selection i ED2 —]RELOAD2A RA Output TOE4n
: ‘| Sub-channel 4 LEYPEAN G600 foe oapog RB circuit 4 -©
FEMSn | ﬁ T RN
: [ ] ! TINTCCESn
TCLREN/ Input filter | |T’:cllEesselection| T —~{ED1
INTPESn | 9 | ED2 Sub-channel 5
' ! CVSES5n (16-bit)
(SESEn______ |
|_ _________ 1
~i—| edge selection I : ECLR CNT = MAX. TINTOVE1n
: | ——|CT TBASEIn cNT =0
CSEn | CTC (16-bit)
L R
—————————— CASC
Remarks: 1. fcpy: Internal system clock
2.n=0to2
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Table 9-3: Meaning of Signals in Block Diagram

Signal Name Meaning

CAscNote 1 TBASE1n count signal input in 32-bit mode

CNT Count value of timer En (CNT = MAX.: Maximum value count signal output of timer
En (generated when TBASEOn, TBASE1n = FFFFH), CNT = 0: Zero count signal
output of timer (generated when TBASEOn, TBASE1n = 0000H))

CT TBASEONn, TBASE1n count signal input in 16-bit mode

CTC TBASE1n count signal input in 32-bit mode

ECLR External control signal input from TCLRER input

ED1, ED2 Capture event signal input from edge selection circuit

RNote 2 Compare match signal input (sub-channel 0/5)

RA TBASEON zero count signal input (reset signal of output circuit)

RB TBASEL1n zero count signal input (reset signal of output circuit)

RELOAD2A TBASEOnN zero count signal input (generated when TBASEOn = 0000H)

RELOAD2B TBASEL1n zero count signal input (generated when TBASE1n = 0000H)

RN Sub-channel x interrupt signal input (reset signal of output circuit)

SIT Sub-channel x interrupt signal input (set signal of output circuit)

TCOUNTEDQ, Timer En count enable signal input

TCOUNTE1

TNIEm Timer En sub-channel m capture event signal input

Notes: 1. TBASELn performs count operation when CASC (CNT = MAX. for TBASEON) is generated
and the rising edge of CTC is detected in the 32-bit mode.
2. TBASEONn/TBASE1n clear by sub-channel 0/5 compare match or count direction can be
controlled.

Remarks: 1.m=0to5

2.n=0to 2
3.x=1to4
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(1) Timer E time base counters 0, 1 registers 0to 2 (TBASEOn, TBASE1n (n =0 to 2))
The features of time base counters TBASEOn, TBASE1n are listed below.

 Free-running counter that enables counter clearing by compare match of sub-channel 0 and sub-

channel 5

» Can be used as a 32-bit capture timer when TBASEOn and TBASE1n are connected in cascade.

« Up/down control, counter clear, and count operation enable/disable can be controlled with external

pin (TCLREN)
« Counter up/down and clear operation control method can be set by software.

« Stop upon occurrence of count value 0 and count operation start/stop can be controlled by
software.

Figure 9-8: Timer E Time Base Counter 0 Registers 0 to 2 (TBASEO0O to TBASE02)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

maseo| | [ | [ ] [ ] [ [ [ [ [ [ [ [ ]reeeeeron
maseor| [ [ [ [ [ [ ] [ [ [ | [ | [ [ [eeerreson
masee| | [ | [ ] [ ] [ [ [ [ [ [ [ [ |reeereron

Figure 9-9: Timer E Time Base Counter 1 Registers 0to 2 (TBASE10 to TBASE12)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

maseo| | [ | [ ] [ ] [ [ [ [ [ | [ [ ]reeeeeran
maset| [ [ [ [ [ [ ] [ [ [ | [ | [ [ [eeerreeon
masee| | [ | [ ] [ ] [ [ [ [ [ [ [ [ |rreeeeran
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(2) Timer E sub-channel 0 capture/compare registers 0to 2 (CVSEOO to CVSE02)

The CVSEDON register is the 16-bit sub-channel 0 capture/compare register of timer TMEn (n =0 to
2).

In the capture register mode, it captures the TBASEOnN count value.

In the compare register mode, it detects match with TBASEOnN.

This register can be read/written in 16-bit units.

Figure 9-10: Timer E Sub-Channel 0 Capture/Compare Registers 0to 2 (CVSEOO to 02)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value
CVSE00| \ | \ \ | | \ \ | | \ \ | | | |FFFFF660H 0000H
CVSEO1 | \ | \ \ | | \ \ | | \ \ | | | |FFFFF6AOH 0000H
CVSE02 | \ | \ \ | | \ \ | | \ \ | | | |FFFFF6EOH 0000H
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(3) Timer E sub-channel x main capture/compare registers 0 to 2 (CVPEX0 to CVPEX2)
(x=1to 4)

The CVPEXxn register is a 16-bit sub-channel x main capture/compare register of timer TMEn

(x=1to4) (n=0to 2).

In the capture register mode, this register captures the value of TBASE1n when the BFEEX bit of
the CMSEmn register is zero (m = 12, 34). When the BFEEX bit = 1, this register holds the value of

TBASEON or TBASE1n.

If the capture register mode is selected in the 32-bit mode (value of TB1EX, TBOEX bits of CMSEmn

register = 11B), this register captures the contents of TBASE1n (higher 16 bits).
This register is read-only in 16-bit units.

In compare mode, this register represents the actual compare value. To write a compare value, the
registers CVSExn have to be used. This double register structure refers to the buffered operations

in compare mode.

Figure 9-11: Timer E Sub-Channel x Main Capture/Compare Registers 0to 2 (CVPEXO0 to

CVPEX2) (x =1to 4)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
evew| [ [ | [ [ 1 [ [ [ [ [ [ | [ [ |rerrrosen
eve| [ [ | [ [ 1 [ [ [ [ [ [ | [ [ |rererooen
e | [ [ | [ [ 1 [ [ [ [ [ [ [ [ [ |rerrroom

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
eeeo| | [ | [ [ [ [ | [ [ | [ | [ [ |reeerosth
eeen| | [ | [ [ [ [ I [ [ | [ [ [ [ |reeeroseh
eee| | [ | [ [ | [ [ | [ | [ [ | [ |[eeeeeooeH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
eeeo| [ | [ | [ [ [ [ [ [ [ | [ | [ [reeeeosm
eeest | [ | [ | [ [ [ [ [ [ [ | [ [ [ [reerroon
eeee| [ | [ | [ [ [ [ [ [ [ [ [ [ [ [reeeroom

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addess
evew| [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [rereresen
eveea| [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [rererooen
eveew| | [ [ [ [ [ [ [ [ [ [ [ [ [ [ |rrrereoes
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(4) Timer E sub-channel x sub capture/compare registers 0to 2 (CVSEx0 to CVSEXx2)
(x=1to 4)

The CVSEXxn register is a 16-bit sub channel x sub-capture/compare register of timer TMEn
(x=1to4) (n=0to 2).

In the compare register mode, this register can be used as a buffer. In the capture register mode,
this register captures the value of TBASEOn when the BFEEX bit of the CMSEmn register is cleared

(BFEEX bit = 0) (m = 12, 34).

If the capture register mode is selected in the 32-bit mode (TB1EXx, TBOEX bits of CMSEmn register

= 11B), this register captures the contents of TBASEOnN (lower 16 bits).

The CVSEXxn register can be written only in the compare register mode. If this register is written in

the capture register mode, the contents written to CVSEXxn register will be lost.
This register can be read/written in 16-bit units.

Figure 9-12: Timer E Sub-Channel x Sub Capture/Compare Registers 0to 2 (CVSEXxO to

CVSEx2) (x =1to 4)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

evseo| | [ ] [ [ [ [ J [ [ | [ [ [ [ |eereroson
evsen| | [ | [ [ [ [ | [ [ | [ [ [ [ |eererooon
evsee| | [ | [ [ [ [ [ [ [ | [ [ [ [ [eeeersoon

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

evseo| | [ ] [ [ [ [ J [ [ | [ [ [ [ |eeeeroseh
evsen| | [ | [ [ [ [ J [ [ | [ | [ [ |eereroou
evseo| | [ | [ [ [ [ [ [ [ | [ [ [ [ [eeeereou

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

eseof [ | [ ] [ [ [ [ [ [ [ [ | [eeerrese
= I I N O o
esez| [ | [ [ [ [ [T [ [ [ ] [ | [eerooe

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

oseof [ | [ [ [ P [T [ T [ ] [ | [reeresch
oset| [ | [ [ [ P [T [ T [ ] [ | [eeeresch
ese| [ | [ [ [ [ [T [ I [ | [ | |rererencH
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(5) Timer E sub-channel 5 capture/compare registers 0to 2 (CVSE50 to CVSE52)

The CVSEDbSN register is the 16-bit sub-channel 5 capture/compare register of timer TMEn (n = 0 to
2).

In the capture register mode, it captures the count value of TBASE1n.

In the compare register mode, it detects match with TBASE1n.

This register can be read/written in 16-bit units.

Figure 9-13: Timer E Sub-Channel 5 Capture/Compare Registers (CVSE50 to CVSES52)

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address vnallti
CVSE50 | \ \ | | \ \ \ | | \ \ | | \ \ |FFFFF662H 0000H
CVSE51 | \ \ | | \ \ \ | | \ \ | | \ \ |FFFFF6A2H 0000H
CVSE52 | \ \ | | \ \ \ | | \ \ | | \ \ |FFFFF6E2H 0000H
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9.2.4 Control Registers

(1) Timer E clock stop registers 0to 2 (STOPTEO to STOPTE2)

The STOPTERN register is used to stop the operation clock input to timer TMEn (n = 0 to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-14: Timer E Clock Stop Registers 0to 2 (STOPTEO to STOPTE2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

sTopTEOsTFTEO| 0 [0 [0 [0 [ o [o oo oo | o] o] o] o0/ 0 |FFFFF640H 0000H
stopTEL|sTFTEL 0 [0 |0 [ o[ o [o oo oo |o] o] o]0/ o |FFFFF680H 0000H
stopTE2|sTFTE2| 0 [0 [0 [0 [ o |[o|o[o oo |o] o] o] o] o |FFFFFECOH 0000H
Bit Position | Bit Name Function

15 STFTEn | Stops the operation clock to TMEN.

0: Normal operation
1: Stop operation clock to TMEn

Cautions: 1. Initialize TMEn when the STFTEn bit is cleared (0). TMEn cannot be initialized when
the STFTEN bit is set (1).
2. If the STFTERn bit is set (1) after initialization, the initialized state is maintained.

Remark: n=0to2
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(2) Timer E count clock/control edge selection registers 0 to 2 (CSEO to CSE2)

The CSEn register is used to specify the timer TMEnN count clock and the control valid edge (n =0
to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-15: Timer E Count Clock/Control Edge Selection Registers 0to 2 (CSEO to CSE2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address vnalltji'
CSEO| 0 \ 0 \ 0 \ 0 ‘TESlElITESlEOITESOEl‘TESOEO‘CESElICESEO‘CSElZICSEll‘CSE10|CSE02‘CSE01|CSE00|FFFFF642H 0000H

CSE1| 0 \ 0 \ 0 \ 0 ‘TESlElITESlEOITESOEl‘TESOEO‘CESElICESEO‘CSElZICSEll‘CSE10|CSE02‘CSE01|CSE00|FFFFF682H 0000H

CSE2| 0 \ 0 \ 0 \ 0 ‘TESlElITESlEOITESOEl‘TESOEO‘CESElICESEO‘CSElZlCSEll‘CSE10|CSE02‘CSE01|CSE00|FFFFF6C2H 0000H

Bit Position | Bit Name Function

11,10,9,8 | TESyE1, | Specifies the valid edge of the corresponding timer base counter TBASEyn count
TESYEO | clock signal (TCOUNTEY).

TESYE1 | TESyEO | Valid Edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
7,6 CESE1, | Specifies the valid edge of the external clear input signal (TCLRER).

CESEO CESE1 | CESEO |Valid Edge
0 0 Falling edge
0 1 Rising edge
1 0 Through input
1 1 Both rising and falling edges

5t0 3, CSEyO0, | Selects internal count clock of the time base counter TBASEyn.
2100 CSEyl, CSEy2 | CSEyl | CSEy0 |Count Clock

CSEy2
0 0 0 fepul2
0 0 1 fepuls
0 1 0 fepu/8
0 1 1 fepu/16
1 0 0 fepy/32
1 0 1 fepy/64
1 1 0 fepu/128
1 1 1 Selects input signal from external clock input

pin (TIEN) as clock.

Remark: y=0,1
n=0to 2
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(3) Timer E sub-channel input event edge selection registers 0to 2 (SESEQO to SESE?2)

The SESEN register specifies the valid edge of the external capture signal input (TIExn) for the sub-
channel x capture/compare register performing capture (x =0to 5, n =0to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-16: Timer E Sub-Channel Input Event Edge Selection Register 0 to 2 (SESEO to
SESE?2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address vnalni
SESEO| 0 \ 0 \ 0 \ 0 ‘IESESl‘IESESO‘IESEM‘IESE40‘IESE31‘|ESE30‘|ESE21‘IESEZO‘IESEll‘|ESE10‘|ESE01‘IESE00|FFFFF644H 0000H

SESE1| 0 \ 0 \ 0 \ 0 ‘IESESl‘IESESO‘IESEM‘IESE40‘IESE31‘|ESE30‘|ESE21‘IESEZO‘IESEll‘IESElO‘IESEOl‘IESEOOlFFFFF684H 0000H

SESE2| 0 \ 0 \ 0 \ 0 ‘IESESl‘IESESO‘IESEM‘IESE40‘IESE31‘|ESE30‘IESEZl‘IESEZO‘IESEll‘IESElO‘IESEOl‘IESEOOlFFFFF6C4H 0000H

Bit Position | Bit Name Function
11to 0 IESEx1, [ Specifies the valid edge of external capture signal input (TIExn) for sub-channel x
IESEXO | capture/compare register performing capture.
IESEx1 IESEx0 | Valid Edge

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Remark: x=0to5
n=0to?2
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(4) Timer E time base control registers 0to 2 (TCREO to TCRE2)

The TCRERN register controls the operation of timer TMEn (n = 0 to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-17: Timer E Time Base Control Registers 0 to 2 (TCREO to TCREZ2) (1/2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

TCREO|CASE1‘CLRE1‘CEElIECREl‘ECEEl‘OSTElIUDSEll‘UDSElO‘ 0 ‘CLREO‘CEEO‘ECREO‘ECEEO|OSTEO‘UDSE01|UDSE00|FFFFF646H 0000H

TCREllCASEl‘CLREl‘CEElIECREl‘ECEEl‘OSTElIUDSEll‘UDSElO‘ 0 ‘CLREO‘CEEO‘ECREO‘ECEEO|OSTEO‘UDSE01|UDSE00|FFFFF686H 0000H

TCRE2|CASE1‘CLRE1‘CEElIECREl‘ECEEl‘OSTElIUDSEll‘UDSElO‘ 0 ‘CLREO‘CEEO‘ECREO‘ECEEO|OSTEO‘UDSE01|UDSE00|FFFFF6C6H 0000H

Bit Position | Bit Name Function

15 CASE1 Specifies 32-bit cascade operation mode for TBASE1n (TBASE1n counts upon over-
flow of TBASEON (carry count)).

0: Don't connect in cascadeNote 1

1: 32-bit cascade operation mode
Notes: 1. TBASE1n counts with CT signal input in the count enabled state
2. TBASE1n counts with CTC and CASC signal inputs in the count
enabled state.
3. Only the capture register mode can be used for the capture/compare
register.
Caution: In the 32-bit cascade operation mode (CASEL bit = 1), only the 32-bit
capture function is permitted: set TB1Ex and TBOEx bits of the
CMSEmn registers to 11B (m =12, 34, x: when m =12, x =1, 2, and
when m =34, x =3, 4).

14,6 CLREyY Specifies software clear for TBASEyn.
0: Continue TBASEyn operation
1: Clear (0) TBASEyn count value
Cautions: 1. Setting the CLREy bit stops and clears the concerned timebase.
This bit has to be cleared before starting the count operations by
setting the CEEy bit again.
2. To acknowledge the clear and stop operation it's mandatory to
keep the CLREYy bit set (1) for at least one timer clock period.
Remark:  Set/clear operation of CLREYy:
1.CLREy =1
2. CSEy2-0 = 000B
3. CSEy2-0 = "old value"
4.CLREY =0

13,5 CEEy Specifies TBASEyn count operation enable/disable.
0: Stop count operation
1: Enable count operation

12,4 ECREy | Specifies TBASEyn external clear (TCLREN) operation enable/disable through ECLR
signal input.
0: Don’t enable TBASEyn external clear (TCLREN) operation
1: Enable TBASEyn external clear (TCLREnN) operation
Cautions: 1. In the 32-bit cascade operation mode (CASE1 bit = 1), TMEn
external clear operation does not work.
2. If the ECLR signal is input when ECREy = 1, TMEn clear opera-
tion is performed after 1 internal count clock set with the corre-
sponding CSEy2 to CSEy0 bits of the CSEn register.

Notes 2, 3

Remark: y=0,
n=0
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Figure 9-17: Timer E Time Base Control Registers 0to 2 (TCREO to TCREZ2) (2/2)
Bit Position | Bit Name Function
11,3 ECEEy Specifies TBASEyn count operation enable/disable through ECLR signal input.
0: Don't enable TBASEyn count operation
1: Enable TBASEyn count operation
Cautions: 1. In the 32-bit cascade operation mode (CASEL1 bit = 1), control of
the TBASEyn count operation using ECLR signal input is not
enabled.
2. When the ECEEy bit = 1, always set the CESE1 and CESEQO bits of
the CSEn register to 10B (through input).
10, 2 OSTEy Specifies stop mode.
0: Don’t stop TBASEyn count when count value is 0.
1: Stop TBASEyn count when count value is 0.
Caution:  When TBASEyn count stop is cancelled when the OSTE1ly bit = 1
(TBASEyn count is stopped when the count value is 0), TBASEyn
counts up except when the UDSEy1, UDSEyO0 bits = 10B. The count
direction when the UDSEy1, UDSEyO0 bits = 10B is determined by the
value of the ECLR signal input.
9,8,1,0 UDSEy1, | Specifies TBASEyn up/down count.
UDSEY0 | ['UDSEy1 | UDSEY0 Count
0 0 Perform only up count.
Clear TBASEyn with compare match signal.
Count up after TBASEyn has become “0”, and count down
0 1 after a compare match occurs for sub-channels 0, 5 (trian-
gular wave up/down count).
Selects up/down count according to the ECLR signal input.
1 0 Up count when ECLR =1
Down count when ECLR =0
1 1 Setting prohibited
Cautions: 1. In the 32-bit cascade operation mode (CASEL bit = 1), set the
UDSEy1, UDSEyO bits to 00B.
2. When the UDSEy1, UDSEyYO bits = 10B, be sure to set the CESEL1,
CESEQ bits of the CSEOnN register to 10B (through input).
3. When the UDSEy1, UDSEyO0 bits = 10B, compare match between
TBASEyn and CVSEmn has no effect on the TBASEyn count
operation (m: Owheny =0, 5wheny =1).
Cautions: 1. If there is no external count clock, when this is selected by the prescaler setting,

Remark:

270

clear operations (external or by software) of the timebase counter does not work.

2. When clearing is performed with the ECLR signal, the TBASEyn counter is cleared
with a delay of (1 internal count clock set with bits CSEy2 to CSEy0 of the CSEn
register) + 2 base clocks. Therefore, if external clock input is selected as the inter-
nal count clock, the counter is not cleared until the external clock (TIEn) is input.

3. The ECREy bit and the ECEEy bit must not be set to 1 at the same time.

4. If either ECEEy bit or ECREYy bit is set to 1, up-/down operation with external con-
trol via ECLR signal cannot be performed (UDSEy1, UDSEyO0 = 10B).

5. When UDSEy1, UDSEyO0 = 01B and OSTEy = 1, the counter does not count up when
the counter value is “0". Therefore, when the counter value is “0”, set OSTEy = 0,
and after the value of the counter ceases to be “0”, set OSTEy = 1.

6. If there is no external count clock, when this is selected by the prescaler setting,
clear operations (external or by software) of the timebase counter does not work.

y=0,1
n=0to2
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(5) Timer E output control registers 0to 2 (OCTLEO to OCTLE?2)

The OCTLERN register controls timer output from the TOExn pin (x =1to 4, n=0to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-18: Timer E Output Control Registers 0to 2 (OCTLEO to OCTLE?2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

0CTLEO |SWFE4‘ALVE4‘0TME4l‘OTMEAO‘SWFESIALVES‘OTMESl‘OTMESO‘SWFEZIALVEZIOTME21IOTME20|SWFE1‘ALVE1‘OTMEll‘OTMEl{)l FFFFF648H 0000H

OCTLE1 |SWFE4‘ALVE4‘OTMEAl‘OTMEAO‘SWFESIALVES‘OTMESl‘OTMESO‘SWFEZIALVEZIOTME21IOTME20|SWFE1‘ALVE1‘OTMEll‘OTMElol FFFFF688H 0000H

OCTLE? |SWFE4‘ALVE4‘OTMEAl‘OTMEAO‘SWFESIALVES‘OTMESl‘OTMESO‘SWFEZIALVEZIOTME21IOTME20|SWFE1‘ALVE1‘OTMEll‘OTMElol FFFFF6C8H 0000H

Bit Position | Bit Name Function

15,11,7,3 SWFEx | Fixes the TOExn pin output level according to the setting of ALVEX bit.
0: Don't fix output level.
1: When ALVE x = 0, fix output level to low level.

When ALVEX = 1, fix output level to high level.

14, 10, 6, 2 ALVEX Specifies the active level of the TOExn pin output.
0: Active level is high level
1: Active level is low level

13,12,9,8, | OTMEX1, | Specifies toggle mode.
54,10 | OTMEX0 | ['GTMEx1 | OTMEXO | Toggle Mode

Toggle mode 0:
0 0 Reverse output level of TOExn output every time a sub-
channel x compare match occurs.

Toggle mode 1:

Upon sub-channel x compare match, set TOExn output to
active level, and when TBASEOn is cleared (0), set TOExn
output to inactive level.

Toggle mode 2:

Upon sub-channel x compare match, set TOExn output to
active level, and when TBASEL1n is cleared (0), set TOExn
output to inactive level.

Toggle mode 3:

Upon sub-channel x compare match, set TOExn output to
1 1 active level, and upon sub-channel [x + 1] compare match,
set TOxn output to inactive level (when x =4, [x + 1]
becomes 1).

Cautions: 1. When the OTMEx1, OTMEXO bits = 11B (toggle mode 3), and if the
same output delay operation settings are made by setting bits
ODLEx2 to ODLExO of the ODELERN register, two outputs change
simultaneously upon 1 sub-channel x compare match.
2. If two or more signals are input simultaneously to the same out-
put circuit, S/T signal input has a higher priority than RA, RB, and
RN signal inputs.

Remark: x=1to4
n=0to2
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(6) Timer E sub-channel 0, 5 capture/compare control registers 0 to 2 (CMSE050 to CMSE052)

The CMSEOQ5n register controls timer TMEn sub-channel 0 capture/compare register (CVSEON)
and timer TMEn sub-channel 5 capture/compare register (CVSE5n) (n = 0 to 2).
This register can be read/written in 16-bit units.

Figure 9-19: Timer E Sub-Channel 0, 5 Capture/Compare Control Registers 0 to 2 (CMSE050 to
CMSEO052)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

CMSE050| 0 \ 0 IEEVES‘ 0 ‘LNKES‘CCSESI 0 \ 0 \ 0 | 0 IEEVEOI 0 ILNKEO|CCSEO‘ 0 \ 0 |FFFFF64AH 0000H

CMSE051| 0 \ 0 IEEVES‘ 0 ‘LNKES‘CCSESI 0 \ 0 \ 0 | 0 IEEVEOI 0 ILNKEO|CCSEO‘ 0 \ 0 |FFFFF68AH 0000H

CMSE052| 0 \ 0 IEEVES‘ 0 ‘LNKES‘CCSESI 0 \ 0 \ 0 | 0 IEEVEOI 0 ILNKEO|CCSEO‘ 0 \ 0 |FFFFF6CAH 0000H

Bit Position | Bit Name Function

13,5 EEVEX Enables/disables capture event detection by sub-channel x capture/compare register.
0: Don’t detect events
1: Detect events

11,3 LNKEX Specifies capture event signal input from edge selection to ED1 or ED2 of timer
TMEn, sub-channel x.
0: In capture register mode, select ED1 signal input.
In compare register mode, LNKEX bit has no influence.
1: In capture register mode, select ED2 signal input.
In compare register mode, LNKEX bit has no influence.

10, 2 CCSEX Selects capture/compare register operation mode of timer TMEn, sub-channel x.

0: Operate in capture register mode. The TBASEOn and TBASE1n count statuses
can be read with sub-channel 0 and sub-channel 5, respectively.

1: Operate in compare register mode. TBASEOn, TBASEL1n is cleared upon
detection of match between sub-channel x and TBASEOn, TBASE1n.

Remark: x=0,5
n=0to2
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(7) Timer E sub-channel 1, 2 capture/compare control register 0 to 2 (CMSE120 to CMSE122)
The CMSE12n register controls the timer TMEn sub-channel x sub capture/compare register
(CVSExn) and the timer TMEn sub-channel x main capture/compare register (CVPExn) (x = 1, 2)
(n=0to 2).

This register can be read/written in 16-bit units.

Figure 9-20: Timer E Sub-Channel 1, 2 Capture/Compare Control Registers 0to 2 (CMSE120 to
CMSE122) (1/2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address vnalnlji
CMSE120| 0 \ 0 ‘EEVEZ‘BFEEZILNKEZICCSEZ‘TBlEZ‘TBOEZI 0 \ 0 ‘EEVEl‘BFEElILNKEl|CCSE1‘TBlEl‘TBOEllFFFFF64CH 0000H

CMSE121| 0 \ 0 ‘EEVEZ‘BFEEZILNKEZICCSEZ‘TBlEZ‘TBOEZI 0 \ 0 ‘EEVEl‘BFEElILNKEl|CCSE1‘TBlEl‘TBOEllFFFFFGSCH 0000H

CMSE122| 0 \ 0 ‘EEVEZ‘BFEEZILNKEZICCSEZ‘TBlEZ‘TBOEZI 0 \ 0 ‘EEVEl‘BFEElILNKEl|CCSE1‘TBlEl‘TBOEllFFFFFGCCH 0000H

Bit Position | Bit Name Function

13,5 EEVEx | Enables/disables capture event detection by sub-channel x capture/compare register.
0: Don’t detect events
1: Detect events

12,4 BFEEx | Specifies the buffer operation of sub-channel x sub capture/compare register (CVSExn).
0: Don't use sub-channel x sub capture/compare register (CVSExn) as buffer.
1: Use sub-channel x sub capture/compare register (CVSExn) as buffer.

Remarks: 1. The operations in the capture register mode and compare register mode
when the sub-channel x sub capture/compare register (CVSExn) is not
used as a buffer are shown below. (BFEEXx = 0)

* In capture register mode: The CPU can read both the master register
(CVPEXxn) and slave register (CVSExn). The next event is ignored
until the CPU finishes reading the master register.

TMEOnN capture is performed by the slave register, and TME1n
capture is performed by the master register.

* In compare register mode: The CPU writes to the slave register
(CVSEXxn), and immediately after, the same contents as those of the
slave register are written to the master register (CVPEXxn).

2. The operations in the capture register mode and compare register
mode when the sub-channel x sub capture/compare register (CVSExn)
is used as a buffer are shown below. (BFEEx = 1)

* In capture register mode: When the CPU reads the master register
(CVPEXxn), the master register updates the value held by the slave
register (CVSExn) immediately and once only, after the CPU read
operation. When a capture event occurs, the timer counter value at
that time is always saved in the slave register.

* In compare register mode: The CPU writes to the slave register
(CVSEXxn) and these contents are transferred to the master register
(CVPEXxn) specified by the corresponding LNKEX bit.

Remark: x=1,2
n=0to 2
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Figure 9-20: Timer E Sub-Channel 1, 2 Capture/Compare Control Registers 0to 2 (CMSE120 to
CMSE122) (2/2)

Bit Position | Bit Name Function

11,3 LNKEXx Selects capture event signal input from edge selection and specifies transfer opera-
tion in compare register mode.
0: Select ED1 signal input in capture register mode.
In the compare register mode, the data of the CVSExn register is transferred to
the CVPEXxn register upon occurrence of TBASEON, TBASE1nNote compare
match.
1: Select ED2 signal input in capture register mode.
In the compare register mode, the data of the CVSExn register is transferred to
the CVPExn register when the TBASEOn, TBASE1nN°€ count value becomes
zero.
Note: TBASEOn, TBASE1n = time base counter specified by the corresponding
TB1Ex, TBOEX bits.

10, 2 CCSEX Selects capture/compare register operation mode.
0: Capture register mode
1: Compare register mode

9,8,1,0 TB1Ex Specifies time base counter of sub-channel x.
TBOEX TB1Ex TBOEx | Time Base Counter of Sub-channel x
0 0 Don't use sub-channel x.
0 1 Set TBASEON to sub-channel x.
1 0 Set TBASE1n to sub-channel x.
1 1 32-bit modeN°t® (Select both TBASEOn and TBASE1n.)

Note: In the 32-bit mode, setting of the BFEEX bit is ignored, and the CVSExn reg-
ister cannot be used as a buffer.

Remark: x=1,2
n=0to2
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(8) Timer E sub-channel 3, 4 capture/compare control registers 0 to 2 (CMSE340 to CMSE342)

The CMSE34n register controls the timer TMEn sub-channel x sub capture/compare register
(CVSExn) and the timer TMEn sub-channel x main capture/compare register (CVPExn) (x = 3, 4)
(n=0to 2).

This register can be read/written in 16-bit units.

Figure 9-21: Timer E Sub-Channel 3, 4 Capture/Compare Control Registers 0 to 2 (CMSE340 to
CMSE342) (1/2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address vnalnlji
CMSE340| 0 \ 0 ‘EEVE4‘BFEE4|LNKE4|CCSE4‘T81E4‘TBOE4| 0 \ 0 ‘EEVES‘BFEESILNKE3|CCSE3‘TBIE3‘TBOESlFFFFF64EH 0000H

CMSE341| 0 \ 0 ‘EEVE4‘BFEE4|LNKE4|CCSE4‘T81E4‘TBOE4| 0 \ 0 ‘EEVES‘BFEESILNKE3|CCSE3‘TBIE3‘TBOESlFFFFF68EH 0000H

CMSE342| 0 \ 0 ‘EEVE4‘BFEE4|LNKE4|CCSE4‘T81E4‘TBOE4| 0 \ 0 ‘EEVES‘BFEESILNKE3|CCSE3‘T81E3‘TBOESlFFFFFGCEH 0000H

Bit Position | Bit Name Function

13,5 EEVEx | Enables/disables capture event detection by sub-channel x capture/compare register.
0: Don’t detect events
1: Detect events

12,4 BFEEx | Specifies the buffer operation of sub-channel x sub capture/compare register (CVSExn).
0: Don't use sub-channel x sub capture/compare register (CVSExn) as buffer.
1: Use sub-channel x sub capture/compare register (CVSExn) as buffer.

Remarks: 1. The operations in the capture register mode and compare register mode
when the sub-channel x sub capture/compare register (CVSExn) is not
used as a buffer are shown below. (BFEEXx = 0)

* In capture register mode: The CPU can read both the master register
(CVPEXxn) and slave register (CVSExn). The next event is ignored
until the CPU finishes reading the master register.

TMEOnN capture is performed by the slave register, and TME1n
capture is performed by the master register.

* In compare register mode: The CPU writes to the slave register
(CVSEXxn), and immediately after, the same contents as those of the
slave register are written to the master register (CVPEXxn).

2. The operations in the capture register mode and compare register
mode when the sub-channel x sub capture/compare register (CVSExn)
is used as a buffer are shown below. (BFEEx = 1)

* In capture register mode: When the CPU reads the master register
(CVPEXxn), the master register updates the value held by the slave
register (CVSExn) immediately and once only, after the CPU read
operation. When a capture event occurs, the timer counter value at
that time is always saved in the slave register.

* In compare register mode: The CPU writes to the slave register
(CVSEXxn) and these contents are transferred to the master register
(CVPEXxn) specified by the corresponding LNKEX bit.

Remark: x=3,4
n=0to 2

Preliminary User's Manual U14913EE1VOUMOO 275



Chapter 9 Timer / Counter (Real Time Pulse Unit)

Figure 9-21: Timer E Sub-Channel 3, 4 Capture/Compare Control Registers 0to 2 (CMSE340 to
CMSE342) (2/2)

Bit Position | Bit Name Function

11,3 LNKEXx Selects capture event signal input from edge selection and specifies transfer opera-
tion in compare register mode.
0: Select ED1 signal input in capture register mode.
In the compare register mode, the data of the CVSExn register is transferred to
the CVPEXxn register upon occurrence of TBASEON, TBASE1nNote compare
match.
1: Select ED2 signal input in capture register mode.
In the compare register mode, the data of the CVSExn register is transferred to
the CVPExn register when the TBASEOn, TBASE1nN°€ count value becomes
zero.

Note: TBASEOn, TBASE1n = time base counter specified by the corresponding
TB1Ex, TBOEX bits.

10, 2 CCSEX Selects capture/compare register operation mode.
0: Capture register mode
1: Compare register mode

9,8,1,0 TB1EX, Specifies time base counter of sub-channel x.
TBOEX TB1Ex TBOEx | Time Base Counter of Sub-channel x
0 0 Don't use sub-channel x.
0 1 Set TBASEON to sub-channel x.
1 0 Set TBASE1n to sub-channel x.
1 1 32-bit modeN°t® (Select both TBASEOn and TBASE1n.)

Note: In the 32-bit mode, setting of the BFEEX bit is ignored, and the CVSExn reg-
ister cannot be used as a buffer.

Remark: x=3,4
n=0to 2
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(9) Timer E time base status registers 0to 2 (TBSTATEO to TBSTATE?2)
The TBSTATERN register indicates the status of the time base counter TBASEyn (y=0,1) (n=0to

2).

This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-22: Timer E Time Base Status Register (TBSTATEO to TBSTATE2)

[nitial
15 14 13 11 10 9 8 7 6 5 4 3 2 1 value
TBSTATEOl 0 \ 0 | 0 \ 0 |OVFE1lECFElIRSFElIUDFElI 0 \ 0 \ 0 | 0 IOVFEO‘ECFEO‘RSFEO‘UDFEOlFFFFF664H 0000H
TBSTATE1| 0 \ 0 | 0 \ 0 |OVFE1lECFElIRSFElIUDFElI 0 \ 0 \ 0 | 0 IOVFEO‘ECFEO‘RSFEO‘UDFEOlFFFFF6A4H 0000H
TBSTATEZl 0 \ 0 | 0 \ 0 |OVFE1lECFElIRSFElIUDFElI 0 \ 0 \ 0 | 0 IOVFEO‘ECFEO‘RSFEO‘UDFEOlFFFFF6E4H 0000H
Bit Position | Bit Name Function
11,3 OVFEy Indicates TBASEyn overflow status.
0: No overflow
1: Overflow
10, 2 ECFEy Indicates the ECLR signal input status.
0: Low level
1: High level
91 RSFEy Indicates the TBASEyn count status.
0: TBASEyn is not counting.
1: TBASEyn is counting (either up or down)
8,0 UDFEy Indicates the TBASEyn up/down count status.
0: TBASEyn is in the down count mode.
1: TBASEyn is in the up count mode.
Cautions: 1. The OVFEYy bits are cleared, if a “1” is written into these bits.
2. The ECFEy, RSFEy, and UDFEYy bits are read-only bits.
Remark: y=0,1
n=0to2
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(10) Timer E capture/compare status registers 0to 2 (CCSTATEO to CCSTATE?2)

The CCSTATERN register indicates the status of the timer TMEn sub-channel x sub capture/compare
register (CVSExn) and the timer TMEn sub-channel x main capture/compare register (CVPExn)
(x=1to4) (n=0to 2).

This register can be read/written in 16-, 8-bit units.

Figure 9-23: Timer E Capture/Compare Status Registers 0to 2 (CCSTATEO to CCSTATE2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

CCSTATEOl 0 ’CEFE4|BFFE41|BFFE40| 0 |CEFE3‘BFFE31‘BFFE30‘ 0 ‘CEFEZIBFFEZlIBFFE20| 0 |CEFE1‘BFFE11‘BFFE10|FFFFF666H 0000H

CCSTATE1| 0 ’CEFE4|BFFE41|BFFE40| 0 |CEFE3‘BFFE31‘BFFE30‘ 0 ‘CEFEZIBFFEZlIBFFE20| 0 |CEFE1‘BFFE11‘BFFE10|FFFFF6A6H 0000H

CCSTATEZl 0 ’CEFE4|BFFE41|BFFE40| 0 |CEFE3‘BFFE31‘BFFE30‘ 0 ‘CEFEZIBFFEZlIBFFE20| 0 |CEFE1‘BFFE11‘BFFE10|FFFFF6E6H 0000H

Bit Position | Bit Name Function

14, 10, 6, 2 CEFEx Indicates the capture/compare event occurrence status.

0: In capture register mode: No capture operation has occurred.
In compare register mode: No compare match has occurred.

1: In capture register mode: At least one capture operation has occurred.
In compare register mode: At least one compare match has occurred.

Caution:  The CEFEx bit can be cleared (0) by performing write access to the
CCSTATERN register while no capture operation or compare match
occurs. Bit manipulation instructions are not allowed.

13,12,9,8, | BFFEx1, | Indicates the capture buffer status.
54,10 BFFEX0 BFFEx1 | BFFExO | Capture Buffer Status

0 0 No value in buffer
Sub-channel x master register (CVPEXxn) contains a cap-
0 1 ture value. Slave register (CVSExn) does not contain a
value.

Both sub-channel x master register (CVPExn) and slave
register (CVSExn) contain a capture value.

1 1 Unused

Caution: The BFFEx1 and BFFEXO bits return a value only when sub-channel
X sub capture/compare register (CVSExn) buffer operation (bit
BFEEx of CMSEmn register = 1) is selected or when capture register
mode (bit CCSEx of CMSEmn register = 0) is selected. Zero is read
when the compare register mode (CCSEx bit = 1) is selected.

1 0

Caution: The BFFEx1 and BFFEXO bits are read-only bits.
Remark: x=1to4

n=0to 2
m=12, 34
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(11) Timer E output delay registers 0 to 2 (ODELEO to ODELEZ2)

The ODELER register sets the output delay operation synchronized with the clock to the TOExn
pin’s output delay circuit (x =1 to 4) (n = 0 to 2).
This register can be read/written in 16-, 8-, or 1-bit units.

Figure 9-24: Timer E Output Delay Registers 0to 2 (ODELEO to ODELE?2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  value

ODELEO| 0 ‘0DLE42|ODLE41|0DLE40| 0 ‘ODLESZ‘ODLESl‘ODLESO‘ 0 |0DLE22|0DLE21|0DLE20| 0 ‘ODLE12‘ODLE11‘ODLE10|FFFFF668H 0000H

ODELEll 0 ‘0DLE42|ODLE41|0DLE40| 0 ‘ODLESZ‘ODLESl‘ODLESO‘ 0 |0DLE22|0DLE21|0DLE20| 0 ‘ODLE12‘ODLE11‘ODLE10|FFFFF6A8H 0000H

ODELE2| 0 ‘0DLE42|ODLE41|0DLE40| 0 ‘ODLESZ‘ODLESl‘ODLESO‘ 0 |ODLE22|ODLE21|ODLE20| 0 ‘ODLE12‘ODLE11‘ODLE10|FFFFF6E8H 0000H

Bit Position | Bit Name Function

14 to 12, ODLEx2, | Specifies output delay operation of TOExn

10108, | ODLEX1, | ["op|Ex2 [ ODLExL | ODLEXO | Set Output Delay Operation

6 to 4, ODLEX0

2t00 0 0 0 Don't perform output delay operation.
0 0 1 Set output delay of 1 system clock.
0 1 0 Set output delay of 2 system clocks.
0 1 1 Set output delay of 3 system clocks.
1 0 0 Set output delay of 4 system clocks.
1 0 1 Set output delay of 5 system clocks.
1 1 0 Set output delay of 6 system clocks.
1 1 1 Set output delay of 7 system clocks.

Remark: The ODLEx2 to ODLEXO bits are used for EMI counter measures.

Remark: x=1to4
n=0to 2
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(12) Timer E software event capture registers 0 to 2 (CSCEO to CECE?2)

The CSCEON register sets capture operation by software in the capture register mode (n = 0 to 2).
This register can be read/written in 16-bit units.

Figure 9-25: Timer E Software Event Capture Registers 0to 2 (CSCEO to CSCE2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addressvnalllljz
CSCEOl 0 ] 0 | 0 | 0 \ 0 \ 0 \ 0 | 0 | 0 \ 0 ‘SEVESISEVE4‘SEVE3|SEVE2|SEVE1‘SEVEO|FFFFF66AH 0000H

CSCEll 0 ] 0 | 0 | 0 \ 0 \ 0 \ 0 | 0 | 0 \ 0 ‘SEVESISEVE4‘SEVES|SEVE2|SEVE1‘SEVEO|FFFFF6AAH 0000H

CSCE2| 0 ] 0 | 0 | 0 \ 0 \ 0 \ 0 | 0 | 0 \ 0 ‘SEVESISEVE4‘SEVES|SEVE2|SEVE1‘SEVEO|FFFFF6EAH 0000H

Bit Position | Bit Name Function

5t00 SEVEX Specifies capture operation by software in capture register mode of sub-channel x of
the corresponding timer TMEn.

0: Continue normal operation.

1: Perform capture operation.

Cautions: 1. The SEVEx bit ignores the settings of the EEVEx and the LNKEx bits of the
CMSEmNn register.
2. The SEVEX bit is automatically cleared (0) at the end of an event.

Remark: x=0to5

n=0to2
m =12, 34, 05
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9.2.5 Operation

(1) Edge detection
The edge detection timing is shown below.

Figure 9-26: Edge Detection Timing

Note 00B X 01B X 10B X 11B
[ e IR ey IS py I py I
muxteo | [ L[ L[ LI L[ L[ LI L[ LT L[
cT [ LI 1 LI L
ED1, ED2 [ 1 [ 1 1L L
ECLR [ 1 [ 1 1 LI L

Note: The set values of the TESyE1, TESYEO bits and the CESE1, CESEDO bits of the CSEn register,
and the IESEx1, IESEXO0 bits of the SESEn register are shown.

Remarks: 1.fc k =fcpy: Base clock
2.CT: TBASEyn count signal input in the 16-bit mode
ECLR: External control signal input from TCLRER pin input
ED1, ED2: Capture event signal input from edge selection circuit
MUXTBO:  TBASEOn multiplex signal
TCOUNTEYy: Timer En count enable signal input of time base TBASEyn

TIEX: Timer En sub-channel x capture event signal pin input
TCLRERN: Timer En clear signal pin input
3.x=0to5
y=0,1
n=0to 2
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(2) Basic operation of timer E
Figures 9-27 to 9-30 show the basic operation of timer E.

Figure 9-27: Timer E Up Count Timing

(When TCREN Register’'s UDSEy1, UDSEyO0 Bits = 00B, ECEEy Bit =0, ECREy Bit =0, CLREy
Bit =0, CASE1 Bit = 0)

asaipipipipipipipipipipipiiipipipipipiniy

OSTEyNOte 1 E i E i E I

CEEyNOte 1 ' I ; ; ;
CLI (R S B SO N SR N A N e PN LT

CNT | FFFDH (Stop) N FEEFEH X FFEFH X 0000H X 22 X 12340 X 1235H X 0000H (Stop)

— : I I

[ (
)]

RNote 2

SRS .

CNT=0 ! : : | - : |
]

TINTOVEyn (output)

Notes: 1. Bits OSTEy, CEEy of TCREnN register
2. Controls TBASEON/TBASE1n clear by sub-channel 0/5 compare match or count direction.

Remarks: 1.fc k =fcpy: Base clock

2. CNT: Count value of time base TBASEyn
CT: TBASEyn count signal input in the 16-bit mode
R: Compare match signal input (sub-channel 0/5)
3.y=0,1
n=0to2
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Figure 9-28: External Control Timing of Timer E

(When TCREnN Register’s UDSEy1, UDSEyO0 Bits = 00B, OSTEy Bit =0, CEEy Bit =1,

CASE1 Bit = 0)

e aipipEpipipipipipipipipipipipipipininly

oo LIl Il ririrpririr ri
EcEEy g S S S S
ECREy e
CLREyNote I—'_‘ |

LR T
CNT 1234H IX 1235H IXOOOOH IXOOOlH IX (J(J OOOOHI><:

Note: Bits ECEEy, ECREy, CLREy of TCREnN register.

Remarks: 1. fc k =fcpy: Base clock

2. CNT: Count value of time base TBASEyn
CT: TBASEyn count signal input in the 16-bit mode
ECLR: External control signal input from TCLRER pin input
3.y=0,1
n=0to 2
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Figure 9-29: Operation in Timer E Up/Down Count Mode

(When TCREnN Register’s ECEEy bit = 0, ECREy Bit = 0, CLREy Bit = 0, OSTEy Bit =0,
CEEy Bit = 1, CASE1 Bit = 0)

UDSEy1, UDSEyoNete 1 ' ' 01B ' ' X 108 '
ECLR o beeenee. bemeennnsd donteare oelemeaees bemmeeeas I I —
RNUte 2 : E I E I E :

CNT FRFEHX FEFFH X 0000H X 0001H X 0002H X 0001H X 0000H X 0001H X 0002H X 0003H )0002H

TINTOVEyn (output) | 7]

1

CNT=0

Notes: 1. UDSEyl, UDSEyO bits of TCRERN register
2. Controls TBASEOn/TBASEL1n clear by sub-channel 0/5 compare match or count direction.

Remarks: 1.fc x =fcpy: Base clock

2. CNT: Count value of time base TBASEyn
CT: TBASEyn count signal input in 16-bit mode
ECLR: External control signal input from TCLRER pin input
R: Compare match signal input (sub-channel 0/5)
3.y=0,1
n=0to 2
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Figure 9-30: Timer E Timing in 32-Bit Cascade Operation Mode

(When TCREnN Register’'s UDSEy1, UDSEyO0 Bits = 00B, ECEEy Bit = 0, ECREy Bit =0,
CLREy Bit = 0, OSTEy Bit = 0, CEEy Bit =1, CASE1 Bit = 1)

ce ML LI LML Iam merlrerir
CASCNote |—'-|
CNT [TBO] X FFEBH X FFFCH X FFFDH X I—I—I—I:HEXH—H—H X 0000H X 0001H X 0002H X 0003H X0004H
CNT [TB1] 1234H : X 1235H

Note: If, in the 32-bit mode, CASC (CNT = MAX for TBASEON) is input to TBASE1n and the CTC ris-

ing edge is detected, TBASE1n performs count operation.

Remarks: 1. fc k =fcpy: Base clock

2. CASC: TBASE1n count signal input in 32-bit mode
CNT (TBy): Count value of time base TBASEyn
CTC: TBASE1n count signal input in 32-bit mode
3.y=0,1
n=0to 2
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3)

Operation of capture/compare register (sub-channels 1 to 4)

Sub-channels 1 to 4 receive the count value of the timer TMEn multiplex count generation circuit
(n=0to 2).

The multiplex count generation circuit is an internal unit of the time base counters TBASEON,
TBASE1n that supplies the multiplex count value MUXCNT to sub-channels 1 to 4. The count value
of TBASEON is output to sub-channels 1 to 4 at the rising edge of MUXTBO, and the count value of
TBASE1n is output to sub-channels 1 to 4 at the rising edge of MUXTBL.

Figure 9-31 shows the block diagram of the timer TMEn multiplex count generation circuit, and Fig-
ure 9-32 shows the multiplex count timing.

Figures 9-33 to 9-38 show the operation of the capture/compare register (sub-channels 1 to 4).

Figure 9-31: Block Diagram of Timer E Multiplex Count Generation Circuit

MUXTBO

fok Multiplex control (to sub-channel x capture/compare register)

MUXTB1
(to sub-channel x capture/compare register)

CNT (from TBASEON) I:[l; Timer E multiplex :‘> MUXCNT

CNT (from TBASE1n) ) count generation circuit (to sub-channel x capture/compare register)

Remarks: 1.fc x =fcpy: Base clock

286

2. CNT: Count value of time base TBASEOn/TBASE1n
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
MUXCNT: Count value to sub-channel x
3.x=1to4
n=0to2
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fek
CNT (TBO)
CNT (TB1)
MUXTBO
MUXTB1

MUXCNT

Remarks: 1.
2.

Figure 9-32: Timer E Multiplex Count Timing

L
[

Cerreapuzaerer) s ]errrizan X X2 X oot XonoorXizsst X poioKiaaer )Xot XX s oot

TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO TB1 TBO

fek = feput
CNT (TBO):
CNT (TBL):
MUXTBO:
MUXTB1:
MUXCNT:
TBO, TB1:

.X=1to4

n=0to2
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Base clock

Count value of time base TBASEOn
Count value of time base TBASE1n
Multiplex signal of TBASEON
Multiplex signal of TBASE1n

Count value to sub-channel x

Time base TBASEOn, TBASE1n
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Figure 9-33: Timer E Capture Operation: 16-Bit Buffer-Less Mode

(When Operation Is Delayed Through Setting of LNKEx Bit of CMSEmn Register, and
CMSEmn Register's CCSEx Bit = 0, BFEEx Bit = 0, EEVEXx Bit = 1, and CSCEn Register’s
SEVEXx Bit = 0)

| | L] | | L 1 | | 1 | | 1T
]t e | e Y N
MUxenT  EXIXEXZXTXEXEX T XX EXIX S XTI T XX E XTEX S XTaX0)

TBO TB17TB0: TBL: TBO TB1 TBO: TBL: TBO TB1 TBO TBL TB0: TB1 TBO TBL TBO: TB1 TBO TB1

muxteo | |

Muxtelr | |

TBOEX?'® - - | L L
TB1ExNote! L L
LNKEXNOte 1 : : i i
ED1 5
ED2
CAPTURE_P
CAPTURE_S
READ_ENABLE_P : !
C C . .
CVPEXxn register Undefined ™= 2 X : 4 :
: : (O C .
CVSExn register Undefined X 11 =X 13
Notes: 1. Bits TBOEX, TB1Ex of CMSEmn register
2. If an event occurs in this timing, it is ignored.
Remarks: 1. fc k = fepus Base clock
2. CAPTURE_P: Capture trigger signal of main capture register
CAPTURE_S: Capture trigger signal of sub capture register
ED1, ED2: Capture event signal input from edge selection circuit
MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
READ_ENABLE_P: Read timing for CVPEXxn register
TBO, TB1: Time base TBASEOn, TBASE1n
3.x=1to4

m=12, whenx=1or2
m =34, whenx=3or4
n=0to 2
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Figure 9-34: Timer E Capture Operation: Mode with 16-Bit Buffer Note1

(When CMSEmn Register’s TB1Ex Bit = 0, TBOEx Bit = 1, CCSEx Bit = 0, LNKEx Bit =0,
BFEEXx Bit = 1, EEVEX Bit = 1, and CSCEn Register’'s SEVEXx Bit = 0)

fork

moxteo | | L L [ L1 @1 LI L1 L
moxter [ L L L L L
MUXCNT 5 X 1 X6X2 X7 X3 X8X4X9 X5X10X6X11X 7 X12X 8 X13X 9 X14X10)

TB1 TBO TB1: TB0: TBl. TBO TB1 TBO TB1 TBO TB1 TBO: TB1 TBG TB1 TBO TB1 TBO TB1 TBO

ED1 _ | |; i | | EL [
Event ) r--.1 _ )1 __--=1] /-)
' ' T ~Note 2 i ./ New event
CAPTURE_P L i ! !

N : :

CAPTURE_S KLI e N : : [
READ_ENABLE_P { ) shift HTI \N"‘GS{
|

Capture \
CVPEXxn register Undefined | X 2 X \ 4
(
CVSEXxn register Undefined WX S22 X 3 X 4 X 8 X

Notes: 1. To operate TBASEON, TBASELn in this mode, perform capture at least twice at the start of
operation and read the CVPEXxn register. Also, read the CVPEXn register after performing
capture at least once.

2. Write operation to the CVPEXn register is not performed at these signal inputs because
the CVSEXn register operates as a buffer.
3. After this timing, write operation from the CVSExn register to the CVPExn register is

enabled.
Remarks: 1. fc k = fcpu: Base clock

2. BUFFER: Timing of write operation from CVSExn register to CVPEXn register
CAPTURE_P: Capture trigger signal of main capture register
CAPTURE_S: Capture trigger signal of sub capture register
ED1: Capture event signal input from edge selection circuit
MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
READ_ENABLE_P: Read timing of CVPEXxn register
TBO, TB1: Time base TBASEOn, TBASE1n

3.x=1to4

m=12, whenx=1or 2
m =34, whenx=3or 4
n=0to 2
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Figure 9-35: Timer E Capture Operation: 32-Bit Cascade Operation Mode

(When CMSEmn Register’s TB1Ex Bit = 1, TBOEx Bit =1, CCSEx Bit = 0, LNKEx Bit =0,
BFEEXx Bit = Arbitrary, EEVEx Bit = 1, and CSCEn Register's SEVEXx Bit = 0)

fek

TCOUNTEO =
TCOUNTEL1L

CNT (TBO)

CNT (TB1)

CAscNote 1

MUXTBO

MUXTB1

MUXCNT

ED1

CAPTURE_S

CAPTURE_P

READ_ENABLE_P

0000H X ' 0001H

CVSEXxn register Undefined X

CVPExXn register Undefined E X 1235H T X 1235H

Notes: 1. TBASELn performs count operation when, in the 32-bit mode, CASC (CNT = MAX. for
TBASEDON) is input to TBASE1n and the rising edge of CTC is detected.
2. If an event occurs during this timing, it is ignored.
3. CPU read access is not performed in this timing (wait status).

Remarks: 1. fc g =fcpu: Base clock
2. CAPTURE_P: Capture trigger signal of main capture register
CAPTURE_S: Capture trigger signal of sub capture register
CASC: TBASE1n count signal in 32-bit mode
CNT (TBO): Count value of time baser TBASEOn
CNT (TB1): Count value of time baser TBASE1n
ED1: Capture event signal input from edge selection circuit
MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
READ_ENABLE_P: Read timing of CVPEXn register
TBO, TB1: Time base TBASEOn, TBASE1n
TCOUNTEUQO: Timer TMEN count enable signal input of time base TBASEON
TCOUNTEL: Timer TMEN count enable signal input of time base TBASE1n
3.x=1to4

m=12,whenx=1or 2
m =34, when x=3 or 4
n=0to2
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Figure 9-36: Timer E Capture Operation: Capture Control by Software and Trigger Timing

(When CMSEmn Register’s TB1Ex Bit = 0, TBOEx Bit = 1, CCSEx Bit = 0, LNKEx Bit =0,
BFEEx Bit = 1)

moxteo | L L1 L1 ‘L ‘L L1 L1 ‘L L1

moxter | [ L[ L[ LI " 1

L
[ Y N Y Y 1 I A

MUXCNT 5 X 1 X 6 X2 X 7 X3 X8 X 4X9 X 5X10X 6 X1 X 7 X12X 8 X13X 9:X14X10)
TB1 TBO TB1 TBO TB1 TBO TB1 TB0: TBL TBJ TBL TBO TBL TBO TB1 TBO: TBL TBO: TBL TBO

EEVExNote 1 [ T 1

Cleared by

Set by software

SEVEXNOIe 2
Event detection by

EDI .......5  iEEVEybitprohibited [ |

S | L
CAPTURE_S |_| |_|/
BUFFER il_h i
CVSEXxn register Undefined IX : 4 IX 9

CVPEXxn register Undefined X 4

Notes: 1. EEVEX bit of CMSEmn register
2. SEVEX bit of CSCEn register

Remarks: 1. fc k = fcpu: Base clock
2. BUFFER: Timing of write operation from CVSExn register to CVPEXxn register
CAPTURE_P: Capture trigger signal of main capture register
CAPTURE_S: Capture trigger signal of sub capture register

ED1: Capture event signal input from edge selection circuit
MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
TBO, TB1: Time base TBASEOn, TBASE1n
3.x=1to4

m=12, whenx=1or2
m =34, whenx =3 o0or4
n=0to 2
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Figure 9-37: Timer E Compare Operation: Buffer-Less Mode

(When CMSEmn Register’'s CCSEx Bit = 1, LNKEXx Bit = Arbitrary, BFEEXx Bit = 0)
A R O O Y e T O
: [

P

fek

%

L
L

MUXTBO __|
1

MUXTB1

1 I R B
MUXCNT B5X1X6E6X2X7X3} X7X9X8X10X9D K6 X 8 X7 X 9 X 8X10)

ﬂ ﬂ 1 1 1 1 1 1 1 1 1
TB1 TBO TB1 TBO TB1 TBO TBO: TB1: TBO TBL TBO: TBI: TBL: TBO TBL TBO: TBL TBO
TBOExNote 1 | . P
TB1ExNote 1 '

[ 1
RELOAD_PRIMARY : : [ | : oo

CVSEXxn register !

WRITE_ENABLE_S

[ DU N ——

N
y
>

0 5 0 0
CVPEXxn register . 2 . X . 9 X
RELOAD1 I b AP T T
,4'/—‘\‘ TN N Note2
TINTCCExn 4 I b N
o R Note 3 ol R Note 3 — ~—r

Note 3 Note 3

Notes: 1. TB1Ex, TBOEXx bits of CMSEmn register
2. No interrupt is generated due to compare match with counter differing from TB1Ex, TBOEX
bit settings.
3. TINTCCExn is generated to match the cycle from rising edge to falling edge of MUXTBO.

Remarks: 1. fc k = fepu: Base clock
2. MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
RELOADZ1: Compare match signal

RELOAD_PRIMARY: Timing of write operation from CVSEXxn register to CVPEXn register
WRITE_ENABLE_S: Timing of CVSExn register write operation
TBO, TB1: Time base TBASEOn, TBASE1n
3.x=1to4
m=12,whenx=1or 2
m =34, when x=3 or 4
n=0to 2
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Figure 9-38: Timer E Compare Operation: Mode with Buffer

(When CMSEmn Register’'s CCSEx Bit = 1, BFEEx Bit = 1, and Operation Is Delayed Through
Setting of LNKEX Bit)

1 [ S I DL 1 A1 N A ) O ! B

muxtBo _ | |

L
. ] et N N et N
MUXCNT  EXIXEXZXTXEXEXEXTXEX0X 6 XX TXIZX T XTEX XX 2D

TB1 TBO TB1 TBO TB1 TBO TB1 TBO: TBL; TBO TBL; TBO TBL TBG TBL TBO; TBL; TBO TBL TBO

MuxtBl | |

LNKExNote | SR ! : R
WRITE_ENABLE_S [ P [ 5 L
RELOAD2A ; ; ;
RELOAD1 i L i 1 ( L
g — ) N )
CVSEXxn register 4 X 7 | ' ' ) X '/ 1 ' )/
[/ i i
CVPEXn register 4 \ 7\ ) A
TINTCCEXxn (output) \.\;| | : \| | \\| |
Note: LNKEXx bit of CMSEmn register
Remarks: 1. fc k = fepu: Base clock
2. MUXCNT: Count value to sub-channel x
MUXTBO: Multiplex signal of TBASEON
MUXTB1: Multiplex signal of TBASE1n
RELOADZ1.: Compare match signal
RELOAD?2A: Zero count signal input of TBASEON (occurs when TBASEON =
0000H)

RELOAD_PRIMARY: Timing of write operation from CVSEXxn register to CVPEXn register
WRITE_ENABLE_S: Timing of CVSEXxn register write operation
TBO, TB1: Time base TBASEOn, TBASE1n
3.x=1to4
m=12, whenx=1or 2
m =34, whenx=3or 4
n=0to 2
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(4) Operation of capture/compare register (sub-channels 0, 5)
Figures 9-39 and 9-40 show the operation of the capture/compare register (sub-channels 0, 5).

Figure 9-39: Timer E Capture Operation: Count Value Read Timing
(When CMSEO5n Register's CCSEx Bit = 0, EEVEx Bit =1, and CSCEn Register’s SEVEX
Bit = 0)

fok I | I | | | | | I | I | I | I | I | I | I | I | I | I | I | I | | | I | | | I I
CNT@("

LN KEXNOle 1

ED1

ED2

CAPTURE_S

READ_ENABLE_S

CVSEXxn register Undefined 9 2

Notes: 1. LNKEXx bit of CMSEO5n register
2. If an event occurs in this timing, it is ignored.

Remarks: 1. fc k = fepu: Base clock
2. CNT: Count value of time base TBASEyn
CAPTURE_S: Capture trigger signal of sub capture register
ED1, ED2: Capture event signal inputs from edge selection circuit
READ_ENABLE_S: Read timing for CVSEXxn register
3.x=0,5

y=0,whenx=0
y=1,whenx=5
n=0to2
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Figure 9-40: Timer E Compare Operation: Timing of Compare Match and Write Operation to
Register

(When CMSEO5n Register's CCSEx Bit = 1, EEVEX Bit = Arbitrary, and CSCEOn Register’s
SEVEX Bit = Arbitrary)

e LT L
oNT X T X 12 X 0o X 1T X 2 X 3 X 2 X 5 X o0 X1

CPU write C/C R N
CVSEXxn register 2 X 5 : HE
MATCH o T
-L PR S
RNote 1 ! '/I 1 | | \
| \%-_—:"/ \\Note2
TINTCCExn (output 1 1
(output) \ ) ——
Note 3 Note 3

Notes: 1. Controls TBASEyn clear by sub-channel x compare match and count direction.
2. MATCH is forwarded to the R input of the timebase(s).
3. The pulse width is always 1 clock.

Remarks: 1.fc g =fcpy: Base clock
2. CNT: Count value of time base TBASEyn
MATCH: CVSEXxn register compare match timing
R: Compare match input (sub-channel x)
3.x=0,5
y=0,whenx=0
y=1,whenx=5
n=0to2
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(5) Operation of output circuit
Figures 9-41 to 9-44 show the output circuit operation.

Figure 9-41: Timer E Signal Output Operation: Toggle Mode 0 and Toggle Mode 1

(When OCTLEN Register's SWFEx Bit = 0, and ODELEnN Register’'s ODLEx2 to
ODLEXO0 Bits = 0)

OTMEx1, OTMExQN°te 00B : X T 01B
RA T i iney
RE oeebeeeed T LT
RN ... N S S S [ T R S
TOEXxn timer output i . i . i .
(ALVEX = QNote) — [ I | |
TOEXn timer output
(ALVEx = 1Note) | | L LI
Note: ALVEx, OTMEx1, OTMEXO bits of OCTLERN register
Remarks: 1.fc k =fcpy: Base clock
2. RA: Zero count signal input of TBASEON (output circuit reset signal)
RB: Zero count signal input of TBASE1n (output circuit reset signal)
RN: Interrupt signal input of sub-channel x (output circuit reset signal)
SIT: Interrupt signal input of sub-channel x (output circuit set signal)
3.x=1to4
n=0to 2
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Figure 9-42: Timer E Signal Output Operation: Toggle Mode 2 and Toggle Mode 3

(When OCTLEN Register’s SWFEx Bit = 0, and ODELEN Register’'s ODLEX2 to
ODLEXO0 Bits = 0)

OTMEXx1, OTMEXO bitsNote 5 108 ; EX ; 11B T
s .'\;_‘I,‘,- : ] L i T "\5_],\"
RA T T LT LT
Re | H 5 FRJ SO SRS S S O S
RN . L T T 5 5 M
TOEXxn timer output _EJ—'|—EJ—'|_EJ : I
(ALVEx = oNote) L
TOEXxn timer output —|—,—|—,—| |—|
(ALVEx = 1Note)
Note: ALVEx, OTMEx1, OTMEXO0 bits of OCTLEn register
Remarks: 1.fc k =fcpy: Base clock
2. RA: Zero count signal input of TBASEON (output circuit reset signal)
RB: Zero count signal input of TBASE1n (output circuit reset signal)
RN: Interrupt signal input of sub-channel x (output circuit reset signal)
SIT: Interrupt signal input of sub-channel x (output circuit set signal)
3.x=1to4
n=0to2
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Figure 9-43: Timer E Signal Output Operation: During Software Control

(When OCTLEN Register’'s OTMEx1, OTMEXO Bits = Arbitrary, SWFEXx Bit = 1, and ODELEn
Register’s ODLEx2 to ODLEXO0 Bits = 0)

ALVExNote T

TOEXn timer output |

Note: ALVEXx bit of OCTLERn register
Remarks: 1. fc k = fcpy: Base clock

2.x=1to4
n=0to 2

Figure 9-44: Timer E Signal Output Operation: During Delay Output Operation

(When OCTLEN Register's OTMEx1, OTMEXO0 Bits = 0, ALVEx = 0, SWFEXx Bit = 0)

ODLEX2 to ODLEx0Note 5 X 2

st _[T L L L L

TOExn timer output \4 \:\“ |

Note: Referto (11)“Timer E output delay registers 0 to 2 (ODELEO to ODELE?2)” on page 279.
Remarks: 1. fc g = fcpy: Base clock

2.x=1to4
n=0to 2
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Chapter 10 Watch Timer

10.1 Function

The watch timer has the following functions:
e Watch timer

¢ Interval timer

The watch timer and interval timer functions can be used at the same time.

Figure 10-1 shows the block diagram of the watch timer.

Figure 10-1: Block Diagram of Watch Timer

Clear 2 » 2
5] . 5]
L O [P 5-bit counter @
Q Lt BKS
fekseL 5 ) by 3
2 11-bit prescaler [ 4
3™ L Clear
fokseL2 3 fwi2?® (w2 (w28 [fr2? [fwi2® [fwi2® |20 [fw2tt

P INTWTI

Selector

VVVVVJV

| WTM7 | WTM6 | WTM5 | WTM4 | WTM3 | WTM2 | WTM1 | WTMO |

Watch timer mode control
register (WTM)

8 Internal bus 8
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Chapter 10 Watch Timer

(1) Watch timer
The watch timer generates an interrupt request (INTWT) at time intervals of 512 ps or 2.097 s by
using the subsystem clock foksgl 1 OF foksgl 2 OF the derived 11-bit prescaler clock from fogg 1 Of

fckseL2 (refer to Figure 8-1: “Block Diagram of the Clock Generator” on page 225).

(2) Interval timer
The interval timer generates an interrupt request (INTWT]I) at time intervals specified in advance.

Table 10-1: Interval Time of Interval Timer (fgyg = 4 MHz)

Interval Time fw = fokseL? fw = fekseLr
24 x 1ffw 2.408 ms 512 us
25 x 1/fw 4.096 ms 1.024 ms
26 x 1/fw 8.192 ms 2.048'ms
27 x 1/fw 16.384 ms 4.096 ms
28 x 1/fw 32.768 ms 8.192 ms
29 x 1/fw 65.536 ms 16.384 ms
210 x 1/fw 131.072 ms 32.768 ms
21 x 1/fw 262.144 ms 65.536 ms

Remarks: 1. fw: Watch timer clock frequency
2. interval times change accordingly if fgyg = 5 MHz

10.2 Configuration
The watch timer consists of the following hardware:

Table 10-2: Configuration of Watch Timer

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1
Control register Watch timer mode control register (WTM)
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10.3 Watch Timer Control Register

The watch timer mode control register (WTM) controls the watch timer.

(1) Watch timer mode control register (WTM)

This register enables or disables the count clock and operation of the watch timer, sets the interval
time of the prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch
flag.

WTM is set by a 1-bit or 8-bit memory manipulation instruction.

Figure 10-2: Watch Timer Mode Control Register (WTM)

7 6 5 4 3 2 1 0 Address R/W  After
Reset

WTM| WTM7 \ WTM6 \ WTM5 | WTM4 \ WTM3 \ WTM2 | WTM1 \ WTMO | FFFFF560H R/W OOH

WTM6 | WTM5 | WTM4 | Selects Interval Time of Prescaler (fsyg = 4 MHz)
0 0 0 2*/fw (2.408 ms, 512 ps)
0 0 1 25/fw (4.096 ms, 1.024 ms)
0 1 0 2%/fw (8.192 ms, 2.048 ms)
0 1 1 2//fw (16.384 ms, 4.096 ms)
1 0 0 28/fw (32.768 ms, 8.192 ms)
1 0 1 2%/fw (65.536 ms, 16.384 ms)
1 1 0 210w (131.072 ms, 32.768 ms)
1 1 1 2Y/fw (262.144 ms, 62.536 ms)
WTM3 WTM2 Selects Set Time of Watch Flag
0 0 2%%/fw (2.097152 s, 524.188 ms)
0 1 213/fw (1.048576 ms, 262.144 ms)
1 0 25/fw (4.096 ms, 1.024 ms)
1 1 2*/fw (2.048 ms, 512 ys)
WTM1 Controls Operation of 5-bit Counter
0 Clears after operation stops
1 Starts
WTMO Enables Operation of Watch Timer
0 Stops operation (clears both prescaler and timer)
1 Enables operation
WTM7 Selects main input frequency from prescaler
0 Clock input foksg 1 is selected
1 Clock input foksg 2 is selected

Remarks: 1. fw: Watch timer clock frequency
2. Values in parentheses apply when fxx = 4 MHz (Refer to Chapter 8 “Clock Generator”
on page 225.
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Sub Clock fgyg Input Clock fw
4 MHz fokseLL 31250 Hz
4 MHz fokseL2 7812.5 Hz
5 MHz fokseLL 39062.5 Hz
5 MHz fokseL2 9765.625 Hz
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10.4 Operations

10.4.1 Operation as watch timer

The watch timer operates with time intervals from 2.09715 s to 512 psN°t® with fw of 31250 Hz /
7812.5 Hz.

The watch timer generates an interrupt request at fixed time intervals.

The count operation of the watch timer is started when bits 0 (WTMO) and 1 (WTM1) of the watch timer
mode control register (WTM) are set to 1. When these bits are cleared to 0, the 11-bit prescaler and 5-
bit counter are cleared, and the watch timer stops the count operation.

When the interval timer function is started at the same time, the watch timer can be started from 0 sec-
ond by resetting WTML1 to 0. However, an error of up to 2.09715 s to 512 us may occur when the watch
timer overflows (INTWT).

Notes: 1. fgyg =4 MHz with fw of 31250 Hz [fcksg 1] / 7812.5 Hz [fcksgLal
2. fgyg = 5 MHz with fw of 39062.5 Hz [fcksg 1] / 9765.625 Hz [fckseL 2]

10.4.2 Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt at intervals
specified by a count value set in advance.

The interval time can be selected by bits 4 through 6 (WTM4 through WTM®6) of the watch timer mode
control register (WTM).

Table 10-3: Interval Time of Interval Timer

WTM6 | WTM5 | WTM4 Interval Time fw = fCKSELZNOte fw = fCKSELlNOte

0 0 0 24 x 1/fw 2.408 ms 512 ps

0 0 1 25 % 1/fw 4.096 ms 1.024 ms
0 1 0 26 % 1/fw 8.192 ms 2.048 ms
0 1 1 27 x 1/fw 16.384 ms 4.096 ms
1 0 0 28 x 1/fw 32.768 ms 8.192 ms
1 0 1 29 x 1/fw 65.536 ms 16.384 ms
1 1 0 210 % 1/fw 131.072 ms 32.768 ms
1 1 1 211 % 1/fw 262.144 ms 65.536 ms

Note: fSUB =4 MHz

Remark: fw: Watch timer clock frequency
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Figure 10-3: Operation Timing of Watch Timer/Interval Timer
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Notes: 1. fSUB = 4 MHz with fw of 31250 Hz [fCKSELl] |/ 7812.5 Hz [fCKSELZ]
2. fsup = 5 MHz with fw of 39062.5 Hz [feksei 1] / 9765.625 Hz [fekseLol

Remarks: 1. fw: Watch timer clock frequency
2. n: Interval timer operation numbers
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Chapter 11 Watchdog Timer

e Features:
- Generates reset or NMI (selectable)
- Have to be started once by software control (afterwards protected)
- Will operate at system frequency divided by 4 to get a lower watch limit of 1ms.

Figure 11-1: Block Diagram of Watchdog Timer Unit

fCKsSELL ———— Watchdoa Ti
foKsELy — o atchdog Timer
215
14 -
2 § Output RESET
2 5 g Control NMIWDT
WDTEN WTCK2 .. WTCKO WDTM

11.1 Watchdog timer mode

This mode detects program runaway. When runaway is detected, a non-maskable interrupt can be gen-
erated.

Table 11-1: Runaway Detection Time by Watchdog Timer

Clock Runaway detection time
fsus = 4 MHz fsus = 5 MHz

25/ eksels 1.04s 0.839's
2% ckseLL 0.52s 0.419s
25/ ckseLL 0.002 s 0.0016 s
25/ cksELL 0.001s 0.0008 s
25 ckseL2 4.19s 3.355s
2 oela 2.097 s 1.677s
25/ ksl 0.008 s 0.006 s
25/ cksEL2 0.004 s 0.003

Note: fgyg =4 MHz with fw of 31250 Hz[fcksg 1] / 7812.5 Hz[fcksEL 2]
fSUB =5 MHz with fw of 39062.5 HZ[fCKSELl] / 9765.625 HZ[fCKSELZ]
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11.2 Control Register

11.2.1 Watchdog timer mode register (WDTM)

This register sets the operating mode of the watchdog timer, and enables and disables counting.

This register sets the overflow times of the watchdog timer.
WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to 00H.

7 6 5 4 3 2 1 0 Address R/W At

Reset

WDTMlWDTENIWDTMI 0 | 0 | 0 lWDCK2|WDCK1|WDCKO|FFFFF57OH R/W  OOH
Bit name Function

WDTEN Watch Dog Timer enable

Starts/Stops and clears Watch Dog Timer

0: Watch Dog Timer not started

1: clear counter and start counting/continue counting
Note: Once set, only a reset signal clears this bit!

WDTM Watch Dog Timer Mode
Selects event type:
0: watch dog timer generates NMI

1: watch dog timer generates reset (once set to 1, only reset can clear)

WTCK2 to Count Enable Select

WTCKO WTCK2 WTCK1 WTCKO Watchdog Time
0 0 0 2%/ cksel1 (A MHz: — 1.04's)
0 0 1 2Y%fksel1 (A MHz: — 0.52's)
0 1 0 2%/ ckseL1 (4 MHZ: — 0.002 s)
0 1 1 2%fckseLr (4 MHz: — 0.001 s)
1 0 0 25/ ckseL2 (A MHzZ: — 4.19's)
1 B 1 2" okseL2
1 1 0 2%/ ckseL2
1 1 1 2%ffcksEL?

Notes: 1. fCKSELl = fSUB / 128; fCKSELZ = fSUB /512

2. for fekseLa/fekseLo refer to Chapter 8.2 “Configuration” on page 225.

Note: If WDTEN is once set to 1, the register cannot be cleared to 0 by software. Therefore, when the

count starts, the count cannot be stopped except by RESET input.

Caution: If WDTEN is set to 1, the register cannot be cleared. The actual overflow time is a

maximum of 0.5% less than the set time.
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11.3 Operation

11.3.1 Operating as watchdog timer

Set bit 6 (WDTM) of the watchdog timer mode register (WDTM) to 1 to operate as a watchdog timer to
detect program runaway and generate an RESET signal.

Setting bit 7 (WDTEN) of WDTM to 1 starts the count. After counting starts, if WDTEN is set to 1 again
within the set time interval for runaway detection, the watchdog timer is cleared and counting starts
again.

If WDTEN is not set to 1 and the runaway detection time has elapsed, a non-maskable interrupt (NMI-
WDT) or a RESET is generated.

The watchdog timer stops running in the STOP mode. Consequently, set WDTEN to 1 and clear the
watchdog timer before entering the STOP mode.

Caution: Sometimes, the actual runaway detection time is a maximum of 0.5% less than the set
time.

Table 11-2: Runaway Detection Time by Watchdog Timer

Clock Runaway detection time
fsus = 4 MHz fsus = 5 MHz
28/ eysels 1.04s 0.839's
2 rses 052s 0.419's
ffexseLs 0.002's 0.0016 s
SlfexseLt 0.001s 0.0008 s
255/ ekseLa 419s 3.355s
2Vt vsela 2.097 s 1.677s
25/fcksEL2 0.008 s 0.006 s
25/ eksEL2 0.004 s 0.003 s
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Chapter 12 Serial Interface Function

12.1 Features

The serial interface function provides three types of serial interfaces combining a total of eight transmit/
receive channels. All channels can be used simultaneously.
The three interface formats are as follows.

(1) Asynchronous serial interfaces (UARTO to UART2): 3 channels
(2) Clocked serial interfaces (CSI0, CSI1): 2 channels
(3) FCAN controller: 3 channels

Remark: For details about the FCAN controller, refer to Chapter 13 FCAN Interface Function.

UARTO to UART2, transmit/receive 1-byte serial data following a start bit and support full-duplex com-
munication.

CSI0 and CSI1 perform data transfer according to three types of signals, namely serial clocks (SCKO,
SCK1), serial inputs (SI10, SI1), and serial outputs (SO0, SO1) (3-wire serial I/O).

FCAN conforms to CAN specification Ver. 2.0 Part B, and provides 64-message buffers.
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12.2 Asynchronous Serial Interfaces 0to 2 (UARTO, UART1, UART2)

12.2.1 Features

» Transfer rate: 300 bps to 625 Kbps
(using a dedicated baud rate generator and an internal system clock of 20 MHz)

e Full-duplex communications
- On-chip reception buffer register (RXBn)
- On-chip transmission buffer register (TXBn)

» Two-pin configuration
- TXDn: Transmit data output pin
- RXDn: Receive data input pin

» Reception error detection functions
- Parity error
- Framing error
- Overrun error

 Interrupt sources: 3 types

- Reception error interrupt (INTSERnN): Interrupt is generated according to the logical OR of
the three types of reception errors.

- Reception completion interrupt (INTSRn):  Interrupt is generated when receive data is trans-
ferred from the shift register to the reception buffer
register after serial transfer is completed during a
reception enabled state.

- Transmission completion interrupt (INTSTn): Interrupt is generated when the serial transmission
of transmit data (8 or 7 bits) from the shift register is
completed.

e Character length: 7 or 8 bits
» Parity functions: Odd, even, 0, or hone
» Transmission stop bits: 1 or 2 bits

» On-chip dedicated baud rate generator

Remark: n=0to?2
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12.2.2 Configuration

UARTRN is controlled by the asynchronous serial interface mode register (ASIMn), asynchronous serial
interface status register (ASISn), and asynchronous serial interface transmission status register
(ASIFn). Receive data is maintained in the reception buffer register (RXBn), and transmit data is written
to the transmission buffer register (TXBn).

Figure 12-1, “Asynchronous Serial Interfaces 0 to 2 Block Diagram,” on page 312 shows the configura-
tion of the asynchronous serial interface (UARTN) (n = 0 to 2).

(1) Asynchronous serial interface mode registers 0to 2 (ASIMO to ASIM2)

The ASIMn register is an 8-bit register for specifying the operation of the asynchronous serial inter-
face.

(2) Asynchronous serial interface status registers 0to 2 (ASISO to ASIS2)

The ASISn register consists of a set of flags that indicate the error contents when a reception error
occurs. The various reception error flags are set (1) when a reception error occurs and are reset (0)
when the ASISn register is read.

(3) Asynchronous serial interface transmission status registers 0 to 2 (ASIFO to ASIF2)

The ASIFn register is an 8-bit register that indicates the status when a transmit operation is per-
formed.

This register consists of a transmission buffer data flag, which indicates the hold status of TXBn
data, and the transmission shift register data flag, which indicates whether transmission is in
progress.

(4) Reception control parity check

The receive operation is controlled according to the contents set in the ASIMn register. A check for
parity errors is also performed during a receive operation, and if an error is detected, a value corre-
sponding to the error contents is set in the ASISn register.

(5) Reception shift register

This is a shift register that converts the serial data that was input to the RXDn pin to parallel data.
One byte of data is received, and if a stop bit is detected, the receive data is transferred to the
reception buffer register (RXBn).

This register cannot be directly manipulated.

(6) Reception buffer registers 0 to 2 (RXB0 to RXB2)

RXBn is an 8-bit buffer register for holding receive data. When 7 characters are received, O is stored
in the MSB.

During a reception enabled state, receive data is transferred from the reception shift register to the
RXBn, synchronized with the end of the shift-in processing of one frame.

Also, the reception completion interrupt request (INTSRn) is generated by the transfer of data to the
RXBn.

(7) Transmission shift register

This is a shift register that converts the parallel data that was transferred from the transmission
buffer register (TXBn) to serial data.

When one byte of data is transferred from the TXBn, the shift register data is output from the TXDn
pin.

This register cannot be directly manipulated.
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(8) Transmission buffer registers 0to 2 (TXBO to TXB2)

TXBn is an 8-bit buffer for transmit data. A transmit operation is started by writing transmit data to
TXBn. The transmission completion interrupt request (INTSTn) is generated synchronized with the
completion of transmission of one frame.

(9) Addition of transmission control parity

A transmit operation is controlled by adding a start bit, parity bit, or stop bit to the data that is written
to the TXBn register, according to the contents that were set in the ASIMn register.

Figure 12-1: Asynchronous Serial Interfaces 0 to 2 Block Diagram

S Internal bus S
Asynchronous serial interface Reception buffer Transmission buffer
mode register n (ASIMn) register n (RXBn) register n (TXBn)
Reception Transmission
RXDn P p| "ECEP SIS
° L shift register shift register
Y A A
TXDn oe——<|
\ A\
| Reception control Addition of transmission
parity check control parity INTSTn
A A
» INTSRn
t+—» Parity
» Framing
» Overrun
—
» INTSERN
BRG

Remark: n=0to2
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12.2.3 Control registers

(1) Asynchronous serial interface mode registers 0to 2 (ASIMO to ASIM2)

The ASIMn register is an 8-bit register that controls the UARTnN transfer operation.
This register can be read/written in 8 bit or 1-bit units (n = 0 to 2).

Figure 12-2: Asynchronous Serial Interface Mode Registers 0 to 2 (ASIMO to ASIM2) (1/3)

7 6 5 4 3 2 1 0 Address Initial
value

ASIMO CAE TXE RXE PS1 PSO CL SL ISRM | FFFFFAOOH 01H
7 6 5 4 3 2 1 0 Address Initial
value

ASIM1 CAE TXE RXE PS1 PSO CL SL ISRM | FFFFFA10H O1H
7 6 5 4 3 2 1 0 Address Initial

value

ASIM2 CAE TXE RXE PS1 PSO CL SL ISRM | FFFFFA20H O1H

Bit Position Bit Name |Function

7 CAE Enables/disables clock operation.

0: Disable clock operation (reset internal circuit asynchronously.)

1. Enable clock operation

UARTN operation clock control and asynchronous reset of the internal cir-

cuit are performed with the CAE bit. When the CAE bit is set to 0, the

UARTN operation clock stops (fixed to low level), and an asynchronous

reset is applied to internal UARTN latch.

The TXDn pin output is low level when the CAE bit = 0, and high level when

the CAE bit = 1. Therefore, perform CAE setting in combination with port

mode register (PM1, PM2, PM6) so as to avoid malfunction on the other

side at start-up (Set the port to the output mode after setting the CAE bit to

1).

Input from the RXDn pin is fixed to high level with CAE bit = 0.

6 TXE Enables/disables transfer.

0: Disable transfer (Perform synchronized reset of transfer circuit.)

1: Enable transfer

Cautions: 1. Set the TXE bit to 1 after setting the CAE bit to 1 when
starting transfer. Set the CAE bit to 0 after setting the
TXE bit to 0 when stopping transfer.

2. To initialize the transfer unit, clear (0) the TXE bit, and

after letting 2 Clock cycles (base clock) elapse, set (1)
the TXE bit again. If the TXE bit is not set again, initial-
ization may not be successful. (For details about the
base clock, refer to 12.2.6 Dedicated baud rate genera-
tors (BRG) of UARTn (n =0to 2).)
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Figure 12-2: Asynchronous Serial Interface Mode Registers 0 to 2 (ASIMO to ASIM2) (2/3)

Bit Position Bit Name | Function

5 RXE Enables/disables reception.

0: Disable reception (Perform synchronous reset of reception circuit)

1: Enable reception

Cautions: 1. Set the RXE bit to 1 after setting the CAE bit to 1 when
starting transfer. Set the CAE bit to 0 after setting the
RXE bit to 0 when stopping transfer.

2. To initialize the reception unit status, clear (0) the RXE
bit, and after letting 2 Clock cycles (base clock) elapse,
set (1) the RXE bit again. If the RXE bit is not set again,
initialization may not be successful. (For details about
the base clock, refer to 12.2.6 Dedicated baud rate gen-
erators 1to 3 (BRG1 to BRG3).)

4,3 PS1, PSO | Controls parity bit.
PS1 PSO | Transmit Operation Receive Operation
0 0 Don’t output parity bit Receive with no parity
0 1 Output 0 parity Receive as 0 parity
1 0 Output odd parity Judge as odd parity
1 1 Output even parity Judge as even parity

Cautions: 1. To overwrite the PS1 and PSO bits, first clear (0) the TXE
and RXE bits.
2.1f “0 parity” is selected for reception, no parity judg-
ment is performed. Therefore, no error interrupt is gen-
erated because the PE bit of the ASISnh register is not
set.
* Even parity
If the transmit data contains an odd number of bits with the value “1”, the
parity bit is set (1). If it contains an even number of bits with the value “1”,
the parity bit is cleared (0). This controls the number of bits with the value
“1” contained in the transmit data and the parity bit so that it is an even
number.
During reception, the number of bits with the value “1” contained in the
receive data and the parity bit is counted, and if the number is odd, a parity
error is generated.
* Odd parity
In contrast to even parity, odd parity controls the number of bits with the
value “1” contained in the transmit data and the parity bit so that it is an odd
number. During reception, the number of bits with the value “1” contained in
the receive data and the parity bit is counted, and if the number is even, a
parity error is generated.

Remark: When reception is disabled, the reception shift register does not detect a start bit. No shift-in
processing or transfer processing to the reception buffer register (RXBn) is performed, and
the contents of the RXBn register are retained.

When reception is enabled, the reception shift operation starts, synchronized with the detec-
tion of the start bit, and when the reception of one frame is completed, the contents of the
reception shift register are transferred to the RXBn register. A reception completion interrupt
(INTSRn) is also generated in synchronization with the transfer to the RXBn register.
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Figure 12-2: Asynchronous Serial Interface Mode Registers 0 to 2 (ASIMO to ASIM2) (3/3)
Bit Position Bit Name | Function
4,3 PS1, PSO |« O parity
During transmission, the parity bit is cleared (0) regardless of the transmit
data.
During reception, no parity error is generated because no parity bit is
checked.
* No parity
No parity bit is added to transmit data.
During reception, the receive data is considered to have no parity bit. No
parity error is generated because there is no parity bit.
2 CL Specifies character length of transmit/receive data.
0: 7 bits
1: 8hits
Caution:  To overwrite the CL bit, first clear (0) the TXE and RXE
bits.
1 SL Specifies stop bit length of transmit data.
0: 1bit
1: 2 bits
Caution:  To overwrite the SL bit, first clear (0) the TXE bit. Since
reception is always done using a single stop bit, the SL bit
setting does not affect receive operations.
0 ISRM Enables/disables generation of reception completion interrupt requests
when an error occurs.
0: Generate a reception error interrupt request (INTSERn) as an interrupt
when an error occurs.
In this case, no reception completion interrupt request (INTSRn) is gen-
erated.
1: Generate a reception completion interrupt request (INTSRn) as an
interrupt when an error occurs.
In this case, no reception error interrupt request (INTSERN) is gener-
ated.
Caution:  To overwrite the ISRM bit, first clear (0) the RXE bit.
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(2) Asynchronous serial interface status registers 0to 2 (ASISO to ASIS2)

The ASISn register, which consists of 3-bit error flags (PE, FE and OVE), indicates the error status

when UARTN reception is completed.

The status flag, which indicates a reception error, always indicates the status of the error that
occurred most recently. That is, if the same error occurred several times before the receive data
was read, this flag would hold only the status of the error that occurred last.

The ASISnh register is cleared to O0H by a read operation. When a reception error occurs, the recep-
tion buffer register (RXBn) should be read and the error flag should be cleared after the ASISn reg-
ister is read.

This register is read-only in 8-bit or 1-bit units (n = 0 to 2).

Caution: When the CAE bit or RXE bit of the ASIMn register is set to 0, or when the ASISO reg-

ister is read, the PE, FE, and OVE bits of the ASISn register are cleared (0).

Figure 12-3: Asynchronous Serial Interface Status Registers 0 to 2 (ASISO to ASIS2)

7 6 5 4 3 2 1 0 Address Initial
value
ASISO 0 0 0 0 0 PE FE OVE | FFFFFAO3H OOH
7 6 5 4 3 2 1 0 Address Initial
value
ASIS1 0 0 0 0 0 PE FE OVE |FFFFFA13H OOH
7 6 5 4 3 2 1 0 Address Initial
value
ASIS2 0 0 0 0 0 PE FE OVE | FFFFFA23H OOH
Bit Position Bit Name | Function
2 PE This is a status flag that indicates a parity error.
0: When the ASIMn register’s CAE and RXE bits are both set to 0, or
when the ASISn register has been read
1: When reception was completed, the transmit data parity did not match
the parity bit
Caution:  The operation of the PE bit differs according to the set-
tings of the PS1 and PSO bits of the ASIMn register.
1 FE This is a status flag that indicates a framing error.
0: When the ASIMn register's CAE and RXE bits are both set to 0, or when
the ASISn register has been read
1: When reception was completed, no stop bit was detected
Caution:  For receive data stop bits, only the first bit is checked
regardless of the number of stop bits.
0 OVE This is a status flag that indicates an overrun error.
0: When the ASIMn register’'s CAE and RXE bits are both 0, or when
the ASISn register has been read.
1: UARTn completed the next receive operation before reading the RXBn
receive data.
Caution:  When an overrun error occurs, the next receive data value
is not written to the RXBn register and the data is dis-
carded.
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(3) Asynchronous serial interface transmission status registers 0to 2 (ASIFO to ASIF2)

The ASIFn register, which consists of 2-bit status flags, indicates the status during transmission.
By writing the next data to the TXBn register after data is transferred from the TXBn register to the
transmission shift register, transmit operations can be performed continuously without suspension
even during an interrupt interval. When transmission is performed continuously, data should be writ-
ten after referencing the ASIFn register to prevent writing to the TXBn register by mistake.

This register is read-only in 8-bit or 1-bit units (n = 0 to 2).

Figure 12-4: Asynchronous Serial Interface Transmit Status Registers 0 to 2 (ASIFO to ASIF2)

7 6 5 4 3 2 1 0 Address Initial
value

ASIFO 0 0 0 0 0 0 TXBFO | TXSFO | FFFFFAO5H 0O0H
7 6 5 4 3 2 1 0 Address Initial
value

ASIF1 0 0 0 0 0 0 TXBFO | TXSFO | FFFFFA15H 00H
7 6 5 4 3 2 1 0 Address Initial

value

ASIF2 0 0 0 0 0 0 TXBFO | TXSFO | FFFFFA25H O0H

Bit Position Bit Name | Function

1 TXBF This is a transmission buffer data flag.

0: When the ASIMn register’s CAE or TXE bits is O, or when data has been
transferred to the transmission shift register (Data to be transferred next to
TXBn register does not exist).

1: Data exists in TXBn register when the TXBn register has been written to
(Data to be transferred next exists in TXBn register).

0 TXSF This is a transmission shift register data flag. It indicates the transmission sta-

tus of UARTN.

0: When the ASIMn register’s CAE or TXE bits is set to 0, or when following
transfer completion, the next data transfer from the TXBn register is not
performed (waiting transmission)

1: When data has been transferred from the TXBn register (Transmission in
progress)

The following table shows relationships between the transmission status and write operations to TXBn
register.

TXBF | TXSF Transmission Status Write Operation to TXBn
0 0 Initial status or transmission completed Writing is permitted
0 1 Transmission in progress (no data is in Writing is permitted
TXBn)
1 0 Waiting transmission (data is in TXBn) Writing is not permitted
1 1 Transmission in progress (data is in TXBn) | Writing is not permitted

Caution: When transmission is performed continuously, data should be written to TXBn regis-
ter after confirming the TXBF bit value. If writing is not permitted, transmit data can-
not be guaranteed when data is written to TXBn register.
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(4)

Reception buffer registers 0 to 2 (RXB0 to RXB2)

The RXBn register is an 8-bit buffer register for storing parallel data that had been converted by the
reception shift register.

When reception is enabled (RXE bit = 1 in the ASIMn register), receive data is transferred from the
reception shift register to the RXBn register, synchronized with the completion of the shift-in
processing of one frame. Also, a reception completion interrupt request (INTSRn) is generated by
the transfer to the RXBn register. For information about the timing for generating this interrupt
request, refer to 12.2.5 (4)"Receive operation” on page 326.

If reception is disabled (RXE bit = 0 in the ASIMn register), the contents of the RXBn register are
retained, and no processing is performed for transferring data to the RXBn register even when the
shift-in processing of one frame is completed. Also, no reception completion interrupt is generated.
When 7 bits is specified for the data length, bits 6 to 0 of the RXBn register are transferred for the
receive data and the MSB (bit 7) is always 0. However, if an overrun error (OVE) occurs, the receive
data at that time is not transferred to the RXBn register.

Except when a reset is input, the RXBn register becomes FFH even when CAE bit = 0 in the ASIMn
register.

This register is read-only in 8-bit or 1-bit units (n = 0 to 2).

Figure 12-5: Reception Buffer Registers 0 to 2 (RXB0 to RXB2)

7 6 5 4 3 2 1 0 Address Initial
value

RXBO | RXB7 RXB6 RXB5 RXB4 | RXB3 RXB2 RXB1 RXBO | FFFFFAO2H FFH

7 6 5 4 3 2 1 0 Address Initial
value

RXB1 | RXB7 | RXB6 | RXB5 | RXB4 | RXB3 | RXB2 | RXB1 | RXBO |FFFFFA12H FFH

7 6 5 4 3 2 1 0 Address Initial
value

RXB2 | RXB7 | RXB6 | RXB5S | RXB4 | RXB3 | RXB2 | RXB1 | RXBO |FFFFFA22H FFH

Bit Position Bit Name | Function

7t00 RXB7 to Stores receive data.

RXBO 0 can be read for RXB7 when 7-bit or character data is received.
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(5) Transmission buffer registers 0to 2 (TXB0 to TXB2)

The TXBn register is an 8-bit buffer register for setting transmit data.

When transmission is enabled (TXE bit = 1 in the ASIMn register), the transmit operation is started
by writing data to TXBn register.

When transmission is disabled (TXE bit = 0 in the ASIMn register), even if data is written to TXBn
register, the value is ignored.

The TXBn register data is transferred to the transmission shift register, and a transmission comple-
tion interrupt request (INTSTn) is generated, synchronized with the completion of the transmission
of one frame from the transmission shift register. For information about the timing for generating this
interrupt request, refer to 12.2.5 (2)“Transmit operation” on page 322.

When TXBF bit = 1 in the ASIFn register, writing must not be performed to TXBn register.

This register can be read or written in 8-bit or 1-bit units (n = 0 to 2).

Figure 12-6: Transmission Buffer Registers 0to 2 (TXBO to TXB2)

7 6 5 4 3 2 1 0 Address Initial
value

TXBO TXB7 TXB6 TXB5 TXB4 TXB3 TXB2 TXB1 TXBO | FFFFFAO4H FFH

7 6 5 4 3 2 1 0 Address Initial
value

TXB1 TXB7 TXB6 TXB5 TXB4 TXB3 TXB2 TXB1 TXBO | FFFFFA14H FFH

7 6 5 4 3 2 1 0 Address Initial
value

TXB2 TXB7 TXB6 TXBS | TXB4 | TXB3 TXB2 TXB1 TXBO | FFFFFA24H FFH

Bit Position Bit Name | Function

7t00 TXB7 to Writes transmit data.
TXBO
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12.2.4 Interrupt requests

The following three types of interrupt requests are generated from UARTO to UART?2.

» Reception error interrupt (INTSERN)
» Reception completion interrupt (INTSRn)
» Transmission completion interrupt (INTSTn)

The default priorities among these three types of interrupt requests is, from high to low, reception error
interrupt, reception completion interrupt, and transmission completion interrupt (n = 0 to 2).

Table 12-1: Generated Interrupts and Default Priorities

Interrupt Priority
Reception error 1
Reception completion 2
Transmission completion 3

(1) Reception error interrupt (INTSERO to INTSER2)

When reception is enabled, a reception error interrupt is generated according to the logical OR of
the three types of reception errors explained for the ASISn register. Whether a reception error inter-
rupt (INTSERN) or a reception completion interrupt (INTSRn) is generated when an error occurs
can be specified according to the ISRM bit of the ASIMn register.

When reception is disabled, no reception error interrupt is generated.

(2) Reception completion interrupt (INTSRO to INTSR2)

When reception is enabled, a reception completion interrupt is generated when data is shifted in to
the reception shift register and transferred to the reception buffer register (RXBn).

A reception completion interrupt request can be generated in place of a reception error interrupt
according to the ISRM bit of the ASIMn register even when a reception error has occurred.

When reception is disabled, no reception completion interrupt is generated.

(3) Transmission completion interrupt (INTSTO to INTST2)

A transmission completion interrupt is generated when one frame of transmit data containing 7-bit
or 8-bit characters is shifted out from the transmission shift register.
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12.2.5 Operation

(1) Dataformat
Full-duplex serial data transmission and reception can be performed.
The transmit/receive data format consists of one data frame containing a start bit, character bits, a
parity bit, and stop bits as shown in Figure 12-7.
The character bit length within one data frame, the type of parity, and the stop bit length are speci-
fied according to the asynchronous serial interface mode register (ASIMn) (n = 0 to 2).
Also, data is transferred with LSB first.

Figure 12-7: Asynchronous Serial Interface Transmit/Receive Data Format

} 1 data frame |

Start - -
bt | DO [ D1 | D2 | D3 | D4 | D5 | D6 | D7 PZEW Stop bits

- )

Character bits

Start bit --- 1 bit

Character bits -+ 7 bits or 8 bits

Parity bit --- Even parity, odd parity, O parity, or no parity
Stop bits --- 1 bit or 2 bits
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(2) Transmit operation

When CAE bit is set to 1 in the ASIMn register, a high level is output from the TXDn pin.
Then, when TXE bit is set to 1 in the ASIMn register, transmission is enabled, and the transmit
operation is started by writing transmit data to transmission buffer register (TXBn) (n = 0 to 2).

(@) Transmission enabled state
This state is set by the TXE bit in the ASIMn register.

*« TXE = 1: Transmission enabled state

* TXE = 0: Transmission disabled state

Since UARTN does not have a CTS (transmission enabled signal) input pin, a port should be used
to confirm whether the destination is in a reception enabled state.

(b) Starting a transmit operation
In transmission enabled state, a transmit operation is started by writing transmit data to transmis-
sion buffer register (TXBn). When a transmit operation is started, the data in TXBn is transferred to
transmission shift register. Then, the transmission shift register outputs data to 