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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document
or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction.
If an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry.  Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A 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 when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that easily build up 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 benches and floors should be grounded. The operator should be grounded using a
wrist strap.  Semiconductor devices must not be touched with bare hands. Similar precautions need to be
taken for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an I/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




Specification Differences between Products

There are the following specification differences in these MCU products depending on the product groups, chip

versions, and packages.

Table 1

Specification Differences Depending on Packages

Chapter

Specification Differences

Products with 40 pins or less

Products with 48 pins or more

9. Clock Generation
Circuit

9.8.5 Notes on
Sub-Clock

Although sub-clock oscillator pins are not
available, the sub-clock circuit must be initialized
at a cold start.

At a cold start, initialize the sub-clock control
circuit regardless of whether the sub-clock is in
use or not.

Table 2 Major Specification Differences by Product Group and Chip versions (1/2)
RX231 Group
Section RX230 Group
Chip version B | Chip version A | Chip version C
1. Overview 1.5 Pin Assignments | Pins associated with USB: Pins associated with USB

VCC_USB, VSS_USB, USB0_DP, and USBO_DM are present.

are not present.

Port H pins:
PHO to PH3 are not present.

Port H pins:
PHO to PH3 are present.

9. Clock Generation
Circuit

9.2.5 USB-dedicated

PLL Control Register
(UPLLCR)

UPLLCR is present.

UPLLCR is not present.

9.2.6 USB-dedicated

PLL Control Register
2 (UPLLCR2)

UPLLCR?2 is present.

UPLLCR?2 is not present.

9.2.14 Oscillation
Stabilization Flag

The USB-dedicated PLL clock oscillation stabilization flag is present.

The USB-dedicated PLL
clock oscillation

Register stabilization flag is not

(OSCOVFSR) present. This flag is read
as 0.

9.7.5 USB Clock The USB clock is present. The USB clock is not
present.

9.7.6 CAN Clock

The CAN clock is present.

The CAN clock is not present.

11. Low Power
Consumption

11.2.3 Module Stop

Control Register B
(MSTPCRB)

The RCANO module stop bit (MSTPBO) is present.

The RCANO module stop bit (MSTPBO) is not
present.
This bit is read as 0. The write value should be 1.

The USBO module stop bit (MSTPB19) is present.

The USBO module stop
bit (MSTPB19) is not
present.

11.2.5 Module Stop

Control Register D
(MSTPCRD)

The SD host interface
(SDHI) module stop bit
(MSTPD19) is present.

The SD host interface (SDHI) module stop bit (MSTPD19) is not present.

The security function
module stop bit
(MSTPD31) is present.

The security function module stop bit (MSTPD31) is not present.

15. Interrupt
Controller (ICUb)

15.3.1 Interrupt
Vector Table

The USBO interrupts (vector number 36 to 38, and 90) are present.

The USBO interrupts
(vector numbers 36 to 38,
and 90) are not present.

The SDHI interrupts
(vector numbers 40 to
43) are present.

The SDHI interrupts (vector numbers 40 to 43) are not present.

The RSCANO interrupts (vector numbers 52 to 56)
are present.

The RSCANO interrupts (vector numbers 52 to 56)
are not present.

The security interrupts
(vector numbers 111 to
113) are present.

The security interrupts (vector numbers 111 to 113) are not present.

16. Buses

16.2.4 Internal
Peripheral Buses

USBO is connected to the internal peripheral bus 3.

USBO is not connected to
the internal peripheral
bus 3.




Table 2

Major Specification Differences by Product Group and Chip versions (2/2)

Section

RX231 Group

RX230 Group

Chip version B | Chip version A

Chip version C

21.1/0 Ports 21.3.1 Port Direction

Register (PDR)

PORTH.PDR is not present.

PORTH.PDR is present.

21.3.2 Port Output

Data Register
(PODR)

PORTH.PODR is not present.

PORTH.PODR is
present.

21.3.3 Port Input

Data Register
(PIDR)

PORTH.PIDR is not present.

PORTH.PIDR is present.

21.3.4 Port Mode
Register (PMR)

PORTH.PMR is not present.

PORTH.PMR is present.

21.3.7 Pull-Up

Control Register
(PCR)

PORTH.PCR is not present.

PORTH.PCR is present.

21.3.10 Drive

Capacity Control
Register (DSCR)

PORTH.DSCR is not present.

PORTH.DSCR is
present.

22. Multi-Function 22.2.13 PHn Pin
Pin Controller (MPC) | Function Control

Registers (PHNPFS)
(n=0to 3)

PHNPFS is not present.

PHNPFS is present.

32. USB 2.0 Host/Function Module (USBd)

The USB 2.0 host/function module is present.

The USB 2.0 host/
function module is not
present.

36. CAN Module (RSCAN)

The CAN interface is present.

The CAN interface is not present.

40. SD Host Interface (SDHIla)

The SD host interface is
present.

The SD host interface is not present.

41. Security Functions

Security functions are
present.

Security functions are not present.

49. Flash Memory 49.8.1 Boot Mode

(USB Interface)

The USB interface is present.

The USB interface is not
present.




How to Use This Manual

1. Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this LSI to the target
users, i.e. those who will be using this LSI in the design of application systems. Target users are expected to
understand the fundamentals of electrical circuits, logic circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of the CPU, system
control functions, and peripheral functions, electrical characteristics of the device, and usage notes.

When designing an application system that includes this LSI, take all points to note into account.
Points to note are given in their contexts and at the final part of each section, and in the section giving usage notes.

The list of revisions is a summary of major points of revision or addition for earlier versions. It does not cover all
revised items. For details on the revised points, see the actual locations in the manual.

The following documents have been prepared for the RX230 Group, RX231 Group. Before using any of the
documents, please visit our website to verify that you have the most up-to-date available version of the document.

Document Type Contents Document Title Document No.
Datasheet Overview of hardware and electrical characteristics RX230 Group, RX231 Group | R0O1DS0261EJ
Datasheet
User’s Manual: Hardware specifications (pin assignments, memory RX230 Group, RX231 Group | This User’'s
Hardware maps, peripheral specifications, electrical User’'s Manual: manual
characteristics, and timing charts) and descriptions of | Hardware
operation
User’s Manual: Detailed descriptions of the CPU and instruction set RX Family RO1USO0071EJ
Software RXv2 Instruction Set
Architecture User’s Manual:
Software
Application Note Notes on Printed Circuit Board Patterns RX Family RO1AN1411EJ
Hardware Design Guide
Examples of register initial setting RX230 Group, RX231 Group | —
Initial Setting Examples
Examples of applications and sample programs — —
Renesas Technical | Preliminary report on the specifications of a product, — —
Update document, etc.




2. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of bits, describing the
meanings of the bit settings. The standard format and notation for bit charts and tables are described below.

XXX ... Register

Address(es): xxxx xxxxh

b7 b6 b5 b4 b3 b2 b1 b0

— ..[1:0] A4 — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
PN (1)
b0 .0 0: ... (3) @N)/
2 1:(Setting prohibited )
b3tobl — CReserved), These bits are read as 0. The write value should be 0. RIW
b4 A 0:...... R
1 ...

b6,b5  ..[1:0] = .. 00: ... 3) R/(W)*1

01: ...

CSettings other than above are prohibited)
b7 — Reserved The read value is undefined. Writing to this bit has no effect. R

(1) R/W:  The bit or field is readable and writable.
R/(W): The bit or field is readable and writable. However, writing to this bit or field has some
limitations. For details on the limitations, see the description or notes of respective registers.
R: The bit or field is readable. Writing to this bit or field has no effect.

(2) Reserved.
Use the specified value when writing to this bit or field; otherwise, the correct operation is not
guaranteed.

(3) Setting prohibited. The correct operation is not guaranteed if such a setting is performed.




. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communications Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.
SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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54-MHz 32-bit RX MCUs, built-in FPU, 88.56 DMIPS, up to 512-KB flash memory,
various communication functions including USB 2.0 full-speed host/function/OTG, CAN, SD host
interface, serial sound interface, capacitive touch sensing unit, 12-bit A/D, 12-bit D/A, RTC, AES,

MPU security functions

Features

m 32-bit RXv2 CPU core
e Max. operating frequency: 54 MHz
Capable of 88.56 DMIPS in operation at 54 MHz
Enhanced DSP: 32-bit multiply-accumulate and 16-bit
multiply-subtract instructions supported
Built-in FPU: 32-bit single-precision floating point (compliant to
IEEE754)
Divider (fastest instruction execution takes two CPU clock cycles)
Fast interrupt
CISC Harvard architecture with 5-stage pipeline
Variable-length instructions, ultra-compact code
On-chip debugging circuit
Memory protection unit (MPU) supported

m Low power design and architecture
e Operation from a single 1.8-V to 5.5-V supply
e RTC capable of operating on the battery backup power supply
e Three low power consumption modes
e Low power timer (LPT) that operates during the software standby state

m On-chip flash memory for code
e 128- to 512-Kbyte capacities
e On-board or off-board user programming
e Programmable at 1.8 V
e For instructions and operands

m On-chip data flash memory
e 8 Kbytes (1,000,000 program/erase cycles (typ.))
e BGO (Background Operation)

m On-chip SRAM, no wait states
e 32- to 64-Kbyte size capacities

m Data transfer functions
e DMAC: Incorporates four channels
e DTC: Four transfer modes

mELC
e Module operation can be initiated by event signals without using
interrupts.
o Linked operation between modules is possible while the CPU is sleeping.

m Reset and supply management
e Eight types of reset, including the power-on reset (POR)
e Low voltage detection (LVD) with voltage settings

m Clock functions

Main clock oscillator frequency: 1 to 20 MHz

External clock input frequency: Up to 20 MHz

Sub-clock oscillator frequency: 32.768 kHz

PLL circuit input: 4 MHz to 12.5 MHz

On-chip low- and high-speed oscillators, dedicated on-chip low-speed
oscillator for the IWDT

USB-dedicated PLL circuit: 4, 6, 8, or 12 MHz

54 MHz can be set for the system clock and 48 MHz for the USB clock
Generation of a dedicated 32.768-kHz clock for the RTC

Clock frequency accuracy measurement circuit (CAC)

m Realtime clock
e Adjustment functions (30 seconds, leap year, and error)
e Calendar count mode or binary count mode selectable
e Time capture function
e Time capture on event-signal input through external pins

m Independent watchdog timer
e 15-kHz on-chip oscillator produces a dedicated clock signal to drive
IWDT operation.

m Useful functions for IEC60730 compliance
o Self-diagnostic and disconnection-detection assistance functions for
the A/D converter, clock frequency accuracy measurement circuit,
independent watchdog timer, RAM test assistance functions using the
DOC, etc.

m External address space

e Four CS areas (4 x 16 Mbytes)

e 8- or 16-bit bus space is selectable per area
n MPC

o Input/output functions selectable from multiple pins
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PLQPO0100KB-B 14 x 14 mm, 0.5 mm pitch
NGO PLQP0064KB-C 10 x 10 mm, 0.5 mm pitch
Jf-. PLQP0048KB-B 7 x 7 mm, 0.5 mm pitch

PTLGO100KA-A 5.5 x 5.5 mm, 0.5 mm pitch
PWLGO0064KA-A 5 x 5 mm, 0.5 mm pitch

PWQNO0064KC-A 9 x 9 mm, 0.5 mm pitch
PWQNO0048KB-A 7 x 7 mm, 0.5 mm pitch

m Up to 14 communication functions
e USB 2.0 host/function/On-The-Go (OTG) (one channel),
full-speed = 12 Mbps, low-speed = 1.5 Mbps, isochronous transfer, and
BC (Battery Charger) supported
CAN (one channel) compliant to ISO11898-1:
Transfer at up to 1 Mbps
SCI with many useful functions (up to 7 channels)
Asynchronous mode, clock synchronous mode, smart card interface
Reduction of errors in communications using the bit modulation
function
IrDA interface (one channel, in cooperation with the SCIS)
12C bus interface: Transfer at up to 400 kbps, capable of SMBus
operation (one channel)
RSPI (one channel): Transfer at up to 16 Mbps
Serial sound interface (one channel)
SD host interface (optional: one channel) SD memory/ SDIO 1-bit or
4-bit SD bus supported
Note: 48-pin packages support 1-bit mode only

m Up to 20 extended-function timers
e 16-bit MTU: input capture, output compare, complementary PWM
output, phase counting mode (six channels)
e 16-bit TPU: input capture, output compare, phase counting mode (six
channels)
e 8-bit TMR (four channels)
e 16-bit compare-match timers (four channels)

m 12-bit A/D converter
e Capable of conversion within 0.83 ps
e 24 channels
e Sampling time can be set for each channel
e Self-diagnostic function and analog input disconnection detection
assistance function

m 12-bit D/A converter
e Two channels

m Capacitive touch sensing unit
o Self-capacitance method: A single pin configures a single key,
supporting up to 24 keys
o Mutual capacitance method: Matrix configuration with 24 pins, supporting
up to 144 keys
m Analog comparator
e Two channels x two units
m General I/O ports
e 5-V tolerant, open drain, input pull-up, switching of driving capacity
m Security Functions (TSIP-Lite)
o Unauthorized access to the encryption engine is disabled and
imposture and falsification of information are prevented
e Safe management of keys
e 128- or 256-bit key length of AES for ECB, CBC, GCM, others
o True random number generator

m Temperature sensor

m Operating temperature range
e —40 to +85°C
e —40to +105°C

m Applications
o General industrial and consumer equipment

L]
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RX230 Group, RX231 Group 1. Overview

1. Overview

1.1 Outline of Specifications

Table 1.1 lists the specifications, and Table 1.2 gives a comparison of the functions of the products in different
packages.

Table 1.1 is for products with the greatest number of functions, so the number of peripheral modules and channels will
differ in accordance with the package type. For details, see Table 1.2, Comparison of Functions for Different
Packages.

Table 1.1 Outline of Specifications (1/4)

Classification Module/Function Description

CPU CPU e Maximum operating frequency: 54 MHz

32-bit RX CPU (RX v2)

Minimum instruction execution time: One instruction per clock cycle
Address space: 4-Gbyte linear

Register set

General purpose: Sixteen 32-bit registers

Control: Ten 32-bit registers

Accumulator: Two 72-bit registers

Basic instructions: 75 (variable-length instruction format)
Floating-point instructions: 11

DSP instructions: 23

Addressing modes: 10

Data arrangement

Instructions: Little endian

Data: Selectable as little endian or big endian

On-chip 32-bit multiplier: 32-bit x 32-bit — 64-bit
On-chip divider: 32-bit + 32-bit — 32 bits

Barrel shifter: 32 bits

Memory protection unit (MPU)

FPU Single precision (32-bit) floating point

Data types and floating-point exceptions in conformance with the IEEE754 standard

Capacity: 128/256/384/512 Kbytes

Up to 32 MHz: No-wait memory access

32 to 54 MHz: Wait state required. No wait state if the instruction is served by a ROM accelerator hit.
Programming/erasing method:

Serial programming (asynchronous serial communication/USB communication), self-programming

Capacity: 32/64 Kbytes
e 54 MHz, no-wait memory access

Memory ROM

RAM

E2 DataFlash

Capacity: 8 Kbytes
o Number of erase/write cycles: 1,000,000 (typ)

MCU operating mode Single-chip mode, on-chip ROM enabled expansion mode, and on-chip ROM disabled expansion mode
(software switching)
Clock Clock generation circuit e Main clock oscillator, sub-clock oscillator, low-speed on-chip oscillator, high-speed on-chip oscillator,
PLL frequency synthesizer, USB-dedicated PLL frequency synthesizer, and IWDT-dedicated on-chip
oscillator

Oscillation stop detection: Available

Clock frequency accuracy measurement circuit (CAC)

Independent settings for the system clock (ICLK), peripheral module clock (PCLK), external bus clock
(BCLK), and FlashlIF clock (FCLK)

The CPU and system sections such as other bus masters run in synchronization with the system
clock (ICLK): 54 MHz (at max.)

MTU2a runs in synchronization with the PCLKA: 54 MHz (at max.)

The ADCLK for the S12AD runs in synchronization with the PCLKD: 54 MHz (at max.)

Peripheral modules other than MTU2a and S12ADE run in synchronization with the PCLKB: 32 MHz (at max.)
Devices connected to external buses run in synchronization with the BCLK: 32 MHz (at max.)

The flash peripheral circuit runs in synchronization with the FCLK: 32 MHz (at max.)

Resets RES# pin reset, power-on reset, voltage monitoring reset, watchdog timer reset, independent watchdog
timer reset, and software reset
Voltage detection Voltage detection circuit e When the voltage on VCC falls below the voltage detection level, an internal reset or internal interrupt
(LVDADb) is generated.

Voltage detection circuit 0 is capable of selecting the detection voltage from 4 levels
Voltage detection circuit 1 is capable of selecting the detection voltage from 14 levels
Voltage detection circuit 2 is capable of selecting the detection voltage from 4 levels
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Table 1.1 Outline of Specifications (2/4)

Classification Module/Function Description
Low power Low power consumption e Module stop function
consumption functions e Three low power consumption modes

Sleep mode, deep sleep mode, and software standby mode
Low power timer that operates during the software standby state

Function for lower operating e Operating power control modes
power consumption High-speed operating mode, middle-speed operating mode, and low-speed operating mode

Interrupt Interrupt controller (ICUb) Interrupt vectors: 167

External interrupts: 9 (NMI, IRQO to IRQ7 pins)

Non-maskable interrupts: 7 (NMI pin, oscillation stop detection interrupt, voltage monitoring 1
interrupt, voltage monitoring 2 interrupt, WDT interrupt, IWDT interrupt, and VBATT power monitoring
interrupt)

16 levels specifiable for the order of priority

External bus extension

The external address space can be divided into four areas (CSO to CS3), each with independent
control of access settings.

Capacity of each area: 16 Mbytes (CSO0 to CS3)

A chip-select signal (CS0# to CS3#) can be output for each area.

Each area is specifiable as an 8-bit or 16-bit bus space

The data arrangement in each area is selectable as little or big endian (only for data).

Bus format: Separate bus, multiplex bus

Wait control

Write buffer facility

DMA DMA controller (DMACA) 4 channels
Three transfer modes: Normal transfer, repeat transfer, and block transfer

Activation sources: Software trigger, external interrupts, and interrupt requests from peripheral

functions
Data transfer controller o Transfer modes: Normal transfer, repeat transfer, and block transfer
(DTCa) e Activation sources: Interrupts
e Chain transfer function
1/0 ports General /O ports 100-pin /64-pin /48-pin

1/0: 79/43/30 (RX231 Group), 83/47/34 (RX230 Group)

e Input: 1/1/1

Pull-up resistors: 79/43/30(RX231 Group), 83/47/34 (RX230 Group)
e Open-drain outputs: 58/34/26

e 5-V tolerance: 5/3/3

Event link controller (ELC) e Event signals of 61 types can be directly connected to the module
e Operations of timer modules are selectable at event input
e Capable of event link operation for port B and port E

Multi-function pin controller (MPC) Capable of selecting the input/output function from multiple pins
Timers 16-bit timer pulse unit e (16 bits x 6 channels) x 1 unit
(TPUa) e Maximum of 16 pulse-input/output possible

Select from among seven or eight counter-input clock signals for each channel

Supports the input capture/output compare function

Output of PWM waveforms in up to 15 phases in PWM mode

Support for buffered operation, phase-counting mode (two-phase encoder input) and cascade
connected operation (32 bits x 2 channels) depending on the channel.

Capable of generating conversion start triggers for the A/D converters

Signals from the input capture pins are input via a digital filter

Clock frequency measuring method

Multi-function timer pulse
unit 2 (MTU2a)

(16 bits x 6 channels) x 1 unit

Up to 16 pulse-input/output lines and three pulse-input lines are available based on the six 16-bit
timer channels

Select from among eight or seven counter-input clock signals for each channel (PCLK/1, PCLK/4,
PCLK/16, PCLK/64, PCLK/256, PCLK/1024, MTCLKA, MTCLKB, MTCLKC, MTCLKD) other than
channel 5, for which only four signals are available.

Input capture function

21 output compare/input capture registers

Pulse output mode

Complementary PWM output mode

Reset synchronous PWM mode

e Phase-counting mode

« Capable of generating conversion start triggers for the A/D converter

Port output enable 2 Controls the high-impedance state of the MTU’s waveform output pins

(POE2a)

Compare match timer e (16 bits x 2 channels) x 2 units

(CMT) e Select from among four clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)
Watchdog timer (WDTA) e 14 bits x 1 channel

e Select from among six counter-input clock signals (PCLK/4, PCLK/64, PCLK/128, PCLK/512, PCLK/
2048, PCLK/8192)
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Table 1.1 Outline of Specifications (3/4)

Classification Module/Function Description

14 bits x 1 channel
Count clock: Dedicated low-speed on-chip oscillator for the IWDT
Frequency divided by 1, 16, 32, 64, 128, or 256

Timers Independent watchdog
timer (IWDTa)

Realtime clock (RTCe) Clock source: Sub-clock
Time/calendar
Interrupts: Alarm interrupt, periodic interrupt, and carry interrupt

Time-capture facility for three values

Low power timer (LPT) 16 bits x 1 channel
Clock source: Sub-clock, Dedicated low-speed on-chip oscillator for the IWDT

Frequency divided by 2, 4, 8, 16, or 32

8-bit timer (TMR)

(8 bits x 2 channels) x 2 units

Seven internal clocks (PCLK/1, PCLK/2, PCLK/8, PCLK/32, PCLK/64, PCLK/1024, and PCLK/8192)
and an external clock can be selected

Pulse output and PWM output with any duty cycle are available

Two channels can be cascaded and used as a 16-bit timer

Communication Serial communications 7 channels (channel 0, 1, 5, 6, 8, 9: SClg, channel 12: SClh)

functions interfaces (SClg, SClh) e SClg

Serial communications modes: Asynchronous, clock synchronous, and smart-card interface
Multi-processor function

On-chip baud rate generator allows selection of the desired bit rate

Choice of LSB-first or MSB-first transfer

Average transfer rate clock can be input from TMR timers for SCI5, SCI6, and SCI12
Start-bit detection: Level or edge detection is selectable.

Simple 12C

Simple SPI

9-bit transfer mode

Bit rate modulation

Event linking by the ELC (only on channel 5)

SClh (The following functions are added to SCIg)

Supports the serial communications protocol, which contains the start frame and information frame
Supports the LIN format

1 channel (SCI5 used)
Supports encoding/decoding of waveforms conforming to IrDA standard 1.0

IrDA interface (IRDA)

12C bus interface (RIICa) 1 channel
Communications formats: 12C bus format/SMBus format
Master mode or slave mod