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Notice

1. 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 or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended 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; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or 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 damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall 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 shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

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

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit 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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can 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 must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the
level at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an I/O pull-up power supply while the device is powered off. 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.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance 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
the 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.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.

6. 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 V,_(Max.)
and V| (Min.) due to noise, for example, 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 V,_(Max.) and Vg (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSl is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of 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.



How to Use This Manual

1. Objective and Target Users

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

Thismanual 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 RX13T 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 RX13T Group Datasheet RO1DS0341EJ
User’'s Manual: Hardware specifications (pin assignments, memory RX13T 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 RO1US0032EJ
Software RXv1 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 RX13T 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 atable of bits, describing the
meanings of the bit settings. The standard format and notation for bit charts and tables are described below.

X.X.X ... Register

Address(es): xxxx xxxxh

b7 b6 b5 b4 b3 b2 b1 b0

— ..[1:0] ! — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
1
b0 O R 0: ..., 3) @/( )
2 1:(§etting prohibited )‘

b3tobl — (Reserved) These bits are read as 0. The write value should be 0. R/W
b4 A 0:...... R

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

01: ...

(Settings 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
I/O 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 isaregistered trademark of Silicon Storage Technology, Inc. in several countriesincluding the United
States and Japan.

Caution: This product uses SuperFlash technology licensed from Silicon Storage Technology, Inc.
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32-MHz 32-bit RX MCUs, built-in FPU, 50 DMIPS, power supply 5 V
12-bit ADC (equipped with 3-channel synchronous S/H circuits, programmable gain amplifier x 3 ch,

and comparator)

32-MHz PWM (three-phase complementary output x 1 ch), On-chip data flash memory

Features

Yy 32-bit RX CPU core
Max. operating frequency: 32 MHz
Capable of 50 DMIPSin operation at 32 MHz
Accumulator handles 64-hit results (for asingle
instruction) from 32-bit x 32-bit operations
Multiplication and division unit handles 32-bit x 32-bit
operations (multiplication instructions take one CPU clock
cycle)
Built-in FPU: 32-bit single-precision floating point
(compliant to IEEE754)
Fast interrupt
CISC Harvard architecture with 5-stage pipeline
Variable-length instructions, ultra-compact code
On-chip debugging circuit

Yy Low power design and architecture
Operation from asingle 2.7-V to 5.5-V supply
Three low power consumption modes

y On-chip code flash memory, no wait states
128-/64-Kbyte capacities
On-board or off-board user programming
For instructions and operands

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

y On-chip SRAM, no wait states
12 Kbytes of SRAM

Y DMA
DTC: Fivetransfer modes

Y Reset and supply management

Seven types of reset, including the power-on reset (POR)
Low voltage detection (L VD) with voltage settings

y Clock functions

Main clock oscillator frequency: 1 to 20 MHz

External clock input frequency: Up to 20 MHz

PLL circuit input: 4 MHz to 8 MHz

L ow-speed on-chip oscillator: 4 MHz

High-speed on-chip oscillator: 32 MHz +1%
IWDT-dedicated on-chip oscillator: 15 kHz

On-chip clock frequency accuracy measurement circuit
(CAC)

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

Yy Useful functions for IEC60730 compliance

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.

y'MPC

Multiple locations are selectable for 1/0 pins of peripheral
functions

PLQPO0048KB-B 7 x 7 mm, 0.5 mm pitch
PLQPO0032GB-A 7 x 7 mm, 0.8 mm pitch

PWQNO048KE-A 7 x 7 mm, 0.5 mm pitch
PWQNO032KE-A 5 x 5 mm, 0.5 mm pitch

\ & 4

y'Up to 4 communications channels
SCI with many useful functions (3 channels)
Asynchronous mode, clock synchronous mode, smart card
interface mode, simplified SPI, simplified 12C, and
extended serial mode.
12C bus interface: Transfer at up to 400 kbps (one channel)

Y Up to 8 extended-function timers
16-bit MTUS3 (six channels): 32 MHz operation, input
capture, output compare, three-phase complementary
PWM x 1 channel-output, CPU-efficient complementary
PWM, phase counting mode (2 channels)
16-bit compare-match timers (2 channels)

Yy 12-bit A/D converter: 8 ch
On-chip sample-and-hold circuit: 12-bit x up to 3 channels
Sampling time can be set for each channel
Group scan priority control mode (3 levels)
Self-diagnostic function and analog input disconnection
detection assistance function (compliant to IEC60730)
Input signal amplitude by the programmable gain amplifier
(3 channels)
ADC: 3-channel simultaneous sample-and-hold circuit
(3 shunt method), double data register (1 shunt method),
amplifier (3 channels), comparator (3 channels)

Yy Register write protection function can protect
values in important registers against
overwriting.

Yy Up to 39 pins for general I/O ports

5-V tolerant, open drain, input pull-up
Yy Operating temperature range
—40t0 +85°C
—40to +105°C
Yy Applications
General industrial and consumer equipment
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RX13T 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 productsin different
packages.

Table 1.1 isfor 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 (1/3)

Classification Module/Function Description
CPU CPU Maximum operating frequency: 32 MHz
32-bit RX CPU

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

Register set

General purpose: Sixteen 32-bit registers

Control: Nine 32-bit registers

Accumulator: One 64-bit registers

Basic instructions: 73 Variable-length instruction format
DSP instructions: 9

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 Y 64-bit
On-chip divider: 32-bit + 32-bit Y 32 bits

Barrel shifter: 32 bits

FPU Single precision (32-bit) floating point
Data types and floating-point exceptions in conformance with the IEEE754 standard

Memory ROM Capacity: 64 K/128 Kbytes
32 MHz, no-wait memory access
Programming/erasing method:
Serial programming (asynchronous serial communication), self-programming

RAM Capacity: 12 Kbytes
32 MHz, no-wait memory access
E2 DataFlash Capacity: 4 Kbytes
Number of erase/write cycles: 1,000,000 (typ)
MCU operating mode Single-chip mode
Clock Clock generation circuit Main clock oscillator, low-speed and high-speed on-chip oscillator, PLL frequency synthesizer, and

IWDT-dedicated on-chip oscillator

Oscillation stop detection: Available

Clock frequency accuracy measurement circuit (CAC): Available

Independent settings for the system clock (ICLK), peripheral module clock (PCLK), and FlashIF clock
(FCLK)

The CPU and system sections such as other bus masters run in synchronization with the system
clock (ICLK): 32 MHz (at max.)

Peripheral modules run in synchronization with the PCLKB: 32 MHz (at max.)

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

The ICLK frequency can only be set to FCLK, PCLKB, or PCLKD multiplied by n (n: 1, 2, 4, 8, 16, 32,

64)
Resets RES# pin reset, power-on reset, voltage monitoring reset, independent watchdog timer reset, and
software reset
Voltage detection Voltage detection circuit When the voltage on VCC falls below the voltage detection level, an internal reset or internal interrupt
(LVDAD) is generated.

Voltage detection circuit O is capable of selecting the detection voltage from 3 levels
Voltage detection circuit 1 is capable of selecting the detection voltage from 9 levels
Voltage detection circuit 2 is capable of selecting the detection voltage from 4 levels

Low power Low power consumption Module stop function
consumption functions Three low power consumption modes
Sleep mode, deep sleep mode, and software standby mode
Function for lower operating Operating power control modes
power consumption High-speed operating mode and middle-speed operating mode
RO1UHO0822EJ0110 Rev.1.10 RENESAS Page 33 of 1055
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Table 1.1 Outline of Specifications (2/3)

Classification Module/Function Description

Interrupt Interrupt controller (ICUb) Interrupt vectors: 256
External interrupts: 7 (NMI, IRQO to IRQ5 pins)
Non-maskable interrupts: 5 (NMI pin, oscillation stop detection interrupt, voltage monitoring 1
interrupt, voltage monitoring 2 interrupt, and IWDT interrupt)
16 levels specifiable for the order of priority

DMA Data transfer controller Transfer modes: Normal transfer, repeat transfer, and block transfer
(DTCb) Activation sources: External interrupts and interrupt requests from peripheral functions
Sequence transfer
1/0 ports General I/O ports 48-/32-pin
1/0: 38/22
Input: 1/1

Pull-up resistors: 38/22
Open-drain outputs: 30/18
5-V tolerance: 2/2

Multi-function pin controller (MPC) Capable of selecting the input/output function from multiple pins
Timers Multi-function timer pulse 6 units (16 bis x 6 channels)
unit 3 (MTU3c) Provides up to 16 pulse-input/output lines and three pulse-input lines

Select from among fourteen counter-input clock signals for each channel (PCLK/1, PCLK/2, PCLK/4,
PCLK/8, PCLK/16, PCLK/32, PCLK/64, PCLK/256, PCLK/1024, MTCLKA, MTCLKB, MTCLKC,
MTCLKD, MTIOC1A) other than channel 1/3/4, for which only eleven signals are available, channel 2
for 12, channel 5 for 10

26 output compare/input capture registers

Counter clear operation (with compare match- or input capture-sourced simultaneous counter clear
capability)

Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Buffer operation

Cascaded operation

28 interrupt sources

Automatic transfer of register data

Pulse output modes: Toggle/PWM/complementary PWM/reset-synchronized PWM
Complementary PWM output mode

3-phase non-overlapping waveform output for inverter control

Automatic dead time setting

Adjustable PWM duty cycle: from 0 to 100%

A/D conversion request delaying function

Interrupt at crest/trough can be skipped

Double buffer function

Reset-synchronized PWM mode

Outputs three phases each for positive and negative PWM waveforms in user-specified duty cycle
Phase counting modes: 16-bit mode (channel 1 and 2)/32-bit mode (channel 1 and 2)

Dead time compensation counter function

A/D converter start trigger can be generated

A/D converter start triggers can be skipped

Signals from the input capture and external counter clock pins are input via a digital filter

Port output enable 3 Controls the high-impedance state of the MTU’s waveform output pins

(POE3C)

Compare match timer (16 bits x 2 channels) x 1 units

(CMT) Select from among four clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)
Independent watchdog 14 bits x 1 channel

timer (IWDTa) Count clock: Dedicated low-speed on-chip oscillator for the IWDT

Frequency divided by 1, 16, 32, 64, 128, or 256
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Table 1.1 Outline of Specifications (3/3)

Classification Module/Function Description
Communication Serial communications 3 channels (channel 1 and 5: SClg, channel 12: SClh)
functions interfaces (SClg, SClh) 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 MTU timers

Start-bit detection: Level or edge detection is selectable.

Simple 12C

Simple SPI

9-bit transfer mode

Bit rate modulation

SClIh (The following functions are added to SCIg)

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

12C bus interface (RIICa)

1 channel

Communications formats: 12C bus format/SMBus format
Master mode or slave mode selectable

Supports fast mode

12-bit A/D converter (S12ADF)

12 bits (8 channels x 1 unit)

12-bit resolution

Minimum conversion time: 1.4 ps per channel when the ADCLK is operating at 32 MHz
Operating modes

Scan mode (single scan mode, continuous scan mode, and 3 group scan mode)
Group A priority control (only for 3 group scan mode)

Sampling variable

Sampling time can be set up for each channel

Self-diagnostic function

Double trigger mode (A/D conversion data duplicated)

Assist on analog input disconnection detection

A/D conversion start conditions

A software trigger, a trigger from a timer (MTU), or an external trigger signal
Sample-and-hold function

Sample-and-hold circuit included (3 channels)

Amplification of input signals by a programmable gain amplifier (3 channels)
Amplification rate: 2.000 times, 2.500 times, 3.077 times, 5.000 times, 8.000 times, 10.000 times
(total of 6 steps)

Comparator C (CMPC)

3 channels

Function to compare the reference voltage and the analog input voltage
Reference voltage: Select from among two voltages

Analog input voltage: Select from among four voltages

D/A converter (DA) for generating comparator C
reference voltage

1 channel

8-bit resolution

Output voltage: 0 to AVCCO

Reference voltage generation circuit for comparator C

CRC calculator (CRC)

CRC code generation for arbitrary amounts of data in 8-bit units

Select any of three generating polynomials:

X84+ X2+ X+ 1, X6+ XI5+ X2+ 1, or X6+ X124+ X5+1

Generation of CRC codes for use with LSB-first or MSB-first communications is selectable.

Data operation circuit (DOC)

Comparison, addition, and subtraction of 16-bit data

Power supply voltages/Operating frequencies

VCC = 2.7 to 5.5V: 32 MHz

Supply current

11 mA at 32 MHz (typ.)

Operating temperature range

D version: —40 to +85°C, G version: —40 to +105°C

Packages

48-pin LFQFP (PLQP0048KB-B) 7 x 7 mm, 0.5 mm pitch
32-pin LQFP (PLQP0032GB-A) 7 x 7 mm, 0.8 mm pitch
48-pin HWQFN (PWQNO0048KE-A) 7 x 7 mm, 0.5 mm pitch
32-pin HWQFN (PWQNO0032KE-A) 5 x 5 mm, 0.5 mm pitch

Debugging interface

FINE interface

RO1UH0822EJ0110 Rev.1.10
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Table 1.2

Comparison of Functions for Different Packages

Module/Functions

RX13T Group

48 Pins

32 Pins

Interrupts External interrupts NMI, IRQO to IRQ5 NMI, IRQO to IRQ2, IRQ5
DTC Data transfer controller Available
Timers Multi-function timer pulse unit 3 6 channels

Port output enable 3

POEO#, POES8#, POE10#

POES8#, POE10#

Compare match timer

2 channels x 1 units

Independent watchdog timer Available
Communication Serial communications interfaces (SCIg) 2 channels
functions (SCI1, SCI5)

Serial communications interfaces (SClh) 1 channel

(SCI12)

I2C bus interface 1 channel
12-bit A/D converter 8 channels 5 channels
Comparator C 3 channels
CRC calculator Available
Data operation circuit Available
Clock frequency accuracy measurement circuit Available

Packages

48-pin LFQFP (0.5 mm)
48-pin HWQFN (0.5 mm)

32-pin LQFP (0.8 mm)
32-pin HWQFN (0.5 mm)
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1.2 List of Products

Table 1.3 isalist of products, and Figure 1.1 shows how to read the product part no., memory capacity, and package
type.

Table 1.3 List of Products

Operating
ROM RAM E2 Frequency | Operating

Group Part No. Order Part No. Package Capacity Capacity DataFlash | (Max.) Temperature
RX13T R5F513TSADFL | R5F513T5ADFL#30 | PLQPO048KB-B | 128 Kbytes | 12 Kbytes | 4 Kbytes | 32 MHz —40 to +85°C
(D version) R5F513TSADNE | R5F513T5ADNE#20 | PWQNOO48KE-A

R5F513T5ADFJ | R5F513T5ADFJ#30 | PLQP0032GB-A

R5F513T5ADNH | R5F513T5ADNH#20 | PWQNOO32KE-A

R5F513T3ADFL | R5F513T3ADFL#30 | PLQPO048KB-B | 64 Kbytes

R5F513T3ADNE | R5F513T3ADNE#20 | PWQNOO48KE-A

R5F513T3ADFJ | R5F513T3ADFJ#30 | PLQP0032GB-A

R5F513T3ADNH | R5F513T3ADNH#20 | PWQNOO32KE-A
RX13T R5F513TSAGFL | RSF513T5AGFL#30 | PLQP0048KB-B | 128 Kbytes | _40to +105°C

(G version) R5F513T5AGNE | R5F513T5AGNE#20 | PWQNOO48KE-A
RSF513T5AGFJ | R5F513T5AGFJ#30 | PLQPO032GB-A
REF513T5AGNH | RSF513T5AGNH#20 | PWQNOO32KE-A
RSF513T3AGFL | R5F513T3AGFL#30 | PLQPOD4SKBB | 64 Kbytes
REF513T3AGNE | R5F513T3AGNE#20 | PWQNOO4SKE-A
REF513T3AGFJ | R5F513T3AGFJ#30 | PLQPO032GB-A
REF513T3AGNH | RSF513T3AGNH#20 | PWQNOO32KE-A

Note:  The part numbers for orders above are used for products in mass production or under development when this manual is issued.
Refer to the Renesas Electronics Corporation website for the latest part numbers.
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S F5 13T F L #3 O

L Production identification code

Packing

#0, #2: Tray (HWQFN)

#1, #3: Tray (LFQFP, LQFP)

#4: Embossed Tape (HWQFN)

#5: Embossed Tape (LFQFP, LQFP)

Package type, number of pins, and pin pitch
FL : LFQFP/48/0.5

FJ : LQFP/32/0.8

NE: HWQFN/48/0.50

NH: HWQFN/32/0.50

D: Operating ambient temperature: —40 to +85°C
G: Operating ambient temperature: —40 to +105°C

A: 5V

ROM and RAM capacity
5: 128 Kbytes/12 Kbytes
3: 64 Kbytes/12 Kbytes

Group name
3T: RX13T Group

Series name
RX100 Series

Type of memory
F: Flash memory version

Renesas MCU

Renesas semiconductor product

Figure 1.1 How to Read the Product Part Number
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1.3 Block Diagram
Figure 1.2 shows ablock diagram.

N
| E2 DataFlash |
— IWDTa |
) CRC |
| SClg x 2 channels |
>| SClh x 1 channel |
P
- >| RIICa x 1 channel |
G ©
N ICUb [ o
ROM — hat j| MTU3c x 6 channels |
] g — POESC | Port 1
@ kK—| DTCb (13 . ot ) |
2 N = CMT x 2 channels (unit O
—aa— -
RAM C'g s g ﬁ_ N 12-bit A/D converter x 8 channels
sl | T & ort
K18 8‘ 1S g Programmable gain amplifier
2 -~ S [ x 3 channels
. % 7 5
< |E £ Sample and hold circuit
Ao - ————— Port 7
RX CPU >\/ _é) x 3 channels
EPU — —— % Port 9
~ E 8-bit D/A converter x 1 channel |
s .
Clock s — DOC |
generation ISR
circuit - :{ Comparator C x 3 channels |
~~
Port D
| CAC |
NS
ICUb: Interrupt controller MTU3c: Multi-function timer pulse unit 3
DTChb: Data transfer controller POE3C: Port output enable 3
IWDTa: Independent watchdog timer DOC: Data operation circuit
CRC: CRC (cyclic redundancy check) calculator CAC: Clock frequency accuracy measurement circuit
SClg, SClh: Serial communications interface FPU: Floating process unit
RIICa: I2C bus interface
Figure 1.2 Block Diagram
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14 Pin Functions
Table 1.4 liststhe pin functions.

Table 1.4 Pin Functions (1/2)

Classifications  Pin Name 1/0 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply.
VCL — Connect this pin to the VSS pin via the 4.7 eF smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the pin.
VSS Input Ground pin. Connect it to the system power supply (0 V).
Clock XTAL Output  Pins for connecting a crystal. An external clock can be input through the
EXTAL input  EXTALpIn.
Operating mode  MD Input Pin for setting the operating mode. The signal levels on this pin must not
control be changed during operation.
System control RES# Input Reset pin. This MCU enters the reset state when this signal goes low.
CAC CACREF Input Input pin for the clock frequency accuracy measurement circuit.
On-chip FINED 1/0 FINE interface pin.
emulator
Interrupts NMI Input Non-maskable interrupt request pin.
IRQO to IRQ5 Input Interrupt request pins.
Multi-function MTIOCOA, MTIOCOB, 1/0 The TGRAO to TGRDO input capture input/output compare output/PWM
timer pulse unit3 MTIOCOC, MTIOCOD output pins.
MTIOC1A, MTIOC1B 1/0 The TGRA1 and TGRBL1 input capture input/output compare output/PWM
output pins.
MTIOC2A, MTIOC2B 1/0 The TGRA2 and TGRB2 input capture input/output compare output/PWM
output pins.
MTIOC3A, MTIOC3B, 110 The TGRA3 to TGRD3 input capture input/output compare output/PWM
MTIOC3C, MTIOC3D output pins.
MTIOC4A, MTIOC4B, 110 The TGRA4 to TGRD4 input capture input/output compare output/PWM
MTIOC4C, MTIOC4D output pins.
MTIC5U, MTIC5V, MTIC5W  Input The TGRUS5, TGRV5, and TGRWS5 input capture input/external pulse input
pins.
MTCLKA, MTCLKB, Input Input pins for the external clock.
MTCLKC, MTCLKD
ADSMO Output  A/D trigger output pin.
Port output POEO#, POES8#, POE10# Input Input pins for request signals to place the MTU pins in the high impedance
enable 3 state.
Serial Asynchronous mode/clock synchronous mode
communications -
. SCK1, SCK5 /10 Input/output for the clock.
interface (SClg) nput/output pins for the cloc
RXD1, RXD5 Input Input pins for received data.
TXD1, TXD5 Output  Output pins for transmitted data.
CTS1#, CTS5# Input Input pins for controlling the start of transmission and reception.
RTS1#, RTS5# Output  Output pins for controlling the start of transmission and reception.
Simple 12C mode
SSCL1, SSCL5 1/0 Input/output pins for the 12C clock.
SSDA1, SSDA5S 1/0 Input/output pins for the 12C data.
Simple SPI mode
SCK1, SCK5 110 Input/output pins for the clock.
SMISO1, SMISO5 /0 Input/output pins for slave transmit data.
SMOSI1, SMOSI5 1/0 Input/output pins for master transmit data.
SS1#, SSh# Input Chip-select input pins.
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Table 1.4

Pin Functions (2/2)

Classifications

Pin Name

110

Description

Serial
communications

Asynchronous mode/clock synchronous mode

interface (SCIh) SCK12 1/0 Input/output pin for the clock

RXD12 Input Input pin for received data

TXD12 Output  Output pin for transmitted data

CTS12# Input Input pin for controlling the start of transmission and reception

RTS12# Output  Output pin for controlling the start of transmission and reception

Simple 12C mode
SSCL12 110 Input/output pin for the 12C clock
SSDA12 110 Input/output pin for the 12C data
Simple SPI mode

SCK12 1/0 Input/output pin for the clock

SMISO12 /0 Input/output pin for slave transmission of data

SMOSI12 1/0 Input/output pin for master transmission of data

SS12# Input Chip-select input pin

Extended serial mode

RXDX12 Input Input pin for SCIf received data

TXDX12 Output  Output pin for SCIf transmitted data

SIOX12 1/0 Input/output pin for SCIf received or transmitted data

12C bus interface SCLO 1/0 Input/output pin for I2C bus interface clocks. Bus can be directly driven by
the N-channel open drain output.

SDAO 1/0 Input/output pin for 12C bus interface data. Bus can be directly driven by
the N-channel open drain output.

12-bit A/D ANOO0O to ANOO7 Input Input pins for the analog signals to be processed by the A/D converter.
converter ADTRGO# Input Input pin for the external trigger signals that start the A/D conversion.

ADSTO Output  Output pin for A/D conversion status.

Comparator C CMPCO00, CMPCO02, Input Analog input pin for CMPCO

CMPCO03

CMPC10, CMPC12, Input Analog input pin for CMPC1

CMPC13

CMPC20, CMPC22 Input Analog input pin for CMPC2

COMPO to COMP2 Output Comparator detection result output pins.

CVREFCO Input Analog reference voltage supply pins for comparator C.

Analog power AVCCO Input Analog voltage supply pin for the 12-bit A/D converter, comparator C, and
supply the 8-bit D/A converter for generating comparator C reference voltage.
Connect this pin to VCC when these modules are not used.

AVSSO Input Analog ground pin for the 12-bit A/D converter, comparator C, and the 8-
bit D/A converter for generating comparator C reference voltage. Connect
this pin to VSS when these modules are not used.

1/0 ports P10, P11 1/0 2-bit input/output pins.

P22 to P24 1/0 3-bit input/output pins.

P36, P37 1/0 2-bit input/output pins.

P40 to P47 1/0 8-bit input/output pins.

P70 to P76 1/0 7-bit input/output pins.

P93, P94 1/0 2-bit input/output pins.

PA2, PA3 110 2-bit input/output pins.

PBO to PB7 1/0 8-bit input/output pins.

PD3 to PD6 1/0 4-bit input/output pins.

PE2 Input 1-bit input pin.
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15 Pin Assignments
151 48-Pin LFQFP
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Note: This figure indicates the power supply pins and /O port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (48-Pin LFQFP/HWQFN)".
Figure 1.3 Pin Assignments of the 48-Pin LFQFP
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15.2 48-Pin HWQFN

Note:
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It is recommended to connect an exposed die pad to VSS.

Note: This figure indicates the power supply pins and VO port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (48-Pin LFQFP/HWQFN)".

P93
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Figure 1.4

Pin Assignments of the 48-Pin HWQFN
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1.5.3 32-Pin LQFP
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Note: This figure indicates the power supply pins and /O port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (32-Pin LQFP/HWQFN)”.

Figure 1.5

Pin Assignments of the 32-Pin LQFP
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154 32-Pin HWQFN
0n O
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Note: Itis recommended to connect an exposed die pad to VSS.
Note: This figure indicates the power supply pins and VO port pins.
For the pin configuration, see the table “List of Pins and Pin Functions (32-Pin LQFP/HWQFN)”.
Figure 1.6 Pin Assignments of the 32-Pin HWQFN
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1.6 List of Pins and Pin Functions

16.1 48-Pin LFQFP/HWQFN
Table 1.5 List of Pins and Pin Functions (48-Pin LFQFPLQFP/HWQFN) (1/2)
Power Supply,
Pin Clock, System Timers Communications
No. | Control 1/0 Port (MTU, POE, CAC) (SCI, RIIC) Others
1 VCL
2 MD FINED
3 RES#
4 XTAL P37
5 VSS
6 EXTAL P36
7 VCC
8 PE2 POE10# NMI/IRQO
9 PD6 MTIOCOD CTS1#/RTS1#/SS1# IRQ5/ADSTO
10 PD5 MTIOCOC RXD1/SMISO1/SSCL1 IRQ3
11 PD4 MTIOCOB SCK1 IRQ2
12 PD3 MTIOCOA TXD1/SMOSI1/SSDA1
13 PB7 MTIOC3C/MTCLKD RXD1/SMISO1/SSCL1/RXD5/SMISO5/ IRQ5
SSCL5
14 PB6 MTIOC1B/MTIOC3A TXD1/SMOSI1/SSDA1/TXD5/SMOSI5/
SSDA5
15 PB5 ADTRGO#
16 PB4 POES8# IRQ3
17 PB3 MTIOCOA/CACREF SCK5/SCK12
18 PB2 MTIOCOB/MTCLKC/ADSMO TXD5/SMOSI5/SSDA5/SDAQ
19 PB1 MTIOCOC/MTIC5W/MTCLKA RXD5/SMISO5/SSCL5/SCLO IRQ2
20 PBO MTIOCOD/MTIOC2A/MTCLKB TXD12/TXDX12/SI0X12/SMOSI12/
SSDA12
21 PA3 MTIOC1B/MTIOC2A CTS12#/RTS12#/SS12#
22 PA2 MTIOC1A/MTIOC2B CTS5#/RTS5#/SS5# IRQ4
23 P94 MTIOC2B/MTIC5U/MTCLKA RXD12/RXDX12/SMISO12/SSCL12 IRQ1
24 P93 MTIOC1A/MTIC5V SCK5/SCK12 IRQO/ADTRGO#
25 P76 MTIOC4D
26 P75 MTIOC4C
27 P74 MTIOC3D
28 P73 MTIOC4B
29 P72 MTIOC4A
30 P71 MTIOC3B
31 P70 POEO# IRQ5
32 VCC
33 VSS
34 P24 MTIC5U RXD5/SMISO5/SSCL5 IRQ3/COMPO
35 P23 MTIC5V/CACREF TXD5/SMOSI5/SSDAS IRQ4/COMP1
36 P22 MTIC5W IRQ2/COMP2
37 P47*1 ANO07/CMPC13
38 P46*1 ANO06/CMPCO03
39 P45*1 ANO05/CMPC22
40 P44*1 ANO004/CMPC12
41 P43*1 ANO003/CMPC02
42 P42*1 ANO002/CMPC20
43 P41*1 ANO001/CMPC10
44 P40*1 ANO00/CMPCO00
45 AVCCO
46 AVSSO
47 P11 MTIOC3A/MTCLKA/POE8# IRQ1/CVREFCO
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Table 1.5 List of Pins and Pin Functions (48-Pin LFQFPLQFP/HWQFN) (2/2)

Power Supply,
Pin | Clock, System Timers Communications
No. | Control 1/0 Port (MTU, POE, CAC) (SCI, RIIC) Others
48 P10 MTCLKB IRQO

Note 1. The power source of the I/O buffer for these pins is AVCCO.
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1.6.2 32-Pin LQFP/HWQFN
Table 1.6 List of Pins and Pin Functions (32-Pin LQFP/HWQFN)
Power Supply,
Pin Clock, System Timers Communications
No. | Control I/0 Port (MTU, POE, CAC) (SCI, RIIC) Others
1 VCL
2 MD FINED
3 RES#
4 XTAL P37
5 VSS
6 EXTAL P36
7 VCC
8 PE2 POE10# NMI/IRQO
9 PB7 MTIOC3C/MTCLKD RXD1/SMISO1/SSCL1/RXD5/SMISO5/ IRQ5
SSCL5
10 PB6 MTIOC1B/MTIOC3A TXD1/SMOSI1/SSDA1/TXD5/SMOSI5/
SSDA5
11 PB3 MTIOCOA/CACREF SCK5/SCK12
12 PB2 MTIOCOB/MTCLKC/ADSMO TXD5/SMOSI5/SSDA5/SDAO
13 PB1 MTIOCOC/MTIC5W/MTCLKA RXD5/SMISO5/SSCL5/SCLO IRQ2
14 PBO MTIOCOD/MTIOC2A/MTCLKB TXD12/TXDX12/SI0X12/SMOSI12/
SSDA12
15 P94 MTIOC2B/MTIC5U/MTCLKA RXD12/RXDX12/SMISO12/SSCL12 IRQ1
16 P93 MTIOC1A/MTIC5V SCK5/SCK12 IRQO/ADTRGO#
17 P76 MTIOC4D
18 P75 MTIOC4C
19 P74 MTIOC3D
20 P73 MTIOC4B
21 P72 MTIOC4A
22 P71 MTIOC3B
23 VvCC
24 VSS
25 P44*1 AN004/CMPC12
26 P43+l ANO003/CMPCO02
27 P42*1 AN002/CMPC20
28 P41*1 AN001/CMPC10
29 P40*1 ANOOO/CMPCO00
30 AVCCO
31 AVSSO
32 P11 MTIOC3A/MTCLKA/POES8# IRQ1/CVREFCO

Note 1. The power source of the 1/O buffer for these pins is AVCCO.
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2. CPU

This MCU hasthe RX CPU asits core.

A variable-length instruction format has been adopted for the RX CPU. Allocating the more frequently used instructions
to the shorter instruction lengths facilitates the devel opment of efficient programs that take up less memory.

The CPU has 73 basic instructions, 8 floating-point operation instructions, and nine DSP instructions, for atotal of 90
instructions. It has 10 addressing modes and caters to register-to-register operations, register-to-memory operations,
immedi ate-to-register operations, immediate-to-memory operations, memory-to-memory transfer, and bitwise
operations. In asingle cycle, high-speed calculation is attained for not just register-to-register operations, but also for
other types of combined instructions. The CPU includes an internal multiplier and an internal divider for high-speed
multiplication and division.

The RX CPU has afive-stage pipeline for processing instructions. The stages are instruction fetching, decoding,
execution, memory access, and write-back. In cases where pipeline processing is drawn-out by memory access,
subsequent operations may in fact be executed earlier. By adopting an “ out-of-order completion” of thiskind, instruction
execution is controlled to optimize the number of clock cycles.

2.1 Features

Minimum instruction execution rate: One instruction per clock cycle

Address space: 4-Gbyte linear

Register set of the CPU

General purpose: Sixteen 32-hit registers

Control: Nine 32-bit registers

Accumulator: One 64-bit register

Floating-point operation instructions: 8

Basic instructions: 73 (arithmetic/logic instructions, data-transfer instructions, branch instructions, bit-manipulation
instructions, string-manipulation instructions, and system-manipulation instructions)
Relative branch instructions to suit branch distances

Variable-length instruction format (Iengths from 1 to 8 bytes)

Short formats for frequently used instructions

DSPinstructions: 9

Supports 16-bit x 16-bit multiplication and multiply-and-accumul ate operations.
Rounds the data in the accumulator.

Addressing modes: 10

Five-stage pipeline

Adoption of “out-of-order completion”

Processor modes

A supervisor mode and a user mode are supported.

Floating-point operation unit

Supports single-precision (32-bit) floating point

Supports data types and exceptions in conformance with the IEEE754 standard
Data arrangement

Selectable as little endian or big endian
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2.2 Register Set of the CPU

The RX CPU has 16 general-purpose registers, nine control registers, and one accumulator used for DSP instructions.

General-purpose registers
b31 o]0]

RO (SP)™
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15

Control registers

b31 b0
ISP (Interrupt stack pointer)
USP (User stack pointer)
INTB (Interrupt table register)
PC (Program counter)
PSwW (Processor status word)

BPSW  (Backup PSW)

FINTV (Fast interrupt vector register)

I |
I |
I |
| BPC (Backup PC) |
I |
I |
I |

FPSW (Floating-point status word)

DSP instruction register
b63 b0
ACC (Accumulator)

Note 1. The stack pointer (SP) can be the interrupt stack pointer (ISP) or user stack pointer (USP), according to
the value of the U bit in the PSW register.

Figure 2.1 Register Set of the CPU
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2.2.1 General-Purpose Registers (RO to R15)

This CPU has 16 genera -purpose registers (RO to R15). RO to R15 can be used as data registers or address registers.
RO, a general-purpose register, also functions as the stack pointer (SP). The stack pointer is switched to operate as the
interrupt stack pointer (ISP) or user stack pointer (USP) by the value of the stack pointer select bit (U) in the processor
status word (PSW).

2.2.2 Control Registers

This CPU has the following nine control registers.
Interrupt stack pointer (1SP)
User stack pointer (USP)
Interrupt table register (INTB)
Program counter (PC)
Processor status word (PSW)
Backup PC (BPC)
Backup PSW (BPSW)
Fast interrupt vector register (FINTV)
Floating-point status word (FPSW)
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2.2.2.1 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP)

b31 b0

ISP

Value afterreset. 0 0 0 0 0 0 0 0 0 0 0 O O 0 0 O OO O O OOU OU OU OO OO OO OU OU OO OSFOWO

b31 b0

uUspP

L L
Value afterreset. 0 0 0 0 0 0 0 O 0 0 0 0 O O OO O O O OO OU O OTU OU OWUOU OOU OUOTU OSFUO

The stack pointer (SP) can be either of two types, the interrupt stack pointer (ISP) or the user stack pointer (USP).
Whether the stack pointer operates as the | SP or USP depends on the value of the stack pointer select bit (U) in the
processor status word (PSW).

Set the ISP or USPto a multiple of 4, as this reduces the numbers of cycles required to execute interrupt sequences and
instructions entailing stack manipulation.

2.2.2.2 Interrupt Table Register (INTB)

b31 b0

L L
Value after reset: Undefined

The interrupt table register (INTB) specifies the address where the relocatable vector table starts.

2.2.2.3 Program Counter (PC)

b31 b0

L L
Value after reset: Contents of addresses FFFFFFFCh to FFFFFFFFh

The program counter (PC) indicates the address of the instruction being executed.
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2224 Processor Status Word (PSW)
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — — IPL[3:0] — — — PM — — u I
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — — — o] S z C
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 C Carry Flag 0: No carry has occurred. R/W
1: A carry has occurred.
bl z Zero Flag 0: Result is not 0. R/W
1: Result is 0.
b2 S Sign Flag 0: Result is a positive value or 0. R/W
1: Result is a negative value.
b3 (0] Overflow Flag 0: No overflow has occurred. R/W
1: An overflow has occurred.
bl5tob4d — Reserved These bits are read as 0. The write value should be 0. R/W
b16 [*1 Interrupt Enable 0: Interrupt disabled. R/W
1: Interrupt enabled.
b17 U+l Stack Pointer Select 0: Interrupt stack pointer (ISP) is selected. R/W
1: User stack pointer (USP) is selected.
b19,b18 — Reserved These bits are read as 0. The write value should be 0. R/W
b20 PM*1,%2,%3 Processor Mode Select 0: Supervisor mode is selected. R/W
1: User mode is selected.
b23tob21 — Reserved These bits are read as 0. The write value should be 0. R/W
b27 to b24 IPL[3:0]*1 Processor Interrupt Priority Level b27 b24 R/W
0 0 0 O: Priority level O (lowest)
0 0 O 1: Priority level 1
0 0 1 O: Priority level 2
0 0 1 1: Priority level 3
0 1 O O: Priority level 4
0 1 O 1: Priority level 5
0 1 1 O: Priority level 6
0 1 1 1: Priority level 7
1 0 0 O: Priority level 8
1 0 0 1: Priority level 9
1 0 1 O: Priority level 10
1 0 1 1: Priority level 11
1 1 0 O: Priority level 12
1 1 0 1: Priority level 13
1 1 1 0: Priority level 14
1 1 1 1: Priority level 15 (highest)
b31to b28 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. In user mode, writing to the IPL[3:0], PM, U, and | bits by an MVTC or a POPC instruction is ignored.
Writing to the IPL[3:0] bits by an MVTIPL instruction generates a privileged instruction exception.

Note 2. In supervisor mode, writing to the PM bit by an MVTC or a POPC instruction is ignored, but writing to the other bits is possible.

Note 3. Switching from supervisor mode to user mode requires execution of an RTE instruction after having set the PSW.PM bit saved
on the stack to 1 or executing an RTFI instruction after having set the BPSW.PM bit to 1.
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The processor status word (PSW) indicates the results of instruction execution or the state of the CPU.

C Flag (Carry Flag)
This flag indicates whether a carry, borrow, or shift-out has occurred as the result of an operation.

Z Flag (Zero Flag)
Thisflag indicates that the result of an operation was 0.

S Flag (Sign Flag)
Thisflag indicates that the result of an operation was negative.

O Flag (Overflow Flag)
This flag indicates that an overflow occurred during an operation.

| Bit (Interrupt Enable)
This bit enables interrupt requests. When an exception is accepted, this bit becomes 0.

U Bit (Stack Pointer Select)
This bit specifies the stack pointer as either the ISP or USP. When an exception request is accepted, this bit becomes 0.
When the processor mode is switched from supervisor mode to user mode, this bit becomes 1.

PM Bit (Processor Mode Select)
This bit specifies the processor mode. When an exception is accepted, this bit becomes 0.

IPL[3:0] Bits (Processor Interrupt Priority Level)

The IPL[3:0] bits specify the processor interrupt priority level as one of 16 levels from zero to 15, wherein priority level
zero isthe lowest and priority level 15 the highest. When the priority level of arequested interrupt is higher than the
processor interrupt priority level, the interrupt is enabled. Setting the IPL[3:0] bitsto level 15 (Fh) disables all interrupt
requests. The IPL[3:0] bits are set to level 15 (Fh) when a non-maskable interrupt is generated. When interrupts are
generated, the bits are set to the priority levels of accepted interrupts.

2.2.25 Backup PC (BPC)

b31 b0

L L
Value after reset: Undefined

The backup PC (BPC) is provided to speed up response to interrupts.
After afast interrupt has been generated, the contents of the program counter (PC) are saved in the BPC register.
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2.2.2.6

1 1
Value after reset: Undefined

Backup PSW (BPSW)

The backup PSW (BPSW) is provided to speed up response to interrupts.
After afast interrupt has been generated, the contents of the processor status word (PSW) are saved in the BPSW. The
allocation of bitsin the BPSW corresponds to that in the PSW.

2.2.2.7 Fast Interrupt Vector Register (FINTV)
b31 b0
Value after reset: Undefined
Thefast interrupt vector register (FINTV) is provided to speed up response to interrupts.
The FINTV register specifies a branch destination address when a fast interrupt has been generated.
2.2.2.8 Floating-Point Status Word (FPSW)
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
FS FX FU Fz FO FV — — — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bl5  bl4  bl3  bl2 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— EX EU EZ EO EV — DN CE CcX cu cz co cv RM[1:0]
Value after reset: 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 I 0
Bit Symbol  Bit Name Description R/W
b1, b0 RM[1:0] Floating-Point Rounding-Mode bl bo . R/W
Setting 0 0: Rounding towards the nearest value
0 1: Rounding towards O
1 0: Rounding towards +b
1 1: Rounding towards —b
b2 CV Invalid Operation Cause Flag 0: No invalid operation has been encountered. R/(