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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. Nolicense, 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. ltis 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.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWWw.renesas.com www.renesas.com/contact/
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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 V4 (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 LSI 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

Readers

Purpose

Organization

How to Read This Manual

This manual is intended for user engineers who wish to understand the functions of the

RL78/I1E and design and develop application systems and programs for these devices.

This manual is intended to give users an understanding of the functions described in the

Organization below.

The RL78/1ME manual is separated into two parts: this manual and the software edition

(common to the RL78 family).

RL78/ME
RL78 Family
User’s Manual
User’s Manual
Hardware Software
(This Manual)
* Pin functions » CPU functions
« Internal block functions * Instruction set
* Interrupts  Explanation of each instruction

 Other on-chip peripheral functions
« Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical engineering,
logic circuits, and microcontrollers.
* To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark “<R>" shows major revised
points. The revised points can be easily searched by copying an “<R>" in the PDF file and
specifying it in the “Find what:” field.

* How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved word
in the assembler, and is defined as an sfr variable using the #pragma sfr directive in the
compiler.

* To know details of the RL78/I1E Microcontroller instructions:

— Refer to the separate document RL78 Family User's Manual Software (R01US0015E).



Conventions Data significance: Higher digits on the left and lower digits on the right

Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary.................. XXXX OF XxxXB
Decimal............... XXXX
Hexadecimal....... xXxxXH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
RL78/I1E User's Manual Hardware This manual
RL78 Family User's Manual Software R01US0015E

Documents Related to Flash Memory Programming (User’s Manual)

Document Name Document No.

PG-FP5 Flash Memory Programmer User’'s Manual —

RL78, 78K, V850, RX100, RX200, RX600 (Except RX64x), R8C, SH R20UT2923E
Common R20UT2922E
Setup Manual R20UT0930E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.



Other Documents

Document Name Document No.
Renesas MPUs & MCUs RL78 Family R0O1CP0003E
Semiconductor Package Mount Manual Note
Semiconductor Reliability Handbook R51ZZ0001E
Note See the “Semiconductor Device Mount Manual” website (http://www.renesas.com/products/package/index.jsp).

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.

All trademarks and registered trademarks are the property of their respective owners.
EEPROM is a trademark of Renesas Electronics Corporation.

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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CHAPTER 1 OUTLINE

1.1 Features

Ultra-low power consumption technology
@®\Vop=24t055V

@ HALT mode

@ STOP mode

@ SNOOZE mode

RL78 CPU core
@ CISC architecture with 3-stage pipeline
@ Minimum instruction execution time: Can be changed from high speed (0.03125 us: @ 32 MHz operation with

high-speed on-chip oscillator or PLL clock)Note to ultra-low speed (1 us: @ 1 MHz operation with high-speed on-
chip oscillator or PLL clock)

@ Multiply/divide/multiply & accumulate instructions are supported.
@ Address space: 1 MB

@ General-purpose registers: (8-bit register x 8) x 4 banks

@ On-chip RAM: 8 KB

Note For industrial applications (M; TA = —40 to +125°C): 0.04167 us @ 24 MHz operation with high-speed on-
chip oscillator or PLL clock

Code flash memory

@ Code flash memory: 32 KB

@ Block size: 1 KB

@ Prohibition of block erase and rewriting (security function)
@ On-chip debug function

@ Self-programming (with boot swap function/flash shield window function)

Data flash memory
@ Data flash memory: 4 KB

@ Back ground operation (BGO): Instructions can be executed from the program memory while rewriting the data
flash memory.

@ Number of rewrites: 1,000,000 times (TYP.)
@ Voltage of rewrites: VDD =2.4t0 5.5V

High-speed on-chip oscillator
@ Select from 32 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz
@ High accuracy: +2.0% (Vbbb =2.4t0 5.5V, TA =-40 to +105°C)

+3.0% (VDD =2.4t0 5.5V, TA = -40 to +125°C)
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Operating ambient temperature
@ TA =-40 to +105°C (G: Industrial applications)
@ TA = -40 to +125°C (M: Industrial applications)

Power management and reset function
@ On-chip power-on-reset (POR) circuit
@ On-chip voltage detector (LVD) (Select interrupt and reset from 7 levels)

Data transfer controller (DTC)
@ Transfer modes: Normal transfer mode, repeat transfer mode, block transfer mode
@ Activation sources: Activated by interrupt sources.

@ Chain transfer function

Event link controller (ELC)
@ Event signals of 16 types can be linked to the specified peripheral function.

Serial interfaces

@ Simplified SPI (CSI Note): 2 channels

@ UART: 2 channels (UART with LIN-bus supported: 1 channel)
@ 12C/simplified 12C: 2 channels

Timer

@ 16-bit timer: 8 channels
(Timer Array Unit (TAU): 6 channels, timer RJ: 1 channel, timer RG: 1 channel)

@ Interval timer: 1 channel
@ Real-time clock: 1 channel (calendar for 99 years, alarm function, and clock correction function)

@ Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

Analog front-end (AFE) power supply
@ Sensor power supply (SBIAS) output: 0.5V t0 2.2V

24-bit AZ A/D converter with programmable gain instrumentation amplifier
@ 24-bit second-order AZ A/D converter (AVDD = 2.7 to 5.5 V)
@® SNDR: 85dB (TYP.)

@ Output datarate: 488 sps to 15.625 ksps in normal mode
61 sps to 1.953 ksps in low power mode

@ Programmable gain instrumentation ampilifier input: 3 or 4 channels
(differential input mode or single-ended input mode can be specified for each input channel)

@ DAC for offset adjustment
@ Variable gain: x1 to x64

@ On-chip temperature sensor

10-bit A/D converter
@ 8-bit/10-bit successive approximation A/D converter (AVDbD = 2.7 to 5.5 V)
@ Analog input: 8 or 10 channels, sensor power supply (SBIAS), and internal reference voltage

@ Internal reference voltage (1.45 V)

RO1UH0524EJ0130 Rev. 1.30 RRENESAS Page 2 of 912
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Configurable amplifier

@ Matrix configuration that consists of 3 operational amplifier channels and a configurable switch (AVbD = 2.7 t0 5.5

V)

@ Can be used as a 2- or 3-channel general operational amplifier

@ Operational amplifier output: 3 channels

@ General-purpose Analog I/O ports: 5 or 6 channels

@ Offset voltage calibration

D/A converter
@ 12-bit R-2R resistor ladder type D/A converter (AVDD = 2.7 to 5.5 V)

@ Analog output: 1 channel (via configurable ampilifier)

1/0O port

@ CMOS 1/O: 10 to 14 (N-ch open drain I/O [withstanding voltage of Vbb]: 6, CMOS 1/O: 7 to 11, CMOS input: 3)

@ Can be set to TTL input buffer and on-chip pull-up resistor

@ Different potential interface: Can connect to a 2.5/3 V device

@ On-chip clock output/buzzer output controller

Others

@ On-chip BCD (binary-coded decimal) correction circuit

Note

Although the CSI function is generally called SPI, it is also called CSI in this product, so it is referred to as

such in this manual.

O ROM, RAM capacities

RL78/I1E
Flash ROM Data flash RAM
32 pins 36 pins
32 KB 4 KB 8 KB R5F11CBC R5F11CCC
RO1UH0524EJ0130 Rev. 1.30 RRENESAS Page 3 of 912
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1.2 Ordering Information

Figure 1 - 1 Part Number, Memory Size, and Package of RL78/I1E
PartNo. R5F11CBCGxxxNA#40

<R> Packaging specification

#00, #20, #60: Tray (HVQFN)

#UO: Tray (HVQFN, TFBGA)

#40: Embossed Tape (HVQFN)

#WO: Embossed Tape (HVQFN, TFBGA)

Package type:
BG:TFBGA, 0.50 mm pitch
NA:HVQFN, 0.50 mm pitch

———— ROM number (Omitted with blank products)

Fields of application:
G: Industrial applications, Ta = -40 to +105°C
M: Industrial applications, TA = -40 to +125C

ROM capacity:
C: 32KB

Pin count:
B: 32-pin
C: 36-pin

RL78/ME

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

pi Fields of
n
Package Application Ordering Part Number
count
Note
32 pins | 32-pin plastic HYQFN G R5F11CBCGNA#20
(5 x 5 mm, 0.5 mm pitch) R5F11CBCGNA#40
R5F11CBCGNA#00
<R> R5F11CBCGNA#60
M R5F11CBCMNA#UO
R5F11CBCMNA#WO0
36 pins | 36-pin plastic TFBGA G R5F11CCCGBG#UO
(4 x4 mm, 0.5 mm pitch) R5F11CCCGBG#WO0
M R5F11CCCMBG#UO
R5F11CCCMBG#WO0
Note For the fields of application, refer to Figure 1 - 1 Part Number, Memory Size, and Package of RL78/I1E.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering part
numbers, refer to the target product page of the Renesas Electronics website.

RO1UH0524EJ0130 Rev. 1.30 RRENESAS Page 4 of 912
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1.3 Pin Configuration (Top View)

1.3.1 32-pin products
+ 32-pin plastic HYQFN (5 x 5 mm, 0.5 mm pitch)
o AN ™
X X XX
zZz zzZ
< <<
OZao0Z2da
OO0 O v« v« «—
agaooao
== =2=2==
< LI LLLL
O g O Fwo
w>zzzzzz
re<< << <
oNe
exposed die pad (
2423222120191817
SBIAS O 25\ _ _ _ _ _ 16[=——=O ANI7Z/AMP20
AVss O———|26 1 -: 15 O ANI9/AMP2P/ANXS
PGAOP O—{27 | | 14=—-O P15/SCK00/SCLOO/TI10/TO10/INTP6/TRGCLKB
PGAON O——{28 I RL78/ME [ 13}«——=0O P14/SI00/RXD0/SDA00/TI02/TO02/INTP5/ TOOLRXD
PGA1P O—~(29 | (Top View) | 12[«——0O P13/SO00/TXDO/TI00/TO00/INTP4/TOOLTXD/RTC1HZ
PGAIN O—{30 | 10 P12/SCK01/SCLO1/TI11/TO11/INTP3/PCLBUZO/TRGIOB/TRJOO
PGAPO—31 N | 10+——0O P11/SI101/RXD1/SDA01/TI03/TO03/INTP2/ TRGCLKA/TRJIOO0
PGA2N O—=(32 9e——=O P10/SO01/TXD1/TIO1/TOO1/INTP1/TRGIOA
12345678
INDEX MARK i i i i i i
O
oo N~ O 2 a
ghESEg s
PREZo
s BxE
1gyg
~ -
® o
o
Caution 1. Connect the REGC pin to the Vss pin via a capacitor (0.47 to 1 uF).
Caution 2. Connect the REGA pin to the AVss pin via a capacitor (0.22 uF).
Caution 3. Make the AVss pin the same potential as the Vss pin.
Caution 4. Make the AVbpp pin the same potential as the Vbp pin.
Caution 5. Connect the SBIAS pin to the AVss pin via a capacitor (0.22 uF).
Remark 1. Itis recommended to connect an exposed die pad to Vss.
R0O1UH0524EJ0130 Rev. 1.30 -IENESAS Page 5 of 912
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1.3.2 36-pin products
* 36-pin plastic TFBGA (4 x 4 mm, 0.5 mm pitch)
Top View Bottom View
OEORGRGRORY: 6 OO00O00O0
SEOECEGRCRS 5 ONONONORONG)
< I'?:; ‘\’,’;f:fvl < 4 O0000O0
SRVEVEORVRES 3 00000
. SRURORS 2 ONONONOGRON®)
b\ \ CRGRGRS: 1 OO0O00O0 OA
A B h\D E F F EDCB A
INDEX MARK
A B C D E F
PGA2P PGA1IN PGA1P PGAOP PGA3P AVss
6 6
PGA2N P40/TOOLO PGAON PGA3N REGA SBIAS
5 5
RESET P137/SS100/ P11/SI01/RXD1/ | P12/SCKO01/ ANIO AVbD
INTPO SDAO01/TI03/ SCLO1/TIM1/
4 TOO3/INTP2/ TO11/INTP3/ 4
TRGCLKA/ PCLBUZ0/
TRJIOO TRGIOB/TRJOO0
P122/EXCLK/X2 | p15/SCK00/ P10/SO01/TXD1/ | ANI3/AMPOP/ ANI2/AMPON/ ANI1/AMPOO
SCLO0/TI10/ TI01/TO01/ ANX1 ANXO
3 3
TO10/INTP6/ INTP1/TRGIOA
TRGCLKB
P121/X1 REGC P14/SI00/RXD0/ | P41/ANI6/ P42/ANI5/ ANI4/AMP10
5 SDAO00/TI02/ AMP1P/ANX3 AMP 1N/ANX2 5
TOO02/INTP5/
TOOLRXD
VoD Vss P13/SO00/TXDO0/ | P16/INTP7/ANI9/ | P17/ANI8/ ANI7/AMP20
) TIOO/TOOO/INTP4/ | AMP2P/ANXS5 AMP2N/ANX4 ]
TOOLTXD/
RTC1HZ
A B C D E F
Caution 1. Connect the REGC pin to the Vss pin via a capacitor (0.47 to 1 uF).
Caution 2. Connect the REGA pin to the AVss pin via a capacitor (0.22 puF).
Caution 3. Make the AVss pin the same potential as the Vss pin.
Caution 4. Make the AVbD pin the same potential as the Vbp pin.
Caution 5. Connect the SBIAS pin to the AVss pin via a capacitor (0.22 uF).

RO1UH0524EJ0130 Rev. 1.30
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INTPO to INTP7:
P10 to P17:

P40 to P42:
P121, P122:
P137:
PCLBUZO0:

PGAON to PGA3N:
PGAOP to PGA3P:

(main system clock)
External interrupt input
Port 1

Port 4

Port 12

Port 13

Programmable clock output/

TOO0O0 to TO03, TO10, TO11,
TRJOO:

TOOLO:

TOOLRxD, TOOLTxD:
TRGCLKA, TRGCLKB:
TRGIOA, TRGIOB, TRJIOO:
TxDO, TxD1:

RL78/11E CHAPTER 1 OUTLINE
1.4 Pin Identification

ANIO to ANI9: Analog input RESET: Reset

AMPOP to AMP2P: Operational amplifier REGA: Regulator capacitance for analog
positive input REGC: Regulator capacitance

AMPON to AMP2N: Operational amplifier RTC1HZ: Real-time clock correction
negative input RxDO0, RxD1: Receive data

AMPOO to AMP20: Operational amplifier output ~ SBIAS: Bias output for MEMS sensor

ANXO0 to ANX5: General-purpose analog SCKO00, SCKO01: Serial clock input/output
ports for operational amplifier SCL00, SCLO1: Serial clock output

AVDD: Power supply for analog SI00, SI01: Serial data input

AVss: Ground for analog S000, SO01: Serial data output

EXCLK: External clock input T100 to TI03, TI10, TI11: Timer input

Timer output

Data input/output for tools

Data input/output for external devices
Timer external clock input

Timer input/output

Transmit data

Power supply

Ground

Crystal oscillator (main system clock)

RO1UH0524EJ0130 Rev. 1.30
Mar 29, 2024

buzzer output VDD:

PGA negative analog input Vss:

PGA positive analog input X1, X2:
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1.5

1.5.1

Block Diagram

32-pin products

TAUO (4ch)
cl
TO00 €— PORT1 6 ) P10-P15
TO0! 4—— b
cho2 TOOL ToOL
T002 €4—— TOOLO  TXD  RXD <:> PORT4 [€—> P40
ho3
TO03 4—:—
TAU1 (4ch) oco - <:> PORT12 <Z| P121, P122
Ti0
i
TO11 €—— ° <:> BCD - <:> PORT13 |¢— P137
CODE FLASH: 32KB
DATA FLASH: 4KB
<:> PCLBUZ —» PCLBUZO
TRJIOO €—| TRUO
TRJOO €—]
Extermal INT INTPO-INTPS
TRGCLKA INTERRUPT - o
TRGCLKB —>| TRG RL78 CPU CORE CONTROL
TRGIOA €
TRGIOB €
MULTIPLIER & DTC
DIVIDER, wwobT
Interval Timer MULTIPLY-
ACCUMULATOR
RAM 8KB
CRC
SAUO (4ch)
(LIN)
TXDO €7 RTC — RTC1HZ
RXD1
TXD1 — UARTI
SCK0O
sloo
5000 € Csioo VOLTAGE
SSITG REGULATOR
csc
SCKO1 ? Clock Generator Main OSC
sio1 csiot N 1-20MHz
S001 € Reset Generator REGC
X1 X2/EXCLK
SCLO00
Za—
SCLO1 11c01
SDAO1 POR/ Low Speed High Speed
LVD Internal OSC Internal OSC V. Veo
15kHz 32MHz/24MHz - =
[———————— PGAN
4—————————— PGAOP
24-bitAZA/D Input PGAIN
- < < «—
Converter PGA Mux PGA1P
4———— PGAN
———— Poar
“4— Temperature Sensor
D/A
Converter
I » AMPOO/ANI1
» AMP10/ANI4
®—» AMP20/ANI7
AFE
VOLTAGE
REGULATOR
10-bitA/D Input VY
<:> Converter < Mux | J
REGA AMPON/ANXO/ANI2
AMPOP/ANX1/ANI3
< OPS‘;;‘“" sel SW | AMP1N/ANX2/ANIS
| 4—P AMP1P/ANX3/ANI6
soins € AMP2P/ANX5/ANI9
SBIAS |

AVoo

AVss

RO1UH0524EJ0130 Rev. 1.30

Mar 29, 2024
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1.5.2

36-pin products

TAUO (4ch)

ch0o
TO00 4—:- PORT1 n P10-P17
TIO1 ELC
B e
To02 TOOLO TXD  RXD <:> PORT4 (:z> P40-P42
et T
ho3
TAU1 (4ch) ocp ‘ <:> PORT12 4 | P121,P122
TI0
i o =
—
o
TO11 4— BCD ‘ <:> PORT13 l&— p137
CODE FLASH: 32KB
DATA FLASH: 4KB
<:> PCLBUZ —» PcLBUZO
TRJIOO —P| TRIO
TRIOO €——
External INT n INTPO-INTP?
TRGCLKA INTERRUPT ” ch
TRGCLKB —— | TRG RL78 CPU CORE CONTROL
TRGIOA 4P
TRGIOB
MULTIPLIER & ore
DIVIDER, WwoT
Interval Timer MULTIPLY-
ACCUMULATOR
[ )| RAM 8KB
CRC
SAUO (4ch)
RXDO UARTO
(LIN)
TXD0 —] <:> RTC —» RTC1HZ
RXD1
TxD1 — UART1
SCK0o [&——RESET
si00
$000 # Csloo VOLTAGE
§SI100 PLL REGULATOR
csc
SCKo1 Clock Generator
siot csio1 e
S001 41 Reset Generator REGC
X1 X2/EXCLK
SCLO0 —
SDA00 €—— 11C00 |
ScLot icot Voo Ve
SDAO1 por) | [ow Speed High Speed
b |[imtemal0sc || interal 0sC
15kHz 32MHz/24MHz
[¢———— PGAN
|[—————————— PGAOP
< PGAIN
[—————— pPGAIP
24-bit ASAID Input
<— — -—
Converter PGA Mux PGA2N
D E— VL
[—————— pGAN
[—————— pca3P
4T Sensor
it DA
Converter
— » AMPOO/ANI1
» AMP1O/ANI4
>
s » AMP20/ANI7
VOLTAGE ANIO
REGULATOR
10-bit AID Input vy
REGA Converter < Mux l
| AMPON/ANXO/ANI2
| 4 AMPOP/ANX1/ANI3
OpAmp ol sw MP1N/ANX2/ANI5
SBIAS 3ch < MP1P/ANX3/ANI6
<P AMP2N/ANX4/ANIS
< PIANXS/ANI9
SBIAS
AVeo AV

RO1UH0524EJ0130 Rev. 1.30
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1.6  Outline of Functions
[32-pin, 36-pin products]
(1/2)
32-pin 36-pin
Item
R5F11CBC R5F11CCC
Code flash memory 32 KB
Data flash memory 4 KB
RAM 8 KB
Address space 1MB

Main system High-speed system

clock clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
11020 MHz: Vbb=2.7t0 5.5V, 1t0 16 MHz: Vbb=2.41t0 2.7V

High-speed on-chip
oscillator clock (fiH)

1 to 32 MHz (Vop = 2.7 to 5.5 V)Note 1
1to 16 MHz (Vop =2.4t0 5.5 V)

PLL clock (fPLL divided
by 2, 4, or 8)

3 to 32 MHz (Vop = 2.7 to 5.5 V)Note 2
3to 16 MHz (Vbp = 2.4 to 5.5 V)

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.03125 ps (high-speed on-chip oscillator clock: fiH = 32 MHz operation)Note 3

0.03125 ps (PLL clock: frLL = 64 MHz, fiH = 32 MHz operation)Note 4

0.05 us (high-speed system clock: fux = 20 MHz operation)

Instruction set

« Data transfer (8/16 bits)

» Adder and subtractor/logical operation (8/16 bits)

« Multiplication (8 bits x 8 bits, 16 bits x 16 bits), division (16 bits + 16 bits, 32 bits + 32 bits)
« Multiplication and Accumulation (16 bits x 16 bits + 32 bits)

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

1/0 port Total 10 14
CMOS I/0 7 1
CMOS input 3 3
Timer 16-bit timer 8 channels (TAU: 6 channels, Timer RJ: 1 channel, Timer RG: 1 channel)
Watchdog timer 1 channel
Real-time clock (RTC) | 1 channel
Interval timer 1 channel

Timer output

Timer outputs: 10 channels
PWM outputs: 9 channels

RTC output

1

Clock output/buzzer output

1

2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fmain = 20 MHz operation)

8/10-bit A/D converter

8 channels 10 channels

Serial interface

Simplified SPI (CSI): 2 channels/UART: 2 channels (UART supporting LIN-bus: 1 channel)/simplified 12C:

2 channels

Note 1.
Note 2.
Note 3.

to +125°C)
Note 4.

1 to 24 MHz (Vop = 2.7 to 5.5 V) for M products (industrial applications, Ta = -40 to +125°C)
3 to 24 MHz (Vbp = 2.7 to 5.5 V) for M products (industrial applications, Ta = —40 to +125°C)
0.04167 ps (high-speed on-chip oscillator clock: fiH = 24 MHz operation) for M products (industrial applications, Ta = —40

0.04167 ps (PLL clock: frLL = 64 MHz, fiH = 24 MHz operation) for M products (industrial applications, Ta = —40 to +125°C

RO1UH0524EJ0130 Rev. 1.30
Mar 29, 2024
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(2/2)
32-pin 36-pin
Item
R5F11CBC R5F11CCC
Data transfer controller (DTC) 22 sources
Event link controller (ELC) Event input: 16
Event trigger output: 7

Vectored interrupt Internal 23 23
sources External 7 8
AX A/D converter 24-bit 3 channels 4 channels

AFE temperature 1 channel

sensor
Operational 3-pin 3 channels Note 1 3 channels
amplifier General-purpose 5 channels 6 channels

port
D/A converter 12-bit 1 channel
Reset - Reset by RESET pin

Internal reset by watchdog timer

Internal reset by power-on-reset

Internal reset by voltage detector

Internal reset by illegal instruction execution Note 2
Internal reset by RAM parity error

Internal reset by illegal-memory access

Power-on-reset circuit

1.56 +0.03 V
1.55+0.03 V

Power-on-reset:
Power-down-reset:

Voltage detector

Atrise: 2.55V to 4.64 V (7 steps)
Atfall: 2.61Vto4.74V (7 steps)

On-chip debug function

Provided

Power supply voltage

Vob=241t055V

Operating ambient temperature

Ta =—40 to +105°C (G: Industrial applications), Ta = —40 to +125°C (M: Industrial applications)

Note 1.
configuration.
Note 2.

The illegal instruction is generated when instruction code FFH is executed.

When each of the 3 channels is in use as an independent amplifier, at least one channel must be in a voltage follower

Reset by the illegal instruction execution not is issued by emulation with the in-circuit emulator or on-chip debug

emulator.

RO1UH0524EJ0130 Rev. 1.30
Mar 29, 2024
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CHAPTER 2 PIN FUNCTIONS

2.1 Port Functions

The relationship between these power supplies and the pins is shown below.

Table 2 - 1 Pin 1/O Buffer Power Supplies
(1) 32-pin, 36-pin products

Power Supply Corresponding Pins

VDD All pins
AVDD AFE pins

Set in each port I/O, buffer, pull-up resistor is also valid for alternate functions.

211 32-pin products

Function
Pin Type 1/0 After Reset Alternate Function Function
Name
P10 7-1-4 1/0 Input port SO01/TXD1/TI01/TO01/INTP1/TRGIOA Port 1.
P11 8-1-4 SI01/RXD1/SDA01/TIO3/TO03/INTP2/ 6-bit /O port. S
TRGCLKA/TRJIOO0 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
P12 8-1-4 SCKO1/SCLO1/TI1/TO1M/INTP3/PCLBUZO/ | gpecified by a software setting at input port.
TRGIOB/TRJOD Input of P11, P12, P14 and P15 can be set to
P13 7-1-4 SO00/TXDO/TI00/TO00/INTP4/TOOLTXD/ TTL input buffer.
RTC1HZ Output of P10 to P15 can be set to N-ch
P14 8-1-4 SI00/RXDO/SDA00/TI02/TO02/INTPS/ open-drain output (VDD tolerance).
TOOLRXD
P15 8-1-4 SCKO00/SCLOO0/TI10/TO10/INTP6/TRGCLKB
P40 7-1-3 110 Input port TOOLO Port 4.
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P121 2-2-1 Input Input port X1 Port 12.
P122 2-2-1 EXCLK/X2 2-bit input-only port.
P137 2-1-2 Input Input port SSI00/INTPO Port 13.
1-bit input-only port.
RO1UH0524EJ0130 Rev. 1.30 -IENESAS Page 12 of 912
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21.2 36-pin products
Function ) . .
Pin Type 110 After Reset Alternate Function Function
Name
P10 7-1-4 1/0 Input port SO01/TXD1/TI01/TO01/INTP1/TRGIOA Port 1.
P11 8-1-4 SI01/RXD1/SDAO1/TIO3TO03/INTP2/ 8-bit I/ port. S
TRGCLKA/TRJIOO0 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
P12 8-1-4 SCKO01/SCL01/TI11/TO11/INTP3/PCLBUZ0/ specified by a software setting at input port.
TRGIOB/TRJOO Input of P11, P12, P14 and P15 can be set to
P13 7-1-4 SO00/TXDO/TI00/TO00/INTP4/TOOLTXD/ TTL input buffer.
RTC1HZ Output of P10 to P15 can be set to N-ch
P14 8-1-4 SI00/RXDO/SDAOO/TI02/TO02/INTPS/ open-drain output (VDD tolerance).
TOOLRXD P16 and P17 can be set to analog input or
| tput.Note
P15 8-1-4 SCKO0/SCLOO/TI10/TO10/INTP6/TRGCLKB | o 09 O4PY
P16 6-3-2 Analog INTP7/ANI9/AMP2P/ANX5
P17 6-3-2 function ANI8/AMP2N/ANX4
P40 7-1-3 110 Input port TOOLO Port 4.
P41 6-3-2 Analog ANI6/AMP1P/ANX3 3-bit I/0 port.
Input/output can be specified.
P42 6-3-2 function ANI5/AMP1N/ANX2 Use of an on-chip pull-up resistor can be
specified by a software setting at input of P40.
P41 and P42 can be set to analog input or
analog output. Note
P121 2-21 Input Input port X1 Port 12.
P122 221 EXCLK/X2 2-bitinput-only port.
P137 2-1-2 Input | Input port SSI00/INTPO Port 13.
1-bit input-only port.
Note Each pin can be specified as either digital or analog by setting port mode control register x (PMCx) (Can be specified in

1-bit units).

RO1UH0524EJ0130 Rev. 1.30
Mar 29, 2024
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2.2 Functions Other Than Port Pins

2.21 Alternate functions other than AFE

(112)

Pin Count
Pin Function 110 Function
32-pin 36-pin
INTPO Input External interrupt request input v \
INTP1 Input v N
INTP2 Input y J
INTP3 Input v N
INTP4 Input y J
INTP5 Input v N
INTP6 Input y J
INTP7 Input — N
TIOO Input External count clock/capture trigger input to 16-bit timer 00 v S
TIO1 Input External count clock/capture trigger input to 16-bit timer 01 J J
(can be used in 8-bit mode)
TI02 Input External count clock/capture trigger input to 16-bit timer 02 v S
TIO3 Input External count clock/capture trigger input to 16-bit timer 03 J J
(can be used in 8-bit mode)
TIMO0 Input External count clock/capture trigger input to 16-bit timer 10 v S
THM1 Input External count clock/capture trigger input to 16-bit timer 11 v N
TO00 Output 16-bit timer 00 output v S
TOO01 Output 16-bit timer 01 output (can be used in 8-bit mode) v S
TO02 Output 16-bit timer 02 output v \
TOO03 Output 16-bit timer 03 output (can be used in 8-bit mode) v S
TO10 Output 16-bit timer 10 output v \
TO11 Output 16-bit timer 11 output v N
SI00 Input Serial data input to serial interface CSI00 v \
SI01 Input Serial data input to serial interface CSI01 v N
S000 Output Serial data output from serial interface CSI00 v S
S001 Output Serial data output from serial interface CSI01 v N
SCKO00 110 Clock /O to/from serial interface CSI00 y J
SCKO1 10 Clock I/O to/from serial interface CSIO1 v J
SSI00 Input Chip select input for serial interface CSI00 v S
TXDO Output Serial data output from serial interface UARTO v N
TXD1 Output Serial data output from serial interface UART1 v S
RXDO Input Serial data input to serial interface UARTO v N
RXD1 Input Serial data input to serial interface UART1 v S
SCL00 Output Clock output from serial interface [1C00 v N
SCLO1 Output Clock output from serial interface [1C01 v S
SDA00 110 Serial data I/O to/from serial interface 11C00 \ J
SDAO1 110 Serial data I/O to/from serial interface 11C01 y J
PCLBUZ0 Output Clock output/buzzer output 0 v N
RTC1HZ Output Real-time clock correction clock (1 Hz) output v S
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(2/2)
Pin Count
Pin Function 110 Function
32-pin 36-pin

TRGIOA I/0 Timer RG /O 3 J
TRGCLKA Input External clock input to timer RG v N
TRGIOB o] Timer RG 1/O 3 J
TRGCLKB Input External clock input to timer RG v N
TRJIOO o] Timer RJ 1/O 3 J
TRJOO Output Timer RJ output v \/
EXCLK Input External clock input for main system clock v \
X1 — Connecting a resonator for main system clock v N
X2 — v v
RESET Input Active-low system reset input v \

Connect to VDD directly or via a resistor when external reset is not used.
REGC — Pin for connecting capacitor for stabilizing regulator output for internal v S

operation

Connect to Vss directly or via a capacitor (0.47 to 1 uF).

Use a capacitor whose characteristics are as desirable as possible

because this capacitor is used to stable the internal voltage.
VDD — Positive power supply
Vss — Ground potential v
TOOLTxD Output UART serial data transmission pin for connecting an external device for v

flash memory programming
TOOLRxD Input UART serial data reception pin for connecting an external device for flash v S

memory programming
TOOLO 110 Flash memory programmer/debugger data /O v S

Caution  After reset release, the relationships between P40/TOOLO and the operating mode are as follows.

Table 2 - 2 Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO Operating mode
VDD Normal operation mode
ov Flash memory programming mode

For details, see 30.4 Programming Method.

Remark Use bypass capacitors (about 0.1 uF) as noise and latch up countermeasures with relatively thick wires at the shortest
distance to VDD to Vss lines.
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2.2.2 AFE pin functions
Pin Function 110 Function Pin Gount
32-pin 36-pin
ANIO Input 10-bit A/D converter analog input 0 — S
ANI1 Input 10-bit A/D converter analog input 1 v \
ANI2 Input 10-bit A/D converter analog input 2 v S
ANI3 Input 10-bit A/D converter analog input 3 v \
ANI4 Input 10-bit A/D converter analog input 4 v S
ANI5 Input 10-bit A/D converter analog input 5 v \
ANIB Input 10-bit A/D converter analog input 6 v S
ANI7 Input 10-bit A/D converter analog input 7 v \
ANI8 Input 10-bit A/D converter analog input 8 — S
ANI9 Input 10-bit A/D converter analog input 9 v \
AMPOP Input Operational amplifier 0 positive input v S
AMP1P Input Operational amplifier 1 positive input v \
AMP2P Input Operational amplifier 2 positive input v S
AMPON Input Operational amplifier 0 negative input v \
AMP1N Input Operational amplifier 1 negative input v S
AMP2N Input Operational amplifier 2 negative input — \
AMP0O Output Operational amplifier 0 output v S
AMP10 Output Operational amplifier 1 output v \
AMP20 Output Operational amplifier 2 output v S
ANXO 1/0 General-purpose analog /O port 0 for operational amplifiers 0, 1, 2 v \
ANX1 1/0 General-purpose analog /O port 1 for operational amplifiers 0, 1, 2 v S
ANX2 1/0 General-purpose analog /O port 2 for operational amplifiers 1, 2 v \
ANX3 1/0 General-purpose analog /O port 3 for operational amplifiers 1, 2 v S
ANX4 1/0 General-purpose analog I/O port 4 for operational amplifiers 2 — \
ANX5 1/0 General-purpose analog 1/O port 5 for operational amplifiers 2 v S
PGAOP Input PGA positive analog input 0 v \
PGA1P Input PGA positive analog input 1 v S
PGA2P Input PGA positive analog input 2 v \
PGA3P Input PGA positive analog input 3 — S
PGAON Input PGA negative analog input 0 v \
PGA1IN Input PGA negative analog input 1 v S
PGA2N Input PGA negative analog input 2 v \
PGA3N Input PGA negative analog input 3 — S
SBIAS Output Bias output for MEMS sensor v \
REGA — Pin for connecting capacitor for stabilizing regulator output for internal v S
operation (analog power supply)
AVDD — Analog positive power supply \/
AVss — Analog ground potential v
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2.3 Connection of Unused Pins

Table 2 - 3 shows the Connection of Unused Pins.

Remark The mounted pins depend on the product. Refer to 1.3 Pin Configuration (Top View) and 2.1 Port

Functions.
Table 2 - 3 Connection of Unused Pins
Pin Name 110 Recommended Connection of Unused Pins
P10 to P15 1/0 Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.
P16/INTP7/ANI9/AMP2P/ANXS5, Set to analog 1/0 (PMCxx = 1) and leave open.
P17/ANI8/AMP2N/ANX4
P40/TOOLO Input:  Independently connect to VoD or leave open.
Output: Leave open.
P41/ANI6/AMP1P/ANX3, Set to analog I/O (PMCxx = 1) and leave open.
P42/ANI5/AMP1N/ANX2
P121, P122 Input | Independently connect to VDD or Vss via a resistor.
P137 Input | Independently connect to VDD or Vss via a resistor.
RESET Input | Directly connect to VDD or via a resistor.
REGC — Connect to Vss via a capacitor (0.47 to 1 uF).
ANIO Input | Connect to AVss.
ANI1/AMPOO, 1/0 Leave open.
ANI2/AMPON/ANXO,
ANI3/AMPOP/ANX1,
ANI4/AMP10, ANI7/AMP20
PGAON to PGA3N Input | Connect to AVss.
PGAOP to PGA3P Input | Connect to AVss.
REGA — Connect to AVss via a capacitor (0.22 uF).
SBIAS Output | Connect to AVss via a capacitor (0.22 puF).
RO1UH0524EJ0130 Rev. 1.30 RENESAS Page 17 of 912
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RL78/I1E

24 Pin Block Diagrams

For the pin types listed in 2.1.1 32-pin products and 2.1.2 36-pin products, pin block diagrams are shown
2-1t02-6.
Figure 2 - 1 Pin Block Diagram of Pin Type 2-1-2
~) Alternate
function
RD
(2]
3
) De— o o< O Pm
[0
k=
—

Remark Refer to 2.1 Port Functions for alternate functions.

Figure 2 - 2 Pin Block Diagram of Pin Type 2-2-1

N
Clock generator 4
CMC
OSCSEL
RD
G
E O P122/X2/EXCLK
g
ko CMC Dc
=
EXCLK, OSCSEL &
L
l—‘l
N-ch | Pch
RD
DQ o{ & -« QP121X1

—

Remark Refer to 2.1 Port Functions for alternate functions.

in Figures
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RL78/I1E
Figure 2 - 3 Pin Block Diagram of Pin Type 6-3-2
~""Y
WRPMCn
0: Digital I/0
/L 1: Analog 1/0
—>| PMCn register *
RDPORT Schmitt2
A | ‘ Cas
y | a
-\ | 1
3 LO
§ WRPORT | VoD
@©
= 0
Q2
S /L Output latch 4 o
~ (Pmn) P-ch
WRPM Pmn
/L —{ [ Neen
. PM register
T (PMmn)
Vss
WRPMS
& » PMS register
~—
Analog /O «
Remark Refer to 2.1 Port Functions for alternate functions.
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RL78/ME
Figure 2 - 4 Pin Block Diagram of Pin Type 7-1-3
N
Alternate function|«
WRPU VoD
(L PU register
< (PUmn) _Do | P-ch
Schmitt2
RDpPORT
1 T @
1
0
AN 0
» | WDPORT
3 AN Vbb
E fL .| Output latch
k5] J (Pmn)
= o— P> P-en
WDpms @ Pmn
O PMS register [~ N-ch
WDpPm
Vss
pany .| PM register

- (PMmn)

Alternate function
(SAU)

Alternate function
(other than SAU)

Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit
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RL78/11E
Figure 2 - 5 Pin Block Diagram of Pin Type 7-1-4
)
Alternate function <
WRPU Voo
(L PU register
O e = B o
Schmitt2 é
RDpoRT
<4 $
1
0
WRPORT =~ VoD
® (L > Output latch
3 N (Pmn)
5 -
: LD == -
€| WRewms "@ Pmn
an PMS register _D_{ N-ch
WRpPM
Vss
N PM register
J " (PMmn)
WRPOM
Jany POM register
N | (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
"N
Caution A through current may flow through if the pin is in the intermediate potential, because the input buffer is also
turned on when the pin is in N-ch open-drain output mode by port output mode register (POMx).
Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit
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Figure 2 - 6 Pin Block Diagram of Pin Type 8-1-4
Alternate functionl
)
WRpPU Voo
M .| PU register |
<"  (Pum) _°|:>0 > P-h
WRPIM
N .| PIMregister
T (PIMmn)
RDPORT Schmitt2
1
L
0
£
WRPORT
VbD
§ /‘I\ .| Output latch
) >
(—éj (Pmn)
& P-ch
c
= WRPMS ,_@ Pmn
é » PMS register — _j:)—{ N-ch
WRPM Vss
/‘l\ PM register
~ T (PMmn)
WRPOM
/‘l\ | POM register
~J (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
LA
Caution 1. A through current may flow through if the pin is in the intermediate potential, because the input buffer is also
turned on when the pin is in N-ch open-drain output mode by port output mode register (POMx).
Caution 2. Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input buffer, a through
current may flow through in the case of high level input. It is recommended to input a low level to prevent a
through current.
Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/I1E can access a 1 MB address space. Figure 3 - 1 shows the memory maps.
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Figure 3 - 1 Memory Map (R5F11CxC (x = B, C))

1 FFFFFH 07FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH RAM Noes 12,3 o
FDFOOH 8 KB = rogram area -
FDEFFH
== Reserved =
F8000H
F7FFFH Mirror
F2000H 24 K8 o1FFFH T
FAFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFEEH - ) D set;iggbatrea Noe 4
eserve es
F0800H 010C4H : y __
010C3H Option byte area
FO7FFH 010COH 4 byt
Extended special function register yles
(2”2"KSBFR) 010BFH CALLT table area Boot cluster 1
64 bytes
FO000H 01080H
EFFFFH 0107FH
Data memory
space
Vector table area
128 bytes
01000H y
00FFFH 4
= =~ = Program area =
Reserved 000CEH
000CDH On-chip debug security
ID setting area "°® 4
000C4H 10 bytes
000C3H Option byte area "°®*
Boot cluster 0
000COH 4 bytes Note 5
000BFH
CALLT table area
64 bytes
00080H
0007FH
08000H Vector table area
[y 128 bytes
:Zgri:z?] 07FFFH—-- Code flash memory A
4 32 KB
! space y 00000H 00000H v

Note 1. Do not allocate the stack area, data buffers for use by the flash library, arguments of library functions, branch destinations
in the processing of vectored interrupts, or destinations or sources for DTC transfer to the area from FFE20H to FFEDFH
when performing self-programming or rewriting of the data flash memory.

The RAM area used by the flash library starts at FDFOOH. For the RAM areas used by the flash library, see Self RAM list
of Flash Self-Programming Library for RL78 Family (R20UT2944).

Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.

Note 3. The area from FE300H to FE6FFH must not be used by the user when using the on-chip debugging trace function.

Note 4. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H

to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the on-chip debug
security IDs to 000C4H to 000CDH and 010C4H to 010CDH.

Note 5. Writing boot cluster 0 can be prohibited depending on the setting of security (see 30.7 Security Settings).

Caution  While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data access is to
proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas, respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details, see 27.3.3 RAM parity
error detection function.
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Remark

The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see Tables 3 - 1.

07FFFH
07400H

Block 1FH

073FFH

007FFH
00400H

Block 01H

003FFH
00000H

Block 00H

1 KB

(R5F11CxC (x =B, C))

Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3 - 1 Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Address Value Block
Number Number
00000H to 003FFH 00H 04000H to 043FFH 10H
00400H to 007FFH 01H 04400H to 047FFH 11H
00800H to 00BFFH 02H 04800H to 04BFFH 12H
00COOH to 00OFFFH 03H 04COO0H to 04FFFH 13H
01000H to 013FFH 04H 05000H to 053FFH 14H
01400H to 017FFH 05H 05400H to 057FFH 15H
01800H to 01BFFH 06H 05800H to 05BFFH 16H
01COOH to 01FFFH 07H 05CO0H to 05FFFH 17H
02000H to 023FFH 08H 06000H to 063FFH 18H
02400H to 027FFH 09H 06400H to 067FFH 19H
02800H to 02BFFH 0AH 06800H to 06BFFH 1AH
02COO0H to 02FFFH 0BH 06CO00H to 06FFFH 1BH
03000H to 033FFH O0CH 07000H to 073FFH 1CH
03400H to 037FFH ODH 07400H to 077FFH 1DH
03800H to 03BFFH OEH 07800H to 07BFFH 1EH
03COO0H to 03FFFH OFH 07CO0H to 07FFFH 1FH
Remark R5F11CxC (x =B, C):  Block numbers 00H to 1FH
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311 Internal program memory space

The internal program memory space stores the program and table data.

The RL78/IM1E products incorporate internal ROM (flash memory), as shown below.

Table 3 - 2 Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F11CxC (x =B, C)

Flash memory

32768 x 8 bits (00000H to 07FFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for
branch upon reset or generation of each interrupt request are stored in the vector table area. Furthermore,
the interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to

be 2 bytes.

Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.

To use the boot swap function, set a vector table also at 01000H to 0107FH.
Table 3 - 3 lists the vector table. “\” indicates an interrupt source which is supported. “—” indicates an

interrupt source which is not supported.
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Table 3 - 3 Vector Table

Vector Table . .
Address Interrupt Source 32-pin 36-pin
0000H RESET, POR, LVD, WDT, TRAP, IAW, RPE J y
0004H INTWDTI J \/
0006H INTLVI J y
0008H INTPO J \/
000AH INTP1 J y
000CH INTP2 J \/
000EH INTP3 J y
0010H INTP4 J \/
0012H INTP5 J y
001EH INTSTO/INTCSIOO/INTIICO0 J S
0020H INTSRO/INTCSIO1/INTIICO1 J y
0022H INTSREO J \/
INTTMO1H J y
0024H INTST1 J \/
0026H INTSR1 J y
0028H INTSRE1 J \/
INTTMO3H J y
002CH INTTMOO J \/
002EH INTTMO1 J y
0030H INTTMO2 J \/
0032H INTTMO3 J y
0034H INTAD J \/
0036H INTRTC J y
0038H INTIT J \/
0040H INTTRJO J y
0042H INTTM10 J \/
0044H INTTM11 J y
004AH INTP6 J \/
004CH INTP7 — y
004EH INTDSAD J \/
0050H INTDSADS J y
005AH INTTRG J \/
0062H INTFL J y
007EH BRK J y
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(2) CALLT instruction table area
The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction
(CALLT). Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address
code is 2 bytes).
To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

(3) Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010C0OH to
010C3H when the boot swap is used. For details, sse CHAPTER 29 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security
ID setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is
not used and at 000C4H to 000CDH and at 010C4H to 010CDH when the boot swap is used. For details,
see CHAPTER 31 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/I1E mirrors the code flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH.

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES register as an operand can
be used, and thus the contents of the code flash can be read with the shorter code. However, the code flash area
is not mirrored to the special function register (SFR), extended special function register (2nd SFR), RAM, data
flash memory, and use prohibited areas.

See 3.1 Memory Space for the mirror area of each product.

The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example R5F11CxC (x =B, C)

FFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH RAM
FDFOOH 8KB
FOEFFH Reserved
F8000H
F7FFFH Mirror
(same data as 02000H to 07FFFH)
F2000H
F1FFFH
Data flash memory
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Extended special function register
(2nd SFR)
2 KB
FO000H
EFFFFH
Mirror
For example, 07789H is mirrored to
F7789 H. Data can therefore be read
by MOV A, 17789H, instead of MOV
Reserved ES, #00H and MOV A, ES:17789H.
08000H | _ o]
07FFFH
Code flash memory
02000H |'c=ceeeeeeeeeeeeeeee———
01FFFH
00000H Code flash memory

The PMC register is described below.
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* Processor mode control register (PMC)
This register sets the flash memory space for mirroring to area from FOOOOH to FFFFFH.
The PMC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3 - 2 Format of Configuration of Processor mode control register (PMC)

Address: FFFFEH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
PMC 0 0 0 0 0 0 0 MAA
MAA Selection of flash memory space for mirroring to area from FOOO0OH to FFFFFH
0 00000H to 07FFFH is mirrored to FOOOOH to F7FFFH
1 Setting prohibited

Caution  After setting the PMC register, wait for at least one instruction and access the mirror area.
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3.1.3 Internal data memory space
The RL78/I1E products incorporate the following RAMs.

Table 3 - 4 Internal RAM Capacity
Part Number Internal RAM
R5F11CxC (x =B, C) 8192 x 8 bits (FDFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are fetched (it is prohibited
to use the general-purpose register area for fetching instructions). Four general-purpose register banks
consisting of eight 8-bit registers per bank are assigned to the 32-byte area of FFEEOH to FFEFFH of the internal
RAM area.

The internal RAM is used as stack memory.

Caution 1.1t is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

Caution 2. Do not allocate the stack area, data buffers for use by the flash library, arguments of library
functions, branch destinations in the processing of vectored interrupts, or destinations or
sources for DTC transfer to the area from FFE20H to FFEDFH when performing self-
programming or rewriting of the data flash memory.

Caution 3. Use of FDFOOH to FE309H in the internal RAM areas is prohibited when performing self-
programming and rewriting the data flash memory, because these areas are used by libraries.

Caution 4. FE300H to FE6FFH in the internal RAM area cannot be used as stack memory when using the
on-chip debugging trace function.
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3.1.4  Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Tables 3 - 5to0 3 - 7 in 3.2.4 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.

3.1.5 Extended special function register (2nd SFR: 2nd Special Function
Register) area

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOOOH to FO7FFH
(see Tables 3 - 8 to 3 - 14 in 3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)).

Caution 1. Do not access addresses to which extended SFRs are not assigned.

Caution 2. When accessing timer RJ counter register 0 (TRJO0) allocated in FO500H of the extended SFR
(2nd SFR), the CPU does not proceed to the next instruction processing but enters the wait
state for CPU processing. For this reason, if this wait state occurs, the number of instruction
execution clocks is increased by the number of wait clocks. The number of wait clocks for
access to timer RJ counter register 0 (TRJO0) is one clock for both writing and reading.
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3.1.6 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of

the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for

the RL78/I1E, based on operability and other considerations. For areas containing data memory in particular,

special addressing methods designed for the functions of the special function registers (SFR) and general-

purpose registers are available for use. Figure 3 - 3 shows correspondence between data memory and
addressing. For details of each addressing.

Figure 3 - 3 Correspondence Between Data Memory and Addressing

7\
SFR addressing

FFFFFH
FFF20H | _ Spedialfunctionregister (SER) _ |
FFF1FH 256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H | _______1f RAM_ __ _______._
FFE1FH 8 KB
Mirror area
Data flash memory
F1000H 4 K8
FOFFFH
Reserved
FO800H
FO7FFH
Extended special function register
(2nd SFR)
2 KB
FO000H
EFFFFH
= Reserved =
Code flash memory L

00000H T

Register addressing

Short direct
addressing

32 KB T

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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3.2 Processor Registers

The RL78/I1E products incorporate the following processor registers.

3.21 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of
a program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 20-bit register that holds the address information of the next program to be
executed.
In normal operation, PC is automatically incremented according to the number of bytes of the instruction to
be fetched. When a branch instruction is executed, immediate data and register contents are set.
Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program
counter.

Figure 3 - 4 Format of Program Counter

19 0

PC|

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon vectored interrupt request is acknowledged
or PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW
instructions. Reset signal generation sets the PSW register to 06H.

Figure 3 - 5 Format of Program Status Word

7 0
PSW | IE z | RBS1 AC RBS0 ISP1 ISPO cY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are
disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and maskable interrupt requests
acknowledgment is controlled with an in-service priority flag (ISP1, ISP0), an interrupt mask flag for
various interrupt sources, and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.
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(b) Zero flag (2)
When the operation result is zero or equal, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other
cases.

(e) In-service priority flags (ISP1, ISPQ)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt
requests specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers
(PRnOL, PRnOH, PRn1L, PRn1H, PRn2L, PRn2H) (see 22.3.3) cannot be acknowledged. Actual vectored
interrupt requests acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

(f) Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out
value upon rotate instruction execution and functions as a bit accumulator during bit operation instruction
execution.

(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal RAM area can
be set as the stack area.

Figure 3 - 6 Format of Stack Pointer

15 0
SP|SP15|SP14|SP13|SP12|SP11 |SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | 0 |
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In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack
memory and is incremented after read (restore) from the stack memory.

Caution 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP
before using the stack.

Caution 2. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

Caution 3. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch
destination of vector interrupt processing, and a DTC transfer destination/transfer source to
the area FFE20H to FFEDFH when performing self-programming and rewriting the data flash
memory.

Caution 4. Use of FDFOOH to FE309H in the internal RAM areas is prohibited when performing self-
programming and rewriting the data flash memory, because these areas are used by libraries.

Caution 5. FE300H to FE6FFH in the internal RAM area cannot be used as stack memory when using the
on-chip debugging trace function.
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L,
and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit
register (AX, BC, DE, and HL).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of
the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupt processing for each bank.

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

Figure 3 - 7 Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8SH
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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3.23 ES and CS registers

The ES register and CS register are used to specify the higher address for data access and when a branch
instruction is executed (register direct addressing), respectively.
The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3 - 8 Configuration of ES and CS Registers

7 6 5 4 3 2 1 0

ES 0 0 0 0 ES3 ES2 ES1 ESO
7 6 5 4 3 2 1 0

cs | 0 | 0 | 0 | 0 | CS3 | CS2 | CS1 | CS0

Though the data area which can be accessed with 16-bit addresses is the 64 Kbytes from FOOOOH to FFFFFH,
using the ES register as well extends this to the 1 Mbyte from 00000H to FFFFFH.

Figure 3 - 9 Extension of Data Area Which Can Be Accessed

laddr16 —F| 0000H - FFFFH

ES:laddr16 %OH - FH‘ ‘ 0000H - FFFFH ‘

b FFFFFH 1
Special function register
(SFR) 256 bytes
laddr16 -~ -
ES:laddr16 Extended special function register Data memory space
(2nd SFR) 2 Kbytes
FOOO0OH
EFFFFH
~L Code flash memory -+
Y OOOOOI—T[ T Y
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3.2.4  Special function registers (SFRs)

Unlike a general-purpose register, each SFR has a special function.

SFRs are allocated to the FFFOOH to FFFFFH area.

SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation
instructions. The manipulatable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

* 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (sfr.bit).
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>
+ 8-bit manipulation
Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (sfr). This
manipulation can also be specified with an address.
* 16-bit manipulation
Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (sfrp). When
specifying an address, describe an even address.

Tables 3 - 5 to 3 - 7 give lists of the SFRs. The meanings of items in the table are as follows.

» Symbol
This item indicates the address of a special function register. It is a reserved word in the assembler, and is
defined as an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger,
and simulator, symbols can be written as an instruction operand.
* RIW
This item indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
» Manipulatable bit units
“y” indicates the manipulatable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not
possible.
* After reset
This item indicates each register status upon reset signal generation.

Caution Do not access addresses to which SFRs are not assigned.

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd
Special Function Registers).
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Table 3 - 5 Special Function Register (SFR) List (1/3)

Address Special Function Register (SFR) Symbol RW Manipulatable Bit Range After Reset
Name 1-bit 8-bit 16-bit

FFFO1H | Port register 1 P1 RIW v v — 00H

FFFO4H | Port register 4 P4 R/W v v — 00H

FFFOCH | Port register 12 P12 R/W v v — Undefined

FFFODH | Port register 13 P13 R/W v v — Undefined

FFF10H | Serial data register 00 TXDO/ |SDROO | R/W — v v 0000H

SI000
FFF11H — — —
FFF12H | Serial data register 01 RXD0O/ | SDRO1 R/W — v \ 0000H
SI001

FFF13H — — —

FFF18H | Timer data register 00 TDROO R/W — — Y 0000H

FFF19H

FFF1AH | Timer data register 01 TDRO1L | TDRO1 R/W — y J 00H

FFF1BH TDRO1H — v 00H

FFF1EH | 10-bit A/D conversion result register | ADCR R — — Y 0000H

FFF1FH 8-bit A/D conversion result ADCRH R — v — 00H

register

FFF21H | Port mode register 1 PM1 R/W v v — FFH

FFF24H | Port mode register 4 PM4 R/W v v — FFH

FFF30H |A/D converter mode register 0 ADMO R/W v v — 00H

FFF31H | Analog input channel specification ADS R/W v v — 00H
register

FFF32H | A/D converter mode register 1 ADM1 R/W v v — 00H

FFF38H | External interrupt rising edge enable | EGPO R/W — 00H
register 0

FFF39H | External interrupt falling edge enable | EGNO R/W v v — 00H
register 0

FFF44H | Serial data register 02 TXD1 SDR02 | R/W — v RN 0000H

FFF45H — — —

FFF46H | Serial data register 03 RXD1 SDR03 | R/W — v RN 0000H

FFF47H — — —

FFF54H | 16-bit watch error correction register | SUBCUDW R/W — — v 0000H

FFF55H

FFF60H | Timer RD general register C TRGGRC R/W — — v FFFFH

FFF61H

FFF62H | Timer RD general register D TRGGRD R/W — — v FFFFH

FFF63H

FFF64H | Timer data register 02 TDRO02 R/W — — Y 0000H

FFF65H

FFF66H | Timer data register 03 TDRO3L | TDRO3 R/W — y J 00H

FFF67H TDRO3H — 00H

FFF70H | Timer data register 10 TDR10 R/W — — \ 0000H

FFF71H
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Table 3 - 6 Special Function Register (SFR) List (2/3)

Manipulatable Bit Range
Address | Special Function Register (SFR) Name Symbol R/W After Reset
1-bit 8-bit 16-bit
FFF72H | Timer data register 11 TDR11L | TDR11 R/W — v v 00H
FFF73H TDR11H — y 00H
FFFO0H | Interval timer control register ITMC R/W — — v 7FFFH
FFF91H
FFF92H | Second count register SEC R/W — \ —_ O0H
FFF93H | Minute count register MIN R/W — y — 00H
FFF94H | Hour count register HOUR R/wW — \/ — 12H Note 1
FFF95H | Week count register WEEK R/W — N — 00H
FFF96H | Day count register DAY R/W — v —_ 01H
FFF97H | Month count register MONTH R/W — N — 01H
FFF98H | Year count register YEAR R/W — N — 00H
FFF99H | Watch error correction register SUBCUD R/W — N — 00H
FFFOAH | Alarm minute register ALARMWM R/W — N — 00H
FFFO9BH | Alarm hour register ALARMWH R/W — N — 12H
FFFOCH | Alarm week register ALARMWW R/W — v — 00H
FFFODH | Real-time clock control register 0 RTCCO R/W J v — 00H
FFF9EH | Real-time clock control register 1 RTCC1 R/W \ v — 00H
FFFAOH | Clock operation mode control register CMC R/W — N — 0OH
FFFA1H | Clock operation status control register | CSC R/W J \/ — COH
FFFA2H | Oscillation stabilization time counter OSTC R J v — 00H
status register
FFFA3H | Oscillation stabilization time select OSTS R/W — v — 07H
register

FFFA4H | System clock control register CKC R/W N — 00H
FFFA5H | Clock output select register 0 CKSO0 R/W v — O00H
FFFA8H | Reset control flag register RESF R — N — Undefined

Note 2
FFFA9H | Voltage detection register LVIM R/W — 00H Note 2
FFFAAH | Voltage detection level register LVIS R/W — 00H/01H/81

H Note 2

FFFABH | Watchdog timer enable register WDTE R/W — \/ — 9AH/1AH

Note 3
FFFACH | CRC input register CRCIN R/W — v — 00H
FFFDOH | Interrupt request flag register 2L IF2L IF2 R/W \ N v 00H
FFFD1H | Interrupt request flag register 2H IF2H R/W \ v 00H
FFFD4H | Interrupt mask flag register 2L MK2L | MK2 R/W \ N v FFH
FFFD5H | Interrupt mask flag register 2H MK2H R/W \ v FFH
FFFD8H | Priority specification flag register 02L PRO2L |PRO2 R/W S N v FFH
FFFD9H | Priority specification flag register 02H PRO2H R/W \ v FFH
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Table 3 - 7 Special Function Register (SFR) List (3/3)

Manipulatable Bit Range
Address | Special Function Register (SFR) Name Symbol R/W After Reset
1-bit 8-bit 16-bit
FFFDCH | Priority specification flag register 12L | PR12L | PR12 R/W v v \ FFH
FFFDDH | Priority specification flag register 12H PR12H R/W v v FFH
FFFEOH | Interrupt request flag register OL IFOL IFO R/W v v \ 00H
FFFE1H | Interrupt request flag register OH IFOH R/W v v O00H
FFFE2H | Interrupt request flag register 1L IF1L IF1 RIW v v \ 00H
FFFE3H | Interrupt request flag register 1H IF1H R/W v v O00H
FFFE4H | Interrupt mask flag register OL MKOL | MKO R/W v v \ FFH
FFFE5H | Interrupt mask flag register OH MKOH R/W v v FFH
FFFE6H | Interrupt mask flag register 1L MK1L | MK1 R/W v v \ FFH
FFFE7H | Interrupt mask flag register 1H MK1H R/W v v FFH
FFFE8H | Priority specification flag register 0OL | PROOL |PR0O0 | R/W v v \ FFH
FFFEQH | Priority specification flag register 0OH PROOH R/W v v FFH
FFFEAH | Priority specification flag register 01L | PRO1L | PRO1 R/W v v \ FFH
FFFEBH | Priority specification flag register 01H PRO1H R/W v v FFH
FFFECH | Priority specification flag register 10L | PR10L |PR10 | R/W v v \ FFH
FFFEDH | Priority specification flag register 10H PR10H R/W v v FFH
FFFEEH | Priority specification flag register 11L | PR11L | PR11 R/W v v \ FFH
FFFEFH | Priority specification flag register 11H PR11H R/W v v FFH
FFFFOH | Multiply and accumulation register (L) | MACRL R/W — — \ 0000H
FFFF1H
FFFF2H | Multiply and accumulation register (H) | MACRH R/W — — \ 0000H
FFFF3H
FFFFEH | Processor mode control register PMC R/W v v — 00H
Note 1. The value of this register is 00H if the AMPM bit (bit 3 of real-time clock control register 0 (RTCCO)) is set to 1 after reset.
Note 2. These values vary depending on the reset source.
Reset Source RESET Input | Reset by POR Reset by Execut?on Reset by WDT Reselt by RAM Reset by illegal- Reset by LVD
Register of lllegal Instruction parity error memory access
RESF | TRAP Cleared (0) Set (1) Held Held
WDTRF Held Set (1) Held
RPERF Held Set (1) Held
IAWRF Held Set (1)
LVIRF Held Set (1)
LVIM LVISEN Cleared (0) Held
LVIOMSK | Held
LVIF
LVIS Cleared (00H/01H/81H)
Note 3. The reset value of the WDTE register is determined by the setting of the option byte.
Remark For extended SFRs (2nd SFRs), see Tables 3 - 8 to 3 - 13 Extended SFR (2nd SFR) List.
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3.25 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)

Unlike a general-purpose register, each extended SFR (2"d SFR) has a special function.

Extended SFRs are allocated to the FOOOOH to FO7FFH area. SFRs other than those in the SFR area (FFFOOH
to FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte
longer than an instruction that accesses the SFR area.

Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

* 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (!addr16.bit)
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>
* 8-bit manipulation
Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (laddr16). This
manipulation can also be specified with an address.
* 16-bit manipulation
Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (addr16). When
specifying an address, describe an even address.

Tables 3 - 8 to 3 - 14 give lists of the extended SFRs. The meanings of items in the table are as follows.

» Symbol
This item indicates the address of an extended SFR. It is a reserved word in the assembler, and is defined as
an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and
simulator, symbols can be written as an instruction operand.
* RIW
This item indicates whether the corresponding extended SFR can be read or written.
R/W:Read/write enable
R:Read only
W:Write only
* Manipulatable bit units
“y” indicates the manipulatable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not
possible.
* After reset
This item indicates each register status upon reset signal generation.

Caution Do not access addresses to which extended SFRs are not assigned.

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3 - 8 Extended Special Function Register (2nd SFR) List (1/7)

. . ) Manipulatable Bit Range
Extended Special Function Register
Address Symbol R/W After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit
FO010H | A/D converter mode register 2 ADM2 R/W v v — 00H
FO0011H | Conversion result comparison upper limit ADUL R/W — v — FFH
setting register
FO0012H | Conversion result comparison lower limit ADLL R/W — v — 00H
setting register
FO013H | A/D test register ADTES R/W — \ — 00H
F0031H | Pull-up resistor option register 1 PU1 R/W N v — OO0H
FO034H | Pull-up resistor option register 4 PU4 R/W v \ — 01H
FO041H | Port input mode register 1 PIM1 R/W v v — 00H
FO051H | Port output mode register 1 POM1 R/W v \ — 00H
FO061H | Port mode control register 1 PMC1 R/W v v — FFH
FO064H | Port mode control register 4 PMC4 R/W v 3 — FFH
FO070H | Noise filter enable register 0 NFENO R/W \/ N — 00H
FO071H | Noise filter enable register 1 NFEN1 R/W \/ N _ 00H
F0072H | Noise filter enable register 2 NFEN2 R/W N ~ — 00H
FO073H | Input switch control register ISC R/W N ~ — 00H
FO0074H | Timer input select register 0 TISO R/W — ~ — 00H
FO0078H | Invalid memory access detection control IAWCTL R/W — v — 00H
register
FOO7AH | Peripheral enable register 1 PER1 R/W ~ ~ _ 00H
FO07BH | Port mode select register PMS R/W v v — 00H
FO090H | Data flash control register DFLCTL R/W v N _ 00H
FOOA8H | High-speed on-chip oscillator frequency select | HOCODIV | R/W — v — Undefined
register Note Note
FOOACH | Configurable amplifier O trimming code AMPOTRM R — v — 00H
register
FOOADH | Configurable amplifier 1 trimming code AMP1TRM R — v — 00H
register
FOOAEH | Configurable amplifier 2 timming code AMP2TRM R — v — 00H
register
FOOFOH | Peripheral enable register O PERO R/W \/ v — 00H
FOOF3H | Subsystem clock supply mode control register | OSMC R/W — v — 00H
FOOF5H | RAM parity error control register RPECTL R/W v v — 00H
FOOFEH | BCD correction result register BCDADJ R — v — Undefined
Note The value specified by using FRQSEL2 to FRQSELO of the option byte 000C2H is set.
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Table 3 - 9 Extended Special Function Register (2nd SFR) List (2/7)

Address Extended Specia