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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation 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.

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.

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

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.

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.

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.

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.

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.

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.

It is 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.

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

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

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly

controlled subsidiaries.

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

(Rev.4.0-1 November 2017)




NOTES FOR CMOS DEVICES

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

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

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

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

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

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Readers

Purpose

Organization

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
RL78/G1D and design and develop application systems and programs for these devices.

e 48-pin: R5F11AGG
R5F11AGH
R5F11AGJ

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

The RL78/G1D manual is separated into two parts: this manual and the software edition
(common to the RL78 family).

Moreover, there is Bluetooth® Low Energy protocol stack user's manual for using RF
transceiver function of RL78/G1D.

RL78/G1D RL78 family Bluetooth® Low Energy
User’s Manual User’s Manual protocol stack
Hardware Software user's manual

e Pin functions e CPU functions e [nstall
e Internal block functions e Instruction set e Construction
e Interrupts e Explanation of each instruction e How to make execution file

How to Read This Manual

Other on-chip peripheral functions
Electrical specifications

Description of function

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.
e 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.

e 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.

e To know details of the RL78/G1D Microcontroller instructions:

— Refer to the separate document RL78 Family Software User’s Manual

(R01US0015E).



Conventions

Related Documents

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 e XXXX OF XXXXB

Decimal XX XX

Hexadecimal = ---xxxxH

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/G1D User’'s Manual Hardware This manual
RL78 Family Software User's Manual RO1US0015E

Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP6 Flash Memory Programmer User’s Manual R20UT4025E
E1, E20 Emulator User's Manual R20UTO0398E
E2 Emulator User's Manual R20UT3538E
E2 Lite Emulator User's Manual R20UT3240E
Renesas Flash Programmer Flash Memory Programming Software User's Manual R20UT4066E
Renesas Flash Development Toolkit User's Manual R20UTO508E

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 Microcontrollers RL78 Family R01CPO003E
Semiconductor Package Mount Manual R50ZZ0003EJ
Semiconductor Reliability Handbook R51ZZ0001E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.




Notes on using the RF transceiver

The use of wireless receivers and transmitters is restricted by international standards and domestic regulations.

Wireless receivers and transmitters must therefore be used in accordance with the applicable laws and regulations of
the country in which they are being used.

The following standards typically apply to the use of the 2.4 GHz band:
Japan: ARIB STD-T66

United States: FCC 47CFR part15.207, part15.209, and part15.247
Europe: EN 300 328, and EN 301 489

All trademarks and registered trademarks are the property of their respective owners.
Bluetooth is a trademark of Bluetooth SIG, Inc. U.S.A.

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

The RL78/G1D is a microcomputer incorporating the RL78 CPU core and low power consumption RF transceiver
<R> supporting the Bluetooth ver.4.2 (Low Energy Single mode) specifications.

1.1 Features

Ultra-low power consumption technology
e MCU part Standby function HALT mode, STOP mode, SNOOZE mode
e RF part Standby function POWER_DOWN mode, RESET_RF mode, STANDBY_RF mode, IDLE_RF mode,
DEEP_SLEEP mode, SLEEP_RF mode

e RF transmission (RF normal mode) :4.3 mA (TYP.) (3.0 V/IMCU part: STOP mode)
(RF Low power mode) :2.6 mA (TYP.) (3.0 V/IMCU part: STOP mode)
e RF reception (RF normal mode) :3.5mA (TYP.) (3.0 V/IMCU part: STOP mode)
(RF Low power mode) :3.3mA (TYP.) (3.0 V/IMCU part: STOP mode)
e RF sleep (POWER_DOWN mode) operation :0.10 pA (TYP.) (3.0 VIMCU part: STOP mode)

<R> RL78-S2 CPU core
e CISC architecture with 3-stage pipeline
o Minimum instruction execution time: Can be changed from high speed (0.03125 us: @ 32 MHz operation with high-
speed on-chip oscillator) to ultra-low speed (30.5 ps: @ 32.768 kHz operation with subsystem clock)
e Address space: 1 MB
e General-purpose registers: (8-bit register x 8) x 4 banks
e On-chip RAM: 12 to 20 KB

On-chip RF transceiver
<R> e Bluetooth v4.2 Specification (Low Energy Single mode)
e 2.4 GHz ISM band, GFSK modulation, TDMA/TDD frequency hopping (including AES encryption circuit)
e Adaptivity, exclusively for use in operation as a slave device

Code flash memory
e Code flash memory: 128 to 256 KB
e Block size: 1 KB
e Prohibition of block erase and rewriting (security function)
e On-chip debug function
e Self-programming (with boot swap function/flash shield window function)

Data flash memory
e Data flash memory: 8 KB
e Back ground operation (BGO): Instructions can be executed from the program memory while rewriting the data flash
memory.
o Number of rewrites: 1,000,000 times (TYP.)
e Voltage of rewrites: Voo =1.810 3.6 V

RO1UHO515EJ0130 Rev.1.30 R NS 1
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High-speed on-chip oscillator
e Select from 32 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz
e High accuracy: £1.0 % (Voo = 1.8 to 3.6 V, Ta =-20 to +85 °C)

Low-speed on-chip oscillator
e 15 kHz (TYP.)

On-chip oscillator for the RF slow clock
e 32.768 kHz (TYP.)

Operating ambient temperature
e Ta =-40 to +85°C (A: Consumer applications, D: Industrial applications)

Power management and reset function
e On-chip power-on-reset (POR) circuit
e On-chip voltage detector (LVD) (Select interrupt and reset from 12 levels)

DMA (Direct Memory Access) controller
e 4 channels
e Number of clocks during transfer between 8/16-bit SFR and internal RAM: 2 clocks

Multiplier and divider/multiply-accumulator
e 16 bits x 16 bits = 32 bits (Unsigned or signed)
e 32 bits + 32 bits = 32 bits (Unsigned)
e 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

Serial interface
e CSI: 2 channels
e UART: 2 channels
e |12C/Simplified I2C: 3 channels

Timer
e 16-bit timer: 8 channels
e 12-bit interval timer: 1 channel
e Real-time clock: 1 channel (calendar for 99 years, alarm function, and clock correction function)
e Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

A/D converter
e 8/10-bit resolution A/D converter (Voo = 1.6 to 3.6 V)
e Analog input: 8 channels
e Internal reference voltage (1.45 V) and temperature sensorNote

I/O port
e 1/O port: 32 (N-ch open drain I/O [withstand voltage of 6 V]: 2, N-ch open drain I/O [Vop withstand voltage]: 9
e Can be set to N-ch open drain, TTL input buffer, and on-chip pull-up resistor
o Different potential interface: Can connect to a 1.8/2.5 V device
e On-chip clock output/buzzer output controller

R01UHO0515EJ0130 Rev.1.30 R NS 2
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RL78/G1D

Others
e On-chip BCD (binary-coded decimal) correction circuit

Note Can be selected only in HS (high-speed main) mode

e ROM, RAM capacities
Flash ROM Data Flash RAM RL78/G1D
128 KB 8 KB 12 KB R5F11AGG
192 KB 8 KB 16 KB R5F11AGH
256 KB 8 KB 20 KBNote R5F11AGJ

Note 19 KB when the self-programming function is used (for details, see CHAPTER 4).

RO1UHO0515EJ0130 Rev.1.30 .zENESAS
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1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G1D

PartNo.R5F11AGGAXxxNB#20

Packing
#20 : Tray
#40 : Embossed Tape

Package type:
NB : HWQFN, 0.40 mm pitch

ROM number (Omitted with blank products)

Fields of application:

A : Consumer applications, operating ambient temperature :Ta = - 40 to +85 °C
D : Industrial applications, operating ambient temperature : Ta = - 40 to +85 °C

ROM capacity:
G: 128 KB
H: 192KB
J : 256 KB

Pin count:
G : 48-pin

RL78/G1D group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Table 1-1. List of Ordering Part Numbers

Pin count Package Fields of ApplicationNete Ordering Part Number Code Flash Memory | Data Flash Memory
48 pins Plastic WQFN (6 x 6) A R5F11AGGANB#20 128 KB 8 KB
R5F11AGGANB#40
D R5F11AGGDNB#20
R5F11AGGDNB#40
A R5F11AGHANB#20 192 KB 8 KB
R5F11AGHANB#40
D R5F11AGHDNB#20
R5F11AGHDNB#40
A R5F11AGJANB#20 256 KB 8 KB
R5F11AGJANB#40
D R5F11AGJDNB#20
R5F11AGJDNB#40

Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/G1D.

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.

RO1UH0515EJ0130 Rev.1.30
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1.3 Pin Configuration (Top View)

e 48-pin plastic WQFN (6 x 6 mm, 0.4 mm pitch)

L L
X o
'
PR e |
% 0
)
- z 22
3 I =
(')D‘E?c'&’é'gorqﬁgg
[a]
A>SIRRIZIOCOEGO
36 35 34 33 32 31 30 29 28 27 26 25
Vss_RrF=——37 244¢—>P61/SDAAOD
DCLIN=—38  -eemmmmmece oo ----o 234> PB0/SCLAO
! exposed die pad
GPIO2/CLKOUT_RF€{39 | H 22— VpD
GPIO3/EXSLK_RF¢40 | ! 21— Vss
P30/INTP3/RTCIHZ )41 ! I 20— REGC
P16/TIOL/TOOL/INTP5 €42 GNDL | 19— P121/X1
P15/SCK20/SCL20/(T102)/(TO02) 43 E E 18— P122/X2/EXCLK
P14/S120/SDA20/(SCLAQ)/(TI03)/(TO03) 44 i E 17¢— P137/INTPO
P13/S020/(SDAAO)/(TI04)/(TO04) M45 | ' 16— P123/XT1
P12/SO00/TxDO/TOOLTXD/(TI05)/(TO05) 46 U ! 15— P124/XT2/EXCLKS
P11/SI00/RxD0O/TOOLRxD/SDAOO/(TIO6)/(TO06)4H47 o T -=-==-====--=-=------ 4 14— RESET
P10/SCKO00/SCLO0/(TI07)/(TO07 48 1
(TI07)/( )4—»/ s34 56 7891011153 PAOTOOLO
o ™M
Sz i828388¢3
INDEX MARK <Z(S<\E'5.':Jn:°-rxl:,9tzz
ST oq > > e~ =035«
~N AN N << < 4 d JdJo NS
S o0 g S Z Z2 90 O &
Y zZ =z <o Qo
<< 89 o &
I8 oo g
o o =
i
a

Cautions 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1uF).
2. Connect the metal pad (GND1) on the back of the package that has the same potential as AVss_rr.

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 5-8 Format of Peripheral I/O Redirection Register (PIOR).
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1.4 Pin Identification

ANIO to ANI3, Analog input PCLBUZ0: Programmable clock output/buzzer
ANI16 to ANI19: output
ANT: Antenna connection REGC: Regulator capacitance
AVDD_RF: Power supply for RF RFCTLEN: RF control enable
analog RTC1HZ: Real-time clock correction clock
AVREFM: Analog reference voltage (1 Hz) output
minus RESET: Reset
AVREFP: Analog reference voltage RxDO0, RxD1: Receive data
plus SCLAOQ: Serial clock input/output
AVss_RF: Ground for RF analog SCKO00, SCK20,
CLKOUT_REF: Clock output SCLO00, SCL20: Serial clock output
DCLIN: DC-DC converter inductor SDAAO, SDA00, SDA20: Serial data input/output
and DCLOUT capacitor SI100, SI20: Serial data input
DCLOUT: DC-DC converter output S000, SO20: Serial data output
EXCLK: External clock input TIO0O to TIO7: Timer input
(Main system clock) TOO0O0 to TOQ7: Timer output
EXCLKS: External clock input TOOLO: Data input/output for tool
(Subsystem clock) TOOLRXD, TOOLTxD: Data input/output for external device
EXSLK_RF: External slow clock input  TxDO, TxD1: Transmit data
GND1: Package exposed die pad TXSELL_RF, External PA/LNA control
GPIOO0 to GPIO3: GPIO at RF unit TXSELH_RF:
ICO, IC1: Internal circuit Vob: Power supply
INTPO, INTPS, External interrupt input VDD_RF: Power Supply for RF
INTPS5, INTP®6: Vss: Ground
P00 to P03: Port 0 V/ss_RF: Ground for RF
P10 to P16: Port 1 X1, X2: Crystal oscillator (Main system clock)
P20 to P23: Port 2 XT1, XT2: Crystal oscillator (Subsystem clock)
P30: Port 3 XTAL1_REF, Crystal oscillator (RF clock)
P40: Port 4 XTAL2_RF:
P60, P61: Port 6
P120 to P124: Port 12
P130, P137: Port 13
P140, P147: Port 14
R0O1UHO0515EJ0130 Rev.1.30 RENESAS 6
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<R> 1.5 Block Diagram

Tu&lﬁmﬁ;w “«» P00 to P03
TI00/PO0 —f» |
TO00/PO1 ~—| cho N PORT 1 (7 P10t P16
TIO1/TO01/P16 =1~ cht “ P20 to P23
(TI02/T002/P15)~—{~| ch2

PORT 3 P30

(TI03/TO03/P14) ~—1~ chi

|
I

@ [ PORT 4 P40
(TI04/TO04/P13)~—1~ ch4
[ PORT 6 K2 >P60, P61
(TI05/TO05/P12)~—1* ch5 >
(TI06/TO06/P11)~—t = ché i PORT 7
K— P120
(TI07/TO07/P10y—= ch7 '?;75 || CODE FLASH MEMORY Kl P121to P124
CORE K—|
| DATAFLASH MEMORY < PORT 13 P130
WINDOW i K = P137
watcHoo  [KT)) @ I 140 PCLBUZ0
TIMER [ PORT 14 |<:>P147’
LOW-SPEED
ON-CHIP || 12" BIT INTERVAL [ @ ANIO/P20 to
OSCILLATOR TIMER ANI3/P23
| ANI16/P03, ANI17/P02,
L REALTIME | i RAM KJTp| A/D CONVERTER ANI18/P147, ANI19/P120
RTC1HZ/P30 CLOCK AVrerp/P20
AVRrerm/P21
SERIAL ARRAY
UNITO (4ch POWER ON
ReDOP1 | il RESETHOLTAGE v}
UARTO
TXDO/P12 4* DETECTOR
RxD1/P03 — SERIAL l— SCLAO/PE0(SCLAO/P14)
UART1
TXD1/P02 ~— @ N/:> INTERFACE IICAQ |+~ SDAA0/P61(SDAAO/P13) iR )
[ RESET CONTROL External connections on PCB
SCKO0/P10 L
SI00/P11 Csloo
S000/P12 BUZZER OUTPUT A on-cHiP DEBUG
SCLOOP10 ~—| B [~ PcLBUZOP140 i TOOLOP40
SDACO/P1 11c00 CLOCK OUTPUT
CONTROL
SYSTEM RESET
CONTROL |«
SERIAL ARRAY MULTIPLIER& P o
DIVIDER, CRC HIGH-SPEED X2/EXCLK/P122
SCK20/P15 e o wutmeLy: ON-CHIP l«——— XT1/P123
ACCUMULATOR OSCILLATOR
S0P cSI20 [« XT2/EXCLKS/P124
S020/P13
DIRECT MEMORY VOLTAGE
SCL20/P15 ﬁ K= (—){AcCESS CONTROL REGC
SDA20/P14 ~—
PN BCD
st (2 ADJUSTMENT INTPO/P137
| A|  INTERRUPT  [«—— INTP3/P30
| CONTROL .
SCK21/P70|  Si21/] |S021/P72 N iledsi
2] 2 3 —
P74 P75 P76 P05| |P06 P77/INTRF
—____ __||CERF INTOUT_RF
SCK_RF| SO_RF| |SI_RF | SPIEN_RF (Active low) DCDCFF EXT32K RESET_RF | |(Active high) -
GPIOO/TXSELH_RF SPl | RFCTLEN
GPIOTTXSELL_RF ~——] 32755 e RF TRANSCEIVER (RF Unit) CONTROL L XTAL1_RF
GPIO2/CLKOUT_RF ~—»| ON-CHIP I XTAL2_RF
GPIO3/EXSLK_RF ~«—| OSCILLATOR —— DCLIN
ANT I bcLout
‘ ‘ ‘ ICO, IC1
TOOLRXD/P11, Vo Vss GND1

TOOLTxD/P12 Voo re Vss RF
AVop_rF AVss rF

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). Refer to Figure 5-8 Format of Peripheral /O Redirection Register (PIOR).
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CHAPTER 1 OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral 1/0 redirection register (PIOR) is set

to 00H.
(1/2)
Item R5F11AGG R5F11AGH R5F11AGJ
Code flash memory 128 KB 192 KB 256 KB
Data flash memory 8 KB 8 KB 8 KB
RAM 12 KB 16 KB 20 KBNete 1
Address space 1 MB
System clock (RF side) 32 MHz
Main system | High-speed system X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock HS (High-speed main) mode: 1 to 20 MHz (Vg = 2.7 to 3.6 V),
HS (High-speed main) mode: 1 to 16 MHz (Vpp = 2.4 t0 3.6 V),
LS (Low-speed main) mode: 1 to 8 MHz (Vpp = 1.8 to 3.6 V),
LV (Low-voltage main) mode: 1 to 4 MHz (Vpp = 1.6 t0 3.6 V)
High-speed on-chip HS (High-speed main) mode: 1 to 32 MHz (Voo = 2.7 to 3.6 V),
oscillator HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 to 3.6 V),
LS (Low-speed main) mode: 1 to 8 MHz (Voo = 1.8 to 3.6 V),
LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 3.6 V)
Subsystem clock XT1 (Crystal) oscillation, External main system clock input (EXCLKS)
32.768 kHz
RF slow clock External input External clock input for RF block (EXSLK_RF) 32.768 kHz (TYP.)
On-chip 32.768 kHz (TYP.)
Oscillator
Low-speed on-chip oscillator 15 kHz (TYP.)
General-purpose register (8-bit register x 8) x 4 banks
Minimum instruction execution time 0.03125 pus (High-speed on-chip oscillation clock: fin = 32 MHz operation)
0.05 ps (High-speed system clock: fux = 20 MHz operation)
30.5 us (Subsystem clock: fsus = 32.768 kHz operation)
Instruction set e Data transfer (8/16 bits)
e Adder and subtractor/logical operation (8/16 bits)
e Multiplication (8 bits x 8 bits)
e Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.
I/O port Total 32Note 2
CMOS I/0 2(QNote 2
CMOS input 5Note 2
CMOS output qNote 2
N-ch O.D. I/O 2
(withstand voltage: 6 V)
GPIO (RF block) 4
2.4 GHz RF transceiver Supporting Bluetooth v4.2 Specification (Single mode).
2.4 GHz ISM Band, GFSK modulation, TDMA/TDD frequency hopping
(Including AES encryption circuit.)
Adaptivity (Only in slave operation)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
Real-time clock (RTC) | 1 channel
12-bit interval timer 1 channel
(Notes are listed on the next page.)
RO1UH0515EJ0130 Rev.1.30 RENESAS 8
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Notes 1. This is about 19 KB when the self-programming function is used.
2. When RF is used, this count includes the pins that connect the MCU with the RF transceiver by the user externally
on the board.

RO1UHO515EJ0130 Rev.1.30 R NS 9
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RL78/G1D CHAPTER 1 OUTLINE
(2/2)
Iltem R5F11AGG R5F11AGH R5F11AGJ
Timer Timer output | 8 channels (PWM outputs: 7Note 1)Note 2
RTC output 1 channel
1 Hz (subsystem clock: fsus = 32.768 kHz)
Clock output/buzzer output qNote 3

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

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

RF unit
(Clock output)

e 16 MHz, 8 MHz, 4 MHz

8/10-bit resolution A/D converter

8 channels

Serial interface

e CSl/simplified ?°C/UART: 1 channel
e CSl/simplified I?C: 1 channel

e UART: 1 channel
e CSI: 1 channel (dedicated for internal communications)

I2C bus

1 channel

Multiplier and divider/multiply-
accumulator

Multiplication: 16 bits x 16 bits = 32 bits (Unsigned or signed)
Division: 32 bits + 32 bits = 32 bits (Unsigned)
Multiply-accumulate: 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 4 channels

Vectored interrupt | Internal 29

sources External 4

Reset e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

e Internal reset by voltage detector

e Internal reset by illegal instruction executionNot 4
e Internal reset by RAM parity error

e Internal reset by illegal-memory access

Power-on-reset circuit

o Power-on-reset: 1.51 (TYP.)
o Power-down-reset: 1.50 (TYP.)

Voltage detector

e Rising edge : 1.67 V to 3.13 V (12 stages)
e Falling edge : 1.63 V to 3.06 V (12 stages)

On-chip debug function

Provided

Power supply voltage

Vop = 1.6 to 3.6 V (Vop =1.8 to 3.6 V on usage of DC-DC converter)

Operating ambient temperature

Ta=-40to +85 °C

Package

48-pin QFN (6 % 6), (0.4 mm pitch)

Notes 1.

The number of outputs varies, depending on the setting of channels in use and the number of the master

(see 7.9.3 Operation as multiple PWM output function).
2. When setting to PIOR0 =1
3. When RF is used, this count includes the pins that connect the MCU with the RF transceiver by the user

externally on the board.

4. The illegal instruction is generated when instruction code FFH is executed. Reset by the illegal instruction

execution not issued by emulation with the on-chip debug emulator.

RO1UH0515EJ0130 Rev.1.30
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CHAPTER 2 CONNECTION BETWEEN MCU AND RF TRANSCEIVER

2.1 Connection Pins of MCU and RF Transceiver

This product consists of two units, an MCU (the part of the product other than the RF unit) and an RF unit (RF
transceiver). The two units need to be internally and externally connected. Therefore, handling of internal pins between
two units and internally settings for communications are required. The MCU controls the RF unit through SPI
communications.

Table 2-1 lists the pins connected inside the RL78/G1D. Table 2-2 lists the pins which the user needs to connect on the
board for normal Bluetooth Low Energy operation.

These pins require initial settings for the appropriate modes and levels using the Bluetooth Low Energy software stack
from Renesas before communications with another RF transceiver can start.

RO1UHO0515EJ0130 Rev.1.30 R nS 1
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RL78/G1D CHAPTER 2 CONNECTION BETWEEN MCU AND RF TRANSCEIVER
Table 2-1. Internal Pin Connection
Pin Name Function Direction
MCU unit RF unit

P05 RESET_RF Hardware reset signal for the RF unit (baseband unit). When RESET_RF is at | MCU —
the low level, the RF unit (baseband unit) enters the reset state. RESET_RF RF transceiver
is controlled by P05 which is an internal port of the MCU.

P06 CE_RF Chip select signal of the RF unit. When CE_RF is at the high level, the RF MCU —
unit is enabled. CE_REF is controlled by P06 which is an internal port of the RF transceiver
MCU.

P70/SCK21 SCK_RF Operation clock of the SPI interface used for internal communication between | MCU —
the MCU and RF unit. Since it is dedicated to internal communication, it RF transceiver
cannot be used for communication with external modules.

P71/S121 SO_RF Data (MCU: input data, RF unit: output data) of the SPI interface used for RF transceiver —
internal communication between the MCU and RF unit. Since it is dedicated MCU
to internal communication, it cannot be used for communication with external
modules.

P72/S021 SI_RF Data (MCU: output data, RF unit: input data) of the SPI interface used for MCU —
internal communication between the MCU and RF unit. Since it is dedicated RF transceiver
to internal communication, it cannot be used for communication with external
modules.

P74 SPIEN_RF Communication enable control signal for the SPI interface (RF unit) used for MCU —
internal communication between the MCU and RF unit. RF transceiver
SPIEN_REF is an active-low (SPI communication enabled) signal. SPIEN_RF
is controlled by P74 which is an internal port of the MCU.

P75 DCDCOFF Controls whether the DC-DC converter incorporated in RF unit is used or not. | MCU —

Low level of DCDCOFF specifies DC-DC converter is used, and the high level | RF transceiver
specifies unused. DCDCOFF is controlled by P75 which is an internal port of
the MCU block.

P76 EXT32K Controls whether On-chip oscillator for the RF slow clock incorporated in RF MCU —
unit is used or not. RF transceiver
When using On-chip oscillator for the RF slow clock incorporated in RF unit,
use the EXT32K in low level. When On-chip oscillator for the RF slow clock
incorporated in the RF unit is not used, use the EXT32K in high level. The 32-
kHz clock shall be supplied externally (EXSLK_RF pin).

P77/INTRF INTOUT_RF When an interrupt source is generated in the RF unit, that status is output from | RF transceiver —
the INTOUT_REF pin. MCU
The INTOUT_RF pin is connected to the INTRF pin internally. Thus the MCU
can accept the interrupt status.

RO1UHO0515EJ0130 Rev.1.30
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RL78/G1D CHAPTER 2 CONNECTION BETWEEN MCU AND RF TRANSCEIVER

Table 2-2. Pins Externally Connected on User Board

Pin Name Function Direction
MCU unit RF unit
P130 RFCTLEN Control signal (high: enabled, low: disabled) for the RF unit. This MCU —
signal is used together with the reset release (P130 pin signal RF transceiver

changes from low to high) of the MCU to control the RF unit. When
this control signal is disabled, power is not supplied to the internal
circuit of the RF unit and so functions installed in the RF unit do not

operate.
P140/ GPIO3/EXSLK_RF | When the on-chip oscillator for the RF slow clock is not used (EXT32 MCU —
PCLBUZO/INTP6 is high level), these pins must be connected, because the RF slow RF transceiver

clock must be supplied externally.

The clock output from PCLBUZ0 (sub-system clock output) pin is
supplied to EXSLK_RF pin as the RF slow clock.

2.2 Communication Interface Between MCU and RF Transceiver
3-wire serial 1/0 (CSl) is used for the SPI interface for internal communication between the MCU and RF unit. For data
transfer between the MCU and RF unit, a transfer clock is output from the MCU to the RF unit and data is transmitted and

received. The operation of the 3-wire serial I/O (CSI) is shown in Table 2-3.

Table 2-3. 3-Wire Serial /0 Between MCU and RF Transceiver

3-Wire Serial 1/0 CSI21 (for communication between MCU and RF transceiver)
Target channel Channel 1 of SAU1
Pins used SCK21, SI21, SO21 (internal connection pin for communication), and P74 (internal connection pin for control

of the SPIEN_REF pin (active low) in the RF unit)

Operation mode Transmission mode or transmission/reception mode

Master/slave Master

Interrupt INTCSI21
Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can be
selected.

Error detection flag Overrun error detection flag (OVF21)

Transfer data length 8 bits.

Transfer rate Within the range that satisfies the AC characteristics of the electrical specifications
Data phase Type 1 (see the format of serial communication operation setting register mn (SCRmn))
Clock phase Type 1 (see the format of serial communication operation setting register mn (SCRmn))
Data direction MSB first

Caution Use the RL78/G1D so that these conditions and the specifications of the AC characteristics
(CHAPTER 30 ELECTRICAL SPECIFICATIONS) are satisfied.

2.3 Initial Settings of Unused Internal Pins of MCU

After release from the reset state, the following internal pins of the MCU need to be set for output mode (set the port
registers and port mode registers to 0) by software. Using the Bluetooth Low Energy software stack from Renesas leads to
the appropriate initial settings being made.

P04, P17, P24 to P27, P31, P41 to P47, P50 to P57, P62 to P67, P73, P80 to P87, P100 to P102, P110, P111, P141 to
P146, P150 to P156

ROTUH0515EJ0130 Rev.1.30 R NS 13
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2.4 Operation Clock of Bluetooth Low Energy

Bluetooth Low Energy operation requires a high-speed 32-MHz clock which is used as the RF base clock for the RF

internal circuits and a low-speed 32.768-kHz clock (RF slow clock).

A crystal oscillator is externally connected to generate the 32-MHz signal for the high-speed RF base clock. Either the
on-chip oscillator in the RF unit or the input of a square wave to the EXSLK_RF pin can be used to obtain the low-speed
RF slow clock. In the case of square wave input to the EXSLK_RF pin, the Bluetooth Low Energy software stack from
Renesas sets up sub-clock output through the PCLBUZO0 pin to provide a square wave for input to EXSLK_RF, so the

PCLBUZ0 pin and EXSLK_RF pin must be connected on the user board.
Tables 2-4 and 2-5 show the clock resonator connection and Figures 2-1 and 2-2 show the clock configuration.

Table 2-4. Clock Resonator Connection (Using the On-chip Oscillator as the RF Slow Clock)

Pin Name Function
XTAL1_RF Base clock of the RF unit.
XTAL2_RF Connect a 32 MHz crystal resonator.
A resister of 6.8 MQ + 5% must be inserted between XTAL1_RF pin and GND (AVss grr pin).
P123/XT1 —
P124/XT2/EXCLKS

Figure 2-1. Clock Configuration (Using the On-chip Oscillator as the RF Slow Clock)

AVssre XTAL1_RF XTAL2 RF XT1 XT2 PCLBUZO  EXSLK_RF

777 R1=6.8MQ+5%

Caution This figure only shows connection between the clock resonator pins and clock line.

Table 2-5. Clock Resonator Connection (Using Square Wave Input for the RF Slow Clock)

Pin Name Function
XTAL1_RF Base clock of the RF unit.
XTAL2 RF Connect a 32 MHz crystal resonator.
A resister of 6.8 MQ + 5% must be inserted between XTAL1_RF pin and GND (AVss grr pin).
P123/XT1 Slow clock for controlling the communication timing.
P124/XT2/EXCLKS Connect a 32.768 kHz crystal resonator.

Figure 2-2. Clock Configuration (Using Square Wave Input for the RF Slow Clock)

AVssre XTAL1_RF XTAL2_RF XT1 XT2 PCLBUZO EXSLK_RF

o ogm

R1 = 6.8MQ+5%

Caution This figure only shows connection between the clock resonator pins and clock line.

RO1UHO0515EJ0130 Rev.1.30 R NS
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2.5 Power Configuration

Power is supplied to both the MCU and the RF unit. The RF unit includes a DC-DC converter. Whether to use the DC-
DC converter or not is selectable, so the user is able to select the configuration that suits the user application. The power
switched at the DC-DC converter is output to the DCLOUT pin. The power is smoothed by an inductor and capacitor to
step down the voltage, and then supplied to the DCLIN. Figure 2-3 shows the power configuration of the RL78/G1D.

Figure 2-3. Power Configuration

(@) When DC-DC converter is used

1.8Vto3.6V

T _ 10 uH

________ TR A A E AN N
n

Voo rRF  DCLOUT DCLIN AVbp_RF

0.47 uF

H

GND ~DGND V AGND

(b) When DC-DC converter is not used

1.6Vto36V

[ Voo WVoore  DCLOUT ~  DCLIN AVobrr |

1 n 1

 REGC MCU |, RF !

1 n 1

Jj I Vss 1'VVss R GND1 AVss RF !

0.47 pF S e e A
T |

= GND ~DGND V AGND

Cautions 1. Please implement control measures to suppress noise at RF power supplies (Vbb_rF,
AVop_rr) as low as possible. Especially, in case of using a switching supply for the
power supply, appropriate control measures depending on the device and system of
the customer might be needed for the periodical noise of the power supply. In such
cases, customer shall validate that the device and system of the customer works
without problem.

2. This figure only shows the power line.

ROTUH0515EJ0130 Rev.1.30 R NS 15
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3.1 Pin Functions

CHAPTER 3 PIN FUNCTIONS

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

Table 3-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
Voo e P00 to P03, P10 to P16, P20 to P23, P30, P40, P60, P61, P120 to P124, P130, P137,
P140, and P147
e RESET, REGC
Vob_RF GPIOO0, GPIO1, GPIO2, GPIO3, RFCTLEN

RO1UHO0515EJ0130 Rev.1.30
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CHAPTER 3 PIN FUNCTIONS

The 1/O, buffer, and pull-up resistor settings for each port is also valid for alternate functions.

(1/2)
Function Name | Pin Type 1/0 After Reset Alternate Function Function
P00 7-1-2 110 Input port TIOO Port 0.
PO1 8-1-1 TO00 4-bit I/O port.
Input/output can be specified in 1-bit units.
P02 7-3-2 Analog input | ANI17/TxD1 ) )
Use of an on-chip pull-up resistor can be
P03 8-3-2 port ANI16/RxD1 specified by a software setting at input port.
Input of PO1 and P03 can be set to TTL input
buffer.
Output of P00, P02, and P03 can be set to N-ch
open-drain output (Voo tolerance).
P02 and P03 can be set to analog inputN°te !,
P10 8-1-2 lfe} Input port SCKO00/SCLO00/ Port 1.
(TI07)/(TOO07) 7-bit 1/0 port.
P11 SI100/RXxDO/TOOLRXD/ Input/output can be specified in 1-bit units.
SDAOO/(TI0B)/(TO06) Use of an on-chip pull-up resistor can be
12 712 SO00/TXDOTOOLTXD/ specified by a software setting at input port.
- o5y :005 X Input of P10, P11, and P13 to P16 can be set to
( N ) TTL input buffer.
P13 8-1-2 S0O20/(SDAA0)/ Output of P10 to P15 can be set to N-ch open-
(T104)/(TO04) drain output (Voo tolerance).
P14 S120/SDA20/
(SCLAO)/(TI03)/(TO03)
P15 SCK20/SCL20/
(T102)/(TO02)
P16 8-1-1 TI0O1/TO01/INTP5
P20 4-3-1 110 Analog input | ANIO/AVRrerp Port 2.
P21 port ANI1/AVRery 4-bit I/ port.
Input/output can be specified in 1-bit units
P22 ANI2
Can be set to analog inputNete2,
P23 ANI3
P30 7-1-1 lfe} Input port INTP3/RTC1HZ Port 3.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P40 7-1-1 1/0 Input port TOOLO Port 4.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P60 12-1-1 lfe} Input port (SCLAO) Port 6.
Input/output can be specified in 1-bit units.
N-ch open-drain output (6V tolerance).
Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-

bit unit).
2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 5-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 3 PIN FUNCTIONS

(2/2)
Function Name | Pin Type 110 After Reset Alternate Function Function
P120 7-3-1 110 Analog input | ANI19 Port 12.
port 1-bit I/O port and 4-bit input-only port.

P121 2.2.1 Input | Input port X1 For only P120, input/output can be specified.
For only P120, use of an on-chip pull-up resistor

P122 X2/EXCLK - . .
can be specified by a software setting at input

P123 XT1 port.

P124 XT2/EXCLKS P120 can be set to analog inputN°te,
When using RF, connecting P123 and P124 to
an resonator of 32.768 kHz make the clock can
be used as RF slow clock.

P130 1-1-1 Output | Output port — Port 13.

P137 2.1.2 Input | Input port INTPO 1-bit output-only port and 1-bit input-only port.
When using RF, P130 is used for RF control.

P140 7-1-1 I/0 Input port PCLBUZO/INTP6 Port 14.

P147 7-3-1 Analog input | ANI18 2-bit /O port.

port Input/output can be specified in 1-bit units.

Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P147 can be set to analog inputN°t.

GPIOO R-12 I/0 Input port TXSELH_RF GPIO port.

GPIO1 TXSELL_RF 4-bit 1/O port.
Input/output can be specified in 1-bit units.

GPI02 CLKOUT_RF

GPIO3 EXSLK_RF

Note Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-bit

unit).
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3.2 Functions Other than Port Pins

(1/2)
Function Name | Pin Type 1/0 Function
ANIO 4-3-1 Input A/D converter analog input (see Figure 12-44 Analog Input Pin Connection)
AN 4-3-1
ANI2 4-3-1
ANI3 4-3-1
ANI16 8-3-2
ANI17 7-3-2
ANI18 7-3-1
ANI19 7-3-1
INTPO 2-1-2 Input External interrupt input
INTP3 7-1-1 Valid edge: Rising edge, falling edge, or both rising and falling edges
INTP5 8-1-1
INTP6 7-1-1
PCLBUZO 7-1-1 Output | Clock output/buzzer output
When using RF, output of sub-system clock can be used as RF slow clock. In this case,
connect it to EXSLK_REF pin.
REGC — — Regulator output stabilization capacitor connection for internal operation.
Connect REGC to Vss via a capacitor (0.47 to 1 pF).
Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.
RTC1HZ 7-1-1 Output | Real-time clock correction clock (1 Hz) output
RESET 2-1-1 Input This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to Voo.
RxDO 8-1-2 Input Serial data input of serial interface UARTO
RxD1 8-3-2 Serial data input of serial interface UART1
TxDO 7-1-2 Output | Serial data output of serial interface UARTO
TxD1 7-3-2 Serial data output of serial interface UART1
SCKO00, SCK20 | 8-1-2 lfe} Clock I/O of serial interface CSI00, CSI20
SCL00, SCL20 | 8-1-2 Output | Clock output of serial interface 11C00, 11C20
SDAO00 8-1-2 110 Serial data I/O of serial interface 11C00
SDA20 8-3-2 Serial data 1/O of serial interface 11C20
SI00 8-1-2 Input Serial data input of serial interface CSI00
S120 8-1-2 Serial data input of serial interface CSI20
S000 7-1-2 Output | Serial data output of serial interface CSI00
S020 8-1-2 Serial data output of serial interface CSI20
SCLAO 12-1-1 1/0 Serial data output of serial interface [ICAQ
SDAAO 12-1-1 Serial data I/O of serial interface 1ICAQ
TIO0 7-1-2 Input External count clock/capture trigger input to 16-bit timer 00
TIO1 8-1-1 Input External count clock/capture trigger input to 16-bit timer 01
TI02 8-1-2 Input External count clock/capture trigger input to 16-bit timer 02
TI03 7-1-1 Input External count clock/capture trigger input to 16-bit timer 03
TI0O4 7-1-1 Input External count clock/capture trigger input to 16-bit timer 04
TIOS 7-1-1 Input External count clock/capture trigger input to 16-bit timer 05
TI06 7-1-1 Input External count clock/capture trigger input to 16-bit timer 06
TI07 7-1-1 Input External count clock/capture trigger input to 16-bit timer 07
RO1UHO0515EJ0130 Rev.1.30 19
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(2/2)

Function Name | Pin Type I/0 Function

TOO00 8-1-1 Output | Timer output of 16-bit timer 00

TOO01 8-1-1 Output | Timer output of 16-bit timer 01

TO02 8-1-2 Output | Timer output of 16-bit timer 02

TOO03 7-1-1 Output | Timer output of 16-bit timer 03

TOO04 7-1-1 Output | Timer output of 16-bit timer 04

TO05 7-1-1 Output | Timer output of 16-bit timer 05

TOO06 7-1-1 Output | Timer output of 16-bit timer 06

TOO7 7-1-1 Output | Timer output of 16-bit timer 07

ANT — — Antenna connection

DCLIN — — External inductor/capacitor connection pin for DC-DC converter

DCLOUT — — External inductor connection pin for DC-DC converter

RFCTLEN R-11 Input RF block control enable input (high: enable, low: disable)
When using RF, connect RFCTLEN to P130 of MCU.

TXSELH_RF R-12 OQutput | External PA/LNA control output

TXSELL_RF R-12 Output | External PA/LNA control output

CLKOUT_RF R-12 Output | 16, 8, 4 MHz clock output

EXSLK_RF R-12 Input RF slow clock (32.768 kHz) external input
When using RF, the RF slow clock can be supplied externally. In this case, connect it to
PCLBUZO0 (sub-system clock).When using RF, the RF slow clock can be supplied externally. In
this case, connect it to PCLBUZ0 (sub-system clock).

EXCLK 2-2-1 Input External clock input for main system clock

EXCLKS 2-2-1 Input External clock input for subsystem clock

X1 2-2-1 — Resonator connection for main system clock

X2 2-2-1 —

XT1 2-2-1 — Resonator connection for subsystem clock

XT2 2-2-1 —

XTAL1_RF — — Resonator (32 MHz) connection for RF high- speed reference clock

XTAL2_RF — —

Vob — — Positive power supply for MCU

Vop_RrF — — Positive power supply for RF block

AVRerP 4-3-1 Input A/D converter reference potential (+ side) input

AVREFM 4-3-1 Input A/D converter reference potential (- side) input

AVop_RF — — Positive analog power supply for RF block

Vss — — Ground potential for MCU

Vss_RF — — Ground potential for RF block

AVss_rF — — Analog ground potential for RF block

TOOLRXD 8-1-2 Input UART serial data reception for external device connection used during flash memory
programming

TOOLTxD 7-1-2 Output | UART serial transmission for external device connection used during flash memory
programming

TOOLO 7-1-1 110 Data 1/O for flash memory programmer/debugger

ICO — — Internal circuit connection (connect to Vss_rr or AVss_rr)

IC1 — — Internal circuit connection (connect to Vss_rr or AVss_rr)

GND1 — — Ground potential pad on back of package

Make this pin the same potential as AVss_rr.
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Caution After reset release, the relationships between P40/TOOLO and the operating mode are as follows.

Table 3-2. Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO Operating Mode
Vop Normal operation mode
oV Flash memory programming mode

For details, see 26.4 Serial Programming Method.

Remark Use bypass capacitors (about 0.1 yF) as noise and latch up countermeasures with relatively thick wires at

the shortest distance to Vobp to Vss line. For Vobp_rr to Vss rRF and AVob_rr to AVss R lines, refer to the RF

Block Board Design Guideline.
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3.3 Connection of Unused Pins

Table 3-3 shows the connections of unused pins.

Table 3-3. Connection of Unused Pins (1/2)

GPIO1/TXSELL_RF

GPIO2/CLKOUT_RF

Pin Name I/O Recommended Connection of Unused Pins

PO0/TI00 1/0 Input:  Independently connect to Voo or Vss via a resistor.

P01/TO00 Output: Leave open.

PO2/ANI17/TxD1

PO3/ANI16/RxD1

P10/SCKO00/SCLO00/(TI07)/(TO07) Input:  Independently connect to Vop or Vss via a resistor.

P11/SI00/RxDO/TOOLRXD/ Output: Leave open.

SDAO00/(TI06)/(TO06)

P12/SO00/TxD0/TOOLTxD/(TI05)/(TO05)

P13/S0O20/(SDAAO0)/(T104)/(TO04)

P14/S120/SDA20/(SCLAO0)/(TI103)/(TO03)

P15/SCK20/SCL20/(T102)/(TO02)

P16/TI01/INTP5 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P20/ANIO/AVrerp Input:  Independently connect to Vop or Vss via a resistor.

P21/ANI1/AVReru Output: Leave open.

P22/ANI2 Input:  Independently connect to Voo or Vss via a resistor.

P23/ANI3 Output: Leave open.

P30/INTP3/RTC1HZ Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P40/TOOLO Input:  Independently connect to Voo or leave open.
Output: Leave open.

P60/(SCLAO) Input:  Independently connect to Voo or Vss via a resistor.

P61/(SDAAO) Output: Set the port’s output latch to 0 and leave the pins open, or set the port’s

output latch to 1 and independently connect the pins to Voo or Vss via a
resistor.

P120/ANI19 1/0 Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.

P121/X1 Input Independently connect to Vop or Vss via a resistor.

P122/X2/EXCLK

P123/XT1

P124/XT2/EXCLKS

P130 Output | Leave open.

P137/INTPO Input Independently connect to Vop or Vss via a resistor.

P140/PCLBUZO/INTP6 /10 Input:  Independently connect to Voo or Vss via a resistor.

P147/ANI18 Output: Leave open.

GPIOO/TXSELH_RF 110 Connect to Vss rr.

(When these pins are not in use, they always function as input ports in the reset
state or after released from the reset state.)
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Table 3-3. Connection of Unused Pins (2/2)
Pin Name 110 Recommended Connection of Unused Pins

GPIO3/EXSLK_RF 1/0 When the on-chip oscillator is used for RF slow clock: Leave open or connect to
P140/PCLBUZO/INTPS.
When the on-chip oscillator is not used for RF slow clock: connect to Vss gre.
(When this pin is not in use, it always functions as an input port in the reset state
or after released from the reset state.)

RESET Input | Connect directly or via a resistor to Voo.

REGC — Connect to Vss via a capacitor (0.47 to 1 pF).

RFCTLEN Input | Connect to Vss rr.

ICO — Connect to Vss_rr or AVss Rr.

IC1 — Connect to Vss_rr or AVss_Rr.
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3.4 Block Diagrams of Pins

Figures 3-1 to 3-14 show the block diagrams.

Figure 3-1. Pin Block Diagram for Pin Type 1-1-1

~""Y
RD
sl
= <
f ~ Vbb
@©
g WRPORT
I= (L — P-ch
o Output latch {>o_<. Pmn
(Pmn) | Neoh
—
Vss
Figure 3-2. Pin Block Diagram for Pin Type 2-1-1
RESET < o<} o@ © RESET
Figure 3-3. Pin Block Diagram for Pin Type 2-1-2
N~
Alternate
function
(7))
S
Q RD
®
c
Sl o
2L as o<} O@ © Pmn
—

Remark For alternate functions, see 3.1 Port Function.
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RL78/G1D
Figure 3-4. Pin Block Diagram for Pin Type 2-2-1
~"
Clock generator <
CMC
OSCSEL/
OSCSELS
RD Alternate
function
@ 04—0@ @ P122/X2/EXCLK/Alternate function
o P124/XT2/EXCLKS/Alternate function
©
c
§ cMC >e
£ EXCLK, OSCSEL/
EXCLKS, OSCSELS /[
——| I—(b
N-ch| P-ch
RD Alternate
function
o<} o [T 0 P121/X1/Alternate function
P123/XT1/Alternate function
N

Remark For alternate functions, see 3.1 Port Function.
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RL78/G1D
Figure 3-5. Pin Block Diagram for Pin Type 4-3-1
N~
WRADPC 0: Analog input
/L ADPC 1: Digital /0
O ADPC3 to ADPCO
RD
f—\
5 -
O
7 Qo
-] <))
Ko} o) |«
| WRPORT Vop
c
S fL Output latch
gl v (Pmn) o:>o—| P-ch
WRPM : Pmn
/L | PM register _Do—<>—4§>o-| N-eh
O (PMmn) A
Vss
L P-ch
A A/D converter
T N-ch
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Figure 3-6. Pin Block Diagram for Pin Type 7-1-1

~7)  WRPU Vop
/L | PU register
~ 7 (PUmn) | Jo I P-ch
Alternate |,
function
RD
i Jﬁ 5t g4—
>
O |« > /I E
= [}
c n
[0}
E WRPORT Voo
/L | Output latch
O
(Pmn) —E > P-ch
WRPM D_l »—© Pmn
/L [ PM register —Do_| N-ch
~ 71 (PMmn)
Vss
Alternate
function
N

Remark For alternate functions, see 3.1 Port Function.
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Figure 3-7. Pin Block Diagram for Pin Type 7-1-2

~7)  WRPU Vop
/L PU register |
S (Pumn) ——E':) | P-ch
Alternate |,
function
RD
/L :§ < @—0
5]
B /I Q
o) [0)
— n
©
S| WRPORT
Q X Vbb
£ /L Output latch
= (Pmn) DiD_@"
l— P-ch
WRPM Q) Pmn
A PM register _Do—| N-ch
7 (PMmn)
WRPOM
Vss
M | POM register
~ (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
Y

Caution When N-ch open drain output mode is set by port output mode register (POMx), through
current might flows at middle electric potential input even if in output mode. Because the
input buffer is on state. Moreover, if the output level is switched in N-ch open drain output

<R>

mode, glitch noise (Voo level) might be generated.

Remarks 1.For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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RL78/G1D
Figure 3-8. Pin Block Diagram for Pin Type 7-3-1
~7)  WRepu EVob
A\ ,| PU register
S eum [ —d » I Pcn
WRPMC
,J\ PMC register
~ (PMCmn)
Alternate
function
RD
g | T
o J\ S f
c_g U <] 8
5 ~ @
§ (7]
WRPORT
K EVoo
,J\ Output latch
S, (Pmn) DiD
P-ch
WRPM ] O Pmn
A\ PM register N-ch
~ (PMmn)
EVss
Alternate function
(SAU)
Alternate function
(other than SAU)
_Ll P-ch
A/D converter 1
T N-ch
Y
Remarks 1. For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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RL78/G1D
Figure 3-9. Pin Block Diagram for Pin Type 7-3-2
~"7)  WRpU Vbbb
/L ,| PU register
=~ L(Pumn) =D I Peon
WRpPMC
fL PMC register
~ (PMCmn)
Alternate |,
function
g RD
=} 5 Gl
g B N | @
—
g &
=
WRPORT
] Vbb
/L Output latch
=L emn) TO-T>
P-ch
WRPM O Pmn
/L PM register N-ch
~ (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
L P-ch
A/D converter
T N-ch
N
<R> Caution When N-ch open drain output mode is set by port output mode register (POMx), through
current might flows at middle electric potential input even if in output mode. Because the
input buffer is on state. Moreover, if the output level is switched in N-ch open drain output
mode, glitch noise (Vob level) might be generated.
Remarks 1. For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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RL78/G1D
Figure 3-10. Pin Block Diagram for Pin Type 8-1-1
N
WRPU Voo
N | PUregister
= Pumn) [ | Il> P-ch
WRPIM
N PIM register
~ (PIMmn)
Alternate
function
CMOS
RD 3
) e T
> o
e} o TTL
s [}
g o ,
8 -
£ | WRPORT
Vob
/L Output latch
S D>
{ e Pen
WRPM —Q© Pmn
/L PM register _Do—| N-ch
~ (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
Y
<R> Caution When the buffer is set to TTL input buffer by port input mode register (PIMx) and input high level,

through current might flows because of the structure of TTL input buffer. Input low level to

prevent this problem.

Remarks 1. For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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RL78/G1D
Figure 3-11. Pin Block Diagram for Pin Type 8-1-2
N
WRPU Voo
A .| PUregister
O (PUmn) —_2|} If> P-cn
WRPIM
Py PIM register
~ (PIMmn)
Alternate |,
function
CMOS
RD T ]
) = e
> _9 =
Ko} 8 TTL
T 5 |
5 (7o) PRI
e
£ | WRPORT
Vob
/L Output latch
S D>
D—| P-ch
WRPM —Q© Pmn
1 | PMregister _Do—| N-ch
~ (PMmn)
WRPOM
Vss
A .| POM register
N~ (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
Y
<R> Cautions 1. When N-ch open drain output mode is set by port output mode register (POMx), through
current might flows at middle electric potential input even if in output mode. Because the
input buffer is on state. Moreover, if the output level is switched in N-ch open drain output
mode, glitch noise (Voo level) might be generated.

2. When the buffer is set to TTL input buffer by port input mode register (PIMx) and input high
level, through current might flows because of the structure of TTL input buffer. Input low
level to prevent this problem.

Remarks 1. For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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RL78/G1D
Figure 3-12. Pin Block Diagram for Pin Type 8-3-2
WRPU Voo
~) N PU register
(PUmn) IR | P-ch
WRPIM —OI_/ | ¢
M PIM register
~ (PIMmn)
WRPMC
fL |PMC register
N (PMCmn)
Alternate
function
RD CMOS !
2l L 2 il
o TTL
O |le¢
< " [0
a ~ g 7
g w
+= | WRPORT
£ Vbb
/L Output latch
O e T D>
P-ch
WRPM O Pmn
fL PM register N-ch
~ (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
L P-ch
Y
A/D converter
T N-ch
<R> Caution When the buffer is set to TTL input buffer by port input mode register (PIMx) and input high

level, through current might flows because of the structure of TTL input buffer. Input low

level to prevent this problem.

Remarks 1. For alternate functions, see 3.1 Port Function.

2. SAU: Serial array unit
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Figure 3-13. Pin Block Diagram for Pin Type 12-1-1

~ Alternate |,
function
RD
I\ 5 oo}
B | 0
had u | 9
Sl
WRPORT
n /L 7y
a o Output latch ) O Pmn
o (Pmn) N
[ -ch
L WRPM 57
= V
ss
/L | PM register
~ 71 (PMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)

<R> Caution Through current might flows at middle electric potential input even if in output mode. Because

the input buffer is on state.

Remarks 1. For alternate functions, see 3.1 Port Function.
2. SAU: Serial array unit
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Figure 3-14. Pin Block Diagram for Pin Type R-11

INOUT!

;

» 3V buffer

Figure 3-15. Pin Block Diagram for Pin Type R-12

/l/ ® Output enable

INOUTO—e ® Data
< ®
l\ G\ Data
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CHAPTER 4 CPU ARCHITECTURE

4.1 Overview

The CPU core of the RL78 microcontroller is the Harvard architecture which has independent instruction fetch bus,
address bus and data bus. In addition, through the adoption of three-stage pipeline control of fetch, decode, and memory
access, the operation efficiency is improved drastically over the conventional CPU core. The CPU core features high
performance and highly functional instruction processing, and can be suited for use in various applications that require
high speed and highly functional processing.

The RL78/G1D is RL78-S2 core. The main features of the RL78 microcontroller are as follows.

® 3-stage pipeline CISC architecture

® Address space: 1 Mbyte

® Minimum instruction execution time: One clock cycle for one instruction
® General-purpose register: 8-bit registers x 8 x 4 banks

® Types of instructions: 75

® Data allocation: Little endian

4.2 Memory Space

Products in the RL78/G1D can access a 1 MB address space. Figures 4-1 to 4-3 show the memory maps.
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Figure 4-1. Memory Map (R5F11AGG)

FFFFFH 1FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMMNe® -2 P Program area T
12 KB
FCFOOH
FCEFFH
et Mirror o _
39.75 KB 01FFFH
F3000H
F2FFFH Data flash memory 010CEH
F1000H 8 KB 010CDH | On-chip debug security
FOFFFH ID setting areaN°te?
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte areaNote 3
4 bytes
Special function register (2nd SFR) g 1 ggg: Y Boot cluster 1
2KB CALLT table area
FO000H 01080H 64 bytes
EFFFFH
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
-+ Reserved g 5 Program area =
000CEH
000CDH On-chip debug security
ID setting area°te 3
000C4H 10 bytes
000C3H Option byte areaV°te? Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
20000H 00080H
1FFFFH 0007FH
Program Vector table area
| Code flash memory |
memory i =~ 128 bytes
space 128 KB Y
Y 00000H 00000H

Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.

2. |Instructions can be executed from the RAM area excluding the general-purpose register area.
3. 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.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).

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 23.3.3 RAM parity error detection function.
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Figure 4-2. Memory Map (R5F11AGH)

FFFFFH 2FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNote 1.2 = Program area =
16 KB
FBFOOH
FBEFFH
- Mirror - RN
35.75 KB 01FFFH
F3000H
F2FFFH Data flash memory 010CEH
F1000H 8 KB 010CDH On-chip debug security
FOFFFH ID setting areaM°te
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte areaet3
4 bytes
Special function register (2nd SFR) g 1 852 : . Boot cluster 1
2 KB CALLT table area
64 bytes
et y
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
- Reserved -~ ~ Program area 4=
000CEH
000CDH On-chip debug security
ID setting areal°te?
000C4H 10bytes
000C3H Option byte area'te3 Boot cluster ONote 4
000COH 4 bytes
000BFH
CALLT table area
64 byt
30000H 00080H vies
2FFFFH 0007FH
Program Vector table area
| Code flash memory |
memory -~ =~ 128 bytes
space 192 KB Y
L 00000H 00000H

Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.

2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. 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.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).

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 23.3.3 RAM parity error detection function.
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Figure 4-3. Memory Map (R5F11AGJ)

FFFFFH SFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMMNete 1.2 = Program area T
20 KB
FAFOOH
FAEFFH
- Mirror ot e ———
31.75 KB 01FFFH
F3000H
F2FFFH Data flash memory 010CEH
F1000H 8 KB 010CDH On-chip debug security
FOFFFH ID setting area°'e3
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area>3
. ) . 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
64 bytes
et /
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
-~ Reserved ot 0= Program area -
000CEH
000CDH On-chip debug security
ID setting areaNoe 3
000C4H 10bytes
000C3H Option byte areaNte® Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 byt
40000H 00080H vies
3FFFFH 0007FH
l:qrgrg;rgr? A Code flash memory L Vec;ozrgtekl)blte area
- - es
space 256 KB Y
! 00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of

4,

Caution

vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory. Also, use of the area FAFOOH to
FB309H is prohibited, because this area is used for each library.

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

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.

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.
Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).

When boot swap is used:

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 23.3.3 RAM parity error detection function.
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 4-1. Correspondence Between Address Values and Block Numbers in Flash Memory (1/2)

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 003FFH 00H 08000H to 083FFH 20H 10000H to 103FFH 40H 18000H to 183FFH 60H
00400H to 007FFH 01H 08400H to 087FFH 21H 10400H to 107FFH 41H 18400H to 187FFH 61H
00800H to 00BFFH 02H 08800H to 08BFFH 22H 10800H to 10BFFH 42H 18800H to 18BFFH 62H
00COOH to 00FFFH 03H 08COOH to 08FFFH 23H 10CO0H to 10FFFH 43H 18CO0H to 18FFFH 63H
01000H to 013FFH 04H 09000H to 093FFH 24H 11000H to 113FFH 44H 19000H to 193FFH 64H
01400H to 017FFH 05H 09400H to 097FFH 25H 11400H to 117FFH 45H 19400H to 197FFH 65H
01800H to 01BFFH 06H 09800H to 09BFFH 26H 11800H to 11BFFH 46H 19800H to 19BFFH 66H
01COO0H to 01FFFH 07H 09COO0H to 09FFFH 27H 11CO0H to 11FFFH 47H 19CO0H to 19FFFH 67H
02000H to 023FFH 08H 0AOOOH to OA3FFH 28H 12000H to 123FFH 48H 1A000H to 1A3FFH 68H
02400H to 027FFH 09H 0A400H to OA7FFH 29H 12400H to 127FFH 49H 1A400H to 1A7FFH 69H
02800H to 02BFFH 0AH 0A800H to OABFFH 2AH 12800H to 12BFFH 4AH 1A800H to 1ABFFH 6AH
02COO0H to 02FFFH 0BH 0ACOOH to OAFFFH | 2BH 12CO0H to 12FFFH 4BH 1ACOOH to 1AFFFH 6BH
03000H to 033FFH O0CH 0BO0OH to OB3FFH 2CH 13000H to 133FFH 4CH 1B00OH to 1B3FFH 6CH
03400H to 037FFH ODH 0B400H to OB7FFH 2DH 13400H to 137FFH 4DH 1B400H to 1B7FFH 6DH
03800H to 03BFFH OEH 0B800H to 0BBFFH 2EH 13800H to 13BFFH 4EH 1B800H to 1BBFFH 6EH
03CO0O0H to 03FFFH OFH 0BCOOH to OBFFFH | 2FH 13CO0H to 13FFFH 4FH 1BCOOH to 1BFFFH 6FH
04000H to 043FFH 10H 0CO000H to 0C3FFH 30H 14000H to 143FFH 50H 1C000H to 1C3FFH 70H
04400H to 047FFH 11H 0C400H to 0OC7FFH 31H 14400H to 147FFH 51H 1C400H to 1C7FFH 71H
04800H to 04BFFH 12H 0C800H to OCBFFH | 32H 14800H to 14BFFH 52H 1C800H to 1CBFFH 72H
04COOH to 04FFFH 13H 0CCOO0H to OCFFFH | 33H 14CO0H to 14FFFH 53H 1CCOOH to 1CFFFH 73H
05000H to 053FFH 14H 0DO0O0OH to OD3FFH 34H 15000H to 153FFH 54H 1DO00H to 1D3FFH 74H
05400H to 057FFH 15H 0D400H to OD7FFH 35H 15400H to 157FFH 55H 1D400H to 1D7FFH 75H
05800H to 05BFFH 16H 0D80OH to ODBFFH | 36H 15800H to 15BFFH 56H 1D800H to 1DBFFH 76H
05CO0H to 05FFFH 17H ODCOOH to ODFFFH | 37H 15C00H to 15FFFH 57H 1DCOOH to 1DFFFH 77H
06000H to 063FFH 18H O0EOO0OH to OE3FFH 38H 16000H to 163FFH 58H 1E000H to 1E3FFH 78H
06400H to 067FFH 19H O0E400H to OE7FFH 39H 16400H to 167FFH 59H 1E400H to 1E7FFH 79H
06800H to 06BFFH 1AH 0E800H to OEBFFH 3AH 16800H to 16BFFH 5AH 1E800H to 1EBFFH 7AH
06CO0H to 06FFFH 1BH OECOOH to OEFFFH | 3BH 16CO0H to 16FFFH 5BH 1ECO0H to 1EFFFH 7BH
07000H to 073FFH 1CH OF000H to OF3FFH 3CH 17000H to 173FFH 5CH 1FO00H to 1F3FFH 7CH
07400H to 077FFH 1DH OF400H to OF7FFH 3DH 17400H to 177FFH 5DH 1F400H to 1F7FFH 7DH
07800H to 07BFFH 1EH OF800H to OFBFFH 3EH 17800H to 17BFFH 5EH 1F800H to 1FBFFH 7EH
07COO0H to 07FFFH 1FH OFCOOH to OFFFFH 3FH 17CO0H to 17FFFH 5FH 1FCOOH to 1FFFFH 7FH

Remark R5F11AGG : Block numbers 00H to 7FH
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Table 4-1. Correspondence Between Address Values and Block Numbers in Flash Memory (2/2)

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
20000H to 203FFH 80H 28000H to 283FFH AOH 30000H to 303FFH COH 38000H to 383FFH EOH
20400H to 207FFH 81H 28400H to 287FFH A1H 30400H to 307FFH C1H 38400H to 387FFH E1H
20800H to 20BFFH 82H 28800H to 28BFFH A2H 30800H to 30BFFH C2H 38800H to 38BFFH E2H
20COO0H to 20FFFH 83H 28COO0H to 28FFFH A3H 30CO00H to 30FFFH C3H 38CO0H to 38FFFH E3H
21000H to 213FFH 84H 29000H to 293FFH A4H 31000H to 313FFH C4H 39000H to 393FFH E4H
21400H to 217FFH 85H 29400H to 297FFH A5H 31400H to 317FFH C5H 39400H to 397FFH E5H
21800H to 21BFFH 86H 29800H to 29BFFH A6H 31800H to 31BFFH C6H 39800H to 39BFFH E6H
21COO0H to 21FFFH 87H 29CO00H to 29FFFH A7H 31CO0H to 31FFFH C7H 39CO00H to 39FFFH E7H
22000H to 223FFH 88H 2A000H to 2A3FFH A8H 32000H to 323FFH C8H 3A000H to 3A3FFH E8H
22400H to 227FFH 89H 2A400H to 2A7FFH A9H 32400H to 327FFH C9H 3A400H to 3A7FFH E9H
22800H to 22BFFH 8AH 2A800H to 2ABFFH AAH 32800H to 32BFFH CAH 3A800H to 3ABFFH EAH
22CO00H to 22FFFH 8BH 2ACOOH to 2AFFFH | ABH 32CO00H to 32FFFH CBH 3ACOO0H to 3AFFFH EBH
23000H to 233FFH 8CH 2B000H to 2B3FFH ACH 33000H to 333FFH CCH 3BO000H to 3B3FFH ECH
23400H to 237FFH 8DH 2B400H to 2B7FFH ADH 33400H to 337FFH CDH 3B400H to 3B7FFH EDH
23800H to 23BFFH 8EH 2B800H to 2BBFFH AEH 33800H to 33BFFH CEH 3B800H to 3BBFFH EEH
23CO00H to 23FFFH 8FH 2BCOOH to 2BFFFH | AFH 33CO00H to 33FFFH CFH 3BCOOH to 3BFFFH EFH
24000H to 243FFH 90H 2C000H to 2C3FFH BOH 34000H to 343FFH DOH 3C000H to 3C3FFH FOH
24400H to 247FFH 91H 2C400H to 2C7FFH B1H 34400H to 347FFH D1H 3C400H to 3C7FFH F1H
24800H to 24BFFH 92H 2C800H to 2CBFFH | B2H 34800H to 34BFFH D2H 3C800H to 3CBFFH F2H
24COO0H to 24FFFH 93H 2CCOO0H to 2CFFFH | B3H 34COO0H to 34FFFH D3H 3CCOO0H to 3CFFFH F3H
25000H to 253FFH 94H 2D000H to 2D3FFH B4H 35000H to 353FFH D4H 3D000H to 3D3FFH F4H
25400H to 257FFH 95H 2D400H to 2D7FFH B5H 35400H to 357FFH D5H 3D400H to 3D7FFH F5H
25800H to 25BFFH 96H 2D800H to 2DBFFH | B6H 35800H to 35BFFH D6H 3D800H to 3DBFFH F6H
25C00H to 25FFFH 97H 2DCOOH to 2DFFFH | B7H 35C00H to 35FFFH D7H 3DCOO0H to 3DFFFH F7H
26000H to 263FFH 98H 2EQ00H to 2E3FFH B8H 36000H to 363FFH D8H 3EO00H to 3E3FFH F8H
26400H to 267FFH 99H 2E400H to 2E7FFH B9H 36400H to 367FFH D9H 3E400H to 3E7FFH FOH
26800H to 26BFFH 9AH 2E800H to 2EBFFH BAH 36800H to 36BFFH DAH 3E800H to 3EBFFH FAH
26CO00H to 26FFFH 9BH 2ECOO0H to 2EFFFH | BBH 36CO00H to 36FFFH DBH 3ECO0H to 3EFFFH FBH
27000H to 273FFH 9CH 2F000H to 2F3FFH BCH 37000H to 373FFH DCH 3F000H to 3F3FFH FCH
27400H to 277FFH 9DH 2F400H to 2F7FFH BDH 37400H to 377FFH DDH 3F400H to 3F7FFH FDH
27800H to 27BFFH 9EH 2F800H to 2FBFFH BEH 37800H to 37BFFH DEH 3F800H to 3FBFFH FEH
27CO0H to 27FFFH 9FH 2FCO0H to 2FFFFH BFH 37CO0H to 37FFFH DFH 3FCOO0H to 3FFFFH FFH

Remark R5F11AGH : Block numbers 00H to BFH
R5F11AGJ : Block numbers 00H to FFH
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4.2.1 Internal program memory space
The internal program memory space stores the program and table data.

The RL78/G1D products incorporate internal ROM (flash memory), as shown below.

Table 4-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F11AGG

Flash memory

R5F11AGH

R5F11AGJ

131072 x 8 bits (00000H to 1FFFFH)

196608 x 8 bits (00000H to 2FFFFH)

262144 x 8 bits (00000H to 3FFFFH)

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.

RO1UH0515EJ0130 Rev.1.30
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Table 4-3. Vector Table

Vector Table Address Interrupt Source
0000H RESET, POR, LVD, WDT, TRAP, IAW, RPE
0004H INTWDTI
0006H INTLVI
0008H INTPO
000EH INTP3
0012H INTP5
0014H INTCSI20/INTIIC20
0016H INTCSI21
0018H INTTM11H
001AH INTDMAO
001CH INTDMA1
001EH INTSTO/INTCSIOO/INTIICOO
0020H INTSRO
0022H INTSREO

INTTMO1H
0024H INTST1
0026H INTSR1
0028H INTSRE1

INTTMO3H
002AH INTIICAO
002CH INTTMO0
002EH INTTMO1
0030H INTTMO2
0032H INTTMO3
0034H INTAD
0036H INTRTC
0038H INTIT
0042H INTTMO04
0044H INTTMO5
0046H INTTMO6
0048H INTTMO7
004AH INTP6
0054H INTRF
005EH INTMD
0062H INTFL
0064H INTDMA2
0066H INTDMA3
007EH BRK
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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 of 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 010COH to 010C3H
when the boot swap is used. For details, sese CHAPTER 25 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 010C4H to 010CDH when the boot swap is used. For details, see CHAPTER 27 ON-CHIP
DEBUG FUNCTION.
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4.2.2 Mirror area

The RL78/G1D mirrors the code flash area of 00000H to OFFFFH or 10000H to 1FFFFH, to FOOOOH to FFFFFH (the

code flash area to be mirrored is set by the processor mode control register (PMC)).

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 SFR, extended SFR, RAM, and use prohibited areas.
See 4.1 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 R5F11AGG (Flash memory: 128 KB, RAM: 12 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FCFOOH
FCEFFH

F3000H
F2FFFH

F1000H
FOFFFH

FO800H
FO7FFH

FO00OH
EFFFFH

20000H
1FFFFH

00000H

The PMC register is described following.

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
12 KB

Mirror
(same data as 03000H to OEEFFH)

For example, OE789H is mirrored to
FE789H. Data can therefore be read
by MOV A, IE789H, instead of MOV
ES, #00H and MOV A, ES:!IE789H.

Data flash memory

Reserved

Special-function register (2nd SFR)
2 KB

Reserved

Code flash memory

Mirror

RO1UH0515EJ0130 Rev.1.30
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e 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 4-4. 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 FOOOOH to FFFFFH

0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH

1 10000H to 1FFFFH is mirrored to FOOOOH to FFFFFH

Caution After setting the PMC register, wait for at least one instruction and access the mirror area.
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4.2.3 Internal data memory space
The RL78/G1D products incorporate the following RAMs.

Table 4-4. Internal RAM Capacity

Part Number Internal RAM
R5F11AGG 12288 x 8 bits (FCFOOH to FFEFFH)
R5F11AGH 16384 x 8 bits (FBFOOH to FFEFFH)
R5F11AGJ 20480 x 8 bits (FAFOOH 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.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

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

3. Use of the RAM areas of the following products is prohibited when performing self-programming
and rewriting the data flash memory, because these areas are used for each library.

R5F11AGJ : FAF00H to FB309H

4.2.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see Table
4-5in 4.3.4 Special function registers (SFRs)).

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

4.2.5 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 FOOO0H to FO7FFH (see
Table 4-6 in 4.3.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

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.

Caution Do not access addresses to which extended SFRs are not assigned.
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4.2.6 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/G1D, based on operability and other considerations.

In particular, special addressing methods designed for the

functions of the special function registers (SFR) and general-purpose registers are available for use. Figures 4-5 to 4-7

show correspondence between data memory and addressing. For details of each addressing, see 4.5 Addressing for

Processing Data Addresses.

Figure 4-5. Correspondence Between Data Memory and Addressing (R5F11AGG)

)
SFR addressing

Register addressing

Short direct
addressing

|

FFFFFH
FFF20H |__ Special function register (SFR)___]
FFF1FH 256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H RAMNetet
FFE1FH | """~ "="~~ 12k T
FCFOOH
FCEFFH Mirror B
F3000H 39.75 KB
F2FFFH
Data flash memoryNote2
8 KB
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB

FOOO0OH
FFFFFH

-+ Reserved -
20000H
1FFFFH

>~ Code flash memory 2

128 KB

00000H

1(

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 4-6. Correspondence Between Data Memory and Addressing
(R5F11AGH)
FFFFFH i A
FFF20H | __Special function register (SFR) | _ SFRaddressing
FFF1FH 256 bytes T
FFFOOH _
FFEFFH | General-purpose register Redister addressi Sggrt direct
egister addressin addressin
FFEDFH — L
FFE20H | ___ . ___ RAMPNotet
FFE1FH 16 KB
FBFOOH
FBEFFH ;
L Mirror L
F3000H 35.75KB
F2FFFH
Data flash memoryNete?
F1000H 8 K8
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
FOOOOH
EFFFFH Based addressing
Based indexed addressing
= Reserved 0~
30000H
2FFFFH
-+ Code flash memory -
192 KB
00000H Y
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Figure 4-7. Correspondence Between Data Memory and Addressing

Register indirect addressing

Based indexed addressing

(R5F11AGJ)
FFFFFH i i
FFF20H Special function register (SFR) SFR addressing
FFF1FH 256 bytes T
FFFOOH .
FFEFFH[ General-purpose register ! Reqister addressi Sggrt direct
egister addressin addressin
FFEEOH 32 bytes : 9 9 9
FFEDFH i
FFE20H| | RAMY ]
FFE1FH 20 KB
FAFOOH
FAEFFH]| Mirror L
F3000H] 31.75 KB T
F2FFFH Data flash memory
F1000H 8 KB
FOFFFH
Reserved
FO0800H
FO7TFFH
Special function register (2nd SFR) Direct addressing
2 KB

FOOOOH
EFFFFH Based addressing

-~ Reserved ot
40000H
3FFFFH

A Code flash memory A

T 256 KB T
00000H Y
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4.3 Processor Registers

The RL78/G1D products incorporate the following processor registers.

4.3.1 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)

(2

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 00000H, 00001H to the 16 lower-order bits of
the program counter. The four higher-order bits of the program counter are cleared to 0000.

Figure 4-8. Format of Program Counter

19 0

PC

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 4-9. Format of Program Status Word

7 0

PSW IE z RBS1| AC |RBSO| 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 interrupt request acknowledgment is controlled
with an in-service priority flag (ISP1, ISPO0), 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 EIl
instruction execution.

(b) Zero flag (2)
When the operation or comparison 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.
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(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, ISP0)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISP0O and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 17.3.3) can not be acknowledged. Actual vectored interrupt request
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 4-10. Format of Stack Pointer

15 0

SP |SP15/SP14|SP13|SP12|SP11/SP10| SP9 | SP8 | SP7 |SP6 | SP5 |SP4 |SP3 |SP2 |SP1| 0

In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack memory and is
incremented after read (restored) from the stack memory.

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

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

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 DMA transfer destination/transfer source to the
area FFE20H to FFEDFH when performing self-programming and rewriting the data flash memory.

4. Use of the RAM areas of the following products is prohibited when performing self-programming
and rewriting the data flash memory, because these areas are used for each library.

R5F11AGJ: FAFOO0H to FB309H
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4.3.2 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 4-11. 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
FFEE8H
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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4.3.3 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 4-12. 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 CSso0

Though the data area which can be accessed with 16-bit addresses is the 64 Kbytes from FOOO0H to FFFFFH, using

the ES register as well extends this to the 1 MB from 00000H to FFFFFH.

Figure 4-13 Extension of Data Area Which Can Be Accessed

Isaddr16 — F|0000H - FFFFH

ES:lsaddr16 **‘ OH - FH‘ ‘ 0000H - FFFFH‘

b FFFFFH b
Special function register
(SFR) 256 bytes
Isaddr16 = o~
. Special function register
!
ES:!saddr16 (2nd SFR) 2 Kbytes Data memory space
Y FOOO0OH
EFFFFH
— Code flash memory L
OOOOOI-:[ T Y
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4.3.4 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 manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

e 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>
e 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.
e 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.

Table 4-5 gives a list of the SFRs. The meanings of items in the table are as follows.

e Symbol
Symbol indicating 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.
o R/W
Indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
e Manipulable bit units
“v” indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.

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

Remark For extended SFRs (2nd SFRs), see 4.3.5 Extended special function registers (2nd SFRs: 2nd Special
Function Registers).
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Table 4-5. SFR List (1/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFFOOH Port register 0 PO R/W v v - 00H
FFFO1H Port register 1 P1 R/W v - 00H
FFFO2H Port register 2 P2 R/W v v - 00H
FFFO3H Port register 3 P3 R/W 4 v - 00H
FFFO04H Port register 4 P4 R/W v v - 00H
FFFO5H Port register 5 P5 R/W v v - 00H
FFFO6H Port register 6 P6 R/W v v - 00H
FFFO7H Port register 7 P7 R/W v v - 00H
<R> FFFO8H Port register 8 P8 R/W v v - 00H
<R> FFFOAH Port register 10 P10 R/W v v - 00H
<R> FFFOBH Port register 11 P11 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
FFFOEH Port register 14 P14 R/W v v - 00H
<R> FFFOFH Port register 15 P15 R/W 4 v - 00H
FFF10H Serial data register 00 TXDO0/SIO00 | SDR0OO R/W - 4 v 0000H
FFF11H - - -
FFF12H Serial data register 01 RXDO0/S1001 | SDRO1 R/W - 4 v 0000H
FFF13H - - -
FFF18H Timer data register 00 TDROO R/W - - v 0000H
FFF19H
FFF1AH Timer data register 01 TDRO1L TDRO1 R/W - v v 0000H
FFF1BH TDRO1H
FFF1EH 10-bit A/D conversion result register ADCR R - - v 0000H
FFF1FH 8-bit A/D conversion result register | ADCRH R - v - 00H
FFF20H Port mode register 0 PMO R/W 4 v - FFH
FFF21H Port mode register 1 PM1 R/W v v - FFH
FFF22H Port mode register 2 PM2 R/W 4 v - FFH
FFF23H Port mode register 3 PM3 R/W v v - FFH
FFF24H Port mode register 4 PM4 R/W v v - FFH
FFF25H Port mode register 5 PM5 R/W v v - FFH
FFF26H Port mode register 6 PM6 R/W v v - FFH
FFF27H Port mode register 7 PM7 R/W v v - FFH
<R> FFF28H Port mode register 8 PM8 R/W v v - FFH
<R> FFF2AH Port mode register 10 PM10 R/W 4 v - FFH
<R> FFF2BH Port mode register 11 PM11 R/W v v — FFH
FFF2CH Port mode register 12 PM12 R/W v v - FFH
FFF2EH Port mode register 14 PM14 R/W v v - FFH
FFF2FH Port mode register 15 PM15 R/W v v - FFH
<R> FFF30H A/D converter mode register 0 ADMO R/W v v - 00H
FFF31H Analog input channel specification ADS R/W 4 v - 00H
register
FFF32H A/D converter mode register 1 ADMA1 R/W v v - 00H
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Table 4-5. SFR List (2/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FFF38H External interrupt rising edge enable EGPO R/W v 4 - 00H
register 0

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

FFF3AH External interrupt rising edge enable EGP1 R/W 4 4 - 00H
register 0

FFF3BH External interrupt falling edge enable EGN1 R/W v v - 00H
register 0

FFF44H Serial data register 02 TXD1/SI010 | SDR02 R/W - v v 0000H

FFF45H - - -

FFF46H Serial data register 03 RXD1/S1011 | SDR03 R/W - v v 0000H

FFF47H - - -

FFF48H Serial data register 10 TXD2/S1020 | SDR10 R/W - v v 0000H

FFF49H - - -

FFF4AH Serial data register 11 RXD2/S1021 | SDR11 R/W - v v 0000H

FFF4BH - - -

FFF50H IICA shift register 0 IICAO R/W v - 00H

FFF51H IICA status register 0 1ICS0 R v - 00H

FFF52H IICA flag register 0 IICFO R/W v - 00H

FFF64H Timer data register 02 TDRO02 R/W - - v 0000H

FFF65H

FFF66H Timer data register 03 TDRO3L TDRO3 R/W - v v 0000H

FFF67H TDRO3H

FFF68H Timer data register 04 TDRO04 R/W - - v 0000H

FFF69H

FFF6AH Timer data register 05 TDRO05 R/W - - v 0000H

FFF6BH

FFF6CH Timer data register 06 TDRO06 R/W - - v 0000H

FFF6DH

FFF6EH Timer data register 07 TDRO7 R/W - - v 0000H

FFF6FH

FFF90H Interval timer control register ITMC R/W - - v OFFFH

FFF91H

FFF92H Second count register SEC R/W - v - 00H

FFFO3H Minute count register MIN R/W - v - 00H
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Table 4-5. SFR List (3/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFF94H Hour count register HOUR R/W - v - 12HNote 1
FFF95H Week count register WEEK R/W — v - 0OH
FFF96H Day count register DAY R/W - v - 01H
FFFO7H Month count register MONTH R/W - v - 00H
FFF98H Year count register YEAR R/W - 4 - O0H
FFF99H Watch error correction register SUBCUD R/W - v - 00H
FFF9AH Alarm minute register ALARMWM R/W - 4 - O0H
FFF9BH Alarm hour register ALARMWH R/W - 4 - 12H
FFFOCH Alarm week register ALARMWW R/W - 4 - O0H
FFFODH Real-time clock control register 0 RTCCO R/W v - 00H
FFF9EH Real-time clock control register 1 RTCC1 R/W v v - 0OH
FFFAOQOH Clock operation mode control register CMC R/W - v - 00H
FFFA1H Clock operation status control register CSC R/W v v - COH
FFFA2H Oscillation stabilization time counter OSTC R v - 00H
status register
FFFA3H Oscillation stabilization time select OSTS R/W - v - 07H
register
FFFA4H System clock control register CKC R/W 4 4 - 0OH
FFFA5H Clock output select register 0 CKSO0 R/W 4 v - 00H
FFFA8H Reset control flag register RESF R - v - UndefinedNete 2
FFFAQH | Voltage detection register LVIM R/W v v - OQHNete 2
FFFAAH Voltage detection level register LVIS R/W v v - 00H/Q1H/81HNete
2
FFFABH Watchdog timer enable register WDTE R/W - v - 1AH/9AHNete 3
FFFACH CRC input register CRCIN R/W - v - 0OH
FFFBOH DMA SFR address register 0 DSA0 R/W - v - 00H
FFFB1H DMA SFR address register 1 DSA1 R/W - v - 00H
FFFB2H DMA RAM address register 0 DRAOL DRAO R/W - v v 0000H
FFFB3H DRAOH R/W
FFFB4H DMA RAM address register 1 DRA1L DRA1 R/W - v v 0000H
FFFB5H DRATH R/W
FFFB6H DMA byte count register 0 DBCOL DBCO R/W - v v 0000H
FFFB7H DBCOH R/W
FFFB8H DMA byte count register 1 DBC1L DBC1 R/W - v v 0000H
FFFBOH DBC1H R/W

(Notes are listed on the next page.)
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Notes 1. The value of this register is 00H if the AMPM bit (bit 3 of real-time clock control register 0 (RTCCO0)) is set to
1 after reset.
2. The reset values of the registers vary depending on the reset source as shown below.

Reset Source | RESET Input Reset by Reset by Reset by Reset by Reset by Reset by
Register POR Execution of WDT RAM parity illegal- LVD
lllegal error memory
Instruction access
RESF | TRAP bit Cleared (0) Set (1) Held Held
WDTREF bit Held Set (1) Held
RPERF bit Held Set (1) Held
IAWREF bit Held Set (1)
LVIRF bit Held Set (1)
LVIM | LVISEN bit Cleared (0) Held
LVIOMSK bit | Held
LVIF bit
LVIS Cleared (00H/01H/81H)

3. The reset value of the WDTE register is determined by the setting of the option byte.
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Table 4-5. SFR List (4/4)
Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFFBAH DMA mode control register 0 DMCO R/W v v - 00H
FFFBBH DMA mode control register 1 DMC1 R/W v - 00H
FFFBCH DMA operation control register 0 DRCO R/W v v - 00H
FFFBDH | DMA operation control register 1 DRCA1 R/W v v - 00H
FFFDOH Interrupt request flag register 2 IF2L IF2 R/W v v v 0000H
FFFD1H IF2H R/W
FFFD2H Interrupt request flag register 3L IF3L IF3 R/W v v v 00H
FFFD4H Interrupt mask flag register 2 MK2L MK2 R/W v v v FFFFH
FFFD5H MK2H R/W
FFFD6H Interrupt mask flag register 3L MK3L MK3 R/W FFH
FFFD8H Priority specification flag register 02 PRO2L PR02 R/W v FFFFH
FFFD9H PRO2H R/W
FFFDAH Priority specification flag register 03L PRO3L PRO3 R/W v v v FFH
FFFDCH Priority specification flag register 12 PR12L PR12 R/W v v FFFFH
FFFDDH PR12H R/W
FFFDEH Priority specification flag register 13L PR13L PR13 R/W v FFH
FFFEOH Interrupt request flag register 0 IFOL IFO R/W v 0000H
FFFE1H IFOH R/W
FFFE2H Interrupt request flag register 1 IF1L IF1 R/W v v v 0000H
FFFE3H IF1H R/W
FFFE4H Interrupt mask flag register 0 MKOL MKO R/W v v v FFFFH
FFFE5SH MKOH R/W
FFFE6H Interrupt mask flag register 1 MK1L MK1 R/W v v v FFFFH
FFFE7H MK1H R/W
FFFESH Priority specification flag register 00 PROOL PROO R/W v v v FFFFH
FFFE9H PROOH R/W
FFFEAH Priority specification flag register 01 PRO1L PRO1 R/W v v v FFFFH
FFFEBH PRO1H R/W
FFFECH Priority specification flag register 10 PR10L PR10 R/W v v v FFFFH
FFFEDH PR10H R/W
FFFEEH Priority specification flag register 11 PR11L PR11 R/W v v v FFFFH
FFFEFH PR11H R/W
FFFFOH Multiplication/division data register A (L) MDAL R/W - - 4 0000H
FFFF1H
FFFF2H Multiplication/division data register A (H) MDAH R/W - - v 0000H
FFFF3H
FFFF4H Multiplication/division data register B (H) MDBH R/W - - v 0000H
FFFF5H
FFFF6H Multiplication/division data register B (L) MDBL R/W - - 4 0000H
FFFF7H
FFFFEH | Processor mode control register PMC R/W v \4 - O0H
Remark For extended SFRs (2nd SFRs), see Table 4-6 Extended SFR (2nd SFR) List.
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4.3.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)

Unlike a general-purpose register, each extended SFR (2nd 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 manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

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

Table 4-6 gives a list of the extended SFRs. The meanings of items in the table are as follows.

e Symbol
Symbol indicating 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.
o R/W
Indicates whether the corresponding extended SFR can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulable bit units
“v” indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.

Caution Do not access addresses to which extended SFRs (2nd SFRs) are not assigned.

Remark For SFRs in the SFR area, see 4.3.4 Special function registers (SFRs).
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Table 4-6. Extended SFR (2nd SFR) List (1/5)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FOO10H A/D converter mode register 2 ADM2 R/W v v - 00H
FOO11H Conversion result comparison upper ADUL R/W - v - FFH
limit setting register
FO012H Conversion result comparison lower ADLL R/W - v - 00H
limit setting register
FO0013H A/D test register ADTES R/W - v - 00H
FO030H Pull-up resistor option register 0 PUO R/W v v - 00H
FO031H Pull-up resistor option register 1 PU1 R/W v v - 00H
FO033H Pull-up resistor option register 3 PU3 R/W v v - 00H
FO0034H Pull-up resistor option register 4 PU4 R/W v v - 01H
FOO3CH Pull-up resistor option register 12 PU12 R/W v v - 00H
FOO3EH Pull-up resistor option register 14 PU14 R/W v v - 00H
F0040H Port input mode register 0 PIMO R/W v v - 00H
FO041H Port input mode register 1 PIM1 R/W v v - 00H
FOO050H Port output mode register 0 POMO R/W v v - 00H
FO051H Port output mode register 1 POM1 R/W v v - 00H
FO060H Port mode control register 0 PMCO R/W v v - FFH
FO06CH Port mode control register 12 PMC12 R/W v v - FFH
FOO6EH Port mode control register 14 PMC14 R/W v v - FFH
FO070H Noise filter enable register 0 NFENO R/W v v - 00H
FO071H Noise filter enable register 1 NFEN1 R/W v v - 00H
F0074H Timer input select register 0 TISO R/W - v - 00H
FO076H A/D port configuration register ADPC R/W - v - 00H
FOO77H Peripheral I/O redirection register PIOR R/W - v - 00H
FO078H Invalid memory access detection IAWCTL R/W - v - 00H
control register
FOO07DH Global digital input disable register GDIDIS R/W v v - 00H
FO090H Data flash control register DFLCTL R/W v v - 00H
FOOAQOH High-speed on-chip oscillator trimming HIOTRM R/W - - UndefinedNete
register 1
FOOA8H High-speed on-chip oscillator frequency | HOCODIV R/W - v - UndefinedNete
select register 2
FOOEOH Multiplication/division data register C (L) | MDCL R/W - - 0000H
FOOE2H Multiplication/division data register C MDCH R/W - - 0000H
(H)
FOOE8H Multiplication/division control register MDUC R/W v v - 00H
FOOFOH Peripheral enable register 0 PERO R/W v - 00H
FOOF3H Subsystem clock supply mode control OosMC R/W - - 00H
register
FOOF5H RAM parity error control register RPECTL R/W v - 00H
FOOFEH BCD adjust result register BCDADJ R - - Undefined
Notes 1. The value after a reset is adjusted at the time of shipment.
2. The value after a reset is a value set in FRQSEL2 to FRQSELO of the option byte (000C2H).
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Table 4-6. Extended SFR (2nd SFR) List (2/5)
Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FO100H Serial status register 00 SSROOL SSR00 R - v v 0000H
FO101H - - -
FO102H Serial status register 01 SSRO1L SSRO01 R - v v 0000H
FO103H - - -
FO104H Serial status register 02 SSR02L SSR02 R - v v 0000H
FO105H - - -
FO106H Serial status register 03 SSRO3L SSR03 R - v v 0000H
FO107H - - -
FO108H Serial flag clear trigger register 00 SIROOL SIR00 R/W - v v 0000H
FO109H - - -
FO10AH Serial flag clear trigger register 01 SIRO1L SIR01 R/W - v v 0000H
FO10BH - - -
FO10CH Serial flag clear trigger register 02 SIR02L SIR02 R/W - v v 0000H
FO10DH - - -
FO10EH Serial flag clear trigger register 03 SIRO3L SIR03 R/W - v v 0000H
FO10FH - - -
FO110H Serial mode register 00 SMRO00 R/W - - v 0020H
FO111H
FO112H Serial mode register 01 SMRO01 R/W - - v 0020H
FO113H
FO114H Serial mode register 02 SMRO02 R/W - - v 0020H
FO115H
FO116H Serial mode register 03 SMRO03 R/W - - v 0020H
FO117H
FO118H Serial communication operation setting | SCR00 R/W - - v 0087H
FO119H register 00
FO11AH Serial communication operation setting | SCR01 R/W - - v 0087H
FO11BH register 01
FO11CH Serial communication operation setting | SCR02 R/W - - v 0087H
FO11DH register 02
FO11EH Serial communication operation setting | SCR03 R/W - - v 0087H
FO11FH register 03
FO0120H Serial channel enable status register 0 | SEOL SEO R v 4 v 0000H
FO121H - - -
FO122H Serial channel start register 0 SSOL SS0 R/W v v v 0000H
FO0123H - - -
F0124H Serial channel stop register 0 STOL STO R/W v v v 0000H
FO0125H - - -
FO0126H Serial clock select register 0 SPSOL SPS0 R/W - v v 0000H
FO127H - - -
Notes 1. The value after a reset is adjusted at the time of shipment.
2. The value after a reset is a value set in FRQSEL2 to FRQSELDO of the option byte (000C2H).
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Table 4-6. Extended SFR (2nd SFR) List (3/5)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO128H Serial output register 0 SO0 R/W - - v OFOFH
FO129H

FO12AH Serial output enable register 0 SOEOL SOEO R/W v v v 0000H
FO12BH - - -

FO134H Serial output level register 0 SOLOL SOLO R/W - v v 0000H
FO0135H - - -

FO0138H Serial standby control register 0 SSCOL SSCO R/W - v v 0000H
FO0140H Serial status register 10 SSR10L SSR10 R - v v 0000H
FO141H - - -

FO142H Serial status register 11 SSR11L SSR11 R - v v 0000H
FO0143H - - -

FO0148H Serial flag clear trigger register 10 SIR10L SIR10 R/W - v v 0000H
FO149H - - -

FO14AH Serial flag clear trigger register 11 SIR11L SIR11 R/W - v v 0000H
FO14BH - - -

FO150H Serial mode register 10 SMR10 R/W - - v 0020H
FO151H

FO152H Serial mode register 11 SMR11 R/W - - v 0020H
FO153H

FO158H Serial communication operation setting | SCR10 R/W - - v 0087H

register 10
FO15AH Serial communication operation setting | SCR11 R/W - - v 0087H
register 11

FO160H Serial channel enable status register 1 SE1L SE1 R v v v 0000H
FO161H - - -

FO162H Serial channel start register 1 SS1L SS1 R/W v v v 0000H
FO163H - - -

FO164H Serial channel stop register 1 ST1L ST1 R/W v v v 0000H
FO165H - - -

FO166H Serial clock select register 1 SPS1L SPS1 R/W - v v 0000H
FO167H - - -

FO168H Serial output register 1 SO1 R/W - - v OFOFH
FO169H

FO16AH Serial output enable register 1 SOE1L SOE1 R/W v v v 0000H
FO16BH - - -

FO180H Timer counter register 00 TCRO00 R - - v FFFFH
FO181H

FO0182H Timer counter register 01 TCRO1 R - - v FFFFH
FO0183H

FO0184H Timer counter register 02 TCRO02 R - - v FFFFH
FO0185H

FO0186H Timer counter register 03 TCRO3 R - - v FFFFH
FO187H
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Table 4-6. Extended SFR (2nd SFR) List (4/5)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO0188H Timer counter register 04 TCRO04 R - - v FFFFH
FO189H

FO18AH Timer counter register 05 TCRO05 R - - v FFFFH
FO018BH

FO18CH Timer counter register 06 TCRO06 R - - v FFFFH
FO18DH

FO18EH Timer counter register 07 TCRO7 R - - v FFFFH
FO18FH

FO190H Timer mode register 00 TMROO R/W - - v 0000H
FO191H

FO192H Timer mode register 01 TMRO1 R/W - - v 0000H
FO193H

FO0194H Timer mode register 02 TMRO02 R/W - - v 0000H
FO195H

FO0196H Timer mode register 03 TMRO3 R/W - - v 0000H
FO197H

FO0198H Timer mode register 04 TMRO04 R/W - - v 0000H
FO199H

FO19AH Timer mode register 05 TMRO05 R/W - - v 0000H
FO19BH

FO19CH Timer mode register 06 TMRO06 R/W - - v 0000H
FO19DH

FO19EH Timer mode register 07 TMRO7 R/W - - v 0000H
FO19FH

FO1AO0H Timer status register 00 TSROOL TSRO0 R - v v 0000H
FO1A1H - - -

FO1A2H Timer status register 01 TSRO1L TSRO1 R - v v 0000H
FO1A3H - - -

FO1A4H Timer status register 02 TSRO2L TSR02 R - v v 0000H
FO1A5H - - -

FO1A6H Timer status register 03 TSRO3L TSR03 R - v v 0000H
FO1A7H - - -

FO1A8H Timer status register 04 TSR04L TSR04 R - v 4 0000H
FO1A9H - - -

FO1AAH Timer status register 05 TSRO5L TSR05 R - v v 0000H
FO1ABH - - -

FO1ACH Timer status register 06 TSRO6L TSRO06 R - v v 0000H
FO1ADH - - -

FO1AEH Timer status register 07 TSRO7L TSRO7 R - v v 0000H
FO1AFH - - -
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Table 4-6. Extended SFR (2nd SFR) List (5/5)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FO1BOH Timer channel enable status register 0 | TEOL TEO R v v v 0000H
FO1B1H - - -
FO1B2H Timer channel start register 0 TSOL TSO R/W v v v 0000H
FO1B3H - - -
FO1B4H Timer channel stop register 0 TTOL TTO R/W v v v 0000H
FO1B5H - - -
FO1B6H Timer clock select register 0 TPSO R/W - - v 0000H
FO1B7H
FO01B8H Timer output register 0 TOOL TOO R/W - v v 0000H
FO1B9H - - -
FO1BAH Timer output enable register 0 TOEOL TOEO R/W v v v 0000H
FO1BBH - - -
FO1BCH Timer output level register 0 TOLOL TOLO R/W - v v 0000H
FO1BDH - - -
FO1BEH Timer output mode register 0 TOMOL TOMO R/W - v v 0000H
FO1BFH - -
F0200H DMA SFR address register 2 DSA2 R/W - v - 00H
F0201H DMA SFR address register 3 DSA3 R/W - v - 00H
F0202H DMA RAM address register 2 DRA2L DRA2 R/W - v v 00H
F0203H DRA2H R/W - v 00H
F0204H DMA RAM address register 3 DRA3L DRA3 R/W - v v 00H
F0205H DRA3H R/W - v 00H
F0206H DMA byte count register 2 DBC2L DBC2 R/W - v v 00H
F0207H DBC2H R/W - v 00H
F0208H DMA byte count register 3 DBC3L DBC3 R/W - v v 00H
F0209H DBC3H R/W - v 00H
FO20AH DMA mode control register 2 DMC2 R/W v v - 00H
F020BH DMA mode control register 3 DMC3 R/W v v - 00H
FO20CH DMA operation control register 2 DRC2 R/W v v - 00H
F020DH DMA operation control register 3 DRC3 R/W v v - 00H
F0230H IICA control register 00 IICCTLOO R/W v v - 00H
F0231H IICA control register 01 IICCTLO1 R/W v v - 00H
F0232H IICA low-level width setting register 0 IICWLO R/W - v - FFH
F0233H IICA high-level width setting register 0 IICWHO R/W - v - FFH
F0234H Slave address register 0 SVAO R/W - v - 00H
FO2FOH Flash memory CRC control register CRCOCTL R/W v v - 00H
FO2F2H Flash memory CRC operation result PGCRCL R/W - - v 0000H
register
FO2FAH CRC data register CRCD R/W - - v 0000H
Remark For SFRs in the SFR area, see Table 4-5 SFR List.
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4.4 Instruction Address Addressing

4.4.1 Relative addressing

[Function]
Relative addressing stores in the program counter (PC) the result of adding a displacement value included in the
instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter (PC)’s value
(the start address of the next instruction), and specifies the program address to be used as the branch destination.
Relative addressing is applied only to branch instructions.

Figure 4-14. Outline of Relative Addressing

PC Instruction code

OP code
D

t J DISPLACE 8/16 bits

4.4.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
program address to be used as the branch destination.
For immediate addressing, CALL !!laddr20 or BR !"addr20 is used to specify 20-bit addresses and CALL !addr16 or
BR laddr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 4-15. Example of CALL !!addr20/BR !!addr20

oG Instruction code

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 4-16. Example of CALL !addr16/BR !addr16

PC pcs | pcu| PoL Instruction code
Y OP code
0000 Low Addr.
High Addr.
RO1UH0515EJ0130 Rev.1.30 RENESQS 67

Mar 16, 2018



RL78/G1D CHAPTER 4 CPU ARCHITECTURE

4.4.3 Table indirect addressing

[Function]
Table indirect addressing specifies a table address in the CALLT table area (0080H to O0BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the program
counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied only for CALLT
instructions.
In the RL78 microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 4-17. Outline of Table Indirect Addressing

OPcode
High Addr. |
| [
00000000 |10 0
| Lo LowAddr
Table address
Memory
0000
Pc | Pcs| Pca| P

4.4.4 Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair
(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data, and
specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE, HL, and BR
AX instructions.

Figure 4-18. Outline of Register Direct Addressing

Instruction code

OP code
CS 1Y
PC PCs PCH PCL
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4.5 Addressing for Processing Data Addresses
4.5.1 Implied addressing
[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with the

instruction word, without using any register specification field in the instruction word.

[Operand format]
Implied addressing can be applied only to MULU X.

Figure 4-19. Outline of Implied Addressing

Instruction code

OP code A register

Memory (register area)
4.5.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is used

to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

Figure 4-20. Outline of Register Addressing

Memory (register bank area)
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4.5.3 Direct addressing

[Function]

Direct addressing uses immediate data in the instruction word as an operand address to directly specify the target

address.

[Operand format]

Identifier Description

laddr16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)

ES:laddr16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 4-21. Example of !addr16

MOV laddr16, A

<1>

Instruction code

OP-code Target memory

1 Low Addr.

High Addr.

¢ A 16-bit address <1> in the 64-Kbyte area from
FOOOOH to FFFFFH specifies the target location
(for use in access to the 2nd SFRs etc.).

Memory
Figure 4-22. Example of ES:!addr16
ES: laddr16
<1> <2>
Instruction code
OP-code Target memory
Specifies the [}

2 Low Addr. address in memory

High Addr. _A@OOOH 7y

: Specifies a

64-Kbyte area

* The ES register <1> specifies a 64-Kbyte area within the
overall 1-Mbyte space as the four higher-order bits, X, of Memory
the address range.

o A 16-bit address <2> in the area from X0000H to XFFFFH
and the ES register <1> specify the target location;
this is used for access to fixed data other than
that in mirrored areas.

FFFFFH
A

v

FOO00H

FFFFFH
A

Area from
X0000H to
XFFFFH

v
00000H
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4.5.4 Short direct addressing
[Function]
Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data
(only the space from FFE20H to FFF1FH is specifiable)

SADDRP Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data (even address only)
(only the space from FFE20H to FFF1FH is specifiable)

Figure 4-23. Outline of Short Direct Addressing

Instruction code

OP code

________ FFF1FH
saddr saddr
________ FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit immediate
data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to FFF1FH with 20-
bit immediate data.

Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to FFF1FH
are specified for the memory.
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4.5.5 SFR addressing
[Function]
SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

Identifier Description
SFR SFR name
SFRP 16-bit-manipulatable SFR name (even address)

Figure 4-24. Outline of SFR Addressing

Instruction code

FFFFFH
OP code SFR

t
SFPR b1 - FFFOOH

Memory
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4.5.6 Register indirect addressing
[Function]
Register indirect addressing directly specifies the target addresses using the contents of the register pair specified

with the instruction word as an operand address.

[Operand format]

Identifier Description

- [DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)

Figure 4-25. Example of [DE], [HL]

FFEFFH
[DE], [HL]
<1> <1>
Target memory
Instruction code _ _ 1> Specifies the Y
OP-code rp(HL/DE) address in memory | v
FOOOOH
¢ Either pair of registers <1> specifies the target
location as an address in the 64-Kbyte area from
FOOOOH to FFFFFH.
Memory
Figure 4-26. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL]
<1> <2> <1> <2> FFFFFH
A
Target memor, Area from
Instruction code <2> gpecifies the - e Y X0000H to
<2> address in memory XFFFFH
OP-code rp(HL/DE) >
X0000H Y
Specifies a
<|> <1>
ES 64-Kbyte area |
¢ The ES register <1> specifies a 64-Kbyte area within the 00000H
overall 1-Mbyte space as the four higher-order bits, X, of Memory
the address range.
e Either pair of registers <2> and the ES register <1> specify
the target location in the area from X0000H to XFFFFH.
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4.5.7 Based addressing

[Function]

Based addressing uses the contents of a register pair specified with the instruction word or 16-bit immediate data as

a base address, and 8-bit immediate data or 16-bit immediate data as offset data. The sum of these values is used

to specify the target address.

[Operand format]

Identifier Description

- [HL + byte], [DE + byte], [SP + byte] (only the space from FOO00H to FFFFFH is specifiable)

- word[B], word[C] (only the space from FOOOOH to FFFFFH is specifiable)

- word[BC] (only the space from FOOOOH to FFFFFH i

s specifiable)

- ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by the ES register)

- ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register)

- ES:word[BC] (higher 4-bit addresses are specified by the ES register)

Figure 4-27. Example of [SP+byte]

Instruction code

<1>

Target memory

<2>
2 Offset Y

<2> byte

»

Specifiesa ~ 4
<1> stack area
SP >

e SP (stack pointer) <1> indicates the stack as the
target.
¢ By indicating an offset from the address (top of the

stack) currently pointed to by the stack pointer,
“byte” <2> indicates the target memory (SP + byte).

Memory

FFFFH

W

4

Stack area

FOOO00OH
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Figure 4-28. Example of [HL + byte], [DE + byte]

[HL + byte],

<1> <2>

[DE + byte]

<1> <2>

-

Instruction code

OP-code

<2> Offset

Target memory

<2> byte

<1> Address of 2

an array

d(HL/DE)

Other data in
the array

® Either pair of registers <1> specifies the address
where the target array of data starts in the 64-Kbyte
area from FOOOOH to FFFFFH.

e “byte” <2> specifies an offset within the array to
the target location in memory.

Memory

Figure 4-29. Example of word[B], word[C]

word [B],

<1>

word [C]

<2> <1> <2>

Instruction code

FFFFFH
A

Target
array
of data

v
FOO00H

FFFFFH
A

Target memory

Array of
word-sized

data

o “word” <1> specifies the address where the target
array of word-sized data starts in the 64-Kbyte area
from FOOOOH to FFFFFH.

¢ Either register <2> specifies an offset within the
array to the target location in memory.

<> <2>  Offset 1
OP-code —*| r(B/C) —
Address of a word }
Low Addr. <1> within an array >
High Addr.

v

FOO000H

Memory
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Figure 4-30. Example of word[BC]
word  [BC] FFFFFH
<1> <2> A
Instruction code <2> Target memory Array of
<2> Offset 7 word-sized
OP-code *1 rp(BC) data
Address of a word 1
[ <4 Low Addr. [ ] <1>  within an array N v
HighAddr.  |— FO000H
¢ “word” <1> specifies the address where the target
array of word-sized data starts in the 64-Kbyte area
from FOOOOH to FFFFFH.
¢ A pair of registers <2> specifies an offset within W
the array to the target location in memory. emory
Figure 4-31. Example of ES:[HL + byte], ES:[DE + byte]
ES: [HL + byte], ES: [DE + byte]
<1> <2> <3> <1> <2> <3>
XFFFFH
Instruction code
<2>
OP-code <3> Target memory Target
ﬁ Offset 1 afrray
dat
<3> byte <2> Address of - ot data
an array Other data in
rp(HL/DE) the array
X0000H ] X0000H
<1> 1 ‘ Specifies a
i 64-Kbyte area
ES ; >
e The ES register <1> specifies a 64-Kbyte
area within the overall 1-Mbyte space as
the four higher-order bits, X, of the address range. Memory

* Either pair of registers <2> specifies the address
where the target array of data starts in the 64-Kbyte
area specified in the ES register <1>.

* “byte” <3> specifies an offset within the array to the
target location in memory.
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Figure 4-32. Example of ES:word[B], ES:word[C]

ES:word[B], ES:word[C]

<1> <2> <3> <> <2> <3>

XFFFFH

i <3>
Instruction code 3 <3> Target memory Array of

Offset - word-sized

OP-code dat
e r(B/C) ata
Low Addr. Address of a word within an array :‘

>
High Addr.

<2

_X0000H X0000H
4 Specifies a
<1> 64-Kbyte area

<1>

ES

e The ES register <1> specifies a 64-Kbyte area within the overall
1-Mbyte space as the four higher-order bits, X, of the address range.

o “word” <2> specifies the address where the target array of word-sizeddata
starts in the 64-Kbyte area specified in the ES register <1>.

* Either register <3> specifies an offset within the array tothe target location
in memory.

Memory

Figure 4-33. Example of ES:word[BC]

ES: word [BC]
<1> <2> <3> XFFFFH

Instruction code <3> Target memory Array of

<3 . word-sized
OP-code /\_/v Offset data

rp(BC)

<2> 7y
_<2>%ﬁ Address of a word within an array |

High Addr. X0000H X0000H

<1> A <1> Specifies a
ES 64-Kbyte area

» The ES register <1> specifies a 64-Kbyte area within the
overall 1-Mbyte space as the four higher-order bits, X, of
the address range. Memory

* “word” <2> specifies the address where the target array of
word-sized data starts in the 64-Kbyte area specified in the
ES register <1>.

* A pair of registers <3> specifies an offset within the array
to the target location in memory.
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4.5.8 Based indexed addressing

[Function]

Based indexed addressing uses the contents of a register pair specified with the instruction word as the base

address, and the content of the B register or C register similarly specified with the instruction word as offset address.
The sum of these values is used to specify the target address.

[Operand format]

Identifier Description

- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)

Figure 4-34. Example of [HL+B], [HL+C]

[HL +B], [HL+C]

<1 1> <2> <1> <2> FfFFFH
. Target
Instruction code Target memory array
<2> offset ¥ f dat
OP-code = r(B/C) > o
<1> Address of Other data in
anarray the array v
rp(HL) ~ FO00OH
» A pair of registers <1> specifies the address where the target
array of data starts in the 64-Kbyte area from FOOOOH to
FFFFFH.
* Either register <2> specifies an offset within the array to the
target location in memory Memory
Figure 4-35. Example of ES:[HL+B], ES:[HL+C]
ES:[HL+B], ES:[HL+C]
<1><2> <3> <1> <2> <3>
XFFFFH
<3> <3> Target memory Target
= array
Instruction code r(B/C) Offset of data
<2> <2> ﬁid:rs: of % Other data in
OP-code | rp(HL) y the array Y 000n
<3> byte _X0000H Y
4 Specifies a
<1> <1> 64-Kbyte area
ES >
» The ES register <1> specifies a 64-Kbyte area within the overall

1-Mbyte space as the four higher-order bits, X, of the address range. Memory
» Apair of registers <2> specifies the address where the target

array of data starts in the 64-Kbyte area specified in the ES

register <1>.
* Either register <3> specifies an offset within the array to the

target location in memory.
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4.5.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) values. This addressing is automatically employed
when the PUSH, POP, subroutine call, and return instructions are executed or the register is saved/restored upon
generation of an interrupt request.
Only the internal RAM area can be set as the stack area.

[Description format]

Identifier Description

- PUSH PSW AX/BC/DE/HL
POP PSW AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI

Each stack operation saves or restores data as shown in Figures 4-36 to 4-41.

Figure 4-36. Example of PUSH rp

PUSH rp

<1> <2>

<1> SP .
Instruction code SP -1 | Higher-order byte of rp

<3> gp-2 A, Lower-order byte of rp| | Stackarea

OP-code <2> SP /\/

P FOOOOH

e Stack addressing is specified <1>.

e The higher-order and lower-order bytes of the pair of registers
indicated by rp <2> are stored in addresses SP - 1 and SP - 2,
respectively.

® The value of SP <3> is decreased by two (if rp is the program
status word (PSW), the value of the PSW is stored in SP - 1 and Memory
0 is stored in SP - 2).
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Figure 4-37. Example of POP

POP rp
<1>  <2>
<1 > SP » SP+2
Instruction code SP+1 (SP+1) Stack
/\/ sp (SP) area
OP-code <2> SP
: FOOOOH
rp
¢ Stack addressing is specified <1>.
¢ The contents of addresses SP and SP + 1 are stored in the
lower-order and higher-order bytes of the pair of registers
indicated by rp <2>, respectively. Memory
« The value of SP <3> is increased by two (if rp is the program
status word (PSW), the content of address SP + 1 is stored in
the PSW).
Figure 4-38. Example of CALL, CALLT
CALL
<1>
Instruction code <1> SP SP-1 0O0H Stack
SP-2 |, Pc19- Pci6 area
OP-code SP-3
x PC15- PC8
sp |[>SP-4 PC7 - PCO
<2>
FOOOOH
PC
« Stack addressing is specified <1>. The value of the program
counter (PC) changes to indicate the address of the instruction Memory

following the CALL instruction.
* 00H, the values of PC bits 19 to 16, 15 to 8, and 7 to 0 are stored
in addresses SP - 1, SP - 2, SP - 3, and SP - 4, respectively <2>.
¢ The value of the SP <3> is decreased by 4.
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Figure 4-39. Example of RET

RET A
<1> . SP+4
Instruction code <1> SP+3 (SP+3)
—\_, SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
sp 1> sp (SP)
//\\// '
<2> FOO0OH
PC
» Stack addressing is specified <1>.
» The contents of addresses SP, SP + 1, and SP + 2 are stored

in PC bits 7t0 0, 15 to 8, and 19 to 16, respectively <2>. Memory
* The value of SP <3> is increased by four.

Figure 4-40. Example of Interrupt, BRK

PSW </\
A
SP
Instruction code SP -1 h PSW Stack
<1> sP-2 |, PC19-PC16 area
OP-code sp-3 A, PC15-PC8
or SP <3>SP-4 PC7 - PCO
v
Interrupt
<2> FO00OH
PC
e Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the Memory
program counter (PC) changes to indicate the address of
the next instruction.
e The values of the PSW, PC bits 19 to 16, 15 to 8, and 7 to
0 are stored in addresses SP -1, SP - 2, SP - 3, and
SP - 4, respectively <2>.
e The value of the SP <3> is decreased by 4.
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Figure 4-41. Example of RETI, RETB

Stack
area

FOO00H

RETI, RETB
<1> PSW  |«——1—
Sp SP+4 (
Instruction code <1> SP+3 (SP+3)
SP+2 (SP+2)
OP-code SP+1 (SP+1)
N@
PC
¢ Stack addressing is specified <1>.
« The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are Memory

stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW, respectively

<2>.

« The value of SP <3> is increased by four.
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CHAPTER 5 PORT FUNCTIONS

5.1 Port Functions

The RL78/G1D microcontrollers are provided with digital I/O ports, which enable variety of control operations.
In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 3 PIN FUNCTIONS.
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5.2 Port Configuration
Ports include the following hardware.

Table 5-1. Port Configuration

Item Configuration

<R> Control registers Port mode registers (PMO to PM8, PM10-PM12, PM14, PM15)

<R> Port registers (PO to P8, P10 to P15)

Pull-up resistor option registers (PUO, PU1, PU3, PU4, PU12, PU14)
Port input mode registers (PIMO, PIM1)

Port output mode registers (POMO, POM1)

Port mode control registers (PMCO, PMC12, and PMC14)

A/D port configuration register (ADPC)

Peripheral I/O redirection register (PIOR)

Global digital input disable register (GDIDIS)

Port Total: 32
(CMOS 1/0: 26, CMOS input: 5, CMOS output: 1)

Pull-up resistor Total: 16

Caution This chapter describes the case where the peripheral I/O redirection register (PIOR) is set to 00H.
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5.2.1 Port 0

Port 0 is an I/O port with an output latch. Port 0 can be set to input mode or output mode in 1-bit units using the port
mode register 0 (PM0). When the P00 to P03 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by the pull-up resistor option register 0 (PUO).

Input to the PO1 and P03 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using
the port input mode register 0 (PIMO).

Output from the P00, P02, and P03 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using
port output mode register 0 (POMO).

To use the P02 and P03 as digital input/output pins, specify them in the digital I/O mode by using the port mode control
register 0 (PMCO) (specifiable in 1-bit units).

This port can also be used for A/D converter analog input, serial interface data I/O, clock 1/O, and timer 1/O.

When reset signal is generated, the following configuration will be set.

The P05 and P06 pins are internally connected between the MCU and RF section of the RL78/G1D.

Refer to CHAPTER 2 CONNECTION BETWEEN MCU AND RF TRANSCEIVER.

5.2.2 Port1

Port 1 is an I/O port with an output latch. Port 1 can be set to input mode or output mode in 1-bit units using the port
mode register 1 (PM1). When the P10 to P16 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by the pull-up resistor option register 1 (PU1).

Input to the P10, P11, and P13 to P16 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit
units using the port input mode register 1 (PIM1).

Output from the P10 to P15 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using the port
output mode register 1 (POM1).

This port can also be used for serial interface data 1/O, clock I/O, programming UART 1/O, timer 1/O, and external
interrupt request input.

Reset signal generation sets port 1 to input mode.
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5.2.3 Port 2

Port 2 is an I/O port with an output latch. Port 2 can be set to input mode or output mode in 1-bit units using the port
mode register 2 (PM2).

This port can also be used for A/D converter analog input and reference voltage input (+ side and - side).

To use P20/ANIO to P23/ANI3 as digital input/output pins, set them to digital I/O mode by using the A/D port
configuration register (ADPC). Use these pins starting from the upper bit.

To use P20/ANIO to P23/ANI3 as analog input pins, set them to analog input mode by using the A/D port configuration
register (ADPC) and in the input mode by using the PM2 register. Use these pins starting from the lower bit.

Table 5-2. Setting Functions of P20/ANIO to P23/ANI3 Pins

ADPC Register PM2 Register ADS Register P20/ANIO to P23/ANI3 Pins
Digital /O selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

Both P20/ANIO to P23/ANI3 are set to analog input mode when the reset signal is generated.

5.2.4 Port3

Port 3 is an 1/O port with an output latch. Port 3 can be set to input mode or output mode in 1-bit units using the port
mode register 3 (PM3). When the P30 pin is used as an input port, use of an on-chip pull-up resistor can be specified in 1-
bit units by the pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and real-time clock correction clock output.

Reset signal generation sets P30 to input mode.

5.2.5 Port4

Port 4 is an I/O port with an output latch. Port 4 can be set to input mode or output mode in 1-bit units using the port
mode register 4 (PM4). When the P40 pin is used as an input port, use of an on-chip pull-up resistor can be specified in 1-
bit units by the pull-up resistor option register 4 (PU4).

This port can also be used for data I/O for a flash memory programmer/debugger.

Reset signal generation sets port 4 to input mode.

5.2.6 Port6

Port 6 is an I/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port
mode register 6 (PM6). specified in 1-bit units by pull-up resistor option register 6 (PUG).

The output of the P60, P61 pins is N-ch open-drain output (6-V tolerance).

This port can also be used for serial interface data I/O, and clock I/O.

Reset signal generation sets port 6 to input mode.

5.2.7 Port7

Port 7 is an 1/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7).

The P70 to P72 and P74 to P77 pins are internally connected between the MCU and RF section of the RL78/G1D. P70
to P72 pins are used for the data I/O for serial interface, which is an alternate function.

Refer to CHAPTER 2 CONNECTION BETWEEN MCU AND RF TRANSCEIVER.
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5.2.8 Port 12

P120 is an 1/0 port with an output latch. P120 can be set to the input mode or output mode in 1-bit units using port
mode register 12 (PM12).

P121 to P124 are 4-bit input only ports.

The P120 pin can be specified as digital input/output or analog input by using port mode control register 12 (PMC12).

This port can also be used for A/D converter analog input, connecting resonator for main system clock, connecting
resonator for subsystem clock, and external clock input for subsystem clock.

Reset signal generation sets P120 to analog input, and sets P121 to P124 to input mode.

5.2.9 Port 13
P130 is a 1-bit output-only port with an output latch. P137 is a 1-bit input-only port.
P130 is fixed an output port, and P137 is fixed an input ports.
This port can also be used for external interrupt request input.

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is effected,
the output signal of P130 can be dummy-output as the CPU reset signal.

Reset signal

P130

Set by software

5.2.10 Port 14
Port 14 is an 1/O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units using port
mode register 14 (PM14). When the P140 and P147 pins are used as input ports, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 14 (PU14).
The P140 pin can be specified as digital input/output or analog input by using port mode control register 14 (PMC14).
This port can also be used for clock/buzzer output, external interrupt request input, and A/D converter analog input.
Reset signal generation sets P140 to input mode, and sets P147 to analog input.

5.2.11 GPIO port

GPIO port is an 1/0O port with an output latch. For GPIO port, the mode setting and I/O can be specified via API of
Renesas Bluetooth Low Energy protocol stack.

This port can also be used for external PA/LNA control output, clock output for RF block, and RF external clock 1/0.
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5.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

e Port mode registers (PMxx)

e Port registers (Pxx)

o Pull-up resistor option registers (PUxx)

e Port input mode registers (PIMxx)

e Port output mode registers (POMxx)

e Port mode control registers (PMCxx)

e A/D port configuration register (ADPC)

e Peripheral 1/0O redirection register (PIOR)

e Global digital input disable register (GDIDIS)

Caution The undefined bits in each register vary by product and must be used with their initial value.
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Table 5-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits (1/3)

Port Bit name
PMxx Pxx PUxx PIMxx POMxx PMCxx
register register register register register register
Port 0 0 PMO0 P00 PU00 - POMO0 -
1 PMO1 PO1 PUO1 PIMO1 - -
2 PMO02 P02 PU02 - POMO02 PMC02
3 PMO03 P03 PUO3 PIMO3 POMO3 PMCO03
4 PMO4gNete PQ4Note - - - -
5 PMOSNote P05Note _ _ _ _
6 PMOGNote P06Note _ _ _ _
Port 1 0 PM10 P10 PU10 PIM10 POM10 -
1 PM11 P11 PU11 PIM11 POM11 -
2 PM12 P12 PU12 - POM12 -
3 PM13 P13 PU13 PIM13 POM13 -
4 PM14 P14 PU14 PIM14 POM14 -
5 PM15 P15 PU15 PIM15 POM15 -
6 PM16 P16 PU16 PIM16 - -
7 PM17Note P4 7Note _ _ _ _
Port 2 0 PM20 P20 - - - -
1 PM21 P21 - - - -
2 PM22 P22 - - - -
3 PM23 P23 - - - -
4 PM24Note P24Note _ _ _ _
5 PM25Nme P25Note _ _ _ _
6 PM26Note p2gNote _ _ _ _
7 PM27Note P27Note _ _ _ _
Port 3 0 PM30 P30 PU30 - - -
1| PM3Nete | p3qNete - - - -
Port 4 0 PM40 P40 PU40 - - -
1| PMaNete | pgqNote - - - -
2 | PM42Nete | pgoNote - - ~ -
3 PM43Note P43Note _ _ _ _
4 | PM4gNeote | pggnete - - - -
5 | PM45Note | pgsNete - - - -
6 | PM4gNe | pagNete - - - -
7 | PM47Noe | pa7tete - - ~ -
Port 5 0 | PM5QNete | p5QNete - - - _
1 | PM5Nete | p5Note - - - -
2 PM52Note P52Note _ _ _ _
3 PM53Note P53Note _ — — —
4 | PMBgNete | p5gnote - - ~ -
5 | PM55Nete | p55Nete - - - -
6 | PM5EM | p5pNote - - ~ -
7 PM57Note P57Note _ _ _ _
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Table 5-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits (2/3)

Port Bit name
PMxx Pxx PUxx PIMxx POMxx PMCxx
register register register register register register
Port 6 0 PM60 P60 - - - -
1 PM61 P61 - - - -
2 PME2Note pg2Note _ _ — —
3 PM63Nme P63Note _ — — —
4 PM64Note P64Note _ —- —_ —
5 PM65Note P65Note _ — - —
6 PM66Note P66Note _ —- —_ —
7 PME7Note pg7Note _ _ — —
Port 7 0 | PM70Ne | p7QNete - - - -
1 PM71Note p7qNote _ _ — —
2 PM72Note P72Note _ _ - —
3 PM73Note P73Note _ —- —_ —
4 PM74Note P74Note _ — - —
5 PM75Nme P75Note _ — — —
6 PM76Note P7Note _ _ — —
7 PM77Note P77Note _ — — —
POI’t 8 0 PMsoNote P80Note _ —- —_ —
1 PM81Note P81 Note _ — - —
2 PM82Note P82Note _ —- —_ —
3 PM83Note pg3Note _ _ — —
4 PM84Note P84Note _ — — —
5 PM85Note pggNote _ _ — —
6 PM86Note P86Note _ — - —
7 PM87Note P87Note _ —- —_ —
Port 10 0 | PM100Netq P1oQNete - - - -
1 PM101Notq pq(QqNote - - - -
2 | PM102Ntd p1o2Nete - - - -
Port 11 0 | PM110Nt P1qoNete - - - -
1| PM111Netd pqqqhote - - - -
Port 12 0 PM120 P120 PU120 - - PMC120
1 - P121 - - - -
2 - P122 - - - -
3 - P123 - - - -
4 - P124 - - - -
Port 13 0 - P130 - - - -
7 - P137 - - - -
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<R> Table 5-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits (3/3)
Port Bit name
PMxx Pxx PUxx PIMxx POMxx PMCxx
register register register register register register
Port 14 0 PM140 P140 PU140 - - -

1 | PM141Ne | p1gqhote - - - -
PM142Netd pq42Nete - - - -
PM143N°td p143Nete - - - -
PM144Netd pqaghote - - - -
PM1454°t P14shee - - - -
PM146Ne | P14gNete - - - -
PM147 | P147 | PU147 - - -
PM150%td P150Net - - - -
1 | PM151Netq p15qNete - - - -
PM152N°td pq52Nete - - - -
PM153Netd pq53Nete - - - -
PM154%°td P154Nete - - - -
PM1554°td p155Nete - - - -
PM1564td P15ENete - - - -

O |IN (oo |~ (N

Port 15

o oW N

Note For controlling internal pins. For details, see CHAPTER 2.

The format for each register is described followings.
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5.3.1 Port mode registers (PMxx)

These registers specify input or output mode for the port in 1-bit units.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

When port pins are used as alternate-function pins, set the port mode register by referencing 5.5
Related Register When Using Alternate Function.

<R> Figure 5-1. Format of Port Mode Registers (1/2)

Address: FFF20H  After reset: FFH R/W

Settings of Port

Symbol 7 6 5 4 3 2 1 0
PMQNote 1 1 PMOgNote 3 PMQ5Nete 3 PMOQ4gNete 2 PMO03 PMO02 PMO1 PMO00O
Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM1 PM17Note 2 PM16 PM15 PM14 PM13 PM12 PM11 PM10
Address: FFF22H  After reset: FFH  R/W
Symbol 7 6 5 4 3 2 1 0
PM2 PM27Note 5 PM2gNote 5 PM25Note 5 PM24Note 5 PM23 PM22 PM21 PM20
Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3Nete ! 1 1 1 1 1 1 PM31Nete 2 PM30
Address: FFF24H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM4 | PMm47Nete2 | ppgpNete2 | pM4sNete2 | pM4ggNetez | p\j43Netez | ppgoNotez | P4 qNote PM40
Address: FFF25H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM5 PM57Note 2 PM56ENote 2 PMB55Note 2 PM54Note 2 PM53Note 2 PM52Note 2 PM51 Note 2 PM5QNote 2
Address: FFF26H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM6 PMg7Note 2 PMggNote 2 PMg5Nete 2 PMg4Nete 2 PMg3Note 2 PMg2Nete 2 PM61 PM60
Address: FFF27H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM7 PM77No!e4 PM76No!e3 PM75Note3 PM74Note3 PM73No!e2 PM72NoteS PM71Note4 PM70NoteS
Address: FFF28H  After reset: FFH  R/W
Symbol 7 6 5 4 3 2 1 0
PM8 PM87No!e2 PM86No!e2 PM85NoteZ PM84NoteZ PM83No!e2 PM82Notez PM81Note2 PM80Notez
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<R> Figure 5-1. Format of Port Mode Registers (2/2)

Address: FFF2AH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM1ONOle1 1 1 1 1 PM102N0§92 PM101NOleZ PM»]OONO‘EZ

-

Address: FFF2BH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM11N0le1 1 1 1 1 1 PM111N0le2 PM11ONO§92

—_

Address: FFF2CH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM12Note 1 1 1 1 1 1 1 1 PM120

Address: FFF2EH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM14 PM147 PM146Nte2 | PM145Nete2 | pP\M144Ncte2 | PM143Nete2 | p\j142Nete2 | p\j14qNote2 PM140

Address: FFF2FH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM15Note 1 PM156Note2 | PM155N0te2 | P\154Note2 | p\f153Note2 | pp\j152Nete2 | ppj151Nete2 | pp\j15QNote2
PMmn Pmn pin I/O mode selection (m=0to 7,12, 14;,n=0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Notes 1. Be sure to set bit 7 of the PMO register, bits 2 to 7 of the PM3 register, bits 3 to 7 of the PM10 register, bits
2 to 7 of the PM11 register, bits 1 to 7 of the PM12 register, and bit 7 of the PM15 register to “1”.
2. These internal pins must be set to output mode after reset release by software by setting 0 to the port
register and port mode register.
3. These internal connecting pins must be set to output mode after reset release by software by setting 0 to

the port mode register.

4. These internal connecting pins must be set to input mode after reset release by software by setting 1 to the
port mode register.

5. If ADPC is set to except reset value (0O0H), these internal connecting pins must be set to output mode by
software by setting 0 to the port register and port mode register.

Caution Be sure to set bits that are not mounted to their initial values.
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5.3.2 Port registers (Pxx)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
readNote,

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Note If P02, P03, P20 to P23, P120, and P147 are set up as analog inputs of the A/D converter, when a port is read
while in the input mode, 0 is always returned, not the pin level.
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Figure 5-2. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO | 0 | POBNote 4 | posNeted [ pogNete3 | pO3 | P02 | P01 | P00 | FFFOOH  OOH (output latch) R/W
P1 | pPq7Note3 | P16 ‘ P15 ‘ P14 | P13 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P2 | p27Note5 | pogNotes | ppgsNotes | pogNotes | P23 ‘ P22 ‘ P21 ‘ P20 | FFFO2H  OOH (output latch) R/W
P3 | 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ p3qNote3 ‘ P30 | FFFO3H OOH (output latch) R/W
P4 | P47Note3| pgghote3| pgpNote3| pggNote3| pggNote3 ‘ P42Note 3 ‘ P4 1Note 3 ‘ P40 | FFFO4H  OOH (output latch) R/W
P5 | p57Nete3| psghote 3| p55Note 3 ‘ P5gNote 3 | p53Note 3 ‘ p52oNote 3 ‘ p51Note 3 ‘ P5QONete3 [ FFFO5H  0OH (output latch) R/W
P6 | Pg7Note3| ppghote 3| pgsNote 3 ‘ PggNote 3 | pg3Note 3 ‘ pg2Note 3 ‘ P61 ‘ P60 | FFFO6H  OOH (output latch) R/W
P7 | p77Noted | p7gNote 4 ‘ p75Note4 ‘ P74Note4 | p73Note3 ‘ p72Note4 ‘ P71Note 4 ‘ P70Nete4 | FFFO7H  OOH (output latch) R/W
P8 | pa7Nete3| pgghote 3| pgsNote3 ‘ PggNote 3 | pg3Note 3 ‘ pg2Note 3 ‘ pg1Note3 ‘ P8QoNete3 [ FFFO8H  00H (output latch) R/W
P10 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘P102"°‘” P101Nete3|p1oQNete3| FFFOAH  OOH (output latch) R/W
P11 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘P111""tes P110Ne*3| FFFOBH OOH (output latch) R/W
P12 | 0 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 | FFFOCH Undefined R/WyNete 1
P13 | P137 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P130 | FFFODH Note 2 R/VyNote 1
P14 | P147 |P146N°“?3 P145Note 3|pqggNote 3| pqg3Note 3 pqgoNote 3| pqgqNote 3| pq40 | FFFOEH  OOH (output latch) R/W
P15 | 0 |P156N°“?3 P155Note 3|p154Note 3 |pq53Note 3|pq 5oNote 3| pq5qNote 3 pq5QNote 3| FFFOFH  OOH (output latch) R/W

Pmn Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
Notes 1. P121 to P124, and P137 are read-only.
2. P137: Undefined
P130: 0 (output latch)

3. These internal pins must be set to output mode after reset release by software by setting 0 to the port

register and port mode register.
4. Bit for internal connected pin. For details, see CHAPTER 2.
5. If ADPC is set to except reset value (00H), these internal connecting pins must be set to output mode by
software by setting 0 to the port register and port mode register.

Caution Be sure to set bits that are not mounted to their initial values.

Remark m=0to7,12to14;n=0to 7
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5.3.3 Pull-up resistor option registers (PUxx)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used in 1-bit units only for the bits set to both normal output mode (POMmn = 0) and input mode (PMmn = 1) for the pins
to which the use of an on-chip pull-up resistor has been specified in these registers. On-chip pull-up resistors cannot be
connected to bits set to output mode and bits used as alternate-function output pins and analog setting (PMC = 1, ADPC =
1), regardless of the settings of these registers.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H (Only PU4 is set to 01H).

Caution When a port with the PIMn register is input from different potential device to TTL buffer, pull up to
the power supply of the different potential device via a external pull-up resistor by setting PUmn = 0.

Figure 5-3. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | 0 | 0 ‘ 0 ‘ 0 | PUO3 ‘ PU02 ‘ PUO1 ‘ PU0OO | FOO30H 00H R/W
PU1 | 0 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FOO031H 00H R/W
PU3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU30 | FOO33H 00H R/W
PU4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU40 | FO034H 01H R/W
PU12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W
PU14 | PU147 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU140 | FOO3EH 00H R/W

PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3,4,12,14;n=0to 7)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Caution Be sure to set bits that are not mounted to their initial values.
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5.3.4 Port input mode registers (PIMxx)
These registers set the input buffer in 1-bit units.

TTL input buffer can be selected during serial communication with an external device of the different potential.

Port input mode registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 5-4. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

PIMO | 0 | 0 ‘ 0 ‘ 0 | PIMO3 ‘ 0 ‘ PIMO1 ‘ 0 | F0040H 00H R/W

PIM1 | 0 | PIM16 ‘ PIM15 ‘ PIM14 | PIM13 ‘ 0 ‘ PIM11 ‘ PIM10 | F0041H 00H R/W
PIMmn Pmn pin input buffer selection

(m=0,1,n=,1,3t06)

0 Normal input buffer

1 TTL input buffer

Caution Be sure to set bits that are not mounted to their initial values.
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5.3.5 Port output mode registers (POMxx)
These registers set the output mode in 1-bit units.

N-ch open drain output (Vop tolerance) mode can be selected during serial communication with an external device of
the different potential, and for the SDA0O and SDA20 pins during simplified 12C communication with an external device of

the same potential.

In addition, POMxx register is set with PUxx register, whether or not to use the on-chip pull-up resistor.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Caution An on-chip pull-up resistor is not connected to a bit for which N-ch open drain output (Vop tolerance)

mode is set.
Figure 5-5. Format of Port Input Mode Register
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
POMO | 0 | 0 ‘ 0 ‘ 0 | POMO3 ‘ POMO02 ‘ 0 ‘ POMO00 | FO050H 00H R/W
POM1 | 0 | 0 ‘ POM15 ‘ POM14 | POM13 ‘ POM12 ‘ POM11 ‘ POM10| FO051H 00H R/wW
POMmn Pmn pin output mode selection
(m=0,1,n=0to5)
0 Normal output mode
1 N-ch open-drain output (VDD tolerance) mode

Caution Be sure to set bits that are not mounted to their initial values.
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5.3.6 Port mode control registers (PMCxx)

These registers set the digital I/0/analog input in 1-bit units.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to FFH.

Figure 5-6. Format of Port Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCO | 1 | 1 ‘ 1 ‘ 1 | PMCO3 ‘ PMC02 ‘ 1 ‘ 1 | FO060H FFH
PMC12 | 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘PMC120| FO06CH FFH
PMC14 |PMC147| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 | FOO6EH FFH

R/W
R/W

R/W

R/W

PMCmn

Pmn pin digital I/O/analog input selection (m =0, 12; n =0, 2, 3)

0

Digital I/O (alternate function other than analog input)

1

Analog input

Cautions 1. Select input mode by using port mode registers 0, 12 (PM0, PM12) for the ports which are set by
the PMCxx register as analog input.
2. Do not set the pin set by the PMCxx register as digital /O by the analog input channel

specification register (ADS).

3. Be sure to set bits that are not mounted to their initial values.
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5.3.7 AID port configuration register (ADPC)

This register switches the ANI0/P20 to ANI3/P23 pins to digital I/Os of port or analog input of A/D converter.

The ADPC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Address: FO076H

Figure 5-7. Format of A/D Port Configuration Register (ADPC)

After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0

ADPC 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
Analog input (A)/digital 1/0 (D) switching

& ) 5 3 @ N - o

o o o o a a & a

< < < < e S = S

=z =z =z P

<< < < <

0 0 0 0 A A A A

0 0 1 D D D D

0 0 1 0 D D D A

0 0 1 1 D D A A

0 1 0 0 D A A A

Other than above Setting prohibited

Cautions 1. Set the port to analog input by ADPC register to the input mode by using port mode registers 2

(PM2).

2. Do not set the pin set by the ADPC register as digital /O by the analog input channel

specification register (ADS).

3. When using AVrerr and AVRrerm, set ANIO and ANI1 to analog input and set the port mode

register to the input mode.
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5.3.8 Peripheral I/O redirection register (PIOR)
This register is used to specify whether to enable or disable the peripheral I/O redirect function.
This function is used to switch ports to which alternate functions are assigned.
Use the PIOR register to assign a port to the function to redirect and enable the function.
Note that the setting for redirection can be changed until the function is enabled.
The PIOR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to O0H.

Figure 5-8. Format of Peripheral /0 Redirection Register (PIOR)

Address: FOO77H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
PIOR 0 0 0 0 0 PIOR2 0 PIORO
PIORO Timer function redirection enable/disable
0 Default
1 Redirection enabled
Bit Alternative Setting value
function 0 1
PIOR2 SCLAO P60 P14
SDAAO P61 P13
PIORO TI102/TO02 - P15
TI03/TO03 — P14
T104/TO04 - P13
TI05/TO05 — P12
TI06/TO06 — P11
TI07/TO07 — P10

Remark Cannot be used as alternative function.

5.3.9 Global digital input disable register (GDIDIS)
This register is used for batch controlling of the input buffers. Use the default setting for RL78/G1D.
Set the port mode registers (PMxx) for the control of input enable.

Figure 5-9. Format of Global Digital Input Disable Register (GDIDIS)

Address: FOO7DH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
GDIDIS | 0 | 0 | 0 | 0 | 0 | 0 | 0 | GDIDISO |
GDIDISO Setting of batch control of input buffers
0 Input to input buffers permitted (default)
1 Setting prohibited
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5.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to 1/0 port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does not
change. Therefore, byte data can be written to the ports used for both input and output.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

5.4.2 Reading from 1/O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

5.4.3 Operations on I/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the output
latch, but since the output buffer is off, the pin status does not change. Therefore, byte data can be written to the
ports used for both input and output.
The data of the output latch is cleared when a reset signal is generated.
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5.4.4 Handling different potential (1.8 V, 2.5 V) by using EVbb < Vbp
When connecting an external device operating on a different potential (1.8 V, 2.5 V), it is possible to connect the I/O
pins of general ports.

5.4.5 Handling different potential (1.8 V, 2.5 V) by using I/O buffers

It is possible to connect an external device operating on a different potential (1.8 V or 2.5 V) by switching I/O buffers
with the port input mode register (PIMxx) and port output mode register (POMxx).

When receiving input from an external device with a different potential (1.8 V or 2.5 V), set the port input mode registers
0, 1 (PIMO, PIM1) on a bit-by-bit basis to enable normal input (CMOS)/TTL input buffer switching.

When outputting data to an external device with a different potential (1.8 V or 2.5 V), set the port output mode registers
0, 1 (POMO, POM1) on a bit-by-bit basis to enable normal output (CMOS)/N-ch open drain (Vop tolerance) switching.

The connection of a serial interface is described below.

(1) Setting procedure when using input pins of UART0, UART1, CSI00, and CSI20 functions for the TTL input
buffer

In case of UARTO: P11
In case of UART1: P03
In case of CSI0O0: P10, P11
In case of CSI20: P14, P15

<1> Using an external resistor, pull up externally the pin to be used to the power supply of the target device
(on-chip pull-up resistor cannot be used).

<2> Set the corresponding bit of the PIMO and PIM1 registers to 1 to switch to the TTL input buffer. For VIH
and VL, refer to the DC characteristics when the TTL input buffer is selected.

<3> Enable the operation of the serial array unit and set the mode to the UART/CSI mode.
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(2) Setting procedure when using output pins of UART0, UART1, CSI00, and CSI20 functions in N-ch open-drain

output mode

<1>

<2>
<3>

<4>

<5>

<6>

In case of UARTO: P12
In case of UART1: P02
In case of CSI00: P10, P12
In case of CSI20: P13, P15

Using an external resistor, pull up externally the pin to be used to the power supply of the target device
(on-chip pull-up resistor cannot be used).

After reset release, the port mode is the input mode (Hi-Z).

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMO and POM1 registers to 1 to set the N-ch open drain output (Vop
tolerance) mode.

Enable the operation of the serial array unit and set the mode to the UART/CSI mode.

Set the corresponding bit of the PMO and PM1 registers to the output mode. At this time, the output data
is high level, so the pin is in the Hi-Z state.

(3) Setting procedure when using I/0 pins of 1IC00 and IIC20 functions with a different potential (1.8 V,2.5V, 3 V)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

In case of [IC00: P10, P11
In case of [IC20: P14, P15

Using an external resistor, pull up externally the pin to be used to the power supply of the target device
(on-chip pull-up resistor cannot be used).

After reset release, the port mode is the input mode (Hi-Z).

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POM1 register to 1 to set the N-ch open drain output (Vop tolerance)
mode.

Set the corresponding bit of the PIM1 register to 1 to switch to the TTL input buffer. For VIH and VL, refer
to the DC characteristics when the TTL input buffer is selected.

Enable the operation of the serial array unit and set the mode to the simplified 1°C mode.

Set the corresponding bit of the PM1 register to the output mode (data I/O is possible in the output mode).
At this time, the output data is high level, so the pin is in the Hi-Z state.
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5.5 Register Settings When Using Alternate Function

5.5.1 Basic concept when using alternate function
In the beginning, for a pin also assigned to be used for analog input, use the ADPC register or port mode control

register (PMCxx) to specify whether to use the pin for analog input or digital input/output.

Figure 5-10 shows the basic configuration of an output circuit for pins used for digital input/output. The output of the
output latch for the port and the output of the alternate SAU function are input to an AND gate. The output of the AND
gate is input to an OR gate. The output of an alternate function other than SAU (TAU, RTC, clock/buzzer output, etc.) is
connected to the other input pin of the OR gate. When such kind of pins are used by the port function or an alternate
function, the unused alternate function must not hinder the output of the function to be used. An idea of basic settings for

this kind of case is shown in Table 5-4.

Figure 5-10. Basic Configuration of Output Circuit for Pins

WRPORT
Vob
/L Output latch
S B e I S
DS
WRpPM Pmn/
Alternate function
_ 1 .| PMregister Do—' N-ch
=1 ~ 7 (PMmn)
g WRPoMm
L Vss
g1 A | POM register | Notet
5 >
(POMmn)
To input circuit
Alternate Note 2
function (SAU)
Alternate function | Note 3
(other than SAU)
_—

Notes 1. When there is no POM register, this signal should be considered to be low level (0).
2. When there is no alternate function, this signal should be considered to be high level (1).
3. When there is no alternate function, this signal should be considered to be low level (0).

Remark m: Port number (m =0to 7, 12 to 14); n: Bit number (n =0 to 7)
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Table 5-4. Concept of Basic Settings

Output Settings of Unused Alternate Function
Output Function of Used Pin Output Function for Port Output Function for SAU Output Function for other than SAU
Output function for port - Output is high (1) Output is low (0)
Output function for SAU High (1) - Output is low (0)
Output function for other than Low (0) QOutput is high (1) Output is low (0) Nete
SAU

Note Since more than one output function other than SAU may be assigned to a single pin, the output of an unused

alternate function must be set to low level (0). For details on the setting method, see 5.5.2 Register settings
for alternate function whose output function is not used.

5.5.2 Register settings for alternate function whose output function is not used

When the output of an alternate function of the pin is not used, the following settings should be made. Note that when

the peripheral /O redirection function is the target, the output can be switched to another pin by setting the peripheral 1/0

redirection register (PIOR). This allows usage of the port function or other alternate function assigned to the target pin.

(1)

(2)

(4)

SOp =1, TxDq = 1 (settings when the serial output (SOp/TxDq) of SAU is not used)

When the serial output (SOp/TxDq) is not used, such as, a case in which only the serial input of SAU is used, set the
bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output disabled) and set
the SOmn bit in serial output register m (SOm) to 1 (high). These are the same settings as the initial state.

SCKp =1, SDAr = 1, SCLr = 1 (settings when channel n in SAU is not used)

When SAU is not used, set bit n (SEmn) in serial channel enable status register m (SEm) to 0 (operation stopped
state), set the bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output

disabled), and set the SOmn and CKOmn bits in serial output register m (SOm) to 1 (high). These are the same

settings as the initial state.

TOmn = 0 (settings when the output of channel n in TAU is not used)

When the TOmn output of TAU is not used, set the bit in timer output enable register 0 (TOEOQ) which corresponds to
the unused output to 0 (output disabled) and set the bit in timer output register 0 (TOO) to 0 (low). These are the
same settings as the initial state.

PCLBUZn = 0 (setting when clock/buzzer output is not used)
When the clock/buzzer output is not used, set the PCLOER bit in clock output select register n (CKSn) to 0 (output
disabled). This is the same setting as the initial state.
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5.5.3 Register setting examples for used port and alternate functions
Register setting examples for used port and alternate functions are shown in Table 5-5. The registers used to control
the port functions should be set as shown in Table 5-5. See the following remark for legends used in Table 5-5.

Remark -: Not supported
X: don'’t care
PIORx: Peripheral I/O redirection register
POMxx: Port output mode register
PMCxx: Port mode control register
PMxx:  Port mode register
Pxx: Port output latch
Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).

Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (1/6)

Pin Name Used Function PIORX POMxx PMCxx PMxx Pxx Alternate Function Output
Function Function Name SAU Output | Other than
Name Function SAU
P00 P00 Input - x - 1 x - -
Output - 0 - 0 0/1 - -
N-ch open - 1 - 0 01 - -
drain output
TI0O0 Input - x - 1 x - -
P01 P01 Input - - - 1 x - -
Output - - - 0 0/1 - TO00 =0
TOO00 Output - - - 0 0 - x
P02 P02 Input - x 0 1 x x _
Output - 0 0 0 0/1 TxD1=1 -
N-ch open - 1 0 0 01
drain output
ANI17 Analog input - - 1 1 x x -
TxD1 Output - 0/1 0 0 1 x -
P03 P03 Input - x 0 1 x x _
Output - 0 0 0 0/1 x -
N-ch open - 1 0 0 0/1 x
drain output
ANI16 Analog input - - 1 1 x x -
RxD1 Input - - 0 1 x x -
P10 P10 Input - x - 1 x x —
Output - 0 - 0 0/1 SCKO00/ (TO07)=0
N-ch open - 1 - 0 01 SCLOO =1
drain output
SCKO00 Input - x - 1 x x x
Output - 0/1 - 0 1 x (TO07)=0
SCL0O Output - 01 - 0 1 x (TO07)=0
(TI07) Input PIOR1 =1 x - 1 x x x
(TOO07) Output PIORO =1 0 - 0 0 x x
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Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (2/6)

Pin Name Used Function PIORX POMxx PMCxx PMxx Pxx Alternate Function Output
Function 1/0 SAU Output | Other than
Name Function SAU
P11 P11 Input - x - 1 x x -
Output - 0 - 0 0/ SDAO00 =1 (TO06) =0
N-ch open - 1 - 01
drain output
SI00 Input - x - 1 x x x
RxDO Input - x - 1 x x x
SDAOQO /0 - 1 - 0 1 x (TO06) =0
(TI06) Input PIORO =1 x - 1 x x x
(TOO06) Output PIORO =1 0 - 0 0 SDAO0O0 =1 x
P12 P12 Input - x - 1 x x x
Output - 0 - 0 0/1 TxDO/ (TO05)=0
N-ch open - 1 - 0 01 SCLO0 =1
drain output
SO00 Output - 0/1 - 0 1 x (TO05)=0
TxDO Output - 01 - 0 1 x (TO05)=0
(TI05) Input PIORO =1 x - 1 x x x
(TOO05) Output PIORO =1 0 - 0 0 TxDO/ x
SCL00=1
P13 P13 Input - x - 1 x x -
Output - 0 - 0/ SO20/ TO04 =0
N-ch open - 1 - 0 0/1 SDAAQ = 1
drain output
S020 Output - 0/1 - 0 1 x TO04 =0
(SDAAO0) /0 PIOR2 =1 1 - 0 1 x
(TI04) Input PIOR0O =1 x - 1 x x x
(TO04) Output PIORO =1 0 - 0 0 x x
P14 P14 Input - x - 1 x x -
Output - 0 - 0 0/1 SDA20/ TO03 =0
N-ch open - 1 - 0 0/1 (SCLAO) =1
drain output
S120 Input - x - 1 x x x
SDA20 /0 - 1 - 0 1 x TO03 =0
(SCLAO0) /0 PIOR2 =1 1 - 0 1 x
(TI03) Input PIORO =1 x - 1 x x x
(TO03) Output PIORO =1 0 - 0 0 x x
P15 P15 Input - x - 1 x x -
Output - 0 - 0 0/ SCK20/ TO02=0
N-ch open - 1 - 0 0/1 SCL20=1
drain output
SCK20 /0 - 1 - 0 1 x TO02 =0
SCL20 /0 - 1 - 0 1 x
(TI02) Input PIOR0O =1 x - 1 x x x
(TO02) Output PIORO =1 0 - 0 0 x x
P16 P16 Input - - - 1 x x x
Output - - - 0 0/ x TO01=0
TOO01 Output - - - 0 0 x x
INTP5 Input - - - 1 x x x
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Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (3/6)

Pin Name Used Function ADPC PDM2 PMxx Pxx
Function Name 110
P20 P20 Input ADPC = 01H x 1 x
Output ADPC = 01H x 0 0/1
ANIO Analog input ADPC = 00x0xx0x, 1 x
00H/02H to OFH 10x0xx0x
AVRerp Reference voltage ADPC = 01x0xx0x 1 x
00H/02H to OFH
P21 P21 Input ADPC = 01H/02H x 1 x
Output ADPC = 01H/02H x 0 0/1
AN Analog input ADPC = xx00xx0x 1 x
00H/03H to OFH
AVRerm Reference voltage ADPC = xx10xx0x 1 x
00H/03H to OFH
P22 P22 Input ADPC = 01H to 03H x 1 x
Output ADPC = 01H to 03H x 0 0/1
ANI2 Analog input ADPC = x 1 x
00H/04H to OFH
P23 P23 Input ADPC = 01H to 04H x 1 x
Output ADPC = 01H to 04H x 0 0/1
ANI3 Analog input ADPC = x 1 x
00H/05H to OFH
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Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (4/6)

Pin Name Used Function PIORX POMXxx PMCxx PMxx Pxx Alternate Function Output
Function 1/0 SAU Output | Other than
Name Function SAU

P30 P30 Input - - 1 x - x
Output - - 0 01 - x
INTP3 Input - - 1 x - x
RTC1HZ Output - - 0 0 - x
P40 P40 Input - - 1 x — -
Output - - 0 01 - -
P60 P60 Input x - 1 x x -
Output 0 - 0 0/1 (SCLAO) =1 -
N-ch open 1 - 0 01 -

drain output
(SCLAO) 110 PIOR2 =0 1 - 0 1 x -
P61 P61 Input x - 1 x x -
Output 0 - 0 0/1 (SDAAO) = 1 -
N-ch open 1 - 0 0 -

drain output
(SDAAO) 110 PIOR2 =0 1 - 0 1 x -
P70 SCK21 Output - - 0 1 x -
P71 Si21 Input x - 1 x x -
P72 S021 Output - - 0 1 x -
P77 INTRF Input - - 1 x —_ _
P120 P120 Input - 0 1 x - -
Output - 0 0 01 - -
ANI19 Analog input - 1 1 x - -

Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (5/6)

Pin Name Used Function CMC Pxx
Function Name 1/0 (EXCLK, OSCSEL,EXCKS,0SCSELS)

P121 P121 Input 00xx/10 xx/11 xx x
X1 - 01 xx -

P122 P122 Input 00 xx /10 xx x
X2 - 01 xx -

EXCLK - 11 xx -

P123 P123 Input xx 00/xx 10/xx 11 x
XT1 - xx 01 -

P124 P124 Input xx 00/ xx 10 x
XT2 - xx 01 -

EXCLKS Input xx 11 -
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Table 5-5. Setting Examples of Registers and Output Latches When Using Alternate Function (6/6)

Pin Name Used Function PIORX POMXxx PMCxx PMxx Pxx Alternate Function Output
Function 1/0 SAU Output | Other than
Name Function SAU
P130 P130 Output - - - - 0/1 - -
P137 P137 Input - - - - x - -
INTPO Input - - - - x — -
P140 P140 Input - - - 1 x - x
Output - - - 0 0/1 - PCLBUZ0
=0
PCLBUZO | Output - - - 0 0 - x
INTP6 Input - - - 1 x - x
P147 P147 Input - - 0 1 x — -
Output - - 0 0 07k — —
ANI18 Analog input - - 1 1 x — -
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5.6 Cautions When Using Port Function

5.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output

latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.

Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is 00H, if the output of output port P10 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 1 is FFH.
Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the RL78/G1D.
<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.
In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses of
P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at this time,
the read value is FEH.
The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.
Figure 5-11. Bit Manipulation Instruction (P10)
1-bit manipulation
P10 O instruction P10 O
Low-level output (set1 P1.0) High-level output
is executed for P10
bit.
P11 to P17 O ':> P11 to P17 O
Pin status: High level Pin status: High level
Port 1 output latch Port 1 output latch
(ofojojofojolo o] EEERERENENERERED
1-bit manipulation instruction for P10 bit
<1> Port register 1 (P1) is read in 8-bit units.
* In the case of P10, an output port, the value of the port output latch (0) is read.
® In the case of P11 to P17, input ports, the pin status (1) is read.
<2> Set the P10 bit to 1.
<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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5.6.2 Notes on specifying the pin settings

If the output function of an alternate function is assigned to a pin that is also used as an output pin, the output of the
unused alternate function must be set to its initial state so as to prevent conflicting outputs. This also applies to the
functions assigned by using the peripheral 1/O redirection register (PIOR). For details about the alternate output function,
see 5.5 Settings of Port Mode Register, and Output Latch When Using Alternate Function.

No specific setting is required for input pins because the output function of their alternate functions is disabled (the
buffer output is Hi-Z).

Disabling the unused functions, including blocks that are only used for input or do not have /O, is recommended to

lower power consumption.
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6.1 Functions of Clock Generator

The clock

generator generates the clock to be supplied to the CPU and peripheral hardware.

The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock
<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).
<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fih = 32, 24, 16, 12, 8, 4, or 1 MHz (typ.) by
using the option byte (000C2H). After a reset release, the CPU always starts operating with this high-speed
on-chip oscillator clock. Oscillation can be stopped by executing the STOP instruction or setting the
HIOSTORP bit (bit 0 of the CSC register).
The frequency specified by using an option byte can be changed by using the high-speed on-chip oscillator
frequency select register (HOCODIV). For details about the frequency, see Figure 6-9 Format of High-
speed On-chip Oscillator Frequency Select Register (HOCODIV).
The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the
high-speed on-chip oscillator frequency select register (HOCODIV) are shown below.
Power Supply Voltage Oscillation Frequency (MHz)
1 2 3 4 12 16 24 32
27VsVop<3.6V v 4 v v v 4 v 4
24V <Vop<36V v v v v v v - -
1.8V<Vop<36V v v v v v v - - - -
1.6V<Vop<36V v v v v - - - - - -
An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An external

main system clock input can be disabled by executing the STOP instruction or setting of the MSTOP bit.
As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).

However, note that the usable frequency range of the main system clock differs depending on the setting of the
power supply voltage (Vob). The operating voltage of the flash memory must be set by using the CMODEO and
CMODEH1 bits of the option byte (000C2H) (see CHAPTER 25 OPTION BYTE).
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(2) Subsystem clock
e XT1 clock oscillator
This circuit oscillates a clock of fxt = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2.
Oscillation can be stopped by setting the XTSTOP bit (bit 6 of the clock operation status control register (CSC)).

An external subsystem clock (fexs = 32.768 KHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by the setting of the XTSTOP bit.

(3) Low-speed on-chip oscillator clock (Low-speed On-chip oscillator)
This circuit oscillates a clock of fiL = 15 kHz (TYP.).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.

e Watchdog timer
e Real-time clock
e 12-bit Interval timer

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the subsystem
clock supply mode control register (OSMC), or both are set to 1.

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is O,
oscillation of the low-speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Caution The low-speed on-chip oscillator clock (fiL) can only be selected as the real-time clock count
clock when the fixed-cycle interrupt function is used.

(4) RF transceiver reference clock

This circuit oscillates a clock of fxrr = 32 MHz by connecting a resonator to the XTAL1_RF and XTAL2_RF pins.
This oscillation control is set with Renesas Bluetooth Low Energy protocol stack.

Remark fx: X1 clock oscillation frequency
fiH: High-speed on-chip oscillator clock frequency
fex: External main system clock frequency
fxT: XT1 clock oscillation frequency
fexs:  External subsystem clock frequency
fiL: Low-speed on-chip oscillator clock frequency
fxrr:  RF reference clock oscillating frequency
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6.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 6-1. Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)
High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator

XT1 oscillator

High-speed on-chip oscillator
Low-speed on-chip oscillator
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Remark fx: X1 clock oscillation frequency
fiH: High-speed on-chip oscillator clock frequency
fex:  External main system clock frequency
fux:  High-speed system clock frequency
fmain:  Main system clock frequency
fxt:  XT1 clock oscillation frequency
fexs: External subsystem clock frequency
fsus: Subsystem clock frequency
fck:  CPU/peripheral hardware clock frequency
fiL: Low-speed on-chip oscillator clock frequency

6.3 Registers Controlling Clock Generator
The following nine registers are used to control the clock generator.

e Clock operation mode control register (CMC)

e System clock control register (CKC)

e Clock operation status control register (CSC)

e Oscillation stabilization time counter status register (OSTC)

e Oscillation stabilization time select register (OSTS)

e Peripheral enable register 0 (PERO)

e Subsystem clock supply mode control register (OSMC)

e High-speed on-chip oscillator frequency select register (HOCODIV)
e High-speed on-chip oscillator trimming register (HIOTRM)

6.3.1 Clock operation mode control register (CMC)

This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/EXCLKS/P124
pins, and to select a gain of the oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This
register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 6-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CMC EXCLK OSCSEL EXCLKS | OSCSELS 0 AMPHS1 ’ AMPHSO ’ AMPH
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port External clock input
EXCLKS | OSCSELS Subsystem clock pin XT1/P123 pin XT2/EXCLKS/P124 pin
operation mode
0 0 Input port mode Input port
0 1 XT1 oscillation mode Crystal resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port External clock input
AMPHS1 AMPHSO XT1 oscillator oscillation mode selection
0 0 Low power consumption oscillation (default)
0 1 Normal oscillation
1 0 Ultra-low power consumption oscillation
1 1 Setting prohibited
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fx < 10 MHz
1 10 MHz < fx < 20 MHz

Cautions 1.

The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction. When using the CMC register with its initial value (00H),
be sure to set the register to 00H after a reset ends in order to prevent malfunction
due to a program loop. Such a malfunction becomes unrecoverable when a value
other than 00H is mistakenly written.

After reset release, set the CMC register before X1 or XT1 oscillation is started as
set by the clock operation status control register (CSC).

Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10
MHz.

Specify the settings for the AMPH, AMPHS1, and AMPHSO bits while fi is selected
as fcwk after a reset ends (before fcLk is switched to fmx or fsub).

Oscillation stabilization time of fxr, counting on the software.

Although the maximum system clock frequency is 32 MHz, the maximum frequency
of the X1 oscillator is 20 MHz.

(Caution and Remark are given on the next page.)
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Caution 7. The XT1 oscillator is a circuit with low amplification in order to achieve low-power

consumption. Note the following points when designing the circuit.
e Pins and circuit boards include parasitic capacitance. Therefore, perform

oscillation evaluation using a circuit board to be actually used and confirm that
there are no problems.

e Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO0 = 1,

0) as the mode of the XT1 oscillator, evaluate the resonators described in 6.7
Resonator and Oscillator Constants.

Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHS1,
AMPHSO0 = 1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

e Place a ground pattern that has the same potential as Vss as much as possible

near the XT1 oscillator.

e Be sure that the signal lines between the XT1 and XT2 pins, and the resonators

do not cross with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

e The impedance between the XT1 and XT2 pins may drop and oscillation may be

disturbed due to moisture absorption of the circuit board in a high-humidity
environment or dew condensation on the board. When using the circuit board in
such an environment, take measures to damp-proof the circuit board, such as by
coating.

e When coating the circuit board, use material that does not cause capacitance or

leakage between the XT1 and XT2 pins.

Remark fx: X1 clock frequency
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6.3.2 System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 6-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: O0H  R/Whete!

Symbol <7> <6> <5> <4> 3 2 1
CKC CLS CSs MCS MCMO 0 0 0
CLS Status of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
1 Subsystem clock (fsus)
CSS Selection of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
qNote 2 Subsystem clock (fsus)
MCS Status of Main system clock (fuain)
0 High-speed on-chip oscillator clock (fiH)
1 High-speed system clock (fux)
MCMQNete 2 Main system clock (fuan) operation control
0 Selects the high-speed on-chip oscillator clock (fiH) as the main system clock (fuain)
1 Selects the high-speed system clock (fux) as the main system clock (fmain)

Notes 1. Bits 7 and 5 are read-only.
2. Changing the value of the MCMO bit is prohibited while the CSS bit is set to 1.

Remark fiH: High-speed on-chip oscillator clock frequency
fumx: High-speed system clock frequency
fmain:  Main system clock frequency
fsus: Subsystem clock frequency

Cautions 1. Be sure to set bit 3 to 0 to 0.

2. The clock set by the CSS bit is supplied to the CPU and peripheral hardware. If the
CPU clock is changed, therefore, the clock supplied to peripheral hardware (except
the real-time clock, 12-bit interval timer, clock output/buzzer output, and watchdog
timer) is also changed at the same time. Consequently, stop each peripheral
function when changing the CPU/peripheral hardware clock.

3. If the subsystem clock is used as the peripheral hardware clock, the operations of
the A/D converter and IICA are not guaranteed. For the operating characteristics of
the peripheral hardware, refer to the chapters describing the various peripheral
hardware as well as CHAPTER 30 ELECTRICAL SPECIFICATIONS.
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6.3.3 Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock, high-speed on-chip oscillator clock, and

subsystem clock (except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to COH.

Figure 6-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1TH Afterreset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
CsC MSTOP XTSTOP 0 0 0 0 ‘ 0 ‘ HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode External clock input mode Input port mode
0 XT1 oscillator operating External clock from EXCLKS | Input port
pin is valid
1 XT1 oscillator stopped External clock from EXCLKS
pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped
Cautions 1. After reset release, set the clock operation mode control register (CMC) before
setting the CSC register.

2. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP
bit to 0 after releasing reset. Note that if the OSTS register is being used with its
default settings, the OSTS register is not required to be set here.

3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization
time of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

4. When starting XT1 oscillation by setting the XSTOP bit, wait for oscillation of the
subsystem clock to stabilize by setting a wait time using software.

5. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the
OSC register.

6. The setting of the flags of the register to stop clock oscillation (invalidate the

external clock input) and the condition before clock oscillation is to be stopped are
as Table 6-2. Before stopping the clock oscillation, check the conditions before the
clock oscillation is stopped.
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Table 6-2. Stopping Clock Method

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system other than the high-speed system clock.
clock (CLS=0and MCS =0, 0r CLS = 1)
XT1 clock CPU and peripheral hardware clocks operate with a clock XTSTOP =1
External subsystem other than the subsystem clock.
clock (CLS=0)
High-speed on-chip CPU and peripheral hardware clocks operate with a clock HIOSTOP = 1
oscillator clock other than the high-speed on-chip oscillator clock.
(CLS=0and MCS=1,0orCLS =1)

6.3.4 Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

e If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or subsystem clock is being used as
the CPU clock.

e |f the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as the
CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSC)) = 1 clear the OSTC register to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.
e When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 — MSTOP = 0)
e When the STOP mode is released
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Figure 6-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFFA2H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0

OSTC MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST
8 9 10 11 13 15 17 18

MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status

8 9 10 11 13 15 17 18 fx =10 MHz | fx = 20 MHz
0 0 0 0 0 0 0 0 28/fx max. | 25.6 us max. | 12.8 ys max.
1 0 0 0 0 0 0 0 28/fx min. | 25.6 us min. | 12.8 ys min.
1 1 0 0 0 0 0 0 2%fx min. | 51.2 us min. | 25.6 ys min.
1 1 1 0 0 0 0 0 2'%x min. | 102 ys min. | 51.2 ys min.
1 1 1 1 0 0 0 0 2"'/fx min. | 204 ys min. | 102 ys min.
1 1 1 1 1 0 0 0 2%3/fx min. | 819 ys min. | 409 ps min.
1 1 1 1 1 1 0 0 2'5/fx min. | 3.27 ms min. | 1.63 ms min.
1 1 1 1 1 1 1 0 2"7ffx min. | 13.1 ms min. | 6.55 ms min.
1 1 1 1 1 1 1 1 2'8/fx min. | 26.2 ms min. | 13.1 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from the MOST8 bit
and remain 1.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the oscillation stabilization time select register (OSTS).
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set by
the OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pin voltage
waveform

Remark fx: X1 clock oscillation frequency
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6.3.5 Oscillation stabilization time select register (OSTS)

This register is used to select the X1 clock oscillation stabilization wait time.

When the X1 clock is made to oscillate by clearing the MSTOP bit to start the X1 oscillation circuit operating, actual
operation is automatically delayed for the time set in the OSTS register.

When switching the CPU clock from the high-speed on-chip oscillator clock or the subsystem clock to the X1 clock, and
when using the high-speed on-chip oscillator clock for switching the X1 clock from the oscillating state to STOP mode, use
the oscillation stabilization time counter status register (OSTC) to confirm that the desired oscillation stabilization time has
elapsed after release from the STOP mode. That is, use the OSTC register to check that the oscillation stabilization time
corresponding to its setting has been reached.

The OSTS register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the OSTS register to 07H.
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Figure 6-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H After reset: 07H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0sTS2 | 0sTst | 0STSo
OSTS2 OSTSH1 OSTS0 Oscillation stabilization time selection
fx =10 MHz fx = 20 MHz
0 0 0 28/fx 25.6 us 12.8 us
0 0 1 29/fx 51.2 ps 25.6 us
0 1 0 210/ 102 ys 51.2 us
0 1 1 211/ 204 ys 102 s
1 0 0 2"3fx 819 us 409 us
1 0 1 2'5/fx 3.27 ms 1.63 ms
1 1 0 2'7/fx 13.1ms 6.55 ms
1 1 1 2"8/fx 26.2 ms 13.1 ms

Cautions 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock
operation status control register (CSC) to 0.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the OSTS register.
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register
after the oscillation starts.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating. (Note,
therefore, that only the status up to the oscillation stabilization time set by the
OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pin voltage
waveform

Remark fx: X1 clock oscillation frequency
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6.3.6 Peripheral enable register 0 (PERO)
These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the

hardware that is not used is also stopped so as to decrease the power consumption and noise.

To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each

function before specifying the initial settings of the peripheral functions.

o Real-time clock, 12-bit interval timer

e A/D converter

e Serial interface IICAO
e Serial array unit 1

e Serial array unit 0

e Timer array unit 0

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 6-7. Format of Peripheral Enable Register 0 (PERO) (1/2)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer input clock supply
0 Stops input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.
1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.
1 Enables input clock supply.
e SFR used by the A/D converter can be read and written.

Caution Be sure to clear bits 1 and 6 to “0”.
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Figure 6-7. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
IICAOEN Control of serial interface 1ICAOQ input clock supply
0 Stops input clock supply.

e SFR used by the serial interface IICAO cannot be written.
e The serial interface [ICAOQ is in the reset status.

1 Enables input clock supply.
e SFR used by the serial interface IICAO can be read and written.

SAU1EN Control of serial array unit 1 input clock supply

0 Stops input clock supply.
e SFR used by the serial array unit 1 cannot be written.
e The serial array unit 1 is in the reset status.

1 Enables input clock supply.
e SFR used by the serial array unit 1 can be read and written.

SAUOEN Control of serial array unit 0 input clock supply

0 Stops input clock supply.
e SFR used by the serial array unit 0 cannot be written.
e The serial array unit 0 is in the reset status.

1 Enables input clock supply.
e SFR used by the serial array unit 0 can be read and written.

TAUOEN Control of timer array unit O input clock supply

0 Stops input clock supply.
e SFR used by timer array unit 0 cannot be written.
e Timer array unit O is in the reset status.

1 Enables input clock supply.
e SFR used by timer array unit 0 can be read and written.

Caution Be sure to clear bits 1 and 6 to “0”
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6.3.7 Subsystem clock supply mode control register (OSMC)
This register is used to reduce power consumption by stopping unnecessary clock functions.
If the RTCLPC bit is set to 1, power consumption can be reduced, because clock supply to the peripheral functions,
except the real-time clock and 12-bit interval timer, is stopped in STOP mode or HALT mode while subsystem clock is

selected as CPU clock.

In addition, the OSMC register can be used to select the count clock of the real-time clock and 12-bit interval timer.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 6-8. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OosMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
RTCLPC Setting in STOP mode or HALT mode while subsystem clock is selected as CPU clock
0 Enables supply of subsystem clock to peripheral functions
(See Tables 19-1, 19-2, and 19-3 for peripheral functions whose operations are enabled.)
1 Stops supply of subsystem clock to peripheral functions other than real-time clock and 12-bit
interval timer.
WUTMMCKO Selection of count clock for real-time clock and 12-bit interval timer
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)
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6.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)

The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by using
high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency depends on the
FRQSELS3 bit of the option byte (000C2H).

The HOCODIV register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to the value set by FRQSEL2 to FRQSELO of the option byte (000C2H).

Figure 6-9. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H  After reset: the value set by FRQSEL2 to FRQSELO of the option byte (000C2H) R/W

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO High-speed on-chip oscillator clock frequency
FRQSELS3 bit is 0 FRQSEL3 bit is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than above Setting prohibited

Cautions 1. Set the HOCODIV register within the operable voltage range of the flash operation
mode set in the option byte (000C2H) before and after the frequency change.

Option Byte (000C2H) ) )
Value Flash Operation Mode Operating Operating Voltage
Frequency Range Range
CMODE1 CMODEO

0 0 LV (low-voltage main) mode 1 MHz to 4 MHz 1.6Vto3.6V

1 0 LS (low-speed main) mode 1 MHz to 8 MHz 1.8Vt0o3.6V

1 1 HS (high-speed main) mode 1 MHz to 16 MHz 24Vto36V
1 MHz to 32 MHz 27Vto36V

2. Set the HOCODIV register with the high-speed on-chip oscillator clock (fiH)
selected as the CPU/peripheral hardware clock (fcik).
3. After the frequency is changed with the HOCODIV register, the frequency is
switched after the following transition time has elapsed.
e Operation for up to three clocks at the pre-change frequency
e CPU/peripheral hardware clock wait at the post-change frequency for up to three
clocks
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6.3.9 High-speed on-chip oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock

input (timer array unit), and so on, the accuracy can be adjusted.

The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Caution The frequency will vary if the temperature and Voo pin voltage change after accuracy

Address: FOOAOH  After reset: undefinedVe*® R/W
Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 HIOTRMO High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed
Note The value after reset is the value adjusted at shipment.

adjustment.

When the temperature and Voo voltage change, accuracy adjustment must be

executed regularly or before the frequency accuracy is required.

Figure 6-10. Format of High-Speed On-Chip Oscillator Trimming Register (HIOTRM)

Remarks 1. The HIOTRM register can be used to adjust the high-speed on-chip oscillator clock to an

accuracy within about 0.05%.

series

(RO1AN0464).

(HOCO)

2. For the usage example of the HIOTRM register, see the application note for RL78 MCU

High-speed On-chip Oscillator Clock Frequency Correction
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6.4 System Clock Oscillator

6.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

e Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

e External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).

When the pins are not used as input port pins, either, see Table 2-3 Connections of Unused Pins.

Figure 6-11 shows an example of the external circuit of the X1 oscillator.

Figure 6-11. Example of External Circuit of X1 Oscillator

(a) Crystal or ceramic oscillation (b) External clock

! Vss
i || é X1
giﬂkil—m

____________ External clock ——— | EXCLK
Crystal resonator
or

ceramic resonator

Cautions are listed on the next page.

6.4.2 XT1 oscillator

The XT1 oscillator oscillates with a crystal resonator (32.768 kHz (typ.) connected to the XT1 and XT2 pins.

To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.

An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.

To use the XT1 oscillator, set bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode control register (CMC) as
follows.

e Crystal or ceramic oscillation: EXCLKS, OSCSELS =0, 1

e External clock input: EXCLKS, OSCSELS =1, 1

When the XT1 oscillator is not used, set the input port mode (EXCLKS, OSCSELS = 0, 0).

When the pins are not used as input port pins, either, see Table 2-3 Connections of Unused Pins.

Figure 6-12 shows an example of the external circuit of the XT1 oscillator.
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I e
= 32.768

Figure 6-12. Example of External Circuit of XT1 Oscillator

(a) Crystal oscillation (b) External clock

Vss

kHz
—| M XT2 External clock ————— = EXCLKS

Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the

broken lines in the Figures 6-11 and 6-12 to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.

Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

The XT1 oscillator is a circuit with low amplification in order to achieve low-power consumption.

Note the following points when designing the circuit.

Pins and circuit boards include parasitic capacitance. Therefore, perform oscillation evaluation
using a circuit board to be actually used and confirm that there are no problems.

Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO0 = 1, 0) as the
mode of the XT1 oscillator, evaluate the resonators described in 6.7 Resonator and Oscillator
Constants.

Make the wiring between the XT1 and XT2 pins and the resonators as short as possible, and
minimize the parasitic capacitance and wiring resistance. Note this particularly when the ultra-
low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring resistance.

Place a ground pattern that has the same potential as Vss as much as possible near the XT1
oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators do not cross with
the other signal lines. Do not route the wiring near a signal line through which a high
fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be disturbed due to
moisture absorption of the circuit board in a high-humidity environment or dew condensation
on the board. When using the circuit board in such an environment, take measures to damp-
proof the circuit board, such as by coating.

When coating the circuit board, use material that does not cause capacitance or leakage
between the XT1 and XT2 pins.

RO1UH0515EJ01
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Figure 6-13 shows examples of incorrect resonator connection.

Figure 6-13. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2
NG
NG
T "
)
(f
e 7T
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

) ) Power supply/GND pattern

Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 6-13. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Vb

Vs X2

P[IP D Vs
L -

Pmn

A PH
IER

S
A . B .
- 7-7-l High current

High current

(g) Signals are fetched

Vs X2

v au
o

A "N

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting in

malfunctioning.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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6.4.3 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/G1D. The frequency can be selected from among 32, 24,
16, 12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the
clock operation status control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset

release.

6.4.4 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/G1D.

The low-speed on-chip oscillator clock is used only as the watchdog timer, real-time clock, and 12-bit interval timer
clock. The low-speed on-chip oscillator clock cannot be used as the CPU clock.

The low-speed on-chip oscillator runs while the watchdog timer is operating or when bit 4 (WUTMMCKO) in the
subsystem clock supply mode control register (OSMC) is set to 1.

The low-speed on-chip oscillator is stopped when the watchdog timer is stopped and WUTMMCKO is set to 0.

6.4.5 RF reference clock oscillator

The RF reference clock oscillator is oscillated with the crystal resonator (32 MHz) connected to XTAL1_RF and
XTAL2_RF pins. A resister of 6.8 MQ + 5% must be inserted between XTAL1_RF pin and GND (AVss_rr pin) as the
following Figure 6-14.

Figure 6-14 shows examples of external circuit of RF reference clock oscillator.

Figure 6-14. Examples of External Circuit of RF reference clock oscillator

R1 AVss RrRF

o XTAL1_RF

L7
—uL XTAL2 RF

R1=6.8MQt5% ——

Caution When using the RF reference clock oscillator, wire as follows in the area enclosed by the broken
lines in the Figure 6-14 to avoid an adverse effect from wiring capacitance.

e Keep the wiring length as short as possible.

e Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

e Always make the ground point of the oscillator capacitor the same potential as AVss_rr. Do not
ground the capacitor to a ground pattern through which a high current flows.

e Do not fetch signals from the oscillator.

RO1UHO515EJ0130 Rev.1.30 R NS 136
Mar 16, 2018 ENES



RL78/G1D CHAPTER 6 CLOCK GENERATOR

6.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 6-1).

e Main system clock fmain
e High-speed system clock fux
X1 clock fx
External main system clock fex
e High-speed on-chip oscillator clock fiH
e Subsystem clock fsus
e XT1 clock fxr
e External subsystem clock fexs
e Low-speed on-chip oscillator clock fi
e CPU/peripheral hardware clock fcik

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the
RL78/G1D.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 6-15.
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Figure 6-15. Clock Generator Operation When Power Supply Voltage Is Turned On

Lower limit of
the operating
voltage range

Power-on reset signal iAt Ie:ast 10us
<157
RESET pin |

! Switched by softwar
' Reset '
' processing time'oe 1<3> <5> <5>

. High-speed on-chip High-speed Subsystem
CPU clock —————® ! osdlator dlock X system dock X clock
1<2> i
High-speed on-chip T
oscillator clock (f) i
High-speed " Note 1 ‘
system clock (fix) <4>
(when X1 oscillation
selected) . )
1 X1 clock H
Note 2

f oscillation stabilization time
Subsystem clock ¢be) Starting X1 oscillation <>
(when XT1 oscillation is specified by softwaref
selected)

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit. Note that
the reset state is maintained after a reset by the voltage detection circuit or an external reset until the voltage
reaches the range of operating voltage described in 30.6 AC Characteristics (the above figure is an example
when the external reset is in use).

<2> When the reset is released, the high-speed on-chip oscillator automatically starts oscillation.

<3> The CPU starts operation on the high-speed on-chip oscillator clock after waiting for the voltage to stabilize and a
reset processing have been performed after reset release.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see 6.6.2 Example of setting X1 oscillation
clock and 6.6.3 Example of setting XT1 oscillation clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see 6.6.2 Example of setting X1 oscillation clock and 6.6.3 Example of setting XT1
oscillation clock).

Notes 1. The reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip
oscillator clock.
2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).
3. For the reset processing time, see CHAPTER 21 POWER-ON-RESET CIRCUIT.

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from the
EXCLK pin is used.
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6.6 Controlling Clock

6.6.1 Example of setting high-speed on-chip oscillator

After a reset release, the CPU/peripheral hardware clock (fck) always starts operating with the high-speed on-chip

oscillator clock. The frequency of the high-speed on-chip oscillator can be selected from 32, 24, 16, 12, 8, 6, 4, 3, 2, and 1
MHz by using FRQSELO to FRQSEL3 of the option byte (000C2H). The frequency can also be changed by the high-speed

on-chip oscillator frequency select register (HOCODIV).

[Option byte setting]
Address: 000C2H

Option 7 6 5 4 3 2 1 0
byte CMODE1 | CMODEO FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) 0N 0/1 1 0 0/1 01 01 0N
CMODE1 CMODEO Setting of flash operation mode
0 0 LV (low voltage main) mode Voo =1.6Vt03.6 V@ 1 MHzto 4 MHz
1 0 LS (low speed main) mode Voo =1.8V103.6 V@ 1 MHz to 8 MHz
1 1 HS (high speed main) mode Voo =24V 1t03.6V@ 1MHzto 16 MHz

Vop=2.7V1t0 3.6 V@ 1 MHz to 32 MHz

Other than above Setting prohibited

FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip oscillator
1 0 0 0 32 MHz
0 0 0 0 24 MHz
1 0 0 1 16 MHz
0 0 0 1 12 MHz
1 0 1 0 8 MHz
0 0 1 0 6 MHz
1 0 1 1 4 MHz
0 0 1 1 3 MHz
1 1 0 0 2 MHz
1 1 0 1 1 MHz
Other than above Setting prohibited

[High-speed on-chip oscillator frequency select register (HOCODIV) setting]
Address: FOOA8H

7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO Selection of high-speed on-chip oscillator clock frequency
FRQSELS3 bitis 0 FRQSELS3 bit of is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz

Other than above

Setting prohibited

RO1UH0515EJ0130 Rev.1.30
Mar 16, 2018

RRENESAS 139



RL78/G1D

CHAPTER 6 CLOCK GENERATOR

6.6.2 Example of setting X1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the X1 oscillation clock, set the oscillator and start oscillation by
using the oscillation stabilization time select register (OSTS) and clock operation mode control register (CMC) and clock
operation status control register (CSC) and wait for oscillation to stabilize by using the oscillation stabilization time counter
status register (OSTC). After the oscillation stabilizes, set the X1 oscillation clock to fcLk by using the system clock control

register (CKC).

[Register settings] Set the register in the order of <1> to <5> below.
<1> Set (1) the OSCSEL bit of the CMC register, except for the cases where fx > 10 MHz, in such cases set (1) the

AMPH bit, to operate the X1 oscillator.

CcMC

7 6 5 4 3 2 1 0
EXCLK OSCSEL EXCLKS | OSCSELS AMPHS1 AMPHSO AMPH
0 1 0 0 0 0 0 01

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator at releasing of the STOP mode.
Example: Setting values when a wait of at least 102 ys is set based on a 10 MHz resonator.

OSTS

CcsC

7 6 5 4 3 2 1 0
OSTS2 OSTSH1 OSTSO0
0 0 0 0 0 0 1 0
<3> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
0 1 0 0 0 0 0 0

<4> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.
Example: Wait until the bits reach the following values when a wait of at least 102 ps is set based on a 10 MHz

OSTC

<5> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

CKC

resonator.
7 6 5 4 3 2 1 0
MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
1 1 1 0 0 0 0 0

7 6 5 4 3 2 1 0
CLS Css MCS MCMO
0 0 0 1 0 0 0 0

Caution Keep the operating voltage within the range that allows operation of the flash memory as set in an

option byte (000C2H) before and after changes to the main system clock (fwain) by using the system
clock control register (CKC).

Option Byte (000C2H) Value

Flash Operation Mode Operating Frequency Range

Operating Voltage Range

CMODE1 CMODEO
0 0 LV (low-voltage main) mode | 1 MHz to 4 MHz 1.6Vio36V
1 0 LS (low-speed main) mode 1 MHz to 8 MHz 1.8Vto36V
1 1 HS (high-speed main) mode | 1 MHz to 16 MHz 24Vto36V
1 MHz to 32 MHz 27Vto36V
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6.6.3 Example of setting XT1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the XT1 oscillation clock, set the oscillator and start oscillation by
using the subsystem clock supply mode control register (OSMC), clock operation mode control register (CMC), and clock
operation status control register (CSC), set the XT1 oscillation clock to fck by using the system clock control register

(CKC).

[Register settings] Set the register in the order of <1> to <5> below.

<1> To run only the real-time clock and 12-bit interval timer on the subsystem clock (ultra-low current consumption)
when in the STOP mode or HALT mode in CPU operation with sub-system clock, set the RTCLPC bit to 1.

OSMC

CcMC

7 6 5 4 3 2 1 0
RTCLPC WUTMMCKO
0/1 0 0 0 0 0 0 0
<2> Set (1) the OSCSELS bit of the CMC register to operate the XT1 oscillator.
7 6 5 4 3 2 1 0
EXCLK OSCSEL EXCLKS OSCSELS AMPHS1 AMPHSO AMPH
0 0 0 1 0 0N 0N 0

<3> Clear (0) the XTSTOP bit of the CSC register to start oscillating the XT1 oscillator.

CsC

AMPHSO0 and AMPHS1 bits: These bits are used to specify the oscillation mode of the XT1 oscillator.

7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
1 0 0 0 0 0 0 0

<4> Use the timer function or another function to wait for oscillation of the subsystem clock to stabilize by using

software.

<5> Use the CSS bit of the CKC register to specify the XT1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
cLs css MCS MCMO
CKC
0 1 0 0 0 0 0 0
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6.6.4 CPU clock status transition diagram
Figure 6-16 shows the CPU clock status transition diagram of this product.

Figure 6-16. CPU Clock Status Transition Diagram

High-speed on-chip oscillator: Woken up
Power ON X1 oscillation/EXCLK input: Stops (input port mode)

XT1 oscillation/EXCLKS input: Stops (input port mode)

(A) Voo = Lower limit of the operating voltage range
Reset release (release from the reset state triggered by the LVD circuit or an external reset)

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Stops (input port mode)
XT1 oscillation/EXCLKS input: Stops (input port mode|

High-speed on-chip oscillator: Operating (B)

X1 oscillgtiqn/EXCLK inpyt: Selectable by CPU GPU: Operating

XT1 oscillation/EXCLKS input: Selectable by CPU with high-speed \ h : pec XT1 oscillation/EXCLKS input:
on-chip oscillator Oscillatable

on-chip oscillato
— STOP
(J) t High-speed on-chip oscillator: Operating
(E) X1 oscillation/EXCLK input: Stops

CPU: High-speed o . .
on-chip oscillator XT1 oscillation/EXCLKS input: Oscillatablg

= SNOOZ|

(H) High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops

High-speed on-chip oscillator: (D)
Selectable by CPU

X1 oscillation/EXCLK input:
Selectable by CPU

XT1 oscillation/EXCLKS input:
Operating

CPU: Operating
with XT1 oscillation or
EXCLKS input

on-chip oscillator
— HALT

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Oscillatable

CPU: Operating
with X1 oscillation or
EXCLK input

CPU: XT1
oscillation/EXCLKS
input —» HALT

CPU: X1

High-speed on-chip oscillator: High-speed on-chip oscillation/EXCLK

Oscillatable . oscillator: Selectable by CPU (F) input —» STOP, High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: X1 oscillation/EXCLK input: X1 oscillation/EXCLK input: Stops
Oscillatable . Operating CPU: X1 XT1 oscillation/EXCLKS input:

XT1 os_mllatlon/EXCLKS input: XT1 oscillation/EXCLKS input: os_cnlatlon/EXCLK Oscillatable

Operating Selectable by CPU input — HALT

High-speed on-chip

oscillator: Oscillatable

X1 oscillation/EXCLK input:
Operating

XT1 oscillation/EXCLKS input:
Oscillatable
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Table 6-3 shows transition of the CPU clock and examples of setting the SFR registers.

Table 6-3. CPU Clock Transition and SFR Register Setting Examples (1/5)

(1) CPU operating with high-speed on-chip oscillator clock (B) after reset release (A)

Status Transition SFR Register Setting

(A) — (B) SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)
(The CPU operates with the high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNote ! OSTS CSC |OSTC Register] CKC
Register | Register Register

Status Transition EXCLK |[OSCSEL| AMPH MSTOP MCMO
(A) — (B) — (C) 0 1 0 Note 2 0 Must be 1
(X1 clock: 1 MHz < fx < 10 MHz) checked
(A)— (B) — (C) 0 1 1 Note 2 0 Must be 1
(X1 clock: 10 MHz < fx £ 20 MHz) checked
(A) — (B) — (C) 1 1 x Note 2 0 Must not be 1
(external main clock) checked

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release.
2. Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 30 ELECTRICAL SPECIFICATIONS).

(3) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers) »
Setting Flag of SFR Register CMC Register™® CS.C Wait.ing.for CI$C
Register | Oscillaton | Register

Status Transition EXCLKS |OSCSELS|AMPHS1|AMPHS0| XTsTop | Stebilzaton | cgg
(A) — (B)— (D) 0 1 01 01 0 Necessary 1
(XT1 clock)
(A)— (B) — (D) 1 1 x x 0 Necessary 1
(external sub clock)

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release.

Remarks 1. x:don'’t care
2. (A)to (J) in Table 6-3 correspond to (A) to (J) in Figure 6-16.
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Table 6-3. CPU Clock Transition and SFR Register Setting Examples (2/5)

(4) CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNete! OSTS Csc OSTC Register CKC

Register | Register Register

Status Transition EXCLK |OSCSEL| AMPH MSTOP MCMO

(B) — (C) 0 1 0 Note 2 0 Must be checked 1

(X1 clock: 1 MHz < fx < 10 MHz)

B) — (C) 0 1 1 Note 2 0 Must be checked 1

(X1 clock: 10 MHz < fx < 20 MHz)

(B) — (C) 1 1 x Note 2 0 Must not be checked 1

(external main clock)

Unnecessary if these registers Unnecessary if the CPU is operating with
are already set the high-speed system clock

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release. This setting is not necessary if it has already been set.
2. Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 30 ELECTRICAL SPECIFICATIONS).

(5) CPU clock changing from high-speed on-chip oscillator clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNet CSC Waiting for CKC
Register Oscillation Register
Status Transition EXCLKS | OSCSELS AMPHS1,0 xTsTop | Stabilization | cgg
B) — (D 0 1 00: Low power 0 Necessar 1
Yy
(XT1 clock) consumption oscillation

01: Normal oscillation

10: Ultra-low power
consumption oscillation

(B) — (D) 1 1 x 0 Necessary 1

(external sub clock)

~
Unnecessary if the CPU
is operating with the
subsystem clock

Unnecessary if these registers
are already set

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release. This setting is not necessary if it has already been set.

Remarks 1. x:don't care
2. (A)to (J) in Table 6-3 correspond to (A) to (J) in Figure 6-16.
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Table 6-3. CPU Clock Transition and SFR Register Setting Examples (3/5)

(6) CPU clock changing from high-speed system clock (C) to high-speed on-chip oscillator clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
(C)— (B) 0 18 us to 65 us 0

Unnecessary if the CPU is operating with the
high-speed on-chip oscillator clock

Remark The oscillation accuracy stabilization time changes according to the temperature conditions and the STOP
mode period.

(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)

(Setting sequence of SFR registers) »
Setting Flag of SFR Register CSC Register Waiting for Oscillation CKC Register
XTSTOP Stabilization cSsS
Status Transition
(C)— (D) 0 Necessary 1
Unnecessary if the CPU is operating with the
subsystem clock
(8) CPU clock changing from subsystem clock (D) to high-speed on-chip oscillator clock (B)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register| CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time css
(D) — (B) 0 18 ps to 65 us 0

Unnecessary if the CPU is operating with the high-
speed on-chip oscillator clock

Remarks 1. (A) to (J) in Table 6-3 correspond to (A) to (J) in Figure 6-16.
2. The oscillation accuracy stabilization time changes according to the temperature conditions and the
STOP mode period.
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Table 6-3. CPU Clock Transition and SFR Register Setting Examples (4/5)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers) »
Setting Flag of SFR Register OSTS CSC Register OSTC Register CKC Register
Register MSTOP CSS

Status Transition

(D) — (C) (X1 clock: 1 MHz < fx < 10 Note 0 Must be checked 0

MHz)

(D) — (C) (X1 clock: 10 MHz < fx < 20 Note 0 Must be checked 0

MHz)

(D) — (C) (external main clock) Note 0 Must not be checked 0

Unnecessary if the CPU is operating with the high-speed system clock

Note Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 30 ELECTRICAL SPECIFICATIONS).

(10) ¢ HALT mode (E) set while CPU is operating with high-speed on-chip oscillator clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
e HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) — (E) Executing HALT instruction
(C)—(F)
(D) — (G)

Remark (A)to (J) in Table 6-3 correspond to (A) to (J) in Figure 6-16.
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Table 6-3. CPU Clock Transition and SFR Register Setting Examples (5/5)

(11) o STOP mode (H) set while CPU is operating with high-speed on-chip oscillator clock (B)
o STOP mode (l) set while CPU is operating with high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting
(B) — (H) Stopping peripheral - Executing STOP
functions that are instruction
©) = () In X1 oscillation | disabledin STOPmode | o0 4he 0STS

register

External main -
system clock

(12) CPU changing from STOP mode (H) to SNOOZE mode (J)

For details about the setting for switching from the STOP mode to the SNOOZE mode, see 12.8 SNOOZE Mode
Function, 13.5.7 SNOOZE mode function and 13.6.3 SNOOZE mode function.

Remark (A)to (J)in Table 6-3 correspond to (A) to (J) in Figure 6-16.
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6.6.5 Condition before changing CPU clock and processing after changing CPU clock

Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 6-4. Changing CPU Clock (1/2)

chip oscillator
clock

e OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from the
EXCLK pin
e OSCSEL =1, EXCLK =1, MSTOP =0

XT1 clock Stabilization of XT1 oscillation
e OSCSELS =1, EXCLKS =0, XTSTOP =0
o After elapse of oscillation stabilization time
External Enabling input of external clock from the

subsystem clock

EXCLKS pin
e OSCSELS =1, EXCLKS =1, XTSTOP =0

CPU Clock Condition Before Change Processing After Change
Before Change After Change
High-speed on- X1 clock Stabilization of X1 oscillation After confirmation of switching CPU clock

to status before change, operating current
can be reduced by stopping high-speed
on-chip oscillator (HIOSTOP = 1).

X1 clock

High-speed on-
chip oscillator
clock

Enabling oscillation of high-speed on-chip

oscillator

o HIOSTOP =0

o After elapse of oscillation accuracy
stabilization time

After confirmation of switching CPU clock
to status after change, X1 oscillation can
be stopped (MSTOP = 1).

External main
system clock

Transition not possible

XT1 clock Stabilization of XT1 oscillation After confirmation of switching CPU clock
o OSCSELS =1, EXCLKS =0, XTSTOP =0 | to status after change, X1 oscillation can
o After elapse of oscillation stabilization time | be stopped (MSTOP = 1).

External Enabling input of external clock from the After confirmation of switching CPU clock

subsystem clock

EXCLKS pin
e OSCSELS =1, EXCLKS =1, XTSTOP =0

to status after change, X1 oscillation can
be stopped (MSTOP = 1).

External main
system clock

High-speed on-
chip oscillator

Enabling oscillation of high-speed on-chip
oscillator

After confirmation of switching CPU clock
to status after change, external main

clock e HIOSTOP =0 system clock input can be disabled
e After elapse of oscillation accuracy (MSTOP =1).
stabilization time
X1 clock Transition not possible _
XT1 clock Stabilization of XT1 oscillation After confirmation of switching CPU clock
o OSCSELS =1, EXCLKS =0, XTSTOP =0 | to status after change, external main
o After elapse of oscillation stabilization time | system clock input can be disabled
(MSTOP =1).
External Enabling input of external clock from the After confirmation of switching CPU clock

subsystem clock

EXCLKS pin
e OSCSELS =1, EXCLKS =1, XTSTOP =0

to status after change, external main
system clock input can be disabled
(MSTOP = 1).
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Table 6-4. Changing CPU Clock (2/2)

CPU Clock

Before Change

After Change

Condition Before Change

Processing After Change

subsystem clock

chip oscillator
clock

and selection of high-speed on-chip
oscillator clock as main system clock
e HIOSTOP =0, MCS =0

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

e OSCSEL =1, EXCLK =0, MSTOP =0

o After elapse of oscillation stabilization time
e MCS =1

External main
system clock

Enabling input of external clock from the
EXCLK pin and selection of high-speed
system clock as main system clock

e OSCSEL =1, EXCLK =1, MSTOP =0
e MCS =1

XT1 clock High-speed on- Oscillation of high-speed on-chip oscillator After confirmation of switching CPU clock to
chip oscillator and selection of high-speed on-chip status after change, XT1 oscillation can be
clock oscillator clock as main system clock stopped (XTSTOP = 1)
e HIOSTOP =0, MCS =0
X1 clock Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock
e OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time
e MCS =1
External main Enabling input of external clock from the
system clock EXCLK pin and selection of high-speed
system clock as main system clock
e OSCSEL =1, EXCLK =1, MSTOP =0
e MCS =1
External Transition not possible -
subsystem clock
External High-speed on- Oscillation of high-speed on-chip oscillator After confirmation of switching CPU clock to

status after change, external subsystem
clock input can be disabled (XTSTOP = 1).

XT1 clock

Transition not possible
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6.6.6 Time required for switchover of CPU clock and system clock

By setting bits 4 and 6 (MCMO, CSS) of the system clock control register (CKC), the CPU clock can be switched
(between the main system clock and the subsystem clock), and main system clock can be switched (between the high-
speed on-chip oscillator clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to the CKC register; operation continues
on the pre-switchover clock for several clocks (see Table 6-5 to Table 6-7).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7 (CLS) of
the CKC register. Whether the main system clock is operating on the high-speed system clock or high-speed on-chip
oscillator clock can be ascertained using bit 5 (MCS) of the CKC register.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 6-5. Maximum Time Required for System Clock Switchover

Clock A Switching directions Clock B Remark
fin +“—> fiux See Table 6-6
fvain <+“—> fsus See Table 6-7

Table 6-6. Maximum Number of Clocks Required for fit < fmx

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)

0 fmx = fin 2 clock
(fuain = fin) fmx < fiH 2fin/fmx clock

1 fmx = fin 2fwx/fin clock
(fuain = fux) fmx < fiH 2 clock

Table 6-7. Maximum Number of Clocks Required for fmain < fsus

Set Value Before Switchover Set Value After Switchover
CSss CSs
0 1
(ferk = fmain) (ferk = fsus)
0 1 + 2fwan/fsus clock

(ferk = fmain)

1 3 clock

(ferk = fsus)

Remarks 1. The number of clocks listed in Table 6-6 and Table 6-7 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Table 6-6 and Table 6-7 by removing the decimal portion.

Example When switching the main system clock from the high-speed system clock to the high-speed on-
chip oscillator clock (@ oscillation with fin = 8 MHz, fux = 10 MHz)
2fux/fn = 2 (10/8) = 2.5 — 3 clocks
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6.6.7 Conditions before clock oscillation is stopped

The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.

The clock must be stopped after confirmation of the before stopping condition.

Table 6-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
High-speed on-chip MCS=10orCLS =1 HIOSTOP =1
oscillator clock (The CPU is operating on a clock other than the high-speed on-chip
oscillator clock.)
X1 clock MCS=0o0rCLS =1 MSTOP =1

External main system clock (The CPU is operating on a clock other than the high-speed system clock.)

XT1 clock CLs=0 XTSTOP = 1
(The CPU is operating on a clock other than the subsystem clock.)

External subsystem clock
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6.7 Resonator and Oscillator Constants

The resonators for which the operation is verified and their oscillator constants are shown below.

Cautions 1. The constants for these oscillator circuits are reference values based on specific environments
set up for evaluation by the manufacturers. For actual applications, request evaluation by the

manufacturer of the oscillator circuit mounted on a board. Furthermore, if you are switching
from a different product to this microcontroller, and whenever you change the board, again
request evaluation by the manufacturer of the oscillator circuit mounted on the new board.

2. The oscillation voltage and oscillation frequency only indicate the oscillator characteristic. Use
the RL78 microcontroller so that the internal operation conditions are within the specifications of
the DC and AC characteristics.

3. Aresister R1 of 6.8 MQ * 5% must be inserted for RF reference clock oscillation.

Figure 6-17. External Oscillation Circuit Example

(a) X1 oscillation (b) XT1 oscillation

(c) RF reference clock oscillation

| AVss rr XTAL1_RF XTAL2_RF|

D—4

R1=6.8MQ+5%
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(1) X1 oscillation:

As of April, 2015 (1/2)

Manufacturer | Resonator Part Numberhete3 SMD/ |Frequency| Flash Recommended Circuit Oscillation Voltage
Lead (MHz) |operation| ConstantsN°'®2 (reference) Range (V)
mode™**™| o1 (bF) | c2 (pF) | Rd (kQ) | MIN. | MAX.
Murata Ceramic CSTCC2MO00G56-R0 SMD 2.0 LV 47) 47) 0 1.6 3.6
Manufacturing | resonator | cqTcRAM00GS5-R0 SMD 4.0 (39) (39) 0
Co., Ltd, Note4
CSTLS4M00G53-B0 Lead (15) (15) 0
CSTCC2M00G56-R0O SMD 2.0 LS (47) (47) 0 1.8 3.6
CSTCR4MO00G55-R0 SMD 4.0 (39) (39) 0
CSTLS4M00G53-B0 Lead (15) (15) 0
CSTCR4M19G55-R0 SMD 4.194 (39) (39) 0
CSTLS4M19G53-B0 Lead (15) (15) 0
CSTCR4M91G53-R0 SMD | 4.915 (15) (15) 0
CSTLS4M91G53-B0 Lead (15) (15) 0
CSTCR5MO00G53-R0 SMD 5.0 (15) (15) 0
CSTLS5M00G53-B0 Lead (15) (15) 0
CSTCR6M00G53-R0 SMD 6.0 (15) (15) 0
CSTLS6M00G53-B0 Lead (15) (15) 0
CSTCE8M00G52-R0 SMD 8.0 (10) (10) 0
CSTLS8M00G53-B0 Lead (15) (15) 0
CSTCE8M38G52-R0 SMD 8.388 HS (10) (10) 0 24 3.6
CSTLS8M38G53-B0 Lead (15) (15) 0
CSTCE10M0G52-R0 SMD 10.0 (10) (10) 0
CSTLS10M0G53-B0 Lead (15) (15) 0
CSTCE12M0G52-R0 SMD 12.0 (10) (10) 0
CSTCE16MO0OV53-R0 SMD 16.0 (15) (15) 0
CSTLS16MO0X51-B0 Lead (5) (5) 0
CSTCE20MOV51-R0 SMD 20.0 (5) (5) 0 2.7 36
CSTLS20M0X51-B0 Lead (5) (5) 0
Notes1. Set the flash operation mode by using CMODE1 and CMODEQO bits of the option byte (000C2H).

2. Values in parentheses in the C1 and C2 columns indicate an internal capacitance.

3. Products supporting 105°C operation have different part numbers. For details, contact Murata Manufacturing

Co., Ltd. (http://www.murata.com)

4. When this oscillator is used, contact Murata Manufacturing Co., Ltd. (http://www.murata.com) for details of the

matching.

Remarks 1. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

<R>

HS (high-speed main) mode:

LS (low-speed main) mode:

LV (low-voltage main) mode:

2.7V <Vop 3.6 V@1 MHz to 32 MHz
24V <Vop<3.6V@1MHzto 16 MHz
1.8V <Vop<3.6 V@1 MHz to 8 MHz
1.6V<Vop<3.6 V@1 MHzto4 MHz

of Renesas Electronics Web page (http://www.renesas.com).

2. The oscillators and oscillation circuit constants last confirmed operation are listed on the target product page
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As of April, 2015 (2/2)

Manufacturer |Resonator Part NumberNete 2 SMD/ |Frequency| Flash Recommended Circuit | Oscillation Voltage
Lead | (MHz) |operation| Constants (reference) Range (V)
modeNote1 C1 ( E ‘
pF)|C2 (pF)|Rd (kQ)| MIN. MAX.
Nihon Dempa | Crystal | NX8045GBNete3 SMD 8.0 Note 3
Kogyo resonator | \x5032GANete 3 SMD 16.0
Co., Ltd.
NX3225HANote 3 SMD 20.0
Kyocera Crystal CX8045GB04000DOPPTZNete 4 | SMD 4.0 LV 12 12 0 1.6 3.6
Crystal Device | resonator LS 18 36
Co., Ltd.
CX8045GB04915D0PPTZ1Nete4 | SMD | 4.915 LS 12 12 0 1.8 3.6
CX8045GB08000DOPPTZ1Nte4 | SMD 8.0 12 12 0
CX8045GB10000DOPPTZ1Nete4 | SMD 10.0 HS 12 12 0 24 3.6
CX3225GB12000B0PPTZ1Nete4 | SMD 12.0 5 5 0
CX3225GB16000BOPPTZ1Nete4 | SMD 16.0 5 5 0
CX3225SB20000BOPPTZ 1Nt 4 | SMD 20.0 5 5 0 2.7 3.6
RIVER Crystal FCX-03-8.000MHZ-J21140N°te5 | SMD 8.0 HS 3 3 0 24 3.6
ELETEC resonator | £y 04C-10.000MHZ-J21139% | SMD | 10.0 4 4 0
CORPORATION 5
FCX-05-12.000MHZ-J21138N°te5| SMD 12.0 6 6 0
FCX-06-16.000MHZ-J21137N°te 5| SMD 16.0 4 4 0

Notes1. Set the flash operation mode by using CMODE1 and CMODEQO bits of the option byte (000C2H).
2. This resonator supports operation at up to 85°C. Contact crystal oscillator manufacturers with regard to

products supporting operation at up to 105°C.

3. When using this resonator, for details about the matching, contact Nihon Dempa Kogyo Co., Ltd

(http://www.ndk.com/en).

4. When using this resonator, for details about the matching, contact Kyocera Crystal Device Co., Ltd.

(http://www.kyocera-crystal.jp/eng/index.html, http://global.kyocera.com).
5. When using this resonator, for details about the matching, contact RIVER ELETEC CORPORATION
(http://www.river-ele.co.jp/english/index.html).

Remarks 1. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode:

LS (low-speed main) mode:
LV (low-voltage main) mode:

2.7V <Vop < 3.6 V@1 MHz to 32 MHz

24V <Vop<3.6 V@1 MHzto 16 MHz

1.8V<Vop<3.6 V@1 MHz to 8 MHz
1.6V<Vop<3.6 V@1 MHzto4 MHz

<R> 2. The oscillators and oscillation circuit constants last confirmed operation are listed on the target product page

of Renesas Electronics Web page (http://www.renesas.com).
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(2) XT1 oscillation: Crystal resonator

As of April, 2015

Manufacturer | Part NumberN°t® | SMD/ [Frequency Load XT1 oscillation Recommended Circuit | Oscillation Voltage
2 Lead | (kHz) |Capacitance modeNote ! Constants Range
CL (pF) C3 (pF)|C4 (pF)|Rd (kQ)| MIN. (V) | MAX. (V)
Seiko SSP-T7-FNote3 SMD | 32.768 7 Normal oscillation 11 11 0 1.6 3.6
Instruments SSP-T7-FLNote3 6 9 9 0
Inc. 6 Low power consumption 9 9 0
4.4 oscillation 6 5 0
4.4 Ultra-low power 6 5 0
37 consumption oscillation 4 4 0
VT-200-FLNete3 | [ ead 6 Normal oscillation 9 9 0
6 Low power consumption 9 9 0
4.4 oscillation 6 5 0
4.4 Ultra-low power 6 5 0
37 consumption oscillation 4 4 0
Nihon Dempa | NX3215SANt4 | SMD | 32.768 6 Normal oscillation 7 7 0 1.6 3.6
Kogyo Low power consumption
Co., Ltd. oscillation
Ultra-low power
consumption oscillation
NX2012SAN°te4 | SMD | 32.768 6 Normal oscillation 7 7 0
Low power consumption
oscillation
Ultra-low power
consumption oscillation
Kyocera ST3215SBN*% | SMD | 32.768 7 Normal oscillation 10 10 0 1.6 3.6
Crystal Device Low power consumption
Co., Ltd. oscillation
Ultra-low power
consumption oscillation
RIVER TEX-02- SMD | 32.768 9 Normal oscillation 12 10 0 1.6 3.6
ELETEC 32.768KHZ- Low power consumption
CORPORATION | J20986Nete & oscillation
TEX-03- SMD | 32.768 7 Normal oscillation 12 10 0 1.6 3.6
32.768KHZ-
J13375Note &
Notes1. Set the XT1 oscillation mode by using AMPHSO0 and AMPHS1 bits of the clock operation mode control register

(CMC).
2. This resonator supports operation at up to 85°C.

3. This oscillator is a low-power-consumption product.

Seiko Instruments Inc., Ltd (http://www.sii.co.jp/components/quartz/topEN.jsp).
4. When using this resonator, for details about the matching, contact Nihon Dempa Kogyo Co., Ltd
(http://www.ndk.com/en).
5. When using this resonator, for details about the matching, contact Kyocera Crystal Device Co., Ltd.
(http://www.kyocera-crystal.jp/eng/index.html, http://global.kyocera.com).
6. When using this resonator, for details about the matching, contact RIVER ELETEC CORPORATION
(http://www.river-ele.co.jp/english/index.html).

When using it, for details about the matching, contact

Remark The oscillators and oscillation circuit constants last confirmed operation are listed on the target product page of

Renesas Electronics Web page (http://www.renesas.com).
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<R> (3) RF reference clock oscillation: Crystal resonator
Manufacturer Part Number SMD/Lead Frequency Load Recommended Oscillation
(MHz) Capacitance Circuit Constants Voltage
CL (pF) (reference) Range (V)
C5(pF) C6(pF) | MIN. | MAX.
Nihon Dempa Kogyo NX1612SA-32.000M | SMD (1612) 32.00 6 8 9 1.6 3.6
Co., Ltd. HZ-CHP-CIS-3Note !
Kyocera Crystal CX1612DB32000 SMD (1612) 32.00 5 5 5 1.6 3.2
Device Co., Ltd AQWPNCNete 2
RIVER ELETEC FCX-07LNote3 SMD (1612) 32.00 5.5 7.0 7.0 1.6 3.6
CORPORATION FCX-0gN°te3 SMD (2016) 32.00 6.0 8.0 8.0 1.6 3.6
Seiko Epson Corp. FA-118TNote4 SMD (1612) 32.00 6.0 9.0 10.0 1.6 3.6
Murata Manufacturing XRCGB32M000 SMD (2016) 32.00 5.0 8.0 8.0 1.6 3.6
Co., Ltd. F2P26RQNte
XRCMD32M000 SMD (1612) 32.00 6.0 10.0 10.0 1.6 3.6
FZQ52RQNotes
DAISHINKU CORP DSX1612S|Noted SMD (1612) 32.00 8.0 6.0 6.0 1.6 3.6

Notes 1.

When using this resonator, for details about the matching, contact Nihon Dempa Kogyo Co., Ltd

(http://www.ndk.com/en).

2. When using this resonator, for details about the matching, contact Kyocera Crystal Device Co., Ltd.
(http://www.kyocera-crystal.jp/eng/index.html, http://global.kyocera.com).

3. When using this resonator, for details about the matching, contact RIVER ELETEC CORPORATION
(http://www.river-ele.co.jp/english/index.html).

4. When using this resonator, for details about the matching, contact Seiko Epson Corp. (http://global.epson.com/,

http://www5.epsondevice.com/en/).
5. When using this resonator, for details about the matching, contact Murata Manufacturing Co., Ltd.
(http://www.murata.com) for details of the matching.
6. When using this resonator, for details about the matching, contact DAISHINKU CORP. (http://www.kds.info) for
details of the matching.

Remark The oscillators and oscillation circuit constants last confirmed operation are listed on the target product page of
Renesas Electronics Web page (http://www.renesas.com).
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CHAPTER 7 TIMER ARRAY UNIT

The timer array unit has eight 16-bit timers.
Each 16-bit timer is called a channel and can be used as an independent timer. In addition, two or more “channels”
can be used to create a high-accuracy timer. The RL78/G1D has 8 channels (channels 0 to 7) in unit 0.

TIMER ARRAY UNIT

channel 0 \ 16-bit timers
channel 1
channel 2
[ ]
[ ]
[ ]
[ ]
channel 6
K channel 7 j
For details about each function, see the table below.
Independent channel operation function Simultaneous channel operation function
e Interval timer (— refer to 7.8.1) e One-shot pulse output (— refer to 7.9.1)
e Square wave output (— refer to 7.8.1) o PWM output (— refer to 7.9.2)
e External event counter (— refer to 7.8.2) e Multiple PWM output (— refer to 7.9.3)

e DividerNe*® (— refer to 7.8.3)

e Input pulse interval measurement (— refer to 7.8.4)

e Measurement of high-/low-level width of input signal
(— refer to 7.8.5)

e Delay counter (— refer to 7.8.3)

Note Only channel O of unit 0.

It is possible to use the 16-bit timer of channels 1 and 3 of the unit 0 as two 8-bit timers (higher and lower). The
functions that can use channels 1 and 3 as 8-bit timers are as follows:

e Interval timer (upper or lower 8-bit timer)/square wave output (lower 8-bit timer only)
e External event counter (lower 8-bit timer only)
e Delay counter (lower 8-bit timer only)
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7.1 Functions of Timer Array Unit
Timer array unit has the following functions.
7.1.1 Independent channel operation function
By operating a channel independently, it can be used for the following purposes without being affected by the operation

mode of other channels.

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMmn) at fixed intervals.

Operation clock— Compare operatio Interrupt signal |-| |-|

Channel n (INTTMmn)

(2) Square wave output
A toggle operation is performed each time INTTMmn interrupt is generated and a square wave with a duty factor of
50% is output from a timer output pin (TOmn).

Operation clock Timer output _|_|_|_|_
C (TOON)

hannel n

(3) External event counter
Each timer of a unit can be used as an event counter that generates an interrupt when the number of the valid
edges of a signal input to the timer input pin (TImn) has reached a specific value.

— T|mer inputg, | Compareoperatlo Interrupt signal
T S c (INTTMmn)

— Timn)
Edge detection hannel n

(4) Divider function (channel 0 only)
A clock input from a timer input pin (T100) is divided and output from an output pin (TOO00).

Timer input |Compare operatiorl

(T100)

Timer output_l—l_l—l_
(TOO00)

Channel 0

(5) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TImn). The count value of the
timer is captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be measured.

O Timer input Capture operation _T_l_T_l_

— —  — (TImn) .
Edge detection ( Channel n
Start Capture

(Remark is listed on the next page.)
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TImn), and the count value is
captured at the other edge. In this way, the high-level or low-level width of the input signal can be measured.

—— Timerinput Capture operation | _T L
— (TImn © . |
Edge detection ( ) Channel n m m

Start Capture

(7) Delay counter
Counting is started at the valid edge of the signal input to the timer input pin (TImn), and an interrupt is generated
after any delay period.

. Timer input Compare operatio Interrupt signal
— (TImn) (INTTMmn) 4| L
Edge detectlon Channel n :

Start

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)

7.1.2 Simultaneous channel operation function
By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels
(timers operating according to the master channel), channels can be used for the following purposes.

(1) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified pulse
width.

— | A
Edge detection

— C t
: T|mer |nput ( M Interrupt signal (INTTMmn)

Channel n (master)

Output Pulse width

- timing
|Compare operath .

Timer output j i j
k Channel p (slave) (TOmp) ' Set Reset
'(Master) (Slave)
Start
(Master)

(2) PWM (Pulse Width Modulation) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

|
Operation clock —» P P Interrupt signal (INTTMmn)

Channel n (master)

( |Compare operatloFI © Timer output !

Channel p (slave) (TOOP) : Duty '
Period
(Caution is listed on the next page.)
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(3) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to seven types
of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock _»( Compare operatiol Interrupt signal (INTTMmn)

Channel n (master)

[ |Com are o erat'orq .
P pere? Timer output e '
k Channel p (slave) (TOOp) iDuty '
~ . " Period
M °
)
L)
Compare operatio
Timer output ! !
Channel g (slave) (TOO0q) . Duty .
Period

Caution For details about the rules of simultaneous channel operation function, see 7.4.1 Basic rules of
simultaneous channel operation function.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7),
p, q: Slave channel number (n<p<q=<7)

7.1.3 8-bit timer operation function (channel 1 and 3 only)
The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-
bit timer channels. This function can only be used for channel 1.

Caution There are several rules for using 8-bit timer operation function.
For details, see 7.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only).
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7.2 Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 7-1. Configuration of Timer Array Unit

ltem Configuration
Timer/counter Timer count register mn (TCRmn)
Register Timer data register mn (TDRmn)
Timer input TIOO to TIO7 pins
Timer output TOO0O0 to TOOQ7 pins, output controller
Control registers <Registers of unit setting block>

e Peripheral enable register 0 (PERO)

e Timer clock select register m (TPSm)

e Timer channel enable status register m (TEm)
e Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer input select register 0 (TISO)

e Timer output enable register 0 (TOEO)

e Timer output register 0 (TOO)

e Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)

<Registers of each channel>

e Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)

o Noise filter enable register 1 (NFEN1)
e Port mode register (PM1x)

e Port register (P1x)

Note The port mode registers (PMxx) and port registers (Pxx) to be set differ depending on the product. For details,
see 5.5.3 Register setting examples for used port and alternate functions.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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Table 7-2. Timer I/O Pins provided in Each Product
Timer array unit channels I/O Pins of Each Product
Channel 0 P0OO0/T100, PO1/TO00
Channel 1 P16/T101/TO01
Channel 2 P15/(T102/TO02)
Channel 3 P14/(TI103/TO03)
Unit 0

Channel 4 P13/(TI04/TO04)
Channel 5 P12/(TI05/TO05)
Channel 6 P11/(TI106/TO06)
Channel 7 P10/(TI07/TOOQ7)

Remarks 1. When timer input and timer output are shared by the same pin, either only timer input or only timer

output can be used.

2. “( )" indicates an alternate port when the bit 0 of the peripheral I/O redirection register (PIOR) is set to “1”.

Figure 7-1 shows the block diagrams of the timer array unit.
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Figure 7-1. Entire Configuration of Timer Array Unit 0

Timer clock select register 0 (TPSO0)

PRS031 [PRS030 [PRS021|PRS020{PRS013|PRS012|PRS011 | PRS010|PRS003|PRS002 | PRS001 PRS00
[ | [ | [ ! ! | [ | i |
2 2 4 4
fok - Prescaler
| | fcu«/21l, f(I:LKIZZ, I I
foLK28, foLk/2'0, foLk/2%, foLK28, fou'2° to fork'2'
feLk212, forw214,
Peripheral enable
register 0 | TAUOEN Selector Selector B
(PERO) I
L Selector Selector -
] cko3 CKO2 CKO1 CKO0
7 — )
——= INTTMOO
TI00 ©== S
\ Channel 0 / (Timer interrupt)
¢ » a \—>@ TOO1
I\ [ ¢ > —» INTTMO1
TI01 @:L\ Channel 1 /_> INTTMO1H
. - TN
¢ - L » INTTMO2
Timer input select TI02 ==t
register 0 (TISO) N Channel 2 _/
TIS2|TIS1|TISO | TN
| I ? > — INTTMO3
> —» INTTMO3H
T103 e Channel 3 %
z N
? - ——» INTTMO04
T'04@-\ Channel 4 -
Y
fSUB - | I\ .—r/ \—>C) TOO05
S
f -
" ’ %’ \__ Channel 5 - INTTMOS
TI05 ©mniie{
L ¢ E L »© TO06
> L »© TOO07
TI07 O
\_ Channel 7 = INTTMO7
Remark fsus: Subsystem clock frequency
fiL: Low-speed on-chip oscillator clock frequency
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Figure 7-2. Internal Block Diagram of Channels 0, 2, 4, 6 of Timer Array Unit 0

Input signal from the master channel™' !
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(Timer interrupt)

Figure 7-3. Internal Block Diagram of Channel 1 and 3 of Timer Array Unit 0
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Figure 7-4. Internal Block Diagram of Channel 5 of Timer Array Unit 0
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Figure 7-5. Internal Block Diagram of Channel 7 of Timer Array Unit 0
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7.2.1 Timer count register mn (TCRmn)
The TCRmn register is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock.
Whether the counter is incremented or decremented depends on the operation mode that is selected by the MDmn3 to
MDmnO bits of timer mode register mn (TMRmn) (refer to 7.3.3 Timer mode register mn (TMRmn)).

Figure 7-6. Format of Timer Count Register mn (TCRmn)

Address: FO180H, FO181H (TCRO00) to FO18EH, FO18FH (TCR07),  After reset: FFFFH R

FO0181H (TCRO00) FO180HATCRO00)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

reeen | [ | [ L P P [T P T

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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The count value can be read by reading timer count register mn (TCRmn).

The count value is set to FFFFH in the following cases.

e When the reset signal is generated
e \When the TAUMEN bit of peripheral enable register 0 (PERO) is cleared
e When counting of the slave channel has been completed in the delay count mode

e When counting of the master/slave channel has been completed in the one-shot pulse output mode
The count value is cleared to 0000H in the following cases.

e When the start trigger is input in the capture mode

e When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register mn (TDRmn) even when the TCRmn

register is read.

The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 7-3. Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer count register mn (TCRmn) Read ValueN°t
Value if the Value if the Operation | Value if the operation Value when waiting
operation mode was restarted after mode was changed for a start trigger
was changed after count operation after count operation after one count
releasing reset paused (TTmn = 1) paused (TTmn = 1)

Interval timer Count down FFFFH Value if stop Undefined -

mode

Capture mode Count up 0000H Value if stop Undefined -

Event counter Count down FFFFH Value if stop Undefined -

mode

One-count mode | Count down FFFFH Value if stop Undefined FFFFH

Capture & one- Count up 0000H Value if stop Undefined Capture value of

count mode TDRmn register + 1

Note This indicates the value read from the TCRmn register when channel n has stopped operating as a timer (TEmn = 0)
and has been enabled to operate as a counter (TSmn = 1). The read value is held in the TCRmn register until the
count operation starts.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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7.2.2 Timer data register mn (TDRmn)

This is a 16-bit register from which a capture function and a compare function can be selected.

The capture or compare function can be switched by selecting an operation mode by using the MDmn3 to MDmnO bits
of timer mode register mn (TMRmn).

The value of the TDRmn register can be changed at any time.

This register can be read or written in 16-bit units.

In addition, for the TDRm1 and TDRm3 registers, while in the 8-bit timer mode (when the SPLITm1, SPLITm3 bits of
timer mode registers m1 and m3 (TMRm1, TMRm3) are 1), it is possible to read and write the data in 8-bit units, with
TDRm1H and TDRm3H used as the higher 8 bits, and TDRm1L and TDRm3L used as the lower 8 bits.

Reset signal generation clears this register to 0000H.

Figure 7-7. Format of Timer Data Register mn (TDRmn) (n =0, 2, 4 to 7)

Address: FFF18H, FFF19H (TDRO00), FFF64H, FFF65H (TDR02),  After reset: 0000H R/W
FFF68H, FFF69H (TDRO04) to FFF6EH, FFF6FH (TDRO07)

FFF19H (TDROO) FFF18H (TDRO0O)

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

.S N N I O D D

Figure 7-8. Format of Timer Data Register mn (TDRmn) (n =1, 3)

Address: FFF1AH, FFF1BH (TDRO01), FFF66H, FFF67H (TDRO3)  After reset: 0000H R/W

FFF1BH (TDRO1H) FFF1AH (TDRO1L)

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

.S N N I O N D

(i) When timer data register mn (TDRmn) is used as compare register
Counting down is started from the value set to the TDRmn register. When the count value reaches 0000H, an
interrupt signal (INTTMmn) is generated. The TDRmn register holds its value until it is rewritten.

Caution The TDRmn register does not perform a capture operation even if a capture trigger is input,
when it is set to the compare function.

(ii) When timer data register mn (TDRmn) is used as capture register
The count value of timer count register mn (TCRmn) is captured to the TDRmn register when the capture
trigger is input.
A valid edge of the TImn pin can be selected as the capture trigger. This selection is made by timer mode
register mn (TMRmn).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.3 Registers Controlling Timer Array Unit

Timer array unit is controlled by the following registers.

ePeripheral enable register 0 (PERO)
eTimer clock select register m (TPSm)
e Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)
eTimer channel enable status register m (TEm)
eTimer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer input select register 0 (TISO)

e Timer output enable register 0 (TOEOQ)
e Timer output register 0 (TOOQ)

e Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)
o Noise filter enable register 1 (NFEN1)
e Port mode register (PM1x)

e Port register (P1x)

Caution Be sure to set bits that are not mounted to their initial values.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.3.1 Peripheral enable register 0 (PERO0)

This registers is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.

When the timer array unit 0 is used, be sure to set bit 0 (TAUOEN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 7-9. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
TAUOEN Control of timer array 0 unit input clock
0 Stops supply of input clock.

e SFR used by the timer array unit 0 cannot be written.
e The timer array unit O is in the reset status.

1 Supplies input clock.
e SFR used by the timer array unit 0 can be read/written.

Cautions 1. When setting the timer array unit, be sure to set the following registers first while the TAUmEN bit
is set to 1. If TAUmEN = 0, the values of the registers which control the timer array unit are
cleared to their initial values and writing to them is ignored (except for timer input select register
0 (TIS0), input switch control register (ISC), noise filter enable register 1 (NFEN1), port mode
register 1 (PM1), port register 1 (P1)).

o Timer clock select register m (TPSm)

e Timer mode register mn (TMRmn)

o Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)

e Timer channel start register m (TSm)

o Timer channel stop register m (TTm)

o Timer output enable register m (TOEm)

e Timer output register m (TOm)

o Timer output level register m (TOLm)

o Timer output mode register m (TOMm)
2. Be sure to clear the bits 1 and 6 to “0”.
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7.3.2 Timer clock select register m (TPSm)

The TPSm register is a 16-bit register that is used to select two types or four types of operation clocks (CKm0, CKm1,
CKm2, CKm3) that are commonly supplied to each channel. CKmO is selected by using bits 3 to 0 of the TPSm register,
and CKm1 is selected by using bits 7 to 4 of the TPSm register. In addition, only for channels 1 and 3, CKm2 and CKm3
can be also selected. CKm2 is selected by using bits 9 and 8 of the TPSm register, and CKm3 is selected by using bits 13
and 12 of the TPSm register.

Rewriting of the TPSm register during timer operation is possible only in the following cases.

If the PRSmO0 to PRSmO3 bits can be rewritten (n = 0 to 7):

All channels for which CKmO is selected as the operation clock (CKSmn1, CKSmnO0 = 0, 0) are stopped (TEmn = 0).
If the PRSm10 to PRSm13 bits can be rewritten (n = 0 to 7):

All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmnO = 0, 1) are stopped (TEmn = 0).
If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):

All channels for which CKm2 is selected as the operation clock (CKSmn1, CKSmnO0 = 1, 0) are stopped (TEmn = 0).
If the PRSm30 and PRSm31 bits can be rewritten (n = 1, 3):

All channels for which CKm3 is selected as the operation clock (CKSmn1, CKSmnO = 1, 1) are stopped (TEmn = 0).

The TPSm register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.
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Address: FO1B6H, FO1B7H (TPS0)

After reset: 0000H R/W

Figure 7-10. Format of Timer Clock Select register m (TPSm) (1/2)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSm 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11 | m10 | mO3 | m02 | mO1 | mOO
PRS | PRS | PRS | PRS Selection of operation clock (CKmk) Ntk = 0, 1)
mk3 | mk2 | mk1 | mkO fok= 2 MHz | fo= 5 MHz |feik= 10 MHz | few = 20 MHz | few = 32 MHz
0 0 0 0 feik 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 1 ferk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 0 1 0 foL/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
0 0 1 1 fok/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 foLk/24 125 kHz 313 kHz 625 kHz 1.25 MHz 2 MHz
0 1 0 1 fouk/2° 62.5 kHz 156 kHz 313 kHz 625 kHz 1 MHz
0 1 1 0 foLk/2° 31.3 kHz 78.1 kHz 156 kHz 313 kHz 500 kHz
0 1 1 1 fork/27 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 250 kHz
1 0 0 0 fouk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
1 0 0 1 foLx/2° 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 62.5 kHz
1 0 1 0 fok/210 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 31.3 kHz
1 0 1 1 fok/2" 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 15.6 kHz
1 1 0 0 fok/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 0 1 fok/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz
1 1 1 0 fok/2™4 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz
1 1 1 1 fok/21® 61.0 Hz 153 Hz 305 Hz 610 Hz 977 Hz
Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value),
stop timer array unit (TTm = O0FFH).
Cautions 1. Be sure to clear bits 15, 14, 11, 10 to “0”.

2,

If fcuk (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (n =
0, m = 0 to 7), interrupt requests output from timer array units cannot be used.

Remarks 1. fcik: CPU/peripheral hardware clock frequency

2. Waveform of the clock to be selected in the TPSm register which becomes high level for one period

of fcuk from its rising edge (m = 0). For details, see 7.5.1 Count clock (frcLk).
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Figure 7-10. Format of Timer Clock Select register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H (TPS0)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSm 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11 | m10 | mO3 | m02 | mO1 | mOO
PRS | PRS Selection of operation clock (CKm2)Nete
m21 | m20 fok= 2 MHz | fo= 5 MHz |feik= 10 MHz | fewk = 20 MHz | few = 32 MHz
0 0 ferk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 1 foLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
1 0 fork/24 125 kHz 313 kHz 625 MHz 1.25 MHz 2 MHz
1 1 foLk/28 31.3 kHZ 78.1 kHz 156 kHz 313 kHz 500 kHz
PRS | PRS Selection of operation clock (CKm3)Nete
m31 | m30 fok= 2 MHz | fo= 5 MHz |feik= 10 MHz | few = 20 MHz | few = 32 MHz
0 0 foLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
0 1 fok/210 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 31.3 kHz
1 0 foLk/2'2 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 fok/2™ 122 HZ 305 Hz 610 Hz 1.22 kHz 1.95 kHz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value),

stop timer array unit (TTm = O0FFH).
The timer array unit must also be stopped if the operating clock (fuck) or the valid edge of the signal input
from the TImn pin is selected.

Caution Be sure to clear bits 15, 14, 11, 10 to “0”.

By using channels 1 and 3 in the 8-bit timer mode and specifying CKm2 or CKm3 as the operation clock, the
interval times shown in Table 7-4 can be achieved by using the interval timer function.

Table 7-4. Interval Times Available for Operation Clock CKSm2 or CKSm3

Clock Interval timeN°* (fcik = 32 MHz)

100 ps

10 s 1ms 10 ms

CKm2 fowk/2

fork/22
fouk/24
foLr/28
fork/28
fowk/21° -
fork/2'2 -

fow/2' - -

SIRNIENI N

CKm3

NIANENIAN

NIANIENIAN
|

Note The margin is within 5 %.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. For details of a signal of fcLk/2] selected with the TPSm register, see 7.5.1 Count clock (frcLx).
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7.3.3 Timer mode register mn (TMRmn)

The TMRmn register sets an operation mode of channel n. This register is used to select the operation clock (fmck),
select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channel 1), specify the start trigger and
capture trigger, select the valid edge of the timer input, and specify the operation mode (interval, capture, event counter,
one-count, or capture and one-count).

Rewriting the TMRmn register is prohibited when the register is in operation (when TEmn = 1). However, bits 7 and 6
(CISmn1, CISmnO0) can be rewritten even while the register is operating with some functions (when TEmn = 1) (for details,
see 7.8 Independent Channel Operation Function of Timer Array Unit and 7.9 Simultaneous Channel Operation
Function of Timer Array Unit.

The TMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Caution The bits mounted depend on the channels in the bit 11 of TMRmn register.
TMRm2, TMRm4, TMRm6: MASTERmn bit (n = 2, 4, 6)
TMRm1, TMRm3: SPLITmn bit (n =1, 3)
TMRmMO, TMRm5, TMRm7: Fixed to 0
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Figure 7-11. Format of Timer Mode Register mn (TMRmn) (1/4)

Address: FO190H, FO191H (TMR00) to FO19EH, FO19FH (TMRO07)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 0 MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(mn =02, 04 mn1 | mn0 ERmn | mn2 | mn1 | mn0 | mn1 | mnO mn3 | mn2 | mn1 | mn0
06)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 0 SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(mn =01, 03) mn1 | mn0 mn | mn2 | mn1 | mnO | mn1 | mn0 mn3 | mn2 [ mn1 | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | ONete | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(mn = 00, 05 mn1 | mn0 mn 1 mn2 | mn1 | mn0 | mn1 | mn0 mn3 | mn2 | mn1 | mnO
07)
CKS | CKS Selection of operation clock (fwck) of channel n
mn1 | mnO
0 0 Operation clock CKmO set by timer clock select register m (TPSm)
0 1 Operation clock CKm2 set by timer clock select register m (TPSm)
1 0 Operation clock CKm1 set by timer clock select register m (TPSm)
1 1 Operation clock CKm3 set by timer clock select register m (TPSm)
Operation clock (fuck ) is used by the edge detector. A count clock (frcik) and a sampling clock are generated
depending on the setting of the CCSmn bit.
The operation clocks CKm2 and CKm3 can only be selected for channel 1 and 3.
CCS Selection of count clock (frck) of channel n
mn
0 Operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits
1 Valid edge of input signal input from the TImn pin
In channel 5, Valid edge of input signal selected by TISO
<R> In channel 7, Valid edge of input signal selected by ISC
Count clock (frcwk) is used for the counter, output controller, and interrupt controller.

Note Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Cautions 1. Be sure to clear bits 13, 5, and 4 to “0”.
2. The timer array unit must be stopped (TTm = 00FFH) if the clock selected for fcLk is changed
(by changing the value of the system clock control register (CKC)), even if the operating clock
specified by using the CKSmn0 and CKSmn1 bits (fmck) or the valid edge of the signal input
from the Timn pin is selected as the count clock (frck).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO07)

Symbol
TMRmn

(mn =02,
04, 06)

Symbol
TMRmn

(mn =01,
03)

Symbol
TMRmn

(mn =00,
05, 07)

(

(

Figure 7-11. Format of Timer Mode Register mn (TMRmn) (2/4)

After reset: 0000H R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS MAST | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mn0 ERmn | mn2 | mn1 | mnO | mn1 | mn0 mn3 | mn2 [ mn1 | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS SPLIT | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mnO mn | mn2 | mn1 | mnO | mn1 | mnO mn3 | mn2 | mn1 | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS CCS | ONete | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mn0 mn mn2 | mn1 | mnO0 | mn1 | mn0 mn3 | mn2 | mn1 | mnO

Bit 11 of TMRmn (n = 2, 4, 6))
MASTERmMnN Selection between using channel n independently or
simultaneously with another channel(as a slave or master)
0 Operates in independent channel operation function or as slave channel in simultaneous

channel operation function.

1

Operates as master channel in simultaneous channel operation function.

Only the channel 2, 4, 6 can be set as a master channel (MASTERmn = 1).

Be sure to use channel 0, 5, 7 are fixed to O (Regardless of the bit setting, channel 0 operates as master, because it
is the highest channel).

Clear the MASTERmMN bit to 0 for a channel that is used with the independent channel operation function.

Bit 11 of TMRmn (n = 1, 3))
SPLITmn Selection of 8 or 16-bit timer operation for channels 1 and 3
0 Operates as 16-bit timer.
(Operates in independent channel operation function or as slave channel in simultaneous
channel operation function.)
1 Operates as 8-bit timer.
STSmn2 STSmn1 STSmn0 Setting of start trigger or capture trigger of channel n

0 0 Only software trigger start is valid (other trigger sources are
unselected).

0 1 Valid edge of the TImn pin input is used as both the start trigger and
capture trigger.

0 0 Both the edges of the TImn pin input are used as a start trigger and a
capture trigger.

1 0 Interrupt signal of the master channel is used (when the channel is
used as a slave channel with the simultaneous channel operation
function).

Other than above Setting prohibited

Note Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Address: FO190H, FO191H (TMR00) to FO19EH, FO19FH (TMRO07)

After reset: 0000H R/W

Figure 7-11. Format of Timer Mode Register mn (TMRmn) (3/4)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS MAST | STS | STS | STS | CIS | CIS MD | MD | MD | MD
(mn =02 mn1 | mn0 ERmn | mn2 | mn1 | mn0 | mn1 | mnO mn3 | mn2 | mn1 | mn0
04, 06)
Symbol 15 14 13 12 11 10 9 8 7 6 3 2 1 0
TMRmn CKS | CKS SPLIT | STS | STS | STS | CIS | CIS MD | MD | MD | MD
(mn=01 mn1 | mn0 mn | mn2 | mn1 | mnO | mn1 | mn0 mn3 | mn2 [ mn1 | mnO
03)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS CCS | QNete | STS | STS | STS | CIS | CIS MD | MD | MD | MD
(mn=00 mn1 | mn0 mn mn2 | mn1 | mn0 | mn1 | mn0 mn3 | mn2 [ mn1 | mnO
05, 07)
CISmn1 CISmn0 Selection of TImn pin input valid edge
0 Falling edge
1 Rising edge
0 Both edges (when low-level width is measured)

Start trigger: Falling edge, Capture trigger: Rising edge

Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge

If both the edges are specified when the value of the STSmn2 to STSmnO bits is other than 010B, set the CISmn1
to CISmnO bits to 10B.

Note Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO07)

Symbol
TMRmn

(mn =02,
04, 06)

Symbol
TMRmn

(mn =01,
03)

Symbol
TMRmn

(mn =00,
05, 07)

Figure 7-11. Format of Timer Mode Register mn (TMRmn) (4/4)

After reset: 0000H R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS MAST | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mn0 ERmn | mn2 | mn1 | mnO | mn1 | mnO mn3 | mn2 | mn1 | mnO

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
CKS | CKS SPLIT | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mnO mn | mn2 | mn1 | mnO | mn1 | mnO mn3 | mn2 | mn1 | mnO

15 14 13 12 11 10 9 8 7 6 3 2 1 0
CKS | CKS CCS | QNete | STS | STS | STS | CIS | CIS MD | MD | MD | MD
mn1 | mn0 mn 1 mn2 | mn1 | mnO0 | mn1 | mn0 mn3 | mn2 | mn1 | mnO
MD | MD | MD Operation mode of channel n Corresponding function Count operation of
mn3 | mn2 | mn1 TCR

0 0 0 Interval timer mode Interval timer / Square wave Counting down

output / Divider function / PWM
output (master)

0 1 0 Capture mode Input pulse interval Counting up

measurement

0 1 1 Event counter mode External event counter Counting down

1 0 0 One-count mode Delay counter / One-shot pulse | Counting down

output / PWM output (slave)

1 1 0 Capture & one-count mode Measurement of high-/low-level | Counting up

width of input signal

Other than above | Setting prohibited

The operation of each mode varies depending on MDmnO bit (see the table below).

Operation mode MD Setting of starting counting and interrupt
(Value set by the MDmn3 to MDmn1 bits mn0
(see the table above))
e Interval timer mode (0, 0, 0) 0 | Timer interrupt is not generated when counting is started

e Capture mode (0, 1, 0)

(timer output does not change, either).

1 Timer interrupt is generated when counting is started
(timer output also changes).

e Event counter mode (0, 1, 1) 0 | Timer interrupt is not generated when counting is started
(timer output does not change, either).
e One-count modeM°¢2 (1, 0, 0) 0 | Start trigger is invalid during counting operation.

At that time, interrupt is not generated.

1 Start trigger is valid during counting operationNete 3,
At that time, interrupt is not generated.

e Capture & one-count mode (1, 1, 0) 0

Timer interrupt is not generated when counting is started
(timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated.

Other than above

Setting prohibited
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Notes 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

2. In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are
not controlled.

3. If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, and recounting is
started (does not occur the interrupt request).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.3.4 Timer status register mn (TSRmn)

The TSRmn register indicates the overflow status of the counter of channel n.

The TSRmn register is valid only in the capture mode (MDmn3 to MDmn1 = 010B) and capture & one-count mode
(MDmn3 to MDmn1 = 110B). See Table 7-5 for the operation of the OVF bit in each operation mode and set/clear
conditions.

The TSRmn register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSRmn register can be set with an 8-bit memory manipulation instruction with TSRmnL.

Reset signal generation clears this register to 0000H.

Figure 7-12. Format of Timer Status Register mn (TSRmn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSR07)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRmn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ OVF |
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)

Table 7-5. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer Operation Mode OVF Bit Set/Clear Conditions
e Capture mode clear When no overflow has occurred upon capturing
e Capture & one-count mode set When an overflow has occurred upon capturing
e Interval timer mode clear
e Event counter mode t .
se (Use prohibited)

e One-count mode

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the
subsequent capture.
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7.3.5 Timer channel enable status register m (TEm)

The TEm register is used to enable or stop the timer operation of each channel.

Each bit of the TEm register corresponds to each bit of the timer channel start register m (TSm) and the timer channel
stop register m (TTm). When a bit of the TSm register is set to 1, the corresponding bit of this register is set to 1. When a
bit of the TTm register is set to 1, the corresponding bit of this register is cleared to 0.

The TEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TEmL.

Reset signal generation clears this register to 0000H.

Figure 7-13. Format of Timer Channel Enable Status register m (TEm)

Address: FO1BOH, FO1B1H (TEO)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm 0 0 0 0 |TEHm| 0 |TEHm| O TEm | TEm | TEm | TEm | TEm | TEm | TEm | TEm
3 1 7 6 5 4 3 2 1 0

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
m3 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
m1 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEmn Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

This bit displays whether operation of the lower 8-bit timer for TEm1 and TEm3 is enabled or stopped when channel
1 or 3 is in the 8-bit timer mode.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.3.6 Timer channel start register m (TSm)

The TSm register is a trigger register that is used to initialize timer count register mn (TCRmn) and start the counting
operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is set to 1.

The TSmn, TSHm1, TSHm3 bits are immediately cleared when operation is enabled (TEmn, TEHm1, TEHm3 = 1),
because they are trigger bits.

The TSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSm register can be set with a 1-bit or 8-bit memory manipulation instruction with TSmL.
Reset signal generation clears this register to 0000H.

Figure 7-14. Format of Timer Channel Start register m (TSm)

Address: FO1B2H, FO1B3H (TS0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSm 0 0 0 0 |TSHm| 0 |TSHm| O TSm | TSm | TSm | TSm | TSm | TSm | TSm | TSm
3 1 7 6 5 4 3 2 1 0

TSH |Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3

0 No trigger operation

1 The TEHmM3 bit is set to 1 and the count operation becomes enabled.

The TCRm3 register count operation start in the interval timer mode in the count operation enabled state
(see Table 7-6 in 7.5.2 Start timing of counter).

TSH |Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
m1

0 No trigger operation

1 The TEHm1 bit is set to 1 and the count operation becomes enabled.

The TCRm1 register count operation start in the interval timer mode in the count operation enabled state
(see Table 7-6 in 7.5.2 Start timing of counter).

TSm Operation enable (start) trigger of channel n

0 No trigger operation

1 The TEmn bit is set to 1 and the count operation becomes enabled.
The TCRmn register count operation start in the count operation enabled state varies depending on each
operation mode (see Table 7-6 in 7.5.2 Start timing of counter).

This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TSm1 and TSm3 when
channel 1 or 3 is in the 8-bit timer mode.

Cautions 1. Be sure to clear bits 15 to 12, 10, and 8 to “0”
2. When switching from a function that does not use TImn pin input to one that does, the

following wait period is required from when timer mode register mn (TMRmn) is set until the
TSmn (TSHm1, TSHm3) bit is set to 1.

When the TImn pin noise filter is enabled (TNFENnm = 1): Four cycles of the operation clock
(fmck)

When the TImn pin noise filter is disabled (TNFENnm = 0): Two cycles of the operation clock
(fmck)

Remarks 1. When the TSm register is read, 0 is always read.
2. m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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7.3.7 Timer channel stop register m (TTm)

The TTm register is a trigger register that is used to stop the counting operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is cleared
to 0. The TTmn, TTHM1, TTHmM3 bits are immediately cleared when operation is stopped (TEmn, TEHm1,

TEHmM3 = 0), because they are trigger bits.

The TTm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TTm register can be set with a 1-bit or 8-bit memory manipulation instruction with TTmL.

Reset signal generation clears this register to 0000H.

Figure 7-15. Format of Timer Channel Stop register m (TTm)

Address: FO1B4H, FO1B5H (TT0)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTm 0 0 0 0 |TTHm| O |TTHm| O TTm | TTm | TTm | TTm | TTm | TTm | TTm | TTm
3 1 7 6 5 4 3 2 1 0
TTH Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3

0 No trigger operation

1 TEHmM3 bit is cleared to 0 and the count operation is stopped

TTH Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
m1

0 No trigger operation

1 TEHm1 bit is cleared to 0 and the count operation is stopped.

TTm Operation stop trigger of channel n

0 No trigger operation

1 TEmn bit is cleared to 0 and the count operation is stopped.
This bit is the trigger to stop operation of the lower 8-bit timer for TTm1 and TTm3 when channel 1 or 3 is in
the 8-bit timer mode.

Caution Be sure to clear bits 15 to 12, 10, and 8 of the TTm register to “0”.

Remarks 1. When the TTm register is read, O is always read.
2. m: Unit number (m = 0), n: Channel number (n =0to 7)
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7.3.8 Timer input select register 0 (TIS0)
The TISO register is used to select the channel 5 of unit 0 timer input..
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-16. Format of Timer Input Select register 0 (TIS0)

Address: FOO74H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 [ TIS02 ’ TISO1 TIS00
TIS02 TISO1 TIS00 Selection of timer input used with channel 5
0 0 0 Input signal of timer input pin (T105)
0 0 1
0 1 0
0 1 1
1 0 0 Low-speed on-chip oscillator clock (fiL)
1 0 1 Subsystem clock (fsus)
Other than above Setting prohibited

Caution High-level width, low-level width of timer input is selected, will require more than 1/fuck +10 ns.
Therefore, when selecting fsus to fcLk (CSS bit of CKC register = 1), can not TIS02 bit set to 1.
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7.3.9 Timer output enable register 0 (TOEO)
The TOEO register is used to enable or disable timer output of each channel.

Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOOn bit of timer output
register 0 (TOO) described later by software, and the value reflecting the setting of the timer output function through the
count operation is output from the timer output pin (TOOn).

The TOEO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOEQ register can be set with a 1-bit or 8-bit memory manipulation instruction with TOEOL.

Reset signal generation clears this register to 0000H.

Figure 7-17. Format of Timer Output Enable register 0 (TOEO)

Address: FO1BAH, FO1BBH (TOEQ) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOEO 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE
07 06 05 04 03 02 01 00
TOE Timer output enable/disable of channel n
On
0 Disable output of timer.

Without reflecting on TOOn bit timer operation, to fixed the output.
Writing to the TOON bit is enabled and the level set in the TOON bit is output from the TOON pin.

Enable output of timer.

Reflected in the TOON bit timer operation, to generate the output waveform.
Writing to the TOON bit is disabled (writing is ignored).

Caution Be sure to clear bits 15 to 8 to “0”.

Remark n: Channel number (n =0to 7)
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7.3.10 Timer output register 0 (TOO0)

The TOm register is a buffer register of timer output of each channel.

The value of each bit in this register is output from the timer output pin (TOOn) of each channel.

The TOON bit oh this register can be rewritten by software only when timer output is disabled (TOEOn = 0). When timer
output is enabled (TOEONn = 1), rewriting this register by software is ignored, and the value is changed only by the timer

operation.
To use the PO00/TIO0, P01/TO00, P15/(TI02)Note/(TOO2)Note, P14/(TI03)Note/(TO03), P13/(TI04)Note/(TO04 )Note,

P12/(T105)Nete/(TO05)Note,  P11/(TI06)Note/(TO0B)Note,  P10/(TI07)Note/(TOO7)Note pins as ports function pins, set the
corresponding TOOnN bit to “0”.

The TOO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOO register can be set with an 8-bit memory manipulation instruction with TOOL.

Reset signal generation clears this register to 0000H.

Note Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).

Figure 7-18. Format of Timer Output register 0 (TOO0)

Address: FO1B8H, FO1B9H (TO0) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOO 0 0 0 0 0 0 0 0 TO | TO | TO | TO | TO | TO | TO | TO
07 06 05 04 03 02 01 010

TOO Timer output of channel n

0 Timer output value is “0”.

1 Timer output value is “1”.

Caution. Be sure to clear bits 15 to 8 to “0”.

Remark n: Channel number (n=0to 7)
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7.3.11 Timer output level register 0 (TOLO)
The TOLO register is a register that controls the timer output level of each channel.

The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the timer output
In the master

signal while the timer output is enabled (TOEOn = 1) in the Slave channel output mode (TOMOn = 1).

channel output mode (TOMON = 0), this register setting is invalid.
The TOLO register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOLO register can be set with an 8-bit memory manipulation instruction with TOLOL.

Reset signal generation clears this register to 0000H.

Figure 7-19. Format of Timer Output Level register 0 (TOLO)

Address: FO1BCH, FO1BDH (TOLO) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TOLO 0 0 0 0 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL
07 06 05 04 03 02 01
TOL Control of timer output level of channel n
On
0 Positive logic output (active-high)
1 Negative logic output (active-low)

Caution Be sure to clear bits 15 to 8, 0 to “0”.

Remarks

1. If the value of this register is rewritten during timer operation, the timer output logic is inverted when

the timer output signal changes next, instead of immediately after the register value is rewritten.

2. n: Channel number (n=0to 7)
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7.3.12 Timer output mode register 0 (TOMO)
The TOMO register is used to control the timer output mode of each channel.

When a channel is used for the independent channel operation function, set the corresponding bit of the channel to be

used to 0.

When a channel is used for the simultaneous channel operation function (one-shot pulse output), set the corresponding
bit of the master channel to 0 and the corresponding bit of the slave channel to 1.
The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset while

the timer output is enabled (TOEONn = 1).
The TOMO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOMO register can be set with an 8-bit memory manipulation instruction with TOMOL.

Reset signal generation clears this register to 0000H.

Figure 7-20. Format of Timer Output Mode register 0 (TOMO)

Address: FO1BEH, FO1BFH (TOMO) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TOMO 0 0 0 0 0 0 0 0 TOM | TOM | TOM | TOM | TOM | TOM | TOM
07 06 05 04 03 02 01
TOM Control of timer output mode of channel n

On

0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))

1 Slave channel output mode (output is set by the timer interrupt request signal (INTTMmn) of the master

channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution Be sure to clear bits 15 to 8, 0 to “0”.

Remark n: Channel number
n=0to7(n=0, 2, 4, 6 for master channel)
p: Slave channel number

n<ps7

(For details of the relation between the master channel and slave channel, refer to 7.4.1 Basic rules of

simultaneous channel operation function.)
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7.3.13 Noise filter enable register 1 (NFEN1)

The NFEN1 register is used to set whether the noise filter can be used for the timer input signal to each channel.

Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is enabled, after synchronization with the operating clock (fuck) for the target channel, whether the
signal keeps the same value for two clock cycles is detected.

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fuck) for the target
channelNote,

The NFEN1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note For details, see 7.5.1 (2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1), 7.5.2
Start timing of counter, and 7.7 Timer Input (TImn) Control.

Figure 7-21. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO71H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
NFEN1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 ‘ TNFENO2 ‘ TNFENO1 | TNFENOO

TNFENO7 Enable/disable using noise filter of TIO7 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO6 Enable/disable using noise filter of TI06 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO5 Enable/disable using noise filter of TIO5 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO4 Enable/disable using noise filter of TI04 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO3 Enable/disable using noise filter of TI03 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO02 Enable/disable using noise filter of TI02 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO1 Enable/disable using noise filter of TI01 pin
0 Noise filter OFF
1 Noise filter ON

TNFENOO Enable/disable using noise filter of TIO0 pin
0 Noise filter OFF
1 Noise filter ON
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7.3.14 Registers controlling port functions of pins to be used for timer I/O

Using port pins for the timer array unit functions requires setting of the registers that control the port functions
multiplexed on the target pins (port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx)).
For details, see 5.3.1 Port mode registers (PMxx), 5.3.2 Port registers (Pxx), and 5.3.6 Port mode control registers
(PMCxx).

The port mode register (PMxx) and port register (Pxx) to be set depend on the target pins. For details, see 5.5.3
Register setting examples for used port and alternate functions.

When using the ports (such as PO0/TI00, P01/TO00) to be shared with the timer output pin for timer output, set the port
mode control register (PMCxx) bit, the port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port
to 0.

Example When using P01/TOOQ0 for timer output
Set the PMCO01 bit of port mode control register 0 to 0.
Set the PMO1 bit of port mode register 0 to O.
Set the P01 bit of port register 0 to 0.

When using the ports (such as P00/TI00) to be shared with the timer input pin for timer input, set the port mode register
(PMxx) bit corresponding to each port to 1. At this time, the port register (Pxx) bit may be 0 or 1.

Example When using P16/TO01/T101 for timer input
Set the PMCOO bit of port mode control register 0 to 0.
Set the PMOO bit of port mode register 0 to 1.
Set the P00 bit of port register 0 to 0 or 1.
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7.4 Basic Rules of Timer Array Unit

7.4.1 Basic rules of simultaneous channel operation function
When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer mainly
counting the cycle) and slave channels (timers operating according to the master channel), the following rules apply.

(1) Only an even channel (channel 0, 2, 4, etc.) can be set as a master channel.
(2) Any channel, except channel 0, can be set as a slave channel.
(3) The slave channel must be lower than the master channel.
Example: If channel 2 is set as a master channel, channel 3 or those that follow (channels 3, 4, 5, etc.) can be set
as a slave channel.

(4) Two or more slave channels can be set for one master channel.
(5) When two or more master channels are to be used, slave channels with a master channel between them may not
be set.
Example: If channels 0 and 4 are set as master channels, channels 1 to 3 can be set as the slave channels of
master channel 0. Channels 5 to 7 cannot be set as the slave channels of master channel 0.

(6) The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKSmn0, CKSmn1 bits (bit 15, 14 of timer mode register mn (TMRmn)) of the slave channel
that operates in combination with the master channel must be the same value as that of the master channel.

(7) A master channel can transmit INTTMmn (interrupt), start software trigger, and count clock to the lower channels.

(8) A slave channel can use INTTMmn (interrupt), a start software trigger, or the count clock of the master channel as
a source clock, but cannot transmit its own INTTMmn (interrupt), start software trigger, or count clock to channels
with lower channel numbers.

(9) A master channel cannot use INTTMmn (interrupt), a start software trigger, or the count clock from the other higher
master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSmn) of the channels
in combination must be set at the same time.

(11) During the counting operation, a TSmn bit of a master channel or TSmn bits of all channels which are operating
simultaneously can be set. It cannot be applied to TSmn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTmn) of the channels in
combination must be set at the same time.

(13) CKm2/CKm3 cannot be selected while channels are operating simultaneously, because the operating clocks of
master channels and slave channels have to be synchronized.

(14) Timer mode register m0 (TMRmO) has no master bit (it is fixed as “0”). However, as channel 0 is the highest
channel, it can be used as a master channel during simultaneous operation.

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and slave
channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous
channel operation function in 7.4.1 Basic rules of simultaneous channel operation function do not apply to the
channel groups.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Example

CKO00

p| Channel 5: independent

| Channel 0: Master |

| Channel 1: Slave |

| Channel 2: Slave |

Channel 3: independent channel
operation function

channel operation
function

Channel 6: Slave

Channel 7: independent channel
operation function

Channel group 1
(Simultaneous channel operation
function)

Channel group 2
(Simultaneous channel operation
function)

* The operating clock of channel group 1 may
be different from that of channel group 2.

*A channel that operates independent
channel operation function may be between
channel group 1 and channel group 2.

*A channel that operates independent
channel operation function may be between
a master and a slave of channel group 2.
Furthermore, the operating clock may be set
separately.
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7.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-
bit timer channels.

This function can only be used for channels 1 and 3, and there are several rules for using it.

The basic rules for this function are as follows:

8)

©)

The 8-bit timer operation function applies only to channels 1 and 3.
When using 8-bit timers, set the SPLITmn bit of timer mode register mn (TMRmn) to 1.
The higher 8 bits can be operated as the interval timer function.
At the start of operation, the higher 8 bits output INTTMm1H/INTTMm3H (an interrupt) (which is the same
operation performed when MDmnO is set to 1).
The operation clock of the higher 8 bits is selected according to the CKSmn1 and CKSmnO bits of the lower-bit
TMRmn register.
For the higher 8 bits, the TSHmM1/TSHm3 bit is manipulated to start channel operation and the TTHm1/TTHmM3 bit
is manipulated to stop channel operation. The channel status can be checked using the TEHmM1/TEHm3 bit.
The lower 8 bits operate according to the TMRmn register settings. The following three functions support
operation of the lower 8 bits:

Interval timer function/Square Wave Output Function

External event counter function

Delay count function

For the lower 8 bits, the TSm1/TSm3 bit is manipulated to start channel operation and the TTm1/TTm3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEm1/TEm3 bit.

During 16-bit operation, manipulating the TSHm1, TSHm3, TTHm1, and TTHm3 bits is invalid. The TSm1, TSm3,
TTm1, and TTm3 bits are manipulated to operate channels 1 and 3. The TEHmM3 and TEHm1 bits are not changed.

(10) For the 8-bit timer function, the simultaneous operation functions (one-shot pulse, PWM, and multiple PWM)

cannot be used.

Remark m: Unit number (m = 0), n: Channel number (n =1, 3)

ROTUH0515EJ0130 Rev.1.30 R NS 193
Mar 16, 2018 ENES



RL78/G1D CHAPTER 7 TIMER ARRAY UNIT

7.5 Operation of Counter

7.5.1 Count clock (frcrk)

The count clock (frcik) of the timer array unit can be specified as follows by CCSmn bit of timer mode register mn
(TMRmn).

e Operation clock (fmck) specified by CKSmn0 and CKSmn1 bits.

e Valid edge of TImn input pin.

Because the timer array unit is designed to operate in synchronization with fcik, the timings of the count clock (frcik)
are shown below.

(1) When operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits is selected (CCSmn = 0)
The count clock (frcik) is between fcik to foik /2% by setting of timer clock select register m (TPSm). When a
divided fcik is selected, however, the clock selected in TPSmn register, but a signal which becomes high level for
one period of fcLk from its rising edge. When a fcik is selected, fixed to high level
Counting of timer count register mn (TCRmn) delayed by one period of fck from rising edge of the count clock,
because of synchronization with fck. But, this is described as “counting at rising edge of the count clock”, as a
matter of convenience.

Figure 7-22. Timing of fcLk and count clock (frcik)

foue [ I I I

(w2 L L T
A A A A A A A A A A A A A A A A A A
fok/4 l |
; A A A A A A A A
TCLK
( = fmek ferk/8 |
= CKmn) A A A A
fo/16 [
: A A
-
Remarks 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1)
The count clock (frcLk) becomes the signal that detects valid edge of input signal via the TImn pin and synchronizes
next rising fuck. The count clock (frcik) is delayed for 1 to 2 period of fuck from the input signal via the TImn pin
(when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register mn (TCRmn) delayed by one period of fck from rising edge of the count clock,
because of synchronization with fck. But, this is described as “counting at valid edge of input signal via the TImn
pin”, as a matter of convenience.

Figure 7-23. Timing of fcLk and count clock (frc.k) (When CCSmn = 1, noise filter unused)

fuck | [ ] [ I_és,ﬂ gg,lj .

TSmn (write) |_L
)

<1>

TEmn

(
TImn input m <2> %?ﬁ%_/\l

Sampling wave |

Edge detection ( <3> Edge detection

Rising edge ]
detection signal (frcik) | i( |
A A //

<1> Setting TSmn bit to 1 enables the timer to be started and to become wait state for valid edge of input
signal via the TImn pin.

<2> The rise of input signal via the TImn pin is sampled by fuck.

<3> The edge is detected by the rising of the sampled signal and the detection signal (count clock) is output.

Remarks1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
fmck: Operation clock of channel n
3. The waveform of the input signal via TImn pin of the input pulse interval measurement, the
measurement of high/low width of input signal, and the delay counter, the one-shot pulse
output are the same.
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7.5.2 Start timing of counter

Timer count register mn (TCRmn) becomes enabled to operation by setting of TSmn bit of timer channel start register
m (TSm).

Operations from count operation enabled state to timer count Register mn (TCRmn) count start is shown in Table 7-6.

Table 7-6. Operations from Count Operation Enabled State to Timer count Register mn (TCRmn) Count Start

Timer Operation Mode Operation When TSmn = 1 |Is Set

e Interval timer mode No operation is carried out from start trigger detection (TSmn=1) until count clock generation.
The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 7.5.3 (1) Operation of interval
timer mode).

e Event counter mode Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn register.
If detect edge of TImn input. The subsequent count clock performs count down operation (see
7.5.3 (2) Operation of event counter mode).

e Capture mode No operation is carried out from start trigger detection (TSmn = 1) until count clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent count clock
performs count up operation (see 7.5.3 (3) Operation of capture mode (input pulse interval
measurement)).

e One-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is
stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 7.5.3 (4) Operation of one-count
mode).

e Capture & one-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is
stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent count clock
performs count up operation (see 7.5.3 (5) Operation of capture & one-count mode (high-
level interval measurement)).
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7.5.3 Operation of counter
Here, the counter operation in each mode is explained.

(1) Operation of interval timer mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit. Timer count register mn (TCRmn) holds the
initial value until count clock generation.

<2> A start trigger is generated at the first count clock after operation is enabled.

<3> When the MDmnO bit is set to 1, INTTMmn is generated by the start trigger.

<4> By the first count clock after the operation enable, the value of timer data register mn (TDRmn) is loaded to the
TCRmn register and counting starts in the interval timer mode.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the value of
timer data register mn (TDRmn) is loaded to the TCRmn register and counting keeps on.

Figure 7-24. Operation Timing (In Interval Timer Mode)

fvek
(frewk) /[— |_ g I_l
TSmn (write) l\
<1>
TEmn <>
Start trigger
detection signal /
TCRmn Initial m m—1 tireeeeeseee 0001 Oooq) m
value A
TDRmn <3> ) <4> m ) ())
\ .......... <5> g
INTTMmn —| -------

When MDmnO = 1 setting

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by
setting MDmnO = 1.

Remark fuck, the start trigger detection signal, and INTTMmn become active between one clock in
synchronization with fcik.
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(2) Operation of event counter mode

<1> Timer count register mn (TCRmn) holds its initial value while operation is stopped (TEmn = 0).

<2> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<3> As soon as 1 has been written to the TSmn bit and 1 has been set to the TEmn bit, the value of timer data
register mn (TDRmn) is loaded to the TCRmn register to start counting.

<4> After that, the TCRmn register value is counted down according to the count clock of the valid edge of the
TImn input .

Figure 7-25. Operation Timing (In Event Counter Mode)

fuoc | [ Mgﬁl—l L/&I’l [T

TSmn (write)
<1> Z\

TEmn
k2>
TImn input | l >§‘ gé I
Edge detection | Edge detection
Count clock l
Start trigger / <4>
detection signal
<1> )<3>
Initial _ .
TCRmn W& . m m—1 | m-2
<3>
TDRmn / m

Remark The timing is shown in Figure 7-25 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TImn input. The error per one period occurs be the asynchronous between the period of the
TImn input and that of the count clock (fuck).
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock after operation is enabled. And the value of 0000H is loaded
to the TCRmn register and counting starts in the capture mode. (When the MDmnO bit is set to 1, INTTMmn is
generated by the start trigger.)

<4> On detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and INTTMmn is generated. However, this capture value is nomeaning. The TCRmn
register keeps on counting from 0000H.

<5> On next detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer
data register mn (TDRmn) and INTTMmn is generated.

Figure 7-26. Operation Timing (In Capture Mode : Input Pulse Interval Measurement)

ey Mg %g, ] [

TSOn (write) | |

<1> /
TEOn | . Note _
TI0n input <3> / | l % \%é I
Edge detection _ Edge detection
L=t g '
v /ﬂé ) ED)
<

TCRON |nitia|va|{_|e 0000 X 00010 0000 X g m—1 X m ()X 0000
s (e

TDRON \ ! 0001Note | ! ‘ X m
|
N

Rising edge

INTTMON [ ] l_| [ ]

When MDmn0 = 1

Note If a clock has been input to TImn (the trigger exists) when capturing starts, counting starts when a trigger is
detected, even if no edge is detected. Therefore, the first captured value (<4>) does not determine a pulse
interval (in the above figure, 0001 just indicates two clock cycles but does not determine the pulse interval)
and so the user can ignore it.

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by
setting MDmnO = 1.

Remark The timing is shown in Figure 7-26 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TImn input.
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(4) Operation of one-count mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.
<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.
<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of timer data register mn (TDRmn) is loaded to the TCRmn register and
count starts.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the value of
the TCRmn register becomes FFFFH and counting stops.
Figure 7-27. Operation Timing (In One-count Mode)
fmek
frow) | [ [1 [ ] [ ] <(/r|_ [

TSmn (write) | |

TEmn
((
TImn input , <3>I >> |
Edge detection _
Rising edge | <<
<a> > /)
Start trigger |_

detection signal

<2> <5>

) |
TCRmn Initial value m X Sé x 1 X 0 XFFFF

INTTMmn | |

Start trigger input wait status

Remark The timing is shown in Figure 7-27 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TImn input. The error per one period occurs be the asynchronous between the period of the
TImn input and that of the count clock (fuck).
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(5) Operation of capture & one-count mode (high-level width measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit of timer channel start register m (TSm).

<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.

<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of 0000H is loaded to the TCRmn register and count starts.

<5> On detection of the falling edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and INTTMmn is generated.

Figure 7-28. Operation Timing (In Capture & One-count Mode : High-level Width Measurement)

P S I I I B I’Ag M T

TSmn (write) |_|

<1>
TEmn |
((

TImn input <3> | l >> |

Rising edge Edge detection |— « Edge de@
i <4> )) — p—

Falling edge / << <5> | '\
Start tr 4 ) \

art trigger

detection signal I_

- 0
TCRmn Initial value 0000 X Sg m—1 X m ()\X o

TDRmn 0000 X m

INTTMmn [ ]

Remark The timing is shown in Figure 7-28 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TImn input. The error per one period occurs be the asynchronous between the period of the
TImn input and that of the count clock (fmck).
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7.6 Channel Output (TOOn pin) Control

7.6.1 TOON pin output circuit configuration

Figure 7-29. Output Circuit Configuration

<5>
TOON register
Interrupt signal of the master channel__|
(INTTMmn) 5
’_O = Set
e —
Interrupt signal of the slave channel___| § — TOOn pin
(INTTMmp) __:>— Reset/toggle
<1>
<2>
<3> <4>
TOLON
TOMOn Internal bus
TOEON TOON write signal

The following describes the TOOn pin output circuit.

<1>

<2>

<3>

<4>

<5>

When TOMOn = 0 (master channel output mode), the set value of timer output level register 0 (TOLO) is
ignored and only INTTMmp (slave channel timer interrupt) is transmitted to timer output register 0 (TOO).
When TOMOn = 1 (slave channel output mode), both INTTMmn (master channel timer interrupt) and
INTTMmp (slave channel timer interrupt) are transmitted to the TOO register.

At this time, the TOLO register becomes valid and the signals are controlled as follows:

When TOLOn =0:  Positive logic output (INTTMmn — set, INTTMmp — reset)
When TOLOn = 1:  Negative logic output (INTTMmn — reset, INTTMmp — set)

When INTTMmn and INTTMmp are simultaneously generated, (0% output of PWM), INTTMmp (reset signal)
takes priority, and INTTMmn (set signal) is masked.

While timer output is enabled (TOEOn = 1), INTTMmn (master channel timer interrupt) and INTTMmp (slave
channel timer interrupt) are transmitted to the TOO register. Writing to the TOO register (TOOn write signal)
becomes invalid.

When TOEOn = 1, the TOOn pin output never changes with signals other than interrupt signals.

To initialize the TOON pin output level, it is necessary to set timer operation is stopped (TOEOn = 0) and to
write a value to the TOO register.

While timer output is disabled (TOEOn = 0), writing to the TOOnN bit to the target channel (TOOn write signal)
becomes valid. When timer output is disabled (TOEOn = 0), neither INTTMmn (master channel timer
interrupt) nor INTTMmp (slave channel timer interrupt) is transmitted to the TOO register.

The TOO register can always be read, and the TOOn pin output level can be checked.

Remark m: Unit number (m = 0)

n: Channel number

n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number

n<ps<7
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7.6.2 TOON pin output setting
The following figure shows the procedure and status transition of the TOOn output pin from initial setting to timer
operation start.

Figure 7-30. Status Transition from Timer Output Setting to Operation Start

TCRmn Undefined value (FFFFH after reset) ‘ I\

(Counter)

Timer alternate-function pin

Timer output signal

TOON
'
'
L
T
TOEONn ' i
d
) : : '
: ' -
(Wn'te operation enabled period to TOOnX Write operation disabled period to TOOn )
f T n
' ' '
AN A A A
<1> Set TOMOn  <2> Set TOOn <3> Set TOEOn  <4> Set the port to <5> Timer operation start
Set TOLON output mode

<1> The operation mode of timer output is set.

e TOMOn bit (0: Master channel output mode, 1: Slave channel output mode)
e TOLOnN bit (0: Positive logic output, 1: Negative logic output)

<2> The timer output signal is set to the initial status by setting timer output register 0 (TOO).

<3> The timer output operation is enabled by writing 1 to the TOEOnN bit (writing to the TOO register is disabled).

<4> The port is set to digital /0O by port mode control register (PMCxx) (see 7.3.14 Registers controlling port
functions of pins to be used for timer 1/O).

<5> The port I/O setting is set to output (see 7.3.14 Registers controlling port functions of pins to be used
for timer 1/O).

<6> The timer operation is enabled (TSmn = 1).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)

ROTUH0515EJ0130 Rev.1.30 R nS 203
Mar 16, 2018 ENES



RL78/G1D CHAPTER 7 TIMER ARRAY UNIT

7.6.3 Cautions on channel output operation
(1) Changing values set in the registers TO0, TOEO, and TOLO during timer operation

Since the timer operations (operations of timer count register mn (TCRmn) and timer data register mn (TDRmn)) are
independent of the TOON output circuit and changing the values set in timer output register 0 (TOO), timer output enable
register 0 (TOEQ), and timer output level register 0 (TOLO) does not affect the timer operation, the values can be
changed during timer operation. To output an expected waveform from the TOOn pin by timer operation, however, set
the TOO, TOEO, TOLO, and TOMm registers to the values stated in the register setting example of each operation shown
by 7.7 and 7.8.

When the values set to the TOEO and TOMO registers (but not the TOO register) are changed close to the occurrence of
the timer interrupt (INTTMmn) of each channel, the waveform output to the TOOn pin might differ, depending on whether
the values are changed immediately before or immediately after the timer interrupt (INTTMmn) occurs.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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(2) Default level of TOONn pin and output level after timer operation start
The change in the output level of the TOOn pin when timer output register 0 (TOO) is written while timer output is
disabled (TOEOnN = 0), the initial level is changed, and then timer output is enabled (TOEOn = 1) before port output
is enabled, is shown below.

(a) When operation starts with master channel output mode (TOMOn = 0) setting
The setting of timer output level register m (TOLO) is invalid when master channel output mode (TOMOn = 0).
When the timer operation starts after setting the default level, the toggle signal is generated and the output
level of the TOON pin is reversed.

Figure 7-31. TOOn Pin Output Status at Toggle Output (TOMOn = 0)

TOEON

Default
status

( Hi-Z TOON bit=0 )

(Default status : Low)

> TOOn bit=0
(Active high)

-—— TOON bit = 1
(Default status : High) 7

TOON
(output) TOON bit=0 A
(Default status : Low)

> TOOn bit =1
T TOON bit = 1 (Active low)
(Default status : High) J

Port output is enabled

A A A A A Bold : Active level
Toggle Toggle Toggle Toggle Toggle

Remarks 1. Toggle: Reverse TOOn pin output status
2. n: Channel number (n=0to 7)
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(b) When operation starts with slave channel output mode (TOMOp = 1) setting (PWM output))
When slave channel output mode (TOMOp = 1), the active level is determined by timer output level register 0
(TOLO) setting.

Figure 7-32. TOOp Pin Output Status at PWM Output (TOMOp = 1)

TOEmp
‘ Active Active Active
[ Hi-z | Default TOOp bit=0 )
status (Default status : Low) )
TOLOp bit=0
. (Active high)
TOOp bit=1
(Default status : High) )
TOOp <
(output) TOOp bit=0 A
— (Default status : Low)
TOLOp bit=1
(Active low)
TOOp bit =1
\ | (Default status : High) J
Port output is enabled
A A
A Reset A Reset A
Set Set Set
Remarks 1. Set: The output signal of the TOmp pin changes from inactive level to active level.
Reset:  The output signal of the TOmp pin changes from active level to inactive level.
2. p: Channel number (p=1to 7)
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(3) Operation of TOON pin in slave channel output mode (TOMOn = 1)
(a) When timer output level register 0 (TOLO0) setting has been changed during timer operation
When the TOLO register setting has been changed during timer operation, the setting becomes valid at the
generation timing of the TOOn pin change condition. Rewriting the TOLO register does not change the output
level of the TOON pin.
The operation when TOMOn is set to 1 and the value of the TOLO register is changed while the timer is
operating (TEOn = 1) is shown below.

Figure 7-33. Operation when TOLO Register Has Been Changed Contents during Timer Operation

TOLO |
Active Active Active Active
TOON
(output)
A Reset A Reset Reset A Reset
Set Set Set Set
Remarks 1. Set: The output signal of the TOOn pin changes from inactive level to active level.

Reset:  The output signal of the TOOn pin changes from active level to inactive level.
2. n: Channel number (n=0to 7)

(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOmn pin/TOmn bit set timing at master channel timer interrupt
(INTTMmn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 7-34 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel:  TOEmn =1, TOMmn =0, TOLmn =0
Slave channel: TOEmp =1, TOMmp =1, TOLmp =0
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Figure 7-34. Set/Reset Timing Operating Statuses

(1) Basic operation timing

froue S ]
INTTMmn |
Master Internal reset
channel signal 1 ) ‘)
TOmn pin/ |‘/ |
TOmn Toggle Toggle
e Internal set
signal
1 clock delay \ \
INTTMmp
Slave
channel
Internal reset
signal )
TOmp pin/ = T o
TOmp
S Set Reset Set
(2) Operation timing when 0 % duty
frew S 1
INTTMmn [
Master Internal reset
channel signal —r ) ‘)
TOmn pin/
TOmn J
Toggle Toggle
Internal set
signal p—
1 clock delay \
TCRmp [0000] 0001ues}ersennssanrsentrsnrisnncsarisaniisens Joooo [ o001\
INTTMmp } ’
Slave
channel Internal reset / I / Set
signal
TOmp pin/  Reset &/Set Reset <‘/
K TOmp

Reset has priority.

Reset has priority.

Remarks 1. Internal reset signal: TOmn pin reset/toggle signal

Internal set signal: TOmn pin set signal

2. m: Unit number (m = 0)

n: Channel number

n=0to7(n=0, 2,4, 6 for master channel)
p: Slave channel number

n<ps7
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7.6.4 Collective manipulation of TOOn bit

In timer output register 0 (TOOQ), the setting bits for all the channels are located in one register in the same way as timer

channel start register m (TSm). Therefore, the TOOn bit of all the channels can be manipulated collectively.

Only the desired bits can also be manipulated by enabling writing only to the TOOn bits (TOEOn = 0) that correspond to

the relevant bits of the channel used to perform output (TOON).

Before writing

TOO

TOEO

Figure 7-35 Example of TOOn Bit Collective Manipulation

Data to be written

0 0 0 0 0 0 0 0 | TOO07 | TO06 | TOO5 | TOO4 | TOO3 | TOO2 | TOO1 | TOOO
0 0 1 0 0 0 1 0
0 0 0 0 0 0 0 0 |TOEO7|TOEO6| TOEO5| TOEO4 | TOEO3 | TOEO2 | TOEO1 | TOEOO
0 0 1 0 1 1 1 1
| 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 0 ‘ 0 0 0 1 1

After writing

TOO

ERK

SR

0

0 0 0 0 0 0 0 | TOO7
1

TO06
1

TO05
1

TO04
0

TOO03
0

TOO02
0

TOO1
1

TO00
0

Writing is done only to the TOOnN bit with TOEOn = 0, and writing to the TOOnN bit with TOEOn = 1 is ignored.
TOON (channel output) to which TOEOn = 1 is set is not affected by the write operation. Even if the write operation is

done to the TOON bit, it is ignored and the output change by timer operation is normally done.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)

TOO7

TOO06

TOO05

TO04

TOO03

TO02

TOO01

TOO00

Figure 7-36. TOOn Pin Statuses by Collective Manipulation of TOOn Bit

Two or more TOON output can

Output does not change

Writing to the TOON bit i
ignored when TOEON

i ‘:4—/ be changed simultaneously
: e
| |
s when value does not
i ‘ EH >< change

] E 5

1 i _T=

. e e
A T

Before writing Writing to the TOOnN bit
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7.6.5 Timer interrupt and TOOn pin output at operation start
In the interval timer mode or capture mode, the MDmnO bit in timer mode register mn (TMRmn) sets whether or not to
generate a timer interrupt at count start.
When MDmnO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMmn) generation.
In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.
Figure 7-37 shows operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 7-37. Operation examples of timer interrupt at count operation start and TOOn output

(@) When MDmnO is set to 1

TCRmn M

TEmn I
INTTMmn R M M

TOON [/ | [
Count operation start

(b) When MDmnO is set to 0

TCRmn M

TEmn I

INTTMmn 5 Ik M

TOON : N [
A
Count operation start

When MDmnO is set to 1, a timer interrupt (INTTMmn) is output at count operation start, and TOOn performs a toggle
operation.

When MDmnO is set to 0, a timer interrupt (INTTMmn) is not output at count operation start, and TOOn does not change
either. After counting one cycle, INTTMmn is output and TOOn performs a toggle operation.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.7 Timer Input (TIOn) Control
7.7.1 TIOn input circuit configuration

A signal is input from a timer input pin, goes through a noise filter and an edge detector, and is sent to a timer controller.
Enable the noise filter for the pin in need of noise removal. The following shows the configuration of the input circuit.

Figure 7-38. Input Circuit Configuration

CCSmn
Interrupt signal from master channel— 1
ek ag <
© i | frox
O
35 O
8 ® Timer
i controller
Tlmn pin ——= Noise | Edgg 1
filter detection c
— 5.5
8%
=3
TNFENmn CISmn1, STSmn2 to
CISmn0 STSmnO

7.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fuck) for channel n.
When the noise filter is enabled, after synchronization with the operating clock (fuck) for channel n, whether the signal
keeps the same value for two clock cycles is detected. The following shows differences in waveforms through TI0On input
pin with the noise filter between when the noise filter is enabled and disabled.

Figure 7-39. Sampling Waveforms through TIOn Input Pin with Noise Filter Enabled and Disabled

11 W A

Noise filter disabled

Noise filter enabled \’ \’

""""""""""""""" Operating clock (fmck)
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7.7.3 Cautions on channel input operation

When a timer input pin is set as unused, the operating clock is not supplied to the noise filter. Therefore, after settings
are made to use the timer input pin, the following wait time is necessary before a trigger is specified to enable operation of
the channel corresponding to the timer input pin.

(1) Noise filter is disabled
When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO) in the timer mode register mn (TMRmn) are 0 and then one
of them is set to 1, wait for at least two cycles of the operating clock (fmck), and then set the operation enable

trigger bit in the timer channel start register (TSm).

(2) Noise filter is enabled
When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO) in the timer mode register mn (TMRmn) are all 0 and then
one of them is set to 1, wait for at least four cycles of the operating clock (fuck), and then set the operation enable

trigger bit in the timer channel start register (TSm).
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7.8 Independent Channel Operation Function of Timer Array Unit

7.8.1 Operation as interval timer/square wave output

(1

()

Interval timer
The timer array unit can be used as a reference timer that generates INTTMmn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

| Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1) |

Operation as square wave output

TOON performs a toggle operation as soon as INTTMmn has been generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOOn can be calculated by the following expressions.

| e Period of square wave output from TOOn = Period of count clock x (Set value of TDRmn + 1) x 2 |

| e Frequency of square wave output from TOOn = Frequency of count clock/{(Set value of TDRmn + 1) x 2} |

Timer count register mn (TCRmn) operates as a down counter in the interval timer mode.

The TCRmn register loads the value of timer data register mn (TDRmn) at the first count clock after the channel
start trigger bit (TSmn, TSHm1, TSHmM3) of timer channel start register m (TSm) is set to 1. If the MDmnO bit of
timer mode register mn (TMRmn) is 0 at this time, INTTMmn is not output and TOOn is not toggled. If the MDmnO
bit of the TMRmn register is 1, INTTMmn is output and TOOn is toggled.

Atfter that, the TCRmn register count down in synchronization with the count clock.

When TCRmn = 0000H, INTTMmn is output and TOOn is toggled at the next count clock. At the same time, the
TCRmn register loads the value of the TDRmn register again. After that, the same operation is repeated.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from the
next period.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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Figure 7-40. Block Diagram of Operation as Interval Timer/Square Wave Output

Timer counter
register mn (TCRmn)

1l

C

ie]

cKm1——{ 8
Operation clock® 3
CKmO x
[$)

Rs}

(@]

5

;

TSmn %
£

register mn(TDRmn)

Timer data

Output
controller

© TOON pin

Interrupt
controller

—— Interrupt signal

(INTTMmn)

Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 7-41. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmnO = 1)

TSmn r

TEmn

TCRmn
0000H

TDRmn X b
TOONn |
INTTMmn
a+1 a+1 a+1 b+1 "' b+1 ' b+1
Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0 to 7)
2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)

TCRmn:  Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)

TOON: TOON pin output signal
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Figure 7-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(a) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmn  [cksmn1|CKSmno| ccsmn | MisNote |STSmn2|STSmn1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L1 [ [ [ [ \_'_|

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

| Selection of TImn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmN bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode

| Count clock selection
0: Selects operation clock (fuck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)

Bit n
TOO TOONn 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO0)

Bit n
TOEO | TOEON 0: Stops the TOON output operation by counting operation.
1/0 1: Enables the TOOn output operation by counting operation.

Note TMRm2, TMRm4, TMRmM6: MASTERMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO, TMRm5, TMRm7: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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Figure 7-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLOn 0: Cleared to 0 when TOMOn = 0 (master channel output mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-43. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 to CKm3.

» Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

A\ 4

Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to timer data register mn
(TDRmn).
To use the TOON output The TOON pin goes into Hi-Z output state.
Clears the TOMOn bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the TOLOnN bit to 0.
Sets the TOON bit and determines default level of the
TOON output. The TOON default setting level is output when the port mode
register is in the output mode and the port register is 0.
Sets the TOEON bit to 1 and enables operation of TOOn. % TOO0n does not change because channel stops operating.
Clears the port register and port mode register to 0.— The TOOn pin outputs the TOOnN set level.
Operation | (Sets the TOEON bit to 1 only if using TOON output and
start resuming operation.).
Sets the TSmn (TSHmM1, TSHmM3) bitto 1.———————————®»TEmn (TEHm1, TEHmM3) = 1, and count operation starts.
The TSmn (TSHm1, TSHmM3) bit automatically returns Value of the TDRmn register is loaded to timer count
to 0 because it is a trigger bit. register mn (TCRmn). INTTMmn is generated and TOOn
performs toggle operation if the MDmnO bit of the TMRmn
register is 1.
During Set values of the TMRmn register, TOMOn, and TOLOn Counter (TCRmn) counts down. When count value reaches
operation | bits cannot be changed. 0000H, the value of the TDRmn register is loaded to the
Set value of the TDRmn register can be changed. TCRmn register again and the count operation is continued.
The TCRmn register can always be read. By detecting TCRmn = 0000H, INTTMmn is generated and
The TSRmn register is not used. TOON performs toggle operation.
Set values of the TOO and TOEO registers can be After that, the above operation is repeated.
changed.
Operation | The TTmn (TTHmM1, TTHmM3) bit is setto 1. ————————®TEmn (TEHm1, TEHmM3), and count operation stops.
stop The TTmn (TTHmM1, TTHM3) bit automatically returns The TCRmn register holds count value and stops.

to 0 because it is a trigger bit.

The TOEON bit is cleared to 0 and value is set to the TOOn bit. —» The TOON pin outputs the TOON bit set level.

The TOmn output is not initialized but holds current status.

(Remark is listed on the next page.)
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Figure 7-43. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status
TAU To hold the TOOnN pin output level
stop Clears the TOOnN bit to 0 after the value to
be held is set to the port register. ———— > The TOON pin output level is held by port function.

When holding the TOOn pin output level is not necessary
Setting not required.

The TAUMEN bit of the PERO register is cleared to 0. —P Power-off status
All circuits are initialized and SFR of each channel is also

initialized.
(The TOON bit is cleared to 0 and the TOON pin is set to
port mode.)
Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.8.2 Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input edge
(external event) is detected in the TImn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRmn + 1 |

Timer count register mn (TCRmn) operates as a down counter in the event counter mode.

The TCRmn register loads the value of timer data register mn (TDRmn) by setting any channel start trigger bit (TSmn)
of timer channel start register m (TSm) to 1.

The TCRmn register counts down each time the valid input edge of the TImn pin has been detected. When TCRmn =
0000H, the TCRmn register loads the value of the TDRmn register again, and outputs INTTMmn.

After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOOn pin. Stop the output by setting the
TOEON bit of timer output enable register 0 (TOEO) to 0.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during the next

count period.

Figure 7-44. Block Diagram of Operation as External Event Counter

TNFENOn
| g
: 8
TIOn pin ©— Noise | | Edge 3 Timer counter
filter detection X .
g —=| register mn (TCRmn)
O
: 1l
3 Timer data Interrupt © Interrupt signal
TS i
mn & register mn (TDRmn) controller (INTTMmn)
£
Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-45. Example of Basic Timing of Operation as External Event Counter

TSmn

TEmn

Timn

L3 3
TCRmn 2 1 2 1 2 1 2 1
OOOOH// 0 // 0 // 0 :>
TDRmn 0003H X 0002H
INTTMmn
4 events 4 events 3 events

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0 to 7)
2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)

RO1UHO0515EJ0130 Rev.1.30 R NS 220
Mar 16, 2018 ENES



RL78/G1D CHAPTER 7 TIMER ARRAY UNIT

Figure 7-46. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmnN  [ckSmn1/CKSmnO| ccsmn | MisNote |STSmn2|STSmn1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0
L1 [ I [

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.

| Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmN bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode

| Count clock selection
1: Selects the TImn pin input valid edge.

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0

Note TMRm2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-46. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLOn 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-47. Operation Procedure When External Event Counter Function Is Used
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO to CKm3.

» Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Sets number of counts to timer data register mn
(TDRmn).
Clears the TOEON bit of timer output enable register 0
(TOEOQ) to O.
Operation | Sets the TSmn bit to 1. TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Value of the TDRmn register is loaded to timer count
trigger bit. register mn (TCRmn) and detection of the TImn pin
input edge is awaited.
During Set value of the TDRmn register can be changed. Counter (TCRmn) counts down each time input edge of
operation | The TCRmn register can always be read. the TImn pin has been detected. When count value
The TSRmn register is not used. reaches 0000H, the value of the TDRmn register is loaded
Set values of the TMRmn register, TOMOn, TOLOn, to the TCRmn register again, and the count operation is
TOON, and TOEON bits cannot be changed. continued. By detecting TCRmn = 0000H, the INTTMmn
output is generated.
After that, the above operation is repeated.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
trigger bit.
TAU The TAUmEN bit of the PERO register is cleared to 0. —®»Power-off status
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.8.3 Operation as frequency divider (channel 0 of unit 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TI00 pin and outputs the result
from the TOO0O pin.

The divided clock frequency output from TOO0O can be calculated by the following expression.

e When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
e \When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

Timer count register 00 (TCRO00) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS00) of timer channel start register 0 (TS0) is set to 1, the TCROO register loads the
value of timer data register 00 (TDR0O0) when the TI00 valid edge is detected.

If the MDOOO bit of timer mode register 00 (TMROO) is 0 at this time, INTTMOO is not output and TOOO is not toggled. If
the MDO0OO bit of timer mode register 00 (TMRO00) is 1, INTTMOO is output and TOOO is toggled.

After that, the TCROO register counts down at the valid edge of the TI00 pin. When TCROO0 = 0000H, it toggles TOQO.
At the same time, the TCROO register loads the value of the TDROO register again, and continues counting.

If detection of both the edges of the TI00 pin is selected, the duty factor error of the input clock affects the divided clock
period of the TOO0O0 output.

The period of the TO0O output clock includes a sampling error of one period of the operation clock.

Clock period of TO00 output = Ideal TO0O0 output clock period + Operation clock period (error) |

The TDROO register can be rewritten at any time. The new value of the TDROO register becomes valid during the next

count period.

Figure 7-48. Block Diagram of Operation as Frequency Divider

TNFENOO
S
8
. Noise Edge o} -
TI00 pin ©—+{ _ 8 Timer counter Output .
filter detection § | register 00 (TCR0O) controller ©) TO00 pin

O

5 /T

% Timer data

TS00 % register 00 (TDROO)
g
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Figure 7-49. Example of Basic Timing of Operation as Frequency Divider (MD000 = 1)

TS00
TECD |
moo UHUUUL LU UUU YUY
2 2 2
1 1 1 1 1 1 1
% " lo] 1ol | Lo ToRToR oo
J ) )
TDROO 0002H X 0001H
TO00
INTTMOO | |
<~—— Divided — <—Divided—

by 6 by 4

Remark TSO00: Bit n of timer channel start register 0 (TSO0)
TEOO:  Bit n of timer channel enable status register 0 (TEQ)
TI0O0: TI0O0 pin input signal
TCRO0O0: Timer count register 00 (TCRO0O0)
TDROO: Timer data register 00 (TDROO)
TOO00: TOO0O pin output signal
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Figure 7-50. Example of Set Contents of Registers During Operation as Frequency Divider

(@) Timer mode register 00 (TMRO00)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROO  |ckson1|cksono CCS00 STS002 |STS001[STS000| CIS001 | CISO00 MD003 | MDO002 | MD0O01 | MD000
1/0 0 0 1 0 0 0 0 10 | 1/0 0 0 0 0 0 1/0

L [ [ [ [ \_'_l

Operation mode of channel 0

000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOO nor inverts
timer output when counting is started.
1: Generates INTTMOO and inverts timer
output when counting is started.

L__Selection of TIOO pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|__Start trigger selection
000B: Selects only software start.

L__Count clock selection
1: Selects the TI00 pin input valid edge.

| Operation clock (fuck) selection
00B: Selects CK0O0 as operation clock of channel 0.
10B: Selects CK01 as operation clock of channel 0.

(b) Timer output register 0 (TOO0)

Bit 0
TOO TO00 0: Outputs 0 from TOO00.
1/0 1: Outputs 1 from TOOQO.

(c) Timer output enable register 0 (TOEO0)

Bit 0
TOEO | TOEOO0 0: Stops the TO00 output operation by counting operation.
1/0 1: Enables the TO0O0 output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit 0

TOLO TOLOO 0: Cleared to 0 when master channel output mode (TOMOO = 0)
0

(e) Timer output mode register 0 (TOMO)

Bit 0
TOMO | ToMO0 0: Sets master channel output mode.
0
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Figure 7-51. Operation Procedure When

Frequency Divider Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 to CKO03.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default registers 1, 2 (NFEN1, NFEN2) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMROnN) (determines
operation mode of channel and selects the detection
edge).
Sets interval (period) value to timer data register 00
(TDROO).
Clears the TOMOO bit of timer output mode register 0 The TOO0O pin goes into Hi-Z output state.
(TOMO) to 0 (master channel output mode).
Clears the TOLOO bit to 0.
Sets the TOO0O bit and determines default level of the
TOOO output. The TOO0O default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets the TOEOQO bit to 1 and enables operation of TO00.—»TO00 does not change because channel stops operating.
Clears the port register and port mode register to 0. —® The TO00 pin outputs the TOOO set level.
Operation | Sets the TOEOQO bit to 1 (only when operation is
start resumed). TEOO = 1, and count operation starts.
Sets the TSO00 bit to 1. Value of the TDROO register is loaded to timer count
The TSO00 bit automatically returns to 0 because it is a register 00 (TCROO0). INTTMOO is generated and TO00
trigger bit. performs toggle operation if the MDOOO bit of the TMROO
register is 1.
During Set value of the TDROO register can be changed. Counter (TCRO00) counts down. When count value reaches
operation | The TCROO register can always be read. 0000H, the value of the TDROO register is loaded to the
The TSROO register is not used. TCROO register again, and the count operation is continued.
Set values of the TO0 and TOEQO registers can be By detecting TCR0O = 0000H, INTTMOO is generated and
changed. TOO0O0 performs toggle operation.
Set values of the TMROO register, TOMO0O, and TOLOO After that, the above operation is repeated.
bits cannot be changed.
Operation | The TTOO bit is set to 1. » TEOO = 0, and count operation stops.
stop The TTOO bit automatically returns to 0 because itis a The TCROO register holds count value and stops.
trigger bit. The TOOO output is not initialized but holds current status.
The TOEOQO bit is cleared to 0 and value is set to the TO00 bit.—# The TOO0O0 pin outputs the TOOO set level.
TAU To hold the TO0O pin output level
stop Clears the TOOO bit to 0 after the value to be held is

set to the port register.
When holding the TOO0O pin output level is not
necessary

Setting not required.

The TAUOEN bit of the PERO register is cleared to 0.—H

B The TOOO pin output level is held by port function.

> Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOOO bit is cleared to 0 and the TO0O pin is set to
port mode).
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7.8.4 Operation as input pulse interval measurement

The count value can be captured at the TImn valid edge and the interval of the pulse input to TImn can be measured.
In addition, the count value can be captured by using software operation (TSmn = 1) as a capture trigger while the TEmn
bit is set to 1.

The pulse interval can be calculated by the following expression.

TImn input pulse interval = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1)) |

Caution The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error of up to one operating clock cycle occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TCRmn register counts
up from 0000H in synchronization with the count clock.

When the TImn pin input valid edge is detected, the count value of the TCRmn register is transferred (captured) to
timer data register mn (TDRmn) and, at the same time, the TCRmn register is cleared to 0000H, and the INTTMmn is
output. If the counter overflows at this time, the OVF bit of timer status register mn (TSRmn) is set to 1. If the counter
does not overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Set the STSmn2 to STSmnO bits of the TMRmn register to 001B to use the valid edges of TImn as a start trigger and a
capture trigger.

Figure 7-52. Block Diagram of Operation as Input Pulse Interval Measurement

S
CKm1—| 8
Operation clock N ) Timer counter
CKmQ ——» 'é —»| register mn (TCRmn)
O
TNFENON
in © Noise | | Edge 8
TlOn pin filter detection -g Timer data Interrupt .
register mn (TDRmn) controller [ Interrupt signal
TSmn B (INTTMmn)
s
Note When channels 1 and 3, the clock can be selected from CKmO0, CKm1, CKm2 and CKm3.
Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-53. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDmnO = 0)

TSmn

TEmn

TIimn "

FFFFH

TCRmn a
0000H

TDRmn 0000H X a b c d

INTTMmn | I

OVF

Remark 1. m: Unit number (m = 0)n: Channel number (n =0 to 7)
2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF: Bit 0 of timer status register mn (TSRmn)
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Figure 7-54. Example of Set Contents of Registers to Measure Input Pulse Interval

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmnN  [cksmn1/CKSmn0| ccsmn | MisNOt |STSmN2|STSmn1|STSmnO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L | I [ I [ I_|_I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMmn when
counting is started.
1: Generates INTTMmn when counting is
started.

|__Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L Capture trigger selection
001B: Selects the TImn pin input valid edge.

L Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fmck).

L___Operation clock (fuck) selection

00B: Selects CKmO0 as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | ToLon 0: Cleared to 0 when TOMOnN = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Note TMRm2, TMRm4, TMRmM6: MASTERMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO, TMRm5, TMRm7: Fixed to O
Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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Figure 7-55. Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation

Hardware Status

>

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, emabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Operation | Sets TSmn bit to 1. TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Timer count register mn (TCRmn) is cleared to 0000H.
trigger bit. When the MDmnO bit of the TMRmn register is 1,
INTTMmn is generated.
During Set values of only the CISmn1 and CISmnO bits of the Counter (TCRmn) counts up from 0000H. When the valid
operation | TMRmn register can be changed. edge of the TImn pin input is detected or the TSmn bit is
The TDRmn register can always be read. set to 1, the count value is transferred (captured) to timer
The TCRmn register can always be read. data register mn (TDRmn). At the same time, the TCRmn
The TSRmn register can always be read. register is cleared to 0000H, and the INTTMmn signal is
Set values of the TOMOn, TOLOn, TOON, and TOEON bits | generated.
cannot be changed. If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does not
occur, the OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
trigger bit. The OVF bit of the TSRmn register is also held.
TAU The TAUmMEN bit of the PERO register is cleared to 0.—®Power-off status
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.8.5 Operation as input signal high-/low-level width measurement

By starting counting at one edge of the TImn pin input and capturing the number of counts at another edge, the signal
width (high-level width/low-level width) of TImn can be measured. The signal width of TImn can be calculated by the
following expression.

| Signal width of TImn input = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1)) |

Caution The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error equivalent to one operation clock occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TEmn bit is set to 1
and the TImn pin start edge detection wait status is set.

When the TImn pin input start edge (rising edge of the TImn pin input when the high-level width is to be measured) is
detected, the counter counts up from 0000H in synchronization with the count clock. When the valid capture edge (falling
edge of the TImn pin input when the high-level width is to be measured) is detected later, the count value is transferred to
timer data register mn (TDRmn) and, at the same time, INTTMmn is output. If the counter overflows at this time, the OVF
bit of timer status register mn (TSRmn) is set to 1. If the counter does not overflow, the OVF bit is cleared. The TCRmn
register stops at the value “value transferred to the TDRmn register + 1”7, and the TImn pin start edge detection wait status
is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Whether the high-level width or low-level width of the TImn pin is to be measured can be selected by using the CISmn1
and CISmnO bits of the TMRmn register.

Because this function is used to measure the signal width of the TImn pin input, the TSmn bit cannot be set to 1 while
the TEmn bit is 1.

CISmn1, CISmn0 of TMRmn register = 10B: Low-level width is measured.
CISmn1, CISmn0 of TMRmn register = 11B: High-level width is measured.
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Figure 7-56. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

Operation clock N

TNFENmMn

Timn pin ©—

Noise
filter

c
ke
CKmf1 o
Q .
g Timer counter
CKmoO g —+| register mn (TCRmn)
O
5 \l
Edge % Timer data Interrupt Interrupt signal
: register mn (TDRmn [~ !nerrupt si
detection & g ( ) controller (INTTMmn)
£

Note For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 7-57. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TCRmn _— /\’/ b Cf

TSmn

TEmn

TImn

FFFFH

I~

TDRmn 0000H a b c

INTTMmn I

OVF

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0 to 7)

2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF: Bit 0 of timer status register mn (TSRmn)
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Figure 7-58. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmnN  [ckSmn1|CKSmno ccsmn | MisNote |STSmN2|STSmn1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0
L | | [ [ [ L1 |

Operation mode of channel n
110B: Capture & one-count

Setting of operation when counting is started
0: Does not generate INTTMmn when
counting is started.

L Selection of TImn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

| Start trigger selection
010B: Selects the TImn pin input valid edge.

L__Setting of MASTERmMnN bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
1: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fuck).

| Operation clock (fuck) selection

00B: Selects CKmO0 as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | ToLon 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Note TMRm2, TMRm4, TMRmM6: MASTERMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO, TMRm5, TMRm7: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Operation is resumed.
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Figure 7-59. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1: Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Clears the TOEON bit to 0 and stops operation of TOOnN.
Operation | Sets the TSmn bit to 1. » TEmn = 1, and the TImn pin start edge detection wait
start The TSmn bit automatically returns to O because itis a | status is set.
trigger bit.
Detects the TImn pin input count start valid edge. —® Clears timer count register mn (TCRmn) to 0000H and
starts counting up.
During Set value of the TDRmn register can be changed. When the TImn pin start edge is detected, the counter
operation | The TCRmn register can always be read. (TCRmn) counts up from 0000H. If a capture edge of the
The TSRmn register is not used. TImn pin is detected, the count value is transferred to
Set values of the TMRmn register, TOMOn, TOLOn, timer data register mn (TDRmn) and INTTMmn is
TOON, and TOEON bits cannot be changed. generated.
If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does not
occur, the OVF bit is cleared. The TCRmn register stops
the count operation until the next TImn pin start edge is
detected.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
trigger bit. The OVF bit of the TSRmn register is also held.
TAU The TAUMEN bit of the PERO register is cleared to 0-—® Power-off status
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.8.6 Operation as delay counter

It is possible to start counting down when the valid edge of the TImn pin input is detected (an external event), and then
generate INTTMmn (a timer interrupt) after any specified interval.

It is also possible to start counting down and generate INTTMmn (timer interrupt) at any interval by setting TSmn to 1
by software while TEmn = 1.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1) |

Timer count register mn (TCRmn) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSmn, TSHm1, TSHm3) of timer channel start register m (TSm) is set to 1, the
TEmn, TEHmM1, TEHm3 bits are set to 1 and the TImn pin input valid edge detection wait status is set.

Timer count register mn (TCRmn) starts operating upon TImn pin input valid edge detection and loads the value of
timer data register mn (TDRmn). The TCRmn register counts down from the value of the TDRmn register it has loaded, in
synchronization with the count clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next TImn
pin input valid edge is detected.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from the next

period.
Figure 7-60. Block Diagram of Operation as Delay Counter
c
S
: Note m1 i%
Operation clock ) Timer counter
CKmO g —«| register mn (TCRmn)
o =
TSmn 5 T
TNFENmn 8 Ti dat Int t signal
| 3 ~ Timer data Interrunt nterrupt signa
_ Noise Edge % register mn (TDRmn) controll‘()er ~ (INTTMmn)
Timn pin @ filter detection| E

Note For using channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-61. Example of Basic Timing of Operation as Delay Counter

TSmn _ﬂ

TEmn |
TImn
FFFFH
TCRmn
0000H
TDRmn a X b
INTTMmn ]
a+1 T b+

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0 to 7)
2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
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Figure 7-62. Example of Set Contents of Registers to Delay Counter (1/2)

(a) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmn  [ckSmn1|CKSmno ccsmn | M/s Note |STSmn2|STSmn1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 | 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 1/0
L | [ [ 1

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.
1: Trigger input is valid.

L__Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|__Start trigger selection
001B: Selects the TImn pin input valid edge.

L—Setting of MASTERmN bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode.

L__Count clock selection
0: Selects operation clock (fuck).

L Operation clock (fmck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0

Note TMRm2, TMRm4, TMRmM6: MASTERMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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Figure 7-62. Example of Set Contents of Registers to Delay Counter (2/2)

(d) Timer output level register 0 (TOLO)

Bit n

TOLO

TOLONn
0

0: Cleared to 0 when TOMOn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO

TOMOn
0

0: Sets master channel output mode.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 7-63. Operation Procedure Whe

n Delay Counter Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1: Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
INTTMmn output delay is set to timer data register mn
(TDRmn).
Clears the TOEON bit to 0 and stops operation of TOOnN.
Operation | Sets the TSmn bit to 1. » TEmn = 1, and the start trigger detection (the valid edge
start The TSmn bit automatically returns to 0 because itis a | of the TImn pin input is detected or the TSmn bit is set to
trigger bit. 1) wait status is set.
The counter starts counting down —®Value of the TDRmn register is loaded to the timer count
by the next start trigger detection. register mn (TCRmn).
e Detects the TImn pin input valid edge.
e Sets the TSmn bit to 1 by the software.
During Set value of the TDRmn register can be changed. The counter (TCRmn) counts down. When the count
operation | The TCRmn register can always be read. value of TCRmn reaches 0000H, the INTTMmn output is
The TSRmn register is not used. generated, and the count operation stops until the next
start trigger detection (the valid edge of the TImn pin input
is detected or the TSmn bit is set to 1).
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
trigger bit.
TAU The TAUmEN bit of the PERO register is cleared to 0. —® Power-off status
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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7.9 Simultaneous Channel Operation Function of Timer Array Unit

7.9.1 Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal input
to the TIimn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRmn (master) + 2} x Count clock period
Pulse width = {Set value of TDRmp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer count register mn (TCRmn) of the
master channel starts operating upon start trigger detection and loads the value of timer data register mn (TDRmn).

The TCRmn register counts down from the value of the TDRmn register it has loaded, in synchronization with the count
clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCRmp register of the slave
channel starts operation using INTTMmn of the master channel as a start trigger, and loads the value of the TDRmp
register. The TCRmp register counts down from the value of The TDRmp register it has loaded, in synchronization with
the count value. When count value = 0000H, it outputs INTTMmp and stops counting until the next start trigger (INTTMmn
of the master channel) is detected. The output level of TOOp becomes active one count clock after generation of
INTTMmn from the master channel, and inactive when TCRmp = 0000H.

Instead of using the TImn pin input, a one-shot pulse can also be output using the software operation (TSmn = 1) as a
start trigger.

Caution The timing of loading of timer data register mn (TDRmn) of the master channel is different from that of
the TDRmp register of the slave channel. If the TDRmn and TDRmp registers are rewritten during
operation, therefore, an illegal waveform is output. Rewrite the TDRmn register after INTTMmn is
generated and the TDRmp register after INTTMmp is generated.

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n <p <7)
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Figure 7-64. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

[
k)
. CKm1 8
Operation clock [ Timer counter
CKmO g register mn (TCRmn)
O
5
TNFENON TSmn o
{ B ; Timer data Interrupt Interrupt signal
. Noise | | Edge register mn (TDRmn) controller N
Tion pin © filter detection E% (INTTMmn)
Slave channel
(one-count mode)
S
Operation clock crom g
peration cloc ) Timer counter Out
put .
CKmO g register mp (TCRmp) controller © TOmp pin
O
5
8 ,
B Timer data Interrupt | Interrupt signal
register mp (TDRm
% g p( p) controller (INTTMmp)
£
Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n < p <7)
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Figure 7-65. Example of Basic Timing of Operation as One-Shot Pulse Output Function

TSmn J

TEmn _|

TImn

Master

FFFFH
channel

TCRmn
0000H

TDRmn a

TOON

INTTMmn ]

TSmp J-l

TEmp _|

FFFFH

TCRmp \
Slave 0000H

channel } ) }
TDRmp b

TOOp

INTTMmp I

a+2 b a+2 b

Remarks 1. m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)

p: Slave channel number (n < p <7)

2. TSmn, TSmp: Bit n, p of timer channel start register m (TSm)
TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)
TImn, TImp: TImn and TImp pins input signal
TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOON, TOOp:TOON and TOOp pins output signal
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Figure 7-66. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Master Channel)

(@) Timer mode register mn (TMRmn)

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

MAS
TMRmMN  [cksmn1/cksSmno CCSmn TERmN STSmn2|STSmn1|STSmn0| CISmn1|CISmn0 MDmn3 | MDmn2 [ MDmn1 [ MDmnO

1/0 0 0 0 ANote | 0 0 1 10 | 1/0 0 0 1 0 0 0

L | | [ I |_|_|

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|__Start trigger selection
001B: Selects the TImn pin input valid edge.

L__Setting of MASTERmN bit (channels 2, 4, 6)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channels n.
10B: Selects CKm1 as operation clock of channels n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | ToLon 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Note TMRmM2, TMRm4, TMRmM6: MASTERmMN =1
TMRmMO: Fixed to 0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 7-67. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Slave Channel)

(a) Timer mode register mp (TMRmp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMp  |ckSmp1/CKSmpO) cCSmp [ Mrs Note [STSmp2(STSMp1|STSMPO| CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

L | I [ ] L[

Operation mode of channel p
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TImp pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMmn of master channel.

L—Setting of MASTERmN bit (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITmn bit (channels 1, 3)
1: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fmck).

L__Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit p
TOO TOOp 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO0)

Bit p
TOEO |TOEOP 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO | ToMmop 1: Sets the slave channel output mode.
1

Note TMRm2, TMRm4, TMRm6: MASTERmN bit
TMRm1, TMRm3: SPLITmp bit
TMRmM5, TMRm7: Fixed to O

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n <p <7)
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Figure 7-68. Operation Procedure of One-Shot Pulse Output Function (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUmMEN bit of peripheral enable registers 0

(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO and CKm1.

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets the corresponding bit of noisefilter enable register 1
(NFEN1) to 1.

Sets timer mode register mn, mp (TMRmn, TMRmp) of
two channels to be used (determines operation mode of
channels).

An output delay is set to timer data register mn (TDRmn)
of the master channel, and a pulse width is set to the
TDRmp register of the slave channel.

Sets slave channel.
The TOMOp bit of timer output mode register 0 (TOMO)
is set to 1 (slave channel output mode).
Sets the TOLOp bit.
Sets the TOOp bit and determines default level of the
TOOp output.

Clears the port register and port mode register to 0.

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOOp pin goes into Hi-Z output state.

» The TOOp default setting level is output when the port

mode register is in output mode and the port register is 0.

The TOOp pin outputs the TOOp set level.

Sets the TOEOp bit to 1 and enables operation of TOOp;; TOOp does not change because channel stops operating.

(Remark is listed on the next page.)
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Operation is resumed.
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Figure 7-68. Operation Procedure of One-Shot Pulse Output Function (2/2)
Software Operation Hardware Status
| Operation | Sets the TOEOp bit (slave) to 1 (only when operation is
start resumed).
The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same
time. The TEmn and TEmp bits are set to 1 and the master
The TSmn and TSmp bits automatically return to 0 channel enters the start trigger detection (the valid edge of
because they are trigger bits. the Tlmn pin input is detected or the TSmn bit of the
master channel is set to 1) wait status.
Counter stops operating.
Count operation of the master channel is started by start | Master channel starts counting.
trigger detection of the master channel.
e Detects the TImn pin input valid edge.
e Sets the TSmn bit of the master channel to 1 by
software Nete,
Note Do not set the TSmn bit of the slave channel to 1.
During Set values of only the CISmn1 and CISmnO bits of the Master channel loads the value of the TDRmn register to
operation | TMRmn register can be changed. timer count register mn (TCRmn) by the start trigger
Set values of the TMRmp, TDRmn, TDRmp registers, detection (the valid edge of the TImn pin input is detected
TOMON, TOMOp, TOLON, and TOLOp bits cannot be or the TSmn bit of the master channel is set to 1), and the
changed. counter starts counting down. When the count value
The TCRmn and TCRmp registers can always be read. reaches TCRmn = 0000H, the INTTMmn output is
The TSRmn and TSRmp registers are not used. generated, and the counter stops until the next start trigger
Set values of the TOO and TOEQO registers by slave detection.
channel can be changed. The slave channel, triggered by INTTMmn of the master
channel, loads the value of the TDRmp register to the
TCRmp register, and the counter starts counting down.
The output level of TOOp becomes active one count clock
|| after generation of INTTMmn from the master channel. It
becomes inactive when TCRmp = 0000H, and the
counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
stop the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to 0 The TCRmn and TCRmp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status
The TOEOp bit of slave channel is cleared to 0 and value
is set to the TOOp bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to 0 after the value to

be held is set to the port register. ——————————————
When holding the TOOp pin output level is not
necessary
Setting not required.

The TAUmEN bit of the PERO register is cleared to 0—H»

pThe TOOp pin output level is held by port function.

P Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp bit is cleared to 0 and the TOOp pin is set to
port mode.)

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)

p: Slave channel number (n<p <7)
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7.9.2 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDRmp (slave)}/{Set value of TDRmn (master) + 1} x 100
0% output:  Set value of TDRmp (slave) = 0000H

100% output: Set value of TDRmp (slave) = {Set value of TDRmn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDRmp (slave) > (set value of TDRmn (master) + 1), it
summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSmn) of timer channel start
register m (TSm) is set to 1, an interrupt (INTTMmn) is output, the value set to timer data register mn (TDRmn) is loaded
to timer count register mn (TCRmn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMmn is output, the value of the TDRmn register is loaded again to the TCRmn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTmn) of timer channel stop
register m (TTm) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H is the
PWM output (TOOp) cycle.

The slave channel operates in one-count mode. By using INTTMmn from the master channel as a start trigger, the
TCRmp register loads the value of the TDRmp register and the counter counts down to 0000H. When the counter
reaches 0000H, it outputs INTTMmp and waits until the next start trigger (INTTMmn from the master channel) is generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is the
PWM output (TOOp) duty.

PWM output (TOOp) goes to the active level one clock after the master channel generates INTTMmn and goes to the
inactive level when the TCRmp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel, a write access is necessary two times. The timing at which the values of the TDRmn
and TDRmp registers are loaded to the TCRmn and TCRmp registers is upon occurrence of
INTTMmn of the master channel. Thus, when rewriting is performed split before and after
occurrence of INTTMmn of the master channel, the TOOp pin cannot output the expected waveform.
To rewrite both the TDRmn register of the master and the TDRmp register of the slave, therefore, be
sure to rewrite both the registers immediately after INTTMmn is generated from the master channel.

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 7-69. Block Diagram of Operation as PWM Function

Master channel

(interval timer mode) c
, CKm1 8
Operation clock 2 Timer counter
CKmO $ —=| register mn (TCRmn)
@)
5 ?
3 .
‘s 7 Timer data Interrupt Interrupt signal
mn register mn (TDRmn
& g ( ) controller (INTTMrmn)
=
'_
Slave channel
(one-count mode)
S
5 g [CRm 8
peration cloc 3 Timer counter 0
. utput :
CKmO E —| register mp (TCRmp) controller ©T00p pin
(@)
5 /T
3 .
3 Timer data Interrupt 1 _ | ierrupt signal
register mp (TDRm
& g p( P) controller (INTTMmp)
€

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 7-70. Example of Basic Timing of Operation as PWM Function

Master
channel

Slave
channel

Remark 1. m: Unit number (m = 0), n: Master channel number (n = 0, 2, 4, 6)

TSmn

TEmn

TCRmn

TDRmn

TOON

INTTMmn

TSmp

TEmp

TCRmp

TDRmp

TOOp

INTTMmp

FFFFH

0000H

N

N_| ]

a X b
{ I
]
—|
0000H D
) ) )
c X d
|
a+1 a+1 b+1
<1 <1 7T

p: Slave channel number (n <p <7)

2. TSmn, TSmp: Bit n, p of timer channel start register m (TSm)

TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)

TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOON, TOOp: TOON and TOOp pins output signal
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Figure 7-71. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAS
TMRmnN  [cksmn1|cKSmnO| CCSmn TERmn STSmn2|STSmn1|STSmMn0| CISmn1|CISmn0 MDmn3 | MDmn2 | MDmn1 [ MDmnO

1/0 0 0 0 1 et 0 0 0 0 0 0 0 0 0 0 1

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMmn when counting is
started.

L__Selection of TImn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Setting of the MASTERmMN bit (channels 2, 4, 6)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fmck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO0)
Bit n

TOEO | TOEONn 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | ToLon 0: Cleared to 0 when TOMOnN = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomon 0: Sets master channel output mode.
0

Note TMRm2, TMRm4, TMRmM6: MASTERmMnN =1
TMRmO: Fixed to 0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 7-72. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(a) Timer mode register mp (TMRmp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmp  [ckSmp1|CKSmpO) cCSmp [ Mrs Note [STSmp2(STSMp1|STSMPO| CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmp0
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

] T T [ I —

Operation mode of channel p
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TImp pin input edge
00B: Sets 00B because these are not used.

|__Start trigger selection
100B: Selects INTTMmn of master channel.

L__Setting of MASTERmMnN bit (channels 2, 4, 6)
0: Slave channel
Setting of SPLITmp bit (channels 1, 3)
0: 16-bit timer mode

L__Count clock selection
0: Selects operation clock (fuck).

|__Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel p.

10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit p
TOO TOOp 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO)

Bit p
TOEO | TOEOpP 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO | TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO | ToMOp 1: Sets the slave channel output mode.
1

Note TMRmM2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmp bit
TMRm5, TMRm7: Fixed to O

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n <p <7)
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Figure 7-73. Operation Procedure When PWM Function Is Used (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO and CKm1.

Channel | Sets timer mode registers mn, mp (TMRmn, TMRmp) of | Channel stops operating.

default two channels to be used (determines operation mode of | (Clock is supplied and some power is consumed.)
setting channels).

An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp register of the slave channel.

Sets slave channel. The TOOp pin goes into Hi-Z output state.
The TOMOp bit of timer output mode register m
(TOMO) is set to 1 (slave channel output mode).
Sets the TOLOp bit.

Sets the TOOp bit and determines default level of the
TOOp output. The TOOp default setting level is output when the port

mode register is in output mode and the port register is 0.

Sets the TOEOp bit to 1 and enables operation of TOOp. —® TOOp does not change because channel stops operating.

Clears the port register and port mode register to 0.4'[' The TOOp pin outputs the TOOp set level.

(Remark is listed on the next page.)
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Operation is resumed.
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Figure 7-73. Operation Procedure When PWM Function Is Used (2/2)

Software Operation

Hardware Status

Operation | Sets the TOEOp bit (slave) to 1 (only when operation is
start resumed).

The TSmn (master) and TSmp (slave) bits of timer

channel start register m (TSm) are set to 1 at the same | TEmn =1, TEmp = 1

time. » When the master channel starts counting, INTTMmn is

The TSmn and TSmp bits automatically return to 0 generated. Triggered by this interrupt, the slave
because they are trigger bits. channel also starts counting.
During Set values of the TMRmn and TMRmp registers, TOMOn, | The counter of the master channel loads the TDRmn
operation | TOMOp, TOLOn, and TOLOp bits cannot be changed. register value to timer count register mn (TCRmn), and

Set values of the TDRmn and TDRmp registers can be counts down. When the count value reaches TCRmn =

changed after INTTMmn of the master channel is 0000H, INTTMmn output is generated. At the same time,

generated. the value of the TDRmn register is loaded to the TCRmn

The TCRmn and TCRmp registers can always be read. register, and the counter starts counting down again.

The TSRmn and TSRmp registers are not used. At the slave channel, the value of the TDRmp register is
loaded to the TCRmp register, triggered by INTTMmn of
the master channel, and the counter starts counting down.
The output level of TOOp becomes active one count clock
after generation of the INTTMmn output from the master
channel. It becomes inactive when TCRmp = 0000H, and
the counting operation is stopped.

After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
stop the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to 0 The TCRmn and TCRmp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status.
The TOEOp bit of slave channel is cleared to 0 and value
is set to the TOOp bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to 0 after the value to ———®The TOOp pin output level is held by port function.

be held is set to the port register.
When holding the TOOp pin output level is not
necessary
Setting not required.

The TAUmEN bit of the PERO register is cleared to 0. — ¥ Power-off status

All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp bit is cleared to 0 and the TOOp pin is set to

port mode.)

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)

p: Slave channel number (n<p <7)

RO1UH0515EJ0130 Rev.1.30
Mar 16, 2018

RENESAS

254



RL78/G1D CHAPTER 7 TIMER ARRAY UNIT

7.9.3 Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty values
can be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by the
following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDRmp (slave 1)}/{Set value of TDRmn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDRmq (slave 2)}/{Set value of TDRmn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDRmp (slave 1) > {set value of TDRmn
(master) + 1} or if the {set value of TDRmq (slave 2)} > {set value of TDRmn (master) + 1}, it is
summarized into 100% output.

Timer count register mn (TCRmn) of the master channel operates in the interval timer mode and counts the periods.

The TCRmp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM
waveform from the TOOp pin. The TCRmp register loads the value of timer data register mp (TDRmp), using INTTMmn of
the master channel as a start trigger, and starts counting down. When TCRmp = 0000H, TCRmp outputs INTTMmp and
stops counting until the next start trigger (INTTMmn of the master channel) has been input. The output level of TOmp
becomes active one count clock after generation of INTTMmn from the master channel, and inactive when TCRmp =
0000H.

In the same way as the TCRmp register of the slave channel 1, the TCRmq register of the slave channel 2 operates in
one-count mode, counts the duty factor, and outputs a PWM waveform from the TOmq pin. The TCRmq register loads the
value of the TDRmq register, using INTTMmn of the master channel as a start trigger, and starts counting down. When
TCRmq = 0000H, the TCRmq register outputs INTTMmq and stops counting until the next start trigger (INTTMmn of the
master channel) has been input. The output level of TO0q becomes active one count clock after generation of INTTMmn
from the master channel, and inactive when TCRmq = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the same
time.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel 1, write access is necessary at least twice. Since the values of the TDRmn and TDRmp
registers are loaded to the TCRmn and TCRmp registers after INTTMmn is generated from the master
channel, if rewriting is performed separately before and after generation of INTTMmn from the master
channel, the TOOp pin cannot output the expected waveform. To rewrite both the TDRmn register of
the master and the TDRmp register of the slave, be sure to rewrite both the registers immediately
after INTTMmn is generated from the master channel (This applies also to the TDRmq register of the
slave channel 2).

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2
n<p<qs7(Where pand q are integers greater than n)
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Figure 7-74. Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

c
9
' CKm1 E
Operation clock 3 Timer counter
CKmO $ —»! register mn (TCRmn)
O
5
8 Timer data
s 3 . Interrupt | Interrupt signal
TSmn & register mn (TDRmn) controller (INTTMmn)
£
Slave channel 1
(one-count mode)
s
_ CKm?1 8
Operation clock E Timer counter Output ;
CKmO % —| register mp (TCRmp) controller ©T00p pin
O
&
B ,
B Timer data Interrupt | _ Interrupt signal
register mp (TDRm
& g p( P) controller (INTTMmp)
i
Slave channel 2.
(one-count mode)
S
. CKmi1 8
Operation clock 2 Timer counter Output .
CKmO ] —| register mq (TCRmq) controller ©T00q pin
[S)
5
8 Ti dat;
3 ist imer ('?'SR ) Interrupt | Interrupt signal
register m m
% d q q controller (INTTMmg)
£

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2

n<p<qs7(Wherep and q are integers greater than n)
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Figure 7-75. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output two types of PWMs)

TSmn f

TEmn
==
Master
channel TCRmn 0000H ‘\ \ \\

TDRmn a X b

TOON

INTTMmn 1 |l

TSmp

TEmp

FFFFH

TCRmp
Slave 0000H

channel 1 } } )
TDRmp c X d

TOOp

INTTMmp 1

a+1 a+1 b+1

TSmq

TEmq

FFFFH i

TCRm
Slave a 0000H X A

channel 2

| %
%7

TDRmq e X f

TOOq

INTTMmq Il

a+1 a+1 b+1

(Remarks are listed on the next page.)
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Remarks 1. m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2
n<p<q=s7(Where p and q are integers greater than n)

2. TSmn, TSmp, TSmaq: Bit n, p, q of timer channel start register m (TSm)

TEmn, TEmp, TEmq: Bit n, p, q of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmq: Timer count registers mn, mp, mq (TCRmn, TCRmp, TCRmq)
TDRmn, TDRmp, TDRmq: Timer data registers mn, mp, mq (TDRmn, TDRmp, TDRmq)
TOON, TOOp, TOOq: TOON, TOOp, and TOOq pins output signal
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Figure 7-76. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(a) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA:
TMRmMN  [cksmn1|ckSmno CCSmn TERjn STSmN2|STSmN1|STSmN0| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO

1/0 0 0 0 hete 0 0 0 0 0 0 0 0 0 0 1

L | I [ ] L[

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMmn when counting is
started.

|__Selection of TImn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Setting of MASTERmMnN bit (channels 2, 4, 6)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO0)
Bit n

TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLONn 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomon 0: Sets master channel output mode.
0

Note TMRm2, TMRm4, TMRmM6: MASTERmMN =1
TMRmO: Fixed to 0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
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Figure 7-77. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMs)

(a) Timer mode register mp, mq (TMRmp, TMRmgq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMp  [cksmp1/cKSmpo ccsmp | MisNote |STSmp2|STSmp1|STSmpO| CISmp1 | CISmpO MDmp3 | MDmp2 | MDmp1 | MDmpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMQ |ckSmq1/CKSmqo| CCSmgq | MisNote [STSmq2[STSmq1|STSmA0| CISmg1 | CISmq0 MDmg3 | MDmg2 | MDmq1 | MDmq0
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | | [ L] L

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

|__Selection of TImp and TImq pins input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMmn of master channel.

| Setting of MASTERmp, MASTERmMQq bits (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITmp, SPLITmq bits (channels 1, 3)
1: 16-bit timer mode.

| Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel p, q.

10B: Selects CKm1 as operation clock of channel p, g.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bitq Bitp
TOO TO0q | TOOp 0: Outputs 0 from TOOp or TOOq.
1/0 | 1/0 1: Outputs 1 from TOOp or TOOgq.

(c) Timer output enable register 0 (TOEO0)

Bitq Bitp
TOEO | TOEOq | TOEOp 0: Stops the TOOp or TOOq output operation by counting operation.
1/0 1/0 1: Enables the TOOp or TOO0q output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bitq Bitp
TOLO TOLOq | TOLOp 0: Positive logic output (active-high)
1/0 | 1/0 1: Negative logic output (active-low)

(e) Timer output mode register 0 (TOMO)
Bitqg Bitp
TOMO | TOMOq | TOMOp 1: Sets the slave channel output mode.
1 1

Note TMRm2, TMRm4, TMRm6: MASTERmp, MASTERmq bit
TMRm1, TMRm3: SPLITmp, SPLITmq bit
TMRm5, TMRm7: Fixed to O

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number 1, q: Slave channel number 2
n<p<qs7(Wherep and q are integers greater than n)
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Figure 7-78. Operation Procedure When Multiple PWM Output Function Is Used (1/2)

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmMEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.
Channel Sets timer mode registers mn, mp, 0g (TMRmn, TMRmp, | Channel stops operating.
default TMRmq) of each channel to be used (determines (Clock is supplied and some power is consumed.)
setting operation mode of channels).

An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp and TDRmq registers of the slave
channels.

Sets slave channels.
The TOMOp and TOMOq bits of timer output mode
register m (TOMO) are set to 1 (slave channel output
mode).
Sets the TOLOp and TOLOq bits.
Sets the TOOp and TOOq bits and determines default
level of the TOOp and TOOq outputs. ————®

Sets the TOEOp and TOEQq bits to 1 and enables

The TOOp and TOOq pins go into Hi-Z output state.

> The TOOp and TOOq default setting levels are output when
the port mode register is in output mode and the port
register is 0.

operation of TOOp and TOO0q.

Clears the port register and port mode register to 0. —H

TOOp and TOOq do not change because channels stop
operating.

>The TOOp and TOOq pins output the TOOp and TOOq set
levels.

(Remark is listed on the next page.)
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Operation is resumed.
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Figure 7-78. Operation Procedure When Multiple PWM Output Function Is Used (2/2)
Software Operation Hardware Status
Operation | (Sets the TOEOp and TOEOQq (slave) bits to 1 only when
start resuming operation.)
The TSmn bit (master), and TSmp and TSmq (slave) bits
of timer channel start register m (TSm) are set to 1 at the
same time. TEmn =1, TEmp, Tqu =1
The TSmn, TSmp, and TSmq bits automatically return When the master channel starts counting, INTTMmn is
to 0 because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMRmn, TMRmp, TMRmgq registers, The counter of the master channel loads the TDRmn
operation | TOMOn, TOMOp, TOMOq, TOLOn, TOLOp, and TOLOq register value to timer count register mn (TCRmn) and
bits cannot be changed. counts down. When the count value reaches TCRmn =
Set values of the TDRmn, TDRmp, and TDRmgq registers | 0000H, INTTMmn output is generated. At the same time,
can be changed after INTTMmn of the master channel is | the value of the TDRmn register is loaded to the TCRmn
generated. register, and the counter starts counting down again.
The TCRmn, TCRmp, and TCRmq registers can always | At the slave channel 1, the values of the TDRmp register
be read. are transferred to the TCRmp register, triggered by
The TSRmn, TSRmp, and TSROq registers are not used. | INTTMmn of the master channel, and the counter starts
counting down. The output levels of TOOp become active
one count clock after generation of the INTTMmn output
from the master channel. It becomes inactive when
TCRmp = 0000H, and the counting operation is stopped.
At the slave channel 2, the values of the TDRmq register
are transferred to TCRmgq register, triggered by INTTMmn
of the master channel, and the counter starts counting
down. The output levels of TO0q become active one count
clock after generation of the INTTMmn output from the
master channel. It becomes inactive when TCRmq =
0000H, and the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn bit (master), TTmp, and TTmgq (slave) bits are
stop setto 1 at the same time. TEmn, TEmp, TEmq = 0, and count operation stops.
The TTmn, TTmp, and Tqu bjts automatically return The TCRmn, TCRmp, and TCRmq registers hold count
to 0 because they are trigger bits. value and stop.
The TOOp and TOOq output are not initialized but hold
current status.
The TOEOp and TOEOq bits of slave channels are
cleared to 0 and value is set to the TOOp and TOOq bits. -®The TOOp and TOOq pins output the TOOp and TOOq set
] levels.
TAU To hold the TOOp and TOOq pin output levels
stop Clears the TOOp and TOOQq bits to 0 after
the value to be held is set to the port register. ———The TOO0p and TOO0q pin output levels are held by port
When holding the TOOp and TOOq pin output levels are function.
not necessary
Setting not required
The TAUmEN bit of the PERO register is cleared to 0.—®Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp and TOOq bits are cleared to 0 and the
TOOp and TOOq pins are set to port mode.)
Remark m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)

p: Slave channel number 1, g: Slave channel numbe
n <p<q=7(Where p and q are a consecutive integ

r2
er greater than n)
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7.10 Cautions When Using Timer Array Unit

7.10.1 Cautions when using timer output
Pins may be assigned multiplexed timer output and other alternate functions. The assignment depends on the product.

If you intend to use a timer output, set the outputs from all other multiplexed pin functions to their initial values.
For details, see 5.5 Register Settings When Using Alternate Function.
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CHAPTER 8 REAL-TIME CLOCK

8.1 Functions of Real-time Clock

The real-time clock has the following features.

e Having counters of year, month, week, day, hour, minute, and second, and can count up to 99 years.

e Constant-period interrupt function (period: 0.5 seconds, 1 second, 1 minute, 1 hour, 1 day, 1 month)

e Alarm interrupt function (alarm: week, hour, minute)

e Pin output function of 1 Hz

The real-time clock interrupt signal (INTRTC) can be utilized for wakeup from STOP mode and triggering an A/D

converter's SNOOZE mode.

Caution The count of year, month, week, day, hour, minutes and second can only be performed when a
subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock. When
the low-speed oscillation clock (fi. = 15 kHz) is selected, only the constant-period interrupt function
is available. However, the constant-period interrupt interval when fiL is selected will be calculated
with the constant-period (the value selected with RTCCO register) x fsus/fiL.

8.2 Configuration of Real-time Clock

The real-time clock includes the following hardware.

Table 8-1. Configuration of Real-time Clock

ltem

Configuration

Counter

Internal counter (16-bit)

Control registers

Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)

Real-time clock control register 0 (RTCCO)

Real-time clock control register 1 (RTCC1)

Second count register (SEC)

Minute count register (MIN)

Hour count register (HOUR)

Day count register (DAY)

Week count register (WEEK)

Month count register (MONTH)

Year count register (YEAR)

Watch error correction register (SUBCUD)

Alarm minute register (ALARMWM)

Alarm hour register (ALARMWH)

Alarm week register (ALARMWW)
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Figure 8-1. Block Diagram of Real-time Clock
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Caution The count of year, month, week, day, hour, minutes and second can only be performed when a
subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock. When
the low-speed oscillation clock (fi. = 15 kHz) is selected, only the constant-period interrupt function
is available. However, the constant-period interrupt interval when fiL is selected will be calculated
with the constant-period (the value selected with RTCCO register) x fsus/fiL.
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8.3 Registers Controlling Real-time Clock

The real-time clock is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Subsystem clock supply mode control register (OSMC)
e Real-time clock control register 0 (RTCCO)
e Real-time clock control register 1 (RTCC1)
e Second count register (SEC)

e Minute count register (MIN)

e Hour count register (HOUR)

e Day count register (DAY)

e Week count register (WEEK)

e Month count register (MONTH)

e Year count register (YEAR)

e Watch error correction register (SUBCUD)
e Alarm minute register (ALARMWM)

e Alarm hour register (ALARMWH)

e Alarm week register (ALARMWW)

e Port mode register 3 (PM3)

e Port register 3 (P3)
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8.3.1 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.

When the real-time clock is used, be sure to set bit 7 (RTCEN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICACEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer input clock supply
0 Stops input clock supply.

e SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.

1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.

Cautions 1. When using the real-time clock, first set the RTCEN bit to 1 and then set the following registers,
while oscillation of the count clock (frrc) is stable. If RTCEN = 0, writing to the control registers
of the real-time clock is ignored, and, even if the registers are read, only the default values are
read (except for the subsystem clock supply mode control register (OSMC), port mode register 3
(PM3), port register 3 (P3)).

e Real-time clock control register 0 (RTCCO0)
e Real-time clock control register 1 (RTCC1)
e Second count register (SEC)

e Minute count register (MIN)

e Hour count register (HOUR)

e Day count register (DAY)

e Week count register (WEEK)

e Month count register (MONTH)

e Year count register (YEAR)

e Watch error correction register (SUBCUD)
e Alarm minute register (ALARMWM)

e Alarm hour register (ALARMWH)

e Alarm week register (ALARMWW)

2. The subsystem clock supply to peripheral functions other than the real-time clock and 12-bit
interval timer can be stopped in STOP mode or HALT mode when the subsystem clock is used,
by setting the RTCLPC bit of the subsystem clock supply mode control register (OSMC) to 1. In
this case, set the RTCEN bit of the PERO register to 1 and the other bits (bits 0 to 6) to 0.

3. Be sure to clear the bits 1 and 6 to “0”.
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8.3.2 Subsystem clock supply mode control register (OSMC)

The WUTMMCKO bit can be used to select the count clock (frTc) of the real-time clock.

In addition, by stopping clock functions that are unnecessary, the RTCLPC bit can be used to reduce power
consumption. For details about setting the RTCLPC bit, see CHAPTER 6 CLOCK GENERATOR.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-3. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock (frtc) for real-time clock and 12-bit interval timer.
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)

Caution The count of year, month, week, day, hour, minutes and second can only be performed when a
subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock. When
the low-speed oscillation clock (fi = 15 kHz) is selected, only the constant-period interrupt function
is available. However, the constant-period interrupt interval when fi. is selected will be calculated
with the constant-period (the value selected with RTCCO register) x fsus/fiL.
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8.3.3 Real-time clock control register 0 (RTCCO)
The RTCCO register is an 8-bit register that is used to start or stop the real-time clock operation, control the RTC1HZ
pin, and set a 12- or 24-hour system and the constant-period interrupt function.
The RTCCO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-4. Format of Real-time Clock Control Register 0 (RTCCO)

Address: FFFODH  After reset: 00H R/W

Symbol <7> 6 <5> 4 3 2 1 0
RTCCO RTCE 0 RCLOE1 0 AMPM CT2 CT1 CTO0
RTCE Real-time clock operation control
0 Stops counter operation.
1 Starts counter operation.
RCLOE1 RTC1HZ pin output control
0 Disables output of the RTC1HZ pin (1 Hz).
1 Enables output of the RTC1HZ pin (1 Hz).
AMPM Selection of 12-/24-hour system
0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system

time system.

e Rewrite the AMPM bit value after setting the RWAIT bit (bit O of real-time clock control register 1 (RTCC1)) to 1. If
the AMPM bit value is changed, the values of the hour count register (HOUR) change according to the specified

e Table 8-2 shows the displayed time digits that are displayed.

CT2 CT1 CTO0 Constant-period interrupt (INTRTC) selection
0 0 0 Does not use constant-period interrupt function.
0 0 1 Once per 0.5 s (synchronized with second count up)
0 1 0 Once per 1 s (same time as second count up)
0 1 1 Once per 1 m (second 00 of every minute)
1 0 0 Once per 1 hour (minute 00 and second 00 of every hour)
1 0 1 Once per 1 day (hour 00, minute 00, and second 00 of every day)

Once per 1 month (Day 1, hour 00 a.m., minute 00, and second 00 of
every month)

When changing the values of the CT2 to CTO bits while the counter operates (RTCE = 1), rewrite the values of the
CT2 to CTO bits after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore,
after rewriting the values of the CT2 to CTO bits, enable interrupt servicing after clearing the RIFG and RTCIF flags.

Cautions 1. Do not change the value of the RTCLOE1 bit when RTCE = 1.
2. 1 Hz is not output even if RCCOE1 is set to 1 when RTCE = 0.

Remark x:don’t care
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8.3.4 Real-time clock control register 1 (RTCC1)

The RTCCH1 register is an 8-bit register that is used to control the alarm interrupt function and the wait time of the
counter.

The RTCCH1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-5. Format of Real-time Clock Control Register 1 (RTCC1) (1/2)

Address: FFFOEH  After reset: 00H R/W

Symbol <7> <6> 5 <4> <3> 2 <1> <0>
RTCC1 WALE WALIE 0 WAFG RIFG 0 RWST RWAIT
WALE Alarm operation control
0 Match operation is invalid.
1 Match operation is valid.

When setting a value to the WALE bit while the counter operates (RTCE = 1) and WALIE = 1, rewrite the WALE bit
after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, clear the WAFG
and RTCIF flags after rewriting the WALE bit. When setting each alarm register (WALIE flag of real-time clock
control register 1 (RTCC1), the alarm minute register (ALARMWM), the alarm hour register (ALARMWH), and the
alarm week register (ALARMWW)), set match operation to be invalid (“0”) for the WALE bit.

WALIE Control of alarm interrupt (INTRTC) function operation
0 Does not generate interrupt on matching of alarm.
1 Generates interrupt on matching of alarm.
WAFG Alarm detection status flag
0 Alarm mismatch
1 Detection of matching of alarm

This is a status flag that indicates detection of matching with the alarm. It is valid only when WALE = 1 and is set to
“1” one cycle of frrc after matching of the alarm is detected. This flag is cleared when “0” is written to it. Writing “1”

to it is invalid.
RIFG Constant-period interrupt status flag
0 Constant-period interrupt is not generated.
1 Constant-period interrupt is generated.

This flag indicates the status of generation of the constant-period interrupt. When the constant-period interrupt is
generated, it is set to “1”.
This flag is cleared when “0” is written to it. Writing “1” to it is invalid.
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Figure 8-5. Format of Real-time Clock Control Register 1 (RTCC1) (2/2)
RWST Wait status flag of real-time clock
0 Counter is operating.
1 Mode to read or write counter value
This status flag indicates whether the setting of the RWAIT bit is valid.
Before reading or writing the counter value, confirm that the value of this flag is 1.
RWAIT Wait control of real-time clock
0 Sets counter operation.
1 Stops SEC to YEAR counters. Mode to read or write counter value
This bit controls the operation of the counter.
Be sure to write “1” to it to read or write the counter value.
As the internal counter (16-bit) is continuing to run, complete reading or writing within one second and turn back to
0.
When RWAIT = 1, it takes up to one cycle of frrc until the counter value can be read or written (RWST = 1), Nete. 2
When the internal counter (16-bit) overflowed while RWAIT = 1, it keeps the event of overflow until RWAIT = 0, then
counts up.
However, when it wrote a value to second count register, it will not keep the overflow event.

Notes 1. When the RWAIT bit is set to 1 within one cycle of frrc clock after setting the RTCE bit to 1, the RWST bit
being set to 1 may take up to two cycles of the operating clock (frrc).

2. When the RWAIT bit is set to 1 within one cycle of frrc clock after release from the standby mode (HALT
mode, STOP mode, or SNOOZE mode), the RWST bit being set to 1 may take up to two cycles of the
operating clock (frtc).

Caution If writing is performed to the RTCC1 register with a 1-bit manipulation instruction, the RIFG flag and
WAFG flag may be cleared. Therefore, to perform writing to the RTCC1 register, be sure to use an 8-
bit manipulation instruction. To prevent the RIFG flag and WAFG flag from being cleared during
writing, disable writing by setting 1 to the corresponding bit. If the RIFG flag and WAFG flag are not
used and the value may be changed, the RTCC1 register may be written by using a 1-bit manipulation
instruction.

Remarks 1. Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.

2. The internal counter (16 bits) is cleared when the second count register (SEC) is written.
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8.3.5 Second count register (SEC)

The SEC register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of seconds.

It counts up when the internal counter (16-bit) overflows.

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Set a
decimal value of 00 to 59 to this register in BCD code.

The SEC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-6. Format of Second Count Register (SEC)

Address: FFF92H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SEC 0 SEC40 SEC20 SEC10 SECS8 ‘ SEC4 ‘ SEC2 SEC1

Remark The internal counter (16 bits) is cleared when the second count register (SEC) is written.

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in the section 8.4.3 Reading/writing real-time clock.

8.3.6 Minute count register (MIN)

The MIN register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of minutes.

It counts up when the second counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Even if
the second count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Set a decimal value of 00 to 59 to this register in BCD code.

The MIN register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-7. Format of Minute Count Register (MIN)

Address: FFF93H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
MIN 0 MIN40 MIN20 MIN10 MIN8 MIN4 MIN2 MIN1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in the section 8.4.3 Reading/writing real-time clock.
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8.3.7 Hour count register (HOUR)
The HOUR register is an 8-bit register that takes a value of 00 to 23 or 01 to 12 and 21 to 32 (decimal) and indicates

the count value of hours.

It counts up when the minute counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Even if
the minute count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Specify a decimal value of 00 to 23, 01 to 12, or 21 to 32 by using BCD code according to the time system
specified using bit 3 (AMPM) of real-time clock control register 0 (RTCCO).

If the AMPM bit value is changed, the values of the HOUR register change according to the specified time system.

The HOUR register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 12H.
However, the value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Figure 8-8. Format of Hour Count Register (HOUR)
Address: FFF94H  Afterreset: 12H R/W

Symbol 7 6 5 4 3 2 1 0
HOUR 0 0 HOUR20 HOUR10 HOURS HOUR4 HOUR2 HOUR1

Cautions 1. Bit 5 (HOUR20) of the HOUR register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is

selected).
2. When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow

the procedures described in the section 8.4.3 Reading/writing real-time clock.
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Table 8-2 shows the relationship between the setting value of the AMPM bit, the hour count register (HOUR) value, and
time.

Table 8-2. Displayed Time Digits

24-Hour Display (AMPM = 1) 12-Hour Display (AMPM = 0)
Time HOUR Register Time HOUR Register
0 00H 12 a.m. 12H
1 01H 1a.m. 01H
2 02H 2 a.m. 02H
3 03H 3am. 03H
4 04H 4am. 04H
5 05H 5a.m. 05H
6 06H 6 a.m. 06H
7 07H 7 a.m. 07H
8 08H 8am. 08H
9 09H 9am. 09H
10 10H 10 a.m. 10H
11 11H 11 a.m. 11H
12 12H 12 p.m. 32H
13 13H 1p.m. 21H
14 14H 2 p.m. 22H
15 15H 3p.m. 23H
16 16H 4 p.m. 24H
17 17H 5p.m. 25H
18 18H 6 p.m. 26H
19 19H 7 p.m. 27H
20 20H 8 p.m. 28H
21 21H 9 p.m. 29H
22 22H 10 p.m. 30H
23 23H 11 p.m. 31H

The HOUR register value is set to 12-hour display when the AMPM bit is “0” and to 24-hour display when the AMPM bit
is “17.
In 12-hour display, the fifth bit of the HOUR register displays 0 for AM and 1 for PM.
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8.3.8 Day count register (DAY)
The DAY register is an 8-bit register that takes a value of 1 to 31 (decimal) and indicates the count value of days.
It counts up when the hour counter overflows.
This counter counts as follows.

e 01 to 31 (January, March, May, July, August, October, December)
e 01 to 30 (April, June, September, November)

e 01 to 29 (February, leap year)

e 01 to 28 (February, normal year)

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Even if
the hour count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Set a decimal value of 01 to 31 to this register in BCD code.

The DAY register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 8-9. Format of Day Count Register (DAY)

Address: FFF96H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
DAY 0 0 DAY20 DAY10 DAY8 DAY4 DAY2 DAY1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in the section 8.4.3 Reading/writing real-time clock.
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8.3.9 Week count register (WEEK)
The WEEK register is an 8-bit register that takes a value of 0 to 6 (decimal) and indicates the count value of weekdays.
It counts up in synchronization with the day counter.
When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Set a
decimal value of 00 to 06 to this register in BCD code.
The WEEK register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-10. Format of Week Count Register (WEEK)

Address: FFF95H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
WEEK 0 0 0 0 0 ‘ WEEK4 ‘ WEEK2 WEEK1

Cautions 1. The value corresponding to the month count register (MONTH) or the day count register (DAY) is
not stored in the week count register (WEEK) automatically. After reset release, set the week
count register as follow.

Day WEEK
Sunday 00H
Monday 01H
Tuesday 02H
Wednesday 03H
Thursday 04H
Friday 05H
Saturday 06H

2. When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow
the procedures described in the section 8.4.3 Reading/writing real-time clock.
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8.3.10 Month count register (MONTH)

The MONTH register is an 8-bit register that takes a value of 1 to 12 (decimal) and indicates the count value of months.

It counts up when the day counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Even if
the day count register overflows while this register is being written, this register ignores the overflow and is set to the value
written. Set a decimal value of 01 to 12 to this register in BCD code.

The MONTH register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 8-11. Format of Month Count Register (MONTH)

Address: FFF97H  Afterreset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
MONTH 0 0 0 MONTH10 MONTHS8 MONTH4 MONTH2 MONTH1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in the section 8.4.3 Reading/writing real-time clock.

8.3.11 Year count register (YEAR)

The YEAR register is an 8-bit register that takes a value of 0 to 99 (decimal) and indicates the count value of years.

It counts up when the month count register (MONTH) overflows.

Values 00, 04, 08, ..., 92, and 96 indicate a leap year.

When data is written to this register, it is written to a buffer and then to the counter up to two cycles of frrc later. Even if
the MONTH register overflows while this register is being written, this register ignores the overflow and is set to the value
written. Set a decimal value of 00 to 99 to this register in BCD code.

The YEAR register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-12. Format of Year Count Register (YEAR)

Address: FFF98H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
YEAR YEARS80 YEAR40 YEAR20 YEAR10 YEARS8 YEAR4 YEAR2 YEAR1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in the section 8.4.3 Reading/writing real-time clock.
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8.3.12 Watch error correction register (SUBCUD)

This register is used to correct the watch with high accuracy when it is slow or fast by changing the value that overflows

from the internal counter (16-bit) to the second count register (SEC) (reference value: 7FFFH).
The SUBCUD register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-13. Format of Watch Error Correction Register (SUBCUD)

Address: FFF99H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SUBCUD DEV F6 F5 F4 F3 F2 F1 FO
DEV Setting of watch error correction timing
0 Corrects watch error when the second digits are at 00, 20, or 40 (every 20 seconds).
1 Corrects watch error only when the second digits are at 00 (every 60 seconds).

Writing to the SUBCUD register at the following timing is prohibited.
e When DEV = 0 is set: For a period of SEC = 00H, 20H, 40H
e When DEV = 1 is set: For a period of SEC = 00H

F6 Setting of watch error correction value
0 Increases by {(F5, F4, F3, F2, F1, FO) — 1} x 2.
1 Decreases by {(/F5, /F4, [F3, [F2, /[F1, [FO) + 1} x 2.

When (F6, F5, F4, F3, F2, F1, F0) = (*, 0, 0, O, 0, O, *), the watch error is not corrected. *is 0 or 1.
/F5 to /FO are the inverted values of the corresponding bits (000011 when 111100).

Range of correction value: (when F6 =0) 2,4,6,8, ..., 120, 122, 124
(when F6=1) -2,—-4,-6,-8, ...,-120,-122, -124

The range of value that can be corrected by using the watch error correction register (SUBCUD) is shown below.

DEV = 0 (correction every 20 seconds) DEV = 1 (correction every 60 seconds)
Correctable range —189.2 ppm to 189.2 ppm —-63.1 ppm to 63.1 ppm
Maximum excludes +1.53 ppm +0.51 ppm
quantization error
Minimum resolution +3.05 ppm +1.02 ppm

Remark If a correctable range is —63.1 ppm or lower and 63.1 ppm or higher, set 0 to DEV.
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8.3.13 Alarm minute register (ALARMWM)
This register is used to set minutes of alarm.
The ALARMWNM register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is set, the
alarm is not detected.

Figure 8-14. Format of Alarm Minute Register (ALARMWM)

Address: FFFOAH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1

ALARMWM 0 WM40 WM20 WM10 WM8 ‘ WM4 ‘ WM2 WM1

8.3.14 Alarm hour register (ALARMWH)
This register is used to set hours of alarm.

The ALARMWH register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 12H.

However, the value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Caution Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code. If a value outside
the range is set, the alarm is not detected.

Figure 8-15. Format of Alarm Hour Register (ALARMWH)

Address: FFFO9BH  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1

ALARMWH | 0 ‘ 0 WH20 WH10 WH8 WH4 WH2 WH1

Caution Bit 5 (WH20) of the ALARMWH register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is
selected).
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8.3.15 Alarm week register (ALARMWW)
This register is used to set date of alarm.

The ALARMWW register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-16. Format of Alarm Week Register (ALARMWW)

Address: FFFOCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ALARMWW 0 WwW6 Ww5 Ww4 WwW3 [ Ww2 ’ Wwi1 WWO
Here is an example of setting the alarm.
Time of Alarm Day 12-Hour Display 24-Hour Display
Sunday|Monday |Tuesday [Wednesday| Thursday| Friday [Saturday| Hour | Hour |Minute|Minute| Hour | Hour |Minute |Minute
10 1 10 1 10 1 10 1
W W w w w w w
W W w w w w w
0 1 2 3 4 5 6
Every day, 0:00 a.m. 1 1 1 1 1 1 1 1 2 0 0 0 0 0 0
Every day, 1:30 a.m. 1 1 1 1 1 1 1 0 1 3 0 0 1 3 0
Every day, 11:59 a.m. 1 1 1 1 1 1 1 1 1 5 9 1 1 5 9
Monday through 0 1 1 1 1 1 0 3 2 0 0 1 2 0 0
Friday, 0:00 p.m.
Sunday, 1:30 p.m. 1 0 0 0 0 0 0 2 1 3 0 1 3 3 0
Monday, Wednesday, 0 1 0 1 0 1 0 3 1 5 9 2 3 5 9
Friday, 11:59 p.m.
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8.3.16 Port mode register 3 (PM3)
The PM3 register can be set by a 1-bit or 8-bit manipulation instruction.
Reset signal generation sets this register to FFH.
When using the port 3 as the RTC1HZ pin for output of 1 Hz, set the PM30 bit to 0.

Figure 8-17. Format of Port Mode Register 3 (PM3)

Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 1 1 1 PM31Note PM30

Note These internal pins must be set to output mode after reset release by software by setting 0 to the port register
and port mode register.

8.3.17 Port register 3 (P3)
The PM3 register can be set by a 1-bit or 8-bit manipulation instruction.
Reset signal generation sets this register to 00H.
When using the port 3 as 1-Hz output to the RTC1Hz pin, set the P30 bit to 0.

Figure 8-18. Format of Port Register 3 (P3)

Address: FFFO3H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
P3 0 0 0 0 0 0 P31 Note P30

Note These internal pins must be set to output mode after reset release by software by setting 0 to the port register
and port mode register.
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8.4 Real-time Clock Operation
8.4.1 Starting operation of real-time clock

Figure 8-19. Procedure for Starting Operation of Real-time Clock

( St‘a rt )

RTCEN = qNetet Supplies input clock.
RTCE=0 Stops counter operation.
Setting WUTMMCKO Sets frrc

Setting AMPM, CT2 to CTO | Selects 12-/24-hour system and interrupt (INTRTC)

Setting SEC Sets second count register.
|
Setting MIN Sets minute count register.
|
Setting HOUR Sets hour count register.
|
Setting WEEK Sets week count register.
|
Setting DAY Sets day count register.
|
Setting MONTH Sets month count register.
|
Setting YEAR Sets year count register.
|
Setting SUBCUDNete 2 Sets watch error correction register.

Clearing IF flags of interrupt | Clears interrupt request flags (RTCIF).

Clearing MK flags of interrupt| Clears interrupt mask flags (RTCMK).

RTCE = 1Nete3 Starts counter operation.

Yes

No

INTRTC = 1?

)

Notes 1. First set the RTCEN bit to 1, while oscillation of the count clock (frtc) is stable.
2. Set up the SUBCUD register only if the watch error must be corrected. For details about how to
calculate the correction value, see 8.4.6 Example of watch error correction of real-time clock.
3. Confirm the procedure described in 8.4.2 Shifting to HALT/STOP mode after starting operation
when shifting to HALT/STOP mode without waiting for INTRTC = 1 after RTCE = 1.
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8.4.2 Shifting to HALT/STOP mode after starting operation

Perform one of the following processing when shifting to HALT/STOP mode immediately after setting the RTCE bit to 1.

However, after setting the RTCE bit to 1, this processing is not required when shifting to HALT/STOP mode after the
INTRTC interrupt has occurred.

e Shifting to HALT/STOP mode when at least two cycles of the count clock (frtc) have elapsed after setting the RTCE bit
to 1 (see Figure 8-20, Example 1).

e Checking by polling the RWST bit to become 1, after setting the RTCE bit to 1 and then setting the RWAIT bit to 1.

Afterward, setting the RWAIT bit to 0 and shifting to HALT/STOP mode after checking again by polling that the RWST
bit has become 0 (see Figure 8-20, Example 2).

Figure 8-20. Procedure for Shifting to HALT/STOP Mode After Setting RTCE Bit to 1

Example 1 Example 2

T

%

Sets to counter operation

RTCE = 1 Sets to counter operation RTCE =1 start
start |
| Sets to stop the SEC to YEAR
Waiting at least for 2 RWAIT = 1 counters, reads the counter
frrc clocks

value, write mode

HALT/STOP instruction No
) Shifts to HALT/STOP mode
execution

Yes
?Eit:i RWAIT =0

Checks the counter wait status

:

Sets the counter operation

%l

Yes

HALT/STOP instruction
execution

Shifts to HALT/STOP mode

¢
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8.4.3 Reading/writing real-time clock
Read or write the counter after setting 1 to RWAIT first.
Set RWAIT to 0 after completion of reading or writing the counter.

Figure 8-21. Procedure for Reading Real-time Clock

( = )

_ Stops SEC to YEAR counters.
RWAIT =1 Mode to read and write count values
No .
RWST =17 Checks wait status of counter.
Yes
Reading SEC Reads second count register.
Reading MIN Reads minute count register.
Reading HOUR Reads hour count register.
Reading WEEK Reads week count register.
Reading DAY Reads day count register.
Reading MONTH Reads month count register.
Reading YEAR Reads year count register.
RWAIT =0 Sets counter operation.

RWST = 07Nete

O

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of process of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0 within 1
second.

Remark The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count
register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)
may be read in any sequence.

All the registers do not have to read and only some registers may be read.
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Figure 8-22. Procedure for Writing Real-time Clock

C

Start

)

RWAIT =1

Stops SEC to YEAR counters.
Mode to read and write count values

No @ Checks wait status of counter.

Yes

Writing SEC

Writes second count register.

Writing MIN

Writes minute count register.

Writing HOUR

Writes hour count register.

Writing WEEK

Writes week count register.

Writing DAY

Writes day count register.

Writing MONTH

Writes month count register.

Writing YEAR

Writes year count register.

RWAIT =0

Sets counter operation.

RWST = Q7Nete

Yes

(

End

)

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Cautions 1.

interrupt servicing INTRTC by using the interrupt mask flag register.
WAFG, RIFG and RTCIF flags after rewriting the MIN register.

Complete the series of operations of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0
within 1 second.
When changing the values of the SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR register
while the counter operates (RTCE = 1), rewrite the values of the MIN register after disabling
Furthermore, clear the

Remark The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count
register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)
may be written in any sequence.

All the registers do not have to be set and only some registers may be written.
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8.4.4 Setting alarm of real-time clock
Set time of alarm after setting 0 to WALE (alarm operation invalid.) first.

Figure 8-23. Alarm processing Procedure

(s )

WALE =0 Match operation of alarm is invalid.
|
WALIE =1 alarm match interrupts is valid..
|
Setting ALARMWM Sets alarm minute register.
|
Setting ALARMWH Sets alarm hour register.
|
Setting ALARMWW Sets alarm week register.
|
WALE =1 Match operation of alarm is valid.

INTRTC =1?

Match detection of alarm| Yes

CAIarm interrupt processing) @onstant-period interrupt servicing)

Remarks 1. The alarm week register (ALARMWW), alarm hour register (ALARMWH), and alarm week register
(ALARMWW) may be written in any sequence.

2. Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.
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8.4.5 1 Hz output of real-time clock

Figure 8-24. 1 Hz Output Setting Procedure

(s )

RTCE=0 Stops counter operation.
I
Setting port Sets P30 = 0 and PM30 =0
I
RCLOE1 =1 Enables output of the RTC1HZ pin (1 Hz).
I
RTCE =1 Starts counter operation.

I
@utput start from RTC1HZ piD

Caution First set the RTCEN bit to 1, while oscillation of the count clock (fsus) is stable.
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8.4.6 Example of watch error correction of real-time clock
The watch can be corrected with high accuracy when it is slow or fast, by setting a value to the watch error correction
register.

[Example of calculating the correction value]

The correction value used when correcting the count value of the internal counter (16-bit) is calculated by using the
following expression.
Set the DEV bit to 0 when the correction range is —63.1 ppm or less, or 63.1 ppm or more.

(When DEV = 0)
Correction valueN°te = Number of correction counts in 1 minute + 3 = (Oscillation frequency + Target frequency — 1)
x 32768 x 60 + 3

(When DEV = 1)
Correction valueNet® = Number of correction counts in 1 minute = (Oscillation frequency + Target frequency — 1) x
32768 x 60

Note The correction value is the watch error correction value calculated by using bits 6 to 0 of the watch error
correction register (SUBCUD).
(When F6 = 0) Correction value = {(F5, F4, F3, F2, F1, FO) — 1} x 2
(When F6 = 1) Correction value = — {(/F5, /F4, /[F3, IF2, /[F1, [FO) + 1} x 2

When (F6, F5, F4, F3, F2, F1, FO)is (%, 0, 0, 0, 0, 0, *), watch error correction is not performed. “*”is 0 or 1.
/F5 to /FO are bit-inverted values (000011 when 111100).

Remarks 1. The correction value is 2, 4, 6, 8, ... 120, 122, 124 or -2, -4, —6, -8, ... =120, —122, -124.
2. The oscillation frequency is a value of the count clock (frtc).
It can be calculated from the output frequency of the RTC1HZ pin x 32768 when the watch error
correction register is set to its initial value (O0H).
3. The target frequency is the frequency resulting after correction performed by using the watch error
correction register.
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[Correction example 1]
Example of correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm)

[Measuring the oscillation frequency]

The oscillation frequencyN°te of each product is measured by outputting about 32.768 kHz from the PCLBUZO pin, or
by outputting about 1 Hz from the RTC1HZ pin when the watch error correction register (SUBCUD) is set to its initial
value (00H).

Note See 8.4.5 1 Hz output of real-time clock for the setting procedure of the RTC1Hz output, and see 10.4
Operations of Clock Output/Buzzer Output Controller for the setting procedure of outputting about 32 kHz
from the PCLBUZO pin.

[Calculating the correction value]
(When the output frequency from the PCLBUZO0 pin is 32772.3 Hz)
Assume the target frequency to be 32768 Hz (32772.3 Hz—131.2 ppm) and DEV to be 0, because the correctable
range of —131.2 ppm is —63.1 ppm or lower.
The expression for calculating the correction value when DEV is 0 is applied.

Correction value = Number of correction counts in 1 minute + 3
= (Oscillation frequency + target frequency — 1) x 32768 x 60 + 3
=(32772.3 + 32768 — 1) x 32768 x 60 + 3
=86

[Calculating the values to be set to (F6 to FO)]
(When the correction value is 86)
If the correction value is 0 or larger (when slowing), assume F6 to be 0.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

{(F5, F4,F3,F2,F1,FO)—1}x2 =86
(F5, F4, F3, F2, F1, FO) =44
(F5, F4, F3, F2, F1, FO) =(1,0,1,1,0,0)

Consequently, when correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm), setting the correction
register such that DEV is 0 and the correction value is 86 (bits 6 to 0 of the SUBCUD register: 0101100) results in
32768 Hz (0 ppm).

Figure 8-25 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, F0) is (0, 0, 1, 0, 1, 1, 0, 0).
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[ Correction example 2|
Example of correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm)

[Measuring the oscillation frequency]
The oscillation frequencyN°te of each product is measured by outputting about 1 Hz from the RTC1HZ pin when the
watch error correction register (SUBCUD) is set to its initial value (00H).

Note See 8.4.5 1 Hz output of real-time clock for the setting procedure of outputting about 1 Hz from the RTC1HZ
pin.

[Calculating the correction value]
(When the output frequency from the RTCCL pin is 0.9999817 Hz)
Oscillation frequency = 32768 x 0.9999817 = 32767.4 Hz
Assume the target frequency to be 32768 Hz (32767.4 Hz + 18.3 ppm) and DEV to be 1.
The expression for calculating the correction value when DEV is 1 is applied.

Correction value = Number of correction counts in 1 minute
= (Oscillation frequency + Target frequency — 1) x 32768 x 60
= (32767.4 + 32768 — 1) x 32768 x 60
=-36

[Calculating the values to be set to (F6 to FO)]
(When the correction value is —36)
If the correction value is 0 or less (when quickening), assume F6 to be 1.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

—{(/F5, IF4, IF3, [F2, IF1, [FO) — 1} x 2 =-36

(IF5, [F4, IF3, [F2, [F1, [FO) =17

(IF5, [F4, IF3, [F2, [F1, [FO) =(0,1,0,0,0,1)
(F5, F4, F3, F2, F1, FO) =(1,0,1,1,1,0)

Consequently, when correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm), setting the correction
register such that DEV is 1 and the correction value is —36 (bits 6 to 0 of the SUBCUD register: 1101110) results in
32768 Hz (0 ppm).

Figure 8-26 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, FO)is (1, 1,1,0, 1,1, 1, 0).
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CHAPTER 9 12-BIT INTERVAL TIMER

9.1 Functions of 12-bit Interval Timer

An interrupt (INTIT) is generated at any previously specified time interval.

It can be utilized for wakeup from STOP

mode and triggering an A/D converter's SNOOZE mode.

9.2 Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 9-1. Configuration of 12-bit Interval Timer

ltem

Configuration

Counter

12-bit counter

Control registers

Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)

Interval timer control register (ITMC)

fsus

fiL

Subsystem clock supply

mode control register (OSMC)

Figure 9-1. Block Diagram of 12-bit Interval Timer

Clear

!

— Count [ count
2 clock | operation .
§ control circuit 12-bit counter
&
/ | Interrupt request signal (INTIT
ﬁ Match signal
WLCJ:E\(;IM RINTE ITCMP11 to ITCMPO

Interval timer control
register (ITMC)

8

Internal bus 8
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9.3 Registers Controlling 12-bit Interval Timer

The 12-bit interval timer is controlled by the following registers.
e Peripheral enable register 0 (PERO)
e Subsystem clock supply mode control register (OSMC)
e Interval timer control register (ITMC)

9.3.1 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.

When the 12-bit interval timer is used, be sure to set bit 7 (RTCEN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH After reset: 0OH R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN ’ SAUOEN ’ 0 ’ TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer input clock supply
0 Stops clock supply.

e SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.

1 Enables clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.

Cautions 1. When using the 12-bit interval timer, be sure to first set the RTCEN bit to 1 and then
set the interval timer control register (ITMC), while oscillation of the count clock is
stable. If RTCEN = 0, writing to the registers controlling the 12-bit interval timer is
ignored, and, even if the register is read, only the default value is read (except the
subsystem clock supply mode control register (OSMC)).

2. Clock supply to peripheral functions other than the real-time clock and 12-bit interval
timer can be stopped in STOP mode or HALT mode when the subsystem clock is
used, by setting the RTCLPC bit of the subsystem clock supply mode control
register (OSMC) to 1.

3. Be sure to clear the bits 1 and 6 to “0”.
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9.3.2 Subsystem clock supply mode control register (OSMC)

The WUTMMCKO bit can be used to select the 12-bit interval timer or real-time clock operation clock.

In addition, by stopping clock functions that are unnecessary, the RTCLPC bit can be used to reduce power
consumption. For details about setting the RTCLPC bit, see CHAPTER 6 CLOCK GENERATOR.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-3. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock for real-time clock and 12-bit interval timer.

0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)
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9.3.3 Interval timer control register (ITMC)

This register is used to set up the starting and stopping of the 12-bit interval timer operation and to specify the timer
compare value.

The ITMC register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to OFFFH.

Figure 9-4. Format of Interval Timer Control Register (ITMC)

Address: FFFO0OH  After reset: OFFFH R/W

Symbol 15 14 13 12 11t00
ITMC RINTE 0 0 0 ITMCMP11 to ITMCMPO
RINTE 12-bit Interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITMCMP11 to ITMCMPO Specification of the 12-bit interval timer compare value
001H These bits generate an interrupt at the fixed cycle (count clock cycles x (ITMCMP

setting + 1)).

FFFH
000H Setting prohibit

Example interrupt cycles when 001H or FFFH is specified for ITMCMP11 to ITMCMPO

« ITMCMP11 to ITMCMPO = 001H, count clock: when fsus = 32.768 kHz
1/32.768 [kHz] x (1 + 1) = 0.06103515625 [ms] = 61.03 [us]

* ITMCMP11 to ITMCMPO = FFFH, count clock: when fsus = 32.768 kHz
1/32.768 [kHz] x (4095 + 1) = 125 [ms]

Cautions 1. Before changing the RINTE bit from 1 to 0, use the interrupt mask flag register to disable the
INTIT interrupt servicing. When the operation starts (from 0 to 1) again, clear the ITIF flag,
and then enable the interrupt servicing.

2. The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit.

3. When setting the RINTE bit after returned from standby mode and entering standby mode
again, confirm that the written value of the RINTE bit is reflected, or wait that more than one
clock of the count clock has elapsed after returned from standby mode. Then enter standby
mode.

4. Only change the setting of the ITMCMP11 to ITMCMPO bits when RINTE = 0.
However, it is possible to change the settings of the ITMCMP11 to ITMCMPO bits at the same
time as when changing RINTE from 0 to 1 or 1 to 0.
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9.4 12-bit Interval Timer Operation

9.4.1 12-bit interval timer operation timing

The count value specified for the ITMCMP11 to ITMCMPO bits is used as an interval to operate an 12-bit interval timer
that repeatedly generates interrupt requests (INTIT).

When the RINTE bit is set to 1, the 12-bit counter starts counting.

When the 12-bit counter value matches the value specified for the ITMCMP11 to ITMCMPO bits, the 12-bit counter
value is cleared to 0, counting continues, and an interrupt request signal (INTIT) is generated at the same time.

The basic operation of the 12-bit interval timer is as follows.

Figure 9-5. 12-bit Interval Timer Operation Timing (ITMCMP11 to ITMCMPO = OFFH, count clock: fsus = 32.768 kHz)

AL S | U 4

RINTE |
Counting starts at the rising edge of the second cycle of the|

count clock signal after the RINTE bit is set to 1.

OFFH
12-bit counter
000H
\ The 12-bit counter is cleared
asynchronously with the count clock signal
when the RINTE bit is cleared to 0.
I
ITCMP11 to OFFH

ITCMPO

INTIT 45 —I (G —I

Period (7.81 ms)

o
'S
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9.4.2 Start of count operation and re-enter to HALT/STOP mode after returned from HALT/STOP mode
When setting the RINTE bit after returned from HALT or STOP mode and entering HALT or STOP mode again, write 1
to the RINTE bit, and confirm the written value of the RINTE bit is reflected or wait for at least one cycle of the count clock.
Then, enter HALT or STOP mode.
e After setting RINTE to 1, confirm by polling that the RINTE bit has become 1, and then enter HALT or STOP mode
(see Example 1 in Figure 9-6).
o After setting RINTE to 1, wait for at least one cycle of the count clock and then enter HALT or STOP mode (see

Example 2 in Figure 9-6).

Figure 9-6. Procedure of entering to HALT or STOP mode after setting RINTE to 1

Example 1

%l

Return from HALT mode
Return from STOP mode

RINTE =1

S

Yes

HALT instruction executed

Count operation is started.

Confirm count operation
is started.

Enter HALT or

Example 2

‘%

Return from HALT mode
Return from STOP mode

RINTE =1

Wait for at least one cycle
of the count clock

T

At least one cycle of the
count clock after returned
from HALT or STOP
mode

b

HALT instruction executed

STOP instruction executed

Enter HALT or
STOP mode

STOP instruction executed STOP mode /\\/
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CHAPTER 10 CLOCK OUTPUT/BUZZER OTPUT CONTROLLER

Output pins of the clock output and buzzer output controllers are PCLBUZO.
10.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for clock output for supply to peripheral ICs.
Buzzer output is a function to output a square wave of buzzer frequency.

One pin can be used to output a clock or buzzer sound.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

The PCLBUZn pin outputs a clock selected by clock output select register n (CKSn).
Figure 10-1 shows the block diagram of clock output/buzzer output controller.

Caution It is not possible to output the subsystem clock (fsue) from the PCLBUZn pin while the RTCLPC bit of
the subsystem clock supply mode control register (OSMC), which controls the supply of the
subsystem clock, is set to 1 and moreover while HALT mode is set with the subsystem clock (fsus)
selected as CPU clock.

Remark n=0
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RL78/G1D
Figure 10-1. Block Diagram of Clock Output/Buzzer Output Controller
fMAIN ———=— Prescaler
5 3
fman/2'" to fwain/2'3
fwaN to fuain/2* | S
O
@ Clock/buzzer
fous to fsus/2” | & controller . ’, © PCLBUZ0"™"/INTP6/P140
s f
PCLOEO  |Output latch
fsug —— Prescaler u(gl;“g)c PM140
PCLOEO 0 CSELO| CCS02 | CCS01| CCS00

Clock output select register 0 (CKS0)

Internal bus

8

Note For output frequencies available from PCLBUZO0, see 30.6 AC Characteristics.
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10.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 10-1. Configuration of Clock Output/Buzzer Output Controller

ltem Configuration

Control registers Clock output select registers n (CKSn)
Port mode register 14 (PM14)
Port register 14 (P14)

10.3 Registers Controlling Clock Output/Buzzer Output Controller

The following registers are used to control the clock output/buzzer output controller.
e Clock output select registers n (CKSn)
e Port mode register 14 (PM14)
e Port register 14 (P14)

10.3.1 Clock output select registers n (CKSn)

These registers set output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZn), and set
the output clock.

Select the clock to be output from the PCLBUZn pin by using the CKSn register.

The CKSn register are set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.
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Figure 10-2. Format of Clock Output Select Register n (CKSn)

Address: FFFA5H (CKS0) Afterreset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
CKSn PCLOEN 0 0 0 CSELn CCSn2 CCsn1 CCSn0
PCLOEN PCLBUZn pin output enable/disable specification
0 Output disable (default)
1 Output enable
CSELn | CCSn2 | CCSn1 | CCSN0O PCLBUZn pin output clock selection
fmain = fvain = fmain = fmain =
5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 0 fuam 5 MHz 10 MHzZN°te | Setting Setting
prohibited°t | prohibited"°t
e e
0 0 0 1 fuan/2 2.5 MHz 5 MHz 10 MHzNete | 16 MHzNete
0 0 1 0 fuan/22 | 1.25 MHz 2.5 MHz 5 MHz 8 MHzNete
0 0 1 1 fwan/23 | 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 fwan/2* | 312.5 kHz 625 kHz 1.25 MHz 2 MHz
0 1 0 1 fuan/2'" | 2.44 kHz 4.88 kHz 9.76 kHz 15.63 kHz
0 1 1 0 fuan/2'? | 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
0 1 1 1 fuan/2'® | 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz
1 0 0 0 fsus 32.768 kHz
1 0 0 1 fsus/2 16.384 kHz
1 0 1 0 fsus/22 8.192 kHz
1 0 1 1 fsus/23 4.096 kHz
1 1 0 0 fsus/2* 2.048 kHz
1 1 0 1 fsus/2° 1.024 kHz
1 1 1 0 fsus/28 512 Hz
1 1 1 1 fsus/2’ 256 Hz

Note Use the output clock within a range of 16 MHz. Furthermore, when using the output clock at 2.7 V < Vob < 3.6
V, can be use it within 8 MHz only. See 30.6 AC Characteristics for details.

Cautions 1. Change the output clock after disabling clock output (PCLOEN = 0).

2. To shift to STOP mode when the main system clock is selected (CSELn = 0), set PCLOEn = 0
before executing the STOP instruction. When the subsystem clock is selected (CSELn = 1),
PCLOEN =1 can be set because the clock can be output while the RTCLPC bit of the subsystem
clock supply mode control (OSMC) register (the bit which controls the supply of the subsystem
clock) is set to 0 and moreover while STOP mode is set.

3. It is not possible to output the subsystem clock (fsus) from the PCLBUZn pin while the RTCLPC
bit of the subsystem clock supply mode control register (OSMC), which controls the supply of
the subsystem clock, is set to 1 and moreover while HALT mode is set with the subsystem clock
(fsus) selected as CPU clock.

n=0
2. fmain: Main system clock frequency

Remarks 1.

fsus: Subsystem clock frequency

RO1UHO515EJ0130 Rev.1.30 R NS
Mar 16, 2018 ENES

302



RL78/G1D CHAPTER 10 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

10.3.2 Registers controlling port functions of pins to be used for clock or buzzer output
Using a port pin for clock or buzzer output requires setting of the registers that control the port functions multiplexed on
the target pin (port mode register (PMxx), port register (Pxx)). For details, see 5.3.1 Port mode registers (PMxx) and

5.3.2 Port registers (Pxx).

Specifically, using a port pin with a multiplexed clock or buzzer output function (e.g. P140/INTP6/PCLBUZO0) for clock or
buzzer output, requires setting the corresponding bits in the port mode register (PMxx) and port register (Pxx) to 0.

Example When P140/INTP6/PCLBUZO is to be used for clock or buzzer output
Set the PM140 bit of port mode register 14 to “0”.
Set the P140 bit of port register 14 to “0”.
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10.4 Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.
The PCLBUZO pin outputs a clock/buzzer selected by the clock output select register 0 (CKSO).

10.4.1 Operation as output pin
The PCLBUZn pin is output as the following procedure.

<1> Set 0 in the bit of the port mode register (PMxx) and port register (Px) which correspond to the port which has a
pin used as the PCLBUZO pin.

<2> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELN) of the clock output select register (CKSn)
of the PCLBUZn pin (output in disabled status).

<3> Set bit 7 (PCLOEN) of the CKSn register to 1 to enable clock/buzzer output.

Remarks 1. The controller used for outputting the clock starts or stops outputting the clock one clock after enabling or
disabling clock output (PCLOER bit) is switched. At this time, pulses with a narrow width are not output.

Figure 10-3 shows enabling or stopping output using the PCLOER bit and the timing of outputting the clock.
2.n=0

Figure 10-3. Timing of Outputting Clock from PCLBUZn Pin

PCLOE | | |
" J 1f|00k elapsed |—| |_|

Clock output :- .

Narrow pulses are not output

10.5 Cautions of Clock Output/Buzzer Output Controller

When the main system clock is selected for the PCLBUZn output (CSEL = 0), if STOP mode is entered within 1.5 clock
cycles output from the PCLBUZn pin after the output is disabled (PCLOEn = 0), the PCLBUZn output width becomes
shorter.

ROTUH0515EJ0130 Rev.1.30 R NS 304
Mar 16, 2018 ENES



RL78/G1D CHAPTER 11 WATCHDOG TIMER

CHAPTER 11 WATCHDOG TIMER

11.1 Functions of Watchdog Timer

The counting operation of the watchdog timer is set by the option byte (000COH).

The watchdog timer operates on the low-speed on-chip oscillator clock (fiL).

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

e If the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
e |f data other than “ACH” is written to the WDTE register

e If data is written to the WDTE register during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is setto 1. For
details of the RESF register, sse CHAPTER 20 RESET FUNCTION.
When 75% + 1/2/fiL of the overflow time is reached, an interval interrupt can be generated.
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11.2 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 11-1. Configuration of Watchdog Timer

ltem Configuration

Counter Internal counter (17 bits)

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the option
byte.

Table 11-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (000COH)
Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCSO0)
Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 25 OPTION BYTE.

Figure 11-1. Block Diagram of Watchdog Timer

WDTINT of option Interval time controller o
byte (000COH) |  (Count value overflow time Interval time interrupt
x 3/4 + 1/2 fiL)

WDCS2 to WDCSO0 of
option byte (000COH)

Clock Internal | fi/28 to /2 Overflow signal
fiL input counter ——\| Selector
roll (17 bits) Reset
controtler output [—— Internal reset signal
controller
ggﬁglt clear Window size
WINDOW1 and decision signal
WINDOWO of option Window size check
byte (000COH)
‘ ‘ Detection of writing ACH to WDTE
WDTON of option Watchdog timer enable | «| Write detector to
byte (000COH) register (WDTE) —] WDTE except ACH
8 Internal bus 2
Remark fi.: Low-speed on-chip oscillator clock
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11.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

11.3.1 Watchdog timer enable register (WDTE)
Writing “ACH” to the WDTE register clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 9AH or 1AHNote,

Figure 11-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 9AH/1AHY"®  R/W

Symbol 7 6 5 4 3 2 1 0

WDTE |

Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte
(O00COH). To operate watchdog timer, set the WDTON bit to 1.

WDTON Bit Setting Value WDTE Register Reset Value

0 (watchdog timer count operation disabled) 1AH

1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than “ACH” is written to the WDTE register, an internal reset signal is

generated.
If a 1-bit memory manipulation instruction is executed for the WDTE register, an internal reset

signal is generated.
The value read from the WDTE register is 9AH/1AH (this differs from the written value (ACH)).
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11.4 Operation of Watchdog Timer
11.4.1 Controlling operation of watchdog timer
(1) When the watchdog timer is used, its operation is specified by the option byte (000COH).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1 (the
counter starts operating after a reset release) (for details, sse CHAPTER 25).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see 11.4.2
and CHAPTER 25).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH) (for
details, see 11.4.3 and CHAPTER 25).

(2) After a reset release, the watchdog timer starts counting.

(3) By writing “ACH” to the watchdog timer enable register (WDTE) after the watchdog timer starts counting and before
the overflow time set by the option byte, the watchdog timer is cleared and starts counting again.

(4) After that, write the WDTE register the second time or later after a reset release during the window open period. If
the WDTE register is written during a window close period, an internal reset signal is generated.

(5) If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is generated.
An internal reset signal is generated in the following cases.

e If a 1-bit manipulation instruction is executed on the WDTE register
e If data other than “ACH” is written to the WDTE register

Cautions 1. When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as long
as the register is written before the overflow time, and the watchdog timer starts counting again.

2. After "ACH" is written to the WDTE register, an error of up to 2 clocks (fi.) may occur before the
watchdog timer is cleared.
3. The watchdog timer can be cleared immediately before the count value overflows.
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Caution 4. The operation of the watchdog timer in the HALT, STOP, and SNOOZE modes differs as follows
depending on the set value of bit 0 (WDSTBYON) of the option byte (000COH).

WDSTBYON =0 WDSTBYON =1

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

In SNOOZE mode

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.

When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is short,
an overflow occurs during the oscillation stabilization time, causing a reset.

Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.

11.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to the watchdog timer enable register (WDTE) during the window open period before the
overflow time.

The following overflow times can be set.

Table 11-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer
(fi. = 17.25 kHz (MAX.))
0 0 0 28/fi (3.71 ms)
0 0 1 27/fi (7.42 ms)
0 1 0 28/fi (14.84 ms)
0 1 1 2%fiL (29.68 ms)
1 0 0 2"/fi (118.72 ms)
1 0 1 2'3/fi (474.89 ms)
1 1 0 2'%/fiL (949.79 ms)
1 1 1 2'%/fiL (3799.18 ms)

Remark fi.: Low-speed on-chip oscillator clock frequency

ROTUH0515EJ0130 Rev.1.30 R NS 309
Mar 16, 2018 ENES



RL78/G1D CHAPTER 11 WATCHDOG TIMER

11.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option byte

(000COH). The outline of the window is as follows.

e If “ACH” is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog timer

is cleared and starts counting again.
e Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and an

internal reset signal is generated.

Example If the window open period is 50%

Counting Overflow
starts time
" Window close period (50%) Window close period (50%)
Internal reset signal is generated Counting starts again when
if "ACH" is written to WDTE. "ACH" is written to WDTE.

Caution When data is written to the WDTE register for the first time after reset release, the watchdog timer is
cleared in any timing regardless of the window open time, as long as the register is written before the

overflow time, and the watchdog timer starts counting again.

The window open period can be set is as follows.
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Table 11-4. Setting Window Open Period of Watchdog Timer
WINDOWA1 WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 50%
1 0 75% Nete
1 1 100%

Note When the window open period is set to 75%, clearing the counter of the watchdog timer (writing ACH
to WDTE) must proceed outside the corresponding period from among those listed below, over which
clearing of the counter is prohibited (for example, confirming that the interval timer interrupt request
flag (WDTIIF) of the watchdog timer is set).

. . Period over which clearing the
Watchdog timer overflow time . L
WDCS2 WDCS1 WDCSO0 counter is prohibited when the
(fiL = 17.25 kHz (MAX.)) , o
window open period is set to 75%
0 0 0 25/fiL (3.71 ms) 1.85msto2.51 ms
0 0 1 27/fiL (7.42 ms) 3.71 ms t0 5.02 ms
0 1 0 28/fiL (14.84 ms) 7.42 ms to 10.04 ms
0 1 1 2%/fiL (29.68 ms) 14.84 ms to 20.08 ms
1 0 0 2"/fiL (118.72 ms) 56.36 ms to 80.32 ms
1 0 1 2'3/fiL (474.89 ms) 237.44 ms to 321.26 ms
1 1 0 2'"/fiL (949.79 ms) 474.89 ms to 642.51 ms
1 1 1 2'8/fiL (3799.18 ms) 1899.59 ms to 2570.04 ms

Caution When bit 0 (WDSTBYON) of the option byte (000COH) = 0, the window open period is 100%
regardless of the values of the WINDOW1 and WINDOWO bits.

Remark If the overflow time is set to 2%fiL, the window close time and open time are as follows.

Setting of Window Open Period

50% 75% 100%
Window close time 0to 20.08 ms 0to 10.04 ms None
Window open time 20.08 to 29.68 ms 10.04 to 29.68 ms 0 to 29.68 ms

<When window open period is 50%>
e Overflow time:
2%/fi (MAX.) = 29/17.25 kHz = 29.68 ms
e Window close time:
0 to 2%fiL (MIN.) x (1 —0.5) =010 29/12.75 kHz x 0.5 = 0 to 20.08 ms
e Window open time:
2%fiL (MIN.) x (1 — 0.5) to 2%/fi. (MAX.) = 2%/12.75 kHz x 0.5 to 2°/17.25 kHz = 20.08 to 29.68 ms
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11.4.4 Setting watchdog timer interval interrupt
Depending on the setting of bit 7 (WDTINT) of an option byte (000COH), an interval interrupt (INTWDTI) can be
generated when 75% + 1/2fiL of the overflow time is reached.

Table 11-5. Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is not used.
1 Interval interrupt is generated when 75% + 1/2fi of overflow time is reached.

Caution When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is
short, an overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.

Remark The watchdog timer continues counting even after INTWDTI is generated (until ACH is written to the
watchdog timer enable register (WDTE)). If ACH is not written to the WDTE register before the overflow
time, an internal reset signal is generated.
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CHAPTER 12 A/D CONVERTER

12.1 Function of A/D Converter

The A/D converter is used to convert analog input signals into digital values, and is configured to control analog inputs,
including 8 channels of A/D converter analog inputs (ANIO to ANI3 and ANI16 to ANI19). 10-bit or 8-bit resolution can be
selected by the ADTYP bit of the A/D converter mode register 2 (ADM2).

The A/D converter has the following function.

o 10-bit/8-bit resolution A/D conversion

10-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to ANI3

and ANI16 to ANI19. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated when

in the select mode.

Various A/D conversion modes can be specified by using the mode combinations below.

Trigger mode

Software trigger

Conversion is started by software.

Hardware trigger no-wait mode

Conversion is started by detecting a hardware trigger.

Hardware trigger wait mode

The power is turned on by detecting a hardware trigger while the
system is off and in the conversion standby state, and
conversion is then started automatically after the stabilization
wait time passes.

When using the SNOOZE mode function, specify the hardware
trigger wait mode.

Channel selection
mode

Select mode A/D conversion is performed on the analog input of one selected
channel.
Scan mode 4 channels of analog input ANIO to ANI3 are A/D converted in

turn.

Conversion operation
mode

One-shot conversion mode

A/D conversion is performed on the selected channel once.

Sequential conversion mode

A/D conversion is sequentially performed on the selected
channels until it is stopped by software.

Operation voltage mode

Standard 1 or standard 2 mode

Conversion is done in the operation voltage range of 2.7 V < Voo
<36 V.

Low voltage 1 or low voltage 2
mode

Conversion is done in the operation voltage range of 1.6 V < Voo
<36 V.

Select this mode for conversion at a low voltage. Because the
operation voltage is low, it is internally boosted during
conversion.

Sampling time selection

Sampling clock cycles:
7 fao

The sampling time in standard 1 or low voltage 1 mode is seven
cycles of the conversion clock (fap). Select this mode when the
output impedance of the analog input source is high and the
sampling time should be long.

Sampling clock cycles:
5 fap

The sampling time in standard 2 or low voltage 2 mode is five
cycles of the conversion clock (fap). Select this mode when
enough sampling time is ensured (for example, when the output
impedance of the analog input source is low).
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12.2 Configuration of A/D Converter

M

()

3

4

The A/D converter includes the following hardware.

ANIO to ANI3 and ANI16 to ANI19 pins
These are the analog input pins of the 8 channels of the A/D converter. They input analog signals to be converted
into digital signals. Pins other than the one selected as the analog input pin can be used as 1/O port pins.

Sample & hold circuit

The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and
sends them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D
conversion.

A/D voltage comparator

This A/D voltage comparator compares the voltage generated from the voltage tap of the comparison voltage
generator with the analog input voltage. If the analog input voltage is found to be greater than the reference voltage
(1/2 AVreF) as a result of the comparison, the most significant bit (MSB) of the successive approximation register
(SAR) is set. If the analog input voltage is less than the reference voltage (1/2 AVrer), the MSB bit of the SAR is
reset.

After that, bit 8 of the SAR register is automatically set, and the next comparison is made. The voltage tap of the
comparison voltage generator is selected by the value of bit 9, to which the result has been already set.

Bit 9 = 0: (1/4 AVReF)
Bit 9 = 1: (3/4 AVReF)

The voltage tap of the comparison voltage generator and the analog input voltage are compared and bit 8 of the SAR
register is manipulated according to the result of the comparison.

Analog input voltage = Voltage tap of comparison voltage generator: Bit 8 = 1
Analog input voltage < Voltage tap of comparison voltage generator: Bit 8 =0

Comparison is continued like this to bit O of the SAR register.
When performing A/D conversion at a resolution of 8 bits, the comparison continues until bit 2 of the SAR register.

Remark AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerr, the internal
reference voltage (1.45 V), and Voo.

Comparison voltage generator
The comparison voltage generator generates the comparison voltage input from an analog input pin.

ROTUH0515EJ0130 Rev.1.30 R NS 315
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Successive approximation register (SAR)

The SAR register is a register that sets voltage tap data whose values from the comparison voltage generator match
the voltage values of the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR register (conversion results) are held in the A/D conversion result register (ADCR). When all the specified
A/D conversion operations have ended, an A/D conversion end interrupt request signal (INTAD) is generated.

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6 bits
are fixed to 0).

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as well
as starting and stopping of the conversion operation. When A/D conversion has been completed, this controller
generates INTAD through the A/D conversion result upper limit/lower limit comparator.

AVREFP pin

This pin inputs an external reference voltage (AVReFp).

If using AVrerp as the + side reference voltage of the A/D converter, set the ADREFP1 and ADREFPO bits of A/D
converter mode register 2 (ADM2) to 0 and 1, respectively.

The analog signals input to ANI16 to ANI19 are converted to digital signals based on the voltage applied between
AVrerp and the — side reference voltage (AVRerm/Vss).

In addition to AVRerp, it is possible to select Vop or the internal reference voltage (1.45 V) as the + side reference
voltage of the A/D converter.

(10) AVRerm pin

This pin inputs an external reference voltage (AVrerm). If using AVRerm as the — side reference voltage of the A/D
converter, set the ADREFM bit of the ADM2 register to 1.
In addition to AVRerw, it is possible to select Vss as the — side reference voltage of the A/D converter.
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12.3 Registers Controlling A/D Converter

The A/D converter is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

e 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

e Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)
e Conversion result comparison lower limit setting register (ADLL)
e A/D test register (ADTES)

e A/D port configuration register (ADPC)

e Port mode control registers 0 (PMCO)

e Port mode registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14)
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12.3.1 Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware

macro that is not used is stopped in order to reduce the power consumption and noise.
When the A/D converter is used, be sure to set bit 5 (ADCEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICACEN SAU1EN SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.

e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

1 Enables input clock supply.
e SFR used by the A/D converter can be read/written.

Cautions 1. When setting the A/D converter, be sure to set the following registers first while the ADCEN bit is

set to 1. If ADCEN = 0, the values of the A/D converter control registers are cleared to their initial
values and writing to them is ignored (except for port mode registers 0, 2, 12, and 14 (PM0, PM2,
PM12, and PM14), port mode control register 0 (PMCO0), and A/D port configuration register
(ADPC)).

e A/D converter mode register 0 (ADMO0)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

e 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

e Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)

e Conversion result comparison lower limit setting register (ADLL)

o A/D test register (ADTES).

. Be sure to clear the bits 1 and 6 to “0”.
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12.3.2 A/D converter mode register 0 (ADMO0)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
The ADMO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FFF30H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 <0>

ADMO | ADCS | ADMD | FR2MWet | FRivet | FRowet | Lyt | Lot | ADCE

ADCS A/D conversion operation control
0 Stops conversion operation
[When read]
Conversion stopped/standby status
1 Enables conversion operation
[When read]

While in the software trigger mode: Conversion operation status

+ conversion operation status

While in the hardware trigger wait mode: A/D power supply stabilization wait status

ADMD Specification of the A/D conversion channel selection mode
0 Select mode
1 Scan mode
ADCE A/D voltage comparator operation controlN°te 2
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Notes 1. For details of the FR2 to FRO, LV1, LVO bits, and A/D conversion, see Table 12-3 A/D Conversion Time

Selection.

2. While in the software trigger mode or hardware trigger no-wait mode, the operation of the A/D voltage

comparator is controlled by the ADCS and ADCE bits, and it takes 1 ps from the start of operation for the

operation to stabilize. Therefore, when the ADCS bit is set to 1 after 1 ys or more has elapsed from the

time ADCE bit is set to 1, the conversion result at that time has priority over the first conversion result.

Otherwise, ignore data of the first conversion.

Cautions 1. Change the FR2 to FRO, LV1, and LVO0 bits while conversion is stopped (ADCS = 0, ADCE = 0).

2. Do not set the ADCS bit to 1 and the ADCE bit to 0 at the same time.

3. Do not change the ADCE and ADCS bits from 0 to 1 at the same time by using an 8-bit
manipulation instruction. Be sure to set these bits in the order described in 12.7 A/D

Converter Setup Flowchart.
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Table 12-1. Settings of ADCS and ADCE Bits
ADCS ADCE A/D Conversion Operation
0 0 Conversion stopped state
0 1 Conversion standby state
0 Setting prohibited
1 Conversion-in-progress state
Table 12-2. Setting and Clearing Conditions for ADCS Bit
A/D Conversion Mode Set Conditions Clear Conditions
Software Select mode Sequential conversion | When 1 is When 0 is written to ADCS
trigger mode written to ADCS
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
Hardware Select mode Sequential conversion When 0 is written to ADCS
trigger no-wait mode
mode One-shot conversion When 0 is written to ADCS
mode
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion When 0 is written to ADCS
mode
Hardware Select mode Sequential conversion | When a When 0 is written to ADCS
trigger wait mode hardware trigger
mode One-shot conversion is input e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
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Figure 12-4. Timing Chart When A/D Voltage Comparator Is Used

A/D voltage comparator: enables operation———

ADCE

R__I §
:

A/D voltage comparator Conversion start timg\o¢ 2

Conversion /.. Conversion _, Conversion EFConversion
' standby . operation standby : stopped
Software ' : :
. AD ' ' .
trigger mode CS ~ Note 1 - '
1 is written 0 iss written to ADCS.
to ADCS.
: Conversion start timg\°te 2 :
+ Conversion , Trigger | . Conversion Conversion ' Conversion
™ standby *Itstandby’i I~ operation " standby ™ stopped
Hardware trigger  »pcg I
no-wait mode .~ Note 1~ Hardware
: f trigger detection f '
: 1 is written 0 is written to ADCS. '
5 to ADCS. ;
Conversion start timég\°te 2
! A/D power supply stabilization wait time !
Conversion , ., Conversion , Conversion Conversion
™ standby o I~ operation . standby "~ stopped
Hardware trigger ADCS !
wait mode ! : !
<R> detection

Notes 1. While in the software trigger mode or hardware trigger no-wait mode, the time from the rising of the ADCE
bit to the falling of the ADCS bit must be 1 us or longer to stabilize the internal circuit.
2. In starting conversion, the longer will take up to following time

ADMO Conversion Clock Conversion Start Time (Number of fcik Clock)
FR2 | FR1 | FRO (fao) Software Trigger Mode/ Hardware Trigger Wait Mode
Hardware Trigger No-wait Mode

0 0 0 fok/64 63 1

0 0 1 fok/32 31

0 1 0 fok/16 15

0 1 1 fouk/8 7

1 0 0 foLk/6 5

1 0 1 fouk/5 4

1 1 0 fok/4 3

1 1 1 fok/2 1

However, for the second and subsequent conversion in sequential conversion mode and for conversion of
the channel specified by scan 1, 2, and 3 in scan mode, the conversion start time and stabilization wait time
for A/D power supply do not occur after a hardware trigger is detected.
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Cautions 1. If using the hardware trigger wait mode, setting the ADCS bit to 1 is prohibited (but the bit is
automatically switched to 1 when the hardware trigger signal is detected). However, it is possible
to clear the ADCS bit to 0 to specify the A/D conversion standby status.

2. While in the one-shot conversion mode of the hardware trigger no-wait mode, the ADCS flag is
not automatically cleared to 0 when A/D conversion ends. Instead, 1 is retained.

3. Only rewrite the value of the ADCE bit when ADCS = 0 (while in the conversion stopped/
conversion standby status).

4. To complete A/D conversion, specify at least the following time as the hardware trigger interval:
Hardware trigger no wait mode: 2 fc.k clock + conversion start time + A/D conversion time
Hardware trigger wait mode: 2 fck clock + conversion start time +

AID power supply stabilization wait time + A/D conversion time

Remark fcik: CPU/peripheral hardware clock frequency
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Table 12-3. A/D Conversion Time Selection (1/4)

(1) When there is no A/D power supply stabilization wait time

Normal mode 1, 2 (software trigger mode/hardware trigger no-wait mode)

A/D Converter Mode Register 0 | Mode |Conversion| Number of | Conversion Conversion Time at 10-Bit Resolution
(ADMO) Clock (fao) |Conversion|  Time 27V<Vop<36V
FR2 | FR1 | FRO | LV1 | LVO ClockNete fok = fok = folk = folk = folk =
1 MHz 4 MHz 8 MHz 16 MHz | 32 MHz
0 0 0 0 0 [Normmal 1| fcik/64 19 fap 1216/fck | Setting Setting Setting 76 ps 38 us
(number of prohibited | prohibited | prohibited
0 0 1 fouk/32 sampling | 608/fcik 76 s 38 us 19 us
0 1 0 fork/16 clock: 304/fek 76 us 38 us 19 s 9.5 us
0 1 1 foLk/8 7 fao) 152/feLk 38 ps 19 us 9.5 us 4.75 us
1 0 0 foLk/6 114/fck 28.5 s 14.25pus |7.125 us |3.5625 us
1 0 1 fek/5 95/fck |95 Ps 23.75ps |11.875pus |5.938 us |2.9688 ps
1 1 0 foLk/4 76/fck |76 ps 19 us 9.5 us 4.75 us 2.375 us
1 1 1 fork/2 38/fck |38 ps 9.5 us 4.75 us 2.375 ys | Setting
prohibited
0 0 0 0 1 |Normal 2 | fcLk/64 17 fap 1088/fck |Setting Setting Setting 68 us 34 us
(number of prohibited | prohibited | prohibited
0 0 1 feLk/32 sampling | 544/fck 68 us 34 us 17 ps
0 1 0 fok/16 clock: 272/fcLk 68 us 34 ys 17 us 8.5 us
0 1 1 foLk/8 5 fan) 136/fok 34 us 17 us 8.5 s 4.25 s
1 0 0 fek/6 102/fek 255pus |12.75us |6.375us |3.1875 s
1 0 1 fek/5 85/fcik |85 us 21.25pus |10.625ps |5.3125 us | 2.6563 ps
1 1 0 foik/4 68/fcik |68 s 17 us 8.5 us 4.25 us 2.125 us
1 1 1 fouk/2 34/fex |34 ps 8.5 us 4.25pus |2.125ps | Setting
prohibited

Note These are the numbers of clock cycles when conversion is with 10-bit resolution. When eight-bit resolution is

Cautions 1.

selected, the values are shorter by two cycles of the conversion clock (fap).

described in 30.7.1 A/D converter characteristics.

(ADCS = 0, ADCE = 0).

first conversion. Select conversion time, taking clock frequency errors into consideration.

Remark fcik: CPU/peripheral hardware clock frequency

The A/D conversion time must also be within the relevant range of conversion times (tconv)

Rewrite the FR2 to FRO, LV1 and LVO bits to other than the same data while conversion is stopped

The above conversion time does not include conversion start time. Conversion start time add in the
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Table 12-3. A/D Conversion Time Selection (2/4)

(2) When there is no A/D power supply stabilization wait time

Low-voltage mode 1, 2 (software trigger mode/hardware trigger no-wait mode)

A/D Converter Mode Register 0 | Mode |Conversion| Number of | Conversion Conversion Time at 10-Bit Resolution
(ADMO) Clock (fao) | Conversion|  Time 16V<Vop<36V Note 1 Note 2 Note 3
FR2 | FR1 | FRO | LV1 | LVO ClockNote 4 foek = fok = fok = fok = ferk =
1 MHz 4 MHz 8 MHz 16 MHz | 32 MHz
0 0 0 1 0 Low- | fck/64 19 fap 1216/fck | Setting Setting Setting 76 ps 38 us
volt1a ge (number of prohibited | prohibited | prohibited
0 0 1 fouk/32 sampling | 608/fcwk 76 s 38 ps 19 ps
0 1 0 fok/16 clock: 304/fek 76 us 38 us 19 us 9.5 us
0 1 1 fouk/8 7 fap) 152/feLk 38 ps 19 us 9.5 us 4.75 ps
1 0 0 foLk/6 114/fcik 28.5 us 14.25us [7.125pus |3.5625 ps
1 0 1 fok/5 95/fck |95 ps 23.75ps |11.875ps |5.938 ps |2.9688 us
1 1 0 foLk/4 76/fck |76 ps 19 us 9.5 us 475 us 2.375 us
1 1 1 fork/2 38/fck |38 ps 9.5 us 4.75 us 2.375ps | Setting
prohibited
0 0 0 1 1 Low- | fck/64 17 fap 1088/fck | Setting Setting Setting 68 ps 34 ps
voltzage (number of prohibited | prohibited | prohibited
0 0 1 fok/32 sampling | 544/fck 68 us 34 us 17 ps
0 1 0 fo/16 clock: 5 | 272/fcik 68 us 34 us 17 s 8.5 s
0 1 1 foLk/8 fap) 136/fok 34 us 17 us 8.5 s 4.25 us
1 0 0 fouk/6 102/fok 255us |12.75ps |6.375 s |3.1875 us
1 0 1 fouk/5 85/fck |85 ps 21.25pus |10625us |5.3125us | 2.6563 pis
1 1 0 foLk/4 68/fcik |68 s 17 us 8.5 us 425 us 2.125 us
1 1 1 fouk/2 34/ffck |34 ps 8.5 us 425ps  |2.125ps | Setting
prohibited
Notes1. 1.8V <Vop=<36V
2. 24V<Vmp<36V
3. 27V<Vwp<36V
4. These are the numbers of clock cycles when conversion is with 10-bit resolution. When eight-bit resolution is
selected, the values are shorter by two cycles of the conversion clock (fap).
Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)

described in 30.7.1 A/D converter characteristics.

Rewrite the FR2 to FRO, LV1 and LVO bits to other than the same data while conversion is stopped
(ADCS =0, ADCE = 0).
The above conversion time does not include conversion start time. Conversion start time add in the

first conversion. Select conversion time, taking clock frequency errors into consideration.

Remark fcik: CPU/peripheral hardware clock frequency
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Table 12-3. A/D Conversion Time Selection (3/4)

(3) When there is A/D power supply stabilization wait time

Normal mode 1, 2 (hardware trigger wait modeN°te 1)

A/D Converter Mode Mode |Conversion| Numberof | Number of | A/D Power A/D Power Supply Stabilization Wait Time +
Register 0 (ADMO) Clock (fa) | A/D Power |Conversion|  Supply Conversion Time at 10-Bit Resolution
Supply | ClockNete 2 | Stabilization 27V<Vop<36V
FR2|FR1|FRO | LV1|LVO Stabilization WaitTime +| o= fok = fok = fok = fok =
Wiait Clock Conversion| 1 MHz 4 MHz 8 MHz | 16 MHz | 32 MHz
Time
0 0 0 0 0 | Normal |fcik/64 8 fap 19fao | 1728/fck |Setting Setting Setting 108 ps 54 us
1 (number prohibited | prohibited | prohibited
0 0 1 fok/32 of 864/fck 108 ps 54 us 27 us
0 | 1 0 fok/16 sampling | 432/foix 108 us |54 ps 27 us 13.5 us
o 1] 1 foud8 olock | 16ffou S4ps  |27ps  |135us |6.75ps
1100 o6 50 ot 405ps |2025ps |10.125s |5.0625 ps
1 0 1 fouk/5 135/fck {135 ps 33.75us |16.875us |8.4375pus [4.21875us
1 1 0 foLk/4 108/fck {108 ps 27 ps 135 us 6.75us |3.375ps
1 1 1 fork/2 54ffax |54 ps 13.5us 6.75pus |3.375us | Setting
prohibited
0 0 0 0 1 | Normal | fck/64 8 fap 17 fao | 1600/fck |Setting Setting Setting 100 ps 50 ps
2 (number prohibited | prohibited | prohibited
0 0 1 foLk/32 of 800/fck 100 ps 50 ps 25 us
0 1 0 fck/16 sampling | 400/fcix 100 ps 50 us 25 us 12.5 us
0| 1| 1 fouk/8 clock: | 200/ 50 ps 25 ps 125us |6.25 s
1 0 0 fok/6 5 fan) 150/feix 375pus |[1875pus [9.375ps |[4.6875 s
1 0 1 foLk/5 125/fck [125 ps 31.25pus |15625pus |7.8125ps |3.90625 us
1 1 0 foLk/4 100/fcik {100 ps 25 us 125us |6.25us |[3.125us
1 1 1 fouk/2 50/fcx {50 ps 125pus |6.25pus |3.125 us | Setting
prohibited

Notes 1. For the second and subsequent conversion in sequential conversion mode, and for conversion of the channel

specified by scan 1, 2, and 3 in scan mode, the conversion start time and stabilization wait time for A/D power
supply do not occur after a hardware trigger is detected (see Table 12-3 (1/4)).
2. These are the numbers of clock cycles when conversion is with 10-bit resolution. When eight-bit resolution is

selected, the values are shorter by two cycles of the conversion clock (fan).

Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)

described in 30.7.1 A/D converter characteristics. Note that the conversion time (tconv) does not

include the A/D power supply stabilization wait time.

2. Rewrite the FR2 to FRO, LV1 and LVO bits to other than the same data while conversion is stopped
(ADCS =0, ADCE = 0).
3. The above conversion time does not include conversion start time. Conversion start time add in the

first conversion. Select conversion time, taking clock frequency errors into consideration.

4. When hardware trigger wait mode, specify the conversion time, including the A/D power supply
stabilization wait time from the hardware trigger detection.

Remark fcik: CPU/peripheral hardware clock frequency
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(4) When there is no A/D power supply stabilization wait time

Table 12-3. A/D Conversion Time Selection (4/4)

Low-voltage mode 1, 2 (hardware trigger wait modeNte 1)

A/D Converter Mode Register 0| Mode |Conversion| Numberof | Number of | A/ID Power A/D Power Supply Stabilization Wait Time +
(ADMO) Clock (fan) | A/D Power |Conversion|  Supply Conversion Time at 10-Bit Resolution
Supply | ClockNee® | Stabilization| 1.6V <Voo<3.6V | Note2 | Note3 | Note 4
FR2|FR1|FRO|LV1|LVO Stabilization Wait Time +| - fo = fowk = fok = fok = fok =
Wait Clock Conversion| 1 MHz | 4MHz | 8 MHz | 16 MHz | 32 MHz
Time
0 0 0 0 0 Low- |fcik/64 2 fap 19fao | 1344/fck |Setting Setting Setting 84 us 42 ps
voltage (number prohibited | prohibited | prohibited
0| 0| 1 1 | fow32 of 672/fcik 84 s 42 ps 21 ps
0110 fok/16 sampling | 336/fowx 84 s 42 ps 21 ps 10.5 ps
0| 1| 1 fouk/8 clock: | 168/fowx 42 ps 21 ps 10.5us |5.25 s
11010 fouk/6 710) | 126/fx 31.25ps [15.75us |7.875us |3.9375 us
1 0 1 foLk/5 105/fck {105 ps 26.25 us | 13.125 ps | 6.5625 ps | 3.238125us
1 1 0 foLk/4 84ffox |84 s 21 us 10.5 us 525 us |2.625 us
1 1 1 fork/2 42ffcx |42 us 10.5us |525pus 2.625 ps | Setting
prohibited
0 0 0 0 1 Low- |fck/64 2 fap 17 fao | 1216/fok |Setting Setting Setting 76 ps 38 us
voltage (number prohibited | prohibited | prohibited
0 0 1 2 foik/32 of 608/fck 76 us 38 us 19 us
o110 fok/16 sampling | 304/fox 76 us 38 us 19 us 9.5 us
0| 1| 1 fouk/8 clock: | 152/fcik 38 s 19 us 95us  |4.75 ps
170100 fowk/6 Sto) | 114/ 285pus |14.25ps |7.125 s |3.5625 ps
1 0 1 feLk/5 96/fox |96 ps 23.75us |12 us 5.938 us |2.9688 us
11110 foLk/4 76ffcx |76 ps 19 us 95pus |4.75ps  |2.375us
1 1 1 foLk/2 38/fax |38 us 9.5 us 4.75us |2.375 us | Setting
prohibited
Notes1. For the second and subsequent conversion in sequential conversion mode and for conversion of the channel
specified by scan 1, 2, and 3 in scan mode,, the conversion start time and stabilization wait time for A/D power
supply do not occur after a hardware trigger is detected (see Table 12-3 (2/4)).
2. 1.8V<sVmms36V
3. 24V<sVmwp<36V
4, 27V<sVo<36V
5. These are the numbers of clock cycles when conversion is with 10-bit resolution. When eight-bit resolution is
selected, the values are shorter by two cycles of the conversion clock (fap).
Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)

described in 30.7.1 A/D converter characteristics. Note that the conversion time (tconv) does not
include the A/D power supply stabilization wait time.
2. Rewrite the FR2 to FRO, LV1 and LVO bits to other than the same data while conversion is stopped
(ADCS = 0, ADCE = 0).
3. The above conversion time does not include conversion start time. Conversion start time add in the

first conversion. Select conversion time, taking clock frequency errors into consideration.

4. When hardware trigger wait mode, specify the conversion time, including the A/D power supply

stabilization wait time from the hardware trigger detection.

Remark fcik: CPU/peripheral hardware clock frequency
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Figure 12-5. A/D Converter Sampling and A/D Conversion Timing (Example for Software Trigger Mode)

1 is written to ADCS or ADS is rewritten.
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12.3.3 A/D converter mode register 1 (ADM1)
This register is used to specify the A/D conversion trigger, conversion mode, and hardware trigger signal.
The ADM1 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-6. Format of A/D Converter Mode Register 1 (ADM1)

Address: FFF32H  After reset: 00H R/W

Symbol

6 5 4 3 2 1 0

ADM1

ADTMD1 ADTMDO ADSCM 0 0 0 ADTRS1 ADTRSO

ADTMD1 ADTMDO Selection of the A/D conversion trigger mode

0

x Software trigger mode

0 Hardware trigger no-wait mode

1 Hardware trigger wait mode

ADSCM Specification of the A/D conversion mode

Sequential conversion mode

One-shot conversion mode

ADTRS1 ADTRSO Selection of the hardware trigger signal

0 0 End of timer channel 01 count or capture interrupt signal (INTTMO1)

0 1 Setting prohibited

0 Real-time clock interrupt signal (INTRTC)

1 12-bit interval timer interrupt signal (INTIT)

Cautions 1.
2.

Remarks 1.
2.

Rewrite the value of the ADM1 register while conversion is stopped (ADCS = 0, ADCE = 0).

To complete A/D conversion, specify at least the following time as the hardware trigger interval:

Hardware trigger no wait mode: 2 fck clock + conversion start time + A/D conversion time

Hardware trigger wait mode: 2 fck clock + conversion start time + A/D power supply
stabilization wait time + A/D conversion time

. In modes other than SNOOZE mode, input of the next INTRTC or INTIT will not be recognized as

a valid hardware trigger for up to four fcLk cycles after the first INTRTC or INTIT is input.

x: Don't care
fck: CPU/peripheral hardware clock frequency
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12.3.4 A/D converter mode register 2 (ADM2)

This register is used to select the A/D converter reference voltage, check the upper limit and lower limit A/D conversion
result values, select the resolution, and specify whether to use the SNOOZE mode.

The ADM2 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-7. Format of A/D Converter Mode Register 2 (ADM2) (1/2)

Address: FOO10H  After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 | ADREFP1 ADREFPO ADREFM 0 ADRCK AWC 0 ADTYP
ADREFP1 ADREFPO Selection of the + side reference voltage source of the A/D converter
0 0 Supplied from Voo
0 1 Supplied from P20/AVrerr/ANIO
1 0 Supplied from the internal reference voltage (1.45 V) Note
1 1 Setting prohibited

(2
(3
(4
(5

o \When ADREFP1 or ADREFPO bit is rewritten, this must be configured in accordance with the following procedures.
(1) Set ADCE =0

) Change the values of ADREFP1 and ADREFPO

) Reference voltage stabilization wait time (A)

) Set ADCE = 1

) Reference voltage stabilization wait time (B)

When ADREFP1 and ADREFPO are set to 1 and 0, the setting is changed to A=5 ps, B =1 ps.

When ADREFP1 and ADREFPO are setto 0 and 0 or 0 and 1, A needs no wait and B = 1 ps.

After (5) stabilization time, start the A/D conversion.

e WWhen ADREFP1 and ADREFPO are set to 1 and 0, respectively, A/D conversion cannot be performed on the

temperature sensor output voltage and internal reference voltage output.
Be sure to perform A/D conversion while ADISS = 0.

ADREFM Selection of the — side reference voltage source of the A/D converter
0 Supplied from Vss
1 Supplied from P21/AVrerm/ANI1

Note This setting can be used only in HS (high-speed main) mode.

Cautions 1. Rewrite the value of the ADM2 register while conversion is stopped (ADCS = 0, ADCE = 0).
2. Do not set the ADREFP1 bit to 1 when shifting to STOP mode, or to HALT mode while the CPU is
operating on the subsystem clock. When the internal reference voltage is selected (ADREFP1,
ADREFPO = 1, 0), the A/D converter reference voltage current (labrer) indicated in 30.5.2 Supply
current characteristics will be added.
3. When using AVrerp and AVRerm, specify ANIO and ANI1 as the analog input channels and specify
input mode by using the port mode register.
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Figure 12-7. Format of A/D Converter Mode Register 2 (ADM2) (2/2)

Address: FOO10H  After reset: 0OOH R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 | ADREFP1 ADREFPO ADREFM 0 ADRCK | AWC | 0 | ADTYP
ADRCK Checking the upper limit and lower limit conversion result values
0 The interrupt signal (INTAD) is output when the ADLL register < the ADCR register < the ADUL register
(AREA 1).
1 The interrupt signal (INTAD) is output when the ADCR register < the ADLL register (AREA 2) or the

ADUL register < the ADCR register (AREA 3).
Figure 12-8 shows the generation range of the interrupt signal (INTAD) for AREA 1 to AREA 3.

AWC Specification of the SNOOZE mode
0 Do not use the SNOOZE mode function.
1 Use the SNOOZE mode function.

When there is a hardware trigger signal in the STOP mode, the STOP mode is exited, and A/D conversion is performed
without operating the CPU (the SNOOZE mode).

e The SNOOZE mode function can only be specified when the high-speed on-chip oscillator clock is selected for the
CPU/peripheral hardware clock (fcwk). If any other clock is selected, specifying this mode is prohibited.

e Using the SNOOZE mode function in the software trigger mode or hardware trigger no-wait mode is prohibited.

e Using the SNOOZE mode function in the sequential conversion mode is prohibited.

e When using the SNOOZE mode function, specify a hardware trigger interval of at least “shift time to SNOOZE
modeN°t® + conversion start time + A/D power supply stabilization wait time + A/D conversion time +2 fcik clock”

e Even when using SNOOZE mode, be sure to set the AWC bit to 0 in normal operation mode and change it to 1 just
before shifting to STOP mode.
Also, be sure to change the AWC bit to 0 after returning from STOP mode to normal operation mode.
If the AWC bit is left set to 1, A/D conversion will not start normally in spite of the subsequent SNOOZE or normal
operation mode.

ADTYP Selection of the A/D conversion resolution
0 10-bit resolution
1 8-bit resolution

Note Refer to “Transition time from STOP mode to SNOOZE mode” in 19.3.3 SNOOZE mode

Caution Only rewrite the value of the ADM2 register while conversion operation is stopped (ADCS = 0, ADCE
=0).
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Figure 12-8. ADRCK Bit Interrupt Signal Generation Range

ADCR register value
(A/D conversion result)

1111111111
AREA 3 .
INTAD is generated
(ADUL < ADCR) when ADRCK = 1.
"""""""""""""""""""""""""""""" ADUL register setting
AREA 1
(ADLL £ ADCR £ ADUL) INTAD is generated
when ADRCK = 0.
----------------------------------------- ADLL register setting
AREA 2 INTAD is generated
(ADCR < ADLL) when ADRCK = 1.

0000000000
Remark If INTAD does not occur, the A/D conversion result is not stored in the ADCR or ADCRH register.

12.3.5 10-bit A/D conversion result register (ADCR)

This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time A/D
conversion ends, the conversion result is loaded from the successive approximation register (SAR). The higher 8 bits of
the conversion result are stored in FFF1FH and the lower 2 bits are stored in the higher 2 bits of FFF1EHNote,

The ADCR register can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Note If the A/D conversion result is outside the range specified by using the A/D conversion comparison function
(the value specified by the ADRCK bit of the ADM2 register and ADUL/ADLL registers; see Figure 12-8), the
result is not stored.

Figure 12-9. Format of 10-bit A/D Conversion Result Register (ADCR)

Address: FFF1FH, FFF1EH After reset: 0000H R

FFF1FH FFF1EH
Symbol A A

ADCR 0 0 0 0 0 0

Cautions 1. When 8-bit resolution A/D conversion is selected (when the ADTYP bit of A/D converter mode
register 2 (ADM2) is 1) and the ADCR register is read, 0 is read from the lower two bits (bits 7 and
6 of the ADCR register).
2. When the ADCR register is accessed in 16-bit units, the higher 10 bits of the conversion result
are read in order starting at bit 15.
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12.3.6 8-bit A/D conversion result register (ADCRH)

This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are
storedNote,

The ADCRH register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note If the A/D conversion result is outside the range specified by using the A/D conversion comparison function (the
value specified by the ADRCK bit of the ADM2 register and ADUL/ADLL registers; see Figure 12-8), the result is
not stored.

Figure 12-10. Format of 8-bit A/D Conversion Result Register (ADCRH)
Address: FFF1FH Afterreset: 0OH R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

Caution When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of the ADCRH register may
become undefined. Read the conversion result following conversion completion before writing to
the ADMO, ADS, and ADPC registers. Using timing other than the above may cause an incorrect
conversion result to be read.
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12.3.7 Analog input channel specification register (ADS)

This register specifies the input channel of the analog voltage to be A/D converted.

The ADS register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-11. Format of Analog Input Channel Specification Register (ADS)

Address: FFF31H  After reset: 00H R/W

Symbol 7

6 5 4 3 2 1 0

ADS ADISS

0 0 ADS4 ADS3 ADS2 ‘ ADS1 ‘ ADSO

o Select mode (ADMD = 0)

ADISS ADS4 ADS3 ADS2 ADS1 ADSO Analog input Input source
channel

0 0 0 0 0 ANIO P20/ANIO/AVREFP pin

0 0 0 0 0 1 ANI1 P21/ANI1/AVREFM pin

0 0 0 0 1 0 ANI2 P22/ANI2 pin

0 0 0 0 1 1 ANI3 P23/ANI3 pin

0 1 0 0 0 0 ANI16 P03/ANI16 pin

0 1 0 0 0 1 ANI17 P02/ANI17 pin

0 1 0 0 1 0 ANI18 P147/ANI18 pin

0 1 0 0 1 1 ANI19 P120/ANI19 pin

1 0 0 0 0 0 - Temperature sensor
outputNete

1 0 0 0 0 1 - Internal reference voltage
output (1.45 V)Nete

Other than above Setting prohibited

Note This setting can be used only in HS (high-speed main) mode.

o Scan mode (ADMD = 1)

ADISS ADS4 ADS3 ADS2 ADS1 ADSO Analog input channel
0 1 2 3
0 0 0 0 0 0 ANIO ANI1 ANI2 ANI3
Other than above Setting prohibited
Cautions 1. Be sure to clear bits 5 and 6 to “0”.

2.

Set a channel to be set the analog input by ADPC and PMCx registers in the input mode
by using port mode registers 0, 2, 12, or 14 (PM0, PM2, PM12, PM14).

. Do not set the pin that is set by the A/D port configuration register (ADPC) as digital 1/0

by the ADS register.
Do not set the pin that is set by port mode control register 0 (PMCO0) as digital /0 by the
ADS register.

. Rewrite the value of the ADISS bit while conversion is stopped (ADCS = 0, ADCE = 0).
. If using AVRerp as the + side reference voltage of the A/D converter, do not select ANIO as

an A/D conversion channel.

. If using AVRrerm as the — side reference voltage of the A/D converter, do not select ANI1 as

an A/D conversion channel.
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Cautions 8. If the ADISS bit is set to 1, the internal reference voltage (1.45 V) cannot be used for the +

side reference voltage. After the ADISS bit is set to 1, the initial conversion result cannot
be used. For the setting flow, see 12.7.4 Setup when temperature sensor output
voltage/internal reference voltage is selected (example for software trigger mode and one-
shot conversion mode).

. Do not set the ADISS bit to 1 when shifting to STOP mode, or to HALT mode while the

CPU is operating on the subsystem clock. When the ADISS bit is set to 1, the A/D

converter reference voltage current (labrer) indicated in 30.4.2  Supply current
characteristics will be added.
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12.3.8 Conversion result comparison upper limit setting register (ADUL)

This register is used to specify the setting for checking the upper limit of the A/D conversion results.

The A/D conversion results and ADUL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 12-8).

The ADUL register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 12-12. Format of Conversion Result Comparison Upper Limit Setting Register (ADUL)

Address: FOO11H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
ADUL ADUL7 ADUL6 ADUL5 ADUL4 ADUL3 ADUL2 ADUL1 ADULO

12.3.9 Conversion result comparison lower limit setting register (ADLL)

This register is used to specify the setting for checking the lower limit of the A/D conversion results.

The A/D conversion results and ADLL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 12-8).

The ADLL register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-13. Format of Conversion Result Comparison Lower Limit Setting Register (ADLL)

Address: FO0O12H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADLL ADLL7 ADLL6 ADLL5 ‘ ADLL4 ‘ ADLL3 ADLL2 ADLLA1 ADLLO

Cautions 1. When A/D conversion with 10-bit resolution is selected, the eight higher-order bits of the 10-bit
A/D conversion result register (ADCR) are compared with the values in the ADUL and ADLL
registers.

2. Only write new values to the ADUL and ADLL registers while conversion is stopped (ADCS = 0,
ADCE = 0).
3. The setting of the ADUL registers must be greater than that of the ADLL register.
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12.3.10 A/D test register (ADTES)

This register is used to select the + side reference voltage or - side reference voltage for the converter, an analog input
channel (ANIxx), the temperature sensor output voltage, or the internal reference voltage (1.45 V) as the target for A/D
conversion.

When using this register to test the converter, set as follows.

e For zero-scale measurement, select the - side reference voltage as the target for conversion.

e For full-scale measurement, select the + side reference voltage as the target for conversion.

The ADTES register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-14. Format of A/D Test Register (ADTES)

Address: FOO13H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADTES 0 0 0 0 0 ’ 0 ’ ADTES1 ADTESO
ADTES1 ADTESO A/D conversion target
0 0 ANIxx/temperature sensor output voltageN°t®/internal reference voltage (1.45 V)N

(This is specified using the analog input channel specification register (ADS).)

1 0 The - side reference voltage (selected by the ADREFM bit of the ADM2 register)

1 1 The + side reference voltage (selected by the ADREFP1 or ADREFPO bit of the ADM2
register)

Other than above Setting prohibited

Note The temperature sensor output voltage and internal reference voltage (1.45 V) can be selected only in
the HS (high-speed main) mode.
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12.3.11 Registers controlling port function of analog input pins
Set up the registers for controlling the functions of the ports shared with the analog input pins of the A/D converter (port
mode registers (PMxx), port mode control registers (PMCxx), and A/D port configuration register (ADPC)). For details,
see 5.3.1 Port mode registers (PMxx), 5.3.6 Port mode control registers (PMCxx), and 5.3.7 A/D port

configuration register (ADPC).

When using the ANIO to ANI3 pins for analog input of the A/D converter, set the port mode register (PMxx) bit
corresponding to each port to 1 and select analog input through the A/D port configuration register (ADPC).

When using the ANI16 to ANI19 pins for analog input of the A/D converter, set the port mode register (PMxx) bit and
port mode control register (PMCxx) bit corresponding to each port to 1.
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12.4 A/D Converter Conversion Operations

The A/D converter conversion operations are described below.

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to (1/2)
AVREer by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. [f the analog input is greater than (1/2) AVrer, the MSB bit of the SAR register remains set
to 1. If the analog input is smaller than (1/2) AVrer, the MSB bit is reset to 0.

Next, bit 8 of the SAR register is automatically set to 1, and the operation proceeds to the next comparison. The
series resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit 9 = 1: (3/4) AVRer

e Bit 9 =0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 8 of the SAR register is manipulated as follows.

e Sampled voltage = Voltage tap: Bit8 =1

e Sampled voltage < Voltage tap: Bit8=0

Comparison is continued in this way up to bit 0 of the SAR register.

Upon completion of the comparison of 10 bits, an effective digital result value remains in the SAR register, and
the result value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched Nete 1,

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated Note 1,

Repeat steps <1> to <7>, until the ADCS bit is cleared to ONote 2,

To stop the A/D converter, clear the ADCS bit to 0.

Notes 1. If the A/D conversion result is outside the A/D conversion result range specified by the ADRCK bit and the

ADUL and ADLL registers (see Figure 12-8), the A/D conversion result interrupt request signal is not
generated and no A/D conversion results are stored in the ADCR and ADCRH registers.

2.  While in the sequential conversion mode, the ADCS flag is not automatically cleared to 0. This flag is not
automatically cleared to 0 while in the one-shot conversion mode of the hardware trigger no-wait mode,
either. Instead, 1 is retained.

Remarks 1. Two types of the A/D conversion result registers are available.

e ADCR register (16 bits): Store 10-bit A/D conversion value
o ADCRH register (8 bits): Store 8-bit A/D conversion value
2. AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Voo.
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Figure 12-15. Conversion Operation of A/D Converter (Software Trigger Mode)

1 is written to ADCS

ADCS
-t Conversion time -
Conversion| Sampling
start time time
- e, E—
A/D converter Cg?;’:égiO" Conversion | Sampling AD . Conversion
operation Y start conversion standby
) Conversion
SAR Undefined result
Conversion
ADCR result

INTAD —|

In one-shot conversion mode, the ADCS bit is automatically cleared to 0 after completion of A/D conversion.

In sequential conversion mode, A/D conversion operations proceed continuously until the software clears bit 7 (ADCS)
of the A/D converter mode register 0 (ADMO) to 0.

Writing to the analog input channel specification register (ADS) during A/D conversion interrupts the current conversion
after which A/D conversion of the analog input specified by the ADS register proceeds. Data from the A/D conversion that

was in progress are discarded.
Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.
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12.5 Input Voltage and Conversion Results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI3 and ANI16 to ANI19)
and the theoretical A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the

following expression.

VAIN
SAR = INT ( x 1024 + 0.5)
REF
ADCR = SAR x 64
or
ADCR
( _05)x AVREF < Van < (ADCR +0.5) x AVREF
64 1024 64 1024

where, INT():  Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRer: AVREer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 12-16 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-16. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR
1023 ————F—F—F+—F—F -~ FFCOH
1022 ————F— -~ FF80H
1021, | | | | | YT | | | | , FF40H
A/D conversion result
3 i i i i | i | | | " 00COH
22— ———1—T— """ 0080H
1" 0040H
[0 —— 0000H
1 1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer

Remark AVRer: The + side reference voltage of the A/D converter. This can be selected from AVRrerp,
the internal reference voltage (1.45 V), and Vop.
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12.6 A/D Converter Operation Modes

The operation of each A/D converter mode is described below. In addition, the procedure for specifying each mode is
described in 12.7 A/D Converter Setup Flowchart.

12.6.1 Software trigger mode (select mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
perform the A/D conversion of the analog input specified by the analog input channel specification register (ADS).
When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Figure 12-17. Example of Software Trigger Mode (Select mode, Sequential Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE | <2>ADCSis setto 1 while in the <4> Al:t)r?1s (ijs qvervAv/rlijtten < >A hardwatredtrigger ADCSOis:jclgareAd/IE-)o<7> ‘
The trigger L conversion standby status. ¢ wi uring i L IS generate U during A ¢ The trigger
is ot conversion operation. (and ignored). conversion operation. is not
ADCS acknowledged. ADS is rewritten during acknowledged.
<5> A/D conversion operation
¥ (from ANIO to ANI1).
Data 0 Data 1
ADS (ANIO) (ANI1)
<3>A/D conversion  <3> Conversion is<3> <3> <3> Conversion is|
*|“ends and the next interrupted }terrupted.
A/D conversion starts. / and restarts.
conversion Stop  [Conerson|  Data O Data 0 Data 0 Data 0 Data 0 Data 1 Data 1 Data 1 Conversion| Stop
ciote  Status [ saby | (ANIO) (ANIO) (ANIO) (ANIO) (ANI0) (ANI1) (ANI1) (ANI1) standby | status
ADCR, Data 0 Data 0 Data 0 Data 1 ‘ Data 1
ADCRH (ANIO) (ANIO) (ANI0) (ANI1) (ANI1)
INTAD [
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12.6.2

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

Software trigger mode (select mode, one-shot conversion mode)

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
perform the A/D conversion of the analog input specified by the analog input channel specification register (ADS).
When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the A/D conversion
standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Figure 12-18. Example of Software Trigger Mode (Select mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is setto 1. ADCE is cleared to 0. <8>
ADCE ADCS is setto  ADCSis ADCS is overwritten ADCS is
The t(igger. <2> J:own'\lg?slig;he <4> i;f,’;‘g‘t'ﬁa”“b <5>yith 1 during A/D <4> <2> <4> <2> <> cleargd to | The rigger
is nof i L 0 after ¢ ‘conversion operatio L L L ¢ 0during AD |
standby status. . a isno
acknowledged. conversion - " - conversion acknowledged.
S -~ ends. <6>ADS is rewn}ten dunng operation.
i A/D conversion operation
(from ANIO to ANI).
Data 0 Data 1
ADS (ANI0) ‘ ( (ANI1) ‘
A/D Conversion is ion i
<3> conversion interrupted <3> <3> Conversion is
AD ends. | and restarts. /lnterrupted.
y Stop | Conersion Data 0 Conversion | Data 0 Data 0 Conversion | Data 0 Data 1 Conversion‘ Data 1 Conversion Stop
Cﬂnvzgﬁz status | sndy (ANI0) standby | (ANIO) (ANI0) standby | (ANIO) (ANI1) standby | (ANI1) standby | status
ADCR, Data 0 Data 0 Data 1
ADCRH (ANI0) (ANIO) (ANI1)
INTAD —|
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12.6.3 Software trigger mode (scan mode, sequential conversion mode)

<1>

<2>
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<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts (until all four channels are finished).
When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Figure 12-19. Example of Software Trigger Mode (Scan Mode, Sequential Conversion Mode) Operation Timing

<1>ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE : <2>ADCS is set to 1 while in the <4> ADCS s overwritten A hardware trigger is <6>  ADCS s cleared 7 L
The trigger L conversion standby status. with 1 during A/D generated (and ignored). to 0 during A/D L The trigger
is not L conversion operation. conversion operation. is not
acknowledged. acknowledged.
CS | -
<5> ADS is rewritten during
¥ A/D conversion operation.
ADS ANIO to ANI3 ANI4 to ANI7
AD conversion ends and the <3> Conversion is <3> Conversion is <3> C‘gﬂevrfﬁ‘%%'s
next conversion starts. / interrupted and restarts. / interrupted and restarts. /
AD
conversion Stop [Conversin| Data 0 | Data 1 | Data 2 | Data 3 | Data 0 |Data 1| Data 0 |Data 1 | Data 2 | Data 3 | Data O|Data 1| Data 4 | Data 5 | Data 6 | Data 7 | Data 4 |Data5(Conversion| Stop
status status | standby | (ANI0) [ (ANI1) | (ANI2) | (ANI3) [ (ANIO) | (ANI1)] (ANIO) | (ANI1) | (ANI2) | (ANI3) | (ANIO) [ (anI1) | (ANI4) | (ANI5) | (ANI6) | (ANI7) | (ANI4) |(ANIS)| standby | status

ADCR, Data0 | Data1 | Data2 |Data3 Data 0 (ANIO Data 1| Data 2 | Data 3 Data 0 Data4 |Data5 | Data 6 | Data7 Data 4

ADCRH (ANIO) [ (ANIT) | (ANI2) | (ANI3) ata 0 (ANIO) (ANI1) | (ANI2) | (ANI3) (ANIO) (ANI4) | (ANI5) | (ANIB) | (ANI7) (AN14)
w0 . frrrnnnmnJrefmJre e e

[ S — - -
The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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12.6.4 Software trigger mode (scan mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

After A/D conversion of the four channels ends, the ADCS bit is automatically cleared to 0, and the system enters
the A/D conversion standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Figure 12-20. Example of Software Trigger Mode (Scan Mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE ADCS is setto 1 while ~ <4>ADCS'is ADCS is overwritten ADCS is cleared
— <2 tomaticall, <5> % 8 N <7>
The trigger L in the conversion i;g{g‘g t‘ga y<2> l with 1 during A/D <4> <2> to 0 during A/D l The trigger
cknow is not standby status. 0 after ¢ conversion operation. conversion operation. is not
g conversion N
ADCS — et acknowledged.
<6>ADS is rewritten during
¥ A/D conversion operation.
ADS ANIO to ANI3 \ \ ANI4 to ANI7
<3> A/D conversion Conversion is <3> Conversion is Conversion is
AD ends. //interrupted and restarts / interrupted and restarts. /interrupted.
conversion Stop [Conerson Data 0 | Data 1 | Data2 | Data 3 |Conversion| Data 0 [Data 1 |Data 0 | Data 1| Data 2| Data 3 [Conversion| Data0 |Data1| Data4 | Data5 | Data6 | Data7 Fonesi Stop
status status | standy | (ANIO) [ (ANI1) | (ANI2) | (ANI3) | standby | (ANIO) [(ANI1) [ (ANIO) | (ANI1) | (ANI2)| (ANI3) | standby | (ANIO) [(aNi1) | (ANI4) | (ANI5) | (ANI6) | (ANI7) |sindy | status
ADCR, Data0 | Data1 | Data 2 Data 3 Data 0 (ANI0) Data 1| Data 2 Data 3 Data 0 Data4 | Data5 Data 6
ADCRH (ANIO) | (ANI1) | (ANI2) (ANI3) (ANI1) | (ANI2) (ANI3) (ANIO) (ANI4) | (ANI5) (ANI6)
INTAD H —l u uﬂ —l -
[ — -
The interrupt is generated four times. The interrupt is generated four times.
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12.6.5 Hardware trigger no-wait mode (select mode, sequential conversion mode)

<1>
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<O>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the analog input specified by the
analog input channel specification register (ADS).

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-21. Example of Hardware Trigger No-Wait Mode (Select mode, Sequential Conversion Mode) Operation

Timing
<1>ADCE is set to 1. ADCE is cleared to 0.<9>
ADCE | <2>ADCS s set to 1.
. <5> A hardware trigger is . .
<3> A hardware trigger generated during A/D The trigger is not
Hardware is generated. conversion operation. acknowledged.
trigger ‘
1 Trigger] ADCS is overwritten _7.,  ADCS is cleared<g>
The trigger is not| standb with 1 during A/D to 0 during A/D
acknowledged. | statug! conversion operation. yconversion operation.
ADCS <6>ADS is rewritten during
—_—T ‘ A/D conversion operation
(from ANIO to ANI1).
Data 0 Data 1
ADS (ANI0) (ANI1)
<4>A/D conversion Conversion is
ends and the next Conversion is Conversion is intetrril:;pted and _C_otnverswtor;j
conversion<4> interrupted <4> interrupted <4> restarts. .4 IS Interrupte
AD starts. / and restarts. / and restarts. )/e rd
conversion  Stop [ Conversion | Data0 Data 0 Data 0 Data 0 Data 0 Data 1 Data 1 Data 1 Data 1 |Conversion|  Stop
status status standby (ANIO) (ANIO) (ANIO) (ANIO) (ANIO) (ANI1) (ANI1) (ANI1) (ANI1) | standby status
ADCR, Data 0 ‘ Data 0 Data 0 Data 1 Data 1
ADCRH (ANI0) (ANIO) (ANIO) (ANI1) (ANI1)
INTAD [ ]
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12.6.6 Hardware trigger no-wait mode (select mode, one-shot conversion mode)
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In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the analog input specified by the
analog input channel specification register (ADS).

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit remains set to 1, and the system enters the A/D conversion standby
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

12-22. Example of Hardware Trigger No-Wait Mode (Select mode, One-Shot Conversion Mode) Operation
Timing

<1> ADCE is set to 1. ADCE is cleared to 0.<10>

<2> ADCS is set to 1. 6> A hard i _
. <6> A hardware trigger is I
<3>A hardware trigger <3> generated during D~ <3~ <3> <3> The trigder is not
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The trigger is not Triggle]; ADCS retains_g ADCS is overwritten with 1 during <8> <5> <9>ADCS is cleared

stan <5> D conversion i
acknowledged. statu the value 1. <55 ‘operation. tC(;:V(lL:;Z% A/D
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AID conversion operatio operation.
(from ANIO to ANI1),
Data 0 Data 1
(ANIO) { ( (ANI1) {

<4>A/D conversion | Conversion is\ COnversiongs\ Conversion is Conversion is

interrupted int te interrupted f
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N
v
\%

Stop Conversion Data 0 Conversion Data O Data 0 Conversion | Data O Data 1 Conversion |Data 1 Data 1 |wesw| Data 1 [Conversion| Stop
status standby (ANIO) standby | (ANIO) (ANI0) standby | (ANIO) (ANI1) standby |(ANI1) [ (ANI1) |sasy | (ANI1) | standby | status

Data 0 Data 0 Data 1 Data 1
(ANIO) (ANIO) (ANI1) (ANI1)
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12.6.7 Hardware trigger no-wait mode (scan mode, sequential conversion mode)
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In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time (1 ps), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the four analog input channels
specified by scan 0 to scan 3, which are specified by the analog input channel specification register (ADS). A/D
conversion is performed on the analog input channels in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Figure 12-23. Example of Hardware Trigger No-Wait Mode (Scan Mode, Sequential Conversion Mode) Operation

Timing
<1> ADCE/s setto 1. ADCE is cleared to 0. <9>
ADCE <2> ADCS is set o 1. o
| <5> A hardware trigger is
<3> A hardware trigger i generated during A/D i
Hardware ¥ is generated. conversion operation. lgl?ngﬁﬁeedu‘:dnm
trigger -
The trigger is not| | T1i9ger ADCS is overwritten ADCS is cleared to 0 <g>
acknowiedged.| _ Fianh with 1 during AD <~ during A/D conversion
conversion operation. operation.
ADCS
<6>ADS is rewritten during
+ A/D conversion operation.
ADS ANIO to ANI3 ANI4 to ANI7
A/D conversion<4> Conversion is <4> Conversion is <4> Conversion is <4> ‘Conversion
ends and the next interrupted interrupted interrupted }(E"umed
AD onversion starts. / and restarts. and restarts and restarts.
conversion Stop [Conversion| Data 0| Data 1 | Data2 | Data 3 | Data 0|pata 1| Data 0| Data 1|Data 2 [ Data 3| Data 0 [pata 1| Data 4 | Data 5 | Data 6 |Data 7 | Data 4 | Data 5 |Datas| Data 4 | Data 5 | Data 6 | Data 7 | Data 4 [Conversion|  Stop
ot status | standby | (ANIO) | (ANIT) | (ANI2) | (ANI3) | (ANIO) | anin)| (ANIO) | (ANI1) | (ANI2) | (ANI3) | (ANIO) |(ANI1) | (ANI4) | (ANIS) | (ANI6) | (ANI7) | (ANI4) | (ANI5) | (anIs)| (ANI4) | (ANIS) | (ANI6) | (ANI7) | (ANI4) | standby | status
ADCR, Data O | Data1 | Data2 |Data3 Data0 (Anlo) | Data1|Data2|Data3| Data0 |Data4 |Datas |Data6 [Data7 |Datad | Data5 Data 4 |Data 5 | Data 6 Data 7
ADCRH (ANIO) | (ANI1) | (ANI2) | (ANI3) ata 0 (ANIO) | (aNI1) | (ANI2) [ (ANI3) | (ANID) | (ANI4) | (ANIS) | (ANI6) | (ANI7) | (ANI4) |  (ANIS) (ANI4) | (ANIS) | (ANI6) (ANIT)
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N — [N —— N — | —
The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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12.6.8 Hardware trigger no-wait mode (scan mode, one-shot conversion mode)

<1> In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

<2> After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

<3> If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the four analog input channels
specified by scan 0 to scan 3, which are specified by the analog input channel specification register (ADS). A/D
conversion is performed on the analog input channels in order, starting with that specified by scan 0.

<4> A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

<5> After A/D conversion of the four channels ends, the ADCS bit remains set to 1, and the system enters the A/D
conversion standby status.

<6> |If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<7> When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

<8> When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<9> When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

<10> When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-24. Example of Hardware Trigger No-Wait Mode (Scan Mode, One-Shot Conversion Mode) Operation

Timing
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¥ conversion operation.
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conversion status| standby [ (ANIO) |(ANI1) | (ANI2) | (ANI3) | standby | (ANIO) |(ani1) | (ANIO) [(ANI1) | (ANI2) [(ANI3) | standby |(ANIO) [(aNI1) | (ANI4) |(ANI5) [ (ANIB) [(ANI7) | standby | (ANI4) |(ANIs) | (ANI4) | (ANIS) [ anie)| standby | status
status
ADCR, Data 0|Data 1[Data2 | Data3 Data 1 |Data 2 Data 3 Data0 |Data 4 [Data 5 | Data 6 Data 7 Data 4 (ANI4 Data 5
ADCRH (ANIO) | (ANI1) | (ANI2) | (ANI3) Data 0 (ANIO) | (aN11) | (ANI2) (ANI3) (ANID)  |(ANI4) | (ANI5) | (ANIB) (ANI7) ata 4 (ANI4) (ANI5)
INTAD
— D LT LI [1
The interrupt is generated four times.  The interrupt is generated four times. The interrupt is generated four times.
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12.6.9 Hardware trigger wait mode (select mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
hardware trigger standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
analog input specified by the analog input channel specification register (ADS). The ADCS bit of the ADMO
register is automatically set to 1 according to the hardware trigger input.

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts. (At this time, no hardware trigger is necessary.)

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-25. Example of Hardware Trigger Wait Mode (Select mode, Sequential Conversion Mode) Operation

Timing
<1>ADCE is set to 1.
ADCE I—
<4> A hardware trigger is ) )
<2>A hardware trigger generated during A/D ;'{;%%ebr i1;h|:eottngger
Hart(:ivgzga;? is generated. conversion operation. ‘status y o toowdged
[~
. , ADCS is overwritten <6> ADCS is cleared <7>
The tri??]g{ The tri?%%{ with 1 during A/D ¢ to 0 during A/D
acknowledged. acknowledged. conversion operation. Yconversion operation.
ADCS - | <5>ADS is rewritten during
—_— # A/D conversion operation
(from ANIO to ANI1).
Data 0 Data 1
ADS (ANI0) (ANI1)
<3>A/D conversion ends P Conversion is -
and the next %‘t’e”r‘ﬁ;g)dn s Conversion is imetrrutpted and Cct)nverst|odn is
conversion.3, and restarts <3> interrupted <3> restarts, 5 interrupted.
AD starts. / ) ’ and restarts. /
; Data 0 Data 0 Data 0 Data 0 Data 1 Data 1 Data 1 Data 1 Data 1
converson Stop status (ANIO) | (ANIO) | (ANIO) (ANIO) (ANIO) | (ANIM) (ANI1) | (ANIM) [ (ANI1) |  Stopstatus
ADCR, Data 0 Data 0 Data 1 Data 1 Data 1
ADCRH (ANIO) (ANIO) (ANI0) (ANI1) (ANI1)
INTAD ]
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12.6.10 Hardware trigger wait mode (select mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
hardware trigger standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
analog input specified by the analog input channel specification register (ADS). The ADCS bit of the ADMO
register is automatically set to 1 according to the hardware trigger input.

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the A/D converter enters the stop
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is initialized.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-26. Example of Hardware Trigger Wait Mode (Select mode, One-Shot Conversion Mode) Operation

Timing

<1> ADCE is set to 1.

ADCE
e . <5> A hardware trigger is i
<2:{°‘ hardware trigger <2> generated durign% AD 2> <2> <2> 'sl'!r;gngdiry The tigger s not

Hardware is generated. ¥ Conversion operation. ¥ status _acknowledged

trigger

The trigger s not The triggeris not ADCS is automatically<4> <4> <4> <7>ADCS is overwrittenc4 > <8>ADCS is cleared
acknowledged.  acknowledged cleared to 0 after with 1 during AD | to 0 during A/D
- conversion ends.¢ ‘ conversion operation. conversion
ADS is rewritten .
ADCS | <6> durmlg %{/[V)wclonversion operation.
‘ operation (from ANIO -
to ANI1).
Data 0 / / Data 1 (
ADS (ANIO) (ANI1)
<3> A/D conversion Conversion s ,C?nverﬁiodn is ,C?nvers‘ioL? is C?nverstiodn is
ends. interrupted interrupte interrupte interrupted.
AD and restarts. 3 /and restarts\(y” ,//and restarts 3~
: Data 0 Stop Data 0 Data 0 Stop |Data 0 Data 1 Stop |Data 1 Data 1 Stop | Data 1
°°“"Z‘{:;ﬁ’s‘ Stop status (ANIO) status | (ANIO) (ANIO) status | (ANIO) (ANI1) status | (ANI1) (ANI1) status| (ANI1) | Stop status
ADCR, Data 0 Data 0 Data 1 Data 1
ADCRH (ANIO) (ANI0) (ANI1) (ANI1)
INTAD
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12.6.11 Hardware trigger wait mode (scan mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
four analog input channels specified by scan 0 to scan 3, which are specified by the analog input channel
specification register (ADS). The ADCS bit of the ADMO register is automatically set to 1 according to the
hardware trigger input. A/D conversion is performed on the analog input channels in order, starting with that
specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-27. Example of Hardware Trigger Wait Mode (Scan Mode, Sequential Conversion Mode) Operation

Timing

<1> ADCE is set to 1.

ADCE
{ A hardware trigger <4> A hardware trigger is
<2>is generated. 99 L generated during AID Trigger | The tigger
Hardware ¥ conversion operation. :{:{Ldsby Iascl:(nw\edged
trigger )ﬂ—vd—»
Thetrigger | Trigger ] ] ] j
is not standby ADCS is overwritten .g., ADCS is cleared <7>
acknowledged. | status with 1 during A/D to 0 during A/D
conversion operation. conversion operation.
ADCS
<5>ADS is rewritten during
+ A/D conversion operation.
ADS ANIO to ANI3 ANI4 to ANI7
AID conversion <3> Conversion is. <3> Conversion is <3> Conversion is <3> i(r;?;ﬁ;r)st:in B
AD ends and thes'r::;(t /interrupted and restarts. / interrupted and restarts. / interrupted and restarts. ra .
N Data 0] Data1 | Data2 [ Data 3 | Data 0[0ata 1| Data 0[Data 1| Data 2 | Data 3 [ Data 0[oata 1] Data 4 [ Data 5 [ Data 6 [Data 7 | Data 4 [ Data 5 [ata6| Data 4 | Data 5 [ Data 6 [ Data 7 | Data 4
°°""e{$;°" Stop status (ANI0) | (ANI1) | (ANI2) | (ANI3) | (aNio) | anin] (aNIO) | (ANT) | (ANT2) | (ANIS) | (aNio) | eain | (aNi4) | (aNIs) | (aNi6) | (ANI7) | (ANI4) | (ANI5) || (ANI4) | (ANIS) | (ANTG) | (ANI7) | (aNi) | Stop status
status
ADCR, Data0 | Data 1 | Data2 |Data3 Data 0 (ANI0) | Data 1] Data2[Data3]  Data0  [Datad [Data5 [Data6 [Data7[Datad [ Data5 [Data4 [Datas|Data6 Data 7
ADCRH (ANI0) | (ANI1) | (ANI2) | (ANI3) (ANI1) | (ANI2) | (ANI3) | (ANIO) | (ANI4) | (ANI5) | (ANI6) [ (ANI7) [ (ANI4) | (ANIS) (ANI4) | (ANI5) [ (ANI) (ANI7)
INTAD 1 I_‘I_I_I_‘I_I—‘I—II_UUUI—
| —— -
The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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12.6.12 Hardware trigger wait mode (scan mode, one-shot conversion mode)

<1> In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

<2> |If a hardware ftrigger is input while in the hardware trigger standby status, A/D conversion is performed on the
four analog input channels specified by scan 0 to scan 3, which are specified by the analog input channel
specification register (ADS). The ADCS bit of the ADMO register is automatically set to 1 according to the
hardware trigger input. A/D conversion is performed on the analog input channels in order, starting with that
specified by scan 0.

<3> A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

<4> After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the A/D converter enters the stop
status.

<5> If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<6> When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

<7> When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

<8> When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 12-28. Example of Hardware Trigger Wait Mode (Scan Mode, One-Shot Conversion Mode) Operation
Timing

<1>ADCE is setto 1.

ADCE . <5> A hardware trigger is
<2> A hardware trigger <2> L generated durigngg AD <2> <2> Trigger
is generated. conversion operation. standby | The trigger i not
Hartt:yé/g;er rl —l —l status | acknowledged.
[ - st -
N n . 1
ADCSCllsae;g:jogaélg?‘lg_ <4> <4> <4> <7>®"?$1Séir°ix;%’|‘:§fe'<s>ADCS is cleared
The tigger is not ggggg; conversion ends. L conversion operationy E%r(‘)vdel:;'iré% AD
ADCS status ADS is rewritten operation.
| <6>during A/D I
¥ conversion operatign.
ADS ANIO to ANI3 [ ANI4 to ANIZ |
<3>A/D Conversion is Conversion is Conversion is | Conversion is
conversion interrupted <3> interrupted <3> interrupted interrupted.
AD ends. ,/ and restarts. and restarts. / and restarts. |,/
. Data 0 [ Data 1 [Data 2 | Data 3| Stop | Data 0 [pata 1| Data 0 |Data 1 |Data 2 |Data 3| Stop |Data 0|pata 1|Data 4 [Data 5 | Data 6 |Data 7| StOp |Data 4 |patas| Data 4 | Data 5 | pata 6
conve{s;on Stop status (ano) | (ani1) | aniz) | ania) | status | anio) [ewin| anio) fanin |aniz) [ania) | status [anio) [ | ania) | anis) | anie) |anim) | status | ania) | ews) | ania) | anis) | | Stop status
status
ADCR, Data 0 | Data 1 | Data 2 Data 3 Data 0 (ANl0) _|Pata 1 [Data 2 Data 3 Data0 |Data 4 [Data 5 | Data 6 Data 7 Data 4 (ANI4) Data 5
ADCRH (ANI0) | (ANI1) | (ANI2) (ANI3) ata 0 (ANIO) - J(an11) | (ANI2) (ANI3) (ANI0) | (ANI4) |(ANI5) | (ANI6) (ANI7) ata 4 (ANI4) (ANI5)
L — 1 [T [T [
— - -
The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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12.7 A/D Converter Setup Flowchart
The A/D converter setup flowchart in each operation mode is described below.
12.7.1 Setting up software trigger mode

Figure 12-29. Setting up Software Trigger Mode

< Start of setup >

‘ PERO register setting ‘

The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

‘ The ports are set to analog input.
‘ ADPC and PMC register settings ANIO to ANI3 pins: Set using the ADPC register
ANI16 to ANI19 pins: Set using the PMC register

‘ PM register setting ‘ The ports are set to the input mode.

o ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: Select mode/scan mode

o ADM1 register
ADTMD1 and ADTMDO bits: These are used to specify the software trigger mode.
ADSCM bit: Sequential conversion mode/one-shot conversion mode

o ADM2 register

o ADMO register setting ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference
o ADM1 register setting ADRCK bit: Th g ottt \;OltaP?eA/D I
. . it: is is used to select the range for the conversion result comparison
ADM2 register settin
* 9 "9 value generated by the interrupt signal from AREA1, AREA3, and

o ADUL/ADLL register settings AREA2.
 ADS register setting ADTYP bit:  8-bit/10-bit resolution
(The order of the settings is

. o ADUL/ADLL registers
irrelevant.)

These are used to specify the upper limit and lower limit of A/D conversion result
comparison values.

e ADS register
ADS4 to ADSO bits: These are used to select the analog input channels.

The reference voltage stabilization wait time count A may be required if the values of the ADREFP1
and ADREFPO bits are changed.

If the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectively: A =5 ps

A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,
respectively.

Reference voltage stabilization
wait time count A

ADCE bit setting The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion

| standby status.

Reference voltage stabilization
wait time count B

‘ ADCS bit setting ‘ After waiting the reference voltage stabilization wait time count B, the ADCS bit of the ADMO
| register is set (1), and A/D conversion starts.

The reference voltage stabilization wait time count B (1 ps) is waited by the software.

‘ Start of A/D conversion ‘

The A/D conversion operations are performed.

‘ End of A/D conversion ‘ The A/D conversion end interrupt (INTAD) is generated.Not

Storage of conversion results in . ) )
the ADCR and ADCRH registers The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL registers, there is a possibility of no interrupt
signal being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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12.7.2 Setting up hardware trigger no-wait mode

Figure 12-30. Setting up Hardware Trigger No-Wait Mode

< Start of setup >

‘ PERQO register setting ‘ The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

The ports are set to analog input.
ANIO to ANI3 pins: Set using the ADPC register.
ANI16 to ANI19 pins: Set using the PMC register.

‘ ADPC and PMC register settings

‘ PM register setting ‘ The ports are set to the input mode.

o ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: Select mode/scan mode

o ADM1 register
ADTMD1 and ADTMDO bits: These are used to specify the hardware trigger no-wait
mode.
ADSCM bit: Sequential conversion mode/one-shot conversion mode

o ADM2 register

* ADMO register setting ADREFP1, ADREFP0, and ADREFM bits: These are used to select the reference

o ADM1 register setting voltage.

o ADM2 register setting ADRCK bit: This is used to select the range for the A/D conversion result comparison
e ADUL/ADLL register settings value generated by the interrupt signal from AREA1, AREA3, and AREA2.

o ADS register setting ADTYP bit: 8-bit/10-bit resolution

(The order of the settings is

irrelevant.) o ADUL/ADLL registers
These are used to specify the upper limit and lower limit of A/D conversion result
comparison values.

e ADS register
ADS4 to ADSO bits: These are used to select the analog input channels.

The reference voltage stabilization wait time count A may be required if the values of the ADREFP1
o and ADREFPO bits are changed.

wait time count A If the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectively: A = 5 s

A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,
respectively.

ADCE bit setting The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion
| standby status.

Reference voltage stabilization

Reference voltage stabilization|  The reference voltage stabilization wait time count B (1 ps) is waited by the software.
wait time count B

ADCS bit setting

After waiting the reference voltage stabilization wait time count B, the ADCS bit of the ADMO register
is set (1), and the system enters the hardware trigger standby status.

Hardware trigger standby status

Start of A/D conversion by
generating a hardware trigger

The A/D conversion operations are performed.

End of A/D conversion The A/D conversion end interrupt (INTAD) is generated.Nt®

Storage of conversion results in
the ADCR and ADCRH registers The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL registers, there is a possibility of no interrupt
signal being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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12.7.3 Setting up hardware trigger wait mode

Figure 12-31. Setting up Hardware Trigger Wait Mode

( Start of setup >

‘ PERO register setting ‘ The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

‘ The ports are set to analog input.
ADPC and PMC register settings ANIO to ANI3 pins: Set using the ADPC register.
‘ ANI16 to ANI19 pins: Set using the PMC register.

PM register setting The ports are set to the input mode.

o ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: Select mode/scan mode

o ADM1 register
ADTMD1 and ADTMDO bits: These are used to specify the hardware trigger wait mode.
ADSCM bit: Sequential conversion mode/one-shot conversion mode
ADTRS1 and ADTRSO bits: These are used to select the hardware trigger signal.

o ADMO register setting
o ADM1 register setting
o ADM2 register setting

o ADM2 register
ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference

. . voltage.
* ADUL/ADLL register settings ADRCK bit: This is used to select the range for the A/D conversion result comparison
e ADS register setting value generated by the interrupt signal from AREA1, AREA3, and AREA2.
(The order of the settings is AWC bit:  This is used to set up the SNOOZE mode function.

ADTYP bit: 8-bit/10-bit resolution

o ADUL/ADLL registers
These are used to specify the upper limit and lower limit of A/D conversion result
comparison values.

irrelevant.)

e ADS register
ADS4 to ADSO bits: These are used to select the analog input channels.

Reference voltage stabilization The reference vqltage stabilization wait time count A may be required if the values of the ADREFP1
and ADREFPO bits are changed.
wait time count A If the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectively: A = 5 us
A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,
respectively.

‘ ADCE bit setting ‘ The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion
standby status.

‘ Hardware trigger generation

Stabilization wait time for A/D
power supply

‘ Start of A/D conversion ‘ After counting up the reference voltage stabilization wait time ends, A/D conversion starts.

The system automatically counts up the stabilization wait time for A/D power supply.

The A/D conversion operations are performed.

‘ End of A/D conversion ‘ The A/D conversion end interrupt (INTAD) is generated.N°t

Storage of conversion results in

. The conversion results are stored in the ADCR and ADCRH registers.
the ADCR and ADCRH registers

Note Depending on the settings of the ADRCK bit and ADUL/ADLL registers, there is a possibility of no interrupt
signal being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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12.7.4 Setup when temperature sensor output/internal reference voltage output is selected (example for software

First A/D conversion time

Second A/D conversion time

trigger mode and one-shot conversion mode)

Figure 12-32. Setup when temperature sensor output/internal reference voltage output is selected

( Start of setup >

‘ PERQO register setting ‘

o ADMO register setting
o ADM1 register setting
o ADM2 register setting
o ADUL/ADLL register setting
o ADS register setting
(The order of the settings is
irrelevant.)

Reference voltage stabilization
wait time count A

‘ ADCE bit setting ‘

‘ Stabilization wait time count B ‘

‘ ADCS bit setting ‘
\

‘ Start of A/D conversion ‘

‘ End of A/D conversion ‘

‘ ADCS bit setting ‘

‘ Start of A/D conversion ‘

‘ End of A/D conversion ‘

Storage of conversion results in
the ADCR and ADCRH registers

The ADCEN bit of the PERO register is set (1), and supplying the clock

starts.

o ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify the A/D

conversion time.

ADSCM bit: Select mode/scan mode
o ADM1 register

ADTMD1 and ADTMDO bits:

These are used to specify the software
trigger mode.

ADSCM bit: Sequential conversion mode/one-shot conversion mode

o ADM2 register
ADREFP1, ADREFPO, and ADREFM bits: These are used to select the

reference voltage.

ADRCK bit: This is used to select the range for the A/D conversion result

comparison value generated by the interrupt signal from

AREA1, AREA3, and AREA2.

ADTYP bit: 8-bit/10-bit resolution

o ADUL/ADLL register
These are used to specify the upper limit and lower limit A/D conversion
result comparison values.

e ADS register
ADISS and ADS4 to ADSO bits: These are used to select temperature
sensor 0 output or internal reference

voltage output.

The reference voltage stabilization wait time count A may be required if the values of the ADREFP1
and ADREFPO bits are changed.
A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,

respectively.

Setting the values of ADREFP1 and ADREFPO to 1 and 0, respectively is prohibited.

The ADCE bit of the ADMO register is set (1), and the system enters the
A/D conversion standby status.

The reference voltage stabilization wait time count B (1 ps) is waited by the

software.

After waiting the stabilization wait time count B, the ADCS bit of the ADMO
register is set (1), and A/D conversion starts

The A/D conversion end interrupt (INTAD) will be generated.
After ADISS is set (1), the initial conversion result cannot be used.

The ADCS bit of the ADMO register is set (1), and A/D conversion starts.

The A/D conversion end interrupt (INTAD) is generated. Nt

The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL registers, there is a possibility of no interrupt

signal being generated. In this case, the results are not stored in the ADCR and ADCRH registers.

Caution This setting can be used only in HS (high-speed main) mode.
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12.7.5 Setting up test mode

Start of setup

-

PERQO register setting

o ADMO register setting

o ADM1 register setting

o ADM2 register setting

o ADUL/ADLL register settings

e ADS register setting

o ADTES register setting
(The order of the settings is
irrelevant.)

Reference voltage stabilization
wait time count A

ADCE bit setting

Reference voltage stabilization
wait time count B

‘ ADCS bit setting ‘

‘ Start of A/D conversion ‘

‘ End of A/D conversion ‘

Storage of conversion results in
the ADCR and ADCRH registers

Note Depending on the settings of the ADRCK bit and ADUL/ADLL registers, there is a possibility of no interrupt

D

Figure 12-33. Setting up Test Trigger Mode

The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

o ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: This is used to specify the select mode.

o ADM1 register
ADTMD1 and ADTMDO bits: These are used to specify the software trigger mode.
ADSCM bit: This is used to specify the one-shot conversion mode.

o ADM2 register
ADREFP1, ADREFPO, and ADREFM bits:  These are used to select for the reference
voltage.
ADRCK bit: This is used to set the range for the A/D conversion result comparison
value generated by the interrupt signal to AREA2.

ADTYP bit: This is used to specify 10-bit resolution.

o ADUL/ADLL registers
These set ADUL to FFH and ADLL to O0H (initial values).

e ADS register
ADS4 to ADSO bits: These are used to set to ANIO.

o ADTES register
ADTES1 and ADTESO bits: AVrerm/AVRerp

The reference voltage stabilization wait time count A may be required if the values of the ADREFP1

and ADREFPO bits are changed.
If the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectively: A =5 s

A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,

respectively.

The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion
standby status.

The reference voltage stabilization wait time count B (1 ps) is counted by the software.

After waiting the reference voltage stabilization wait time count B, the ADCS bit of the ADMO

register is set (1), and A/D conversion starts.

The A/D conversion operations are performed.

The A/D conversion end interrupt (INTAD) is generated.Nete

The conversion results are stored in the ADCR and ADCRH registers.

signal being generated. In this case, the results are not stored in the ADCR and ADCRH registers.

Caution For the procedure for testing the A/D converter, see 23.3.8 A/D test function.
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12.8 SNOOZE Mode Function

In the SNOOZE mode, A/D conversion is triggered by inputting a hardware trigger in the STOP mode. Normally, A/D
conversion is stopped while in the STOP mode, but, by using the SNOOZE mode, A/D conversion can be performed
without operating the CPU by inputting a hardware trigger. This is effective for reducing the operating current.

If the A/D conversion result range is specified using the ADUL and ADLL registers, A/D conversion results can be
judged at a certain interval of time in SNOOZE mode. Using this function enables power supply voltage monitoring and

input key judgment based on A/D inputs.

In the SNOOZE mode, only the following two conversion modes can be used:
e Hardware trigger wait mode (select mode, one-shot conversion mode)
e Hardware trigger wait mode (scan mode, one-shot conversion mode)

Caution That the SNOOZE mode can only be specified when the high-speed on-chip oscillator clock is
selected for fcik.

Figure 12-34. Block Diagram When Using SNOOZE Mode Function

HardV\(are trigger Clock request signal
Real-time clock (RTC), input (internal signal)
12-bit interval timer A/D converter Clock generator
A/D conversion end
interrupt request High-s :
. -speed on-chip
signal*" (INTAD) %scillator clock

When using the SNOOZE mode function, the initial setting of each register is specified before switching to the STOP
mode (for details about these settings, see 12.7.3 Setting up hardware trigger wait mode N°t¢ 2). Just before move to
STOP mode, bit 2 (AWC) of A/D converter mode register 2 (ADM2) is set to 1. After the initial settings are specified, bit 0
(ADCE) of A/D converter mode register 0 (ADMO) is set to 1.

If a hardware trigger is input after switching to the STOP mode, the high-speed on-chip oscillator clock is supplied to
the A/D converter. After supplying this clock, the system automatically counts up to the A/D power supply stabilization
wait time, and then A/D conversion starts.

The SNOOZE mode operation after A/D conversion ends differs depending on whether an interrupt signal is

generatedNote 1,

Notes 1. Depending on the setting of the A/D conversion result comparison function (ADRCK bit, ADUL/ADLL
register), there is a possibility of no interrupt signal being generated.
2. Be sure to set the ADM1 register to E2H or E3H.

Remark The hardware trigger is INTRTC or INTIT.
Specify the hardware trigger by using the A/D Converter Mode Register 1 (ADM1).
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(1) If an interrupt is generated after A/D conversion ends
If the A/D conversion result value is inside the range of values specified by the A/D conversion result comparison
function (which is set up by using the ADRCK bit and ADUL/ADLL register), the A/D conversion end interrupt request
signal (INTAD) is generated.

- While in the select mode
When A/D conversion ends and an A/D conversion end interrupt request signal (INTAD) is generated, the A/D
converter returns to normal operation mode from SNOOZE mode. At this time, be sure to clear bit 2 (AWC = 0:
SNOOZE mode release) of the A/D converter mode register 2 (ADM2). If the AWC bit is left set to 1, A/D conversion
will not start normally in the subsequent SNOOZE or normal operation mode.

- While in the scan mode
If even one A/D conversion end interrupt request signal (INTAD) is generated during A/D conversion of the four
channels, the clock request signal remains at the high level, and the A/D converter switches from the SNOOZE
mode to the normal operation mode. At this time, be sure to clear bit 2 (AWC = 0: SNOOZE mode release) of A/D
converter mode register 2 (ADM2) to 0. If the AWC bit is left set to 1, A/D conversion will not start normally in the
subsequent SNOOZE or normal operation mode.

Figure 12-35. Operation Example When Interrupt Is Generated After A/D Conversion Ends (While in Scan Mode)

INTRTC

The clock request signal
remains at the high level.

Clock request signal
(internal signal)

L

ADCS

Conversion X
channels Channel 1

Interrupt signal |_| i"-i |_|
(INTAD) HI,

An interrupt is generated
when conversion on one
of the channels ends.

Channel 2 X Channel 3 X Channel 4

(2) If no interrupt is generated after A/D conversion ends
If the A/D conversion result value is outside the range of values specified by the A/D conversion result comparison
function (which is set up by using the ADRCK bit and ADUL/ADLL register), the A/D conversion end interrupt request
signal (INTAD) is not generated.

- While in the select mode

If the A/D conversion end interrupt request signal (INTAD) is not generated after A/D conversion ends, the clock
request signal (an internal signal) is automatically set to the low level, and supplying the high-speed on-chip
oscillator clock stops. If a hardware trigger is input later, A/D conversion work is again performed in the SNOOZE
mode.

- While in the scan mode
If the A/D conversion end interrupt request signal (INTAD) is not generated even once during A/D conversion of the
four channels, the clock request signal (an internal signal) is automatically set to the low level after A/D conversion
of the four channels ends, and supplying the high-speed on-chip oscillator clock stops. If a hardware trigger is input
later, A/D conversion work is again performed in the SNOOZE mode.
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Figure 12-36. Operation Example When No Interrupt Is Generated After A/D Conversion Ends (While in Scan
Mode)

INTRTC

Ll
[

Clock request signal
(internal signal) (] leemmmmmm e
The clock request signal
ADCS is set to the low level.
CO:;:;:';Z Channel 1 X Channel 2 X Channel 3 X Channel 4
Interrupt signal
(INTAD)
No interrupt is generated when
conversion ends for any channel.
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C

Figure 12-37. Flowchart for Setting up SNOOZE Mode

)

Start of setup
PERO register setting The ADCEN bit of the PERO register is set (1), and supplying the clock starts.
The ports are set to analog input.
ADPC and PMCx ANIO to ANI3 pins: Set using theADPC register
register settings ANI16 to ANI19 pins: Set using the PMCx register
PMx register setting The ports are set to the input mode.
» ADMO register
FR2 to FRO, LV1, and LVO bits: These are used to specify theA/D conversion time.
« ADMO register setting ADMD blt:.SeIect mode/scan mode
Normal « ADM1 register
operation + ADM1 register setting ADTMD1 and ADTMDO bits: These are used to specify the hardware trigger wait mode.
ADSCM bit: One-shot conversion mode
» ADM2 register setting ADTRS1 and ADTRSO bits: These are used to select the hardware trigger signal.
. « ADM2 register
* ADUL/ADLL register ADREFP1, ADREFP0, and ADREFM bits: These are used to select the reference voltage.
setting ADRCK bit: This is used to select the range for theA/D conversion result comparison value
+ ADS register setting generated by the interrupt signal fromAREA1, AREA3, and AREA2.
ADTYP bit: 8-bit/10-bit resolution
(The order of the settings * ADUL/ADLL register
is irrelevant.) These are used to specify the upper limit and lower limitA/D conversion result comparison values.
« ADS register
ADS4 to ADSO bits: These are used to select the analog input channels.
The reference voltage stabilization wait time countA may be required if the values of theADREFP1
Reference voltage and ADREFPO bits are changed.
stabilization wait time countA|  |f the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectivelyA = 5 s
‘ A wait is not required if the values ofADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,
respectively.
AWC =1 Immediately before entering the STOP mode, enable the SNOOZE mode by setting the AWC bit of
‘ the ADM2 register to 1.
ADCE bit setting The ADCE bit of the ADMO register is set (1), and the system enters theA/D conversion
standby status.
Enter the STOP mode
STOP
mode »
Hardware trigger After hardware trigger is generated, the system automatically counts up to the stabilization
generation wait time for A/D power supply andA/D conversion is started in the SNOOZE mode.
P The A/D conversion
operations are performed.
End of A/D conversion The A/D conversion end interrupt (INTAD) is generated. Notet
SNOOZE
mode
The clock request signal
(an internal signal) is
automatically set to the low
level in the SNOOZE mode.
>< Storage of conversion The conversion results are stored in theADCR and ADCRH registers.
results in the ADCR and
ADCRH r‘egisters
Normal . . ) Note2
operation AWC =0 Release the SNOOZE mode by clearing theAWC bit of the ADM2 register to 0.
Normal operation
Notes 1. If the A/D conversion end interrupt request signal (INTAD) is not generated by setting ADRCK bit and
ADUL/ADLL register, the result is not stored in the ADCR and ADCRH registers.
The system enters the STOP mode again. If a hardware trigger is input later, A/D conversion operation is
again performed in the SNOOZE mode.
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12.9 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input voltage

per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full scale is
expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2'° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) Overall error
This shows the maximum error value between the actual measured value and the theoretical value.
Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of these
express the overall error.
Note that the quantization error is not included in the overall error in the characteristics table.

(3) Quantization error
When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an analog
input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot be avoided.
Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral linearity
error, and differential linearity error in the characteristics table.

Figure 12-38. Overall Error Figure 12-39. Quantization Error
1.1 -
Ideal line
H 3
3 L 31
s Overall s |
D ‘O |
@ 7 error 8 |12tsB—="i»f  Quantization error
1w 1/2L.SB
00 N 0.....0 1
0 AVrer 0 " AVRer
Analog input Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.
If the actual measurement value is greater than the theoretical value, it shows the difference between the actual
measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output changes
fromO...... 001toO...... 010.
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(5) Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1...... 110to 1...... 111.
(6) Integral linearity error
This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It expresses
the maximum value of the difference between the actual measurement value and the ideal straight line when the zero-
scale error and full-scale error are 0.
(7) Differential linearity error
While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value and
the ideal value.
Figure 12-40. Zero-Scale Error Figure 12-41. Full-Scale Error
|
%’\ T . R d _ Full-scale error
- Ideal line - % /
5 ' : © 111} --- —f - T
2 5] ) { L 1
2 % A )
- S ! ! '
a 5 110(- - ' — -
3 g ! /! :
ks g : ' :
> 1011 5 --- ine 1
a 001 ,/’_.\ Zero-scale error 8 1 k: Ideal line i
000 L : L L ” 000 () | | | t
0 ﬁAvm ﬁAvmﬁAvm AVeero 0 %AVREF %AVREF %AVREF AVkrer
Analog input (V) Analog input (V)
Figure 12-42. Integral Linearity Error Figure 12-43. Differential Linearity Error
T 1
1w ]
T Ideal 1LSB width
Ideal line ; \
g_ e B. i<—>:
3 / 3
S d s R R
=3 (=) ! \
a a | \
a ) ) - J—— Differential
Integral linearity d linearity error
error
O ...... (( 0 ------ 0 (lg
o AVRer 0 . AVRer
Analog input Analog input
(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.
(9) Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.
|
« Sampling _>|
time Conversion time ——=
RO1UHO0515EJ0130 Rev.1.30 ‘leNESAS 363

Mar 16, 2018



RL78/G1D CHAPTER 12 A/D CONVERTER

12.10 Cautions for A/D Converter

(1)

(2

3)

4

Operating current in STOP mode

Shift to STOP mode after stopping the A/D converter (by setting bit 7 (ADCS) of A/D converter mode register 0
(ADMO) to 0). The operating current can be reduced by setting bit 0 (ADCE) of the ADMO register to 0 at the same
time.

To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1H (IF1H) to 0 and start
operation.

Input range of ANIO to ANI3 and ANI16 to ANI19 pins

Observe the rated range of the ANIO to ANI3 and ANI16 to ANI19 pins input voltage. If a voltage exceeding Vop and
AVRerp or a voltage lower than Vss and AVRrerm (even in the range of absolute maximum ratings) is input to an analog
input channel, the converted value of that channel becomes undefined. In addition, the converted values of the other
channels may also be affected.

When internal reference voltage (1.45 V) is selected reference voltage source for the + side of the A/D converter, do
not input a voltage higher than the internal reference voltage (1.45 V) to a pin selected by the ADS register. However,
it is no problem that a voltage higher than the internal reference voltage (1.45 V) is input to a pin not selected by the
ADS register.

Caution Internal reference voltage (1.45 V) can be used only in HS (high-speed main) mode.

Conflicting operations

<1> Conflict between the A/D conversion result register (ADCR, ADCRH) write and the ADCR or ADCRH register
read by instruction upon the end of conversion
The ADCR or ADCRH register read has priority. After the read operation, the new conversion result is written to
the ADCR or ADCRH registers.

<2> Conflict between the ADCR or ADCRH register write and the A/D converter mode register 0 (ADMO) write, the
analog input channel specification register (ADS), or A/D port configuration register (ADPC) write upon the end
of conversion
The ADMO, ADS, or ADPC registers write has priority. The ADCR or ADCRH register write is not performed,
nor is the conversion end interrupt signal (INTAD) generated.

Noise countermeasures

To maintain the 10-bit resolution, attention must be paid to noise input to the AVrerp, Vop, ANIO to ANI3, and ANI16 to

ANI19 pins.

<1> Connect a capacitor with a low equivalent resistance and a good frequency response (capacitance of about
0.01 pF) via the shortest possible run of relatively thick wiring to the power supply.

<2> The higher the output impedance of the analog input source, the greater the influence. To reduce the noise,
connecting external capacitor as shown in Figure 12-44 is recommended.

<3> Do not switch these pins with other pins during conversion.

<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion.
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Figure 12-44. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than A\kerr and
Vop or equal to or lower than AVkerm and Vss may enter, clamp with
a diode with a small VF value (0.3 V or lower).

Reference

voltage © ' AVrerp or Vob
input /

(5) Analog input (ANIn) pins

ANIO to ANI3, ANI16 to ANI19

C =100 to 1000 pF

<1> The analog input pins (ANIO to ANI3) are also used as input port pins (P20 to P23).
When A/D conversion is performed with any of the ANIO to ANI3 pins selected, do not change to output value
P20 to P23 while conversion is in progress; otherwise the conversion resolution may be degraded.

<2> |If a pin adjacent to a pin that is being A/D converted is used as a digital /O port pin, the A/D conversion result
might differ from the expected value due to a coupling noise. Be sure to prevent such a pulse from being input
or output.

(6) Input impedance of analog input (ANIn) pins
This A/D converter charges a sampling capacitor for sampling during sampling time.
Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the capacitor
flows during sampling. Consequently, the input impedance fluctuates depending on whether sampling is in progress,
and on the other states.
To make sure that sampling is effective, however, we recommend using the converter with analog input sources that
have output impedances no greater than 1 kQ. If a source has a higher output impedance, lengthen the sampling
time or connect a larger capacitor (with a value of about 0.1 pF) to the pin from among ANIO to ANI3 and ANI16 to
ANI19 to which the source is connected (see Figure 12-44). The sampling capacitor may be being charged while the
setting of the ADCS bit is 0 and immediately after sampling is restarted and so is not defined at these times.
Accordingly, the state of conversion is undefined after charging starts in the next round of conversion after the value
of the ADCS bit has been 1 or when conversion is repeated. Thus, to secure full charging regardless of the size of
fluctuations in the analog signal, ensure that the output impedances of the sources of analog inputs are low or secure
sufficient time for the completion of conversion.
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™

(®)

6]

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF flag for the
pre-change analog input may be set just before the ADS register rewrite. Caution is therefore required since, at this
time, when ADIF flag is read immediately after the ADS register rewrite, ADIF flag is set despite the fact A/D
conversion for the post-change analog input has not ended.

When A/D conversion is stopped and then resumed, clear ADIF flag before the A/D conversion operation is resumed.

Figure 12-45. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn : ANIm ANIm
|

ADCR, ANIn >< ' ANIn ANIm >< ANIm
ADCRH

ADIF

Conversion results just after A/D conversion start

While in the software trigger mode or hardware trigger no-wait mode, the first A/D conversion value immediately after
A/D conversion starts may not fall within the rating range if the ADCS bit is set to 1 within 1 ys after the ADCE bit was
set to 1. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

A/D conversion result register (ADCR, ADCRH) read operation

When a write operation is performed to A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), A/D port configuration register (ADPC), and port mode control register (PMC), the contents of the
ADCR and ADCRH registers may become undefined. Read the conversion result following conversion completion
before writing to the ADMO, ADS, ADPC, or PMC register. Using a timing other than the above may cause an
incorrect conversion result to be read.
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(10) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 12-46. Internal Equivalent Circuit of ANIn Pin

R1
ANIn

C1 C2

Table 12-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVrere, Voo ANIn Pin R1 [kQ] C1[pF] C2 [pF]
2.7V<Vop<3.6V ANIO to ANI3 39 8 2.5
ANI16 to ANI19 53 8 7.0
18V<Vop<27V ANIO to ANI3 231 8 2.5
ANI16 to ANI19 321 8 7.0
16V<Vop<27V ANIO to ANI3 632 8 25
ANI16 to ANI19 902 8 7.0

Remark The resistance and capacitance values shown in Table 12-4 are not guaranteed values.

(11) Starting the A/D converter
Start the A/D converter after the AVRerp and Vob voltages stabilize.
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CHAPTER 13 SERIAL ARRAY UNIT

Serial array unit has up to four serial channels. Each channel can achieve 3-wire serial (CSI), UART, and simplified

[2C communication.
Function assignment of each channel supported by the RL78/G1D is as shown below.

Unit Channel Used as CSI Used as UART Used as Simplified 1’c
0 0 CSI00 UARTO 11C00
1 - -
2 - UART1 -
3 - -
1 0 CSI20 - 1IC20
1 CSI21Nete -

When “UARTO” is used for channels 0 and 1 of the unit 0, CSI00 cannot be used, but UART1 of channels 2 and 3 can

be used.

Note For internal communication between MCU and RF transceiver.
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13.1 Functions of Serial Array Unit
Each serial interface supported by the RL78/G1D has the following features.

13.1.1 3-wire serial /0 (CSI00, CSI20, CSI21)

Data is transmitted or received in synchronization with the serial clock (SCK) output from the master channel.
3-wire serial communication is clocked communication performed by using three communication lines: one for the serial
clock (SCK), one for transmitting serial data (SO), one for receiving serial data (SI).

For details about the settings, see 13.5 Operation of 3-Wire Serial /0 (CSI100, CSI20, CSI21) Communication.

[Data transmission/reception]
e Data length of 7 or 8 bits
e Phase control of transmit/receive data
o MSB/LSB first selectable
e Level setting of transmit/receive data
[Clock control]
e Master/slave selection
e Phase control of I/O clock
e Setting of transfer period by prescaler and internal counter of each channel
e Maximum transfer rateNote
During master communication: Max. fcLk/2 (CSI00 only)
Max. fcLk/4
During slave communication:  Max. fmck/6
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
[Error detection flag]
e Overrun error

In addition, CSIO0 supports the SNOOZE mode. When SCK input is detected while in the STOP mode, the SNOOZE
mode makes data reception that does not require the CPU possible.

Notes 1. Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics (see CHAPTER 30
ELECTRICAL SPECIFICATIONS.
2. CSI21 is supported the functions only described in Table 2-3.
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13.1.2 UART (UARTO, UART1)

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data reception
(RxD) lines. By using these two communication lines, each data frame, which consist of a start bit, data, parity bit, and
stop bit, is transferred asynchronously (using the internal baud rate) between the microcontroller and the other
communication party. Full-duplex UART communication can be performed by using a channel dedicated to transmission
(even-numbered channel) and a channel dedicated to reception (odd-numbered channel).

For details about the settings, see 13.6 Operation of UART (UARTO0, UART1) Communication.

[Data transmission/reception]
e Data length of 7, 8, or 9 bitsNote
e Select the MSB/LSB first
e Level setting of transmit/receive data and select of reverse
e Parity bit appending and parity check functions
e Stop bit appending
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
e Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]
e Framing error, parity error, or overrun error

In addition, UARTO reception supports the SNOOZE mode. When RxD input is detected while in the STOP mode, the
SNOOZE mode makes data reception that does not require the CPU possible. The reception baud rate adjustment

function is supported.

Note Only UARTO can be specified for the 9-bit data length.
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13.1.3 Simplified I12C (11C00, 11C20)

This is a clocked communication function to communicate with two or more devices by using two lines: serial clock
(SCL) and serial data (SDA). This simplified I2C is designed for single communication with a device such as EEPROM,
flash memory, or A/D converter, and therefore, it functions only as a master.

Make sure by using software, as well as operating the control registers, that the AC specifications of the start and stop
conditions are observed.

For details about the settings, see 13.7 Operation of Simplified I2C (11C00, I1IC20) Communication

[Data transmission/reception]
e Master transmission, master reception (only master function with a single master)
e ACK output functionN°t¢ and ACK detection function
e Data length of 8 bits (When an address is transmitted, the address is specified by the higher 7 bits, and the least
significant bit is used for R/W control.)
e Manual generation of start condition and stop condition
[Interrupt function]
e Transfer end interrupt
[Error detection flag]
e ACK error, or overrun error

* [Functions not supported by simplified 1°C]
e Slave transmission, slave reception
e Arbitration loss detection function
e Wait detection functions

Note When receiving the last data, ACK will not be output if 0 is written to the SOEmn bit (serial output enable register
m (SOEm)) and serial communication data output is stopped. See the processing flow in 13.7.3 (2) for details.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0)
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13.2 Configuration of Serial Array Unit

The serial array unit includes the following hardware.

Table 13-1. Configuration of Serial Array Unit

Item Configuration
Shift register 8 bits or 9 bitgNote !
Buffer register Lower 8 bits or 9 bits of serial data register mn (SDRmn)Nete .2
Serial clock I1/0 SCKO00, SCK20 pins (for 3-wire serial 1/0), SCL00, SCL20 pins (for simplified IZC)
Serial data input S100, S120 pins (for 3-wire serial 1/0), RxD0, RxD1 pins (for UART)
Serial data output S000, SO20 pins (for 3-wire serial I/0), TxD0O, TxD1 pins (for UART)
Serial data 1/0 SDAO00, SDA20 pins (for simplified IZC)
Control registers <Registers of unit setting block>

e Peripheral enable register 0 (PERO)

e Serial clock select register m (SPSm)

e Serial channel enable status register m (SEm)
e Serial channel start register m (SSm)

e Serial channel stop register m (STm)

e Serial output enable register m (SOEm)

e Serial output register m (SOm)

e Serial output level register m (SOLm)

e Serial standby control register m (SSCm)

o Noise filter enable register 0 (NFENO)

<Registers of each channel>

e Serial data register mn (SDRmn)

e Serial mode register mn (SMRmn)

e Serial communication operation setting register mn (SCRmn)
e Serial status register mn (SSRmn)

o Serial flag clear trigger register mn (SIRmn)

e Port input mode registers 0, 1 (PIMO, PIM1)

e Port output mode registers 0, 1 (POMO, POM1)
e Port mode control register 0 (PMCO)

e Port mode registers 0, 1, 7 (PMO, PM1, PM7)

e Port registers 0, 1, 7 (PO, P1, P7)

Notes 1. The number of bits used as the shift register and buffer register differs depending on the unit and channel.
mn = 00, 01: lower 9 bits
2. The lower 8 bits of serial data register mn (SDRmn) can be read or written as the following SFR, depending
on the communication mode.
e CSIp communication ... SIOp (CSlIp data register)
e UART(q reception ... RXDq (UART(q receive data register)
e UART(q transmission ... TXDq (UARTq transmit data register)
e |ICr communication ... SIOr (lICr data register)

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 20, 21),
q: UART number (q =0, 1), r: IIC number (r = 00, 20)
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Figure 13-1 shows the block diagram of serial array unit 0.

Figure 13-1. Block Diagram of Serial Array Unit 0
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Figure 13-2 shows the block diagram of serial array unit 1.

Figure 13-2. Block Diagram of Serial Array Unit 1
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13.2.1 Shift register
This is a 9-bit register that converts parallel data into serial data or vice versa.
In case of the UART communication of nine bits of data, nine bits (bits 0 to 8) are used Note1,
During reception, it converts data input to the serial pin into parallel data.
When data is transmitted, the value set to this register is output as serial data from the serial output pin.
The shift register cannot be directly manipulated by program.
To read or write the shift register, use the lower 8/9 bits of serial data register mn (SDRmn).

Shift register | | ‘ ‘ ‘ | ‘ ‘ ‘ |

13.2.2 Lower 8/9 bits of the serial data register mn (SDRmn)

The SDRmn register is the transmit/receive data register (16 bits) of channel n. Bits 8 to 0 (lower 9 bits) Note 1 or bits 7
to O (lower 8 bits) function as a transmit/receive buffer register, and bits 15 to 9 are used as a register that sets the division
ratio of the operation clock (fvck).

When data is received, parallel data converted by the shift register is stored in the lower 8/9 bits. When data is to be
transmitted, set transmit to be transferred to the shift register to the lower 8/9 bits.

The data stored in the lower 8/9 bits of this register is as follows, depending on the setting of bits 0 and 1 (DLSmnO,
DLSmn1) of serial communication operation setting register mn (SCRmn), regardless of the output sequence of the data.

e 7-bit data length (stored in bits 0 to 6 of SDRmn register)

e 8-bit data length (stored in bits 0 to 7 of SDRmn register)

e 9-bit data length (stored in bits 0 to 8 of SDRmn register)Note 1

The SDRmn register can be read or written in 16-bit units.

The lower 8/9 bits of the SDRmn register can be read or written Note 2 as the following SFR, depending on the
communication mode.

e CSlp communication ... SIOp (CSlp data register)

e UART(q reception ... RXDq (UARTq receive data register)

e UARTq transmission ... TXDq (UART(q transmit data register)

e [ICr communication ... SIOr (lICr data register)

Reset signal generation clears the SDRmn register to 0000H.

Notes 1. Only UARTO can be specified for the 9-bit data length.
2. When operation is stopped (SEmn = 0), do not rewrite SDRmn[7:0] by an 8-bit memory manipulation
instruction (SDRmn[15:9] are all cleared to 0).

Remarks 1. After data is received, “0” is stored in bits 0 to 8 in bit portions that exceed the data length.
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3 for m = 0, n = 1 for m = 1),
p: CSI number (p = 00, 20, 21), g: UART number (q =0, 1), r: IC number (r = 00, 20)
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Figure 13-3. Format of Serial Data Register mn (SDRmn) (mn = 00, 01)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDR01) After reset: 0000H R/W

FFF11H (SDR00) FFF10H (SDRO00)

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

2L I N A N

Shift register | | ’ [ | [ ’ [ ’ ‘

Remark For the function of the higher 7 bits of the SDRmn register, see 13.3 Registers Controlling Serial
Array Unit.

Figure 13-4. Format of Serial Data Register mn (SDRmn) (mn = 02, 03, 10, 11)

Address: FFF44H, FFF45H (SDR02), FFF46H, FFF47H (SDR03), After reset: 0000H ~ R/W
FFF48H, FFF49H (SDR10), FFF4AH, FFF4BH (SDR11)

FFF45H (SDR02) FFF44H (SDR02)

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

soren | | | ] [ ] [ Jof [ | ] [ ] [ | |

Shift register [:: | ‘ ‘ | ‘ ‘ ‘ ‘ ‘

Caution Be sure to clear bit 8 to “0”.

Remark For the function of the higher 7 bits of the SDRmn register, see 13.3 Registers Controlling Serial
Array Unit.
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13.3 Registers Controlling Serial Array Unit

Serial array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Serial clock select register m (SPSm)

e Serial mode register mn (SMRmn)

e Serial communication operation setting register mn (SCRmn)
e Serial data register mn (SDRmn)

e Serial flag clear trigger register mn (SIRmn)

e Serial status register mn (SSRmn)

e Serial channel start register m (SSm)

e Serial channel stop register m (STm)

e Serial channel enable status register m (SEm)
e Serial output enable register m (SOEm)

e Serial output level register m (SOLm)

e Serial output register m (SOm)

e Serial standby control register m (SSCm)

o Noise filter enable register 0 (NFENO)

e Port input mode registers 0, 1 (PIMO, PIM1)

e Port output mode registers 0, 1 (POMO, POM1)
e Port mode control register 0 (PMCO)

e Port mode registers 0, 1, 7 (PM0O, PM1, PM7)

e Port registers 0, 1, 7 (PO, P1, P7)

Remark m: Unit number (m =0, 1), n: Channel number (n=0to 3form=0,n=1form=1)
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13.3.1 Peripheral enable register 0 (PERO)

PERQO is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.

When serial array unit O is used, be sure to set bit 2 (SAUOEN) of this register to 1.

When serial array unit 1 is used, be sure to set bit 3 (SAU1EN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears the PERO register to O0H.

Figure 13-5. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN ‘ SAUOEN ‘ 0 TAUOEN
SAUMEN Control of serial array unit m input clock supply
0 Stops supply of input clock.

e SFR used by serial array unit m cannot be written.
e Serial array unit m is in the reset status.

1 Enables input clock supply.
e SFR used by serial array unit m can be read/written.

Cautions 1. When setting serial array unit m, be sure to first set the following registers with the SAUmEN
bit set to 1. If SAUmMEN = 0, control registers of serial array unit m become default values and
writing to them is ignored (except for the input switch control register (ISC), noise filter
enable register 0 (NFENO), port input mode registers 0, 1 (PIMO, PIM1), port output mode
registers 0, 1 (POMO, POM1), port mode control registers 0 (PMCO0), port mode registers 0, 1, 7
(PMO, PM1, PM7), and port registers 0, 1, 7 (P0, P1, P7)).

e Serial clock select register m (SPSm)
e Serial mode register mn (SMRmn)
e Serial communication operation setting register mn (SCRmn)
e Serial data register mn (SDRmn)
e Serial flag clear trigger register mn (SIRmn)
o Serial status register mn (SSRmn)
e Serial channel start register m (SSm)
e Serial channel stop register m (STm)
e Serial channel enable status register m (SEm)
e Serial output enable register m (SOEm)
e Serial output level register m (SOLm)
e Serial output register m (SOm)
e Serial standby control register m (SSCm)
2. Be sure to clear bits 1 and 6 to “0”.
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13.3.2 Serial clock select register m (SPSm)

The SPSm register is a 16-bit register that is used to select two types of operation clocks (CKm0, CKm1) that are
commonly supplied to each channel. CKm1 is selected by bits 7 to 4 of the SPSm register , and CKmO is selected by bits
3to0.

Rewriting the SPSm register is prohibited when the register is in operation (when SEmn = 1).

The SPSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SPSm register can be set with an 8-bit memory manipulation instruction with SPSmL.

Reset signal generation clears the SPSm register to 0000H.

Figure 13-6. Format of Serial Clock Select Register m (SPSm)

Address: FO126H, FO127H (SPSO0), FO166H, FO167H (SPS1)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPSm 0 0 0 0 0 0 0 0 |PRS |PRS |PRS | PRS | PRS | PRS | PRS | PRS
m13 | m12 | m11 | m10 | m03 | m02 | m01 | m0O
PRS | PRS | PRS | PRS Section of operation clock (CKmk)Nete !
mk3 | mk2 | mk1 | mkO fo=2 MHz | fo=5MHz | foi= 10 MHz | fex= 20 MHz | o= 32 MHz
0 0 0 0 feik 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 1 ferk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 0 1 0 foL/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
0 0 1 1 fok/2® | 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 foLk/24 125 kHz 313 kHz 625 kHz 1.25 MHz 2 MHz
0 1 0 1 for/2® 62.5 kHz 156 kHz 313 kHz 625 kHz 1 MHz
0 1 1 0 foLk/2° 31.3 kHz 78.1 kHz 156 kHz 313 kHz 500 kHz
0 1 1 1 fork/27 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 250 kHz
1 0 0 0 fouk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
1 0 0 1 foLx/2° 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 62.5 kHz
1 0 1 0 fok/2'° | 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 31.3 kHz
1 0 1 1 fok/2'" | 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 15.6 kHz
1 1 0 0 fok/2'2 | 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 78.1 kHz
1 1 0 1 fok/2'® | 244 Hz 610 kHz 1.22 kHz 2.44 kHz 3.91 kHz
1 1 1 0 fok/2'* | 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz
1 1 1 1 fok/2'® | 61 Hz 153 kHz 305 Hz 610 Hz 997 Hz
Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), do

so after having stopped (serial channel stop register m (STm) = 000FH) the operation of the serial array
unit (SAU).

Caution Be sure to clear bits 15 to 8 to “0”.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. m: Unit number (m =0, 1)

3. k=0,1
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13.3.3 Serial mode register mn (SMRmn)

The SMRmn register is a register that sets an operation mode of channel n. It is also used to select an operation clock
(fuck), specify whether the serial clock (fsck) may be input or not, set a start trigger, an operation mode (CSI, UART, or
simplified 12C), and an interrupt source. This register is also used to invert the level of the receive data only in the UART

mode.

Rewriting the SMRmn register is prohibited when the register is in operation (when SEmn = 1). However, the MDmnO

bit can be rewritten during operation.
The SMRmn register can be set by a 16-bit memory manipulation instruction.
Reset signal generation sets the SMRmn register to 0020H.

Figure 13-7. Format of Serial Mode Register mn (SMRmn) (1/2)

Address: FO110H, FO111H (SMRO00) to FO116H, FO117H (SMRO03),  After reset: 0020H R/W
FO0150H, FO151H (SMR10), FO152H, FO153H (SMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKS | CCS 0 0 0 0 0 STS 0 SIS 1 0 0 MD | MD | MD
mn | mn mnNote mnQNet mn2 | mn1 | mnO
CKS Selection of operation clock (fuck) of channel n
mn
0 Operation clock CKmO set by the SPSm register

Operation clock CKm1 set by the SPSm register

Operation clock (fuck) is used by the edge detector. In addition, depending on the setting of the CCSmn bit and the
higher 7 bits of the SDRmn register, a transfer clock (frcik) is generated.

Selection of transfer clock (frcwx) of channel n

Divided operation clock fuck specified by the CKSmn bit

Clock input fsck from the SCKp pin (slave transfer in CSI mode)

Transfer clock freik is used for the shift register, communication controller, output controller, interrupt controller, and
error controller. When CCSmn = 0, the division ratio of operation clock (fuck) is set by the higher 7 bits of the
SDRmn register.

STS

mn
Note

Selection of start trigger source

0

Only software trigger is valid (selected for CSI, UART transmission, and simplified 1°C).

1

Valid edge of the RxDq pin (selected for UART reception)

Transfer is started when the above source is satisfied after 1 is set to the SSm register.

Note The SMRO1 and SMRO03 registers only.

Caution Be sure to clear bits 13 to 9, 7, 4, and 3 (or bits 13 to 6, 4, and 3 for the SMR00, SMR02, SMR10, or
SMR11 register) to “0”. Be sure to set bit 5 to “1”.

Remark m: Unit number (m =0, 1), n: Channel number (n=0to 3form=0,n=0, 1 form = 1),
p: CSI number (p = 00, 20, 21), g: UART number (q = 0, 1), r: lIC number (r = 00, 20)
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Figure 13-7. Format of Serial Mode Register mn (SMRmn) (2/2)

Address: FO110H, FO111H (SMR00) to FO116H, FO117H (SMRO03),  After reset: 0020H R/W
FO150H, FO151H (SMR10), FO152H, FO153H (SMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKS | CCs 0 0 0 0 0 STS 0 SIS 1 0 0 MD | MD | MD
mn | mn mnNote mnONet mn2 | mn1 | mn0
e
SIS Controls inversion of level of receive data of channel n in UART mode
mn0

Note

0 Falling edge is detected as the start bit.
The input communication data is captured as is.

1 Rising edge is detected as the start bit.
The input communication data is inverted and captured.

MD | MD Setting of operation mode of channel n
mn2 | mn1

0 0 CSI mode

0 1 UART mode

1 0 | Simplified 12C mode
1 1 Setting prohibited

MD Selection of interrupt source of channel n
mnO

0 Transfer end interrupt

1 Buffer empty interrupt
(Occurs when data is transferred from the SDRmn register to the shift register.)

For successive transmission, the next transmit data is written by setting the MDmnO bit to 1 when SDRmn data has
run out.

Note The SMRO1 and SMRO03 registers only.

Caution Be sure to clear bits 13t0 9, 7, 4, and 3 (or bits 13 to 6, 4, and 3 for the SMR00, SMR02, SMR10, or
SMR11 register) to “0”. Be sure to set bit 5 to “1”.

Remark m: Unit number (m =0, 1), n: Channel number (n=0to 3form=0,n=0, 1 form = 1),
p: CSI number (p = 00, 20, 21), g: UART number (q = 0, 1), r: IIC number (r = 00, 20)

13.3.4 Serial communication operation setting register mn (SCRmn)

The SCRmn register is a communication operation setting register of channel n. It is used to set a data
transmission/reception mode, phase of data and clock, whether an error signal is to be masked or not, parity bit, start bit,
stop bit, and data length.

Rewriting the SCRmn register is prohibited when the register is in operation (when SEmn = 1).

The SCRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets the SCRmn register to 0087H.
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Figure 13-8. Format of Serial Communication Operation Setting Register mn (SCRmn) (1/2)

Address: FO0118H, FO119H (SCR00) to FO11EH, FO11FH (SCR03),  After reset: 0087H R/W
FO158H, FO159H (SCR10), FO15AH, FO15BH (SMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 | EOC | PTC | PTC | DIR 0 |SLCm| SLC 0 1 |DLSm| DLS
mn | mn | mn | mn mn | mn1 | mn0 | mn niNete !l mno niNete2| mnQ
TXEmn RXEmn Setting of operation mode of channel n
0 0 Disable communication.
0 1 Reception only
1 0 Transmission only
1 1 Transmission/reception
DAPmn CKPmn Selection of data and clock phase in CSI mode Type
0 0 SCKp JEpEpEpEpEpEpEpEn 1
SOp
Slp input timing | | | | | | | |
0 1 SCKp IR pEpEpEpEn S 2
sop
Slp input timing | 1 1 1 1 | 1 |
1 0 SCKp JEpEpEpEpEpEpEpEN 3
sOp
Slp input timing | | | | | | I I
1 1 SCKp e 4
sop
Slp input timing | | | | | | I I
Be sure to set DAPmn, CKPmn = 0, 0 in the UART mode and simplified I°C mode.
EOCmn Selection of masking of error interrupt signal (INTSREx (x = 0 to 3))
0 Disables generation of error interrupt INTSREXx (INTSRx is generated).
1 Enables generation of error interrupt INTSREx (INTSRXx is not generated if an error occurs).
Set EOCmn = 0 in the CSI mode, simplified I°C mode, and during UART transmission Note 3,

Notes 1. The SCRO00 and SCRO2 registers only.
2. The SCRO00 and SCRO1 registers only. Others are fixed to 1.
3. When using CSImn not with EOCmn = 0, error interrupt INTSREn may be generated.

Caution Be sure to clear bits 3, 6, and 11 to “0” (Also clear bit 5 of the SCR01, SCR03, SCR10, or SCR11
register to 0). Be sure to set bit 2 to “1”.

Remark m: Unit number (m =0, 1), n: Channel number (n=0to3form=0,n=0, 1form=1)
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Figure 13-8. Format of Serial Communication Operation Setting Register mn (SCRmn) (2/2)

Address: FO118H, FO119H (SCRO00) to FO11EH, FO11FH (SCR03),  After reset: 0087TH R/W
FO0158H, FO159H (SCR10), FO15AH, FO15BH (SMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 | EOC | PTC | PTC | DIR 0 |SLCm| SLC 0 1 |DLSm| DLS
mn | mn | mn | mn mn | mn1 | mn0 | mn niNete !l mno niNete2l mnQ
PTCmn1 PTCmnO Setting of parity bit in UART mode
Transmission Reception
0 0 Does not output the parity bit. Receives without parity
0 1 Outputs 0 parity Note 3, No parity judgment
1 0 Outputs even parity. Judged as even parity.
1 1 Outputs odd parity. Judges as odd parity.

Be sure to set PTCmn1, PTCmn0 = 0, 0 in the CSI mode and simplified 12C mode.

DIRmn Selection of data transfer sequence in CSI and UART modes
0 