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Notice

Precaution on using ROHM Products

1)

2)

3)

4)

5)

6)

7)

8)

9)

When using ROHM Products, refer to the latest product information and ensure that usage conditions (absolute
maximum ratings*!, recommended operating conditions, etc.) are within the ranges specified. ROHM disclaims any and
all liability for any malfunctions, failure or accident arising out of or in connection with the use of ROHM Products
outside of such usage conditions specified ranges, or without observing precautions. Even if it is used within such usage
conditions specified ranges, semiconductors can break down and malfunction due to various factors. Therefore, in order
to prevent personal injury, fire or the other damage from break down or malfunction of ROHM Products, please take
safety at your own risk measures such as complying with the derating characteristics, implementing redundant and fire
prevention designs, and utilizing backups and fail-safe procedures.
*1: Absolute maximum ratings: a limit value that must not be exceeded even momentarily.

The Products specified in this document are not designed to be radiation tolerant.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the
standard 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. And the peripheral
conditions must be taken into account when designing circuits for mass production. ROHM disclaims any and all
liability for any losses and damages incurred by you or third parties arising from the use of these circuits, software, and
other related information.

No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or
any third party with respect to ROHM Products or the information contained in this document (including but not limited
to, the Product data, drawings, charts, programs, algorithms, and application examples, etc.). Therefore, ROHM shall
have no responsibility whatsoever for any dispute, concerning such rights owned by third parties, arising out of the use
of such technical information.

ROHM intends our Products to be used in a way indicated in this document. Please be sure to contact a ROHM sales
office if you consider the use of our Products in different way from original use indicated in this document. For use of
our Products in medical systems, please be sure to contact a ROHM representative and must obtain written agreement.
Do not use our Products in applications which may directly cause injuries to human life, and which require extremely
high reliability, such as aerospace equipment, nuclear power control systems, and submarine repeaters, etc. ROHM
disclaims any and all liability for any losses and damages incurred by you or third parties arising by using the Product
for purposes not intended by us without our prior written consent.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS
Directive. ROHM shall have no responsibility for any damages or losses resulting non-compliance with any applicable
laws or regulations.

When providing our Products and technologies contained in this document to other countries, you must abide by the
procedures and provisions stipulated in all applicable export laws and regulations, including without limitation the US

Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

Please contact a ROHM sales office if you have any questions regarding the information contained in this document or
ROHM's Products.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of ROHM.

(Note) “ROHM?” as used in this document means ROHM Co., Ltd.

FEUL62Q2045



ROH M CO., Ltd_ ML62Q2033/2035/2043/2045 User's Manual

Other Precaution
1) All information contained in this document is subject to change for the purpose of improvement, etc. without any prior
notice. Before purchasing or using ROHM Products, please confirm the latest information with a ROHM sales office.

2) ROHM has used reasonable care to ensure the accuracy of the information contained in this document, however, ROHM
shall have no responsibility for any damages, expenses or losses arising from inaccuracy or errors of such information.

LTSZ08023-01-003
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Notes for product usage

Notes on this page are applicable to the all ROHM microcontroller products.

For individual notes on each RHOM microcontroller product, refer to [Note]

in the chapters of each user's manual.

The individual notes of each user’s manual take priority over those contents in this page if they are different.

1.  HANDLING OF UNUSED INPUT PINS
Fix the unused input pins to the power pin or GND to prevent to cause the device performing wrong operation or
increasing the current consumption due to noise, etc. If the handlings for the unused pins are described in the chapters,
follow the instruction.

2. STATE AT POWER ON
At the power on, the data in the internal registers and output of the ports are undefined until the power supply voltage
reaches to the recommended operating condition and "L" level is input to the reset pin.
On ROHM microcontroller products that have the power on reset function, the data in the internal registers and output
of the ports are  undefined until the power on reset is generated.
Be careful to design the application system does not work incorrectly due to the undefined data of internal registers and
output of the ports.

3. ACCESS TO UNUSED MEMORY
If reading from unused address area or writing to unused address area of the memory, the operations are not guaranteed.

4. CHARACTERISTICS DIFFERENCE BETWEEN THE PRODUCT
Electrical characteristics, noise tolerance, noise radiation amount, and the other characteristics are different from each
microcontroller product.
When replacing from other product to ROHM microcontroller products, please evaluate enough the apparatus/system
which implemented ROHM microcontroller products.

5. USE ENVIRONMENT
When using ROHM microcontroller products in a high humidity environment and an environment where dew
condensation, take moisture-proof measures.
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Notation
Classification Notation Description

Numeric value XXh, XXH, 0xXX Indicates a hexadecimal number.
Unit word, W 1 word = 16 bits

byte, B 1 byte = 8 bits

nibble, N 1 nibble = 4 bits

mega-, M 10°

kilo-, K 210=1024

kilo-, k 10% = 1000

milli-, m 103

micro-, J 106

nano-, n 10°

second, s (lower case) second

Terminology "H" level Indicates high level voltage Vin and Von as specified by the
electrical characteristics in the data-sheet.
"L" level Indicates low level voltage ViL and VoL as specified by the
electrical characteristics in the data-sheet.
SFR Special function register. It is control register for system or
peripherals.

e  Register description
"R/W" indicates that Read/Write attribute. "R" indicates that data can be read and "W" indicates that data can be written.
"R/W" indicates that data can be read or written.

MSB: The highest bit of 16-bit register
LSB: The lowest bit of 16-bit register

Registers that have a word symbol allow the word-access. If writing or reading the registers not using the word symbol,
specify the even number addresses.

—————————————— Invalid bit: This bit returns "0" for reading and writing to this bit is ignored.

Word symbol name
Byte symbol name

Bit symbol name

-1t

“ 13 121 1 10 9 8 7 6 5 4 3 2 1 0
Word ; ! FHCKMOD
Byte ! FHCKMODH FHCKMODL
Bi outcloutcloutc| _ |svsclsysclsysc| _ | _ | _ | _ | _ | _ | _ |Hos
2 1 0 2 1 0 CMO
RW R RW RW RW R RW RW RW R R R R R R R RW
Initial ) 1 0 0 0 1 0 0 0 0 0 0 0 0 o 0
value

L=
- ——-
i —
Fem—————

1
1
1
1
1
1
1
L

-
Fem—————

Initial value after the system reset
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1. Overview

ML62Q2033/2035/2043/2045 are high performance CMOS 16-bit microcontrollers equipped with an 16-bit CPU
nX-U16/100 and integrated with program memory (Flash memory), data memory (RAM), data Flash (Erase unit:128byte,
Write unit: 1byte) and rich peripheral functions such as the multiplier/divider, Clock generator, Operational timer (PWM,
capture), Timer, General Purpose Ports, UART, I12C bus interface unit(Master, Slave ), Successive approximation type
12bit A/D converter, 8bit D/A converter, PGA (Programable Gain Amp) and so on.

The CPU nX-U16/100 is capable of efficient instruction execution in 1-instruction 1-clock mode by pipeline architecture
parallel processing.

The built-in on-chip debug function enables debugging and programming the software. Also, ISP (In-System
Programming) function supports the Flash programming in production line.

® Applications
Consumer and Industrial equipment (e.g., Household appliances, Housing equipment, Office equipment, Measurement
instrumentation, etc.)

Note:

This product cannot be applicable for automotive use, automatic train control systems, and railway safety systems.
Please contact ROHM sales office in advance if contemplating the integration of this product into applications that
requires high reliability, such as transportation equipment for ships and railways, communication equipment for trunk
lines, traffic signal equipment, power transmission systems, core systems for financial terminals and various safety
control devices.

®  Product list
Tablel-1 shows the combination of ML62Q2033/2035/2043/2045 memory variations and package type.

Table 1-1 Product List

Program Data memory Data 20pin 24pin

memory (RAM) Flash TSSOP20 WQFN24

32Kbyte ML62Q2035 ML62Q2045
2Kbyte 4Kbyte

16Kbyte ML62Q2033 ML62Q2043

FEUL62Q2045 1-1
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1.1 Features
e CPU

— 16-bit RISC CPU :nX-U16/100 (A35 core)
— Instruction system : 16-bit length instructions

— Instruction set

ML62Q2033/2035/2043/2045 User's Manual
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: Transfer, arithmetic operations, comparison, logic operations,

— multiplication/division, bit manipulations, bit logic operations, jump, conditional jump,
call return stack, manipulations, arithmetic shift, and so on
— Built-in On-chip debug function (connect to the ROHM on-chip debug emulator)

— Minimum instruction execution time: 1 count of system clock
Approximately 30.51s/62.5ns (at 32.768kHz/16MHz system clock)

e Coprocessor for multiplication and division

— Signed or Unsigned is selectable

Parameter Expression Operation time [cycle]
Multiplication 16bit x 16bit 4
Division 32bit + 16bit 8
32bit + 32bit 16
Multiply-accumulate 16bit x 16bit + 32bit 4
(non-saturating, non-saturating)

Operating voltage and temperature

— Operating voltage

:Vpp=4.5t05.5V

— Operating temperature: -40°C to +105°C

e Flash memory

Parameter Program memory area Data Flash memory area
Erase/Write count 100cycles 10,000cycles
Write unit 16bit (2byte) 8bit (1byte)
Erase unit 16Kbyte/1Kbyte all area/128byte
Erase/Write temperature (Ta) 0°C to +40°C -40°C to +85°C

— Background Operation (CPU can work while erasing and rewriting to the Data Flash memory area.)
— The built-in on-chip debug function and ISP (In-System Programming) function enable Flash programming

This product uses Super Flash® technology licensed from Silicon Storage Technology, Inc.
Super Flash® is a registered trademark of Silicon Storage Technology, Inc.

Data RAM area
— Rewrite unit: 8bit/16bit (1byte/2byte)
— Parity check function is available (interrupt or reset is generatable at Parity error)

Clock generation circuit

— Low-speed clock (LSCLKO)

— Internal low-speed RC oscillation (RC32K) : Approx. 32.768kHz

— High-speed source clock (HSOCLK) : Available for PWM generation circuit clock
— PLL oscillation : 64MHz

— High-speed system clock (HSCLK) : 16MHz, generated by dividing HSOCLK

Reset

— System Resets by reset input pin, Power-On Reset, Low Level Detector (LLD) reset, Watchdog timer (WDT)

overflow, WDT invalid clear, RAM parity error reset, and Program Counter error reset (instruction access to
unused ROM area)
— Software reset by BRK instruction (reset CPU only)
— Reset the peripherals individually/collectively by software
Power management
— Two stand-by mode.
— STOP mode (All clocks are stopped)
— HALT mode (clocks for System are stopped)
— Individual clock input control to the peripheral blocks by software
— Clock gear: High-speed system clock frequency is changeable dynamically
- (11, 1/2,1/4, 1/8, 1/16, 1/32 of HSCLK)

FEUL62Q2045
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e Interrupt controller
— Non-maskable interrupt source : 1 (Internal sources: WDT)
— Maskable interrupt sources : 22 (included the external interrupt 4 sources)
— Four step interrupt levels
— External interrupt ports (EXI)  : 4 (selectable from Max.8 pins) with sampling filter
— and edge (rise, fall, both) selection.

e General-purpose ports (GPIO)
— 1/O port : Max. 20 (Including pins for shared functions)
— Carrier frequency output function (for IR communication)

e Watchdog timer (WDT): 1 channel

— Overflow period : 8selectable (7.8, 15.6, 31.3, 62.5, 125, 500, 2000, 8000ms)

— Selectable window function (enable or disable): configurable clear enable period (50% or 75% of overflow
period) with invalid clear. When disable, interrupts the first overflow and resets the second overflow. When
enable, reset occurs for the first overflow.

— Selectable WDT operation : select Enable or Disable by code option

— Selectable operation during HALT mode (Continue counting/Stop counting)

— WDT counter operation monitoring function (Readable WDT counter)

e Operational timer: 6 channels
— Various modes (Continuous, One shot, capture, and PWM mode)
— Event trigger (external terminal, 16bit timer, operational timer, comparator) input is available
— Selectable counter clock from various sources (LSCLKO, HSCLK (16MHz), HSOCLK (64MHz), divided by 1 to
8 of external pin input)
— Logic AND output with several channel output (Operational timer output, comparator output, and external pin
input) is available

e 16-bit General timers: 1 channel
— Selectable counter clock from various sources (LSCLK, HSCLK (16MHz), and external clock divided by 1 to 8)

e UART (Half-duplex/Full-duplex communication mode): 2 channels
o  Seclectable from 5 to 8bit length, parity or no parity, odd parity or even parity, 1 stop bit or 2 stop bits, Positive logic
or Negative logic, LSB first or MSB first
— Sampling filter for receiving data and start bit
— Built-in baud rate generator (HSCLK@16MHz: 300bps to 2Mbps, LSCLK: up to 2400bps)

e [’Cbus: 1 channel
— Select from Master mode or Slave mode: 1channel. Master mode only: 1channel
— Standard mode (100kbps), fast mode (400kbps) and 1Mbps mode (1Mbps)
— 7bit address format
— Master mode: Handshake (Clock synchronization), 10bit Master address format is supported
— Slave mode: Clock stretch function,

e Successive approximation type 12bit A/D converter (SA-ADC): input 5 channels
— Conversion time: Min. 1.375us / ch (When the conversion clock frequency is 16 MHz)
— Reference voltages (Vapcrer) are selectable from VDD pin input voltage or Internal reference voltage (Vapcrer,
Approx. 2.5V)
— Dedicated result register for each channel
— Interrupt by Continuous conversion and Trigger start

e Programable-Gain-Amp (PGA): 1 channel
— Anmplification factor :4/8/16/32
— Voltage input pin is selectable (AINO/ AIN1/ AIN2/ AIN3)

e Analog comparator (CMP): 3 channels
— Selectable interrupt from the comparator output (rising edge or falling edge) and sampling
— Selectable reference voltage (Vemprern n=0 1 2) from external pin input, internal reference voltage (0.8V)
(VCMPREFI), and D/A converter
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e D/A converter (DAC): 2 channels
— Resolution : 8 bit
— Output impedance :10kQ (Typ.)
— R-2R ladder type
— Reference voltages (Vpacrer) are selectable from VDD pin input voltage or Internal reference voltage (0.8V)
(Vbacrer)

e Low Level Detector (LLD): 1 channel
— Reset generating
— Sampling filter
— Low power operation

e Safety Function
— RAMY/SFR guard
— RAM parity error detection
— ROM unused area access reset (instruction access)
— WDT counter monitoring
— SA-ADC test
— Communication loop back test (UART, I2C bus(master))
— GPIO test

e Shipping package

Body size Ay o Packing form and Product name
Package (including lead) P e 9
[mm x mm] el Tray Tape & Reel
. . 6.5 x 4.4 ML62Q2033-xxxTDZWARZ ML62Q2033-xxxTDZWATZ
20 pin plastic TSSOP (6.5 x 6.4) 0.65 ML62Q2035-xxxTDZWARZ ML62Q2035-xxx TDZWATZ
. . 4.0%4.0 ML62Q2043-xxxGDZW5AY ML62Q2043-xxxGDZW5BY
24 pin plastic WQFN (-) 0.50 ML62Q2045-xxxGDZW5AY ML62Q2045-xxxGDZW5BY

xxx: ROM code number, (NNN: ROM code is blank)
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1.1.1 How To Read The Part Number

ML 62 Q204

(&)
|
x
14
x
|®
|

X
L Company’s Code

Packing form
A, R :Tray
B, L :Tape & Reel

—— Company’s Code

——— Bonding wire material
W  :Copper wire
0 :Gold wire

Company’s Code

Package Type
GD :WAQFN
D : TSSOP

ROM Code Number
NNN : Blank
XXX : Custom Code Number

Program Memory Size

3 . 16KB

5 . 32KB
Pin Count

3 o 20

4 T 24

Fixed values for product identification

Program Memory Type

Q : Flash Memory
CPU Type
62 : 16bit CPU nX-U16/100

ROHM Logic Product

Figure 1-1 Part Number
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1.1.2 Main Function List

Table 1-2 Main Function List

Analog

PGA [ch]

D/A converter [dh]

Analog Comparator [ch]

12bit Successive type A/D converter [ch]

Communication

I°C bus unit (Master / Slave) [ch]

UART [ch]

Timer

Watchdog Timer [ch]

16bit operational Timer [Port]

10

13

16bit operational Timer [ch]

16bit  Timer [ch]

Internal maskable interrupt source

Interrupt

Non maskable interrupt source

External interrupt source

Pin

External interrupt pin

General purpose I/O pin (LED drive is supported)

15

19

General purpose I/O pin”

Reset Input pin

Power pin

Total pin

Part number

ML62Q2033
ML62Q2035
ML62Q2043
ML62Q2045

*1: Shared with pins debug input.

1-6
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1.2 Block Diagram

ML62Q2033/2035/2043/2045 User's Manual
Chapter 1 Overview

1.2.1 Block Diagram of ML62Q2033/2035/2043/2045

CPU (nX-U16/100)

EPSW1~3

[ e~ J[ ECSRI-

GREG Multiplier/Divider
0~15 (Coprocessaor)
PSW [ ][ psrcsR |
Timing ALU
Controller
A\ ES |
Program
Memory
Vpp —* Instruction Instruction Controller (FLASH)
V. . Decoder Register
83 On-Chip ICE
Power
Voo Circuit | )
Data FLASH
TESTO* 4+—nm Test
Reset FLASH
RESET_N —— Function Controller
!NT «—— RXDn
—— TXDn
Clock 4— UART
Generation Interrupt Unit
Circuit
Low-speed
Oscillation " » SDAR
rcpus [+ SCLn
Unit
Temperature
Sensor
l 16-bit
Timer
SA-ADC
AlNn i
; Orgstoral |, oron
——» OTOnB
PGA
CMPnP* ——» Analog
CMPnM* — | Comparator — P01~P23
GPID .
(External [¢—— P00~
. DIA Interrupt)
DACOUTO Converter [— EXI0-3

*1 - Not available as the input port when connecting to the on-chip debug emulator.

FEUL62Q2045

Figure 1-2 Block Diagram
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1.3 Pin

1.3.1 Pin Layout

1.3.1.1 ML62Q2035/2033 : 20 pin TSSOP

FEUL62Q2045

ML62Q2033/2035/2043/2045 User's Manual

Chapter 1 Overview

P17/EXIO/AIN3 | 1

P16/CMP2M/AIN2 | 2

P15/CMP1M/AIN1/CMP2M E
P14/CMP1P/AINO/CMP2P E

RESET_N E
P13/EXI2/TXD0O/SCLUO/OTO5B/AINA E
POO/TESTO/EXI3 |I

P12/RXDO(TXDO) /SDAUO/OTO1B IZ
P11/0TO4A/CMP2P E

P10/EXI3/RXD1(/TXD1) /OTO3A | 10

O

(TOP VIEW)
TSSOP20

20 | P23/TXD1/OTO5A/DACOUTO

19| vbD
18] vss

17 | vDDL

16 | PO1/CMPOP/CMP1P

15 | P02/0TO4B/CMPOM/CMP1M
14 | PO3/EXIO/OTO0A

13 | Po4/EXI1/0TOOB

12| PO5/EXI1/0TO1A

11 | POB/EXI2/OTO2A

*1:RXDn pin is shareable with TXDn pin by SFR setting

Figure 1-3-1 20 pin TSSOP
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1.3.1.2 ML62Q2045/2043 : 24 pin WQFN

*1

o P12/RXDO(/TXD0) /SDAUO/OTO1B
P13/EXI12/TXD0/SCLU0/OTO5B/AIN4

—
[}

<3 POO/TESTO/EXI3
|2 P14/CMP1P/AINO/CMP2P
<3 P15/CMP1M/AIN1/CMP2M

[

| RESET_N

P11/0TO4A/ICMP2P 19— <12 P16/CMP2M/AIN2
*
P10/EXI3/RXD1(/TXD1) /OTO3A 20— <11 P17/EXIO/AIN3
P07/0TO1B 21— (TOP V|EW) <] 10 P20/AIN4
POB/EXI2/OTO2A 22— WQFN24 <] g P21/0TO4B
PO5/EXI1/OTO1A 23[— < g P22/0TO5B
P04/EXI1/0TO0B 24:>n n n n n nC 7 P23/TXD1/OTO5A/DACOUTO
<1( 2 3 4 5 6
S = & n n o
°ca &8 ¢ S
o= 2
s 9 g
2 5
w9 o
= 0o s
S =2 5
o Q =
[an] o
8 o
'_
Q
N
o
o
DIE PAD = NC

*1: RXDn pin is shareable with TXDn pin by SFR setting

Figure 1-3-2 24 pin WQFN
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1.3.2 Pin List
Table 1-3 shows the pin list of This LSI.

Table 1-3 Pin List

Pin N 1 st 2nd 3rd 4th 5th 6th 7th 8th
in No- function | function | function | function | function | function | function | function
<
o | & Pin name
N | R GPI/ " 2
IsHNs) EXI| UART I1°C OTM |CMP/DAC| ADC CMP |CMP/ADC
SRS
w N
X X
19| 6 VDD - - - - - - - -
18| 5 VSS - - - - - - - -
17 | 4 VDDL - - - - - - - -
CMPOP/
16 | 3 P01 - - - - CMPOP - CMP1P CMPOP
CMPOM/
15| 2 P02 - - - OTO4B | CMPOM - CMP1M CMPOM
14 | 1 P03 EXIO - - OTOO0A - - - -
13 | 24 P04 EXI1 - - OTOO0B - - - -
12 | 23 P05 EXI1 - - OTO1A - - - -
1 | 22 P06 EXI2 - - OTO2A - - - -
21 P07 - - - OTO1B - - - -
RXD1*!
10 | 20 P10 EXI3 (/TXD1 )*2 - OTO3A - - - -
9 |19 P11 - - - OTO4A | CMP2P - CMP2P | CMP2P
RXDO*!
8 | 18 P12 - (/TXDO)*2 SDAUO | OTO1B - - - -
7 | 17 | POO/TESTO EXI3 - - - - - - -
6 | 16 P13 EXI2 TXDO*! | SCLUO OTO5B - AIN4 - -
5 | 15| RESET_N - - - - - - - -
CMP1P/ AINO
4 |14 P14 - - - - CMP1P AINO CMP2P | /CMP1P
CMP1M/ AIN1
3|13 P15 - - - - CMP1M AIN1 CMP2M | /CMP1M
AIN2
2 112 P16 - - - - CMP2M AIN2 CMP2M JCMP2M
1|11 P17 EXIO - - - - AIN3 - -
- 110 P20 - - - - - AIN4 - -
- 19 P21 - - - OTO4B - - - -
- |8 P22 - - - OTO5B - - - -
20| 7 P23 - TXD1*! - OTO5A |DACOUTO - - -
- |DIE NC - - - - - - - -

*1:The UARTpin use with a combination of the same suffix pins
*2: RXDn pin is shareable with TXDn pin by SFR setting
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1.3.3 Pin Description

Table 1-4 shows the pin list categorized by the function.
“I/O” Field in the below table define the pin type (“-* : power supply pin, “I” : Input pin, “O” : Out put pin, “I/O” bi-directional pin)

Table 1-4 Pin Description

Functional pin
name

- VSS -

Function LSI pin name | I/O Description

Negative power supply pin (-)
Define this terminal potential as Vss.

Positive power supply pin (+).
Power - VDD - Connect a capacitor Cv (more than 1uF) between this pin and
VSS. Define this terminal potential as Vob

Power supply for internal logic (internal regulator’s output).

) VDDL " | Connect a capacitor C. (1pF) between this pin and VSS.

Input/output for testing

Debug TESTO P00/ /0 This pin which is shared with P00 is used as on-chip debug

ISP TESTO interface and ISP function and is initialized as pull-up input

mode by the system reset.
Reset input.
Appling this pin "L" level shifts MCU to system reset mode.

Reset RESET_N RESET_N ! Aggling this zin “H” level shifts MCU to p};ogram running mode.
No pull-up resistor is built-in.
General purpose input.

. - Input with Pull-up (initial value)
Ge”er(a(';;f;”t port P00 TE%OT/O /0 | - Input without Pull-up

Not available as general inputs when using the on-chip debug
interface or ISP function.

General purpose input/output

- High-impedance (initial value)

- Input with Pull-up

P10 to P17 P10 to P17 I/O | - Input without Pull-up

- CMOS output

- N channel (N-ch) open drain output
- P channel (P-ch) open drain output

P01 to PO7 P01 to PO7

General port
(GPIO)

P20 to P23 P20 to P23

Career frequency

output - P13 P23 O | Career frequency output
EXIO P03 P17 External Maskable Interrupt O input
External Interrupt EXI1 P04 P05 | External Maskable Interrupt 1 input
(1 function) EXI2 P06 P13 External Maskable Interrupt 2 input
EXI3 P00 P10 External Maskable Interrupt 3 input
OTOO0A P03 Operational Timer 0 A output
OoTO0B P04 Operational Timer 0 B output
OTO1A P05 Operational Timer 1 A output
OTO1B P07 P12 Operational Timer 1 B output
Operational Timer OTO2A P06 o Operational Timer 2 A output
(4" function) OTO3A P10 Operational Timer 3 A output
OTO4A P11 Operational Timer 4 A output
OTO4B P02 P21 Operational Timer 4 B output
OTO5A P23 Operational Timer 5 A output
OTOSB P13 P22 Operational Timer 5 B output
2C Bus SCLUO P13 o [2C Unit0 Clock input/output
(3 function) SDAUO P12 I2C Unit0 Data input/output

FEUL62Q2045 1-11
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Function FUREHEE] [ LSl pin name | 1/O Description
name
RXDO P12 | UARTO received data input
UART TXDO P13 0] UARTO transmission data output
nd i
(2" function) RXD1 P10 | | UART1 received data input
TXD1 P23 (0] UART1 transmission data output
Successive
approximation P14 P15 P16
type A/D converter | AINO to AIN4 P17 | SA-ADC channel 0 to 4 analog input
(SA-ADC) P13 P20
(6/8" function)
D/A converter DACOUTO P23 (0] D/A converter 0 output (select by SFR)
(5" function)
CMPOP P01 Analog comparator 0 Noninverting input
CMPOM P02 Analog comparator 0 Inverting input
Analog CMP1P P01 P14 Analog comparator 1 Noninverting input
comparator |
(5/7/8" function) CMP1M P02 P15 Analog comparator 1 Inverting input
CMP2P P11 P14 Analog comparator 2 Noninverting input
CMP2M P15 P16 Analog comparator 2 Inverting input

FEUL62Q2045 1-12



RQH M CO., Ltd. ML62Q2033/2035/2043/2045 User's Manual

Chapter 1 Overview

1.3.4 Termination of Unused Pins

Table 1-5 shows the processing of unused pins.

Table 1-5 Termination of unused pins

Pin pin termination
RESET_N Connect to VDD
POO/TESTO Open with the initial condition of pulled-up input mode
P01 to P07
P10 to P17 Open the pins with the initial condition of Hi-impedance (input/output invalid) mode.
P20 to P23

[Note]

* Terminate unused input pins according to the Table 1-5 in order to avoid unexpected through-current in
the pins.
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2. CPU and Memory Space

2.1 General Description

This LSI has 16-bit CPU nX-U16/100 (A35 core), the multiplier/divider in the coprocessor, flash memory in the program
memory space, and RAM and data flash in the data memory space.
In addition, it has the built-in remap function that remaps a 4 Kbyte area in the program memory space.

Table 2-1 to 2-3 show the memory size of the program memory space and the data memory space as well as the CPU
memory model. For details of memory model, see "nX-U16/100 Core Instruction Manual".

ML62Q2033/2035/2043/2045 User's Manual
Chapter 2 CPU and Memory Space

Table 2-1 Program Memory Space and Data Memory Space

Product name

Program memory space

Data memory space

Data flash size

Memory model

ROM size RAM size
ML62Q2033
ML62Q2043 16 Kbyte
2 Kbyte 4 Kbyte SMALL
ML62Q2035 35 Kbyte
ML62Q2045 Y

FEUL62Q2045
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2.2 CPU

Chapter 2 CPU and Memory Space

nX-U16/100

nX-U16/100 has following features. See "nX-U16/100 Core Instruction Manual" for details.

Various instruction sets
Instructions for data transfers, arithmetic, comparison, logic operations, multiplication/division, bit manipulation,
bitwise logic operations, branches, conditional branches, call/return stack manipulation, and arithmetic shifts
Variety of addressing modes
Register addressing
Register indirect addressing
Stack pointer addressing
Control register addressing
EA register indirect addressing
General-purpose register indirect addressing
Direct addressing
Register indirect bit addressing
Direct bit addressing
Memory space
Program memory space
Data memory space
Interrupts
Dedicated emulator interrupt
Non-maskable interrupt
Maskable interrupt
Software interrupt

2.2.1 Wait Mode and No-wait Mode
nX-U16/100 has two CPU operation modes.

This

LSI only supports no-wait mode.

Table 2-2 Maximum Operating Frequency

) . Maximum operating
PLL reference Maximum operating frequency frequency of CPU
frequency of peripheral circuit -
No-wait mode
16MHZ"
64MHz “1: Only the operational timer can 16MHz
operate at up to 64 MHz

Wait mode (This LSI is not supported)

In this mode, instruction codes read from the program memory are stored into the built-in buffer. The CPU can
work at high speed to read the instructions from the buffer. In contiguous address instruction processing, the
instructions can be executed without a wait time for storing them in the buffer. In branch instruction processing, the
number of execution cycles increases due to a wait time for storing the instructions in the buffer.

No-wait mode

This mode allows the CPU to directly execute instruction codes read from the program memory without involving
the buffer. This mode minimizes the number of instruction execution cycles.

See Appendix C "Instruction execution cycle" for the number of instruction execution cycles in wait and no-wait modes.

FEUL62Q2045
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2.2.2 Notes When Executing SB/RB Instruction

The bit access SB/RB instruction reads in bytes from a register containing the target bits, generates the byte data while
rewriting only the values of the target bits, then writes it in bytes.

If an SB/RB instruction is executed to a register where multiple bits are placed, bits not targeted for the SB/RB
instruction are rewritten with the values read at that time.

Note that the SB/RB instruction may rewrite the state of bits not targeted for the SB/RB instruction if it is executed to a
register where values of some bits change depending on the hardware state.

2.2.3 Notes on the Description of Read-modify-write

When reading values from SFR and changing only some of the values and writing them back (read-modify-write), C
compiler may convert it to a bit-access instruction. (Even if the change is two bits, it may be converted to two bit-access
instructions.) Therefore, there are cases where you think you are writing at the same time, but you are not, and cases
where you think you are doing word-access, but it is converted to bit-access.

If you do not want to be converted to a bit-access instruction, you can avoid it by the following description.

Example of a description that is converted to a bit-access instruction:

SFR &= OxFFFE; Converted to RB SFR.0 ;
SFR |= 0x0081; Converted to SB SFR.7 ;
' SB SFR.0;

Example of a description that is not converted to a bit-access instruction:

volatile unsigned short vald;

vald = SER: The conversion to bit-access instructions can be avoided by assigning
SFR = vald’& OXFFEE: the variable once to a volatile-qualified variable.
vald = SFR;

SFR = vald | 0x0081 :

FEUL62Q2045 2-3
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2.3 Coprocessor

This LSI has the built-in multiplier/divider in the coprocessor.
The multiplier/divider is operated using coprocessor data transfer instructions of the CPU. For coprocessor data transfer
instructions, see "nX-U16/100 Core Instruction Manual".

2.3.1 Multiplier/Divider

The multiplier/divider has following arithmetic functions:

*  Multiplication

. Division
. Division

*  Multiply-accumulate (non-saturating)

*  Multiply-accumulate (saturating)

*  Signed or unsigned operation setting

* In a saturating multiply-accumulate operation, the result is fixed to 0x7FFF_FFFF for a positive number and
0x8000 0000 for a negative number when it is out of the expressible range.

: 16 bit x 16 bit (operation time 4 cycles)
: 32 bit + 16 bit (operation time 8 cycles)
: 32 bit + 32 bit (operation time 16 cycles)

: 16 bit x 16 bit + 32 bit (operation time 4 cycles)
: 16 bit X 16 bit + 32 bit (operation time 4 cycles)

See user's manual for the multiplication/division library using the multiplier/divider.

2.3.2 List of Coprocessor General-purpose Registers

ML62Q2033/2035/2043/2045 User's Manual
Chapter 2 CPU and Memory Space

The coprocessor general-purpose registers are byte type and readable or writable as word type registers (CERn), double

word type registers (CXRn), or quad word type registers (CQRn) combining the consecutive registers.

Table 2-3 List of coprocessor general-purpose registers

Symbol name

Coprocessor Initial
Fldiss general-purpose register Byte Word Double Quad R value
word word
- Aregister L CRO R/W 0x00
. CERO
- Aregister H CR1 R/W 0x00
- CXRO
- B register L CR2 R/W 0x00
B register H CR3 CER2 R/W 0x00
g. CQRO
- C register L CR4 CER4 R/W 0x00
- C register H CR5 CXR4 R/W 0x00
- D register L CR6 CERG R/W 0x00
- D register H CR7 R/W 0x00
- Operation mode register CR8 CERS R/W 0x00
- Operation status register CR9 CXRS R/W 0x00
- - CR10 R/W 0x00
CER10
- - CR11 R/W 0x00
CQR8
- - CR12 R/W 0x00
CER12
- - CR13 R/W 0x00
CXR12
- - CR14 R/W 0x00
- CER14
- Coprocessor ID register CR15 R 0x81

CRO to CR7 are registers to store the setting of the input values of operations and operation results.
CRS is a register to set each operation mode (signed, unsigned) and to enable/disable the operation.
CRO is a register to store the status of each operation result.
CRI15 is a register to indicate coprocessor ID.
CR10 to CR14 have no function. Reading them returns "0x00". These registers are not writable.

FEUL62Q2045
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2.3.2.1 A, B, C, D Registers (CR0 to CR7)

These registers store the input values of operations and operation results.

These are byte type registers and can be accessed as a word type register (CERn), double word type register (CXRn), or
quad word type register (CQRn) combining the consecutive registers.

The bit symbols are unavailable to use in the software.

Access: R/W
Access size: 8/16 bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CERO
Byte CR1 CRO
Bit areg15|areg14|areg13|areg12|areg11 |areg10| areg9 | areg8 | areg7 | areg6 | areg5 | areg4 | areg3 | areg2 | areg1 | areg0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Wl 9 o 0o o o 0o 0o 0o 0o 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CER2
Byte CR3 CR2
Bit breg15‘breg14|breg13|breg12|breg11 |breg10‘ breg9 ‘ breg8 | breg7 ‘ breg6 | bregb | breg4 | breg3 | breg2 ‘ breg1 ‘ breg0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
U;It:i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CER4
Byte CR5 CR4
Bit creg15‘creg14|creg13|creg12|creg11 |creg10‘ creg9 ‘ creg8 | creg? ‘ creg6 | cregb | creg4 | creg3 | creg2 ‘ creg1 ‘ creg0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
mal 9 o 0o o o 0o 0o 0o 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CERG6
Byte CR7 CRG6
Bit dreg15‘dreg14|dreg13|dreg12|dreg11 |dreg10‘ dreg9 ‘ dreg8 | dreg7 ‘ dreg6 | dreg5 | dreg4 | dreg3 | dreg2 ‘ dreg1 ‘ dreg0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
ma 9 o o o o 0o 0o 0o 0o 0 0 0 0 0 0 0

Table 2-4 shows assignment of an input and results.
As soon as the data is written in register CR7, operation is started.

In a saturating multiply-accumulate operation, the result is fixed to Ox7FFF_FFFF for a positive number and
0x8000_0000 for a negative number when it is out of the expressible range.

In a signed operation, each of the most significant bits of input and output is a sign.

FEUL62Q2045
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Table 2-4 assignment of an input and results

Quad word symbol CQRO
Double word symbol CXR4 CXRO
Word symbol CER6 CER4 CER2 CERO
Byte symbol CR7 | CR6 | CR5 | CR4 | CR3 | CR2 | CR1 | CRoO
Multiplication Input Multiplicand [15:0] Multiplier [15:0] -
16 bit x 16 bit Result - - Product [31:0]
Division Input Divisor [15:0] - Dividend [31:0]
32 bit + 16 bit Result - Remainder [15:0] Quotient [31:0]
Division Input Divisor [31:0] Dividend [31:0]
32 bit + 32 bit Result Remainder [31:0] Quotient [31:0]
Multiply-accumulate Input Multiplicand [15:0] Multiplier [15:0] Addend [31:0]

(non-saturating) .
Multiply-accumulate [31:0]

16 bit x 16bit + 32 bit | Result - i

Multiply-accumulate Input | Multiplicand [15:0] Multiplier [15:0] Addend [31:0]
(saturating) .

16 bit x 16bit + 32 bit | Result - ] MUltply-acoumulate [310]

"-" indicates that the previous value is retained.
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2 Operation Mode Register (CR8), Operation Status Register (CR9)

The operation mode register (CR8) is a coprocessor general-purpose register to set the operation mode and
enables/disables the operation.

The operation status register (CR9) is a register to store the status of each operation result.

CRS8 and CR9 are byte type registers and they can be accessed as a word type register (CERn), double word type register
(CXRn), or quad word type register (CQRn) combining the consecutive registers.

The bit symbols are unavailable to use in the software.

Access: R/W
Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CERS8
Byte CR9 CR8
Bit c | z | s | ov | q | - | - | use clen | - | - | sign | - |c|mod2|c|mod1|clmod0

RW RW RW RW RW RW R R R/W  R/W R R R/W R RW RW RW

Inial g9 9 o 0o o o o o0 0 ©0 O O 0O 0 0

value

Bit No. B S0 Description

name

15 c This becomes "1" if the operation result is carried or the divisor is 0 in the division mode. The
value is updated in each operation. In addition, a value can be written.

14 z This becomes "1" if the operation result is "0". The value is updated in each operation. In
addition, a value can be written.

13 S This becomes "1" if the operation result is a negative number. For a multiply-accumulate
(saturating/non-saturating) operation, this indicates the state of the most significant bit in the
operation result. The value is updated in each operation. In addition, a value can be written.

12 ov This becomes "1" if the operation result exceeds the range expressible by two's complement.
The value is updated every time the operation is executed.

In addition, a value can be written.

11 q This becomes "1" for the saturated result of a saturating multiply-accumulate operation. The
value is held in the next operation.

To initialize it to "0", it is necessary to write "0".

8 use A bit to indicate that the operation is in progress.

0: Operation under suspension (initial value)
1: Operating
7 clen A bit to enable/disable the operation. If the clen bit is cleared to "0" during an operation, the next
operation is disabled after completion of the current one.
0: Operation disabled (initial value)
1: Operation enabled
4 sign A bit to set the sign operation.
0: Unsigned operation (initial value)
1: Signed operation
2t00 clmod2 to Bits to select the operation mode.

clmod0 000: Multiplication 16 bit x 16 bit (initial value)

001: Division 32 bit + 16 bit

010: Multiply-accumulate (non-saturating) 16 bit x 16 bit + 32 bit
011: Multiply-accumulate (saturating) 16 bit x 16 bit + 32 bit
100: No operation function

101: Division 32 bit = 32 bit

110: No operation function

111: No operation function

Table 2-5 shows values to be set to CR8 register for execution of each operation mode.
Table 2-6 shows flags changing during each operation.
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Table 2-5 Configured CR8

Value set to CR8

Signed

Unsigned

Multiplication 16 bit x16 bit (initial value) 0x90

0x80

Division 32 bit + 16 bit

0x91

0x81

Division 32 bit + 32 bit

0x95

0x85

Multiply-accumulate (non-saturating)

16 bit x 16 bit + 32 bit

0x92

0x82

Multiply-accumulate (saturating)

16 bit x 16 bit + 32 bit

0x93

0x83

Table 2-6 Flag of CR9

Operation mode

sign

ov

Multiplication
16 bit x 16 bit

1 (signed)

0 (unsigned)

Division
32 bit + 16 bit

1 (signed)

0 (unsigned)

Division
32 bit + 32 bit

1 (signed)

oo o |0 o N

0 (unsigned)

Multiply-accumulate
(non-saturating)
16 bit x16 bit + 32 bit

1 (signed)

0 (unsigned)

Multiply-accumulate
(saturating)
16 bit x 16 bit + 32 bit

1 (signed)

0 (unsigned)

e: Varies depending on the result.

FEUL62Q2045

-: Retains the previous value.
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2.3.2.3 Coprocessor ID Register (CR15)

CRI15 is a read-only register to indicate coprocessor ID.

The value in CR15 register is fixed to "0x81".

It is a byte type register and it can be accessed as a word type register (CERn), double word type register (CXRn), or
quad word type register (CQRn) combining the consecutive registers.

The bit symbols are unavailable to use in the software.

Access: R
Access size: 8/16 bit
Initial value: 0x8100

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word CER14
Byte CR15 CR14
Bit |copid? | copidé | copids | copid4 | copid3| copid2| copidt [copido| - | - | - [ - [ - [ - | - | -

R/W R R R R R R R R R R R R R R R R
Initial

1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
value
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2.3.3 How to Use Multiplier/Divider

Set the calculation mode in the calculation mode register (CR8) and write the input value to CRO~CR7. When you write
to CR7, the operation starts. After the calculation time has elapsed, the result is read from CRO~CR7. See Table 2-7 for
the calculation mode settings and calculation time.

Table 2-7 Calculation mode and calculation time

Operation mode | CR8[2:0] CR7 | CR6 | CR5 | CR4 | CR3 | CR2 | CR1 | CRO °pﬁ:§‘2°”
T Multiplicand Multiplier
Multiplication Input -
P 000b P [15:0] [15:0] 4 cycles
16bitx16bit Result - - Product [31:0]
Division Input | Divisor [15:0] - Dividend [31:0]
001b i 8 cycles
32bit+16bit Result - Re{;‘gfg?er Quotient [31:0] y
o . Dividend [31:0]
Division Input Divisor [31:0]
101b Quotieni 1310 16 cycles
32bit+32bit Result Remainder [31:0] uotient [31:0]
Multiply-accumulate Multiplicand Multiplier .
(non-saturating) 010b Input [15:0] [15:0] Addend [31:0] 4 cycles
16bitx16bit+32bit Result - - Multiply-accumulate [31:0]
Multiply-accumulate Multiplicand Multiplier .
h Input Addend [31:0
(saturating) otp || 15:0] [15:0] 8191 4 cycles
16bitx 16bit; 32bit Result - - Multiply-accumulate [31:0]

"-" indicates that the previous value is retained.

The following is an example of how to perform multiplication.
Example, multiplication of 0x1234H x O0x0AA55H

MOV R2 #55H ; Setting the Multiplier

MOV R3 #0AAH ;

MOV RO ,#34H ; Setting the multiplicand

MOV R1 #12H ;

MOV CR4 ,RO0 ; Transferring multiplier [7:0]

MOV RO ,#90H ; Setting Multiply mode

MOV CR8 ,R0 ; Setting signed multiply mode

MOV CRS ,R1 ; Transferring multiplier [15:8]

MOV CRG6 ,R2 ; Transferring multiplicand [7:0]

MOV CR7 ,R3 ; Transferring multiplicand [15:8], starting of calculation
NOP ; Calculation in progress. Waiting for the end of the calculation (1 clock
NOP ; Calculation in progress. Waiting for the end of the calculation (1 clock
NOP ; Calculation in progress. Waiting for the end of the calculation (1 clock
NOP ; Calculation in progress. Waiting for the end of the calculation (1 clock
READ:

MOV RO ,CRO ; Transferring multiplication [7:0]

MOV R1 ,CR1 ; Transferring multiplication [15:8]

MOV R2 ,CR2 ; Transferring multiplication [23:16]

MOV R3 ,CR3 ; Transferring multiplication [31:24]

; End of calculation

o

[Note]
* Changing to STOP/HALT mode during calculation is prohibited. When changing to STOP/HALT mode after
using the multiplier and divider, wait until the calculation time in Table 2-7 has elapsed.
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The memory space refers to the address range of the memory that can be specified from the CPU. Figure 2-1 shows the
general scheme of the memory space. The memory space of the nX-U16/100 is composed of the program memory space
and data memory space. The memory space is managed as one segment consists of 64 Kbyte.
The program memory space can be read with a memory access instruction through the ROM window area or the mirror
area. To read the data memory space, a memory access instruction is used.
The ROM window is an area provided to read the program memory space segment 0 through a memory access
instruction. In reading the program memory space from this area, it is expected to gain the advantage of data compression
and improvement in access speed because it is not required to specify DSR of the data memory space. In addition, the
mirror area is provided to read program memory space segments 0 to 7 through a memory access instruction. There is no
address limitation when reading the program memory space from this area.

Program memory space

Data memory space

CSR:PC Code DSR:AR Data DSR:AR Data
segment 0 segment 0 segment 8
0x0:0000 0x00:0000 | ROM window | 0x08:0000 .
Mirror
area area for code
RAM/SFR segment 0
0x0:FFFF 0x00:FFFF area 0x08:FFFF
8 bit 8 bit 8 bit
DSR:AR
0x1F:0000
0x1F:FFFF

FEUL62Q2045

Figure 2-1 General Scheme of Memory Space

Data
segment 31

Data flash
area

8 bit
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2.5 Program Memory Space

The program memory space is an area to store the program code, vector table, and Code Options.

The program memory space is specified by 20 bits (CSR:PC) consisting of higher 4 bits as code segment register (CSR)
and lower 16 bits as program counter (PC).

The vector table area is used as the reset vector, hardware interrupt vector, and software interrupt vector. Unused
software interrupt vector area is available as a program code area.

The Code Option area can be used to choose the CPU operation mode, PLL reference frequency, watchdog timer (WDT)
operation mode, unused ROM area access reset enabled/disabled, and remapping function enabled/disabled.

The program code, vector table, and Code Option areas can be read from the ROM window area or the mirror area of the
data memory space by executing the memory access instruction.

Figures 2-2 show the program memory space configuration of each product.

[Note]

<+ The CSR of this LSl is fixed at "0".

* The Code Option area (48 bytes) is not available for the program code area. For details of Code Option
settings, see Chapter 30 "Code Option" and make sure the setting data is correct.

* It is recommended to fill unused areas with data "0OxFFFF" (BRK instruction) in the program memory
space to ensure failsafe using the generation tool of the ROM code data. See its manual for details on how
to use. See "nX-U16/100 Core Instruction Manual” for details of the BRK instruction.

* Do not read or program unused areas to prevent the CPU works incorrectly.

CSR:PC Segment 0 CSR:PC Segment 0
0x0:0000 Vector table area 0x0:0000 Vector table area
or or
program code area program code area
0x0:00FF 0x0:00FF
0x0:0100 Program code area 0x0:0100 Program code area
0x0:3FCF
0x0:3FDO Code Option area
0x0:3FFF (48 byte)
16bit
ML62Q2033/2043 0x0:7FCF
Size 16K byte 0x0:7FDO Code Option area
0x0:7FFF (48 byte)
16bit
ML62Q2035/2045

Size 32K byte
Figure 2-2 Configuration of Program Memory Space 1
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2.6 Data Memory Space

The data memory space consists of the segment 0 for ROM window area, RAM area, SFR area, segments 1 to 15 for
mirror area, test area, and segment 31 for the data flash area.

The data memory stores 8-bit data and is specified by 21 bits consisting of higher 5 bits as the data segment register
(DSR) and lower 16 bits as data address (address register: AR) specified by each instruction.

The segment 0 of program memory space and the segment of data memory space are in different space, but the segment
0 of program memory space is readable through the ROM window area of the data memory space.

The segment 1 to 7 are mirror area of segment 1 to 7 in the program memory space. The segment 8 to 15 are mirror area
of segment 0 to 7 in the program memory space.

The 1K byte of test area includes device-specific data,

Figures 2-3 show the configuration of the data memory space of ML62Q2500 series products. Other segments not shown
in the figures are unused areas.

The data flash area in segment 31 can only read bytes.

[Note]

* The contents of the RAM area are undefined at power-on and system reset. Initialize this area by the
software.

* Do not read/write unused areas to prevent the CPU works incorrectly.
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DSR:AR Segment 0 DSR:AR Segment 8 DSR:AR Segment 31
0x00:0000 0x08:0000 0x1F:0000 Data flash
Area
0x1F:0FFF (4K byte)
ROM window . 0x1F:1000
area h/]llgrlgrbarea
(16K byte) (16K byte)
0x00:3FFF 0x08:3FFF
0x00:4000 0x08:4000 Test area
0x08:47FF (2K byte) Unused area
Unused area 0x08:4800
0x00:E800 RAM area Unused area
0x00:EFFF (2K byte)
0x00:F000 SFR area
0x00:FFFF 0x08:FFFF 0x1F:FFFF
8bit 8bit 8bit
ML62Q2033/2043
Figure 2-3-1 Configuration of Data Memory Space1
DSR:AR Segment 0 DSR:AR Segment 8 DSR:AR Segment 31
0x00:0000 0x08:0000 0x1F:0000 Data flash
Area
Ox1F:0FFF (4K byte)
ROM window . 0x1F:1000
area l\/:l;grzrbarea
(32K byte) (32K byte)
0x00:7FFF 0x08:7FFF
0x00:8000 0x08:8000 Test area
0x08:87FF (2K byte) Unused area
Unused area 0x08:8800
0x00:E800 RAM area Unused area
0x00:EFFF (2K byte)
0x00:F000 SFR area
0x00:FFFF 0x08:FFFF 0x1F:FFFF
8bit 8bit 8bit
ML62Q2035/2045

Figure 2-3-2 Configuration of Data Memory Space2

[Note]
* Read the data flash area in bytes.
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2.7 Description of Registers
2.7.1 List of Registers

Symbol name . Initial
Address Name R/W Size
Byte Word value
0xF000 Data segment register DSR - R/W 8 0x00
0xFOAO Flash remap address register REMAPADD - R/W 8 *1
0xFOA4 Reserved - - R/W 8 0x00
0xFOA6 Reserved - - R/W 8 0x00

*1: The initial value depends on Code Option settings. See Section 30.2.4 “Code Options 2 (CODEOP2)” for details of Code
Option settings.
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2.7.2 Data Segment Register (DSR)

DSR is a SFR to specify a data segment.
See "nX-U16/100 Core Instruction Manual" for details of DSR.

Address: O0xFOOO(DSR)
Access: R/W
Access size: 8 bit
Initial value: 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - DSR
gt | - | - | -] -] -] -] -] - - | - | - |psr4|Dsr3|Dsr2|DsR1|DSRo
R/W R R R R R R R R R R R RW RW RW RW RW
Inial g9 o0 0o 0o o o ©0 o0 0O O0O 0 0 0O 0 0
value
,5 I sl eymise] Description
o. name
7t05 - Reserved bits
4t00 DSR4 to 00000: Data segment 0 (initial value)
DSRO 00001: Mirror area of code segment 1
00010: Mirror area of code segment 2
00011: Mirror area of code segment 3
00100: Mirror area of code segment 4
00101: Mirror area of code segment 5
00110: Mirror area of code segment 6
00111: Mirror area of code segment 7
01000: Data segment 8 (mirror area of code segment 0)
01001: Data segment 9 (mirror area of code segment 1)
01010: Data segment 10 (mirror area of code segment 2)
01011: Data segment 11 (mirror area of code segment 3)
01100: Data segment 12 (mirror area of code segment 4)
01101: Data segment 13 (mirror area of code segment 5)
01110: Data segment 14 (mirror area of code segment 6)
01111: Data segment 15 (mirror area of code segment 7)
zn Data segments 16 to 30 (unused areas)
11111: Data segment 31 (data flash area)

FEUL62Q2045
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2.7.3 Flash Remap Address Register (REMAPADD)
REMAPADD is a SFR to specify the 4 Kbyte area to be remapped.

Address: 0xFOAO (REMAPADD)
Access: R/W
Access size: 8 bit
Initial value: "

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte ] REMAPADD
Bt | - | - | - | - ] - | -] -] - | - |res2|Res1]|Reso|REA15|REA14|REA13|REAT2
RW R R R R R R R R R R R RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 I e T L
value

For example, when writing "0x1" to RES2-0 and "OxF" to REA15-12, then remapping them, the area of 0xF000-0xFFFF
of code segment 1 is remapped with the area of 0x0000-0x0FFF of segment 0.
A CPU reset for break is happened if setting unused area to this register, and a PC error is not happened.

Bit Bit symbol Description
No. name
7 - Reserved bit
6to4 RES2 to Set the code segment of the area to remap.
RESO Specify 000b always.
3to0 REA15 to Set the higher 4 bits (bit 15 to 12) of the beginning address of the area to be remapped.
REA12

*1: The initial value depends on Code Option settings. See Section 30.2.4 “Code Options 2 (CODEOPZ2)” for details of
Code Option settings.
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2.7.4 Reserved register 1

This register is reserved. Don’t execute writing this.

Address: OxFOA4

Access: R/W

Access size: 8 bit

Initial value: 0x00

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

Word -
Byte - rsvd

Bit - - - - - - - - - - - - - - - | rsvd
R/W R R R R R R R R R R R R R R R R/W
Initial ) 0 0 0 0 0 0 0
value

Bit Bit symbol Description

No. name
7to1 - Reserved bits
0 rsvd Reserved bit
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2.7.5 Reserved register 2

This register is reserved. Don’t execute writing this.

Address: OxFOAB

Access: R/W

Access size: 8 bit

Initial value: 0x00

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

Word -
Byte - rsvd

Bit - - - - - - - - - - - - - - - rsvd

R/W R R R R R R R R R R R R R R R R/W
Initial

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol Description
No. name
7to1 - Reserved bits
0 rsvd Reserved bit
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The remapping function replaces the addresses 0x0000 to OxOFFF (initial boot area) in the program memory space with
the specified arbitrary 4 Kbyte area.

Figure 2-4 shows the general scheme of the remapping function.

The program can be started to execute at the area different from the initial boot area using the remapping function, that
enables updating(reprograming) the program code area including the initial boot area with the self-programming

function.

The remap function enable your application to reprogram the firmware.

Two ways are available to start the remap function.

*  Software Remap: Start remapping by resetting only the CPU after setting a remap address into the Flash Remap
Address Register (REMAPADD).

*  Code Option Remap: Start remapping at the system reset, available by setting the Code Option.

0x0:0000

0x0:1000

0xn:FO00

Oxn:FFFF

Figure 2-4

FEUL62Q2045

Segment n (n=0 to 3)

Normal boot area
4 Kbyte

Program code
area

Program code
area
4 Kbyte

Before remapping

Memory Map Before and After Remapping of Program Memory Space

0x0:0000

0x0:1000

0xn:FO00

Oxn:FFFF

Segment n (n=0 to 3)

Program code
area
4 Kbyte

Program code
area

X

Program code
area
4 Kbyte

After remapping

Remapping
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2.8.1 Description of Remapping Function

The remapping function allows the normal boot area of addresses 0x0:0000 to 0x0:0FFF (4 Kbytes) to be replaced
(remapped) with the arbitrary 4 Kbyte area set in REMAPADD register.

To use the remapping function, enable it in advance by writing "0" to REMAPMD bit of Code Option 0.

When using the remapping function, the vector table area (reset vector, hardware interrupt vector, and software interrupt
vector) is also read from the area specified in REMAPADD register. Prepare the vector table area for areas specified in
REMAPADD register.

After remapping, the remapped areas are read through the data segment 0.
If reading the normal boot area (0x0:0000 to 0x0:0FFF) prior to remapping, read it through the data segment 8 in the data
memory space (the mirror area of segment 0).

After remapping, if reprogramming the 4Kbyte area in the normal boot area, set "0x0:0000 to 0x0:0FFF" into the Flash
Address Register (FLASHA).

2.8.2 Software Remap

The remapping function is activated by software setting a value to REMAPADD register to use the BRK instruction to
only reset the CPU.

¢ Set"0" in advance to REMAPMD bit of Code Option 0 (see Chapter 30 "Code Option" for details on how to set the
Code Option).

¢  Set higher 4 bits of the beginning address of the area to be remapped to REMAPADD register.

*  Set ELEVEL of CPU program status word to "2", then execute the BRK instruction (see "nX-U16/100 Core
Instruction Manual" for details of ELEVEL and BRK instruction).

*  Only the CPU is initialized and it executes the program from the area specified in REMAPADD register.

Figure 2-5 below shows an example of the program script of software remapping.

<If the beginning address of the area to be remapped is 0x0:F000>

#asm
mov 10, #00fh
st r0, REMAPADD ; REMAPADD = O0xOF

mov  psw, #02h :ELEVEL =2

nop

nop

brk ; BRK instruction
#endasm

Figure 2-5 Program Script Example of Software Remapping
[Note]

e If the entire LSl is reset through a system reset, the remapping function is disabled as REMAPADD
register is restored with the initial value.
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2.8.3 Code Option Remap

at the system reset on the remap condition.

e If setting both REMAPMD and CREMAPMD to "0", the LSI starts running at the address set in CRES0*! and
CREA15-CREAI2.

e After updating the address in REMAPADD register, the address is not initialized by the CPU reset (BRK
instruction) and the remap starts at the updated address. However, REMAPADD register is initialized by the system
reset, the LSI starts running at the address specified by the Code Option.

“L: In this LSI, always specify "0" for CRESO.

Table 2-7 shows the CPU address at releasing reset of each condition.

Table 2-7 CPU address at releasing reset

Reset REMAPMD CREMAPMD CPU instruction execution start address
1 1
0x0000
CPU reset 1 0
(BRK instruction) 0 1
0 0 Address set in REMAPADD register
1 1
1 0 0x0000
System reset 0 1
0 0 Initial data of REMAPADD register
(data set by the Code Options 2)
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3. Reset Function

3.1 General Description

This LSI has a function to reset the CPU, peripheral circuits and other hardware due to the causes described in Table 3-1.
This chapter describes the system reset mode, reset input pin reset and power-on reset (POR). See reference chapters for
other causes of resets. See Table 3-1 for reference for each cause of resets. See Table 3-2 for the availability of resets for
each cause.

Table 3-1 Reference for Details of Causes of Resets

Cause Reference

Reset input pin reset (pin reset) This chapter

Power-On Reset (POR) This chapter

Watchdog timer (WDT) overflow reset Chapter 10 Watchdog Timer

Watchdog timer (WDT) invalid clear reset Chapter 10 Watchdog Timer

Low Level Detector reset (LLD reset) Chapter 22 Voltage Level Supervisor

RAM parity error reset Chapter 29 Safety Function

Unused ROM area access reset Chapter 29 Safety Function

CPU reset by BRK instruction execution (when ELEVEL is 2 or higher)

"nX-U16/100 Core Instruction
Manual"

Individual reset to the peripheral circuits (Block reset)

Chapter 4 Power Management

One-time reset to the all peripheral circuits and port controller (SOFTR reset)

Chapter 4 Power Management

3.1.1 Features

Each reset can uniquely be managed depending on its cause as this function contains following features to identify the
cause in an early stage.

e  Reset status register (RSTAT) to indicate the cause of the reset

e  Reset status register (SRSTAT) to indicate the cause of the safety function reset

In addition, it has the INITE flag function to detect abnormal start-up of the LSI.
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3.1.2 Configuration

Figure 3-1 shows the configuration of the reset generation circuit.

RESET_NO d> : ‘\
: Reset signal to the CPU, peripheral

: circuits, and other circuits

| Power-on reset

| WDT overflow reset

|
|
|
|
: |WDT invalid clear resetL
I

Low Level Detector

: reset

| BRK instruction reset I Reset signal to the CPU

| RAM parity error reseti

Unused ROM area

: access reset Reset signal to peripheral circuits

i INITE fla I

! | 9 | J/ BRECON 0 to 3

5 SRSTAT | [ RSTAT | SOFTRCON

Data bus

RSTAT : Reset status register
SRSTAT : Safety function reset status register

BRECON 0 to 3 : Block reset control register 0 to 3
SOFTRCON : Software reset control register
Other circuits  : Power supply and oscillation circuits, start control part, etc.

Figure 3-1 Configuration of Reset Generation Circuit

3.1.3 List of Pins

Pin name 110 Function
RESET_N | Reset input pin
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3.2 Description of Registers
3.2.1 List of Registers

Symbol name Initial
Address Name R/W Size
Byte Word value
0xF058 i RSTATL R/W | 8/16 | Undefined
Reset status register RSTAT
0xF059 RSTATH R/W 8 Undefined
OxFO5A Safety function reset status register SRSTAT - R/W 8 Undefined
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3.2.2 Reset Status Register (RSTAT)

RSTAT is a SFR to indicate the cause of occurrence of a reset.

When a reset occurs except power-on reset, only the bit that indicates the cause of the reset being set to "1". Other bits
(excluding the INITE bit) retain values before occurrence of the reset. When the power-on reset occurs, all bits except
POR bit will be "0". After identifying the cause of the reset, write "OXFFFF" to the RSTAT register to initialize the bits
of cause of the reset in preparation for the next identification of the cause of the reset.

Address: 0xF058 (RSTATL/RSTAT), 0xF059 (RSTATH)
Access: R/W
Access size: 8/16 bit
Initial value: Undefined

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word RSTAT
Byte RSTATH RSTATL
Bit | - ; - ; ; - - |BRKR|INITE [RSTR| - |LLDR |WOTW|woTR| - | POR
R/W R R R R R R/W R R/W R RW R/W R/W R R/W
Initial 0 0 0 0 0 0 0 01 0 01 0 0/1 01 01 0 0/1
value

Common description of each bits except bit 7:

It indicates that target reset has occurred. It is initialized to “0” when “1” is written.
0: No target reset occurred. (Initial value)
1: Target reset occurred

Bit No. it Exilotel Description (target reset)
name
1509 - Reserved bits
8 BRKR CPU reset by BRK instruction
7 INITE A read-only bit to indicate that an abnormality occurred in starting LSI.
If this bit is set to "1", restart the LS| by causing a reset to occur with the reset input pin reset,
WDT invalid reset, WDT overflow reset or power-on.
0: LSI started-up normally
1: Abnormality occurred in start-up of LSI
6 RSTR Reset input pin reset
5 - Reserved bit
4 LLDR Low Level Detector reset
3 WDTWR WDT invalid clear reset
2 WDTR WDT overflow reset
1 - Reserved bit
0 POR Power-on reset or command reset of the on-chip debug function.

FEUL62Q2045
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3.2.3 Safety Function Reset Status Register (SRSTAT)

SRSTAT is a SFR to indicate the cause of occurrence of a safety function reset.

When the safety function reset occurs, only the bit that indicates the cause of the reset occurred is set to "1". Other bits
retain values before occurrence of the reset. After identifying the cause of the reset, write "OXFF" to the SRSTAT register
to initialize it to "0x00" for preparing the next reset.

See Chapter 29 "Safety Function" for details of the safety function.

Address: 0xFO5A (SRSTAT)
Access: R/W
Access size: 8 bit
Initial value: Undefined

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - SRSTAT
ot [T [T [T [ -1 T T T T T T Tl
R/W R R R R R R R R R R R R R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 01
value

Common description of each bits except bit 7:

It indicates that target reset has occurred. It is initialized to “0” when “1” is written.
0: No target reset occurred. (Initial value)
1: Target reset occurred

Bit No. it Exilotel Description (target reset)
name

7102 - Reserved bits

1 RPER RAM parity error reset

0 FIAR Unused ROM area access reset
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3.3 Description of Operation
3.3.1 Operation of Reset Function

Table 3-2 shows the availability of resets for each cause.

Table 3-2 Availability of Resets for Each Cause

Voltage cher System
Category Cause CPU RAM Levgl Per!phgral Circuit *1
Supervisor | Circuit
System reset Reset input pin reset (pin reset) . - . . °
Power-on reset (POR) o - ° ° °
WDT overflow reset ° - - ° °
WDT invalid clear reset ° - - ° °
Low Level Detector reset ° - - ° °
RAM parity error reset [ - - ° °
Unused ROM area access reset L - - ° °
Command reset in On-chip debug ° - - ° °
CPU reset BRK instruction reset o - - - -
Peripheral reset Block reset - - - ® -
SOFTR reset - - - ° -

o: Reset available -: Reset not available
*1:  Power circuit, internal oscillation circuit, start control part, code option control part, etc.

[Note]

* The BRK instruction reset only initializes the CPU if ELEVEL is 2 or higher. Peripheral circuits and other
circuits are not initialized. Use the pin reset or the watchdog timer (WDT) reset to surely initialize the LSI
when an abnormality is detected.

¢ Command reset in on-chip debug does not reset to Low Level Detector parts. Do initialization of these
functions by writing SFRs on debug, if needed. See Chapter 28 for details.
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3.3.2 System Reset Mode

The mode of this LSI is transferred to the system reset mode when a reset occurs by any causes, except for resets caused
by the block control register (BRECON 0 to 3) and the software reset control register (SOFTRCON) as well as a CPU
reset by the BRK instruction.

The transition to the system reset mode has the highest priority over any other processing. Thus any process in progress
up until then will be aborted.

In the system reset mode, the following processes are performed.

1. The fundamental hardware for the LSI operation, such as the power supply circuit and oscillation circuit, is initialized.
In addition, functions chosen by the code option are configured. The INITE bit of the reset status register (RSTAT) is
setto "1" if an abnormality occurs during the initialization and configuration.

See the Chapter 30 "Code Option" for details of the code option.
However, the crystal oscillation circuit and Voltage Level Supervisor are initialized only by power-on reset and reset
input pin reset.

2. Peripheral circuits, and special function registers (SFRs) with their initial values defined are initialized. See Appendix
A "Registers" and chapters for respective functions for the initial values of the SFRs.

3. The CPU is initialized.

— All the registers in the CPU are initialized.
— The contents of addresses 0x0000, 0x0001 in segment 0 of the program memory are set to the stack pointer (SP).
— The contents of addresses 0x0002, 0x0003 in segment 0 of the program memory are set to the program counter
(PC).
4. The transition to the program run mode takes place when the reset is released.

See "nX-U16/100 Core Instruction Manual" for details of registers (SP, PC) in the CPU and the BRK instruction.

[Note]
* In system reset mode, the contents of data memory (RAM) and SFRs that have an undefined initial value
are not initialized. Initialize them by the software.

3.3.3 Reset Input Pin Reset

Asserting the "L" level to the reset input pin causes the reset state, as well as causing RSTR bit of the reset status register
(RSTAT) to be set to "1". Then, negating the reset input pin to the "H" level causes the reset to be released and the
program begins to run.

To cause a reset to occur, assert the "L" level which is longer than the reset activation pulse width (Prsr).
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ROH M CO., Ltd . ML62Q2033/2035/2043/2045 User's Manual

Chapter 3 Reset Function

3.3.4 Power-on Reset

The power-on reset occurs when the power (Vpp) is turned on, or when the Vpp decreases and stay below the power-on
reset trigger voltage (Vpeorr) for the power-on reset reaction time (Ppor). If the power-on reset occurs, POR bit of the
reset status register (RSTAT) is set to "1".

When the Vpp reaches the power-on reset threshold voltage (Veorr) or above, the reset is released and the CPU starts to
run with low-speed clock.

See the data sheet of respective products for power-on reset specifications.

Power supply voltage level
Sve Svr

Power supply restart

Vob

Power on

1
1
E Power off

Power-on reset
(reset at low)

Figure 3-2 Power-on Reset Operation Waveforms

[Note]

* In case of instantaneous power failure and a pulse shorter than the power-on reset reaction time is
asserted to Vpp, MCU may not get reset and it may malfunction. In that case, please have preventive
measures such as using bypass capacitor to avoid the instantaneous voltage drop or using pin reset to
initialize MCU.
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4. Power Management

4.1 General Description

This LSI has two power management modes and block control function to save the current consumption.
The block control function is to control clock supply and reset with respect to each peripheral.

Figure 4-1 shows the general scheme of the regulator.

The regulator generates a constant internal logic voltage (Vppr) independent of the variation of Vpp (4.5 Vto 5.5 V)
using an amplifier for the low power consumption. The Vppr generated by the regulator is supplied to peripheral circuits
such as the internal logic circuit, flash memory, RAM, and oscillation circuit.

In order to stabilize the Vppr, connect the VDDL pin to VSS via a capacitor (1uF).

Vpp=4.5V to 5.5V

Reference n
voltage Vpp = 1.55V

]

Figure 4-1 General Scheme of Regulator

4.1.1 Features

e 2 standby modes
— HALT mode: The CPU stops executing instruction, peripheral circuits continue working.
— STOPmode: The CPU stops executing instruction and all internal clocks stop.
e  Stop code acceptor qualifies for entering STOP mode.
e  Data of RAM and SFR are retained even in all standby modes.
e  Clock supply is control-able peripheral by peripheral to reduce the current consumption, by block clock control
registers.
e  Reset is control-able peripheral by peripheral by block reset control registers

FEUL62Q2045 4-1
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4.1.2 Configuration

Figure 4-2 shows the transition diagram of the operating state.
The bit symbols in the figure are assigned to the standby control register (SBYCON).

Reset released

Power on

Program run
mode

System reset
mode

System reset

HLT=*1"
STP= “1” Interrupt
HALT mode
STOP mode
System reset
System reset
Figure 4-2 Operating State Transition Diagram
Figure 4-3 shows the configuration of the internal power supply.
Vpp=4.5V to 5.5V
: ) Vop J/
1 Regulator
Cv
. | 4 VobL
CL=1pF
o GPIO L'ogk.; Flash RAM OS(.:iIIat'ion
circuit memory circuit
4 Vss
7

Figure 4-3 Internal Power Supply Configuration
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In order to stabilize Vppr, connect the VDDL pin to VSS via a capacitor (1uF).

Pin name

I/0

Function

VDDL

Positive power supply for the internal logic circuits

[Note]

* In order to improve the noise resistance, place the inter-power supply bypass capacitor (Cy) and the

internal logic voltage (VppL) capacitor (C. : 1uF) in the vicinity of LSI on the user board using the shortest
possible wiring without passing through via holes.

FEUL62Q2045
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4.2 Description of Registers
4.2.1 List of Registers

Symbol iti
Address Name y R/W Size he:]
Byte Word value
0xF018 Stop code acceptor STPACP - w 8 0x00
0xF019 Reserved - - - - -
OxFO1A SBYCONL w 8 0x00
Standby control register SBYCON
0xFO1B - - - -
0xF01C Standby prohibition flag register SBYEFLG - R 8 0x00
0xF01D Reserved - - - - -
0xF05C Software reset acceptor SOFTRACP - w 8 0x00
0xFO5D Reserved - - - - -
0xFO5E Software reset control register SOFTRCON - R/W 8 0x00
O0xFOSF Reserved - - - - -
0xFO070 BCKCONOL R/W 8/16 0x00
Block clock control register 0 BCKCONO
0xF071 BCKCONOH R/W 8 0x00
0xF072 BCKCON1L R/W 8/16 0x00
Block clock control register 1 BCKCON1
0xFO073 BCKCON1H R/W 8 0x00
0xF074 BCKCON2L R/W 8/16 0x00
Block clock control register 2 BCKCON2
0xF075 BCKCON2H R/W 8 0x00
0xFO076 BCKCON3L R/W 8/16 0x00
Block clock control register 3 BCKCON3
0xFO077 BCKCON3H R/W 8 0x00
0xF078 BRECONOL R/W 8/16 0x00
Block reset control register O BRECONO
0xFO079 BRECONOH R/W 8 0x00
OxFO7A BRECON1L R/W 8/16 0x00
Block reset control register 1 BRECON1
0xFO7B BRECON1H R/W 8 0x00
0xFO7C BRECON2L R/W 8/16 0x00
Block reset control register 2 BRECON2
0xFO7D BRECON2H R/W 8 0x00
O0xFO7E BRECON3L R/W 8/16 0x00
Block reset control register 3 BRECON3
OxFO7F BRECON3H R/W 8 0x00
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Table 4-1 shows Availability list of the SFR bit symbols.

FEUL62Q2045

Table 4-1 Availability of the SFR bit symbols in BCLCONR register and BRECONnN register

e: available, - : unavailable
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Control register / bit )

Available/

Word symbol Bit symbol Word symbol Bit symbol Unavailable
BCKCONO DCKTMO BRECONO RSETMO °
DCKOTMO RSEOTMO ]
DCKOTM1 RSEOTM1 °
DCKOTM2 RSEOTM2 ]
BCKCON1 DCKOTM3 BRECON!1 RSEOTM3 b
DCKOTM4 RSEOTM4 o
DCKOTM5 RSEOTM5 L
DCKI2CUO0 RSEI2CUO0 d
DCKUAO RSEUAO °
BCKCON2 DCKUA1 BRECON2 RSEUA1 °
DCKACC RSEACC °
DCKSAD RSESAD °
DCKDACO RSEDACO °
DCKDAC1 RSEDAC1 °
BCKCON3 DCKCMPO BRECON3 RSECMPO °
DCKCMP1 RSECMP1 °
DCKCMP2 RSECMP2 °
DCKPGA RSEPGA °
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4.2.2 Stop Code Acceptor (STPACP)
STPACEP is a write-only SFR to change the operating state into the STOP mode. This returns "0x00" for reading.

Address : 0xF018 (STPACP)

Access : w

Access size : 8 bit

Initial value : 0x00

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

Word -
Byte - STPACP

Bit - - - - - - - - d7 dé d5 d4 d3 d2 d1 do

R/W R R R R R R R R W W W W W W

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

How to enter the STOP mode:

Procedure How to specify the registers Description
1 Write "0x5n" and "OxAn" (n=arbitrary in 0-F) | Enables to enter the STOP mode only once.
in sequence into STPACP register.
2 Set STP bit of SBYCON register to"1". STP= “1": Enter the STOP mode

Any other instructions can be executed between the instruction that writes "0x5n" to STPACP and the instruction that
writes "0xAn". However, if write data other than "0xAn" after writing "0x5n", the procedure gets invalid, so need write

"0x5n" again.
[Note]

* Writing to the stop code acceptor is invalid on the condition both interrupts enable bits and interrupt
request bits are "1", it will not get enabled for entering to the STOP mode.
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4.2.3 Standby Control Register (SBYCON)

SBYCON is a write-only SFR to switch a standby mode.
This returns "0x0000" for reading.

Address : O0xFO1A(SBYCONL/SBYCON)

Access : R/W

Access size :  8/16 bit
Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
Word SBYCON
Byte - SBYCONL
Bit - - - - - - - - - - - - - STP | HLT
R/W R R w w
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

ML62Q2033/2035/2043/2045 User's Manual
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When the WDT interrupt or an interrupt enabled in the interrupt enable registers (IEO to IE7) is generated, each standby
mode gets canceled and returns to program run mode.

Bit symbol

Bit No. Description
name

15t02 - Reserved bits

1 STP STP is a bit to change the operating state into the STOP mode. When "1" is written in the
STP bit after entering the STOP mode is allowed by using STPACP, the operating state
enters the STOP mode.

0 HLT HLT is a bit to change the operating state into the HALT mode.

[Note]

* The operating state does not enter the standby mode under some conditions. See “4.3.2.3 Note of
entering to the standby mode” for detail conditions.
* When an interrupt enabled in the interrupt enable registers (IE0 to IE7) is generated on the condition of

MIE flag of the program status word (PSW) is "0", it cancels the standby mode only and the CPU does
not go to the interrupt routine. For more details about MIE flag, see "nX-U16/100 Core Instruction

Manual".

¢ Insert two NOP instructions in the next to the instruction of that sets HLT and STP bit to "1". The

operation without the two NOP instructions is not guaranteed.

FEUL62Q2045
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4.2.4 Standby Prohibition Flag Register (SBYEFLG)

SBYEFLG is a read-only SFR to indicate availability of entering to standby mode.
See section 4.3.2.3 “Note of entering to the standby mode” for condition that each bit becomes to “1”

Address : 0xF01C (SBYEFLG)
Access : R
Access size : 8 bit
Initial value : 0x00

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - SBYEFLG
oo [ [ T - [ - [ [ [ [ T [ -] [ T Teswles
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is a flag of an entering to a target standby mode
0: Available (Initial value)

1: Prohibited

Bit symbol

Bit No. name Description
7102 - Reserved bits

1 FSTP STOP mode
0 FHLT HALT mode
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4.2.5 Software Reset Acceptor (SOFTRACP)
SOFTRACEP is a write-only SFR to enable writing to SOFTCON register. This returns "0x00" for reading.

ML62Q2033/2035/2043/2045 User's Manual
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Address : 0xF05C (SOFTRACP)

Access : w

Access size : 8 bit

Initial value : 0x00

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

Word -
Byte - SOFTRACP

Bit - - - - - - - - d7 d6é d5 d4 d3 d2 d1 do
R/W R W W w W w W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

How to reset collectively the peripheral circuits:

Procedure How to specify the registers Description
1 Write "0x3n" and "0xCn" (n=arbitrary in 0-F) Enables SOFTR reset only once.
in sequence into the SOFTRACP register.
2 Set SOFTR bit of the SOFTRCON register to | SOFTR reset state.

n1||.

Any other instructions can be executed between the instruction that writes "0x3n" to SOFTRACP and the instruction that
writes "0xCn". However, if write data other than "0xCn" after writing "0x3n", the procedure gets invalid, so need write
"0x3n" again.

FEUL62Q2045
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4.2.6 Software Reset Control Register (SOFTRCON)
SOFTRCON is a SFR to reset collectively the all peripheral circuits belong to BRECONN register (n=0 to 3) and general

ML62Q2033/2035/2043/2045 User's Manual
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ports.
Address : 0xFO5E (SOFTRCON)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 0
Word -
Byte - SOFTRCON
. SOFT
Bit - - - - - - - - - - - - - R
R/W R R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7to1 - Reserved bits
0 SOFTR Reset collectively the all peripheral circuits belong to the BRECONnN register (n=0-3) and
general ports. Setting "1" to the bit resets the all peripheral circuits and general ports. The
SOFTR is automatically reset to "0" after the reset is completed, so check "0" before re-
configuring the peripheral circuits.
Enable the reset by writing the SOFTRACP register before setting the SOFTR bit to "1".
[Note]

* Do not enter the standby mode when SOFTR bit is "1". Ensure SOFTR bit is "0" before entering the

standby mode.

FEUL62Q2045
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4.2.7 Block Clock Control Register 0 (BCKCONO)

BCKCONO is a SFR to control supplying the clock of system, high-speed and low-speed to the peripheral circuits.

The power consumption can be reduced by stopping the clock supply for unused peripheral circuits.

Address : 0xF070 (BCKCONOL/BCKCONO), 0xF071 (BCKCONOH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Word BCKCONO
Byte BCKCONOH BCKCONOL
Bit | - e e e - - poKT
RIW RIW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is configured supplying clocks to a target peripheral circuit.
0: Supplied clock to a target peripheral circuit (Initial value)
1: Stop clock to a target peripheral circuit

q Bit symbol _ .
Bit No. name Description (target peripheral)
15t01 - Reserved bits
0 DCKTMO 16-bit timer O

FEUL62Q2045
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4.2.8 Block Clock Control Register 1 (BCKCON1)

BCKCONTI is a SFR to control supplying the clock of system, high-speed and low-speed to the peripheral circuits.
The power consumption can be reduced by stopping the clock supply for unused peripheral circuits.

Address :

Access : R/W
Access size :  8/16 bit
Initial value : 0x0000

0xF072 (BCKCON1L/BCKCON1), 0xF073 (BCKCON1H)

ML62Q2033/2035/2043/2045 User's Manual
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15 14 13 12 11 10 8 7 5 4 3 2 1 0
Word BCKCON1
Byte BCKCON1H BCKCON1L
sit | - ] _ | DCKI| ] i . DCK | DCK | DCK | DCK | DCK | DCK
2CU0 OTM5 | OTM4 | OTM3 | OTM2 | OTM1 | OTMO
R/W R R R/W R R RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Common description of each bits:
It is configured supplying clocks to a target peripheral circuit.
0: Supplied clock to a target peripheral circuit (Initial value)
1: Stop clock to a target peripheral circuit
Bit No. Bitnsaynr?ebol Description (target peripheral)
15t0 13 - Reserved bits
12 DCKI2CU0 I2C Bus Unit 0
MMto6 - Reserved bits
5 DCKOTM5 Operational Timer 5
4 DCKOTM4 Operational Timer 4
3 DCKOTM3 Operational Timer 3
2 DCKOTM2 Operational Timer 2
1 DCKOTM1 Operational Timer 1
0 DCKOTMO Operational Timer 0
FEUL62Q2045 4-12
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4.2.9 Block Clock Control Register 2 (BCKCON2)

BCKCON?2 is a SFR to control supplying the clock of system, high-speed and low-speed to the peripheral circuits.
The power consumption can be reduced by stopping the clock supply for unused peripheral circuits.

Address : 0xF074 (BCKCON2L/BCKCONZ2), 0xF075 (BCKCON2H)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word BCKCON2
Byte BCKCON2H BCKCON2L
Bit ) ) DCKA ) ) _ ) _ _ ) DCK | DCK ) ) _ )
CC UA1 | UAO
R/W R R R/W R R R R R R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is configured supplying clocks to a target peripheral circuit.
0: Supplied clock to a target peripheral circuit (Initial value)
1: Stop clock to a target peripheral circuit

q Bit symbol _ .
Bit No. name Description (target peripheral)
15t0 14 - Reserved bits
Multiplier/Divider

13 DCKACC An initial value of this bit is “0”.

12t06 - Reserved bits

5 DCKUA1 UART 1

4 DCKUAO UARTO

3to0 - Reserved bits

[Note]

* DCKACC bit can be set to "0" when the multiplication/division library "muldivu8.lib" is specified. See a
manual of the multiplication/division library for how to use.
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4.2.10 Block Clock Control Register 3 (BCKCON3)

BCKCON3 is a SFR to control supplying the clock of system, high-speed and low-speed to the peripheral circuits.
The power consumption can be reduced by stopping the clock supply for unused peripheral circuits.

Address : 0xF076 (BCKCON3L/BCKCONS3), 0xF077 (BCKCON3H)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word BCKCON3
Byte BCKCON3H BCKCON3L
sit | - ] ] ] ] ] ] ] ~ |bckp| bek | bck | DEk | DCK | DCK | DCKS
GA |CMP2|CMP1|CMPO|DAC1T|DACO| AD
RW R R R R R R R R R RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

value

Common description of each bits:

It is configured supplying clocks to a target peripheral circuit.
0: Supplied clock to a target peripheral circuit (Initial value)
1: Stop clock to a target peripheral circuit

Bit No. Bitnsaynr?ebol Description (target peripheral)
15t07 - Reserved bits
6 DCKPGA PGA
5 DCKCMP2 Analog comparator CH2
4 DCKCMP1 Analog comparator CH1
3 DCKCMPO Analog comparator CHO
2 DCKDAC1 D/A converter CH1
1 DCKDACO D/A converter CHO
0 DCKSAD SA-ADC
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4.2.11 Block Reset Control Register 0 (BRECONO)

BRECONOQO is a SFR to control resetting the peripheral circuits.
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Address : 0xFO078(BRECONOL/BRECONO0), 0xFO79(BRECONOH)
Access : R/W
Access size :  8/16 bit
Initial value : 0x0000
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word BRECONO
Byte BRECONOH BRECONOL
. RSET
Bit - - - - - - - - - - MO
R/W R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is configured resetting to a target peripheral circuit.
0: Cancel to reset a target peripheral circuit (Initial value)
1: Remain to reset a target peripheral circuit

q Bit symbol _ .
Bit No. name Description (target peripheral)
15t01 - Reserved bits
0 RSETMO 16-bit timer O

FEUL62Q2045
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4.2.12 Block Reset Control Register 1 (BRECON1)
BRECONTI is a SFR to control resetting the peripheral circuits.

Address :

Access : R/W
Access size :  8/16 bit
Initial value : 0x0000

0xFO7A (BRECON1L/BRECON1), 0xFO7B (BRECON1H)
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15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
Word BRECON1
Byte BRECON1H BRECON1L
sit | - . ~ |RSEI| . . . | RSE | RSE | RSE | RSE | RSE | RSE
2CU0 OTM5 | OTM4 | OTM3 | OTM2 | OTM1 | OTMO
R/W R R R/W R R RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Common description of each bits :
It is configured resetting to a target peripheral circuit.
0: Cancel to reset a target peripheral circuit (Initial value)
1: Remain to reset a target peripheral circuit
Bit No. Bitnsaynr?ebol Description (target peripheral)
15t0 13 - Reserved bits
12 RSEI2CUO I2C Bus Unit 0
MMto6 - Reserved bits
5 RSEQOTM5 Operational Timer 5
4 RSEOTM4 Operational Timer 4
3 RSEOTM3 Operational Timer 3
2 RSEQOTM2 Operational Timer 2
1 RSEOTM1 Operational Timer 1
0 RSEOTMO Operational Timer 0
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4.2.13 Block Reset Control Register 2 (BRECONZ2)
BRECON?2 is a SFR to control resetting the peripheral circuits.

Address : 0xFO7C(BRECON2L/BRECONZ2), 0xFO7D(BRECON2H)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

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

Word BRECON2
Byte BRECON2H BRECON2L

Bit ) } RSEA ) ) } ) ) ) ) RSEU | RSEU ) ) } )

CC A1 AO
R/W R R R/W R RW R/W

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is configured resetting to a target peripheral circuit.
0: Cancel to reset a target peripheral circuit (Initial value)
1: Remain to reset a target peripheral circuit

q Bit symbol _ .
Bit No. name Description (target peripheral)
15, 14 - Reserved bits
Multiplier/Divider

13 RSEACC An initial value of this bit is “0”.

12to6 - Reserved bits

5 RSEUA1 UART 1

4 RSEUAO UART O

3to0 - Reserved bits

[Note]

* RSEACC bit can be set to "0" when the multiplication/division library "muldivu8.lib” is specified. See a
manual of the multiplication/division library for how to use.
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4.2.14 Block Reset Control Register 3 (BRECON3)

BRECONS3 is a SFR to control resetting the peripheral circuits.

Address :
Access :
Access size :
Initial value :

15 14

13 12 1" 10

0xFO7E(BRECONSL/BRECON3), 0xFO7F(BRECON3H)
R/W

8/16 bit
0x0000

8 7 6

ML62Q2033/2035/2043/2045 User's Manual
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Word

BRECON3

Byte

BRECON3H

BRECON3L

Bit

RSEP
GA

RSEC
MP2

RSEC
MP1

RSEC
MPO

RSED
AC1

RSED
ACO

RSES
AD

R/W
Initial
value

Common description of each bits :

It is configured resetting to a target peripheral circuit.

R R/W
0 0 0

0: Cancel to reset a target peripheral circuit (Initial value)
1: Remain to reset a target peripheral circuit

R/wW
0

R/W
0

R/wW
0

R/W
0

R/wW
0

R/W
0

Bit No.

Bit symbol

name

Description (target peripheral)

15t0 7

Reserved bits

RSEPGA

PGA

RSECMP2

Analog comparator CH2

RSECMP1

Analog comparator CH1

RSECMPO

Analog comparator CHO

RSEDAC1

D/A converter CH1

RSEDACO

D/A converter CHO

O~ (N|W|dOO|lO

RSESAD

SA-ADC

FEUL62Q2045
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4.3 Description of Operation
4.3.1 Program Run Mode

The program run mode is the state where the CPU executes instructions sequentially.
When a reset is released after the reset is generated, the operating state is transferred from the system reset mode to the

program run mode.
In addition, if an interrupt request is generated during a standby mode, the mode shifts back to the program run mode.

See Chapter 3 "Reset Function" for the system reset mode.

4.3.2 Standby Mode
4.3.2.1 HALT Mode

The HALT mode is the state where the CPU stops and only the peripheral circuits remain in operation with previous
clock condition (LSCLKO or HSCLK) for the system clock (SYSCLK) selected before entering the HALT mode. See
section 4.3.2.5 "Operation of Each Function in Standby Mode" for the operation of each function in the HALT mode.

When "1" is written to the HLT bit of the SBYCON register, the operating state switches the HALT mode.

When a WDT interrupt or an interrupt enabled in registers IEO to IE7 occurs, the HALT mode is released at the rising
edge of the next SYSCLK, then the mode shifts back to the program run mode.

Figure 4-4 shows operation waveforms in the HALT mode.

SE S R L L
CPUCLK 1 [ ]

SBYCON.HLT

Interrupt | ‘ (

Program run mode HALT mode Program run mode

TrrCPU

SBYCON : Standby control register
TrrcPU : CPU clock restoring time (see Table 4-6)

Figure 4-4 Operation Waveforms in HALT Mode
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4.3.2.2 STOP Mode

The STOP mode is the state where all clocks are forcibly stopped, and the CPU and the peripheral circuits which need
the clock to operate stop. See "4.3.2.5 Operation of Each Function in Standby Mode" for operation of each function in
the STOP mode.

To enter the STOP mode, write "0x5n" and "0xAn" (n = arbitrary) in this order to STPACP register to enable the
transition to the STOP mode, then write "1" to the STP bit of SBYCON register.

The STOP mode is released by the external interrupts or interrupt requests from the 12C bus unit (slave).

The operating state returns to the program run mode with SYSCLK switched before switching the STOP mode.
Figure 4-5 shows STOP mode operation waveforms.

Low speed oscillation ‘ oscillating | |_
LSCLKO

SYSCLK

SBYCON.STP

Interrupt

Program run mode STOP

Program run mode

mode
TrrcPU
SBYCON :  Standby control part register
TrrcPU : CPU clock wakeup time (see Table 4-6)

Figure 4-5-1 STOP Mode Operation Waveforms of Low-Speed Oscillation Circuit

MMM
i
1

—

wsoctk — [IUINIULIT
HSCLK (1IN
syscik (I[NNI

SBYCON.STP

Interrupt

Program run mode STOP

—

—

Program run mode

mode
TrrcPU
SBYCON : Standby control part register
TrTCPU : CPU clock wakeup time (see Table 4-6)

Figure 4-5-2 STOP Mode Operation Waveforms of PLL Oscillation Circuit
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4.3.2.3 Note of entering to the standby mode
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In the following condition, an entering standby mode is canceled, program run mode is continued.
An availability of entering to standby mode is confirmed by monitoring a target bit in SBYEFLG register.

Table 4-2 shows availability of entering to standby mode.

Table 4-2 availability of entering to standby mode (1 : Not available, 0 : Available)

Condition

FSTP

FHLT

When setting some bits of SBYCONL register at the
same time.

0

0

When occurring the interrupt request to CPU.
Its status is that both interrupt enable register and
interrupt request register are asserted.

When accepter is disabled by SBYACP.

When A/D conversion of SA-ADC in progress.

When waiting for stability time of LLD.

When erasing/programming for data flash memory.

aAlalala

O|O0|O0|O
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4.3.2.4 Note on Return Operation from Standby Mode

The operation of returning the standby mode is caused by the interrupt level (ELEVEL) of the program status word

(PSW), master interrupt enable flag (MIE), the contents of the register (IEO to IE7), non-maskable interrupt, or maskable
interrupt. The operation varies depending on the cause. See "nX-U16/100 Core Instruction Manual" for details of PSW

and Chapter 5 "Interrupts” for IE and IRQ registers respectively. Tables 4-3 shows the return operations from the standby
mode for non-maskable interrupt and maskable interrupt respectively.

Table 4-3-1 Return Operation from Standby Mode (for Non-Maskable Interrupt)

ELEVEL

MIE

IEn.m

IRQn.m

Return operation from standby mode

X

X

0

Not returned from the standby mode.

X

After returning from the standby mode, the program operation
restarts from the instruction next to the instruction that enters the
standby mode. The program operation does not go to the
interrupt routine.

0,1,2

X

After returning from the standby mode, the program operation
restarts from the instruction next to the instruction that enters the
standby mode. Then the program operation goes to the interrupt
routine.

n=0 to 7, m=0 to 7. X: Value-independent

Table 4-3-2 Return Operation from Standby Mode (for Maskable Interrupt)

ELEVEL MIE IEn.m IRQN.mM Return operation from standby mode

§ § )g ? Not returned from the standby mode.

X 0 1 1 After returning from the standby mode, the program operation
restarts from the instruction next to the instruction that enters the

2,3 1 1 1 standby mode. The program operation does not go to the
interrupt routine.
After returning from the standby mode, the program operation

0.1 1 1 1 restarts from the instruction next to the instruction that enters the

standby mode. Then the program operation goes to the interrupt
routine.

n=0 to 7, m=0 to 7. X: Value-independent

The ELEVEL of PSW has bits that indicate the state of interrupt process performed by the CPU It is set by the hardware
when transferring to the interrupt process or returning from the interrupt.

Table 4-4 State of CPU-Processed Interrupt Indicated by ELEVEL

ELEVEL value State of CPU-processed interrupt
0 Indicates that the CPU is not processing any interrupt (non-maskable interrupt, maskable
interrupt, software interrupt).
1 Indicates that the CPU is processing a maskable or software interrupt.
2 Indicates that the CPU is processing a non-maskable interrupt.
3 Indicates that the CPU is processing an emulator-dedicated interrupt. Usually this is not
used in the software.

[Note]

Since up to two instructions are executed during the period between the release of standby mode and a
transition to interrupt processing, place two NOP instructions next to the instruction set for the standby

mode. When a master interrupt enable (MIE) flag of the program status word (PSW) in the nX-U16/100

CPU core is "1", following the execution of the two NOP instructions, the interrupt transition cycle will be
executed and execution of the instruction for interrupt routine begins. If MIE is "0", following the
execution of the two NOP instructions, the instruction execution is continued from the one that follows
the NOP instruction without transition to the interrupt.

FEUL62Q2045
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4.3.2.5 Operation of Each Function in Standby Mode

Table 4-5 shows the state of each function block in the standby mode.

ML62Q2033/2035/2043/2045 User's Manual
Chapter 4 Power Management

Table 4-5 State of Each Function in Standby Mode

e : Operable, - : Not operable

Function blocks HALT STOP
Low speed oscillation (Internal RC oscillation) ° -
High speed oscillation (PLL) ) -
CPU - -
RAM Retain Retain
WDT, Watchdog timer ° -
External interrupt ° o*1
16-bit timer ° -*3
Operational timer ° -*3
UART ° -
I2C bus unit (Master) ° -
I2C bus unit (Slave) . 2
SA-ADC; Successive approximation type A/D o )
converter
PGA ° -
D/A converter*4 ) °
Analog comparator ) o*1
LLD ° o*1
BGO operation (erasing/programming for data o )
flash memory)
Multiplier/Divider - -

*1 : If a sampling function is selected, it is forcibly disabled.
*2 : It is available to wake up by coincidence of slave address. A system clock supply is needed for communication after

wake up.

*3 : Internal clocks is stop. If external clock is selected, the peripheral circuit operates. However, its operation is not

supported.

*4 : Maintains the state before the standby mode transition. Since there is no interrupt notification function, it cannot be
used as a interrupt factor.
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4.3.2.6 Wake-up Time from Standby Mode

Table 4-6 shows the wake-up time (restoring time) from the standby modes.
See Chapter 6 "Clock Generation Circuit" for details of the FHWUPT register.
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Table 4-6 Wake-up Time from Standby Mode (typ.)

Low-speed clock | High-speed clock restoring time (PLL
CPU clock restoring time oscillation)
Function Condition restoring time (Low-speed RC [TrreLL]
[Trrcru] oscillation)
[TrLs] FHWUPT=0x01 FHWUPT=0x00
Low-speed CPU clock
High-speed clock OFF Approx.90us Stopped
No CRC calculation .
HAlaT Low-speed CPU clock Opet_ratlog
mode High-speed clock ON Approx.60us continue ) )
or with CRC calculation Operation continued
High-speed CPU clock -
Low-speed CPU clock TrrLs
STOP - P Approx.3ms Approx.3ms Approx.4ms
mode High-speed CPU clock TRTPLL
[Note]

* When the FHWUPT register is set to "0x01", the frequency of PLL oscillation clock gradually increases
and reaches the target frequency switched by the code option before approx. 2 ms elapse. The PLL
oscillation clock during this time period can be used for the SYSCLK, however, accuracy of the
frequency is not guaranteed.
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4.3.3 Block Control Function

This LSI has the block clock control function, which stops clock supply for each peripheral circuit to reduce current

consumption, and the block reset control function to reset each peripheral circuit.
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When setting each bit of the BCKCONN registers (n=0 to 3) to "1", the clock supply to the corresponding peripheral
circuits stops, and the current consumption is reduced.
When setting each bit of the BRECONnN registers (n=0 to 3) to "1", the corresponding peripheral circuits are reset and
those SFRs are set with initial values.
Table 4-7 shows the list of peripheral circuits controllable with the block control function and control registers.

Table 4-7 List of Peripheral Circuits and Control Registers

Block clock control function Block reset control function Sof;uw:éteiorr?set
Peripheral circuit
SFR SFR SFR SFR SFR
word symbol bit symbol word symbol bit symbol bit symbol
16-bit timer O BCKCONO DCKTMO BRECONO RSETMO
Operational timer 0 DCKOTMO RSEOTMO
Operational timer 1 DCKOTM1 RSEOTM1
Operational timer 2 DCKOTM2 RSEOTM2
Operational timer 3 BCKCON1 DCKOTMS3 BRECON?1 RSEOTM3
Operational timer 4 DCKOTM4 RSEOTM4
Operational timer 5 DCKOTM5 RSEOTM5
I2C bus unit 0 DCKI2CUO0 RSEI2CUO0
UART 0 DCKUAO RSEUAO
UART 1 BCKCON2 DCKUA1 BRECON2 RSEUA1 SOFTR™

Multiplier/Divider DCKACC RSEACC
Suct‘;epsjixle[)agg:%m?”o” DCKSAD RSESAD
D/A converterCHO DCKDACO RSEDACO
D/A converterCH1 DCKDAC1 RSEDAC1
Analog comparator CHO BCKCON3 DCKCMPO BRECON3 RSECMPO
Analog comparator CH1 DCKCMP1 RSECMP1
Analog comparator CH2 DCKCMP2 RSECMP2
PGA DCKPGA RSEPGA

*1 : SOFTR resets SFRs for general purpose ports setting too.

After the system reset is released, operation of each peripheral circuit becomes enabled.

If you want to stop the peripheral circuit, set the bit of BRECONN register to "1" to reset the peripheral circuit, and then
set the bit of BCKCONRN register to "1" to stop the clock of the peripheral circuit. When using, cancel the reset after the
clock is supplied.

Also, setting the bit of BRECONN register to "1" only causes a reset to occur while retaining clock supply, enabling each

peripheral circuit to be initialized.
In the state where clock supply to each peripheral circuit is suspended or in the reset state, writing to SFRs of
corresponding peripheral circuits is disabled. If the clock supply is only stopped, it is possible to read from the SFR.

[Note]

* If the clock supply is only stopped without resetting each peripheral circuit using the block control
function, it may cause the output levels of the timer and communication pins to be fixed, causing the
excess current to flow. Also, in the successive approximation type A/D converter, the circuits may stop
their function with the current kept flowing.

4.3.4 Internal Power Supply Voltage

The internal supply voltage, VDDL, is approximately 1.55 V after power on.
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5. Interrupt

5.1 General Description

This LSI has the non-maskable interrupt, maskable interrupts and the software interrupt (SWI).
For details of each interrupt, see the corresponding Chapters.

See Chapter 29 "Safety Function" for the MCU status interrupt.

See "Table 1-2 Main Function List" to confirm the presence/absence of function in each product.

5.1.1 Features

Master Interrupt Enable (MIE) flag enables or disables collectively the all maskable interrupts. For more details
about MIE, see "nX-U16/100 Core Instruction Manual".

Each maskable interrupt has the enable flag in the register IEO to IE7.

The occurrence of interrupt request is confirmable by checking the request flag in IRQ registers.

The occurrence of interrupt is maskable by setting each request flag by the software in IRQ registers.

Four interrupt levels are available for each maskable interrupt.
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5.2 Description of Registers

Writing to bits of unequipped interrupt is not available. They return 0x0 for reading. See to Table 5-1 for available
interrupt.

5.2.1 List of Registers

Symbol name iti
Address Name y R/W Size e
Byte Word value

0xF020 IEO R/W 8/16 0x00
Interrupt enable register 01 IEO1

0xF021 IE1 R/W 8 0x00

0xF022 IE2 R/W 8/16 0x00
Interrupt enable register 23 IE23

0xF023 IE3 R/W 8 0x00

0xF024 IE4 R/W 8/16 0x00
Interrupt enable register 45 IE45

0xF025 IE5 R/W 8 0x00

0xF026 IE6 R/W 8/16 0x00
Interrupt enable register 67 IE67

0xF027 IE7 R/W 8 0x00

0xF028 IRQO R/W 8/16 0x00
Interrupt request register 01 IRQO1

0xF029 IRQ1 R/W 8 0x00

0xFO02A IRQ2 R/W 8/16 0x00
Interrupt request register 23 IRQ23

0xF02B IRQ3 R/W 8 0x00

0xF02C IRQ4 R/W 8/16 0x00
Interrupt request register 45 IRQ45

0xF02D IRQ5 R/W 8 0x00

0xFO2E IRQ6 R/W 8/16 0x00
Interrupt request register 67 IRQ67

O0xFO2F IRQ7 R/W 8 0x00

0xF030 Interrupt level control enable register ILEN - R/W 8 0x00

0xF031 Reserved register - - - - -

0xF032 Cur.rent interrupt level management cIL ) R/W 8 0x00
register

0xF033 Interrupt level mask register MCIL - R/W 8 0x00

0xF034 ILCO0 R/W 8/16 0x00
Interrupt level control register 0 ILCO

0xF035 ILCO1 R/W 8 0x00

0xF036 ILC10 R/W 8/16 0x00
Interrupt level control register 1 ILCA1

0xF037 ILC11 R/W 8 0x00

0xF038 ILC20 R/W 8/16 0x00
Interrupt level control register 2 ILC2

0xF039 ILC21 R/W 8 0x00

0xFO3A ILC30 R/W 8/16 0x00
Interrupt level control register 3 ILC3

0xFO3B ILC31 R/W 8 0x00

0xF03C ILC40 R/W 8/16 0x00
Interrupt level control register 4 ILC4

0xFO3D ILC41 R/W 8 0x00

O0xFO3E ILC50 R/W 8/16 0x00
Interrupt level control register 5 ILC5

O0xFO3F ILC51 R/W 8 0x00

0xF040 ILC60 R/W 8/16 0x00
Interrupt level control register 6 ILC6

0xF041 ILC61 R/W 8 0x00

0xF042 ILC70 R/W 8/16 0x00
Interrupt level control register 7 ILC7

0xF043 ILC71 R/W 8 0x00
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Table 5-1 shows presence/absence of interrupt source in each product.

Table 5-1 List of Interrupt Source
e : available, - : unavailable

Register assignment
IRQ IE ILC Interrupt source Interrupt Availqble/

(interrupt | (interrupt (interrupt source symbol | Unavailable
request) enable) level)
IRQO[0] - - WDT Interrupt WDTINT °
IRQO[6] IEO[6] | ILCO[13:12] - - -
IRQO[7] IEO[7] | ILCO[15:14] - - -
IRQ1[0] IE1[0] ILC1[1:0] External Interrupt O EXIOINT [
IRQ1[1] IE1[1] ILC1[3:2] External Interrupt 1 EXIMINT ]
IRQ1[2] IE1[2] ILC1[5:4] External Interrupt 2 EXI2INT ]
IRQ1[3] IE1[3] ILC1[7:6] External Interrupt 3 EXI3INT [
IRQ1[4] IE1[4] ILC1[9:8] - - -
IRQ1[5] IE1[5] | ILC1[11:10] - - -
IRQ1[6] IE1[6] | ILC1[13:12] - - -
IRQ1[7] IE1[7] | ILC1[15:14] - - -
IRQ2[0] IE2[0] ILC2[1:0] - - -
IRQ2[1] IE2[1] ILC2[3:2] - - -
IRQ2[2] IE2[2] ILC2[5:4] MCU Status Interrupt MCSINT ]
IRQ2[3] IE2[3] ILC2[7:6] UARTOO Interrupt UAOOINT ]
IRQ2[4] IE2[4] ILC2[9:8] UARTO1 Interrupt UAO1INT .
IRQ2[5] IE2[5] | ILC2[11:10] - - -

Successive Approximation type A-D .
IRQ2[6] IE2[6] | ILC2[13:12] Converter Interrupt SADINT

(SA-ADC Interrupt)

IRQ2[7] IE2[7] | ILC2[15:14] - - -
IRQ3I[0] IE3[0] ILC3[1:0] - - -
IRQ3[1] IE3[1] ILC3[3:2] - - -
IRQ3[2] IE3[2] ILC3[5:4] - - -
IRQ3J[3] IE3[3] ILC3[7:6] - - -
IRQ3[4] IE3[4] ILC3[9:8] Operational Timer 0 Interrupt OTMOINT U
IRQ3[5] IE3[5] | ILC3[11:10] Operational Timer 1 Interrupt OTM1INT L
IRQ3I[6] IE3[6] | ILC3[13:12] 16-bit Timer 0O Interrupt TMOINT ]
IRQ3[7] IE3[7] | ILC3[15:14] - - -
IRQ4[0] IE4[0] ILC4[1:0] [2C Bus Unit 0 Interrupt I2CUOINT ]
IRQ4[1] IE4[1] ILCA4[3:2] UART10 Interrupt UA10INT ]
IRQ4[2] IE4[2] ILCA4[5:4] UART11 Interrupt UAT1INT ]
IRQ4[3] IE4[3] ILCA4[7:6] Analog Comparator O Interrupt CMPOINT °
IRQ4[4] IE4[4] ILC4[9:8] Operational Timer 2 Interrupt OTM2INT L
IRQ4[5] IE4[5] | ILC4[11:10] Operational Timer 3 Interrupt OTMS3INT o
IRQ4[6] IE4[6] | ILC4[13:12] - - -
IRQ4[7] IE4[7] | ILC4[15:14] - - -
IRQ5[0] IE5[0] ILC5[1:0] - - -
IRQ5[1] IE5[1] ILC5[3:2] - - -
IRQ5[2] IE5[2] ILC5[5:4] Analog Comparator 1 Interrupt CMP1INT °
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Register assignment

IRQ IE ILC Interrupt source Interrupt Availa}ble/
(interrupt | (interrupt (interrupt source symbol | Unavailable
request) enable) level)

IRQ5[3] IES[3] ILC5[7:6] Analog Comparator 2 Interrupt CMP2INT °
IRQ5[4] IES[4] ILC5[9:8] Operational Timer 4 Interrupt OTM4INT L
IRQ5[5] IE5[5] | ILC5[11:10] Operational Timer 5 Interrupt OTMSINT L

IRQ5[6] | IE5[6] | ILC5[13:12] - - -
IRQ5[7] | IE5[7] | ILC5[15:14] - ; -
IRQ6[0] | IE6[O] | ILCB[1:0] - - -
IRQ6[1] | IE6[1] | ILCB[3:2] - - -
IRQ6[2] | IE6[2] | ILCB[5:4] - ; -
IRQ6[3] | IE6[3] | ILCH[7:6] - - -
IRQ6[4] | IE6[4] | ILCB[9:8] - - -
IRQ6[5] | IE6[5] | ILC6[11:10] - ; -
IRQ6[6] | IE6[6] | ILC6[13:12] - - -
IRQ6[7] | IE6[7] | ILC6[15:14] - - -
IRQ7[0] | IE7[0] | ILC7[1:0] - ; -
IRQ7[1] | IE7[1] | ILC7[3:2] 16-bit Timer 0 Interrupt’* TMOINT1 .
IRQ7[2] | IE7[2] | ILC7[5:4] - - -
IRQ7[3] | IE7[3] | ILC7[7:6] - - -
IRQ7[4] | IE7[4] | ILC7[9:8] - - -
IRQ7[5] | IE7[5] | ILC7[11:10] - - -
IRQ7[6] | IE7[6] | ILC7[13:12] - ; -
IRQ7[7] | IE7[7] | ILC7[15:14] - - -

*I' :In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO,TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9. “16-bit timer 0 Interrupt”)
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5.2.2 Interrupt Enable Register 01 (IE01)

IEO1 is a SFR to enable or disable the interrupt for each interrupt request.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xF020(IEO/IEO1), OxFO21(IE1)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IEO1
Byte IE1 IEO

Bit [ - | - | - | - |ers|e;2|ern|ero| - [rwwa| - | - | - | - | - | -
RW R R R R RW RW RW RW R RW R R R R R R
mal o 0o 0o 0o 0o o o o 0o 0o 0 0 0 0 0 0

Common description of each bits:

It is configured enable/disable a target interrupt
0: Disable a target interrupt (Initial value)
1: Enable a target interrupt

After the interrupt is accepted, the master interrupt enables flag (MIE) of the CPU is reset to "0", however, the each
applicable flag of a bit of target interrupt is not reset and remains "1".

Bit symbol

Bit No. name Description
15t0 12 - Reserved bits

11 EPI3 external interrupt 3 (EXI3INT)

10 EPI2 external interrupt 2 (EXI2INT)

9 EPI1 external interrupt 1 (EXITINT)

8 EPIO external interrupt 0 (EXIOINT)

7 - Reserved bit

6 rsvd Reserved bit  Always write “0” to this bit.

5t00 - Reserved bits
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5.2.3 Interrupt Enable Register 23 (IE23)

IE23 is a SFR to enable or disable the interrupt for each interrupt request.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of

Interrupt Source" for available peripherals.
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Address: 0xF022(IE2/IE23), 0xF023(IE3)

Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 " 10 9 8 7 6 5 4 3 2

Word IE23
Byte IE3 IE2

. ETMO| EOT | EOT EUAO | EUAO | EMC
Bit . 0o | M1 | Mo . . . . - |ESAD| - 1 0 S
R/W R RW R/W R/W R R R R R R/W R RW R/W R/W
Initial -~ 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:
It is configured enable/disable a target interrupt
0: Disable a target interrupt (Initial value)

1:

After the interrupt is accepted, the master interrupt enables flag (MIE) of the CPU is reset to "0", however, the each

Enable a target interrupt

applicable flag of a bit of target interrupt is not reset and remains "1".

Bit symbol

Bit No. name Description

15 - Reserved bit

14 ETMO0 16-bit Timer 0 interrupt0 (TMOINTO)

13 EOTM1 Operational Timer 1 interrupt (OTM1INT)

12 EOTMO Operational Timer 0 interrupt (OTMOINT)

Mto7 - Reserved bits

6 ESAD SA-ADC interrupt (SADINT)

5 - Reserved bit

4 EUA01 UARTO1 interrupt (UAO1INT)

3 EUAOQ0 UARTOO interrupt (UAOOINT)

2 EMCS MCU Status interrupt (MCSINT) .
See Chapter 29 "Safety Function" for more details.

1t00 - Reserved bits

[Note]

* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)
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Chapter 5 Interrupts

5.2.4 Interrupt Enable Register 45 (IE45)

IE45 is a SFR to enable or disable the interrupt for each interrupt request.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xF024(IE4/IE45), OxFO25(IES)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IE45
Byte IE5 IE4
Bit ] ~ | EoT | EOT [ECM | ECM | ] ] | EoT | EOT | ECM | EUA1 | EUA1 | EI2C

M5 | M4 | P2 | P1 M3 | M2 | PO | 1 0 | uo

RW R R RW RW RW RW R R R R RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is configured enable/disable a target interrupt
0: Disable a target interrupt (Initial value)
1: Enable a target interrupt

After the interrupt is accepted, the master interrupt enables flag (MIE) of the CPU is reset to "0", however, the each
applicable flag of a bit of target interrupt is not reset and remains "1".

Bit symbol

Bit No. name Description
15, 14 - Reserved bits

13 EOTM5 Operational Timer 5 Interrupt (OTMSINT)
12 EOTM4 Operational Timer 4 Interrupt (OTM4INT)
11 ECMP2 Analog Comparator 2 Interrupt (CMP2INT)
10 ECMP1 Analog Comparator 1 Interrupt (CMP1INT)
9to 6 - Reserved bits

5 EOTM3 Operational Timer 3 Interrupt (OTM3INT)
4 EOTM2 Operational Timer 2 Interrupt (OTM2INT)
3 ECMPO Analog Comparator 0 Interrupt (CMPOINT)
2 EUAM UART11 interrupt (UA11INT)

1 EUA10 UART10 interrupt (UA10INT)

0 El2CUOQ 12C Bus Unit 0 interrupt (I2CUOINT)
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5.2.5 Interrupt Enable Register 67 (IE67)

IE67 is a SFR to enable or disable the interrupt for each interrupt request.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.
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Address: O0xFO026(IE6/IE67), OXF027(IE7)

Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1 10 9 6 5 4 2 1 0

Word IE67
Byte IE7 IE6

Bit i i i i i i ET1MO i i i i i i
R/W R R R R R R R/W R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is configured enable/disable a target interrupt
0: Disable a target interrupt (Initial value)
1: Enable a target interrupt

After the interrupt is accepted, the master interrupt enables flag (MIE) of the CPU is reset to "0", however, the each
applicable flag of a bit of target interrupt is not reset and remains "1".

Bit symbol

Bit No. name Description
15t0o 10 - Reserved bits
9 ETMO1 16-bit Timer O interrupt1 (TMOINT1)
7t00 - Reserved bits
[Note]

* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)

FEUL62Q2045
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5.2.6 Interrupt Request Register 01 (IRQ01)

IRQO1 is a SFR to request interrupts.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xF028(IRQ0/IRQ0O1), OxF029(IRQ1)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IRQO1
Byte IRQ1 IRQO
Bit ; - - - |aPiz|aPi2| Pt | QPi0| - | rsvd | - - ; ; - Q‘.’FVD
RW R R R R RW RW RW RW R RW R R R R R RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is a flag of a target interrupt request
0: Not request a target interrupt (Initial value)
1: Request a target interrupt

QWDT bit of the IRQO1 register becomes "1" when the non-maskable Watch Dog Timer (WDT) interrupt occurs and the
CPU goes to the interrupt routine regardless the value of the Master Interrupt Enable flag (MIE bit).

Each request flag of IRQO1 except for the QWDT bit becomes "1" when the interrupt request is generated, regardless of
the values of the interrupt enable register 01(IE01) and master interrupt enable flag (MIE). At that time, it requests the
interrupt to the CPU if the applicable flag of IEO1 is "1" and the CPU accepts the interrupt if the MIE is "1" to goes to the
interrupt routine.

Also, an interrupt can be generated by writing "1" to the request flag of IRQO1. In this case, the CPU goes to the interrupt
routine immediately after the next one instruction is executed.

The applicable flag of IRQO1 becomes "0" automatically when the interrupt request is accepted by the CPU.

Bit symbol

Bit No. name Description
15t0 12 - Reserved bits
11 QPI3 external interrupt 3 (EXI3INT)
10 QPI2 external interrupt 2 (EXI2INT)
9 QPI1 external interrupt 1 (EXITINT)
8 QPIO external interrupt 0 (EXIOINT)
7 - Reserved bit
6 rsvrd Reserved bit. Always write “0” to this bit.
5to01 - Reserved bits
0 QWDT external interrupt 7 (EXI7INT)
[Note]

*  When rewrite a specific bit of this register, use a bit symbol. Otherwise, other request bits in the same
register might be cleared.
See Section 5.3.8 “Writing to IRQ01/IRQ23/IRQ45/IRQ67” for more detail.
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5.2.7 Interrupt Request Register 23 (IRQ23)

IRQ23 is a SFR to request interrupts.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xF02A(IRQ2/IRQ23), 0xF02B(IRQ3)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IRQ23
Byte IRQ3 IRQ2
Bit ~ latmo] @ot [ ot | ] ] ] ~ Jasa|  [auao]auao]amc| ]

0o | M1 | MO D 1 0 S

RW R RW RW RW R R R R R R R RW RW RW R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is a flag of a target interrupt request
0: Not request a target interrupt (Initial value)
1: Request a target interrupt

Each request flag of IRQ23 becomes "1" when the interrupt request is generated, regardless of the values of the interrupt
enable register 01(IE23) and master interrupt enable flag (MIE). At that time, it requests the interrupt to the CPU if the
applicable flag of IE23 is "1" and the CPU accepts the interrupt if the MIE is "1" to goes to the interrupt routine.

Also, an interrupt can be generated by writing "1" to the request flag of IRQ23. In this case, the CPU goes to the interrupt
routine immediately after the next one instruction is executed.

The applicable flag of IRQ23 becomes "0" automatically when the interrupt request is accepted by the CPU.

Bit No. Bl Eioe) Description
name

15 - Reserved bit

14 QTMO0 16-bit Timer 0 interruptO (TMOINTO)

13 QOTM1 Operational Timer 1 interrupt (OTM1INT)

12 QOTMO Operational Timer 0 interrupt (OTMOINT)

Mto7 - Reserved bits

6 QSAD SA-ADC interrupt (SADINT)

5 - Reserved bit

4 QUAO01 UARTO1 interrupt (UAO1INT)

3 QUAO00 UARTOO interrupt (UAOOINT)

2 QMcs MCU Status interrupt (MCSINT) .
See Chapter 29 "Safety Function" for more details.

1t00 - Reserved bits

[Note]

*  When rewrite a specific bit of this register, use a bit symbol. Otherwise, other request bits in the same
register might be cleared.
See Section 5.3.8 “Writing to IRQ01/IRQ23/IRQ45/IRQ67” for more detail.

* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)
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5.2.8 Interrupt Request Register 45 (IRQ45)

IRQ45 is a SFR to request interrupts.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xF02C(IRQ4/IRQ45), 0xFO2D(IRQ5)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IRQ45
Byte IRQ5 IRQ4
Bit ] ~ | Qor| ot |acm [acm | ] ] ~ | @ot | @oT | acm | quat|aquat| aic

M5 | M4 | P2 | P1 M3 | M2 | PO | 1 0 | uo

RW R R RW RW RW RW R R R R RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is a flag of a target interrupt request
0: Not request a target interrupt (Initial value)
1: Request a target interrupt

Each request flag of IRQ45 becomes "1" when the interrupt request is generated, regardless of the values of the interrupt
enable register 01(IE45) and master interrupt enable flag (MIE). At that time, it requests the interrupt to the CPU if the
applicable flag of IE45 is "1" and the CPU accepts the interrupt if the MIE is "1" to goes to the interrupt routine.

Also, an interrupt can be generated by writing "1" to the request flag of IRQ45. In this case, the CPU goes to the interrupt
routine immediately after the next one instruction is executed.

The applicable flag of IRQ45 becomes "0" automatically when the interrupt request is accepted by the CPU.

Bit symbol

Bit No. name Description

15to 14 - Reserved bits

13 QOTM5 Operational Timer 5 Interrupt (OTM4INT)

12 QOTM4 Operational Timer 4 Interrupt (OTM4INT)

11 QCMP2 Analog Comparator 2 Interrupt (CMP2INT)

10 QCMP1 Analog Comparator 1 Interrupt (CMP1INT)

9to 6 - Reserved bits

5 QOTM3 Operational Timer 3 Interrupt (OTM4INT)

4 QOTM2 Operational Timer 2 Interrupt (OTM4INT)

3 QCMPO Analog Comparator 0 Interrupt (CMPOINT)

2 QUA11 UART11 interrupt (UA11INT)

1 QUA10 UART10 interrupt (UA10INT)

0 Ql2CU0 I2C Bus Unit 0 interrupt (I2CUOINT)
[Note]

When rewrite a specific bit of this register, use a bit symbol. Otherwise, other request bits in the same
register might be cleared.
See Section 5.3.8 “Writing to IRQ01/IRQ23/IRQ45/IRQ67” for more detail.
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5.2.9 Interrupt Request Register 67 (IRQ67)

IRQ67 is a SFR to request interrupts.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading. See to "Table 5-1 List of
Interrupt Source" for available peripherals.

Address: 0xFO2E(IRQ6/IRQ67), OxFO2F(IRQ7)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word IRQ67
Byte IRQ7 IRQ6
Bit ] ] ] ] ] ] QT1M0 ] ] ] ] ] ] ] ] ]
RW R R R R R R RW R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is a flag of a target interrupt request
0: Not request a target interrupt (Initial value)
1: Request a target interrupt

Each request flag of IRQ45 becomes "1" when the interrupt request is generated, regardless of the values of the interrupt
enable register 01(IE45) and master interrupt enable flag (MIE). At that time, it requests the interrupt to the CPU if the
applicable flag of IE45 is "1" and the CPU accepts the interrupt if the MIE is "1" to goes to the interrupt routine.

Also, an interrupt can be generated by writing "1" to the request flag of IRQ45. In this case, the CPU goes to the interrupt
routine immediately after the next one instruction is executed.

The applicable flag of IRQ45 becomes "0" automatically when the interrupt request is accepted by the CPU.

Bit No. Bl Eiioe) Description
name
15t010 - Reserved bits
9 QTMO1 16-bit Timer 0 interrupt1 (TMOINT1)
8to0 - Reserved bits
[Note]

*  When rewrite a specific bit of this register, use a bit symbol. Otherwise, other request bits in the same
register might be cleared.
See Section 5.3.8 Writing to “IRQ01/IRQ23/IRQ45/IRQ67” for more detail.

* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)
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5.2.10 Interrupt Level Control Enable Register (ILEN)

ILEN is a special function register (SFR) to enable or disable the interrupt level control.

Address: 0xFO30(ILEN)
Access: R/W
Access size: 8 bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - ILEN
oo [~ [ [ [ [ [ [ T[T [ T T
R/W R R R R R R R R R R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bl Bl Description
name
15t0 1 - Reserved bits
0 ILE Control enable or disable the interrupt level control.
0: Disable the interrupt (Initial value)
1: Enable the interrupt
[Note]
* Disable the interrupt level control function by resetting ILE bit to "0" after resetting the Interrupt level

control register 0 to 7 (ILCO to ILC7) to "0x0000" and confirming the current interrupt request level register
(CIL) is "0x00" when the interrupt is disabled (IE01 to IE67 registers are "0x00").

* Enable the interrupt level control function by setting the ILE bit to "1" when the interrupt is disabled (IE0
to IE7 registers are "0") or master interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with
an unexpected interrupt level.

FEUL62Q2045 5-13



ROH M CO., Ltd . ML62Q2033/2035/2043/2045 User's Manual

Chapter 5 Interrupts

5.2.11 Current Interrupt Level Management Register (CIL)

CIL is a SFR to manage the priority level of the interrupt currently being processed by the CPU.
See the section 5.3.6 "How to program the interrupt process when the interrupt level control is enabled".

Address: 0xF032(CIL)
Access: R/W

Access size: 8 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - CIL
. CILM | CILM | CILM | CILM
Bit - - - - - - - - |CIN| - - - 3 h 1 0

R/W R R R R R R R R R/W R R R RW R/W R/W R/W
Initial =59 9 0o 0o o 0o 0o 0o 0 0 0 0 0 0 0
value
Common description of each bits:
0: A target interrupt is not being processed (Initial value)
1: A target interrupt is being processed

After maskable or non-maskable interrupts to which the priority levels are specified by the interrupt level control
registers (ILCO to 7) is accepted by the CPU, corresponding bits of CIL are automatically set to "1", indicate the
currently processing interrupt level.

Interrupts request to the CPU below the currently processed interrupt level will be disabled.

When the multiple bits are "1" in the CIL, it indicates the CPU is processing the multiple interrupts.

Each bit of CIL is automatically set to "1", so it is required to clear to "0" by the software when the interrupt process has
been ended. Clear the bit once by writing an arbitrary data at the last in the interrupt process, which resets a flag of CIL
corresponding to the highest level.

Bit No. Bl Bl Description
name

7 CILN Non-maskable interrupt

6to4 - Reserved bits

3 CILM3 Maskable interrupt with level 4

2 CILM2 Maskable interrupt with level 3

1 CILM1 Maskable interrupt with level 2

0 CILMO Maskable interrupt with level 1
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5.2.12 Masking Interrupt Level Register (MCIL)

MCIL is a SFR to configure masking interrupt level.
It is writeable only when the interrupt level control is enabled by setting ILE bit of the interrupt level control enable
register (ILEN) to "1".

Address: 0xFO33(MCIL)
Access: R/W
Access size: 8 bit
Initial value: 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - MCIL
Bit ) ) ) i i ) ) ) ) ) ) _ | MCIL | MCIL | MCIL | MCIL

3 2 1 0

R/W R R R R R R R R R R R R RW RW RW R/W
Initial

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

The interrupt notification to the CPU is suspended if interrupt level specified by the ILCO to ILC7 registers is equal or
less than the level specified in the MCIL register.
The interrupt request is notified by lowering the setting value of MCIL register below the suspended interrupt level.

Common description of each bits:
0: A maskable interrupt of a target interrupt level is being processed (Initial value)
1: A maskable interrupt under a target interrupt level is being processed

Bit No. it Exilotel Description
name
7to4 - Reserved bits
3 MCIL3 Interrupt level 4
2 MCIL2 Interrupt level 3
1 MCIL1 Interrupt level 2
0 MCILO Interrupt level 1
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5.2.13 Interrupt Level Control Register 0 (ILCO)

ILCO is a SFR to set the interrupt level for each maskable interrupt source.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.

It is writeable only when the interrupt level control is enabled by setting ILE bit of the interrupt level control enable
register (ILEN) to "1".

Address: 0xF034(ILCO0/ILCO), OxFO35(ILC01)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

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

Byte ILCO1 ILCOO

S N I S S S S N N
RW R R RW RW R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.

Bit No. it Exilotel Description
name

15,14 - Reserved bits

13,12 rsvd Reserved bits. Always write “0” to these bits.

M1to0 - Reserved bits

[Note]
* Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.14 Interrupt Level Control Register 1 (ILC1)

ILCI is a SFR to set the interrupt level for each maskable interrupt source.
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The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.
It is writeable only when the interrupt level control is enabled by setting ILE bit of the interrupt level control enable

register

Address:

Access:

(ILEN) to "1".

R/W

Access size: 8/16 bit
Initial value: 0x0000

O0xF036(ILC10/ILC1), OxFO37(ILC11)

15 14 13 12 1 10 9 7 6 5 4 3 2 1 0
Word ILC1
Byte ILC11 ILC10
Bit ) } B _ _ ) ) ILPI | ILPI | ILPI | ILPI | ILPI | ILPI | ILPI | ILPI
3H 3L 2H 2L 1H 1L OH oL
R/W R R R R R R R RW RW RW RW RW RW RW RW
Initial =56 0 0 0o 0o o0 o 0o o 0o 0 0o 0 0
value
Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.
Bit No. it Exilotel Description
name
15t08 - Reserved bits
7,6 ILPI3H, ILPI3L  external interrupt 3 (EXI3INT)
54 ILPI2H, ILPI2L  external interrupt 2 (EXI2INT)
3,2 ILPIMH, ILPIML  external interrupt 1 (EXI1INT)
1,0 ILPIOH, ILPIOL  external interrupt O (EXIOINT)
[Note]

*  Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.15 Interrupt Level Control Register 2 (ILC2)

ILC2 is a SFR) to set the interrupt level for each maskable interrupt source.

ML62Q2033/2035/2043/2045 User's Manual

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.
It is writeable only when the interrupt level control is enabled by setting IEL bit of the interrupt level control enable
register (ILEN) to "1".

Chapter 5 Interrupts

Address: 0xF038(ILC20/ILC2), 0xFO39(ILC21)
Access: R/W
Access size: 8/16 bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word ILC2
Byte ILC21 ILC20
Bit i RN  |ILUAO | ILUAO | ILUAO | ILUAO | ILMC | ILMC | ] i i
DH DL 1H 1L OH oL SH SL
R/W R R RW R/W R R RW RW RW RW RW RW R R R R
Initial o o o o ©0 o0 o0 O0O 0O ©0 0O 0 0 0
value
Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.
Bit No. Bl Eioe) Description
name
15,14 - Reserved bits
13.12 ILSADH, SA-ADC interrupt (SADINT)
’ ILSADL
11,10 - Reserved bits
98 ILUAOTH, UARTO1 interrupt (UAO1INT)
’ ILUAO1TL
76 ILUAOOH, UARTOO interrupt (UAOOINT)
’ ILUAOOL
54 ILMCSH, MCU Status interrupt (MCSINT)
’ ILMCSL See Chapter 29 "Safety Function" for more details.
3to0 - Reserved bits
[Note]

*  Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.16 Interrupt Level Control Register 3 (ILC3)

ILC3 is a SFR to set the interrupt level for each maskable interrupt source.
The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.
It is writeable only when the interrupt level control is enabled by setting ILE bit of the interrupt level control enable
register (ILEN) to "1".

Address:

Access: R/W
Access size: 8/16 bit
Initial value: 0x0000

Word
Byte
Bit
R/W

Initial
value

OxFO3A(ILC30/ILC3), 0xFO3B(ILC31)

Chapter 5 Interrupts

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
ILC3
ILC31 ILC30
] ~|itmo|iLTMo | ILOT | ILOT [ ILOT | ILOT | ] ] ] ] ] ]
OH | oL | M1H | MIL | MOH | MoL

R R RW RW RW RW RW RW R R R R

0 0 0

0

0 0 0 0 0 0 0 0

Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)

01: level 2
10: level 3

11: level 4 ; a priority is higher.

Bit No. B e Description
name
15,14 - Reserved bits
13,12 ILTMOOH, ILTMOOL 16-bit Timer 0 interruptO (TMOINTO)
11,10 ILOTM1H, ILOTM1L Operational timer 1 interrupt (OTM1INT)
9,8 ILOTMOH, ILOTMOL Operational timer O interrupt (OTMOINT)
7t00 - Reserved bits
[Note]

* Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)
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5.2.17 Interrupt Level Control Register 4 (ILC4)

ILC4 is a SFR to set the interrupt level for each maskable interrupt source.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.

It is writeable only when the interrupt level control is enabled by setting IEL bit of the interrupt level control enable
register (ILEN) to "1".

Address: 0xFO3C(ILC40/ILC4), 0xFO3D(ILC41)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word ILC4
Byte ILC41 ILC40

ILOT | ILOT | ILOT | ILOT | ILCM | ILCM | ILUA1| ILUA1 [ILUA1 | ILUAT1| ILI2C | ILI2C
M3H | M3L | M2H | M2L | POH | POL 1H 1L OH oL UOH | UOL

R/W R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Initial
value

Bit | - - - -

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.

Bit No. Bit symbol name Description
15t012 - Reserved bits
11,10 ILOTM3H, ILOTM3L Operational timer 3 interrupt (OTM3INT)
9,8 ILOTM2H, ILOTM2L Operational timer 2 interrupt (OTM2INT)
7,6 ILCMPOH, ILCMPOL Analog Comparator 0 Interrupt (CMPOINT)
54 ILUA11H, ILUA11L UART11 interrupt (UA11INT)
3,2 ILUA10H, ILUA10L UART10 interrupt (UA10INT)
1,0 ILI2CUOH, ILI2CUOL I2C Bus Unit 0 interrupt (I2CUOINT)
[Note]

*  Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.18 Interrupt Level Control Register 5 (ILC5)

ILCS is a SFR to set the interrupt level for each maskable interrupt source.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.

It is writeable only when the interrupt level control is enabled by setting IEL bit of the interrupt level control enable
register (ILEN) to "1".

Address: O0xFO3E(ILC50/ILC5), OxFO3F(ILC51)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word ILC5
Byte ILC51 ILC50

Bit . _ _ _ ILOT | ILOT | ILOT | ILOT | ILCM | ILCM | ILCM | ILCM ) ) ) .
MSH | M5L | M4H | M4L | P2H | P2L | P1H | P1L

R/W R R R R RW RW RW RW RW RW RW R/W R R R R
Initial
value

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Common description of each bits :
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.

Bit No. Bit symbol name Description
15t012 - Reserved bits
11,10 ILOTM5H, ILOTM5L Operational timer 5 interrupt (OTMSINT)
9,8 ILCMP2H, ILCMP2L Analog Comparator 2 Interrupt (CMP2INT)
7,6 ILCMP1H, ILCMP1L Analog Comparator 1 Interrupt (CMP1INT)
54 ILOTM5H, ILOTM5L Operational timer 5 interrupt (OTMSINT)
3to0 - Reserved bits
[Note]

* Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.19 Interrupt Level Control Register 6 (ILC6)

ILC6 is a SFR to set the interrupt level for each maskable interrupt source.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.

It is writeable only when the interrupt level control is enabled by setting ILE bit of the interrupt level control enable
register (ILEN) to "1".

Address: 0xF040(ILCB0/ILC6), 0xF041(ILC61)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word ILC6
Byte ILC61 ILC60
o [T T[T - T - [-[-[ [ -[-[- T -T-T-T-
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. B e Description

name
15to0 - Reserved bits
[Note]

* Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
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5.2.20 Interrupt Level Control Register 7 (ILC7)

ILC7 is a SFR to set the interrupt level for each maskable interrupt source.

The bits of the unavailable peripheral circuits are not writeable. They return "0" for reading.

It is writeable only when the interrupt level control is enabled by setting IEL bit of the interrupt level control enable
register (ILEN) to "1".

Address: 0xF042(ILC70/ILC7), OxF043(ILC71)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word ILC7

Byte ILC71 ILC70

. ILTMO | ILTMO

Bit - - - - - ; ; ; - - - - i sty - ;
RW R R R R R R R R R R R R RW RW R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:
It is configured a target interrupt level.
00: level 1 ; a priority is lower. (Initial value)
01: level 2
10: level 3
11: level 4 ; a priority is higher.

Bit No. Bit symbol name Description
15t04 - Reserved bits

3,2 ILTMO1H, ILTMO1L 16-bit Timer 0 interrupt1 (TMOINT1)

1,0 - Reserved bits

[Note]
* Write to this register when the interrupt is disabled (IE01 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.
* In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)
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5.3 Description of Operation

Enabling/disabling the maskable interrupt can be controlled by the master interrupt enable flag (MIE) of the CPU and
each interrupt enable register (IE1 to 7).

A WDT interrupt (WDTINT) is unavailable to disable as it is a non-maskable interrupt.

When interrupt conditions are satisfied, the CPU calls a branching destination address from the vector table determined
for each interrupt source and the interrupt transfer cycle starts to branch to the interrupt processing routine.

If multiple interrupts are generated concurrently when the interrupt level control function is disabled, they are processed
starting from the interrupt with the highest priority (with a smallest interrupt source number). The lower- priority
interrupts (with larger interrupt source numbers) remain pending.

If multiple interrupts are generated concurrently when the interrupt level control function is enabled, they are processed
starting from the interrupt with both the highest interrupt level and the highest priority level. The lower- priority
interrupts remain pending.

Table 5-2 lists the interrupt sources.

The interrupt vector address is an address of the interrupt vector defined in the program memory. See "nX-U16/100 Core
Instruction Manual" for details of the interrupt vector address.
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Table 5-2 List of interrupt sources

Interrupt Register assignment
source IRQ IE ILC Irzlteecr:f[gft Mask /EII’)I(:g:::: Interrupt source Symbol
number | (interrupt | (interrupt | (interrupt address source P ymbe
(priority) | request) | enable) level)
1(high) IRQO[0] - - 0x0008 | Disabled WDT interrupt WDTINT
2 - - - 0x000A | Disabled - -
Internal
3 IRQOI6] IEO[6] ILCO[13:12] | 0x000C | Enabled - -
4 IRQO[7] IEO[7] ILCO[15:14] | OxO000E | Enabled - -
5 IRQ1[0] IE1[0] ILC1[1:0] 0x0010 | Enabled External interrupt O EXIOINT
6 IRQ1[1] IE1[1] ILC1[3:2] 0x0012 | Enabled External interrupt 1 EXIMINT
7 IRQ1[2] IE1[2] ILC1[5:4] 0x0014 | Enabled External interrupt 2 EXI2INT
8 IRQ1[3] IE1[3] ILC1[7:6] 0x0016 | Enabled External External interrupt 3 EXI3INT
9 IRQ1[4] IE1[4] ILC1[9:8] 0x0018 | Enabled - -
10 IRQ1[5] IE1[5] ILC1[11:10] | Ox001A | Enabled - -
11 IRQ1[6] IE1[6] ILC1[13:12] | 0x001C | Enabled - -
12 IRQ1[7] IE1[7] ILC1[15:14] | Ox001E | Enabled - -
13 IRQ2[0] IE2[0] ILC2[1:0] 0x0020 | Enabled - -
14 IRQ2[1] IE2[1] ILC2[3:2] 0x0022 | Enabled - -
15 IRQ2[2] IE2[2] ILC2[5:4] 0x0024 | Enabled MCU status interrupt*1 MCSINT
16 IRQ2[3] IE2[3] ILC2[7:6] 0x0026 | Enabled Internal UARTOO interrupt UAOOINT
17 IRQ2[4] IE2[4] ILC2[9:8] 0x0028 | Enabled UARTO1 interrupt UAO1TINT
18 IRQ2[5] IE2[5] ILC2[11:10] | Ox002A | Enabled - -
19 IRQ2[6] IE2[6] ILC2[13:12] | 0x002C | Enabled SA-ADC interrupt SADINT
20 IRQ2[7] IE2[7] ILC2[15:14] | Ox002E | Enabled - -
21 IRQ3I0] IE3[0] ILC3[1:0] 0x0030 | Enabled - -
22 IRQ3[1] IE3[1] ILC3[3:2] 0x0032 | Enabled - -
23 IRQ3[2] IE3[2] ILC3[5:4] 0x0034 | Enabled - -
24 IRQ3J[3] IE3[3] ILC3[7:6] 0x0036 | Enabled Internal - -
25 IRQ3[4] IE3[4] ILC3[9:8] 0x0038 | Enabled Operational Timer 0 interrupt | OTMOINT
26 IRQ3[5] IE3[9] ILC3[11:10] 0x003A | Enabled Operational Timer 1 interrupt | OTM1INT
27 IRQ3[6] IE3[6] ILC3[13:12] | 0x003C | Enabled 16-bit Timer 0O interrupt0 TMOINTO
28 IRQ3[7] IE3[7] ILC3[15:14] | Ox003E | Enabled - -
29 IRQ4[0] IE4[0] ILC4[1:0] 0x0040 | Enabled I2C bus unit interrupt I2CUOINT
30 IRQ4[1] IE4[1] ILC4[3:2] 0x0042 | Enabled UART10 interrupt UA10INT
31 IRQ4[2] IE4[2] ILC4[5:4] 0x0044 | Enabled UART11 interrupt UATMINT
32 IRQ4[3] | IE4[3] ILCA[7:6] | 0x0046 | Enabled Analog Comparator 0 CMPOINT
Internal Interrupt
33 IRQ4[4] IE4[4] ILC4[9:8] 0x0048 | Enabled Operational timer 2 interrupt | OTM2INT
34 IRQ4[5] IE4[5] ILC4[11:10] 0x004A | Enabled Operational timer 3 interrupt | OTM3INT
35 IRQ4I[6] IE4[6] ILC4[13:12] | 0x004C | Enabled - -
36 IRQ4[7] IE4[7] ILC4[15:14] | Ox004E | Enabled - -
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Interrupt Register assignment
Interrupt External

r?l?rl:]rtfeer ( {RQ t] G tIE " ( tILC . vector Mask finternal Interrupt source Symbol
(priorty) | request) | enable) | level) | 2°%"°°

37 IRQ5[0] IE5[0] ILC5[1:0] 0x0050 | Enabled - -

38 IRQ5[1] | IE5[1] ILC5[3:2] | O0x0052 | Enabled ] ;

39 IRQ5[2] | IE5[2] ILC5[5:4] | 0x0054 | Enabled A”a'oﬂnctgrr:‘up;‘trator 1 CMP1INT

40 IRQ5[3] | IES[3] | ILCS[7:6] | Oxoose | CnaPled | A”a'ogl nctgrr:‘uprftrator 2| cmP2INT

41 IRQ5[4] IE5[4] ILC5[9:8] 0x0058 | Enabled Operational timer 4 interrupt | OTM4INT

42 IRQ5[5] IE5[5] ILC5[11:10] | Ox005A | Enabled Operational timer 5 interrupt | OTM5INT

43 IRQ5[6] IE5[6] ILC5[13:12] 0x005C | Enabled - -

44 IRQ5[7] IE5[7] ILC5[15:14] 0x005E | Enabled - -

45 IRQ6[0] IE6[O] ILC6[1:0] 0x0060 | Enabled - -

46 IRQ6[1] IE6[1] ILC6[3:2] 0x0062 | Enabled - -

47 IRQ6[2] IE6[2] ILC6[5:4] 0x0064 | Enabled - -

48 IRQ6[3] IE6[3] ILC6[7:6] 0x0066 | Enabled internal - -

49 IRQ6[4] IE6[4] ILC6[9:8] 0x0068 | Enabled - -

50 IRQ6[5] IEB[5] ILC6[11:10] 0x006A | Enabled - -

51 IRQ6[6] IE6[6] ILC6[13:12] 0x006C | Enabled - -

52 IRQ6[7] IE6[7] ILC6[15:14] 0x006E | Enabled - -

53 IRQ7[0] IE7[0] ILC7[1:0] 0x0070 | Enabled - -

54 IRQ7[1] IE7[1] ILC7[3:2] 0x0072 Enabled 16-bit Timer O interrupt1 *2 | TMOINT1

55 IRQ7[2] IE7[2] ILC7[5:4] 0x0074 | Enabled - -

56 IRQ7[3] IE7[3] ILC7[7:6] 0x0076 | Enabled internal - -

57 IRQ7[4] | IE7[4] ILC7[9:8] | 0x0078 | Enabled ] ;

58 IRQ7[5] IE7[5] ILC7[11:10] 0x007A | Enabled - -

59 IRQ7[6] IE7[6] ILC7[13:12] 0x007C | Enabled - -
60(low) | IRQ7[7] | IE7[7] | ILC7[15:14] | 0x007E | Enabled ] ;

*1 The MCU status interrupt occurs when the following request is asserted.
. RAM parity error
. Data flash erasing/programming completion
These requests are configurable to enable/disable. See Chapter 29 “Safety Function” for detail.
*2 In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)
It is forbidden to allow both interrupts at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”)

[Note]

* The WDT interrupt (WDTINT) is a non-maskable interrupt. If the non-maskable interrupt occurs while an
interrupt processing is in progress, abort the interrupt processing and proceed with processing the
non-maskable interrupt preferentially regardless of multiple interrupts enabled/disabled.

* For failsafe, define unused all interrupt vectors. If an unused interrupt occurs, it may indicate the
possibility that the CPU went out of control. It is recommended to cause the WDT overflow reset to occur
using the infinite loop to initialize the LSI.
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5.3.1 Maskable Interrupt Processing

When an interrupt is generated with MIE set to "1", the following process is executed by hardware and the CPU goes to
the interrupt routine.

Save the program counter (PC) in ELRI.

Save CSR in ECSRI1 (not processed if the program memory size is 64 Kbytes or less).
Save PSW in EPSW1.

Set ELEVEL of PSW to "1".

Reset the MIE flag to "0".

Set CSR to "0" (not processed if the program memory size is 64 Kbytes or less).
Transfer the value of the interrupt vector address to the program counter (PC).

Nk Wb =

5.3.2 Non-Maskable Interrupt Processing

When an interrupt occurs, the following process is executed by hardware and the CPU goes to the interrupt routine
regardless of the value of MIE.

Save the program counter (PC) in ELR2.

Save CSR in ECSR2 (not processed if the program memory size is 64 Kbytes or less).
Save PSW fin EPSW2.

Set ELEVEL of PSW to "2".

Set CSR to "0" (not processed if the program memory size is 64 Kbytes or less).
Transfer the value of the interrupt vector address to the program counter (PC).

A

5.3.3 Software Interrupt Processing

The software interrupt is arbitrarily produced in software.

When the SWI instruction is performed within the program, a software interrupt occurs, the following process is
performed by hardware, and the CPU goes to the software interrupt routine. The vector table is specified with the SWI
instruction.

Save the program counter (PC) in ELRI.

Save CSR in ECSRI (not processed if the program memory size is 64 Kbytes or less).
Save PSW in EPSW1.

Set ELEVEL of PSW to "1".

Set the MIE flag to "0".

Set CSR to "0" (not processed if the program memory size is 64 Kbytes or less).
Transfer the value of the interrupt vector address to the program counter (PC).

Nk Wb =

See "nX-U16/100 Core Instruction Manual" for MIE, the program counter (PC), ELR1, CSR, ECSR1, PSW, EPSWI,
ELEVEL, ELR2, ECSR2, EPSW2 and vector table.
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5.3.4 Notes on Interrupt Routine (with Interrupt Level Control Disabled)

Writing "0" to the ILE bit of the interrupt level control enable register (ILEN) causes the interrupt level control to be
disabled.
The description below shows notes on each of the following states when the interrupt level control is not in use.

*  When the sub routine is called/not called in the interrupt routine while execution of the maskable interrupt is in
progress (state A).

*  When the sub routine is called/not called in the interrupt routine while execution of a non-maskable interrupt is in
progress (state B).

State A: Maskable interrupt is being executed
A-1: When a subroutine is not called in an interrupt routine

A-1-1: When multiple interrupts are disabled
* When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
No specific notes.
* Processing at the end of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW register to
PSW.
* When the script is written in C
Define the interrupt routine using the INTERRUPT pragma. Specify "1" in the category field. In this way,
appropriate codes are produced through the C compiler.

Example of description: State A-1-1

For assembly language:

Intrpt_A-1-1; ; State of A-1-1

DI ; Disable interrupt

RTI ; Return PC from ELR
; Return PSW form EPSW
; End of interrupt routine

For C language:

static void Intrpt_A_1_1(void);
#pragma interrupt Intrpt_A_1_1 0x10 1
static void Intrpt_A_1_1(void)

{
_DK); * Disable interrupt */

} /* End of interrupt routine */
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A-1-2: When multiple interrupts are enabled
» When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
Specify "PUSH ELR, EPSW" to save the interrupt return address and the PSW status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PC, PSW" instead of the RTI instruction to return the contents of the stack to PC and PSW.
» When the script is written in C
Define the interrupt routine using the INTERRUPT pragma. Specify "2" in the category field. In this way, appropriate
codes are produced through the C compiler.

Example of description: State A-1-2
For assembly language:

Intrpt_A-1-2; ; Start
PUSH ELR, EPSW ; Save ELR and EPSW at the

beginning
El ; Enable interrupt
POP PSW, PC ; Return PC from the stack

; Return PSW from the stack
; End of interrupt routine

For C language:

static void Intrpt_A_1_2(void);
#pragma interrupt Intrpt_A_1_2 0x20 2
static void Intrpt_A_1_2(void)

{
_EI); [* Enable interrupt */

} /* End of interrupt routine */
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A-2: When a subroutine is called in an interrupt routine

A-2-1: When multiple interrupts are disabled
* When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
Specify the "PUSH LR" instruction to save the subroutine return address in the stack.
* Processing at the end of interrupt routine execution
Specify "POP LR" immediately before the RTI instruction to return from the interrupt processing after returning
the subroutine return address to LR.
* When the script is written in C
Define the interrupt routine using the INTERRUPT pragma. Specify "1" in the category field. In this way, appropriate
codes are produced through the C compiler.

Example of description: State A-2-1

For assembly language:

Intrpt_A-2-1; ; Start
PUSH LR ; Save ELR EPSW, and LR at
the beginning
Sub_1; ;
BL Sub_1 ; Call subroutine Sub_1 /
: RT ; Return PC from LR
POP LR ; Return LR from the stack ; End of subroutine
RTI ; End of interrupt routine

For C language:
static void Intrpt_A_2_1(void);
#pragma interrupt Intrpt_ A 2 1 0x12 1

?tatlc void Intrpt_A_2_1(void) void Sub_1(void)
: —| ¢
Sub_1(); /* Call subroutine Sub_1 */ / :
} . [* End of interrupt routine */ S—1 | } [ End of subroutine */

[Note]
* Do not enable interrupts in a subroutine called from an interrupt routine for which multiple interrupts are
disabled. Otherwise, the program may run out of control when multiple interrupts occur.

FEUL62Q2045 5-30



ROH M CO., Ltd . ML62Q2033/2035/2043/2045 User's Manual

Chapter 5 Interrupts

A-2-2: When multiple interrupts are enabled
* When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
Specify "PUSH LR, ELR, EPSW, LR" to save the interrupt return address, the subroutine return address, and the
EPSWI status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PSW, PC, LR", instead of the RTI instruction, to return the saved data of the interrupt return
address to PC, the saved data of EPSW1 to PSW, and the saved data of LR to LR.
» When the script is written in C
Define the interrupt routine using the INTERRUPT pragma. Specify "2" in the category field. In this way, appropriate
codes are produced through the C compiler.

Example of description: Status A-2-2

For assembly language:

Intrpt_A-2-2; ; Start
PUSH ELR, EPSW, LR ; Save ELR EPSW, and LR at
the beginning
El ; Enable interrupt
: Sub_1; ;
/ DI ; Disable interrupt
BL Sub_1 ; Call subroutine Sub_1 / EI' ; Iénable interrupt
: RT ; Return PC from LR
POP PSW, PC, LR ; Return PC from the stack ; End of subroutine
; Return PSW from the stack
; Return LR from the stack
; End of interrupt routine
For C language:
static void Intrpt_A_2_2(void);
#pragma interrupt Intrpt_A_2 2 0x22 2
static void Intrpt_A_2_2(void)
{ void Sub_1(void)
_Iél(); /* Enable interrupt */ / _DI(); /* Disable interrupt */
Sub_1(); /* Call subroutine Sub_1 */ _El); /* Enable interrupt */
: < | } /* End of subroutine */
} [* End of interrupt routine */ T
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State B: Non-maskable interrupt is being processed

B-1: When a subroutine is not called in an interrupt routine
» When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
Specify "PUSH ELR, EPSW" to save the interrupt return address and the PSW status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PSW, PC" to return the contents of the stack to PC and PSW.
» When the script is written in C
Define the interrupt routine using the INTERRUPT pragma. Specify "2" in the category field. In this way, appropriate
codes are produced through the C compiler.

Example of description: Status B-1

For assembly language:

Intrpt_B-1; ; Status B-1

PUSH ELR, EPSW ; Save ELR and EPSW at the
beginning

POP PSW, PC ; Return PC from the stack
; Return PSW from the stack
; Return LR from the stack
; End of interrupt routine

For C language:

static void Intrpt_B_1(void);
#pragma interrupt Intrpt_B_1 0x08 2
static void Intrpt_B_1(void)

{

} /* End of interrupt routine */
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B-2: When a subroutine is called in an interrupt routine
* When the script is written in the assembly language
* Processing immediately after the start of interrupt routine execution
Specify "PUSH ELR, EPSW, LR" to save the interrupt return address, the subroutine return address, and EPSW
status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PSW, PC, LR" to return the saved data of the interrupt return address to PC, the saved data of
EPSW to PSW, and the saved data of LR to LR.
* Description for C language
Define the interrupt routine by using INTERRUPT pragma and specify "2" in the category field. The C compiler
generates the proper codes.

Example of description: Status B-2

For assembly language:

Intrpt_B-2; - Start

PUSH ELR, EPSW, LR ; Save ELR, EPSW, and LR at
the beginning

/, Sub_1;
BL Sub_1 ; Call subroutine Sub_1
: < RT ; Return PC from LR
POP PSW, PC, LR ; Return PC from the stack ; End of subroutine
; Return PSW from the stack
; Return LR from the stack

; End

For C language:

static void Intrpt_B_2(void);
#pragma interrupt Intrpt_B_2 0x08 2

?tatlc void Intrpt_B_2(void) = void Sub_1(void)
: / {
Sub_1(); /* Call subroutine Sub_1 */ )
} . /* End of interrupt routine */ \\\} /” End of subroutine */
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5.3.5 Flow Charts When Interrupt Level Control Is Enabled

Figure 5-1 shows flow charts of the software interrupt processing when multiple interrupts are disabled and enabled
respectively with the interrupt level control enabled.

When multiple interrupts are enabled, save ELR1, ECSR (not processed for products with 64 Kbytes or less of program
memory) and EPSW1 in the stack (RAM) so that they are not overwritten by the multiple interrupt. In addition, the EI
and DI instructions enable the execution of multiple interrupts due to a high-level maskable interrupt request while
"execution of the target process" is in progress.

If a non-maskable interrupt is occurred while the maskable interrupt is being processed, the transition to non-maskable
interrupt takes place regardless of multiple interrupts enabled/disabled and the execution of the EI instruction.

@askable interrupt reque@ @askable interrupt reque@

Save ELR1 (return PC) and EPSWA1
(pre-interrupt PSW) in the stack

, l

Save general-purpose registers in the stack | | Save general-purpose registers in the stack |

| El instruction: Enable interrupt|

I

Execute target processing Execute target processing

A4

Dl instruction: Disable interrupt

)

Write to the current interrupt Write to the current interrupt
level management register (CIL) level management register (CIL)
Restore general-purpose registers from the stack Restore general-purpose registers from the stack
A 4
v Return "return PC" to PC and

"pre-interrupt

RTI instruction
PSW" to PSW from the stack

Y v

@terrupt processing enD @terrupt processing enD

Figure 5-1 Maskable Interrupt Processing Flow

[Note]

* For processing of non-maskable interrupt, follow the flow chart "When multiple interrupts are enabled".
Registers that should be saved in the stack are ELR2 and EPSW2.

* When programming in C, it is not required to write program codes for saving/restoring registers because
they are generated in the C compiler. However, program codes for enabling/disabling interrupts through
El and DI instructions and for writing to the current interrupt level management register (CIL) must be
written. See Section 5.3.6 "How To Write Interrupt Processing When Interrupt Level Control Enabled"” for
the specific program description.
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5.3.6 How To Write Interrupt Processing When Interrupt Level Control Enabled

This section describes examples of program scripts of interrupt function when ILE of the interrupt level control enable
register (ILEN) is set to enable the interrupt level control. See the programming guide of the C compiler for the detailed

scripting method of and notes on interrupt processing.

5.3.6.1 Description of Interrupt Function to Disable Multiple Interrupts

To describe the interrupt function to disable multiple interrupts, specify 1 in the category field of the INTERRUPT
pragma and SWI pragma. When built-in function EI is called in the interrupt function to disable multiple interrupts, the
C compiler displays an error.
After completion of the target interrupt processing, it is necessary to write to the CIL register and clear the highest
current interrupt request level (CILMn bit) to "0". Otherwise, interrupts equivalent to or less than the current interrupt
request level is unacceptable.

Example of description

static void intr_fn_OA (void);

#pragma interrupt intr_fn_OA Ox0A 1
volatile unsigned short TM1msec;

static void intr_fn_OA (void)

TM1msec++;

CIL=0; /*Clear the highest current interrupt request level*/

When described as in the example, intr_fn_OA is handled as an interrupt processing function to disable multiple
interrupts. the C compiler outputs the assembly code as shown below.

Example of output

_intr_fn_0OA
push er0
5 TM1msec++;
| er0,
add er0,
st er0,
5}
5 CIL=0;
mov  r0,
st r0,
oY
pop er0
rti

FEUL62Q2045
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In the interrupt function, the register (here, only ERO) that may be used in the interrupt routine is saved in the stack.
"RTI" instruction is used to return from the interrupt function to disable multiple interrupts.
The example below shows how to call other functions from an interrupt function.

Example of description
static void intr_fn_10 (void);
#pragma interrupt intr_fn_10 0x10 1
void func (void);
static void intr_fn_10 (void)

func ();
CIL=0; [*Clear the highest current interrupt request level*/
}
Example of output
_intr_fn_10
push I, ea
push xr0
I r0, DSR
push r0
;; func();
bl _func
b
;; CIL=0;
mov  r0, #00h
st r0, 0f022h
5}
pop r0
st r0, DSR
pop  xr0
pop ea, Ir
rti

When another function is called from an interrupt function, the output code becomes redundant compared with the case
where another function is not called from the interrupt function. Thus the processing time of the interrupt becomes also
longer. This is because the C compiler does not know which registers the function func (') should use and it save the all
registers that may be changed by calling the func () in the stack.

[Note]
* Do not enable interrupts in a function called from a function for which multiple interrupts are disabled.
Otherwise, the program may run out of control when the multiple interrupts occur.
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5.3.6.2 Description of Interrupt Function to Enable Multiple Interrupts

When describing an interrupt function to enable multiple interrupts, specify "2" in the category field in INTERRUPT
pragma and SWI pragma. Even if it is not specified in the category field, multiple interrupt are enabled. Built-in function
_EI can be called in an interrupt function to enable multiple interrupts.

Example of description
static void intr_fn_20 (void);
volatile unsigned short TM2msec;
#pragma interrupt intr_fn_20 0x20 2
static void intr_fn_20 (void)

_EI(); [*Enable multiple interrupts*/

TM2msec++;

_DI(); /*Disable multiple interrupts*/

CIL=0; [*Clear the highest current interrupt request level*/

If described as in the example, intr_fn 20 () is handled as an interrupt processing function to enable multiple interrupts.
the C compiler outputs the assembly code as shown below.

Example of output
_intr_fn_20
push elr, epsw
push er0

" _EI(); /*Enable multiple interrupts*/
ei

5 TM1msec++;
| er0, NEAR _TM2msec
add er0, #1
st er0, NEAR _TM2msec
5 _DI(); /*Disable multiple interrupts®/
di

5 CIL=0;
mov 10, #00h
st r0, 0f022h

pop er0
pop psw, pc

In an interrupt function to enable multiple interrupts, ELR and EPSW are saved in the stack so that they should not be
destroyed by multiple interrupts. This is the difference from the interrupt function to disable multiple interrupts. To
return from the interrupt function, "POP PSW, PC" is used instead of "RTI".
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5.3.7 Interrupt Disable State

The interrupt disable state refers to an operating state where no interrupt is accepted even if the interrupt conditions are

satisfied.
The following describes the interrupt disabled state and operation of interrupts in the situation.

State 1. Between the interrupt transfer cycle and the instruction at the beginning of the interrupt routine
When the interrupt conditions are satisfied here, an interrupt is generated immediately after the execution of the
instruction at the beginning of the interrupt routine that corresponds to the interrupt already enabled.

State 2. Between the DSR prefix code and the next instruction
When the interrupt conditions are satisfied here, an interrupt is generated immediately after execution of the
instruction following the DSR prefix code.

See "nX-U16/100 Core Instruction Manual" for the DSR prefix instruction.

5.3.8 Writing to IRQ01/IRQ23/IRQ45/IRQ67

Use the bit symbol to write to IRQ01/IRQ23/IRQ45/IRQ67 register.
The example below shows how to write "0" to the bit symbol QLTBCO.

Example of description
#define clear_bit(n) ((n))=0)

clear bit (QLTBCO);

*"n" is the bit symbol name of user’s manual.

5.3.9 16-bit timer O Interrupt

In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places. (TMOINTO, TMOINT1)

If you want to change the interrupt processing detail according to the conditions, it is possible to do appropriate interrupt
processing without determining the condition in the interrupt process by switching the factors to be enabled.

If two places are enabled at the same time, multiple interrupts may occur and unintended operation may occur, so it is
prohibited to enable two places at the same time.

Also, if an interrupt occurs with only one of the factors enabled, the IRQ bit of the enabled factor is cleared, but the IRQ
bit of the disabled factor remains the interrupt request. To switch the interrupt source, clear the IRQ bit
(IRQ3[6]:TMOINTO and IRQ7[1]:TMOINT1) before switching.
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6. Clock Generation Circuit

6.1 General Description
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The clock generation circuit generates following kinds of clock and supplied them to the CPU or the peripheral circuits.

Table 6-1 Source Clocks

Clock Name Symbol Frequency Description
Internal low-speed clock RC32K 32.768kHz | Internal generated RC oscillating low-speed clock.
Internal high-speed high-speed clock multiplied LSCLKO.
clock PLL 64.012288MHz Multiplied by 1953.5
Table 6-2 Clocks generated by the clock generation circuit
Clock Name Symbol Frequency Description
Low speed clock 0 LSCLKO RC32k | For system and peripheral circuits.
High speed source clock HSOCLK PLL | For Operational Timer.
. 16MHz | Divided HSOCLK. For system and peripheral circuits.
High speed clock HSCLK (HSOCLK/4)
32.768kHz/ | A clock. selected from LSCLKO and a divided HSCLK, for system
System clock SYSCLK 0.5 to 16MHz | and communication circuits. It is LSCLK at start-up.
CPU clock CPUCLK SYSCLK | A system clock for CPU. It is stop in stand-by mode.
WDT clock WDTCLK 1.024kHz | For counting watchdog timer.

6.1.1 Features

e  Low-speed clock generation circuit
— Low-speed RC oscillation circuit.
e  High-speed clock generation circuit
— PLL oscillation mode.
— The wait time at the start of the high-speed clock can be selected.

° WDT clock

— Itis generated by dividing from LSCLKO.

Table 6-3 shows relation of CPU operating mode and PLL frequency.

Table 6-3 Frequency range for high-speed clock operation.

Maximum operating frequency
PLL SYSCLK output frequency
HSOCLK HSCLK (maximum)
Wait mode
64MHz 64MHz 16MHz 0.5-16MHz 4MHz

FEUL62Q2045
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6.1.2 Configuration

Figure 6-1 shows the configuration of the clock generation circuit.
Table 6-4 shows the list of operation clocks for each function.

ML62Q233/2035/2043/2045 User's Manual
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Divider
LS RC 1/32 WDTCLK
LSCLKO
SYSCLK
Divider
1/1-1/32
HSCLK
High-speed
oscillation
circuit
PLL
Divider
1/4
l HSOCLK
FHWUPT FHCKMOD FCON
N N
4 Data bus

FHCKMOD : High-speed clock mode register
FCON : Clock control register

FHWUPT : High-speed clock wake-up time setting register

Figure 6-1Configuration of Clock Generation Circuit

[Note]

* After the power-on or the system reset, LSCLKO (32.768 kHz) is initially selected as SYSCLK.

FEUL62Q2045

6-2



ROHM Co. Ltd.

ML62Q233/2035/2043/2045 User's Manual
Chapter 6 Clock Generation Circuit

Table 6-4 Operating clock list in each function

Function SYSCLK LSCLKO HSCLK HSOCLK WDTCLK
CPU/Data bus ° - - - -
RAM ° - - - -
Watchdog timer - - - - °
External interrupt control - o*1 o*1 - -
16-bit timer 0-4 - ° ° - -
Operational timer - ) ) ° -
UART - ° ° - -
12C bus unit 2 - - - -
SA type A/D converter - ° ° - -
Analog comparator - o*1 - - -
LLD - o*1 - - -

e : supplied. - : not supplied.

*1 : for controlling to start or sampling.

*2 : Each block is supplied with a SYSCLK for the register interface. The I12C bus unit is also used for
communication.

6.1.3 List of Pins

This LSI does not have a clock output function.
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6.2 Description of Registers
6.2.1 List of Registers

Symbol iti
Address Name y R/W Size Jitia)
Byte Word Value
0xF002 FHCKMODL R/W | 8/16 0x00
High-speed clock mode register FHCKMOD
0xF003 FHCKMODH R/W 8 0x03

0xF004 Reserved register - _ _ _

0xF005 Reserved register - - - -

0xF006 FCON FCONW R/W | 8/16 0x00
Clock control register

0xF007 FCON1 - R/W 8 0x00

0xF008 High-speed clock wake up time setting register FHWUPT - R/W 8 0x00

0xF009 Reserved register - - - - -
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6.2.2 High-Speed Clock Mode Register (FHCKMOD)
FHCKMOD is a SFR to selects the frequency of the high-speed clock .

Address : 0xF002(FHCKMODL/FHCKMOD), 0xFO03(FHCKMODH)
Access : R/W
Access size : 8/16 bit
Initial value : 0x0300
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word FHCKMOD
Byte FHCKMODH FHCKMODL
Bt [ - | - [ -] - | - |syscalsyscisysco] - | - | - | - | - | - [ - [ -
R/W R R R R R RW R/W R/W R R R R R R R R
Initial 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
value
Bit No. 2t syl Description
name
15t0 11 - Reserved bits
10to8 SYSC2to Select frequency of system clock with high-speed.
SYSCO
SYSC SYSCLK(16MHz)
000 HSCLK ™
001 1/2 HSCLK ™
010 1/4 HSCLK
011 1/8 HSCLK(Initial value)
100 1/16 HSCLK
101 1/32 HSCLK
110 Do not use (1/32 HSCLK)
111 Do not use (1/32 HSCLK)
7t00 - Reserved bits

Table 6-5 SYSC setting and SYSCLK frequency [MHZz]

Frequency
PLL SYSC [MHZ]
000 16
001 8
010 4
64MHz
01 2
100 1
101 0.5
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6.2.3 Clock Control Register (FCONW)

FCONW is a SFR to control the clock generation circuit.

Address : 0xF006 (FCON/FCONW), 0xF007 (FCON1)
Access : R/W
Access size : 8/16 bit
Initial value : 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word FCONW
Byte FCON1 FCON
. ENOS [SELSC
Bit - - - - - - - |LPLL| - - - - - P LK
R/W R R R R R R R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Sl Exi ) Description
name
15t0 8 Reserved bits
7 LPLL Indicates that the frequency of the PLL oscillation is within the target error. The LPLL has
the read-only attribute.
0: The frequency of PLL oscillation is out of the target error or the PLL oscillation is
stopped (Initial value)
1: The frequency of PLL oscillation is within the target error
6to2 - Reserved bits
1 ENOSC Enable/start or disable/stop the oscillation of the high-speed clock oscillation circuit.
0: Disabled/turn off the high-speed clock oscillation (Initial value)
1: Enabled/turn on the high-speed clock oscillation
0 SELSCLK Switch the system clock.

When ENOSC=0, writing "1" to the SELSCLK bit is disabled.

If the FHWUPT register is set to wait for PLL frequency stability (FHUTO bit = "0"), it is
possible to write "1" to the ENOSC bit and the SELSCLK bit at the same time.

If you do not wait for frequency stability (FHUTO bit = "1"), set the ENOSC bit to "1" and set
the SELSCLK bit to "1" after executing two NOP instructions.

When the high-speed generation circuit is stopped (ENOSC bit = “0”), the SELSCLK bit is
fixed to “0”.

0: LSCLKO (Initial value)
1: High-speed clock chosen by the SYSC2 to SYSCO bit

FEUL62Q2045
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6.2.4 High-Speed Clock Wake-up Time Setting Register (FHWUPT)

FHWUPT is a SFR to switch a wakeup time of the high speed clock. This is writable only when ENOSC=0.
See Table 4-6 "Wake-up Time from Standby Mode" in the Chapter 4 for details about the wake-up time from the standby

modes.
Address : 0xF008 (FHWUPT)
Access : R/W
Access size : 8 bit
Initial value : 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - FHWUPT
o [~ [ [ [ - [ [ - [ [T [ T [ T T Jwm
R/W R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Sl sxil ) Description

name

7to1 - Reserved bit
0 FHUTO Configures the timing of starting to supply the high-speed clock oscillation when ENOSC=1.

0 : After Locked; the frequency clock is stabilized. (Initial value)
A system clock stops until the high-speed clock is locked, if SELSCLK is set to “1”.
1 : Soon after ENOSC=1; approx. 30us. The frequency is not guaranteed as the
specification, however it is useable for the system clock.

High speed source clock (HSOCLK) supplies the source vibration of the PLL
regardless of the setting of this bit.
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6.3 Description of Operation

6.3.1 Low-Speed Clock
When the system reset is released, SYSCLK selects a low-speed clock.

6.3.1.1 Low-Speed RC Oscillation Circuit

The low-speed RC oscillation clock is selected for the system clock at the power on.

When a system reset is released, the low-speed clock (LSCLKO) is output and the CPU runs a program after 512 counts
of clock chosen for LSCLKO0. When the STOP mode is released, the low-speed clock is output after a stable time has
elapsed, and the CPU executes the program.

Figure 6-3 shows the configuration of the low-speed RC oscillation circuit.

Figure 6-4 shows the operation waveforms at the start of the low-speed RC oscillation circuit and in the STOP mode.

Enabled
oscillation

< Control circuit [— STOP mode signal

Low-speed RC
oscillation circuit
(approx. 32.768

kHz) ]

Stabilization control for start-up / Low-speed clock
wake-up from standby LSCLKO

Figure 6-2 Configuration of Low-Speed RC Oscillation Circuit

Power supply Vbb

Power-on reset

RC oscillation startup time
(Approx. 0.5ms)

RC32K __ 1 Oscillating —<_ Oscillating
512 counts TrrLs : low-speed clock wake-up time
LSCLKO RC32K RC32K

STOP _I

e f 1 f

LSCLKO STOP LSCLKO
started mode started
Interrupt
CPU started oceurred

Figure 6-3 Low-speed Clock Operation Waveforms at Start of Low-speed RC Oscillation Circuit and in STOP Mode
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6.3.2 High-speed Clock
The PLL oscillation circuit generates the high-speed clock; HSOCLK by multiplying LSCLKO.

6.3.2.1 PLL Oscillation Circuit

The PLL oscillation circuit generates the high-speed clock; HSOCLK by multiplying LSCLKO. The multiplying by
1953.5 is 64MHz of PLL frequency.

After high-speed clock oscillation is enabled, the high-speed clocks; HSCLK is output by continuing count operation
until the PLL oscillation clock is stabilized.

When set “1”” to FHUTO bit of FHWUPT register, the clock supply is started approximately 30 ps after the high-speed
clock oscillation is enabled.

The clock frequency reaches to the target approximately 1 ms after the high-speed clock oscillation is enabled. Although
the frequency within the 1 ms is not guaranteed, it can be used for the system clock.

When FHUTO bit is set to "1" and the system clock is switched to HSCLK immediately after the PLL oscillation starts,
setENOSC bit of the FCONW register to "1" and set SELSCLK bit of FCONW register to "1" after executing the two
NOP instructions.

When set “0” to FHUTO bit, the clock supply is started approximately 1ms after it is enabled.

In addition, the PLL oscillation circuit stops oscillation when entering the STOP mode.
Its oscillation is output, after wakeup from standby and waiting stabilization.

Figure 6-4 shows the PLL oscillation circuit configuration.

— ENOSC
Enabled
Low-speed LSCLKO PLL <—— Control circuit [ STOP mode
oscillation "| oscillation
circuit circuit
» PLL lock flag
» HSOCLK
wakeup time selection |, HSCLK
Code option FHUTO

Figure 6-4 PLL Oscillation Circuit Configuration

Figure 6-5 show the high-speed clock operation waveforms at startup PLL circuit, in the standby mode.
See chapter 4 “Power Management” for details of the STOP mode.

ENOSC

PLL output oscillating oscillating
PLL oscillation stabilization time
PLL lock flag
TrreLL : High-speed clock wakeup time
High-speed clock <>
(FHUT0=0) PLL oscillating | PLL oscillating
<> TRTPLL

PLL oscillating PLL oscillating
(FHUTO=1)
STOP mode

+ 1

STOP mode Interrupt occurring

Figure 6-5 High-speed clock operation at startup PLL circuit and in STOP mode
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6.3.2.2 High-speed Clock Control

The following is a procedure to control high-speed clock.

In the case of with waiting stabilization for high-speed clock.
(1) Set with waiting stabilization for high-speed clock by FHWUPT register. (FHUT0=0)
(2) Set enabled PLL oscillation by ENOSC=1. SELSCLK bit can be set to “1” at once.

In the case of with waiting stabilization, FHUT0=0: The clock is supplied after LPLL bit becomes to “1”.
The system clock stops until the high-speed clock oscillates when SELSCLK=1.

In the case of with not waiting stabilization for high-speed clock.

(1) Set without waiting stabilization for high-speed clock by FHWUPT register. (FHUTO0=1).

(2) Setenabled PLL oscillation by ENOSC=1.

(3) When select HSCLK as the system clock (SELSCLK="1"), executing the two NOP instructions after (2) and then
change SELSCLK.

In the case of without waiting stabilization; FHUTO=1: Although the high-speed clock frequency is not guaranteed just
after setting ENOSC=1, it can be used for the system clock and peripheral clocks. If specific frequency is required, wait
stabilization time; LPLL=1.

In the case of stop the high-speed clock:

Set “0” to ENOSC bit to turn off high-speed clock by the software. Then SELSCLK is cleared at once, and the system
clock is switched to low-speed clock.

If high-speed clock is kept on, do not set “0” to ENOSC bit, and set “0” to SELSCLK bit only.
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6.3.3 WDT Clock (WDTCLK)

1kHz clock for WDT is oscillation that frequency is 1.024kHz (typ.), which is divided by 32 degrees of RC32K.

It is supplied to the WDT, trigger for an operational timer.

When WDT operation is stopped with the code option, the WDT clock supply is also stopped.

In case of want to use the WDT clock as a trigger in an operational timer, pay attention to the following code option
settings.

In the case of the WDT operation is enabled by setting code option; WDTMD=1 :

WDT clock is oscillating after system reset is released. It turns off at entry to STOP mode, and then it turns on at wakeup
from standby. In the HALT-D mode, it stops only when WDTPWMD1=0 is selected by setting code option.

The clock wakeup time is approx. 2ms.

In the case of WDTMD =0 :
WDT clock has stopping after system reset is released.
See Chapter 30 “Code Option” for how to set code options.

Figure 6-6-1 shows WDT clock operation waveform when the RC32K is started up and in STOP mode.
Figure 6-6-2 shows WDTPWMDO0=0, Indicates the WDT clock operation waveform in HALT mode.

VDD

Power on reset

RC32K Oscillating [ Oscillating
<>
Approx. 2.5ms
WDTCLK WDTCLK | WDTCLK
STOP
mode A ¢
T W Interrupt occurring
CPU starting Stand-by mode
Figure 6-6-1 Startup and Wakeup from STOP mode of WDTCLK
RC32K Oscillatin
WDTCLK WDTCLK | WDTCLK
HALT |
mode A

Stand-by mode Interrupt occurring

Figure 6-6-2 HALT mode
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6.3.4 System Clock

A system clock is LSCLKO with RC32K after power-on-reset/pin reset.

A system clock can be dynamically switched the high-speed system clock or LSCLKO by SELSCLK bit. The high-speed
system clock can be dynamically changed dividing value by SYSC bits.

There are 2 types as system clock; CPUCLK supplied to CPU and SYSCLK supplied to peripherals.

The CPUCLK stops in all stand-by mode. The SYSCLK normally supplies in the HALT mode.

See chapter 4 “Power Management” for detail.

[Note]

¢ While the CPU is running with the low-speed clock, if running the peripheral circuits with the high-speed
clock which can frequently generate interrupts, the operation may fail to function properly due to the
CPU becoming incapable of processing interrupts in time. If interrupts frequently occur for reasons such

as short interrupt cycles of peripheral circuits, take into account the operating frequency of the CPU so
that it can process interrupts in time.
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8. 16-Bit Timer

8.1 General Description

The 16-bit timer enables following functions.
e  Generate periodical interrupts in an arbitrary period
e  Generate one shot interrupts in an arbitrary period

Table 8-1 shows the number of channels.

Table 8-1 Number of 16-bit Timer channels

e : available
Channel no. Available/Unavailable
0 °
8.1.1 Features
Operation mode Description

Count-able up to the max. Oxffff

Repeat the specified operation until stop by the software.
Count-able up to the max. Oxffff

Run the specified operation once and stop it.

Repeat mode

One shot mode

e  Selectable counter clock from various sources (divided by 1 to 8 of LSCLKO0, HSCLK, external clock, Operational
timer triggers)

e A timer interrupt request is generated when the value of the timer counter register value coincides with that of the
16-bit timer n data register
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8.1.2 Configuration

Figure 8-1 shows configuration of the 16-bit timer

. > TMnINT (Interrupt)
timer clock  count clock
1

OTMNTRG (OTM) =% | / ;
EXTRGn(External interrupt) ! aar L INTMHRC b
LSCLKO, HSCLK | o[ Pivider| >

Comparator

TMHnD >
> 8/16

Data bus T 816

Figure 8-1 Configuration of the timer

TMnINT : 16-bit timer n interrupt request

EXTRGn : EXIn pin input (come through the noise filter of the external interrupt function)
TMHnD : 16-bit timer n data register

TMHNC : 16-bit timer n counter register
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8.2 Description of Registers
8.2.1 List of Registers

Registers for unequipped channels are not available to use. They return 0x0000 for reading.

Symbol it
Address Name Y R/W Size :/r;ﬂjael
Byte Word

0xF300 TMHODL R/W 8/16 OxFF
16-bit timer 0 data register TMHOD

0xF301 TMHODH R/W 8 OxFF

0xF302 TMHOCL R/W 8/16 0x00
16-bit timer 0 counter register TMHOC

0xF303 TMHOCH R/W 8 0x00

0xF304 TMHOMODL R/W 8/16 0x00
16-bit timer 0 mode register TMHOMOD

0xF305 TMHOMODH R/W 8 0x00

0xF306 to .

OXF33F Reserved registers - - - - -

0xF340 TMHSTRL w 8/16 0x00
16-bit timer start register TMHSTR

0xF341 TMHSTRH w 8 0x00

OxF342 TMHSTPL w 8/16 0x00
16-bit timer stop register TMHSTP

0xF343 TMHSTPH w 8 0x00

OxF344 o . TMHSTATL R 8/16 0x00
16-bit timer status register TMHSTAT

0xF345 TMHSTATH R 8 0x00
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8.2.2 16-Bit Timer n Data Register (TMHND :n=0)

TMHnD is a SFR to set the comparison value with the 16-bit timer n counter register (TMHnC).

When TMHnD register is rewritten during timer operation, the value written to TMHnD is set at the beginning of the
next cycle.

When TMHnD register is rewritten while the timer is stopped, the value is set immediately.

Address : 0xF300 (TMHODL/TMHOD), 0xF301 (TMHODH)
Access : R/W

Access size :  8/16 bit

Initial value : OxFFFF

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

Word TMHNnD

Byte TMHnDH TMHRDL

Bit TH2D1 TH2D1 THgm THgm TH;‘D1 THgm THNDY| THND8|THND7|THND6| THND5| THND4|THND3| THND2| THND1|THNDO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value

[Note]

¢ When "0x0000" is written in TMHND in the 16-bit timer mode, "0x0001" is set in TMHND.
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8.2.3 16-Bit Timer n Counter Register (TMHNC :n=0)

TMHnNC is a SFR that functions as a 16-bit binary counter.

This is reset to 0x0000 at the reset function and also when the following event occurred.
e When an arbitrary value is written in this register

e When the value of TMHnD register coincides with that of TMHnC register

Address : 0xF302 (TMHOC/TMHOCL), 0xF303 (TMHOCH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word TMHNC
Byte TMHnCH TMHnCL
Bit THgm THQ“ THQC1 THgm TH;‘C1 THgm THNCY| THNC8|THNC7|THNC6| THNC5| THNC4|THNC3| THNC2| THNC 1 [THNCO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

This data is counted up synchronizing at the rising edge of the count clock.
Reading value is always available if timer clock source is as same as system clock source.

An available condition:

System clock Timer clock
LSCLKO LSCLKO
HSCLK HSCLK

[Note]
* Read TMHNC register twice to verify the valid data to prevent reading uncertain data while counting-up, if
a source of timer clock is as different as one of system clock.
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8.2.4 16-Bit Timer n Mode Register (TMHNMOD :n=0)
TMHnMOD is a SFR to control the operation mode of 16-bit timer.

Address :
Access :
Access size :
Initial value :

15 14

0xF304 (TMHOMODL/TMHOMOD), 0xF305 (TMHOMODH)
R/W

8/16 bit

0x0000

13 12 1" 10 9 8 7 6 5

M1.62Q2033/2035/2043/2045 User’s Manual

Chapter 8 16-Bit Timer

Word

TMHnMOD

Byte

TMHNMODH

TMHNMODL

Bit

THn THn

OST DIV1

THn
DIVO

3

THNCK[THNCK

2

THNC
K1

THNCK

0

R/W
Initial
value

R R R R R/W R R R R/W

0 0 0 0 0 0 0 0 0

R/wW
0

RW RW RW RW

0

0

0

0

Bit No.

Bit symbol

nam

e Description

15t0 10

Reserved bits

9

TLnOST

Select the operation mode.
0: Repeat mode (Initial value)
1: One-shot mode

8to6

Reserved bits

5to4

THnDIVA1
THnDIVO

to Select frequency dividing ratio for the count clock
00: No dividing (Initial value)
01: Divided by 2
10: Divided by 4
11: Divided by 8

3to0

THNCK3 to Select the timer clock source.

THnCKO

0000: LSCLKO (Initial value)
0001:HSCLK
0010: Do not use
0011: Do not use
0100: EXTRGO
0101: EXTRG1
0110: EXTRG2
0111: EXTRG3
1000: OTMOTRG
1001: OTM1TRG
1010: OTM2TRG
1011: OTM3TRG
1100: OTM4TRG
1101: OTM5TRG
1110: Do not use
1111: Do not use

[Note]

¢ Set TMHNMOD when the timer n is stopped (THNnSTAT bits of TMHSTAT/TMHXSTAT register are "0"). If it
is changed while it is operating, the operation is not guaranteed.

FEUL62Q2045
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8.2.5 16-Bit Timer Start Register (TMHSTR)

TMHSTR is a SFR to control to start counting the 16-bit timer n.
This is a write-only register and returns always "0x0000"for reading.

Address : 0xF340 (TMHSTRL/TMHSTR), 0xF341 (TMHSTRH)
Access : w

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 0
Word TMHSTR
Byte TMHSTRH TMHSTRL
B ] ] ] ] ] ] ] ] ] ] ] ] ] THSIRU
RW R R R R R R R R R R R R R W
Initial ) 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is used to start a target timer.
Writing "0":  Invalid
Writing "1":  Start counting

Bit No. Bl Bl Description (target)
name

15t0 1 - Reserved bits

0 THORUN 16-bit timer O

FEUL62Q2045
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8.2.6 16-Bit Timer Stop Register (TMHSTP)

TMHSTP is a SFR to control to stop counting the 16-bit timer n.
This is a write-only register and returns always "0x0000"for reading.

Address : 0xF342 (TMHSTPL/TMHSTP), 0xF343 (TMHSTPH)
Access : w

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 0
Word TMHSTP
Byte TMHSTPH TMHSTPL
Bi ] ] ] ] ] ] ] ] ] ] ] ] ] THgST
RW R R R R R R R R R R R R R W
Initial ) 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is used to stop a target timer.
Writing "0":  Invalid
Writing "1":  Stop counting

Bit No. Bl Bl Description (target)
name

15t0 1 - Reserved bits

0 THOSTP 16-bit timer O

FEUL62Q2045
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8.2.7 16-Bit Timer Status Register (TMHSTAT)
TMHSTAT is a SFR to indicate the status of the 16-bit timer n.

Address : 0xF344 (TMHSTATL/TMHSTAT), 0xF345 (TMHSTATH)
Access : R

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word TMHSTAT
Byte TMHSTATH TMHSTATL
i THOST

Bit - y y - y - y - . - y - . - . AT
RW R R R R R R R R R R R R R R R R
Initial ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits:

It is used to indicate an operating status of a target timer
0: A counting of target timer is stopped (Initial value)
1: A counting of target timer is progress

Bit No. Bl Bl Description (target)
name

15t0 1 - Reserved bits

0 THOSTAT 16-bit timer O
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8.3 Description of Operation
8.3.1 Operation Mode

Writing "1" to THnRUN bit causes the 16-bit counter n to start counting up in synchronization with the rising edges of
the count clock.

Following two operation modes are available:
e  Repeat mode
e  One-shot mode

8.3.1.1 Repeat Mode

Figure 8-2 shows the repeat mode operation.

TMHNC register value

T
TMHNnD
register
value
THNSTAT |
TMnINT L‘ |_|
A \ A A A
Starting The count value matches. Stopping Clearing
timer timer  TMHnC

Figure 8-2 Repeat Mode Operation Timing

In the repeat mode, when the timer count value matches with TMHnD register, 16-bit timer n interrupt request
(TMnINT) is generated and the output of the port is reversed. Then, the timer count value automatically is reset to
"0x0000" and the counting up operation is continued.

TMnINT generation cycle and the port output reverse cycle can be expressed in the following formula:

TMHND + 1

T = fTHNCK _(Hz) (n=0)

TMHnD : TMHnD register setting value (0x0001 to OxFFFF)
fTHnCK : Count clock frequency chosen in TMHnMOD register

See Section 8.3.2 "Start/Stop Timing" for the timing of the timer start/stop and counting up.
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8.3.1.2 One-shot Mode

Figure 8-3 shows the one-shot mode operation

TMHNC register value

Trmi

TMHND
register

value

THNSTAT

TMnINT L‘

A
Starting The count value matches

timer

Figure 8-3 One-shot Mode Operation Timing
In the one-shot mode, when the timer count value matches with TMHnD register, 16-bit timer n interrupt (TMnINT) is
generated. Then, the timer count value is reset to "0x0000" and the counting is stopped.

TMnINT generation cycle are the same as those in the repeat mode. The same applies to the timer start/stop timing and
counting up timing.

FEUL62Q2045 8-11



ROH M CO. Ltd_ ML62Q2033/2035/2043/2045 User’s Manual
’ Chapter 8 16-Bit Timer

8.3.2 Start/Stop Timing

Writing "1" to THnRUN bit of TMHSTR register causes the counting operation to start at the rising edge of the timer
clock after the falling edge of the timer clock.

Figure 8-4 shows the timer start timing when the timer clock is LSCLKO and frequency dividing ratio of the count clock
is 1/2 of the timer clock

SYSCLK

1
Timer clock | | 1 | | | | L
! 1
1
1
Count clock : A
. :
THNSTAT !
| 1
| !
Timer Counter i i 0000H >< 0001H X 0002H
i '
e !
Writing Starting timer
TMHSTR
register

Figure 8-4 Start Timing

Writing "1" to THnSTP bit of TMHSTP register causes the counting operation to stop at the rising edge of the timer
clock that follows.

Figure 8-5 shows the timer stop timing when the timer clock is LSCLKO and frequency dividing ratio of the count clock
is 1/2 of the timer clock.

SYSCLK I

1

Timer clock | | | ! | | | L
1
§ 1
Count clock i
1

THnSTAT
1
Timer Counter FFFOH X FFF1H X i FFF2H

]
1

1
Writing TMHSTP register
Stopping timer
Figure 8-5 Stop Timing

[Note]

* After THNnRUN bit is set to "1", the first interrupt has a time error equivalent to maximum of one clock of
the timer clock because the counting operation starts in synchronization with the timer clock. The 2"
timer interrupt or later interrupts have constant cycles.

e After THnSTP bit is set to "1", a 16-bit timer n interrupt (TMnINT) may be generated depending on the stop
timing because the counting operation stops in synchronization with the timer clock.
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8.3.3 TMHnND Register Update Timing

WhenTMHnND register is rewritten during timer operation, the value written to TMHnD is set at the beginning of the next
cycle.

WhenTMHnND register is rewritten while the timer is stopped, the value is set immediately.

Figure 8-6 shows TMHnD register update timing in continuous operation mode.

TMHnNC register value

TMHND : : -'
register 1 1
value X X
|
: : l : !
: : : : :
T ] !
: ! '
THNSTAT X ! !
0 X X ! |
1 ) ) . 1
Wit A A A A A
riting Starting Writing Stopping  Writing
TM.HnD timer TMHND timer  TMHnD
register register register

Figure 8-6 Continuous operation mode TMHND register update timing

Figure 8-7 shows TMHnD register update timing in one-shot operation mode.

TMHNC register value

TMHND | i '
register ! ! |
value : :
: e '
| T :
: ' i |
THNSTAT . : '
| ] | :
| | | |
A A A A
Writing : Writing iti
Startin Writin
TMHRD 9 TMHND TMHND
register register register

Figure 8-7 one-shot mode TMHnND register update timing
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8.3.4 Setting Example

Figure 8-6 shows a setting example.

( Start )

A 4

High-speed clock
setting

A 4

Timer mode setting

v

Timer data register
setting

\ 4

Enable interrupt

v

Clear timer
counter

v

Start timer

v

Operation

v

Stop timer

In the case change the setting

End

FEUL62Q2045
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Need when using the high-speed clock (HSCLK) for the timer
clock

Specify the timer mode, timer operation mode, timer clock, and the
count clock in TMHNMOD register.

Set a comparison value into TMHND register that is to be compared
with TMHNC register.

QTMn="0"; Reset corresponding bits of IRQ23 register and IRQ67
register to “0”.

ETMn="1"; Set corresponding bits of IE23 register and IE67 register to
“qn

TMHNC="0x0000"; Write a data into TMHNC register

THNRUN=*1"; Set corresponding bits TMHSTR register to “1”

THNnSTP=“1"; Set corresponding bits TMHSTP register to “1”

Figure 8-6 Setting Example
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9. Operational timer

9.1 General Description
Operational timer (OTM) has two operation mode (CAPTURE mode and PWM mode) as described below.

CAPTURE Mode:

In this mode, the counter value is captured.

The captured value at the rising edge of the selected trigger event is stored in OTnOR register,
and the captured value at the falling edge is stored in OTnOF register."

h (‘)/ounter cleary : Z
counter J_ A
Trigger event 1 r—l | 1 f
Counter start & stop 1 Staft 1‘/’ stop t start ’5 1‘/‘ stop
OTnOR ~_Xo Xz
OTnOF Xa ) &Y

(n=0to 3)

PWM Mode:

This mode outputs a pulse-width-modulated waveform with configurable dead time and duty cycle.

Two types of pulse-width-modulated waveforms (OTMn0 and OTMn1) with different duties are generatable with a
common period for each channel.

Additionally, a pulse-width-modulated waveform are synthesizable with a pulse-width-modulated waveform generated
by other channels or with an output of the analog comparator.

Refer to table 9-2 for the pin assignment of OTOnA and OTOnB.

The rise timing of the modulated OTMnO output is set with the setting value of OTnOR register.

The fall timing of the modulated OTMnO output is set with the setting value of OTnOF register.

And

counter

OTMnO
OTMn1

Table 9-1 shows the number of outputs for each channel.

Table 9-1 Number of output of each channel

NS&%Z??L) OTMnO OTMn1
0 ° °
1 ° °
2 ° -
3 . -
4 ° °
5 ° °

e:available -:not available

9.1.1 Features
® Capture/PWM functionality using the 16bit counter
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Selectable count clock from LSCLKO (32kHz) , HSCLK (16MHz) , HSOCLK (64MHz), and from 1 to 128 dividers
of an external trigger input.

Logical switching of a timer output (positive logic/negative logic).

Logical AND output with another channel’s pulse-width-modulated waveform output, an external trigger, and an
analog comparator output.

In addition to periodic interrupts, interrupts that match various setting values such as duty settings is generatable.
One shot mode.

Adjustable timing to stop operation in continuous mode.

Counter control (Start / Stop / Counter clear) by an external trigger input, a Timer interrupt request, an analog
comparator output.

An external trigger input, a timer interrupt request (event trigger), and an analog comparator output enable counter
operation start, stop, and clear counters.

Counter operation can be started/stopped/cleared by an external trigger input, a timer interrupt request (event trigger),
and an analog comparator output.

Forced stop of a terminal output by an external trigger input or an analog comparator output, and an interrupt
generated by an external trigger input or an analog comparator output forced stop.

Output a different duty pulse-width-modulated pulse with same cycle.

Duty and cycle of an input signal can be measured by the capture function.
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9.1.2 Configuration

Figure 9-1 shows the OTM circuit configuration
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Data bus
) 8/16 ) 8/16 s 8/16
OTnFTRGO OTnCTRGO OTnINTE
l«—] OTNFTRG1 OTnCTRG1 OTnINTC
_|Forced stop
CMPxINT o] control : OTMnTRG
(Analog comparator x=0-2) " (0OT™)
OTMnTRG
(©™™) > } ————>OTMnINT (interrupt)
TMHOTRG
(16bit timer) Trigger OITMnO, OTMn1
Control Comparator | !
OTMnO/OTMn1 . : ?J;';%
(OT™) ] * counter)
EXTRGI N
(external interrupt function) OTONA pin
Timer clock OTnC >
| divid > Output @
Ivider ———> | control @
LSCLKO I Couni clock T i OTOnB pln
OTnP —> Buffer
HSCLK OTnOR OTnMOD
HSOCLK OTnOF T OTCOOCON
OTn1R OTC10CON
CLK R OTn1F OTeUD || “othocoN
N
» 8/16 8/16 X\ 8/16 e N 8/16
Data bus
OTnP : OTMn period register
OTnOR : OTMnO Rise Point register
OTnOF : OTMnO Fall Point register
OTn1R : OTMn1 Rise Point register
OTn1F OTMn1 Fall Point register
OTnC OTMn counter register
OTnCTRGO OTMO counter trigger 0 register
OTnCTRG1 : OTMO counter trigger1 register
OTnFTRGO OTMO Forced stop trigger0 register
OTnFTRG1 OTMO Forced stop trigger1 register
OTnMOD : OTMn mode register
OTCOOCON : OTM common OTMnO output logic permission register
OTC10CON : OTM common OTMn1 output logic permission register
OTnOCON OTMn output logic control register
OTnINTE OTMn interrupt permission register
OTnINTC OTMn interrupt clear register
OTMnTRG Operational timer trigger(n=0 to 5)
EXTRGI External trigger / External clock (i=0 to 3)
TMHOTRG 16bit timer trigger
Fig. 9-1 Configuration of Operational timer
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9.1.3 Pin list
Operational timer input/output pins are assigned to general port shared function.
Pin name 1/0 Function
EXIOto 3 | External trigger / External clock
OTONnA 0] Operational timer n A output
OTOnB 0] Operational timer n B output
(n=0to 5)

Table 9-2 shows the general-purpose ports and register settings used by operational timers.

Table 9-2 Ports that use the Operational timer function and register setting

Setting Availability
Pin name Shared port register Setting value 20pin 24pin
Product product
EXIO ° °
EXI1 Pins assigned by an external interrupt * *
EXI2 Refer to the section 18 “External interrupt function” . .
EXI3 ° °
OTOO0A P03 POMOD3 0011_XXXX*1 ] °
OTO0B P04 POMOD4 0011_XXXX*1 . °
OTO1A P05 POMOD5 0011_XXXX*1 ) °
PO7 POMOD7 0011_XXXX*1 - )
OoTO1B
P12 P1MOD2 0011_XXXX*1 . °
OTO2A P06 POMOD6 0011_XXXX*1 ] ]
OTO3A P10 4t function P1MODO 0011_XXXX*1 ° °
OTO4A P11 P1MOD1 0011_XXXX*1 . °
P02 POMOD2 0011_XXXX*1 ) °
OTO4B
P21 P2MOD1 0011_XXXX*1 - °
OTO5A P23 P2MOD3 0011_XXXX*1 ] ]
P13 P1MOD3 0011_XXXX*1 ) °
OTO5B
P22 P2MOD2 0011_XXXX*1 - °

e :Available -:Not available

*1: The setting values for XXXX are as follows
XXXX Port output status
0010 | CMOS output
1010 Nch Open drain output(without pull up)

1111 Nch Open drain output(with pull up)
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9.2 Register description

9.2.1 List of register

Writing to register for non-loaded channels is not valid. "0x0000" is always read out when reading.

ML62Q2033/2035/2043/2045 User’s Manual
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Symbol iti
Address Name e R/W Size LD iy
Byte Word value
0xF380 OTM common update register OTCUD - w 8 0x00
0xF381 Reserved register - - - - -
0xF382 OTCCONL R/W 8/16 0x00
OTM common control register OTCCON
0xF383 OTCCONH R/W 8 0x00
0xF384 . OTCSTRL w 8/16 0x00
OTM common start register OTCSTR
0xF385 OTCSTRH w 8 0x00
0xF386 . OTCSTPL w 8/16 0x00
OTM common stop register OTCSTP
O0xF387 OTCSTPH w 8 0x00
0xF388 . OTCSTATL R 8/16 0x00
OTM common status register OTCSTAT
0xF389 OTCSTATH R 8 0x00
OxF38A OTM common break control register OTCBRK - R/W 8 O0x3F
OxF38B Reserved register - - - - -
0xF38C OTM common OTMnO output logical OTCOOCONL R/W 8/16 0x00
. . OTCOOCON
0xF38D authorized register OTCOOCONH R/W 8 0x00
OxF38E OTM common OTMn1 output logical OTC10CONL R/W 8/16 0x00
. . OTC10CON
OxF38F authorized register OTC10CONH R/W 8 0x00
0xF390 ) ) ) OTOOCONL R/W 8/16 0x00
OTMO output logical authorized register OTOOCON
0xF391 OTOOCONH R/W 8 0x00
0xF392 OT10CONL R/W 8/16 0x00
X OTM1 output logical authorized register OT10CON X
0xF393 OT10CONH R/W 8 0x00
0xF394 ) i ) OT20CONL R/W 8/16 0x00
OTM2 output logical authorized register OT20CON
0xF395 OT20CONH R/W 8 0x00
0xF396 ) i ) OT30CONL R/W 8/16 0x00
OTM3 output logical authorized register OT30CON
0xF397 OT30CONH R/W 8 0x00
0xF398 ) ) ) OT40CONL R/W 8/16 0x00
OTM4 output logical authorized register OT40CON
0xF399 OT40CONH R/W 8 0x00
OxF39A ) ) ) OT50CONL R/W 8/16 0x00
OTMS5 output logical authorized register OT50CON
0xF39B OT50CONH R/W 8 0x00
0xF39C ) - - - -
Reserved register -
0xF39D - - - -
OxF39E ) - - - -
Reserved register -
OxF39F - - - -
O0xF3A0 ) ) OTOCTRG1L R/W 8/16 0x00
OTMO counter trigger 1 register OTOCTRGH1
OxF3A1 OTOCTRG1H R/W 8 0x00
OxF3A2 OT1CTRG1L R/W 8/16 0x00
OTM1 counter trigger 1 register OT1CTRGH1
OxF3A3 OT1CTRG1H R/W 8 0x00
OxF3A4 i ) OT2CTRG1L R/W 8/16 0x00
OTM2 counter trigger 1 register OT2CTRGH1
OxF3A5 OT2CTRG1H R/W 8 0x00
OxF3A6 ) ) OT3CTRG1L R/W 8/16 0x00
OTM3 counter trigger 1 register OT3CTRGH1
OxF3A7 OT3CTRG1H R/W 8 0x00
OxF3A8 ) ) OT4CTRG1L R/W 8/16 0x00
OTM4 counter trigger 1 register OT4CTRGH1
OxF3A9 OT4CTRG1H R/W 8 0x00
OxF3AA OT5CTRG1L R/W 8/16 0x00
OXF3AB OTMS5 counter trigger 1 register OT5CTRG1H OT5CTRGH1 R/W 8 0x00

FEUL62Q2045
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Symbol iti
Address Name e R/W Size LD iy
Byte Word value
OXF3AC to Reserved registers - - - - -
OXF3EE g
0xF3F0 OTM Cycle setting method selection OTCPCL OTCPC R/W | 816 | 0x00
OxF3F1 register OTCPCH R/W 8 0x00
OxF3F2 to .
OXF3FF Reserved registers - - - - -
0xF400 . OTOPL R/W 8/16 OxFF
OTMO cycle register OTOP
0xF401 OTOPH R/W 8 OxFF
0xF402 OTOORL R/W 8/16 0x00
X OTMOO Rise Point register OTOOR X
0xF403 OTOORH R/W 8 0x00
0xF404 OTOOFL R/W 8/16 0x00
X OTMOO Fall Point register OTOOF X
0xF405 OTOOFH R/W 8 0x00
0xF406 ) . i OTO01RL R/W 8/16 0x00
OTMO1 Rise Point register OTO01R
0xF407 OTO01RH R/W 8 0x00
0xF408 ) i OTO1FL R/W 8/16 0x00
OTMO1 Fall Point register OTO1F
0xF409 OTO1FH R/W 8 0x00
OxF40A ) OTOCL R/W 8/16 0x00
OTMO counter register OT0C
0xF40B OTOCH R/W 8 0x00
0xF40C ) OTOSTATL R 8/16 0x06
OTMO status register OTOSTAT
0xF40D OTOSTATH R 8 0x00
OxF40E ) OTOMODL R/W 8/16 0x00
OTMO mode register OTOMOD
OxF40F OTOMODH R/W 8 0x40
OXFA10 | 5TM0 cycle stop timing register OTOSCLRL | yrogoip | NW | 8/16 | 0x00
OxF411 yele siop Aiming reg OTOSCLRH RW | 8 | 0x00
0xF412 . OTOCLKL R/W 8/16 0x00
OTMO clock register OTOCLK
0xF413 OTOCLKH R/W 8 0x00
0xF414 OTOCTRGOL R/W 8/16 0x00
OTMO counter trigger O register OTOCTRGO
0xF415 OTOCTRGOH R/W 8 0x00
0xF416 i ) OTOFTRGOL R/W 8/16 0x00
OTMO Forced stop trigger O register OTOFTRGO
OxF417 OTOFTRGOH R/W 8 0x00
0xF418 i ) OTOFTRG1L R/W 8/16 0x00
OTMO Forced stop trigger 1 register OTOFTRG1
0xF419 OTOFTRG1H R/W 8 0x00
OxF41A . OTOINTEL R/W 8/16 0x00
OTMO Interrupt enable Register OTOINTE
0xF41B OTOINTEH R/W 8 0x00
0xF41C ) ) OTOINTSL R 8/16 0x00
OTMO interrupt status register OTOINTS
0xF41D OTOINTSH R 8 0x00
OxF41E ) . OTOINTCL w 8 0x00
OTMO interrupt clear register -
OxF41F OTOINTCH w 8 0x00
0xF420 . OT1PL R/W 8/16 OxFF
OTM1 cycle register OT1P
OxF421 OT1PH R/W 8 OxFF
0xF422 ) . ) OT10RL R/W 8/16 0x00
OTM10 Rise Point register OT10R
0xF423 OT10RH R/W 8 0x00
O0xF424 OT10FL R/W 8/16 0x00
X OTM10 Fall Point register OT10F X
0xF425 OT10FH R/W 8 0x00
0xF426 ) ) i OT11RL R/W 8/16 0x00
OTM11 Rise Point register OT1MR
OxF427 OT11RH R/W 8 0x00
0xF428 ) . OT11FL R/W 8/16 0x00
OTM11 Fall Point register OTM1MF
0xF429 OT11FH R/W 8 0x00
OxF42A ) OT1CL R/W 8/16 0x00
OTM1 counter register OoT1C
0xF42B OT1CH R/W 8 0x00

FEUL62Q2045

9-6



ROHM CO., Ltd. ML62Q2033/2035/2043/2045 User’s Manual

Chapter 9 Operational timer

Symbol iti
Address Name e R/W Size LD iy
Byte Word value
0xF42C ) OT1STATL R 8/16 0x06
OTM1 status register OT1STAT
0xF42D OT1STATH R 8 0x00
OxF42E ) OT1MODL R/W 8/16 0x00
OTM1 mode register OT1MOD
OxF42F OT1MODH R/W 8 0x40
0xF430 e . OT1SCLRL R/W 8/16 0x00
OTM1 cycle stop timing register OT1SCLR
0xF431 OT1SCLRH R/W 8 0x00
0xF432 . OT1CLKL R/W 8/16 0x00
OTM1 clock register OT1CLK
0xF433 OT1CLKH R/W 8 0x00
0xF434 i ) OT1CTRGOL R/W 8/16 0x00
OTM1 counter trigger 0 register OT1CTRGO
0xF435 OT1CTRGOH R/W 8 0x00
0xF436 ) ) OT1FTRGOL R/W 8/16 0x00
OTM1 Forced stop trigger O register OT1FTRGO
0xF437 OT1FTRGOH R/W 8 0x00
0xF438 ) ) OT1FTRG1L R/W 8/16 0x00
OTM1 Forced stop trigger 1 register OT1FTRGH1
0xF439 OT1FTRG1H R/W 8 0x00
OxF43A ) . OT1INTEL R/W 8/16 0x00
OTM1 interrupt enable register OT1INTE
0xF43B OT1INTEH R/W 8 0x00
0xF43C ) ) OT1INTSL R 8/16 0x00
OTM1 interrupt status register OT1INTS
0xF43D OT1INTSH R 8 0x00
OxF43E ) . OT1INTCL w 8 0x00
OTM1 interrupt clear register (L/H) -
OxF43F OT1INTCH w 8 0x00
0xF440 . OT2PL R/W 8/16 OxFF
OTM2 cycle register OT2P
0xF441 OT2PH R/W 8 OxFF
0xF442 ) . i OT20RL R/W 8/16 0x00
OTM20 Rise Point register OT20R
0xF443 OT20RH R/W 8 0x00
OxF444 ) ) OT20FL R/W 8/16 0x00
OTM20 Fall Point register OT20F
0xF445 OT20FH R/W 8 0x00
0xF446 ) - - - -
Reserved register -
OxF447 - - - -
0xF448 ) - - - -
Reserved register -
0xF449 - - - -
OxF44A i OT2CL R/W 8/16 0x00
OTM2 counter register OoT2C
OxF44B OT2CH R/W 8 0x00
0xF44C ) OT2STATL R 8/16 0x02
OTM2 status register OT2STAT
0xF44D OT2STATH R 8 0x00
OxF44E ) OT2MODL R/W 8/16 0x00
OTM2 mode register OT2MOD
OxF44F OT2MODH R/W 8 0x00
OXFA%0 | 51M2 cycle stop timing register OT2SCLRL | yryscir | NW | 8/16 | 0x00
OxF451 yele siop fiming reg OT2SCLRH RW | 8 | 0x00
0xF452 . OT2CLKL R/W 8/16 0x00
OTM2 clock register OT2CLK
0xF453 OT2CLKH R/W 8 0x00
0xF454 ) ) OT2CTRGOL R/W 8/16 0x00
OTM2 counter trigger O register OT2CTRGO
0xF455 OT2CTRGOH R/W 8 0x00
0xF456 ) ) OT2FTRGOL R/W 8/16 0x00
OTM2 Forced stop trigger O register OT2FTRGO
OxF457 OT2FTRGOH R/W 8 0x00
0xF458 i ) OT2FTRG1L R/W 8/16 0x00
OTM2 Forced stop trigger 1 register OT2FTRG1
0xF459 OT2FTRG1H R/W 8 0x00
OxF45A ) . OT2INTEL R/W 8/16 0x00
OTM2 interrupt enable register OT2INTE
OxF45B OT2INTEH R/W 8 0x00
0xF45C ) ) OT2INTSL R 8/16 0x00
OTM2 interrupt status register OT2INTS
O0xF45D OT2INTSH R 8 0x00
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Symbol iti
Address Name e R/W Size LD iy
Byte Word value
OxF45E ) . OT2INTCL w 8 0x00
OTM2 interrupt clear register (L/H) -
OxF45F OT2INTCH w 8 0x00
0xF460 . OT3PL R/W 8/16 OxFF
OTM3 cycle register OT3P
0xF461 OT3PH R/W 8 OxFF
0xF462 ) . ) OT30RL R/W 8/16 0x00
OTM30 Rise Point register OT30R
0xF463 OT30RH R/W 8 0x00
OxF464 ) i OT30FL R/W 8/16 0x00
OTMB30 Fall Point register OT30F
0xF465 OT30FH R/W 8 0x00
0xF466 ) - - - -
Reserved register -
OxF467 - - - -
0xF468 ) - - - -
Reserved register -
0xF469 - - - -
OxF46A ) OT3CL R/W 8/16 0x00
OTM3 counter register OT3C
OxF46B OT3CH R/W 8 0x00
0xF46C ) OT3STATL R 8/16 0x02
OTM3 status register OT3STAT
0xF46D OT3STATH R 8 0x00
OxF46E ) OT3MODL R/W 8/16 0x00
OTMS3 mode register OT3MOD
OxF46F OT3MODH R/W 8 0x00
0xF470 . . OT3SCLRL R/W 8/16 0x00
OTM3 cycle stop timing register OT3SCLR
OxF471 OT3SCLRH R/W 8 0x00
OxF472 . OT3CLKL R/W 8/16 0x00
OTM3 clock register OT3CLK
OxF473 OT3CLKH R/W 8 0x00
OxF474 i ) OT3CTRGOL R/W 8/16 0x00
OTM3 counter trigger 0 register OT3CTRGO
OxF475 OT3CTRGOH R/W 8 0x00
O0xF476 ) ) OT3FTRGOL R/W 8/16 0x00
OTM3 Forced stop trigger O register OT3FTRGO
OxF477 OT3FTRGOH R/W 8 0x00
O0xF478 ) ) OT3FTRG1L R/W 8/16 0x00
OTM3 Forced stop trigger 1 register OT3FTRGH1
O0xF479 OT3FTRG1H R/W 8 0x00
OxF47A OT3INTEL R/W 8/16 0x00
X OTM3 interrupt enable register OT3INTE X
OxF47B OT3INTEH R/W 8 0x00
0xF47C ) i OT3INTSL R 8/16 0x00
OTM3 interrupt status register OT3INTS
O0xF47D OT3INTSH R 8 0x00
OxF47E ) . OT3INTCL w 8 0x00
OTM3 interrupt clear register (L/H) -
OxF47F OT3INTCH w 8 0x00
0xF480 . OT4PL R/W 8/16 OxFF
OTM4 cycle register OT4P
0xF481 OT4PH R/W 8 OxFF
0xF482 ) . i OT40RL R/W 8/16 0x00
OTM40 Rise Point register OT40R
0xF483 OT40RH R/W 8 0x00
0xF484 ) i OT40FL R/W 8/16 0x00
OTM40 Fall Point register OT40F
0xF485 OT40FH R/W 8 0x00
0xF486 ) . ) OT41RL R/W 8/16 0x00
OTM41 Rise Point register OT41R
O0xF487 OT41RH R/W 8 0x00
0xF488 ) ) OT41FL R/W 8/16 0x00
OTM41 Fall Point register OT41F
0xF489 OT41FH R/W 8 0x00
OxF48A i OT4CL R/W 8/16 0x00
OTM4 counter register OT4C
0xF48B OT4CH R/W 8 0x00
0xF48C ) OT4STATL R 8/16 0x06
OTM4 status register OT4STAT
0xF48D OT4STATH R 8 0x00
OxF48E ) OT4MODL R/W 8/16 0x00
OTM4 mode register OT4MOD
OxF48F OT4MODH R/W 8 0x40
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Address Name e R/W Size LD iy
Byte Word value

OXFA90 | 5 7Ma cycle stop timing register OTASCLRL | yryscir |- NW | 8/16 | 0x00

0xF491 yele siop Aiming reg OT4SCLRH RW | 8 | 0x00

0xF492 . OT4CLKL R/W 8/16 0x00
OTM4 clock register OT4CLK

0xF493 OT4CLKH R/W 8 0x00

0xF494 ) ) OT4CTRGOL R/W 8/16 0x00
OTM4 counter trigger O register OT4CTRGO

0xF495 OT4CTRGOH R/W 8 0x00

0xF496 i ) OT4FTRGOL R/W 8/16 0x00
OTM4 Forced stop trigger O register OT4FTRGO

0xF497 OT4FTRGOH R/W 8 0x00

0xF498 i ) OT4FTRG1L R/W 8/16 0x00
OTM4 Forced stop trigger 1 register OT4FTRG1

0xF499 OT4FTRG1H R/W 8 0x00

OxF49A ) . OT4INTEL R/W 8/16 0x00
OTM4 interrupt enable register OT4INTE

0xF49B OT4INTEH R/W 8 0x00

0xF49C ) ) OT4INTSL R 8/16 0x00
OTM4 interrupt status register OT4INTS

0xF49D OT4INTSH R 8 0x00

OxF49E ) . OT4INTCL w 8 0x00
OTM4 interrupt clear register (L/H) -

OxF49F OT4INTCH w 8 0x00

O0xF4A0 . OT5PL R/W 8/16 OxFF
OTMS cycle register OT5P

OxF4A1 OT5PH R/W 8 OxFF

OxF4A2 ) . ) OT50RL R/W 8/16 0x00
OTM50 Rise Point register OT50R

OxF4A3 OT50RH R/W 8 0x00

OxF4A4 ) ) OT50FL R/W 8/16 0x00
OTM50 Fall Point register OT50F

OxF4A5 OT50FH R/W 8 0x00

OxF4A6 ) . i OT51RL R/W 8/16 0x00
OTM51 Rise Point register OT51R

OxF4A7 OT51RH R/W 8 0x00

OxF4A8 ) ) OT51FL R/W 8/16 0x00
OTM51 Fall Point register OT51F

OxF4A9 OT51FH R/W 8 0x00

OxF4AA ) OT5CL R/W 8/16 0x00
OTMS5 counter register OT5C

OxF4AB OT5CH R/W 8 0x00

F4A T5STATL R 1

OXFAAC | 15 status register oTsS OT5STAT 816 | Ox06

OxF4AD OT5STATH R 8 0x00

OxF4AE ) OT5MODL R/W 8/16 0x00
OTMS mode register OT5MOD

OxF4AF OT5MODH R/W 8 0x40

0xF4B0 . . OT5SCLRL R/W 8/16 0x00
OTMS5 cycle stop timing register OT5SCLR

0xF4B1 OT5SCLRH R/W 8 0x00

0xF4B2 . OT5CLKL R/W 8/16 0x00
OTMS5 clock register OT5CLK

0xF4B3 OT5CLKH R/W 8 0x00

OxF4B4 i ) OT5CTRGOL R/W 8/16 0x00
OTMS counter trigger 0 register OT5CTRGO

O0xF4B5 OT5CTRGOH R/W 8 0x00

OxF4B6 i ) OT5FTRGOL R/W 8/16 0x00
OTMS Forced stop trigger O register OT5FTRGO

OxF4B7 OT5FTRGOH R/W 8 0x00

0xF4B8 ) ) OT5FTRG1L R/W 8/16 0x00
OTMS5 Forced stop trigger 1 register OT5FTRGH1

0xF4B9 OT5FTRG1H R/W 8 0x00

OxF4BA ) . OT5INTEL R/W 8/16 0x00
OTMS5 interrupt enable register OT5INTE

OxF4BB OT5INTEH R/W 8 0x00

O0xF4BC ) i OTS5INTSL R 8/16 0x00
OTMS interrupt status register OT5INTS

0xF4BD OT5INTSH R 8 0x00

OxF4BE ) . OT5INTCL w 8 0x00
OTMS interrupt clear register (L/H) -

OxF4BF OT5INTCH w 8 0x00
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9.2.2 OTMn cycle register OTnP : n=0 to 5)

OTnP is a SFR to set OTMn cycle (clock count)
The configurable range is 0x0001 to OXFFFF (clock count:2 to 65536)

If "1" is written to either OTnPCO or OTnPCl1 bits of OTCPC register, the read value of OTnP register is the buffer value
set in OTCPC register..

See "9.3.7 Changes during periodic and duty operation" for details on buffers. Writing to OTnP register is invalid in this
time.

Address: 0xF400(OTOPL/OTOP), 0xF401(OTOPH), 0xF420(OT1PL/OT1P), 0xF421(OT1PH),
0xF440(OT2PL/OT2P), 0xF441(OT2PH), 0xF460(OT3PL/OT3P), 0xF461 (OT3PH),
0xF480(OT4PL/OT4P), 0xF481(OT4PH), 0xF4A0(OT5PL/OT5P), 0xF4A1(OT5PH)

Access: R/W

Access size: 8bit/16bit

Initial value: OxFFFF

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

Word OTnP

Byte OTnPH OTnPL

Blt OTQF” OT2P1 OTQF” OTSF” OT;‘F” OT8P1 OTnP9|OTnP8|OTnP7|0TnP6|0TNPS5|0TnP4|0TNP3|0TNP2|0TnP1|0TNPO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Value

Bit No.  Bit symbol name Description

15t0 0 OTnP15to OTnPO 0x0001 to OXFFFF: Set the period to the set value in OTnP register + 1 clock.

[Note]
* When 0x0000 is written in this register, 0x0001 is set and the read value is also becoming 0x0001.
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9.2.3 OTMnO Rise Point register (OTnOR : n=0to 5)

OTnOR is a SFR to set rise timing of output or store a captured data.
In CAPTURE mode, the register is read only (writing is invalid).

Address: 0xF402(OTOORL/OTOOR), 0xF403(OTOORH), 0xF422(OT10RL/OT10R), 0xF423 (OT10RH),

0xF442(OT20RL/OT20R), 0xF443(OT20RH), 0xF462(OT30RL/OT30R), 0xF463 (OT30RH),
0xF482(OT40RL/OT40R), 0xF483(OT40RH), 0xF4A2(OT50RL/OT50R), 0xF4A3(OT50RH)

Access: R/W
Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Word OTnOR
Byte OTnORH OTnORL
Bit OTnOR|OTnOR|OTNOR|OTNOR|OTNOR|{OTNOR|OTNOR|OTNOR|OTNOR|OTNOR|{OTNOR|OTNOR|OTNOR|OTNOR|OTNOR|OTNOR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Iniial 599 9 0o o 0o 0o 0 o0 0O o0 0O 0 0 o0
value
Bit Bit symbol Description
No. name
15to 0 OTnOR15to CAPTURE mode
OTnORO 0x0000 to OxFFFF: Captured count value is stored.

Reading out of this register clears the status bit which indicate capture
status shown below.
- OTnFLGA bit of OTnSTAT register
- OTnISOR bit of OTNINTS register

PWM mode

0x0000 to OXFFFF: Set rise timing of OTMnO output.

OTMnO output becomes “H” when counter value = OTnOR.
If same value is set to both OTnOR and OTnOF, the duty becomes 0%.
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9.2.4 OTMnO Fall Point register (OTnOF : n=0 to 5)

OTnOF is a SFR to set Fall timing of output or store a captured data.
In CAPTURE mode, the register is read only (writing is invalid).

Address: 0xF404 (OTOOFL/OTOOF), 0xF405(OTOOFH), 0xF424 (OT10FL/OT10F), 0xF425(OT10FH),
0xF444 (OT20FL/OT20F), 0xF445(OT20FH), 0xF464 (OT30FL/OT30F), 0xF465(OT30FH),

0xF484 (OT40FL/OT40F), 0xF485(0OT40FH), 0xF4A4(OT50FL/OT50F), 0xF4A5(OT50FH)
Access: R/W

Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnOF
Byte OTnOFH OTnOFL
Bit OTnOF|OTNnOF|OTNOF |OTNOF|OTNnOF|OTNnOF|OTnOF|OTnOF|OTnOF|OTnOF |OTNOF|[OTNOF|OTNnOF|OTnOF|OTnOF|OTnOF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Inial 9 9 o 0o 0o 0o o0 o0 o0 O O 0 0 0 0
value
Bit Bit symbol Description
No. name
15to 0  OTnOF15 to CAPTURE mode
OTnOFO 0x0000 to OxFFFF: Captured count value is stored.

Reading out of this register clears status bit which indicate capture
status shown below.
- OTnFLGB bit of OTnSTAT register
- OTnISOF bit of OTnINTS register

PWM mode

0x0000 to OXFFFF:Set fall timing of OTMnO output.

OTMnO output becomes “L” when counter value = OTnOF.
If same value is set to both OTnOR and OTnOF, the duty becomes 0%.
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9.2.5 OTMn1 Rise Point register (OTn1R : n=0, 1, 4, 5)
OTnIR is a SFR to set rising time of OTMn1 output.

Address: 0xF406 (OTO1RL/OT01R), 0xF407 (OTO1RH), 0xF426 (OT11RL/OT11R), 0xF427 (OT11RH),
0xF486 (OT41RL/OT41R), 0xF487 (OT41RH), 0xF4A6 (OT51RL/OT51R), 0xF4A7(OT51RH)
Access: R/W

Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTn1R
Byte OTn1RH OTn1RL
Bit OTn1R|OTn1R|OTn1R|OTN1R|OTN1R|OTN1R|OTn1R|OTn1R|OTn1R|OTn1R|OTn1R|OTn1R|OTN1R|OTN1R|OTN1R|OTN1R
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Iniial g9 9 9 o o 0o 0o 0 o0 0O o0 0 0 0 o0
value
Bit Bit symbol Description
No. name
15to0 OTn1R15to CAPTURE mode
OTn1RO Unused. The reading value becomes “0x0000".
*PWM mode

0x0000 to OXFFFF:Set OTMn1 output rise timing.
OTMn1 output becomes “H” when counter value = OTn1R.
If same value is set to both OTn1R and OTn1F, the duty becomes 0%.
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9.2.6 OTMn1 Fall Point register (OTn1F : n=0, 1, 4, 5)
OTnlF is a SFR to set falling time of OTMn1 output.

Address: 0xF408(OTO1FL/OTO1F), 0xF409(OTO01FH), 0xF428(OT11FL/OT11F), 0xF429(OT11FH),
0xF488(0OT41FL/OT41F), 0xF489(OT41FH), 0xF4A8(OT51FL/OT51F), 0xF4A9(OT51FH)
Access: R/W

Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTn1F
Byte OTn1FH OTn1FL
bit OTn1F|OTn1F|OTn1F|{OTn1F|OTn1F|OTn1F|OTn1F|OTn1F|OTn1F|OTn1F|OTn1F|{OTn1F|OTn1F|OTn1F|OTn1F|OTn1F
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Inial g9 9 o o0 o o0 0o 0 o0 0 0O 0 0O 0 0
value
Bit Bit symbol Description
No. name
15to0 OTn1F15to *CAPTURE mode
OTn1FO Unused. The reading value becomes “0x0000”.
PWM mode

0x0000 to OXFFFF:Set OTMn1 output fall timing.
OTMn1 output becomes “L” when counter value = OTn1F.
If same value is set to both OTn1R and OTn1F, the duty becomes 0%.
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9.2.7 OTMn counter register (OTnC : n=0 to 5)

OTnC is a SFR to monitor OTMn count value.
When any data is written, OTnC is cleared to "0x0000".

Address: 0xF40A(OTOCL/OTOC), 0xF40B(OTOCH), 0xF42A(OT1CL/OT1C), 0xF42B(OT1CH),
0xF44A(OT2CL/OT2C), 0xF44B(OT2CH), 0xF46A(OT3CL/OT3C), 0xF46B(OT3CH),
0xF48A(OT4CL/OT4C), 0xF48B(OT4CH), 0xF4AA(OT5CL/OT5C), 0xF4AB(OT5CH)

Access: R/W

Access size:  8/16bit

initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTnC
Byte OTnCH OTnCL
Bit OT201 OTQC1 OTQC1 OTS“ OT;‘C1 OTS“ 0TnC9|0TnC8|0TnC7|0TnC6|0TnC5|0TnC4|0TnC3|0TnC2|0TnC1[0TnCo
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
[Note]

If the timer clock frequency is same as the system clock frequency, a proper counted value is readout.

If the timer clock frequency is faster than the system clock frequency, a wrong value is readout.

If the timer clock frequency is slower than the system clock frequency, read OTnC multiple times and determine the
validity from the period difference between the timer clock and the system clock and the increase in the count value.
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9.2.8 OTMn status register (OTnSTAT : n=0 to 5)
OTnSTAT is a SFR to indicate OTMn status.

Address: O0XF40C (OTOSTATL/OTOSTAT), OxF40D (OTOSTATH),
OXF42C (OT1STATL/OTASTAT), OxF42D (OT1STATH),
OXF44C (OT2STATL/OT2STAT), OxF44D (OT2STATH),
OXF46C (OT3STATL/OT3STAT), OxF46D(OT3STATH),
OXF48C (OT4STATL/OT4STAT), OxF48D (OT4STATH),
OXF4AC (OT5STATL/OTSSTAT), OXF4AD (OT5STATH)
Access: R
Access size: 8/16 bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTnSTAT
Byte OTnSTATH OTnSTATL
. } } } } } } }  [OTnST|OTnFL]OTNFL|OTRFL OTnOBIOTNOA
Bit A | Gc | 6B | GA | = |sTA*| sTA [PTNUD
RW R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

* : Not available in CH2 and CH3.

Bit
No.

Bit symbol

name

Description

15t0 8

Reserved bit

7

OTnSTA

Indicate OTMn operating status.
0: Counter stopped (initial value)
1: Counter in operation

OTnFLGC

Indicate whether the setting of OTnCST bit of OTnMOD register is valid or not.
When OTnFLGC bit is set to "1", the counter start by the counter control trigger is disabled.
When the value of OTnC register is read out, it is automatically cleared.

0: Startable status by event trigger (initial value)

1: Un-startable status by event trigger

OTnFLGB

Indicate flag B status.
-CAPTURE mode
0: No capture data (initial value)
1: With capture data (cleared by reading out OTnOF register)
-PWM mode*1
0: "L" is output from OTONB pin. (Initial value)
1: "H" is output from OTONB pin.
*1) CH2, CH3 (n=2,3) is always fixed at 0 in PWM mode.

OTnFLGA

Indicate flag A status.

-CAPTURE mode

0: No capture data (initial value)

1: With capture data (cleared by reading out OTnOR register)
-PWM mode

0: "L" is output from OTONA pin. (Initial value)

1: "H" is output from OTONA pin.

Reserved bit

OTnOBSTA

Indicate OTMn1 output status *Not available in CH2 and CHS3.

-CAPTURE mode

The read value of this bit is always fixed at 0.

-PWM mode*1

0: Indicate that OTMn1 output is as set (initial value).

1: Indicate that OTMn1 output is fixed to the value set by OTnSTPON bit of OTnMOD
register.
*1) CH2, CH3 (n=2, 3) are always fixed to 0 in PWM mode.
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Bit Bit symbol
No. name
1 OTnOASTA Indicate OTMnO output status.
-CAPTURE mode
The read value of this bit is always fixed at 0.
PWM mode

0: Indicate that OTMnO output is as set (initial value).
1: Indicate that OTMnO output is fixed to the value set by OTnSTPOP bit of OTnMOD
register.
0 OTnUD Indicate the status of the completion after generating an update request of OTnP register or
OTnOR/OTnOF/OTn1R/OTn1F register by writing "1" to OTCUDn bit of OTCUD register.
When the transfer is completed, this bit is cleared automatically.
0: The update is completed (Initial value)
1: Requesting the update

Description

[Note]
When switching from PWM mode to CAPTURE mode, OTnFLGA bit and OTnFLGB bits might be

unintentionally set to "1".
So, when switching to CAPTURE mode, read OTnOR register and OTnOF register once to initialize OTnFLGA

and OTnFLGB bits.
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9.2.9 OTMn mode register (OTnMOD : n=0 to 5)
OTnMOD is a SFR to select OTMn output.

Address: 0xF40E (OTOMODL/OTOMOD), 0xF40F (OTOMODH),
0xF42E(OT1MODL/OT1MOD), 0xF42F (OT1MODH),
0xF44E(OT2MODL/OT2MOD), 0xF44F (OT2MODH),
0xF46E (OT3MODL/OT3MOD), 0xF46F (OT3MODH)
0xF48E (OT4MODL/OT4MOD), 0xF48F (OT4MODH),
0xF4AE (OT5MODL/OT5MOD), 0xF4AF (OT5MODH)
Access: R/W
Access size: 8/16bit
Initial value: 0x4000
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Word OTnMOD
Byte OTnMODH OTnMODL
Bit OTnOS0TnOS|OTNOS|OTNOS| ) OTnST|OTnST|OTNOS|OTnST|OTNDC|OTNCS| ) ) OTnM
L1* LO* NB* NA PON* | POP T SYN LH T DO
R/W RW RW RW R/W R R RW RW RW RW RW RW R R R R/W
Initial 1 o 0 0o 0 0 0 0 0 0 0 0 0 0 0
value

* : Not available in CH2 and CH3.

Bit
No. name

Bit symbol

Description

15 OTnOSL1

Selects the phase of the signal to be output from OTONB pin. *Not available in CH2 and CH3.
0: Output OTMn1 from OTONB pin (Initial value)
1: Output OTMnO from OTONB pin

14 OTnOSLO

Selects the phase of the signal to be output from OTONA pin. *Not available in CH2 and CH3.
OTO1A and OTO3A is fixed to

0: Output OTMn1 from OTONA pin (Initial value)

1: Output OTMnO from OTONA pin

13 OTnOSNB

Inverts OTONB pin output signal. *Not available in CH2 and CH3.
Invert the signal selected by OTnOSL1 (bit 15).

0: No invert the output (initial values)

1: Invert the output

12 OTnOSNA

Inverts OTONA pin output signal.

Invert the signal selected by OTnOSLO (bit 14).
0: No invert the output (initial values)
1: Invert the output

11,10 -

Reserved bit

9 OTnSTPON

Set OTMn1 output state during the counter is stopped or during the output is stopped in
forced stop state. *Not available in CH2 and CH3.
-CAPTURE mode
Not used.
-PWM mode
0: Set OTMn1 output "L" when stopped. (Initial value)
If the counter is restarted without clearing, the state will be "L" until the next cycle.
1: Set OTMn1 output "H" when stopped.
If the counter is restarted without clearing, the state will be "H" until the next cycle.

8 OTnSTPOP

Set OTMnO output state during the counter is stopped or during the output is stopped in
forced stop state.
-CAPTURE mode
Not used.
PWM mode
0: Set OTMnO output "L" when stopped. (Initial value)
If the counter is restarted without clearing, the state will be "L" until the next cycle.
1: Set OTMnO output "H" when stopped.
If the counter is restarted without clearing, the state will be "H" until the next cycle.
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Bit Bit symbol Description
No. name
7 OTnOST Set OTMn operation mode (continuous mode/one-shot mode).
-CAPTURE mode
0: Auto mode (Initial value)
Whenever a capture trigger comes to OTnOR and OTnOF registers, these registers are
updated to the captured data.
1: Single mode
Once the data is captured to OTnOR or OTnOF register, the next capture will not be
performed until it is readout.
-PWM mode
0: Continuous mode (initial value)
1: One-shot mode
6 OTnSTSYN Set OTMn stop timing
0: Stop at the timing of writing the corresponding bit of OTCSTP register or stop when a
stop input is received due to a trigger event. (Initial value)
1: Stop after writing the corresponding bit of OTCSPT register, or after accepting a stop
input by a trigger event, wait for the interval set by OTnSCLR register from the end of the
period and stop.
The setting of this bit is enabled when the software is stopped or when it is stopped by a
trigger event.
It is not valid for stopping by force stop. In capture mode and one-shot mode, the setting of
this bit is disabled.
When this bit is set to "1", if a software stop or trigger event stop is entered, and a count start
by software or trigger input is entered before the end of the cycle is reached, the counting
operation will continue without stopping at the end of the cycle.
5 OTnDCLH Disable counter clear by a trigger event when OTMnO level is “H”.
*CAPTURE mode
Unused
-PWM mode
0: Clear enabled regardless of OTMnO level (initial value)
1: Clear disabled when OTMnO level is "H"
4 OTnCST Select a counter start operation mode by trigger event.
0: During the counter is stopped (excluding forced stop), the counter is always started by
the trigger event. (Initial value)
1: During counter stop (excluding forced stop), the trigger event is used until OTnC
register is read. The counter does not start.
3to1 - Reserved bit
0 OTnMDO Set OTMn mode
0: PWM mode (initial value)
1: CAPTURE mode
[Note]

Set OTnMOD register when the counter operation is stopped.
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9.2.10 OTMn Output logic control register (OTnOCON : n=0 to 5)
OTnOCON is a SFR to set OTMn pin output function.

This register is enabled when the logical output permission state is set with OTM common OTMn0/1 output logical

authorized register (OTC0/1OCON).

Address: 0xF390 (OTOOCONL/OTOOCON), 0xF391(OTOOCONH),
0xF392(OT10OCONL/OT10CON), 0xF393(OT10OCONH),
0xF394 (OT20CONL/OTOOCON), 0xF395(OT20CONH),
0xF396 (OT30CONL/OT10CON), 0xF397 (OT3OCONH)
0xF398 (OT40OCONL/OT40CON), 0xF399(OT4OCONH),
0xF39A(OT50CONL/OT50CON), 0xF39B(OT50CONH)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnOCON
Byte OTnOCONH OTnOCONL
Bit OTnAN|OTnAN|OTNAN|OTNAN|OTNAN|OTnAN|OTNAN|OTNRAN|JOTNAN|OTNAN|OTNAN|OTNAN|OTNAN|OTNRAN|OTNAN|OTNAN
D17* | D16* | D15* | D14* | D13* | D12* | D11* | D10* | DO7 | DO6 | D05 | D04 | D03 | D02 | DO1 | DOO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial = o o o o ©0o o0 o0 0O 0O O0 O0 0 o0
value
*: Not available in CH2 and CH3.
r\I13|t Bit symbol Description
o. name
15t012 OTnAND17 to  Select an output signal to take Logical AND with OTMn1 output.
OTnAND14 It is enabled when OTn10OEN1 bit of OTC1OCON register is “1”.
See Table 9-3A for signals that can be Logical AND.
11to8 OTnAND13to Select an output signal to take Logical AND with OTMn1 output.
OTnAND10 It is enabled when OTn10OENQO bit of OTC1OCON register is “1”.
See Table 9-3B for signals that can be Logical AND.
7to4 OTnANDO7 to  Select an output signal to take Logical AND with OTMnO output.
OTnANDO4 It is enabled when OTnOOEN1 bit of OTCOOCON register is “1”.
See Table 9-3A for signals that can be Logical AND.
3to0 OTnANDO3 to  Select an output signal to take Logical AND with OTMnO output.
OTnANDOQO It is enabled when OTnOOENO bit of OTCOOCON register is “1”.

See Table 9-3B for signals that can be Logical AND.
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OTMn1 signal —

Selected signal in Table 9-3A OTMN1S
OTn10EN1 :
Selected signal in Table 9-3B
OTn10ENO

Fig. 9-3 OTnOCON register Configuration Diagram

Table 9-3A OTnAND17 to 14,0TnANDO7 to 04
Correspondence table

Table 9-3B OTnAND13 to 10,0TnANDO3 to 00
Correspondence table

OTRANDO? to 04 OTMO/OThnt OTRANDOS o 00 OTMNO/OTNInt
0000 OTM30S 0000 OTMO00S
0001 OTM40S 0001 OTMO1S
0010 OTM41S 0010 OTM10S
0011 OTM50S 0011 OTM118
0100 OTM51S 0100 OTM20S
0101 Inverted of OTM30S 0101 Inverted of OTMO0S
0110 Inverted of OTM40S 0110 Inverted of OTM01S
0111 Inverted of OTM41S 0111 Inverted of OTM10S
1000 Inverted of OTM50S 1000 Inverted of OTM11S
1001 Inverted of OTM51S 1001 Inverted of OTM20S
1010 Analog comparator CHO 1010 Analog comparator CHO
1011 Analog comparator CH2 1011 Analog comparator CH1
1100 Inverted of Analog comparator CHO 1100 Inverted of Analog comparator CHO
1101 Inverted of Analog comparator CH2 1101 Inverted of Analog comparator CH1
1110 External trigger 2 input(EXTRG2) 1110 External trigger 0 input(EXTRGO)
1111 External trigger 3 input(EXTRG3) 1111 External trigger 1 input(EXTRG1)
[Note]

If it is required to update OTnOCON register while the counter is running, change the setting value after
stopping the logical output by OTCOOCON/OTC10CON register.
If the setting of OTnOCON register is changed during counter operation in the logical output permitting

state, unintended waveforms might be output.
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9.2.11 OTMn cycle stop timing register (OTnSCLR : n=0 to 5)

OTnSCLR is a SFR to set a counter stop timing at OTMn cycle end.
Setting of the SFR is disabled when operating in CAPTURE mode and One-shot mode.

Address:

Access:
Access size: 8/16bit
Initial value: 0x0000

0xF410(OTOSCLRL/OTOSCLR),
0xF430(OT1SCLRL/OT1SCLR),
0xF450(OT2SCLRL/OT2SCLR),
0xF470(OT3SCLRL/OT3SCLR),
0xF490 (OT4SCLRL/OT4SCLR),

R/W

0xF411(OTOSCLRH),
0xF431(OT1SCLRH),
0xF451(OT2SCLRH),
0xF471(OT3SCLRH),
0xF491(OT4SCLRH),
0xF4B0O(OT5SCLRL/OT5SCLR), 0xF4B1(OT5SCLRH)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTnSCLR
Byte OTnSCLRH OTnSCLRL
Bit i i i i i i i _ |OTnDL|OTnDL|OTnDL|OTnDL|OTnDL|{OTnDL|OTnDL|OTnDL
Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO0
R/W R R R R R R R R RW RW RW RW RW RW RW RW
Intial 699 0o 0o o o o0 O0 o0 o0 ©0 O 0O 0 0
value
Bit Bit symbol Description
No. name
15t08 - Reserved bit
7t00 OTnDLY7 to When stop the counter at the end of the cycle by setting OTnSTSYN bit of OTnMOD register
OTnDLYO to “1”, the counter stops after the time interval set by this bit has elapsed.
-PWM mode
0x00 to OxFF: Set OTMn counter stop time interval.
Time interval is calculated by the below formula.
Time interval (between when the counter is stopped after the count is completed)
= count clock period x OTnDLY setting value
[Note]

Set OTnSCLR register when counter operation is stopped.
* The time interval set to OTnDLY bit must be shorter than the interval set to OTnP register.
If the time interval is set for OTnDLY bit longer than the interval set to OTnP register, the counter may
stop even if the time interval is less than the interval set by OTnDLY bit.
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9.2.12 OTMn clock register (OTnCLK : n=0 to 5)
OTnCLK is a SFR to set timer clock of OTMn.

Address:

0xF412(OTOCLKL/OTOCLK), 0xF413(OTOCLKH), 0xF432(OT1CLKL/OT1CLK), 0xF433(OT1CLKH),

0xF452(OT2CLKL/OT2CLK), 0xF453 (OT2CLKH), 0xF472(OT3CLKL/OT3CLK), 0xF473(OT3CLKH),
0xF492 (OT4CLKL/OT4CLK), 0xF493 (OT4CLKH), 0xF4B2(OT5CLKL/OT5CLK), 0xF4B3(OT5CLKH)
Access: R/W

Access size: 8/16bit
Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTnCLK
Byte OTnCLKH OTnCLKL
Bit i i i i i i i i i _ |OTnCK|OTnCK|  |OTnCK|OTnCK|OTNCK
D1 DO 2 1 0
R/W R R R R R R R R R R R/W  R/W R RW R/W R/W
nial g9 9 0 o o o o0 O0 O 0 ©0 O 0O 0 0
value
Bit Bit symbol Description
No. name
15t06 - Reserved bit
5t04 OTnCKD1 to Select OTMn count clock frequency division ratio.
OTnCKDO 00: No divide (Initial value)
01: Divide 2 of timer clock frequency
10: Divide 4 of timer clock frequency
11:  Divide 8 of timer clock frequency
3 - Reserved bit
2t00 OTnCK2~ Select a timer clock source of OTMn.
OTnCKO 000: LSCLKO(initial value)
001: HSCLK
010: HSOCLK
011: Reserved bit
100: External clock 0 input (EXTRGO)
101: External clock 1 input (EXTRG1)
110: External clock 2 input (EXTRG2)
111: External clock 3 input (EXTRG3)
[Note]
* Set OTnCLK register when counter operation is stopped.
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9.2.13 OTMn Counter control trigger register 0 register (OTnCTRGO : n=0 to 5)

OTnCTRGO is a SFR to set OTMn counter control function.
The counter is controlled by taking Logical OR of the setting of this register with the setting of OTnCTRGI.
The register setting is enabled when OTnTGEN bit of OTCSTAT register is “1”.

Address:

Access:
Access size: 8/16bit
Initial value: 0x0000

0xF414 (OTOCTRGOL/OTOCTRGO), 0xF415(OTOCTRGOH),
0xF434 (OT1CTRGOL/OT1CTRGO), 0xF435(OT1CTRGOH),
0xF454 (OT2CTRGOL/OT2CTRGO), 0xF455(0T2CTRGOH),
0xF474 (OT3CTRGOL/OT3CTRGO), 0xF475(OT3CTRGOH),
0xF494 (OTACTRGOL/OT4CTRGO), 0xF495(0OT4CTRGOH),
0xF4B4 (OT5CTRGOL/OT5CTRGO), 0xF4B5(OT5CTRGOH)

R/W

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnCTRGO

Byte OTnCTRGOH OTnCTRGOL

gt [oTnTRIOTATRIOTATRT _ [OTnST|OTST/OTAST[OTRST/OTRCA] ) — |oTnSP|OTSP[OTRST|OTNST

MO2 | MO1 | M0O S03 | S02 | S01 | S00 |PENO co| o | col| o

RW RW RW RW R RW RW RW RW RW R R R RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

,\IJBIt i Symlag) Description

0. name

15t0 13 OTnTRMO2 to

Select edge or level of OTMn counter control signal 0.

OTnTRMOO If OTMnTRG and WDTCLK are selected, this bit is disabled.
Both counter start and counter stop are fixed to rising edge.
Other than above, the edge of both Counter start/Counter stop is fixed to rising edge.
Counter start Counter stop
000: Rising edge Falling edge (initial value)
001: Falling edge Rising edge
010: Rising edge Falling edge
011: Falling edge Falling edge
1X0: “H” level “L” level
1X1: “L” level “H” level
X: either 1 or0
12 - Reserved bit
11to8 OTnSTS03to  Select the source of OTMn counter control signal 0.
OTnSTS00 When selecting ORMnTRG or OTMn0/OTMn1, select a channel other than the same channel

(e.g When OTMO setting, select other than OTMOTRG, OTMO00, or OTMO01).
When selecting OTMnTRG or OTMn0/OTMn1, select a channel other than the same channel
(other than OTMOTRG, OTMO00, or OTMO01 for OTMO settings).
-CAPTURE, PWM mode

0000: External trigger 0 input (EXTRGO) (initial value)

0001: External trigger 1 input (EXTRG1)

0010: External trigger 2 input (EXTRG2)

0011: Analog comparator CHO

0100: Analog comparator CH1

0101: Analog comparator CH2

0110: OTMO00

0111: OTMO01

1000: OTM10

1001: OTM11

1010: OTM20

1011: OTMOTRG (operational timer O trigger)

1100: OTM3TRG (operational timer 3 trigger)

1101: OTM4TRG (operational timer 4 trigger)

1110: OTM5TRG (operational timer 5 trigger)

1111: WDTCLK

* For the information about OTMnTRG, see OTnINTEH in OTnINTE register
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Bit Bit symbol Description
No. name
7 OTnCAPENO Select whether to use the source of the counter control signal 0 set in OTnSTS03 to 00 bit as
the trigger in capture mode.
0: Capture trigger disable (initial value)
1: Capture trigger enable
6to4 - reserved bit
3 OTnSPCO Select whether to clear the counter when the counter stop signal of counter control signal 0

occurs.
The setting of this bit is enabled regardless of OTnSPO bit setting.
And if a register update request has been occurred using OTCUDn bit of OTCUD register,
register is also updated when the counter stop signal of counter control signal 0 is occurred.
0: Counter clear disable (initial value)
1: Counter clear enable
However, in the following cases, the counter is not cleared/registered when the counter stop
signal of the counter control signal 0 is occurred.
*In case the counter is stopped by setting OTnTRMO02 to 00 to “000” or “011”.
*In case the counter is stopped by setting OTMnTRG with OTnSTS03 to 00.

Regardless of the setting of OTnSTSYN bit of OTnMOD register, if the setting of this bit is
"1", the counter is cleared when a counter stop signal of counter control signal 0 is occurred.

2 OTnSPO Select enable/disable of the counter stop by counter control signal “0”.
0: Counter stop disable (initial value)
1: Counter stop enable

1 OTnSTCO Select whether to clear the counter when the counter start signal of counter control signal 0
occurs.
The setting of this bit is enabled regardless of OTnSTO bit setting.
And if a register update request has been occurred using OTCUDn bit of OTCUD register,
register is also updated when the counter start signal of counter control signal 0 is occurred.

0: Counter clear disable (initial value)

1: Counter clear enable
However, in the following cases, the counter is not cleared/registered when the counter start
signal of the counter control signal 0 is occurred.

*In case the counter is in operation by setting OTnTRMO02 to 00 to “000” or “011”.

-In case the counter is in operation by setting ORMnTRG with OTnSTS03 to 00.
Regardless of the setting of OTnSTSYN bit of OTnMOD register, if the setting of this bit is
"1", the counter is cleared when the counter start signal of counter control signal 0 is
occurred.

0 OTnSTO Select enable/disable of the counter start by counter control signal “0”.
0: Counter start disable (initial value)
1: Counter start enable

[Note]

* Trigger pulse width must be 2cloks wide of timer clock or more.

¢ In one-shot mode, set OTnTRMO02 to OTnTRMO00 bits to "1X0" or "1X1", and if the start condition and the
level of the counter control signal 0 match, and the stop condition in one-shot mode is satisfied, the
counting operation is continued (count-up is resumed from 0).

* If OTnCTRGO register is set when a trigger event is enabled, a trigger event may occur at the moment of
the setting. So when setting OTnCTRGO register, verify that OTnTGEN bit of OTCSTAT register is "0" and
change the setting of OTnCTRGO register in the trigger operation stopped state.
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9.2.14 OTMn Counter control trigger 1 register (OTnCTRG1 : n=0 to 5)

OTnCTRGI is a SFR to set OTMn counter control function.
The counter is controlled by taking Logical OR of the setting of this register with the setting of OTnCTRGO.
The register setting is enabled when OTnTGEN bit of OTCSTAT register is “1”.

Address:

Access:
Access size: 8/16bit
Initial value: 0x0000

0xF3A0(OTOCTRG1L/OTOCTRG1), 0xF3A1(OTOCTRG1H),
0xF3A2(OT1CTRG1L/OT1CTRG1), 0xF3A3(OT1CTRG1H),
0xF3A4 (OT2CTRG1L/OT2CTRG1), 0xF3A5(0OT2CTRG1H),
0xF3A6 (OT3CTRG1L/OT3CTRG1), 0xF3A7 (OT3CTRG1H),
0xF3A8(OT4CTRG1L/OT4CTRG1), 0xF3A9(OT4CTRG1H),
0xF3AA(OT5CTRG1L/OT5CTRG1), 0xF3AB(OT5CTRG1H)

R/W

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnCTRG1

Byte OTnCTRG1H OTNCTRGIL

gt [oTnTRIOTATRIOTATRT —_ [OTnST|OTST/OTAST[OTRST/OTRCA] ) — |oTnSP|OTnsP[OTRST|OTNST

M12 | M11 | M10 S13 | s12 | s11 | S10 | PEN1 ct | 1 | c1| 1

RW RW RW RW R RW RW RW RW RW R R R RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

,\IJBIt i Symlag) Description

0. name

15t0 13 OTnTRM12 to

Select edge or level of OTMn counter control signal 1.

OTnTRM10 It is valid only when OTnSTS13 to OTnSTS10 bits of OTnCTRG1 register are selected for
external triggering or analog comparator output, OTMnO, and OTMn1. Other than above, the
edge of both Counter start/Counter stop is fixed to rising.

Counter start Counter stop
000: Rising edge Rising edge (initial value)
001: Falling edge Rising edge
010: Rising edge Falling edge
011: Falling edge Falling edge
1X0: “H” level “L” level
1X1: “L” level “H” level
X: either 0 or1
12 - Reserved bit
11to8 OTnSTS13to  Select the source of OTMn counter control signal 1.
OTnSTS10 When selecting ORMnTRG or OTMn0/OTMn1, select a channel other than the same channel

(e.g When OTM4 setting, select other than OTM4TRG, OTM40, or OTM41).
*CAPTURE, PWM mode

0000: External trigger 0 input (EXTRGO)(initial value)

0001: External trigger 1 input (EXTRG1)

0010: External trigger 2 input (EXTRD2)

0011: Analog comparator CHO

0100: Analog comparator CH1

0101: Analog comparator CH2

0110: OTM30

0111: OTM40

1000: OTM41

1001: OTM50

1010: OTM51

1011: OTMOTRG (operational timer O trigger)

1100: OTM1TRG (operational timer 1 trigger)

1101: OTM2TRG (operational timer 2 trigger)

1110: OTM3TRG (operational timer 3 trigger)

1111: 16bit timer 0 trigger (TMHOTRG)
*OTMnTRG can set the output timing with
OTnIOOTOR/OTnIOTTOR/OTnIOHOR/OTNIO1F/OTnIO1R/OTnIOOF/OTnIO0F/OTnIOP
bits of OTMn interrupt permit register (OTnINTE).
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Bit Bit symbol Description
No. name
7 OTnCAPEN1 Select whether to use the source of the counter control signal 1 set in OTnSTS13 to 10 bit as
the trigger in capture mode.
0: Capture trigger disable (initial value)
1: Capture trigger enable
6to 4 - Reserved bit
3 OTnSPC1 Select whether to clear the counter when the counter stop signal of counter control signal 1
occurs.
The setting of this bit is enabled regardless of OTnSP1 bit setting.
And if a register update request has been occurred using OTCUDn bit of OTCUD register,
register is also updated when the counter stop signal of counter control signal 1 is occurred.
0: Counter clear disable (initial value)
1: Counter clear enable
However, in the following cases, the counter is not cleared/registered when the counter stop
signal of the counter control signal 0 is occurred.
*In case the counter is stopped by setting OTnTRM12 to 10 to “000” or “011”.
*In case the counter is stopped by setting OTMnTRG with OTnSTS13 to 10.
Regardless of the setting of OTnSTSYN bit of OTnMOD register, if the setting of this bit is
"1", the counter is cleared when the counter stop signal of counter control signal 1 is
occurred.
2 OTnSP1 Select enable/disable of the counter stop by counter control signal “1”.
0: Counter stop disable (initial value)
1: Counter stop enable
1 OTnSTC1 Select whether to clear the counter when the counter start signal of the counter control signal
1 occurs.
The setting of this bit is enabled regardless of OTnST1 bit setting.
And if a register update request has been occurred by OTCUDn bit of OTCUD register,
register is also updated when the counter start signal of counter control signal 1 is occurred.
0: Counter clear disable (initial value)
1: Counter clear enable
However, in the following cases, the counter is not cleared/registered when the counter start
signal of the counter control signal 0 is occurred.
-In the case of the counter is in operation by setting OTnTRM12 to 10 to “000” or “011”.
-In the case of the counter is in operation by setting ORMnTRG with OTnSTS13 to 10.
Regardless of the setting of OTnSTSYN bit of OTnMOD register, if the setting of this bit is
"1", the counter is cleared when the counter start signal of the counter control signal 1 is
occurred.
0 OTnST1 Select enable/disable of the counter start by counter control signal “1”.
0: Counter start disable (initial value)
1: Counter start enable
[Note]

FEUL62Q2045

Trigger pulse width must be 2cloks wide of timer clock or more.

In one-shot mode, OTnTRMO02 to OTnTRMO0O bits are set to "1X0" or "1X1", and if the start condition and
the level of the counter control signal 0 match, and the stop condition in one-shot mode is satisfied, the
counting operation is continued (count-up is resumed from 0).

If OTnCTRGO register is set when a trigger event is enabled, a trigger event may occur at the moment of
the setting. So, when setting OTnCTRGO register, verify that OTnTGEN bit of OTCSTAT register is "0"
and change the setting of OTnCTRGO register in the trigger operation stopped state.

9-27



ROHM CO., Ltd_ ML62Q2033/2035/2043/2045 User’s Manual

Chapter 9 Operational timer

9.2.15 OTMn Forced stop control trigger 0 register (OTnFTRGO : n=0 to 5)

OTnFTRGO is a SFR to set OTMn trigger function.
The counter is controlled by taking Logical OR of the setting of this register with the setting of OTnCTRGI.

Address:

0xF416 (OTOFTRGOL/OTOFTRGO), 0xF417 (OTOFTRGOH),

0xF436 (OT1FTRGOL/OT1FTRGO0), 0xF437 (OT1FTRGOH),
0xF456 (OT2FTRGOL/OT2FTRGO), 0xF457 (OT2FTRGOH),
0xF476 (OT3FTRGOL/OT3FTRGO0), 0xF477 (OT3FTRGOH),
0xF496 (OT4FTRGOL/OT4FTRGO0), 0xF497 (OT4FTRGOH),
0xF4B6 (OT5FTRGOL/OT5FTRGO0), 0xF4B7 (OT5FTRGOH)
Access: R/W

Access size: 8/16bit
Initial value: 0x0000

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTNFTRGO
Byte OTnFTRGOH OTnFTRGOL
st | . |omFclotrc] — [OTnES|OTnES|OTnES| ] ] ) ~ [OTnFClOTnFCJOTNFC
E01 | EQO TO2 | TO1 | TOO CO | NO1* | NOO
RW R RW RW R R RW RW RW R R R R R RW RW RW
Initial o o o o o o0 0o o0 o 0o o o 9 o 9o

value

* : Not available in CH2 and CH3.

,\IJBIt i Symlag) Description
o. name
15 - Reserved bit
14t013 OTnFCEO1to  Select edge or level of OTMn Forced stop signal 0
OTnFCEOO 00: Rising edge (initial value)
01: Falling edge
10: “H” level
11: “L” level
12to 11 - Reserved bit
10to8 OTnEST02to  Select the source of OTMn Forced stop signal 0.
OTnESTO00 000: External trigger 0 input (EXTRGO) (initial value)
001: External trigger 2 input (EXTRG2)
010: Analog comparator CHO
011: Analog comparator CH1
100: Analog comparator CH2
101: OTMOO
110: OTM10
111: OTM20
7103 - Reserved bit
2 OTnFCCO Select whether to continue the counter operation when OTMn is forced stopped by forced
stop signal 0 when forced stop is enabled.
0: When forced stopped, counter operation continues (initial value)
1: When forced stopped, counter operation is stopped.
When OTnFCCO bit is set to “1”, OTnFCNOO/OTnFCNO1 bit must also be set to “1”.
When OTnFCNOO/OTnFCNO1 bits are set to "0" and shift to the forced stop state,
unexpected short pulse signal might be output to OTOnA/OTONB pin.
1 OTnFCNO1 Select enable/disable of OTMn1 output forced stop. * Not available in CH2 and CH3.

When the output force stop of OTMn1 is enabled, the output of OTMn1 is fixed to the output
state selected by OTnSTPON bit of OTnMOD when the forced stop state is forced to stop
due to the forced stop signal 0.
If OTnFCCO bit is set to “0” and select edge as forced stop trigger, forced stop state is
released at the end of period.

0: Output forced stop disable (Initial value)

1: Output forced stop enable

FEUL62Q2045
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Bit Bit symbol
No. name

0 OTnFCNOO Select enable/disable of OTMnO0 output forced stop.

When the output forced stop of OTMnO is enabled, the output of OTMnO is fixed to the output
state selected by OTnSTPOP bit of OTnMOD when the forced stop state is caused by a stop
signal of 0.
If OTnFCCO bit is set to “0” and select edge as forced stop trigger, forced stop state is
released at the end of period.

0: Output forced stop disable (Initial value)

1: Output forced stop enable

Description

[Note]
* When changing the setting of OTnFTRGO register during counter operation, set the following bits of the
register to "0" once, and then change the setting value.
*OTnFCCO bit
*OTnFCNO1 bit
*OTnFCNOO bit
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9.2.16 OTMn Forced stop control trigger 1 register (OTnFTRG1 : n=0 to 5)

OTnFTRGI is a SFR to set OTMn trigger function.
The logical OR of the forced stop signal 0 set by OTnFTRGO register and the forced stop signal 1 set by this register is
input as the forced stop trigger.

Address: 0xF418(OTOFTRG1L/OTOFTRG1), O0xF419(OTOFTRG1H),
0xF438(OT1FTRG1L/OT1FTRG1), 0xF439(OT1FTRG1H),
0xF458 (OT2FTRG1L/OT2FTRG1), 0xF459(OT2FTRG1H),
0xF478(OT3FTRG1L/OT3FTRG1), OxF479(OT3FTRG1H),
0xF498 (OT4FTRG1L/OT4FTRG1), OxF499(OT4FTRG1H),
0xF4B8(OT5FTRG1L/OT5FTRG1), 0xF4B9(OT5FTRG1H)
Access: R/W
Access size:  8/16bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnFTRG1
Byte OTnFTRG1H OTnFTRG1L
Bit _ |OTnFC|OTnFC| _ |OTnES|OTnES|OTRES| i i i _ |OTnFC|OTnFC|OTnFC
E11 E10 T12 ™M T10 C1 N11* | N10
R/W R RW R/W R R RW RW R/W R R R R R RW RW R/W

Initial
value

0

0

0 0 0 0 0 0 0 0 0 0 0 0 0

* : Not available in CH2 and CH3.

Bit
No.

Bit symbol
name

Description

15

Reserved bit

14 t0o 13

OTnFCE11 to
OTnFCE10

Select edge or level of forced stop trigger.
00: Rising edge (initial value)
01: Falling edge
10:“H” level
11: “L” level

12to 11

Reserved bit

10to 8

OTnEST12 to
OTnEST10

Select a source of forced trigger signal 1.
000: External trigger 1 input (EXTRGH1) (initial value)
001: External trigger 3 input (EXTRG3)
010: Analog comparator CHO
011: Analog comparator CH1
100: Analog comparator CH2
101: OTM30
110: OTM40
111: OTM50

7to3

Reserved bit

OTnFCCA1

Select whether to continue the counter operation when OTMn is forced stopped by forced
stop signal 1 when forced stop is enabled.

0: When forced stopped, counter operation continues (initial value)

1: When forced stopped, counter operation is stopped
When OTnFCC1 bit is set to “1”7, OTNFCN10/OTnFCN11 bit must also be set to “1”.
When OTnFCN10/OTnFCN11 bits are set to "0" and shift to the forced stop state,
unexpected short pulse signal might be output to OTOnA/OTONB pin.

OTnFCN11

Select enable/disable of OTMn1 output forced stop. * Not available in CH2 and CH3.
When the output force stop of OTMn1 is enabled, the output of OTMn1 is fixed to the output
state selected by OTnSTPON bit of OTnMOD when the forced stop state is forced to stop
due to the forced stop signal 1.
If OTnFCCA1 bit is set to “0” and select edge as forced stop trigger, forced stop state is
released at the end of period.

0: Output forced stop disable (Initial value)

1: Output forced stop enable

FEUL62Q2045
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Bit Bit symbol
No. name

Description

0 OTnFCN10

Select enable/disable of OTMnO0 output forced stop.
When the output forced stop of OTMnO is enabled, the output of OTMnO is fixed to the output
state selected by OTnSTPOP bit of OTnMOD when the forced stop state is caused by a stop
signal of 1.
If OTnFCCO bit is set to “0” and select edge as forced stop trigger, forced stop state is
released at the end of period.

0: Output forced stop disable (Initial value)

1: Output forced stop enable

CxE]

* When changing the setting of OTnFTRG1 register during counter operation, set the following bits of the
register to "0" once, and then change the setting value.

* -OTnFCC1 bit
e -OTnFCN11 bit
* -OTnFCN10 bit

FEUL62Q2045
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9.2.17 OTMn interrupt enable register (OTnINTE : n=0 to 5)

OTnINTE is a SFR to control an interrupt and a trigger output of OTMn.
An interrupt is enabled when writing “1” to each bit of OTnINTEL register and notifies it to the interrupt controller.
A trigger output is enabled when writing “1” to each bit of OTnINTEH register and notifies it to the other channels.

Address: 0xF41A(OTOINTEL/OTOINTE), OxF41B(OTOINTEH),
0xF43A(OT1INTEL/OT1INTE), 0xF43B(OT1INTEH),
0xF45A(OT2INTEL/OT2INTE), 0xF45B(OT2INTEH),
0xF47A(OT3INTEL/OT3INTE), OxF47B(OT3INTEH)
0xF49A(OT4INTEL/OT4INTE), 0xF49B(OT4INTEH),
0xF4BA(OTS5INTEL/OT5INTE), 0xF4BB(OT5INTEH)
Access: R/W
Access size:  8/16bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTnINTE
Byte OTnINTEH OTnINTEL
Bit } ) OTnlO|OTnIO|OTNIO|OTNIO|OTNIO|OTNIO } OTnlE | OTnIE [OTnIE1OTNIE1OTNIEQOTNIEOD OTnIE
HOR | 1F* | 1IR* OF OR P TR TS F* R* F R P
R/W R R RW RW RW RW RW RW R RW RW RW RW RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

value

* : Not available in CH2 and CH3.

Common explanation of each bit:
This bit enables or disables the appropriate interrupts and functions.
0: disable (initial value)

1: enable

Bit
No.

Bit symbol

name

Description (appropriate functions)

15

Reserved bit

14

Reserved bit

13

OTnIOHOR

CAPTURE mode:

When set to enable, OTMnTRG is output when the value of OTnC register matches 1/2 of
the value captured in OTnOR register.

PWM mode:

When set to enable, OTMnTRG is output when the value of OTnC register matches 1/2 of
the value set in the buffer for OTnOR.

12

OTnlO1F

When set to enable, OTMnTRG is output when the value of OTnC register matches the value
of the buffer for OTn1F.
No output in CAPTURE mode.

1

OTnlO1R

When set to enable, OTMnTRG is output when the value of OTnC register matches the value
of the buffer for OTn1R.
No output in CAPTURE mode.

10

OTnIOOF

CAPTURE mode:

When set to enable, OTMnTRG is output when captured to OTnOF register.
PWM mode:

When set to enable, OTMnTRG is output when the value of OTnC register matches the
value of the buffer for OTnOF.

OTnlOOR

CAPTURE mode:

When set to enable, OTMnTRG is output when captured to OTnOR register.
PWM mode:

When set to enable, OTMnTRG is output when the value of OTnC register matches the
value of the buffer for OTnOR.

OTnlOP

When set to enable, OTMnTRG is output when the value of OTnC register matches the value
of the buffer for OTnP.

Reserved bit

FEUL62Q2045
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Bit Bit symbol
No. name

Description (appropriate functions)

6 OTnlETR

Trigger count start interrupt for OTMn

An interrupt is output at the timing of the counter start triggered by OTMn.

In addition, an interrupt is output at the timing of the counter clearing due to the occurrence
of the trigger event of the counter start.

5 OTnIETS

Trigger count stop interrupt for OTMn

An interrupt is output at the timing of the counter stop triggered by OTMn.

In addition, an interrupt is output at the timing of the counter clearing due to the occurrence
of the trigger event of the counter stop.

4 OTnIE1F

Interrupt by OTMn1 Fall Point

When set to enable, OTMnINT is output when the value of OTnC register matches the value
of the buffer for OTn1F.

No output in CAPTURE mode.

3 OTnlE1R

Interrupt by OTMn1 Rise Point

When set to enable, OTMnINT is output when the value of OTnC register matches the value
of the buffer for OTnC.

No output in CAPTURE mode.

2 OTnlEOF

Interrupt by OTMnO Fall Point
CAPTURE mode:
When set to enable, OTMnINT is output when captured to OTnOF register.
PWM mode:
When set to enable, OTMnINT is output when the value of OTnC register matches the
value of the buffer for OTnOF.

1 OTnIEOR

Interrupt by OTMnO Rise Point

CAPTURE mode:
When set to enable, OTMnINT is output when captured to OTnOR register.

PWM mode:
When set to enable, OTMnINT is output when the value of OTnC register matches the
value of the buffer for OTnOR.

0 OTnlEP

OTMn periodical interrupt
When set to enable, OTMnINT is output when the value of OTnC register matches the value
of the buffer for OTnOP.

FEUL62Q2045
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9.2.18 OTMn interrupt status register (OTnINTS : n=0 to 5)

OTnINTS is a read only SFR to indicate OTMn interrupt status.
In addition to the reset function, bit 7 to 0 are initialized to "0" by writing "1" to the same bit of OTnINTC register

Address: 0xF41C (OTOINTSL/OTOINTS), 0xF41D(OTOINTSH),
0xF43C(OT1INTSL/OT1INTS), 0xF43D(OT1INTSH),
0xF45C (OT2INTSL/OT2INTS), 0xF45D (OT2INTSH),
0xF47C (OT3INTSL/OT3INTS), 0xF47D(OT3INTSH),
0xF49C (OT4INTSL/OT4INTS), 0xF49D(OT4INTSH),
0xF4BC(OT5INTSL/OT5INTS), OxF4BD (OT5INTSH)
Access: R
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Word OTnINTS
Byte OTnINTSH OTnINTSL
Bit i i i i i i i _ |OTnIS|OTnIS | OTnIS [OTNIS1/0OTNIS10TNISOOTNISO OTNIS
! FS | TR | TS | F* | R* | F R P
R/W R R R R R R R R R R R R R R R R
Initial 0 o 0 0o 0 0 0 0 0 0 0 0 0 0 0
value

* : Not available in CH2 and CH3.

Common explanation of each bit:

This bit indicates a status of an appropriate interrupt.

0: No appropriate interrupt occurs (initial value)
1: Appropriate interrupt occur

Bit Bit symbol L . .
No. name Description (appropriate functions)
15t08 - Reserved bit
7 OTnISFS OTMn forced stop interrupt
It is cleared by writing "1" to OTnICFS bit of OTnINTC register.
6 OTnISTR OTMn Trigger counter start interrupt
It is cleared by writing "1" to OTnICTR bit of OTnINTC register.
5 OTnISTS OTMn Trigger counter stop interrupt
It is cleared by writing "1" to OTnICTS bit of OTnINTC register.
4 OTnIS1F Interrupt by OTMn1 Fall point
Fixed to “0” at CAPTURE mode.
It is cleared by writing "1" to OTnIC1F bit of OTnINTC register.
3 OTnIS1R Interrupt by OTMn1 Rise point
Fixed to “0” at CAPTURE mode.
It is cleared by writing "1" to OTnIC1R bit of OTnINTC register.
2 OTnISOF Interrupt by OTMnO Fall point
In CAPTURE mode, the status of the capture data stored in OTnOF register is indicated.
It is cleared by writing "1" to OTnICOF bit of OTnINTC register.
In CAPTURE mode, it is also cleared by reading OTnOF register.
1 OTnISOR Interrupt by OTMnO Rise point
In CAPTURE mode, the status of the capture data stored in OTnOR register is indicated.
It is cleared by writing "1" to OTnICOR bit of OTnINTC register.
In CAPTURE mode, it is also cleared by reading OTnOR register.
0 OTnISP OTMn periodical interrupt

It is cleared by writing "1" to OTnICP bit of OTnINTC register.

FEUL62Q2045
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9.2.19 OTMn interrupt clear register L/H (OTnINTCL, OTnINTCH : n=0 to 5)

OTnINTCL and OTnINTCH are SFRs to clear an interrupt status.
Writing "1" to bit 7 to 0 clears the interrupt status of the same bit in OTnINTS register.
When it is read, it always reads "0x0000".

Address: OxF41E(OTOINTCL), OxF41F(OTOINTCH), 0xF43E(OT1INTCL), OxF43F (OT1INTCH),
O0xF45E (OT2INTCL), OxF45F (OT2INTCH), OxF47E (OT3INTCL), 0xF47F (OT3INTCH),
0xF49E (OT4INTCL), 0xF49F (OT4INTCH), OxFABE(OTS5INTCL), 0xF4BF (OT5INTCH)

Access: W

Access size: 8bit

initial value: 0x0000

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

Word -
Byte OTnINTCH OTnINTCL

st lomrl - ] ] ] ] ] _|oTnic|oTnic|oTnic|oTniC |0Tnic|0TniC|OTnIC |OTnIC

: n FS | TR | TS | 1F* | 1R* | OF | OR P
RW W R R R R R R R wWoWwW W W W w W W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

* : Not available in CH2 and CH3.

Common explanation of each bit (bit5 to 0):
The bit clears an appropriate status.

“0” Writing : disable

“1” Writing : Clear an appropriate status

S(I)t_ Bltnsayr;neb()l Description (appropriate functions)
15 OTnIR OTMn interrupt request bit
Write “1” before an interrupt routine completes
“0"Writing : disable
“1” Writing : If there is an outstanding interrupt source, output an interrupt request again.
14108 - Reserved bit
7 OTnICFS OTMn forced stop interrupt status
However, when the "H" level/"L" level is set by OTnFCE11 to10 bits of
OTnFTRGO/OTnFTRG1 register, OTnISFS bit is not cleared when writing to OTnICFS bit
It is automatically cleared when stop state caused by a forced stop trigger is released.
6 OTnICTR OTMn Trigger counter start interrupt status
5 OTnICTS OTMn Trigger counter stop interrupt status
4 OTnIC1F OTMn 1 Fall Point interrupt status
3 OTnIC1R OTMn 1 Rise Point interrupt status
2 OTnICOF OTMn 0 Fall Point interrupt status
1 OTnICOR OTMn 0 Rise Point interrupt status
0 OTnICP OTMn periodical interrupt status
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9.2.20 OTM common update register (OTCUD)

OTCUD is a SFR to update OTnP, OTnOR, OTnOF, OTnlR, and OTn1F register of OTMn during operation.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.

Address:

Access: w
Access size: 8bit
Initial value: 0x00

0xF380(OTCUD)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - OTCUD
Bit } ) ) ) } B } B } B OTCU |OTCU |OTCU [OTCU |OTCU |OTCU
D5 D4 D3 D2 D1 DO
R/W R R R R R R R R R R w W w W w W
Initial ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol L . .
No. name Description (appropriate functions)
15t06 - Reserved bits
5t00 OTCUDS5 to Write only bit to update OTnP, OTnOR, OTnOF, OTn1R, and OTn1F register of OTMn during
OTCUDO operation.

After updating the above register, by writing "1" to this bit, setting value of each register is
transferred to the buffer at the end of the period, and pulse-width-modulated waveform is
updated.
OTnUD bit of OTnSTAT indicates update request status.

“0” Writing : disable

“1” Writing : update request occurs

FEUL62Q2045
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9.2.21 OTM Common control register (OTCCON)

OTCCON is a SFR to set enable/disable OTMn output.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.

Address: 0xF382(OTCCONL/OTCCON), 0xF383(OTCCONH)
Access: R/W

Access size: 8/16bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCCON
Byte OTCCONH OTCCONL
Bit i _ |oT5SD|0T4SD|OT3SD|OT2SD|OT1SD|OTOSD| i i i i i i i
N N N N N N
R/W R R RW RW RW RW RW RW R R R R R R R R
Initial o o o o o o0 ©0 O O o0 ©0 O 0 0 0
value
Bit Bit symbol o . .
No. name Description (appropriate functions)
15t014 - Reserved bit
13to8 OT5SDN to Set permission of OTMn0/OTMn1 output.
OTOSDN *CAPTURE mode
Unused
-PWM mode
0: Output permission (default value)
1: Output inhibition (OTMn0/OTMn1 output fixed to "low" level)
7t00 - Reserved bit
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9.2.22 OTM Common start register (OTCSTR)

OTCSTR is a SFR to set valid/invalid of OTMn counter start.
This SFR commons to each channel. The digits in the bit symbol correspond to the channel number.
Writing to bits of non-equipped channels is not valid.

Address: 0xF384 (OTCSTRL/OTCSTR), 0xF385(OTCSTRH)
Access: w
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCSTR
Byte OTCSTRH OTCSTRL
Bit ) _ |OTSET|OT4ET|OT3ET|OT2ET|OTIET|OTOET| _ |OTSST|OT4ST|OT3ST|OT2ST|OT1ST|OTOST
G G G G G G R R R R R R
R/W R R w w w w w w R R w w w w w w
Initial o o o o o0 o ©0 0 O0 0 0 0 0 0 0
value
Bit Bit symbol o . .
No. name Description (appropriate functions)
15to 14 - Reserved bits
13to8 OTSETG to Enable count stop/start by trigger event.
OTOETG To disable, set by OTSCTP register.
In the initial state after power-on, the trigger operation is disabled.
“0” Writing : disable
“1” Writing : Trigger operation (count stop/start) enabled
7t06 - Reserved bits
5t00 OT5STR~ Start OTMn count by software.
OTOSTR Count start by writing “1”.
In the initial state after power-on, count is stop.
“0” Writing : disable
“1” Writing : count start by software
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9.2.23 OTM Common stop register (OTCSTP)

OTCSTP is a SFR to set enable/disable OTMn counter stop.
This SFR commons to each channel. The digits in the bit symbol correspond to the channel number.
Writing to bits of non-equipped channels is not valid.

Address: 0xF386 (OTCSTPL/OTCSTP), 0xF387 (OTCSTPH)
Access: W

Access size: 8/16bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCSTP
Byte OTCSTPH OTCSTPL
Bit } _ |OTS5DT|OT4ADT|OT3DT|OT2DT|OT1DT|OTODT| ) OT5ST|OT4ST|OT3ST|OT2ST|OT1ST|OTOST
G G G G G G P P P P P P
R/W R R W W W W W W R R W W W W W W
Initial o o o o o o0 O0O 0 O0O 0 0 0 0 0 0
value
Bit Bit symbol . . .
No. name Description (appropriate functions)
15t0 14 - Reserved bits
13to8 OT5DTG to Disable count stop/start by a trigger event.
OTODTG To enable, set by OTSCTP register.
In the initial state after power-on, the trigger operation is disabled.
“0” Writing : disable
“1” Writing : Trigger operation (count stop/start) disable
7106 - Reserved bits
5t00 OT5STP to Stop OTMn count by software.

OTOSTP Count stop by writing “1”
In the initial state after power-on, count is stop.
“0” Writing : disable
“1” Writing : count stop by software
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9.2.24 OTM Common status register (TCSTAT)

TCSTAT is a SFR to indicate OTMn status.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.
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Address: 0xF388(OTCSTATL/OTCSTAT), 0xF389(OTCSTATH)
Access: R
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCSTAT
Byte OTCSTATH OTCSTATL
Bit ) _ |OTS5TGIOT4ATG|OT3TG|OT2TG|OT1TG|OTOTG| ) OT5RU‘OT4RU OT3RU‘OT2RU OT1 RU‘OTORU
EN EN EN EN EN EN N N N N N N
R/W R R R R R R R R R R R R R R R R
Initial o o o o o o0 ©0 O O o0 ©0 O 0 0 0
value
Bit Bit symbol o . .
No. name Description (appropriate functions)
15t014 - Reserved bit
13to8 OT5TGEN to Verify setting status of OTMn.
OTOTGEN The initial state after power-on, the trigger operation is disabled.
0: Trigger operation (count stop/start) disable (initial value)
1: Trigger operation (count stop/start) enable
7106 - Reserved bit
5 to0 OT5RUN to Indicate OTMn count status.
OTORUN OTnSTA bit of OTnSTAT register also indicate the same status.
In the initial state after power-on, count is stop.
0: Counting stopped (default value)
1: Counting in operation
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9.2.25 OTM Common break control register (OTCBRK)

OTCBRK is a SFR to set the behavior of OTMn during a break when a debugger is connected.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.

Address: 0xF38A(OTCBRK)
Access: R/W

Access size: 8bit

Initial value: 0x003F

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - OTCBRK
Bit } ) ) ) } B } B } _ |OT5BR|OT4BR|OT3BR|OT2BR|OT1BRIOTOBR
K K K K K K
R/W R R R R R R R R R R RW RW RW RW RW RW
mial 90 0 0 0o 0o 0o 0 0 0 1 1 1 1 1 1
ﬁcl)t_ Bltnsaynr?ebol Description (appropriate functions)
15to6 - Reserved bit
5t00 OT5BRK to Set operation during the break of the operational timer during on-chip debugging, which is

OTOBRK described in "28.4 Peripheral circuits to be operated during break during on-chip debugging"”

in "Chapter 28 On-chip debug function".
When OTnBRK is set to "0", the counter operation of the channel set to "0" will continue even
if the operational timer is unchecked during a break during on-chip debugging.
If it is required to stop the operation by unchecking the function timer during a break during
on-chip debugging, set OTnBRK bit corresponding to the channel you want to stop to "1".

0: Continues to operate during breaks.

1: When breaking, the debugger setting state is followed.
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9.2.26 OTM common OTMnO output control register (OTCOOCON)

OTCOOCON is a SFR that enables/disables the lower 8 bits (OTnOCONL register) of OTnOCON register.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.

Address: 0xF38C(OTCOOCONL/OTCOOCON), 0xF38D(OTCOOCONH)
Access: R/W

Access size: 8bit/16bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCOOCON
Byte OTCOOCONH OTCOOCONL
Bit ) _|0T500[{0T400(0T300(0T200/0T100(0OTO00| _ |0T500[{0T400[0T300{0T200|0T100/0T000
EN1 EN1 EN1 EN1 EN1 EN1 ENO | ENO | ENO | ENO | ENO | ENO
R/W R R RW RW RW RW RW RW R R RW RW RW RW RW RW
el 9 o 0o 0o o o o 0o 0 0 0 0 0 0 0 0
,\?ci)t. Bitnsaynl;nebol Description (appropriate functions)
15t014 - Reserved bit
13 OT500EN"1 Set valid/invalid of OTS5ANDOQ7 to 04 bit of OT50CONL register

0: setting invalid (initial value)
1: setting valid

12 OT400EN1 Set valid/invalid of OT4ANDO7 to 04 bit of OT4OCONL register
0: setting invalid (initial value)
1: setting valid

11 OT300EN"1 Set valid/invalid of OT3ANDOQ7 to 04 bit of OT3OCONL register
0: setting invalid (initial value)
1: setting valid

10 OT200EN"1 Set valid/invalid of OT2ANDO7 to 04 bit of OT20CONL register
0: setting invalid (initial value)
1: setting valid

9 OT100EN"1 Set valid/invalid of OT1ANDOQ7 to 04 bit of OT1OCONL register
0: setting invalid (initial value)
1: setting valid

8 OTOO0OEN"1 Set valid/invalid of OTOANDOQ7 to 04 bit of OTOOCONL register
0: setting invalid (initial value)
1: setting valid

7t06 - Reserved bit

5 OT500ENO Set valid/invalid of OTS5ANDOS3 to 00 bit of OT50CONL register
0: setting invalid (initial value)
1: setting valid

4 OT400ENO Set valid/invalid of OT4ANDO3 to 00 bit of OT4OCONL register
0: setting invalid (initial value)
1: setting valid

3 OT300ENO Set valid/invalid of OT3ANDOS3 to 00 bit of OT30OCONL register
0: setting invalid (initial value)
1: setting valid

2 OT200ENO Set valid/invalid of OT2ANDO3 to 00 bit of OT20CONL register
0: setting invalid (initial value)
1: setting valid

1 OT100ENO Set valid/invalid of OT1ANDO3 to 00 bit of OT1OCONL register
0: setting invalid (initial value)
1: setting valid

0 OTOOOENO Set valid/invalid of OTOANDO3 to 00 bit of OTOOCONL register
0: setting invalid (initial value)
1: setting valid
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9.2.27 OTM common OTMn1 output control register (OTC1OCON)

OTCI10OCON is a SFR that enables/disables the upper 8§ bits (OTnOCONH register) of OTnOCON register.
This SFR commons to each channel. Bit n corresponds to channel n.
Writing to bits of non-equipped channels is not valid.

Address: 0xF38E (OTC1OCONL/OTC10CON), 0xF38F (OTC10OCONH)
Access: R/W
Access size: 8/16bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word OTC10CON
Byte OTC10CONH OTC10CONL
Bit i _ |oT510/0T410| _|oT110[0TO10| _ |0T510/0T410| _|oT110|0T010
EN1 | EN1 EN1 | EN1 ENO | ENO ENO | ENO
R/W R R RW  R/W R R RW  R/W R R RW  R/W R R RW  R/W
Initial o o o o o o0 O O o0 O0 O0 ©0 0 0 o0
value
Bit Bit symbol . . .
No. name Description (appropriate functions)
15t0 14 - Reserved bit
13 OT510EN1 Set valid/invalid of OT5AND17 to 14 bit of OT5OCONH register
0: setting invalid (initial value)
1: setting valid
12 OT410EN1 Set valid/invalid of OT4AND17 to 14 bit of OT4OCONH register
0: setting invalid (initial value)
1: setting valid
11t010 - Reserved bit
9 OT110EN1 Set valid/invalid of OT1AND17 to 14 bit of OT1OCONH register
0: setting invalid (initial value)
1: setting valid
8 OTO10EN1 Set valid/invalid of OTOAND17 to 14 bit of OTOOCONH register
0: setting invalid (initial value)
1: setting valid
7t06 - Reserved bit
5 OT510ENO Set valid/invalid of OT5AND13 to 10 bit of OTSOCONH register
0: setting invalid (initial value)
1: setting valid
4 OT410ENO Set valid/invalid of OT4AND13 to 10 bit of OT4OCONH register
0: setting invalid (initial value)
1: setting valid
3to2 - Reserved bit
1 OT110ENO Set valid/invalid of OT1AND13 to 10 bit of OT1OCONH register
0: setting invalid (initial value)
1: setting valid
0 OTO10ENO Set valid/invalid of OTOAND13 to 10 bit of OTOOCONH register
0: setting invalid (initial value)
1: setting valid
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9.2.28 OTM Common cycle interlocking control register (OTCPC)

OTCPC is a SFR to select a value to set to OTnP.
When OTM2 and OTM3 are used in capture mode, the capture data is usable as OTMn cycle.
In this case, OTnP is update automatically with the following conditions.
- count value is stop at 0 (OTnC=0x0000)
- end of cycle
- counter clear by a trigger
When OTM2 and OTM3 are used PWM mode, they are updated in OTTM Common Update Register (OTCUD).
When OT20R and OT30R are selected, the value set in OTnP buffer is the value of OT20R and OT30R buffer.
In CAPTURE mode, OT20R and OT30R buffer are set to the value after capture.
In PWM mode, the value is set after OT20R are OT30R register is set and the update request is completed

This SFR commons to each channel.

Address:

Access: R/W
Access size: 8/16bit
Initial value: 0x0000

O0xF3F0(OTCPCL/OTCPC), 0xF3F1(OTCPCH)

ML62Q2033/2035/2043/2045 User’s Manual
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word OTCPC
Byte OTCPCH OTCPCL
Bit } ) ) _ |OTSPCIOT5PC|OT4PC|OT4PC|OT3PC|OT3PC|OT2PC|OT2PC|OT1PC|OT1PC|OTOPC|OTOPC
1 0 1 0 1 0 1 0 1 0 1 0
R/W R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Initial o o o o o o0 O0O 0 0O 0 0 0 0 0 0
value
Bit Bit symbol . . .
No. name Description (appropriate functions)
15t012 - Reserved bit
11t0 10 OT5PCO to Select a value to set to OT5P
OT5PCA1 00: writing value to OT5P (initial value)
01: OT20R
10: OT30R
11: setting prohibited
9to 8 OT4PCO to Select a value to set to OT4P
OT4PC1 00: writing value to OT4P (initial value)
01: OT20R
10: OT30R
11: setting prohibited
7t06 OT3PCO to Select a value to set to OT3P
OT3PC1 00: writing value to OT3P (initial value)
01: OT20R
10: setting prohibited
11: setting prohibited
5t0 4 OT2PCO to Select a value to set to OT2P
OT2PCA1 00: writing value to OT2P (initial value)
01: setting prohibited
10: OT30R
11: setting prohibited
3to2 OT1PCOto Select a value to set to OT1P
OT1PC1 00: writing value to OT1P (initial value)
01: OT20R
10: OT30R
11: setting prohibited
1t00 OTOPCO to Select a value to set to OTOP
OTOPCA1 00: writing value to OTOP (initial value)
01: OT20R
10: OT30R
11: setting prohibited
FEUL62Q2045
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[Note]

* Set OTCPC register in a state where the counter operation is stopped.

* When the period is set to be linked with OT20R/OT30R, set the period of the count clock to be set to the
linked OTMn so that it is less than or equal to the period of the count clock set in OTM2 and OTM3.

* If the period is set to longer than the period of the count clock set in OTM2 and OTM3, there is a
possibility that an unintended value may be set to OTnP during period-linked operation.
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9.3 Description of operation

9.3.1 Common sequence (Initial settings common to all modes)

OTMn start operation by OTCSTR register after the setting 1 to 6 as follows.
During operation, it is available to check the hardware status such as interrupt status and update the period/event settings.

1: Mode setting (OTnMOD register)
Select CAPTURE/PWM mode by OTnMOD register.
In addition, set the continuous mode/one-shot mode, waveform output status when stopped, etc.

2: Clock setting (OTnCLK register)
Select timer clock and count clock. Set the source clock and its divider ratio.

3: Trigger setting (OTnCTRGO/1 register, OTnFTRGO/1 register)
OTnCTRGO/1 is set in the case of start or stop the counter by a trigger.
OTnFTRGO/1 is set in the case of there is a trigger that wants to be stopped in addition to the trigger of
OTnCTRGO/1, such as stopping in the event of an abnormality.

Select a source and edge of an event trigger to start/stop counter and an action when a trigger is entered in
OTnCTRGO and OTnCTRGI1 register.
Select a source of forced stop trigger and behavior at forced stop in OTnFTRGO, OTnFTRGI registe.

4: Interrupt setting (OTnINTE register)
Set an interrupt source.
Select from cycle, event (Counter match, Capture), trigger start, and stop interrupt.

5: Period/Duty setting (OTnP register, OTnOR register, OTnOF register, OTnIR register, OTnlF register)
Set period, data for counter match, and etc.
The period can also be set in OTCPC/OTCADC register.

CAPTURE mode | PWM mode
OTnP register Period in continuous mode or timeout period in one-shot mode
OTnOR register (capture data) OTMnO output Dut
OTnOF register P P y
OTn1R register
- (Unused) OTMn1 output Duty
OTnA1F register

The formula for calculating the period is as follows:

OTnP + 1
Count clock frequency [Hz]

(OTnP : 0x0001 ~0xFFFF)

Tperiod =
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6: External output signal selecting
By OTnOCON register, set a combination of a logical AND of OTMn0/OTMnl output with OTMn0/OTMnl1 output
of other channels, analog comparator output, and EXTRG input.
After the setting, enables OTnOCON register setting by OTC1OCON/OTC1OCON register.
OTnOSL1 and OTnOSLO bits of OTnMOD register select whether to output OTMn0/OTMn1 output
(OTMnO0S/OTMn1S) from OTOnA/OTOnB pin.
In addition, select whether or not to invert OTMn0/OTMn1 output from OTOnA pin by OTnOSNA bit, select
whether or not to invert OTMn0/OTMn1 output from OTOnB pin by OTnOSNB bit.
Fig. 9-2 shows the configuration of external output signal selection.

OTMNO——

OTMn0S / OTMn1S
Analog comparator
EXTRG

OTnANDO3 to 00

OTMnOS ~
OTMn0S / OTMn1S 1 1
Analog comparator 0 _& .
EXTRG 0 OTONA pin
OTnANDO7 to 04 OTnOSLO —/I OTnOSNA
I~
OTMn1 1 )
0 OTOnNB pin
OTMn0S / OTMn1S OTMn1S 0
Analog comparator F
EXTRG OTnOSL1

OTnOSNB

OTnAND13 to 10
OTMn0S/OTMn1S
Analog comparator
EXTRG

OTnAND17 to 14

Fig. 9-2 Configuration of External Output Signal Selection

7: Start/Stop control
Count operation is started by software start or acceptance of a counter start/stop event trigger.
The counter counts up on the rising edge of the count clock.
Because software start/stop is synchronized by the timer clock, after a maximum of 4 cycles of the timer clock from
the start, OTnSTA bit becomes "1" and the counter starts operating.
Since the software start/stop is synchronized with the timer clock, OTnSTA bit becomes "1" at a maximum of 4
cycles after the timer clock is set in the software, and the counter starts operating.
Stop case, the count stops by software stop and OTnSTA bit becomes "0". In this case, the count value is held.
If the software is started again, it will restart after a maximum of 4 cycles of the timer clock.
To clear the counter, write an arbitrary value to OTnC register.

8: Processing in operation
The status of counters and pins are monitorable during operation with OTnSTAT register, OTCSTAT register, and
OTnINTS register.
In case of changing the waveform such as PWM, set a corresponding bit of OTCUD register after setting the
period/event, and it will be updated at the next PWM cycle.
In addition, setting OTnSDN bit of OTCCON register forces OTMn0/OTMn1 output to be fixed at the "L" level.
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9.3.2 Counter operation (Common to all modes)

The counters inside OTMn behaves the same operation in each mode.

Count up to OTnP register setting value.

In continuous mode (OTnOST bit of OTnMOD register is “0”), the counter is cleared at the time of overflow and
continues the counting operation.

In one-shot mode (OTnOST bit of OTnMOD register is “1”’), the counter is cleared at the time of overflow and stops the
counting operation.

Counting operation start/stop is controllable by software or trigger events.

9.3.2.1 Count start/stop by software

When "1" is written to OTnSTR bit of OTCSTR register, OTnSTA bit of OTnSTAT register, which indicates the
counting status, becomes "1" and the counting operation starts.

In one-shot mode (OTnOST bit of OTnMOD register is "1"), the counting operation is stopped due to overflow, and
OTnSTA bit of OTnSTAT register, which indicates the counting status, is automatically set to "0".

When "1" is written to OTnSTP bit of OTCSTP register while the counter is running (OTnSTA bit of OTnSTAT register
indicating the counting status is "1"), the counter will stop running.

When OTnSTSYN bit of OTnMOD register is "1", the count will continue from the end of the period to the value set by
OTnDLY and then stop.

Confirm that the counter is stopped by setting OTnSTA bit of OTnSTAT register to "0" in the software.

When the counter is stopped, the value of the counter is held.

After the counter is stopped, when written "1" to OTnSTR bit of OTCSTR register again, the counter will continue to
operate from the value at the time of stopping.

If the counter is to be cleared, a write operation is performed to OTnC register while it is stopped.

When restart the counter after that, write "1" to OTnSTR bit of OTCSTR register after confirming that OTnC register is
"0x0000".

The timing at which the period/duty setting register setting is reflected to the buffer is as follows.
If cycle/duty register is written with counter is 0 with counter is stopped, it will be reflected at the start.
If cycle/duy register is written in timer operation, write is executed during timer operation, it will be reflected in the next
PWM cycle of the update request with OTCUDn bit of OTCUD register.
Even if the timer is stopping, if the counter is not "0", even if a write is made, it will not be reflected until an update is
requested. Reflect the setting value in one of the following ways.
® Reflect the setting value in one of the following ways. Execute a write operation to OTnC register and clear the
counter.
The settings are updated when start.
® After rewriting the corresponding register, update request with OTCUDn bit of OTCUD register.
After starting, the settings are updated in the next cycle.

See "9.3.7 Changes during periodic and duty operation" for details on when the period/duty setting register is reflected.

9.3.2.2 Start/Stop by Trigger event

If write "1" to OTnETG bit of OTCSTR register, counter operation becomes controllable by the trigger event.
Trigger selection etc. is set by OTnCTRG0/OTnCTRGI register.

Trigger event source is selectable from EXTRGO to EXTRG3, TMHOINT, WDTCLK, OTMn0,”OTMnl,
OTMnTRG, and CMPnINT.

Depending on the trigger event that select, actions (counter start, counter stop, counter clear) is selectable.
When the counter is stopped due to a trigger event, if OTnSTSYN bit of OTnMOD register is "1", the count will
continue from the end of the period to the value set by OTnDLY and then stop.

9.3.3 CAPTURE mode operation

In CAPTURE mode, the count value when the event trigger factor occurs is stored in OTnOR register or OTnOF register.
The event trigger factors to be captured are the same as those used for counter start/stop.

OTnOR register stored data Count value when the rising edge of the event trigger occurs
OTnOF register stored data Count value when the falling edge of the event trigger occurs
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9.3.3.1 Example of CAPTURE mode operation

The following is an example of measuring only one period and duty of the PWM signal input from the EXTRGO pin
using the start/stop of a counter due to a trigger event.
Follow the steps below to set each register before measuring.

Stepl:  Select CAPTURE mode by writing “1” to OTnMDO bit of OTnMOD register.
Step2: ~ When an interrupt is used, set trigger counter stop interrupt to enable by writing “1” to OTnIEOR bit of
OTnINTE register.
Step3: Setting OTnCTRGO Register
Write OTnSTS03-00 = 0000 : Select EXTRGO as trigger event
Write OTnSTO =1: Enabled to start by triggering the counter
Write OTnSPO=1: Counter trigger stop enabled
Write OTnCAPENO=1: Capture trigger enabled
Write OTnTRMO2 to 00 = 000: Counter start/stop is the rising edge of the trigger
Step4:  Write "1" to OTnETG bit of OTCSTR register to enable the trigger operation of the capture.

An example of the operation in the case of the measurement in Figure 9-3 is as follows.

(] (2] (3]

A 3
EXTRGO j il

Hold the value at the
Counter stop timing

OTnC

OTnOR undefined {i x Capture data
\ :
OTnOF undefined X Capture data
Interrupt T

Fig. 9-3 Example of periodic/duty measurement of a PWM signal (only one period)

[1] Start counting when EXTRGO rises
[2] When EXTRGO fall timing, the value of OTMn counter register OTnC is stored in OTnOF register.
[3] When EXTRGO rise timing, the value of OTMn counter register OTnC is stored in OTnOR register.
Stop counting, and an interrupt occurs.
The period of the PWM signal input from EXTRGO pin is the value of OTnOR register, and the duty is the value of
OTnOF register.
The following example shows how to measure the period and duty of a PWM signal (continuous) input from the
EXTRGO pin using the start/stop of a counter due to a trigger event.

Follow the steps below to set each register before measuring.

Stepl: Write “1” to OTnMDO bit of OTnMOD register to select CAPTURE mode.
Step2: When an interrupt is used, write “1” to OTnIEOR bit to enable 0 Rise Point interrupt.
Step3: Write “0000” to OTnSTS03 to OTnSTS00 bit of OTnCRTGO register to set EXTRGO as trigger event source.
Write “1” to OTnSTO bit to enable counter start function.
Write “1” to OTnSPCO bit to enable counter clearing when a counter stop trigger event occurs.
Write “1” to OTnCAPENO bit to use trigger event source selected by OTnCTRGO register as capture trigger.
Step4: Write “000” to OTnTRMO02 to OTnTRMO00 of OTnCTRGO register to select a trigger by rising edge for both
counter start and counter stop.
Step5: Write “1” to OTNnETG bit of OTCTRS register to enable capture trigger operation.

An example of the operation in the case of the measurement in Figure 9-4 is as follows.
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(1] (2] 3] [4] [5]

¥ ¥ A
EXTRGO v k

counter

OTnC |
| !
)
OTnOR undefined(i x CapturfqI data X Capture data
\ | y |
OTnOF undefined x :Capture data x Captureidata
. T . T
1

Interrupt T f

Fig. 9-4 Example of periodic/duty measurement of a PWM signal (continuous)

[1] Counter operation starts when EXTRGO rises

[2] When EXTRGO fall timing, the value of OTMn counter register OTnC is stored in OTnOF register.

[3] When EXTRGO rise timing, the value of OTMn counter register OTnC is stored in OTnOR register.
Counter clear, 0 Rise Point interrupt occurred. After confirming the interrupt, clear the interrupt status.
Counter operation continues

[4] When EXTRGO fall timing, the value of OTMn counter register OTnC is stored in OTnOF register.

[5] When EXTRGO rise timing, the value of OTMn counter register OTnC is stored in OTnOR register.
Counter clear, 0 Rise Point interrupt occurred. After confirming the interrupt, clear the interrupt status.
Counter operation continues

The period of the PWM signal input from EXTRGO pin is the value of OTnOR register, and the duty is the value of

OTnOF register.
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In addition, the behavior after capture depends on the setting of OTnOST bit in OTnMOD register.
In Auto mode (OTnOST="0")
When the signal comes up again and the counter is restarted, the value of OTnOR register is updated.
In Single mode (OTnOST="1")
When the signal comes up again and the counter is restarted, the value of OTnOR register is not updated.

EXTRGn [ | | [
After sampling 'f @ 't +_

OTnC X N-3 X N-2 X N-1 X N X N+1 X N+2 X'N+3 X N X N+5 X N+6 X N+7 X N X N+9 XN+1OXN+11XN1:-12XN+13X
OTnTGEN __| ' ' ' '
Read OTnOR : 1l
Read OTnOF B n
OTnOR XXXX X — I

4
Lt

N+8 !

~
<
¥
N

~
P4
X
N

OTnOF XXXX
OTnFLGA | ] | i
OTNnFLGB '

]

Read OTnOR : : : :

Read OTnOF

OTnOR XXXX x N x N+8 !

OTnOF ;(xxx X NI+4 X N+12
OTnFLGA |
OTnFLGB ' | |

(b) In case next trigger is coming without register read out (OTnOST=0)
Read OTnOR :
Read OTnOF n

OTnOR XXXX X N ' !

OTnOF ;(xxx x N+4 x N+12
OTNFLGA |

OTNnFLGB : : | [
(c) In case next trigger is coming without register read out (OTnOST=1)

Fig.9-5 CAPTURE mode operation timing
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9.3.4 PWM mode operation

In PWM mode, generate a pulse with a period set by OTnP register.
Set the rise of OTMnO output with OTnOR register and set the fall of OTMnO output with OTnOF register.
Set the rise of OTMn1 output with OTn1R register and set the fall of OTMnl output with OTnI1F register.

9.3.4.1 PWM mode output waveform

In continuous mode, initial value of OTMn0/OTMn1 output is the level set by OTnSTPON/OTnSTPON bit of OTnMOD
register.

If the count value matches the value of OTnOR/OTn1R, OTMn0/OTMnl outputs "H".

If the count value matches the value of OTnOF/OTnlF, OTMn0/OTMnl outputs "L".

Repeat above operation until OTMn is stop.

In one-shot mode, it will automatically stop and reach the level set by OTnSTPOP/OTnSTPON bits after one cycle.

Figure 9-6(a) shows the operating waveforms of OTMn0/OTMn1 in PWM mode (continuous mode), and Figure 9-6(b)
shows the operating waveforms of OTMn0/OTMn1 in PWM mode (one-shot mode).

OTMnO

OTMn1 i .

(b) one-shot mbde

Fig. 9-6 OTMn0/OTMn1 waveform in PWM mode
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By OTnOSL1/OTnOSLO bit of OTnMOD register, the followings are selectable.
The phase of output fom OTOnA/OTOnB pin.

Whether or not OTOnA pin output is inverted by OTnOSNA bit.

Whether or not OTOnB pin output is inverted by OTnOSNB bit.

Figure 9-7-1 shows the output waveform in PWM mode when the phase output from OTOnA/OTOnB pin is set with
OTnOSL1 and OTnOSLO bits of OTnMOD register.

Figure 9-7-2 shows the output waveform in PWM mode when OTOnA pin output is inverted with OTnOSNA bit and
OTOnB pin output is inverted with OTnOSNB bit.

¢ OTNOSL1, OTNOSLO="00"
OTOnA I_I ]
OTOnB 1

« OTROSLY, OTOSLO="01"
OTOnA L

OTOnB [ 1
e OTNOSL1, OTNOSLO="10"
OTOnA | [

OTOnB I T

1 | i || (OTMn1)
!_I L || (OTMn1)

! | | : | (OTMnO)
1 i | | (OTMn1)
h

l_l_ (OTMn1)

- | I | |_ (OTMnO)

e OTnOSL1, OTnOSLO= 11 ' , . ' .
OTOnA ' | |_| : |_ (OTMnO)
OTOnB i i [ | |_| ! |_ (OTMnO)

Fig. 9-7-1 PWM mode output waveform (Output phase selection by OTnOSL1 and OTnOSLO bit)

e OTnOSNB=*0", OTnOSNA “O”

OTOnA 5 i
OTOnB I I

e OTNOSNB=*1", OTNOSNA=*1" ' _
OTOnA R R I_ (OTMnO, Invert)

l I (OTMn1, Invert)

Fig. 9-7-2 PWM mode output waveform (Select with or without output inversion by OTnOSNB and OTnOSNA bits)

I_ (OTMnNO, No invert)

l_l ' ; I | (OTMn1, No invert)

N

OTOnB |_| . |_|
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When the counter is stopped by software control or event triggering, or when the output waveform is fixed by forced stop
the state of OTMn0/OTMn1 output can be set by OTnSTPOP/N bit of OTnMOD register.

1) Case of OTnSTPOP/N bit is “0”
OTMn0/OTMnl output becomes “L” level when it is stopped.
If the count restart from the stopped state, OTMn0/OTMn1 output will remain "L" level output during the period and
will change according to the count value from the next period.
When the output waveform is fixed by forced stop, "L" level output is held until the next period after the forced stop
is released.

2) Case of OTnSTPOP/N bit is “1”
OTMn0/OTMnl output becomes “H” level when it is stopped.
If the count restart from the stopped state, OTMn0/OTMn1 output will remain "H" level output during the period and
will change according to the count value from the next period.
When the output waveform is fixed by forced stop, "H" level output is held until the next period after the forced stop
is released.

When the counter is cleared by the trigger input, or when the counter is cleared by software after the counting
operation is stopped, the count value is counted up from "0x0000" and the output changes according to the count
value.

Fig. 9-8 shows the output waveform of PWM mode when the counter is stopped when OTnSTPOP/N bit of OTnMOD
register is set to "0" and OTnSTPOP/N bit of OTnMOD register is set to "1".

O oo W] [21[3][4] ____[2][5]

____________ [ S ——

OTnSTA :

(OTnSTPOP,/N=0) N
OTMnO gl
oMt [

(OTnSTPOP,/N=1) EEE
OTMnO i
OTMn1 ;

Counter operation
[1] start counter operation
[2] stop counter operation
[3] restart counter operation without counter clear
[4] counter overflow
[5] counter clear

Fig. 9-8 PWM mode output waveform (counter is sopped)
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By OTnOCON register, it is feasible to output a signal obtained by logical AND between OTMn1/OTMn0 output and
OTMn1/0OTMnO output of another channel, or output of a comparator, external trigger input to OTOnA/OTOnB pin.
The channel selection for logical AND is selectable in OTnAND17 to OTnAND10, OTnANDO7 to OTnANDOO.

Fig. 9-9-1 shows the output waveform of PWM mode setting by OTOOCON register when the logical AND of OTMO00
and OTM10 is output to OTOOA pin and the logical AND of OTMO01 and OTM11 is output to OTOOB pin .

Fig. 9-9-2 shows the output waveform of PWM mode setting by OTOOCON register when the logical AND of OTMO00,
OTM10, and OTM40 is output to OTOOA pin, and the logical AND of OTMO01, OTM11, and OTM41 is output to

OTOOB pin.
OTM00 | L1
omor ___ [+ [T
OTM10 I o | [« |_._
oMt __ [T T

o OTOANDO? to 04=0x0, OTOANDO3 to 00=0x0, OTOAND17 to 14=0x0, OTOAND13 to 10=0x0

OTM11

OTOO0A Lo | o { 1 (OTMO0, No logical AND)
OTOOB 1 L i1t b [ (OTMO1, No logical AND)
e OTOANDO? to 04=0x3, OTOANDO3 to 00=0x0, OTOAND17 to 14=0x4, OTOAND13 to 10=0x0
OTOOA Lo [ L 1 |' |_ (Logical AND of OTM00 and OTM10)
OTO0B [ 1 AN N E (Logical AND of OTM01 and OTM11)
Fig. 9-9-1 PWM mode output waveform using OTnM output logic control register
OTMO00 | L1
OTMO1 [ ] 1 [
OTM10 [ L] P |

oTM40 _| § | |'
OTM41 [ 1

o OTOANDO7 to 04=0x3, OTOANDO3 to 00=0x2, OTOAND17.t0 14=0X4, OTOAND13 to 10=0x3

b : ' — (Logical AND of OTM10 and OTM40
OTOO0A L ; [ 11 andogical AND of OTM0O)
OoTO0B N [ (Logical AND of OTM11 and OTM41
o o and Logical AND of OTMO01)

Fig. 9-9-2 PWM mode output waveform using OTnM output logic control register
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9.3.5 PWM duty setting

9.3.5.1 Output waveform control when Duty = 100%, 0%

The duty of the pulse width modulated output waveform are configurable to 100% or 0% by setting OTnOR, OTnOF,
OTnlIR, and OTnlF register in PWM mode.

If OTnOR(OTn1R) register is set to a value larger than OTnP’s, or if OTnOR(OTn1R) register and OTn0F(OTnlF)
register are set to the same value, the duty = 0%.

If OTnOF(OTnlF) register is set to a value larger than OTnP, the duty = 100%.

Fig. 9-10-1 shows the output waveform with duty = 0% in PWM mode, and Fig. 9-10-2 shows the duty = 100%.

OThOR/MR OThOF/1F OTn(())F\-’r/qE
>OTnP <OTnP OTnOF
OTMnO OTn1F
i = OTnOR Counter
> OTnP < OTnP OTnSTA _| R
oThnT * = OTn1R OTMnO [

OTMn1 1 | i

*:Don’t care
Fig. 9-10-1 OTnOR/1R, OTnOF/1F register and OTMn0/OTMn1 output (Duty = 0%) in PWM mode

OTnOR/1R OTnOF/1F oLl ey I’ SR
OTNnOF/1F

OTMnO <OTnP > OTnP OTNOR --------#i--

[
——bm -
I

...................

OTMn1 <OTnP >OTnP

OTnSTA _| T
OTMnO i

omnt __ [ | !

Fig. 9-10-2 OTnOR/1R, OTnOF/1F register and OTMn0/OTMn1 output (Duty = 100%)
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9.3.6 Control of External clock input / Event trigger / Forced stop trigger

Operational timer is controllable by event input such as an external pin input as below.

+ External clock input
External pin input is usable as a counter clock.
Set the clock by OTnCLK register.

*Event trigger
Controllable counter start and stop control by events of an external pin input, analog comparator output, operational
timer, and other channel output triggers.

*Forced stop trigger
Forced stop control of counter and outputs by a trigger of an external pins input.

The external clock input is selectable from EXTRGO to EXTRG3 to be used as a count clock.

Event triggers are used to start/stop of counter and to trigger captures.

A trigger source is selectable from EXTRGO to EXTRG3, CMPOINT to CMP2INT, TMHOTRG, WDTCLK,
OTMn0/OTMnl, and OTMnTRG.

The forced stop trigger is a trigger to stop OTMn0/OTMn1 output.

By setting OTnFCC0/OTnFCC1 bit of OTnFTRGO/OTnFTRGI register to "1", the counter operation can be stopped
during forced stop.

By setting OTnFCNO1, OTnFCNO00, OTnFCN11, and OTnFCN10 bits to "1", the output of OTMn0/OTMn1 will be the
value set by OTnSTPON/OTnSTPOP bit of OTnMOD register during forced stop.

When OTnFCNO1, OTnFCNOO, OTnFCN11, and OTnFCN10 bits are set to "0", OTMn0/OTMn1 outputs hold their
current state during forced stop.

A trigger source is selectable from EXTRGO to EXTRG3, CMPOINT to CMP2INT, and OTMn0/OTMn1

The start/stop of the counter by event trigger is delayed by 2 clocks of the timer clock.

Operational timer (OTM)

External interrupt function > External clock input
For count clock

Sampling
EXTRGn [}——1| controller

v

v

Forced stop trigger

CMPNINT Sampling by timer clock

Analog comparator > ™
TMHNTRG :

16bit timer n > Counter
—— Start/Stop

OTMnO :
OTMn1 Event trigger

Operational timer n :
OTMnTRG %

Fig. 9-11 Input Path of Trigger Signal
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9.3.6.1 Start/Stop operation by event trigger

The following are the settings for controlling counters by event triggers.
First, set the following items in OTnMOD, OTnCTRGO, and OTnCTRG1 register before controlling the counter.

Setting of OTnMOD register
® After stopping by an event trigger, accept the next counter start or not.
® When OTMnO output is “H” level when counter is cleared by an event trigger, accept clear counter or not.

Setting of OTnCTRGO, OTnCTRGI register

® Select whether to enable/disable counter start/stop in an event trigger.

® Select whether to clear counter or not at start/stop due to event triggers.

® Sclect an event trigger source from EXTRGO to EXTRG3, CMPOINT to CMP2INT, TMHOTRG, WDTCLK,
OTMO0 to OTM51, and OTMOTRG to OTMS5TRG.

® Setting of accept timing of an event trigger source (edge/level).

Setting of a timer clock to be used.
Select a timer clock by OTnCLK register.
After the above settings, control the counter with OTCSTR register. Here are the steps:

Stepl. Set waiting state of an event trigger
If"1" is written to OTnETG bit, it will be in the waiting state for the event trigger (If the trigger start is set to a level,
the counter operation will start as soon as OTnTGEN bit of OTCSTAT register becomes "1" when the corresponding
level is reached.).

Step2. Timer count start by software
Write "1" to OTnETG bit and write "1" to OTnSTR bit with the trigger operation enabled, the software starts
counting the timer.
Also, if "0" is written to OTnSTP bit of OTCSTP register during counter operation, the software stops counting the
timer.
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9.3.6.2 Forced stop operation (Counter count stop, Waveform output stop)

Write "1" to any of OTnFCC0/OTnFCC1, OTnFCN0O0/OTnFCN10, or OTnFCNO1/OTnFCN11 bits of
OTnFTRGO/OTnFTRGI register, the forced stop function is enabled.

When the forced stop function is enabled, a forced stop interrupt occurs when a forced stop trigger is input.

If a forced stop trigger is entered while "1" is being set to OTnFCCO0/OTnFCCI1 bit of OTnFTRG0O/OTnFTRGI register,
the counter stops.

To restart counter operation, write "1" to OTnICFS bit of OTnINTC register to clear the forced stop interrupt status
(OTnISES).

If OTnISFS is "1", the counter will not be restarted. In addition, the forced stop state is also canceled when the counter is
cleared by the trigger clear

If the forced stop trigger input is set to "H" level or "L" level, the forced stop interrupt status is automatically cleared
after the force stop trigger input is released.

If the forced stop trigger input is set to "H" level or "L" level, the forced stop interrupt status will not be cleared even if
"1" is written to OTnICFS bit of OTnINTC register.

If the forced stop trigger is input while "1" is been setting to OTnFCNO0/OTnFCN10, OTnFCNO1/OTnFCNI11 bits of
OTnFTRGO/OTnFTRGI register, the output level of OTMn0/OTMnl is set to the output level set by OTnSTPOP/N bit
of OTnMOD register.
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Fig. 9-12-1 and 9-12-2 shows operation timing at forced stop.

[1] 21 1B @ [l

Forced stop 05 ' '
trigger E ; E ;
Event trigger ¥ | L] v
OTnSTA | 5 I

OTnISFS | E | i
OTMn0,/OTMn1 | L1 | E L | |
Count Up

OTnC Count Up Count X Count is stopped X Count
Up | | | Up
[1] Counter operation starts with the event trigger (falling edge).
[2] Counter stop with the forced stop trigger (rising edge). The forced stop interrupt occurs.
[3] The event trigger is disabled because it is being forced stopped.
[4] Clears the forced stop interrupt and becomes operational.
[5] Counter operation restart with the event trigger (falling edge).
(In this example, the counter has not been cleared, so the pulse output is resumed after one period.)

Fig. 9-12-1 Operation timing during forced stop (rising edge)

(] 21 B [ [
Forced stop ‘F : I

trigger E ; : |
Event trigger ¥ D L ¥
OTnSTA | i i |

OTnISFS |_'_| §
OTMn0,”OTMn1 | L1 | | L | |

OTnC Count Up 0000 Count X Counfis stopping X Count Count Up
Up j j 1 Up

[1] Counter operation starts with the event trigger (falling edge).
[2] Counter stop with the forced stop trigger (high level). The forced stop interrupt occurs.
[3] The event trigger is disabled because it is being forced stopped.
[4] The forced stop trigger input is released and becomes operational.
[5] Counter operation restart with the event trigger (falling edge).

(In this example, the counter has not been cleared, so the pulse output is resumed after one period.)

Fig. 9-12-2 Operation timing during forced stop (high level)

When the forced stop occurs, the counter is stopped, and OTnISFS bit of OTnINTS register becomes "1" ([2] in Figure 9-
12).

When OTnISFS bit is "1", the counter start event trigger is not accepted.

After clearing OTnISFS bit ([4] in Figure 9-12), the counting up restart when the counter start event trigger occurs ([5] in
Figure 9-12).

When restart the counting operation by software, OTnISFS bit must be set to "0".

When the forced stop trigger input is set to "H" level or "L" level, OTnISFS bit is automatically cleared after the forced
stop input is released (Fig. 9-12-2[4]).
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9.3.6.3 Forced stop operation (Counter count continues, Waveform output stop)

When forced to stop, if OTnFCCO0/OTnFCC1 bit of OTnFTRG0/OTnFTRGI register is set to "0", the counter does not
stop, fix OTMn0/OTMn1 outputs level to the output level set in OTnSTPO bits of OTnMOD register or hold the current
output state by OTnFCNO0/OTnFCN10, OTnFCNO1/OTnFCNI1 1bits.

The waveform output when stopped are selectable from the following three states.

® Keep in the same output mode

® Fixed at H level (OTnSTPOP/N bit = OTnMOD register =1)

® Fixed at L level (OTnSTPOP/N bit = OTnMOD register =0)

When OTnFCCO/OTnFCCI1 bit of OTnFTRGO/OTnFTRGI registers are set to "0" and the rising/falling edge is selected
for the forced stop trigger, the forced stop interrupt status is automatically cleared at the next period when the forced stop
trigger is entered.

And also, If OTnFCC0/OTnFCCl1 bit of OTnFTRG0/OTnFTRGI registers are set to "0", and the rising/falling edge is
selected for the forced stop trigger, the forced stop interrupt status is automatically cleared at the next period when the
force stop trigger is entered.

When the forced stop trigger input is set to "H" level or "L" level, the forced stop interrupt status is automatically cleared
after the forced stop is released, and the waveform output restart from the next period after the forced stop is released.
When the forced stop trigger input is set to "H" level or "L" level, the forced stop state is not canceled either when the
counter is cleared by the trigger clearing nor when "1" is written to OTnICFS bit of OTnINTC register.

Fig. 9-13-1, 9-13-2 shows the operation timing at the time of forced stop when OTnFCEC bit is set to "1".

1] [2] (3] 4]

trigger

Forced stop 0
OTnSTA ;

OTnISFS | l
OTMn0,/OTMn1 I I ﬂ I_I I |

OTnC Cont Up Count Up X 000X Count Up Count Up

[

[1] Counter operation starts with soft start.

[2] Forced stop trigger (rising edge) input. the forced stop interrupt occurs. The counter operation continues.
[3] Since the next cycle is reached, the forced stop state is cleared and the waveform output is enabled.

[4] After the forced stop state is released, waveform output restart from the next cycle.

Fig. 9-13-1 Operation timing at forced stop (rising edge)

(1] [2] 31 [4]

Forced stop ? | :
trigger ! ' '
OTnSTA ' ' :
OTnISFS [ [ |

OTMn0,/OTMn1 I I ﬂ I |

OTnC Count Up Count Up x 0000x  Count Up Count Up

[1] Counter operation starts with soft start.

[2] Forced stop trigger (“H” level) input. the forced stop interrupt occurs. The counter operation continues.
[3] The forced stop trigger input is released and the waveform output is enabled.

[4] After the forced stop state is released, waveform output restart from the next cycle.

Fig. 9-13-2 Operation timing at forced stop (“H” level)
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9.3.6.4 Forced stop operation (in case of multiple forced stop triggers are selected)

By using OTnFTRGO/OTnFTRGI register, it is feasible to use two inputs as forced stop triggers. In addition, it is
feasible to set an action for each force stop trigger input.

The following settings are set by OTnFTRGO register.

Force Stop Trigger : EXTRGO (OTnESTO02 to 00="000")

Force stop event : "H" level (OTnFCEO01,00="10")

Stop the counter when forced to stop (OTnFCCO0="1")

Output forced stop enabled when forced stop (OTnFCNO1=1, OTnFCN00=1)

The following settings are set by OTnFTRG1 register.

Force Stop Trigger :EXTRG1 (OTnEST12 to 10="000")

Force Stop Event :Rising Edge (OTnFCE11,10="00")

Counter continues when forced to stop (OTnFCC1="0")

Output forced stop enabled when forced stop (OTnFCNO1=1, OTnFCN00=1)

Fig. 9-14 shows the operation timing of a forced stop when multiple forced stop triggers are selected.

EXTRGO 11 [2] [3]

(Selected in OTnFTRGO . _

Forced Stop Trigger)) L4 |

EXTRG1 L §

(Selected in OTNFTRG1 r o |

Forced Stop Trigger)) b 5

Event trigger P v

OTnSTA Do |

OTnISFS L i |
OTMn0,/OTMn1 | [ | L E | |
OTnC Counter Up Count is stopping X Count Count Up
Up + Up

[1] Waveform output is stopped by EXTRG1 forced stop trigger (rising edge). (Counter operation continues)
[2] The counter operation is stopped by EXTRGO forced stop trigger ("H" level).
[3] Counter operation restart by event trigger input in the forced stop release state by EXTRGO.

Fig. 9-14 Operation timing at forced stop (Rising edge)
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9.3.7 Changing Cycle and Duty during Operation

It is feasible to change the period and the duty according to the setting value of OTnP/OTnOR/OTn0F/OTn1R/OTnlF
registers.
The timing of the change differs depending on the counter operation state and the counter value when writing the setting

value of OTnP/OTnOR/OTn0F/OTnl1R/OTnlF register.

Counter operating Counter value
status at register at register Update timing of setting value
setting setting
stop 0x0000 Update at the counter start
stop Except 0x0000 Pedatg at the beginning of 'the period when OTCUDNn bit is set to
1" during counter reoperation.
Update when the beginning of the period when OTCUDN bit is set
opratin arbitra to "1" during counter operation.
prating ry Update when OT20R/OT30R/SADRO is set to OTnP in OTCCCC,
the start of the cycle regardless of the setting of OTCUDn bit.
Update when OTCUDN bit is set to "1" during counter operation and
. the trigger is cleared.
At trigger clear 0x0000 Update when OT20R/OT30R/SADRO is set to OTnP in OTCCCC,
the trigger is cleared regardless of OTCUDn bit setting.

Fig. 9-15 shows the operation waveform when the register setting value is updated while the counter is stopped (counter
value "0x0000") and when the register setting value is updated while the counter is in operation.

Fig. 9-16 shows the operation waveform when the register setting value is changed while the counter is stopped (other
than the counter value "0x0000").

(2] (3]

OTnSTA :
Periodic buffer 1 : Periodic buffer
5 counter .
OTnOF/1F biiffeswi ; / OTnOR/1R buffer
; / OTnOF/1F buffer
OTnOR/1R Qu 7'/ . i
2B %
OTMnO I { / ' I_I | I—:—
OTMn1 I ’ I : I I ' I—:—
— [ " Bl ! S
OTnP X T ! !
. ! [ | -
OTnOR/1R D G ' :
: + ! . ;
OTnOF/1F X I ; :
otnuD 5 E

[1] Update OTnP/OTnOR/1R/OF/1F registers while the counter is stopped (the counter value is
"0x0000").

[2] Each buffer is updated at the timing of the start of counter operation

[3] Update OTnP/OTnOR/1R/0F/1F registers during counter operation

[4] Write “1” to OTCUDnN bit

[5] At the beginning of the period, each buffer is updated and OTCUDn bit is cleared to "0"

Fig. 9-15 When the register setting value is updated during stop (when the counter value is "0x0000") and during operation
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OTnSTA ' :
1| !

Periodic buffer

OTNnOF/1F buffer / ; /
/; c¢ounter ./
OTnOR/1R buffer / : /- —

Periodic buffer

OTnOF/1F buffer

OTnOR/1R buffer

Positive Phase

g

Negative Phase

OTnP P
OTnOR 1R ) R
OTnOF /1F ! X

OTnUD

[1] Counter stop

[2] Update OTnP/OTnOR/1R/OF/1F registers while the counter is stopped (the counter value is not
"0x0000").

[3] Counter operation restart (each buffer is not updated at this time)

[4] Write “1” to OTCUDnN bit

[5] At the beginning of the period, each buffer is updated and OTCUDn bit is cleared to "1".

Fig. 9-16 when the register setting value is changed during stop (other than the counter value is "0x0000") and during operation
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9.3.8 Cycle stop function

Cycle stop function is a function that counts to the expiration of the period (OTnP) + set value (OTnSCLR) before
stopping the counter when a request to stop is received by software or a trigger event during timer operation.

Fig. 9-17-1, 9-17-2 shows the operation timing when a stop due to a trigger event is entered when OTnSTSYN bit is set
to "1".

(1] [2]
Event trigger v |

OTnSTA

OTnISTS I

OTMn0,/OTMn1 | | | | E

OTnC Count Up Count Up X 0000 Count is stopped

[1] Counter stop request with event trigger (falling edge). The counter does not stop at this moment.
[2] Counter stop at the end of the cycle. Trigger counter stop interrupt (OTnISTS bit of OTnINTS) occur by
event trigger.

Fig. 9-17-1 Operation timing when trigger event is stopped (OTnSTSYN=“1"/OTnDLT7 to 0="“0x00").
(11 (2]

Event trigger v i

OTnSTA l
OTnISTS I

OTMn0,/OTMn1 | | | l | |
OTnC Count Up Count Up Count UpXCount is stopped

[1] Counter stop input with event trigger (falling edge). The counter does not stop at this moment.
[2] After counting the interval set by OTnDLY7 to O from the end of the cycle, stop the counter.
The interrupt occurs due to input stop by event trigger.

Fig. 9-17-2 Operation timing when trigger event is stopped (OTnSTSYN=“1"/OTnDLT7 to 0# “0x00”)
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If a request to stop is received when the cycle stop function is enabled, and a request to start the counter is received by
the software or trigger while counting to the expiration of the period (OTnP) + the set value (OTnSCLR), the request to
stop is canceled.

Fig. 9-18-1 and Fig. 9-18-2 shows the operation timing when a stop due to a trigger event is entered when OTnSTSYN
bit is set to "1" and when a counter start by a trigger event is entered before the counter stops.

1 (2]
Event trigger Q j‘

OTnSTA !

OTnISTS ;

OTMn0,/OTMn1 | | | L]
OTnC Count Up 0000 Count Up Count Up

[1] Counter stop input by the event trigger (falling edge). The counter does not stop at this point
[2] Counter start input by the event trigger (rising edge) before counter stop. Counter operation continues
thereafter.

Fig, 9-18-1 Operation timing when trigger event stop is released (OTnSTSYN=“1"/OTnDLT7 to 0=“0x00")

I (2]
Event trigger & j‘

OTnSTA i

OTnISTS :

OTMn0,/OTMn1 | L1 L ! L

oTnC Count Up 0000 Count Up I Count Up

[1] Counter stop input by the event trigger (falling edge). The counter does not stop at this point
[2] Counter start input by the event trigger (waiting for the interval set by OTnDLY7 to 0) before counter
stop. Counter operation continues thereafter. Counter operation continues thereafter.

Fig. 9-18-2 Operation timing when trigger event stop is released (OTnSTSYN=“1"/OTnDLT7 to 0=“0x00")
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Writing "1" to the corresponding bit (OTnIE*) of OTnINTE register causes each interrupt request to be enabled.
Note that permission of the forced stop interrupt is not available. If the forced stop function is enabled, the interrupt is

also enabled.

For the source which caused the interrupt status to become "1", write "1" to each interrupt status clear bit (OTnIC*) to
clear each interrupt status bit (OTnIS*).
If using an interrupt, clear each interrupt status bit (OTnIS*) at the end of the interrupt routine.

Name Mode Status Method of clear
Periodic interrupts All mode OTnISP bit Write “1” to OTnICP bit
PWM OTnISOR bit | Write “1” to OTnICOR bit
0 Rise Point interrupt | Write 1" to OTnICOR bit
CAPTURE OTnISOR bit | or
Read out OTnOR register
PWM OTnISOF bit | Write “1” to OTnICOF bit
0 Fall Point B interrupt | Write *1” to OTnICOF bit
CAPTURE OTnISOF bit | or
Read out OTnOF register
. L PWM OTnIS1R bit | Write “1” to OTnIC1R bit
1 Rise Point interrupt
CAPTURE Unused -
) . PWM OTnIS1F bit | Write “1” to OTnIC1F bit
1 Fall Point B interrupt
CAPTURE Unused -
Trigger stop interrupt All mode OTnISTS bit | Write “1” to OTnICTS bit
Trigger start interrupt All mode OTnISTR bit | Write “1” to OTnICTR bit
Forced stop interrupt All mode OTnISFS bit | Write “1” to OTnICFS bit
—> OTMnINT (interrupt request)
Interrupt source —
register > Interrupt status (OTnIS*)
Interrupt enable (OTnIE*) —

Interrupt status clear (OTnIC¥)

FEUL62Q2045
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9.3.10 Clock Mutual Monitoring Function

It is monitorable whether the low-speed clock (low-speed RC oscillator circuit) and the high-speed clock (PLL oscillator

circuit) oscillate normally using 16-bit timer and operational timer
Fig. 9-20 shows an example of oscillation monitoring operation of a high-speed clock (PLL oscillator circuit) using a 16-

bit timer 0 and an operational timer 0.

16bit timer 0
Approx. 30.5us
Count clock " " . , .
(low speed clock) T | | | | T | | T |
TMHOC 0000 0001 X 0000 0001 0000 0001 ¥ 0000 ¥ 0001
Continuous mode
TMHOTRG l ]

Operational timer 0 ] .

Approx 62ns Trigger start Trigger stop Trigger start Trigger stop

Count clock
(high speed clcok) jMMUUUUUUUUUUUJUULUUUJUUJUUUUUUUL
oToC 0000 @....... Valid A @........ Valid B

Counter clearing is enabled when the trigger 7

OTMOINT counter starts. |‘| Trigger COLinf?[ S}op Interrupt H
TMHOC :16bit timer O counter register Read out OTOCand check the value
TMHOTRG : 16bit timer O trigger
OoT0C : OTMO counter register

OTMOINT  : OTMO interrupt

Fig. 9-20 Example of mutual monitoring of low-speed clock and high-speed clock
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Start setting

Set 16-bit timer operation

Set Overflow limit

Set operation of
Operational Timers

Set Clock of
Operational Timers

Set Trigger of
Operational Timers

Permit Interrupt of
Operational Timers

Set Operational Timers
Cycle

Permit Interrupt of
Operational Timers

Permit Trigger Operation of
Operational Timers

Start counting 16-bit Timers

Start counting of
Operational Timers

Confirm that the Counter
has started counting

S
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Fig. 9-21 shows the settings for the example operation shown in Fig. 9-20.

Set the following in TMHOMOD register of the 16-bit timer 0.
*THOOST bit = "0" (initial value): Continuous mode
-THOCS bit = "0" (initial value): LSCLKO is selected as the timer clock

Set the overflow value in TMHOD register of the 16-bit timer 0.

Set the following in OTOMOD register of Operational Timer 0.
-OTOMDO bit ="1”: CAPTURE mode
*OTOOST bit ="0” (Initial value) : Auto mode

Set the following in OTOCLK register of operational timer 0
*OTOCKO bits = "1": Select HSCLK for timer clock
-Other bits ="0"

Set the following in OTOCTRGH1 register of operational timer 0

*OTOST1 bit ="1" : Counter start by trigger event: Enable
-OTOSTCH1 bit ="1" : Counter clearing by trigger event of count start: Enable
-OTOSP1 bit ="1" : Counter Stop by Trigger Event: Enable

-OTOSTS13 to 10 bit: Select TMHOTRG as the source of the trigger event
OTOCAPEN1="1" . Capture Trigger: Enable
- Other bit ="0”

Set the following in OTOINTE register of operational timer 0
-OTOIETS bit ="1”: Trigger Counter Stop Interrupt: Enable

-Other bit =0

Write "OxFFFF" to OTOP register of operational timer 0
This write permit the counter to be fully utilized in trigger start/stop mode.

Permit interrupts (OTMOINT) of operational timer 0 in the IE23 register
(EOTMO bit ="17)

Set the following in OTCSTR register of operational timer 0
*Operational Timer 0 Trigger Operation: Enable (OTOETG bit = "1")

Start counting 16-bit timer 0 in TMHSTR register of 16-bit timer 0

By the overflow interrupt of the 16-bit timer 0 counting in LSCLK (low-speed
clock), operational timer 0 starts/stops counting in HSCLK (high-speed clock).

When operational timer O stops, an interrupt is occurred, so read the value of
OTOC register to check whether the high-speed clock is oscillating normally

Fig. 9-21 Setting of an oscillation monitoring operation example of a high-speed clock (PLL oscillator circuit)
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10. Watchdog Timer

10.1 General Description

The watchdog timer (WDT) is equipped with the following functions and can detect the runaway state of program or the
undefined state of the CPU by generating an interrupt or reset when an abnormality occurs.

e  Ifthe counter is not cleared for more than a certain time period in program operation and overflows, the WDT
interrupt is generated in the first overflow and the WDT reset in the second overflow (if the window function is
disabled).

e  Ifthe counter is not cleared for more than a certain time period in program operation and overflow occurs, the WDT
reset is generated in the first overflow (if the window function is enabled).

e  If'the counter is cleared in the unexpected time period, the WDT invalid clear reset is generated (if the window
function is enabled).

The window function refers to the function through which "the time period during which WDT counter clear is enabled"
= "the time period during which the window is opened" and
"the time period in which WDT counter clear is disabled" = "the time period in which the window is closed" can be set.

Count clear control Overflow
' Mode control (Interrupt/reset)
Program operation Invalid clear reset
(clear processing)
Watchdog
Interrupt, reset i timer
p Clearing counter
CPU A\
CPU clock
WDT clock
(WDTCLK)
WDT counter value
A i
Overflow t-------------- vi----, """"""""""""""""""""""""
period (Twov) [
Time
0 >
A A
WDT cleared WDT interrupt WDT reset generated
generated (Second overflow)

(First overflow)

Figure 10-1 Watchdog Timer Overview (With the Window Function Disabled)
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10.1.1 Features

e  Eight types of overflow periods can be selected (7.8ms, 15.6ms, 31.3ms, 62.5ms, 125ms, 500ms, 2s, or 8s)
e  Two operation modes:
— Window function disabled mode
The WDT counter can always be cleared. The WDT interrupt is generated when the first counter overflow occurs,
and the WDT reset is generated when the second counter overflow occurs.
— Window function enabled mode
The periods during which WDT counter clear is enabled and disabled respectively can be set. The WDT reset is
generated when the first counter overflow occurs, and the WDT invalid clear reset is generated when the counter
is cleared in the period during which WDT counter clear is disabled.

Table 10-1  Watchdog Timer Operation Modes

overflow
Mode WDT invalid clear reset
First Second
Window function disabled mode Interrupt Reset -
Window function enabled mode Reset - Reset

e  The following items can be selected by the code option. See the Chapter 30 "Code Option" for details of the code
option.
— Enabling/disabling the WDT timer operation
— Enabling/disabling the WDT timer operation in HALT mode

[Note]

* Not all the abnormal operations are detectable by the watchdog timer. Even if the CPU is runaway, the
watchdog timer is undetectable to the abnormality in the operation state in which the WDT counter is
cleared. As a fail-safe, it is recommended that the WDT counter is cleared at one place in the main loop of
the program.
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10.1.2 Configuration

The following diagram shows the configuration of the watchdog timer.

WDT overflow
WDTCLK(1kHz) —— > WDT counter —> WDT interrupt (WDTINT)
/[\ /[\ (interrupt controller)
Reset/
WDT flelar interrupt
contro
[ T 1 control ——> WDT overflow reset
Clear period L~ WDT invalid clear reset
control (reset function)

Data bus

—[wommon}———

WDTCON : Watchdog timer control register
WDTMOD : Watchdog timer mode register
WDTMC : Watchdog timer counter register
WDTSTA : Watchdog timer status register

Figure 10-2 Configuration of Watchdog Timer
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10.2 Description of Registers
10.2.1 List of Registers

Symbol name Initial
Address Name R/W Size
Byte Word value
0xF010 Watchdog timer control register WDTCON - R/W 8 0x00
0xFO11 Reserved - - - - -
0xF012 Watchdog timer mode register WDTMOD - R/W 8 0x06
0xF013 Reserved - - - - -
0xF014 WDTMCL R 8/16 0x00
Watchdog timer counter register WDTMC
0xFO015 WDTMCH R 8 0x00
0xF016 Watchdog timer status register WDTSTA - R 8 0x01
0xF017 Reserved - - - - -
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10.2.2 Watchdog timer control register (WDTCON)
WDTCON is a SFR to clear the WDT counter.
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Address: 0xF010 (WDTCON)
Access: R/W
Access size: 8 bit
Initial value: 0x00

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - WDTCON
Bit | - - ; - ; - ; - | a7 | o6 | o5 | a4 | a3 | a2 | a |VOFM
R/W R R R R R R R R W W W W W W W R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. i Smlag) Description

name

7to0 d7 to d0

WDT counter is cleared by writing "0x5A" with WDP bit set to "0", then writing "0xA5" with

WDP bit set to "1".

In the window mode, WDT invalid clear reset is generated if WDT counter is cleared in the

period during which WDT clear is disabled.

0 WDP Read the value of WDT bit internal pointer. WDP bit is reset to "0" when the system is reset as
well as when WDT counter overflows. It is reversed when writing data to WDTCON register
regardless of the data written.

[Note]

* In WDT interrupt routine (when the interrupt level (ELEVEL) of the CPU program status word (PSW) is "2"),
WDT counter is unable to get cleared.

FEUL62Q2045
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WDTMOD is a SFR to set the overflow period and the clear enabled period of the WDT counter.

Address: 0xF012 (WDTMOD)
Access: R/W
Access size: 8 bit
Initial value: 0x06
15 14 13 12 1 10 6 5 4 3 2 1 0
Word
Byte WDTMOD
Bit | - - - - - - - |WOVEIWOVEL | woT2| woT1|woTo
R/W R R R R R R R RW R/W R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 1 1 0
value
Bit No. i Smlag) Description
name
7,6 - Reserved bits
54 WOVF1, Set the mode of WDT.
WOVFO0 00: Window function disabled (initial value)
01: Window function enabled mode 1 (the clear enabled period is approximately 75% of the
overflow period)
10: Window function enabled mode 2 (the clear enabled period is approximately 50% of the
overflow period)
11: Setting disabled (setting of window function enabled mode 2)
If the overflow period of the WDT counter is set to 62.5 ms or less in WDT2 to 0 bits, the
window function is disabled regardless of setting values of WOVF1 and WOVFO bits.
3 - Reserved bits
2t00 WDT2 to Set the overflow period (Twov) of the WDT counter.
WDTO 000: Approx. 7.8ms
001: Approx. 15.6ms
010: Approx. 31.3ms
011: Approx. 62.5ms
100: Approx. 125ms
101: Approx. 500ms
110: Approx. 2s (initial value)
111: Approx. 8s
where frequency of WDTCLK is 1.024kHz.
[Note]

* See the data sheet for frequency accuracy of RC1K.

FEUL62Q2045
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10.2.4 Watchdog Timer Counter Register (WDTMC)
WDTMC is a SFR to read the WDT counter value.

Address: 0xF014 (WDTMCL/WDTMC), 0xF015 (WDTMCH)
Access: R

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word WDTMC
Byte WDTMCH WDTMCL
Bit | d15 | d14 | d13 | d12 | d11 [ d10 | d9 | d8 | d7 | d6 | d5 | d4 | d3 | d2 | d1 [ do
R/W R R R R R R R R R R R R R R R R
Inial o990 o o o o o0 0 o0 ©0 0 O 0 0
value
Bit No. sEien Description

name

15t00 d15to Read the WDT counter value.

do The normal counting operation of the WDT counter can be confirmed If values periodically

read from the WDT counter vary.

10.2.5 Watchdog Timer Status Register (WDTSTA)

WDTSTA is a read-only special function register (SFR) to indicate the WDT counter clearing state.

Address: 0xF016 (WDTSTA)
Access: R
Access size: 8 bit
Initial value: 0x01
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - WDTSTA
. WDTW
Bit - - - - - - - - - - - - - - - N
R/W R R R R R R R R R R R R R R R R
ntial g9 9o 0o o o o o ©0o ©0 ©0 O O 0 0 1
value
Bit No. it Exilotel Description
name
7to1 - Reserved bits
0 WDTWIN Indicate the status of enabling/disabling WDT counter clearing. It is always “1” when a window

function is disabled
0: Clearing is disabled.
1: Clearing is enabled (initial value).
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The WDT counter starts counting at the rising edge of the WDT counter operation clock (WDTCLK) when the system

reset is released. (Enable/disable watchdog timer is set in the code options)

The WDT counter can be cleared by writing "0x5A" to WDTCON register with the WDP bit set to "0", then writing
"0xAS5" to WDTCON register with the WDP bit set to "1" while WDT counter clearing is enabled.
The WDP bit is reset to "0" when the system is reset as well as when the WDT counter overflows. It is reversed every

time data is written to WDTCON register.

Two types of use are available: window function disabled mode and window function enabled mode.

. Window function disabled mode

The WDT counter can always be cleared. The WDT interrupt is generated when the counter overflows for the first

time, and the WDT reset is generated when the counter overflows a second time.

. Window function enabled mode

The periods during which WDT counter clear is enabled and disabled respectively can be set. The WDT reset is
generated when the counter overflows for the first time, and the WDT invalid clear reset is generated when the
counter is cleared in the period during which WDT counter clear is disabled.

Table 10-2 Watchdog Timer Operation Modes

Overflow . .
Mode - WDT invalid clear reset
First Second
Window function disabled mode Interrupt Reset -
Window function enabled mode Reset - Reset

The WDT counter overflow period (Twov) and the WDT counter clear enabled period (Twcr) can be selected through the

WDTMOD register.

The following items can be selected with the code option. See Chapter 30 "Code Option" for details on how to set the

code option.

e  Enabling/disabling the WDT timer operation
e  Enabling/disabling the WDT timer operation in the HALT mode

FEUL62Q2045
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10.3.1 How to Clear WDT Counter

The WDT counter can be cleared by writing "0x5A" to the WDTCON register with the WDP bit set to "0", then writing
"0xAS" to the WDTCON register with the WDP bit set to "1" while WDT counter clearing is enabled.

The WDP bit is reset to "0" when the system is reset as well as when the WDT counter overflows. It is reversed every
time data is written to the WDTCON register.

The following diagram shows the WDT counter clearing timing chart.
Writing of "Ox5A" Writing of "OxA5"

WDTCLK

SYSCLK

phinhinhhnhnihhigh

WDTCON Write

WDP bit

WDT counter ~ p-2 n-1 0 X 1 ) 2

WDTWIN |

Figure 10-3 WDT Counter Clearing Timing Chart
The following description shows a sample program script of the watchdog timer.

void wdt clear( void )

{

unsigned char pswval;

if(WDTCLRI1 == 1) { // Checking presence of pending clearing process
return;

¥

if(WDTCLR2==1) { // Checking whether clearing process is pending or completed
return;

¥

pswval =s_drvcommon_getPSW(); // Saving PSW

_DI(); // Interrupt disabled (clearing MIE bit)

do {

WDTCON = 0x5A; // WDT counter clearing

} while (WDP !=1);
WDTCON = 0xAS;
if ((pswval & 0x08) !=0) { /I Confirming MIE bit

_EI(); // Interrupt enabled (setting MIE bit)
}

static unsigned char s _drvcommon_getPSW( void ){
#pragma asm
mov r0,psw
rt
#pragma endasm

}
Figure 10-4 Sample Program Script of Watchdog Timer

[Note]
* In the STOP mode, the WDT timer is stopped.
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10.3.2 Window Function Disabled Mode

In the window function disabled mode, if the WDT counter is not available to clear within the WDT counter overflow
period (Twov) and the counter overflows for the first time, a WDT interrupt is generated. If the WDT counter is not
cleared even by the software processing after the WDT interrupt, and overflows again, a WDT reset occurs.

The WDTR bit of RSTAT register is set to "1" when the WDT reset occurs, and the state on the LSI is transferred to the
system reset mode. See Chapter 3 "Reset Function" for details of RSTAT register.

Setting start

}

WDT counter Counter clearing before initial mode setting
clearing

!

Set through WOVF1 and WOVFO bits of WDTMOD
Set the mode

register
Overflow timing Set through WDT2 to WDTO bits of WDTMOD register
setting
—

] Writing "Ox5A" with the WDP bit of WDTCON register set to "0",
Other processing then writing "0xA5" with the WDP bit set to "1" enables WDT
counter to be cleared

A 4

WDT counter
clearing

Figure 10-5 Procedure to Use WDT (in Window Function Disabled Mode)
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The following figure shows an operation timing overview of the window function disabled mode.

WDT counter value
A

Overflow period (Twov) f-==--===-====-==------ e LR

A A T"
WDT interrupt generated WDT cleared ime

Overflow period ; Overflow period :

Clear enable:d period (TwcL)
! (Twov) ' (Twov)

WDT reset generation time

Figure 10-6 Overview of Operation Timing in Window Function Disabled Mode

The following table shows the WDT counter clear enabled period in the window function disabled mode.

Table 10-3 WDT Counter Clear Enabled Period in Window Function Disabled Mode

woT2 | woT1 | woTo O;/:rrif(l)(()jw \é\gl:tﬁ;t WDT counter clear §1nabled period
(Twov)™ time™ (Twet)
0 0 0 7.8 ms 15.6 ms = Qverflow period
0 0 1 15.6 ms 31.3ms = Qverflow period
0 1 0 31.3ms 62.5 ms = Qverflow period
0 1 1 62.5 ms 125 ms = Qverflow period
1 0 0 125 ms 250 ms = Qverflow period
1 0 1 500 ms 1000 ms = Qverflow period
1 1 0 2000 ms 4000 ms = Qverflow period
1 1 1 8000 ms 16000 ms = Qverflow period

1. where the WDTCLK frequency is 1.024kHz(typ.) that is not included a significant error.
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WDT counter value

A
Overflow t-----=-------oc---m- ; -.- —————————————————————————————————————————
period (Twov) S
0 Time
A AA A "
WDT cleared WDT cleared WDT WDT
(enabled) (disabled) interrupt generated reset generated
i L 7999 ms P :
= 7998 ms | 8000 ms N 8000 ms '

Design the WDT clear timing with time to spare.

Figure 10-7 Example of Operation Timing in Window Function Disabled mode (When Overflow Period=8000 ms)
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The following figure shows details of operation timing in the window function disabled mode.

WDT clock
oscillation starts Program start
Occurrence
RESET_N i/ (2) WItDtTMOD B WDTMOD
system reset ,—\ VL setting setting
@) @4 6 6 @)
Data: SA A5 5A 5A A5 5A A5
WDTCON Write
Internal pointer
Overflow
WDT counter Ty B
/ \
(8) WDT interrupt ) (9) WDT reset occurs
WDT interrupt occurs
WDT reset
Twov Twov
Overflow period Overflow period

Figure 10-8 Details of Operation Timing in Window Function Disabled Mode

(1) After the system reset is released, the WDT counter starts counting up.

(2) The WDT counter overflow period (TWOV) is set to the WDTMOD register.

(3) "O0x5A" is written to the WDTCON register. (Internal pointer WDP: 0 2> 1)

(4) "OxAS5" is written to the WDTCON register to clear the WDT counter. (Internal pointer WDP: 1->0)

(5) "O0x5A" is written to the WDTCON register. (Internal pointer WDP: 0 2> 1)

(6) When "0x5A" is written to the WDTCON register after an abnormality occurred, it is not accepted because the
internal pointer WDP is "1". (Internal pointer WDP: 1 -0)

(7) Although "0xAS5" is written to the WDTCON register, the WDT counter is not cleared because the internal pointer
WDP is "0" and writing of "0x5A" is not accepted in (6). (Internal pointer WDP: 0 >1)

(8) The WDT counter overflows and a WDT interrupt request is generated. (Internal pointer WDP: 1 =0)
Following cleared due to the overflow, the WDT counter continues counting up.

(9) Ifthe WDT counter is not cleared even by the software processing after the WDT interrupt and it overflows again, a
WDT reset occurs and the shift to the system reset mode takes place.
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In the window function enabled mode, if the WDT counter is not available to clear within the WDT clear enabled period
and the counter overflows first time, the WDT overflow reset is generated.
In addition, if the WDT counter is cleared in the period the counter clear is not enabled, the WDT invalid clear reset is

generated.

WDTR bit of RSTAT register is set to "1" when the WDT overflow reset occurs, and the state on the LSI is transferred to
the system reset mode.
WDTWR bit of RSTAT register is set to "1" when the WDT invalid clear reset occurs, and the state on the LSI is
transferred to the system reset mode. See Chapter 3 "Reset Function" for details of RSTAT register.

In the window function enabled mode, two types of modes can be selected through WDTMOD register:
e  Window function enabled mode 1 (the clear enabled period is approximately 75% of the overflow period)
e  Window function enabled mode 2 (the clear enabled period is approximately 50% of the overflow period)

FEUL62Q2045

Setting start

\4

WDT counter
clearing

I

Set the mode

l

Overflow timing
setting

!

WDT counter clear
period setting

Y

Other processing

<

The set period of
time has passed?

WDT counter
clearing

Counter clearing before initial mode setting

Set through WOVF1 and WOVFO bits of WDTMOD
register

Set through WDT2 to WDTO bits of WDTMOD register

In order to avoid clearing during the counter clear disabled
period, determine the WDT counter clearing period using
the timer, etc.

Writing "Ox5A" with the WDP bit of WDTCON register set to "0",
then writing "OxA5" with the WDP bit set to "1" enables WDT
counter to be cleared

Figure 10-9 Procedure to Use WDT (in Window Function Enabled Mode)
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Overviews of the operation of each mode are shown below.

WDT counter value

A
Overflow period (Twov) F---- K- - — ——————————————————————————— - — ———————————
75%| §
0 1 1 >
' i A i Ti
; ; WDT counter clear ime
1 25% for cl:ear 75% for clear enabled period
! disabled period (Twed) 5
' Overflow period E
Figure 10-10 Window Function Enabled Mode 1 Operation Overview
WDT counter
Overflow period (Twov) f-=-===-g================m= e phmmemmemenne
50% i §
0 | |
' : A : .
- ! WDT counter clear ! Time
: 50% for clear 50% for clear enabled !
i disabled period period (Twct) :

Overflow period

Figure 10-11 Window Function Enabled Mode 2 Operation Overview
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The following table shows WDT counter clear enabled periods.
If the overflow period of the WDT counter is set to 62.5 ms or less in WDT?2 to 0 bits, the window function is disabled
regardless of setting values of WOVF1 and WOVFO bits.

Table 10-4 WDT Clear Enabled Period in Window Function Enabled Mode 1

WDT2 | WDT1 | WDTO pe%e(rfT'@V.fv)ﬂ ger:’;’ggﬁiﬁ;eq WDT clear enabled period (TweL)"
0 0 0 Approx. 7.8 ms Approx. 7.8 ms = Qverflow period
0 0 1 Approx. 15.6 ms Approx. 15.6 ms = Qverflow period
0 1 0 Approx. 31.3 ms Approx. 31.3 ms = Overflow period
0 1 1 Approx. 62.5 ms Approx. 62.5 ms = Overflow period
1 0 0 Approx. 125 ms Approx. 125 ms = 75% of overflow period
1 0 1 Approx. 500 ms Approx. 500 ms = 75% of overflow period
1 1 0 Approx. 2000 ms | Approx. 2000 ms = 75% of overflow period
1 1 1 Approx. 8000 ms | Approx. 8000 ms = 75% of overflow period
*: where the WDTCLK frequency is 1.024kHz(typ.) that is not included a significant error.

Table 10-5 WDT Counter Clear Enabled Period in Window Function Enabled Mode 2

WDT2 | WDT1 | WDTO pe%e(rfT'@V.fv)ﬂ ger:’:ggﬁﬁeq WDT clear enabled period (TweL) 12
0 0 0 Approx. 7.8 ms Approx. 7.8 ms = Qverflow period
0 0 1 Approx. 15.6 ms Approx. 15.6 ms = Overflow period
0 1 0 Approx. 31.3 ms Approx. 31.3 ms = Overflow period
0 1 1 Approx. 62.5 ms Approx. 62.5 ms = Overflow period
1 0 0 Approx. 125 ms Approx. 125 ms = 50% of overflow period
1 0 1 Approx. 500 ms Approx. 500 ms = 50% of overflow period
1 1 0 Approx. 2000 ms | Approx. 2000 ms = 50% of overflow period
1 1 1 Approx. 8000 ms | Approx. 8000 ms = 50% of overflow period
*: where the WDTCLK frequency is 1.024kHz(typ.) that is not included a significant error.

[Note]

* When using the window function enabled mode, always define a WDT interrupt function even though no
WDT interrupt occurs.

FEUL62Q2045

10-16



ROH M CO., Ltd . ML62Q2033/2035/2043/2045 User's Manual

Chapter 10 Watchdog Timer

The following figure shows details of operation timing in the window function enabled mode.

6]
()
3)
“
(6))
(6)
O]

WDT clock
oscillation starts Program start
(1) (6) Error occurs
RESET_N | (2ywDpTmMOD WDTMOD
System reset _\ Jh setting \J/ setting
: 3) “4) (5
WDTCON register Data: 5A A5 5A SA A5

write ] ” ]
Internal pointer [_

WDP

Overflow

WDT counter

WDTWIN l— I—|

ﬁ (7) WDT reset generated

WDT reset

Twov
Overflow period

Figure 10-12 Details of Operation Timing in Window Function Enabled Mode

After the system reset is released, the WDT counter starts counting up.

The WDTMOD register is set with the WDT counter overflow period (Twov) and WDT clear enabled period.
"0x5A" is written to WDTCON during the WDT clear enabled period. (Internal pointer WDP: “0” > “1”)
"0xAS5" is written to the WDTCON register to clear the WDT counter. (Internal pointer WDP: “1” - “0”)
"0x5A" is written to WDTCON during the WDT clear enabled period. (Internal pointer WDP: “0” - “17)
Occurrence of abnormality

The WDT counter overflows and a WDT reset occurs. (Internal pointer WDP: “1” = “0”)
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WDTMOD
setting

y

5A A5

write

Internal pointer

WDT counter

WDTWIN

<—>
Unavailable to ¢lear

H (5) WDT reset generated

WDT reset

Figure 10-13 WDT invalid clear reset

(1) After the system reset is released, the WDT counter starts counting up.
(2) The WDTMOD register is set with the WDT counter overflow period (Twov) and WDT clear enabled period.
(3) "O0x5A" is written to WDTCON. (Internal pointer WDP: “0” = “17)
(4) "OxAS5" is written to the WDTCON register to clear the WDT counter. (Internal pointer WDP: “1” = “0”)
(5) WDT invalid clear reset is occurred by clear processing during the WDT clear disabled period.

[Note]

In the watchdog timer (WDT) interrupt function, as the interrupt level (ELEVEL) of the CPU program status
word (PSW) becomes "2", the WDT counter is unable to get cleared. Clear the WDT when the ELEVEL is
"0" or "1". It is recommended that the WDT counter is cleared at one place in the main loop of the program

as a fail-safe.

FEUL62Q2045
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13. I°C Bus

13.1 General Description

This LSI has one channel of 12C bus unit that supports both master and slave function.
I?C bus unit is that either of master or slave is selected to use and both functions of master and slave are unworkable at
the same time.

13.1.1 Features

Table 13-1 shows features of I2C bus unit and I*’C bus master.

Table 13-1 Features of 12C bus

Function Oreretion Features
mode
- Communication speed: Standard mode (100 kbps), fast mode (400 kbps),
and original standard 1 Mbps mode (1Mbps)
Master - Support clock stretch function for the Slave
function - 7 or 10-bit address format
- Self-test function by reading transmitted data onto the 1°C bus (Safety
12C bus unit function)
- Communication speed: Standard mode (100 kbps), fast mode (400 kbps),
Slave and original standard 1 Mbps mode (1Mbps)
function - Clock stretch function
- 7-bit address format
- Wake-up from STOP mode by matching slave address

FEUL62Q2045 13-1
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13.1.2 Configuration

Figure 13-1 shows the configuration diagram of the I*’C bus unit circuit.

Master
1
| I2U0RD, 12U0STR | RN
SCL
R SDA <—>(0) scLUo
Controller i
L e pin
SYSCLK —s| Clock Shift register ™S
Generator = <—>(O) SDAUD
N N $ / pln
12C
Controller ™S 12CUOINT
I2UOSA 12U0TD —>
N A |—/I /[\ /
12U0MSS | 1200CON || 12u0mOD |
7 7 N
Data bus v
Slave
1
| I2UORD, 12UOSTR SCL -
/ SDA
Controller
L Shift register
T ]
. Comparator 12C
controller
| 12008A || 1200TD | | 12U0CON | | 12U0MOD
N N N
Data bus 2 v v N2
SCLUO : Serial clock
SDAUO : Serial data
12UOMSS . I2C bus unit 0 mode register
I2UORD . I2C bus unit 0 receive register (Master/Slave Sharing)
I2UOSA . I2C bus unit 0 slave address register (Master/Slave Sharing)
12U0TD . 12C bus unit 0 transmit data register (Master/Slave Sharing)
I2UOCON . I2C bus unit 0 control register (Master/Slave Sharing)
[2UOMOD  : I2C bus unit 0 mode register (Master/Slave Sharing)
I2UOSTR : I2C bus unit 0 status register (Master/Slave Sharing)
[2UOSCLR : I2C bus unit O status clear register (Master/Slave Sharing)

Figure 13-1 Configuration of 12C Bus Unit

FEUL62Q2045 13-2



ROH M CO_, Ltd_ ML62Q2033/2035/2045 User's Manual

Chapter 13 I2C Bus

13.1.3 List of Pins

The 1/O pins of the I2C bus unit are assigned to the shared function of the general ports.

Pin name 1/0 Description
SDAUO I/0 I2C bus unit 0 data I/O pin
SCLUO I/0 12C bus unit 0 clock 1/0 pin

Table 13-2 shows port used in the I’C and the register settings.
In addition to the mode setting of the shared function, select "Enable Input, Enable Output, N-ch open drain output and
without pull-up" by setting following data to the port n mode register m (PnMODm).

Table 13-2 Port used in the I1°C and the register settings

Channel Pin Setting . .
No. name Shared port register Setting value Available
0 SDAUO | P12 3rd Function P1MOD2 0010_101 °
SCLUO | P13 3rd Function P1MOD3 0010_1011 °
e: Available - : Unavailable

[Note]

+ Use external pull-up resistors for SDA pin and SCL pin according to the IC bus specification. The
internal pull-up resistors are unsatisfied the I°C bus specification. See the data sheet for each product for
the value of internal pull-up resistors.

* If powering off this LSl in the slave mode, it disables communications of other devices on the I>C bus.
Keep this LSI powered on when it works as a slave mode until the master device is powered off.

* Do not connect multiple master devices on the I2C bus when using the master function.
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Symbol . Initial
Address Name R/W Size
Byte Word Value
0xF780 I2C bus unit 0 mode register 12UOMSS - R/W 8 0x00
0xF781 Reserved - - - - -
0xF782 I2C bus unit O receive register 12UORD - R 8 0x00
0xF783 Reserved - - - - -
OxF784 I2C bus unit 0 slave address register I2UOSA - R/W 8 0x00
0xF785 Reserved - - - - -
0xF786 I2C bus unit 0 transmit data register 12U0TD - R/W 8 0x00
OxF787 Reserved - - - - -
0xF788 I2C bus unit 0 control register 12UOCON - R/W 8 0x00
0xF789 Reserved - - - - -
OxF78A 12UOMODL R/W | 8/16 0x00
I2C bus unit 0 mode register 12U0OMOD
0xF78B 12UOMODH R/W 8 0x22
0xF78C I2UOSTAT R 8/16 0x00
I2C bus unit 0 status register I2UOSTR
0xF78D I2UOISR R 8 0x00
OxF78E I2UOSCLRL w 8/16 0x00
I2C bus unit O status clear register I2UOSCLR
OxF78F I2UOSCLRH w 8 0x00
0xF790 Reserved - - - - -
0xF791 Reserved - - - - -
FEUL62Q2045 13-4
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I2UOMSS is a SFR to select the Master mode or Slave mode of the I*C bus unit 0.
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Address : 0xF780 (I2UOMSS)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - 12UOMSS
Bit ) ) ) i i ) i ) i ) ) ) ) ) ) I2Lé)0M
R/W R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7to1 - Reserved bits
0 12U0MD Select the Master mode or Slave mode of the 12C but unit.
0: Master mode (Initial value)
1. Slave mode
[Note]
* All SFRs are shared in master mode with slave mode. If switching master/slave mode, set “0” to I2UOEN

bit of 2UMOD register, then switch the mode and reconfigurate each SFRs.
* Do not connect multiple master devices on the I12C bus when using the master function.
 If powering off this LSl in the slave mode, it disables communications of other devices on the I>C bus.
Keep this LSI powered on when it works as a slave mode until the master device is powered off.

FEUL62Q2045
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13.3 Description of Registers for Master function

This section explains about master mode of I>C bus unit 0.

In this section, both word symbol, byte symbol and bit symbol are put down with.

All SFRs are shared in master mode and slave mode. Reset master mode on I2UOMSS, at the begining.
When reset, the I>C bus unit is in master mode.

The initial values shown below are the values when set to master mode.

13.3.1 12C Bus Unit 0 Receive Register (I2UORD)

I2UORD is a read-only SFR to store the received data.
This is initialized, in addition to reset function, by writing “0” to [2UOEN bit in [2UOMOD register.

Address : 0xF782(12UORD)

Access : R

Access size : 8 bit

Initial value : ~ 0x00

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Word -
Byte i 12U0RD

Bt | - | - | -] - ] - ] - | - | - l|euors2uore|2uors|i2uorai2u0r32u0R212U0R1|[2U0R0
RW R R R R R R R R R R R R R R R R
sl 0 0 ©0 O 0 O O 0 0 0 0 0 0 0 0 0
value

This is updated after completion of each reception.

Bit No. Bl Bl Description
name
7t00 I2UOR7 to Store the received data. This data is updated at coinciding slave-address and data reception.
I2UORO Reading this register enables following confirmation.

- Reading when receiving data: Can confirm the received data.
- Reading slave address or Reading when transmitting data: Can confirm the transmission
data is surely transmitted.
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13.3.2 I°C Bus Unit 0 Slave Address Register (I2U0SA)

I2UOSA is a SFR to set the address and transmission/reception mode of the slave device.
This is initialized, in addition to reset function, by writing “0” to I2UOEN bit in 2UOMOD register.
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Address : 0xF784(12U0SA)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word
Byte - 12UOSA
Bit - - - - - - - - 12UOAB(I12UOA5(1I2U0A4{1I2U0A3|I2U0A2|I2U0A1(I2UCAO IZLVJ\(/)R
R/W R R R R R R RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7to1 12UOA®6 to Set the address of the communication partner.
12UOAO0
0 I2UORW Select directions of the data communication.
0: Data transmission mode (Initial value)
1: Data reception mode
FEUL62Q2045 13-7
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13.3.3 I°C Bus Unit 0 Transmit Data Register (I2U0TD)

2UO0TD is a SFR to set the transmission data.
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This is initialized, in addition to reset function, by writing “0” to I2UOEN bit in 2U0OMOD register.

Address : 0xF786(12U0TD)
Access : R/W
Access size : 8 bit
Initial value : ~ 0x00

5 14 13 12 1M 10 9 8 7 6 5 4 3 2 1 0
Word
Byte - 1200TD
gt | - | - | - | - | - | - | - | - l|ievorrizuote|izuoTs|izuoTalizuoTsfizuoT2]izuotifizuoto
RW R R R R R RW RW RW RW RW RW RW RW
sl 0 0 0O O 0 ©0O O 0 0 O0 0 0 0 0 0 0
value
Bit No. it Exilotel Description

name

7100 I2U0T7 to Set the transmission data.

12U0T0
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13.3.4 1°C Bus Unit 0 Control Register (I2UOCON)

I2UOCON is a SFR to control transmission and reception operations.
This is initialized, in addition to reset function, by writing “0” to [2UOEN bit in [2UOMOD register.

Address : 0xF788(12UO0CON)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - 12UOCON
. 12UOA I2UOR
Bit - - - - - - - - cT - - - - S 12UOSP|I2U0ST]
R/W R R R R R R R R/W R R R R w w R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7 I2UOACT Set the acknowledgment data to be output at completion of reception.
0: Acknowledgment data "0" (Initial value)
1: Acknowledgment data "1"
6to3 - Reserved bits
2 I2UORS This bit is a write-only and request a restart.
When "1" is written to this bit during data communication, this module shifts to the restart
condition and the communication restarts from the slave address.
"1" can be written to this bit only while communication is active (I2U0ST = "1").
This bit always returns "0" for reading.
0: No restart request (Initial value)
1: Restart request
1 12UOSP This bit is a write-only and request a stop condition.
When "1" is written to this bit, the module shifts to the stop condition and the communication
stops.
This bit always returns "0" for reading.
0: No stop condition request (Initial value)
1: Stop condition request
0 12U0ST Control the communication operation of this module.
When "1" is written to this bit during I2UOST bit is “0”, the communication starts.
When "1" is overwritten to this bit in a next data transmission/reception wait state after
transmission/reception of acknowledgment, the data transmission/reception restarts.
When "0" is written to this bit, the communication is stopped forcibly.
When "1" is written to this bit, the 12UOST bit is reset to “0”.
0: Stops communication (Initial value)
1: Starts communication
[Note]

* Update it without a bit access instruction in the control register setting wait state. See Section 13.5.1.5
“Control Register Setting Wait State” for details.
* When I2UOST bit is "1", write other bits of ”2UOCON register in the control register setting wait state.

FEUL62Q2045
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13.3.5 I°C Bus Unit 0 Mode Register (I2U0OMOD)

I2UOMOD is a SFR to set the operation mode.
See 13.5.4 “Operation Waveforms” for detail of communication speed.

Address : 0xF78A(12UOMODL/12UOMOD), 0xF78B(I12U0OMODH)
Access : R/W
Access size:  8/16 bit
Initial value : 0x2200
15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
Word 12U0OMOD
Byte I2UOMODH 12U0MODL
Bit 12U0TI|12U0TI|12UQTI ) ) ) 12U0C | 12U0C ) ) 12UOM | 12UOM | 12UOM | 12UOM | 12UOM | I2UOE
2 1 0 D1 DO D4 D3 D2 D1 DO N
RW RW R/W R RW R/W R R RW RW RW RW RW RW
Initial 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
value
Bit No. B S0 Description
name
15t0 13 12U0TI2 to Select the timing parameter for an 12C communication rate.
12UO0TIO See Table 13-3 of “13.5.4 Operation Waveforms” for detail.
000: Do not use (for SYSCLK = 16MHz)
001: a parameter for SYSCLK = 16MHz (Initial value)
010: Do not use (for SYSCLK = 16MHz)
011: a parameter for SYSCLK = 8MHz
100: a parameter for SYSCLK = 1MHz
101: a parameter for SYSCLK = LSCLKO
110: Do not use (for SYSCLK = 16MHz)
111: Do not use (for SYSCLK = 16MHz)
12t010 - Reserved bits
9to 8 12U0CD1 to Select the I12C operating clock.
12U0CDO0 00: SYSCLK
01: 1/2 SYSCLK
10:  1/4 SYSCLK (Initial value)
11:  1/8 SYSCLK
See Section 13.5.4 “Operation Waveforms” about communication speed.
7,6 - Reserved bits
12UOMD4 Select whether to or not to use the clock stretch (handshake) function. This function monitors
the I12C bus, therefore the communication speed gets lower depending on the load of 12C bus.
0: Not use the clock stretch function (Initial value)
1: Use the clock stretch function
4,3 12UOMD3 to Set the communication speed reduction rate. Specify these bits not so that the
12U0MD2 communication speed exceeds 100 kbps/400kbps/1 Mbps. When parameter for LSCLKO or
1MHz is selected by the 12U0TI2-0 bits, "No communication speed reduction" is selected
regardless this setting.
See Table 13-3 of “13.5.4 Operation Waveforms” for detail.
00: No communication speed reduction (Initial value)
01: Approx. 10% communication speed reduction
10: Approx. 17% communication speed reduction
11: Approx. 24% communication speed reduction
2,1 12U0MD1 to Set the communication speed mode.
12U0OMDO 00: Standard mode (Initial value) (100 kbps*)

01: Fast mode (400 kbps*)

10: 1Mbps mode (1Mbps*)

11: 1Mbps mode (1Mbps*)
*: When SYSCLK=16 MHz and I12U0CD1-0 = “00” and 12UOMD4 = “0” and 12U0TI2-0 =
“000/001” and 12UOMD3-2 = “00”.

FEUL62Q2045
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Bit symbol
name

0 I2UOEN Enable the master operation. When "1" is written to this bit, the 12UOST bit can be set. When
"0" is written to this bit, the I12C master stops operation and the I2UORD, I12U0SA, 12UQ0TD,
I2UOCON and I2UOSTR are initialized.
If this bit is written “0” during a communication, do initialization and re-setting.
0: Stop the I2C master operation (Initial value)
1. Enable the I°C master operation

Bit No. Description
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13.3.6 I°C Bus Unit 0 Status Register (I2U0STR)

[2UOSTR is a SFR to indicate the state of the I>C bus unit.
This is initialized, in addition to reset function, by writing “0” to [2UOEN bit in [2UOMOD register.
Each bit is initialized by writing “1” to a corresponding bit of [2UOSCLR register.

Address : 0xF78C(I2UOSTAT/I2UOSTR), OxF78D(I2U0ISR)
Access : R
Access size:  8/16 bit
Initial value : 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word I2UOSTR
Byte 12UOISR I2UOSTAT
. 12UO0SP| 12U0D I2UOE | I2UOA
Bit - - - - - S S I2UOAS| rsvd - - - - R CR -
R/W R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
15t011 - Reserved bits
10 12UOSPS Indicate the usage state of the I°C bus.
This bit is set to "1" when transmitting the stop condition has been completed on the 1°C bus.
To reset this bit, write "1" to I2UOCSPS bit of I2UOSCLR register.
0: The stop condition has not been transmitted (Initial value)
1: The stop condition has been transmitted
9 12U0DS Indicate the usage state of the 12C bus.
This bit is set to "1" when transmitting data or receiving data has been completed on the 12C
bus.
To reset this bit, write "1" tol2UOCDS bit of I2UOSCLR register.
0: The transmission/reception has not been completed (Initial value)
1: The transmission/reception has been completed
8 I2UOAS Indicate the usage state of the I°C bus.
This bit is set to "1" when transmitting the start condition and 7 bit slave address have been
completed on the I12C bus.
To reset this bit, write "1" to I2UOCAS bit of I2UOSCLR register.
0: The start condition and the slave address have not been transmitted (Initial value)
1: The start condition and the slave address have been transmitted
7 rsvd Reserved bit
6to3 - Reserved bits
2 I2UOER Indicate a transmission error.
When a bit of transmission data and the value on the SDAUOQ pin do not coincide, "1" is set to
this bit.
To reset this bit, write "1" tol2UOCER bit of I2UOSCLR register.
When this bit is set to "1" and the clock stretch function is used (12U0MD4 = "1"), the SDAUO
pin output is disabled until the subsequent byte data communication terminates.
Even if this bit is set to "1", the SDAUO pin output continues until the subsequent byte data
communication terminates when the clock stretch function is not used (I2UOMD4 = "0").
0: There was no transmission error (Initial value)
1: There was a transmission error
1 I2UOACR Store the acknowledgment signal received.
Acknowledgment signals are received when the slave address is transmitted and the data
transmission/reception is completed.
To reset this bit, write "1" to I2UOCACR bit of I2UOSCLR register.
0: Received acknowledgment "0" (Initial value)
1: Received acknowledgment "1"
0 - Reserved bit

FEUL62Q2045
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13.3.7 I°C  Bus Unit 0 Status Clear Register (I2U0SCLR)

I2UOSCLR is a SFR to clear the state of the I?C bus unit.
When Each bit is written “1”, a corresponding bit of [2UOSTR register is initialized to “0”.

Address : 0xF78E(I2U0OSCLRL/I2UOSCLRY), OxF78F(I2U0SCLRH)
Access : w
Access size :  8/16 bit
Initial value : 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
Word 12U0SCLR
Byte 12UO0SCLRH I2UOSCLRL
Bit ) ) ) i _|12uoc|i2uoc |12u0C| ) i ) _ |12uoc | 12u0C
SPS DS AS ER ACR
R/W W w W w W w w W w W w W w
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :
It is used to clear a target status.
Writing “0”: Invalid
Writing “1”: Clear a target interrupt

Bit No. it Exilotel Description (target)
name
15t011 - Reserved bits
10 12UOCSPS 12UOSPS bit of I2UOSTR register
9 12U0CDS 12U0DS bit of I2UOSTR register
8 I2UOCAS I2UOAS bit of I2UOSTR register
7103 - Reserved bits
2 I2UOCER I2UOER bit of I2UOSTR register
1 I2UOCACR I2UOACR bit of I2UOSTR register
0 - Reserved bit

FEUL62Q2045
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13.4 Description of Registers for Slave function

This section explains about slave mode of 12C bus unit 0.

In this section, both word symbol, byte symbol and bit symbol are put down with.

All SFRs are shared in master mode and slave mode. Set slave mode on 2UOMSS, at the beginning.
When reset, the I°C bus unit is in master mode.

The initial values shown below are the values when set to slave mode.

13.4.1 I°C Bus Unit 0 Receive Register (I2UORD)
I2UORD is a read-only SFR used to store the received data.

Address : 0xF782(12UORD)
Access : R
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - 1I2UORD
Bt | - | - | - ] -] - ] - | - | - l|euors2uore|2uors|i2uorai2u0r32u0R22U0R1|[2U0R0
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7t00 I2UORY to Store the received data. This data is updated at coinciding slave-address and data reception.
I2UORO Reading this register enables following confirmation.

- Reading when receiving data: Can confirm the received data.
- Reading when transmitting data: Can confirm the transmission data is surely transmitted.
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13.4.2 I°C Bus Unit 0 Slave Address Register (I2U0SA)
I2UOSA is a SFR to set the slave address.

Address : 0xF784(12U0SA)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - I2UOSA
Bt | - | - | - | - | - ] - | - | - l|i2voadizuoasiizuoadizuoagizuoazizuoatfizuoad) -
R/W R R R R R R R R RW RW RW RW RW RW RW R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bl Bl Description
name
7to1 I2UOAG to Set the slave address.
12UOAO0
0 - Reserved bit

13.4.3 I°C Bus Unit 0 Transmit Data Register (I2U0TD)
I2UOTD is a SFR to set the transmission data.

Address : 0x786(12U0TD)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - 12U0TD
Bit - - - - -] -] - ] - [reuorrizuotelizuots|izuotaizuotaizuoT2)izuoTfi2ucTo
R/W R R R R R R R R RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bl Bl Description
name
7to0 12U0T7 to Set the transmission data.
12U0TO0
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13.4.4 1°C Bus Unit 0 Control Register (I2UOCON)

I2UOCON is a SFR to control transmission and reception operations.

Address : 0xF788(12UO0CON)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - I2UOCON
. 12UOA 12U0W
Bit ) ) ) . . ) . ) CT ) T ) ) ) . )
R/W R R/W R W R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7 I2UOACT Set the acknowledgment data to be output at completion of reception in the slave mode.
0: Acknowledgment data "0" (Initial value)
1: Acknowledgment data "1"
- Reserved bit
5 I2UOWT Release the communication wait state ("L" level output on the SCLUO pin) in the slave mode.
Writing "1" to this bit during the communication wait state releases the state ("L" level output
of the SCLUO pin is released).
This bit is a write-only bit and always returns "0" for reading.
0: Not release the communication wait state (Initial value)
1: Release the communication wait state
4t00 - Reserved bits
[Note]
* If system clock is extremely slower than the communication speed, the data transmission/reception can

be failed.

* Before releasing the communication wait state, change the system clock enough speed for the

communication.

FEUL62Q2045
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13.4.5 I°C Bus Unit 0 Mode Register (I2U0OMOD)
I2UOMOD is a SFR used to set the operation mode.

Address : 0xF78A(12UOMODL/I2UOMOD), 0xF78B(12UOMODH),
Access : R/W

Access size :  8/16 bit

Initial value : ~ 0x0000 *

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word 12U0MOD
Byte I2U0OMODH 12U0MODL
s | - ] ] ] ] ] ] ] _ [12uom|12uom|12uom|i2uom[12uoM| | 12U0E
D5 | D4 | D3 | D2 | D1 N

R/W R R R R R R R R R RW RW RW RW RW R R/W
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

o

Initial
value™
*1: This is the initial value when the I?C bus unit is set to slave mode (I2UOMSS=1).

Bit No. B S0 Description
name
15t07 - Reserved bits
6 12UOMD5 Enable or disable the start condition interrupt in the slave mode.
0: Disabled (Initial value)
1: Enabled
5 12UOMD4 Enable or disable the stop condition interrupt in the slave mode.
0: Disabled (Initial value)
1: Enabled
4 12U0MD3 Control enable or disable the slave address unmatched interrupt while communicating to the
master, receiving re-start condition and another slave is selected. This function performs
detecting the status of I2USOSAA bit. Do not clear the I2USOSAA bit by the software when
enabling the interrupt.
0: Disabled (Initial value)
1: Enabled
3 12U0OMD2 Enable or disable the communication wait function of the 12C bus unit (output "L" level on the
SCLUO pin) when transmitting to the master and receiving the acknowledge data "1" from the
master. Set this bit to "1" to use the communication wait function.
0: Disabled (Initial value)
1: Enabled
2 12U0MD1 Select mode when the stop condition interrupt is enabled (I2UOMD4=1).
This function performs detecting the status of I2USOSAA bit. Do not clear I2USOSAA bit by
the software when enabling the interrupt.
0: The interrupt occur while the master is communicating with self-slave or other slaves
(Initial value)
1: The interrupt occur while the master is communicating with only self-slave
- Reserved bit
0 I2UOEN Enable the slave operation of the I2C bus unit. When "1" is written to this bit, the operation of
the I2C bus unit 0 is enabled. When "0" is written to this bit, all the bits of the 12C bus status
register (I2USOSTR) are initialized to "0", and the operation of the 12C bus unit 0 is stopped.
0: Stop the I°C slave operation (Initial value)
1. Enable the I2C slave operation
[Note]

* To be disable the wake-up from standby mode by matching the slave address, Stop the operation by
resetting I2UOEN bit to "0" before entering STOP mode.
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13.4.6 I°C Bus Unit 0 Status Register (I2U0STR)

I2UOSTR is a SFR to indicate the state of the I?C bus unit.
Each bit is initialized, in addition to reset function, by writing “1” to a corresponding bit of [2UOSCLR register.

Address :

Access : R

Access size :
Initial value :

15 14

8/16 bit
0x0000

13

OxF78C(I2UOSTAT/I2UOSTR), 0xF78D(I2UOISR)

12 1 10 9 8 7 6 5 4 3 2 1 0

Word

[2UOSTR

Byte

I2UOISR I2UOSTAT

Bit

I2UOAS| I2UOR (1I2U0ST|I2U0SP| 1I2UOD I2UOSA| I2UOE | I2UOA
NA

AS S S S I2UOAS| - - - [I2UOTR A R CR -

R/W

Initial
value

R
0

R R R R R R R R R R R R
0 0 0 0 0 0 0 0 0 0 0 0 0

Bit No.

Bit symbol
name

Description

15to 14

Reserved bits

13

I2UOASNA

Reserved bit. Fixed to “0”

12

I2UORAS

Indicate status of the interrupt when enabling the start condition interrupt (I2UOMD3 bit = 1).
To reset this bit, write "1" to I2UOCRAS bit of I2UOSCLR register.

0: Unmatched the slave address is detected after the start condition (Initial value)

1: Unmatched the slave address is detected after the start condition

1"

I2U0STS

Indicate status of transmission and reception. This bit is set to "1" when receiving the start
condition. This bit is available when 12UOMDS5 bit is “1”.
To reset this bit, write "1" to I2UOCSTS bit of I2UOSCLR register.

0: The start condition has not been received (Initial value)

1: The start condition has been received

10

12U0SPS

Indicate status of transmission and receive. This bit is set to "1" when receiving the stop
condition. This bit is available when 12UOMD4 bit is “1”.
To reset this bit, write "1" to I2UOCSPS bit of I2UOSCLR register.

0: The stop condition has not been received (Initial value)

1: The stop condition has been received

12U0DS

Indicate status of transmission and reception. This bit is set to "1" when transmitting or
receiving data on the condition of that slave address is matched.
To reset this bit, write "1" to [2UOCDS bit of I2UOSCLR register.

0: The data has not been transmitted or received (Initial value)

1: The data has been transmitted or received

I2UOAS

Indicate status of transmission and reception. This bit is set to "1" when receiving the slave
address data and it is matched.
To reset this bit, write "1" to I2UOCAS bit of I2UOSCLR register.

0: The slave address has not been received or it is not matched (Initial value)

1: The slave address has been received and it is matched

7to5

Reserved bits

I2UOTR

Indicate the transmitting or receiving state. This bit is set to "1" when detecting the data
reception mode. This bit is reset to "0" when detecting a stop condition or detecting the data
transmission mode.
To reset this bit, write "1" to I2UOCTR bit of I2UOSCLR register.

0: Receiving state (Initial value)

1: Transmitting state

I2UOSAA

Indicate that this device is specified as a slave address. This bit is set to "1" when the content
of the slave address output by the master device coincides with the contents of I2USOSA
register
This bit is reset to "0" when a stop condition is received or when "1" is written to 2UOCSAA
bit of I2UOSCLR register.

0: Not coincide with the slave address (Initial value)

1: Coincides with the slave address

FEUL62Q2045
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Bit symbol

Bit No. Description
name
2 I2UOER Indicate a transmission error. When the value of the bit transmitted and the value of the
SDAUO pin do not coincide, this bit is set to "1". When this bit is set to "1", the SDAUO pin
output is disabled until the subsequent byte data communication terminates.
To reset this bit, write "1" tol2UOCER bit of I2UOSCLR register.
0: There was no transmission error (Initial value)
1: There was a transmission error
1 I2UOACR Store an acknowledgment signal received. The acknowledgment signals are received each
time the slave address is received and data transmission or reception is completed.
To reset this bit, write "1" to I2UOCTR bit of I2UOSCLR register.
0: Received the acknowledgment "0" (Initial value)
1: Received the acknowledgment "1"
0 - Reserved bit

FEUL62Q2045
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I2UOSCLR is a SFR to clear the state of the I?C bus unit.
When Each bit is written “1”, a corresponding bit of 2UOSTR/I2ZMOSTR register is initialized to “0”.

13.4.7 I°C Bus Unit 0 Status Clear Register (I2U0SCLR)

ML62Q2033/2035/2045 User's Manual
Chapter 13 I2C Bus

Address : O0xF78E(I2UOSCLRL/I2UOSCLR), 0xF78F(I2U0OSCLRH)
Access : w
Access size :  8/16 bit
Initial value : 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Word 12U0SCLR
Byte I2U0SCLRH I2UO0SCLRL
Bit ) _|l2U0C|I2U0C|12U0C|12U0C|I2U0C|I2U0C| ) _|l2U0CjI2U0C|12U0C|I2U0C
ASNA| RAS | STS | SPS | DS AS TR | SAA| ER | ACR
R/IW W W W W W W W W W W W W W W W W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

value

Common description of each bits :
It is used to clear a target status.

Writing “0”:  Invalid
Writing “1”:  Clear a target interrupt
Bit No. it Exilotel Description (Target status)
name

15t014 - Reserved bits
13 I2UOCASNA I2UOASNA bit of I2UOSTR register
12 I2UOCRAS I2UORAS bit of I2UOSTR register
11 I2UOCSTS I2UOSTS bit of I2UOSTR register
10 I2UOCSPS I2UOSPS bit of I2UOSTR register
9 12U0CDS 12U0DS bit of I2UOSTR register
8 I2UOCAS I2UOAS bit of I2UOSTR register
7t05 - Reserved bits
4 I2UOCTR I2UOTR bit of I2UOSTR register
3 I2UOCSAA I2UOSAA bit of I2UOSTR register
2 I2UOCER I2UOER bit of I2UOSTR register
1 I2UOCACR I2UOACR bit of I2UOSTR register
0 - Reserved bit

FEUL62Q2045
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13.5 Description of Operation for Master function

13.5.1 Control Procedures

The following flow charts describe procedures of each operation in the master mode.

13.5.1.1 Initial Setting of Communication Operation

[ Initial setting start ]

A4

Select master mode

\ 4

Set communication mode

\ 4

Set slave address

Initial setting completed
(shift to start condition)

13.5.1.2 Start Condition

[ Start condition start

y

Start communication

\ 4

Start condition completed
(shift to slave address transmit
mode)

FEUL62Q2045

Set 12UOMD="0" in the I2UOMSS register

Set I2UOEN="1" in the I2UOMOD register

Set I2UOAG to I2UOAO bits and I2UORW bit in the
I2UOSA register

Set 12UOST bit of I2UOCON register to “1”.

Output the start condition waveforms to SDAUO and SCLUO
pins.
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13.5.1.3 Restart Condition

[ Restart condition start ]

y

Restart communication, start
communication

\ 4

Restart condition completed
(sift to slave address transmit
mode)

13.5.1.4 Slave Address Transmission Mode

[ Slave address transmit mode ]

________________________ I

i Transmit value of I2C bus unit 0 slave
5 address register (I2U0SA) :

.................................................

i Acknowledgment signal is received by
: [2C bus unit O status register 5
(I2UOSTR) '

_______________________ e

Slave address transmit mode
completed

(shift to control register setting
wait state)

FEUL62Q2045
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Communication in progress (12U0ST="1")

Set I2UORS=1" and 12U0ST="1" in the [I2UOCON register

Output restart condition waveforms to SDAUO and SCLUO
pins.

The value is transmitted from SDAUO pin in MSB first
through hardware following the start condition
12UOAG6 to 12UOAO bits: Slave address
I2UORW: Data direction (transmission/reception)

Value transmitted from the SDAUO pin is stored in the
I2UORD register

Acknowledgment signal is received through hardware
I2UMOACR bit: Acknowledgment data

I2C bus 0 control register (I2UMOCON) setting wait state
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13.5.1.5 Control Register Setting Wait State

[ Control register setting wait state start ]

I I

i Generate I12C bus unit 0 interrupt When entering the control register setting wait state, an
; (I2CUOQINT) i interrupt is generated through hardware
Confirm transmit error flag and Confirm I2UOER and I2UOACR bits in the I2UOSTR register

acknowledgment data

\ 4

<Only when data is received> Read the I2UORD register
Load received data into CPU and load received data into the CPU
12UORY to I2UORO bits: 8-bit receive data

\ 4

<Only when data is transmitted> Set 12UOTD register
Write transmitted data 12UQT7 to 12UQTO bits: 8-bit transmit data

L <Only when operation mode is changed>
Set communication mode Set I2UOMOD register

\4

Set the I2UOCON register

Set control register I2UOST bit: Starts communication (12U0ST="1")
I2UOSP bit: Stop condition request (I2U0SP="1")
I2UORS bit: Restart request (I2UORS="1")

A\ 4

Control register setting wait state
completed sift to one of: data
transmission/reception mode, stop
condition, or restart condition)

13.5.1.6 Data Transmission Mode

[ Data transmit mode start ]

MTTTTTTTTTTTooTTommmmooslosoooomomooooooooooooooos  Transmission data that has been written to the I2UOTD register
i Transmit value of I2C bus unit 0 transmit | is transmitted from the SDAUO pin in MSB first

: data register (12U0TD) ; 12U0T7 to 12UOTO bits: 8-bit transmit data
; """"""""""""" " Value transmitted from the SDAUO pin is stored in the I2UORD
e . register

i Acknowledgment signal is received by .

: the I°C bus unit 0 status register i Acknowledgment signal is received through hardware

: (I2U0STR) i I2UMOACR bit: Acknowledgment data

T i

Data transmit mode completed . . .
(shift to control register setting I2C bus 0 control register (I2UMOCON) setting wait state

wait state)
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13.5.1.7 Data Reception Mode

[ Data receive mode start ]

R I

' St h bit of ived dat i Value (received data) input to SDAUO pin is stored in
i . (t)ﬁt eac t : % tr)tl-:;celve b ala i synchronization with rising edge of transfer clock input to
| inshiftregister (8 bitjonebyone i 56 Yo pin in MSB first

Pommmmmssssssssosss---bo---------------------o0 Acknowledgment signal is transmitted through hardware
i Transmit acknowledgment value of I2UOACT bit: Acknowledgment value

| I°C bus unit 0 control register i Transmitted acknowledgment value is stored in the
i (zyocoNn) i I2UOACR bit of the I2UOSTA register
. 2

! Store data in 12C bus unit O receive Received data is stored from the shift register after

i register (I2UORD) 1 acknowledgment signal is transmitted

' ; I2UORY7 to I2UORO bits: 8-bit receive data

e

Data receive mode completed
(shift to control register setting
wait state)

I2C bus unit 0 control register (I2UOCON) setting wait state

13.5.1.8 Stop Condition

[ Stop condition start ]

\ 4

Set I2UOSP bit of I2UOCON register to “1”.
Stop condition request

Output stop condition waveforms to SDAUO and SCLUO

l pins.

Generate I2C bus unit 0 interrupt : After the stop condition waveform is output, an interrupt is
' generated through hardware

Stop condition completed
(shift to start condition or I12C
operation stop)

FEUL62Q2045 13-24



ROH M CO_, Ltd . ML62Q2033/2035/2045 User's Manual

Chapter 13 I2C Bus

13.5.2 Communication Operation Timing

Figures 13-2 to 13-4 show the operation timing and control method for each communication mode during the master

operation.
D Transmission Start condition Restart condition \A_‘ Transmission of
r acknowledament data 0
. i Reception of Transmission of
D Reception E Stop condition m acknowledament A acknowledament data 1
. . I2UOSA="xxxxxxx0B” [2U0TD="xxH”  12U0TD="xxH" 12U0TD="xxH" 12U0TD="xxH"
Register setting  12U0CON=“01H" I2UOCON="01H" [2UOCON="01H" [12UOCON="01H" 12UOCON="02H"

N
o

ATATATATATATA|R D[D[""[D D[D[ "[D D[D[ "[D
_|S]e|5]4a|3]2 W‘A 706 O‘A 7|6 O‘A 7|6 O‘A
SDA pin - -

| Value of 12U0SA 11 1200TD(1) 11 200TD(2) 1! 1200TD@3) 11!
1 [ ] [ ] [ ] (] 1
I2CUOINT _i T T 1
1 1 1 1 1
. ] ] ] ]
12U0ST bit _| : ; ! -
1 1 1 1
1I2UORD Xvalue of 2U0SA Xvalue of I2UOTD(1)X value of I2UOTD(2)Y value of 12U0TD(3)
Figure 13-2 Operation timing during data transmission in the master mode
Register setting I2UOSA="“xxxxxxx1B

I2UOCON=“01H" I2U0OCON=“01H" I2UOCON="“01H" 12U0CON="81H" 12U0CON="02H"

ATATATATATATATR D[D] ~[D D[D[ [D D[D D
SDA pin S654321owm 76__EA 7]6 mA 76__MAHj
| |
1 1
1 1

Value of [2UOSA i Reception data E Receptioa aata Reception data

)

L (1 2

1
1
1
[2CUOINT |

i

[ 1 1
1 1 1
| oy |
1] 0l LT
] ] 1
I2UOST bit J : : : |—
1 1 1 1
I2UORD XVaIue of I2UOSA X Reception data(1) XReception data(2) X Reception data(3)

Figure 13-3 Operation timing during data reception in the master mode

1I2UO0SA="xxxxxxx0B” 12U0TD="xxH" 1I2UO0SA="xxxxxxx1B”
Register setting 12U0CON=“01H" I2UOCON=“01H" 12U0CON="05H" I2UOCON=“81H" 12U0CON="02H"

ATAT [A]R D[D]"[D STATAT TATR D[D D
s[efs] Bl Sk [ofw[A HRNG
SDA pin 6[5| |ofw 716 0 rie|s5| [ofw 76| |o

! Value of I2UOSA i ! 12U0TD(1) i I Value of I2UOSA ! :Reception data (1): E !
I2CUOINT i i ’ﬁ i ’ﬁ i 'ﬁ i M
I2U0ST bit _' i i i i
I2UORD X Value of 2U0SA X 12U0TD(1) X 12u0sA X Reception data (1)

Figure 13-4 Operation timing during data transmission/ reception in the master mode
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Figure 13-5 shows the operation timing and control method when an acknowledgment error occurs.

Reaqister settin I2UOSA="xxxxxxx0B”"
9 9 [2UOCON="01H" I2UOCON="02H"
Acknowledgement error l

A[AIAIAJA[A[R
wA P

SDA pin s|A
6[(514(312]1]0
| Value of I2U0SA ' \
I2CUOINT | !
: LA
]
I2U0ST bit _ ! |
1
I2UORD X Value of 12U0SA

I2UOACRDit

Figure 13-5 Operation suspend timing at occurrence of acknowledgment error in the master mode

When the values of the transmitted bit and the SDAUO pin do not coincide, the 2UOER bit of the I2C bus unit 0 status
register (I2UOSTR) is set to "1" and the SDAUO pin output is disabled until termination of the subsequent byte data
communication.

Figure 13-6 shows the operation timing and control method when transmission fails.

I2UOSA="xxxxxxx0B”"
Register setting I2UOCON="01H" 12UOCON="00H"
Transmission failure

AlATATA |
SDA pin Slelslal3 a :
1
| 1 \
[2CUOINT ! ! lﬂ !
1 ! N
I2U0ST bit : i
| ! .
1 1 1
I2U0RD ! ! X iUndefined data
1 1 |
I2UOER bit ! |

Figure 13-6 Operation timing when transmission fails in the master mode

13.5.3 Interrupt

The following is interrupt causes in master operation.

Interrupt causes Timing that the interrupt is occurred
Transmission of a slave At entry to control register setting wait state after end of slave address transmission
address mode
Data transmission At entry to control register setting wait state after end of data transmission mode
Data reception At entry to control register setting wait state after end of data reception mode
Output stop condition After output stop condition waveform and passing tsur.
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13.5.4 Operation Waveforms

Figure 13-7 shows the operation waveforms of SDAUOQ and SCLUO pins. Table 13-3 shows the relationship between
communication speeds and I>C operating clock counts.

Start condition Restart condition Stop condition

S—

sowopn | ) hﬂ T

SCLUO pin —\ /_\ | /_\ ;

T

]

1

'

H —
1

| 1

H 1

'

1

H 1
1

i i teve o ! :
Kot > = < ' e—se——
trp:sTa tLow thp:pAT thicH tsu:sta tsu.par tsu:sto taur

Figure 13-7 Operation Waveforms of SDAUO and SCLUO Pins

FEUL62Q2045 13-27



ROHM Co., Ltd. ML62Q2033/2035/2045 User's Manual

Chapter 13 I2C Bus

Table 13-3 relationship between communication speeds and I°C operating clock counts.

5 . T
IZUO.MOD AC timing [I>C operating clock counts] Fc operaiing frequzggidand communication
register
[kHz]

5 N N —
S|IS|S|lg|Z|e|E|ls|2 |8 |2 |s]| 2 2 2 “
S|5|8(% |2 |2 | |2 |s|g|a|5] 5 | F | & | &
=l R N

ol o |o|160| 72 | 88 | 16 | 72 | 88 | 72 | 72 | 88 100.0 50.0 6.3 0.2
0| o0 |1 |176| 8 | 96 | 16 | 80 | 96 | 80 | 80 | 96 90.9 45.5 57 0.2
0| 0 | 2|192| 8 | 104 | 16 | 88 | 104 | 88 | 88 | 104 83.3 41.7 5.2 0.2
0| 0| 3 |208| 9 |12 | 16 | 96 | 112 | 96 | 96 | 112 76.9 38.5 4.8 0.2
0| 1 0| 40 | 14 | 26 | 12 | 14 | 26 | 14 | 14 | 26 400.0 200.0 25.0 0.8
0] 1 1|44 | 16 | 28 | 12 | 16 | 28 | 16 | 16 | 28 363.6 181.8 22.7 0.7
0| 1|2 |48 | 18 | 30 | 12 | 18 | 30 | 18 | 18 | 30 333.3 166.7 20.8 0.7
0| 1 3 52 | 20|32 |12 |20 | 32 |20 | 20 | 32 307.7 153.9 19.2 0.6
0| 2 ]0] 16 6 10 4 6 10 6 6 10 1000.0 500.0 62.5 2.0
0| 2|1/ 18 7 11 4 7 11 7 7 1 888.9 4445 55.6 1.8
0| 2 |21 19 8 11 4 8 1 7 8 1 842.1 4211 52.6 1.7
0| 2 | 3| 21 9 12 4 9 12 8 9 12 761.9 381.0 47.6 16
11 0 | 0| 80 | 36 | 44 8 36 | 44 | 36 | 36 | 44 200.0 100.0 12.5 0.4
11 0 | 1| 8 | 40 | 48 8 40 | 48 | 40 | 40 | 48 181.8 90.9 11.4 0.4
11 0 | 2] 9 | 44 | 52 8 44 | 52 | 44 | 44 | 52 166.7 83.4 10.4 03
1| 0 | 3 |104 | 48 | 56 8 48 | 56 | 48 | 48 | 56 153.8 76.9 9.6 0.3
1 1 0| 20 7 13 6 7 13 7 7 13 800.0 400.0 50.0 1.6
111 1| 22 8 14 6 8 14 8 8 14 727.3 363.7 455 1.5
1 1 2 | 24 9 15 6 9 15 9 9 15 666.7 333.4 41.7 1.4
1 1 3|26 | 10 | 16 6 10 | 16 | 10 | 10 | 16 615.4 307.7 38.5 1.3
112 10 8 3 5 2 3 5 3 3 5 2000.0* 1000.0 125.0 4.1
112 |1 9 4 5 2 4 5 3 4 5 2000.0* 1000.0 125.0 4.1
112 2] 10 4 6 2 4 6 4 4 6 1777.8* 888.9 111.1 3.6
112 (3| M 5 6 2 5 6 4 5 6 1600.0* 800.0 100.0 3.3
210 | * |10 5 5 1 5 5 4 5 5 | 1600.0* 800.0 100.0 3.3
2 1 ** 4 2 2 1 2 2 1 2 2 4000.0* 2000.0* 250.0 8.2
2 | 2 [ = | 4 2 2 1 2 2 1 2 2 | 4000.0¢* | 2000.0* 250.0 8.2
310 |*= | 16 8 8 1 8 8 7 8 8 1000.0* 500.0 62.5 2.0
3 1 ** 8 4 4 1 4 4 3 4 4 2000.0* 1000.0 125.0 4.1
3| 2 | = | 4 2 2 1 2 2 1 2 2 | 4000.0¢* | 2000.0* 250.0 8.2

*: The operation is not guaranteed when over 1MHz speed.
**: The setting is invalid.

These clock counts is in case of [2U0CD1-0 bits = “00”. If it is not “00”, its counts increase depending on dividing rate.
[Note]

* When the slave device uses the clock stretch function which holds SCLUO pin at "L" level, the time tcyc
and time t_ow are extended.
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13.6 Description of Operation for Slave function

I2C bus unit 0 only have slave function.

13.6.1 Procedures

The following flow charts describe procedures of each operation in the slave mode.

13.6.1.1 Initial Setting of Communication Operation

[ Initial setting start ]

\ 4

Select slave mode Select [2UOMD= “1” in the 12UOMSS register
Set I2UOAG to I2UOAO bits in the I2UOSA register
Set slave address
v

Set the [2UOMD register
Set 12C bus unit 0 mode register I2UOMDS5 bit: Enable/disable start condition interrupt
12UOMD4 bit: Enable/disable stop condition interrupt

Enables I2C slave operation

Set I2UOEN="1" with the I2UOMD register

A 4

Initial setting completed
(shift to start condition)

13.6.1.2 Start Condition

[ Start condition start ]

l ------------------------ Value of the following bit becomes "1" when start condition

i Switch I°C bus unit 0 status register | waveforms are input to SDAUO and SCLUO pins
: (I2UOSTR) to busy state i

E Generate 12C bus unit interrupt <Only when [2UOMDS=1>
(I2CUOINT) ' Start condition interrupt is generated

Start condition completed
(shift to slave address receive
mode)
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13.6.1.3 Slave Address Reception Mode

[ Slave address receive mode ]

Store each bit of received data E
in shift register (8-bit) one by one

~~""Does data match value of

I2UOSA register 2 __.---"

l Yes

Show condition in IC bus unit 0
status register (I2UOSTR) i

..............................................

Slave address receive mode
completed
(sift to communication wait
state)

FEUL62Q2045

R S

Show status in 12C bus unit 0 status
register (I2UOSTR) :

P

Slave address receive mode
completed
(shift to start condition)

ML62Q2033/2035/2045 User's Manual
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Value (slave address, data direction bit) input to SDAUO pin
is stored in synchronization with rising edge of transfer clock
input to SCLUO pin in MSB first

Compare slave address stored in shift register with slave
address of I2U0SA

I2UOSAA bit: Data matches slave address (I2UOSAA=1)
I2UOTR bit: Transmit state/receive state

Acknowledgment data ("L" level) is output

Shift to the communication wait state after detection of
falling edge of transfer clock which was input to SCLUO
pin transmitting acknowledgment data

I2UO0SAA bit: Data does not match slave address
(I2UOSAA=0)

If not match, neither acknowledgment nor interrupt is
generated
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13.6.1.4 Communication Wait State

[ Communication wait state start ]

I I

! Generate 12C bus unit 0 interrupt
: (I2CUOINT) -

! Fix SCLUO pin to "L" level

e |

Confirm I2C bus 0 status register
(I2UOSTR)

\ 4

Load received data into CPU

A4

Write data transmitted next time

|

Set communication mode

\4

Release the communication wait state

A\ 4

-
Communication wait state completed

(shift to data transmission/reception
mode or stop condition)

13.6.1.5 Data Transmission Mode

[ Data transmit mode start ]

________________________ b

Transmit value of 12C bus unit 0
: transmit data register (12U0TD)

_________________________________________________
i

Acknowledgment signal is received by
! the 12C bus status register ;

o PR

Data transmit mode completed
(shift to communication wait
state)

FEUL62Q2045
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When entering communication wait state,
an interrupt is generated through hardware

Confirm the I2UOSTR register
I2UOER bit: transmit error flag
I2UOACR bit: Acknowledgment data

<Only when data is received> Read I12UORD
I2UORY7 to 12UORO bits: 8-bit receive data

<Only when data is transmitted> Set the 12UQTD register
12UQT7 to 12UQOTO bits: 8-bit transmit data

<Only when interrupt source is changed>
Set the 12UOMD register

Set I2UOWT=1 with 2UOCON
Switch to the high-speed clock after setting the I2UOWT bit.

The transmit data that has been written to the 12UOTD register
is transmitted from SDAUO pin in MSB first

12UQT7 to 12UQOTO bits: 8-bit transmit data
Value transmitted from the SDAUO pin is stored in the I2UORD
register

Acknowledgment signal is received through hardware
I2UOACR bit: Acknowledgment data

Shift to communication wait state after detection of falling
edge of transfer clock which was input to SCLUO pin
receiving acknowledgment data
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13.6.1.6 Data Reception Mode

[ Data receive mode start ]

________________________ I

i Store one by one bit of received data !
: to shift register (8 bit) i

.................................................

Transmit acknowledgment value of
i I2C bus unit 0 control register :
5 (I2UOCON) |

_________________________________________________

Store data in I°C bus unit 0 receive
i register (I2UORD) i

e

Data receive mode completed
(sift to communication wait
state)

13.6.1.7 Stop Condition

[ Stop condition start ]

R S

Switch IC bus unit 0 status register
: (I2UOSTR) to busy state i

5 12C bus unit 0 interrupt
(I2CUOINT) is generated :

Stop condition completed
(shift to start condition or
I2C operation stop (I2UOEN=0"))

FEUL62Q2045
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Value (received data) input to SDAUO pin is stored in
synchronization with rising edge of transfer clock input to
SCLUO pin in MSB first

Acknowledgment signal is transmitted through hardware
I2UOACT bit: Acknowledgment value

Transmitted acknowledgment value is stored in the

I2UOACR bit of the I2UOSTR register

Received data is stored from the shift register after
acknowledgment signal is transmitted
I2UORY7 to 1I2UORO bits: 8-bit receive data

Shift to communication wait state after detection of falling
edge of transfer clock which was input to SCLUO pin
transmitting acknowledgment data

Value of the following bit becomes "0" when stop condition
waveforms are input to SDAUO and SCLUQ pins.

<Only when 12UOMD4="1">
Stop condition interrupt is generated
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13.6.2 Communication Operation Timing

Figures 13-8 to 13-10 show the operation timing and control method for each communication mode.

D Transmission Start condition Restart condition \A_‘ Transmission of
r acknowledament data 0

. s Reception of ’_‘ Transmission of
D Reception E Stop condition m acknowledament A acknowledament data 1

Register setting I2UOCON="20H" I12UOCON="20H" I12UOCON="20H" 12UOCON="20H"
. A[ATATATATATAR p[p[ [D D[D| [D D[D[ [D
SDApin |Sl6 |54 (3]|2|1|ojwA| |7]6]| |o|A]|7]6] [0o]A]||7]6] [o]A

1 ] ] :
1
1

1
Slave address | Received data (1) | Received data (2),Received data (3) |
1

I2CUOINT ﬂ ﬂ il ﬂ ﬂ_ﬂ

XSIave address XRecelved data (1) X Received data (2)X Re(%eived data (3)

I2UORD f L
I2UOSAA bit | I__
1
1
1
1

I2UOTR bit

Figure 13-8 Operation Timing in Data Reception Mode When Slave Mode is selected

Register Setting 12U0TD="xxH" 12U0TD="xxH" 12U0TD="xxH"
I2UOCON=“20H" 12UOCON="“20H" I2UOCON="20H" 12UOCON="“20H"
SDApin A[AJAJA]A]A]A R p[o[ [p p[o[ b D[D
S6543210WA 7|6 oA 7|6 o|A| |76
1 Slave address 'Transmlt data (1) 'Transm|t data (2) | , Transmit data (3
2N ] f i fl ﬂ_ﬂ
1 1 | 1 1
12UORD

1 1 ! 1 1
KSIave address XTransmit data (1) XTransmit data (2) X Treinsmit data (3)
1

I2UOSAA bit | |
I

I2UOTR bit |

Figure 13-9 Operation Timing in Data Transmission Mode When Slave Mode is selected

_ _ 12U0TD="xxH”
Register setting [2UOCON="20H” I2UOCON=“20H”  I2UOCON=“20H” I2UOCON=“20H"

Al [A b[o] [p slala D[D
SDApin |S|6]5 w 76 o|A|[rl|6]5 w 716

1 Slave address Received data (1) Slave address Transmit data (1) | ' '
I

o >

I2CUCINT
I e
I2UORD XSIave address X Received data (1) X Slave address XTran:smit data (1)
1 1 1
I2UOSAA bit
| i R
I2UOTR bit | | |

Figure 13-10 Operation Timing at Data Transmission/Reception Mode Switching When Slave Mode is selected
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When the values of the transmitted bit and the SDAUO pin do not coincide, the I2UOER bit of the I?C bus unit 0 status
register (I2UOSTR) is set to "1" and the SDAUO pin output is disabled until termination of the subsequent byte data

communication.
Figure 13-11 shows the operation timing and control method when transmission fails.

12U0TD="xxH"
Register setting  [2UOCON=“20H"
Transmission failure

I2CUOINT

I2UORD X Undefined data

I2UOER bit |

Figure 13-11 Operation Timing When Transmission Fails When Slave Mode is selected

oA wOok—

[Note]
* If entering to the STOP mode while the slave mode is enabled, first make sure that communication is not

in progress (from coincidence of address to reception of stop condition).

13.6.3 Interrupt

Table 13-4 shows interrupt causes in slave operation.

Table 13-4 List of slave interrupt

Interrupt causes | Setting to enable Status flag in the I2UOSTR register Timing that the interrupt is occurred
Start condition 12UOMD5= “1” 12U0STS=“1" After output start condition waveform.
Coinciding Slave - I2UOAS= “1” At entry to control register setting wait state
Address with coinciding slave-address after end of
slave address reception mode
Data - I2U0DS= “1” At entry to control register setting wait state
transmission after end of data transmission mode
Data reception - I2U0DS= “1” At entry to control register setting wait state
after end of data reception mode
Stop condition 12UOMD4= “1” I2U0OSPS= “1” At detecting stop-condition waveform.
Re-start 12UOMD3= “1” I2UORAS= “1” At end of slave-address reception mode
condition, and without coinciding slave-address after detected
then the master re-start condition with I2USAA= “1”.
selects another
slave.
Detect stop- 12UOMD4= “1”, I2UOSPS="1", I2U0AS= “1” At detecting stop-condition waveform with
condition for I2UOMD1= “0” I2UOSAA= “1.
another slave.
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14. UART

14.1 General Description

This LSI has full-duplexed universal asynchronous receiver transmitter; UART.

14.1.1 Features

Data length : 5/6/7/8 bit

Data parity : odd, even, fixed 0, fixed 1, none

Stop bit : 1bit or 2bit

Status flags : parity error, overrun error, framing error, transmission buffer
Signal level : positive, negative

Data direction : LSB first or MSB first

Wide range of communication speed

- 1bps to 4,800bps (Clock frequency is 32.768kHz)

- 300bps to 2Mbps (Clock frequency is 16MHz)

Built-in baud rate generator for each channel

Half-duplex mode

Self-test function using transmission and reception. See Chapter 29 "Safety Function." for the self-test functions.

14.1.2 Configuration

Figure 14-1 shows configuration of the UART.

RXDn TXDn
. . >
q Shift Register
LSCLKO UANOINT
Baud Rate UART [
HSCLK —! Generator Controller UANn1INT
UANCON UANSTAT
OAmERL UANMOD UAnBUFO, 1| | UANSTAC
A~ N ~
Data-bus 4 4 N y n=0 to 1
UANBUFO0,1 . UARTN transmission/reception buffer
UANBRT : UARTN baud rate register
UANnBRC : UARTN baud rate adjustment register
UANCON . UARTN control register
UAnMOD : UARTN mode register

UANSTAT, UAnSTAC : UARTN status register, UARTn status clear register

Figure 14-1 Configuration of UART
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14.1.3 List of Pins

The I/0O pins of the UART are assigned to the shared function of the general ports.

Pin name 110 Description
RXDn | Reception data input of UART n
TXDn (0] Transmission data output of UART n

Table 14-1 shows the list of the general ports used for the UART and the register settings of the ports.

Table 14-1 Ports used for the UART and the register settings

e: available

Available/Unavailable
Chg(r;.nel Pin name Shared port rseztitsi?gr Setting value 20 pin 24 pin
product product

RXDO P12*3 2" Function P1MOD2 0001_XXXX*1 . °

0 P12*3 2" Function P1MOD2 0001_XXXX*2 . °

0o P13 2" Function P1MOD3 0001_XXXX*2 . °

RXD1 P10*3 2" Function P1MODO 0001_XXXX*1 . °

1 P10*3 2" Function P1MODO 0001_XXXX*2 . °

01 P23 2" Function P2MOD3 0001_XXXX*2 . °

e: Available, -: Not available

*1 . “XXXX” determines the condition of the port input

XXXX Condition of the port input
0001 Input (without an internal pull-up resistor)
0101 Input (with an internal pull-up resistor)

*2 . “XXXX” determines the condition of the port output
XXXX Condition of the port output

0010 CMOS output

1010 N-ch open drain output (without the pull-up)
1111 N-ch open drain output (with the pull-up)

*3 . Switching between TXDn and RXDn on P10 and P12 is set by the port function registers (P1MODO0, P1MOD2).
When the port is 2nd function and output, it functions as a TXDn, and when it is 2nd function and an input,
it functions as an RXDn.
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14.2 Description of Registers
14.2.1 List of Registers

Symbol . Initial
Address Name R/W | Size
Byte Word value
0xF600 UARTO reception buffer UAOBUFO - R 8 0x00
0xF601 UARTO transmission buffer UAOBUFA1 - R/W 8 0x00
0xF602 UARTO status register UAOSTAT - R 8 0x00
0xF603 UARTO status clear register UAOSTAC - w 8 0x00
0xF604 UARTO control register UAOCON - R/W 8 0x00
0xF605 Reserved register - - - - -
0xF606 UAOMODL R/W | 8/16 0x01
UARTO mode register UAOMOD
0xF607 UAOMODH R/W 8 0x00
0xF608 UARTO interrupt enable register UAOINTE - R/W 8 0x00
0xF609 Reserved register - - - - -
0xFB0A UAOBRTL R/W | 8/16 OxFF
UARTO baud rate register UAOBRT
0xF60B UAOBRTH R/W 8 0xOF
0xF60C UARTO baud rate adjustment register UAOBRC - R/W 8 0x00
0xF60D to .
OXFBOF Reserved register - - - - -
0xF610 UART1 reception buffer UA1BUFO - R 8 0x00
0xF611 UART1 transmission buffer UA1BUF1 - R/W 8 0x00
0xF612 UART1 status register UA1STAT - R 8 0x00
0xF613 UART1 status clear register UA1STAC - w 8 0x00
0xF614 UART1 control register UA1CON - R/W 8 0x00
0xF615 Reserved register - - - - -
0xF616 UA1MODL R/W | 8/16 0x01
UART1 mode register UA1TMOD
0xF617 UA1TMODH R/W 8 0x00
0xF618 UART1 interrupt enable register UA1TINTE - R/W 8 0x00
0xF619 Reserved register - - - - -
OxF61A UA1BRTL R/W | 8/16 OxFF
UART1 baud rate register UA1BRT
0xF61B UA1BRTH R/W 8 O0xOF
0xF61C UART1 baud rate adjustment register UA1BRC - R/W 8 0x00
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14.2.2 UARTn Reception Buffer (UANBUFO0)
UAnBUFO is a SFR to store reception data.

Address : 0xF600(UAOBUFO0),0xF610(UA1BUFO)
Access : R
Access size : 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANBUFO
Bit i i i i i i i ~ | UnRD | UnRD | UnRD | UnRD | UnRD | UnRD | UnRD | UnRD
7 6 5 4 3 2 1 0
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit no. Bl Eiloe Description
name
7t00 UnRD7 to This works as the reception buffer.

UnRDO

Data at the end of reception communication is overwritten into this register, so read out this
register by using the UARTNO interrupt generated at the end of reception communication.
Writing to this register is invalid.

When choosing the 5 to 7 bit length, unused bits return “0” for reading. (See to Section
14.3.2 “Data Direction”)

In the transmission mode in half-duplex communication mode, UANBUFQO is fixed at 0x00.

14.2.3 UARTn Transmission Buffer (UANBUF1)

UAnBUF1 is a SFR to store transmission data.

Address : 0xF601(UAOBUF1),0xF611(UA1BUF1)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANBUF1
Bit i i i i i i i ~ | UnTD | UnTD | UnTD | UnTD | UnTD | UnTD | UnTD | UnTD
7 6 5 4 3 2 1 0
R/W R R RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit no. it Exilotel Description
name
7to0 UnTD7 to This works as the transmission buffer.

unTDO

Write transmission data to this. For continuous transmitting, write the next transmission data
to this register after checking UnFUL bit of UANSTAT is “0”. The written data in this register
can be read out.

When choosing the 5 to 7bit length, written data in unused bits are invalid. (See to Section
14.3.2 “Data Direction”)

FEUL62Q2045
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14.2.4 UARTnN Status Register (UANSTAT)

UAnSTAT is a SFR to indicate states of the transmission/reception operation.

Address : 0xFB602(UAOSTAT),0xF612(UA1STAT)
Access : R
Access size : 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANSTAT
Bit ) i ) ) i i ) i ) ~ | UnRX | UnTX | UnFU | UnPE | UnOE | UnFE
F F L R R R
R/W R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit no. B S0 Description
name
7106 - Reserved bits
5 UnRXF Indicate reception state.
0: Data reception is stopped (Initial value)
1: Data reception is in progress
4 UnTXF Indicate transmission state.
0: Data transmission is stopped (Initial value)
1: Data transmission is in progress
3 UnFUL Indicate transmission buffer state.
This bit is set to “1” by writing a data to UAnBUF1 and reset to “0” when starting to transfer
the data. To transmit data successively, check that the UnFUL bit is "0" before writing the
next transmission data to the UAnBUF1.This bit is forcibly reset to "0" by writing “1” to the
UnFULC bit of UANSTAC register.
0: Transmission buffer has no data (Initial value)
1: Transmission buffer has data
2 UnPER Indicate a parity error.
The parity of the received data and the parity bit added to the data are compared and if they
do not match, this bit becomes "1".This bit is forcibly reset to "0" by writing “1” to the
UnPERC bit of UANSTAC register.
0: The parity error has not occurred. (Initial value)
1: The parity error has occurred.
1 UnOER Indicate a reception overrun error.
This bit becomes "1" if the next data is received before reading the previous receive data in
reception buffer (SDnBUFL). Even if reception is stopped by the UnEN bit and then reception
is re-started, this bit is set to “1” unless the previously received data is not read. Therefore,
make sure that data is always read from the reception buffer even if the data is not required.
This is forcibly reset to "0" by writing “1” to the UnOERC bit of UAnNSTAC register.
0: The overrun error has not occurred (Initial value)
1: The overrun error has occurred
0 UnFER Indicate a framing error.

This becomes "1" when an error occurs in the start/stop bit. The UnOFER bit is forcibly reset
to "0" by writing “1” to the UnFERC bit of UAnSTARC register.

0: The framing error has not occurred (Initial value)

1: The framing error has occurred

FEUL62Q2045
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14.2.5 UARTN Status Clear Register (UANSTAC)

UAnSTAC is a write-only SFR to clear states of the transmission/reception operation.
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Address : 0xFB603(UAOSTAC),0xF613(UA1STAC)
Access : W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANSTAC
Bit ) i ) ) i i ) i ) ) ) | UnFU | UnPE | UnOE | UnFE
LC RC RC RC
R/W R R W w W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit no. B S0 Description
name
7to4 - Reserved bits
3 UnFULC Clear UnFUL bit ; transmission buffer state flag.
Writing “0” :  Invalid
Writing “1”:  Clear the UnFUL bit
2 UnPERC Clear UnPER bit ; parity error flag.
Writing “0” :  Invalid
Writing “1”:  Clear the UnPER bit.
1 UnOERC Clear UnOER bit ; overrun error flag.
Writing “0”:  Invalid
Writing “1”:  Clear the UnOER bit.
0 UnFERC Clear UnFER bit ; framing error flag.
Writing “0”:  Invalid
Writing “1”:  Clear the UnFER bit.
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14.2.6 UARTn Control Register (UANCON)

UAnCON is a SFR to control enable/disable communication.

Address : 0xF604(UAOCON),0xF614(UA1CON)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANCON
o [T T [ [T T T -1 T T T T T T Toe
R/W R R R R R R R R R R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit no. Bl Bl Description
name
7to1 - Reserved bits
0 UnEN Enable the UART n communication. See section 14.3.4 “Transmission Operation” for details.
A both of transmission and reception is enabled when UnEN = “1”. Set “0” to this bit if
communication is stopped.
0: Disabled (Initial value)
1: Enabled
[Note]

* Do setting for used ports and the mode/baud rate before setting “1” to UnEN bit.

FEUL62Q2045
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14.2.7 UARTn Mode Register (UANMOD)
UAnMOD is a SFR to set the transfer mode.
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Address : 0xF606(UAOMODL/ UAOMOD), 0xF607(UAOMODH),
0xF616(UA1TMODL/UA1MOD), 0xF617(UA1MODH)
Access : R/W
Access size :  8/16 bit
Initial value : 0x0001
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word UAnMOD
Byte UANMODH UANMODL
. UnDI | UnNE | UnST | UnPT | UnPT | UnPT | UnLG | UnLG UnRS UnCK
Bit R G P 9 1 0 1 0 UnHD s - - - - 0 UnlO
RW RW RW RW RW Rw Rw RW RW RW RW R R R R RW  R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
value
Bit no. it Exilotel Description
name
15 UnDIR Select the data direction.
0: LSB first (Initial value)
1: MSB first
14 UnNEG Select a logic of the data input / output.
0: Positive logic (Initial value)
1: Negative logic
13 UnSTP Select a stop bit length.
0: 1 stop bit (Initial value)
1: 2 stop bit
12t010 UnPT2to Select a parity bit.
UnPTO XXO0: No parity bit (Initial value)
001: Odd parity
011: Even parity
101: Parity bit is fixed to “1”
111: Parity bit is fixed to “0”
X:0or 1 (don’t care)
9t0 8 UnLG1 to Select a data length.
UnLGO 00: 8-bit length (Initial value)
01: 7-bit length
10: 6-bit length
11: 5-bit length
7 UnHD Select the communication mode of the UARTn.
0: Full-duplex communication mode (Initial value)
1: Half-duplex communication mode
6 UnRSS Select sampling timing of the reception data.
0: (Values set to UAnNOBRTH and UANOBRTL registers)/2 (Initial value)
1: {(Values set to UANOBRTH and UANOBRTL registers)/2} -1
5t02 - Reserved bits
1 UnCKO Select base clock baud rate generator.
0: LSCLKO (Initial value)
1: HSCLK
0 UnlO Select the transmission/reception in the half-duplex communication mode of UARTn.
When full-duplex communication mode is selected, the setting is disabled.
0: Transmission mode
1: Receive mode (Initial value)
[Note]

* Be sure to set the UAnOMOD register while communication is stopped (UnOEN=0).

FEUL62Q2045

14-8



ROHM Co. Ltd.

14.2.8 UARTN Interrupt Enable Register (UANINTE)
UAnINTE is a SFR to enable interrupt requests.
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Address : 0xF608 (UAOINTE), 0xF618 (UA1INTE)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - UANINTE
. UnFl | UnTl | UnRI
Bit - - - - - - - - - - - - - E £ E
R/W R R R R R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Common description of each bits:
It is configured enable/disable a target interrupt
0: Disable a target interrupt (Initial value)
1: Enable a target interrupt
Bit no. B e Description
name
7103 - Reserved bits
2 UnFIE Transmission completion interrupt
This has occurred when transmission data is transmitted in the condition of transmission
buffer empty.
1 UnTIE Transmission buffer empty interrupt.
This has occurred when transmission buffer becomes empty.
0 UnRIE Reception interrupt.
This has occurred at receiving a data.
FEUL62Q2045 14-9
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14.2.9 UARTn Baud Rate Register (UANBRT)

UAnBRT is a SFR to set the count value of the baud rate generator in UARTn.
For details of relation between the count value of the baud rate generator and the baud rate, see Section 14.3.3 “Baud

ML62Q2033/2035/2043/2045 User's Manual
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Rate”.
Address : 0xF60A (UAOBRTL/UAOBRT), 0xF60B (UAOBRTH),
0xF61A (UA1BRTL/UA1BRT), 0xF61B (UA1BRTH)
Access : R/W
Access size :  8/16 bit
Initial value : OxOFFF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word UANBRT
Byte UANBRTH UANBRTL
Bit UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR | UnBR
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1
value
14.2.10 UARTn Baud Rate Adjustment Register (UANBRC)
UAnBRC is a SFR to adjust the count value of the baud rate generator in UARTn.
For details of relation between the value of UAnBRC and the correction value, see Section 14.3.3 “Baud Rate”.
Address : 0xF60C(UAOBRC),0xF61C(UA1BRC)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word
Byte - UANnBRC
Bit ] . ] ] . . ] . ] ] ] ] | UnBR | UnBR| UnBR
Cc2 C1 (60]
R/W R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
[Note]

* Be sure to set UAnBRT and UANBRC register while communication is stopped (UnEN=0). Do not rewrite
it during communication.

FEUL62Q2045
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14.3 Description of Operation
14.3.1 Frame Format

In the transfer data format, one frame contains a start bit, a data bit, a parity bit, and a stop bit. In this format, the
following are choosable: 5 to 8 bits for the data bit, even/odd/ fixed to "1", or fixed to "0" for the parity bit, 1 stop bit or 2
stop bit for the stop bit, LSB first or MSB first for the transfer direction, and positive logic or negative logic for the logic
of the serial input/output.

All of these are set in the UARTn mode register (UAnMOD).

Figure 14-2 shows the input/output format.

1 frame
| N
< >
Start T T
: Parity | Stop | Stop |
Positive Logic bit | 112 |3 \ 4 \ 5 \ 6 |7 \ 8 "Lt | bit ! bit |
I |
} [}
Negative Logi Start Parity | Stop | Stop !
egative Logic et 2 03 a5 6 7 |8 Py SERSIRN
‘ Data bit g
1 frame . Data length: 8 to 5 bits
MAX... 12 bits Parity bit : Use or not use
MIN .... 7 bits Odd / even / fixed “1” / fixed “0”
Stop bit : 1 bit / 2bit

Figure 14-2 Format of Input/Output (LSB first)
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14.3.2 Data Direction

Figure 14-3 shows a relationship between the transmission/reception buffer and data.

8-bit length data

LSBRX —>{ UnR7 | UnR6 | UnR5 | UnR4 | UnR3 | UnR2 | UnR1 | UnRO — LSBTX
MSBTX <— UnT7 | UnT6 | UnT5 | UnT4 | UnT3 | UnT2 | UnT1 | UnTO k— MSBRX

- T-bitlength data
LSBRX —> UnR6 | UnR5 | UnR4 | UnR3 | UnR2 | UnR1 | UnRO |—> LSBTX
MSB TX <— UnT6 | UnT5 | UnT4 UnT3 | UnT2 | UnT1 | UnTO «— MSB RX

UnRY7 is “0” at receiving completion

6-bit length data

LSBRX —> UnR5 | UnR4 | UnR3 | UnR2 | UnR1 | UnRO —> LSBTX
MSBTX <— UnT5 | UnT4 | UnT3 | UnT2 | UnT1 | UnTO &— MSBRX

UnR7 and UnRG6 are “0” at receiving completion

5-bit length data

LSBRX —(jiRa | UnR3 | UnR2 | UnR1 | Unro —> B TX
MSBTX <«— unT4 | UnT3 | UnT2 | UnT1 | UnTO &— MSBRX

UnR7, UnR6 and UnRS5 are “0” at receiving completion

Figure 14-3 Relationship between the Transmission/Reception Buffer and Data

14.3.3 Baud Rate

The baud rate generator generates a baud rate using the base clock chosen in the UARTn mode register (UAnMOD). The
setting values for the UARTn baud rate register (UAnBRT) and the UARTn baud rate adjustment register (UAnBRC)
can be calculated by the following formulae.

UAnBRT = ROUNDDOWN (Base clock frequency (Hz) / Baud rate (bps)) — 1 + Carryover of UAnBRC
UAnBRC = ROUND ((Base clock frequency (Hz) % Baud rate (bps)) x 8 / Baud rate (bps))

where is ROUNDDOWN: Rounded down, ROUND: Rounded to the nearest whole number, %:Surplus.
Setting range of UAnBRC is 0 to 7. If the calculated value of UAnBRC is 8, add 1 to UAnBRT and set 0 to
UAnBRC.

Example(1) : Base clock frequency: Approx.16 MHz (16.003072MHz), Baud rate ideal value: 115,200 bps
16.003072MHz / 115,200bps - 1 =138.91555-:- -1 =137 (rounding down to the nearest integer)
= 0x0089
(16.003072MHz % 115,200bps) X 8/115,200bps = 105472 X 8/115,200
=7.32444--- =7 (rounding to the nearest integer)
=0x07
UAnBRT = 0x0089, UAnBRC = 0x07

Example(2) : Base clock frequency: Approx.16MHz (16.003072MHz), Baud rate ideal value:4,800bps
16.003072MHz / 4,800bps - 1 =3333.97333:-- -1  =3332 (rounding down to the nearest integer)

= 0x0D04

(16.003072MHz % 4,800bps) X 8/4,800bps =4672 X 8/4,800
=7.78666--- =8 (rounding to the nearest integer)
=0x08 UAnBRC carrier over occurred

UAnBRT = 0x0D04+1 = 0x0D05, UAnBRC = 0x08 = 0x00
The actual baud rate calculated from the setting value for the baud rate can be expressed by the following formula:
Actual baud rate (bps) = [Base clock frequency]/ {(UAnBRT + 1) + (UAnBRC / 8)}

Example: Base clock frequency: Approx.16 MHz (16.003072 MHz), Baud rate ideal value: 1200 bps
Actual baud rate (bps) = 16.003072MHz / {(0x3416 + 1)} + (0x07 / 8)} =1200.00

FEUL62Q2045 14-12
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Table 14-2 lists the count values for typical baud rates.

Table 14-2 Count Values for Typical Baud Rates

Base clock Baud rate UANBRT UANBRC 5 ::fé“;'te
300bps |  OxDOSE 0x05 300.00bps
1,200bps 0x3416 0x07 1200.00bps
2,400bps | Ox1AOB 0x00 2399.98bps
4,800bps |  0x0DO5 0x00 4799.96bps
( Approx_ﬂ%%%§072MHz) 9,600bps | 0x0682 0x00 9599.92bps
19.200bps | 0x0340 0x04 19199.85bps
38,400bps | OXO19F 006 38399.69bps
57,600bps | Ox0114 0x07 57590.90bps
115,200bps | 0x0089 0x07 115233.64bps
200bps | OX00A2 0x07 199.95bps
300bps | 0x006C 0x02 299.93bps
LSCLK 1200bps | Ox001A 0x02 1202.490ps
(32.768KkHz)
2,400bps | 0x000C 0x05 2404.99bps
4,800bps | 0x0005 0x07 4766.25bps
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14.3.4 Transmission Operation(Common to full-duplex and half-duplex communication modes)

In full-duplex communication mode, set the UnHD bit of the UARTn mode register (UAnMOD) to "0" to select full-
duplex communication mode.

Transmission is started by setting the UnEN bit of the UART n control register (UAnCON) to "1" and set transfer data to
UAnBUFI1. The order of UAnEN setting and UAnBUF1 setting does not matter.

Figure 14-4 shows the operation timing for transmission.

When the UnEN bit is set to "1", the transmission status; UnTXF is set to “1” after 2 cycles of the system clock. (at (1))
An internal transfer clock of baud rate supplies after 2 cycles of the base clock (LSCLKO/HSCLK), and then the start bit
is output the TXD pin. (at (2)) Subsequently, the transmitted data, a parity bit, and a stop bit are output.

When the start bit is output, the transmission buffer status flag; UnFUL is return to “0” and the transmission interrupt is
requested on the rising edge of the internal transfer clock. (at (3)) In the UARTn transmission interrupt routine, the next
data to be transmitted is written to the transmission buffer (UAnBUF1). Then the UnFUL is set to "1". It is same as (2)
after transmission of the stop bit (at (4)). At this time if the UART transmission interrupt routine is terminated without
writing the next data to the transmit buffer; it means the stop-bit is sent when UnFUL is not set to “1”, transmission is
stop. Then the UnTXF bit is reset to "0", and the UART transmission interrupt is requested. (at (5))

The valid period for the next transmission data to be written to the transmission buffer is from when the UnFUL bit
becomes “0” after the interrupt occurs to the termination of stop bit transmission. (at (6))

UANBUF1 writing .
instruction UnEN setting

instructon
=

syscLk ||

UANBUF1 1st data X 2nd data 82 22

UnEN 74

UnTXF (BRT  BRT |

I 1

el ek Niaipinigipigigipipigfgigigipt
TXDn xstart 0 X 1 EX 7 Xpamyy Stop Startx 0 X 1 @[X 7 XParityy Stop

UANTINT H

UnFUL J L‘
T

1

M @ @ Valid period to write to
‘ transmission buffer l ‘

|
1
4

—
~

—
a

=

| ®) ®) |

Figure 14-4 Transmission Timing in full-duplex mode

[Note]

* The transmission is start when setting “1” to UnEN bit of UAnNCON with UnFUL bit =1. Write “1” to
UnFULC bit in UAnSTAC register to reset UnFUL bit, and then set “1” to UnEN to allow
transmission/reception, if the transmission data is not ready and the reception is permitted first.
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14.3.5 Reception Operation (Common to full-duplex and half-duplex communication modes)

In full-duplex communication mode, set the UnHD bit of the UARTn mode register (UAnMOD) to "0" to select full-
duplex communication mode.

Reception is started by setting the UnEN bit of the UARTn control register (UAnCON) to "1".

In the case of half-duplex communication mode reception, set the UnHD bit of the UARTn mode register (UAnMOD) to
"1" to select the half-duplex communication mode, and set the UnlO bit of the UARTn mode register (UAnMOD) to "1"
to select the reception mode.

A reception is started by setting the UnEN bit of the UART n control register (UAnCON) to "1".

Figure 14-5 shows the operation timing for reception.

When a reception starts, this module checks the data sent to the input pin RXD and waits for the arrival of a start bit.
When detecting a start bit ((2) in Figure 14-6), It generates the internal transfer clock of the baud rate set with the start bit
detect point as a reference and performs reception operation.

The shift register shifts in the data input to RXD on the rising edge of the internal transfer clock. The data and parity bit
are shifted into the shift register and 5- to 8- bit received data is transferred to the reception buffer (UAnBUFO)
concurrently with the falling edge of the internal transfer clock of (3) in Figure 14-6.

This module requests a UART reception interrupt on the rising edge of the internal transfer clock subsequent to the
internal transfer clock by which the received data was fetched ((4) in Figure 14-6) and checks for a stop bit error and a
parity bit error. When an error is detected, this module sets the corresponding bit of the UART n status register
(UAnSTAT) to "1".

Parity error : UnPER ="1"
Overrun error : UnOER ="1"
Framing error : UnFER ="1"

As shown in Figure 14-5, the rise of the internal transfer clock is set so that it may fall into the middle of the bit interval
of the received data.

A reception continues until the UnEN bit is reset to "0" by the program. When the UnEN bit is reset to "0" during
reception, the received data may be destroyed. When the UnEN bit is reset to "0" during the "UnEN reset enable period"
in Figure 14-5, the received data is protected.

UnEN reset enable period

UnEN J {

RXDn ‘Startx 0 X 1 X 2 X]g 7 XParityy Stop‘Start/ 0 \ 1 /226 X 7 XParity Stop
internal m
ransfer clock HERENEEr HEEREREEREE RN

(sltrw]gturtesgtlaséeer) XSta“A 0 X 1 D( 7 XPerity yStop Start [ 0 MEX 6 X 7 ><Parity>/Stop

Reception B
bufferp 82 1st data 28 2nd data
UAROINT ) ) i
| : parity error
UnPER
0 t
|.:.overrun error
UnOER
0 I
hod I &) Parityloverrunffram )
(1) (2) Start bit detection (3) (4) Farity/overrun/iraming
error detected Stop receiving
UARTN interrupt request because the start bit is
not read

Figure 14-5 Reception Timing
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14.3.5.1 Detection of Start Bit

The start bit is sampled with the baud rate generator clock selected by UnCKO bit of UAnMOD register. Therefore, the
start bit detection may be delayed for one cycle of the baud rate generator clock at the maximum.
Figure 14-6 shows the start bit detection timing.

RO startbt

Sampling by baud rate A A A A A A A 4
generator clock

Maximum one-cycle delay

Figure 14-6 Start Bit Detection Timing (with Positive Logic)

14.3.5.2 Sampling Timing

When the start bit is detected, the received data that was input to RXDn is sampled almost at the center of the baud rate,
and then loaded to the shift register.

This sampling timing the shift register uses to load data can be adjusted for one clock of the baud rate generator clock in
UnRSS bit of the UART n mode register (UAnMOD).

Figure 14-7 shows the relationship between UnRSS bit and the sampling timing.

Count value =7

0 2:3 6:0 2:3 6

Baud rate generator clock MWﬂMMmMM
RXDn :X >< ><

T T

Sampling timing ' i
1 1

UnRSS=1 UnRSS=0

(1) When the baud rate generator count value is "7" (odd)

Count value = 8

0 2:3 7:0 2.3 7

Baud rate generator clock MWﬂMMﬂMM
RXDn :X >< ><

T T

Sampling timing ' i
1 1

UnRSS=1 UnRSS=0

(2) When the baud rate generator count value is "8" (even)

Figure 14-7 Relationship between UnRSS Bit and Sampling Timing
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14.3.5.3 Receiving Margin

If there is an error between the sender baud rate and the receiver baud rate generated by the baud rate generator, the error
accumulates until the last stop bit loading in one frame, decreasing the reception margin.
Figure 14-8 shows the baud rate errors and reception margin waveforms.

Ideal waveform T St‘a‘rt ] | | | | | | Stop L

(Rxbn) ——7¢70 - "+ & /=

Sender?aasl:déa)\(tgrl]s _I Start | | | | _____ | | | Stop

Sender baud rate is ‘|
slow (RXDn)

®
=3
@
(o]
©

T S S NN M
Sampling timing | I I I |

UnRSS=1 UnRSS=0
Figure 14-8 Baud Rate Errors and Reception Margin

[Note]

* When designing the system, consider the difference of the baud rate between the transmission side and
reception side, a delay of the start bit detection, signal degradation and noise influence, then adjust the
baud rate and reception timing to ensure sufficient receiving margin.
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14.3.5.4 Reception Filter

This unit has reception data filter for a noise reduction. Figure 14-9 shows the RXDO0 waveform before/after noise
reduction.

Start bit Data 0 Data 1

b 4
-~
w

ya AN

X

base clock
RXDO' Filtering
after filtering QF/
Sampling timing ’_| |_‘

L

RXDO )

Figure 14-9 Noise reduction

14.3.6 Interrupt

Figure 14-10 shows the interrupt timing.

The transmission empty interrupt is generated as UAn1INT at the end of start-bit after a transmission buffer becomes
empty. At this time, UnFUL=0 and UnTXF=1.

The transmission completion interrupt is generated as UAn1INT when a transmission is completed in condition of that
the transmission buffer is empty. At this time, UnFUL=0, UnTXF=0.

The reception interrupt is generated as UAnOINT when reception data is stacked the buffer.

Transmission
state

Buffer state UnFUL Data A Data B

Transmission
interrupt

UnTXF Data A Data B

Buffer empty Buffer empty Completed

Reception state  UnRXF Data C Data D

Data C Data D
Reception
interrupt UANOINT 1 1
Overrun error UnOER 1

Figure 14-10 Interrupt Timing

FEUL62Q2045 14-18



ROHM Co. Ltd.

14.3.7 Example of Setting

Figure 14-11 shows the example of the setting transmission operation in full-duplex communication mode using UART.
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Setting Start

Set port

v

Set mode

v

Set baud rate

v

Set
enable interrupt

v

Set
communication start

gl

Set
transmission data

«—

4—

A 4

Read
transmission status

Transmission
completed?

Yes

Stop
communication

End

Select TXDn as the dual-use function in PnMODxx register of GPIO and set it to enable output

Set UAnNMOD register to input clock, communication mode, data length, parity,
stop bit length, polarity and data direction

Set the baud rate in UANBRT register and the correction value in UANBRC register

Set the corresponding bit of UAnINTE register to "1"

Set UANEN bit of UANCON register to "1"

Set UAnBUF1 register to transmission data

UART communication start

Buffer empty/Occur transfer complete interrupt

Read UANSTAT resister

Set UANnEN bit of UANCON register to "0"

Figure 14-11 Example of transmission operation in full-duplex communication mode using UART
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Figure 14-12 shows an example of the receive operation in full-duplex communication mode using UART.

Setting Start

Set port

v

Set mode

'

Set baud rate

'

Set
enable interrupt

v

Set

communication start

A 4

Select RXDn as the dual-use function in PnMODxx register of the GPIO
and set it to enable input

Set UAnNMOD register to input clock, reception data input sampling timing, communication mode,
data length, parity, stop bit length, polarity and data direction

Set the baud rate in UANBRT resister and the correction value in UANBRC register

Set the corresponding bit of UANnINTE register to "1"

Set UANEN bit of UANCON register to "1"

<+— UART communication start (Start reception with start bit detection)

<€— Occur receive completion interrupt

Read
receive status

Receive
correctly?

Read UANSTAT resister

Yes

Read
receive data

Receive
completed?

Stop
communication

End

y

Error processing

Read UANBUFO resister

Set UANEN bit of UANCON register to "0"

Figure 14-12 Example of receive operation in full-duplex communication mode using UART
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Figure 14-13 shows an example of setting for half-duplex communication mode (receive operation — transmission operation)

using UART.

Setting Start

Set port Select RXDn/TXDn as the dual-use function in PnMODxx register of the GPIO

and set it to enable input

'

Set mode

Set UAnNMOD register to communication mode, input clock, reception data input sampling timing,
communication mode, data length, parity, stop bit length, polarity and data direction

'

Set baud rate Set the baud rate in UAnBRT resister and the correction value in UANBRC register

'

enable interrupt

Set Set the corresponding bit of UANINTE register to "1"

v

communication start

Set Set UANnEN bit of UANCON register to "1"

<+— UART communication start (Start receiving with start bit detection)

<4— Occur receive completion interrupt

A 4

receive status

Read Read UANSTAT resister

Receive
correctly?

A 4

Yes
Error processing

receive data

Read Read UAnBUFO resister

FEUL62Q2045

Receive
completed?

transmission

To the

(a) Example of setting receive during (receive operation — transmission operation)
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transmission
process

Set port Set to enable output in PNMODxx register of the GPIO

Set mode

Set the transmission mode in UANMOD register

v

Set

enable interrupt

Set the corresponding bit of UAnINTE register to "1"

>y

Set

transmission data

Set UAnBUF1 register to transmission data

y

<4— UART communication start

<+— Buffer empty/Occur transfer complete interrupt

Read Read UANSTAT resister
transmission status

v

Transmission
ompleted?

Yes

Stop

communication

Set UANnEN bit of UANCON register to "0"

End

ML62Q2033/2035/2043/2045 User's Manual
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(b) Example of setting transmission during (receive operation — transmission operation)

Figure 14-13 Example of half-duplex communication mode (receive operation — transmission operation) using UART
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Figure 14-14 shows an example of setting for half-duplex communication mode (transmission operation — receive operation)

using UART.

Setting Start

and set it to enable output

v

Set mode parity, stop bit length, polarity and data direction

v

v

Set Set the corresponding bit of UAnINTE register to "1"
enable interrupt

v

.Set' Set UANEN bit of UANCON register to "1"
communication start

l

Set Set UAnBUF1 register to transmission data
transmission data

<4— UART communication start

<+— Buffer empty/Occur transfer complete interrupt

\ 4

Read Read UANSTAT resister
transmission status

Transmission
ompleted?

To the receive
process

(a)Example of setting transmission during (receive operation — transmission operation)

FEUL62Q2045

Set port Select RXDn/TXDn as the dual-use function in PnMODxx register of the GPIO

Set baud rate Set the baud rate in UAnBRT register and the correction value in UAnNBRC register

Set UAnNMOD register to transmission mode, input clock, communication mode, data length,
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process

Set port

v

Set mode

'

Set
enable interrupt

A 4

Read
receive status

Receive
correctly?

Yes
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Set to enable input in PNMODxx register of the GPIO

Set the receive mode in UANMOD register

Set the corresponding bit of UAnINTE register to "1"

<+— UART communication start (receive starts with start bit detection)

<4— Occur receive completion interrupt

Read UANSTAT resister

Read
receive data

Receive
ompleted?

Yes

Stop
communication

End

A

Error processing

Read UANBUFO resister

Set UANEN bit of UANCON register to "0"

(b)Example of setting receive during (receive operation — transmission operation)

FEUL62Q2045
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17. GPIO

17.1 General Description

The input and output of a GPI/O is switchable on each pin. Max. 8 pins are available to read or to change the level of
output in the same time. A general input port or output port shares a number of functions. See to Section 1.3.2 " List of
Pins" or 1.3.3 "Description of Pins" for more detail.

The number of general port is dependent of each product. See Table 17-1 "List of Pins".

17.1.1 Features

Selectable input/output function in each pin

Selectable with or without Pull-up resistor in each pin

Selectable CMOS output or N-channel open drain output or P-channel open drain output in each pin
Direct driving LEDs when the N-channel open drain output is selected

Carrier frequency output function

Port output level test function
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17.1.2 Configuration

Figure 17-1 shows the configuration of the general purpose port. See to Section 17.2.1 "List of registers" for available
pins and registers.

Vbp
Pull-up
— Controller Data bus
PnMODO01
<§ PnMOD23
PnMOD45 |
PnMOD67
PnPMD
PnPSL
Vbp
H | PnDI, PnDO ¢——>
Pn0 to Pn7 o coutput L
%II— ontrofler Output in a shared function
v PnIE
ss @ Input in a shared function
Analog signal (AINx, CMPxP,
CMPxM, DACOUT)
Carrier Frequency (OTOOA, OTO1A)
PnDI : Port n data register (bit 7 to 0)
PnDO : Port n data register (bit 15 to 8)
PnMODO01 : Port n mode register 01
PnMOD23 : Port n mode register 23
PnMOD45 : Port n mode register 45
PnMOD67 : Port n mode register 67
PnPMD : Port n pulse mode register
PnPSL : Port n pulse selection register

Figure 17-1 Configuration of GPI/O port n
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Table 17-1 List of Pins (e is available)

Chapter 17 GPIO

Available/Unavailable

POy —
20 pin 24 pin
product product

POO/TESTO GPI/O o .
PO1 GPI/O ° °
P02 GPI/O ) °
P03 GPI/O . °
P04 GPI/O . °
P05 GPI/O ° °
P06 GPI/O . °
PO7 GPI/O - °
P10 GPI/O ) °
P11 GPI/O . °
P12 GPI/O . °
P13 GPI/O ) °
P14 GPI/O . °
P15 GPI/O . °
P16 GPI/O ) °
P17 GPI/O . °
P20 GPI/O - °
P21 GPI/O - °
P22 GPI/O - °
P23 GPI/O ° °

FEUL62Q2045
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17.2 Description of Registers

17.2.1 List of Registers
Writing to SFRs of unequipped port is not available. PnDI return OxFF for reading. Other SFRs return 0x0000/0x00 for

reading.
Symbol iti
Address Name y R/W Size Lafif:1
Byte Word Value
0xF200 PODI R 8/16 OxFF
Port 0 data register POD
0xF201 PODO R/W 8 0x00
0xF202 POMODO R/W 8/16 0x05
Port 0 mode register 01 POMODO01
0xF203 POMOD1 R/W 8 0x00
0xF204 POMOD2 R/W 8/16 0x00
Port 0 mode register 23 POMOD23
0xF205 POMOD3 R/W 8 0x00
0xF206 POMOD4 R/W 8/16 0x00
Port 0 mode register 45 POMODA45
0xF207 POMOD5 R/W 8 0x00
0xF208 POMOD6 R/W 8/16 0x00
Port 0 mode register 67 POMODG67
0xF209 POMOD7 R/W 8 0x00
O0xF20A
Reserved register - - - - -
0xF20B
0xF20C
Reserved register - - - - -
0xF20D
O0xF20E
Reserved register - - - - -
O0xF20F
0xF210 P1DI R 8/16 OxFF
Port 1 data register P1D
0xF211 P1DO R/W 8 0x00
0xF212 P1MODO R/W 8/16 0x00
Port 1 mode register 01 P1MODO01
0xF213 P1MOD1 R/W 8 0x00
0xF214 P1MOD2 R/W 8/16 0x00
Port 1 mode register 23 P1MOD23
0xF215 P1MOD3 R/W 8 0x00
0xF216 P1MOD4 R/W 8/16 0x00
Port 1 mode register 45 P1MODA45
0xF217 P1MOD5 R/W 8 0x00
0xF218 P1MOD6 R/W 8/16 0x00
Port 1 mode register 67 P1MOD67
0xF219 P1MOD7 R/W 8 0x00
OxF21A P1PMDL R/W 8/16 0x00
Port 1 pulse mode register P1PMD
0xF21B P1PMDH R/W 8 0x00
0xF21C P1PSLL R/W 8/16 0x00
Port 1 pulse selection register P1PSL
0xF21D P1PSLH R/W 8 0x00
OxF21E
Reserved register - - - - -
OxF21F
0xF220 P2DI R 8/16 OxFF
Port 2 data register P2D
0xF221 P2DO R/W 8 0x00
0xF222 P2MODO R/W 8/16 0x00
Port 2 mode register 01 P2MODO01
0xF223 P2MOD1 R/W 8 0x00
0xF224 P2MOD2 R/W 8/16 0x00
Port 2 mode register 23 P2MOD23
0xF225 P2MOD3 R/W 8 0x00
0xF226
Reserved register - - - - -
0xF227
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Symbol it
Address Name y R/W Size i
Byte Word Value
0xF228
Reserved register - - - - -
0xF229
0xF22A ) P2PMDL R/W 8/16 0x00
Port 2 pulse mode register P2PMD
0xF22B P2PMDH R/W 8 0x00
0xF22C . ) P2PSLL R/W 8/16 0x00
Port 2 pulse selection register P2PSL
0xF22D P2PSLH R/W 8 0x00
Table 17-2 List of Registers / Bits
(e:available/-:unavailable)
Control register / bit Uﬁ\:\lli:i‘lt:slle
Pin
Port Name Port n pulse
Name Port n data register Prc;rtir;trgrorﬂe Port n pulse mode selection 20 pin 24 pin
(PnD) 9 register (PnPMD) register product | product
(PnMODm) (PnPSL)
P00 POODO POODI POMODO - - - ° °
P01 P0O1DO PO1DI POMOD1 - - - ° °
P02 P02DO PO2DI POMOD2 - - - ° °
Port 0 P03 PO3DO PO3DI POMOD3 - - - ° °
o]
P04 P04DO P04DI POMODA4 - - - ° °
P05 PO5DO PO5DI POMOD5 - - - ° °
P06 PO6DO PO6DI POMOD6 - - - ° °
PO7 PO7DO PO7DI POMOD7 - - - - °
P10 P10DO P10DI P1MODO - - - ° °
P11 P11DO P11DI P1MOD1 - - - ° °
P12 P12DO P12DI P1MOD2 - - - ° °
Port 1 P13 P13DO P13DI P1MOD3 P13PLVL | P13PEN P13PSL ° °
o]
P14 P14DO P14DI P1MOD4 - - - ° °
P15 P15DO P15DI P1MOD5 - - - ° °
P16 P16DO P16DI P1MOD6 - - - ° °
P17 P17DO P17DI P1MOD7 - - - ° °
P20 P20DO P20DI P2MODO - - - - °
Port 2 P21 P21DO P21DI P2MOD1 - - - - °
o]
P22 P22DO P22DI P2MOD2 - - - - °
P23 P23DO P23DI P2MOD3 P23PLVL | P23PEN P23PSL ° °
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17.2.2 Port n Data Register (PnD:n=0 to 2)

PnD is a SFR to read the level of the port n pin and write output data.

The input level of the port n pins can be read by reading PnDI in the input mode. Data written to PnDO in the output
mode are output to the port n pins. The data written to PnDO is readable. The bit can be set when output is enabled or
disabled. Enable or disable the input or output by using the port n mode register. See Table 17-2 “List of Registers / Bits”
to check available pins and bits. Write “0” to the bits of PnDO that have no corresponding pin.

Address: 0xF200(PODI/P0OD), 0xF201(PODO), 0xF210(P1DI/P1D), 0xF211(P1DO),
0xF220(P2DI/P2D), 0xF221(P2DO)
Access: R/W

Access size: 8/16 bit
Initial value: Ox00FF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PnD
Byte PnDO PnDI

git |P"7DO|Pn6DOIPnSDOIPNADO05, 51 ) popolPn1D0|PRODO|P7DI*|Pn6DI*|PnsDI*|PnaDI*| P3DI | Pn2DI | Pn1DI | PnoDI
RW RW RW RW RW RW RW RW RW R R R R R R R R
Initial 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
value

*: n=2 (port 2) is not available.

Bit Bit symbol

No. name Description
15t08 Pn7DO to Set the output level of port n pins.
PnODO 0: Output "L" (Initial value)
1: Output "H"
* P27DO to P24DO bits return 0 when read.
7t00 Pn7DI to Set the input level of port n pins.
PnODI 0: The input level is "L"

1: The input level is "H" (Initial value)
*P27DO0 to P24DO bits return 0 when read.
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17.2.3 Port 0 Mode Register 01 (POMODO01)

POMODO1 is a SFR to select the input/output mode, input/output status, and shared function of POO pin and PO1 pin.

Address:

Acce
Acce

Initial value:

SS: R/W
SS size: 8/16 bit

15 14

0x0005

13

0xF202(POMODO0/POMODO01), 0xF203(POMOD1)

12 1" 10 9 8 7 6 5 4 3 2 1 0

Word

POMODO1

Byte

POMOD1 POMODO

Bit

PO1MD

PO1PD >

PO1MD|PO1MD!

1

0 P010D|PO1PU|PO10E| PO1IE - - - - - |POOPU|POOOCE| POOIE

R/W
Initial
value

RW  R/W
0 0

RW RW RW RW RW RW R R R R R R/W R R

0

0 0 0 0 0 0 0 0 0 0 1 0 1

Bit
No.

Bit symbol

name

Description

15

PO1PD

Select whether the output type of the P01 pin should be P-channel open drain. Please refer
to the data sheet of each product for the output current characteristics.

0: Output type is set to PO10D (initial value)

1: P-channel open drain output (PO10D setting is disabled)

14to 12

PO1MD2 to
PO1MDO

Select the shared function of P01 pins.
For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)
001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

1"

PO10D

Select the output type of P01 pins.
An LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

10

PO1PU

Select the internal pull-up resistor of P01 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of P01PD, P010D, PO10E, and PO1IE bits determine whether the contents of
the PO1PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either

PO10E

Enable the output of PO1 pins.
0: Disable the output (Initial value)
1: Enable the output

PO1IE

Enable the input of P01 pins.
0: Disable the input (Initial value)
1: Enable the input

7t03

Reserved bits

POOPU

Enable the internal pull-up resistor of P00 pin.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor

POOOE

Enable the output of POO pin
0: Disable the output (Initial value)
1: Enable the output

FEUL62Q2045
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Bit Bit symbol Description
No. name
0 POOIE Enable the input of P00 pin
0: Disable the input (Initial value)
1: Enable the input
[Note]

P00 pin is initially configured as the input with pull-up resistor. If input "L" level at an initial setting, the
input current flows.

* Be sure to set POMODO01 registers before setting EICONO, EIMODO and IE1 registers. If setting the
POMODO1 register when the interrupt is enabled, unexpected interrupts may happen.

* Itis recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

* Don't set un-assigned shared functions on the P01MD3-0 bits.
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17.2.4 Port n Mode Register 01 (PnMODO01: n=1, 2)

PnMODO1 is a SFR to select the input/output mode, input/output status, and shared function of Pn0 pin and Pn1 pin.
See Table 17-2 “List of Registers / Bits” to check available pins and bits. Write “0” to the bits of PnMODOI register that
have no corresponding pins.

Address: 0xF212(P1MODO0/P1MODO01), 0xF213(P1MOD1),
0xF222(P2MOD0/P2MODO01), 0xF223(P2MOD1)
Access: R/W
Access size: 8/16 bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PnMODO1
Byte PnMOD1 PnMODO
Bit |Pn1pD|”" PP IMPPYMPlpn10p|Pn1PUlPn10E| PntiE |Propp|”"IMPPOMPIPMOMBlon00D | Propu ProOE| ProIE
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol Description
No. name
15 Pn1PD Select whether the output type of the Pn1 pin should be P-channel open drain.
Please refer to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn10D (initial value)
1: P-channel open drain output (Pn10D setting is disabled)
14t012 Pn1MD2 to Select the shared function of Pn1 pins.
Pn1MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)
001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function
1" Pn10D Select the output type of Pn1 pins.
An LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output
10 Pn1PU Enable the internal pull-up resistor of Pn1 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of the Pn1PD, Pn10D, Pn10E, and Pn1IE bits determine whether the contents
of the Pn1PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either
9 Pn10E Enable the output of Pn1 pins.
0: Disable the output (Initial value)
1: Enable the output
8 Pn1IE Enable the input of Pn1 pins.
0: Disable the input (Initial value)
1: Enable the input
7 PnOPD Select whether the output type of the Pn0 pin should be P-channel open drain. Please refer

to the data sheet of each product for the output current characteristics.
0: Output type is set to PnOOD (initial value)
1: P-channel open drain output (PnOOD setting is disabled)

FEUL62Q2045
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Bit Bit symbol Description
No. name
6to4 PnOMD2 to Select the shared function of Pn0 pins.
PnOMDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)

001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

3 PnOOD Select the output type of Pn0 pins.
An LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

2 PnOPU Select the internal pull-up resistor of Pn0 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of the PnOPD, Pn0OD, Pn0OOE, and PnOIE bits determine whether the contents
of the PnOPU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either

1 PnOOE Select the output of Pn0 pins.
0: Disable the output (Initial value)
1: Enable the output

0 PnOIE Select the input of Pn0 pins.
0: Disable the input (Initial value)
1: Enable the input

[Note]

* Be sure to set the PNMODO01 registers before setting EICONO, EIMODO and IE1 registers. If setting the
PnMODO01 register when the interrupt is enabled, unexpected interrupts may happen.

* Itis recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

* Don't set un-assigned shared functions on the PnmMD3-0 bits.
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17.2.5 Port n Mode Register 23 (PnMOD23:n=0 to 2)

PnMOD?23 is a SFR to select the input/output mode, input/output status, and shared function of Pn2 pin and Pn3 pin.
See Table 17-2 “List of Registers / Bits” to check available pins and bits. Write “0” to the bits of PnMOD23 register that
have no corresponding pins.
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Address: 0xF204(POMOD2/POMOD23), 0xF205(POMOD3), 0xF214(P1MOD2/P1MOD23), 0xF215(P1MOD3),
0xF224(P2MOD2/P2MOD23), 0xF225(P2MOD3)
Access: R/W
Access size: 8/16 bit
Initial value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PnMOD23
Byte PnMOD3 PnMOD2
Bit |Pn3pp|” "M PP 3MPP3MPIpn30p|Pn3puPn3E| Pn3ie |Przpp|” 2P P AMPIPNZMDIon)0p | Pr2py Pr2oE| Pr2iE
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol Description
No. name
15 Pn3PD Select whether the output type of the Pn3 pin should be P-channel open drain. Please refer
to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn30D (initial value)
1: P-channel open drain output (Pn30D setting is disabled)
14t0 12 Pn3MD2 to Select the shared function of Pn3 pins.
Pn3MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)
001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function
11 Pn30D Select the output type of Pn3 pins.
A LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output
10 Pn3PU Enable the internal pull-up resistor of Pn3 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of Pn3PD, Pn30D, Pn30OE, and Pn3IE bits determine whether the contents of
the Pn3PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either
9 Pn30OE Enable the output of Pn3 pins.
0: Disable the output (Initial value)
1: Enable the output
8 Pn3IE Enable the input of Pn3 pins.
0: Disable the input (Initial value)
1: Enable the input
7 Pn2PD Select whether the output type of the Pn2 pin should be P-channel open drain. Please refer

to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn20D (initial value)
1: P-channel open drain output (Pn20D setting is disabled)

FEUL62Q2045
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Bit Bit symbol Description
No. name
6to4 Pn2MD2 to Select the shared function of Pn2 pins.
Pn2MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)

001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

3 Pn20D Select the output type of Pn2 pins.
A LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

2 Pn2PU Enable the internal pull-up resistor of Pn2 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of the Pn2PD, Pn20D, Pn20E, and Pn2IE bits determine whether the contents
of the Pn2PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either

1 Pn20E Enable the output of Pn2 pins.
0: Disable the output (Initial value)
1: Enable the output

0 Pn2IE Enable the input of Pn2 pins.
0: Disable the input (Initial value)
1: Enable the input

[Note]

* Be sure to set PnMOD23 registers before setting EICONO, EIMODO and IE1 registers. If setting PnMOD23
register when the interrupt is enabled, unexpected interrupts may happen.

* Itis recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

* Don't set un-assigned shared functions on PnmMD3-0 bits.
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6 Port n Mode Register 45 (PnMODA45: n=0, 1)

PnMODA45 is a SFR to select the input/output mode, input/output status, and shared function of Pn4 pin and Pn5 pin.
See Table 17-2 “List of Registers / Bits” to check available pins and bits. Write “0” to the bits of PnMODA45 register that
have no corresponding pins.

Address: 0xF206(POMOD4/POMODA45), 0xF207(POMODS5), 0xF216(P1MOD4/P1MODA45), 0xF217(P1MODS5)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PnMOD45
Byte PnMODS PnMOD4
Bit |PnsPD P”52MD P”iMD P”%MD Pn50D|Pn5PU|Pn50E| Pn5IE |Pn4PD P”‘;MD P”ﬁMD P”‘I)MD Pn40D|Pn4PU|Pn4OE| Pn4IE
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol Description
No. name
15 Pn5PD Select whether the output type of the Pn5 pin should be P-channel open drain. Please refer

to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn50D (initial value)
1: P-channel open drain output (Pn50D setting is disabled)

14

to12 Pn5MD2 to Select the shared function of Pn5 pins.
Pn5MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)

001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

1"

Pn50D Select the output type of Pn5 pins.
A LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

10

Pn5PU Enable the internal pull-up resistor of Pn5 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of Pn5PD, Pn50D, Pn50E, and Pn5IE bits determine whether the contents of
the Pn5PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either

Pn50E Enable the output of Pn5 pins.
0: Disable the output (Initial value)
1: Enable the output

Pn5IE Enable the input of Pn5 pins.
0: Disable the input (Initial value)
1: Enable the input

Pn4PD Select whether the output type of the Pn4 pin should be P-channel open drain. Please refer
to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn40OD (initial value)
1: P-channel open drain output (Pn40D setting is disabled)
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Bit Bit symbol Description
No. name
6to4 Pn4MD2 to Select the shared function of Pn4 pins.
Pn4MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)

001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

3 Pn40OD Select the output type of Pn4 pins.
An LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

2 Pn4PU Enable the internal pull-up resistor of Pn4 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of Pn4PD, Pn40D, Pn40OE, and Pn4IE bits determine whether the contents of
the Pn4PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either

1 Pn40E Enable the output of Pn4 pins.
0: Disable the output (Initial value)
1: Enable the output

0 Pn4lE Enable the input of Pn4 pins.
0: Disable the input (Initial value)
1: Enable the input

[Note]

* Be sure to set PnMOD45 registers before setting EICONO, EIMODO and IE1 registers. If setting PnMOD45
register when the interrupt is enabled, unexpected interrupts may happen.

* Itis recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

* Don't set un-assigned shared functions on PnmMD3-0 bits.
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17.2.7 Port n Mode Register 67 (PnMODG67:n=0, 1)

PnMODG67 is a SFR to select the input/output mode, input/output status, and shared function of Pn6 pin and Pn7 pin.
See Table 17-2 “List of Registers / Bits” to check available pins and bits. Write “0” to the bits of PnMOD67 register that
have no corresponding pins.

Address: 0xF208(POMOD6/POMODG67), 0xF209(POMOD7), 0xF218(P1MOD6/P1MOD67), 0xF219(P1MOD?7)
Access: R/W
Access size:  8/16 bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word PnMODG67
Byte PnMOD7 PnMODG6
Bit |Pn7PD|” " MO MOPYMPIpn70|P7PUPn70E| Pr7iE |Prepp|”"OMP P eMPIPOMDlo 60D | Prepu Pr6OE| PréiE
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
,\IJBIt i Symlag) Description
o. name
15 Pn7PD Select whether the output type of the Pn7 pin should be P-channel open drain. Please refer
to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn70D (initial value)
1: P-channel open drain output (Pn70D setting is disabled)
14to 12 Pn7MD2 to Select the shared function of Pn7 pins.
Pn7MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)
001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function
11 Pn70D Select the output type of Pn7 pins.
A LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output
10 Pn7PU Enable the internal pull-up resistor of Pn7 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of Pn7PD, Pn70D, Pn70E, and Pn7IE bits determine whether the contents of
the Pn7PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Invalid (cannot be pulled up)
X: 0/1 can be either
9 Pn70E Enable the output of Pn7 pins.
0: Disable the output (Initial value)
1: Enable the output
8 Pn7IE Enable the input of Pn7 pins.
0: Disable the input (Initial value)
1: Enable the input
7 Pn6PD Select whether the output type of the Pn6 pin should be P-channel open drain. Please refer

to the data sheet of each product for the output current characteristics.
0: Output type is set to Pn60D (initial value)
1: P-channel open drain output (Pn60D setting is disabled)
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Bit Bit symbol Description
No. name
6to4 Pn6MD2 to Select the shared function of Pn6 pins.
Pn6MDO For the details of the shared function, see Table 1-3 "Pin List"
000: Primary function (Initial value)

001: 2nd function
010: 3rd function
011: 4th function
100: 5th function
101: 6th function
110: 7th function
111: 8th function

3 Pn6OD Select the output type of Pn6 pins.
A LED is directly drive-able by enlarging the current when the N-channel open drain output
mode is selected.
See the data sheet for details about the current drive ability.
0: CMOS output (Initial value)
1: N-channel open drain output

2 Pn6PU Enable the internal pull-up resistor of Pn6 pins.
0: Without a pull-up resistor (Initial value)
1: With a pull-up resistor
The settings of Pn6PD, Pn60OD, Pn60OE, and Pn6IE bits determine whether the contents of
the Pn6PU bits are reflected.
0X01: Valid (can be pulled up)
0111: Valid (can be pulled up)
Other than the above: Not invalid (cannot be pulled up)
X: 0/1 can be either

1 Pn60OE Enable the output of Pn6 pins.
0: Disable the output (Initial value)
1: Enable the output

0 Pn6IE Enable the input of Pn6 pins.
0: Disable the input (Initial value)
1: Enable the input

[Note]

* Be sure to set PnMODG67 registers before setting EICONO, EIMODO and IE1 registers. If setting PnMODG67
register when the interrupt is enabled, unexpected interrupts may happen.

* Itis recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

* Don't set un-assigned shared functions on PnmMD3-0 bits.
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17.2.8 Port n Pulse Mode Register (PnPMD:n=1, 2)

PnPMD is a SFR used when outputting a carrier frequency (pulse output) to the port n.
See Table 17-2 "List of Registers / Bits" to check available pins and bits. Write "0" to the bits of PnPMD register that
have no corresponding pin.

Address: 0xF21A(P1PMDL/P1PMD), 0xF21B(P1PMDH), 0xF22A(P2PMDL/P2PMD), 0xF22B(P2PMDH)
Access: R/W
Access size:  8/16 bit
Initial value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word PnPMD
Byte PnPMDH PnPMDL
Bit Pn7PL|Pn6PL |Pn5PL|Pn4PL|Pn3PL|Pn2PL|Pn1PL|PnOPL|Pn7PE|Pn6PE|Pn5PE|Pn4PE |Pn3PE|Pn2PE|Pn1PE|PnOPE
VL VL VL VL VL VL VL VL N N N N N N N N
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
,\IJBIt i Symlag) Description
o. name
15t08 Pn7PLVLto Select the condition of synchronizing level for outputting the carrier frequency to the pins.
PnOPLVL 0: Output the carrier frequency to the pins when the output level is "H" (initial value)
1: Output the carrier frequency to the pins when the output level is "L"
7t00 Pn7PEN to Enable or disable the pulse output of Pn7 to PnO.
PnOPEN These bits are valid when the Pn7 to Pn0 pins are configured as the output is enabled

(Pn70OE to PnOOE are "0").
0: Disable the pulse output (initial value)

1: Enable the pulse output

FEUL62Q2045
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PnPSL is a SFR used to select the timer for generating the carrier frequency to the port n.
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See Table 17-2 "List of Registers / Bits" to check available pins and bits. Write "0" to the bits of PnPSL register that have

no corresponding pin.

Address:
Accress: R/W

Access size: 8/16 bit
Initial value: 0x0000

0xF21C(P1PSLL/P1PSL), 0xF21D(P1PSLH), 0xF22C(P2PSLL/P2PSL), 0xF22D(P2PSLH)

15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
Word PnPSL
Byte PnPSLH PnPSLL
Bit i i i i i i _ |Pn7PS|Pn6PS|Pn5PS |Pn4PS|Pn3PS|Pn2PS|Pn1PS|PnOPS
L L L L L L L L
R/W R R R R RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit Bit symbol Description
No. name
15t08 - Reserved bits

7t00 PnmPSL

Select the timer for generating the carrier frequency to the port nm.
These bits are valid when the Pnm pins are configured as the output is enabled (PnmOE bits

are "0").
n: port No.: 1,2
m: bitNo.:0to 7

0: Operational timer 0 output (OTOOA) (Initial value)

1:

Operational timer 1 output (OTO1A)
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17.3 Description of Operation

The following shows description of port functions, where "n" is port number 0 to 2, and "m" is bit number 0 to 7.

17.3.1 Input

Each pin of port n sets PnmlIE bit of PnMODm register to enter the state where input is enabled.

In the state with input enabled, the pin level can be read using PnDI. In addition, pull-up can be enabled by setting
PnmPU bit of PaMODm register.

At a system reset, input disabled and no pull-up are selected as the initial status of pins except for the P00. As one of the
P00, input, input enabled and pull-up are selected.

17.3.2 Output

Each pin of port n sets PnmOD bit of PaMODm register to select the output type of CMOS output or N-channel open
drain or P-channel open drain and sets PnmOE bit of PnMODm register to enter the state where output is enabled.

In the state with output enabled, "L" or "H" level is output to each pin of the general-purpose port according to the value
set in PnDO.

At a system reset, output disabled and CMOS output are selected as the initial status.

n: Port number 0 to 9, A, B

m: Bit number 0 to 7

17.3.3 Primary Functions Other than Input/Output Function

External input (EXI0 to EXI3) can be used as the primary function other than the input/output function.
When using EXI0 to EXI3 as external interrupt input and the clock inputs of the 16-bit timer or trigger/clock input of the
operational timer, set PnMODm register of the applicable port to input enabled (PnmIE bit="1").

See Chapter 18 "External Interrupt Control" for external interrupts, Chapter 8 "16-Bit Timer" for clock input of the 16-bit

timer, and Chapter 9 "Operational Timer" for external trigger/clock input of the Operational timer.

17.3.4 Shared Function

Each pin of port n can use 2nd to 8th functions as the shared function.
Set PnmMD?2 to PnmMDO bits of PnMODm register to select each of the 2nd to 8th functions.
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17.3.5 Carrier Frequency Output
17.3.5.1 Carrier Frequency Output Operation

A carrier frequency signal can be output from port n by setting PnPMD Register. See Table 17-2 "List of Registers/Bits"
for pins supporting the carrier frequency output function. For the carrier frequency output, either of operational timer 0
output (OTOOA) or operational timer 1 output(OTO1A) can be used through setting PnPSL register.

See Chapter 9 "Operational Timer" for functional timer 0, 1 .

Figures 17-2 and 17-3 show an example of use of the carrier frequency output function.

UART output ;TXDO [ 1 ]

P13 pin | |' nnnnnm

Figure 17-2 Example of Carrier Frequency Output When P13 Pin is Assigned to UART Output Pin
(P13PEN bit ="1", P13PLVL bit= "0" of P1PMD register)

otooa I[N T TUU U ITUU
UART output; TXDO | I o IS S S S B

P13 pin | U TUUIUL:

Figure 17-3 Example of Carrier Frequency Output When P13 Pin is Assigned to UART Output Pin
(P13PEN bit ="1", P13PLVL bit= “1” of P1PMD register)

17.3.5.2 Carrier Frequency Output Function Setting Procedure

Figure 17-4 shows an example of the carrier frequency output function setting procedure (with P13 pin used, TXDO
shared function, operational timer 0 output (OTOOA) used as a timer, carrier frequency output at "L" level).

Setting start

}

Port mode setting

Set output enabled, output type, 3rd function with the mode
register (P1MOD3 register)
l P1MOD3 = “0x22”

Set timer used for outputting carrier frequency using the

Setting for imerused | pq3pg) bit of the P1PSL register

l P13PSL = “0”
Start carrier frequency Set output function enabled using the P13PEN bit of the
output function P1PMD register and output determination level using the
P13PLVL bit
P13PLVL = “1”
Y P13PEN =“1"
End

Figure 17-4 Example of Carrier Frequency Output Function Setting Procedure
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17.3.6 Port Output Level Test

The level specified in PnDO can be read from PnDI by setting PnmOE bit of PAMODm register to "1" and PnmlE bit to
"1". Use of this function allows confirmation that the level set in PnDO is being normally output to the port.

17.3.7 Port Setting Example

Figure 17-5 shows an example for setting port registers to output 0x55 to a port 1. It is also available to set output level
before outputting.

Start

A 4

. Set output data of P17-P10.
Output data setting P1DO = “0x55”

A 4

Set P07-P00 to the primary function, CMOS output, Output
enabled.
P1MODO01 = “0x0202”
P1MOD23 = “0x0202”
, Y P1MOD45 = “0x0202”
End P1MOD67 = “0x0202”

Port mode setting

Figure 17-6 Setting example to output data to port 2

17.3.8 Notes for using POO/TESTO pin

POO/TESTO pin is used for the general port, the on-chip debug function or ISP function.
When using the on-chip debug function or ISP function, POO/TESTO is unavailable to use as the general purpose port.
When using the general port, POO/TESTO is unavailable to use for the on-chip debug function or ISP function.
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18. External Interrupt Function

18.1 General Description

The external interrupt function generates interrupts by signals input to the general ports.
The interrupt channel has each dedicated interrupt vector. See Chapter 5 "Interrupt” for details of the interrupt vector.

18.1.1 Features

e  Maskable 8 interrupts
e  Each interrupt is assigned from max. 3 pins

e  Selectable interrupt modes: interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode or
both-edge interrupt mode

e  Selectable "with sampling" or "without sampling" for the input signal (the sampling clock is LSCLKO0 or HSCLK)

18.1.2 Configuration

Figure 18-1 shows the configuration of the external interrupt function (EXIO to EXI3)

©—— EXI0 —> EXIOINT
E— EXI1 ——> EXIMINT
Port | EXI2 > EXI2INT
Sampling Interrupt [——> EXI3INT
selector | EXI3 Controller Controller
EIPSELO
©——
(@ —
EXTRGO
EXTRG1
EXTRG2
EXTRG3
HSCLK Sampling

LSCLKO  ———> G10ck Control

EICONO
EIMODO

¢

Data bus

EICONO: External interrupt control register 0
EIMODO: External interrupt mode register 0
EIPSELO: External interrupt port select register 0

Figure 18-1 Configuration of External Interrupt Function
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18.1.3 List of Pins

The external interrupt is assigned to the primary function of the general port.

Pin name 110 Function
EXIO | External interrupt input O
EXI1 | External interrupt input 1
EXI2 | External interrupt input 2
EXI3 | External interrupt input 3

Table 18-1 shows the list of the general ports used for the external interrupt and the register settings of the ports.

Table 18-1 Ports used for the external interrupt and the register settings

o Available
. ettin .
Pin name Shared port registtgr Setting Value 20 pin 24 pin
product product
Po3 | PMay | povopa | 0000_0x01*1 . .
EXI0 function —
P17 | P"MaY | piMoD7 | 0000_0X01*1 . .
function —
po4 | P"MaY | poMmoD4 | 0000 0X01*1 . .
EXI1 function
pos | P'MaY 1 povoDs | 0000 0001*1 . .
function
pos | P"MaY | pomoDes | 0000 0X01*1 . .
EXI2 function
P13 | PMaY | bipMoD3 | 0000 0X01*1 . .
function
P00 fp”m".’"y POMODO | 0000_0X01*1 . .
EXI3 ur.1ct|on
P10 | P"MaY 1 piMoDO | 0000 0X01*1 . .
function
e:Avilable -:Not avilable
*1: "X" determines the condition of the port input
X Condition of port input
0 Input (without an internal pull-up resistor)
1 Input (with an internal pull-up resistor)
18.2 Description of Registers
18.2.1 List of Registers
Symbol iti
Address Name y R/W Size il
Byte Word Value
0xF044 EICONOL R/W 8/16 0x00
External interrupt control register 0 EICONO
0xF045 EICONOH R/W 8 0x00
0xF046 Reserved - - - - -
0xF047 Reserved - - - - -
0xF048 EIMODOL R/W 8/16 0x00
External interrupt mode register 0 EIMODO
0xF049 EIMODOH R/W 8 0x00
OxFO4A Reserved - - - - -
0xF04B Reserved - - - - -
0xF04C EIPSELOL R/W 8/16 0x00
External interrupt port selection register 0 EIPSELO
0xF04D EIPSELOH R/W 8 0x00
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18.2.2 External Interrupt Control Register 0 (EICONO)

EICONQO is a SFR to select the detection edge of the external interrupt input (EXIO to EXI3).
Detecting the edge can generate the external interrupt (EXIOINT to EXI3INT).

Address : 0xF044(EICONOL/EICONOQ), 0xF045(EICONOH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word EICONO
Byte EICONOH EICONOL
Bt { - | - | - | - [psEt|piE1][PrEt|PioEr] - | - | - | - [Pi3Eo|Pi2E0]PitE0]PIOED
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
15t08 PI3E1 to Select the detection edge of the external interrupt (EXIO to EXI7).
PIOE1
00 : Interrupt disabled (Initial value)
01 : Falling-edge interrupt
10 : Rising-edge interrupt
11 : Both-edge interrupt
The relation of the bit number and the target external interrupt:
Bit 11,3 (PI3E1, PI3EQ) : EXI3INT Interrupt
7to0 PI3EO to Bit 10,2 (PI2E1, PI2EQ) : EXI2INT Interrupt

(
PIOEO Bit 9, 1 (PIME1, PIMEO) : EXIINT Interrupt
Bit 8, 0 (PIOE1, PIOEO) : EXIOINT Interrupt
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18.2.3 External Interrupt Mode Register 0 (EIMODO)

EIMODO is a SFR to select the sampling clock and with/without sampling for the external interrupt (EXI0 to EXI3).
Only one sampling clock can be chosen and it is shared for all the interrupt EXIO to EXI3.

Address : 0xF048(EIMODOL/EIMODO), 0xF049(EIMODOH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word EIMODO
Byte EIMODOH EIMODOL
. PGODI|PGODI PGOCS
Bit - - V1 VO - 0 - - - - - - PI3SM [PI12SM |PI1SM|PIOSM
R/W R R RW  R/W R R/W R R R R R R RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. i Symlag) Description
name
15t0 14 - Reserved bits
13to 12 PGODIV1 to Select frequency dividing ratio for the sampling clock in the EXIO to EXI3.
PGODIVO 00: No dividing (Initial value)
01:1/2 of the sampling clock source
10: 1/4 of the sampling clock source
11: 1/8 of the sampling clock source
11 - Reserved bits
10 PGOCSO Select the sampling clock source in the EXIO to EXI3.
0: LSCLKO (Initial value)
1: HSCLK
9to 4 - Reserved bits
3to0 PI3SM to Select whether the input signals of EXIO to EXI3 are detected with the sampling clock.
PIOSM 0: Detected without the sampling clock (Initial value)
1: Detected with the sampling clock except in STOP/STOP-D mode
The relation of the bit number and the target external interrupt:
Bit 3 (PI3SM) : EXI3INT Interrupt
Bit 2 (PI2SM) : EXI2INT Interrupt
Bit 1 (PI1SM) : EXIMINT Interrupt
Bit 0 (PIOSM) : EXIOINT Interrupt
[Note]

* If high-speed clock is selected as sampling clock source, it works without sampling when the high-speed
clock does not supply; it includes stop by entry to standby mode. Set to LSCLKO as sampling clock if
needed.

* In the STOP mode, it works without sampling.
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18.2.4 External Interrupt Port Selection Register 0 (EIPSELO)
EIPSELO is a SFR to select a port assigned to EXI0 to EXI3.

Address : 0xFO4C(EIPSELOL/EIPSELO), 0xFO4D(EIPSELOH),
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

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

Word EIPSELO

Byte EIPSELOH EIPSELOL

Bit { - | - [ -] -] - -] -] -] - [meeso] - [Erepsq - [enpso| - [Etopso
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Bit No. Sl eymise] Description

name

15-0 EInPSO Select a port assigned to EXIO to EXI3. See Table 18-2 for detail.

0: Selection 0 (Initial value)
1: Selection 1

Table 18-2 assignment port to each EXI

EInPSO EXI3 EXI2 EXI1 EXIO
0 P10 P06 P05 P03
1 P00 P13 P04 P17
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18.3 Description of Operation
18.3.1 Interrupt Request Timing

Figure 18-2 shows the interrupt generation timing without sampling (when the rising-edge/falling-edge/both-edge

interrupt mode is chosen). Figure 18-3 shows the interrupt generation timing with sampling (when the rising-edge
interrupt mode is chosen).

Table 18-3 shows the difference between the external interrupt generation timings with or without sampling after
detection of the edge.

Table 18-3 EXIOINT to EXI11INT Generation After Detection of Edge of EXIO to EXI3
Sampling Generation timing

No Generated in synchronization with SYSCLK

Generated in synchronization with SYSCLK, when no transition for three periods

Yes with sampling clock after detecting edge.
SYSCLK |
EXIO to EXI3 «
)
EXIOINT to EXI7INT
()()
Interrupt request )S

(a) When falling-edge interrupt mode is chosen

SYSCLK p M
EXIO to EXI3 . |
i

EXIOINT to EXI3INT |

(«
n

Interrupt request «

)

(b) When rising-edge interrupt mode is chosen

S e s e s O o O
EXIOto EXI3 | « |

)

EXIOINT to EXISINT « |

N

Interrupt request 9

(c) When both-edge interrupt mode is chosen

Figure 18-2 External Interrupt Generation Timing (without Sampling)

Sampling clock ] | | LT

S A O O O
EXIO to EXI3

Coincidence determined
3 times

EXIOINT to EXISINT |

Interrupt request

Figure 18-3 External Interrupt Generation Timing (with Sampling, with Rising-edge Interrupt Mode Chosen)
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18.3.2 External Trigger Signal

Pins assigned with external interrupt can be used as external trigger signals (EXTRGO to EXTRG3) for the 16-bit timer
and function timer.
In addition, the sampling function contained in the external interrupt function can be used.

Figure 18-4 shows the external trigger signal timing.

EXIO to EXI3

EXTRGO to EXTRG3

(
N

(a) Without sampling

Sampling clock /[‘ | /|\ | | | | /[\ |

EXIO to EXI3

EXTRGO to EXTRG3

(b) With sampling

Figure 18-4 Operational Timer Trigger Signal
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18.3.3 External Interrupt Setting Flow

Figure 18-5 shows the external interrupt setting flow.

Setting
start
Set High-speed clock. Required if using HSCLK for the sampling clock.

t ports to the input mode in PnMOD isters.
Set Port Mode registers (Sxiz%ﬁ 823045923%“ modein Fn xxregisters

Set Port Selection

Set detection edge

Set the sampling

Enable the external interrupt in IEO1 register.

Enab!etthe e)t<ternal Execute El instruction to set the master interrupt enable flag (MIE) to
interrupt. "

Set a pin assigned for the external interrupt in EIPSELO register.

Set the detection edge for the external interrupt in EICONO register.

Set the dividing ratio for the sampling clock and enable/disable the sampling.

<4—— Interrupt occurrence

Execute the interrupt routine.

Interrupt handling

S

Figure 18-5 External Interrupt Setting Flow
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20. Analog Comparator

20.1 General Description

The Analog Comparator enables to use following functions.
Compare voltages input to the two pins

Compare a voltage input to the one pin with the internal reference voltage (CMP internal reference voltage
(0.8V)/DACOOUT/DACIOUT).

Table 20-1 shows the number of channels.
Table 20-2 shows available internal reference voltage for each channel.

FEUL62Q2045

ML62Q2033/2035/2043/2045 User's Manual

Table 20-1 Number of Analog Comparator channels

Available/Unavailable

number of
channels(n)| 20 pin 24 pin
product product
0 ° °
1 ° °
2 ° °
e: Available -: Not available

Table 20-2 Available internally generated voltages for each channel

number of | I ERRE s coouT|pACioUT
channels(n) voltage(0.8V)
0 - * hd
1 . . hd
2 . - °
e: Available -: Not available

Chapter 20 Analog Comparator
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Chapter 20 Analog Comparator

Features

Comparable with external 2 voltage inputs.
Comparable with external voltage input and internal reference voltage (CMP internal reference voltage
(0.8V)/DACOOUT/DACIOUT).
Three types of interrupt timing generated by the voltage comparison are available.
- Rising edge of the comparison result
- Falling edge of the comparison result
- Rising edge and Falling edge of the comparison result
The sampling with a clock is optional for the comparison result
- HSCLK
- LSCLK
- 1/2 HSCLK to 1/ 8 HSCLK
- 1/2 LSCLK to 1/ 8 HSCLK
The analog comparator result output can be used as a trigger event source for operational timers and as a force stop
trigger source.
Same shared pin can be assigned to up to two different input channels of the analog comparator at the same time.
Same shared pin can be assigned to the Analog comparator input and the AD converter input (AINn).
Configurable the hysteresis Enable/disable setting of the analog comparator..

FEUL62Q2045 20-2
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20.1.2 Configuration

Figure 20-1 shows the configuration of the analog comparator. (n=0 to 2)

CMPnP pin ©
CMPnM pin ©

CMPnVREF

0.8v
DAC1
DACO

Analog

Output

Sampling
Control

ML62Q2033/2035/2043/2045 User's Manual
Chapter 20 Analog Comparator

CMPNnTRG

i

CMPNnD

Interrupt
Comr F—> CMPnINT

HSCLK
LSCLK

Frequency
Division
Circuit

CMPnMOD

| cMPRCON |

/

N

N

N

Data bus

CMPNnCON : Comparator n control register
CMPnMOD : Comparator n mode register
CMPnD : Analog Comparator n result
CMPnNINT : Analog Comparator n Interrupt

CMPNnVREF : Reference voltage select setting

CMPNnTRG : Analog Comparator n output

FEUL62Q2045

Figure 20-1

Configuration of Analog Comparator
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20.1.3 List of Pins

The 1/0O pins of the Analog Comparator are assigned to the shared function of the general ports.

ML62Q2033/2035/2043/2045 User's Manual
Chapter 20 Analog Comparator

Pin name I/0 Function
CMPNP | Analog comparator n non-inverting input
CMPnM | Analog comparator n inverting input

Table 20-3 shows the list of the general ports used for the Analog Comparator and the register settings of the ports.

Table 20-3 Ports used in the Analog Comparator and the register settings

(n=0to 2)

Pin name Sett Sett Available
etting etting - .
cMPo | cMmP1 | cmP2 | ADC Shared port register | Values | 20Pin | 24pin
product | product
) ) _ 5th function/ 0x40/ o o
CMPOP P01 8th function | PoMOD1 0x70
CMP1P - - 7th function 0x60 ° °
- - - 5th function 0x40 ° °
- CMP1P - AINO P14 |8th function | P1MOD4 0x70 ° °
- CMP2P - 7th function 0x60 ° °
5th function/ 0x40/
- - CMP2pP 3 - P11  |7th function/ | P1MOD1 0x60 ° °
8th function 0x70
) ) ) 5th function/ 0x40/ o o
CMPOM P02 |8th function | POoMOD2 0x70
CMP1M - - 7th function 0x60 ° °
- - - 5th function 0x40 ° °
- CMP1M 2 - AIN1 P15 |8th function | P1IMOD5 0x70 ° °
- CMP2M - 7th function 0x60 ° °
- - * - 7th function Ox40/ ° °
CMP2M ™ P16 P1MOD6 0x60
- - AIN2 8th function 0x70 ° °
e: Available -: Not available
[Note]

registers to set the general port to Hi-impedance, otherwise a shoot-through current may flow.
¢ Aninfluence of the noise is reducible by preventing the switching of neighboring pins when the
comparator enables.

FEUL62Q2045

*1: If P01 is set to a 7th function, P14 cannot be used as CMP1P. (The setting will be disenabled)
*2: If P02 is set to a 7th function, P15 cannot be used as CMP1M. (The setting will be disenabled)
*3: If P14 is set to a 7th function, P11 cannot be used as CMP2P. (The setting will be disenabled)
*4: If P15 is set to a 7th function, P16 cannot be used as CMP2M. (The setting will be disenabled)

When using the analog comparator, write "0" to the target PnmIE bit and PnmOE bit of port n mode

20-4
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20.2 Description of Registers

20.2.1 List of Registers

ML62Q2033/2035/2043/2045 User's Manual
Chapter 20 Analog Comparator

Symbol iti

Address Name 4 R/W Size Initial

Byte Word value

0xF880 . CMPCONL R/W | 8/16 0x00
Comparator control register CMPCON

0xF881 CMPCONH R/W 8 0x00

0xF882 . CMPOMODL R/W | 8/16 0x00
Comparator 0 mode register CMPOMOD

0xF883 CMPOMODH R/W 8 0x00

0xF884 CMP1MODL R/W | 8/16 0x00
Comparator 1 mode register CMP1MOD

0xF885 CMP1MODH R/W 8 0x00

0xF886 CMP2MODL R/W | 8/16 0x00
Comparator 2 mode register CMP2MOD

0xF887 CMP2MODH R/W 8 0x00

0xF888 Comparator status register CMPSTA R 8 0x00

0xF889 Reserved register - ) R 8 0x00

FEUL62Q2045
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20.2.2 Comparator Control Register (CMPCON)
CMPnCON is a SFR to control the analog comparator.

Address: 0xF880(CMPCONL/CMPCON), 0xF881(CMPCONH)
Access: R/W
Access size: 8bit/16 bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word CMPCON
Byte CMPCONH CMPCONL
Bit i i i i _ |CMP2|CMP1|CMPO| i i i _ | CMP2|CMP1|CMPO
D D D EN EN EN
R/W R R R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Varue
Bit Bit symbol Seserii
No. name
15t0 11 - Reserved bits
10 CMP2D Indicate the comparison result of the analog comparator 2.
Indicate "0" when the analog comparator 2 is stopped.
0: CMP2P < CMP2M or internal reference voltage (initial value)
1: CMP2P > CMP2M or internal reference voltage
9 CMP1D Indicate the comparison result of the analog comparator 1.
Indicate "0" when the analog comparator 1 is stopped.
0: CMP1P < CMP1M or internal reference voltage (initial value)
1: CMP1P > CMP1M or internal reference voltage
8 CMPOD Indicate the comparison result of the analog comparator 0.
Indicate "0" when the analog comparator 0 is stopped.
0: CMPOP < CMPOM or internal reference voltage (initial value)
1: CMPOP > CMPOM or internal reference voltage
7t03 - Reserved bits
2 CMP2EN Control enable or disable the operation of the comparator 2.
0: Disables operating the comparator 2 (initial value)
1: Enables operating the comparator 2
1 CMP1EN Control enable or disable the operation of the comparator 1.
0: Disables operating the comparator 1 (initial value)
1: Enables operating the comparator 1
0 CMPOEN Control enable or disable the operation of the comparator 0.
0: Disables operating the comparator O (initial value)
1: Enables operating the comparator 0
[Note]
*  When using the analog comparator, write "0" to the target PnmlE bit and PnmOE bit of port n mode

registers ()n=0 to 2, m=0 to 7) to set the general port to Hi-impedance, otherwise a shoot-through current

may flow.

* Aninfluence of the noise is reducible by preventing the switching of neighboring pins when the

comparator enables.

* After CMPnEN bit is set to "1", it takes 100us to stabilize the operation of the analog comparator.

FEUL62Q2045
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20.2.3 Comparator n Mode Register (CMPnMOD: n=0,1,2)
CMPnMOD is a SFR to set the operation mode of the analog comparator.

Address: 0xF882(CMPOMODL/CMPOMOD), 0xF883(CMPOMODH),
0xF884(CMP1MODL/CMP1MOD), 0xF885(CMP1MODH),
0xF886(CMP2MODL/CMP2MOD), 0xF887(CMP2MODH),

Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Word CMPnMOD
Byte CMPnMODH CMPRMODL

. | . [ompa|SMBRISMERl |cMPn|CMPR| | |CMPn|CMPn|CMPn|CMPn | CMPn | CMPn
Bit HYSEN OYAS | O VREF1|VREFO DIV1 [ DIVO | CS1 | CSO | E1 | EO

R/W R R R/W
Initial 0 0 0
Varue

RW  R/W R R/W  R/W R R RW RW RW RW RW RW
0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Bit symbol
No. name

Description

15, 14 -

Reserved bits

13 CMPnHYSEN

Control enable or disable the operation of the hysteresis
0: Hysteresis disabled (initial value)
1: Hysteresis enabled

12 CMPnOMASK

When the analog comparator input is shared with the A/D converter input by setting 8th
function as shown in Table1-3 Pin list, the output result of the analog comparator may fluctuate
due to the influence of sampling in the AD conversion.
By enabling this bit, the output of the analog comparator can be masked only while the A/D
conversion.
The output of the analog comparator is fixed to 0 or 1 by CMPnOMASKY bit when the mask
setting is enabled.
This masking function is enabled when 8th function is selected. It is disabled when other pin
functions are selected.

0: Comparator output mask disabled (Initial value)

1: Comparator output mask enabled

11 CMPNnOMASKV

Fixes the comparator output when CMPnOMASK bit enables the mask setting of the
comparator output.

0: Fix the comparator output at "0" during the mask

1: Fix the comparator output at "1" during the mask

10 -

Reserved bit

FEUL62Q2045
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Bit Bit symbol
No. name
9,8 CMPNnVREF1, Select the inverting input of the analog comparator.CHO
CMPNnVREFO 00: Voltage input from the CMPnM pin (initial value)
01: Do not use(CMPnM)
10: DACOOUT
11: DAC10UT
CH1
00: Voltage input from the CMPnM pin (initial value)
01: CMP Internal reference voltage(0.8V)
10: DACOOUT
11: DAC10UT
CH2
00: Voltage input from the CMPnM pin (initial value)
01: CMP Internal reference voltage (0.8V)10: Disable setting(DAC10UT)
11: DAC10UT

7,6 - Reserved bits
54 CMPNDIV1, Select frequency dividing ratio for the sampling clock in the analog comparator.
CMPNDIVO 00: No dividing (Initial value)
01: 1/2 of the sampling clock source
10: 1/4 of the sampling clock source
11: 1/8 of the sampling clock source

Description

3,2 CMPNCS1, Select the sampling clock source in the analog comparator.
CMPNCSO0 00: No sampling (Initial value)
01: Sampling with HSCLK
10: Sampling with LSCLKO
11: Do not use (No sampling)

1,0 CMPRNE1, Select the timing of interrupt request generation.
CMPNEO 00: Disable the interrupt request generation (initial value)
01: Falling-Edge
10: Rising-Edge
11: Both-Edge

[Note]

* In the STOP mode, the sampling clock stops and the VLS works without sampling regardless the setting
in CMPnCS1 bit and CMPnCSO0 bit. When selecting "with sampling" and entering those mode, there is a
time period" in which interrupts gets disabled.

" Time period to entering the STOP/STOP-D mode: Max.30us. When returning from those modes, the
interrupts are disabled until the sampling clock starts being supplied. The delay time depends on the
configuration of clock and registers. See Table 4-5 "Wake-up Time from Standby Mode" in the Chapter 4
"Power Management".

. When the HSCLK is selected for the sampling clock and the high-speed clock is not oscillating, the
sampling circuit does not work. When using analog comparator in this case, select “No sampling” or
“Sampling with LSCLKO0” for sampling condition. For how to enable the high-speed clock oscillation, see
Chapter 6 "Clock Generation Circuit".

*  Write CMPnMOD register when the Analog comparator stops (CMPnEN bit of CMPCON register is "0"),
The analog comparator output is not guaranteed CMPnMOD register is changed while the analog
comparator is activated.

¢ When the CMPNnOMASK bit is set to "1", set to interrupt inhibition at CMPnE1/CMPnNEQ bit. If interrupts
are enabled, interrupts may occur unintentionally during mask processing at the start of A/D
conversion.

*  When the output of the D/A converter is selected as CMPnM pin and the DAC internal reference voltage
(0.8V) is selected as the reference voltage of the D/A converter (DACMODE.DAMDn bit = "1"), enable
sampling function of the analog comparator.

20.2.4 Comparator Status Register(CMPSTA)
CMPSTA is a SFR to indicate the status of the analog comparator.

FEUL62Q2045 20-8
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Adress: 0xF888(CMPSTA)
Access: R
Access size: 8 bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - CMPSTA
Bi ) ) ) ) ) _ ) _ ) B ) ) ) CMP2 | CMP1 | CMPO
it STA | STA | sTA
R/W R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Varue
Bit Bit symbol
Y Description
No. name
7~3 - Reserved bits
2 CMP2STA Indicate the operation history of analog comparator 2.
After the analog comparator 2 is allowed to operate, the output of the analog comparator 2
changes to "1". It is cleared to "0" on the CMPSTA read.
0: No output change of analog comparator 2 (initial value)
1:  Output change of analog comparator 2
1 CMP1STA Indicate the operation history of analog comparator 1.
After the analog comparator 1 is allowed to operate, the output of the analog comparator 1
changes to "1". It is cleared to "0" on the CMPSTA read.
0: No output change of analog comparator 1 (initial value)
1:  Output change of analog comparator 1
0 CMPOSTA Indicate the operation history of analog comparator 0.
After the analog comparator 0 is allowed to operate, the output of the analog comparator 0
changes to "1". It is cleared to "0" on the CMPSTA read.
0: No output change of analog comparator 0 (initial value)
1:  Output change of analog comparator 0
[Note]

*  After the analog comparator is started, CMPnSTA bit may be set to "1" until the operation stabilizes.
After the operation is stable, read CMPnSTA register once and initialize the value.

FEUL62Q2045
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20.3 Description of Operation
20.3.1 Analog Comparator Operation

Figure 20-2 shows an analog comparator operation overview.

| Stlart |

Set
CMPNnMOD Register
|

Set Enable analog comparator operation.

CMPCON Register

Setting the operating state of the analog comparator

After a lapse of the analog comparator stabilization time (100us
or more),read the CMPnD bit.
. CMPnD="0": CMPnP pin input voltage is lower
See the COfl?Pa”SO” CMPND="1": CMPnP pin input voltage is higher
results

S

Figure 20-2 Analog Comparator Operation Overview

Figure 20-3 shows an example of the analog comparator operation timing.

Interrupt Enable

CMPnNEN set CMPnDread  CMPnEN reset
Operation l l l
(1) (2) ©) (4) ®) (6)

CMPNEN

CMPnP &r
CMPnM
CMPND

Comeparator Comparison result retained

stabilization time (7)

(100 s or more)

Figure 20-3 Example of Analog Comparator Operation Timing

Operation shown in Figure 20-3 above is described below.
(1) To operate the analog comparator, first set the following configuration:
—  Set the general-purpose port used for the analog comparator to high-impedance that both input and output
is disabled, by writing "0" to PnmIE bit and PnmOE bit (m: bit number 0 to 7).
Also, set the shared function of GPIO to the 5th, 7th, or 8th.
—  Ifusing the HSCLK for the sampling clock, write "1" to the ENOSC bit of the frequency control register
(FCON).
(2) Select the interrupt mode, sampling conditions, reference voltage, and hysteresis setting using the CMPnMOD
register.
(3) Write "1" to the CMPnEN bit to enable the analog comparator operation.
(4) Wait for the stabilization time (100 us or more) of the analog comparator.

FEUL62Q2045 20-10
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(5) Read the comparison result from CMPnD bit. If using interrupt, write "1" to the ECMPn bit of the interrupt
enable register 45 (IE45), after clearing QCMPn bit of the interrupt request register 45 (IRQ45).
(6) Write "0" to CMPnEN bit to prohibit the operation of the analog comparator.

20.3.2 Interrupt Request

If the interrupt edge is selected in the CMPnEO and CMPnE1 bits of the CMPnMOD register is detected, the analog
comparator n interrupt (CMPnINT) is generated.

Figure 20-4 shows the interrupt generation timing without sampling (when the falling-edge/rising-edge/both-edge
interrupt mode is selected).

Figure 20-5 shows the interrupt generation timing with sampling (when the rising-edge interrupt mode is selected).
Figure 20-6 shows the interrupt generation timing in the STOP mode.

Comparator Output

I
N

CMPND ;
)

Interrupt CMPnINT «

)]

(a) When falling-edge interrupt mode is selected

Comparator Output

I(¢
1)

CMPND IQ
)

Interrupt CMPnINT «

)
(b) When rising-edge interrupt mode is selected

Comparator Output ’ «
)

CMPnD i«

)
Interrupt CMPnINT «
N

(c) When both-edge interrupt mode is selected

Figure 20-4 Analog Comparator Interrupt Generation Timing (without Sampling)
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Sampling clock | | | ] [ | | |

Comparator Output

CMPnD

Interrupt CMPnINT

Figure 20-5 Analog Comparator Interrupt Generation Timing
(with Sampling, When Rising-edge Interrupt Mode is selected)

STOP mode

Comparator Output «
CMPND u

Interrupt CMPnINT |_| «

v

Figure 20-6 Analog Comparator Interrupt Generation Timing in STOP Mode
(When Falling-edge Interrupt Mode is selected)

20.3.3 Operation when sharing AINn pin and pin

By setting P14 to 8th function, the AINO pin and the CMP1P pin can be set to a shared pin.

By setting P15 to 8th function, the AIN1 pin and the CMP1M pin can be set to be a shared pin.

By setting P16 to 8th function, the AIN2 pin and the CMP2M pin can be set to a shared pin.

When the AINn and CMPnP/M pins are in the shared pin state, the analog comparator may respond unintentionally due
to voltage fluctuations on the pins when A/D conversion is performed. To prevent unintended output of the analog
comparator during A/D conversion, use the CMPnOMASK and CMPnMASKYV bits of the CMPnMOD register to mask
the output of the analog comparator during A/D conversion.

Figure 20-7-1 shows the operation waveform when AINO and CMP1P are used in the shared pin state, and the output of
CMP1 is fixed to "H" during A/D conversion by the CMP1MOD register

Sampling period
A/D conversion < »

CMP1P/AINO(P14)
CMP1M

Analog Comparator Output

CMP1TRG/CMP1INT

A
\ 4

Mask period

Figure 20-7-1 When sharing AINO and CMP1P
P Solid line is masked output waveform, dashed line is non-masked output waveform.
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Figure 20-7-2 shows the operation waveforms when A/D conversion starts as soon as the analog comparator output goes
“L”. As shown in the figure, if the analog comparator output before A/D conversion and the output after the analog
comparator mask set by the CMPnMASKYV bit in the CMPnMOD register are different, the comparator output may
propagate as an extremely short pulse waveform. If a pulse waveform is generated, the analog comparator output may
not be correctly transmitted inside the LSI.

Sampling priod

»
>

A/D conversion

A

CMP1P/AINO(P14)—|
CMP1M — |

Analog Comparator Output

A
)\ 4

Mask priod
Figure 20-7-2 When sharing AINO and CMP1P

20.3.4 To output the analog comparator result from GPIO

Figure 20-8 shows the setting for outputting the output of the analog comparator from the pin.

CMPnMOD : Specify the analog comparator settings in the

Analog comparator setting CMPNnMOD register.
+ CMPnHYSEN : Enable/disable hysteresis

| + CMPnVREF1~0 : Setting comparator reference voltage
Enable analog comparator CMPCON : Select the analog comparator in the CMPCON register.
operation X After starting, please make waiting time for stable operation.

Set the operational timer n to the following
, . . + OTnMOD : Set OTnMDO bit to "0"
Operational timer setting Set OTnSTPOP/OTNSTPON bit to "1"
Set all other bits to initial value
+ OTnOCON : Select the analog comparator to output in the OTnOCON
register.
+ OTCOOCON/OTC10CON : Set the OTnOCON setting to enabled
[ End ] SFR other than the above is set to the initial value.

Figure 20-8 Setting to output analog comparator results from GPIO
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211

D/A Converter

General Description

ML62Q2033/2035/2043/2045 Series User's Manual

D/A Converter

This LSI have one channel 8-bit resolution D/A converter that converts digital input signals to analog signals.

The number of D/A converter channels is dependent of the product specification.

Table 21-1 shows the number of channels.

Table 21-1 Number of D/A converter channels

Channel Available
no. 20pin 24pin
product product
0 ° .
1 ° .
e: Available -: Not available

.1 Features

Number of channels : 2 channels

8-bit resolution

R-2R ladder method

Reference voltage (VDACREF0/VDACREF1) is selectable from Vpp or internal reference voltage (0.8V).
Analog output (DACOOUT)

—  Output voltage : Vpacrern X (Setting value in SFR)/256 (n=0,1)

—  Output impedance : 10kQ(Typ.)

21.1.2 Configuration

FEUL62Q2045

Figure 21-1 shows the configuration of the D/A converter.

D/A converter n

i DACnOUT Z
; R-2R I -
5 Ladder :
E A A H
5 DAENn DACNMOD 5
| DACnCODE DACCON || DACMODE '
i A A 7y :
A2 - - Data bus !

DACCON : D/A converter control register
DACNnCODE : D/A converter n code register
DACMODE : D/A converter mode register

*DACOOUT is connected to the output pin and the input of the analog comparator.
DAC10UT is connected only to the input of the analog comparator.

Figure 21-1  Configuration of D/A Converter Circuit
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21.1.3 List of Pins

The 1/0 pin (DACOOUT) of the D/A converter O is assigned to the shared function of the general port.
The output pin (DAC1OUT) of the D/A converter 1 can only be used as an input of the analog comparator.

Pin name I/0 Function
DACOOUT 0] D/A converter 0 output

Table 21-2 shows the list of the general ports used for the D/A converter and the register settings of the ports.

Table 21-2 Ports used in the D/A converter and the register settings

Setting Setting ML62Q2045 group
Channel No. Pin name Shared port Register value 20pin 24pin
product product
0 DACOOUT P23 5th function |P2MOD3|0100_0000 ° °
e: Available -: Not available

[Note]

*  For GPIO that outputs D/A converter, set the PnmMD2 to 0 bits (m: bit number 0 to 7) of the
corresponding port n-mode register m to the 5th function, write "0" to the PnmIE bit and the PnmOE bit,
and set it to high impedance (input disabled, output disabled). In other settings, the D/A converter is not
output.
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21.2 Description of Registers
21.2.1 List of Registers
Symbol iti
Address Name y R/W Size Initial
Byte Word Value
0xF8A0 D/A converter control register DACCON - R/W 8 0x00
O0xF8A1 Reserved - - - - -
0xF8A2 D/A converter mode register DACMODE - R/W 8 0x00
0xF8A3 Reserved - - - - -
0xF8A4 D/A converter 0 code register DACOCODE - R/W 8 0x00
0xF8A5 Reserved - - - - -
OxF8A6 D/A converter 1 code register DAC1CODE - R/W 8 0x00
OxF8A7 Reserved - - - - -
FEUL62Q2045 21-3
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21.2.2 DIA Converter Control Register (DACCON)
DACCON is a SFR to control the D/A converter.

Address: 0xF8AO (DACCON)

Access: R/W

Access size: 8bit

Initial value: 0x00

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

Word -
Byte - DACCON

Bit - - - - - - - - - - - - - - |DAEN1|DAENQ

R/W R R R R R R R R R R R R R R RW  R/W

Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Bit No. Bit symbol
name

7to2 - Reserved bits
1 DAEN1 Enable or disable the operation of the D/A converter 1.

0: Disable/Stop operating the D/A converter 1 (Initial value)
1: Enable operating the D/A converter 1

0 DAENO Enable or disable the operation of the D/A converter 0.
0: Disable/Stop operating the D/A converter O (Initial value)
1: Enable operating the D/A converter 0

Description

[Note]

*  For GPIO that outputs D/A converter, set the PnmMD2 to 0 bits (m: bit number 0 to 7) of the
corresponding port n-mode register m to the 5th function, write "0" to the PnmIE bit and the PnmOE bit,
and set it to high impedance (input disabled, output disabled). In other settings, the converted result of
D/A converter does not output.
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21.2.3 DI/A Converter 0 Code Register (DACCODE) (n=0,1)
DACCODE is a SFR to set the conversion value of the D/A converter 0.

Address: 0xF8A4(DACOCODE), 0xF8A6(DAC1CODE)
Access: R/W
Access size: 8bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - DACnCODE
Bit - - - - - - - - d7 d6é d5 d4 d3 d2 d1 do
R/W R R R R R R R R RW RW RW RW RW RW RW RW
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bit symbol Sesaiten
name
7t00 d7 todo Set the output voltage of the D/A converter n.

According to the reference voltage VDACREFn selected in the D/A converter mode register,
output the voltage according to the calculation formula below.

A voltage of Vbacrern X DACCODE / 256 is output.

0x00: Output Vss (Initial value)

0x01 to OxFF: Output a voltage = Voacrern x (decimal code of DACCODE / 256)

21.2.4 DI/A Converter Mode Register (DACMODE)

DACMODE is a SFR to set the reference voltage Vpacrero/Vpacreri of the D/A converter.

Address: 0xF8A2(DACMODE)
Access: R/W
Access size: 8bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - DACMODE
. DAMD | DAMD
Blt = = = = = = = = = = = = = = 1 0
R/W R R R R R R R R R R R R R R R/W  R/W
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bit symbol Sesaiten
name
1 DAMD1 Set the reference voltage Voacrert of D/A converter 1.
0:  Vbacrer1=VDD pin (Initial value)
1:  Vpacrer1=DAC Internal reference voltage (0.8V) (Vbacreri)
0 DAMDO Set the reference voltage Voacrero of D/A converter 0.

0:  Vpacrero=VDD pin (Initial value)
1:  Vpacrero=DAC Internal reference voltage (0.8V) (Vpacreri)

FEUL62Q2045
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21.3 Description of Operation
21.3.1 D/A Converter Operation

Figure 21-2 shows the flow chart to control process of the D/A converter n.
Figure 21-3 shows the operation timing chart.

| Start |

(1) To output the DACOOUT from the pin,
GPIO with assigned functions set to 5th

D/A converter O is function and high impedance (Input disabled,
output from the pin? Set port Output disabled).
DACOOUT(P23) : P2MOD3 =0x40";
NO|«
Set DACMODE reaister (2) Set the reference voltage for D/A conversion.
Set DACOCODE/DAC1 CODE (3) Set the output value of D/A converter.
register
DAENO/DAEN1 bit=1 (4) Enable D/A converter operation.
Stop D/A YES
converter?
NO v
NO it= 6) Stop D/A rter.
) Change output value? DAENO/DAENT1 bit=0 (6) Stop D/A converter.
YES
Set DACOCODE/DAC1CODE (5) Set the output value of D/A converter.
register
|

Figure 21-2 D/A Converter Process Flow Chart

systemclock [ [ ]| [

DAENO |
DAEN1 e
| 4)

DACOCODE/ Setting 1 X Setting 2 Setting 3
DAC1CODE ¥ )

(3) ()
Setting 1 Setting 2 X Setting 3

Internal
latched data

DACOOUT  Undefined Hi-Z X Setting2 X Setting3 X Hi-Z

DAC10UT t o
(1).(2) >

tc : Conversion cycle of D/A converter

Figure 21-3 D/A Conversion Operation Timing Chart
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22. Low Level Detector

22.1 General Description

This LSI has Low Level Detector (LLD).
LLD generates a reset signal when the voltage level of Vpp is lower than threshold voltage.

22.1.1 Features

. Determine the voltage level of Vpp and cause reset when low voltage Vpp is detected
- Initialize by the power-on reset (POR) or pin reset

22.1.2 Configuration
Figure 22-1 shows the configuration of the LLD.

LSCLKO — :
i Comparator |
E Comparison Voltage !
Vop ——> Result level '
- i LLDF eve .
i Threshold — (S:arr:phlrg Detection :
! voltage ontrofier Control [—> LLD reset
: Circuit 1
{ | Threshold =
i voltage !
i | selector !
LLDOCON :
LLDOMOD LLDOSMP
i N :
Data bus

LLDOCON : Low Level Detector control register
LLDOMOD : Low Level Detector mode register
LLDOSMP : Low Level Detector sampling register

Figure 22-1 Configuration of Low Level Detector
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22.2 Description of Registers
22.2.1 List of Registers

Symbol

Address Name Byte Word R/W | Size \Igﬂfel
0xF890 Low Level Detector control register LLDOCON - R/W 8 0x00
0xF891 Reserved - - - - -

0xF892 Low Level Detector mode register LLDOMOD - R/W 8 0x00

0xF893 Reserved - - - - -
0xF894 Reserved - - - - -
0xF895 Reserved - - - - -
0xF896 Low Level Detector sampling register LLDOSMP - R/W 8 0x00
0xF897 Reserved - - - - -
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22.2.2 Low Level Detector control register (LLDOCON)

LLDOCON is a SFR to control the LLD.
This register is unresetable by anything other than the Power On Reset(POR) and RESETN pin reset.

Address: 0xF890 (LLDOCON)
Access: R/W
Access size: 8bit
Initial value: 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - LLDOCON
. LLDOR LLDOE
Bit - - - - - - - - - - - - - £ |LLDOF |~ g
R/W R R R R R R R R R R R R R R RW  R/W
Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bit symbol Sesaiten
name
7t03 - Reserved bits
2 LLDORF Indicate whether the LLD is in operation stably.
0: The LLD circuit is stopped or LLD is being stabilized (initial value)
1: LLD is in stable operation
1 LLDOF Indicate whether the voltage level of Voo is lower than threshold voltage.
When the reset function is enabled by setting LLDOSELO bit of LLDOMOD register, a low level
detector reset occurs when LLDOF bit becomes "1".
This bit is cleared to "0" by writing "1" to this bit, but not cleared by writing "0".
Also, this bit is cleared to "0" when the LLD starts operating.
0: The voltage level of Voo is more than threshold voltage or the operation is stopped
(initial value)
1: The power voltage (Vob) is lower than the threshold voltage
0 LLDOEN Control the LLD operation.
When writing "1" to LLDOEN bit, write "1" to LLDOSELO bit of LLDOMOD register as well.
0: Disable operating the LLD (Initial value)
1: Enable operating the LLD
[Note]

* When the LLD is in enable operating (LLDOEN=1) and shift to STOP, make sure that the LLD is in
stable operation (LLDORF bit = 1) before transitioning.

* If a reset other than Power On Reset and pin reset occurs during LLD operation, the LLD maintains
its operating state.

FEUL62Q2045
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22.2.3 Low Level Detector mode register (LLDOMOD)

LLDOMOD is a SFR to controls the operation mode of the LLD.
Set this register only when the LLD is stopped (LLDOEN bit of LLDOCON register is "0").
This register is unresetable by anything other than the Power On Reset(POR) and RESETN pin reset.

Address: 0xF892 (LLDOMOD)

Access: R/W

Access size: 8bit

Initial value: 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - LLDOMOD
. LLDOS
Blt = = = = = = = = = = = = = = rSVd ELO

R/W R R R R R R R R R R R R R R R/W  R/W
Initial
value

Bit No. Bit symbol

Description
name
7to2 - Reserved bits
1 rsvd Reserved bit
Always write "0".
0 LLDOSELO Controls Disable / Enable LLD reset.
For details on the conditions which an LLD reset occurs, see Section 22.3 "Description of
Operation".
0: Disable reset function (Initial value)
1: Enable reset function
[Note]

e When the LLD is in the enabled state (LLDOEN=1) and the STOP mode is shifted, make sure that the LLD
is in stable operation (LLDORF bit = 1) before shifting.
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22.2.4 Low Level Detector sampling register (LLDOSMP)

LLDOSMP is a SFR to execute the sampling of judgment result.
Set this register only when the LLD is stopped (LLDOEN bit of LLDOCON register is "0").
This register is unresetable by anything other than the Power On Reset(POR) and RESETN pin reset.

Address: 0xF896 (LLDOSMP)

Access: R/W

Access size: 8bit

Initial value: 0x00

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

Word -

Byte - LLDOSMP

: i i i i i i i i i _ |LLDOD|LLDOD|LLDOS| i i
Bit V1 | VO | M1

R/wW R R R R R R R R R R RW RW RW R R R

Initial
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Bit No Bit symbol

name Description
7to6 - Reserved bits
5to 4 LLDODIV1 to Select frequency dividing ratio for the sampling clock.
LLDODIVO 00: No dividing (Initial value)

01: 1/2 of the sampling clock source
00: 1/4 of the sampling clock source
01: 1/8 of the sampling clock source

3 LLDOSM1 Select the sampling clock source for detecting the voltage level.

0:  No sampling (Initial value)
1:  Sampling with LSCLKO

2to0 - Reserved bits

[Note]
* During STOP, this register is set "no sampling” regardless of LLDOSM1 bit setting.
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22.3 Description of Operation

LLD monitors the voltage level of Vpp and generates an LLD reset when Vpp falls below the threshold voltage.
Refer to the data sheet for the characteristics of the threshold voltage when the power supply voltage is falling or rising.

22.3.1 Operation setting procedure
During LLD operation, the voltage level of Vpp is constantly monitored and outputs a reset when a low voltage is

detected.
Figure 22-2 shows the flow chart for starting the LLD.

Start
Reset release

Setting of sampling Specify LLDODIV1 to 0 and LLDOSM1 bits of LLDOSMP register

Setting of operating function Specify LLDOSELO bit of LLDOMOD resister to "1"

Set starting the operation Specify LLDOEN bit of LLDOCON resister to "1"

A 4

LLD operation start

Figure 22-2 Flow chart for starting the LLD and enabling reset
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22.3.1.1 Reset Output

Figure 22-3 shows the operating time chart when set to no sampling.

1) ~ 4) (5) 6 (7
(1) (1) | (l)

LLDOEN

LLDORF

Vop
Threshold voltage

LLD comparator
Comparison result

Stabilization time

LLDOF

LLD reset

Figure 22-3 Operation Timing Chart When the LLD Reset Output without Sampling is specified

The operation shown in Figure 22-3 is described below:

(1) Choose "No sampling" by the LLDOSM1 bit of LLDOSMP register.

(2) Write “0x1” to LLDOSELO bit of the LLDOMOD register in order to enable the LLD reset.

(3) Set the LLDOEN bit of the LLDOCON register to "1".

(4) After approximately 300us passed, the detection result of LLD becomes stabilized and the LLDORF bit of the
LLDOCON register is set to "1" (value of the voltage level supervisor bit (LLDOF) is read in software) (*1).

(5) When the power voltage (Vpp) becomes below the threshold voltage Viip, the LLDOF bit is set to "1" to generate the
LLD reset.

(6) If Vpp becomes equal to or above the threshold voltage (Viip), the LLDOF bit is cleared to "0" to release the LLD
reset.

(7) Write "0" to the LLDOEN bit to disable LLD operation.

*1: The LLDOF bit/reset is masked until the LLDORF bit becomes "1".
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Figure 22-4 shows the operation timing chart when the LLD reset output with sampling is specified.

1) ~ (4 5 (6) 7)) (8 9
(1) (l) (l) i (l) i (l)

LLDOEN

LLDORF

VDD /
““““““““ == ===V

Threshold voltage (at rise)

Vss

LLD comparator |
Comparison result

Stabilization time

samplingclock [ L L L L L L0 LJ LT LT LITL

LLDOF

LLD reset

Figure 22-4 Operation Timing Chart When the LLD Reset Output with Sampling is specified

The operation shown in Figure 22-4 is described below:

(1) Select "Sampling with LLDOSM1" by the LLDOSM1 bit of LLDOSMP register. And specify sampling clock dividing
ratio by the LLDODIV1 to LLDODIVO bits of the LLDOSMP register.

(2) Write “0x1” to LLDOSELO bit of the LLDOMOD register in order to enable the LLD reset.

(3) Write "1" to the LLDOEN bit to enable LLD operation.

(4) Wait until the comparison result of the LLD comparator is stabilized (approx. 300us).

(5) Vbp becomes below the threshold voltage (Viip).

(6) Once the comparison result of the LLD comparator is stabilized, the LLDORF bit is set to "1" after three cycles of the
sampling clock.

(7) If the comparison result of the LLD comparator is below the threshold voltage (Virpr) and this condition continues
for the duration of three cycles or more of the sampling clock, the LLDOF bit is set to "1" and the LLD reset is
generated.

(8) If the comparison result of the LDD comparator is equal to or above the threshold voltage (Vip) and this condition
continues for the duration of three cycles or more of the sampling clock, the LLDOF bit is cleared to "0" and the LLD
reset is canceled.

(9) Write "0" to the LLDOEN bit to disable LLD operation.

[Note]
* Itis impossible to change to STOP mode during the LLD stabilization time. When changing to STOP mode
after LLD starting, make sure that the LLDORF bit is set to "1" before changing STOP mode.
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23. Successive Approximation Type A/D Converter

23.1 General Description

This LSI has the Successive Approximation type A/D Converter (SA-ADC), converts an analog input level to a digital
value.

The number of A/D Converter channels is dependent of the product specification.

Table 23-1 shows the number of channels.

Table 23-1 Number of A/D Converter channels

Channel Available
no. 20pin 24pin
0 . °
1 ° °
2 ° °
3 . °
4 ° °
e: Available - : Not available

23.1.1 Features

Resolution : 12bit
Conversion time : Channel 0 to 4 : Min. 1.375us/channel (conversion clock is 16MHz)
Channel 16 (Temperature sensor) : Min. 10.5us
Channel 17(PGA) : Min. 8.000us
Number of input channel : Pin 5 channels + Internal 2 channels
Available temperature conversion function
AIN input voltage can be amplified in PGA and can be A/D conversion.
Reference voltage : Voltage input from the VDD pin, Internal reference voltage (approx. 2.5V)
Sampling time can be chosen
Consecutive scan conversion function for target channels
Consecutive scan conversion with a specific interval time
One conversion result register for each channel
A built-in temperature sensor usable for the low-speed RC oscillation adjustment
A/D converter self test function (full scale, zero scale, A/D conversion function of ADC internal reference
voltage(2.5V))
Following triggers is available to start the A/D conversion
— 16 bit timer 0 interrupt (TMOINT),
— Operational timer n trigger (OTMOTRG~OTM5TRG)
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23.1.2 Configuration
Figure 23-1 shows the configuration of SA-ADC.
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Vob
Vss Successive
approximation
Vrer Selector type A/D i
>
- convertor
ADC internal
reference |« ¢
SADR
AINO voltage(2.5V) SADRN —> SADINT
- SADIMOD
AIN4
PGA r Regulator
Selector Selector
Temperature
sensor
0
SADTMOD | | VREFCON |—
/ ) s /[\
HSCLK —_J
LSCLKO 2]
TMOINT% SADCON, SADENO/1
OTMOTRG —> SADMOD, SADSTM
> SADTRG
OTM5TRG |
—>
A4 $ A\
Data bus
SADCON : SA-ADC control register
SADENO0/1 : SA-ADC enable register 0, 1
SADMOD : SA-ADC mode register
SADSTM : SA-ADC conversion interval register
SADR : SA-ADC result register
SADRnN : SA-ADC result register n (n=0 to 4,16,17)
SADIMOD : SA-ADC interrupt mode register
VREFCON : Reference voltage control register
SADTRG : SA-ADC trigger register
SADTMOD : SA-ADC test mode register
SADINT : SA-ADC interrupt request
TMOINT : 16 bit timer O interrupt

OTMOTRG~OTM5TRG

FEUL62Q2045

: Operational timer 0 to 5 trigger

Figure 23-1 Configuration of successive approximation type A/D Converter
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23.1.3 List of Pins

The I/O pins of the Successive Approximation type A/D converter are assigned to the shared function of the general

ports.
Pin name 1/0 Description

VDD - Positive power supply for SA-ADC

VSS - Negative power supply for SA-ADC

AINO | SA-ADC channel 0 analog input

AIN1 | SA-ADC channel 1 analog input

AIN2 | SA-ADC channel 2 analog input

AIN3 | SA-ADC channel 3 analog input

AIN4 | SA-ADC channel 4 analog input
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Table 23-2 shows the list of the general ports used for the A/D Converter and the register settings of the ports.

Table 23-2 Ports used in the A/D Converter and the register settings

Available/
unavailable
Channel no.|Pin name Shared port Setting Register|Setting value
ML62Q2033|ML62Q2043
/2035 12045
. 0101_0000
0 AINO P14 6/8th function P1MOD4 /01110000 ° °
. 0101_0000
1 AIN1 P15 6/8th function P1MOD5 /01110000 ° °
. 0101_0000
2 AIN2 P16 6/8th function P1MOD6 /01110000 ° °
. 0101_0000
3 AIN3 P17 6/8th function P1MOD7 /01110000 ° °
. 0101_0000
P13 6/8th function P1MOD3 /01110000 ° °
4 AlN4 0101_0000
P20 6/8th function P2MODO 1011 1:0000 - °

[Note]

* When using the SA-ADC, set PnmMD2 to 0 bit to the 6th or 8th function of port n mode register
01/23/45/67 (n: port number 1, 2 m: bit number 0 to 7) and set PnmlIE bit and PnmOE bit to "0" as "Disable
input" and "Disable output”, otherwise a shoot-through current may flow.

* While the A/D converter is operating, an influence of the noise is reducible by preventing the switching of
neighboring pins or A/D converting in the HALT mode.

¢ When using AIN4, if both P13 and P20 are set to the 6th or 8th function, the input from P13 becomes AIN4
input. Input from P20 will be disabled.
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23.2 Description of Registers
23.2.1 List of Registers

Symbol iti
Address Name y R/W Size itic
Byte Word value
0xF800 SADMODL R/W 8/16 0x30
SA-ADC mode register SADMOD
0xF801 SADMODH R/W 8 0x00
0xF802 SADCONL R/W 8/16 0x00
SA-ADC control register SADCON
0xF803 SADCONH R/W 8 0x00
0xF804 SADSTML R/W 8/16 0x00
SA-ADC conversion interval register SADSTM
0xF805 SADSTMH R/W 8 0x00
0xF806 Reference voltage control register VREFCON - R/W 8 0x00
0xF807 Reserved - - - - -
0xF808 SA-ADC interrupt mode register SADIMOD - R/W 8 0x00
0xF809 Reserved - - - - -
O0xF80A SA-ADC trigger register SADTRG - R/W 8 0x00
0xF80B Reserved - - - - -
0xF80C SADENOL R/W 8/16 0x00
SA-ADC enable register 0 SADENO
0xF80D SADENOH R/W 8 0x00
0xF80E SADEN1L R/W 8/16 0x00
SA-ADC enable register 1 SADEN1
OxF80F SADEN1H R/W 8 0x00
0xF810
~ Reserved - - - - -
OxF82F
0xF830 SA-ADC test mode register SADTMOD - R/W 8 0x00
0xF831
~ Reserved - - - - -
0xF83D
OxF83E SADRL R 8/16 0x00
SA-ADC result register SADR
OxF83F SADRH R 8 0x00
0xF840 SADROL R 8/16 0x00
SA-ADC result register 0 SADRO
O0xF841 SADROH R 8 0x00
0xF842 SADR1L R 8/16 0x00
SA-ADC result register 1 SADR1
0xF843 SADR1H R 8 0x00
0xF844 SADR2L R 8/16 0x00
SA-ADC result register 2 SADR2
0xF845 SADR2H R 8 0x00
0xF846 SADR3L R 8/16 0x00
SA-ADC result register 3 SADR3
OxF847 SADR3H R 8 0x00
0xF848 SADRA4L R 8/16 0x00
SA-ADC result register 4 SADR4
0xF849 SADR4H R 8 0x00
OxF84A
~ Reserved - - - - -
OxF85F
0xF860 SADR16L R 8/16 0x00
SA-ADC result register 16 SADR16
0xF861 SADR16H R 8 0x00
0xF862 SADR17L R 8/16 0x00
SA-ADC result register 17 SADR17
0xF863 SADR17H R 8 0x00
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23.2.2 SA-ADC Mode Register (SADMOD)
SADMOD is a SFR to set an operation mode and operating clock frequency for SA-ADC.

Address : 0xF800 (SADMODL/SADMOD), 0xF801 (SADMODH)
Access : R/W
Access size :  8/16 bit
Initial value : 0x0030
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word SADMOD
Byte SADMODH SADMODL
. SAINIT|SAINIT[SAINIT[SAINIT SASHT|SASHT|SASHT|SASHT
Bit T3 T T To SAINIT - - - 3 5 1 0 SACK2|SACK1|SACKO| SALP
R/W RW RW RW RW R/W R R R RW RW RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
value
Bit No. it Exilotel Description
name

15t0o 12 SAINITT3 to

Configures amplifier stability time at conversion starting.

SAINITTO wait time for stability [s] = setting value / SAD_CLK frequency
This time should be equal or more than 0.5[us]
When SAINIT="1", it is included discharge time for sample hold capacitor.
In this case, this time should be equal or more than 0.65[us]. Make decision on the value with
external impedance of input pin.
Table 23-3 shows example for typical setting.
1 SAINIT Control whether or not to discharge the electrical charge remained in the sample hold
capacitor on the previous A/D conversion, before starting the next SA-ADC conversion.
0: Without discharging (Initial value)
1: With discharging
10to8 - Reserved bits
7to4 SASHT3 to Set the sampling time.
SASHTO sampling time [s] = (setting value + 1) / SAD_CLK frequency
Set the sampling time to more than 0.5[us], and the setting value to more than 0x3.
When A/D Conversion of PGA Input and temperature conversion are performed if the
sampling time is set to less than 7[us], the sampling time is fixed to 7[us].
Table 23-4 shows example for typical setting.
3to1 SACK2 to Select the frequency of the A/D conversion operating clock (SAD_CLK).
SACKO If 1/1 x HSCLK is set in the SAD_CLK, it will automatically switch to 1/2 x HSCLK only when
temperature conversion is in progress.
000: 1/1 x HSCLK (Initial value)
001: 1/2 x HSCLK
010: 1/4 x HSCLK
011: 1/8 x HSCLK
100: 1/16 x HSCLK
101: Do not use
110: Do not use
111: 1/1 x LSCLKO
The following formula is calculated A/D conversion time without discharge/amp. stability time.
A/D conversion time [s] = ( SASHT4 to SASHTO value + 15 )/ SAD_CLK frequency
0 SALP Select whether the A/D conversion is performed once only for each

channel or consecutively. The conversion interval time in the consecutive scan A/D
conversion mode is specified in the SADSTM register.

0: Single A/D conversion (Initial value)

1: Consecutive scan A/D conversion

FEUL62Q2045
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*1: When the ADC internal reference voltage (2.5V) is selected as the reference voltage to be used for ADC conversion

ML62Q2033/2035/2043/2045 User's Manual
Chapter 23 Successive Approximation Type A/D Converter

Table 23-3 Example for SAINITT3 to 0 setting

SAINITT3 to O SAINITT3 to O
SAINIT=1 SAINIT=0
SAD_CLK (Discharge time/Amp. stability) (Amp. stability)
> 0.65us > 0.5us
16 MHz 1010 1000
8 MHz 0101 0100
4 MHz 0011 0010
<4 MHz 0010 0010

Table 23-4 Example for SASHT3 to 0 setting

SASHT3 to 0
(Sampling time)
ADC internal
SAD_CLK reference Vpp reference
voltage(2.5V)
16 MHz -1 0111
Up to 8 MHz 0011 0011

(VREFPO bit in the VREFCON register = 1),16 MHz is not allowed to be set to SAD CLK. If set, the conversion result cannot

be guaranteed.

FEUL62Q2045
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23.2.3 SA-ADC Control Register (SADCON)
SADCON is a SFR to control the operation of the A/D converter.

ML62Q2033/2035/2043/2045 User's Manual
Chapter 23 Successive Approximation Type A/D Converter

Address : 0xF802 (SADCONL/SADCON), 0xF803 (SADCONH)

Access : R/W

Access size :  8/16 bit
Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
Word SADCON
Byte SADCONH SADCONL
Bit ) ) ) i i ) i ) i ) ) ) ) SATGE| SARU
N N
R/W R R R R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
15t02 - Reserved bits
1 SATGEN Enable starting the A/D conversion by the trigger events.
0: Disable the trigger operation (Initial value)
1: Enable the trigger operation
0 SARUN Start or stop the A/D conversion.
Write "1" to this bit to start the A/D conversion, and "0" to stop it.
When "0" is written to SALP bit and the A/D conversion on the largest number of channel is
ended, this SARUN bit is automatically reset to "0".
When "1" is written to SALP, the A/D conversion repeats until the SARUN bit is reset to "0" by
the software.
0: Stop the A/D conversion (Initial value)
1: Start the A/D conversion
[Note]
» Start the A/D conversion with one or more channels chosen by the SA-ADC enable registers (SADENO

and SADENH). If no channel is chosen, the operation does not start.
* Enter STOP mode after checking SARUN bit is "0". It does not enter the STOP mode when SARUN bit is

ll1 ll.

* When SACK2 to 0 bits are set to 0x7, it takes max. 3 clocks of the low-speed clock (LSCLKO) to start or
stop the A/D conversion after setting or resetting SARUN bit.

FEUL62Q2045
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23.2.4 SA-ADC Conversion Interval Register (SADSTM)

SADSTM is a SFR to set the interval time in the consecutive scan A/D conversion mode.

Address : 0xF804 (SADSTML/SADSTM), 0xF805 (SADSTMH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word SADSTM
Byte SADSTMH SADSTML

SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|SADST|
M15 | M14 | M13 | M12 | M11 | M10 | M9 M8 M7 M6 M5 M4 M3 M2 M1 MO

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Bit

The interval time is determined by the following formula.
A/D conversion interval time = HSCLK cycle x SADSTM setting value
For an example, supposing to A/D convert channel 2 and channel 5, the A/D conversion interval time means the time

after the channel 2 and channel 5 are A/D converted consecutively and before the A/D conversion of channel 2 is started.
The next A/D conversion starts at the timing that the value set in this register has been counted with SAD CLK.

[Note]

* If only temperature conversion is enabled and the SAD_CLK is set to 1/1 x HSCLK, the SAD_CLK period
used for the conversion interval for A/D conversion will be 1/2 x HSCLK.
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23.2.5 Reference Voltage Control Register (VREFCON)
VREFCON is a SFR to select reference voltage for the SA-ADC.

ML62Q2033/2035/2043/2045 User's Manual
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Address : 0xF806 (VREFCON)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 0
Word -
Byte - VREFCON
Bit ) ) ) i i ) i ) i ) _ |VREFP| VREFE
0 N
R/W R R/W R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. B S0 Description
name
7t05 - Reserved bits
4 VREFPO Select the reference voltage for the A/D conversion.
0: Vad pin (Initial value)
1: VRer pin
3to1 - Reserved bits
0 Enable the operation of the ADC internal reference voltage (2.5 V) and temperature sensor.
When using the ADC internal reference voltage (2.5 V) and using the temperature sensor
VREFEN circuit, set the VREFEN bit to "1".
0: Disable the operation of internal reference voltage and temperature sensor (Initial
value)
1: Enable the operation of internal reverence voltage and temperature sensor
[Note]

* After VREFEN bit is set to "1", it takes 200us (Max.) for the ADC internal reference voltage (2.5 V) to

stabilize. A/ID conversion should be started after this stabilization time has elapsed.

VREFEN bit is set to "1" and remains stable after 200us until it is disabled. Therefore, there is no need to
wait for 200us (Max.) again when A/D conversion.

FEUL62Q2045
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23.2.6 SA-ADC Interrupt Mode Register (SADIMOD)
SADIMOD is a SFR to select the interrupt mode of the SA-ADC.

Address : 0xF808 (SADIMOD)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - SADIMOD
. SADIM
Bit - - - - - - - - - - - - - - - DO
R/W R R R R R R R R R R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7to1 - Reserved bits
0 SADIMDO Select the occurrence timing of SA-ADC interrupt request.
0: Make the interrupt request after the A/D conversion is completed on all channels (Initial
value)

1: Make the interrupt request whenever the A/D conversion is completed on each channel

23.2.7 SA-ADC Trigger Register (SADTRG)
SADTRG is a SFR to control the trigger event for the SA-ADC.

Address : 0xF80A (SADTRG)
Access : R/W
Access size : 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - SADTRG
Bit i i i i i i i i i i i i _ |SASTS|SASTS|SASTS
2 1 0
R/W R R R R R R R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bl Bl Description
name
7103 - Reserved bits
2t00 SASTS2 to Select the source of the A/D conversion start trigger.
SASTS0 000: 16 bit timer 0 interrupt (TMOINT) (initial value)
001: Operational timer 0 trigger (OTMOTRG)
010: Operational timer 1 trigger (OTM1TRG)
011: Operational timer 2 trigger (OTM2TRG)
100: Operational timer 3 trigger (OTM3TRG)
101: Operational timer 4 trigger (OTM4TRG)
110: Operational timer 5 trigger (OTM5TRG)
111: Do not use
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23.2.8 SA-ADC Enable Register 0 (SADENO)

SADENQO is a SFR to select channels of the A/D converter and enable/disable the conversion.

Address : 0xF80C (SADENOL/SADENO), 0xF80D (SADENOH)
Access : R/W

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word SADENO
Byte SADENOH SADENOL
s | - ] ] ] ] ] ] ] ] ] | SACH[SACH [ SACH | SACH | SACH
04 | 03 | 02 | o1 | o0
RW R R R R R R R R R R R RW RW RW RW RW
Initial 0 o 0 0 0 o 0 o 0 o 0 o 0 o 0 0

value

Common description of each bits :
This bit is used to control enable/disable the conversion on a target channel.
0: Disabled (Initial value)

1: Enabled

When multiple bits of SACHn (n=00 to 18) are set to "1", the A/D conversion starts in the order of smaller channel
number.

Bit No. Bl Bl Description (target channel)

name

15t05 - Reserved bits

4 SACHO04 Channel 4

3 SACHO03 Channel 3

2 SACHO02 Channel 2

1 SACHO1 Channel 1

0 SACHO00 Channel 0

[Note]

* Do not start the A/D conversion when the all bits of SACHn (n=00 to 18) are "0". In that case SARUN bit of
SADCON register does not get to "1".
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23.2.9 SA-ADC Enable Register 1 (SADEN1)

SADENTI is a SFR to select channels of the A/D converter and enable/disable the conversion.

Address : OxF80E (SADEN1L/SADENT1), 0xF80F (SADEN1H)

Access : R/W
Access size :  8/16 bit
Initial value : 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word SADEN1
Byte SADEN1H SADEN1L
Bit ) i ) ) i i ) i ) ) ) ) | SACH | SACH | SACH
18 17 16
R/W R R RW R/W R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description (target channel)
name
15t03 - Reserved bits
2 SACH18 Control the enable/disable of conversion of Channel 18 (A/D converter test function).

0: Disable the conversion on channel 18 (initial value)
1: Enable the conversion on channel 18

1 SACH17 Control the enable/disable of conversion of Channel 17 (PGA input).
0: Disable the conversion on channel 17 (initial value)
1: Enable the conversion on channel 17

Control the enable/disable of conversion of Channel 16(temperature sensors).

0 SACH16 0: Disable the conversion on channel 16 (initial value)
1: Enable the conversion on channel 16

[Note]

Do not start the A/D conversion when the all bits of SACHn (n=00 to 18) are "0". In that case SARUN bit of

SADCON register does not get to "1".

* When using channel 16 (SACH16), permit the temperature sensor operation by VREFCON register.
* When using channel 18 (SACH18), enable the A/D converter test function by SADTMOD register (set to

something other than "00").

FEUL62Q2045
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23.2.10 SA-ADC Result Register (SADR)

SADR is a read-only SFR to store A/D conversion results of channel 0 to 4 and channel 16 (temperature sensor), channel
17 (PGA), and channel 18 (A/D converter test function).

Address : O0xF83E (SADRL/SADR), 0xF83F (SADRH)
Access : R

Access size :  8/16 bit

Initial value : 0x0000

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word SADR

Byte SADRH SADRL

Bit | d15 | d14 | d13 [ d12 [ d11 [ d10 | a9 | a8 [ a7 [ a6 [ a5 | a4 [ - | - | - | -
RW R R R R R R R R R R R R R

ntal o0 0 o 0 O ©0O 0 O ©0 0 ©0 0 0 0 0 0

value

The A/D conversion results of all channels are stored to this register. The result of each channel is overwritten.
The A/D conversion test result on channel 17 is stored to this register only.

Symbol name Channel

SADR Latest conversion result of channels 0 to 4 ,16
to 18

[Note]
*  When different clocks for the source clocks of the SAD_CLK and the system clock are selected, wrong
value might be readout during the update. Make sure that SARUN bit of SADCON register is "0" before

reading. Also, during continuous A/D conversion (SALP=1), read the SADR register twice and make sure
that the first and second values match.
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23.2.11 SA-ADC Result Register n (SADRn : n=0 to 4, 16,17)

SADRn is a read-only SFR to store A/D conversion results of channel 0 to 4 and channel 16 (temperature sensor) and
channel 17 (PGA).

Address : 0xF840 (SADROL/SADRO), 0xF841
0xF842 (SADR1L/SADRT1), 0xF843 (SADR1H),
0xF844 (SADR2L/SADR2), 0xF845 (SADR2H),

( SADROH),
E

0xF846 (SADR3L/SADRS3), 0xF847 (SADR3H),
(
(
(

~ e~~~

0xF848 (SADR4L/SADR4), 0xF849 (SADR4H),
0xF860 (SADR16L/SADR16), 0xF861 (SADR16H),
0xF862 (SADR17L/SADR17), 0xF863 (SADR17H)

Access : R

Access size :  8/16 bit

Initial value : 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word SADRn

Byte SADRnH SADRnNL

Bit | d15 | d14 | d13 [ d12 [ d11 [ d10 | a9 [ a8 [ a7 [ a6 [ a5 [ a4 [ - | - | - | -
RW R R R R R R R R R R R R R R R

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

The A/D conversion result of each channel can be read from SADRn.

Symbol name Channel
SADRO Channel 0 (AINO)
SADR1 Channel 1 (AIN1)
SADR2 Channel 2 (AIN2)
SADR3 Channel 3 (AIN3)
SADR4 Channel 4 (AIN4)
SADR16 Channel 16 (Temperature sensor)
SADR17 Channel 17(PGA)

[Note]

e If the source clock (HSCLK/LSCLKO) setting of the SAD_CLK differs from the source clock
(HSCLK/LSCLKO) setting of the system clock, uncertain data during the A/D conversion result update
may be read when SADRNn register is read. When the source clock settings of the SAD_CLK and the
system clock are different, make sure that SARUN bit of SADCON register is "0" before reading. During
continuous A/D conversion (SADP bit of SADMOD register is "1"), read SADRn register twice and make
sure that the values are the same.
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23.2.12 SA-ADC Test Mode Register (SADTMOD)

SADTMOD is a SFR to control the SA-ADC test function.

Address : 0xF830 (SADTMOD)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - SADTMOD
Bit i i i i i i i i i i i i i | SADT | SADT
M1 MO
R/W R R R R R R R R R R R R R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

This function enables to check if the successive approximation type A/D converter and the analog switch work correctly,
by performing the A/D conversion for the full scale, zero scale and the internal reference voltage (2.5 V).
The A/D conversion result is stored in the SA-ADC result register (SADR).

Also, the AINO-4 input level is measured by using a measurement value of internal reference voltage.

For example:

1: Convert at Vapcrer = Vop, SACH18=1, SADTM1,0=3, where the result is “a”

2: Convert at Vapcrer = Vbp, SACHn=1, where the result is =*“b”

"a" is the result of the conversion of the ADC internal reference voltage (2.5 V), and AIN selected in SACHn is b/a [V] .

The seriality measurement can be by setting the SACHn and SACH18 at once.
Read the results from SADRn and SADR.

Bit No. Bit symbol

Description
name
7t02 - Reserved bits
1t00 SADTM1, Set the successive approximation type A/D converter test function.
SADTMO 00: Do not use the A/D converter test function (Initial value)

01: Full scale A/D conversion
10: Zero scale A/D conversion
11: Internal reference voltage (2.5V) A/D conversion
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23.3 Description of Operation
23.3.1 Operation of Successive Approximation Type A/D Converter

Figure 23-2 shows a setting example when one-time A/D conversion is performed using channel 1 and 0.

Set FCON register

Set IE23 register
Execute El instruction

Set PnMODO to 7 registers

Set VREFCON register
Set SADMOD register
Set SADIMOD register
Set SADENO register

Set SADCON register

<
<«

Set the ENOSC bit of the FCON register to "1" to start supplying the high-
speed clock. The high-speed clock is supplied after the oscillation
stabilization time has passed.

If enabling SADINT (SA-ADC interrupt), set the ESAD bit of the IE23 register
to ll1ll'
Execute the El instruction to set the master interrupt enable flag (MIE) to "1".

Set the GPIO of AINn to the high impedance (disable input, disabled
output) of the 6th or 8th function.

Set the mode of the reference voltage.

Set the A/D conversion mode. (SALP = 0)

Set the interrupt mode.

Set the channel to be A/D-converted. (SADEN0=0x03)

Set the start and end of A/D conversion.
When SARUN bit="1", the A/D conversion is started.

Starts A/D conversion

Interrupt NO

generated ?

YES

completed

A/D conversion is

Read SADRn register

FEUL62Q2045

S

The SARUN bit is automatically cleared to "0".

Read the A/D conversion result.
(n=0, 1)

Figure 23-2 Example of A/D Conversion Setting
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Figure 23-3 shows a setting example when one-time A/D conversion is performed in HALT mode using channel 1 and 0.

Set the ENOSC bit of the FCON register to "1" to start supplying the high-

Set FCON register spee@ clqck. The high-speed clock is supplied after the oscillation
stabilization time has passed.
I

Set IE23 register If enabling SADINT (SA-ADC interrupt), set the ESAD bit of the IE23

Execute El instruction register to "1". Execute the El instruction to set the master interrupt enable
I flag (MIE) to "1".

. Set the GPIO of AINn to 6th or 8th function and high impedance (input
Set PnMODO to 7 registers disabled, output disabled).

Set VREFCON register
Set SADMOD register
Set SADIMOD register
Set SADENO register

Set the mode of the reference voltage.

Set the A/D conversion mode. (SALP = 0)

Set the interrupt mode.

Set the channel to be A/D-converted. (SADEN0=0x03)

Set the start and end of A/D conversion.
When SARUN bit="1", the A/D conversion is started.

Starts A/D conversion

Set SADCON register

Set HLT bit of SBYCONL register to "1".
Set HALT mode

Entering the HALT mode

P
l

Interrupt NO
generated ?

YES

A/D conversion is The SARUN bit is automatically cleared to "0".

completed, and
the HALT mode is
released

Read SADRn register Read the A/D conversion result.
(n=0, 1)

S

Figure 23-3 Example of A/D Conversion Setting (Converting in HALT mode)
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Figure 23-4 shows a setting example when one-time A/D conversion is performed using channel 1 and 0 starting by a

trigger event.

Set FCON register
[

Set IE23 register
Execute El instruction

Set PnMODO to 7 registers

Set VREFCON register
Set SADMOD register
Set SADIMOD register
Set SADENO register

Set a trigger event source

Enable the trigger event

The trigger event is
generated

P

Set the ENOSC bit of the FCON register to "1" to start supplying the high-
speed clock. The high-speed clock is supplied after the oscillation
stabilization time has passed.

If enabling SADINT (SA-ADC interrupt), set the ESAD bit of the IE23
register to "1". Execute the El instruction to set the master interrupt enable
flag (MIE) to "1".

Set the general-purpose port of AINn to high-impedance that both input
and output are disabled.
To use the voltage that is input from the VREF pin as the reference

voltage, set VREF pin to high-impedance that both input and output are
disabled

Set the mode of the reference voltage.

Set the A/D conversion mode. (SALP = 0)

Set the interrupt mode.

Set the channel to be A/D-converted. (SADEN0=0x03)

Set SASTS3 to 0 bits of SADTRG register.

Set SATGEN bit of SADCONL register to "1"

Starts A/D conversion

l

Interrupt NO

enerated ?
YES

completed

Read SADRn register

e

A/D conversion is

The SARUN bit is automatically cleared to "0".

Read the A/D conversion result.
(n=0, 1)

Figure 23-4 Example of A/D Conversion Setting (Start converting by a trigger event)

FEUL62Q2045
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Figure 23-5 and 23-6 show operation waveforms when one-time A/D conversion is performed using channel 1 and 0.

Operating clock
(SAD_CLK)

U, T T

SARUN bit

A/D conversion

Conversion time

Conversion time

A/D conversion

on channel 0

A/D conversion

on channel 1
Amp Stability
Stability ti '
ability time i
Sampling
&> <>
SADINT Sampling time Sampling time
(SADIMDO0=0) m
(SADIMDO0=1) m

Operating clock (SAD_CLK) is configured by SACK2-0 bits of SADMOD register.
Amp stability time is configured by SAINITT3-0 bits of SADMOD register.
Sampling time is configured by SASHT3-0 bits of SADMOD register.

Interrupt mode is configured by SADIMOD register.

Figure 23-5 Operation Waveforms of A/D Conversion (One-time Conversion, Without Discharge)

gipigipiinininl

Operating clock

(SAD_CLK) ’_\_I_w\

1, T

SARUN bit

A/D conversion

A/D conversion
on channel 0

Conversion time

A/D conversion
on channel 1

Conversion time

Discharge |

e —— ]

harge time

]

<>
Sampling time

Sampling Discharge time —I Disc
<>
SADINT Sampling time
(SADIMDO0=0)
(SADIMDO0=1)

-

[ ]

Operating clock (SAD_CLK) is configured by SACK2-0 bits of SADMOD register.

Discharge enabling and time are configured by SAINIT bit and SAINITT3-0 bits of SADMOD register.
Sampling time is configured by SASHT3-0 bits of SADMOD register.

Interrupt mode is configured by SADIMOD register.

Figure 23-6 Operation Waveforms of A/D Conversion (One-time Conversion, With Discharge)
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Figure 23-7 and 23-8 show the operation waveforms when the continuous A/D conversion is performed using channel 0.

1, M ML

Operating clock
(SAD_CLK)

SARUN bit

A/D conversion

A/D conversion
on channel 0

Amp Stability

Sampling

SADINT

Amp stability time is configured by SAINITT3-0 bits of SADMOD register.
Sampling time is configured by SASHT3-0 bits of SADMOD register.
A/D conversion interval is configured by SADSTM register.

M L, T

|

Conversion time

—

Stability time

Conversion time

[

TR

>
Sampling time

—

>
Sampling time

Interval time

Operating clock (SAD_CLK) is configured by SACK2-0 bits of SADMOD register.

Figure 23-7 Operation Waveforms of A/D Conversion (Continuous Conversion, Without Discharge)

Operating clock
(SAD_CLK)

SARUN bit

A/D conversion

A/D conversion
on channel 0

Discharge
<>

Sampling

SADINT

Sampling time is configured by SASHT3-0 bits of SADMOD register.
A/D conversion interval is configured by SADSTM register.

ML, T

=

U, L

_

Conversion time

Conversion time

Discharge time—|

scharge timr_—\

D —
Sampling time

<>
Sampling time

Interval time

Operating clock (SAD_CLK) is configured by SACK2-0 bits of SADMOD register.
Discharge enabling and time are configured by SAINIT bit and SAINITT3-0 bits of SADMOD register.

Figure 23-8 Operation Waveforms of A/D Conversion (Continuous Conversion, With Discharge)
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23.3.2 How to test the Successive Approximation Type A/D Converter

Full-scale, zero-scale, and ADC internal reference voltage (2.5 V) can be A/D converted for self-testing.
Follow this procedure to check if the successive approximation type A/D converter works correctly. (n=0 to 4)

(1
()
3)
“
(©))
(6)
(7
®)

€))

A/D convert AINn pin. (conversion result 1)

A/D convert AIN=full scale by setting the SADTMOD register (SADTMOD=0x01).

A/D convert the AINn pin. (conversion result 2)

A/D convert AIN=zero scale by setting the SADTMOD register (SADTMOD=0x02).

A/D convert the AINn pin. (conversion result 3)

A/D convert AIN=internal reference voltage(2.5V) by setting the SADTMOD register (SADTMOD=0x03).
A/D convert the AINn pin. (conversion result 4)

Confirm conversion result 1 = conversion result 2 = conversion result 3 = conversion result 4.

Use the same AINn pin for the A/D conversion in (1), (3), (4) and (7).

Confirm the conversion result in (2), (4) and (6) is different each other and also different from the result in (1), (3),
(5) and (7).
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23.3.3 PGA in Successive Approximation A/D Converter/Temperature Conversion Function

Figure 23-9 shows a setting example when one-time A/D conversion is performed using channel 16(temperature sensor)
and channel 17(PGA).

Set the ENOSC bit of the FCON register to "1" to start supplying the high-

Set FCON register

Set IE23 register

speed clock. The high-speed clock is supplied after the oscillation
stabilization time has passed.

If enabling SADINT (SA-ADC interrupt), set the ESAD bit of the IE23 register

Execute El instruction to "1". Execute the El instruction to set the master interrupt enable flag (MIE)
to ll1ll.
I

Set the GPIO of AINn to the high impedance (disable input, disabled output)

Set PnMODO to 7 registers of the 6th or 8th function.

Set PGAMOD resister
Set PGACON resister

Set VREFCON register
Set SADMOD register
Set SADIMOD register
Set SADEN1 register

Wait temperature sensor
stability time

Set SADCON resister

Set the amplification factor of the PGA and the input pin of the PGA in the
PGAMOD register.

After setting, operate the PGA. (PGAEN=1)

Set the mode of the reference voltage.

Set the A/D conversion mode. (SALP = 0)

Set the interrupt mode.

Set the channel to be A/D-converted. (SADEN0=0x03)

Temperature sensor requires a waiting time of 200us to stabilize after
operation.

Set the start and end of A/D conversion.
When SARUN bit="1", the A/D conversion is started.

Starts A/D
4conversion

Interrupt NO
generated ?
YES

A/D conversion is
completed

The SARUN bit is automatically cleared to "0".

Read SADRN resister Read the A/D conversion result.

(n=16, 17)

S

Figure 23-9 Example of A/D Conversion Setting
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23.4 Notes on SA-ADC
23.4.1 Sampling Time Setting
Sampling time of the SA-ADC should satisfy the following formula:
Sampling time > 9(Csampre + Cpara) (Ry + R;)

To calculate sampling time more precisely, use the following formula:

CSAMPLE

Sampling time = {loge 2" + log, ( )} (Csampre + Cpara)(Ry + R3)

Csampre + Cpara

Crara varies depending on board-layout and connected parts. Please check the accuracy of SA-ADC with the actual

board.
Ry : Input impedance of external resistor
Ro : Internal resistor value which is the sum of the internal resistor and the ON register of the switch

Csamrre : Sample hold capacitor
Crara : Parasitic capacitance of the A/D input line. (Measure the capacitance between the A/D input line and Vss)
n : Resolution of SA-ADC

The following diagram shows the equivalent circuit in this case:

Internal equivalent circuit

| |
A/D ! i
R input pin ! Rz i
L AN T AN |
1
Signal source Crara — CsawvpLE i
, m |
o !
V ADCREF R2[kQ] CsampLe[pF]
VADCREF=VREFI 20 5
4.5V=Vapcrer =5.5V 10 5
*VDD reference

The values above are reference values.

Set the sampling time for Vrer condition that includes the lowest voltage of the usage range of Vrer.

If the sampling time above is unsatisfied, connect the external capacitor near by A/D input pin to satisfy the following
formula.

(C1 + Cpara) > 2" CsampLe
Sampling time > 9CssppreR>

C : External capacitor

The equivalent circuit when the external capacitor C; is connected is as follows:

Signal source

A/D i Internal equivalent circuit
Ri input pin 1 R2
VW T
Cr l PARA

[ I
! J

C CsampLE '

1
S
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Note that the voltage at the A/D input pin transitionally changes due to the external capacitor C; and the external resistor
Ri. Therefore, when sampling data, wait until the voltage is stabilized. If the stabilization timing is unknown, perform
A/D conversion once, then wait for time constant t (=RC;) to 4t or so and perform A/D conversion again. Confirm that
the difference between values is small, and then sample data.

23.4.2 Noise Suppression

In order to prevent deterioration in accuracy of A/D conversion, operate the A/D converter in the environment with little
noise.
The following processes are recommended for noise reduction:
— Perform A/D conversion in the HALT mode.
— Do not have clock input/output to and from a pin located in the vicinity of the pin in which A/D conversion is in
progress.
— Do not have clock input/output to and from the pin in which A/D conversion is in progress and other A/D
conversion pins.
In addition, the capacitor for noise suppression should be connected between VREF and VSS, as well as between VDD
and VSS. When connecting, place the capacitor in the immediate vicinity of LSI using short wiring.
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24. PGA

24.1 General description

ML62Q2033/2035/2043/2045 User’s Manual

Chapter 24 PGA

This LSI has the PGA (Programable Gain Amplifer) which amplify the input of successive approximation A/D

converters.

Table 24-1 shows PGA channel of each package products.

24 1.1 Features

Table 24-1 PGA channels

Availability
Channel
No.(n) 20 pin 24pin
Product |Product
0 ° °

® : Available —:No avaailable

® Amplification factor is selectable from x4, x8, x16, and x32.
® PGA input pin is selectable from AINO to AIN3 pin.

24.1.2 Configuration
Fig. 24-1 shows PGA configuration

PGACON
PGAMOD

FEUL62Q2045

L AINO pin ©

L AN pin@—o) PGAOUT

i AIN2 pin ©——o

i AIN3 pin@—o T

5 4/8/16/32

: PGASELn | | * PGAEN

| PGAMOD PGACON

E Fy A

Data bus

. PGA control register
- PGA mode register

Fig. 24-1 PGA circuit configuration
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24.1.3 Pin list
PGA input pins are shared with AINn pins.
Pin name I/0 Function
AINn | PGA input (AIN input)

Table 24-2 shows General ports and register setteing used for PGA function. PGA

Table 24-2  General ports and register setteing used for PGA function

. Setting Setting 20pin 24pin
i WEE SEEE For Register Value Product | Product
AINO P14 P1MOD4 . .
AIN1 P15 P1MOD5 ° °

6th, 8t functions 0x50 / 0x70
AIN2 P16 P1MOD6 . .
AIN3 P17 P1MOD7 . .

e :Available -:Not available

[Note]

When PGA is used, following the setting below.

[1] Set PnmMD2 to Obit of the corresponding port n-mode register m (n: 0 to 2, m: 0 to 7) to the 6th or

8th function,

[2] Write "0" to the corresponding bits of input permission (PnmlE) and output permission (PnmOE).
[3] set the general-purpose port to high impedance.
In other settings, through current may occurs.

* During PGA is in operation, the influence of the PGA output voltage fluctuates due to the noise can be
reduced by not switching adjacent pins on AINn.

FEUL62Q2045
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24.2 Register description
24.2.1 List of register

Address Name Symbol R/W | Sice Initial

Byte Word value

0xF8BO0 PGA control register PGACON - R/W 8 0x00
O0xF8B1 Reserved register - - - - -

0xF8B2 PGA mode register PGAMOD - R/W 8 0x00
0xF8B3 Reserved register - - - - -
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24.2.2 PGA Control Register (PGACON)
PGACON is a SFR to control PGA.

Address: 0xF8B0O(PGACON)

Access: R/W

Access size: 8bit

Initial value: 0x00

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - PGACON
. PGAE
Blt = = = - = = = = = = = = = = = N

R/W R R R R R R R R R R R R R R R R/W

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bit symbol Desription
name
7to1 - Reserved bit
0 PGAEN Control PGA operation permition/stop

0: Stop PGA operation (Initial value)
1: Permit PGA operation

[Note]
*  When PGA is used, following the setting below.
[1] Set PnmMD2 to Obit of the corresponding port n-mode register m (n: 0 to 2, m: 0 to 7) to the 6th or
8th function,
[2] Write "0" to the corresponding bits of input permission (PnmlE) and output permission (PnmOE).
[3] set the general-purpose port to high impedance.
In other settings, through current may occurs.
*  After setting the PGAEN bit to "1", it takes 200us for PGA to stabilize. A/D conversion should be started
after this stabilization time has elapsed.
After the stabilization time (200us) has elapsed, PGA remains stable until the operation stops, so there
is no need to wait for 200us again for each A/D conversions.
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24.2.3 PGA Mode register (PGAMOD)

PGAMOD is a SFR to set PGA amplification factor and input pin.
Write to PGAMOD register while PGA operation is stopped (PGAEN bit = "0" in PGACON register).
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Address: 0xF8B2(PGAMOD)
Access: R/W
Access size: 8bit
Initial value: 0x00
15 14 13 12 1" 10 9 7 6 5 4 3 2 1 0
Word
Byte — PGAMOD
. i i i i i i i i _ |PGASEPGASE| _ |PGAG|PGAG
Bit L1 | Lo AIN1 | AINO
R/W R R R R R R RW R/W R R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bit symbol Desription
name
7to6 - Reserved bit
5to 4 PGASEL1 to Select PGA input pin
PGASELO 00: AINO (Initial vaule)
01: AIN1
10: AIN2
11: AIN3
3to2 - Reserved bit
1t00 PGAGAIN1 to  Set PGA Amplification factor
PGAGAINO 00: x4 (Initial value)
01: x8
10: x16
11: x32
[Note]

e  Writing to the PGAMOD register while PGA operation is permited, the operation is not guaranteed.

FEUL62Q2045
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24.3 Features
24.3.1 PGA Operation
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Fig. 24-2 shows the flowchart of A/D convert by using PGA operation.
This example is shown when A/D conversion is performed only once using channel 17 (PGA output) and the

amplification factor is set to x16.

Start setting

Set FCON register

Set IE23 register
Execute El instructions

Set PnMODO to 7 register

Set SADMOD register
Set SADEN1 register

Set PGAMOD register
Set PGACON register

Wait for PGA stabilization
(200us)

Set SADCON register

<

When using a high-speed clock, set ENOSC bit of FCON register to "1" and
start supplying the high-speed clock. The high-speed clock is supplied after
the oscillation stabilization time has elapsed.

When SADINT (SA-ADC interrupt) is permited, set ESAD bit of IE23 register
to "1".

Execute the El instruction and set the master interrupt enable flag (MIE) to
ll1l|.

Set general-purpose ports of AINn to 6th or 8th function and set it to high
impedance (input disabled, output disabled).

Set A/D conversion mode (SALP=“0") A/D
Set interruption mode

Set A/D input channer to be converted (SADEN1="0x02")%

Select AIN pin for PGA input
Ser PGA Amplification factor PGA (PGAMOD="“0x12")
Start PGA (PGACON="0x01")

Set A/D conversion start/stop
A/D conversion start SARUN

Start A/D conversion

l

Interrupt occur? NO

YES

A/D conversion
completed

Read SADR17 register

[ END ]

SARUN bit is cleard to “1” automatically

Readout A/D conversion resut

Fig. 24-2 Flowchart of A/D Conversion using PGA
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26. Flash Memory

26.1 General Description
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This LSI has the flash memory in the program memory space and data flash area. For details of the program
memory space and data flash area, see Chapter 2 "CPU and Memory Space".
The flash memory is programmable by following three ways.

The ways of programmin

the flash memory

Programming method

Tool/Register/Communication

Reference Chapter

debug function

Programming by the on-chip

On-chip debug emulator or other flash programmers

Chapter 28 "On chip
Debug function”

Self-Programming by using the | Special Function Registers (SFRs) for programming Section 26.3

special function register (SFR) | the flash memory "Self-programming"

Programming by the ISP (In- UART communication with an external device ﬁectlon 26.4 .

S . . rd * n-System Programming
ystem Programming) function | 3™ Party Flash programmers (*1) function”

*1: Contact the 3" party makers for details about the Flash programmer.

The specification of the program memory space and data flash are is dependent of the product.

e  Program memory space and Data flash area Overview (Size and Address)

Program memory space Data flash area
Part name
Size Address Size Address
0x0:0000 to
ML62Q2033/2043 16KByte Ox0:3FFF 4KByte 0x1F:0000
0x0-0000 © (128Byte x to
x0: (o] .
32sect Ox1F:0FFF
ML62Q2035/2045 32KByte Ox0:7FFF sector) X

e  Program memory space and Data flash area Overview (Functions and Characteristics)

Iltem Program memory space Data flash area
Chip erasing
(ISP only) All area All area
Erasing and Block erasing 16K byte all area
programming unit
Sector erasing 1K byte 128 byte

Programming

SFR:2 byte (16bit)
ISP:4 byte (32bit)

1 byte (8bit)

Chip erasing
(ISP only)
Erasing and Block erasing Max. 50ms Max. 50ms
programming time Sector erasing
Programming ISS’;RmrgiX,]%gﬁz Max. 40us
Programming cycle 100 times 10,000 times
Erasing and programming temperature 0°C to +40°C -40°C to +85°C
Background operation(BGO) function - Yes
Erasing and programming completion Interrupt No Yes
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26.1.1 List of Pins

Programming by the ISP function uses the following pins.
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Pin name I/0 Function
RESET_N | Signal input for ISP
TESTO I/0 Signal input for ISP and data input/output for UART

FEUL62Q2045
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26.2 Register Description
26.2.1 List of Registers

Symbol iti

Address Name y R/W Size i

Byte Word Value

0xF090 FLASHAL R/W 8/16 OxFF

Flash address register FLASHA
0xF091 FLASHAH R/W 8 OxFF
0xF092 FLASHDOL R/W 8/16 OxFF
Flash data register 0 FLASHDO

0xF093 FLASHDOH R/W 8 OxFF
0xF094 Reserved register - - - - -
0xF095 Reserved register - - - - -

0xF096 Flash control register FLASHCON - w 8 0x00
0xF097 Reserved register - - - - -

0xF098 Flash acceptor FLASHACP - w 8 0x00
0xF099 Reserved register - - - - -

O0xFO9A Flash segment register FLASHSEG - R/W 8 0x10
0xF09B Reserved register - - - - -

0xF09C Flash self register FLASHSLF - R/W 8 0x00
0xF09D Reserved register - - - - -

OxFO9E Flash status register FLASHSTA - R 8 0x00
0xFO9F Reserved register - - - - -
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26.2.2 Flash Address Register (FLASHA)
FLASHA is a SFR to set the erasing and programming address.

Address : 0xF090 (FLASHAL/FLASHA), 0xF091 (FLASHAH)
Access : R/W

Access size:  8/16 bit
Initial value :  OxFFFF

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

FLASHA
Byte FLASHAH FLASHAL

Word

Bit FA15 | FA14 | FA13 | FA12 | FA11 | FA10 | FA9 | FA8 | FA7 | FA6 | FA5 | FA4 | FA3 | FA2 | FA1 | FAO

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
Bit No. Sl Exi ) Description
name
15t0 0 FA15to FAO Set the erasing or programming address.
[Note]

Note that programming for the program memory space is performed by the unit of 2 bytes. Because of
this, the setting values in the FAOQ bit are ignored.
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26.2.3 Flash Segment Register (FLASHSEG)
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FLASHSEG is a SFR used to set the segment for erasing and programming the flash memory.

Address : 0xFO9A (FLASHSEG)
Access : R/W
Access size : 8 bit
Initial value : 0x10
15 14 13 12 " 10 6 5 4 3 2 1 0
Word
Byte - FLASHSEG
Bit - - - - - - - - FSEG4|FSEG3|FSEG2|FSEG1|FSEGO
R/W R R R R R R R R RW RW RW RW R/W
Initial 0 0 0 0 0 0 0 0 1 0 0 0 0
value
Bit No. B e Description
name
15t05 - Reserved bits

4t00 FSEG4 to FSEGO

Set the flash memory segment address.

Table 26-1 shows the address setting value for block erasing and Table 26-2 shows the address setting value for sector

erasing.

FEUL62Q2045
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Table 26-1 Address Setting Values for Block Erasing

Segment Block Address Size FL,fZZ::tSe EG ilég\zt'-el ':‘
Block 0 0x0000 to Ox3FFF 16KByte 0x0000
Segment 0 0x00

Block 1 0x4000 to Ox7FFF 16KByte 0x4000

Segment 31 Block 0 0x0000 to OxOFFF 4KByte Ox1F 0x0000

Table 26-2 Address Setting Values for Sector Erasing

Segment Block Address Size FLI"ZSiZtSe EG i;’;ﬁg ';'\
Sector0 0x0000 to 0x03FF 1KByte 0x0000

Sector1 0x0400 to Ox07FF 1KByte 0x0400

Segment 0 : : : 0x00 :

Sector30 0x7800 to Ox7BFF 1KByte 0x7800

Sector31 0x7C00 to OX7FFF 1KByte 0x7C00

Sector0 0x0000 to 0x007F 128Byte 0x0000

Sector1 0x0080 to 0x00FF 128Byte 0x0080

Sector2 0x0100 to 0x017F 128Byte 0x0100

Sector3 0x0180 to Ox01FF 128Byte 0x0180

Sector12 0x0600 to 0x067F 128Byte 0x0600

Segment 31 Sector13 0x0680 to Ox06FF 128Byte Ox1F 0x0680
Sector14 0x0700 to 0x077F 128Byte 0x0700

Sector15 0x0780 to Ox07FF 128Byte 0x0780

Sector28 O0xOEOO0 to OXOE7F 128Byte 0x0EO00

Sector29 0x0E80 to OXOEFF 128Byte 0x0E80

Sector30 0x0F00 to OxOF7F 128Byte 0x0F00

Sector31 0x0F80 to OxOFFF 128Byte 0xOF80
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26.2.4 Flash Data Register 0 (FLASHDO)
FLASHDO is a SFR used to set programming data.
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Address : 0xF092 (FLASHDOL/FLASHDO), 0xF093 (FLASHDOH)
Access : R/W
Access size:  8/16 bit
Initial value : OxFFFF
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word FLASHDO
Byte FLASHDOH FLASHDOL
Bit FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
Bit No. Sl Exi ) Description
name
15t08 FD15to FD8 Set the 2" byte data.
7t00 FD7 to FDO Set the 15t byte data.
There are some differences for programming the program memory space and the data flash area.
FRREENTITITg] Register ek t_o Sl Description
target programming to flash
Program 2 bytes specified in FLASHDO Writing data into
memory space | register FLASHDO/FLASHDOH
Data flash area FLASHDOL register only (1 Writing data into Data written into FLASHDOH of
byte) in FLASHDO register FLASHDO/FLASHDOL FLASHDO resister are invalid.

[Note]

Specify a segment address to FLASHSEG at first, because it determines whether the programming is for
program memory space or data flash memory.
* During programming data-flash, a CPU can execute instruction by the background operation function;
BGO. Confirm FDPRSTA bit of FLASHSTA register for complition of programming.

* Erase data in the addresses in advance. Programmed data without erase is unguaranteed.

* Do not read or program unused areas to prevent the CPU works incorrectly.

FEUL62Q2045
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26.2.5 Flash Control Register (FLASHCON)

FLASHCON is a write-only SFR used to control the block erasing and sector erasing for the flash memory. This register
always returns 0x00 for reading.

Address : 0xF096 (FLASHCON)

Access : w

Access size: 8 bit

Initial value : 0x00

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

Word -
Byte - FLASHCON

Bit - - - - - - - - - - - - - - |FSERS|FERS

R/W R R R R R R R R R R R R R R w w

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Sl Exi ) Description
name
7to2 - Reserved bits
1,0 FSERS, FERS Start the sector erasing or block erasing.

Setting the FSERS bit to "1" starts erasing the sector and setting the FERS bit to "1" starts
erasing the block specified by the FLASHSEG and FLASHAH register.

00: No function (Initial value)

01: Start block erasing

10: Start sector erasing

11: Do not use (No function)
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26.2.6 Flash Acceptor (FLASHACP)
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FLASHACEP is a write-only SFR used to accept for erasing/programming the flash memory.

Address : 0xF098 (FLASHACP)
Access : w
Access size : 8 bit
Initial value : 0x00

15 14 13 12 11 10 7 6 5 4 3 2 1 0
Word
Byte - FLASHACP
Bit - - - - - - fac7 | fac6 | fac5 | fac4 | fac3 | fac2 | faci facO
R/W R W w W W w W w W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

These bits are used to accept for erasing/programming the flash memory in order to prevent an unintended

erasing/programming operation.

When "0xFA" and "OxF5" are written to the FLASHACP in this order, the erasing or programming function is enabled
only once. For subsequent erasing or programming, "0xFA" and "0xF5" must be written to FLASHACP each time.

Even if other instructions are executed between the instruction that writes "OxFA" and "0xF5" to the FLASHACP, the

erasing or programming function is still valid.

If data other than "OxF5" is written to the FLASHACP after "0xFA" is written, "OxFA" becomes invalid. In this case, it

needs to write "OxFA" again.

[Note]

* A flash memory data in processing to program is not guaranteed, if this register is written any data when

FLASHSTA is not 0x0.

FEUL62Q2045
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26.2.7 Flash Self Register (FLASHSLF)
FLASHSLF is a SFR used to enable erasing and programming the flash memory. When system clock is the low-speed

clock, it is not writable.

Address : 0xF09C (FLASHSLF)
Access : R/W
Access size: 8 bit
Initial value : 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - FLASHSLF
Bit - - - - - - - - - - - - - - - |FSELF
R/W R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7to1 - Reserved bits
0 FSELF Enable erasing and programming the flash memory. This bit is kept after completed
erasing/programming.
0: Disabled (Initial value)
1: Enabled
[Note]

* A flash memory data in processing to program is not guaranteed, if this register is written any data when

FLASHSTA is not 0x0.

FEUL62Q2045
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26.2.8 Flash Status Register (FLASHSTA)
FLASHSTA is a read-only SFR used to check status of the flash memory.

Address : OxFO9E (FLASHSTA)
Access : R
Access size: 8 bit
Initial value : 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - FLASHSTA
Bit i i i i i i i i i i i i i _ |FDPRS[FDERS
TA TA
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description
name
7t02 - Reserved bits
1 FDPRSTA Indicate whether the data flash area is in the state of programming.
0: Not in the state of programming (Initial value)
1: In the state of programming
0 FDERSTA Indicate whether the data flash area is in the state of erasing.
0: Not in the state of erasing (Initial value)
1: In the state of erasing
This register is used when erasing or programming the data flash memory.
Erasing/Programming Availability to read
target this register while Description
erasing/programming
Program memory space Not available Do not use the FLASHSTA register.
Data flash area Available Start erasing/programming the flash checking the bit is "0".

The CPU stops running the program codes while erasing or programming the program flash memory, therefore
FLASHSTA is not readable in that case.

As the Back Ground Operation (BGO) function allows the CPU continue running the program codes, make a process for
the next erasing and programming by checking the FDERSTA bit or FDPRSTA bit to see if the erasing or programming
the data flash memory is completed.

[Note]
* Perform the erasing or programming after checking FDERSTA bit or FDPRSTA bit are "0". Do not
perform the erasing or programming when either FDERSTA bit or FDPRSTA bit is "1".
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26.3 Self-programming

The self-programming is the function to program (erase and program) the program memory space and data flash area
using SFRs.
Table 26-3 shows the self-programming specifications for each of the program memory space and data flash area.

Table 26-3 Self-programming of Program Memory Space and Data Flash Area

Program memory space Data flash area
(Segment 0) (segment 31)
Proarammin Erasing block 16 Kbyte all area
gunit 9 Erasing sector 1 Kbyte 128 byte
Programming 2 byte 1 byte
. . Stop program processing (after Continue program processing through
CPU operation during completion of erasing/programming, the background operation (BGO)
block/sector erase or program . ;
resume program processing) function
Confirmation of end of Confirmation not required (as program run Confirmation can be made through
block/sector erasing or : ot require progran FLASHSTA register
: is stopped during erasing/programming)
programming
Target area where
block/sector erasing has been Every bit becomes "1" (the bit written with "0" by writing becomes "0" from "1")

applied

Erase the area to be reprogrammed (data programmed without erasing is

Note on data programming unguaranteed)

Function to prevent
unintended Flash self-register (FLASHSLF) and flash acceptor (FLASHACP) incorporated (*1)
erasing/programming

Flash memory

erasing/programming Supported only when system clock is the high-speed clock (*2)

Before programming the user program,

Note on user program prepare a program for self-programming
programming in the program code area which is not

erased/reprogrammed

User program update, etc. can be
Remapping function performed by simultaneously using -
remapping function

*1: After the programming is enabled by the FLASHSLF register, if "OxFA" and "OxF5" are written to the flash acceptor
(FLASHACP), block/sector erase or reprogram is enabled only once.

*2: See Chapter 6 "Clock Generation Circuit" for enabling oscillation of the high-speed oscillation circuit and switching the
system clock.

26.3.1 Notes on Debugging Self-programming Code

When debugging the area within the scope of program for self-programming (from setting the flash acceptor to writing
the flash data register 0) using U16 development environment (debugger), use the debugger according to the precautions
described in Table 26-4.

Table 26-4 Notes on Debugging Self-programming

Limited

function et

Do not perform the real time execution with break points set in the scope of program for self-
Breakpoint | programming (from setting the flash acceptor to setting the flash data register0).

setting Otherwise, the flash memory may not be reprogrammed if break points occur within the scope of
program for self-programming.
Do not perform the step execution within the scope of program for self-programming.
Otherwise, the flash memory may not be reprogrammed if the step execution is performed within the
scope of program for self-programming.

Step
execution
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26.3.2 Programming Program Memory Space

In the program memory space (flash memory), block erase in units of 16 Kbytes, sector erase in units of 1 Kbyte, and
reprogram in units of 2 bytes can be executed.
Figure 26-1 shows the flow diagram for erasing the program memory space.

[ Begin ]
I
Setting system clock Set the high-speed clock for the system clock through the
| FCON register
Enabled flash programming FSELF ="1"
. FLASHACP = OxFA
Setting flash acceptor FLASHACP = 0xF5
. FLASHSEG = Segment address to be erased
Setting flash address FLASHA = Address to be erased
FERS = “1” (block erasing) /FSERS = 1 (sector erasing)
Block/Sector erasing __asm(“NOP");
__asm(“NOP”);

Start flash memory erase
The CPU stops. It automatically starts operation again when the erase is
completed.

YES

Continue programming ? —> Go to (1) in Figure 26-2

Disabled flash programming FSELF = “0”
[ End ]

Figure 26-1 Flow Diagram for Erasing Program Memory Space

[Note]

* Only erase areas irrelevant to program processing. If erasing the area where program processing is in
progress, the LSI works incorrectly.

* During block/sector erasing, the CPU stops the operation for maximum 50 ms whereas peripheral
circuits continue operation. Therefore, clear the WDT counter accordingly.

* For block/sector erasing, place two NOP instructions following the instruction used to set FERS/FSERS
bits of FLASHCON register to "1".
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Figure 26-2 shows the flow diagram for programming the program memory space.

[ Begin ]
Setting system clock Set the high-speed clock for the system clock through the
| FCON register
Enabled flash programming FSELF =*1”

>¢<7 M

Setting flash acceptor

FLASHACP = OxFA
FLASHACP = OxF5

FLASHSEG = Segment address to be programmed

Setting flash address FLASHA = Address to be programmed
FLASHDO = Programming data
__asm(“NOP”);
Setting programming data __asm(“NOP”);

Start flash memory write
The CPU stops. It automatically starts operation again when the write is completed.

Verify

YES

Continue programming ?

NO

Disabled flash programming FSELF =*“0”

A
End

Figure 26-2 Flow Diagram for Programming Program Memory Space

[Note]

* Only write areas irrelevant to program processing. If programming the area where program processing is
in progress, the LSI works incorrectly.

* During the programming, the CPU stops the operation for maximum 40 ys whereas peripheral circuits
continue operation. Therefore, clear the WDT counter accordingly.

* For data programming setting, place two NOP instructions following the instruction used to set the
programming data in FLASHDO register.

FEUL62Q2045 26-14



ROHM Co“ Ltd. ML62Q2033/2035/2043/2045 User's Manual

Chapter 26 Flash Memory

26.3.3 Programming Data Flash Area

In the data flash area (flash memory), block erase in all area, sector erase in units of 128 bytes, and programming in units
of 1 byte can be executed. During block/sector erase or program in the data flash area, the CPU continues program
processing using the background operation (BGO) function.

Figure 26-3 shows the flow diagram for erasing the data flash area.

[ Begin ]

| Set the high-speed clock for the system clock through the

. . FCON register

Setting system clock and interrupt If using interrupts, set “1” to MCIE2 bit of MCINTEL register
| and EMCS bit of IE2 register.

Enabled flash programming FSELF =*1”

. FLASHACP = OxFA
Setting flash acceptor FLASHACP = OxF5

Setting flash address

FERS = 1(block erasing) /FSERS = “1” (sector erasing)
Block/Sector erasing __asm(“NOP”);
__asm(“NOP”);

FLASHSEG = 0x1F
FLASHA = Address to be erased

Start erasing in background
When interrupt used (MCSINT)

— @ |

When interrupt not used ‘ Interrupt waiting
Continue .
\ Goto (2)in |
?
programming * YES  Figure 26-4
Confirm interrupt source
by using MCISTATL
Clear interrupt source by
using MCINTCL
YES Confirm the data flash state l
FSELF =*“0"

Disabled flash programming

v

[ End ] MCINTEL : MCU status interrupt enable register

MCISTATL : MCU status interrupt register
MCINTCL : MCU status interrupt clear register
IE2 : Interrupt enable register 2

Go to (3)

See Chapter 5 "Interrupts" and Sections 29.2.7 t0 29.2.9
in Chapter 29 "Safety Function" for using interrupts.

Figure 26-3 Flow Diagram for Erasing Data Flash Area

[Note]
* The CPU continues program processing even while data flash erasing is in progress. An entering to the
STOP mode is not available during the erasing. In addition, set FSELF bit of FLASHSLF register to "0"

after the erasing is completed.

* The data flash area is unreadable during erasing.

* For block/sector erasing, place two NOP instructions following the instruction used to set FERS/FSERS
bits of the FLASHCON register to "1".
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Figure 26-4 shows the flow diagram for programming the data flash area.
[ Begin ] .
| Set the high-speed clock for the system clock through the
FCON register

; ; If using interrupts, set “1” to MCIE2 bit of MCINTEL register
Setting system clock and interrupt and EMCS bit of IE2 register.

Enabled flash programming FSELF = “1”

FLASHSTA=0x00 ? Confirm the data flash state

FLASHACP = OxFA
FLASHACP = 0xF5

FLASHSEG = 0x1F
FLASHA = Address to be programmed

Setting flash acceptor

[
Setting flash address
I

FLASHDOL = programming data
Setting programming data __asm(*“NOP”);
__asm(“NOP”);

Start programming in background

. _ |
When interrupt <+« (4) When interrupt used
not used Interrupt waiting

Continue
Proarammina ?

Confirm interrupt source
by using MCISTATL

Clear interrupt source
by using MCINTCL

FLASHSTA=0x007? Confirm the data flash state ¢
Go to (4)
Disabled flash programming FSELF = “0”
| MCINTEL : MCU status interrupt enable register
Verify MCISTATL : MCU status interrupt register
MCINTCL : MCU status interrupt clear register
¢ IE2 : Interrupt enable register 2

 ea )

See Chapter 5 "Interrupts" and Sections 29.2.7 t0 29.2.9 in
Chapter 29 "Safety Function" for using interrupts.

Figure 26-4 Flow Diagram for Programming Data Flash Area

[Note]
* The CPU continues program processing even while data flash programming is in progress. An entering
to the STOP mode is not available during the programming. In addition, set FSELF bit of FLASHSLF

register to "0" (erase/program disabled) after the programming ended.

* The data flash area is unreadable during programming.

* For data programming setting, place two NOP instructions following the instruction used to set the
programming data in FLASHDOL register.
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26.3.4 Notes on use of self-programming

Table 26-5 shows the notes on the use of self-programming (block erasing/sector erasing/programming).

Table 26-5 Notes on Use of Self-programming

ltem Notes
System clock during use of Set to high-speed clock.
self-programming See Chapter "6 Clock Generation Circuit" for enabling the high-speed clock
oscillation and switching the system clock.
If power outage or forced termination Data in flash memory is not guaranteed.
due to a reset occurs Perform block/sector erase again then program data.
If LSI does not start up due to Program the program again using on-chip debug emulator or ISP function.
occurrence of power outage or forced
termination during programming (*")
Access to SFRs related flash control. Do not perform to write to the FLASHACP/FLASHSLF register during self-
programming; when FLASHSTA is not 0x0.
: While programming the block or sector including address 0:0000 of the program area is in progress.

*
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26.4 In-System Programming Function

The In-System Programming (ISP) function is used to program a program memory space and data flash area through

UART communication with an external device.

26.4.1 Programming Procedure

Figure 26-5 shows the flow diagram for programming the flash memory using the ISP function.

[ Begin ]
|
Entry to ISP mode Control RESET_N and TESTO pins
Handle flash memory Control TESTO pins

'
S

Figure 26-5 Flow Diagram for Programming Flash Memory Using ISP Function

26.4.2 Communication Method

Table 26-6 describes the communication method of the ISP function.

Table 26-6 ISP Function Communication Method

Item Description

Pins for ISP function

RESET_N pin and TESTO pin
Pins used when entering ISP mode

Communication method Half-duplex UART

Pin used for UART communication TESTO pin

UART Communication Format 8-bit length, LSB fast, 1 stop bit, no parity bit
Baud rate Auto-detection between 4800bps to 2.0Mbps

FEUL62Q2045
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26.4.3 Control Command
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3-byte commands are used to make the communication in the ISP function.
Table 26-7 shows the ISP mode commands.
Table 26-7 ISP Mode Command List

Chapter 26 Flash Memory

Command 1st byte 2n pyte 3 byte
Sending initial (s1<-3)tt|ng command OX1A 0x08 0x00
Sending initial (s;ttmg command OxX1A 0x00 0x00
Sending initial (SSe)ttmg command 0xCO 0x01 0x00
Sending initial (s;—:)ttlng command 0xCO 0x05 0x00
Sending initial (sse)ttmg command 0xCO 0x03 0x00
Sending initial (56e)tt|ng command OXCE 0x01 0x00
3y Sending initial s7ett|ng command OXCE 0x00 0x00
Initial (7)
setting Sending initial (sse)ttmg command 0x96 OXFF OXFF
Sending initial (sge)ttmg command 0x98 OXFF OXFF
Sending |n|t|al(§8t)tlng command Ox9A OXFF OXFF
Sending mﬂml(ﬁt)tmg command 0X9C OXFF OXFF
Sending mﬂml(jgt)tmg command OX9E OXFF OXFF
Confirming command 0x01 (Read) (Read)
transmission completion(1) 0xCO or 0x80 0x05
Confirming command 0x91 (Read) (Read)
transmission completion(2) 0x00 0x00
Segment setting command 0xC6 0x00~Ox1F 0x00
(segment value)
Common Address setting command 0xC8 Lower 8 bits Higher 8 bits
setting (Read) (Read)
BUSY confirmation command 0xC5 Ox1F 0x01:BUSY
0x00:IDLE
Blo‘.:k Block erasing command 0xC2 0x05 0x00
erasing
Chip . .
. Chip erasing command 0xC2 0x06 0x00
erasing
Data setting command H
; in program code area (higher 0xD2 Lower Byte Higher Byte
2bytes)
For Data setting command L
programing ; in program code area (lower 0xCA Lower Byte Higher Byte
data 2bytes)
Data setting command D 0XCA 1Byte data OXFF
; in data flash area
Programming command 0xC2 0x04 0x00

FEUL62Q2045
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Command 1t byte 2 byte 31 byte
Expected data setting
command H .
; in program code area (higher OxE4 Lower Byte Higher Byte
2bytes)
Expected data setting
. command L OxE2 Lower Byte Higher Byte
; in program code area (lower
2bytes)
. Expected data setting
For verify command D OxE4 1Byte data 0x00
; in data flash area
Verify command 0xC2 0x02 0x00
(Read)
. ) . 0x03:0K
Yi’;ﬁ{a;g:flrrgiﬂo; Z?(m;?;fen dd OXE7 0x01:0K at current cycle, (Read)
’ data P but has been NG in the 0x00
past cycles.
0x02 or 0x00:NG

[Note]

* Accessing to the program code area is performed in units of four bytes. Set four byte boundaries
(OH/4H/8H/CH) for lower four bits of the address. Accessing to the data flash area is performed in units of
one byte.
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26.4.4 How to Entry ISP Mode

Figure 26-6 shows timing diagram to entry ISP mode.

RESET N | | | | Start bit {; Stop bit

Testol [ | 1T LT

> e ».

Min.2ms iMin.100pSi Min.14ms : Min.250ps : Min.100ps§Min.250ps iMin_100ps : 0x80 Write

'
>

Min.10ms.

RESET N |} Start bit JiStopbit || Startbit JiStopbit I} Startbit 4! Stop

TESTO | ! | | i} LM ™
s e | — |
Min.1us | Ox5A Write i Min.Oys | OxFF Write i Min.Ouys | OxFD Write

RESET N ; Start ¢ Stop ; Start ¢ Stop ; Start ¢ Stop
TESTO | | | V7272277 | LML |
>  E— > i
i Min.Ops | 0x01 Write i Min.Ops ! Read i Min.Ous | 0x05 Read
i ' (Don't Care) '
F .
e e e e e o e e ,
(Initial value) '
RESET N ¢ Start ¢ Stop ¢ Start ¢ Stop ; Start ¢ Stop
TESTO | §|||||_||||i | [
e T — |
! Min.Ous | Ox1A Write i Min.Ops |  0x08 Write ! Min.Oys !  0x00 Write
:initial setting command (1) :
e »:

A. System reset. Enter RESET_N="L" AND TESTO="L".

B. Raise the RESET_N from "L" to "H" during TESTO="L".

C. Transmit "L" level of 250 ys.min from TESTO pin twice.

D. Transmit data 0x80 at the baud rate of UART communication set on the host side.

E. Transmit data in 0xX5A—0xFF—0xFD order at the baud rate of UART communication set on the host
side.

F. Transmit 0x01 at the baud rate of UART communication set on the host side, and if the third byte is

0x05, the transition to ISP mode is complete.

If the third byte is not 0x05, change the baud rate of the UART communication and repeat A~F.

Figure 26-6 Flow diagram to entry ISP mode

[Note]
* Perform the process within 55ms from the ISP mode transition command (B in Figure 26-6) to the
completion of the initial setting command transmission (1).
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26.4.5 Handling the Flash Memory

Figure 26-7 shows the flow diagram for erasing/programming the flash memory after transition to the ISP mode.

Begin

Initial setting

Erase specified flash memory
area

Write specified flash memory
area

Verify specified flash memory
area

FEUL62Q2045

N
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See Section 26.4.5.1 "Initial Setting" for details.

See Section 26.4.5.2 "Erasing Specified Flash Memory Area"
for details.

See Section 26.4.5.3 "Programming to Specified Flash Memory
Area" for details.

See Section 26.4.5.4 "Verifying Specified Flash Memory Area"
for details.

Figure 26-7 Flow Diagram for Erasing/Programming Flash Memory (Overview)
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26.4.5.1 Initial Setting

Figure 26-8 shows the initial setting flow.

[Note]

Begin

Sending initial setting command (1)

ML62Q2033/2035/2043/2045 User's Manual
Chapter 26 Flash Memory

d
<

Confirming command transmission
completion(1)

0x0580 or 0x05C0
has been read?

Sending initial setting command (2)

Sending initial setting command (8)

Sending initial setting command (9)

Sending initial setting command (10)

Sending initial setting command (12)

Sending initial setting command (11)

Confirming command transmission

completion(2)

"0" has been read in the 2nd

NO

After initial setting command
(1), 300 ms have passed?

Error

<If an error occurred>
Check if connection to the flash writer is correct.

byte ?

‘ Erasing, programming and verify ’

'

NO

y
[ Error ]

<If an error occurred>
It's not available to erase, program and verify the
Flash memory

Figure 26-8 Initial Setting Flow Diagram

* Initial setting process should be processed within 1000 ms.

FEUL62Q2045
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26.4.5.2 Erasing Data in Specified Flash Memory Area

Figure 26-9 shows the flow diagram for erasing data in specified flash memory area.

Begin

Sending initial setting command (6)

Sending initial setting command (3)

Segment setting command and
address setting command

Enabled the programming/erasing using this
command. Not required if it is already enabled.

Set the segment and address to be erased

Block/Chip erasing command A erasing is performed at first clock edge of next
command.

»
»

If the 3rd byte of BUSY confirmation command is
other than 0x00, it indicates the erasing or
programming is in progress.

BUSY confirmation command

31 byte is
0x007?

Disabled the programming/erasing using this
command. Not required if programming/erasing will
be continued.

Sending initial setting command (7)

End

Figure 26-9 Flow Diagram for Erasing in Specified Flash Memory Area

[Note]
* Erasure should be processed within 500ms.
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26.4.5.3 Programming to Specified Flash Memory Area

Figure 26-10 shows the flow diagram for programming to the specified flash memory area.

Begin
|
Sending initial setting command (6)
|
Sending initial setting command (4)

Segment setting command and
address setting command

Enabled the programming/erasing using this
command. Not required if it is already enabled.

Set the segment and address to start programming

Programming command

Segment setting has
been set to "Ox1F"?
YES
NO
) i Set OxFF in the 2"
Data setting command H Data setting command D bytes.
|
Data setting command L
BUSY confirmation command A programming is performed at first clock edge
of next command.
Method 1:
Poll until the 3rd byte data becomes 0x00.
3" byte is Method2:
0x00? Poll until the bit 1 of 3rd byte data becomes “0”.
Poll until the 3rd byte data becomes 0x00 after
writing the target size data.
Write completed for

the target size?
NO

Disabled the programming/erasing using this
command. Not required if programming/erasing will
* be continued.

Sending initial setting command (7)

End

Figure 26-10 Flow Diagram for Programming to Specified Flash Memory Area
[Note]

e Writing should be processed within 500ms. When writing multiple addresses, process from data setting
to data setting of the next address or completion of sending initial setting command (7) within 500ms.
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26.4.5.4 Verifying data in Specified Flash Memory Area

Figure 26-11 shows the flow diagram for verifying data in the specified flash memory area.

Begin
I

Sending initial setting command (5)

Segment setting command and
address setting command

Verify command Set the segment and address to start verification

Segment setting has
been set to "Ox1F" ? YES

NO

Set OxFF in the 3rd
Expected data command H Expected data command D | bytes.

Expected data command L

If expected value matches the flash memory
value, the 0x0003 is read, otherwise the
0x0000 or 0x0002 is read.

Verify confirmation command

Verify completed
for the target size?
NO

YES

Sending initial setting command (7)

Sending initial setting command (7) prohibits
erasing, writing, and verifying.

If you continue to erase, write, or verify, you do
End not need to send initial setting command (7).

\ 4

Figure 26-11 Flow Diagram for Verifying Specified Flash Memory Area

[Note]

*  Verify should be processed within 500ms. When verifying multiple addresses, process from data

setting to data setting of the next address or completion of sending initial setting command (7) within
500ms.
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26.4.6 Advanced Control of Flash Memory Erasing/Programming

This section describes how to implement shorter Flash memory erasing/programing/verify time.

In Sections 26.4.5.2 and 26.4.5.3, after sending erase command or write data, the BUSY signal is confirmed and the next
command is transferred considering the time until the BUSY signal is released (tousy), it is possible to shorten the
processing time by sending the following command.

26.4.6.1 Timing to transmit command of Advanced Control

When the LSI receives erasing or writing communication command, it issues an erasing/writing order to the flash
memory. It requires the Busy time (tousy) as an interval time to accept the next communication command. Therefore,
transmit the communication commands for erasing/programming the Flash memory with an interval of longer than tyusy.

The timing of command transmit is calculated as follows.
Command transfer time : temg = (10 [bit] / transfer rate[bps])
Wait time : twait = Busy time : tpusy — (temd X number of commands)

(1) When the transfer rate is IMbps and programming data in program memory space:
Send the command so that the interval between receiving the " Writing data of program code (lower 2 bytes)"
command is more than or equal to tpysy.

temd = 10bit/ 1 Mbps= 10 [us]
twait =  tousy— (tema X 2) = 160 —12 x 2= 140 [ps]
Programming data of program memory (higher 2 bytes)“ N
X 2
Programming data of program memory (lower 2 bytes) emd >
Lyait Flash Memory under
programming
Programming data of program memory (higher 2 bytes) | ¢ % 2 (tbusy= 160us)
Programming data of program memory (lower 2 bytes) | om >
Flash Memory under
programming
(tyusy =160ps)

Figure 26-12 Advanced control #1 of programming the program code area
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Figure 26-13 shows an example of using “data command H” instead of “BUSY confirmation command”.

Programming data of program memory (higher 2 bytes)

Programming data of program memory (lower 2 bytes)

Programming data of program memory (higher 2 bytes) L

Programming data of program memory (lower 2 bytes) |

SEEEE
tcmdx 2
——————————— >
| el 2
toma _
V_twarl 2
v__emd_______ >

Flash Memory under
programming
(tbusy=160us)

Flash Memory under
programming
(tbusy=160us)

Figure 26-13 Advanced control #2 of programming the program code area

Figure 26-14 shows an example for programming to data flash area.

When the transfer rate is 1Mbps and programming data in data

flash area:

Send the command “Data command D” so that the command acceptance interval is tpusy Or more.

Flash Memory under
programming
(tbusy=40us)

ttma = 10Dbit/ 1 Mbps = 10 [us]
twait =  touy— (temax1) = 40-10x1 = 30 [ps]
Programming data of data flash area |_: ‘:fc_:né _______ >
twait
Programming data of data flash area |_: E: Eczné _______ >

\4

Flash Memory under
programming
(tbusy=40us)

Figure 26-14 Advanced control of programming to the data flash

26.4.6.2 Timeout during advanced control

In ISP mode, there is a function to judge that it will time out after a certain period of time has elapsed and exit from ISP
mode. After changing to ISP mode, issue one of the following commands at intervals of 2800 ms or less.

* Confirming command transmission completion(1)
* Confirming BUSY signal
* Confirming the result of matching the expected value

FEUL62Q2045
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26.4.6.3 Erasing Data in Specified Flash Memory Area (Advanced control)

Figure 26-15 shows the flow diagram for erasing the specified flash memory area by the advanced control.

Begin

Initial setting command (6)

Initial setting command (3)

Segment setting command and
address setting command

Block/Chip erasing command

Time intervals; 50ms

BUSY confirmation command

Initial setting command (7)

v

End

FEUL62Q2045

Enabled the programming/erasing/verify using this
command. Not required if it is already enabled.

Set the segment and address to be erased

A erasing is performed at first clock edge of next
command.

Transmit pertinent command to avoid timeout if
needed.(See Section “26.4.6.2.”)

Disabled the programming/erasing using this
command. Not required if programming/erasing/verify
will be continued.

Figure 26-15 Flow Diagram for Erasing Specified Flash Memory Area (Advanced Control)
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26.4.6.4 Programming to Specified Flash Memory Area (Advanced control)

Figure 26-16 shows the flow diagram for programming to the specified flash memory area by the advanced control.

Begin \
|

Initial setting command (6)
|

Initial setting command (4)

Segment setting command and Set the segment and address to start programming
address setting command

Enabled the programming/erasing/verify using this
command. Not required if it is already enabled.

Programming command

Segment setting has

been set to "Ox1F" ?
YES

Programming data of program code Set OxFF in the 3%

(higher 2 bytes) Programming data of data bytes.

[ flash area

Programming data of program code

(lower 2 bytes)

Time intervals See Section “26.4.6.1” for interval value.

Transmit pertinent command to avoid timeout if
BUSY confirmation command needed.(See Section “26.4.6.2.”)

Write completed for
the target size ?

Disabled the programming/erasing using this
command. Not required if programming/erasing will
v be continued.

Initial setting command (7)

End

Figure 26-16 Flow Diagram for Programming Specified Flash Memory Area (Advanced Control)
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28. On-Chip Debug Function

28.1 General Description

This function is used by connecting the host PC and LSI through the on-chip debug emulator (hereafter referred to as
"On-chip emulator").

On-board debugging or programming is available by using the program development environment software (debugger)
installed on the host PC.

28.1.1 Features

e  The following debug functions are provided using the debugger by connecting LSI and On-chip emulator
— Emulation
— Real time emulation
— Single step emulation
— Trace
— Branch trace (select Enable or Disable by code option)
— Break
— Hardware break point break (four points)
— RAM data matching break
— Sequential break
— Trace overflow break(It is available if enabling branch trace function.)
— Stack overflow/underflow break
— Unused ROM area access break
— RAM parity error break
— Real time watch
— CPU resource display/change
— Program memory reference/disassembly
— RAM and SFR display/change
— Register display/change in the CPU
— Program download
— Program download/read/erase to/from flash memory
— Data write/read/erase to/from data flash
— Peripheral circuit operation continue/stop control
Target peripheral circuits
- External interrupt
- 16-bit timer
- Operational timer
- UART
- I2C bus unit (master/slave)
- Analog module (Analog comparator, Successive approximation type A/D converter, Low Level Detector)

e  The following program download function is provided using the flash multi-writer by connecting LSI and On-chip
emulator.
— Program download
— Erasing/Programming the program memory space
— Erasing/Programming the data flash memory area
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28.1.2 Configuration

When using the on-chip debug function, use the power supply of the target system (VDD=4.5V~5.5V) to supply power
to the LSI.

28.1.2.1 Using Power Supply of Target System (Vop=4.5V to 5.5V)
Figure 28-1 shows a connection example when using the power supply (Vpp=4.5 V to 5.5 V) of On-chip emulator.

On-chip emulator

Target system
Interface connector

Power supply circuit | LSI
VTref 1 : vbD
*1
10kQ
RST_OUT/SCK S °
RESET_N
SDATA L 000
i POO/TESTO
3.3vOouT — —
Cv=1pF
Ves 2,4,6.8.10.127; JT e—VSS
NG 3,9,11,14

*1) Normal operation ( reset IC, Vop, etc.)

Figure 28-1 Connection Example

28.1.3 List of Pins

The following pins are used for the on-chip debug function.

Signal name 1/0 Function
RESET_N | On-chip debug function input signal
POO/TESTO 1/0 On-chip debug function input/output signal
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28.2 How to Use On-chip Debug Function

See manual of the debugger for how to use the on-chip debug function using On-chip emulator and the debugger.
See manual of the flash multi-writer for how to download a program using On-chip emulator and flash multi-writer.

28.3 Precautions

[Note] on usage of the on-chip debug function.

Make RESET_N pin able to be connected to Vpp with a jumper or something when not using the
on-chip debug function.

Make POO/TESTO pin able to be connected to Vpp with a jumper or something when not using the
on-chip debug function.

Do not program instruction codes into the LSI that set the POO/TESTO pin to the output mode. If
POO/TESTO is set to the output mode before On-chip emulator performs read/write to/from the
target chip, communication with On-chip emulator after that will be disabled. Also note that the
input/output mode of POO/TESTO is uninitialized by On-chip emulator.

Validate the ROM code on user production board without the On-chip emulator.

Disconnect On-chip emulator when measuring the current consumption of the target system. If
On-chip emulator remains connected, the current consumption increases as the on-chip debug
circuit inside the LS| works for the communication.

LSI used to debug a program is not covered by the product warranty. Do not use the LSI for
mass-production.

A reset due to unused ROM area access does not occur in the on-chip debug mode regardless of
code option settings.

A RAM parity error reset does not occur in the on-chip debug mode and the break operation
occurs instead.

If the contents of the data memory are displayed in the debugger in a state where a RAM parity
error may occur (including when the RAM is not initialized), a RAM parity error may occur even if
the RAM area is not displayed.

The all interrupts and watchdog timer operation always stop while the debugger is in the break
state.

If the LSI cannot be connected to the debugger, check that the LSl is supplied with a power supply
(Vop=4.5V~5.5V).
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28.4 Operation of Peripheral Circuits during breaks in the on-chip debug mode

The debugger allows users to choose whether to continue or stop operating the peripheral circuits during the break state
on the debugger.

Table 28-1 shows the optional items, the target peripherals and how the operation is controlled.

Each optional item is displayed with a check box on the debugger. See manual of the debugger for more details on how
to use the function.

Table 28-1 Peripheral controls during the break on the debugger
Optional item Peripheral Circuit Description

If the item is checked on, the target LSI accepts the
external input during the break.

External Interrupt External Interrupt If the item checked off, the target LS| does not accept the
external input during the break.
If the item is checked on, operation of the peripheral
General Timer 16-bit Timer operation continues during the break.

If the item checked off, operation of the peripheral stops
during the break.

If the item is checked on, operation of the peripheral
operation continues during the break.

If the item checked off, operation of the peripheral stops
Operational Timer Operational Timer during the break.

Operational Timer can be controlled for each channels,
refer to "9.2.25 OTM Common Break Control Registers"
in "Chapter 9 Operational Timers".

If the item is checked on, operation of the peripheral

I2C Bus Unit I2C Bus Unit operation continues during the break.
(Master/Slave) (Master/Slave) If the item checked off, operation of the peripheral stops
during the break.

If the item is checked on, operation of the peripheral
Analog Module SA-ADC and Analog operation continues during the break.

(CMP/ADC/LLD) comparator and LLD If the item checked off, operation of the peripheral stops
during the break.

28.5 Reset in the On-Chip Debug Tool

By executing reset from the debug tool, RSTAT register POR bit is set to "1". However, LLD function is not reset. If it is
necessary to start them from initial state, set these pertinent SFRs to initial value. Then execute reset from debug tools.
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29. Safety Function

29.1 General Description

The purpose of the safety function is to detect a fault by self-diagnosing the LSI and to stop the LSI safely.

29.1.1 Features

e  Safety Functions on the LSI

Function Name Description Control by SFR
RAM guard Protect from the miss-writing to the specified RAM area Available
SFR guard Protect from the miss-writing to the specified SFR Available
Successive
approximation type A/D Successive approximation type AD converter test function Available
converter test
RAM parity error RAM parity error check and generates a reset on error (enable/disable reset Available
detection by SFR, with reset status flag and parity error flag)
ROM unused area Make a reset in case the CPU executes an instruction in the unused area )
access reset (enable/disable reset by the code option, with reset status flag)

Monitor to check whether the oscillation of the high-speed and low-speed

Clock mutual monitoring Available
clocks are normal
UART self-test function Make the UART self-test Available
I2C self-test function Make the I2C self-test function Available
WDT counter read WDT counter read function Available
Port output Ieyel self-test General port self-test function Available
function
MCU status interrupt Control interrupts generated by RAM parity error, automatic CRC calculation Available

completion, and data flash erase/program completion.
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29.2 Description of Registers
29.2.1 List of Registers

Symbol . Initial
Address Name R/W Size
Byte Word Value
0xFOBO RAM Guard Setting Register 0 RAMGD - R/W 8 0x00
0xFOB1
to Reserved - - - - -
0xFOB3
0xFOB4 SFRGDOL R/W | 8/16 0x00
SFR Guard Setting Register 0 SFRGDO
0xFOB5 SFRGDOH R/W 8 0x00
0xFOB6 SFRGD1L R/W | 8/16 0x00
SFR Guard Setting Register 1 SFRGD1
OxFOB7 SFRGD1H R/W 8 0x00
0xFOB8
to Reserved - - - - -
O0xFBB
OxFOBC | RAM Parity Setting Register RASFMOD - R/W 8 0x00
0xFOBD Reserved - - - - -
OxFOBE COMFTOL R/W | 8/16 0x00
Communication Test Setting Register 0 COMFTO
OxFOBF COMFTOH R/W 8 0x00
0xF050 MCU Status Interrupt Enable Register MCINTEL - R/W 8 0x00
0xF051 Reserved - - - - -
0xF052 MCU Status Interrupt Register MCISTATL - R 8 0x00
0xF053 Reserved - - - - -
0xF054 MCINTCLL w 8 0x00
MCU Status Interrupt Clear Register (L/H) -
0xFO055 MCINTCLH w 8 0x00
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29.2.2 RAM Guard Setting Register (RAMGD)

RAMGD is a SFR used to disable writing the RAM.
Data in the specified RAM area is protectable.

Address: 0xFOBO (RAMGD)
Access: R/W
Access size: 8 bit
Initial value: 0x00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - RAMGD
gt [ - | - [ - [ -] -] -] -[]-1]-1-1-1]+-1] - |rep2|repi|ReD0
R/W R R R R R R R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. Bl Bl Description
name
7103 - Reserved bits
2t00 RGD2 to Select a protect area for writing on the RAM.
RGDO 000: All RAM area writable and readable (Initial value)

001: 0x0:0EFCO to 0x0:0EFFF (64 byte) is unwritable and readable

010: 0x0:0EF80 to 0x0:0EFFF (128 byte) is unwritable and readable

011: 0x0:0EFO00 to 0x0:0EFFF (256 byte) is unwritable and readable

100: 0x0:0EEQO0 to 0x0:0EFFF (512 byte) is unwritable and readable

101: Do not use (0x0:0EEO00 to 0x0:0EFFF (512 byte) is unwritable and readable)
110: Do not use (0x0:0EEQO0 to Ox0:0EFFF (512 byte) is unwritable and readable)
111: Do not use (0x0:0EEQO0 to Ox0:0EFFF (512 byte) is unwritable and readable)

FEUL62Q2045 29-3



ROH M Co“ Ltd . ML62Q2033/2035/2043/2045 User's Manual

Chapter 29 Safety Function

29.2.3 SFR Guard Setting Register 0 (SFRGDO)

SFRGDO is a SFR used to disable writing certain SFRs.
Data in the specified SFR area is protectable.

Address: 0xFOB4 (SFRGDOL/SFRGDO), 0xFOB5(SFRGDOH)
Access: R/W
Access size: 8/16 bit
Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word SFRGDO
Byte SFRGDOH SFRGDOL
gt [ - | - | - [ -] - -] -] - - | - |seDos|seDo4/sGDo3|sGD02|sGD01|sGD0O
RIW R R R R R R RW RW RW RW RW RW
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is configured writable/unwritable target SFRs
0: Target SFRs are writable and readable (Initial value)
1: Target SFRs are unwritable and readable

Bit No. Bl Bl Description (target SFRs)
name

15to6 - Reserved bits

5 SGD05 WDTMOD register; see Chapter 10 “Watchdog timer”
4 SGD04 BCKCONnRN and BRECONN registers (n=0 to 3); see Chapter 4 “Power management”
3 SGDO03 RASFMOD register; see this chapter.
2 SGD02 SFRs described in Chapter 22 “LLD”

1 SGDO01 SFRs described in Chapter 6 “Clock Generation Circuit”

0 SGDO00 SFRs described in Chapter 5 “Interrupt”
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29.2.4 SFR Guard Setting Register 1 (SFRGD1)

SFRGDI is a SFR used to disable writing certain SFRs.
Data in the specified SFR area is protectable.
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Address: 0xFOB6(SFRGD1L/SFRGD1), 0xFOB7(SFRGD1H)
Access: R/W
Access size: 8/16 bit
Initial value: 0x0000

15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Word SFRGD1
Byte SFRGD1H SFRGD1L
gt [ - ] - [ - [ -] -] | - | -] -] -1 -1-1] - |scoizsepii|sepio
R/W R R R R R R R R R RW RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is configured writable/unwritable target SFRs in chapter 17. GPIO.

0: Target SFRs are writable and readable (Initial value)
1: Target SFRs are unwritable and readable

Bit symbol

Bit No. name Description
1503 - Reserved bits
2 SGD12 SFRs related to the port 2
1 SGD1M1 SFRs related to the port 1
0 SGD10 SFRs related to the port 0
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29.2.5 RAM Parity Setting Register (RASFMOD)

RASFMOD is a special function register (SFR) used to control the RAM parity error reset function.
The RAM parity error is detectable and the RAM parity error reset is generatable.

The reset flag by a RAM parity error can be checked by the reset status register (SRSTAT).

See Chapter 3 "Reset Function" for details about the reset flag.

Address: 0xFOBC(RASFMOD)
Access: R/W
Access size: 8 bit
Initial value: 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - RASFMOD
ot [T T - [ -] T - Teewe] T -] [ T [ Jeren
R/W R R R R R R R R R/W R R R R R R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value
Bit No. it Exilotel Description

name

7 PERF Check whether the RAM parity error occurs.

Write "1" to this bit to clear.
When PEREN is set to "1" to enable the parity error reset function, the reset status register
(SRSTAT) can be used to check.

0: Disabled (Initial value)

1: Enabled

6to1 - Reserved bits

0 PEREN Enable or disable the RAM parity error reset function.
0: Disabled (Initial value)
1: Enabled

[Note]
* If the RAM is not initialized when it is read, a parity error may occur. If you want to use parity error reset
(check the parity error flag or enable parity error reset), initialize the entire RAM area before using it.
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29.2.6 Communication Test Setting Register (COMFTO)

COMFTO is a SFR used to control the communication test function, which enables the loop back test with transmit data
in the serial communication units. See Section 29.3.1 "Communication Function Self Test" for more details.

As the I>C bus unit and the I?C master are equipped with the function to read the transmit data, the function can be used
for testing. For details, see Chapter 13 "I*’C Bus".

Address: 0xFOBE(COMFTO/COMFTOL), OxFOBF(COMFTOH)
Access: R/W

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word COMFTO
Byte COMFTOH COMFTOL

. CMFTO|CMFTO
Bit - - - - - - - - - - - - - -
1 0

R/W R RW R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is configured enable/disable the self-test for target communication function.
0: Target function is disabled. (Initial value)
1: Target function is enabled.

Bit No. Bl Bl Description (target)
name
15t02 - Reserved bits
1 CMFTO1 UART1
0 CMFTO0 UARTO
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29.2.7 MCU Status Interrupt Enable Register (MCINTEL)

MCINTEL is a SFR used to control enabling/disabling three types of interrupt status on the microcontroller.

Address: 0xF050 (MCINTEL)
Access: R/W
Access size: 8 bit
Initial value: 0x00

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - MCINTEL
s | - | - [ -] -1 -7 -] -1 - -0 -] -] -] - |moee - Jmooe
RW R R R R R R R R R R R R R RW R R/W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is configured enable/disable target interrupt.
0: Target interrupt is disabled. (Initial value)
1: Target interrupt is enabled.

Bit No. Bitnsayrlr"]nebol Description (target interrupt)
7103 - Reserved bits
2 MCI2E The interrupt at the completion of data flash erasing/programming.
1 - Reserved bit
0 MCIOE The interrupt at the occurrence of RAM parity error.
[Note]

* If the RAM is not initialized when it is read, a parity error may occur.
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29.2.8 MCU Status Interrupt Register (MCISTATL)

MCISTATL is a read-only SFR used to indicate status of the three types of interrupts.
The MCI2S bit to MCIOS bit is initialized, in addition to reset function, by writing "1" to the same number of bit in the

MCINTCL register.
Address: 0xF052 (MCISTATL)
Access: R
Access size: 8 bit
Initial value: 0x00

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte - MCISTATL
st | - | -] -] -1 -] -] -1-T-]-T7-1-171- [moes| - [mcos
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits :

It is to indicate status of target interrupt.
0: Target interrupt has not been generated. (Initial value)
1: Target interrupt has been generated.

Bit No. Bitnsaynl;nebol Description (target interrupt)
7103 - Reserved bits
2 MCI2S The interrupt at the completion of data flash erasing/programming.
1 - Reserved bit
0 MCI0S The interrupt at the occurrence of RAM parity error.
[Note]

* If the bit of each interrupt status is set to "1" and the same interrupt occurs again, the interrupt request
will not be output. In order to output the interrupt request, write "1" to the same bit in MCINTCL register
and clear the status bit to "0".
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29.2.9 MCU Status Interrupt Clear Register L/H (MCINTCLL, MCINTCLH)

MCINTCL is a write-only special function register (SFR) used to clear the MCU status interrupts.

If the MCI2C bit to MCIOC bit is set to "1", the interrupt request indicated by the same number of bit in the MCISTATL
register gets cleared.

This register always returns "0x0000" for reading.

Address: 0xFO54(MCINTCLL), 0OxFO55(MCINTCLH)
Access: w

Access size: 8/16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word -
Byte MCINTCLH MCINTCLL

it [Mcr| - | - [ -] - | - | -] - - | -] -] - ] - [mcizc] - [mcioc
RW W R R R R R R R R R R R R W R W
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
value

Common description of each bits; bit 2to 0 :
It is to indicate status of target interrupt.
Writing “0” :  Invalid
Writing “1””: Target interrupt status gets cleared.

Bit symbol

Bit No. Description
name
15 MCIR Request bit for the MCU status interrupt.
Write "1" to this bit before returning from the interrupt routine.

Writing "0": Invalid

Writing "1":If an unhandled interrupt exists, it generates the interrupt request again.
14103 - Reserved bits
2 MCI2C The interrupt at the completion of data flash erasing/programming.
1 - Reserved bit
0 MCIOC The interrupt at the occurrence of RAM parity error.
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29.3.1 Communication Function Self-Test

This self test is enabled by the COMFTO register setting.
The communication function can be tested through the self test by internally connecting transmit and receive data of

UART.

Before testing the communication, write "1" to the corresponding bit of the COMFTO register.
Transmit side data output can be enabled/disabled by setting the mode (secondary to octonary function) of the general-

purpose port.

For receive side data, it is not required to set the mode (2™ to 8" function) of the general-purpose port.

Figure 29-1 shows a concept diagram of the
test.

communication test. Figure 29-2 shows a flow chart of the communication

LN

RXDn ——— /H

COMFTO

Receive
. register

Clock selection
&

circuit

frequency division

Transmit > 1XDn
~ register PnMODO to 7

LSCLKO Baud rate
HSCLK ——>| generator

PnMODO to 7: Port n mode register

Figure 29-1

Start setting

Set COMFTO register

Set general-purpose port

Set transmit/receive mode,
transmit data, and
transmission/reception start

Check received data

Reset COMFTO register

|
e )

Figure 29

FEUL62Q2045

Communication Test Concept Diagram

Write "1" to the corresponding bit to enable the communication
test function.

To output the transmit data from the general-purpose port, set the
communication mode (2" to 8™ function). When not output, set to
the primary function.

Set the function (UART) to be tested for communication to the
transmit/receive mode. Start transmission/reception.
For details, see the chapter describing each function.

Transmit operation ended

Read the received data and compare it with the transmit data.

Write "0" to the corresponding bit to disable the communication
test function.

-2 Communication Test Flow Chart
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29.3.2 Unused ROM Area Access Reset Function

This function constantly monitors the program counter (PC) of the CPU. It generates the LSI reset when it detects that
the program counter (PC) executes a program located outside of the area. This function can be enabled/disabled by the
code option. The reset flag due to unused ROM area access can be confirmed with the SRSTAT register.

See Chapter 3 "Reset Function" for details of the reset flag.

<ROM unused area>

Program memory size : PC
32KB :07FCO to OFFFF
16KB  : 03FCO to OFFFF
29.3.3 Clock Mutual Monitoring Function

This function is used to monitor the low-speed clock (low-speed RC oscillation circuit) and high-speed clock (PLL
oscillation circuit) to check if they are normally oscillating.

The 16-bit timer and operational timer are available to implement the function.

For details, see Section 9.3.10 "Clock Mutual Monitoring Function".

29.3.4 WDT Counter Read

The count value can be read from the watchdog timer counter register (WDTMC). Periodic checks of the count value
allow confirmation that the watchdog timer is normally counting.
See Chapter 10 "Watchdog Timer" for its operation.

29.3.5 Port Output Level Test

When the general-purpose port is used as an output pin, the output data can be read by setting the input/output mode.
See Chapter 17 "General-purpose Port" for its operation.

29.3.6 Successive Approximation Type A/D Converter Test

The self test can be performed by A/D-converting the full scale, zero scale and internal reference voltage.
See Section 23.3.2 “Test function of Successive Approximation Type A/D Converter” for details.
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30. Code Option

30.1 General Description

The code option is used to choose watchdog timer operation etc. depending on values written in the code option area of
the program memory area.

The hardware automatically refers to data in the code option area when the microcontroller starts up due to one of system
resets described below to set each function.

The code option area can be erased or programmed through the on-chip debug function, self-rewrite function of flash
memory, or ISP function.

Code option setting circuit

OH

Program | WDT operation | | WDT operation |

code area | Others | | Others | Peripheral

> > circuits,

control circuits

Code option area

Updated at power-on reset,
or any other system reset

Figure 30-1 Code Option Overview

30.1.1 Function List

Readable configured code options from SFRs

Enabling or disabling the unused ROM area access reset

Enabling or disabling the remapping function

The software remap or hardware remap is selectable for the remap function
Enabling or disabling the watchdog timer operation

Enabling or disabling the watchdog timer operation at HALT
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30.2 Description of Code Option
30.2.1 Reading from SFRs

The address of code option area is dependent of the size of the program memory space (flash memory).

The address of SFRs for reading is fixed.

ML62Q2033/2035/2043/2045 User's Manual
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Symbol name
SFR address Register Name R/W Size
Byte Word
0xF920 CODEOPOL R 8/16
Code Option 0 CODEOPO
0xF921 CODEOPOH R 8
0xF922 CODEOP1L R 8/16
Code Option 1 CODEOP1
0xF923 CODEOP1H R 8
0xF924 CODEOP2L R 8/16
Code Option 2 CODEOP2
0xF925 CODEOP2H R 8
[Note]

* There are available to read the code option values from SFRs, if INITE flag bit of Reset Status Register

(RSTAT) is “0”.
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30.2.2 Code Option 0 (CODEOPOQ)
Address:

SFR address for reading:

Access to SFR :
Access size to SFR:

(See Table 30-1)
0xF920 (CODEOPOL/CODEOPO), 0xF921(CODEOPOH)
R

8/16 bit

Initial value: OxFFFF (Erased or factory default setting for products with blank flash memory)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CODEOPO
Byte CODEOPOH CODEOPOL
Bit i _ |PCER| i _ |REMA| i i i _|wDTP|  |WDTM
' MD PMD WMDO D
R/W R R R R R R R R R R R R R R R R
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
Bit No. Bl Bl Description
name
151013 - Reserved bits. Set "1" to all bits.
12 PCERMD Select enable/disable the unused ROM area access reset.
See Chapter 29.3.2 "Unused ROM Area Access Reset Function" for the unused ROM area
access reset.
0: Disabled
1: Enabled (Initial value)
1M1to9 - Reserved bits. Set "1" to all bits.
8 REMAPMD Select to enable/disable the remapping function (software remap or hardware remap)
operation.
See Chapter 2.8 "Remapping Function" for details of the remapping function.
0: Enabled
1: Disabled (Initial value)
7t03 - Reserved bits. Set "1" to all bits.
2 WDTPWMDO Select to enable/disable the watchdog timer (WDT) operation in HALT/HALT-H mode, if
WDTMD = “1”.
0: Disabled
1: Enabled (Initial value)
1 - Reserved bit. Set "1" to this bit.
0 WDTMD Select to enable/disable the watchdog timer (WDT) operation.

0: Disabled
1: Enabled (Initial value)
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30.2.3 Code Option 1 (CODEOP1)
Address:

SFR address for reading:

Access to SFR :
Access size to SFR:

(See Table 30-1)
0xF922 (CODEOP1L/CODEOP1), 0xF923(CODEOP1H)
R

8/16 bit

Initial value: OxFFFF (Erased or factory default setting for products with blank flash memory)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CODEOP1
Byte CODEOP1H CODEOP1L
. TRAM
Bit i i ) i ) i ) T | use | ° i i ) ) i )
R/W R R R R R R R R R R R R R R R R
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
Bit No. Bl Bl Description
name
15t08 - Reserved bits. Set "1" to all bits.
Select whether to enable/disable the branch trace function among the debugging functions.
When the branch trace function is enabled, 1 KB of the 2 KB of the installed RAM capacity is
dedicated to the trace function during the debugger connection, so it cannot be used. (RAM
usable range: 0OECOOH~0EFFFH)
7 TRAMUSE If you disable the branch trace function, you can use the installed RAM capacity of 2 KB as it
is.
0: Branch tracing function enabled
1: Branch tracing function disabled (initial value)
To enable the branch trace function, refer to Chapter 30.4 "Branch Trace Function".
6t00 - Reserved bits. Set "1" to all bits.

FEUL62Q2045
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30.2.4 Code Option 2 (CODEOP2)

Address:

SFR address for reading:

Access to SFR :

(See Table 30-1)
0xF924 (CODEOP2L/CODEOP2), 0xF925 (CODEOP2H)
R

ML62Q2033/2035/2043/2045 User's Manual
Chapter 30 Code Option

Access size to SFR: 8/16 bit
Initial value: OxFFFF (Erased or factory default setting for products with blank flash memory)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Word CODEOP2
Byte CODEOP2H CODEOP2L
.. |CREM CREA1|CREA1|CREA1|CREA1
Bit APMD CRES2|CRES1|CRESO 5 4 3 2 - - - - - - - -
R/W R R R R R R R R R R R R R R R R
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
value
Bit No. Sl Exi ) Description
name
15 CREMAPMD Control the initial value of Flash Remap Address Register (REMAPADD) at the system reset.

0: The initial value of the REMAPADD consists of CREA15 to 12 bits and CRES1 to 0 bits

1: The initial value of the REMAPADD is 0x00
If setting this bit to "0", The initial value of the REMAPADD consists of CREA15 to 12 bits and
CRES1 to 0 bits. For details on REMAPADD, see Section 2.7.3 "Flash Remap Address
Register (REMAPADD)".
The MCU remaps to the address specified with the CREA15 to 12 bits and the CRES1 to 0
bits every time at the system reset. See also Section 2.8.3 "Code Option Remap".
The remap function is enabled by setting REMAPMD bit of the Code Options 0.

14to12 CRES2to

CRESO

Set the initial values of RES2 to RESO bits of the Flash Remap Address Register
(REMAPADD).
RES2 and RES1 are reserved bits. Set "0" to all bits.

11to8 CREA15 to

CREA12

Set the initial values of REA15 to REA12 bits of the Flash Remap Address Register
(REMAPADD).

7to0 -

Reserved bits. Set "1" to all bits.

CPU instruction execution start address after releasing the reset

Reset REMAPMD | CREMAPMD Remap function P TS E e EXEELTE S
address
1 1
Disabled 0x0000
CPU reset 1 0
(BRK instruction) 0 1 i
Enabled Address set in the REMAPADD
0 0 Software remap register
1 1
Disabled 0x0000
1 0
System reset ”
0 1 Initial data of the REMAPADD
Enabled .
Code option remap register .
0 0 (data set by the Code Options 2)

See Section 2.7.3 "Flash Remap Address Register (REMAPADD)" and Section 2.8.3 "Code Option Remap".
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30.3 Code Option Data Setting

The address of code option area is dependent of the size of the program memory space (flash memory).
Table 30-1 shows addresses of code option areas for each product.

Table 30-1 List of Addresses of Code Option Areas for Each Product

ML62Q2033/2035/2043/2045 User's Manual
Chapter 30 Code Option

Program Address
Product name memory space Code Option area
size CODEOP2 CODEOP1 CODEOPO
ML62Q2033/2043 16K byte 0x0:3FD0O~0x0:3FFF 0x0:3FDC 0x0:3FDA 0x0:3FD8
ML62Q2035/2045 32K byte 0x0:7FD0O~0x0:7FFF 0x0:7FDC 0x0:7FDA 0x0:7FD8

Figure 30-2 shows an example of a code option setting program (for products with the program memory space=32
Kbytes). The setting is described in the start-up file (ML6220xx.ASM) of each product.
Set every unused bit of the code option data area to "1".
For products with blank flash memory, every bit has been set to "1" as the factory default setting.

; Setting the code-option data (for ML6220xx)

; Unused ROM area access reset disabled, remapping operation enabled, WDT operation disabled

cseg at 07fdOh ; 32KB
dw Offfth
dw Offfth
dw Offffh
dw Offffh
cseg #0 at 07fd8h
dw Oeefeh
cseg #0 at 07fdah
dw Offffh
; Disabled debugger branch tracing
cseg #0 at 07fdch
dw 00dfth

; 07fdOh
; 07fd2h
; 07fd4h
; 07fd6h

; 07fd8h ;coop0

; 07fdah ;coopl

; 07fdch ;coop2

; Setting the remap address during a system reset (0:d000)

cseg #0 at 07fdeh
dw Offfth
dw Offfth
dw Offffh
dw Offffh
dw Offffh
dw Offffh
dw Offfth
dw Offfth
dw Offfth
dw Offfth
dw Offffh
dw Offffh
dw Offffh
dw Offffh
dw Offfth
dw Offfth
dw Offfth

; 07fdeh ;
; 07fe0Oh ;
; 07fe2h ;
; 07fedh ;
; 07fe6h ;
; 07fe8h ;
; 07feah ;
; 07fech ;
; 07feeh ;
; 07ff0h ;
; 07ff2h ;
; 07ff4h ;
; 07ff6h ;
; 07ff8h ;
; 07ffah ;
; 07ffch ;
; 07ffeh ;

Figure 30-2 Example of Code Option Data Program (for Products with the Program Memory Space = 32 Kbytes)

[Note]

* For the code option data definition, always use the dw directive instruction to configure the data in the

unit of word.

FEUL62Q2045
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30.4 Branch Trace Function

If you set the CODEOP1 TRAMUSE bit to 0, the branch trace function is enabled when a debugger is attached.
There are the following differences in this LSI depending on whether the branch trace function is enabled or disabled.

*Product ID
When the branch trace function is enabled, the extension bit 0(EX0) of the product ID becomes "1".
In addition, the LSI target name is appended with "R" after the product name.

*RAM area of data memory
Since the branch trace function occupies 1 KB of the 2 KB RAM area (OESOOH~OEFFFH) of the data memory
space, the RAM area that can be used as data memory is | KB (OECOOH~OEFFFH).
Since the RAM area that can be used as data memory differs when the branch trace function is enabled, use the LSI
target name appended "R" to the end of the product name during compilation.

[Note]

* At the time of shipment or when the program is erased, the code options are also initialized and the
branch trace function is disabled.
If you want to enable branch trace function for an LSI that is in disabled branch trace function state,
connect to a debugger with the normal product name and enable branch trace function.
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31. Auxiliary Function

31.1 General Description

e Indication of Product ID
e Indication of unique chip ID (32bit); reading from FLASH

31.2 Description of Registers
31.2.1 List of Registers

Symbol i
Address Name R/W Size sl
Byte Word value
0xF930 PIDOL R 8/16 '1
Product ID register 0 PIDO "
0xF931 PIDOH R 8 !
0xF932 PID1L R 8/16 0x22
Product ID register 1 PID1
0xF933 PID1H R 8 0x06

*1: It depends on product.

FEUL62Q2045 31-1



ROHM Co. Ltd.

31.2.2 Product ID Register 0,1 (PIDO, PID1)
This is a SFR to indicate product ID.

Address :

Access : R
Access size :  8/16 bit

ML62Q2033/2035/2043/2045 User's Manual
Chapter 31 Auxiliary Function

0xF930 (PIDO/PIDOL), 0xF931(PIDOH), 0xF932 (PID1/PID1L), OxF933(PID1H)

Initial value : PID1: 0622, PID0:0xxx
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PID1
Byte PID1H PID1L
Bit - - - - d53 d52 d51 d50 d43 d42 d41 d40 d33 d32 d31 d30
R/W R R R R R R R R R R R R R R R
Initial 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0
value
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word PIDO
Byte PIDOH PIDOL
Bit d23 d22 d21 d20 d13 d12 dn d10 do3 do2 do1 doo ex3 ex2 ex1 ex0
R/W R R R R R R R R R R R R R R R R
Initial 0 0 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0 0 0 0/1
value
Bit No. Bit symbol Description
name
15t04 - It indicates 6-digit number of product name.
The upper 20-bit number is fixed at “0x6220”. The lower 8-bit number depends on the
product name.
3to0 - It indicates 1 character from A to F as extended identifier of product.
If the product name has “P” or “T”, it is ignored.
If branch trace is enabled (TRAMUSE bit = 0) in the code option, ex0 becomes "1".
Ex) ML62Q2045 : “0x0622_0450"
31.3 Description of Operation
31.3.1 How to Confirm Unique ID
This LSI chip has unique ID with 32-bit. It is to read from test area in data memory space.
Its address is different for each product.
Table 31-1 Address to read for each product
Product name Program Memory size Dae Memoryrjggce FEEIEES D
ML62Q2033/2043 16KByte 0x0:43F7 to 4
ML62Q2035/2045 32KByte 0x0:83F7 to 4
FEUL62Q2045
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Appendix A Resister List

M1.62Q2033/2035/2043/2045 User’s Manual

The SFR list is show below. Access “Reserved” register is not guaranteed. Please do not access them.
Initial value with *1 depend on code option that is set. See Chapter “30 Code option”.
Initial value with *2 depend on product. See Chapter “31 Auxiliary Function”.

Appendix A SFR List

Symbol name . Initial
Address | Name R/W Size
Byte Word value
0xFO00 | Data segment register DSR R/W 8 0x00
0xFO001 Reserved - - - -
0xF002 FHCKMODL R/W 8/16 0x00
High-speed clock mode register FHCKMOD
0xF003 FHCKMODH R/W 8 0x03
0xF004 | Reserved - - - -
0xF005 | Reserved - - - -
0xF006 ) FCON R/W 8/16 0x00
Clock control register FCONW
0xF007 FCON1 R/W 8 0x00
OxF008 High-speed clock wake up time setting FHWUPT RIW 8 0x00
register -
0xFO009 | Reserved - - - -
O0xFOOA
to Reserved - - - - -
OxFOOF
0xF010 | Watchdog timer control register WDTCON R/W 8 0x00
0xFO011 Reserved - - - -
0xF012 | Watchdog timer mode register WDTMOD R/W 8 0x06
0xF013 | Reserved - - - -
0xF014 WDTMCL R 8/16 0x00
Watchdog timer counter register WDTMC
0xF015 WDTMCH R 8 0x00
0xF016 | Watchdog timer status register WDTSTA R 8 0x01
0xF017 | Reserved - - - -
0xF018 | Stop code acceptor STPACP w 8 0x00
0xF019 | Reserved - - - -
O0xFO1A ) SBYCONL w 8/16 0x00
Standby control register SBYCON
0xFO1B - - - -
0xFO1C | Standby prohibition flag register SBYEFLG R 8 0x00
0xFO1D | Reserved - - - -
0xFO1E | Reserved - - - -
O0xFO1F | Reserved - - - -
0xF020 ) IEO R/W 8/16 0x00
Interrupt enable register 01 IEO1
0xF021 IE1 R/W 8 0x00
0xF022 IE2 R/W 8/16 0x00
Interrupt enable register 23 IE23
0xF023 IE3 R/W 8 0x00
0xF024 ) IE4 R/W 8/16 0x00
Interrupt enable register 45 IE45
0xF025 IE5 R/W 8 0x00
0xF026 ) IE6 R/W 8/16 0x00
Interrupt enable register 67 IE67
0xF027 IE7 R/W 8 0x00
0xF028 . IRQO R/W 8/16 0x00
Interrupt request register 01 IRQO1
0xF029 IRQ1 R/W 8 0x00
0xFO02A . IRQ2 R/W 8/16 0x00
Interrupt request register 23 IRQ23
0xF02B IRQ3 R/W 8 0x00
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Appendix A SFR List
Symbol name iti
Address | Name 4 R/W Size sl
Byte Word value
0xF02C . IRQ4 R/W 8/16 0x00
Interrupt request register 45 IRQ45
0xF02D IRQ5 R/W 8 0x00
OxFO2E . IRQ6 R/W 8/16 0x00
Interrupt request register 67 IRQ67
OxFO2F IRQ7 R/W 8 0x00
0xFO030 | Interrupt level control enable register ILEN R/W 8 0x00
0xF031 | Reserved - - - -
OXF032 Cur.rent interrupt level management cIL RIW 8 0x00
register -
0xFO033 | Interrupt level mask register MCIL R/W 8 0x00
0xF034 . ILCOO0 R/W 8/16 0x00
Interrupt level control register 0 ILCO
0xF035 ILCO1 R/W 8 0x00
0xF036 . ILC10 R/W 8/16 0x00
Interrupt level control register 1 ILC1
0xF037 ILC11 R/W 8 0x00
0xF038 . ILC20 R/W 8/16 0x00
Interrupt level control register 2 ILC2
0xF039 ILC21 R/W 8 0x00
OxFO3A . ILC30 R/W 8/16 0x00
Interrupt level control register 3 ILC3
0xFO3B ILC31 R/W 8 0x00
0xF03C . ILC40 R/W 8/16 0x00
Interrupt level control register 4 ILC4
0xFO3D ILC41 R/W 8 0x00
OxFO3E . ILC50 R/W 8/16 0x00
Interrupt level control register 5 ILC5
OxFO3F ILC51 R/W 8 0x00
0xF040 . ILC60 R/W 8/16 0x00
Interrupt level control register 6 ILC6
0xF041 ILC61 R/W 8 0x00
0xF042 . ILC70 R/W 8/16 0x00
Interrupt level control register 7 ILC7
0xF043 ILC71 R/W 8 0x00
0xF044 EICONOL R/W 8/16 0x00
External interrupt control register 0 EICONO
0xF045 EICONOH R/W 8 0x00
0xF046 | Reserved - - - -
0xF047 | Reserved - - - -
0xF048 EIMODOL R/W 8/16 0x00
External interrupt mode register 0 EIMODO
0xF049 EIMODOH R/W 8 0x00
O0xFO4A | Reserved - - - -
0xF04B | Reserved - - - -
0xFO4C | External interrupt port selection register EIPSELOL EIPSELO R/W | 8/16 0x00
0xFo4D | O EIPSELOH R/W 8 0x00
OxFO4E | Reserved - - - -
O0xFO4F | Reserved - - - -
0xFO050 | MCU Status Interrupt Enable Register MCINTEL R/W 8 0x00
0xF051 | Reserved - - - -
0xF052 | MCU Status Interrupt Register MCISTATL R 8 0x00
0xF053 | Reserved - - - -
0xF054 | MCU Status Interrupt Clear Register MCINTCLL ) w 8 0x00
0xF055 | (L/H) MCINTCLH w 8 0x00
0xF056 | Reserved - - - -
0xF057 | Reserved - - - -
0xF058 ) RSTATL R/W 8/16 Undefined
Reset status register RSTAT -
0xF059 RSTATH R/W 8 Undefined
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Appendix A SFR List
Symbol name iti
Address | Name 4 R/W Size sl
Byte Word value
OxFO5A | Safety function reset status register SRSTAT R/W 8 Undefined
0xFO5B | Reserved - - - -
0xFO5C | Software reset acceptor SOFTRACP w 8 0x00
0xFO5D | Reserved - - - -
O0xFO5E | Software reset control register SOFTRCON R/W 8 0x00
O0xFO5F | Reserved - - - -
0xF060
to Reserved - - - - -
OxFO6F
0xF070 BCKCONOL R/W 8/16 0x00
Block clock control register 0 BCKCONO
0xF071 BCKCONOH R/W 8 0x00
0xF072 BCKCON1L R/W 8/16 0x00
Block clock control register 1 BCKCON1
0xFO073 BCKCON1H R/W 8 0x00
0xF074 BCKCON2L R/W 8/16 0x00
Block clock control register 2 BCKCON2
0xFO075 BCKCON2H R/W 8 0x00
0xFO076 ) BCKCON3L R/W 8/16 0x00
Block clock control register 3 BCKCON3
0xF077 BCKCONS3H R/W 8 0x00
0xF078 ) BRECONOL R/W 8/16 0x00
Block reset control register 0 BRECONO
0xF079 BRECONOH R/W 8 0x00
O0xFO7A ) BRECON1L R/W 8/16 0x00
Block reset control register 1 BRECON1
0xF07B BRECON1H R/W 8 0x00
0xF0O7C BRECON2L R/W 8/16 0x00
Block reset control register 2 BRECON2
0xFO7D BRECON2H R/W 8 0x00
OxFO7E BRECONSL R/W 8/16 0x00
Block reset control register 3 BRECON3
OxFO7F BRECON3H R/W 8 0x00
0xF080
to Reserved - - - - -
OxFO8F
0xF090 FLASHAL R/W 8/16 OxFF
Flash address register FLASHA
0xF091 FLASHAH R/W 8 OxFF
0xF092 FLASHDOL R/W 8/16 OxFF
Flash data register 0 FLASHDO
0xF093 FLASHDOH R/W 8 OxFF
0xF094 | Reserved - - - -
0xF095 | Reserved - - - -
0xF096 | Flash control register FLASHCON w 8 0x00
0xF097 | Reserved - - - -
0xF098 | Flash acceptor FLASHACP w 8 0x00
0xF099 | Reserved - - - -
0xFO9A | Flash segment register FLASHSEG R/W 8 0x10
0xFO9B | Reserved - - - -
0xFO9C | Flash self register FLASHSLF R/W 8 0x00
0xFO9D | Reserved - - - -
O0xFO9E | Flash status register FLASHSTA R 8 0x00
O0xFO9F | Reserved - - - -
0xFOAOQO | Flash remap address register REMAPADD R/W *1
0xFOA1 | Reserved - R/W 0x00
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Symbol name iti
Address | Name 4 R/W Size sl
Byte Word value
0xFOA2
to Reserved - - R/W 8 0x00
OxFOAF
O0xFOBO | RAM Guard Setting Register 0 RAMGD R/W 8 0x00
0xFOB1 | Reserved - - - -
0xFOB2 | Reserved - - - -
0xFOB3 | Reserved - - - -
0xFOB4 . ) SFRGDOL R/W 8/16 0x00
SFR Guard Setting Register 0 SFRGDO
0xFOB5 SFRGDOH R/W 8 0x00
0xFOB6 SFRGD1L R/W 8/16 0x00
SFR Guard Setting Register 1 SFRGD1
0xFOB7 SFRGD1H R/W 8 0x00
0xFOB8
to Reserved - - - - -
0xFBB
0xFOBC | RAM Parity Setting Register RASFMOD R/W 8 0x00
0xFOBD | Reserved - - - -
0xFOBE COMFTOL R/W 8/16 0x00
Communication Test Setting Register 0 COMFTO
OxFOBF COMFTOH R/W 8 0x00
0xFOCO
to Reserved - - - - -
OxF1FF
0xF200 PODI R 8/16 OxFF
Port 0 data register POD
0xF201 PODO R/W 8 0x00
0xF202 POMODO R/W 8/16 0x05
Port 0 mode register 01 POMODO1
0xF203 POMOD1 R/W 8 0x00
0xF204 . POMOD2 R/W 8/16 0x00
Port 0 mode register 23 POMOD23
0xF205 POMOD3 R/W 8 0x00
0xF206 . POMOD4 R/W 8/16 0x00
Port 0 mode register 45 POMOD45
0xF207 POMOD5 R/W 8 0x00
0xF208 . POMOD6 R/W 8/16 0x00
Port 0 mode register 67 POMODG67
0xF209 POMOD7 R/W 8 0x00
0xF20A | Reserved - - - -
0xF20B | Reserved - - - -
0xF20C | Reserved - - - -
0xF20D | Reserved - - - -
0xF20E | Reserved - - - -
O0xF20F | Reserved - - - -
0xF210 . P1DI R 8/16 OxFF
Port 1 data register P1D
0xF211 P1DO R/W 8 0x00
0xF212 . P1MODO R/W 8/16 0x00
Port 1 mode register 01 P1MODO01
0xF213 P1MOD1 R/W 8 0x00
0xF214 . P1MOD2 R/W 8/16 0x00
Port 1 mode register 23 P1MOD23
0xF215 P1MOD3 R/W 8 0x00
0xF216 P1MOD4 R/W 8/16 0x00
Port 1 mode register 45 P1MOD45
0xF217 P1MOD5 R/W 8 0x00
0xF218 P1MOD6 R/W 8/16 0x00
Port 1 mode register 67 P1MOD67
0xF219 P1MOD7 R/W 8 0x00
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Appendix A SFR List
Symbol name iti
Address | Name 4 R/W Size sl
Byte Word value
O0xF21A ) P1PMDL R/W 8/16 0x00
Port 1 pulse mode register P1PMD
0xF21B P1PMDH R/W 8 0x00
0xF21C . ) P1PSLL R/W 8/16 0x00
Port 1 pulse selection register P1PSL
0xF21D P1PSLH R/W 8 0x00
0xF21E | Reserved - - - -
0xF21F | Reserved - - - -
0xF220 P2DI R 8/16 OxFF
Port 2 data register P2D
0xF221 P2DO R/W 8 0x00
0xF222 P2MODO R/W 8/16 0x00
Port 2 mode register 01 P2MODO01
0xF223 P2MOD1 R/W 8 0x00
0xF224 . P2MOD2 R/W 8/16 0x00
Port 2 mode register 23 P2MOD23
0xF225 P2MOD3 R/W 8 0x00
0xF226
to Reserved - - - - -
OxF22F
0xF300 o . TMHODL R/W 8/16 OxFF
16-bit timer 0 data register TMHOD
0xF301 TMHODH R/W 8 OxFF
0xF302 o ) TMHOCL R/W 8/16 0x00
16-bit timer 0 counter register TMHOC
0xF303 TMHOCH R/W 8 0x00
0xF304 o . TMHOMODL R/W 8/16 0x00
16-bit timer 0 mode register TMHOMOD
0xF305 TMHOMODH R/W 8 0x00
0xF306
to Reserved - - - - -
OxF33F
0xF340 o . TMHSTRL w 8/16 0x00
16-bit timer start register TMHSTR
0xF341 TMHSTRH w 8 0x00
0xF342 TMHSTPL w 8/16 0x00
16-bit timer stop register TMHSTP
0xF343 TMHSTPH w 8 0x00
0xF344 TMHSTATL R 8/16 0x00
16-bit timer status register TMHSTAT
0xF345 TMHSTATH R 8 0x00
O0xF346
to Reserved - - - - -
OxF37F
0xF380 | OTM common update register OTCUD w 8 0x00
0xF381 Reserved register - - - -
0xF382 OTCCONL R/W 8/16 0x00
OTM common control register OTCCON
0xF383 OTCCONH R/W 8 0x00
0xF384 . OTCSTRL w 8/16 0x00
OTM common start register OTCSTR
0xF385 OTCSTRH w 8 0x00
0xF386 . OTCSTPL w 8/16 0x00
OTM common stop register OTCSTP
0xF387 OTCSTPH w 8 0x00
0xF388 . OTCSTATL R 8/16 0x00
OTM common status register OTCSTAT
0xF389 OTCSTATH R 8 0x00
0xF38A | OTM common break control register OTCBRK R/W 8 0x3F
O0xF38B | Reserved register - - - -
0xF38C OTM common OTMnO output logical OTCOOCONL OTCOOCON R/W 8/16 0x00
0OxF38D | authorized register OTCOSCON RIW 8 0x00
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Symbol name iti
Address | Name 4 R/W Size sl
Byte Word value
0XF38E OTM common OTMn‘l Output |og|ca| OTC1OCONL R/W 8/16 OXOO
. . OTC10CON
OxF38F | authorized register OTC10CONH R/W 8 0x00
0xF390 ) ) ) OTOOCONL R/W 8/16 0x00
OTMO output logical authorized register OTOOCON
0xF391 OTOOCONH R/W 8 0x00
0xF392 OT10CONL R/W 8/16 0x00
OTM1 output logical authorized register OT10CON
0xF393 OT10CONH R/W 8 0x00
0xF394 OT20CONL R/W 8/16 0x00
OTM2 output logical authorized register OT20CON
0xF395 OT20CONH R/W 8 0x00
0xF396 OT30CONL R/W 8/16 0x00
OTM3 output logical authorized register OT30OCON
0xF397 OT30CONH R/W 8 0x00
0xF398 ) ) ) OT40CONL R/W 8/16 0x00
OTM4 output logical authorized register OT40CON
0xF399 OT40CONH R/W 8 0x00
0xF39A ) ) ) OT50CONL R/W 8/16 0x00
OTMS5 output logical authorized register OT50CON
0xF39B OT50CONH R/W 8 0x00
0xF39C ) - - - -
Reserved register -
0xF39D - - - -
OxF39E ) - - - -
Reserved register -
OxF39F - - - -
0xF3A0 . . OTOCTRG1L R/W 8/16 0x00
OTMO counter trigger 1 register OTOCTRG1
OxF3A1 OTOCTRG1H R/W 8 0x00
O0xF3A2 OT1CTRG1L R/W 8/16 0x00
OTM1 counter trigger 1 register OT1CTRG1
OxF3A3 OT1CTRG1H R/W 8 0x00
O0xF3A4 ) ) OT2CTRG1L R/W 8/16 0x00
OTM2 counter trigger 1 register OT2CTRG1
O0xF3A5 OT2CTRG1H R/W 8 0x00
O0xF3A6 ) ) OT3CTRG1L R/W 8/16 0x00
OTMB3 counter trigger 1 register OT3CTRGH1
OxF3A7 OT3CTRG1H R/W 8 0x00
OxF3A8 ) ) OT4CTRG1L R/W 8/16 0x00
OTM4 counter trigger 1 register OT4CTRGH1
0xF3A9 OT4CTRG1H R/W 8 0x00
OxF3AA OT5CTRG1L R/W 8/16 0x00
OTMS5 counter trigger 1 register OT5CTRGH1
OxF3AB OT5CTRG1H R/W 8 0x00
OxF3AC
to Reserved register - - - - -
OxF3EF
0xF3FO0 | OTM Cycle setting method selection OTCPCL OTCPC R/W | 8/16 0x00
OxF3F1 | register OTCPCH R/W 8 0x00
OxF3F2
to Reserved register - - - - -
OxF3FF
0xF400 OTOPL R/W 8/16 OxFF
OTMO cycle register OTOoP
0xF401 OTOPH R/W 8 OxFF
0xF402 OTOORL R/W 8/16 0x00
OTMOO Rise Point register OTOOR
0xF403 OTOORH R/W 8 0x00
0xF404 OTOOFL R/W 8/16 0x00
OTMOO Fall Point register OTOOF
0xF405 OTOOFH R/W 8 0x00
0xF406 . . . OTO01RL R/W 8/16 0x00
OTMO1 Rise Point register OTO1R
0xF407 OTO1RH R/W 8 0x00
0xF408 ) . OTO1FL R/W 8/16 0x00
OTMO1 Fall Point register OTO1F
0xF409 OTO1FH R/W 8 0x00
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0xF40A ) OoT0CL R/W 8/16 0x00
OTMO counter register OoT0C

0xF40B OTOCH R/W 8 0x00

0xF40C ) OTOSTATL R 8/16 0x06
OTMO status register OTOSTAT

0xF40D OTOSTATH R 8 0x00

0xF40E OTOMODL R/W 8/16 0x00
OTMO mode register OTOMOD

OxF40F OTOMODH R/W 8 0x40

0xF410 OTOSCLRL R/W 8/16 0x00
OTMO cycle stop timing register OTOSCLR

0xF411 OTOSCLRH R/W 8 0x00

0xF412 OTOCLKL R/W 8/16 0x00
OTMO clock register OTOCLK

0xF413 OTOCLKH R/W 8 0x00

0xF414 . . OTOCTRGOL R/W 8/16 0x00
OTMO counter trigger O register OTOCTRGO

0xF415 OTOCTRGOH R/W 8 0x00

0xF416 . ) OTOFTRGOL R/W 8/16 0x00
OTMO Forced stop trigger O register OTOFTRGO

0xF417 OTOFTRGOH R/W 8 0x00

0xF418 . ) OTOFTRG1L R/W 8/16 0x00
OTMO Forced stop trigger 1 register OTOFTRG1

0xF419 OTOFTRG1H R/W 8 0x00

OxF41A OTOINTEL R/W 8/16 0x00
OTMO Interrupt enable Register OTOINTE

0xF41B OTOINTEH R/W 8 0x00

0xF41C OTOINTSL R 8/16 0x00
OTMO interrupt status register OTOINTS

0xF41D OTOINTSH R 8 0x00

OxF41E OTOINTCL w 8 0x00
OTMO interrupt clear register -

OxF41F OTOINTCH w 8 0x00

0xF420 . OT1PL R/W 8/16 OxFF
OTM1 cycle register OT1P

OxF421 OT1PH R/W 8 OxFF

0xF422 . . ) OT10RL R/W 8/16 0x00
OTM10 Rise Point register OT10R

0xF423 OT10RH R/W 8 0x00

0xF424 ) ) OT10FL R/W 8/16 0x00
OTM10 Fall Point register OT10F

0xF425 OT10FH R/W 8 0x00

0xF426 OT11RL R/W 8/16 0x00
OTM11 Rise Point register OT11R

0xF427 OT11RH R/W 8 0x00

0xF428 OT11FL R/W 8/16 0x00
OTM11 Fall Point register OT11F

0xF429 OT11FH R/W 8 0x00

OxF42A OT1CL R/W 8/16 0x00
OTM1 counter register OT1C

0xF42B OT1CH R/W 8 0x00

0xF42C ) OT1STATL R 8/16 0x06
OTM1 status register OT1STAT

0xF42D OT1STATH R 8 0x00

O0xF42E ) OT1MODL R/W 8/16 0x00
OTM1 mode register OT1MOD

OxF42F OT1MODH R/W 8 0x40

0xF430 L . OT1SCLRL R/W 8/16 0x00
OTM1 cycle stop timing register OT1SCLR

0xF431 OT1SCLRH R/W 8 0x00

0xF432 OT1CLKL R/W 8/16 0x00
OTM1 clock register OT1CLK

0xF433 OT1CLKH R/W 8 0x00

0xF434 OT1CTRGOL R/W 8/16 0x00
OTM1 counter trigger 0 register OT1CTRGO

0xF435 OT1CTRGOH R/W 8 0x00

0xF436 OT1FTRGOL R/W 8/16 0x00
OTM1 Forced stop trigger O register OT1FTRGO

0xF437 OT1FTRGOH R/W 8 0x00
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0xF438 ) ) OT1FTRG1L R/W 8/16 0x00
OTM1 Forced stop trigger 1 register OT1FTRG1
0xF439 OT1FTRG1H R/W 8 0x00
O0xF43A . . OT1INTEL R/W 8/16 0x00
OTM1 interrupt enable register OT1INTE
0xF43B OT1INTEH R/W 8 0x00
0xF43C OT1INTSL R 8/16 0x00
OTMH1 interrupt status register OT1INTS
0xF43D OT1INTSH R 8 0x00
O0xF43E . . OT1INTCL w 8 0x00
OTM1 interrupt clear register (L/H) -
OxF43F OT1INTCH w 8 0x00
0xF440 OT2PL R/W 8/16 OxFF
OTM2 cycle register OoT2P
0xF441 OT2PH R/W 8 OxFF
0xF442 . . . OT20RL R/W 8/16 0x00
OTM20 Rise Point register OT20R
0xF443 OT20RH R/W 8 0x00
0xF444 ) . OT20FL R/W 8/16 0x00
OTM20 Fall Point register OT20F
0xF445 OT20FH R/W 8 0x00
0xF446 - - - -
Reserved register -
O0xF447 - - - -
0xF448 ) - - - -
Reserved register -
0xF449 - - - -
OxF44A OT2CL R/W 8/16 0x00
OTM2 counter register oT2C
0xF44B OT2CH R/W 8 0x00
0xF44C OT2STATL R 8/16 0x02
OTM2 status register OT2STAT
0xF44D OT2STATH R 8 0x00
OxF44E ) OT2MODL R/W 8/16 0x00
OTM2 mode register OT2MOD
OxF44F OT2MODH R/W 8 0x00
0xF450 o . OT2SCLRL R/W 8/16 0x00
OTM2 cycle stop timing register OT2SCLR
0xF451 OT2SCLRH R/W 8 0x00
0xF452 . OT2CLKL R/W 8/16 0x00
OTM2 clock register OT2CLK
0xF453 OT2CLKH R/W 8 0x00
0xF454 OT2CTRGOL R/W 8/16 0x00
OTM2 counter trigger O register OT2CTRGO
0xF455 OT2CTRGOH R/W 8 0x00
0xF456 OT2FTRGOL R/W 8/16 0x00
OTM2 Forced stop trigger O register OT2FTRGO
0xF457 OT2FTRGOH R/W 8 0x00
0xF458 OT2FTRG1L R/W 8/16 0x00
OTM2 Forced stop trigger 1 register OT2FTRG1
0xF459 OT2FTRG1H R/W 8 0x00
OxF45A . . OT2INTEL R/W 8/16 0x00
OTM2 interrupt enable register OT2INTE
0xF45B OT2INTEH R/W 8 0x00
0xF45C . ) OT2INTSL R 8/16 0x00
OTM2 interrupt status register OT2INTS
0xF45D OT2INTSH R 8 0x00
OxF45E . . OT2INTCL w 8 0x00
OTM2 interrupt clear register (L/H) -
OxF45F OT2INTCH w 8 0x00
0xF460 . OT3PL R/W 8/16 OxFF
OTM3 cycle register OT3P
OxF461 OT3PH R/W 8 OxFF
0xF462 . . ) OT30RL R/W 8/16 0x00
OTM30 Rise Point register OT30R
0xF463 OT30RH R/W 8 0x00
0xF464 ) ) OT30FL R/W 8/16 0x00
OTM30 Fall Point register OT30F
0xF465 OT30FH R/W 8 0x00
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0xF466 ) - - - -
Reserved register -
OxF467 - - - -
0xF468 ) - - - -
Reserved register -
0xF469 - - - -
OxF46A OT3CL R/W 8/16 0x00
OTM3 counter register OT3C
O0xF46B OT3CH R/W 8 0x00
0xF46C OT3STATL R 8/16 0x02
OTM3 status register OT3STAT
0xF46D OT3STATH R 8 0x00
OxF46E OT3MODL R/W 8/16 0x00
OTM3 mode register OT3MOD
OxF46F OT3MODH R/W 8 0x00
0xF470 L . OT3SCLRL R/W 8/16 0x00
OTM3 cycle stop timing register OT3SCLR
OxF471 OT3SCLRH R/W 8 0x00
0xF472 . OT3CLKL R/W 8/16 0x00
OTM3 clock register OT3CLK
0xF473 OT3CLKH R/W 8 0x00
OxF474 . . OT3CTRGOL R/W 8/16 0x00
OTM3 counter trigger 0 register OT3CTRGO
O0xF475 OT3CTRGOH R/W 8 0x00
0xF476 ) ) OT3FTRGOL R/W 8/16 0x00
OTM3 Forced stop trigger O register OT3FTRGO
OxF477 OT3FTRGOH R/W 8 0x00
0xF478 OT3FTRG1L R/W 8/16 0x00
OTM3 Forced stop trigger 1 register OT3FTRG1
0xF479 OT3FTRG1H R/W 8 0x00
OxF47A OT3INTEL R/W 8/16 0x00
OTM3 interrupt enable register OT3INTE
0xF47B OT3INTEH R/W 8 0x00
0xF47C . ) OT3INTSL R 8/16 0x00
OTMa3 interrupt status register OT3INTS
0xF47D OT3INTSH R 8 0x00
OxF47E . . OT3INTCL w 8 0x00
OTM3 interrupt clear register (L/H) -
OxF47F OT3INTCH w 8 0x00
0xF480 . OT4PL R/W 8/16 OxFF
OTM4 cycle register OT4P
0xF481 OT4PH R/W 8 OxFF
0xF482 OT40RL R/W 8/16 0x00
OTM40 Rise Point register OT40R
0xF483 OT40RH R/W 8 0x00
0xF484 OT40FL R/W 8/16 0x00
OTM40 Fall Point register OT40F
0xF485 OT40FH R/W 8 0x00
0xF486 OT41RL R/W 8/16 0x00
OTM41 Rise Point register OT41R
0xF487 OT41RH R/W 8 0x00
0xF488 ) . OT41FL R/W 8/16 0x00
OTM41 Fall Point register OT41F
0xF489 OT41FH R/W 8 0x00
OxF48A ) OT4CL R/W 8/16 0x00
OTM4 counter register OT4C
0xF48B OT4CH R/W 8 0x00
0xF48C ) OT4STATL R 8/16 0x06
OTM4 status register OT4STAT
0xF48D OT4STATH R 8 0x00
OxF48E OT4MODL R/W 8/16 0x00
OTM4 mode register OT4MOD
OxF48F OT4MODH R/W 8 0x40
0xF490 OT4SCLRL R/W 8/16 0x00
OTM4 cycle stop timing register OT4SCLR
0xF491 OT4SCLRH R/W 8 0x00
0xF492 OT4CLKL R/W 8/16 0x00
OTM4 clock register OT4CLK
0xF493 OT4CLKH R/W 8 0x00
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0xF494 ) ) OT4CTRGOL R/W 8/16 0x00
OTM4 counter trigger O register OT4CTRGO

0xF495 OT4CTRGOH R/W 8 0x00

0xF496 ) ) OT4FTRGOL R/W 8/16 0x00
OTM4 Forced stop trigger O register OT4FTRGO

0xF497 OT4FTRGOH R/W 8 0x00

0xF498 OT4FTRG1L R/W 8/16 0x00
OTM4 Forced stop trigger 1 register OT4FTRG1

0xF499 OT4FTRG1H R/W 8 0x00

OxF49A OT4INTEL R/W 8/16 0x00
OTM4 interrupt enable register OT4INTE

0xF49B OT4INTEH R/W 8 0x00

0xF49C OT4INTSL R 8/16 0x00
OTM4 interrupt status register OT4INTS

0xF49D OT4INTSH R 8 0x00

O0xF49E . . OT4INTCL w 8 0x00
OTM4 interrupt clear register (L/H) -

OxF49F OT4INTCH w 8 0x00

0xF4A0 . OT5PL R/W 8/16 OxFF
OTMS5 cycle register OT5P

O0xF4A1 OT5PH R/W 8 OxFF

O0xF4A2 . . ) OT50RL R/W 8/16 0x00
OTM50 Rise Point register OT50R

O0xF4A3 OT50RH R/W 8 0x00

OxF4A4 OT50FL R/W 8/16 0x00
OTMS50 Fall Point register OT50F

O0xF4A5 OT50FH R/W 8 0x00

O0xF4A6 OT51RL R/W 8/16 0x00
OTM51 Rise Point register OT51R

OxF4A7 OT51RH R/W 8 0x00

O0xF4A8 OT51FL R/W 8/16 0x00
OTMS51 Fall Point register OT51F

0xF4A9 OT51FH R/W 8 0x00

OxF4AA ) OT5CL R/W 8/16 0x00
OTMS5 counter register OT5C

O0xF4AB OT5CH R/W 8 0x00

OxF4AC ) OT5STATL R 8/16 0x06
OTMS5 status register OT5STAT

OxF4AD OT5STATH R 8 0x00

OxF4AE ) OT5MODL R/W 8/16 0x00
OTM5 mode register OT5MOD

OxF4AF OT5MODH R/W 8 0x40

0xF4B0 OT5SCLRL R/W 8/16 0x00
OTMS5 cycle stop timing register OT5SCLR

0xF4B1 OT5SCLRH R/W 8 0x00

0xF4B2 OT5CLKL R/W 8/16 0x00
OTMS5 clock register OT5CLK

0xF4B3 OT5CLKH R/W 8 0x00

0xF4B4 OT5CTRGOL R/W 8/16 0x00
OTMS5 counter trigger O register OT5CTRGO

0xF4B5 OT5CTRGOH R/W 8 0x00

0xF4B6 . ) OT5FTRGOL R/W 8/16 0x00
OTMS5 Forced stop trigger O register OT5FTRGO

O0xF4B7 OT5FTRGOH R/W 8 0x00

0xF4B8 . ) OT5FTRG1L R/W 8/16 0x00
OTMS5 Forced stop trigger 1 register OT5FTRG1

0xF4B9 OT5FTRG1H R/W 8 0x00

O0xF4BA . . OTSINTEL R/W 8/16 0x00
OTMS5 interrupt enable register OTSINTE

0xF4BB OT5INTEH R/W 8 0x00

0xF4BC OT5INTSL R 8/16 0x00
OTMS interrupt status register OTSINTS

0xF4BD OTS5INTSH R 8 0x00

0xF4BE . . OT5INTCL w 8 0x00
OTMS interrupt clear register (L/H) -

OxF4BF OT5INTCH w 8 0x00

0xF4CO

to Reserved - - - - -
OxF5FF
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0xF600 | UARTO reception buffer UAOBUFO R 8 0x00
0xF601 UARTO transmission buffer UAOBUF1 R/W 8 0x00
0xF602 | UARTO status register UAOSTAT R 8 0x00
0xF603 | UARTO status clear register UAOSTAC w 8 0x00
0xF604 | UARTO control register UAOCON R/W 8 0x00
0xF605 | Reserved - - - -
0xF606 UAOMODL R/W 8/16 0x01
UARTO mode register UAOMOD
0xF607 UAOMODH R/W 8 0x00
0xF608 | UARTO interrupt enable register UAOINTE R/W 8 0x00
0xF609 | Reserved - - - -
O0xF60A . UAOBRTL R/W 8/16 OxFF
UARTO baud rate register UAOBRT
0xF60B UAOBRTH R/W 8 OxOF
0xF60C | UARTO baud rate adjustment register UAOBRC R/W 8 0x00
0xF60D | Reserved - - - -
O0xFB60E | Reserved - - - -
O0xF60F | Reserved - - - -
0xF610 | UART1 reception buffer UA1BUFO R 8 0x00
0xF611 UART1 transmission buffer UA1BUF1 R/W 8 0x00
0xF612 | UART1 status register UA1STAT R 8 0x00
0xF613 | UART1 status clear register UA1STAC w 8 0x00
0xF614 | UART1 control register UA1CON R/W 8 0x00
0xF615 | Reserved - - - -
0xF616 | UART1 mode register UATMODL R/W 8/16 0x01
UA1TMOD
0xF617 UA1TMODH R/W 8 0x00
0xF618 | UART1 interrupt enable register UA1INTE R/W 8 0x00
0xF619 | Reserved - - - -
OxF61A . UA1BRTL R/W 8/16 OxFF
UART1 baud rate register UA1BRT
0xF61B UA1BRTH R/W 8 OxOF
0xF61C | UART1 baud rate adjustment register UA1BRC R/W 8 0x00
0xF61D | Reserved - - - -
OxF61E
to Reserved - - - - -
OxF77F
0xF780 | I2C bus unit 0 mode register 12UOMSS R/W 8 0x00
0xF781 Reserved - - - -
0xF782 | I2C bus unit O receive register 12UORD R 8 0x00
0xF783 | Reserved - - - -
0xF784 | I2C bus unit 0 slave address register I2UOSA R/W 8 0x00
0xF785 | Reserved - - - -
0xF786 | I2C bus unit 0 transmit data register 12U0TD R/W 8 0x00
0xF787 | Reserved - - - -
0xF788 | I2C bus unit 0 control register 12UOCON R/W 8 0x00
0xF789 | Reserved - - - -
OxF78A . . 12UOMODL R/W 8/16 0x00
I2C bus unit 0 mode register I2UOMOD
0xF78B I2UOMODH R/W 8 0x22
0xF78C I2UOSTAT R 8/16 0x00
I2C bus unit 0 status register I2UOSTR
0xF78D I2UOISR R 8 0x00
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OxF78E I2UOSCLRL w 8/16 0x00
I2C bus unit O status clear register I12UOSCLR
OxF78F I2UOSCLRH w 8 0x00
0xF790
to Reserved - - - - -
OxF7FF
0xF800 . SADMODL R/W 8/16 0x30
SA-ADC mode register SADMOD
0xF801 SADMODH R/W 8 0x00
0xF802 ) SADCONL R/W 8/16 0x00
SA-ADC control register SADCON
0xF803 SADCONH R/W 8 0x00
0xF804 SADSTML R/W 8/16 0x00
SA-ADC conversion interval register SADSTM
0xF805 SADSTMH R/W 8 0x00
0xF806 | Reference voltage control register VREFCON R/W 8 0x00
0xF807 | Reserved - - - -
0xF808 | SA-ADC interrupt mode register SADIMOD R/W 8 0x00
0xF809 | Reserved - - - -
O0xF80A | SA-ADC trigger register SADTRG R/W 8 0x00
0xF80B | Reserved - - - -
0xF80C ) SADENOL R/W 8/16 0x00
SA-ADC enable register 0 SADENO
0xF80D SADENOH R/W 8 0x00
0xF80E ) SADEN1L R/W 8/16 0x00
SA-ADC enable register 1 SADEN1
O0xF80F SADEN1H R/W 8 0x00
0xF810
to Reserved - - - - -
OxF82F
0xF830 | SA-ADC test mode register SADTMOD R/W 8 0x00
0xF831 Reserved - - - -
0xF832
to Reserved - - - - -
OxF87F
0xF880 . CMPCONL R/W 8/16 0x00
Comparator control register CMPCON
0xF881 CMPCONH R/W 8 0x00
0xF882 CMPOMODL R/W 8/16 0x00
Comparator 0 mode register CMPOMOD
0xF883 CMPOMODH R/W 8 0x00
0xF884 CMP1MODL R/W 8/16 0x00
Comparator 1 mode register CMP1MOD
0xF885 CMP1MODH R/W 8 0x00
0xF886 ) CMP2MODL R/W 8/16 0x00
Comparator 2 mode register CMP2MOD
0xF887 CMP2MODH R/W 8 0x00
0xF888 | Comparator status register CMPSTA R 8 0x00
0xF889 | Reserved register - R 8 0x00
OxF88A
to Reserved register - - R 8 0x00
OxF88F
0xF890 | Low Level Detector control register LLDOCON R/W 8 0x00
0xF891 Reserved - - - -
0xF892 | Low Level Detector mode register LLDOMOD R/W 8 0x00
0xF893 | Reserved - - - -
0xF894 | Reserved - - - -
0xF895 | Reserved - - - -
0xF896 | Low Level Detector sampling register LLDOSMP - R/W 8 0x00
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0xF897 | Reserved - - - -
0xF898
to Reserved - - - - -
OxF89F
0xF8AOQ | D/A converter control register DACCON R/W 8 0x00
O0xF8A1 Reserved - - - -
0xF8A2 | D/A converter mode register DACMODE R/W 8 0x00
0xF8A3 | Reserved - - - -
0xF8A4 | D/A converter O code register DACOCODE R/W 8 0x00
O0xF8AS5 | Reserved - - - -
OxF8A6 | D/A converter 1 code register DAC1CODE R/W 8 0x00
O0xF8A7 | Reserved - - - -
OxF8A8
to Reserved - - - - -
OxF8AF
0xF8BO | PGA control register PGACON R/W 8 0x00
0xF8B1 | Reserved register - - - -
0xF8B2 | PGA mode register PGAMOD R/W 8 0x00
OxF8B3 | Reserved register - - - -
0xF8B4
to Reserved register - - - - -
OxF91F
0xF920 . CODEOPOL R 8/16 *1
Code Option 0 CODEOPO
0xF921 CODEOPOH R 8 *1
0xF922 CODEOP1L R 8/16 *1
Code Option 1 CODEOP1
0xF923 CODEOP1H R 8 *1
0xF924 . CODEOP2L R 8/16 *1
Code Option 2 CODEOP2
0xF925 CODEOP2H R 8 *1
0xF926
to Reserved register - - - - -
OxF92F
0xF930 . PIDOL R 8/16 *2
Product ID register 0 PIDO
0xF931 PIDOH R 8 *2
0xF932 PID1L R 8/16 0x22
Product ID register 1 PID1
0xF933 PID1H R 8 0x06
0xF926
to Reserved register - - - - -
OxFFFF
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PROTRUSION AND CAVITY OFFSET BETWEDN TOP AND BOTTON CAVITY, LEAD: FINISH Sn REVISION “
3. THE SEATING PLANE IS THE SURFACE WHICH THE PACKAGE SOLDER THICENESS MORE THAN 5um 1st ISSUE Feb/04/2013
1S MOUNTED ON AND GETS LN CONTACT WITH. PACKAGE MASS (g) 0. 08TYP. REVISED | 0ct/05/2020

(Unit; mm)

Figure B-1 TSSOP20 Package Dimension

[Note] Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in
storage. Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature

and times).
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PACKAGE CODE P-WQFN24-0404-0. 50-A63
0,05 PACKAGE MATERIAL EPOXY RESIN UNIT m
0.75 0.25% o7 LEAD FLAME MATERIAL Cu ALLOY DHG Mo 03L-69195
‘
0.50 LEAD FINISH Ni/Pd/Au REVISION 3
PLATING THICKNESS (um) hu/Pd Max0. 01/Max0. 15 | 1st ISSUE Sep,/05/2014
PACKAGE MASS (g} 0. 033TYP. REVISED Dec,/04/2020
(Unit: mm)

Figure B-2 WQFN24 Package Dimension

[Note] Notes for Mounting the Surface Mount Type Package
The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in
storage. Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name,

package name, pin number, package code and desired mounting conditions (reflow method, temperature

and times).

[Note] Notes for the package with exposed die pad

The die pad is exposed on the bottom of WQFN package. Make the die pad electrically open when soldering

onto the PCB.
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Appendix Clnstruction Execution Cycle

Tables on following pages show the all instructions of nX-U16/100 core and the execution cycles. "-" indicates that there
is no memory access during the instruction execution. See "Example of Instruction execution cycle" for details on how to

read the table.
Example of Instruction execution cycle
(1) 2) ) 4) ()
Instruction Min. execution ROM reference Effect of DSR Effect of [EA+]
(No wait mode) cycle cycle access addressing
ADD | ERn ERm 1 - - -
Cadr 2 - - 1
B
ERn 2 - - 1
L ERn [EA] 1 1 1 -
[EA+] 1 1 1 -
[How to read the table]

1) These are the instructions of nX-U16/100 (A35 core)
2) The execution cycle of each instruction.
3) Additional execution cycle when the instruction refers to ROM.
4)  Additional execution cycle when the instruction reads the address allocated in segment 1 or larger.
One cycle is added in spite of the CPU operating mode.
For more details, see the section 1.3.4 "DSR Prefix Instructions" in the nX-U16/100 core instruction manual.
5) Additional execution effected by the instruction with the [EA+] addressing.
For more details, see the section 3.3 "Instruction Execution Times" in the nX-U16/100 core instruction manual.
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Arithmetic Instructions

Instruction Min.. RO Siizig @l Effect of [EA+]
: execution reference DSR -
(No wait mode) addressing
cycle cycle access
ERm 1 - - -
ADD ERn -
#imm7 1 - - -
Rm 1 - - -
ADD Rn -
#imm8 1 - - -
Rm 1 - - -
ADDC Rn -
#imm8 1 - - -
Rm 1 - - -
AND Rn -
#imm8 1 - - -
Rm 1 - - -
CMP Rn -
#imm8 1 - - -
Rm 1 - - -
CMPC Rn -
#imm8 1 - - -
ERm 1 - - -
MOV ERn -
#imm7 1 - - -
Rm 1 - - -
MOV Rn -
#imm8 1 - - -
Rm 1 - - -
OR Rn -
#imm8 1 - - -
Rm 1 - - -
XOR Rn -
#imm8 1 - - -
CMP ERn ERm 1 - - -
SuUB Rn Rm 1 - - -
SUBC Rn Rm 1 - - -
Shift instructions
Instruction Mm'. e e @ Effect of [EA+]
. execution reference DSR .
(No wait mode) addressing
cycle cycle access
Rm 1 - - 1
SLL Rn -
#width 1 - - 1
SLLC |Rn Rm 1 - - !
#width 1 - - 1
Rm 1 - - 1
SRA Rn -
#width 1 - - 1
Rm 1 - - 1
SRL Rn -
#width 1 - - 1
SRLC |Rn Rm ! - - !
#width 1 - - 1
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Load/Store instructions

Instruction AT el Siis g @l Effect of [EA+]

(No wait mode) execution reference DSR addressing
cycle cycle access

[EA]

[EA+]

[ERm]

ERn | Disp16[ERm]
Disp6[BP]
Disp6[FP]
Dadr

[EA]

[EA+]

[ERm]

Rn Disp16[ERm]
Disp6[BP]
Disp6[FP]
Dadr

[EA]

[EA+]

[EA]

[EA+]

[EA]

[EA+]

[ERm]

ERn | Disp16[ERm]
Disp6[BP]
Disp6[FP]
Dadr

[EA]

[EA+]

[ERm]

Rn Disp16[ERm]
Disp6[BP]
Disp6[FP]
Dadr

[EA]

[EA+]

[EA]

[EA+] 4 - - -

(*1) When the immediately preceding instruction is for reading the data memory or not (not the instruction for reading the
data memory / the instruction for reading the data memory)

XRn

QRN

AlAalalalalalalalalalalaAalalalaAalala~

BAIBRININI_RmAmAAlAmAlmAlalalalaAalaaaa—

ST

XRn

BININININININ|2 22NN ININ(2(2]2 D BININININININ|2 22NN |22~

QRN
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Control Register Access Instructions

Instruction Min. ROM Effect of Effect of
(No wait mode) execution reference DSR [EA+]
cycle cycle access addressing
ADD | SP #signed8 1 - - -
ECSR |Rm 1 - - R
ELR ERm 1 - - R
EPSW | Rm 1 - - R
ELR 1 - - -
ERn
SP 1 - - -
Rm 1 - - -
MOV | PSW -
#unsigned8 1 - - -
CRm 1 - - _
ECSR 1 R _ _
Rn
EPSW 1 - - R
PSW 1 - - -
SP ERm 1 - - -
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PUSH/POP Instructions

Instrgction exé\lelr;t'ion refF\e,g\rfce Eflgesclt:{()f Siisi e [I.EA+]
(No wait mode) cycle cycle ACCESS addressing

EA 1 - - 1
ELR 1/2(*1) - - 1
EAELR 2/3(*1) - - 1
EPSW 1 - - 1
EPSW,EA 2 - - 1
EPSW,ELR 2/3(*1) - - 1
EPSW,ELR, EA 374 (1) - - 1
LR 1/2(*1) - - 1
LR,EA 2/3(*1) - - 1
PUSH LR,ELR 2/4 (1) - - 1
LR,EA,ELR 3/5(*1) - - 1
LR,EPSW 2/3(*1) - - 1
LR,EPSW,EA 374 (1) - - 1
LR,EPSW,ELR 3/5(*1) - - 1
LR,ELR,EPSW,EA | 4/6 (*1) - - 1
ERn 1 - - 1
QRn 4 - - 1
Rn 1 - - 1
XRn 2 - - 1
EA 2 - - 1
EALR 14 (*1) - - 1
EA,PC 5/6(*1) - - 1
EA,PC,.LR 6/8(*1) - - 1
EA,PC,PSW 6/7(*1) - - 1
EA,PC,PSW,LR 7719 (1) - - 1
EA,PSW 3 - - 1
EA,PSW,LR 4/5(*1) - - 1
LR 1/2(*1) - - 1
POP LR,PSW 2/3(*1) - - 1
PC 374 (1) - - 1
PC,LR 4/6(*1) - - 1
PC,PSW 4/5 (1) - - 1
PC,PSW,LR 5/7(*1) - - 1
PSW 1 - - 1
ERn 1 - - 1
QRn 4 - - 1
Rn 1 - - 1
XRn 2 - - 1

(*1) When the memory mode is SMALL or LARGE (SMALL model/LARGE model)
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Coprocessor Data Transfer Instructions

Instruction Mm'. ok EifE e Effect of [EA+]
X execution | reference DSR -
(No wait mode) addressing
cycle cycle access
CRn Rm 1 - - -
[EA] 1 1 1 1
CERn
[EA+] 1 1 1 1
[EA] 4 4 1 1
CQRn
MOV [EA+] 4 4 1 1
[EA] 1 1 1 1
CRn
[EA+] 1 1 1 1
[EA] 2 2 1 1
CXRn
[EA+] 2 2 1 1
Rn CRm 1 - - -
[EA] CERm 1 1 1 1
[EA+] CERm 1 1 1 1
[EA] CQRm 4 4 1 1
MOV [EA+] CQRm 4 4 1 1
[EA] CRm 1 1 1 1
[EA+] CRm 1 1 1 1
[EA] CXRm 2 2 1 1
[EA+] CXRm 2 2 1 1
EA Register Data Transfer Instructions
Instruction Mm'. oL e @ Effect of [EA+]
; execution reference DSR -
(No wait mode) addressing
cycle cycle access
[ERm] 1 - - -
LEA Disp16[ERm] 2 - - -
Dadr 2 - - -
ALU Instructions
Instruction Mm'. oL e @ Effect of [EA+]
; execution reference DSR -
(No wait mode) addressing
cycle cycle access
DAA Rn 1 - - -
DAS Rn 1 - - -
NEG Rn 1 - - -
Bit Access Instructions
Instruction Mm'. oL e @ Effect of [EA+]
: execution reference DSR -
(No wait mode) addressing
cycle cycle access
Dbitadr 2 - 1 -
SB 5
Rn.bit_offset 1 - - -
Dbitadr 2 - 1 -
RB -
Rn.bit_offset 1 - - -
Dbitadr 2 1 1 -
B -
Rn.bit_offset 1 - - -
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PSW Access Instructions

Instruction Mm'. el Siis g @l Effect of [EA+]
X execution reference DSR -
(No wait mode) addressing
cycle cycle access
El 1 - - -
DI 3 - - -
SC 1 - - -
RC 1 - - -
CPLC 1 - - -
Sign Extension Instruction
Instruction Mm'. RChi Siizig @l Effect of [EA+]
X execution reference DSR -
(No wait mode) addressing
cycle cycle access
EXTBW | ERn 1 - - -
Branch Instructions
Instruction Mm'. ek Effect of Effect of [EA+]
X execution | reference ;
(No wait mode) DSR access addressing
cycle cycle
B Cadr 2 - - 1
ERn 2 - - 1
BL Cadr 2 - - 1
ERn 2 - - 1

(*1) When the immediately preceding instruction is for reading the data memory or not (not the instruction for reading the
data memory / the instruction for reading the data memory)

Conditional Relative Branch Instructions

Instruction Mm._ oL e @ Effect of [EA+]
; execution reference DSR -
(No wait mode) addressing
cycle cycle access
BGE Radr 1/2(*1) - - 1
BLT Radr 1/2(*1) - - 1
BGT Radr 1/2(*1) - - 1
BLE Radr 1/2(*1) - - 1
BGES Radr 1/2(*1) - - 1
BLTS Radr 1/2(*1) - - 1
BGTS Radr 1/2(*1) - - 1
BLES Radr 1/2(*1) - - 1
BNE Radr 1/2(*1) - - 1
BEQ Radr 1/2(*1) - - 1
BNV Radr 1/2(*1) - - 1
BOV Radr 1/2(*1) - - 1
BPS Radr 1/2(*1) - - 1
BNS Radr 1/2(*1) - - 1
BAL Radr 2 - - 1

(*1) When the branch condition is matched or not (Not matched / Matched)
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Multiplication and Division Instructions

Instruction Min.. el EifE g @ Effect of [EA+]
(No wait mode) execution reference DSR addressin
cycle cycle access 9
MUL ERn Rm 9 - - -
DIV ERn Rm 17 - - -
Interrupts
Instruction Min._ oL e @ Effect of [EA+]
(No wait mode) execution reference DSR addressin
cycle cycle access 9
SWiI | #snum 3 - - 1
BRK 7 - - 1
Interrupt transfer cycle 3 - - 1
Miscellaneous
Instruction Min._ oL e @ Effect of [EA+]
; execution reference DSR -
(No wait mode) addressing
cycle cycle access
NOP 1 - - -
DEC [EA] 2 - 1 1
INC [EA] 2 - 1 1
RT 2 - 1 1
RTI 2 - 1 1
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Appendix D Application Circuit Example

5.0V
Debug interface
VDD

3.3VOUT 6
VTref O-
SDATA| O

TESTO

RST_OUT/SCK|O

RESET_N

V

Ss

ML62Q2033/2035/2043/2045

VDDL

- 7J7-_ VSS

GPIO|———— {I}
LO EXIO EN VDD UV sensor
AINO out
Can GND

LED LED GPIO SCL SDA x 7J7

Cv: 1.0uF
C.: 1.0uF
CA|N 01HF
Cr: 0.1uF
Cr:0.01uF P SCL SDA Vce
RscL. Rspa @ 5kQ or smaller I1’C EEPROM

A0 A1 A2 Vss

LED,GPIO : PO1~P07, P10~P17, P20~P23

SCL :12CU0_SCL
SDA :12CUQ_SDA

Reset IC : BU4217 (ROHM, Nch open drain output)

[Note]
* Place the capacitor for VDDL pin as close to the LSI power pins as possible.
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Appendix E List of Notes

This Check List has important notes to prevent commonly-made programming mistakes and frequently
overlooked or misunderstood hardware specifications of the LSI. Check each note listed in chapter by
chapter when coding or evaluating the program.

Number in a mark [ ] shows section number to refer.

Common to all Chapters

o Please see the “Notes” and the “Notes for product usage” in this document front pages.

o Word access is available for registers with the word symbol. Specify an even address for the word access. See "List of
Registers" in each chapter.

o Registers for unequipped channels are not available to use. They return 0x0000 for reading. See "List of Registers" in each
chapter.

1. Overview
[1.3.4] Terminate unused input pins according to the Table 1-5 in order to avoid unexpected through-current in the pins.
2. CPU and Memory Space

o [2.3.3] U Changing to STOP/HALT mode during calculation is prohibited. When changing to STOP/HALT mode after using
the multiplier and divider, wait until the calculation time in Table 2-7 has elapsed.

o [2.5] The CSR of this LSI is fixed at "0".

o [2.5] The Code Option area (48 bytes) is not available for the program code area. For details of Code Option settings, see
Chapter 30 "Code Option" and make sure the setting data is correct.

o [2.5] It is recommended to fill unused areas with data "OxFFFF" (BRK instruction) in the program memory space to ensure

failsafe using the generation tool of the ROM code data. See its manual for details on how to use. See "nX-U16/100 Core

Instruction Manual" for details of the BRK instruction.

[2.5, 2.6] Do not read or program unused areas to prevent the CPU works incorrectly.

[2.6] The contents of the RAM area are undefined at power-on and system reset. Initialize this area by the software.

[2.6] Read the data flash area in bytes.

[2.8.2] If the entire LSI is reset through a system reset, the remapping function is disabled as the REMAPADD register is

restored with the initial value.

O o0o0oag

3. Reset Function

o0 [3.3.1] The BRK instruction reset only initializes the CPU if ELEVEL is 2 or higher. Peripheral circuits and other circuits are
not initialized. Use the pin reset or the watchdog timer (WDT) reset to surely initialize the LSI when an abnormality is
detected.

o [3.3.1] O Command reset in on-chip debug does not reset to Low Level Detector parts. Do initialization of these functions by
writing SFRs on debug, if needed. See Chapter 28 for details .

o [3.3.2] In system reset mode, the contents of data memory (RAM) and SFRs that have an undefined initial value are not
initialized. Initialize them by the software .

o [3.3.4] In case of instantaneous power failure and a pulse shorter than the power-on reset reaction time is asserted to VDD,
MCU may not get reset and it may malfunction. In that case, please have preventive measures such as using bypass capacitor
to avoid the instantaneous voltage drop or using pin reset to initialize MCU.

4. Power Management

o [4.1.3] In order to improve the noise resistance, place the inter-power supply bypass capacitor (CV) and the internal logic
voltage (VDDL) capacitor (CL : 1puF) in the vicinity of LSI on the user board using the shortest possible wiring without
passing through via holes.

o [4.2.2] Writing to the stop code acceptor is invalid on the condition both interrupts enable bits and interrupt request bits are
"1", it will not get enabled for entering to the STOP mode.

o [4.2.3] The operating state does not enter the standby mode under some conditions. See “4.3.2.3 Note of entering to the
standby mode” for detail conditions .

0 [4.2.3] When an interrupt enabled in the interrupt enable registers (IEO to IE7) is generated on the condition of MIE flag of
the program status word (PSW) is "0", it cancels the standby mode only and the CPU does not go to the interrupt routine.
For more details about MIE flag, see "nX-U16/100 Core Instruction Manual".

o [4.2.3] Ulnsert two NOP instructions in the next to the instruction of that sets HLT and STP bit to "1". The operation without
the two NOP instructions is not guaranteed.

o [4.2.6] Do not enter the standby mode when SOFTR bit is "1". Ensure SOFTR bit is "0" before entering the standby mode.

o [4.2.9,4.2.13] DCKACC bit can be set to "0" when the multiplication/division library "muldivu8.lib" is specified. See a
manual of the multiplication/division library for how to use.

o [4.3.2.3] Note of entering to the standby mode
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O [4.3.2.4] Note on Return Operation from Standby Mode

o [4.3.2.4] Since up to two instructions are executed during the period between the release of standby mode and a transition to
interrupt processing, place two NOP instructions next to the instruction set for the standby mode. When a master interrupt
enable (MIE) flag of the program status word (PSW) in the nX-U16/100 CPU core is "1", following the execution of the two
NOP instructions, the interrupt transition cycle will be executed and execution of the instruction for interrupt routine begins.
If MIE is "0", following the execution of the two NOP instructions, the instruction execution is continued from the one that
follows the NOP instruction without transition to the interrupt.

o [4.3.2.6] Whenthe FHWUPT register is set to "0x01", the frequency of PLL oscillation clock gradually increases and reaches
the target frequency switched by the code option before approx. 2 ms elapse. The PLL oscillation clock during this time
period can be used for the SYSCLK, however, accuracy of the frequency is not guaranteed.

o [4.3.3] If the clock supply is only stopped without resetting each peripheral circuit using the block control function, it may
cause the output levels of the timer and communication pins to be fixed, causing the excess current to flow. Also, in the
successive approximation type A/D converter, the circuits may stop their function with the current kept flowing.

5. Interrupts

o [5.2.3,5.2.5,5.2.7,5.2.9,5.2.16,5.2.20 ] In the 16-bit timer 0 interrupt, the interrupt factor is assigned to two places.
(TMOINTO, TMOINT1)

Do not use TMOINT and TMOINT1 at the same time. (See Section 5.3.9 “16-bit Timer 0 Interrupt”).

O [5.2.6 to 5.2.9] When rewrite a specific bit of this register, use a bit symbol. Otherwise, other request bits in the same register
might be cleared. See Section 5.3.8 “Writing to IRQ01/IRQ23/IRQ45/IRQ67” for more detail.

o [5.2.10] Disable the interrupt level control function by resetting ILE bit to "0" after resetting the Interrupt level control
register 0 to 7 (ILCO to ILC7) to "0x0000" and confirming the current interrupt request level register (CIL) is "0x00" when
the interrupt is disabled (IEO1 to IE67 registers are "0x00").

O [5.2.10] Enable the interrupt level control function by setting the ILE bit to "1" when the interrupt is disabled (IEO to IE7
registers are "0") or master interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt
level.

O [5.2.13 to 5.2.20] Write to this register when the interrupt is disabled (IEO1 to IE67 registers are "0x0000") or the master
interrupt enable flag (MIE) is "0", otherwise, an interrupt may occur with an unexpected interrupt level.

o [5.3] The WDT interrupt (WDTINT) is a non-maskable interrupt. If the non-maskable interrupt occurs while an interrupt
processing is in progress, abort the interrupt processing and proceed with processing the non-maskable interrupt
preferentially regardless of multiple interrupts enabled/disabled.

o [5.3] For failsafe, define unused all interrupt vectors. If an unused interrupt occurs, it may indicate the possibility that the
CPU went out of control. It is recommended to cause the WDT overflow reset to occur using the infinite loop to initialize the
LSIL

O [5.3.4] Notes on Interrupt Routine (with Interrupt Level Control Disabled)

o [5.3.4] Do not enable interrupts in a subroutine called from an interrupt routine for which multiple interrupts are disabled.
Otherwise, the program may run out of control when multiple interrupts occur .

o [5.3.5] For processing of non-maskable interrupt, follow the flow chart "When multiple interrupts are enabled". Registers
that should be saved in the stack are ELR2 and EPSW2.

o [5.3.5] When programming in C, it is not required to write program codes for saving/restoring registers because they are
generated in the C compiler. However, program codes for enabling/disabling interrupts through EI and DI instructions and
for writing to the current interrupt level management register (CIL) must be written. See Section 5.3.6 "How To Write
Interrupt Processing When Interrupt Level Control Enabled" for the specific program description.

o [5.3.6.1] Do not enable interrupts in a function called from a function for which multiple interrupts are disabled. Otherwise,
the program may run out of control when the multiple interrupts occur .

6. Clock Generation Circuit

o [6.1.2] After the power-on or the system reset, LSCLKO (32.768 kHz) is initially selected as SYSCLK.

o [6.3.4] While the CPU is running with the low-speed clock, if running the peripheral circuits with the high-speed clock
which can frequently generate interrupts, the operation may fail to function properly due to the CPU becoming incapable of
processing interrupts in time. If interrupts frequently occur for reasons such as short interrupt cycles of peripheral circuits,
take into account the operating frequency of the CPU so that it can process interrupts in time.

8. 16-bit Timer

o0 [8.2.2] When "0x0000" is written in TMHnD in the 16-bit timer mode, "0x0001" is set in TMHnD.

o [8.2.3] Read TMHnC register twice to verify the valid data to prevent reading uncertain data while counting-up, if a source
of timer clock is as different as one of system clock.

o [8.2.4] Set TMHnMOD when the timer n is stopped (THnSTAT bits of TMHSTAT/TMHXSTAT register are "0"). If it is
changed while it is operating, the operation is not guaranteed.

o [8.3.2] After THnRUN bit is set to "1", the first interrupt has a time error equivalent to maximum of one clock of the timer
clock because the counting operation starts in synchronization with the timer clock. The 2nd timer interrupt or later
interrupts have constant cycles.
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O [8.3.2] After THnSTP bit is set to "1", a 16-bit timer n interrupt (TMnINT) may be generated depending on the stop timing
because the counting operation stops in synchronization with the timer clock .

9. Operational Timer

o [9.2.2] When 0x0000 is written in this register, 0x0001 is set and the read value is also becoming 0x0001.

o [9.2.8] When switching from PWM mode to CAPTURE mode, OTnFLGA bit and OTnFLGB bits might be unintentionally
setto "1". So, when switching to CAPTURE mode, read OTnOR register and OTnOF register once to initialize OTnFLGA
and OTnFLGB bits.

o [9.2.9] Set OTnMOD register when the counter operation is stopped.

o [9.2.10] If it is required to update OTnOCON register while the counter is running, change the setting value after stopping
the logical output by OTCOOCON/OTCI1OCON register. If the setting of OTnOCON register is changed during counter
operation in the logical output permitting state, unintended waveforms might be output.

o [9.2.11] Set OTnSCLR register when counter operation is stopped.

0 [9.2.11] The time interval set to OTnDLY bit must be shorter than the interval set to OTnP register.

If the time interval is set for OTnDLY bit longer than the interval set to OTnP register, the counter may stop even if the time
interval is less than the interval set by OTnDLY bit
[9.2.12] Set OTnCLK register when counter operation is stopped.

o [9.2.13,9.2.14] Trigger pulse width must be 2cloks wide of timer clock or more.

o [9.2.13,9.2,14] In one-shot mode, set OTnTRMO02 to OTnTRMOO bits to "1X0" or "1X1", and if the start condition and the
level of the counter control signal 0 match, and the stop condition in one-shot mode is satisfied, the counting operation is
continued (count-up is resumed from 0).

o [9.2.13,9.2.14] If OTnCTRGO register is set when a trigger event is enabled, a trigger event may occur at the moment of the
setting. So when setting OTnCTRGQO register, verify that OTnTGEN bit of OTCSTAT register is "0" and change the setting
of OTnCTRGO register in the trigger operation stopped state.

O [9.2.15] When changing the setting of OTnFTRGO register during counter operation, set the following bits of the register to

"0" once, and then change the setting value.

*OTnFCCO bit

+OTnFCNO1 bit

+OTnFCNOO bit

[9.2.16]

When changing the setting of OTnFTRG1 register during counter operation, set the following bits of the register to "0" once,

and then change the setting value.

+OTnFCC1 bit

*OTnFCNI11 bit

+OTnFCNI10 bit

[9.2.28] Set OTCPC register in a state where the counter operation is stopped.

[9.2.28] When the period is set to be linked with OT20R/OT30R, set the period of the count clock to be set to the linked

OTMn so that it is less than or equal to the period of the count clock set in OTM2 and OTM3.

o [9.2.28] If the period is set to longer than the period of the count clock set in OTM2 and OTM3, there is a possibility that an
unintended value may be set to OTnP during period-linked operation.

10. Watchdog Timer

o [10.1.1] Not all the abnormal operations are detectable by the watchdog timer. Even if the CPU is runaway , the watchdog
timer is undetectable to the abnormality in the operation state in which the WDT counter is cleared. As a fail-safe, it is
recommended that the WDT counter is cleared at one place in the main loop of the program.

o [10.2.2] In WDT interrupt routine (when the interrupt level (ELEVEL) of the CPU program status word (PSW) is "2"), WDT
counter is unable to get cleared.

o [10.2.3] See the data-sheet for frequency accuracy of RC1K.

o [10.3.1] In the STOP mode, the WDT timer is stopped.

o [10.3.3] When using the window function enabled mode, always define a WDT interrupt function even though no WDT
interrupt occurs.

o [10.3.3] In the watchdog timer (WDT) interrupt function, as the interrupt level (ELEVEL) of the CPU program status word
(PSW) becomes "2", the WDT counter is unable to get cleared. Clear the WDT when the ELEVEL is "0" or "1". It is
recommended that the WDT counter is cleared at one place in the main loop of the program as a fail-safe.

13. I°C Bus

o [13.1.3] Use external pull-up resistors for SDA pin and SCL pin according to the I12C bus specification. The internal pull-up
resistors are unsatisfied the I2C bus specification. See the data sheet for each product for the value of internal pull-up
resistors.

o [13.1.3, 13.2.2] If powering off this LSI in the slave mode, it disables communications of other devices on the 12C bus. Keep
this LSI powered on when it works as a slave mode until the master device is powered off.

Oooooo

oo o oo
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o [13.1.4,13.2.2] Do not connect multiple master devices on the I2C bus when using the master function.

o [13.2.2] All SFRs are shared in master mode with slave mode. If switching master/slave mode, set “0” to [I2UOEN bit of
[12UMOD register, then switch the mode and reconfigurate each SFRs.

o [13.3.4] Update it without a bit access instruction in the control register setting wait state. See Section 13.5.1.5 “Control

Register Setting Wait State” for details.

[13.3.4] When I12UOST bit is "1", write other bits of 2UOCON register in the control register setting wait state .

[13.4.4] If system clock is extremely slower than the communication speed, the data transmission/reception can be failed .

[13.4.4] Before releasing the communication wait state, change the system clock enough speed for the communication.

[13.4.5] To be disable the wake-up from standby mode by matching the slave address, Stop the operation by resetting

I2UOEN bit to "0" before entering STOP mode.

o [13.5.4] When the slave device uses the clock stretch function which holds SCLUO pin at "L" level, the time tcyc and time
trow are extended.

o [13.6.2] If entering to the STOP mode while the slave mode is enabled, first make sure that communication is not in progress
(from coincidence of address to reception of stop condition).

14 UART

o [14.2.6] Do setting for used ports and the mode/baud rate before setting “1”” to UnEN bit.

o [14.2.7] Be sure to set the UAnOMOD register while communication is stopped (UnOEN=0).

o [14.2.9, 14.2.10] Be sure to set the UAnBRT and UAnBRC register while communication is stopped (UnEN=0). Do not
rewrite it during communication.

O [14.3.4] The transmission is start when setting “1” to UnEN bit of UAnCON with the UnFUL bit =1. Write “1” to the
UnFULC bit in the UAnSTAC register to reset the UnFUL bit, and then set “1” to the UnEN to allow transmission/reception,
if the transmission data is not ready and the reception is permitted first.

O [14.3.5.3] When designing the system, consider the difference of the baud rate between the transmission side and reception
side, a delay of the start bit detection, signal degradation and noise influence, then adjust the baud rate and reception timing
to ensure sufficient receiving margin.

17. GPIO

o [17.2.3] POO pin is initially configured as the input with pull-up resistor. If input "L" level at an initial setting, the input
current flows.

o [17.2.3 ~17.2.7] Be sure to set PnMODm (m=0 to 7) registers before setting EICONO, EIMODO and IE1 registers. If setting
PnMODO1 register when the interrupt is enabled, unexpected interrupts may happen.

o [17.2.3 ~17.2.7] It is recommended to enable the output after setting a peripheral and shared function to prevent the
unexpected output.

o [17.2.3 ~17.2.7] Don't set un-assigned shared functions on PnmMD3-0 bits.

o [17.3.8] Notes for using POO/TESTO pin

O0o0oaog

18. External Interrupt Function

o [18.2.3] If high-speed clock is selected as sampling clock source, it works without sampling when the high-speed clock does
not supply; it includes stop by entry to standby mode. Set to LSCLKO as sampling clock if needed..
o [18.2.3] In the STOP mode, it works without sampling.

20. Analog comparator

o [20.1.3] When using the analog comparator, write "0" to the target PnmlIE bit and PnmOE bit of port n mode registers to set
the general port to Hi-impedance, otherwise a shoot-through current may flow.

o [20.1.3] An influence of the noise is reducible by preventing the switching of neighboring pins when the comparator enables.

O [20.2.2] When using the analog comparator, write "0" to the target PnmIE bit and PnmOE bit of port n mode registers ()n=0
to 2, m=0 to 7) to set the general port to Hi-impedance, otherwise a shoot-through current may flow.

O [20.2.2] An influence of the noise is reducible by preventing the switching of neighboring pins when the comparator enables.

o [20.2.2] After CMPnEN bit is set to "1", it takes 100ps to stabilize the operation of the analog comparator.

O [20.2.3] In the STOP mode, the sampling clock stops and the VLS works without sampling regardless the setting in
CMPnCS1 bit and CMPnCSO0 bit. When selecting "with sampling" and entering those mode, there is a time period in which
interrupts gets disabled.

O [20.2.3] When the HSCLK is selected for the sampling clock and the high-speed clock is not oscillating, the sampling circuit
does not work. When using analog comparator in this case, select “No sampling” or “Sampling with LSCLKO0” for
sampling condition. For how to enable the high-speed clock oscillation, see Chapter 6 "Clock Generation Circuit".

o [20.2.3] Write CMPnMOD register when the Analog comparator stops (CMPnEN bit of CMPCON register is "0"), The
analog comparator output is not guaranteed CMPnMOD register is changed while the analog comparator is activated.

o [20.2.3] When CMPnOMASK bit is set to "1", set to interrupt inhibition at CMPnE1/CMPnEO bit. If interrupts are enabled,
interrupts may occur unintentionally during mask processing at the start of A/D conversion.
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O [20.2.3] When the output of the D/A converter is selected as CMPnM pin and the DAC internal reference voltage (0.8V) is
selected as the reference voltage of the D/A converter (DACMODE.DAMDn bit = "1"), enable sampling function of the
analog comparator.

o [20.2.4] After the analog comparator is started, CMPnSTA bit may be set to "1" until the operation stabilizes. After the
operation is stable, read CMPnSTA register once and initialize the value.

21. D/A Converter

o [21.1.3,21.2.2] For GPIO that outputs D/A converter, set the PnmMD2~0 bits (m: bit number 0~7) of the corresponding port
n-mode register m to the Sth function, write "0" to the PnmlIE bit and the PnmOE bit, and set it to high impedance (input
disabled, output disabled). In other settings, the D/A converter is not output.

22. LOW Level Detector

O [22.2.2,22.2.3] When the LLD is in enable operating (LLDOEN=1) and the STOP mode is shifted, make sure that the LLD
is in stable operation (LLDORF bit = 1) before transitioning.

O [22.2.2] If a reset other than Power On Reset and pin reset occurs during LLD operation, the LLD maintains its operating
state.

O [22.2.4] During STOP, this register is set "no sampling" regardless of LLDOSM1 bit setting.

o [22.3.1.1] It is im possible to change to STOP mode during the LLD stabilization time. When changing to STOP mode after
LLD starting, make sure that LLDORF bit is set to "1" before changing STOP mode.

23. Successive Approximation Type A/D Converter

o [23.1.3] When using the SA-ADC, set PnmMD2 to 0 bit to the 6th or 8th function of port n mode register 01/23/45/67 (n:
port number 1, 2 m: bit number 0 to 7) and set PnmIE bit and PnmOE bit to "0" as "Disable input" and "Disable output”,
otherwise a shoot-through current may flow.

o [23.1.3] While the A/D converter is operating, an influence of the noise is reducible by preventing the switching of
neighboring pins or A/D converting in the HALT mode.

o [23.1.3] When using AIN4, if both P13 and P20 are set to the 6th or 8th function, the input from P13 becomes AIN4 input.
Input from P20 will be disabled.

o [23.2.3] Start the A/D conversion with one or more channels chosen by the SA-ADC enable registers (SADENO and
SADENT1). If no channel is chosen, the operation does not start.

o [23.2.3] Enter STOP mode after checking SARUN bit is "0". It does not enter the STOP mode when SARUN bit is "1".

o [23.2.3] When SACK2 to 0 bits are set to 0x7, it takes max. 3 clocks of the low-speed clock (LSCLKO) to start or stop the
A/D conversion after setting or resetting SARUN bit.

O [23.2.4] If only temperature conversion is enabled and the SAD CLK is set to 1/1 x HSCLK, the SAD CLK period used for
the conversion interval for A/D conversion will be 1/2 x HSCLK.

o [23.2.5] After VREFEN bit is set to "1", it takes 200us (Max.) for the ADC internal reference voltage (2.5 V) to stabilize.
A/D conversion should be started after this stabilization time has elapsed. VREFEN bit is set to "1" and remains stable after
200us until it is disabled. Therefore, there is no need to wait for 200us (Max.) again when A/D conversion.

o [23.2.8,23.2.9] Do not start the A/D conversion when the all bits of SACHn (n=00 to 18) are "0". In that case SARUN bit of
SADCON register does not get to "1".

O [23.2.9] When using channel 16 (SACH16), permit the temperature sensor operation by VREFCON register.

O [23.2.9]When using channel 18 (SACH18), enable the A/D converter test function by SADTMOD register (set to something
other than "00").

O [23.2.10] When the setting of the source clock of the SAD CLK and the setting of the system clock are different, the wrong
value may be read during the update. Make sure that SARUN bit of SADCON register is "0" before reading. Also, during
continuous A/D conversion (SALP=1), read SADR register twice and make sure that the values are the same.

0 [23.2.11] If the source clock (HSCLK/LSCLKO) setting of the SAD_CLK differs from the source clock (HSCLK/LSCLKO)
setting of the system clock, uncertain data during the A/D conversion result update may be read when the SADRn register is
read. If the source clock settings of the SAD_CLK and the system clock are different, make sure that the SARUN bit of the
SADCON register is "0" before reading. During continuous A/D conversion (the SADP bit of the SADMOD register is "1"),
read the SADR register twice and make sure that the values are the same.

O [23.4] Notes on SA-ADC

24. PGA

O [24.1.3,24.2.2] When PGA is used, following the setting below.
(1) Set PnmMD2 to Obit of the corresponding port n-mode register m (n: 0 to 2, m: 0 to 7) to the 6th or 8th function,
(2) Write "0" to the corresponding bits of input permission (PnmlIE) and output permission (PnmOE).
(3) set the general-purpose port to high impedance.
In other settings, through current may occurs.
O [24.1.3] During PGA is in operation, the influence of the output voltage fluctuates due to the noise can be reduced by not
switching adjacent pins on AINn.
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[24.2.2] After setting the PGAEN bit to "1", it takes 200us for PGA to stabilize. A/D conversion should be started after this
stabilization time has elapsed.

After the stabilization time (200us) has elapsed, PGA remains stable until the operation stops, so there is no need to wait for
200us again for each A/D conversions.

[24.2.3] Writing to the PGAMOD register while PGA operation is permited, the operation is not guaranteed.

26. Flash Memory

O

O

[26.2.2] Note that programming for the program memory space is performed by the unit of 2 bytes. Because of this, the
setting values in the FAO bit are ignored.

[26.2.4] Specify a segment address to FLASHSEG at first, because it determines whether the programming is for program
memory space or data flash memory.

[26.2.4] During programming data-flash, a CPU can execute instruction by the background operation function; BGO.
Confirm FDPRSTA bit of FLASHSTA register for complition of programming.

[26.2.4] Erase data in the addresses in advance. Programmed data without erase is unguaranteed.

[26.2.4] Do not read or program unused areas to prevent the CPU works incorrectly.

[26.2.6,26.2.7] A flash memory data in processing to program is not guaranteed, if this register is written any data when
FLASHSTA is not 0x0.

[26.2.8] Perform the erasing or programming after checking FDERSTA bit or FDPRSTA bit are "0". Do not perform the
erasing or programming when either FDERSTA bit or FDPRSTA bitis "1".

[26.3.1] Notes on Debugging Self-programming Code

[26.3.2] Only erase areas irrelevant to program processing. If erasing the area where program processing is in progress, the
LSI works incorrectly.

[26.3.2] During block/sector erasing, the CPU stops the operation for maximum 50 ms whereas peripheral circuits continue
operation. Therefore, clear the WDT counter accordingly.

[26.3.2, 26.3.3] For block/sector erasing, place two NOP instructions following the instruction used to set FERS/FSERS bits
of FLASHCON register to "1".

[26.3.2] Only write areas irrelevant to program processing. If programming the area where program processing is in
progress, the LSI works incorrectly.

[26.3.2] During the programming, the CPU stops the operation for maximum 40 pus whereas peripheral circuits continue
operation. Therefore, clear the WDT counter accordingly.

[26.3.2] For data programming setting, place two NOP instructions following the instruction used to set the programming
data in FLASHDO register.

[26.3.3] STOP mode is not available during the erasing. In addition, set FSELF bit of FLASHSLF register to "0" after the
erasing is completed.

[26.3.3] The data flash area is unreadable during erasing.

[26.3.3] The CPU continues program processing even while data flash programming is in progress. An entering to the STOP
mode is not available during the programming. In addition, set FSELF bit of FLASHSLF register to "0" (erase/program
disabled) after the programming ended.

[26.3.3] The data flash area is unreadable during programming.

[26.3.3] For data programming setting, place two NOP instructions following the instruction used to set the programming
data in FLASHDOL register.

[26.3.4] Notes on use of self-programming

[26.4.3] Accessing to the program code area is performed in units of four bytes. Set four byte boundaries (0H/4H/8H/CH)
for lower four bits of the address. Accessing to the data flash area is performed in units of one byte.

[26.4.4] Perform the process within 55 ms from the ISP mode transition command (B in Figure 26-6) to the completion of
the initial setting command transmission (1).

[26.4.5.1] Initial setting process should be processed within 1000 ms.

[26.4.5.2] Erasure should be processed within 500 ms.

[26.4.5.3] Writing should be processed within 500ms. When writing multiple addresses, process from data setting to data
setting of the next address or completion of sending initial setting command (7) within 500 ms.

[26.4.5.4] Verify should be processed within 500 ms. When verifying multiple addresses, process from data setting to data
setting of the next address or completion of sending initial setting command (7) within 500 ms.

28. On-Chip Debug Function

O

[28.3] Make RESET N pin able to be connected to Vpp with a jumper or something when not using the on-chip debug
function.

[28.3] Make POO/TESTO pin able to be connected to Vpp with a jumper or something when not using the on-chip debug
function.

[28.3] Do not program instruction codes into the LSI that set POO/TESTO pin to the output mode. If POO/TESTO is set to the
output mode before On-chip emulator performs read/write to/from the target chip, communication with On-chip emulator
after that will be disabled. Also note that the input/output mode of POO/TESTO is uninitialized by On-chip emulator.
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O [28.3] Validate the ROM code on user production board without the On-chip emulator.

o [28.3] Disconnect On-chip emulator when measuring the current consumption of the target system. If On-chip emulator
remains connected, the current consumption increases as the on-chip debug circuit inside the LSI works for the
communication.

o [28.3] LSI used to debug a program is not covered by the product warranty. Do not use the LSI for mass-production.

o [28.3] A reset due to unused ROM area access does not occur in the on-chip debug mode regardless of code option settings.

o [28.3] A RAM parity error reset does not occur in the on-chip debug mode and the break operation occurs instead.

o [28.3] If the contents of the data memory are displayed in the debugger in a state where a RAM parity error may occur
(including when the RAM is not initialized), a RAM parity error may occur even if the RAM area is not displayed.

o [28.3] The all interrupts and watchdog timer operation always stop while the debugger is in the break state.

o [28.3] If the LSI cannot be connected to the debugger, check that the LSI is supplied with a power supply (Vpop=4.5V~5.5V).

29. Safety Function

O [29.2.5] Ifthe RAM is not initialized when it is read, a parity error may occur. If you want to use parity error reset (check
the parity error flag or enable parity error reset), initialize the entire RAM area before using it.

o [29.2.7] Ifthe RAM is not initialized when it is read, a parity error may occur.

o [29.2.8] Ifthe MCISTATL register is not zero, a request to interrupt controller is not given when a new interrupt occurs.
Clear the MCISTATL register with the MCINTCL register before that time.

30. Code Option

o [30.2.1] There are available to read the code option values from SFRs, if INITE flag bit of Reset Status Register (RSTAT) is
G‘O,’.

o [30.3] For the code option data definition, always use the dw directive instruction to configure the data in the unit of word.

o [30.4] At the time of shipment or when the program is erased, the code options are also initialized and the branch trace
function is disabled. If you want to enable branch trace function for an LSI that is in disabled branch trace function state,
connect to a debugger with the normal product name and enable branch trace function.

31. Auxiliary Function
A. SFR List

o Access “Reserved” register is not guaranteed. Please do not access them.

B. Package Dimensions

O

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name, package name, pin
number, package code and desired mounting conditions (reflow method, temperature and times).

The die pad is exposed on the bottom of WQFN package. Make the die pad electrically open when soldering onto the PCB.

. Instruction Execution Cycle

O O o

. Application Circuit Example

O

Place the capacitor for VDDL pin as close to the LSI power pins as possible.
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