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The information contained herein is subject to change without notice.

Although LAPIS Semiconductor is continuously working to improve product reliability and quality,
semiconductors can break down and malfunction due to various factors. Therefore, in order to prevent personal
injury or fire arising from failure, please take safety measures such as complying with the derating characteristics,
implementing redundant and fire prevention designs, and utilizing backups and fail-safe procedures. LAPIS
Semiconductor shall have no responsibility for any damages arising out of the use of our Products beyond the rating
specified by LAPIS Semiconductor.

Examples of application circuits, circuit constants and any other information contained herein are provided only to
illustrate the standard usage and operations of the Products.The peripheral conditions must be taken into account
when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of the Products and
examples of application circuits for the Products. No license, expressly or implied, is granted hereby under any
intellectual property rights or other rights of LAPIS Semiconductor or any third party with respect to the
information contained in this document; therefore LAPIS Semiconductor shall have no responsibility whatsoever
for any dispute, concerning such rights owned by third parties, arising out of the use of such technical information.

The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communication, consumer
systems, gaming/entertainment sets) as well as the applications indicated in this document.

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

For use of our Products in applications requiring a high degree of reliability (as exemplified below), please contact
and consult with a LAPIS Semiconductor representative: transportation equipment (i.e. cars, ships, trains), primary
communication equipment, traffic lights, fire/crime prevention, safety equipment, medical systems, servers, solar
cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment, nuclear
power control systems, and submarine repeaters.

LAPIS Semiconductor shall have no responsibility for any damages or injury arising from non-compliance with the
recommended usage conditions and specifications contained herein.

LAPIS Semiconductor has used reasonable care to ensure the accuracy of the information contained in this
document. However, LAPIS Semiconductor does not warrant that such information is error-free and LAPIS
Semiconductor shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS
Directive. For more details, including RoHS compatibility, please contact a ROHM sales office. LAPIS
Semiconductor 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.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS
Semiconductor.
Copyright 2017-2019 LAPIS Semiconductor Co., Ltd.

LAPIS Semiconductor Co.,Ltd.

2-4-8 Shinyokohama, Kouhoku-ku,
Yokohama 222-8575, Japan
http://www.lapis-semi.com/en/
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Preface

This manual describes the operation of the hardware of the 16-bit microcontroller
ML62Q1200A Group.

The following manuals are also available. Read them as necessary.

M nX-U16/100 Core Instruction Manual
Description on the basic architecture and the each instruction of the nX-U16/100 Core.

M MACUS Assembler Package User’s Manual
Description on the method of operating the relocatable assembler, the linker, the
librarian, and the object converter and also on the specifications of the assembler
language.

B CCUS User’s Manual
Description on the method of operating the compiler.

B CCU8 Programming Guide
Description on the method of programming.

B CCU8 Language Reference
Description on the language specifications.

B DTUS Debugger User’s Manual
Description on the method of operating the debugger DTUS.

M IDEUS User’s Manual
Description on the integrated development environment IDEUS.

B EASE1000 User’s Manual
Description on the on-chip debug emulator EASE1000.

B MWuEASE Flash Writer Host Program User’s Manual
Description on the Flash Writer host program.
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Notation
Classification Notation Description
¢ Numeric value xxh, xxH Indicates a hexadecimal number. x: Any value in the range of 0 to F
xxb Indicates a binary number; “b” may be omitted. x: A value 0 or 1
¢ Unit word, W 1 word = 16 bits
byte, B 1 byte = 8 bits
nibble, N 1 nibble = 4 bits
mega-, M 10°
kilo-, K 2'%=1024
kilo-, k 10° = 1000
milli-, m 10°
micro-, [t 10°
nano-, n 10°
second, s (lower case) second

¢ Terminology

¢ 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.

“_«

“H” level

“L” level

Indicates high voltage signal levels Vi and Voy as specified by the
electrical characteristics.
Indicates low voltage signal levels Vi and Vg as specified by the
electrical characteristics.

means an invalid bit. This bit returns “0” for read and write to this bit is ignored, unless otherwise specified.

Register name & Bit name

MSB LSB
|
| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol FHCKMOD
Byte symbol FHCKMODH FHCKMODL
o |0 |0 w o |u 3
Bitsymbol |+ |9 |S S | | |&d o |« |« |« |« | ||+ |2
y QO |o |o O |6 |6 Q
N = o N = o =
o
Access type Py g g g Py g g g Py Py Py Py Py Py Py g
Initial value 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

FEUL62Q1200A
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1.0Overview

1.1 Features

ML62Q1200A Group is a high performance CMOS 16-bit microcontroller equipped with an 16-bit CPU nX-U16/100
and integrated with program memory(Flash memory), data memory(RAM), data Flash and rich peripheral functions such
as the multiplier/divider, CRC operator, DMA controller, clock generator, timer, UART, synchronous serial port, I°C bus
interface unit, buzzer, Voltage Level Supervisor(VSL), successive approximation type A/D converter, D/A converter ,
analog comparator, safety function and etc.

The CPU nX-U16/100 is capable of efficient instruction execution in 1-intruction 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.

The ML620Q1200A Group has five packages (16pin - 32pin) and five kinds of memory sizes(16Kbyte — 64Kbyte).

Table 1-1 ML62Q1200A Group Product List

16pin . . .
WQFN16
64Kbyte 4Kbyte 2Kbyte - N ML62Q1247A | ML62Q1267A
48Kbyte 4Kbyte 2Kbyte — —3 ML62Q1246A | ML62Q1266A
32Kbyte 4Kbyte 2Kbyte - - ML62Q1245A | ML62Q1265A
2Kbyte 2Kbyte ML62Q1225A | ML62Q1235A ~ -
24Kbyte 2Kbyte 2Kbyte ML62Q1224A | ML62Q1234A — —
16Kbyte 2Kbyte 2Kbyte ML62Q1223A | ML62Q1233A 3 -
e CPU

— 16-bit RISC CPU (CPU name: nX-U16/100)

— Instruction system: 16-bit length instruction

— Instruction set: 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

— On-chip debug function built-in (supported by LAPIS on-chip debug emulator EASE1000)

— ISP (In-System Programming) function built-in

— Minimum instruction execution time
30.5 ps (at 32.768 KHz system clock)
62.5ns/41.6ns (at 16 MHz/24MHz system clock)

e Coprocessor for multiplication and division
— Multiplication: 16bit X 16bit (operation time 4 cycles)
— Division: 32bit / 16bit (operation time 8 cycles)
— Division: 32bit / 32bit (operation time 16 cycles)
— Multiply-accumulate (non-saturating): 16bit x 16bit + 32bit (operation time 4 cycles)
— Multiply-accumulate (saturating): 16bit x 16bit + 32bit (operation time 4 cycles)

e Operating voltage and temperature

— Operating voltage: VDD =1.6t0 5.5 V
— Operating temperature: -40 to 105 °C
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¢ Internal memory

e Clock

e Re

Prrogram Flash memory area

Rewrite count: 100 cycles

Rewrite unit: 32bit(4byte)

Erase unit: 16Kbyte/1Kbyte
Erase/Rewrite temperature: 0°C to +40°C

Data Flash memory area

Rewrite count 10,000 cycles

Rewrite unit: 8bit(1byte)

Erase unit: 2Kbyte/128byte

Erase/Rewrite temperature: -40°C to +85°C

Back Ground Operation(CPU can work while erasing and rewriting)

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

Low-speed clock

Internal low-speed RC oscillation (32.768 KHz)

High-speed clock

PLL oscillation (32MHz/24MHz/16MHz is selectable by flash code option)
WDT(Watch Dog Timer) independent clock

Internal low-speed RC oscillation (1kHz)

set

RESET N pin reset

Reset by power-on detection

Reset by the 2" watchdog timer (WDT) overflow

Reset by counter clear during the windows close of watchdog timer (WDT)
Reset by RAM parity error

Reset by voltage level detection (VLS)

Reset by invalid memory access (detecting abnormal program counter)

The software reset by BRK instruction (reset CPU only)

e Power management

HALT mode: CPU stops executing instruction, clock oscillations and peripheral circuits remain previous states
HALT-H mode: CPU stops executing instruction, high-speed clock oscillation stops and peripheral circuits
working with low-speed clock remain previous states

STOP mode: CPU stops executing instruction, both high-speed oscillation and low-speed oscillation stop.
STOP-D mode: CPU stops executing instruction, both high-speed oscillation and low-speed oscillation stop. The
internal regulator’s output voltage (Vppr) goes down to reduce the current consumption (RAM data are
retained).

Clock gear: The frequency of high-speed system clock can be changed by software (1/1, 1/2, 1/4, 1/8, 1/16 or
1/32 of the oscillation clock)

Block Control Function: Powers down the circuits of unused function blocks (reset the block or stop supplying
the clock)

¢ Interrupt controller

Non-maskable interrupt source: 1 (Internal sources: WDT)
Maskable interrupt sources: max.31 (ML62Q126xA/32pin: Internal sources: max.23, External sources: 8)
Four step interrupt levels

FEUL62Q1200A 1-2



LAPIS Semiconductor Co., Ltd. ML62Q1200A Group User’s Manual

e Watchdog timer(WDT)
— Operation clock: 1kHz WDT independent clock or 32.768kHz RC oscillation clock, selectable by code option
— Overflow period: 8 types selectable (8ms, 16ms, 32ms, 64ms, 125ms, 500ms, 2000ms and 8000ms
@32.768kHz)
— WDT counter clear enable period : 50%, 75% or 100% of overflow period
When 100% of overflow period is selected,
The first overflow generates an interrupt, and the second overflow generates a reset.
When 50% or 70% of overflow period is selected,
The first overflow generates a reset.
Clearing the WDT counter out of the enable period generates the WDT invalid clear reset.
— WDT operation : Enable or disable is selectable by code option
— Readable WDT counter (WDT counter monitor function)

e DMA(Direct Memory Access) controller
— Operation mode : Wait mode
— Channel : 2ch
— Transfer unit: 8bit/16bit
— Max. transfer count: 1024 time
— Transfer type: 2 cycle transfer
— Transfer mode: Single transfer mode
Fixed address, address increments and address decrements
— Transfer target: SFR/RAM € - SFR/RAM (Transfer from/to Flash is not supported)
— Transfer request: Serial unit interrupt, A/D interrupt and Timer interrupt

e Time base counter
— Devide the Low-speed clock(LSCLK) and generate 32.768kHz~1Hz internal pulse signals
— Priodical interrupt x 3 selectable from 8 frequencies (128Hz, 64Hz, 32Hz, 16Hz, 8Hz, 4Hz, 2Hz and 1Hz)
— The time base clock output (1Hz or 2Hz) from general purpose ports (TBCOUT1).

e Functional timer(FTM)
— Channel: 4ch
— Timer one shot mode and repeat mode, Caputure mode, PWM model and PWM mode 2(complementary output)
— Same start/stop is avaible with different channels
(This function is not avaible with 16bit Genral Timer)
— Event trigger (external interrupts, analog comprator interrupts, 16bit genral timer interrupts and Functional timer
interrupts)
— Delay counter (for generating dead time for motor control)
— Available to specify devision ratio of counter clock channel by channel

e 16bit General timers
— Channel: 6¢ch
— 8 bits timer mode and 16-bit timer mode (1ch 16-bit timer is configurable as 2ch 8-bit timer)
— Same start/stop is avaible with different channels
(This function is not avaible with Functional Timer)
— Timer output (toggled by overflow)
— Available to specify devision ratio of counter clock channel by channel

FEUL62Q1200A 1-3



LAPIS Semiconductor Co., Ltd. ML62Q1200A Group User’s Manual

e Serial communication unit
— Channel: Max. 2ch
— Synchronous Serial Port or UART is seletable in each channel

< Synchronous Serial Port >

— Master/slave selectable

— LSB first/MSB first selectable

— 8-bit length/16-bit length selectable

<UART >

— Full-duplex communication x 2 ch(One Full-duplexUART is configurable as two half-duplex UARTS)
— Bit length, parity/no parity, odd parity/even parity, 1 stop bit/2 stop bits

— Positive logic/negative logic selectable

— LSB first/MSB first selectable

— Internal baud rate generator (1bps ~ 2Mbps)

e I’C bus interface unit (Master/Slave)
— Channel: 1ch
— Master or Slave mode is selectable

< Master function >

— Standard mode (100 kbit/s), fast mode (400 kbit/s) and 1Mbps mode(1Mbit/s)
— Handshake (Clock syncronization)

— 7bit address format (10bit address format is supported)

< Slave function >

— Standard mode (100 kbit/s), fast mode (400 kbit/s) and 1Mbps mode(1Mbit/s)
— Handshake (Clock syncronization)

— 7bit address format (10bit address format is supported)

e I’C bus interface (Master only)
— Standard mode (100 kbit/s), fast mode (400 kbit/s) and 1Mbps mode(1Mbit/s)
— Handshake (Clock syncronization)
— 7bit address format (10bit address format is supported)

e General-purpose ports (including secondary functions)
— 1/O port: Max. 28 (32pinTQFP, including one pin for on-chip debug)
— External interrput function x 8
— LED driver port : Max. 27 (32pinTQFP)
— Carrier frequency output function (used for IR communication)

e Successive approximation type A/D converter
— Channel: Max.8ch (20pinTSSOP, 24pinWQFN and 32pinTQFP)
— Resolution: 10bit
— Conversion time: Selectable 2.25us (min) /channel (When the conversion clock is 8MHz)’
— VDD, Internal reference voltage(Approx. 1.55V) / Extenal reference voltage (Vrgr pin) is selectable
— Scan function (repeat conversion)
— One result register for each channel
— Interrupt by threshold of conversion result
— Temprature sensor for the Low-speed RC oscillation frequency adjustment
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Voltage level superviosr (VLS)
— Accuracy: +4%
— Threshold voltage: 12 values selectable (1.85V ~ 4.00V)
—  Voltage level detection reset (VLS reset)
—  Voltage level detection interrupt (VLSO interrupt)

Analog comparator
— Channel: 1ch
— Interrupts allow edge selection and sampling selection
— An external or an internal reference voltage is selectable

D/A converter
— Channel: 1ch
— Resolution: 8bit
— Output impedance: 6k ohm(Typ.)
— R-2R radder method

e Buzzer
— 4 buzzer mode (Repeat sound, Single sound, Intermittent sound 1 and Intermittent sound 2)
— 8frequencies (4.096kHz to 293Hz)
— 15 step duty (1/16 to 15/16)
— Slectable the logic of buzzer output pin (Possitive or Negative logic)

CRC(Cycle Redundancy Check) operation function
— Generation eqution: X'*+X'*+X+1
— LSB first
— Automatic CRC mode: Automatic CRC calculation with data of program memory in HALT mode

Safety Function
— RAMY/SFR guard
— Automatic CRC calculation with data of program memory
— RAM parity error detection
— ROM unused area access reset
— Clock mutual check
— WDT counter check
— Successive approximation type A/D converter test
— UART test
— Synchronous serial test
- I’C test
— GPIO test

e Shipping pacakge

— 16-pin plastic SSOP
ML62Q1223A/1224A/1225A-xxxMB (Blank part: ML62Q1223A/1224A/1225A-NNNMB)

— 16-pin plastic WQFN
ML62Q1223A/1224A/1225A-xxxGD (Blank part: ML62Q1223A/1224A/1225A-NNNGD)

— 20-pin plastic TSSOP
ML62Q1233A/1234A/1235A-xxxTD (Blank part: ML62Q1233A/1234A/1235A-NNNTD)

— 24-pin plastic WQFN
ML62Q1245A/1246A/1247A-xxxGD (Blank part: ML62Q1245A/1246A/1247A-NNNGD)

— 32-pin plastic TQFP
ML62Q1265A/1266A/1267A-xxxTB (Blank part: ML62Q1265A/1266A/1267A-NNNTB)

xxx: ROM code number
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e ML62Q1200A Group how to read the part number

ML62Q 126 7TA—xxx TB

L Package Type
GD

‘WQFN
MB :SSOP
B ‘TQFP
TD :TSSOP

ROM Code Number
NNN  :Blank
XXX :Custom Code Number

Program Memory Size

3 :16Kbyte

4 :24Kbyte

5 :32Kbyte

6 :48Kbyte

7 :64Kbyte
Pin Count

2 :16pin

3 :20pin

4 :24pin

6 :32pin
Group Name

12 11200 Group

Program Memory Type

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

LAPIS Semiconductor Logic Product

Figure 1-1  ML62Q1200A Group Part Number
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e ML62Q1200A Group Main Function List

Table 1-2 Main Function List

Pin Interrupt Timer Serial Analog
Jd|d|2|d|m|Z|E|g|g|l2|S|S|g|3|3|¢8
y |z S |o I g @ 3 S| ZT|locloclZ L L~
s | % |3 S |le |3 |3 = A I I~ S v | & |48 g
5 ke] 5 —+ = —. (SN [l il @ @ c >
=] =. ] < 5 = =] @ = c & o) o)
315 | = I 2| 5 2|3 ) 5| =18 o) o) g
o o py) ko) @ T - £ = 2 0] 3 3 3
c o m o = 4 =! 83 C — [0} 23 hel hel <
2|5 [%2] = 2 3 |1 > 2|3 |< o o )
» = m =~ | 5 [0} = T [} 2 @ o o =3
@ — |l =3 |3 &% |0 |< 5|5 | %
I o 3 o @ — o = = —_
z 3|8 2Bl |el5|%
= B O - I - = = B
3 g |3 < T w] S =X 5
Part number =|3|%/&(Z|g|3l=|2
313|835 |=|3
— 3 =0 < <
[e] Q > [©]
&3 |=w|8d
81518 | o
=. g =5
e 2 | 8
S 3
© =
3
>
[}
*l\)
ML62Q1223A
ML62Q1224A 16 12 | 11 6
ML62Q1225A
ML62Q1233A 22 4 0
ML62Q1234A 20 16 | 15
ML62Q1235A
ML62Q1245A 3 1 8 4 2 ( ! ! 2
ML62Q1246A 24 20 | 19 8
ML62Q1247A
ML62Q1265A 24 § !
ML62Q1266A 32 28 | 27
ML62Q1267A

*!: One 16bit timer is configurable as two 8bit timers
*2 . Full-duplex UART and Synchronous Serial Port can not be used simultaneously in the same channel.
One Full-duplexUART is configurable as two half-duplex UARTSs.
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1.2 BLOCK DIAGRAM

1.2.1 Block Diagram of ML62Q1200A Group

CPU (nX-U16/100)
Multiplier/Divider
EPSW1~3 GREG | ELR1~3 | | ECSR1 | (Coprocessor)
0 ~15
PSW [ (R ]| psrcsr |
Timing / ALU \ | EA | | PC |
Controller
/\ | pys | BUS Program memory
Controller (Flash)
) ) 16/24/32/48/64
Instruction Instruction KBvte
On-Chip Decoder Register Y
ICE
Data Flash
Vop —> 2KByte
Voo T
. [¢—> SUO0~_SCLK*
Serial -
A [e—— SUO0~1_SIN*
Voo «— power Unit  — Syo~1_souT*
Voer Circuit RAM *' Je—— sU0~1_RXDO*
2/4KByte —> SU0~1_TXDO0*
RESET_N —» Reset/ s 288:1_%)((311*
TESTO* <«— TEST Interrupt -
2
OUTLSCLK* <+— Clock | C Bus — .
OUTHSCLK* +—— ©eperaton unit le—s :ggﬂgjggf*
High-speed 2
Oscillat IC <+«—> |2CM0_SDA*
scillation Master |[¢—> |2CMO0_SCL*
Low-speed 16bit
RC T ~ *
Oscillation Timer TMHO~50UT
RC Functional |¢—— EXTRIGO~7*
Oscillation Timer  —— TMH0~30UT*
(WDT) — FTMO0~3P
vy, . —> FTMO~3N
Vss —> Converter
VREF* _; CFLASII-Il Time-base .
AINO to AINT* g ol Counter TBcouT
Analog
CMPOP* —>| Safet >
Comparator Yy “
CMPOM* —>| p Function Buzzer — g%gﬁ*
. D/A Reset — P00~P07
DACOUT* <+— Converte Function GPIo — P10~P17
—> P20z~P27
«—> P30~P33
—— EXIO~7

* : indicates the 2" to 8" functions.

*! :Full-duplex x 2ch (One full-duplex UART is configurable as two half-dulplex UARTS).

*2 ‘Number of channel is dependent of part number. See Table 1 ML62Q1200A Group Main Function List.
*#? :Not available to use as a I/O port when connecting the on-chip debug emulator.

Figure 1-2 ML62Q1200A Group Block Diagram
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1.3 PIN

1.3.1 Pin Layout

1.3.1.1 Pin Layout of ML62Q1223A/1224A/1225A 16pin SSOP Package

VboL E
RESET_N |Z
POO/TESTO E

P02/EXIO/EXTRG0/SUO_RXDO0/SUO_SIN/
FTMOP/OUTLSCLK/CMPOM | 6

PO3/EXIM/EXTRG1/SUO0_TXD0/SUO_SOUT/SUO_TXD1/
12CU0_SDA/FTMON/OUTHSCLK/CMPOP

PO4/EXI2/EXTRG2/SU0_SCLK/I2CUO_SCL/
TMHOOUT

(TOP VIEW)
SSOP16

6] o

-

-

-
-

= B BRI E B R E

o

ML62Q1200A Group User’s Manual

P27/EXI7/EXTRG7/SU1_TXD1/I2CU0_SCL/
FTM3N/TBCOUT1/BZON/AIN7

P26/EXI6/EXTRG6/SU1_RXD1/SU1_RXD0/
12CUO0_SDA/FTM3P/BZ0OP/AING

P23/EXI5/EXTRG5/SU1_SCLK/I2CMO0_SCL/
TMH20UT/Vger

P22/SU1_TXD0/SU1_SOUT/SU1_TXD1/
12CM0_SDA/FTM2N/OUTHSCLK/AIN3

P21/EXI4/EXTRG4/SU1_RXD0/SU1_SIN/
FTM2P/OUTLSCLK/AIN2

P20/SUO0_TXD1/FTMIN/TBCOUT1/BZON/AIN1

P17/EXI3/EXTRG3/SU0_RXD1/SUO_RXDO/
FTM1P/BZOP/AINO

P13/SU0_TXD0/SUO_SOUT/SUO_TXD1/
TMH10UT/TMH30UT

Figure 1-3 Pin Layout of ML62Q1223A/1224A/1225A 16pin SSOP Package
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1.3.1.2 Pin Layout of ML62Q1223A/1224A/1225A 16pin WQFN Package

12CM0_SDA/FTM2N/OUTHSCLK/AIN3

FTM2P/OUTLSCLK/AIN2

P20/SUO0_TXD1/FTM1N/TBCOUT1/BZON/AIN1

P22/SU1_TXDO0/SU1_SOUT/SU1_TXD1/
P21/EXI4/EXTRG4/SU1_RXD0/SU1_SIN/
P17/EXI3/EXTRG3/SU0_RXD1/SU0_RXDO/

FTM1P/BZ0OP/AINO

-
ey
-
o

12 9
P13/SU0_TXD0/SUO_SOUT/SUO_TXD1/
P23/EXIS/EXTRG5/SU1_SCLK/I2CMO_SCL/ 13 [ > 8 e SuT
TMH20UT Vger
PO4/EXI2/EXTRG2/SUO_SCLK/I2CU0_SCL/
P26/EXIB/EXTRG6/SUT_RXD1/SUT_RXDO/ 14 [ 17 _ _
12CU0_SDA/FTM3P/BZOP/AING (TOP VIEW) TMHOOUT
P27/EXI7/EXTRG7/SU1_TXD1/12CU0_SCL/ 15 [ > WQFN16 C ] 6 POIEXI1/EXTRG1/SUO_TXDO/SUO_SOUT/SUO_TXD1/
FTM3N/TBCOUT1/BZON/AIN7 [2CU0_SDA/FTMON/OUTHSCLK/CMPOP
Voo 16 D) Q ] 5 PO2/EXIO/EXTRGO/SUO_RXDO/SUO_SIN/
FTMOP/OUTLSCLK/CMPOM
1 2

Vss
VoL
POO/TESTO & D>

RESET_N w

Figure 1-4 Pin Layout of ML62Q1223A/1224A/1225A 16pin WQFN Package
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1.3.1.3 Pin Layout of ML62Q1233A/1234A/1235A 20pin TSSOP Package

RESET_N

POO/TESTO
P02/EXIO/EXTRGO0/SUO_RXDO0/SUO_SIN/
FTMOP/OUTLSCLK/CMPOM

PO3/EXIM/EXTRG1/SUQ_TXD0/SUO0_SOUT/SUO_TXD1/
12CUO0_SDA/FTMON/OUTHSCLK/CMPOP

PO4/EXI2/EXTRG2/SUO_SCLK/12CU0_SCL/
TMHOOUT

P05

P13/SU0_TXD0/SUO_SOUT/SUO_TXD1/
TMH1OUT/TMH30UT

P17/EXI3/EXTRG3/SUO_RXD1/SU0_RXDO/
FTM1P/BZOP/AINO

P20/SU0_TXD1/FTM1N/TBCOUT1/BZON/AIN1

P21/EXI4/EXTRG4/SU1_RXD0/SU1_SIN/
FTM2P/OUTLSCLK/AIN2

-

-

[l =] [o] S o L] [ ol [>] -]

(TOP VIEW)
TSSOP20

- - -
oo

=) ] 3] ] 3] 1s] [5] [3] 2] 13

>

w

N

-

ML62Q1200A Group User’s Manual

<
@

<
o
s}

P33/SU1_TXD1/TMH30UT

P27/EXI7/EXTRG7/SU1_TXD1/I2CU0_SCL/
FTM3N/TBCOUT1/BZON/AIN7

P26/EXIB/EXTRG6/SU1_RXD1/SU1_RXDO/
12CUO0_SDA/FTM3P/BZOP/AING

P25/SU1_TXD0/SU1_SOUT/SU1_TXD1/AINS

P24/SU1_RXDO0/SU1_SIN/AIN4

P23/EXIS/EXTRGS5/SU1_SCLK/I2CMO_SCL/
TMH20UTVper

P22/SU1_TXDO0/SU1_SOUT/SU1_TXD1/
I12CMO_SDA/FTM2N/OUTHSCLK/AIN3

Figure 1-5 Pin Layout of ML62Q1233A/1234A/1235A 20pin TSSOP Package
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1.3.1.4 Pin Layout of ML62Q1245A/1246A/1247A 24pin WQFN Package

P24/SU1_RXDO0/SU1_SIN/AIN4

P25/SU1_TXDO0/SU1_SOUT/SU1_TXD1/AINS

P26/EXI6/EXTRG6/SU1_RXD1/SU1_RXDO0
12CUO0_SDA/FTM3P/BZOP/AING/

P27/EXI7/EXTRG7/SU1_TXD1/I2CU0_SCL/
FTM3N/TBCOUT1/BZON/AIN7

P32/SU1_RXD1/SU1_RXDO

P33/SU1_TXD1/TMH30UT

19

20

21

22

23

24

P23/EXI5/EXTRG5/SU1_SCLK/I2CM0_SCL/

P22/SU1_TXDO0/SU1_SOUT/SU1_TXD1/

12CM0_SDA/FTM2N/OUTHSCLK/AIN3

FTM2P/OUTLSCLK/AIN2

P20/SUO0_TXD1/FTM1N/TBCOUT1/BZON/AIN1

P21/EXI4/EXTRG4/SU1_RXD0/SU1_SIN/
P17/EXI3/EXTRG3/SU0_RXD1/SUO0_RXD0/

FTM1P/BZOP/AINO

P16/SU1_SCLK/I2CUO_SCL/TMH50UT

] % TMH20UTNVrer

17 16 15 14 13
YRR
)
—
>  (TOP VIEW)

— O
i

WQFN24

i

)
)
)

)

1A0NNN

Voo

2 3 4 5
1% B o
= £ 25
w
o 5

o

o

D:D_

PO1/DACOUT o

P13/SU0_TXD0/SUO_SOUT/SUO_TXD1/
TMH10OUT/TMH30UT

P12/SU0_RXDO0/SUO_SIN/TMH40UT

P05

P04/EXI2/EXTRG2/SUO0_SCLK/I2CU0_SCL/

TMHOOUT
PO3/EXIM/EXTRG1/SUQ_TXD0/SUO0_SOUT/SUO_TXD1/
12CUO0_SDA/FTMON/OUTHSCLK/CMPOP

P02/EXIO/EXTRG0/SUO_RXDO0/SUO_SIN/
FTMOP/OUTLSCLK/CMPOM

Figure 1-6 Pin Layout of ML62Q1245A/1246A/1247A 24pin WQFN Package
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1.3.1.5 Pin Layout of ML62Q1265A/1266A/1267A 32pin TQFP Package

P23/EXI5/EXTRG5/SU1_SCLK/I2CM0_SCL/

TMH20UT/VRger

(%]
3]

[2CMO0_SDA/FTM2N/OUTHSCLK/AIN3

P21/EXI4/EXTRG4/SU1_RXD0/SU1_SIN/

P22/SU1_TXDO0/SU1_SOUT/SU1_TXD1/

FTM2P/OUTLSCLK/AIN2

P20/SU0_TXD1/FTM1N/TBCOUT1/BZON/AIN1

P17/EXI3/EXTRG3/SU0_RXD1/SU0_RXDO/

FTM1P/BZ0OP/AINO

B
B
El
E P16/SU1_
B

SCLK/I2CU0_SCL/TMH50UT

P15/12CU0_SDA

P14

P24/SU1_RXDO0/SU1_SIN/AIN4 25

P25/SU1_TXD0/SU1_SOUT/SU1_TXD1/AINS | 26

P26/EXI6/EXTRG6/SU1_RXD1/SU1_RXDO/ 27
12CU0_SDA/FTM3P/BZ0OP/AING

P27/EXITIEXTRG7/SU1_TXD1/12CUO_SCL/ [ 5g
FTM3N/TBCOUT1/BZON/AIN7

P30 29
P31 30

P32/SU1_RXD1/SU1_RXDO 31

P33/SU1_TXD1/TMH30OUT 32

(TOP VIEW)

TQFP32

- -

-

-

-
-

L] (=] ] L] 2] = =) =

-

i

a
o
>

O
2]

(7]

o
>

HiE

(=]
POO/TESTO IZ
P01/DACOUT E

VooL

RESET_N

[~
[=]

FTMOP/OUTLSCLK/CMPOM

P02/EXIO/EXTRGO0/SUO_RXDO0/SUO_SIN/

[2CU0 SDA/FTMON/OUTHSCLK/CMPOP

PO3/EXI1/EXTRG1/SUO_TXD0/SUO0_SOUT/SUO_TXD1/

P13/SU0_TXD0/SUO_SOUT/SUO_TXD1/
TMH10OUT/TMH30UT

P12/SUO0_RXDO0/SUO_SIN/TMH40UT

P11/SUO0_SCLK

P10/SUO_TXD1

P07/SUO0_RXD1/SU0_RXDO0/I2CMO0_SCL

P06/I2CM0_SDA

P05

P04/EXI2/EXTRG2/SUO0_SCLK/I2CU0_SCL/
TMHOOUT

Figure 1-7 Pin Layout of ML62Q1265A/1266A/1267A 32pin TQFP Package
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1.3.2 PIN LIST
Table 1-3 Pin List (1/4)
PR === N N w
2352 3|53
% S| >| S > >
~ gz Z & | & | & Pn name Primary function Shared function
1116 |18 | 1 1 | Vob Positive power pin —
2 1 119 2 2 | Vss Negative power pin —
312 (20| 3| 3 |Voo Internal regulator output —
RESET_ | Reset input
4 | 3 1 4 | 4 |N Used for on-chip debug —
() interface
General I/O pin
POO/TES Uferc: for on-chip debug
interface
51412 5 5 -{80) (Not available to use as 110 B
pin when connecting to the
on-chip emulator)
2" function —
3" function -
th M
i i - lsle P01 General I/O pin gth :E:zt:f: _
(I10) D/A converter output pin & -
6 function —5
7" function —
8™ function N
2" function | SUO_RXD0/SUO_SIN
) 3" function —
PO2/EXIO S;’;f;i'l 'i’n?ef:z t 4% function | —
6 5 3 7 7 | [EXTRGO Functional timelr')external 5" function FTMOP
(7o) briocR 6" function | OUTLSCLK
7" function CMPOM
8™ function —
2" function SUO_TXD0/SUO_SOUT
_ 3" function SUO_TXD1
Po3/Exi1 | General /O pin 4" functiion | 12CU0_SDA
7|6 |4 |8 |8 |/EXTRG |CXemalimermpt 5" function | FTMON
(1/0) tri‘;’;ce'rona \1r extefha 67 function | OUTHSCLK
7" function CMPOP
8™ function —
2" function | SUO_SCLK
3" function -
Po4/Exi2 | General /O pin 4™ functiion | 12CU0_SCL
8 | 7|5 | 9|9 |/[EXTRG2 |EXternalinterrupt 5" function | TMHOOUT
Functional timer external th -
(1/0) . 6" function -
trigger 7" function —
8™ function —
2" function —
3" function —
P05 4™ functiion —
- | - [ 61010} 15, General 1/O pin 5™ function —
6™ function —
7™ function —
8™ function —

FEUL62Q1200A 1-14
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Table 1-3 Pin List (2/4)

ML62Q1200A Group User’s Manual

(dosSs)
ON Uld9|
(NJOM)
"ON Uld9|
"ON UId0Z

‘ON uld¥e

‘ON Uldce

Pn name

Primary function

Shared function

11

P06
(1/0)

General I/O pin

2" function

3™ function

4™ functiion

I2CMO0_SDA

5™ function

6™ function

7" function

8" function

12

PO7
(I/0)

General I/0 pin

2" function

SUO_RXD1

3 function

SUQ_RXDO0

4™ functiion

12CM0_SCL

5™ function

6™ function

7" function

8" function

13

P10
(I10)

General I/O pin

2" function

SUO_TXD1

3" function

4™ functiion

5" function

6™ function

7™ function

8™ function

14

P11
(1/0)

General I/O pin

2" function

3" function

4™ functiion

5™ function

6™ function

7" function

8™ function

11

15

P12
(I/0)

General I/O pin

2" function

SUQ0_RXDO0/SUO_SIN

3" function

4™ functiion

5™ function

TMH40UT

6™ function

7" function

8" function

12

16

P13
(I/0)

General I/O pin

2" function

SUO_TXD0/SUO_SOUT

3 function

SUQ0_TXD1

4™ functiion

5™ function

TMH10OUT

6™ function

7™ function

TMH30UT

8™ function

17

P14
(I/0)

General I/O pin

2" function

3" function

4™ functiion

5™ function

6™ function

7" function

8™ function

FEUL62Q1200A
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Table 1-3 Pin List (3/5)

ML62Q1200A Group User’s Manual

Da=a S| R |8
ISIT|I|I| T
%3 23 2 | 2 | 2 | Pnname Primary function Shared function
~&~8 8|8 |8
2" function -
3™ function -
P15 4" functiion [2CU0_SDA
- |- - |- |18 General 1/0 pin 5" function —
(110) h . —
6" function
7" function —
8" function -
2" function SU1_SCLK
3" function —
P16 4" functiion [2CU0_SCL
- - 1319 o General 1/0 pin 5" function TMH50UT
6™ function —
7" function —
8" function -
2" function SUO_RXD1
, 3" function SUO0_RXDO
P17/EXI3 Eet”era'l '.’? pin 4P function | —
10| 9 | 8 | 14 | 20 | /EXTRG3 | £Xternalinterrup 5" function FTM1P
Functional timer external h -
(1/0) tri 6" function -
gger T -
7" function BZ0OP
8™ function AINO
2™ function SUO0_TXD1
3" function —
P20 4™ functiion -
11 ]110| 9 | 15| 21 (1/0) General I/O pin 5™ function FTM1N
6" function TBCOUT1
7" function BZON
8™ function AIN1
2™ function SU1_RXD0/SU1_SIN
_ 3" function —
P21/EXI4 Eft';f;aa'l 'i’n?e"r’mpt 4" function | —
th -
12 111110 | 16 | 22 | /EXTRG4 Functional timer external 5m funct!on FTM2P
(1/0) tri 6" function OUTLSCLK
gger m -
7" function —
8™ function AIN2
2™ function SU1_TXD0/SU1_SOUT
3" function SU1_TXD1
P29 4" functiion [2CM0_SDA
13 112 [ 1117 |23 | (o) General /0 pin 5" function FTM2N
6" function OUTHSCLK
7" function -
8" function AIN3
2" function SU1 SCLK
. 3" function —
P23/EXI5 Set”era'l '.’Ot pin 4™ functiion | 12CMO_SCL
14 [ 13 [ 12 | 18 | 24 | [EXTRG5 | cXternalinterrup 5™ function TMH20UT
Functional timer external h -
(110) tri 6" function —
rigger & - —
7" function
8" function Vrer

FEUL62Q1200A
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Table 1-3 Pin List (4/5)

aé"é N N w
83235 |5(5
O5IH5| 5 =] =] i . .
U >Z=| =z | = | =z | Pnname Primary function Shared function
of7"o| o |o | 9o
2™ function | SU1_RXD0/SU1_SIN
3" function -
Pod 4™ functiion —
- - 13 {19 | 25 (1/0) General I/O pin 5™ function —
th : —
6 function
7™ function —
8" function AIN4
2" function SU1_TXD0/SU1_SOUT
3" function SU1_TXD1
Pos 4™ functiion —
- - 14 | 20 | 26 (1/0) General I/O pin 5™ function —
th : —
6 function
7™ function —
8" function AIN5
2" function SU1_RXD1
Td ?
P26/EXI6 | General I/O pin orpnaion__ 5L R00
/ External interrupt m .
1514 115 | 21 | 27 EXTRG6 | Functional timer external g"‘ ;unc:!on F_TMSP
(I10) trigger unction

7" function BZOP

8" function AING

2" function SU1_TXD1
3" function -

P27/EXI7 | General I/O pin u I
/ External interrupt 4 function | 12CUO_SCL

. . 5™ function FTM3N
EXTRG7
0) E;gi;onal timer external 6™ function TBCOUTI

7" function BZON
8" function AIN7
2" function —
3" function —
4™ functiion —
General /0 pin 5™ function —
6™ function —
7" function —
8™ function —
2" function —
3" function —
4™ functiion —
General /O pin 5™ function —
6™ function —
7™ function —
8™ function —

16 | 15| 16 | 22 | 28

P30
(1/0)

P31
(I10)
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Table 1-3 Pin List (5/5)

ML62Q1200A Group User’s Manual

(dOSS)oN
uid9l
(NAOM)ON
uidol

"ON UId0Z

‘ON uld¥e

‘ON Uldce

Pn name

Primary function

Shared function

23

31

P32
(I/0)

General I/O pin

2" function

SU1_RXD1

3" function

SU1_RXDO0

4™ functiion

5" function

6™ function

7™ function

8™ function

24

32

P33
(I10)

General I/O pin

2" function

SU1_TXD1

3" function

4™ functiion

5" function

TMH30UT

6™ function

7" function

8™ function

FEUL62Q1200A
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1.3.3 PIN DESCRIPTION

Table 1-4 Pin Description (1/3)

Function Signal name | Pin name I/0 Description Logic

- Vss — | Negative power supply pin (-) —

_ Vv __ | Positive power supply pin (+). Connect a capacitor Cv _
pb (1uF) between this pin and Vss.

Power Power supply pin for internal logic (internal

- VboL — | regulator’s output). Connect a capacitor Cy(1uF) -
between this pin and Vss.

Input pin for testing. Also, used for on-chip debug
interface or ISP function. POO is initialized as pull-up

Test TESTO P00 Vo input mode by the system reset

Positive

(not high-impedance mode).

Reference voltage output.

An internal reference voltage in the SA type A/D
VRer P23 — | converter block can be externally used for a -
reference. The pin is shared with the SA type A/D
converter external reference voltage input.

Input for reset. Asserting “L” level to this pin enters
the MCU into system reset mode and internal
circuits are initialized, then releasing it to “H” level
make CPU start running the program. Used for
on-chip debug interface or ISP function. Internal
pull-up resistor is not installed.

System

RESET_N | RESET N | | Negative

OUTLSCLK gg% O |Low-speed clock output. —

OUTHSCLK PO& O |Low-speed clock output. —

P22
General I/O port

- High-impedance

- Input with Pull-UP (initial value)

- Input without Pull-UP

- CMOS output

- N-channel open drain output
P00 is only initialized as pulled-up input and other
General port ports are initialized as high-impedence
(GPIO) Not available to use as 1/O pin when using for on-chip
debug interface or ISP function.

P00 P00 110 Positive

P01-P07 | PO1-P07 | /O |Generall/O port Positive

- High-impedance (initial value) —
P10 - P17 P10 - P17 /10 - Input with Pull-UP Positive

P20 - P27 P20 - P27 I/O | - Inputwithout Pull-UP Positive

- CMOS output
P30-P33 | P30-P33 | 1o | | CMOSoutpu

- N-channel open drain output Positive

FEUL62Q1200A 1-19
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Table 1-4 Pin Description (2/3)

Function Signal name | Pin name | I/O Description Logic
P
SUO0_TXDO P(‘I)g I/O | Serial communication unitO/UARTO data output pin. Positive
P02
P07 . _— . . . s
SUO_RXDO0O P12 I/O | Serial communication unitO/UARTO data input pin. Positive
P17
P03
SUO0_TXD1 Eg I/O | Serial communication unitO/UART1 data output pin. Positive
P20
SUO0_RXD1 :3(1); I/O | Serial communication unitO/UART1 data input pin. Positive
UART P22 . _ . . s
SU1_TXDO Po5 I/O | Serial communication unit1/UARTO data output pin Positive
P21
SU1_RXDO0 Egg I/O | Serial communication unit1/UARTO data input pin. Positive
P32
P22
SU1_TXD1 ﬁg? I/O | Serial communication unit1/UART1 data output pin. Positive
P33
P07
SU1_RXD1 P26 I/O | Serial communication unit1/UART1 data input pin. Positive
P32
SUO_SIN P02 | Serial communication unitd/Synchronous serial data Positive
P12 input pin.
SUO SCK P04 /0 Serial communication unit0/Synchronous serial Positive
- P11 clock 1/O pin.
SUO_SOUT P03 o Serial cqmmunication unit0/Synchronous serial data Positive
Syncronous P13 output pin.
Serial Port i icati i i
SU1 SIN P21 | Serlal gommunlcatlon unit1/Synchronous serial data Positive
— P24 input pin.
SU1_SCK P16 /0 Serial communication unit1/Synchronous serial Positive
P23 clock 1/O pin.
P22 i icati i i
SU1_SouT o Serial cqmmunlcatlon unit1/Synchronous serial data Positive
P25 output pin.
%9 I°C Unit0 (M d Salve) Data I/0 pin / N-ch
12CUO_SDA P15 o) UnltO.( aster and Salve) ata} /O pin / N-c Positive
555 open drain. Connect a pull-up resistor externally.
P04 2 . .
, 12CU0_SCL P16 /0 I’C UnltO.(Master and Salve) Clogk I/0O pin / N-ch Positive
I1°C Bus 527 open drain. Connect a pull-up resistor externally.
P 2 . _ R
12CM0_SDA 06 /o | "C Master0 Data I/O pin / N-ch open drain. Connect | ...
P22 a pull-up resistor externally.
2 . :
12CMO_SCL PO7 1o I°C Master0 Clock /0 pin / N-ch open drain. Positive
P23 Connect a pull-up resistor externally.
FEUL62Q1200A 1-20
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Table 1-4 Pin Description (3/3)

Function Signal name | Pin name I/0 Description Logic
FTMOP P02 O | Functional Timer0 output. Positive
FTMON P03 O | Functional Timer0 output. Negative
FTM1P P17 O | Functional Timer1 output. Positive
FTM1N P20 O |Functional Timer1 output. Negative
FTM2P P21 O | Functional Timer2 output. Positive
FTM2N P22 O | Functional Timer2 output. Negative
FTM3P P26 O |Functional Timer3 output. Positive
Functional Timer FTM3N P27 O |Functional Timer3 output. Negative
(FTM) EXTRGO P02 | | Functional Timer0-3 event trigger input pin. —
EXTRG1 P03 | Functional Timer0-3 event trigger input pin. —
EXTRG2 P04 | Functional Timer0-3 event trigger input pin. —
EXTRG3 P17 | Functional Timer0-3 event trigger input pin. —
EXTRG4 P21 | Functional Timer0-3 event trigger input pin. —
EXTRGS P23 | Functional Timer0-3 event trigger input pin. —
EXTRG6 P26 | Functional Timer0-3 event trigger input pin. —
EXTRG7 P27 | Functional Timer0-3 event trigger input pin. —
TMHOOUT P04 O | 16bit General Timer 0 output pin Positive
TMH10UT P13 O | 16bit General Timer 1 output pin Positive
. TMH20UT P23 O | 16bit General Timer 2 output pin Positive
16bit General P13
Timer TMH3OUT P33 0] 16bit General Timer 3 output pin Positive
TMH40UT P12 O | 16bit General Timer 4 output pin Positive
TMH50UT P16 O | 16bit General Timer 5 output pin Positive
gg:;tzis(?BC) TBCOUT1 Egg O |Time Base Counter 1Hz/2Hz output pin Positive
BZOP IE;ZS O | Buzzer output (positive phase) Positive
Buzzer P20
BZON P27 O | Buzzer output (negative phase) Negative
EXIO P02 | | GPIO maskable external interrupt pin —
EXI1 P03 | | GPIO maskable external interrupt pin —
EXI2 P04 | | GPIO maskable external interrupt pin —
External Interrupt EXI3 P17 | | GPIO maskable external interrupt pin —
EXI4 P21 | | GPIO maskable external interrupt pin —
EXI5 P23 | | GPIO maskable external interrupt pin —
EXI6 P26 | | GPIO maskable external interrupt pin —
EXI7 P27 | | GPIO maskable external interrupt pin —
SA type A/D converter external reference voltage
VREFI P23 — |input. The voltage provided to the pin is used as the —
reference voltage for the A/D conversion.
. AINO P17 | | SAtype A/D converter channel 0 input pin —
Succgsswg AIN1 P20 | | SAtype A/D converter channel 1 input pin —
aprt)rowan/aDtlon AIN2 P21 | | SAtype A/D converter channel 2 input pin —
c}(;rr):/erter AIN3 P22 | | SAtype A/D converter channel 3 input pin —
AIN4 P24 | | SAtype A/D converter channel 4 input pin —
AINS P25 | | SAtype A/D converter channel 5 input pin —
AING P26 | | SAtype A/D converter channel 6 input pin —
AIN7 P27 | | SAtype A/D converter channel 7 input pin —
Analog CMPOP P03 | | Comparator input 0 (noninverting input) —
comparator CMPOM P02 | | Comparator input O (inverting input) —
D/A converter DACOUT PO1 O | D/A converter output pin —
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1.3.4 TERMINATION OF UNUSED PINS

Table 1-5 Termination of unused pins

Pin Recommended pin termination
RESET_N Connect to Vpp through a resistor
POO/TESTO Qpen the pin with the internal initial condition of pulled-up
input mode.
P01 to P07
P10 to P17 Open the pins with the internal initial condition of
P20 to P27 Hi-impedance mode.
P30 to P33

[Note]

For unused input ports or unused input/output ports, if an unstable middle level voltage is supplied to the
corresponding pins which are configured as inputs without pull-up register or input/output mode, shoot-through
may become excessively large. Therefore, it is recommended to configure those pins as either input mode with a
pull-up resistor or output mode.

FEUL62Q1200A 1-22



Chapter 2 CPU and Memory Space




ML62Q1200A Group User's Manual

LAPIS Semiconductor Co. Ltd. Chapter 2 CPU and Memory Space

2. CPU and Memory Space
2.1 General Description

ML62Q1000 series has LAPIS Semiconductor’s original 16-bit CPU nX-U16/100(A35 core), a coprocessor for
multiplication/division, flash memory in the program memory space, data flash and RAM in the data memory space
and also has software remap function that remaps the program memory space by 4Kbyte unit.

Table 2-1 shows ML62Q1200A group’s memory size in the program memory space and the data memory space.

Table 2-1  Memory Space of ML62Q1200A Group

Program memory space Data memory space
Product name
Program memory size Data flash size RAM size

ML62Q1223A 16 Kbyte 2 Kbyte 2 Kbyte
ML62Q1224A 24 Kbyte 2 Kbyte 2 Kbyte
ML62Q1225A 32 Kbyte 2 Kbyte 2 Kbyte
ML62Q1233A 16 Kbyte 2 Kbyte 2 Kbyte
ML62Q1234A 24 Kbyte 2 Kbyte 2 Kbyte
ML62Q1235A 32 Kbyte 2 Kbyte 2 Kbyte
ML62Q1245A 32 Kbyte 2 Kbyte 4 Kbyte
ML62Q1246A 48 Kbyte 2 Kbyte 4 Kbyte
ML62Q1247A 64 Kbyte 2 Kbyte 4 Kbyte
ML62Q1265A 32 Kbyte 2 Kbyte 4 Kbyte
ML62Q1266A 48 Kbyte 2 Kbyte 4 Kbyte
ML62Q1267A 64 Kbyte 2 Kbyte 4 Kbyte

2.2 CPU nX-U16/100

The CPU nX-U16/100 in ML62Q1200A group is specified as SMALL model.
The nX-U16/100 has following features. For more details about nX-U16/100, see “nX-U16/100 Core Instruction

Manual”.

e Powerful Instruction Set
- Instructions for data transfers, arithmetic, comparison, logic operations, bit manipulation, bitwise logic

operations, branches, conditional branches, call/return stack manipulation, and arithmetic shifts

e 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
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- Direct bit addressing

e Memory Spaces
- Program/code memory (ROM)
- Data memory (RAM)

e Interrupts
- Dedicated emulator interrupts
- Non-maskable interrupt
- Maskable interrupts

- Software interrupts
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2.2.1Wait mode and No wait mode

ML62Q1000 series has two CPU operating modes, wait mode and no wait mode. The mode is selectable by code option. See

Chapter 26 "Code Option" for details on how to set the code option. The maximum CPU operating frequency in the wait

mode and no wait mode is different. See the table 2-2.

Table 2-2 Maximum operating frequency of high-speed clock, peripheral and CPU

PLL oscillation Maximum Operating Frequency
mode Peripheral CPU (Wait mode) CPU (No wait mode)
32MHz mode 32MHz 16MHz 8MHz
24MHz mode 24MHz 24MHz 12MHz
16MHz mode 16MHz 16MHz 8MHz

e  Wait mode:

The instructions in Flash memory are stored into buffers and the CPU executes the instructions out of the buffers,
which enables the instruction execution in high-speed operating frequency. The instructions are executed without a
wait time in sequential instruction process, but it generates a wait time in branch instruction process(non sequential

instruction process) and increases the execution cycles. The maximum operating frequency of CPU in the wait mode is

24MHz.

e No wait mode:

The CPU directry executes instructions out of the Flash memory. The instruction execution cycle is minimized. The

maximum operating frequency of CPU in the no wait mode is 12MHz.

See Appendix C* Instruction execution cycle” for details about the instruction execution cycle. The CPU mode is applicable

even when the system clock is the low-speed clock (LSCLK).
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2.3 Coprocessor

ML62Q1000 series has the built-in multiplication/division function in a coprocessor. The multiplier/divider is used by

Coprocessor Data Transfer Instructions. For details about the instructions, see “nX-U16/100 Core Instruction Manual”.

2.3.1 Multiplication/Division

The multiplier/divider has following arithmetic functions.

e  Multiplication: 16 bit x 16 bit (operation time 4 cycles)

e  Division: 32 bit/16 bit (operation time 8 cycles)

e  Division: 32 bit/32 bit (operation time 16 cycles)

e Multiply-accumulate (non-saturating): 16 bit x 16 bit + 32 bit (operation time 4 cycles)

e  Multiply-accumulate (saturating): 16 bit X 16 bit + 32 bit (operation time 4 cycles)

e  Signed or unsigned calculation

e In asaturating 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.

For the multiplication/division library that contains routine groups to execute operation by using this function, see

"MULDIVUSLIB Multiplication and Division Library for U8/U16 Accelerator User’s Manual"
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2.3.2List of Registers

These are byte type registers for carrying out operations.
The registers use the byte length, however, they can be accessed as a word type register(ERn), double word type register (XRn),

and quad word type register (QRn) when successive registers are combined.

Function description of Symbol Symbol Symbol Symbol Initial
Address coprocessor Bt Word (Double (Quad R/W value
general-purpose register (Byte) (Word) Word) Word)
- A register L CRO R/W 0x00
CERO
- A register H CR1 R/W 0x00
CXRO
- B register L CR2 R/W 0x00
CER2
- B register H CR3 R/W 0x00
. CQRO
- C register L CR4 R/W 0x00
CER4
- C register H CR5 R/W 0x00
CXR4
- D register L CR6 R/W 0x00
CER®6
- D register H CR7 R/W 0x00
- Operation mode register CR8 R/W 0x00
CERS
- Operation status register CR9 R/W 0x00
CXR8
- - 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. The operation stats as soon
as the data is written in CR7.

CRS8 is a register to set the operation mode (signed, unsigned) and to enable operation. In the case of signed operation, the most
significant bit is handled as a sign.

CRO is a register to check the status of each operation result.

CRI15 is the identification code register of the coprocessor. It has a fixed value.

[Note]

CR10 to CR14 have no function. Reading them gives "0x00." Writing is ignored.
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A, B, C, D Registers (CRO to CR7)

2.3.2.1

Access: R‘'W

Access size: 8/16 bit

Initial value: 0x0000

14 13 12 11 10

15

CERO

CRO

areg0

areg1

areg?2

areg3

areg4

aregb

aregb

areg7

CR1

areg8

areg9

areg10

areg11

areg12

areg13

areg14

areg15

Word symbol

Byte symbol

Bit symbol

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Access type

0

Initial value

14 13 12 11 10

15

CER2

CR2

breg0

breg1

breg2

breg3

breg4

breg5

breg6

breg7

CR3

breg8

breg9

breg10

breg11

breg12

breg13

breg14

breg15

Word symbol

Byte symbol

Bit symbol

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Access type

0

Initial value

14 13 12 11 10

15

CER4

CR4

creg0

creg1

creg?2

creg3

creg4

cregb

cregb

creg”?

CR5

creg8

creg9

creg10

creg11

creg12

creg13

creg14

creg15

Word symbol

Byte symbol

Bit symbol

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Access type

0

Initial value

2-6
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol CERG6
Byte symbol CR7 CRG6
sls|l3ls5/s!/3!s/g/s/g|5|/s|g/9|5|¢%
Bit symbol |18 |&8|&d|&8|&|lg|lg |8 8|8 |8 |8 8|8 |83
o = P o = > © [+ ~ [e)) [3) a @ N - )
Access | T 2 2 2 2 2 2 T T T Z Z T I T DB
ceess type T = £ 2 = =T =T = =z =T =T =z =T = = =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A register to D register (CRO to CR7) are registers to store the input values of operations and operation results.

The bit symbol cannot be used in the software.

CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
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]
2 bit/32 bit
32 bit I Result Remainder [31:0] Quotient [31:0]
Multiply-accumulate | -\ v | Muitiplicand [15:0] | Multiplier [15:0] Addend [31:0]
(non-saturating)
16 bit x 16 bit+32 bit | Result - - Multiply-accumulate [31:0]
M””‘(zg’t'j;?nr;;'ate Input | Multiplicand [15:0] | Multiplier [15:0] Addend [31:0]
16 bit x 16bit+32 bit | Result - - Multiply-accumulate [31:0]

In a saturating multiply-accumulate operation, the result is fixed to 0x7FFF_OxFFFF for a positive number and

0x8000_0x0000 for a negative number when it is out of the expressible range.

[Note]

"—" indicates that the previous value is retained.

In a signed operation, the most significant bits of input and output are signs.

FEUL62Q1200A
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2.3.2.2 Operation Mode Register (CR8), Operation Status Register (CR9)
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 symbol CERS8
Byte symbol CR9 CR8
o | o | o
) c o @ 3 3 3
Bit symbol o N o | 2 o | 8|S | s | % g8 | 8
= =)

Access type

WY
MWH
MW
MW
WY
WY
WY
v
WY
WY
WY

Initial value

o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o

The operation mode register is a coprocessor general-purpose register to set the operation mode.
The operation status register is a coprocessor general-purpose register to store the states of the execution results of
operations.

The bit symbol cannot be used in the software.

The values to be set to CR8 for execution of each operation mode are as follows.

Value set to CR8 Signed Unsigned
Multiplication (initial value) 16 bit x 16 bit #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) 40x93 40x83

16 bit x 16 bit + 32 bit
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Description of bits
e clmod2 to clmod0 (Bits 2 to 0)
clmod2, clmod 1, and clmod 0 are bits to select the operation mode. Multiplication, division,

multiply-accumulate (non-saturating), and multiply-accumulate (saturating) are selectable.

CLMOD2 | CLMOD1 | CLMODO Description

0 0 0 Multiplication (initial value) 16 bit * 16 bit

0 0 1 Division 32 bit/16bit

0 1 0 m‘;':]'f’s':;jf;‘i‘g‘;'ate 16 bit * 16 bit + 32 bit
0 1 1 Z:'t:fzi':;;”m“'ate 16 bit * 16 bit + 32 bit
1 0 0 Reserved No operation function
1 0 1 Division 32 bit / 32 bit

1 1 0 Reserved No operation function
1 1 1 Reserved No operation function

e sign (Bit4)

sign is a bit to set the sign operation.

SIGN Description
0 Unsigned operation (initial value)
1 Signed operation

. clen (Bit7)
clen is a bit to set whether or not to enable the operation. When CLEN is set to "1", operation is enabled.

If CLEN is cleared to be "0" during an operation, the next operation will not enabled after that operation is

completed.
CLEN Description
0 Operation disabled (initial value)
1 Operation enabled

. use (Bit 8)
CLEN is a bit to set whether or not to enable the operation.
When CLEN is set to "1", operation is enabled.

If CLEN is cleared to be "0" during an operation, the next operation will not enabled after that operation is

completed.
CLEN Description
0 Operation disabled (initial value)
1 Operation enabled

FEUL62Q1200A 29



ML62Q1200A Group User's Manual

LAPIS Semiconductor Co. Ltd. Chapter 2 CPU and Memory Space

q (Bitl1l)
This becomes "1" for the saturated result of a saturating multiply-accumulate operation. The value is retained

in the next operation. To set it to "0", it is necessary to write "0."

e ov (Bitl12)
This becomes "1" if the result exceeds the range expressible by two's complement. This is set for each operation.

Also, a value can be written.

e s (Bit13)
This becomes "1" when the 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 set for each

operation. Also, a value can be written.

e 1z (Bitl4)

This becomes "1" when the result is 0. The value is set for each operation. Also, a value can be written.

¢ (Bit15)
This becomes "1" when the result is carried or the divisor is 0 in the division mode. The value is set for each

operation. Also, a value can be written.

FEUL62Q1200A 2-10



LAPIS Semiconductor Co., Ltd.

The flags changes during each operation as follows:
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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)

0 (unsigned)

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

1 (signed)

0 (unsigned)

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

1 (signed)

0 (unsigned)

*

. Varies depending on the result.

Retains the previous value.

FEUL62Q1200A
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2.3.2.3 Coprocessor ID Register (CR15)
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 symbol CER14

Byte symbol CR15 CR14

Bit symbol

yAell=[e}0]
9d1d0d
S¢didood
¥AldOO
€didod
¢didood
1dIdOO
0didod

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Access type

Initial value 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

CR15 is a read-only coprocessor general-purpose register to indicate the coprocessor ID. The data of CR15 is fixed to
“0x81”.

The bit symbol cannot be used in the software.
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2.3.3 Description of Operation

When using the multiplication/division function, see "MULDIVUSLIB Multiplication and Division Library for

U8/U16 Accelerator User’s Manual" for the available multiplication/division library.

Figure 2-1 shows an example of software to execute multiplication without using the library.

; 0x1234 x OXOAAS55 multiplication example
#asm
mov rO , #90h ; Set the multiplier mode
mov cr8, 0 ; Set signed multiplier mode
mov r2, #55h ; Set the multiplier
mov r3, #0aah ;
mov ro, #34h ; Set the multiplicand
mov r1, #12h ;
mov crd, 10 ; Transfer multiplier [7:0]
mov cr5,  rl ; Transfer the multiplier [15:8]
mov cre, r2 ; Transfer multiplicand [7:0]
mov cr7, r3 ; Transfer multiplicand [15:8], start calculation
nop ; Wait for calculation (4 clock)
nop ;
nop ;
nop ; Calculation end
mov r0, cr0 ; Transfer product [7:0]
mov r1, cr ; Transfer product [15:8]
mov r2, cr2 ; Transfer product [23:16]
mov r3, cr3 ; Transfer product [31:24]
#endasm

Figure 2-1 Software Example for Multiplication without Using Library
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The program memory space is an area to store the program code, table data (ROM window) or vector table.

The program stores 16-bit data and is specified by 20 bits (CSR: PC) consisting of higher 4 bits as code segment

register (CSR) and lower 16 bits as PC (program counter).

The ROM window area is 8-bit data that can be used as table data.

The vector table, which has 16-bit long data, can be used as reset vectors, hardware interrupt vectors, and software

interrupt vectors. Unused vector area is available to use as a program code area. The code option area is used to select

CPU operating mode, PLL oscillation frequency and etc.

Figure 2-2 shows the program memory space configuration.

CSR:PC
0x0000

0x00FF
0x0100

Ox3FBF
0x3FCO

Ox3FFF

FEUL62Q1200A

Segment 0

Vector table area
or
program code
ROM window area

Program code
or

ROM window area

Code option area

(64 byte)

8bit
Size 16Kbyte
ML62Q1223A/1233A

CSR:PC
0x0000

0x00FF
0x0100

OX5FBF
0X5FCO
OX5FFF

Segment 0

Vector table area
or
program code

ROM window area

Program code
or

ROM window area

Code option area

(64 byte)

8bit
Size 24Kbyte
ML62Q1224A/1234A

CSR:PC
0x0000

0x00FF
0x0100

0x7FBF
0x7FCO
Ox7FFF

Segment 0

Vector table area
or
program code

ROM window area

Program code
or

ROM window area

Code option area

(64 byte)

8bit
Size 32Kbyte

ML62Q1225A/1235/A
ML62Q1245A/1265A
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CSR:PC Segment 0 CSR:PC Segment 0
0x0000 Vector table area 0x0000 Vector table area
or or
program code program code
0x00FF ROM window area 0x00FF ROM window area
0x0100 0x0100
Program code
or Program code
ROM window area or
ROM window area
O0xBFBF
OxBFCO Code option area
OXBFFF (64 byte) OxFFBF
8bit OXFFCO Code option area
Size 48Kbyte OXFFFF (64 byte)
ML62Q1246A/1266A 8bit
Size 64Kbyte
ML62Q1247A/1267A
Figure 2-2 Program Memory Space Configuration
[Note]

e The code option area(64 bytes) is not available for program code area. For details of the code option area,
see Chapter 26 "Code Option" and make sure setting data.
e [t is recommended for failsafe to fill unused areas with data "OxFFFF" (BRK instruction) in the program
memory space by using HTUS. See “HTUS8 User’s Manual” and “nX-U16/100 Core Instruction Manual”

e Do not access unused area to avoid the CPU runs in correct.

FEUL62Q1200A
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2.5 Data Memory Space

The data memory space of this LSI consists of the ROM window area, RAM area, and SFR area of Segment 0 and the

ROM reference area of Segment 8.

The data memory stores 8-bit data and is specified by 21 bits consisting of higher 5 bits as DSR and lower 16 bits as

addressing specified by each instruction.

Figure 2-3 ~ Figure 2~8 show the data memory space configuration of ML62Q1200A group. Other segments not

shown in the fugure are unused area.

DSR:AR Segment 0 DSR:AR Segment 8 DSR:AR Segment 31
0:0x0000 8:0x0000 1F:0x0000
Data Flash area
1F:0x07FF (2K byte)
ROM window area ROM reference §F-0x0800
area (16K byte)

(16K byte)
0:0x3FFF 8:0x3FFF
0:0x4000

Test area 8:0x4000 ROM reference

(1K byte) area (1K byte) Unused area
0:0x4400

Unused area

0:0xE800

RAM area

Unused area
0:0xEFFF (2K byte)
0:0xF000
0:0xFFFF SR 8:0xFFFF 1F:0xFFFF
8bit 8bit 8bit

Figure 2-3 ML62Q1223A/ML62Q1233A Data Memory Space Configuration
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DSR:AR
0:0x0000

0:0x5FFF
0:0x6000

0:0x6400

0:0xE800

0:0xEFFF
0:0xF000

0:0xFFFF

FEUL62Q1200A

Segment 0

ROM window area

(24K byte)

Test area

(1K byte)

Unused area

RAM area
(2K byte)

SFR area

8bit

DSR:AR
8:0x0000

8:0x5FFF
8:0x6000

8:0x6400

8:0xFFFF

Segment 8

ROM reference
area (24K byte)

ROM reference

area (1K byte)

Unused area

8bit

ML62Q1200A Group User's Manual

Chapter 2 CPU and Memory Space

DSR:AR

Segment 31

1F:0x0000

1F:0x07FF
1F:0x0800

1F:0xFFFF

Data Flash area

(2K byte)

Unused area

8bit

Figure 2-4 ML62Q1224A/ML62Q1234A Data Memory Space Configuration
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DSR:AR
0:0x0000

0:0x7FFF
0:0x8000

0:0x8400

0:0xE800

0:0xEFFF
0:0xF000

0:0xFFFF

Segment 0

ROM window area

(32K byte)

Test area

(1K byte)

Unused area

RAM area
(2K byte)

SFR area

8bit

DSR:AR
8:0x0000

8:0x7FFF
8:0x8000

8:0x8400

8:0xFFFF

Segment 8

ROM reference
area (32K byte)

ROM reference

area (1K byte)

Unused area

8bit

ML62Q1200A Group User's Manual
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DSR:AR
1F:0x0000

1F:0x07FF
1F:0x0800

1F:OxFFFF

Segment 31

Data Flash area

(2K byte)

Unused area

8bit

Figure 2-5 ML62Q1225A/ML62Q1235A Data Memory Space Configuration

DSR:AR
0:0x0000

0:0x7FFF
0:0x8000

0:0x8400

0:0xE000

0:0xEFFF
0:0xFO000

0:0xFFFF

Segment 0

ROM window area

(32K byte)

Test area

(1K byte)

Unused area

RAM area
(4K byte)

SFR area

8bit

DSR:AR
8:0x0000

8:0x7FFF
8:0x8000

8:0x8400

8:0xFFFF

Segment 8

ROM reference
area (32K byte)

ROM reference

area (1K byte)

Unused area

8bit

DSR:AR
1F:0x0000

1F:0x07FF
1F:0x0800

1F:OxFFFF

Segment 31

Data Flash area

(2K byte)

Unused area

8bit

Figure 2-6 ML62Q1245A/ML62Q1265A Data Memory Space Configuration
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DSR:AR
0:0x0000

0:0xBFFF
0:0xC000

0:0xC400

0:0xE000

0:0xEFFF
0:0xF000

0:0xFFFF

Segment 0

ROM window area

(48K byte)

Test area

(1K byte)

Unused area

RAM area
(4K byte)

SFR area

8bit

DSR:AR
8:0x0000

8:0xBFFF
8:0xC000

8:0xC400

8:0xFFFF

Segment 8

ROM reference
area (48K byte)

ROM reference

area (1K byte)

Unused area

8bit
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DSR:AR

Segment 31

1F:0x0000

1F:0x07FF

Data Flash area

(2K byte)

1F:0x0800

1F:OxFFFF

Unused area

8bit

Figure 2-7 ML62Q1246A/ML62Q1266A Data Memory Space Configuration
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DSR:AR Segment 0 DSR:AR Segment 1
0:0x0000 1:0x0000
Test area
(1K byte)
1:0x0400
ROM window area
(56K byte)
0:0xDFFF Unused area
0:0xE000
RAM area
0:0xEFFF (4K byte)
0:0xF000
0:0xFFFF SFRarea 1:0xFFFF
8bit 8bit
DSR:AR Segment 8 DSR:AR Segment 9 DSR:AR Segment 31
8:0x0000 9:0x0000 ROM reference 1F:0x0000
area (1K byte) Data Flash area
9:0x0400 1F:0x07FF (2K byte)
1F:0x0800
ROM reference area
(64K byte) Unused area
Unused area
8:0xFFFF 9:0xFFFF 1F:0xFFFF
8bit 8bit 8bit

Figure 2-8 ML62Q1247A/ML62Q1267A Data Memory Space Configuration

[Note]

e The contents of RAM area are undefined at power-up and system reset. Initialize the area by thesoftware.

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

e The segment 8 and 9 is mirror area of segment 0 and 1 in the program memory space. The contents of
Segment 0 of the program memory space is readable from the ROM reference area of Segment 8. The
contents of Segment 1 of the program memory space is readable from the ROM reference area of Segment 9.

e The test area 1K byte(512 word) has MCU’s unique data and the area cannot be used as the program memory.

e Do not access unused area to prevent the CPU running incorrctly.
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2.6 Description of Registers

2.6.1List of Registers

Symbol Symbol . Initial
Address Name (Byte) (Word) R/W Size value
0xFO00 Data segment register DSR - R/W 8 0x00
O0xFOAO Flash remap address register REMAPADD - R/W 8 0x00
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2.6.2Data Segment Register (DSR)

Address: 0xF000
Access: R/'W
Access size: 8 bits

Initial value: 0x00

ML62Q1200A Group User's Manual
Chapter 2 CPU and Memory Space

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

Byte symbol - DSR
g U | 9| g =)
Bit symbol ! ' ' ' ' ' ! ' ! ' ' % % cjg % %’
N w N - o
Access type Py Py Py Py Py Py Py Py Py Py Py g 2 g g g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DSR is a special function register (SFR) used to retain a data segment. For details of DSR, see "nX-U16/100 Core

Instruction Manual".

Description of bits

e DSR4 toDSRO (Bit4to0)

DSR4

DSR3

DSR2

DSR1

DSRO

Description

o

o

o

Data segment O (initial value)

Data segment 1 (disabled)

Data segment 2 (disable

d
Data segment 3 (disabled

Data segment 5 (disabled

Data segment 6 (disabled

)
)
)
)
)
)

Data segment 7 (disabled

(
(
(
(
Data segment 4 (disabled
(
(
(
(

Data segment 8 (mirror of Segment 0)

Data segment 9 (mirror of Segment 1)

Data segment 10 (disabled)

Data segment 11 (disabled)

Data segment 12 (disabled)

Data segment 13 (disabled)

(
(
(
(

Data segment 14 (disabled)

OoO|O|lO|O|0O|0O|0O|0O|O|O|O|O|O|O|O

R Rl lalAa OO 0O|O|O|O|O|O

LR (R A2 OO 0O 0O ||~~~ lO|lO|lOC O

A laalOlO~A |~ |O|0O| |~ |OlOCO|~~ O

||~ |O|~|O||OO|O|~|O|~|O|~

Data segment 15 (disabled)

Data segments 16 to 30 (disabled)

Data segment 31 (data FLASH)

[Note]

OxFF is read from unused area of data segment.
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2.6.3Flash Remap Register (REMAPADD)

Address: 0xFOAO
Access: R/'W
Access size: 8 bits

Initial value: 0x00

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

Word symbol -
Byte symbol - REMAPADD
AR R
Bit Symbol 1 1 1 1 1 1 1 1 1 1 1 1 ): ): E ):
a »~ w N

WY
WY
MW
WY

Access type Py P P Py Py Py Py Py Py Py Py Py

o
o
o
o

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

REMAPADD is a special function register (SFR) used to specify the remap area.
The addresses 0000H to OFFFH (4 Kbyte) are remapped from the addresses specified to REA15 to REA12 bit to the

area of the same size within 4 Kbyte. The remap area can be set only for Segment 0.

When the software reset is executed by the BRK instruction (* only the CPU is reset), the CPU executes instructions
from the beginning address of the remap area specified in REMAPADD. With the remap function, all the vector table
areas (reset vector, hardware interrupt vector, and software interrupt vector area) are remapped. * For the BRK

instruction, see "nX-U16/100 Core Instruction Manual."

Description of bits
e REA15to REA12 (Bit3to0)
REAL1S to REA12 are bits to set the higher 4 bits (bit 15 to 12) of the beginning address of the area to be
remapped.
Example) When "OFH" is written in REA15 to 12 and the BRK instruction is executed, the area of 0xOF000 to
O0xOFFFF is mapped to 0x0000 to OxOFFF.
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Software Remap Function

The self-programming function for updating the software (IAP: In-Application Programming) is avaiable using the
software remap. The software remap function remaps the “4Kbyte area which the start address is set in REMAPADD
register” to the area of addresses 0x0000 to 0xOFFF (4 Kbyte).

The remap function also remaps the vector table areas (reset vector, hardware interrupt vector, and software interrupt
vector areas). The software remap function can be enabled/disabled by the code option. For details of code options, see
Chapter 26 "Code Option."

Set a a start address of remap target area to REMAPADD register, write “2” to ELEVEL of CPU program status
word(PSW) and execute BRK instruction. Then, executing the BRK instruction resets only CPU and the CPU exceutes
instructions from the start address set in the REMAPADD register. For details about the BRK instruction and
ELEVEL, see "nX-U16/100 Core Instruction Manual".

Figure 2-9 shows an example of software for remapping (when the beginning address for remapping is 0xOF000).

#asm
mov r0, #0fh
st r0, REMAPADD ; REMAPADD = 0xOF
mov psw, #02h : ELEVEL =2
nop
nop
brk ; BRK instruction

#endasm

Figure 2-9 Example of Software for Remapping
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Figure 2-10 shows the memory map before and after remapping.
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After remapping, read from Segment 8 to read the area of 0:0x0000 to 0:0xOFFF (4 Kbyte) before remapping.

In the case to rewrite the area of 0:0x0000 to 0:0xOFFF (4 Kbyte) after remapping, set the addresses (0:0000H to

0:0FFFH) to flash address register (FLASHA). If need to read the noarml boot area(before remapping) of 0:0x0000,

read from Segment 8 to read the area(mirror area of segment 0). Codes in the remapped area are read from the segment

0. See Chapter 25 "Flash Memory” for details about the flash address register (FLASHA)." See another document

“ML62Q1000 series IAP sample program” for more details on how to use the software remap function.

0:0x0000

Normal boot area

4 Kbyte

0:0x1000

=~

Program code

area

@

\\}

0:0xF000

Program code
area
4 Kbyte

0:0xFFFF

Before remapping

0:0x0000

Program code
area
4 Kbyte

0:0x1000

=

Program code

area

@

|-
—

0:0xF000

Program code
area
4 Kbyte

0:0xFFFF

After remapping

Remapping

Figure 2-10 Memory Map Before and After Remapping of Program Memory Space (64 Kbyte)
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3. Reset Function

3.1 General Description

ML62Q1000 series has reset generation functions.

Following causes make the resets to the CPU and peripherals and SFRs. This chapter describes about the system reset
modes, RESET N pin reset and Power-on reset. For other resets, see each of the related chapter.

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

Reset by the RESET N pin

Reset by power-on detection

Reset by VLS (Voltage Level Supervisor)

Reset by the 2nd WDT (watchdog timer) overflow

Reset by WDT counter invalid clear operation

Reset by RAM parity error

Reset by ROM unused area access

CPU reset by executing the BRK instruction (when ELEVEL of PSW = 2 or larger)
Reset of peripheral circuits by block reset control registers (BRECONO to 3)

3.1.1 Features

e  Reset status register (RSTAT) indicates the reset generation causes
e  Safety function reset status register (SRSTAT) indicates the reset generation causes
e INITE flag indicates 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_N O

RSTAT
SRSTAT

ML62Q1200A Group User's Manual
Chapter 3 Reset Function

*—

3.1.3 List of Pins

P>—

| Power-on reset

N

Reset the CPU, peripheral circuits,

SFR, and start control part of LSI

|
|
| WDT overflow I

WDT Invalid clear

reset

| BRK instruction reset

VLS reset i—
|
|

(Start-up check)

INITE flag

| RAM parity error |

ROM unused area
access reset

Data bus

: Reset status register
: Safety function reset status register
BRECONO to 3 :

|

Reset the CPU

Particular reset of each
peripheral circuit

|SRSTAT| | RSTAT | |BRECON0 to 3

Block reset control register 0 to 3

Figure 3-1

Configuration of Reset Generation Circuit

Pin name

I/0

Function

RESET_N

Reset input pin

3.2 Description of Registers

3.2.1 List of Registers

Symbol . Initial
Address Name Symbol (Byte) (Word) R/W Size value
0xF058 . RSTATL R/W 8/16 | Undefined
Reset status register RSTAT -
0xF059 RSTATH R/W 8 Undefined
0xFO5A Safety function reset status register SRSTAT - R/W 8 Undefined
[Note]

For registers with word symbol, word access is possible. For word access, specify an even address.
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3.2.2 Reset Status Register (RSTAT)

Address: 0xF058
Access: R/'W

Access size: 8 bits/16bits
Initial value: Undefined

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

Word symbol RSTAT
Byte symbol RSTATH RSTATL
@z |2 <| 3=
P g
B|t Symbol 1 1 1 1 1 1 1 % :| (£| 1 é — 3 ] (@)
o mi D 2| 2| = A
Py
) ) P X P P P
Access type ' ' ' ' ' ! ' 5 Py 3 3 s 5 5 ' 5

Initial value 0 0 0 0 0 0 0o on 0o o1

o

0/4 01 01 0 01

RSTAT is a specific function register (SFR) to indicate the cause of occurrence of a reset.

When a reset occurs, only the bit that indicates the cause of the reset occurred is set to "1". Other bits (except the INITE
bit) retain values before occurrence of the reset. After identifying the cause of the reset, write "OXFFFF" to the RSTAT
register to initialize to “0x0000”it for preparing the next reset.

e  Description of bitsPOR (Bit 0)
POR is a flag to indicate that a power-on reset has occurred.
The flag is cleared when "1" is written.

POR Description
0 Power-on reset not occurred
1 Power-on reset occurred (initial value)

e WDTR (Bit2)
WDTR is a flag to indicate that a reset by the second overflow of the watchdog timer has occurred.
The flag is cleared when "1" is written.

WDTR Description
0 Watchdog timer reset not occurred (initial value)
1 Watchdog timer reset occurred

e WDTWR (Bit3)
WDTWR is a flag to indicate that a reset by watchdog counter clear operation occurred while the window of the
watchdog timer was closed. The flag is cleared when "1" is written.

WDTWR Description

Reset not occurred with clear operation while the window of the watchdog
timer was closed (initial value)

0

Reset occurred with clear operation while the window of the watchdog timer
was closed
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e VLSOR (Bit4)
VLSOR is a flag to indicate that voltage level detection reset has occurred.
The flag is cleared when "1" is written.

VLSOR Description
0 Voltage level detection reset (VLS0) not occurred (initial value)
1 Voltage level detection reset (VLS0) occurred

e RSTR (Bit6)
RSTR is a flag to indicate that a RESET N pin reset has occurred.
The flag is cleared when "1" is written.

RSTR Description
0 RESET_N pin reset not occurred
1 RESET_N pin reset occurred

e INITE (Bit7)
INITE is a flag to indicate that the LSI has been started normally or not.
In the case the INITE is set to “1”, it will be reset by the RESETN pin reset or Power-On-Reset.

INITE Description
0 LSI started-up normally (initial value)
1 Any error occurred during the start-up

e BRKR (Bit8)
BRKR is a flag to indicate that a CPU reset by BRK instruction has occurred.
The flag is cleared when "1" is written.

BRKR Description

0

CPU reset by BRK instruction not occurred (initial value)

1

CPU reset by BRK instruction occurred
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3.2.3 Safety Function Reset Status Register (SRSTAT)

Address: 0xFO5A
Access: R/'W

Access size: 8 bits
Initial value: Undefined

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

Word symbol -
Byte symbol - SRSTAT
Py m
B|t Symbol 1 1 1 1 1 1 1 1 1 1 1 1 1 1 g )_>
) P
P )
Access type Py A X0 =3 a3 A X O O AN 07X X s =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SRSTAT is a special function register (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.

Description of bits
e FIAR (Bit0)
FIAR is a flag to indicate that ROM unused area access reset occurred.
The flag is cleared when "1" is written.

FIAR Description
0 ROM unused area access reset not occurred (initial value)
1 ROM unused area access reset occurred

e RPER (Bitl)
RPER is a flag to indicate that a RAM parity error reset has occurred.
The flag is cleared when "1" is written.

RPER Description
0 RAM parity error reset not occurred (initial value)
1 RAM parity error reset occurred
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3.3 Description of Operation

3.3.1 Operation in Reset Mode
The ML62Q1200A Group can execute reset operation with the following causes.

Reset by the RESET N pin

Reset by power-on detection

Reset by VLS (Voltage Level Supervisor)

Reset by the 2nd WDT (WatchDog Timer) overflow

Reset by the WDT (WatchDog Timer) invalid clear reset

Reset by RAM parity error

Reset by ROM unused area access

CPU reset by executing the BRK instruction

Reset of peripheral circuits by block reset control registers (BRECONO to 3)

Enabling or disabling the “Reset by ROM unused area access” and “Reset by RAM parity error” is selectable. See
Chapter 26 “Code Option” for details about the ROM unused area access reset and See Chapter 29”Safety Function” for
the RAM parity error reset”.

Table 3-1 List of Reset Operations for Each Reset Cause

Reset causes CPU RAM VLSO PeriPheraI Hardware®
circuit/SFR
RESET_N pin o - o o o
Power-on reset o - o o o
VLSO o - - o o
Second overflow of WDT o - - o o
WDT counter invalid clear operation o - - o o
RAM parity error e} - - o o
ROM unused area access o - - o o
BRK instruction o - - - -
Block reset control register - - - o -
o: Reset - Not Reset
(*) Power circuit, oscillation circuit, wake up control circuit and etc.
[Note]
e The system resets do not initialize data memory(RAM) and undefined SFRs. Please initialize them by the
software.

e The BRK instruction resets only CPU and does not reset peripheral circuit and other hardwares. Use
RESET N pin reset or WDT reset for surely initializing the LSI in case an unexpected error is detected.

o The block reset control registers (BRECONO to 3) reset only the peripheral circuits and the CPU and any
other hardware are not initialized, also the LSI does not enter the system reset mode.

o Internal pull-up resistor is not installed. Have the pull-up register externally.
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3.3.2 Operation of System Reset Mode

The MCU enters to the system reset mode if any reset factors except for block control register(BRECONO-3) occurred.
The system reset has the highest priority among all the processing and any other processing being executed up to then is
cancelled. In system reset mode, the following processing is performed.

(1) The hardware such as power supply circuit and oscillation circuit are initialized, and functions selected by the Code
Option are configured. INITE bit of Reset Status register (RSTAT) is set to “1” if the initialization failed by any
unexpected cause. See the Chapter 26”Code Option” for details about the Code Option.
(2) All the special function registers (SFRs) whose initial value is not undefined are initialized. See Appendix A
“Registers” for the initial values of the SFRs.
(3) CPU is initialized.
o All the registers in CPU are initialized.
e The contents of addresses 0x0000 and 0x0001 in the program memory are set to the stack pointer (SP).
e The contents of addresses 0x0002 and 0x0003 in the program memory are set to the program counter (PC).
However, in the case of CPU reset by BRK instruction, the address set to the PC is different depending on the value
of the interrupt level (ELEVEL) of the program status word (PSW).
- When the ELEVEL is 0 or 1, the addresses 0x0004 and 0x0005 (segment0) of the program memory are set to the
PC.
- When the ELEVEL is 2 or 3, the addresses 0x0002 and 0x0003 (segment0) of the program memory are set to the
PC.
(4) The MCU enters to the program run mode if the reset released.

For the BRK instruction, see “nX-U16/100 Core Instruction Manual”.

3.3.3 RESET N pin

The MCU enters to the system reset mode if any reset factors except for block control register(BRECONO-3) occurred.
Asserting “L” level into the RESET N pin makes the MCU reset state and RSTR bit of Reset Status Register(RSTAT) is
set to “1”. Then, when it turned to “H” level the reset state gets released and the CPU starts runing the program code.
Remain the “L” level for the time of reset hold time (PRST) or longer.

Figure3-2 shows the reset signal input waveform.

RESET_N |

e Z
! Prst :
Internal reset signal

PRST: Reset hold time

Figure3-2 RESET_N pin reset operating waveform

The RESET N pin is also used in debugging or programming the software by the on-chip debugger or ISP function. See
Chapter 28 “On-chip debug function” and Chapter 25 “Flash Memory”.
For details about the electrical characteristics, see the data sheet.

[Note]
o Internal pull-up resistor is not installed. Have the pull-up register externally.
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3.3.4 Power-On Reset

The Power-On Reset occurs when it detects the POR detect voltage(Vpogr) or lower and POR bit of Reset Status Register
(RSTAT) is set to “1”. Then when the power Vpp gets back to the Vpog, the reset is release and the CPU starts running

the program code. For details about the electrical characteristics, see the data sheet.

Vob

Internal Power-On
Reset Inverted signal

Vport POR detect voltage

Pror: POR response time
(This is the time from the Vop aets 100mV lower than Veor to the Power-On-Reset internally aenerates)

Figure3-3 Power-On reset operating waveform

[Note]
e Rise the VDD up to 1.8V or higher at the power up.
o At the power-on, the reset is released when the power voltage(VDD) is higher than the power-on reset

detect voltage(VPOR) and the CPU starts running the program with low-speed clock(LSCLK/approx.
32.768kHz). Make one of following process when switching the CPU clock to a high-speed clock.
Remain reset by the VLS function as long as the VDD is lower than the operate-able voltage

(1.8V) for the high-speed clock.
Check with the VLS function if the VDD is higher than operate-able voltage (1.8V) to switch

the clock.
See For details about the VLS, see Chapter 22 " Voltage Level Supervisor (VLS)".

o At the power-off, the reset occurs when the power voltage(VDD) is lower than the power-on reset
detect voltage(VPOR), however make the VLS reset before the VDD is lower than the minimum
operating voltage described in the electrical characteristics of data sheet. Also, confirm if the voltage

has returned within the operating voltage when the CPU restarts running the program.
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4. Power Management

4.1 General Description

ML62Q1000 series has four power management modes to save the current consumption.
See Table 1-2 “Main Function List” in the Chapter 1 to confirm the presence/absence of function in each product.

e HALT mode :Stop the CPU and peripherals continue to work.

e HALT-H mode :Stop the CPU, peripherals continue to work with low-speed clock only, forcely stop high-speed
clock and restart the high-speed clcok after releasing the mode.

e STOP mode :Stop the CPU, peripheral circuits, low-speed clcok and high-speed clock.

e STOP-D mode : Stop the CPU, peripheral circuits, low-speed clcok and high-speed clock. Vpp, is minimised

to lower the current consumption.

411 Features

e Stop code accceptor qualifies for entering STOP mode and STOP-D mode
e Data of RAM and SFR are retained even in the STOP-D mode

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

4.1.2 Configuration

Figure 4-1 shows the transition diagram of the operating state.

Reset released

Power on

— >

Program
operation
Mode

System reset
Mode

Reset or BRK
instruction

Reset HLT="1" or Interrupt

HLTH="1"

WDT, external
interrupt,
interrupts of VLSO,
comparator, etc.

STOP mode
STO-D mode

HALT mode
HALT-H mode

Figure 4-1 Operating State Transition Diagram
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4.2 Description of Registers

4.2.1 List of Registers

Symbol Symbol . Initial
Address Name (Byte) (Word) R/W Size value
O0xF018 Stop code acceptor STPACP - w 8 -
0xF019 Reserved register - - w 8 0x00
OxFO1A Standby control register L SBYCONL SBYCON w 8/16 0x00
0xF01B Standby control register H SBYCONH - w 8 0x00
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
0xF073 BCKCON1H R/W 8 0x00
0xF074 ) BCKCON2L R/W 8/16 0x00
Block clock control register 2 BCKCON2
0xF075 BCKCON2H R/W 8 0x00
0xF076 BCKCON3L R/W 8/16 0x00
Block clock control register 3 BCKCON3
OxFO77 BCKCON3H R/W 8 0x00
0xF078 BRECONOL R/W 8/16 0x00
Block reset control register 0 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
0xF0O7C ) BRECON2L R/W 8/16 0x00
Block reset control register 2 BRECON2
0xFO7D BRECON2H R/W 8 0x00
OxFO7E ) BRECON3L R/W 8/16 0x00
Block reset control register 3 BRECON3
OxFO7F BRECON3H R/W 8 0x00
[Note]

For registers with word symbol, word access is possible. For word access, specify an even address.
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4.2.2 Stop Code Acceptor (STPACP)

Address: 0xFO18
Access: W
Access size: 8 bits
Initial value: 0x00

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

Word symbol -
Byte symbol - STPACP
Bit Symbol 1 1 1 1 1 1 1 1 E]" % &" % & % & %‘

Access type = £ £ £ = £ £ = = = = = = = = =

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

STPACP is a write-only specific function register (SFR) to be used to change the operating state into the STOP mode
and STOP-D mode.

When STPACEP is read, "0x00" is read.

When values "0x5n" and "0xAn" (n = 0 to OF) are written in STPACP in this order, it allows once entering to the STOP
mode or STOP-D. In this state, when "1" is written in STP or STPD bit in the standby control register (SBYCON), the
operating state enters the STOP mode or STOP-D mode.

Any other instructions can be executed between the instruction that writes “0x5n” to STPACP and the instruction that
writes “OxAn”. However, if write data other than “OxAn” after writing “0x5n”, the procedure gets invalid, so need write
“0x5n” again. This stop code acceptor gets invalid by the system reset.

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

Address: 0xFOT1A
Access: W

Access size: 8/16 bits
Initial value: 0x00

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

Word symbol SBYCON
Byte symbol SBYCONH SBYCONL
7)) ST
i ] ] ] ] 1 1 ] ] 1 ] ] ] - [ Q I
Bit symbol 8 E‘ % 7

Access type = £ £ £ = £ £ = = = = = = = = =

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

SBYCON is a specific function register (SFR) to control the power management.

Description of bits

HLT (Bit 0)

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

When the WDT interrupt or an interrupt enabled in the interrupt enable registers (IEO to IE7) is generated, the
HALT mode gets canceled and returns to program run mode.

STP (Bit 1)

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.

When the WDT interrupt or an external interrupt enabled in the interrupt enable registers (IEO to IE7) is generated,
the STOP mode gets canceled and returns to program run mode.

HLTH (Bit 2)

HLTH is a bit to stop forcily the high-speed oscillation and change the operating state into the HALT-H mode.
When the WDT interrupt or an interrupt enabled in the interrupt enable registers (IE0 to IE7) is generated, the
HLTH mode gets canceled and returns to program run mode after enabling the high-speed oscillations forcibly.

STPD (Bit 3)

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

When the WDT interrupt or an external interrupt enabled in the interrupt enable registers (IEO to IE7) is generated,
the STOP-D mode gets canceled and returns to program run mode.
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[Note]

e The operating state does not enter the standby mode under the condition that both an interrupt enable flag and an
interrupt request flag are “1” that is requesting the interrupt to the CPU.

e When an interrupt enabled in the interrupt enable registers (IEO to IE7) is generated on the condtion of MIE flag
of the program status word (PSW) is "0", it cancels the stnadby mode only and does not enter the interrupt
processing. For more details about MIE flag, see "nX-U16/100 Core Instruction Manual".

o Insert two NOP instructions after the instruction of that sets HLT, STP, HLTH and STPD bit to “1”. The
operation without the two NOP instructions is not guaranteed. When using the automatic CRC calculation mode,
See the program example described in Chapter 19.3.3. “Automatic CRC Calculation Mode™.

e Iftwo bits or more in the SBYCON are set to “1” at the same time, the setting are gets invalid and continues the
program rum mode.
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4.2.4 Block Clock Control Register 0 (BCKCONO)

Address: 0xF070
Access: R/'W

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

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

Word symbol BCKCONO
Byte symbol BCKCONOH BCKCONOL
o o W) o o |w)
(@) (@) Q (@] (@) O
Bit Symbol 1 1 1 1 1 1 1 1 1 1 5 5 §| 5 5 §|
< < < < < <
[&)] L w N N o

Access type PUBEPY A X X X XX X O X

W
MW
WY
MW
MW
WY

o
o
o
o
o
o

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

BCKCONOQO is a specific function register (SFR) to enable or disable the clock supply (high-speed/low-speed) to each
block.

Power consumption can be reduced by stopping clock supply of unused peripheral circuits.

The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Clock supply to corresponding peripheral circuits enabled
(initial value)
1 Clock supply to corresponding peripheral circuits disabled
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 DCKTMO 16-bit general-purpose timer 0
Bit 1 DCKTM1 16-bit general-purpose timer 1
Bit 2 DCKTM2 16-bit general-purpose timer 2
Bit 3 DCKTM3 16-bit general-purpose timer 3
Bit 4 DCKTM4 16-bit general-purpose timer 4
Bit 5 DCKTM5 16-bit general-purpose timer 5
Bit 6 N -
Bit 7 - -
Bit 8 - -
Bit 9 - -
Bit 10 - -
Bit 11 - -
Bit 12 - -
Bit 13 - -
Bit 14 - -
Bit 15 - -
[Note]

To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONN)
after enabling the clock supply by the block clock control register (BCKCONn).
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4.2.5 Block Clock Control Register 1 (BCKCON1)

Address: 0xF072
Access: R/'W

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

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

Word symbol BCKCON1
Byte symbol BCKCON1H BCKCON1L
9 o U | 09| g g
o 9] (@] (@] Q O
Bt b | 1 1 ] Z 1 1 ] Z 1 1 ] ] -|x'| -[Xj § -|x'|
o o 0 212128
g g w N =N o
Access type x @ = g t @ =@ g x X =D g g g g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BCKCONTI is a specific function register (SFR) to enable or disable clock (high-speed/low speed) supply to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Clock supply to corresponding peripheral circuits enabled
(initial value)
1 Clock supply to corresponding peripheral circuits disabled
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 DCKFTMO Functional timer 0
Bit 1 DCKFTM1 Functional timer 1
Bit 2 DCKFTM2 Functional timer 2
Bit 3 DCKFTM3 Functional timer 3
Bit 4 - -
Bit 5 - -
Bit 6 4 -
Bit 7 - -
Bit 8 DCKI2CMO I°C master 0
Bit 9 - -
Bit 10 - -
Bit 11 - -
Bit 12 DCKI2CU0 I°C bus unit 0
Bit 13 - -
Bit 14 - -
Bit 15 - -
[Note]

To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONn).

FEUL62Q1200A 4-7



LAPIS Semiconductor Co.,Ltd. ML62Q1200A Group User's Manual

Chapter 4 Power Management

4.2.6 Block Clock Control Register 2 (BCKCON2)

Address: 0xF074
Access: R/'W

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

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

Word symbol BCKCON2
Byte symbol BCKCON2H BCKCON2L
W) @) W)
o3| 3 3|3
B|t Symbol é é ; 1 (3) 1 1 1 1 1 1 1 1 1 é 5)
= C (@) Py) C C
> N (@] (@) = o

Access type g g g Py g X X X X X XN I I =T g g
Initial value 0 0 6o 0 o0 o0 © 0 0 0 0 0 o 0 0 O

BCKCON?2 is a specific function register (SFR) to enable or disable clock (high-speed/low speed) supply to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Clock supply to corresponding peripheral circuits enabled
(initial value)
1 Clock supply to corresponding peripheral circuits disabled
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 DCKSUO0 Serial unit communication function 0
Bit 1 DCKSU1 Serial unit communication function 1
Bit 2 - -
Bit 3 - -
Bit 4 - -
Bit 5 - -
Bit 6 - -
Bit 7 - -
Bit 8 - -
Bit 9 - -
Bit 10 - -
Bit 11 DCKCRC CRC operation circuit
Bit 12 - -
Bit 13 DCKACC Multiplication/division circuit
Bit 14 DCKBUZ Buzzer
Bit 15 DCKDMA DMAC
[Note]

e DCKACC can be set to “1” when the multiplication/division library “muldivu8.lib” is not specified in the
target option of the integrated development environment IDEUS.

e To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONN)
after enabling the clock supply by the block clock control register (BCKCONn).
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4.2.7 Block Clock Control Register 3 (BCKCON3)

Address: 0xF076
Access: R/'W

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

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

Word symbol BCKCON3

Byte symbol BCKCON3H BCKCON3L
g U | o
Q oo}
i 1 1 1 1 1 1 1 1 1 1 1 1 1 x x
Bit symbol 0 o)
= > | >
o (@] O
Access type PUBEPY A X XX X XX AN 07X g Py, g Py Py, g g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BCKCONS is a specific function register (SFR) to enable or disable clock (high-speed/low speed) supply to each block.
Bit6 is reserved, always write “0”.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Clock supply to corresponding peripheral circuits enabled
(initial value)
1 Clock supply to corresponding peripheral circuits disabled
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 DCKSAD (S:sr?\c/::rstzirve approximation type A/D
Bit 1 DCKDAC D/A converter
Bit 2 - -
Bit 3 - =
Bit 4 DCKCMPO Comparator 0
Bit 5 - -
Bit 6 rsvd Reserved bit
Bit 7 - -
Bit 8 - -
Bit 9 - -
Bit 10 - -
Bit 11
Bit 12 - -
Bit 13 - -
Bit 14 - -
Bit 15 - -
[Note]

To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONn).
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4.2.8 Block Reset Control Register 0 (BRECONO)

Address: 0xF078
Access: R/'W

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

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

Word symbol BRECONO
Byte symbol BRECONOH BRECONOL
A A Py, ) A Py
2} 2} [92) (92} 2} [92)
Bit Symbol 1 1 1 1 1 1 1 1 1 1 E E ﬂ ﬂ E ﬂ
< < < < < <
[&)] »~ w N N o

Access type PUBEPY A X X X XX X O X

W
MW
WY
MW
MW
WY

o
o
o
o
o
o

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

BRECONO is a specific function register (SFR) to control a reset signal to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Do not reset the peripheral circuit (initial value)
1 Remain to reset the peripheral circuit
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 RSETMO 16-bit general-purpose timer 0
Bit 1 RSETM1 16-bit general-purpose timer 1
Bit 2 RSETM2 16-bit general-purpose timer 2
Bit 3 RSETM3 16-bit general-purpose timer 3
Bit 4 RSETM4 16-bit general-purpose timer 4
Bit 5 RSETM5 16-bit general-purpose timer 5
Bit 6 - -
Bit 7 . -
Bit 8 - -
Bit 9 = -
Bit 10 - -
Bit 11 - -
Bit 12 - -
Bit 13 - -
Bit 14 - -
Bit 15 - -

[Note]
To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONnD).
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4.2.9 Block Reset Control Register 1 (BRECON1)

Address: 0xFO7A
Access: R/'W

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

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

Word symbol BRECON1
Byte symbol BRECON1H BRECON1L

Py Py,

2 g 318(3|8
Bit symbol ' ' - L ' . u. : . . LU B R
- g 2 2|2 2|z

g g w N N o

Access type x @ = g t @ =@ g x X =D g g g g
Initial value 0 0 6o 0 o0 o0 © 0 0 0 0 0 o 0 0 O

BRECONI is a specific function register (SFR) to control a reset signal to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Do not reset the peripheral circuit (initial value)
1 Remain to reset the peripheral circuit
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 RSEFTMO Functional timer 0
Bit 1 RSEFTMA1 Functional timer 1
Bit 2 RSEFTM2 Functional timer 2
Bit 3 RSEFTM3 Functional timer 3
Bit 4 - -
Bit 5 - -
Bit 6 - -
Bit 7
Bit 8 RSEI2CMO I°C master 0
Bit 9 = -
Bit 10 - -
Bit 11 - -
Bit 12 RSEI2CUO I°C bus unit 0
Bit 13 - -
Bit 14 - -
Bit 15 - -

[Note]
To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONn).
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4.2.10 Block Reset Control Register 2 (BRECONZ2)

Address: 0xF07C
Access: R/'W

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

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

Word symbol BRECON2
Byte symbol BRECONZ2H BRECON2L
Py
> 5| a i o | o
Bit Symbol 8 g g 1 g 1 1 1 1 1 1 1 1 1 m a
< C (@) Y [ [
> N O O = S

Access type g g g Py g X X X X X XN I I =T g g
Initial value 0 0 6o 0 o0 o0 © 0 0 0 0 0 o 0 0 O

BRECON?2 is a specific function register (SFR) to control a reset signal to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Do not reset the peripheral circuit (initial value)
1 Remain to reset the peripheral circuit
Corresponding block
Bit Bit symbol name Corresponding block
Bit 0 RSESUO Serial unit communication function 0
Bit 1 RSESU1 Serial unit communication function 1
Bit 2 - -
Bit 3 - -
Bit 4 - -
Bit 5 - .
Bit 6 - -
Bit 7 - -
Bit 8 - -
Bit 9 = -
Bit 10 - -
Bit 11 RSECRC CRC operation circuit
Bit 12 - -
Bit 13 RSEACC Multiplication/division circuit
Bit 14 RSEBUZ Buzzer
Bit 15 RSEDMA DMAC

[Note]

e RSEACC bit is can be set to “1” when not specifying “muldivu8.1ib” in [Target Option] of IDEUS integrated
software development environment.

e To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONnN).
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4.2.11 Block Reset Control Register 3 (BRECON3)

Address: 0xFO7E
Access: R/'W

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

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

Word symbol BRECON3
Byte symbol BRECON3H BRECON3L
2 D | x
Y 2 | 2
Bit symbol 1 1 ! ! ! \ \ \ \ \ , o , , 8 a
= > | =
3 O | O
Accesstype;U;U;U;U;U;U;U;u;u;u;ug;u;ugg

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

o
o
o
o
o

BRECONS3 is a specific function register (SFR) to control a reset signal to each block.
The bits are unwriteable when the products do not have the peripheral function and always return “0” for reading.

Description of setting value

Setting value Description
0 Do not reset the peripheral circuit (initial value)
1 Remain to reset the peripheral circuit

[Note] POR function turns OFF when “1” is set to the POR bit.

Corresponding block

Bit Bit symbol name Corresponding block

Bit 0 RRESAD Successive approximation type A/D
converter

Bit 1 RREDAC D/A converter
Bit 2 - -
Bit 3 - -
Bit 4 RRECMPO Comparator 0
Bit 5 - -
Bit 6 - -
Bit 7 - -
Bit 8 - -
Bit 9 - -
Bit 10 - -
Bit 11 - -
Bit 12 - -
Bit 13 - -
Bit 14 - -
Bit 15 - -

[Note]
To enable operation of the peripheral circuits, cancel the reset by the block reset control regiser (BRECONn)
after enabling the clock supply by the block clock control register (BCKCONnD).

FEUL62Q1200A 4-13



LAPIS Semiconductor Co.,Ltd. ML62Q1200A Group User's Manual

Chapter 4 Power Management

4.3 Description of Operation

4.3.1 Program Run Mode

The program run mode is the state the CPU executes instructions sequentially.

The state changes from the system reset mode to the program run mode after a reset gets occurred and released.

A standby mode (HALT mode, HALT-H mode, STOP mode and STOP-D mode) is waken up by an interrupt request and
returned to the program run mode.

For details about the system reset mode, see Chapter 3 “Reset Function”.

4.3.2 HALT Mode

The HALT mode is the state the CPU stops executing instructions remaining the system clock selected before entering
the HALT mode and only the peripheral circuits are working. See section 4.3.7 “Operation of Functions in the standby
modes” for operation of peripheral functions in the HALT mode.

When "1" is written in the HLT bit in the standby control register (SBYCON), the operating state enters the HALT mode.
When a WDT interrupt or an interrupt enabled in the interrupt enable registers (IEO to IE7) is generated, the HALT mode
is released at the rising edge of the next system clock(SYSCLK) and returns to the program run mode with the previous
system clock.

Figure 4-2 shows the operation waveforms in the HALT mode.

System clock
e L L g

CPUCLK |_| _| ,_|_,_|_

SBYCON.HLT

Interrupt

Program run mode HALT mode Program run mode

SBYCON : Standby control part register

Figure 4-2 Operation Waveforms in HALT Mode
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4.3.3 HALT-H mode

The HALT-H mode is the state the high-speed oscillation is stopped, the CPU stops executing instructions and only the
peripheral circuits are working. The periperal circuits that worked with the high-speed clock gets stopped. See section
4.3.7 “Operation of Functions in the standby modes” for operation of peripheral functions in the HALT-H mode.

When "1" is written to the HLTH bit in the standby control register (SBYCON), the operating state enters the HALT-H
mode. When a WDT interrupt or an interrupt enabled in the interrupt enable registers (IE0O to IE7) is generated, the
HALT-H mode is released at the rising edge of the next system clock(SYSCLK) and the high-speed oscillation forcibly
gets enabled and returns to the program run mode with the high-speed system clock. Even if the high-speed oscillation
was disabled(ENOSC bit ="0”) and the low-speed clock LSCLK was seleted (SELSCLK bit = “0”), the high-speed
oscilation and the high-speed system clock HSCLK was forcibly seleteced after releasing the HALT-H mode (i.e.
forcibly ENOSC bit gets “1” and SELSCLK gets “17).

Figure 4-3 shows the operation waveforms in the high-speed HALT mode.

Oscillation stabilized
<>

System clock I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_H_I_
P 11 O B
CPUCLK ”JI_HJ'_

SBYCON.HLTH

—

HALT-H mode is stopped

FCON.ENOSC
Interrupt
Program run mode (high speed) HALT-H mode Program run mode (high speed)

SBYCON : Standby control part register
FCON : Clock control register

Figure 4-3 Operation Waveforms in HALT-H Mode
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4.3.4 STOP mode

The STOP mode is the state both the low-speed osciallation clock and the high-speed oscillation clock are forcibly
stopped, the CPU stops executing instructions and the peripheral circuits which need the clock stop working. See section

ML62Q1200A Group User's Manual
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4.3.7 “Operation of Functions in the standby modes” for operation of peripheral functions in the STOP mode.

To enter the STOP mode, write "SnH" then "0AnH" (n = 0 to 0FH) into the stop code acceptor (STPACP) to enable the

STPACP, and write "1" into the STP bit of the standby control register (SBYCON).

The STOP mode is released by the external interrupts, comparator interrupts or the watch dog timer(WDT) interrupts and

returns to the program run mode with the system clock previously selected.

Figure 4-4 shows the STOP mode operation waveforms of the low-speed RC oscillation circuit.

Figure 4-5 shows the STOP mode operation waveforms of the PLL oscillation circuit.

Low-speed RC

oscillation waveforms

LSCLK
SYSCLK
SBYCON.STP bit

Interrupt

Program run mode

Low-speed RC oscillation
waveforms

[UUUUUUT

8 counts of Low-speed RC
oscillation clock

uuuuud
JUUyUUUl

ERRNANRRRNRNN
U UL

—

STOP
mode

SBYCON : Standby control part register

Low-speed clock
Wakeup time

Program run mode

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

PLL oscillation
waveforms

HSCLK
SYSCLK
SBYCON.STP bit

Interrupt

Program run mode

AR NRR N —

JUUyuUl

PLL oscillation unstable

U Ul

Selected by
FHWUPT

JUUyuUul

Uy U U

—

STOP
mode

SBYCON : Standby control part register
FHWUPT : High-speed clock wakeup time setting register
For details of FHWUPT, see Chapter 6 "Clock Generation Circuit."

Low-speed High-speed clock

clock wakeup | wakeup time

time
PLL oscillation

stable time

Program run mode

Figure 4-5 STOP Mode Operation Waveforms of PLL Oscillation Circuit
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4.3.5 STOP-D Mode

The STOP-D mode is that an internal voltage conrol is added to the STOP mode. It can reduce the current consumption
by making lower the internal logic power supply(Vppr). See section 4.3.7 “Operation of Functions in the standby modes”

for operation of peripheral functions in the STOP-D mode.

To enter the STOP-D mode, write "SnH" then "0OAnH" (n = 0 to OFH) into the stop code acceptor (STPACP) to enable

ML62Q1200A Group User's Manual
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the STPACP, and write "1" into the STPD bit of the standby control register (SBYCON).

The STOP-D mode is released by the external interrupts, comparator interrupts or the watch dog timer(WDT) interrupts

and returns to the program run mode with the system clock previously selected.

Figure 4-6 shows the STOP-D mode operation waveforms of the low-speed RC oscillation circuit.
Figure 4-7 shows the STOP-D mode operation waveforms of the PLL oscillation circuit.

Low-speed RC
oscillation waveforms

LSCLK
SYSCLK
SBYCON.STP bit

Interrupt

Program run mode

Juuuudt_

Low-speed RC oscillation
waveforms

[UUUUUUT

8 counts of Low-speed RC
oscillation clock

JUuuuyl

JUUyUUUl

JTUyuuuyuT
U UL

—

STOP-D
mode

SBYCON : Standby control part register

Low-speed clock
Wakeup time

Program run mode

Figure 4-6 STOP-D Mode Operation Waveforms of Low-Speed RC Oscillation Circuit
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SBYCON.STP bit

Interrupt
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JUUyuUl

PLL oscillation unstable

U Ul
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Uy U U

—

STOP-D
mode

SBYCON : Standby control part register
FHWUPT : High-speed clock wakeup time setting register
For details of FHWUPT, see Chapter 6 "Clock Generation Circuit."
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time
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Figure 4-7 STOP-D Mode Operation Waveforms of PLL Oscillation Circuit
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4.3.6 Note on Return Operation from the standby modes

The operation of returning from the STOP/STOP-D mode and the HALT/ HALT-H mode varies according to the
interrupt level (ELEVEL) of the program status word (PSW), master interrupt enable flag (MIE), and the contents of the
interrupt enable register (IEO to IE3), as well as whether the interrupt is non-maskable or maskable.

For details of PSW and the IE and IRQ registers, see "nX-U16/100 Core Instruction Manual" and Chapter 5 "Interrupts",
respectively.

Tables 4-1 and 4-2 show the return operations from the standy modes.

Table 4-1 Return Operation from the standby modes (for Non-Maskable Interrupt)
ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT/STOP-D/HALT-H mode
* * - 0 Not returned from SSTOP/HALT/STOP-D/HALT-H mode

After the mode is returned from the STOP/HALT/STOP-D/HALT-H
mode, the program operation restarts from the instruction following the

3 i 1 instruction that sets the STP/HLT/STPD/HLTH bitto "1." The
program operation does not go to the interrupt routine.
After the mode is returned from the STOP/HALT/STOP-D/HALT-H
012 N i 1 mode, program operation restarts from the instruction following the

instruction that sets the STP/HLT/STPD/HLTH bit to "1", then goes to
the interrupt routine.

Table 4-2 Return Operation from standby modes (for Maskable Interrupt)

ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT/STOP-D/HALT-H mode
N N 0 0 Not returned from STOP/HALT/STOP-D /HALT-H mode.
* 0 1 1 After the mode is returned from the STOP/HALT/STOP-D/HALT-H
mode, the program operation restarts from the instruction following the
2,3 1 1 1 instruction that sets the STP/HLT/STPD/HLTH bit to "1." The
program operation does not go to the interrupt routine.
After the mode is returned from the STOP/HALT/STOP-D/HALT-H
01 1 1 1 mode, program operation restarts from the instruction following the
’ instruction that sets the STP/HLT/STPD/HLTH bit to "1", then goes to
the interrupt routine.
n=0~7, m=0~7

*: Don’t care

The interrupt level (ELEVEL) of program status word (PSW) are bits that indicate the state of interrupt process

performed by the CPU, which are set by the hardware when transferring to the interrupt process or returning from the

interrupt.

e Ifthe ELEVEL bit is OH, it indicates that the CPU is performing neither non-maskable interrupt processing nor
maskable interrupt processing nor software interrupt processing.

e Ifthe ELEVEL bit is 1H, it indicates that the CPU is performing maskable interrupt processing or software interrupt
processing. (ELEVEL is set during interrupt transition cycle)

e Ifthe ELEVEL bit is 2H, it indicates that the CPU is performing non-maskable interrupt processing. (ELEVEL is set
during interrupt transition cycle)

e Ifthe ELEVEL bit is 3H, it indicates that the CPU is performing interrupt processing specific to the emulator. Do not
use this setting in normal applications.

[Note]

o Insert two NOP instructions after the standby mode (HALT, STOP, HALT-H, STOP-D mode) transition
instructions, because the maximum two instructions will be executed after releasing the standby mode and
before transferring to the interrupt. When the master interrupt enable (MIE) flag of the program status word
(PSW) in the nX-U16/100 CPU core is “1”, instructions will be executed after the two NOP execution and
the interrupt transferring cycles. When the MIE is “0” the CPU executes the two NOP instructions and
continues executing the next instructions without transferring to the interrupt.
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4.3.7 Operation of Functions in the standby modes

Table 4-3 shows the state of each function in the HALT, HALT-H, STOP and STOP-D modes.
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Table 4-3 State of Functions in STOP/HALT/STOP-D/HALT-H Mode

Function

HALT

HALT-H **

STOP

STOP-D

CPU

RAM

Retain

Retain

Retain

Retain

Watchdog timer

e}

o

External interrupt

o

o

Time base counter

16-bit timer

16-bit functional timer

Serial unit

1>C unit

I*C master

Buzzer

A/D converter

D/A converter**

Analog Comparator

Voltage Level Detection (VLS) o

BGO operation*5

DMA controller

CRC Calculator

(¢]

Multiplier/Divider

o

o: Operable

*2
*3

- Not operable (Stop)

: The sampling function is forcibly disabled.
: If the peripheral circuits are operated with the high-speed clock, they cannot be operated in the HALT-H

mode. To operate the peripheral circuits in the HALT-H mode, select the low-speed clock for the operation
clock of the peripheral circuits.

*4
*5
*0

: The D/A converter remain the previous state during the standby mode.
: The BGO means the operation while erasing or programming the data flash.
: Reset function is only available (The interrupt is not available).

Table 4-4 shows the wake-up times from the HALT-H, STOP and STOP-D modes. See Chapter 6 “Clock Generation
Circuit “ for details about the high-speed clock wake-up time setting register (FHWUPT).

Table 4-4 Wake-up Times from HALT-H/STOP/STOP-D Mode

Eunction Low-speed clock High-speed clock (PLL oscillation)
(Low-speed RC oscillation) FHWUPT = 0x01 FHWUPT = 0x00
HALT-H mode Continue oscillating the clock Approx. 30us Approx. 2.5ms
STOP mode Approx. 250us Approx. 30us Approx. 2.5ms
STOP-D mode Approx. 250us Approx. 30us Approx. 2.5ms

FEUL62Q1200A
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[Note]

o If the system clock is switched to the high-speed clcok after the STOP or STOP-D mode is released before
the wake-up time is passed, the CPU is hold to run the program because the clock has not been supplied.

o Select the low-speed clock for the operation clock of peripheral circuits when operating the peripheral
circuits during the HALT-H mode.

e  When the high-speed clock wake-up time setting register (FHWUPT) is “0x00”, the output clock of PLL
oscillation is masked for approx.2.5ms. The HSCLK starts to be supplying after waiting the 2.5ms. The
SYSTEM clock is also stopped during the 2.5ms.

e  When the high-speed clock wake-up time setting register (FHWUPT) is “0x01”, the frequency of PLL
oscillation clock gradually increses from approx. 1IMHz and will get the correct frequency
(16MHz/24MHz/32MHz) set by the code option withing the approx.2.5ms. The accuracy of the frequency
described in the data sheet cannot be guranteed during the 2.5ms, however it can be used for the system
clock without waiting the 2.5ms.
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4.3.8 Block Control Function

ML62Q1000 series have the block clock control function that stops the clock to unused peripherals and the block reset
control function that resets peripherals. When setting bits of the block clock control registers (BCKCONn, n=0 to 3), it
stops supplying the clock to the corresponding peripherals and reduce the current consumption. When setting bits of the
block reset control registers (BRECONn, n=0 to 3), it resets the corresponding peripherals and the SFRs get initialized.

Table 4-5 shows the control registers and the corresponding peripherals.

Table 4-5 List of peripherals and control registers

Block clock control function Block reset control function
Peripherals SFR SFR SFR SFR
Word symbol Bit symbol Word symbol Bit symbol
16bit Timer 0 DCKTMO RSETMO
16bit Timer 1 DCKTM1 RSETM1
16bit Timer 2 DCKTM2 RSETM2
16bit Timer 3 BCKCONO DCKTM3 BRECONG RSETM3
16bit Timer 4 DCKTM4 RSETM4
16bit Timer 5 DCKTM5 RSETM5
Functional timer O DCKFTMO RSEFTMO
Functional timer 1 DCKFTM1 RSEFTMA1
Functional timer 2 DCKFTM2 RSEFTM2
Functional timer 3 BCKCONT DCKFTM3 CRECONT RSEFTM3
I°C bus master 0 DCKI2CMO RSEI2CMO0
I°C bus unit 0 DCKI2CU0Q RSEI2CU0O
Serial communication unit 0 DCKSUO RSESUQ
Serial communication unit 1 DCKSU1 RSESU1
CRC operation DCKCRC RSECRC
Multiplier/Divider BCKCON2 DCKACC SRECORS RSEACC
Buzzer DCKBUZ RSEBUZ
DMA controller DCKDMA RSEDMA
Sucessive A/D converter DCKSAD RSEADC
D/A conveter BCKCON3 DCKDAC BRECON3 RSEDAC
Analog comparator DCKCMPO RSECMPO

The peripherals are enalbed to use after the sytem reset released (the clock is supplied and the reset is released).

For unused peripheral circuits, at first reset the peripheral by setting the corresponding bits of BRECONn(n=0 to 3) to “1”
at first and the next, stop the clock by setting the corresponding bits of BCKCONn(n=0 to 3) .

If using the peripheral circuits, at first supply the clock to the periperals by clearing the bits of BCKCONn(n=0 to 3)

and the next, release the reset to the peripherals by clearing the bits of BRECONn(n=0 to 3).

Also, the peripheral circuits can be initialized by reseting them remaing to supply the clock.

Writing the SFRs is invalid on the condition of that clock is not supplied to the peripheral or reset the peripheral. The
default value is returned for reading.

[Note]

o Ifthe clock supply is stopped to the peripheral circuits without reseting them by the BRECONn(n=0 to 3), it
is possible that output levels of timer, serial communications and buzzer are fixed and it makes a large
current. Also, it is possible the sucessive A/D conveter, D/A converter and analog comparator may stop on
the condition of the large current is flowing. Thefore, please make sure to stop the clock after reseting the
periperals by using the block reset control register BRECONn(n=0 to 3) register.
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5. Interrupts

5.1 General Description

ML62Q1000 series has the non-maskable interrupt, maskable interrupts, and a software interrupt (SWI).
For details of each interrupt, see the corresponding chapters.
See “Table 1-2 Main Function List” in the Chapter 1 to confirm the presence/absence of function in each product.

5.1.1 Features

Non-maskable interrupt source: 1 (Internal sources: 1)

Maskable interrupt sources: 28 (Internal sources: 20, External sources: 8)

Software interrupt (SWI): maximum 64 sources

Master Interrupt Enable(MIE) flag enables or disables the all maskable interrupts in a lump. See "nX-U16/100 Core
Instruction Manual" for more details about MIE.

Each maskable interrupt has the enable flag in the register [EO~IE7.

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

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

Four four interrupt levels (Level 1 (low) to Level 4 (high)) are available for each maskable interrupt.
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5.2 Description of Registers

5.2.1 List of Registers

Symbol Symbol iti
Address Name ymbo ymbo R/W Size Initial
(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

O0xF024 ) 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

OxF02A 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

O0xFO2E . IRQ6 R/W 8/16 0x00
Interrupt request register 67 IRQ67

OxFO2F IRQ7 R/W 8 0x00

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

0xF031 Reserved register - - R 8 0x00

0xF032 Cur.rent interrupt level Management CIL i RIW 8 0x00
register

O0xF033 Reserved register - - R 8 0x00

0xF034 g ILCOO0 R/W 8/16 0x00
Interrupt level control register O ILCO

0xF035 ILCO1 R/W 8 0x00

O0xF036 . ILC10 R/W 8/16 0x00
Interrupt level control register 1 ILCA1

0xF037 ILC11 R/W 8 0x00

O0xF038 . 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

0xF03B ILC31 R/W 8 0x00

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

0xFO3D ILC41 R/W 8 0x00

OFO03EH . 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

O0xF043 ILC71 R/W 8 0x00

[Note]

For registers with word symbol, word access is possible. For word access, specify an even address.
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5.2.2Interrupt Enable Register 01 (IE01)
Address: 0xF020

Access: R/'W

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

15 14 13 12 11 10 9 8 7 6 5
Word symbol IEO1
Byte symbol IEO
m
m m m m m m m m <
Bit symbol x| 3|38 | 38| 8|38 T ' [ '
~ o o N w N =y o (Cfg
2 42 2 3 I L D 3 P
Accesstype 2 2 2 2 = 3 2 = ' 2
Initial value 0 0 0 0 0 0 0 0 0 0 0

IEO1 is a specific function register (SFR) to enable or disable the interrupt for each interrupt request.

ML62Q1200A Group User's Manual
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After the interrupt is accepted, the master interrupt enable flag (MIE) of the CPU becomes "0", however, the applicable
flag of IEO1 is not reset.

Description of setting value

Setting value

Description

Correspondin:

0 Interrupt disabled (initial value)
1 Interrupt enabled
block
Bit Bit syeol Corresponding interrupt
name

Bit 15 EPI7 Pin interrupt 7 (EXI7INT)
Bit 14 EPI6 Pin interrupt 6 (EXIGINT)
Bit 13 EPI5 Pin interrupt 5 (EXISINT)
Bit 12 EPI4 Pin interrupt 4 (EXI4INT)
Bit 11 EPI3 Pin interrupt 3 (EXI3INT)
Bit 10 EPI2 Pin interrupt 2 (EXI2INT)
Bit 9 EPI1 Pin interrupt 1 (EXI1INT)
Bit 8 EPIO Pin interrupt O (EXIOINT)
Bit 7 - -

Bit 6 EVLSO VLSO interrupt (VLSOINT)
Bit 5 - -

Bit 4 - -

Bit 3 - -

Bit 2 - -

Bit 1 - -

Bit 0 - -
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5.2.3 Interrupt Enable Register 23 (IE23)

Address: 0xF022
Access: R/'W

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Word symbol IE23
Byte symbol IE3 IE2
m | m m m | m

Bit symb O3l IR, |8]. 2|2, |G
ymbol = = = = @) > c c =
2 3 I 3T P P 2 33 P
Accesstype = = = = ' = ' ' ' 2 ' 2 2 ' =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IE23 is a specific function register (SFR) to disable or enable the interrupt for each interrupt request.
After the interrupt is accepted, the master interrupt enable flag (MIE) of the CPU becomes "0", however, the applicable

flag of IE23 is not reset.

Description of setting value

Setting value Description
0 Interrupt disabled (initial value)
1 Interrupt enabled
Corresponding block
Bit Bit symbol Corresponding interrupt
name

Bit 15 ETM1 16-bit timer 1 interrupt (TM1INT)
Bit 14 ETMO 16-bit timer 0 interrupt (TMOINT)
Bit 13 EFTM1 Functional timer 1 interrupt (FTM1INT)
Bit 12 EFTMO Functional timer 0 interrupt (FTMOINT)
Bit 11 - -
Bit 10 EI2CMO I12C master O interrupt (I2CMOINT)
Bit 9 - -
Bit 8 = -
Bit 7 - -
Bit 6 ESAD (Ssupc\;lc:;)?fﬁ_l;/e approximation type A/D interrupt
Bit 5 - -
Bit 4 ESIUO1 Serial unit 01 interrupt (SIUO1TINT)
Bit 3 ESIUOO Serial unit 00 interrupt (SIUOOINT)
Bit 2 - -
Bit 1 EDMA DMAC interrupt (DMACINT)
Bit 0 - -
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5.2.4 Interrupt Enable Register 45 (IE45)

Address: 0xF024
Access: R/'W

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

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

Word symbol IE45
Byte symbol IES IE4
m m | m m | m| m
m m ®) m m n Bl (%)) (&) o
Bit symbol 22| ' ! = | ' 2| 2 2 E : clc|o
o N 3 w N S ~ - 3 S

Access t Z zx , , , &2 3® , 3 I3 I I, I I 3
cecess type = = = = = = = = = = =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IE45 is a specific function register (SFR) to enable or disable the interrupt for each interrupt request.
After the interrupt is accepted, the master interrupt enable flag (MIE) of the CPU becomes "0", however, the applicable
flag of IE45 is not reset.

Description of setting value

Setting value Description
0 Interrupt disabled (initial value)
1 Interrupt enabled
Corresponding block
Bit Bit sypaRol Corresponding interrupt
name

Bit 15 ETM5 16-bit timer 5 interrupt (TM5INT)
Bit 14 ETM4 16-bit timer 4 interrupt (TM4INT)
Bit 13 - -
Bit 12 - -
Bit 11 - -
Bit 10 ECMPO Comparator interrupt (CMPOINT)

Bit 9 - -

Bit 8 = -

Bit 7 ETM3 16-bit timer 3 interrupt (TM3INT)

Bit 6 ETM2 16-bit timer 2 interrupt (TM2INT)

Bit 5 EFTM3 Functional timer 3 interrupt (FTM3INT)
Bit 4 EFTM2 Functional timer 2 interrupt (FTM2INT)
Bit 3 - -

Bit 2 ESIU11 Serial unit 11 interrupt (SIU11INT)

Bit 1 ESIU10 Serial unit 10 interrupt (SIU10INT)

Bit 0 EI2CUO 12C master/slave 0 interrupt (I2CUOINT)
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5.2.5Interrupt Enable Register 67 (IE67)
Address: 0xF026

Access: R/'W

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

Word symbol
Byte symbol

Bit symbol

Access type

Initial value

IE67 is a specific function register (SFR) to enable or disable the interrupt for each interrupt request.

ML62Q1200A Group User's Manual
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15 14 13 12 11 10 9 8 7 6 5 4 1 0
IEG7
IE7 IE6
m m m
[ — [
1 1 _| _| 1 _| 1 1 1 1 1 1 1 1
@ o8] @
Q (@) Q
N = o
) ) P
Py Py < < Py < Py Py Py Py Py Py Py Py
0 0 0 0 0 0 0 0 0 0 0 0 0 0

After the interrupt is accepted, the master interrupt enable flag (MIE) of the CPU becomes "0", however, the applicable

flag of IE67 is not reset.

Description of setting value

Setting value

Description

0

Interrupt disabled (initial value)

1

Enable interrupt

Corresponding block

Bit

Bit symbol
name

Corresponding interrupt

Bit 15

Bit 14

Bit 13

ELTBC2

Time base counter 2 interrupt (LTBC2INT)

Bit 12

ELTBC1

Time base counter 1 interrupt (LTBC1INT)

Bit 11

Bit 10

ELTBCO

Time base counter 0 interrupt (LTBCOINT)

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0
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5.2.6 Interrupt Request Register 01 (IRQ01)

Address: 0xF028
Access: R/'W

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

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

Word symbol IRQO1
Byte symbol IRQ1 IRQO
. ololo|lo|lolo|lo|o 2 2
Bit symbol 3 3 3 3 3 3 3 3 ' r ' ' ' ' '
~ o) o = @ o = IS) (C/g 3

Access type g g g g g g g g p) g Py Py ) p) Py g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IRQO1 is a specific function register (SFR) to request an interrupt for each interrupt.

Each request flag of IRQO1 becomes "1" when an interrupt is generated, regardless of the values of the interrupt enable
register (IEO1) and master interrupt enable flag (MIE) of the CPU. At that time, an interrupt is requested to the CPU
when the applicable flag of IEO1 and MIE are "1."

In addition, an interrupt can be generated by writing "1" to the request flag of IRQO1. In this case, the interrupt transition
cycle is started after the next one instruction is executed.

The applicable flag of IRQO01 becomes "0" automatically when the interrupt request is accepted by the CPU.

Description of setting value

Setting value Description
0 Interrupt request not exist (initial value)
1 Interrupt request exists
Corresponding block
Bit Bit symbol Corresponding interrupt
name
Bit 15 QPI7 Pin interrupt 7 (EXI7INT)
Bit 14 QPI6 Pin interrupt 6 (EXIGINT)
Bit 13 QPI5 Pin interrupt 5 (EXISINT)
Bit 12 QPI4 Pin interrupt 4 (EXI4INT)
Bit 11 QPI3 Pin interrupt 3 (EXI3INT)
Bit 10 QPI2 Pin interrupt 2 (EXI2INT)
Bit 9 QPI1 Pin interrupt 1 (EXITINT)
Bit 8 QPIO Pin interrupt 0 (EXIOINT)
Bit 7 - -
Bit 6 QVLSO VLSO interrupt (VLSOINT)
Bit 5 - -
Bit 4 - -
Bit 3 - -
Bit 2 - -
Bit 1 - -
Bit 0 QWDT WDT interrupt (WDTINT)
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5.2.7 Interrupt Request Register 23 (IRQ23)

Address: 0xF02A
Access: R/'W

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

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

Word symbol IRQ23

Byte symbol IRQ3 IRQ2

[9)
| 99|85 0 2 8| =
Bit symbol =z | =z 4| d ' 0 ! ' ' > ' c | c ! = !
|35 S o S| s >

Access type g g g g Py g Py Py Py g Py g g Py g Py
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IRQ23 is a specific function register (SFR) to request an interrupt for each interrupt.

Each request flag of IRQ23 becomes "1" when an interrupt is generated, regardless of the values of the interrupt enable
register (IE23) and master interrupt enable flag (MIE) of the CPU. At that time, an interrupt is requested to the CPU
when the applicable flag of IE23 and MIE are "1."

In addition, an interrupt can be generated by writing "1" to the request flag of IRQ23. In this case, the interrupt transition
cycle is started after the next one instruction is executed.

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

Description of setting value

Setting value Description
0 Interrupt request not exist (initial value)
1 Interrupt request exists
Corresponding block
Bit Bit symbol Corresponding interrupt
name

Bit 15 QTM1 16-bit timer 1 interrupt (TM1INT)
Bit 14 QTMO 16-bit timer O interrupt (TMOINT)
Bit 13 QFTM1 Functional timer 1 interrupt (FTM1INT)
Bit 12 QFTMO Functional timer O interrupt (FTMOINT)
Bit 11 - -
Bit 10 Ql2CMO I12C master 0O interrupt (I2CMOINT)
Bit 9 - -
Bit 8 - -
Bit 7 - -
Bit 6 QSAD (SSUXB?EJ%IG approximation type A/D interrupt
Bit 5 - -
Bit 4 QSIU01 Serial unit 01 interrupt (SIUO1INT)
Bit 3 QSIU00 Serial unit 00 interrupt (SIUOOINT)
Bit 2 - -
Bit 1 QDMA DMAC interrupt (DMACINT)
Bit 0 - -
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5.2.8 Interrupt Request Register 45 (IRQ45)

Address: 0xF02C
Access: R/'W

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol IRQ45

Byte symbol IRQ5 IRQ4
Q 0| 0| LQ
: 9189 o 5191%|5 2| | n
Bit symbol = | = ' ' ' 2 ' ! 2|2 E E ' cl gl
o N 3 @ N S ~ = > g
Access type g g Py Py Py g X A g g g g - g g g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IRQ45 is a specific function register (SFR) to request an interrupt for each interrupt.

Each request flag of IRQ45 becomes "1" when an interrupt is generated, regardless of the values of the interrupt enable
register (IE45) and master interrupt enable flag (MIE) of the CPU. At that time, an interrupt is requested to the CPU
when the applicable flag of IE45 and MIE are "1."

In addition, an interrupt can be generated by writing "1" to the request flag of IRQ45. In this case, the interrupt transition
cycle is started after the next one instruction is executed.

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

Description of setting value

Setting value Description
0 Interrupt request not exist (initial value)
1 Interrupt request exists
Corresponding block
Bit Bit symbol Corresponding interrupt
name

Bit 15 ETMS 16-bit timer 5 interrupt (TM5INT)
Bit 14 QTM4 16-bit timer 4 interrupt (TM4INT)
Bit 13 - -
Bit 12 - -
Bit 11 - -
Bit 10 QCMPO Comparator interrupt (CMPOINT)

Bit 9 - -

Bit 8 - -

Bit 7 QTM3 16-bit timer 3 interrupt (TM3INT)

Bit 6 QTM2 16-bit timer 2 interrupt (TM2INT)

Bit 5 QFTM3 Functional timer 3 interrupt (FTM3INT)
Bit 4 QFTM2 Functional timer 2 interrupt (FTM2INT)
Bit 3 - -

Bit 2 QSIU11 Serial unit 11 interrupt (SIU11INT)

Bit 1 QSIU10 Serial unit 10 interrupt (SIU10INT)

Bit 0 Ql2CU0 I12C master/slave 0 interrupt (I2CUOINT)
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5.2.9Interrupt Request Register 67 (IRQ67)
Address: 0xFO2E

Access: R/'W

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

Word symbol
Byte symbol

Bit symbol

Access type

Initial value

ML62Q1200A Group User's Manual
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15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
IRQ67
IRQ7 IRQ6
Q| 9 Q
- (o -
1 1 _| _{ 1 _| 1 1 1 1 1 1 1 1
o) o8} v}
Q O o
N = o
) ) P
Py Py < < Py < Py Py Py Py Py Py Py Py Py
0 0 0 0 0 0 0 0 0 0 0 0 0 0

IRQ67 is a specific function register (SFR) to request an interrupt for each interrupt.
Each request flag of IRQ67 becomes "1" when an interrupt is generated, regardless of the values of the interrupt enable
register (IE67) and master interrupt enable flag (MIE) of the CPU. At that time, an interrupt is requested to the CPU

when the applicable flag of IE67 and MIE are "1."

request flag of IRQ67.
The applicable flag of IRQ67 becomes "0" automatically when the interrupt request is accepted by the CPU.

Description of setting value

Setting value

Description

0

Interrupt request not exist (initial value)

1

Interrupt request exists

Corresponding block

Bit

Bit symbol
name

Corresponding interrupt

Bit 15

Bit 14

Bit 13

QLTBC2

Time base counter 2 interrupt (LTBC2INT)

Bit 12

QLTBC1

Time base counter 1 interrupt (LTBC1INT)

Bit 11

Bit 10

QLTBCO

Time base counter 0 interrupt (LTBCOINT)

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

FEUL62Q1200A

In addition, an interrupt can be generated by writing "1" to the

5-10



LAPIS Semiconductor Co., Ltd. ML62Q1200A Group User's Manual
Chapter 5 Interrupts

5.2.10 Interrupt Level Control Enable Register (ILEN)

Address: 0xF030
Access: R/'W
Access size: 8 bits
Initial value: 0x00

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

Word symbol -
Byte symbol - ILEN
B|t Symbol 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
Access type Py Py Py Py Py Py Py Py Py Py Py Py Py Py Py g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

When the interrupt level control is disabled, multiple interrupts are output to the CPU according to the priority specified
by the hardware.

For details of the priority, see Table 5-1 List of Interrupt Sources in "5.1.1 Features."

Description of bits
e ILE (Bit0)
ILE bit enables or disables the interrupt level control.

ILE Description
0 Disabled (initial value)
1 Enabled

[Note]

o Disable the inerrupt level control function by reseting the ILE bit to “0” after resetting the Interrupt level control
register ILCn0 and ILCn1(n=0~7) to “0x00” and confirming the current interrupt request level register (CIL) is
“0x00” when the interrupt is disabled(IEO~IE7 registers are “0x00”)

¢ Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”’) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an
unexpected interrupt level.
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5.2.11 Current Interrupt Level Management Register (CIL)

Address: 0xF032
Access: R/'W
Access size: 8 bits
Initial value: 0x00

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

Word symbol -
Byte symbol - CIL

@) Q| Q| Q| Q

Bit symbol ' ' ' ' ' ' ' ! = ' ' ' E E E E

= w N - o

Y P ) ) P

Access type Py Py Py Py Py Py Py Py 5 - - - 5 E § 5

o
o
o
o
o
o
o
o

Initial value 0 0 0 0 0 0 0 0

The current interrupt level management register (CIL) is a specific function register (SFR) to manage the priority level
of the interrupt currently being processed by the processor.

After maskable or non-maskable interrupts to which the priority levels are specified by the interrupt level control
registers (ILC0~7) is accepted by the CPU, corresponding bits of CIL are automatically set to “1”, indicate the currently
processing interrupt level. Upcoming interrrupts request to the CPU which have lower priority(lower level) will be
disabled. When the multiple bits are “1” in the CIL, they indicate the CPU is processing the multiple interrupts.

Each bit of CIL is automatically set to “1”, so it has to be cleared 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. See the section “5.3.6 How to program the interrupt process when the interrupt level
control is enabled”.

Description of bits
e CILM3-0 (Bit3to0)
This indicates that a maskable interrupt request of the level corresponding the pit position in which “1” is set is
being processed by the processor.

CILMO Description
0 Processing of Interrupt level 1 not in progress (initial value)
1 Processing of Interrupt level 1 in progress

CiLM1 Description
0 Processing of Interrupt level 2 not in progress (initial value)
1 Processing of Interrupt level 2 in progress

CiLM2 Description
0 Processing of Interrupt level 3 not in progress (initial value)
1 Processing of Interrupt level 3 in progress

CiLM3 Description
0 Processing of Interrupt level 4 not in progress (initial value)
1 Processing of Interrupt level 4 in progress
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e CILN (Bit7)
This indicates that an interrupt request of the highest level or a non-maskable interrupt is being processed by the

Processor.

CILN

Description

0

Processing of highest level interrupt not in progress (initial value)

1

Processing of highest level interrupt in progress

FEUL62Q1200A
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5.2.12 Interrupt Level Control Register 0 (ILCO)

Address: 0xF034

Access: R/'W

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

ML62Q1200A Group User's Manual
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15 14 13 12 M 10 9 8 7 6 5 4 3 1 0
Word symbol ILCO
Byte symbol ILCO1 ILCOO0
< | <
B|t Symbol ] ] 6 6 ] ] ] 1 1 ] 1 1 ] ] ]
=] =)
T -
P P
Access type Py Py 5 5 Py Py Py Py Py Py Py Py Py Py Py
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interrupt level control register 0 (ILCO) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

unexpected interrupt level.

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)
Corresponding block
Bit Bit symbol name Corresponding interrupt
Bit 15 and 14 - - -
Bit 13and 12 | ILVLSOH | ILVLSOL | VLSO interrupt (VLSOINT)
Bit 11 and 10 - - -
Bit 9 and 8 - - -
Bit 7 and 6 S e -
Bit 5 and 4 - - -
Bit 3 and 2 - - -
Bit 1 and 0 = - -
[Note]

e Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an

FEUL62Q1200A
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5.2.13 Interrupt Level Control Register 1 (ILC1)

Address: 0xF036

Access: R/'W

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

Word symbol
Byte symbol

Bit symbol

Access type

Initial value

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ILC1
ILC11 ILC10
E|l|E|e|E|E|E|E|E|=s|E|E|E|E|E|E
3|/ | 3|80 ||| 3|8 | || 08| T|2|3
~ ~ D » [ o » N w w N N = o (=] o
T — T — T — T — T — T — T — T —
Z 3 2 3 3 2 3 2 3 2 I &2 I I Z
E = =2 £ = = =2 =T = = = =z = = = =
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ML62Q1200A Group User's Manual
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Interrupt level control register 1 (ILC1) is a specific function register (SFR) to set the interrupt level for each maskable

interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)
Corresponding block
Bit Bit symbol name Corresponding interrupt
Bit 15 and 14 ILPI7H ILPI7L Pin interrupt 7 (EXI7INT)
Bit 13 and 12 ILPIGH ILPI6L Pin interrupt 6 (EXIGINT)
Bit 11 and 10 ILPISH ILPISL Pin interrupt 5 (EXI5INT)
Bit 9 and 8 ILP14H ILPI14L Pin interrupt 4 (EXI4INT)
Bit 7 and 6 ILPI3H ILPI3L Pin interrupt 3 (EXI3INT)
Bit 5 and 4 ILPI2H ILPI2L Pin interrupt 2 (EXI2INT)
Bit 3 and 2 ILPI1H ILPI1L Pin interrupt 1 (EXI1INT)
Bit 1 and O ILPIOH ILPIOL Pin interrupt 0 (EXIOINT)
[Note]

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

FEUL62Q1200A
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5.2.14 Interrupt Level Control Register 2 (ILC2)

Address: 0xF038
Access: R/'W

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

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

Word symbol ILC2
Byte symbol ILC21 ILC20
5| b o bbb 5|5
Bit symbol ! ! > > ' ' c C c C ' : = = ' !
o | C 2121|188 > | >
r | - T |- || F | =
) ) P P P P P, )
Access type Py Py < < Py Py < s s s Py Py < < Py Py

o
o
o
o
o
o
o
o
o
o
o
o
o
o

Initial value 0 0

Interrupt level control register 2 (ILC2) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)

Corresponding block

Bit Bit symbol name Corresponding interrupt
Bit 15 and 14 - - -

. Successive approximation type A/D
Bit 13and 12 | ILSADH ILSADL interrupt (SADINT)

Bit 11 and 10 - - -
Bit9and 8 | ILSIUO1H | ILSIUO1L | Serial unit 01 interrupt (SIUO1INT)
Bit 7 and 6 ILSIUOOH | ILSIUOOL | Serial unit 00 interrupt (SIUOOINT)
Bit 5 and 4 - - -
Bit 3 and 2 ILDMAH ILDMAL | DMAC interrupt (DMACINT)
Bit 1 and O - - -

[Note]

¢ Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or 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 3 (ILC3)

Address: 0xFO3A
Access: R/'W

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

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

Word symbol ILC3

Byte symbol ILC31 ILC30
— |l = =l =lFl=lF|F= c |
(o It A A N [ i S
= = DN

Bit symbol = = g = 2 2 E 2 ' ' 2 2 | , . .

T F|Z|F|z|F|E|B 2|2
P P ) ) P P ) P P )

Access type S 3 5 5 5 5 5 5 Py Py 5 5 Py Py Py Py

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Initial value

Interrupt level control register 0 (ILC3) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

unexpected interrupt level.

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)
Corresponding block
Bit Bit symbol name Corresponding interrupt
Bit 15 and 14 ILTM1H ILTM1L | 16-bit timer 1 interrupt (TM1INT)
Bit 13 and 12 ILTMOH ILTMOL 16-bit timer 0 interrupt (TMOINT)
Bit 11 and 10 | ILFTM1H | ILFTM1L | Functional timer 1 interrupt (FTM1INT)
Bit 9 and 8 ILFTMOH | ILFTMOL | Functional timer O interrupt (FTMOINT)
Bit 7 and 6 - - -
Bit 5 and 4 ILI2CMOH | ILI2CMOL | I12C master 0 interrupt (I2CMOINT)
Bit 3 and 2 - - -
Bit 1 and 0 - - -
[Note]

e Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an
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5.2.16 Interrupt Level Control Register 4 (ILC4)

Address: 0xF03C
Access: R/'W

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

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

Word symbol ILC4
Byte symbol ILC41 ILC40
SIS S|S 00|05 v|lo|ele|s|K
Bit symbol ozo = % = = = = = c C c (= & Q
w ] == =
TIF|T|P|E|R|R R T|F|2|R|2|°7

Access t T 3 2 3 ¥ T Z I 5, 5, Z I I I T D
cecess type = = = = = =z = = = = = =z = =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interrupt level control register 4 (ILC4) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)

Corresponding block
Bit Bit symbol name Corresponding interrupt

Bit15and 14 | ILTM3H ILTM3L | 16-bit timer 3 interrupt (TM3INT)
Bit13and 12 | ILTM2H ILTM2L | 16-bit timer 2 interrupt (TM2INT)
Bit11and 10 | ILFTM3H | ILFTM3L | Functional timer 3 interrupt (FTM3INT)

Bit 9 and 8 ILFTM2H | ILFTM2L | Functional timer 2 interrupt (FTM2INT)

Bit 7 and 6 4 - -

Bit 5 and 4 ILSIU11H | ILSIU11L | Serial unit 11 interrupt (SIU11INT)

Bit 3 and 2 ILSIU10H | ILSIU10L | Serial unit 10 interrupt (SIU10INT)

Bit 1 and O ILI2CUOH | ILI2CUOL | 12C master/slave 0 interrupt (I2CUOINT)

[Note]

e Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an
unexpected interrupt level.
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5.2.17 Interrupt Level Control Register 5 (ILC5)

Address: 0OxFO3E

Access: R/'W

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

ML62Q1200A Group User's Manual
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15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
Word symbol ILC5
Byte symbol ILC51 ILC50
| S| 5155 5|5
B|tsymb0| = = = = 1 1 1 1 1 1 < < 1 1 1
&) [ B B g g
T — T — I =
Access type g g g g Py Py Py Py Py Py g g Py Py Py
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interrupt level control register 5 (ILC5) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

unexpected interrupt level.

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)
Corresponding block
Bit Bit symbol name Corresponding interrupt
Bit 15and 14 | ILTM5H ILTM5L 16-bit timer 5 interrupt (TM5INT)
Bit 13and 12 | ILTM4H ILTM4L 16-bit timer 4 interrupt (TM4INT)
Bit 11 and 10 - = -
Bit 9 and 8 - - -
Bit 7 and 6 3 - -
Bit 5 and 4 ILCMPOH | ILCMPOL | Comparator interrupt (CMPOINT)
Bit 3 and 2 - - -
Bit 1 and 0 N - -
[Note]

e Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an

FEUL62Q1200A
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5.2.18 Interrupt Level Control Register 6 (ILC6)

Address: 0xF040
Access: R/'W

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol ILC6

Byte symbol ILC61 ILC60

Bit Symbo| 1 1 1 1 1 1 1 1 1 1 ' ' 1 ' f f

Access type Py Py Py Py Py Py Py Py Py Py Py Py Py Py Py Py

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

Interrupt level control register 6 (ILC6) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable
register (ILEN).

This register is for feature expansion in futrue products and not used in ML62Q1200A group.
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5.2.19 Interrupt Level Control Register 7 (ILC7)

Address: 0xF042

Access: R/'W

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

Word symbol
Byte symbol

Bit symbol

Access type

Initial value

Chapter 5 Interrupts

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
ILC7
ILC71 ILC70
FlE|E|E = | E
- |S535 505
1 1 1 1 (vy) w us) w 1 1 us) vy 1 1 1
slglale g8
T - I [ X —
Y Y Y Y Y Y
Py Py Py Py < < < < Py Py < < Py Py Py
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interrupt level control register 7 (ILC7) is a specific function register (SFR) to set the interrupt level for each maskable
interrupt source. It is accessible only when the interrupt level control is enabled by the interrupt level control enable

register (ILEN).
Description of setting value
Setting value Description
0 0 Level 1 (interrupt level low) (initial value)
0 1 Level 2
1 0 Level 3
1 1 Level 4 (interrupt level high)
Corresponding block
Bit Bit symbol name Corresponding interrupt
Bit 15 and 14 Z - -
Bit 13 and 12 - - -
Bit 11 and 10 | ILLTBC2H | ILLTBC2L | Time base counter 2 interrupt (LTBC2INT)
Bit 9 and 8 ILLTBC1H | ILLTBC1L | Time base counter 1 interrupt (LTBC1INT)
Bit 7 and 6 > - -
Bit5and4 | ILLTBCOH | ILLTBCOL | Time base counter O interrupt (LTBCOINT)
Bit 3 and 2 - - -
Bit1and 0 - - -

[Note]

e Enable the interrupt level control function by setting the ILE bit to “1” when the interrupt is disabled(IEO~IE7
registers are “0”) or master interrupt enable flag(MIE) is “0”, otherwise, an interrupt may occur with an
unexpected interrupt level.
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Description of Operation

Interrupts of 20 sources except for watchdog timer interrupt (WDTINT) are controlled to be enabled or disabled by the
master interrupt enable flag (MIE) of the CPU and interrupt enable registers (IE1 to 7). WDTINT is a non-maskable
interrupt.

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

When the interrupt level control function is disabled and multiple interrupts simultaneously occurred, the CPU handles in
order of highest priority defined by the interrupt source no. (smallest interrupt source no. has the highest priority) and
holds interrupts with lower priority.

When the interrupt level control function is enabled and multiple interrupts simultaneously occurred, the CPU handles in
order of highest priority defined by the interrupt source no. (smallest interrupt source no. has the highest priority) and
interrupt level (largest no. has highest priority), and holds interrupts with lower priority.

Table 5-1 lists the interrupt sources.
The interrupt vector address is an address of the interrupt vector area defined in the flash memory. For details, see
"nX-U16/100 Core Instruction Manual."
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Table 5-1 List of Interrupt Sources (1/2)

Register assignment
Interrupt Interrupt Interrupt
IRQ IE ILC Internal/
Source ) vector Mask external Interrupt source source
i i X
No. (interrupt | (interrupt (interrupt address symbol
request) enable) level)
1 (highest .
priority) IRQO[0] - - 0x0008 Non WDT interrupt WDTINT
maskable
2 i i i 0x000A Internal i i
source
3 IRQO[6] IEQ[6] ILCO[13:12] 0x000C VLS interrupt VLSOINT
Maskable
4 IRQO[7] IEO[7] ILCO[15:14] 0x000E - -
5 IRQ1[0] IE1[0] ILC1[1:0] 0x0010 Pin interrupt 0 EXIOINT
6 IRQ1[1] IE1[1] ILC1[3:2] 0x0012 Pin interrupt 1 EXIMINT
7 IRQ1[2] IE1[2] ILC1[5:4] 0x0014 Pin interrupt 2 EXI2INT
8 IRQ1[3] IE1[3] ILC1[7:6] 0x0016 Maskabl External | Pin interrupt 3 EXI3INT
askable
9 IRQ1[4] IE1[4] ILC1[9:8] 0x0018 pin Pin interrupt 4 EXI4INT
10 IRQ1[5] IE1[5] ILC1[11:10] 0x001A Pin interrupt 5 EXISINT
11 IRQ1[6] IE1[6] ILC1[13:12] 0x001C Pin interrupt 6 EXIGINT
12 IRQ1[7] IE1[7] ILC1[15:14] 0x001E Pin interrupt 7 EXI7INT
13 IRQ2[0] IE2[0] ILC2[1:0] 0x0020 - -
14 IRQ2[1] IE2[1] ILC2[3:2] 0x0022 DMAC interrupt DMACINT
15 IRQ2[2] IE2[2] ILC2[5:4] 0x0024 - -
16 IRQ2[3] IE2[3] ILC2[7:6] 0x0026 Maskabl Internal | SIUOO interrupt SIUOOINT
askable
17 IRQ2[4] IE2[4] ILC2[9:8] 0x0028 source | SIUO1 interrupt SIUO1INT
18 IRQ2[5] IE2[5] ILC2[11:10] 0x002A - -
19 IRQ2[6] IE2[6] ILC2[13:12] 0x002C SA-ADC interrupt SADINT
20 IRQ2[7] IE2[7] ILC2[15:14] 0x002E - -
21 IRQ3[0] IE3[0] ILC3[1:0] 0x0030 - -
22 IRQ3[1] IE3[1] ILC3[3:2] 0x0032 - -
12C ter 0
23 IRQ3[2] | IE3[2] ILC3[5:4] 0x0034 1=~ master 12CMOINT
interrupt
24 IRQ3[3] IE3[3] ILC3[7:6] 0x0036 | Maskable | Mm@ - -
source
25 IRQ3[4] IE3[4] ILC3[9:8] 0x0038 F timer O interrupt FTMOINT
26 IRQ3[5] IE3[5] ILC3[11:10] 0x003A F timer 1 interrupt FTM1INT
27 IRQ3[6] IE3[6] ILC3[13:12] 0x003C Timer 0 interrupt TMOINT
28 IRQ3[7] IE3[7] ILC3[15:14] 0x003E Timer 1 interrupt TM1INT
12C master/slave 0
29 IRQ4[0] IE4[0] ILC4[1:0] 0x0040 . I2CUOINT
interrupt
30 IRQ4[1] IE4[1] ILC4[3:2] 0x0042 SIU10 interrupt SIU1T0INT
31 IRQ4[2] IE4[2] ILC4[5:4] 0x0044 SIU11 interrupt SIU1T1INT
32 IRQ4[3] IE4[3] ILC4[7:6] 0x0046 | Maskable | Mm@ ; ;
source
33 IRQ4[4] IE4[4] ILC4[9:8] 0x0048 F timer 2 interrupt FTM2INT
34 IRQ4[5] IE4[5] ILC4[11:10] 0x004A F timer 3 interrupt FTM3INT
35 IRQ4[6] IE4[6] ILC4[13:12] 0x004C Timer 2 interrupt TM2INT
36 IRQ4[7] IE4[7] ILC4[15:14] 0x004E Timer 3 interrupt TMBINT
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Register assignment
Interrupt Interrupt Interrupt
Source IRQ IE ILc vector Mask Internal/ Interrupt Source Source
No. (interrupt | (interrupt (interrupt address external symbol
Request) enable) level)
37 IRQ5[0] IE5[0] ILC5[1:0] 0x0050 | Enabled - -
38 IRQ5[1] IE5[1] ILC5[3:2] 0x0052 | Enabled - -
39 IRQ5[2] IE5[2] ILC5[5:4] 0x0054 Enabled Comparator Interrupt CMPOINT
40 IRQ5[3] IE5[3] ILC5[7:6] 0x0056 | Enabled - -
41 IRQ5[4] IE5[4] ILC5[9:8] 0x0058 | Enabled I;t)i:r:: - -
42 IRQ5[5] IE5[5] ILC5[11:10] 0x005A | Enabled - -
43 IRQ5[6] IE5[6] ILC5[13:12] 0x005C | Enabled Timer 4 interrupt TM4INT
44 IRQ5[7] IE5[7] ILC5[15:14] 0x005E Enabled Timer 5 interrupt TMS5INT
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 | source - -
50 IRQ6[5] IE6[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 - -
55 IRQ7[2] IE7[2] ILC7[5:4] 0x0074 | Enabled LTBCO interrupt LTBCOINT
56 IRQ7[3] IE7[3] ILC7[7:6] 0x0076 | Enabled | Internal - -
57 IRQ7[4] IE7[4] ILC7[9:8] 0x0078 | Enabled | source | LTBC1 interrupt LTBC1INT
58 IRQ7[5] IE7[5] ILC7[11:10] 0x007A | Enabled LTBC2 interrupt LTBC2INT
59 IRQ7[6] IE7[6] ILC7[13:12] 0x007C | Enabled - -
60 (low) IRQ7[7] IE7[7] ILC7[15:14] 0x007E | Enabled - -
[Note]

» The Watch Dog Timer interrupt (WDTINT) is non maskable. If the non maskable interrupt occurred during an
interrupt process the non maskable interrupt have the higest priority and other current interrupts gets hold in spite
the multiple interrupt is enabled or disabled.

» For failsafe, define also unused interrupt vectors. If the unused interrupt happened it signifys possibility of that the
CPU went out of control. Therefore, it is recommended to make the Watch Dog Timer overflow and reset by
program codes execute an infinite loop.
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5.3.1 Maskable Interrupt Processing

When the maskable interrupt is generated on the condition of that MIE flag is set to "1", the following processing is
performed by hardware and the processing of software shifts to the interrupt destination.

(1)
2)
3)
(4)
)
(6)
(7

Transfer the program counter (PC) to ELR1

Transfer CSR to ECSRI1 (no process when the program memory size is 64Kbyte or smaller)
Transfer PSW to EPSW1

Set the ELEVEL field of PSW to"1"

Set the MIE flag to "0"

Reset CSR to "0" (no process when the program memory size is 64Kbyte or smaller)

Load the value written in the vector table to the program counter (PC)

5.3.2Non-Maskable Interrupt Processing

When the non-maskkable interrupt is generated, the following processing is performed by hardware and the processing of
software shifts to the interrupt destination, regardless of the state of MIE flag.

6]
)
3)
“
)
(6)

Transfer the program counter (PC) to ELR2

Transfer CSR to ECSR2 (no process when the program memory size is 64Kbyte or smaller)
Transfer PSW to EPSW2

Set the ELEVEL field of PSW to "2"

Reset CSR to "0" (no process when the program memory size is 64Kbyte or smaller)

Load the value written in the vector table to the program counter (PC)

5.3.3 Software Interrupt Processing

The software interrupt is generated as required in an application program. When the SWI instruction is performed in the
program, the software interrupt is generated, the following processing is performed by hardware, and the processing of
software shifts to the interrupt destination. The vector table is specified by the SWI instruction.

(M
()
3)
“
6))
(6)
)

Transfer the program counter (PC) to ELR1

Transfer CSR to ECSR1 (no process when the program memory size is 64Kbyte or smaller)
Transfer PSW to EPSW1

Set the ELEVEL field of PSW to "1"

Set the MIE flag to "0"

Reset CSR to "0" (no process when the program memory size is 64Kbyte or smaller)

Load the value written in the vector table to the program counter (PC)

For the MIE flag, PC (program counter), CSR, PSW, and ELEVEL, see the separate "nX-U16/100 Core Instruction
Manual."
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5.3.4 Notes on Interrupt Routine (when the Interrupt Level Control is disabled)

When "0" is written to the interrupt level control enable register (ILEN), the interrupt level control is disabled.
There are some different notes in following states and conditions.

e  When the maskable interrupt is being executed(State A) and when the non-maskable interrupt is being executed
(State B)

e When the sub routine is called in the interrupt routine or when the sub routine is not called in the interrupt routine
e When the multiple interrupt is disabled or enabled

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
- Processing immediately after the start of interrupt routine execution
No specific notes.
- Processing at the end of interrupt routine execution

Specify the RTT instruction to return the contents of the ELR register to the PC and return the contents of the
EPSW register to PSW.

A-1-2: When multiple interrupts are enabled
- 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.

Example of description: State A-1-1

Intrpt_A-1-1; :A-1-1 state
DI ; Disable interrupt
RTI :Return PC from ELR

:Return PSW from EPSW
;End of interrupt routine

Example of description: State A-1-2

Intrpt_A-1-2; ; Start
PUSH ELR, EPSW ;Sa\(e 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

FEUL62Q1200A 5-26



LAPIS Semiconductor Co., Ltd. ML62Q1200A Group User's Manual
Chapter 5 Interrupts

A-2: When a subroutine is called in an interrupt routine
A-2-1: When multiple interrupts are disabled
* 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.

A-2-2: When multiple interrupts are enabled
* 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 EPSW1 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.

Example of description:

State A-2-1
Intrpt_A-2-1; ;Start
PUSH LR ;Save ELR, I.EP.SW, 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
Example of description:
State A-2-2
Intrpt_A-2-2; ;Start
;S ELR, EPSW, LR
PUSH ELR, EPSW, LR~ *~ove E- EPSVL
at the beginning
El ;Enable interrupt
: Sub_1; ;
: / DI :Disable interrupt
BL Sub_1 ;Call subroutine Sub_1 / El ;Enable interrupt
: <——|RT :Return RC 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
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State B: Non-maskable interrupt is being processed

B-1: When a subroutine is not called in an interrupt routine
* 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.
B-2: When a subroutine is called in an interrupt routine
* 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.

Example of description:

State B-1
Intrpt_B-1; :B-1 state
PUSH ELR, EPSW ;Save 'EL'R, 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

Example of description:
State B-2

Intrpt_B-2; ;Start
;Save ELR, EPSW, LR

PUSH ELR, EPSW, LR .
at the beginning

Z 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
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5.3.5 Flow chart of interrupt processing when the Interrupt Level Control is enabled

Figure 5-1 shows the software processing in the case of interrupt level control is enabled, multiple interrupt is disabled or
enabled. When the multiple interrupt is enabled, save ELR1 and EPSW1 to the stack(RAM) so that they are not
overwritten by the multiple interrupt. The EI and DI instructions determines whether the execution of overlapped
interrupt with a higher-level maskable interrupt request is enable while the “target interrupt processes”(shown in the flow
chart) is being executed. If a non-maskable interrupt is occurred as the overlapped interrupt, the non-maskable interrupt
will be executed regardless the condition of multiple interrupt and the execution of EI instruction.

Q/Iaskable interrupt request> Q/Iaskable interrupt request>

Save ELR1 (PC to return) and
Save general-purpose EPSW1 (PSW before occurring
registers to memory interrupt) to the stack

Save general-purpose
Execute “target interrupt registers to memory
processes” [

El instruction:Enable interrupt
[

Execute “target interrupt processes”

DI instruction: Disable interrupt

Reload the general-purpose : |
registers from memory Write to current interrupt request

level management register (CIL)

Reload general-purpose
RTI instruction registers from memory

Reload the PC and
PSW from the stack

Write access to current interrupt
level register (CIL)

A 4 A 4

(Interrupt processing enD (Interrupt processing enD

Figure 5-1 Maskable Interrupt Processing Flow

[Note]

o For considering the processing of non-maskable interrupt, refer to the flow charge in the case of the multiple
interrupts are enabled. ELR2 and EPSW2 will be saved to the stack in that case.

e When programming by the C language, the program code for the save/reload are generated by the Compiler
(Push/Pop instruction). Other codes for enabling/disabling the interrupt by EI/DI instruction and writing to the
current interrupt request level management register(CIL).
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5.3.6 How to program the interrupt process when the interrupt level control is enabled

When the interrupt level control enable register (ILEN) is set to enable interrupt level control, the interrupt function is
described as follows. For a detailed description method of interrupt processing and notes, see "CCUS8 Programming
Guide."

5.3.6.1  When programming interrupts defined as it disables other multiple interrupts
When programming an interrupt function that does not allow other multiple interrupts, define 1 in the category field
of the INTERRUPT pragma and SWI pragma. When the built-in function _EI is called in the interrupt function, the
CCUS outputs an error message.
After completion of target interrupt processes, it is necessary to write to the CIL register and clear the highest current
interrupt request level (CILN bit). Otherwise, lower level interrupts will not be acceptable.

Example of description
static void intr_fn_0A (void);
#pragma interrupt intr_ fn 0A 0x0A 1
volatile unsigned short TM 1msec;
static void intr_fn_0A (void)
{
TMI1msect++;
CIL=0; /*Clear the highest current interrupt request level*/

}

By programming like the example, intr_fn_0OA is handled as an interrupt that does not allow other multiple interrupts.
CCUS generates the following assembly code.

Example of assembly codes generated by the CCUS8

_intr_fn 0A
push er(
;3 TMImsec++;
1 er0, NEAR TMIlmsec
add er(, #1
st er0, NEAR TMIlmsec
53
;3 CIL=0;
mov 10, #00h
st 10, 0f022h
53
pop er(
rti

In the interrupt function, the register that may be used in the interrupt processing(only ERO in this example) is saved
to the stack. "RTI" instruction is used to return from the interrupt function.
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Following example shows the case that calls an another function 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*/
H
Example of output

_intr_fn 10 :
push Ir, ea
push xr0
1 10, DSR
push 0

5 func ();
bl _func

5

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

5
pop 10
st r0, DSR
pop xr0
pop ea, Ir
rti

When an another function is called from an interrupt function, the output program code is redundant and the
processing time of the interrupt gets longer, comparing to the case the function is not called. They are because the
CCUS does not know what registers the function func (') would use in actual and it saves all registers that has
possibility of being changed to the stack.

[Note]
Do not enable any interrupt in a function called from an interrupt function defined as it does not allow the multiple
interrupts. Otherwise, the program may run out of control when the multiple interrupts occur.
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5.3.6.2 When programming interrupts defined as it enables other multiple interrupts
When programming an interrupt function that allows other multiple interrupts, define 2 in the category field of the
INTERRUPT pragma and SWI pragma. Built-in function EI can be called in the interrupt function defined as it
allows the 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*/
H

When described as in the example, intr_fn 20 (') is handled as an interrupt processing function that allows other
multiple interrupts. CCUS8 generates the following assembly code.

Example of output

_intr_fn 20
push elr, epsw
push er(

3 __EI(); /* Enable multiple interrupts*/
el

I TM1msec++;
1 er0, NEAR TM2msec
add er0, #1
st er0, NEAR TM2msec
I __DI(); /*Disable multiple interrupts*/
di
5
I CIL =0;
mov r0, #00h
st 10, 0f022h
)
pop er0
pop psw, pc

In the interrupt function, ELR and EPSW are saved to the stack so that they should not destroyed when the multiple
interrupts occurred. This is the difference from the case using the interrupt function defined as disabling other
multiple interrupts. Also, instruction "POP PSW, PC" is used instead of "RTL." To return from the interrupt function.
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5.3.7 Interrupt Disable State

There are two operating states any interrupt is not accepted even if the interrupt conditions are satisfied. It’s called an
interrupt disabled state.

State 1. Between the interrupt transfer cycle and the instruction at the beginning of the interrupt routine

When the interrupt conditions are satisfied in that time period, the interrupt will occur immediately after the execution of
the instruction at the beginning of the interrupt routine.

State 2. Between the DSR prefix code and the next instruction

When the interrupt conditions are satisfied in that time period, the interrupt will occur immediately after executing the

DSR prefix code and the next instruction.

For details about the DSR prefix instruction, see "nX-U16/10 Core Instruction Manual."
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6. Clock Generation Circuit

6.1 General Description

ML62Q1000 series has the clock generation circuit that generates following clocks to provide them to the CPU and the
peripherals.
See Table 1-2 “Main Function List” in the Chapter 1 to confirm the presence/absence of function in each product.

e  Low-speed clock (LSCLK)
e  High-speed clock master (HSCLK)
e  System clock (SYSTEMCLK)

: Low speed clock for peripherals (approx. 32.768kHz)

: High speed clock for peripherals (max. 32MHz)

: CPU operating clock (approx. 32.768kHz or max. 24MHz)
The maximum frequency depends on the CPU operation mode

e  High-speed output clock (OUTHSCLK) : Low speed output from a general port (approx. 32.768kHz)

e  Low-speed output clock (OUTLSCLK) : High speed output from an general port (max. 12MHz)

e  WDT (watchdog timer) clock (WDTCLK) : Clock for watch dog timer (approx. 1.024kHz)

For the output pins of OUTHSCLK and OUTLSCLK, see Chapter 17 "GPIO."

6.1.1 Features

e  Low-speed clock generation circuit
—  Low-speed RC oscillation circuit (approx. 32.768 kHz £3% @-40 to +105°C)
—  Adjustable to +1% @-40 to +85°C (VDD=1.8V or higher) by using the RC oscillation adjustment sample
software

e  High-speed clock generation circuit
—  PLL oscillation mode (selectable among 16 MHz/24 MHz/32 MHz by the code option)
—  High-speed clock wake-up time is selectable

e  WDT (watchdog timer) clock generation circuit
—  RCIK clock (RC oscillation 1KHz clock for WDT), approx. 1.024kHz -50%~+100%
The RCIK clock or the 1.024kHz devided from the low-speed RC oscillation clock (32.768 kHz) is selectable
by the code option.

Table 6-1 shows relation of PLL oscillation mode and maximum operating frequency. The PLL oscillation mode
and the CPU mode is selectable by the code option. See Chapter 26 “Code Option” for more details.

Table 6-1 PLL oscillation mode and Maximum operating frequency

Maximum operating frequency
PLL oscillation mode
Peripheral CPU (Wait mode) CPU (No wait mode)
32MHz mode 32MHz 16MHz 8MHz
24MHz mode 24MHz 24MHz 12MHz
16MHz mode 16MHz 16MHz 8MHz
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6.1.2 Configuration

Figure 6-1 shows the configuration of the clock generation circuit.
Table 6-2 shows the list of operation clocks for each function.
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Code option

RC1K approx. 1kHz \l/
oscillation — approx. 1.024kHz ——> WDT clock
: Low speed clock LSCLK
ﬁ Low speed output clock
Low speed approx..32.76kHz . OUTLSCLK
oscillation ——> System clock SYSTEMCLK
l (max.24MHz)
High speed Divider
oscillation 11 -1/32 <
T Divider gng}? |_slg%el_dKoutput clock
Code option 1/1-1/32
16M/24M/32MHz High speed output clock
HSCLK
FHWUPT || LRCADJ | FHCKMOD | | FCON |
N
A Data bus

FHCKMOD : High-speed clock mode register
FCON : Frequency control register
FHWUPT : High-speed clock wake-up time setting register
LRCADJ : Low-speed RC oscillation frequency adjustment register
Figure 6-1 Configuration of Clock Generation Circuit
[Note]

After power-on or system reset, the low-speed RC oscillation clock (approx. 32.768 kHz) is initially selected
and supplied to the system clock (SYSTEMCLK).
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Table 6-2 Operating clock list in each function

. System clock Low-speed clock | High speed clock
Function Sz(STEMCLK LZCLK % HeoLK WDT clock
CPU o - - -
RAM o - - -
Watchdog timer o - - o
External interrupt control o o o o -
Time base counter o o - -
16-bit timer o o o -
16-bit functional timer o o o -
Serial communication unit o o o -
I°C bus unit o o o -
I°C bus master o - o -
Buzzer o o - -
A/D converter o o o -
D/A converter o - - -
Analog comparator *1 o o o -
Voltage Level Supervisor(VLS) + o o o -
o: The clock is supplied -: The clock is Not supplied

*!: The clock is supplied for sampling

6.1.3 List of Pins

The output pins of the high-speed/low-speed clocks are assigned to the second to octic functions of GPIO.
For details of pin assignment and the second to octic settings of GPIO, see Chapter 17 "GPIO."

Pin name 110 Function
OUTLSCLK (0] Low-speed clock output
OUTHSCLK (0] High-speed clock output
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6.2 Description of Registers

6.2.1 List of Registers

Address Name S(ér;tt;(;l ?\7\/'-2:)(;' R/W | Size \Ilr;l;[lljael
0xF002 . . FHCKMODL R/W | 8/16 0x00
High-speed clock mode register FHCKMOD
0xF003 FHCKMODH R/W 8 0x44
0xF004 Reserved register - - R 8 0x00
0xF005 Reserved register - - R 8 0x00
0xF006 Clock control register FCON - R/W 8 0x00
0xF007 Reserved register - - R 8 0x00
0xF008 High-speed clock wake-up time setting register FHWUPT - R/W 8 0x00
0xF009 Reserved register - - R 8 0x00
0xF080 'I-_;;Sr;eefd RC oscillation frequency adjustment LRCADJ i RIW 8 0x00
[Note]

For the registers with word symbol, word access is possible. For word access, specify an even address.
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6.2.2 High-Speed Clock Mode Register (FHCKMOD)

Address: 0xF002
Access: R/'W

Access size: 8/16 bits
Initial value: 0x4400

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

Word symbol FHCKMOD
Byte symbol FHCKMODH FHCKMODL
o|lo| o 0wl ol v 3
Bit symbol L STSTIS e lalal o |||
4 (@) (@] 9] O (@) (@] @)
N = =) N - S g

Access type Py g g g Py g g g Py Py P Py Py Py Py g
Initial value 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

FHCKMOD is a specific function register (SFR) to select the oscillation mode and frequency of the high-speed clock
(HSCLK).

Description of bits
e HOSCMO0 (Bit0)
HOSCMO bit is for selecting the oscillation mode and frequency of the high-speed clock.

HOSCMO Description
0 PLL oscillation mode (initial value)
1 Do not use (PLL oscillation mode)

e SYSC2to SYSCO (Bit10to8)
SYSC2 to SYSCO is for selecting the frequency of the high-speed clock used for the system clock
(SYSTEMCLK). At the system reset, 1/16 HSCLK is selected.
The frequency of system clock is automatically controlled by the hardware, so that it does not exceed the
maximum frequency of CPU operating frequency. See the table 6-1 about the maximum frequency.

When the PLL oscillation mode is “32MHz PLL” and CPU operation mode is “Wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 1/2 HSCLK (=16MHz)
0 0 1 1/2 HSCLK (=16MHz)
0 1 0 1/4 HSCLK (=8MHz)
0 1 1 1/8 HSCLK (F4MHz)
1 0 0 1/16 HSCLK (initial value) (=2MHz)
1 0 1 1/32 HSCLK (=1MHz)
1 1 0 Do not use (1/32 HSCLK) (=1MHz)
1 1 1 Do not use (1/32 HSCLK) (=1MHz)
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When the PLL oscillation mode is “32MHz PLL” and CPU operation mode is “No wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 1/4 HSCLK (=8MHz)
0 0 1 1/4 HSCLK (=8MHz)
0 1 0 1/4 HSCLK (=8MHz)
0 1 1 1/8 HSCLK (F4MHz)
1 0 0 1/16 HSCLK (initial value) (=2MHz)
1 0 1 1/32 HSCLK (=1MHz)
1 1 0 Do not use (1/32 HSCLK) (=1MHz)
1 1 1 Do not use (1/32 HSCLK) (=1MHz)

When the PLL oscillation mode is “24MHz PLL” and CPU operation mode is “Wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 HSCLK (=24MHz)
0 0 1 1/2 HSCLK (=12MHz)
0 1 0 1/4 HSCLK (=6MHz)
0 1 1 1/8 HSCLK (=3MHz)
1 0 0 1/16 HSCLK (initial value) (=1.5MHz)
1 0 1 1/32 HSCLK (=0.75MHz)
1 1 0 Do not use (1/32 HSCLK) (=0.75MHz)
1 1 1 Do not use (1/32 HSCLK) (=0.75MHz)

When the PLL oscillation mode is “24MHz PLL” and CPU operation mode is “No wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 1/2 HSCLK (=12MHz)
0 0 1 1/2 HSCLK (=12MHz)
0 1 0 1/4 HSCLK (=6MHz)
0 1 1 1/8 HSCLK (=3MHz)
1 0 0 1/16 HSCLK (initial value) (=1.5MHz)
1 0 1 1/32 HSCLK (=0.75MHz)
1 1 0 Do not use (1/32 HSCLK) (=0.75MHz)
1 1 1 Do not use (1/32 HSCLK) (=0.75MHz)
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When the PLL oscillation mode is “16MHz PLL” and CPU operation mode is “Wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 HSCLK (=16MHz)
0 0 1 1/2 HSCLK (=8MHz)
0 1 0 1/4 HSCLK (=4MHz)
0 1 1 1/8 HSCLK (F2MHz)
1 0 0 1/16 HSCLK (initial value) (=1MHz)
1 0 1 1/32 HSCLK (=0.5MHz)
1 1 0 Do not use (1/32 HSCLK) (=0.5MHz)
1 1 1 Do not use (1/32 HSCLK) (=0.5MHz)

When the PLL oscillation mode is “16MHz PLL” and CPU operation mode is “No wait mode”

SYSC2 | SYSC1 | SYSCO Description
0 0 0 1/2 HSCLK (=8MHz)
0 0 1 1/2 HSCLK (=8MHz)
0 1 0 1/4 HSCLK (=4MHz)
0 1 1 1/8 HSCLK (F2MHz)
1 0 0 1/16 HSCLK (initial value) (=1MHz)
1 0 1 1/32 HSCLK (=0.5MHz)
1 1 0 Do not use (1/32 HSCLK) (=0.5MHz)
1 1 1 Do not use (1/32 HSCLK) (=0.5MHz)

e OUTC2to OUTCO (Bit 14 to 12)

OUTC2 to OUTCO is for selecting the frequency of the high-speed output clock (OUTHSCLK) output from
the general port. At the system reset, 1/16 HSCLK is selected.

FEUL62Q1200A

CPU mode: Wait mode or No wait mode
OUTC2 | OUTC1 | OUTCO Description PLL mode: | PLLmode: | PLL mode:
16MHz 24MHz 32MHz
0 0 0 Do not use - - -
0 0 1 1/2 HSCLK 8MHz 12MHz 16MHz
0 1 0 1/4 HSCLK 4MHz 6MHz 8MHz
0 1 1 1/8 HSCLK 2MHz 3MHz 4MHz
1 0 0 1/16 HSCLK (initial | 1MHz 1.5MHz 2MHz
value)
1 0 1 1/32 HSCLK 0.5MHz 0.75MHz 1MHz
1 1 0 Do not use - - -
1 1 1 Do not use - - -
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[Note]
e When the voltage of Vpp is 1.6V=Vp< 1.8V, set the system clock to 4 MHz or lower. If it exceeds 4

MHz, the operation is not guaranteed.
e For output of the high-speed clock (OUTHSCLK), the output clock frequency is limited according to
the voltage of Vpp.
1.6V=EVpp<1.8V : Select 4 MHz or lower
1.8V=EVpp=5.5V : Select 12 MHz or lower
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6.2.3 Clock Control Register (FCON)

Address:

0xF006

Access: R/'W
Access size: 8 bits
Initial value: 0x00

Word symbol -
Byte symbol - FCON

Bit Symbol 1 1 1 1 1 1 1 1

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

11d1
OSON4
M10S713S

Access type A =3 A X O O A_ ZX a3 X=X g g
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FCON is a specific function register (SFR) to select control of the clock generation circuit and the system clock.

Description of bits

SELSCLK (Bit0)

SELSCLK sets the clock supplied to the system clock. The low-speed clock (LSCLK) or HSCLK (1/n
HSCLK:n=1, 2, 4, 8, 16, 32) selected in the high-speed clock frequency selection bit (SYSC2, 1, 0) of
FHCKMOD is selectable for the system clock.

When the high-speed generation circuit is stopped (ENOSC bit = “0”), the SELSCLK bit is fixed to "0" and
the low-speed clock (LSCLK) is selected for the system clock.

SELSCLK Description

0 Low-speed clock (LSCLK) is selected for the system clock (SYSTEMCLK)

High-speed clock (HSCLK ~ 1/32 HSCLK) is selected for the system clock

! (SYSTEMCLK)

ENOSC (Bitl)
ENOSC sets whether to enable or disable the oscillation of the high-speed clock oscillation circuit.

ENOSC Description
0 Stop the high-speed oscillation (initial value)
1 Enable/Start the high-speed oscillation

LPLL (Bit7)
LPLL indicates that the frequency of the PLL oscillation is withing the specified error. The LPLL has the
read-only attribute.

LPLL Description
0 Output frequency of PLL oscillation circuit not stabilized or PLL oscillation
1 Output frequency of PLL oscillation circuit stabilized
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6.2.4 High-Speed Clock Wake-up Time Setting Register (FHWUPT)

Address: 0xF008
Access: R/'W

Access size: 8 bits
Initial value: 0x00
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15 14 13 12 11 10 9 8 7 6 5 4 3 0
Word symbol -

Byte symbol - FHWUPT
-
T
Bit Symbol 1 1 1 1 1 1 1 1 1 1 1 1 1 cC
_{
o
X
Access type Py A X3 A X X XX O X X X Py <
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FHWUPT is a specific function register (SFR) to select the wake-up time of the high-speed clock.

FHWUPT is writable when the high-speed oscillation is stopped.
Bit 1 to Bit 15 are reserved bits. Write “0” to the Bitl to Bitl5.

Description of bits

e FHUTO (Bit0)
FHUTO is for selecting the wake-up time of the high-speed clock.
The clock is supplied to the CPU after it’s stabilized or before it’s stabilized. In the case the clock is supplied
before it’s stabilized, the clock is supplied to the CPU approx. 30us after enabling/starting the high speed
oscillation and the clock frequency is guradually getting higher and reaches to the target frequency in approx.
2ms. The frequency in the approx.2ms can not be guaranteed as the specification, but it is useable for the
system clock.

The FHUTO is writeable when the high-speed oscillation is stopped.

The wake-up time from the STOP mode and STOP-D mode is different. See the table 4-4 “Wake-up Times
from STOP/STOP-D Mode” for details about it.

FHUTO

Description

0

The clock is supplied after it's stabilized: approx. 2.5 ms (initial value)

1

The clock is supplied before it's stabilized: approx. 30 ps

[Note]

Write always "0" to FHWUPT [7:1]. Otherwise, the operation is not guaranteed.
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6.2.5 Low-Speed RC Oscillation Frequency Adjustment Register (LRCADJ)

Address: 0xF080
Access: R/'W

Access size: 8 bits
Initial value: 0x00

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

I_
A
Q)
>
)
fat

Byte symbol -

Bit symbol ' ' ' ' ' ' ' ! ! '

Sravodn
Pravodi
€ravodn
Zravod
LrAvoy
0ravodn

Access type A X =3 A O XX XX A_ 07X Py

WY
MW
WY
WY
WY
WY

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

o
o
o
o
o
o

LRCADI is a specific function register (SFR) to adjust the frequency of the low-speed RC oscillation clock.

Use the RC oscillation adjustment sample software provided by LAPIS.

As the low-speed RC oscillation circuit has temperature variation, the software performs the frequency adjustment
according to the temperature by using the frequency adjustment function in the low-speed RC oscillation circuit. The
software calculates a trimming value using following three parameters and primary approximate equation in the area of
low temperature - ordinary temperature and ordinary temperature - high temperature, and then sets it to the low-speed
RC oscillation frequency adjustment register.

[parameter]

1.Temperature sensor A/D conversion value of the current temperature, for the low-speed RC oscillation frequency
Adjustment

2.Temperature sensor A/D conversion value of the ordinary temperature (25 oC), for the low-speed RC oscillation
frequency

Adjustment

3.Coefficient

[Note]
Use the RC oscillation adjustment sample software provided by LAPIS. Otherwise, the operation is not
guaranteed.
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6.3 Description of Operation

6.3.1 Low-Speed Clock

The low-speed generation circuit has the low-speed RC oscillation circuit (approx. 32.768 kHz).

6.3.1.1 Low-Speed RC Oscillation Circuit Configuration
The low-speed RC oscillation circuit is initially selected at the power up and the CPU starts operating after 512 counts
of the low-speed RC oscillation clock.
When the STOP/STOP-D mode is released, the CPU starts operating after 8 counts of the low-speed RC clock.
The frequency of the low-speed RC oscillation circuit can be adjusted with the low-speed RC oscillation frequency
adjustment register (LRCADJ). Use the RC oscillation adjustment sample software provided by LAPIS, which
measures the temperature of the LSI by using the successive approximation type A/D converter and set an adjustment
value to the LRCADJ.
Figure 6-2 shows the configuration of the low-speed RC oscillation circuit.
Figure 6-3 shows the operation waveforms at the start of the low-speed RC oscillation circuit and in the
STOP/STOP-D mode.

VDDL
Enabled
< Enable control |[— STOP/STOP-D mode signal
Low-speed RC
oscillation circuit | 512 counts
(approx. 32.768 (at the start of power supply)
kHz) — Low-speed clock base
8 counts
| (when the STOP/STOP-D mode is
released) T
Signal indicating that starting is in progress/completed
Low-speed RC oscillation frequency
adjustment register
(LRCADJ)

Figure 6-2 Low-Speed RC Oscillation Circuit Configuration

Power supply Vpp

Power On Reset
(POR) éTRCL: Oscillation start time Oscillation start time
Low-speed RC clock <
Oscillation waveform << Low-speed RC oscillation waveform < Low-speed RC oscillation waveform
512 counts 8 counts
. 16 ms) (approx.
Low-speed Clock (approx S -
RC oscillat
(LSCLK) wavg?g;n? o 250 ps) RC oscillation waveform
STOP/STOP-D mode

T A A A

LSCLK STOP LSCLK
supply started mode supply started

CPU operation External interrupt occurred
start

Figure 6-3 Operation Waveforms of Low-Speed RC Oscillation Circuit
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6.3.2 High-Speed Clock

The high-speed clock generation circuit has the PLL oscillation circuit installed.
For the oscillation frequency of PLL, 32 MHz, 24 MHz, or 16 MHz can be selected with code option.
The high-speed output clock(OUTHSCLK) can be outputte from a gneral port.

6.3.2.1 PLL Oscillation Circuit Configuration
The PLL oscillation circuit generates the PLL oscillation clock based on the low-speed clock (LSCLK).
After high-speed oscillation is enabled (set ENOSC of FCON to "1") and counts for stabilizing the PLL oscillation
clock, the HSCLK (high-speed clock) is output.
The PLL oscillation circuit stops oscillation when the mode is entered to the HALT-H/STOP/STOP-D mode by
software.
The clock is supplied to the CPU after it’s stabilized or before it’s stabilized. In the case the clock is supplied before
it’s stabilized, the clock is supplied to the CPU approx. 30us after enabling/starting the high speed oscillation and the
clock frequency is guradually getting higher and reaches to the target frequency in approx. 2ms. The frequency in the
approx. 2ms can not be specified, but it is useable for the system clock.

The wake-up time from the STOP/STOP-D mode requires the time for at least 8 counts of the low-speed oscillation
clock.

For details, see Chapter 4 "Power Management."

Figure 6-4 shows the configuration of the PLL oscillation circuit.

Figure 6-5 shows the operation waveforms at the start of the PLL oscillation circuit and in the STOP/STOP-D mode.

VooL
V |
DIDL PLL ‘Enabled Enabl 1ol — ENOSC
N nable contro )
Low-speed RC » oscillation — STOP/STOP-D mode signal
oscillation circuit circuit
3224m:§ Wake-up time , High-speed master clock
16MH2 selection (HSCLK)
! FHWUPT
Frequency select signal
(code option)
Figure 6-4 PLL Oscillation Circuit Configuration
FCON.ENOSC
PLL circuit
oscillation PLL circuit oscillation wavefom{ PLL circuit oscillation waveform
waveform
Setin Setin
FHWUPT Low-speed | FHWUPT
PLL osc. RCOsc. | PLL Osc.
ilizati 8 clocks tabilizati
High-speed clock stabt!llzatlon st tlirI:: on N
(HSCLK) ime PLL oscillation wayeform PLL oscillation waveform
STOP/STOP-D mode

HSCLK STOP HSCLK
supply started mode supply started

f T f

FCON : Clock control register External interrupt

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

Figure 6-5 Operation Waveforms of PLL Oscillation Circuit
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6.3.3 WDT Clock

The 1.024kHz clock devided from the low-speed RC oscillation clock (32.768 kHz) or the 1kHz WDT dedicated RC
oscillation clock is selectable by the code option. If accuracy of the frequency is required, select the low-speed RC
oscillation circuit.

The WDT operation clock stops the oscillating in the STOP/STOP-D mode.

When the STOP/STOP-D mode is released, the WDT clock will be supplied after a stabilization time (one count of the
RCIK clock).

See Chapter 26 "Code Option" for more details about the code option.

Figure 6-6 shows the configuration of the WDT RC oscillation circuit.

Figure 6-7 shows the operation waveforms at the start of the WDT RC oscillation circuit and in the STOP/STOP-D

mode.
VDDL
Enable
Oscillation
<«——  Enable control [— STOP/STOP-D mode signal
WDT
RC O?C"'it'on 1.024kHz clock divided from the ]
circui - illati
( k) low-speed RC oscillation clock (32.768 kHz) N WDT clock
approx. z
Stabilization time 1 count WDTCLK
(when the STOP/STOP-D mode is
released) T
Code option
Figure 6-6 WDT dedicated RC Oscillation Circuit Configuration
Power supply Vpp
Power On Reset
(POR)
_ WDTRC o WDT RC oscillation waveform —< WDT RC oscillation waveform
oscillation waveform —— i S
| RC1KHz: 1 count
| RC32KHz: Max.32 counts
WDT clock WDT ‘ YT+ —
(WDTCLK) R(\;ngs&mon RC oscillation waveform
Operation selectable with code option
STOP/STOP-D mode

A T T
At the start, the clock is output to the WDT WDTCLK STOP WDTCLK
after 512 counts of the low-speed RC supply started mode supply started
oscillation clock

CPU External interrupt occurred

operation start

Figure 6-7 Operation Waveforms of WDT dedicated RC Oscillation Circuit
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6.3.4 Switching of System Clock
Figure 6-8 shows the flow chart of the system clock switching (LSCLK -> HSCLK).

The state of the low-speed clock is
only oscillating

1.6V<sVDD<18 _

Voltage detection of
Voo

To (1)

VDD 21.8V

Select the oscillation stabilization time of the high-speed clock
Setting of FHWUPT (HSCLK).

If a value other than the initial value is set, the frequency
accuracy is not guaranteed until approx. 2 ms has passed.

. Set the frequency dividing ratio of the high-speed clock.
Setting of FHCKMOD 1/1 to 1/32 HSCLK can be selected

Enable oscillation of the high-speed clock and switch the
system clock to the high-speed clock.

Setting of FCON

A 4

[ High-speed operation mode ] The system clock is changed to the high-speed clock.

(1)

| . . .
[ 16V <Vop<1.8V ] IliantDé)dls below 1.8 V, the frequency of the high-speed clock is

Select the oscillation stabilization time of the high-speed clock
Setting of FHWUPT (HSCLK).

If a value other than the initial value is set, the frequency
accuracy is not guaranteed until approx. 2 ms has passed.

Setting of FHCKMOD Set the frequency dividing ratio of the high-speed clock, so that
the system clock (SYSTEMCLK) and the high-speed clock
(HSCLK) get to 4 MHz or below.

Setting of FCON Enable oscillation of the high-speed clock and switch the
system clock to the high-speed clock by one of following two
ways.

v o Write 0x03 to FCON, the CPU waits the time set by
[ High-speed operation mode ] FHWUPT register.

o Write 0x02 to FCON, the CPU runs with the low-speed
clock. Write 0x03 to FCON after waiting the high-speed
oscillation stabilization time.

Figure 6-8 Flow Chart of System Clock Switching (LSCLK -> HSCLK)

[Note]

When the voltage of Vpp is 1.6 V< VDD < 1.8 V, set the system clock (SYSTEMCLK) and the high-speed
clock (HSCLK) to 4 MHz or below. If it exceeds 4 MHz, the operation is not guaranteed.
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Figure 6-9 shows the flow chart of the system clock switching (HSCLK -> LSCLK).

-
The state of both the low-speed
clock and the high-speed clock are

oscillating

J

Setting of FCON

A 4

[ Low-speed operation mode

FCON=0x00: When stopping the high-speed oscillation and
changing the system clock to the low-speed clock
FCON=0x02: When keeping the high-speed oscillation and
changing the system clock to the low-speed clock

The system clock is changed to the low-speed clock.

Figure 6-9 Flow Chart of System Clock Switching (HSCLK -> LSCLK)

[Note]

While the system clock is operating at the low speed, if interrupts of the peripheral circuits are enabled for
high-speed clock operation, the interrupt processing of the CPU may not be in time. Consider the timing of
the interrupt cycles and the operating frequency of the CPU.

FEUL62Q1200A
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7. Low Speed Time Base Counter

7.1 General Description
ML62Q1000 series has the low speed time base counter (LTBC) generates base clocks and periodic interrupts for
peripheral circuits. For input clocks, see Chapter 6 "Clock Generation Circuit". For the interrupt enable/request flags, etc.
described in this chapter, see Chapter 5 "Interrupts."

7.1.1 Features

e  Generates 128Hz to 1Hz pulse signals by dividing the low-speed clock (LSCLK) frequency.
Three interrupts are selectable among eight periodical interrupt request (T28 Hz, 64Hz, 32Hz, 16Hz, 8Hz, 4Hz, 2Hz

and 1Hz).
e  Clocks with adjusted frequency (1Hz/2Hz) can be output from the pin (TBCOUT1).
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Figure 7-1 shows the configuration of the low speed time base counter.

(32.768 kHz)

RESET —
(Internal signal)

LTBR Write —D

LTBR
LTBINT
LTBCCON

FEUL62Q1200A

[ T _____________________ VY

LTBR

R

|
1
8-bit Counter ||
I

: Low speed time base counter register

: Low speed time base counter interrupt selection register

: Low speed time base counter control register

Figure 7-1 Configuration of Low Speed Time Base Counter

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
T1HZ

TBCOUT1

Data bus
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The output pins of the low speed time base counter are assigned to the second to octic functions of GPIO.
For details of pin assignment and the second to octic settings of GPIO, see Chapter 17 "GPIO."

Signal name

I/0

Function

TBCOUT1

0]

Low speed time base clock (T1HZ/T2HZ) output

FEUL62Q1200A
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7.2 Description of Registers

7.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial

(Byte) (Word) value
0xF060 Low Speed time base counter register LTBR - R/W 8 0x00
0xF061 Reserved register - - R 8 0x00
0xF062 Ir_:;/stser;eed time base counter control LTBCCON i R/W 8 0x01
0xF063 Reserved register - - R 8 0x00
0xF064 Reserved register - - R 8 0x00
0xF065 Reserved register - - R 8 0x00
0xF066 Reserved register - - R 8 0x00
OxF067 Reserved register - - R 8 0x00
0xF068 Low Speed time base counter interrupt LTBINTL i N RW | 8/16 0x00
0xF069 selection register LTBINTH RW 8 0x06

[Note]
Word access is available for the SFRs(Specific Function Registers) that have the word symbol. Specify the even
address to word-access the registers.
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7.2.2 Low Speed Time Base Counter Register (LTBR)

Address: 0xF060
Access: R/'W

Access size: 8 bits
Initial value: 0x00

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

Word symbol -
Byte symbol - LTBR
282|221 8|2|R
Bit symbol ! ' ' ! ' ! ! ' I | T | T | |2 |RI|L| =
NIN|NINIRIN|IN|J

Access type Py A X0 =3 a3 X

WY
MW
MW
S|
MW
MW
WY
MW

Initial value 0 0 0 0 0 0 0 0

o
o
o
o
o
o
o
o

The low speed time base counter register (LTBR) is a specific function register (SFR) to read the value of the time base
counter.

If LTBR is written, the content of it becomes "0." The written data is invalid.

LTBR is initialized to “0x00” at the system reset.

[Note]

e A time base counter interrupt may occur depending on a write timing to the LTBR. See the program example for

initializing described in “7.3.1 Operation of the Low-speed Time Base Counter”.

e  TI128HZ ~ T1HZ signals have “0” level in the first half cycle and “1” level in the last half. For example, TIHZ
signal gets reset to “0” by writing any data to LTBR and it get to “1” about 0.5sec later and returns to “1”’
about 1sec later from the reset. The low-speed time base counter interrupt occurs at the falling edge (“1” to
“0”) of the signal. See “Time base counter interrupt timing and reset timing of reset by writing to LTBR” for
details about the waveform of signal.
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7.2.3 Low Speed Time Base Register Control Register (LTBCCON)

Address: 0xF062
Access: R/'W

Access size: 8 bits
Initial value: 0x01

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

Word symbol -
Byte symbol - LTBCCON

o @

Bit Symbo| 1 1 1 1 1 1 1 1 1 o 1 1 1 1 1 Py

() c

P4

WY
MW
MW
S|
MW
MW
WY
MW

Access type Py A X0 =3 a3 X

o
o
o
o
o
o
o
-

Initial value 0 0 0 0 0 0 0 0

The low speed time base counter control register (LTBCCON) is a specific function register (SFR) to control the
function of the time base counter.

e  Description of bitsTBRUN  (Bit 0)
TBRUN is a bit to control the start and stop of the time base counter.

TBRUN Description
0 Time base counter stop
1 Time base counter start/in operation (initial value)

e LTCO (Bit6)
LTCO is a bit to select the clock to output from the time base clock output pin (TBCOUT).
To output the clock from TBCOUT, it is necessary to set the second to octic function output of GPIO.

LTCO Description
0 T1HZ selected (initial value)
1 T2HZ selected
[Note]
o It takes max. two clocks of the low-speed clock (LSCLK) to start or stop the operation after writing data to
TBRUN bit.

e When using the on-chip debug function, the TBCOUT1 output stops during break status even if the item
"Low-speed Time Base Counter" is chosen for continuing the operation during the break status on the debugger.
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7.2.4 Low Speed Time Base Counter Interrupt Selection Register (LTBINT)

Address: 0xF068
Access: R/'W

Access size: 8/16 bits
Initial value: 0x0630

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

Word symbol LTBINT
Byte symbol LTBINTH LTBINTL
— — — — — — — — —
- - - - - - d d d
Bit symbol ' ' ! ! ' ) ) ) ' = g = ' ) ) )
n | n %) n |l n |l ou n | » %)
N - o N N o N - o
Access type PUBEPY A XX g g g Py g g g Py g g g

o
o
o
-—
-
o
o
o
o

Initial value 0 0 0 0 0 1 1

The low speed time base counter interrupt selection register (LTBINT) is a specific function register (SFR) to specify the
low-speed time base clock to be used as an interrupt signal.

Description of bits
e  LTIOS2 to LTIOSO(Bit 2 to 0)
These are bits to select the signal to be assigned to the time base counter interrupt 0 (TBCINTO). The initial
value is T128HZ.

e  LTI1S2 to LTI1SO0 (Bit 6 to 4)
These are bits to select the signal to be assigned to the time base counter interrupt 1 (TBCINT1). The initial
value is TI6HZ.

e  LTI2S2 to LTI2S0 (Bit 10 to 8)
These are bits to select the signal to be assigned to the time base counter interrupt 2 (TBCINT2). The initial
value is T2HZ.

(n=2,1,0)
LTInS2 LTInS1 LTInSO Assigned clock
0 0 0 T128HZ
0 0 1 T64HZ
0 1 0 T32HZ
0 1 1 T16HZ
1 0 0 T8HZ
1 0 1 T4HZ
1 1 0 T2HZ
1 1 1 T1HZ

[Note]
A time base counter interrupt may occur depending on a write timing to the LTBINTL or LTLBINTH. See the
program example for initializing described in “7.3.1 Operation of the Low-speed Time Base Counter”.
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7.3 Description of Operation

7.3.1 Operation of Low Speed Time Base Counter

After the ssytem reset released, the low speed time base counter (LTBC) starts counting up from 0x0000at the falling
edge of LSCLK to generate the signals of T32KHZ ~ T1HZ. Three interrupts are selectable among eight periodical
interrupt request (T128 HZ, T64HZ, T32HZ, T16HZ, TSHZ, TAHZ, T2HZ and T1HZ).

The signals of TI28HZ to TIHZ of LTBC can be read from the low speed time base counter register (LTBR).

The low speed time base counter interrupts are required at the falling edges of the signals (the initial values are T128HZ,
T16HZ, and T2HZ) assigned in the low speed time base counter interrupt selection register (LTBINTL and LTBINTH).
When selecting the interrupts by the LTBINTLand LTBINTH, low speed time base counter interrupts (LTBCnINT,
n=0~2) may occur depending on the write timing to the LTBINTL and LTBINTH.

Therefore, select the interrupt request (change the LTBINTL and LT BINTH) after disabling the interrupt and clear the
request bits (QLTBCn, n=0~2).

Figure 7-2 shows an example of program for changing the selection of low speed time base counter interrupts.
After writing to LTBINTL and LTBINTH, it takes a time of one system clock for getting the low speed time base
counter n interrupt request flag (QLTBCn, n=0-2) to "1". Therefore, place one NOP instruction after writing to the
LTBR to surely clear the interrupt request flag.

ELTBCO = 0; /I Disable LTBCO interrupt
ELTBC1 =0; // Disable LTBC1 interrupt
ELTBC2 =0; // Disable LTBC2 interrupt

LTBINTL = 0x41;
LTBINTH = 0x07;

/I Change selection of interrupts
/I Change selection of interrupts

__asm(“NOP”); /I Wait

QLTBCO = 0; /I Clear QLTBCO
QLTBC1 =0; I/l Clear QLTBCA1
QLTBC2 = 0; /I Clear QLTBC2
ELTBCO = 0; // Enable LTBCO interrupt
ELTBC1 =0; /I Enable LTBC1 interrupt
ELTBC2 =0; // Enable LTBC2 interrupt

Figure 7-2 Program example for changing the selection of low speed time base counter interrupts

T128HZ~T1HZ signals get reset to “0” by writing any data to LTBR, and at that time, T32KHZ~T256HZ signals do not
get reset.

When selecting the interrupts by the LTBINTLand LTBINTH, the low speed time base counter interrupts (LTBCnINT,
n=0~2) may occur depending on the write timing to the LTBR.

Therefore, select the interrupt request (change the LTBINTL and LT BINTH) after disabling the interrupt and clear the

request bits (QLTBCn, n=0~2).

Figure 7-3 shows an example of program for changing the selection of low speed time base counter interrupts.
After writing to LTBR, it takes a time of one system clock for getting the time base counter n interrupt request flag
(QLTBCn, n=0-2) to "1". Therefore, place one NOP instruction after writing to the LTBR to surely clear the interrupt

request flag.

__DI();

LTBR = 0x00;
__asm(“NOP”);
QLTBCO = 0;
QLTBC1 = 0;
QLTBC2 = 0;

__EI);

Figure 7-3

FEUL62Q1200A

/I Disable interrupts (MIE=0)
/I Reset the LRBR

/l Wait

/I Clear QLTBCO

/I Clear QLTBCA1

/I Clear QLTBC2

/I Eisable interrupts (MIE=1)

Program example for initializing the LTBR
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Figure 7-4 shows the timing of the low speed time base counter interrupt generation by writing to LTBR (when assigned
to T128HZ, T16HZ, and T2HZ by the time base counter interrupt selection register LTBINTL and LTBINTH).

TBRUN | |
LTBR Write

T256HZ
Internal Signal H U U UL LU L L L L

TiogHz M I Vv ¥ T TV TV v MY v e v v v v v

T64HZ | S e I [N s IR p IR pn SN
T32HZ b 1 N T
T16HZ ! v
T16HZ YV IV N TV N N N TV Y NN TV TV N N T TV Y N T TV T T T TV Y Y
S Re]Y 2% [ S IS Yy S Yy I Yy Yy Yy Yy Yy S S
T4HZ | 1 J 1 [ 1 [ 1 J 1 J L J | I—
ToHZ | o — Y N I
—_—
T1HZ ' \

" Indicates the interrupt timing.

Figure 7-4 Low speed time base counter interrupt timing and reset timing of reset by writing to LTBR

[Note]

* The time from when writing the LTBR register until when the 1* low-speed counter interrupt request generates,
is not guranteed. Measure times with reference to the interval of interrupt occurrence.

¢ It takes max. one clock of the low-speed clock (LSCLK) to reset the time base counter after writing the LTBR
register.
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16-Bit Timer

ML62Q1000 series has 16-bit timers that count the clock based on LSCLK (low-speed clock) or HSCLK (high-speed

clock).

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

8.1.1 Features

° Channel: Max.6ch

SSOP16
Package type WQFN16 V.I\_/QQ:__:Q??;
TSSOP20
Number of channel 4 6

Repeat mode or one-shot mode is selectable as the operation mode

1 to 128 dividing of the LSCLK/HSCLK clock or the external trigger is selectable for the timer clock

A toggled signal can be driven out of TMHnOUT pin (n = 0 to 5) every counter overflow.

The output logic of TMHnOUT is selectable (Possitive or Negative).

A timer interrupt (TMHnINT) is generated when the value of the timer counter register (TMHnC) value coincides
with that of the timer data register (TMHnD). (n =0 to 5)

e One channel of 16-bit timer is configurable as two channels of 8-bit timer

8.1.2 Configuration

Figure 8-1 shows the 16-bit timer configuration and Figure 8-2 the 8-bit timer configuration.

’ TMHNINT
TMHNNEG (Interrupt)
L.
OUT |—)) >———>TMHnOUT

(General Port)

Coincident
Write TMHNC
Comparator
A A
LSCLK — 1pMHnmMoD
ASCLK = tpmHsTR
(Clock Generation Circuit) TMHSTP THRCK 2
EXTRGO-1 —s] TMHSTAT ———>> TMHnC TMHND
(P02,P03) 1 A
Data bus
TMHNMOD : 16-bit timer mode register
TMHSTR  : 16-bit timer start register
TMHSTP  : 16-bit timer stop register
TMHSTAT : 16-bit timer status register
TMHNnD : 16-bit timer n data register
TMHNC : 16-bit timer n counter register (n=0to 5)

Figure 8-1 16-Bit Timer Configuration
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TMHNNEG

L
ouT

— >

16-Bit Timer

TMHnOUT

(General Port)

TMHNINT
—¢
Write TMHnCL (Interrup)
Coincident (H) Coincident (L)
Write TMHnCH
Comparator Comparator
Coincident (Hzl//Coincident (L) N N A v
LSCLK — r\HnmoD
ASCLK = 1vHsTR _\L
(Clock Generation Circuit) TMHSTP THNCK / .
EXTRGO-1—s| TMHIS | ——>C>TMHnCH || TMHnDH (> TMHNCL || TMHnDL
(P02,P03) A . y
Data bus S 2
TMHNMOD : 16-bit timer mode register
TMHSTR  : 16-bit timer start register
TMHSTP  : 16-bit timer stop register
TMHIS : 16-bit timer interrupt status register
TMHnDL  : 16-bit timer n data register (lower side)
TMHNDH  : 16-bit timer n data register (upper side)
TMHnCL  : 16-bit timer n counter register (lower side)
TMHnCH  : 16-bit timer n counter register (upper side) (n=0to5)

Figure 8-2 8-Bit Timer Configuration

[Note]

output.

e When a 16-bit timer is used as two channels of 8-bit timer, the same clock settings and interrupts are applied.
e For TMHnOUT (timer out) of the 8-bit timer mode, values on the upper side ("TMHnDH” and "TMHnCH”) are
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8.1.3 List of Pins

ML62Q1200A Group User's Manual

Chapter 8

The output pins of the 16-bit timer are assigned to the second to octic functions of GPIO.
For details of pin assignment and the second to octic settings of GPIO, see Chapter 17 "GPIO."

16-Bit Timer

Pin name 110 Description

EXTRGO0-1 | External clock input

TMHNOUT o Output of 16-bit timer n

(n=0to 5) When used in an 8-bit timer, output is possible only from the upper timer.

FEUL62Q1200A
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8.2 Description of Registers
8.2.1 List of Registers
Symbol Symbol . Initial
Address Name (Byte) (Word) R/W Size value
0xF300 TMHODL R/W 8/16 OxFF
16-bit timer O data register TMHOD
0xF301 TMHODH R/W 8 OxFF
0xF302 TMH1DL R/W 8/16 OxFF
16-bit timer 1 data register TMH1D
0xF303 TMH1DH R/W 8 OxFF
0xF304 - ) TMH2DL R/W 8/16 OxFF
16-bit timer 2 data register TMH2D
0xF305 TMH2DH R/W 8 OxFF
0xF306 TMH3DL R/W 8/16 OxFF
16-bit timer 3 data register TMH3D
0xF307 TMH3DH R/W 8 OxFF
0xF308 - ) TMH4DL R/W 8/16 OxFF
16-bit timer 4 data register TMH4D
0xF309 TMH4DH R/W 8 OxFF
0xF30A TMH5DL R/W 8/16 OxFF
16-bit timer 5 data register TMH5D
0xF30B TMH5DH R/W 8 OxFF
0xF310 TMHOCL R/W 8/16 0x00
16-bit timer 0 counter register TMHOC
0xF311 TMHOCH R/W 8 0x00
0xF312 TMH1CL R/W 8/16 0x00
16-bit timer 1 counter register TMH1C
0xF313 TMH1CH R/W 8 0x00
0xF314 L . TMH2CL R/W 8/16 0x00
16-bit timer 2 counter register TMH2C
0xF315 TMH2CH R/W 8 0x00
0xF316 o . TMH3CL R/W 8/16 0x00
16-bit timer 3 counter register TMH3C
0xF317 TMH3CH R/W 8 0x00
0xF318 L . TMH4CL R/W 8/16 0x00
16-bit timer 4 counter register TMH4C
0xF319 TMH4CH R/W 8 0x00
OxF31A o . TMH5CL R/W 8/16 0x00
16-bit timer 5 counter register TMH5C
0xF31B TMH5CH R/W 8 0x00
0xF320 TMHOMODL R/W 8/16 0x00
16-bit timer 0 mode register TMHOMOD
0xF321 TMHOMODH R/W 8 0x00
0xF322 TMH1MODL R/W 8/16 0x00
16-bit timer 1 mode register TMH1MOD
0xF323 TMHOMODH R/W 8 0x00
0xF324 D ) TMH2MODL R/W 8/16 0x00
16-bit timer 2 mode register TMH2MOD
0xF325 TMHOMODH R/W 8 0x00
0xF326 TMH3MODL R/W 8/16 0x00
16-bit timer 3 mode register TMH3MOD
0xF327 TMH3MODH R/W 8 0x00
0xF328 - y TMH4MODL R/W 8/16 0x00
16-bit timer 4 mode register TMH4MOD
0xF329 TMH4MODH R/W 8 0x00
O0xF32A TMH5MODL R/W 8/16 0x00
16-bit timer 5 mode register TMH5MOD
0xF32B TMH5MODH R/W 8 0x00
0xF330 TMHOISL R 8/16 0x00
16-bit timer O interrupt status register TMHOIS
0xF331 TMHOISH R 8 0x00
0xF332 TMH1ISL R 8/16 0x00
16-bit timer 1 interrupt status register TMH1IS
0xF333 TMH1ISH R 8 0x00
0xF334 L . . TMH2ISL R 8/16 0x00
16-bit timer 2 interrupt status register TMH2IS
0xF335 TMH2ISH R 8 0x00
0xF336 o . . TMH3ISL R 8/16 0x00
16-bit timer 3 interrupt status register TMH3IS
0xF337 TMH3ISH R 8 0x00
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0xF338 TMH4ISL R 8/16 0x00
16-bit timer 4 interrupt status register TMH41S
0xF339 TMH4ISH R 8 0x00
O0xF33A - . ) TMHS5ISL R 8/16 0x00
16-bit timer 5 interrupt status register TMH5IS
0xF33B TMH5ISH R 8 0x00
0xF340 TMHOICL w 8/16 0x00
16-bit timer O interrupt clear register TMHOIC
0xF341 TMHOICH w 8 0x00
0xF342 TMH1ICL w 8/16 0x00
16-bit timer 1 interrupt clear register TMH1IC
0xF343 TMH1ICH w 8 0x00
0xF344 TMH2ICL w 8/16 0x00
16-bit timer 2 interrupt clear register TMH2IC
0xF345 TMH2ICH w 8 0x00
0xF346 - . . TMH3ICL w 8/16 0x00
16-bit timer 3 interrupt clear register TMH3IC
0xF347 TMH3ICH w 8 0x00
0xF348 - . . TMH4ICL w 8/16 0x00
16-bit timer 4 interrupt clear register TMH4IC
0xF349 TMH4ICH w 8 0x00
O0xF34A - . . TMHS5ICL w 8/16 0x00
16-bit timer 5 interrupt clear register TMHS5IC
0xF34B TMHS5ICH w 8 0x00
0xF350 TMHSTRL R/W 8/16 0x00
16-bit timer start register TMHSTR
0xF351 TMHSTRH R/W 8 0x00
0xF352 o ) TMHSTPL R/W 8/16 0x00
16-bit timer stop register TMHSTP
0xF353 TMHSTPH R/W 8 0x00
0xF354 o ) TMHSTATL R/W 8/16 0x00
16-bit timer status register TMHSTAT
0xF355 TMHSTATH R/W 8 0x00
[Note]
Word access is available for the SFRs(Specific Function Registers) that have the word symbol. Specify the even
address to word-access the registers.
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8.2.2 16-Bit Timer n Data Register (TMHnD: n =0 to 5)

Address: 0xF300, 0xF302, 0xF304, 0xF306, 0xF308, 0xF30A
Access: R‘'W

Access size: 8/16 bits

Initial value: OXFFFF

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

Word symbol TMHND
Byte symbol TMHnDH TMHnDL
Al @ F|F|F|F|a|la|a|ala|la|a|ala]|4
gitymeol | 2 | 3|5 |2 3|52 2|32 2|32 2|33
It symbo 91919191010 |/g|g|o|o|o|o|O0|o|o|OC
o EN w N - o © (e ~ () (&} S w N = o
A t L 32 X 33 &2 X 22 3 L X 3 XL X I 2D X
ceess type £ 2 =2 =2 =2 =z =z =z = = =z =z = = =

Initial value

=N
—
=N
=N
=N
=N
=N
—_
—_
—_
—_
—_
=N
=N
=N
=N

TMHnD (n =0 to 5) is a specific function register (SFR) to set the comparison value with the 16-bit timer n counter
register (TMHnC).

In the 8-bit timer mode, TMHnDL (n = 0 to 5) is compared to TMHnCL (n =0 to 5) and TMHnDH (n=0 to 5) is
compared to TMHnCH (n =0 to 5).

[Note]

Set TMHnD when the 16-bit timer n is stopped (THnSTAT/THnHSTAT bits of TMHSTAT register are “0”).
When "0x0000" is written in TMHnD in the 16-bit timer mode, "0x0001" is set in TMHnD.

When "0x00" is written in TMHnDL/TMHnDH in the 8-bit timer mode, "0x01" is set in TMHnDL/TMHnDH.
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8.2.3 16-Bit Timer n Counter Register (TMHNC: n =0 to 5)

Address: 0xF310, 0xF312, 0xF314, 0xF316, 0xF318, 0xF31A
Access: R‘'W

Access size: 8/16 bits

Initial value: 0x0000

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

Byte symbol TMHNnCH TMHNnCL

Bit symbol

GLOUHL
7LOUHL
€LOUHL
CLOUHL
LLOUHL
0LOUHL
60UHL
8OUHL
LOUHL
9OUHL
GOUHL
YOUHL
€OUHL
COUHL
JOUHL
0OUHL

Access type

Mo
Mo
MW
MW
WY
WY
MW
WY
WY
S|
MW
WY
MW
MW
WY

WY

Initial value

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

TMHnC (n = 0 to 5) is a specific function register (SFR) that functions as a 16-bit binary counter.

When an arbitrary value is written in TMHnC in the 16-bit timer mode, the count value becomes "0x0000."

When an arbitrary value is written in TMHnCH and TMHnCL respectively in the 8-bit timer mode, the count value
becomes "0x00."
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8.2.4 16-Bit Timer n Mode Register (TMHNMOD: n =0 to 5)

Address: 0xF320, 0xF322, 0xF324, 0xF326, 0xF328, 0xF32A
Access: R‘'W

Access size: 8/16 bits

Initial value: 0x0000

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

Word symbol TMHnMOD

Byte symbol TMHnMODH TMHnMODL
?12(2].|2|2|2|2|2] |2

Bit symbol ! ! ' ' ' Z % & ! o|lo|lo|lm|2 ' p=
m|a|2 S22 | x|% 9
® — < N = S 2] »
X P X X Pl P X P X

Accesstype 4 4 X X 2 =2 =2 =2 P 2 = =2 =2 =2 P =

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

TMHnMOD (n =0 to 5) is a specific function register (SFR) to control 16-bit timer 8.
Rewrite TMHnMOD only when 16-bit timer 8 is stopped.

Description of bits

THnCS (Bit 0)
THnCS is a bit to select the timer clock of the 16-bit timer n timer.
THNCS Description
0 LSCLK (initial value)
1 HSCLK
THnEX (Bit 2)

THnEX is a bit to select the count clock of the 16-bit timer n.

The timer clock and the count clock are different (same when THnDIV[2:0] = 0). The count clock is used for
counting operation and waveform output control and the timer clock is used for sampling and edge detection of
other external triggers.

THnEX Description
0 The timer clock selected in the THnCS bit is counted with the dividing
ratio selected in the THNDIV2-0 bit. (initial value)
1 The rising edge of the external trigger selected in the THNEXS bit is
detected with the timer clock selected in the THnCS bit to count.
THnEXS (Bit 3)
THnEXS is a bit to select the external trigger that is the count clock of the 16-bit timer n.
THNEXS Description
0 P02 (initial value)
1 PO3

[Note]

Input the pulse for the external trigger with the width of two timer clocks or longer.
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e THnDIV2 to THnDIVO0 (Bit 4 to 6)
THnDIV2 to THnDIVO are bits to select the count clock dividing ratio of the 16-bit timer n timer.

THnDIV2 | THnDIV1 | THnDIVO Description
0 0 0 1 dividing (initial value)
0 0 1/2 dividing
0 1 0 1/4 dividing
0 1 1 1/8 dividing
1 0 0 1/16 dividing
1 0 1 1/32 dividing
1 1 0 1/64 dividing
1 1 1 1/128 dividing

e THn8BM (Bit 8)
THn8BM is a bit to select whether one 16-bit timer or two channels of 8-bit timer.

THN8BM Description
0 16-bit timer mode (initial value)
1 8-bit timer mode

e THnOST (Bit9)
THnOST is a bit to select the operation mode of the 16-bit timer n.

THNOST Description
0 Repeat timer mode (initial value)
1 One-shot timer mode

e THnNEG (Bit 10)
THnNEG is a bit to select the output polarity of timer out (TMHnOUT).

THNNEG Description
0 Positive logic (initial value)
1 Negative logic

[Note]

Set TMHnMOD when the timer n is stopped (THnSTAT/THnHSTAT bits of TMHSTAT register are “0”).

If it is changed while it is operating, the operation is not guaranteed.

In the 8-bit timer mode, the operation mode specified by THnCSO to 1, THnDIV2 to 0 and THnOST are common for
both two channels.
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8.2.5 16-Bit Timer n Interrupt Status Register (TMHNIS: n = 0 to 5)

Address: 0xF330, 0xF332, 0xF334, 0xF336, 0xF338, 0xF33A
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 symbol TMHnNIS
Byte symbol TMHnISH TMHnNISL
T |z
Bit Symbo| 1 1 1 1 1 1 1 ] 1 ] ] 1 ] 1 :3E '3_
» )

Accesstype A X XO X XM XV XLV XL XV XM XM XN XN XN XN X

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

TMHnIS is a specific function register (SFR) to indicate the status of the interrupt used in the 8-bit timer mode.

It is possible to check which interrupt was output in the 8-bit timer mode. It is fixed to 0 in the 16-bit timer mode.
When the interrupt status on the upper or lower side of the same channel is "0", the next interrupts on the upper and
lower sides are not output. Clear it by writing "1" to TMHnIC.

Description of setting value

Setting value Description
0 8-bit timer interrupt does not occur (initial value)
1 8-bit timer interrupt occurs

Corresponding block

Bit Bit symbol Corresponding interrupt
name

Bit 1 THNHIS Interrupt on upper side of 16-bit timer n

Bit 0 THNLIS Interrupt on lower side of 16-bit timer n
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8.2.6 16-Bit Timer n Interrupt Clear Register (TMHNIC: n = 0 to 5)

Address: 0xF340, 0xF342, 0xF344, 0xF346, 0xF348, 0xF34A

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

ML62Q1200A Group User's Manual
16-Bit Timer

Chapter 8

15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
Word symbol TMHnIC
Byte symbol TMHnICH TMHnICL
_|

| 7 T |z
B|t Symbo| 1 1 1 1 1 1 1 1 2 1 1 1 1 1 T E
Py O 9
Access type = = £ £ = = =T = = = = = = = = =
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TMHRnIC is a write-only specific function register (SFR) to clear the status of the interrupt used in the 8-bit timer mode.
When writing 1 to this bit, the target interrupt status is cleared. When reading it, 0x0000 is always read.

This is not used in the 16-bit mode.

e THnLIC (Bit 0)

This is a bit to clear the lower side interrupt of the 8-bit timer n.

THnLIC

Description

0

Remain the lower side interrupt status of the 16-bit timer n (initial value)

1

Clear the lower side interrupt status of the 16-bit timer n to 0 (initial

value)

e THnHIC (Bit 1)

This is a bit to clear the upper side interrupt of the 8-bit timer n.

THNnHIC

Description

0

Remain the upper side interrupt status of the 16-bit timer n (initial value)

1

Clear the upper side interrupt status of the 16-bit timernto 0

e THnIR (Bit 7)

This is a bit to generate the unprocessed (when an interrupt request not to be cleared remains in the TMHnIS register)
interrupt request of the 8-bit timer n. To generate the unprocessed interrupt request, write "1" before exiting from the

interrupt vector.

THnIR

Description

0

Unprocessed interrupt request not generated (initial value)

1

Unprocessed interrupt request generated
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8.2.7 16-Bit Timer Start Register (TMHSTR)

Address: 0xF350
Access: W

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

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

Word symbol TMHSTR
Byte symbol TMHSTRH TMHSTRL
4 | a4 | a3 3|4
4 | 4| a3l 43|
RN R RN | E|5 |5 |23
Bit symbol ' ' S|l 515|555 ' I | | | Z| ;| =T
EIEIEBIE &2 cl|lcl|lclcl|lc|c
SISIS|1S|S|S Z | Z|zZ2|zZz|Z2 | Z

M
M
M
M
M
M
M
M
M
M
M
M
M
M

Access type = =

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

TMHSTRL is a specific function register (SFR) to control counting start of the 16-bit timer n (0 to 5).
TMHSTRH is used in the 8-bit timer mode.

TMHSTR is a write-only register to control the operation start of the timer. Operation of the timer is stopped by
TMHSTP.

Description of setting value

Setting value Description
0 Remain the current status (initial value)
1 Start counting
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Corresponding block

Bit

Bit symbol
name

Corresponding interrupt

Bit 13

TH5HRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer 5

Bit 12

TH4HRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer 4

Bit 11

TH3HRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer 3

Bit 10

TH2HRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer 2

Bit 9

TH1HRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer 1

Bit 8

THOHRUN

In the 8-bit timer mode:
Upper side timer start control of 16-bit timer O

Bit 5

TH5RUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 5
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer 5

Bit 4

TH4RUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 4
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer 4

Bit 3

TH3RUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 3
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer 3

Bit 2

TH2RUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 2
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer 2

Bit 1

TH1RUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 1
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer 1

Bit 0

THORUN

In the 16-bit timer mode:
Timer start control of 16-bit timer 0
In the 8-bit timer mode:
Lower side timer start control of 16-bit timer O

ML62Q1200A Group User's Manual
Chapter 8

16-Bit Timer

[Note]

In the 16-bit timer mode, bit 13 to §(THnHRUN bit(n=0 to 5)) are not used. Writing “1” to the bis are ignored.
Set TMHSTR when the timer n is stopped (THnSTAT/THnHSTAT bits of TMHSTAT register are “0”).

FEUL62Q1200A
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8.2.8 16-Bit Timer Stop Register (TMHSTP)

Address: 0xF352
Access: W

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

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

Word symbol TMHSTP
Byte symbol TMHSTPH TMHSTPL
e I = =T = = =
= == ===
. s x| | s | =3 o= || m|=|3
Bit symbol ' ' I I I I I I ' ' %) ) N » %) )
21219338 3133233
v | 9| v || 0| T L e A I I

M
M
M
M
M
M
M
M
M
M
M
M
M
M

Access type = =

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

TMHSTPL is a specific function register (SFR) to control counting stop of the 16-bit timer n (n =0 to 5).
TMHSTPH is used in the 8-bit timer mode.

Description of setting value

Setting value Description
0 Remain current status (initial value)
1 Stop counting
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Corresponding block

Bit

Bit symbol
name

Corresponding interrupt

Bit 13

THSHSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 5

Bit 12

TH4HSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 4

Bit 11

TH3HSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 3

Bit 10

TH2HSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 2

Bit 9

TH1HSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 1

Bit 8

THOHSTP

In the 8-bit timer mode:
Upper side timer stop control of 16-bit timer 0

Bit 5

TH5STP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 5
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 5

Bit 4

TH4STP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 4
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 4

Bit 3

TH3STP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 3
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 3

Bit 2

TH2STP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 2
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 2

Bit 1

TH1STP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 1
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 1

Bit 0

THOSTP

In the 16-bit timer mode:
Timer stop control of 16-bit timer 0
In the 8-bit timer mode:
Lower side timer stop control of 16-bit timer 0

ML62Q1200A Group User's Manual
Chapter 8

16-Bit Timer

[Note]

o In the 16-bit timer mode, bit 15 to 8 are not used. They are enabled when "1" is written.
e Set TMHSTR when the timer n is stopped (THnSTAT/THnHSTAT bits of TMHSTAT register are "1").

FEUL62Q1200A
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8.2.9 16-Bit Timer Status Register (TMHSTAT)

Address: 0xF354
Access: R

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

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

Word symbol TMHSTAT
Byte symbol TMHSTATH TMHSTATL
4| 4| g a3
4| 42234
G z|g 5|32 S Z & 5|22
Bit symbol S5l sl IElsl el oo n | ®
2121212128 AE AR AR AN
> === == 33| a3 |33
I I < T I T

o
o
o
o
o
o
o
o
o
o
o
o
o
o

Access type Py Py

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

TMHSTATL is a specific function register (SFR) to indicate the status of the 16-bit timer n (n =0 to 5).
TMHSTATH is used in the 8-bit timer mode. It is fixed to 0 in the 16-bit timer mode.

Description of setting value

Setting value Description
0 Counting stopped (Initial value)
1 Counting in progress
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Corresponding block

FEUL62Q1200A

Chapter 8

Bit

Bit symbol
name

Corresponding interrupt

Bit 13

TH5HSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 5

Bit 12

TH4HSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 4

Bit 11

TH3HSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 3

Bit 10

TH2HSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 2

Bit 9

TH1HSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 1

Bit 8

THOHSTAT

In the 8-bit timer mode:
Upper side timer status of 16-bit timer 0

Bit 5

THSSTAT

In the 16-bit timer mode:
Timer status of 16-bit timer 5
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 5

Bit 4

TH4STAT

In the 16-bit timer mode:
Timer status of 16-bit timer 4
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 4

Bit 3

TH3STAT

In the 16-bit timer mode:
Timer status of 16-bit timer 3
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 3

Bit 2

TH2STAT

In the 16-bit timer mode:
Timer status of 16-bit timer 2
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 2

Bit 1

THASTAT

In the 16-bit timer mode:
Timer status of 16-bit timer 1
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 1

Bit 0

THOSTAT

In the 16-bit timer mode:
Timer status of 16-bit timer 0
In the 8-bit timer mode:
Lower side timer status of 16-bit timer 0

ML62Q1200A Group User's Manual
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8.3 Description of Operation

8.3.1 Basic Operation of 16-Bit Timer

In the 16-bit timer n counter (TMHnC, n =0 to 5), when "1" is written in the THnRUN bit of the 16-bit timer start
register (TMHSTR) , THnSTAT enters the operation status of "1" at the first rising edge of the timer n clock (THnCK)
selected in the 16-bit timer n mode register (TMHnMOD) and counting is started at the second rising edge.

When the count value of TMHNC coincides with the value of the timer n data register (TMHnD), the timer n interrupt
(TMnINT) is generated at the next THnCK rising edge and TMHNC is reset to "0x0000" at the same time.

Counting is continued in the repeat timer mode and stopped in the one-shot timer mode.

When the THnSTP bit of the 16-bit timer stop register (TMHSTP) is set to "1", TMHnC stops counting at the first rising
edge of THnCK and THnSTAT becomes "0". When the THnRUN bit is set to "0" again, TMHnC restarts counting from
the value at the time of stop. To initialize THMnC to "0x0000", write an arbitrary value to TMHnC.

The timer interrupt period (Ttyy) is expressed by the following equation.
TMHND + 1 (n=0t07)
THNCK (Hz)

T =

TMHnD : 16-bit timer n data register (TMHnD) setting value (0x0001 to OXFFFF)
THnCK : Clock frequency selected by the 16-bit timer n mode register (TMHnMOD)

When the THnRUN bit is set to "1", counting is started by synchronizing with THnCK, so an error of up to 1 clock of
THnCK is generated for the first timer interrupt.

Subsequent timer interrupt periods are constant. Similarly, when the THnSTP bit is set to "1", counting is stopped by
synchronizing with THnCK, so a timer n interrupt (TMHnINT) may be generated depending on the stop timing.

Figure 8-3 shows the operation waveforms in the repeat timer mode and Figure 8-4 shows the operation waveforms in
the one-shot timer mode.

THNCK
THNRUN [ ] S « [

77

THnSTP g q

U

7 (L

N »

THnSTAT

Write TMHNC J_| ¢ s &

; D)
TMHNC xxxx X 0000 Xooo1)Hoss)000o)0oo1)Fhoss)oooo)KosF)ooso) 0061 J(0062)(_

TMHNnD :X 0088

TMHNINT . ' .

1) n

(n=0to 5) ”
T «

TMHNOUT " 7
/

Returns to the initial value when the timer stops.

Figure 8-3 Operation Waveforms of Repeat Timer
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THROK ] T F L L LML L L L L L L LI L LT

THNRUN « «

N N

THnSTP g g
THnSTAT i

«
N

Write TMHnC [ | . «
N

TMHNC  XXXX )( 0000 X0001X0002)§087 X 0088 §§ 0000 Y0001}
TMHND __ X 0088
TMHNINT « ] ¢
(n=0to 5) T W ﬁ
TMHNOUT b
7 7

Inverts when the timer starts. The timer stops when interrupted and returns to
the initial value.

Figure 8-4 Operation Waveforms of One-Shot Timer
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Chapter 8 16-Bit Timer
8.3.2 Setting Example of Repeat Timer Mode

Figure 8-5 shows a setting example to generate an interrupt every 100 ms in the repeat timer mode by using 16-bit timer
0.

Setting start

Set the operation clock Start HSCLK oscillation, wait for oscillation stabilization

Check timer stop While (THOSTAT);  // Wait until timer O is stopped
THOCS = 0x1; /I Select HSCLK (e.g. 16MHz)
Set the mode register THOOST = 0; /IRepeat timer mode
THODIV = 0x5; /I Count clock dividing ratio 1/32

Set the data register TMHOD = 0x0C350; // Ttm = (0XOC350 + 1)/(16MHZ/32) =100 ms

Set interrupts Clear the timer 0 interrupt
Enable the timer 0 interrupt

Clear the timer counter TMHOC = 0x0000; // Clear the timer 0 counter

Timer start THORUN = 1; /l Start timer 0

\ 4
End (wait for an interrupt)

Figure 8-5 Setting Example of Repeat Timer Mode
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8.3.3 External Input Count Timing

When the external input is selected for the count clock, the input pulse is sampled by the timer clock detecting the rising
edge and counting up the timer.
Figure 8-6 shows the count timing.

Timer Clock
EXTRGN Input - S |_| T
EXTRGn after |
sampling |

THnSTAT

:

TMHNC n n+1 n+2

Timer Timer

Start AExternal input sampling timing Stop
A Count up timing

Figure 8-6 External Input Count Timing

Figure 8-7 shows the setting example when using the external input.

Setting start

Set the port as the When using EXTRGO : PO2IE=1
input mode When using EXTRG1 : PO3IE=1

|

Choose the timer

Choose the External Input Sampling Clock
THnCS=0: LSCLK

o THNCS=1: HSCLK
Choose the external When using EXTRGO : THnEXS=0
input pin When using EXTRG1 : THnEXS=1

I

Choose the external
input pin for the THnEX=1
count clock

Setting end

Figure 8-7 External Input Count Setting Example

[Note]

e The external input pluse with width shorter than two clocks of timer clock may be ignored. Input the external
clock signal with the two clocks width of timer clock or longer.

e The external input signal for the 16bit Timer (EXTRGn) comes through the sampling controller in the external
interrupt function. The sampling for the external interrupt is selectable to use or not. See Chapter 18 “External
Interrupt Control Circuit”.
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9. Functional Timer (FTM)

9.1 General Description

ML62Q1000 series has functional timers equipped with the timer function, capture function and PWM function.
See “Table 1-2 Main Function List” in the Chapter 1 to confirm the presence/absence of function in each product.

9.1.1 Features

Equipped with the timer/capture/PWM functions using a 16-bit counter

For the count clock, 1 to 128 dividing of the LSCLK/HSCLK clock and the external trigger can be selected

The timer output signal can be switched between the positive and negative logics

Duty interrupt and coincident interrupt with the setting value as well as the cyclic interrupt generated

Equipped with one-shot mode

Start/stop/clear control of the timer is possible with the event trigger (external pin input interrupt, timer interrupt

request) (however, the minimum pulse width of pin input is timer clock 3¢)

Emergency stop and emergency stop interrupt by an external input

e  Two types of PWM output with the same period and different duties, and complementary PWM output with the
dead time

e  Input signal duty/cycle measurement by the capture function

e Interrupt source to be notified can be set

FEUL62Q1200A 9-1
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9.1.2 Configuration

Figure 9-1 shows the configuration of the FTM circuit.

ML62Q1200A Group User's Manual
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Emm$§ Int controller |———> E:n-l;l\gl!')\”
FTnINTC N
CMPOO Emergency
MPOOUT stop
control circuits N :
Write FTnC [D-o>FTMnP
EXTRGn Trigger START FTnSTAT Output controller —D—+>FTMnN
_ controller o
(n=0-7) STOP Cycle EventA [EventB Dead time
TMnHINT control coincident | coincident | coincident | coincident
(n=0-3) Comparator, Comparator|  [Comparator| [Comparator
A
e | 1] I 1
FTnTCK 16 + 16 T 16 T 16 T 16
LSCLK —> J _ —Y
v| Div FTnC| | FTnPBUF | |FTnEABUF| |FTnEBBUF| | FTnDTBUF|
HSCLK 1to 128 FTnCK (coynter) 1‘
FTnMD
FTnuD Update controller
[
| | ¥ |
FTnTRGO/1 || FTnCLK | FTCUD FTnMOD | - | | FTnEA | | - | | FTnDT |
FTCCON M v y S
T 816 1818 crograr | Y16 T BT e NRT NET NRT
L 8116
Data bus ~ ~ ~
FTnP : FTMn cycle register FTnPBUF : FTMn cycle buffer
FTnEA/B : FTMn event A/B register FTnEA/BBUF : FTMn event A/B buffer
FTnDT : FTMn dead time register FTnDTBUF : FTMn dead time buffer
FTnC : FTMn counter register FTnMOD : FTMn mode register
FTCCON : FTM common control register ~ FTnCLK : FTMn clock register
FTnTRGO0/1 : FTMn trigger register 0,1 FTCUD : FTM common update register

FTnINTE/S/C

: FTMn interrupt enable/status/clear register

FTCSTR/STP/STAT : FTM common start/stop/status register

FTnTCK
(n=0-3)

FEUL62Q1200A

:Timer clock

FTnCK

Figure 9-1 Configuration of Circuit

:Count clock
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9.1.3 List of Pins

ML62Q1200A Group User's Manual
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Pin name 110 Function
EXTRGO-7 | External clock input

FTMnP(n=0-3) (0] Timer output

FTMnN(n=0-3) (0] Timer output
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9.2 Description of Registers

9.2.1 List of Registers

ML62Q1200A Group User's Manual
Chapter 9 Functional Timer (FTM)

Address Name Symbol Symbol R/W Size Initial
(Byte) (Word) value
0xF400 . FTOPL R/W 8/16 OxFF
FTMO cycle register FTOP
0xF401 FTOPH R/W 8 OxFF
0xF402 ) FT1PL FT1P R/W 8/16 OxFF
FTM1 cycle register
0xF403 FT1PH R/W 8 OxFF
O0xF404 FT2PL R/W 8/16 OxFF
FTM2 cycle register FT2P
0xF405 FT2PH R/W 8 OxFF
0xF406 FT3PL R/W 8/16 OxFF
FTM3 cycle register FT3P
0xF407 FT3PH R/W 8 OxFF
F408~
0xF40 Reserved register - - - - -
OxF40F
0xF410 FTOEAL R/W 8/16 0x00
FTMO event A register FTOEA
0xF411 FTOEAH R/W 8 0x00
0xF412 FT1EAL R/W 8/16 0x00
FTM1 event A register FT1EA
0xF413 FT1EAH R/W 8 0x00
0xF414 FT2EAL R/W 8/16 0x00
FTM2 event A register FT2EA
0xF415 FT2EAH R/W 8 0x00
0xF416 ) FT3EAL R/W 8/16 0x00
FTM3 event A register FT3EA
0xF417 FT3EAH R/W 8 0x00
0xF418~ .
OxFA1F Reserved register - - - - -
0xF420x ) FTOEBL R/W 8/16 0x00
FTMO event B register FTOEB
0xF421 FTOEBH R/W 8 0x00
0xF422 FT1EBL R/W 8/16 0x00
FTM1 event B register FT1EB
0xF423 FT1EBH R/W 8 0x00
0xF424 ) FT2EBL R/W 8/16 0x00
FTM2 event B register FT2EB
0xF425 FT2EBH R/W 8 0x00
0xF426 FT3EBL R/W 8/16 0x00
FTM3 event B register FT3EB
0xF427 FT3EBH R/W 8 0x00
OxF428~ .
OXFA2F Reserved register - - - - -
0xF430 . . FTODTL R/W 8/16 0x00
FTMO dead time register FTODT
0xF431 FTODTH R/W 8 0x00
0xF432 FT1DTL R/W 8/16 0x00
FTM1 dead time register FT1DT
0xF433 FT1DTH R/W 8 0x00
O0xF434 FT2DTL R/W 8/16 0x00
FTM2 dead time register FT2DT
0xF435 FT2DTH R/W 8 0x00
O0xF436x FT3DTL R/W 8/16 0x00
FTMS3 dead time register FT3DT
0xF437 FT3DTH R/W 8 0x00
F438~
O())(ij 3F Reserved register - - - - -
0xF440 FTOCL R/W 8/16 0x00
FTMO counter register FTOC
0xF441 FTOCH R/W 8 0x00
0xF442 ) FT1CL R/W 8/16 0x00
FTM1 counter register FT1C
0xF443 FT1CH R/W 8 0x00
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Symbol Symbol . Initial
Address Name (Byte) (Word) R/W Size value
0xF444 FT2CL R/W 8/16 0x00
FTM2 counter register FT2C
O0xF445 FT2CH R/W 8 0x00
0xF446 FT3CL R/W 8/16 0x00
FTM3 counter register FT3C
0xF447 FT3CH R/W 8 0x00
OxF448~ Reserved register - - - - -
OxF44F
0xF450 FTMO status register FTOSTAT - R/W 8 0x30
0xF451 Reserved register - - - - -
0xF452 FTM1 status register FT1STAT - R/W 8 0x30
0xF453 Reserved register - - - - -
OxF454 FTM2 status register FT2STAT - R/W 8 0x30
0xF455 Reserved register - - - - -
O0xF456 FTM3 status register FT3STAT - R/W 8 0x30
OxF457 Reserved register - - - - -
OxF458~ .
OxEA5E Reserved register - - - - -
0xF460 . FTOMODL R/W 8/16 0x00
FTMO mode register FTOMOD
OxF461 FTOMODH R/W 8 0x00
0xF462 FT1MODL R/W 8/16 0x00
FTM1 mode register FT1MOD
0xF463 FT1MODH R/W 8 0x00
OxF464 FT2MODL R/W 8/16 0x00
FTM2 mode register FT2MOD
0xF465 FT2MODH R/W 8 0x00
OxF466 FT3MODL R/W 8/16 0x00
FTM3 mode register FT3MOD
0xF467 FT3MODH R/W 8 0x00
F468~
O())(ij 6F Reserved register - - - - -
0xF470 FTOCLKL R/W 8/16 0x00
FTMO clock register FTOCLK
0xF471 FTOCLKH R/W 8 0x00
0xF472 FT1CLKL R/W 8/16 0x00
FTM1 clock register FT1CLK
OxF473 FT1CLKH R/W 8 0x00
0xF474 . FT2CLKL R/W 8/16 0x00
FTM2 clock register FT2CLK
OxF475 FT2CLKH R/W 8 0x00
0xF476 ) FT3CLKL R/W 8/16 0x00
FTM3 clock register FT3CLK
OxF477 FT3CLKH R/W 8 0x00
OxF478~ .
OxFATE Reserved register - - - - -
0xF480 FTOTRGOL R/W 8/16 0x00
FTMO trigger register 0 FTOTRGO
0xF481 FTOTRGOH R/W 8 0x00
0xF482 . ) FT1TRGOL R/W 8/16 0x00
FTMA1 trigger register 0 FT1TRGO
0xF483 FT1TRGOH R/W 8 0x00
0xF484 FT2TRGOL R/W 8/16 0x00
FTM2 trigger register O FT2TRGO
0xF485 FT2TRGOH R/W 8 0x00
0xF486 FT3TRGOL R/W 8/16 0x00
FTM3 trigger register 0 FT3TRGO
0xF487 FT3TRGOH R/W 8 0x00
0xF488~ .
OXFASF Reserved register - - - - -
0xF490 FTOTRG1L R/W 8/16 0x00
FTMO trigger register 1 FTOTRG1
0xF491 FTOTRG1H R/W 8 0x00
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Symbol Symbol . Initial
Address Name (Byte) (Word) R/W Size value
0xF492 FT1TRG1L R/W 8/16 0x00
FTMA1 trigger register 1 FT1TRG1
0xF493 FT1TRG1H R/W 8 0x00
0xF494 FT2TRG1L R/W 8/16 0x00
FTM2 trigger register 1 FT2TRG1
0xF495 FT2TRG1H R/W 8 0x00
0xF496 . ) FT3TRG1L R/W 8/16 0x00
FTM3 trigger register 1 FT3TRG1
0xF497 FT3TRG1H R/W 8 0x00
0xF498~ .
OxFA9F Reserved register - - - - -
0xF4A0 . ) FTOINTEL R/W 8/16 0x00
FTMO interrupt enable register FTOINTE
OxF4A1 FTOINTEH R/W 8 0x00
OxF4A2 FT1INTEL R/W 8/16 0x00
FTM1 interrupt enable register FT1INTE
OxF4A3 FT1INTEH R/W 8 0x00
OxF4A4 FT2INTEL R/W 8/16 0x00
FTM2 interrupt enable register FT2INTE
OxF4A5 FT2INTEH R/W 8 0x00
OxF4A6 FT3INTEL R/W 8/16 0x00
FTM3 interrupt enable register FT3INTE
OxF4A7 FT3INTEH R/W 8 0x00
OxF4A8~ .
OXEAAF Reserved register - - - - -
0xF4B0 FTOINTSL R 8/16 0x00
FTMO interrupt status register FTOINTS
0xF4B1 FTOINTSH R 8 0x00
0xF4B2 FT1INTSL R 8/16 0x00
FTM1 interrupt status register FT1INTS
0xF4B3 FT1INTSH R 8 0x00
0xF4B4 . . FT2INTSL R 8/16 0x00
FTM2 interrupt status register FT2INTS
0xF4B5 FT2INTSH R 8 0x00
OxF4B6 FT3INTSL R 8/16 0x00
FTM3 interrupt status register FT3INTS
O0xF4B7 FT3INTSH R 8 0x00
OxF4B8~ .
OxFABF Reserved register - - - - -
0xF4CO FTOINTCL w 8/16 0x00
FTMO interrupt clear register FTOINTC
0xF4CA1 FTOINTCH w 8 0x00
0xF4C2 . . FT1INTCL w 8/16 0x00
FTM1 interrupt clear register FT1INTC
0xF4C3 FT1INTCH w 8 0x00
OxF4C4 FT2INTCL w 8/16 0x00
FTM2 interrupt clear register FT2INTC
0xF4C5 FT2INTCH w 8 0x00
0xF4C6 FT3INTCL w 8/16 0x00
FTM3 interrupt clear register FT3INTC
OxF4C7 FT3INTCH w 8 0x00
OxF4C8~ .
OXFAEF Reserved register - - - - -
O0xF4FO0 FTM common update register FTCUD - w 8 0x00
OxF4F1 Reserved register - - - - -
OxF4F2 FTM common control register L FTCCONL ETCCON W/R 8/16 0x00
O0xF4F3 FTM common control register H FTCCONH W/R 8 0x00
OxF4F4 FTM common start register L FTCSTRL FTCSTR w 8/16 0x00
0xF4F5 FTM common start register H FTCSTRH w 8 0x00
OxF4F6 FTM common stop register L FCSTPL FCSTR w 8/16 0x00
OxF4F7 FTM common stop register H FCSTPH w 8 0x00
OxF4F8 FTM common status register L FTCSTATL ETCSTA R 8 0x00
OxF4F9 FTM common status register H FTCSTATH R 8 0x00
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[Note]
Word access is available for the SFRs(Specific Function Registers) that have the word symbol. Specify the even
address to word-access the registers.
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9.2.2 FTMn Cycle Register (FTnP:n =0, 1, 2, 3)

Address: 0xF400, 0xF402 (FT1P), 0xF404 (FT2P) , 0xF406 (FT3P)
Access: R‘'W

Access size: 16 bit

Initial value: OXFFFF

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

Word symbol FTnP
Byte symbol FTnPH FTnPL
0T T O T L T+ T - Y O - T - T O - O T - T I R
: e e = e e e I = = = = = = = = =
Bit symbol T T T ) 3 3 > > > > =] =] > > =] >
= - - - - iy T T T T T e, T T | T
[3)] N w N - o © (o] ~ » (3} ) w N - o

Access t T 2 3 3 3 z Z 2T 3 3 B Z I T B
ccesstype 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

FTnP is a specific function register (SFR) to set the cycle (clock count) of FTMn.
The configurable range is 0x0001 to OXFFFF (clock count: 2 to 65536).
Set this register after setting the operation mode using FTnMDJ[1:0] bits of FTMn mode register.

Description of bits
e FTnP15-0 (Bit 15 to 0)

Mode FTnP15-0 Description
TIMER

C';‘QWI\LAJ?E 0x0001-OxFFFF | Set one cycle to FTnP setting value + 1 clocks.
PWM2

[Note]
When 0x0000 is written in this register, 0x0001 is set. The read value is also becomes 0x0001.
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9.2.3 FTMn Event Register A (FTnEA:n=0, 1, 2, 3)

Address: 0xF410 (FTOEA), 0xF412 (FT1EA), 0xF414 (FT2EA), 0xF416 (FT3EA)
Access: R/'W

Access size: 16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol FTnEA
Byte symbol FTnEAH FTnEAL

M M M M M M

2SS PSS |||
Bit symbol m m m m m m

Y > z|zlx 2|z |22 (|| R E

[3)] N w N - o © oo ~ o ()] N w N N o
Access t T 3 2 3 3 3 T 3 2 3 2 I & I T Z
ceess type = = £ £ = = =2 = =T = = = = = = =

Initial value

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

FTnEA is a specific function register (SFR) to set the event timing of FTMn or display the capture data.
Set this register after setting the operation mode using FTnMD[1:0] bits of FTMn mode register. In the CAPTURE mode,
this is a read-only register. It cannot be written.

Description of bits
e FTnEA15-0 (Bit 15t0 0)
Mode FTnEA15-0 Description
Set a count value to generate an interrupt. (Interrupt timing is FTnEA
TIMER 0x0000-0xFFFF | setting value + 1)
This value must be less than the cycle register FTnP.

The captured count value is stored.

When it is read, FTnFLGA bit of FTMn status register(FTnSTAT) and
FTnISA bit of FTMn interrupt status register(FTnINTS) is cleared.

In the CAPTURE mode, writing to FTnEA is invalid.

Set the duty of the PWM signal driven from FTMnP pin.
PWM1 0x0000-0xFFFF | The duty in the PWM cycle becomes [the value set in this register +1].
Duty 100% is configurable.

CAPTURE 0x0000-0xFFFF

Set the duty of the PWM signal driven from FTMnP pin and FTMnN pin.
PWM2 0x0000-OxFFFE | The duty in the PWM cycle becomes [the value set in this register +1]. Set
the value smaller than that set in the cycle register FTnP.
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9.2.4 FTMn Event Register B (FTnEB: n=0, 1, 2, 3)

Address: 0xF420 (FTOEB), 0xF422 (FT1EB), 0xF424 (FT2EB), 0xF426 (FT3EB)
Access: R/'W

Access size: 16 bit

Initial value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word symbol FTnEB
Byte symbol FTnEBH FTnEBL

M M M M M M

S|P |||
Bit symbol m m m m m m

Y ® 2|2 v e | 2| B BB B BIB|BIR|BE

[3)] N w N - o © oo ~ » (§)] N w N - o
A ¢ 2 L& &£ £ 2 22 22 X X L 2 2 23 I I
ceess type = = £ £ = = =2 = =T = = = = = = =

Initial value

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

FTnEB is a specific function register (SFR) to set the event timing of FTMn or display the capture data.
Set this register after setting the operation mode using FTnMDJ[1:0] bits of FTMn mode register.
In the CAPTURE mode, this is a read-only register. It cannot be written.

Description of bits
e FTnEB15-0 (Bit 15to 0)
FTnMD FTnEB15-0 Description
Set a count value to generate an interrupt. (Interrupt timing is FTnEB
TIMER 0x0000-0xFFFF | setting value + 1)
This value must be less than the cycle register FTnP.

The captured count