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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 2015 LAPIS Semiconductor Co., Ltd.
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Preface

This manual describes the operation of the hardware of the 16-bit microcontroller
ML620Q150A Series.

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.

B 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 CCU8 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.

M 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 uEASE User’s Manual
Description on the on-chip debug tool uEASE.

M uEASE connection Manual
Description about the connection between uEASE.

Bl FWuEASE 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 O 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 107
micro-, 1 106
nano-, n 10°
second, s (lower case) second
¢ Terminology “H” level, “1” level Indicates high voltage signal levels Vi and Voy as specified by the electrical
characteristics.
“L” level, “0” level Indicates low voltage signal levels Vi and Vg as specified by the electrical
characteristics.

¢ 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.

TR Invalid bit: Write in an initial value when you write access
Register name

| i i R PR A f----=-==--- Bitname
| MSB! i : : : i i i LSB
FCONO — — OUTC1 | OUTCO | OSCM1 | OSCMO0 | SYSC1 | SYSCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

--------------------------- Initial value after reset
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1. Overview

1.1 Features

This LSI is a high-performance 16-bit CMOS microcontroller into which rich peripheral circuits, such as 10-bit A/D
converter, timer, PWM, synchronous serial port, UART, I2C bus interface (master), Low level detect circuit, are
incorporated around 16-bit CPU nX-U16/100.

The CPU nX-U16/100 is capable of efficient instruction execution in 1-instruction 1-clock mode by 3-stage pipe line
architecture parallel procesing. and, this LSI has a data flash-memory fill area by a software which can be written in. In
addition, it has an on-chip debugging function, which allows software debugging/rewriting with the LSI mounted on the
board.

® CPU
- 16-bit RISC CPU (CPU name: nX-U16/100)
- Instruction system:16-bit instructions
- 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
- Minimum instruction execution time
Approx 30.5 s (at 32.768kHz system clock)
Approx 0.122s (at 8.192MHz system clock)

® Internal memory
- Flash-memory

Product Program area Rewrite cycle
ML620Q151A/ML620Q154A/ML620Q157A 32-Kbyte* (16K x 16-bit)
ML620Q152A/ML620Q155A/ML620Q158A 48-Kbyte* (24K x 16-bit) 100
ML620Q153A/ML620Q156A/ML620Q159A 64-Kbyte* (32K x 16-bit)

* including unusable 1KByte TEST area
Internal 2-Kbyte Data Flash (1-Kbyte x 2) Rewrite cycle: 10,000 times
- SRAM: Internal 2-Kbyte RAM (2-Kbyte x 8 -bits)

® [nterrupt controller
- 2 non-maskable interrupt sources (Internal source: BACK-UP CLOCK, WDT)
- maskable interrupt

Product Interrupt source

ML620Q151A/ML620Q154A/ML620Q157A 27 (Internal source: 20, External source: 7)
ML620Q152A/ML620Q155A/ML620Q158A 28 (Internal source: 20, External source: 8)
ML620Q153A/ML620Q156A/ML620Q159A 28 (Internal source: 20, External source: 8)

- 4 steps of interrupt level, and a mask function

® Time base counter
- Low-speed time base counter x 1 channel

® Watchdog timer
- Generates a non-maskable interrupt upon the first overflow and a system reset occurs upon the second
- Free running
- Overflow period: 4 types selectable (125ms, 500ms, 2s, 8s @32.768kHz)

® Timers
- 8 bits x 2ch (16-bits configuration available x 1ch)
- 16 bits x 4ch

FEUL620Q150A 1-1
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PWM
- 16 bits x 4ch
- The auto reload timer mode / PWM mode

- Timer start-stop function by the software and an external trigger.
- A pulse width can be measured using an external-trigger input.
- An external event can be selected as the counter clock.

- Complement synchronous PWM

Synchronous serial port

- 1ch

- Master/slave selectable

- LSB first/MSB first selectable

- 8-bit length/16-bit length selectable

UART

- Full-duplex x 1ch ( Half-duplex x 2ch )

- Bit length, parity/no parity, odd parity/even parity,
- Positive logic/negative logic selectable

- Built-in baud rate generator

12C bus interface
- Master function only
- Fast mode (400kbit/s), Standard mode (100kbit/s)

Successive approximation type A/D converter
- 10-bit A/D converter
- Input: 12ch (Maximum)

1 stop bit/2 stop bits

- Conversion time: 43us, 13.5 s per channel (conversion-time is selectable)

Analog Comparator
1ch

Edge for the interrupt and sampling function is selectable.

General-purpose ports (including multiple functions)
- Input-only ports

Input-only ports (including multiple functions)

Product

When not using the crystal
resonator

When using the crystal
resonator

ML620Q151A/ML620Q152A/ML620Q153A

6¢ch

5ch

ML620Q154A/ML620Q155A/ML620Q156A

7ch

6¢ch

ML620Q157A/ML620Q158A/ML620Q159A

7ch

6¢ch

- Output-only ports : 4ch
- Input/output ports

Input/output ports (including multiple functions)

Product

When not using the crystal
resonator

When using the crystal
resonator

ML620Q151A/ML620Q152A/ML620Q153A

31ch

30ch

ML620Q154A/ML620Q155A/ML620Q156A

34ch

33ch

ML620Q157A/ML620Q158A/ML620Q159A

46¢ch

45ch

Reset

- Reset through the RESET_N pin

- Power-on reset generation when powered on

- Reset by the watchdog timer (WDT) overflow
- Reset by the Low Level Detector (LLD)

LLD(Low Level Detector) function

- Threshold voltages: 4values (1.9V/2.55V/3.7V/4.2V)

- A threshold voltage is selected as Code-Option.

- LLD is a ready as a supply-voltage supervisory reset.
- Reset or an interrupt output is selectable as Code-Option.
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® Clock

- Low-speed clock (This LSI can not guarantee the operation without low-speed clock)
- Crystal oscillation (32.768 kHz) or Built-in RC oscillation (32.768kHz)
- Crystal oscillation or Built-in RC oscillation is selectable as Code-Option.

- High-speed clock

- Built-in RC oscillation (2.097MHz) or Built-in PLL oscillation (8.192MHz)

®  Power management

- HALT mode: Instruction execution by CPU is suspended (peripheral circuits are in operating states).
- STOP mode: Stop of low-speed oscillation and high-speed oscillation (Operations of CPU and peripheral

circuits are stopped.)

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

oscillation clock)

- Block control function: Operation of an intact functional block circuit is powerd down. (register reset and

clock stop)

® Package

Product

Package

ML620Q151A/ML620Q152A/ML620Q153A

48pinTQFP (P-TQFP48-0707-0.50-QK)

ML620Q154A/ML620Q155A/ML620Q156A

52pinTQFP (P-TQFP52-1010-0.65-TK)

ML620Q157A/ML620Q158A/ML620Q159A

64pinQFP (P-QFP64-1414-0.80-UK)

®  Guaranteed operating range
- Operating temperature: —40°C to +105°C
- Operating voltage: Vpp = 1.8V to 5.5V

The difference point of this LSI is shown below.

function ML620Q151A/152A/153A ML620Q154A/155A/156A ML620Q157A/158A/159A
Shipment 48pinTQFP 52pinTQFP 64pinQFP
flash capacity 32Kbyte(ML620Q151A) 32Kbyte(ML620Q154A) 32Kbyte(ML620Q157A)
48Kbyte(ML620Q152A) 48Kbyte(ML620Q155A) 48Kbyte(ML620Q158A)
(program area) 52Kbyte(ML620Q153A) 52Kbyte(ML620Q156A) 52Kbyte(ML620Q159A)
maskable interrupt 27 28 28
Input-only port 6 7 7
(At the case of crystal unused)
| P05 port - Available Available
Input/output port
(At the c:se of c‘:ysth)al unused) 3 34 46
P36,P53,P64 ports - Available Available
P37 port - - Available
P50~ P52 ports - - Available
P65~ P67 ports - - Available
P70~P74 ports = - Available
—:none
FEUL620Q150A 1-3
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1.2 Configuration of Functional Blocks

1.2.1 Block Diagram of ML620Q151A/ML620Q152A/ML620Q153A(TQFP48)

CPU (nX-U16/100)
EPSW1~3 GREG | ELR1~3 | | ECSR1~3|
PSW 0~15 | LR | DSR/CSR
Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory
BUS (FLASH)
On-Chip Instruction | | Instruction | | Gontroller 32/48/64Kbyte
ICE Decoder Register
Data-bus

Voo ) { SSIOx1 [« 5CKO*
Vss _77|7_ «—— SINO*
RAM —> SOUTO0*
2Kbyte INT l—— “
Voo €  Power U/?f:-l)-ﬂ R '?))((DD(())*
Interrupt NN -?;((811*
RESET N—" RESET & Controller .
TESTO* — TEST [2Cx1 [« SDAO
TEST1_N > «— SCLO*
XTO R 8b|t):I;mer — Im:ggﬂl
«— S *
XT1 0SC 16bit Timer
x4
LSCLK* +— N
OUTCLK* +— > PWMm4
16bitTimer > PWMS
— PWM6*
with PWMx4 —— PWM7*
—— PW45EV0*
> «—— PW45EV1*
Voo SA-ADC «—— PW67EV0*
VREF [— PW67EV1 *
AINO to AIN11

CMPOP ™|  Analog
—
CMPOM Comparator

x1

GPIO

| C—)
| —

P20 to P23
<— P30 1o P35
> P40 to P47
| C—)
| C—
| G

P54 to P57
P60 to P63

Secondary or tertiary or quaternary function P80 to P87

*! Full-duplex x 1ch ( Half-duplex x 2ch )
*2 Cannot be used as I/O port when connecting the crystal resonator
*3 Cannot be used as I/O port when connecting the UEASE(On-chip debug emualtor)

Figure 1-1 Block Diagram of ML620Q151A/ML620Q152A/ML620Q153A(TQFP48)
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1.2.2 Block Diagram of ML620Q154A/ML620Q155A/ML620Q156A(TQFP52)

CPU (nX-U16/100)

EPSW1~3 GREG | ELR1~3 | | ECSR1~3|

PSW 0~15 | LR | | DSR/CSR |

Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory

BUS (FLASH)

On-Ghip Instruction Instru.ctlon Controller 32/48/64Kbyte
ICE Decoder Register

Data-bus

Y/DD SSIOx1 |« gCKO*
ss «—— SINO*
RAM —> SOUTO0*
2Kbyte l—— "
Voo ¥ Power UA(*R1T)X1 1B)>((|:E))8*
Interrupt ' ‘IB)>((DD11**
RESET N~ RESET & Controller .
TESTO*® — TEST 12Cx1 «— SDAO
TESTI_N ™ > SCLO”
- INT wDT INT,
6 8bit Timer — TMHAOUT*
XTO— | —
— x2 L TMHBOUT*
XT1 0SC 16bit Timer
x4
LSCLK* +— .
OUTCLK* «— INT > PWM4
4} | 16vitTimer — ﬁwg*
«—— PW45EV0*
— [ —— PW45EV1*
Voo SA-ADC «— PWB7EV0*
VREF__, INT «— PW67EV1*
AINO to AIN11
xd
(e P00 t20 P05
CMPOP | G — [ P12*
_ Analog e p13+2
CMPOM Comparator e p{4*°
T —> P20 to P23
<+ P30 to P36
= P40 to P47
(e P54 to P57
e P60 to P64
(e P80 to P87

Figure 1-2 Block Diagram of ML620Q154A/ML620Q155A/ML620Q156A(TQFP52)
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1.2.3 Block Diagram of ML620Q157A/ML620Q158A/ML620Q159A(QFP64)

CPU (nX-U16/100)

EPSW1~3 crec | LELR1~3 | [ECSR1~3 |
PSW 0~15 | R | | psmcsr |
Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory
BUS (FLASH)
On-Chip Instruction Instruction Controller 32/48/64Kbyte
ICE Decoder Register
Data-bus INT
Voo 1 CE SSIOx1 [« gCKOo*
Vss ™1 | «—— SINO*
RAM —> SOUTO0*
2Kbyte INT —— .
—] UARTx1 RXDO
VooL Power 5 { (*1)x R
Interrupt — “— RXD1*
— TXD1*
RESET N~ | RESET & Controller )
TESTO® ™ | TgsT 2cx1 [« SDAO
TEST1_N ’ «— SCLO*
XTO , 8bit Timer — TMHAOUT*
XT1 x2 L, TMHBOUT*
16bit Timer
OSC 4
LSCLK* +— X
OUTCLK* +— > PWM4*
16bitTimer [ PWM5
. — PWMG6*
«—— PW45EV0*
V _ e—— PW45EV1*
> SA-ADC —— PWG67EV0*
Veer PWB7EV1*
AINO to AIN11 ]
(e P00 tzo P05
CMPOP:: Analog — E]g*z
CMPOM Comparator GPIO | by
x1 (= P20 to P23
[e==> P30 to P37
(&= P40 to P47
(&= P54 to P57
(e PG to P64
le=p P70 to P74
e P80 to P87

Figure 1-3 Block Diagram of ML620Q157A/ML620Q158A/ML620Q159A(QFP64)
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1.3 Pins

1.3.1 Pin Layout
1.3.1.1 Pin Layout of ML620Q151A/ML620Q152A/ML620Q153A TQFP48 package product

zz
=B
. 33
=5 e o 8 <
= Q0= XS >SS IZ
o D w o O= = =
SO ==-2LF0R I\LDS':
AQpNn=2Dd< o<
X XXX=Z2004a==20ad
EEEZL Q000200
N OO ITOAN —-O MOAN — O
0O 0 00 00 0O O VO W W W ©
Y W W W W W W I Y -
© v < o I~ © O
DOOMOMmMMmMmom AN AN AN
POO/EXIO/PW45EV0 1 |37 24| == P57/SOUT0/PWM7
PO1/EXI1/PW6B7EV0 1 (38 23| = P56/SCKO0
P02/EXI2/RXD0 1 (39 29| == P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 —— (40 21| == P54/RXD0
PO4/EXI4 1 |41 20| == P47/AIN11/T16CK1/PWM5
P20/LEDO/LSCLK/PWM4 —1—{ |42 (TOP VIEW) 19| |==2 P46/AIN10/T16CK0/SOUTO
P21/LED1/OUTCLK/PWM5 —1— |43 TQFP48 18| == P45/AIN9/T1P5CK/SCKO0
P22/LED2/TMHAOUT/PWM6 —1— |44 17| == P44/AIN8/TOP4CK/SINO
P23/LED3/TMHBOUT/PWM7 1 (45 16| == P43/AIN7/TXD0/PWM4/TXD1
P14/TEST0 =1 |46 15| == P42/AIN6/RXD0/SOUTO
RESET_N —— |47 14| == P41/SCL/SCK0/CMPOP
TEST1_N 1 (48 13| |=—= P40/SDA/SINO/CMPOM
—TAOTOLONDOOO =N
O — 2 42 L——0O0OFTW
k> f>Ennanass
oo Legsaa
- z2zz2?2
ScraAaa<c<
ZZZZ3w
I <P
RN
< X B &
wu
o
£ &

Figure 1-4 Pin Layout of ML620Q151A/ML620Q152A/ML620Q153A TQFP48 Package
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1.3.1.2 Pin Layout of ML620Q154A/ML620Q155A/ML620Q156A TQFP52 package product

5SS
: g
- 2 3
= 8 e 2 So - - 8 <
= 0= x> SSIZL
S 99 == E NN I N =
QxXx2228508s2z045
EEEx2090022200
N OO TOAN —-—TO S OMOAN — O
0O 00 00 00 00 0O W W W O O W ©
[ WA o WO o N o WY o WY o A o N MY WY n WY o WY n TR o T
DONOITOAN— OO I~
HOOONDDOOMMmM®OmANN
POO/EXIO/PWA5EV0 =1 (40 26| == P57/SOUTO/PWM7
PO1/EXI1/PW67EV0 —— |41 25| == P56/SCK0
P02/EXI2/RXD0 1 |42 24| == P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 =1 |43 23| == P54/RXD0
P04/EXI4 =1 (44 22| == P53/TXD1/PWM6
PO5/EXI5 =1} (45 (TOP VIEW) 21| = P47/AIN11/T16CK1/PWM5
P20/LEDO/LSCLK/PWM4 —1— |46 TQFP52 20| == P46/AIN10/T16CK0/SOUTO0
P21/LED1/OUTCLK/PWM5 —1— |47 19| = P45/AIN9/T1P5CK/SCKO0
P22/LED2/TMHAOUT/PWM6 —1— (48 18| == P44/AIN8/TOP4CK/SINO
P23/LED3/TMHBOUT/PWM7 =t (49 17| == P43/AIN7/TXD0/PWM4/TXD1
P14/TESTO0 |50 16| == P42/AIN6/RXD0/SOUTO0
RESET_N —— |51 @ 15| == P41/SCL/SCK0/CMPOP
TEST1_N |52 14| | == P40/SDA/SINO/CMPOM
TAOFTOONODO -N®
o % 3 (=] '-Lh T OO Y X
CESESEREEEEST
a o sessaaf
oo =S===3Ivo
oooozzZzoe
S=cds<c<l
ZZZZ3wm
P G G GO
sSEqga®®
XNaa
S =
O m
Qo

Figure 1-5 Pin Layout of ML620Q154A/ML620Q155A/ML620Q156A TQFP52 Package
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