Dear customer

LAPIS Semiconductor Co., Ltd. ("LAPIS Semiconductor"), on the 1 day of October,
2020, implemented the incorporation-type company split (shinsetsu-bunkatsu) in which
LAPIS established a new company, LAPIS Technology Co., Ltd. (“LAPIS
Technology”) and LAPIS Technology succeeded LAPIS Semiconductor’s LSI business.

Therefore, all references to "LAPIS Semiconductor Co., Ltd.", "LAPIS Semiconductor"
and/or "LAPIS™ in this document shall be replaced with "LAPIS Technology Co., Ltd."

Furthermore, there are no changes to the documents relating to our products other than
the company name, the company trademark, logo, etc.

Thank you for your understanding.

LAPIS Technology Co., Ltd.
October 1, 2020
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Ultra Low Power 32-bit Microcontroller

B GENERAL DESCRIPTION

This LSI is a high-performance low power 32-bit microcontroller. Equipped with a 32-bit CPU core Cortex™-MO0+, it
implements a 128 KB flash memory, 16 KB RAM, rich peripheral circuits, such as USB Full speed device, synchronous serial
port, UART, I°C bus interface, supply voltage level detect circuit, RC oscillation type A/D converter, successive approximation
type A/D converter, and LCD driver. The Flash ROM that is installed as program memory achieves low-voltage low-power
consumption operation (read operation) is most suitable for battery-driven applications.

B FEATURES

e CPU
— 32-bit RISC CPU (CPU name: ARM Cortex™-MO0+)
— Thumb®/Thumb®-2 instruction supported
— Serial Wire Debug Port
— Minimum instruction execution time
30.5 ps (@32.768 kHz system clock)
41.7ns (@24 MHz system clock)

¢ Internal memory
— Re-writing the program memory area by software
— Number of segments

Product name Flash memory SRAM
Program area Data area

ML630Q464 64KB (16K x 32bit) 2KB (0.5K x 32bit) 8KB (2K x 32bit)

ML630Q466 128KB (32K x 32bit) 2KB (0.5K x 32bit) 16KB (4K x 32bit)

¢ Interrupt controller (NVIC)
— 1 non-maskable interrupt source (Internal source: 1)
— 31 maskable interrupt sources (Internal sources: 30, External sources: 1)
— Priority level (4-level) can be set for each interrupt

o DMA controller (DMAC)
— 2 channels
— Enable to allocate multiple DMA transfer request sources for each channel.
— Channel priority: fixed mode/round robin mode
— DMA transfer mode: cycle steal mode/burst mode
— DMA request type: software requests/hardware requests
— Maximum transfer count: 65,536
— Data transfer size: 8 bits/16 bits/32 bits
— Transfer request source: SSIOF, UART, UARTF, I12CF, RC-ADC, SA-ADC

e Time base counter (TBC)
— Low-speed time base counter x1 channel

e | kHz Timer
— 10 Hz / 1 Hz interrupt function
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e Timers (TMR)
— 8 bits x 8 channels
(Timer0-7: 16-bit x 4 configuration available by using Timer(0-1 or Timer2-3, Timer4-5, Timer6-7)
— Selection of one shot timer mode is possible
— External clock can be selected as timer clock.

e Function Timers (FTM)

— 16-bit x 4 channels

— Equipped with the timer/capture/PWM functions using a 16-bit counter

— An event trigger (external pin input interrupt or timer interrupt request) can control start/stop/clear of the timer (however,
the minimum pulse width of pin input is timer clock 3¢)

— 1 to 64 dividing of LSCLK/OSCLK/HSCLK/external input selectable as timer clock

— Two types of PWM with the same period and different duties and complementary PWM with the dead time set can be
output.

e Real Time Clock (RTC)
— 1 channels (99 years calendar, alarm, revision of the clock)

e Watchdog timer (WDT)
— Non-maskable interrupt and reset
— Free running
— Overflow period: 4 types selectable (125ms, 500ms, 2s, and 8s when LSCLK = 32.768 kHz)

o Synchronous serial port (SSIOF/SSIO)
— without FIFOs (SSIO) : 1 channel
— with 16-byte transmits and receives FIFOs (SSIOF) : 1 channel
— Master/slave selectable
— LSB first/MSB first selectable

— Clock polarity (data out at rising edge and data in at falling edge/data out at falling edge and data in at rising edge)
selectable

— 8-bit length/16-bit length selectable
— Initial clock level (High start/Low start) selectable
— supports slave-select signal (only SSIOF)

e UART (UARTF/UART)
— without FIFOs (UART) : 1channel
— with 16-byte transmits and receives FIFOs (UARTF) :1 channels
— Full duplex buffer system
— Communication speed: Settable within the range of 2400bps to 115200bps.
— Programmable interface (data length, parity, stop bits selectable)

e I’C bus interface ("CF/I’C)
— without FIFOs(I°C) :1 channel
— with 16-byte transmits and receives FIFOs (I)CF) : 1 channels
— Master/slave function (only [2CF)
— Fast mode (400 kHz), standard mode (100 kHz)

e USB full-speed device
— Compliant with Universal Serial Bus (USB)
— Full speed (12 Mbps) 1 port.
— End points: 5 or 6
— Supports all data transfer types (control transfer, bulk transfer, interrupt transfer, isochronous transfer).
— Built-in SOF generation and CRC5/16 generation functions
— Access size to data transfer FIFOs: 8 bits/16 bits/32 bits

o General-purpose ports (PORT)

— Input/output port x 38 channels (including secondary or tertiary or quaternary or quinary functions).
(ML630Q464 and ML630Q466: including LCD com/seg ports ( each 20 ports ))
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e RC oscillation type A/D converter (RC-ADC)
— Time division x 2 channels
— Starting by trigger of Timer/FTM function.
— 24-bit counter

e Successive approximation type A/D converter (SA-ADC)
— Input x 12 channels
— 12-bit A/D converter
— Starting by trigger of Timer/FTM function.
— Capacitive touch sense function

e Analog Comparator (CMP)

— Input x 2ch
— Common mode input voltage: 0.2V to Vpp—0.2V
— Input offset voltage: 30mV(max)

— Interrupt allow edge selection and sampling selection

e Voltage Level Supervisor (VLS)
— Threshold voltages: One of 64 levels
— Acuracey: £3%
— Interrupt or Reset generation are slectable
— Voltage measurement with voltage input pin or Vpp pin

e Low Level Detector(LLD)
— Judgment Voltage: 1.8V+0.2V
— Can be used as low level detection reset.

e LCD driver
— Maximun 400 dots (50 segment x 8§ common)
— 1/1 to 1/8 duty
— 1/2, 1/3 bias (built-in bias generation circuit)
— Frame frequency selecable
— Bias voltage multiplying clock selectable (5 types)
— Contrast adjustment (32 steps)
— 4 operating mode: LCD drive stop, LCD display, all LCDs on, all LCDs off
— Programmable display allocation function

e Random number generator (RANDOM)
— Generates 8-bit random numbers

e AES
— 128-bit Common key
— Supports key sizes of 128, 192, and 256 bits
— Supports ECB, CBC, and CTR modes

e Reset
— Reset by the RESET N pin input
— Reset by power-on detection
— Reset by overflow of watchdog timer (WDT)
— Reset by threshold detection in Voltage Level Supervisor(VLS)
— Reset by low level detection in Low Level Detector(LLD)
— Reset by the low-speed crystal oscillation stop detection
— Reset by SYSRESETREQ of Cortex™-MO0+ (software reset)
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e Clock
— Low-speed clock:
— Crystal oscillation (32.768 kHz)
— Built-in RC oscillation (32.768kHz)
— High-speed clock:
— PLL (24 MHz) generated from Crystal oscillation (32.768 kHz)
— Built-in RC oscillation (16MHz)

e Power management

— HALT mode: Instruction execution by CPU is suspended. All peripheral circuits can keep in operating states.

— HALT-H mode: Instruction execution by CPU is suspended. Stop of high-speed oscillation automatically. All peripheral
circuits can keep in operating states.

— DEEP-HALT mode: Instruction execution by CPU is suspended. Some peripheral circuits(Timer, LTBC etc.) can keep in
operating states.

— ULTRA-DEEP-HALT mode: Instruction execution by CPU is suspended. Some peripheral circuits(Timer, LTBC etc.) can
keep in operating states, at Vpp>2.5V.

— 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, 1/8,1/16,1/32 of the
oscillation clock)

— Block Control Function: Power down (reset registers and stop clock supply) the circuits of unused peripherals.

e Guaranteed operating range
— Operating temperature (ambient) : —40°C to +85°C
— Operating voltage: Vpp = 1.8V to 3.6V

e Supply current (Typ)
— High-speed operation (24 MHz) : 250uA/MHz
— ULTRA-DEEP-HALT : 0.80uA

e Package
— 100-pin plastic TQFP
— Tray
ML630Q464-xxxTBZWAX
ML630Q466-xxxTBZWAX
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Bl BLOCK DIAGRAM

ML630Q464/Q466 Block Diagram

SWC CPU (Cortex-m0+)
—_ DAP
SWD Cortex-m0+
MTB
Data-bus Data-bus
(AMBA AHB/APB) (Single cycle 10)
SCKO <] INT ":T
SIN0 ——
SOUTO «—{ SSIOx1 Program LTBC
SCKFQ <= SS|OFx1
SINFO — Memory
SOUTFO0 | (Flash) Timer
SSFo 64K/128KB ‘8
 ——
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RXDFQ —»| UARTFx1 Data Memory ;
TXDFO +— Function — TMOUTA-F
(Flash) Timer x4 |e—o
KB TMCKIO-7
SDA1 <mmp
SCL1 <«— 12C x1 RTC
SDAFO == 2cE wq RAM 1
SCLFO 8K/16KB
DP <= 1KHz Ti
— z Timer
bM usB DMAC 1
PUCTL <+
INO —>
CSO <+ Interrupt WDT
RSO Controller
RTO
RCTO +— RC-ADC
RCM +— le==p P00 to P05
IN1 ’ AES (o= P20 to P23
gg] — oplo [ P30to P37
RT1 (o= P40 to P47
e P50 to P57
RND (e PG00 to P63
v SA-ADC
REF »
AINO to AINT1—" Analog [ SM£8;
Comparator | CMP1P
COMO to COM7«— | cp X2 e—CMP1M
SEGO to SEG49+  pyiver
VLS
Vi1, Vig, Vize— LCD LLD
Cy, Co+— BIAS RESET ——RESET_N
VDD—D
v Power XTO
Ves ] > 0SC  +—>xT1
Ch1, Chz— > 32kCLKOO0
Ve
Figure 1. ML630Q464/Q466 Block Diagram
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B PIN CONFIGURATION
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Figure 2. Pin Layout of ML630Q464/Q466
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PIN Reset Primary Function Secondary Function Tertiary Function Quaternary Function Quinary Function
No. State Pin name 110 Pin name 110 pin name 110 pin name 110 pin name 110
14
68 - Vss - - - - - - - - -
79
65
81 _ Voo _ _ _ _ _ _ _ _ _
80 - Voo - - - - - - - - -
70 - Vie - - - - - - - - -
90 - Vrer - - - - - - - - -
74 - XTO - - - - - - - - -
73 - XT1 - - - - - - - - -
Pull-up
78 Input RESET_N | - - - - - - - -
77 Pull-up swc | - - - - - - - -
Input
76 Pull-up swp o - - - - - - - -
Input
75 Pull-down BRMP | _ _ _ _ _ _ _ _
Input
Hi-z P00/
95 outout EXI00/ 110 INO | SOUTOo [¢] RXDFO | - -
P AINS
Hi-z P01/
96 outout EXI01/ 110 CSo (0] SINO TXDFO 0] - -
P AIN9
Hi-Z P02/
97 EXI02/ 110 RCTO (0] SCKO /10 TMOUTO 0] - -
output
AIN10
Hi-z P03/
98 outout EXI03/ 110 RSO o - - TMOUT1 o - -
P AIN11
Hi-Z P04/
99 output EXI04 o RTO o B B B B B B
Hi-Z P05/
100 output EXI05 110 RCM 0] - - - - - -
Hi-z P20/
91 outout EXI20/ 110 IN1 | SOUTFO (0] - - - -
P AIN4
iz P21/
92 output EXI21/ 110 CS1 o SINFO - - - -
P AINS
Hi-z P22/
93 EXI22/ 110 RS1 o SCKFO 110 TMOUT2 o - -
output
AIN6
Hi-z P23/
94 EXI23/ 110 RT1 (0] SSFO /10 TMOUT3 (0] - -
output
AIN7
P30/
Hi-Z EXI30/
82 output CMPOP 110 SDAFO 110 SOUTOo [¢] - - - -
Vuise
iz P31/
83 output EXI31/ 110 SCLFO 110 SINO - - - -
P CMPOM
P32/
Hi-Z EXI32/
84 output CMP1P/ 110 RXDFO | SCKO 110 TMOUT4 o - -
AIN2
P33/
Hi-Z EXI33/
85 output CMPIM/ 110 TXDFO o 32kCLKO o TMOUT5 o - -
AIN3
P34/
Hi-Z EXI34/
86 output AINO 110 SDA1 110 SOUTFO (0] - - - -
LED
P35/
Hi-Z EXI35/
87 output AN 110 SCL1 o SINFO - - - -
LED
Hi-z P36/
88 outout EXI36/ 110 RXDO | SCKFO /10 TMOUT6 (0] - -
P TMCKI4
iz P37/
89 output EXI37/ 110 TXDO o SSFO 110 TMOUT7 o - -
P TMCKI5
13to Low Level
10 Output COMO to COM3 o - - - - - - - -
Hi-Z P60/
9 output EXI60 o com4 o - - - - - -
Hi-Z P61/
8 output EXI61 o COMS o B B B B B B
Hi-Z P62/
7 output EXI62 o CoMm6 o - - - - - -
Hi-Z P63/
6 output EXI63 o comr o B B B B B B
15 to Low Level
48 Output SEGO to SEG33 (0] - - - - - - - -
iz P40/
49 EXI40/ 110 SDAFO 110 SOUTO (0] - - SEG34 (0]
output LED
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PIN Reset Primary Function Secondary Function Tertiary Function Quaternary Function Quinary Function
No. State Pin name 110 Pin name 110 pin name 1/0 pin name 110 pin name 1/0
Hiz P41/
50 EXI41/ 110 SCLFO 110 SINO - - SEG35 0o
output
LED
HiZ P42/
51 outout EXI42/ 110 RXDF0 1 SCKO 110 TMOUTS8 o SEG36 0o
P TMCKIO
HiZ P43/
52 EXI43/ 110 TXDFO o 32kCLKO o TMOUT9 o SEG37 o
output
TMCKI1
Hi-Z P44/
53 output EXid4 110 SDAT1 110 SOUTFO o - - SEG38 o
Hi-Z P45/
54 output EXI45 110 SCLA1 o SINFO | - - SEG39 o
Hiz P46/
55 outout EXI46/ 110 RXDO 1 SCKFO 110 TMOUTA o SEG40 0o
P TMCKI2
HiZ P47/
56 outout EXI47/ 110 TXDO o SSFO 110 TMOUTB o SEG41 o
P TMCKI3
Hi-Z P50/
57 output EXI50 110 SDAFO 110 SouTo o - - SEG42 fe}
Hi-Z P51/
58 output EXI51 110 SCLF0 110 SINO | - - SEG43 o
59 Hi-z ps2/ o RXDFO | SCKO o | TMoUTC ) SEG44 o
output EXI152
60 Hi-2 P83/ 110 TXDFO o 32kCLKO o TMOUTD o SEG45 o
output EXI53
Hi-Z P54/
61 output EXI54 110 SDA1 110 SOUTFO o - - SEG46 o
Hi-Z P55/
62 output EXI55 110 SCL1 o SINFO - - SEG47 0
Hiz P56/
63 outont EXI56/ 110 RXDO 1 SCKFO 110 TMOUTE o SEG48 o
P TMCKI6
Hiz P57/
64 outout EXI57/ 110 TXDO o SSFO 110 TMOUTF o SEG49 0o
P TMCKI7
66 Hi-z DP 1o - - _ _ _ _ - -
output
67 Hi-z DM 1o - - _ _ _ _ _ -
output
69 Low PUCTL ) - - - - - - - -
output
3 - Vit - — _ _ Z - - _ -
4 - Vip - - - - - - - - -
5 = Vis = = = _ _ Z - - -
1 = C, - = = = - = = = =
2 - C, - - - - - - - - -
71 - Chs - — - = _ _ Z = _
72 - Chp - — = — _ _ Z Z -
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Bl PIN DESCRIPTION
In the table below indicates the functional pin description.
The pin name represents the function pin name of the primary function of each terminal, The pin mode represents the set of

mode register of Port Control.
(1%:primary function, 2":secondary function, 3": tertiary function, 4™ quaternary function, 5™:quinary function)

Pin name | I/0 | Description | LSI pin name | Pin mode | Logic
System
RESET_N | | Reset input pin. When this pin is set to a “L” level, RESET_N - L
system reset mode is set and the internal section is
initialized. When this pin is set to a “H” level
subsequently, program execution starts. A pull-up
resistor is internally connected.
BRMP | |Remapping control input (for firmware update) BRMP - H
Based on the BRMP pin setting at the time of the reset
release, BankO is remapped.
XTO | | Crystal connection pin for low-speed clock. XTO - _
XT1 O | Capacitors CpL and CgL are connected across this pin XT1 _ _
and Vss as required.
32kCLKO | O | Low-speed clock output pin P33,P43,P53 oM
General-purpose input/output port
P00-P05 I/0 | General-purpose input/output port. P00-P05 1°! -
P20-P23 I/0 | General-purpose input/output port. P20-P23 18t -
P30-P37 I/0 | General-purpose input/output port. P30-P37 18t -
P40-P47 I/0 | General-purpose input/output port. P40-P47 1 -
P50-P57 | I/O | General-purpose input/output port. P50-P57 1t _
P60-P63 | I/O | General-purpose input/output port. P60-P63 1 _
External interrupt
EXI00-05 | |External maskable interrupt input pins. It is possible, for P00-P05 1 H/L
EXI20-23 each bit, to specify whether the interrupt is enabled and P20-P23
EXI30-37 select the interrupt edge by software. P30-P37
EX140-47 P40-P47
EX150-57 P50-P57
EXI60-63 P60-P63
LED
LED | (0] | N-channel open drain output pins to drive LED. P34,P35,P40,P41 1°! -
UART
TXDO O | UART data output pin. P37,P47,P57 2" -
RXDO | | UART data input pin. P36,P46,P56 2nd -
TXDFO O | UARTF with FIFO data output pin. P01,P33,P43,P53 ond -
RXDFO | | UARTF with FIFO data input pin. P00,P32,P42,P52 2" -
I°C bus interface
SDA1 I/0 | 12C1 data input/output pin. This pin has an NMOS open P34,P44,P54 ond -
drain output. When using this pin as a function of the
I°c, externally connect a pull-up resistor.
SCLA1 O |12C1 clock output pin. This pin has an NMOS open P35,P45,P55 2 _
drain output. When using this pin as a function of the
IZC, externally connect a pull-up resistor.
SDAFO0 I/0 | 12CF0 data input/output pin. This pin has an NMOS P30,P40,P50 2" -
open drain output. When using this pin as a function of
the I°C, externally connect a pull-up resistor.
SCLFO I/0 | 12CFO clock input/output pin. This pin has an NMOS P31,P41,P51 2" -
open drain output. When using this pin as a function of
the IZC, externally connect a pull-up resistor.

9/37



LAPIS Semiconductor Co.,Ltd.

FEDL630Q464-01

ML630Q464/Q466
Pin name | 1/0 | Description LS| pin name |Pin mode| Logic
Synchronous serial
SCKO I/0 | Synchronous serial (SSIO) clock input/output pin. P02,P32,P42,P52 3 -
SINO | | Synchronous serial (SSIO) data input pin. P01,P31,P41,P51 3 -
SOUTO0 O | Synchronous serial (SSIO) data output pin. P00,P30,P40,P50 3 -
SCKFO0 I/0 | Synchronous serial with FIFO (SSIOF) clock P22,P36,P46,P56 3™ _
input/output pin.
SINFO | | Synchronous serial with FIFO (SSIOF) data input pin. P21,P35,P45,P55 3 -
SOUTFO O | Synchronous serial with FIFO (SSIOF) data output pin. |P20,P34,P44,P54 3™ _
SSFO I/0 | Synchronous serial with FIFO (SSIOF) select P23,P37,P47,P57 3™ L
input/output pin.
FTM
TMOUTO0-9 | O |FTM output pin. P02,P03,P22,P23 4" _
TMOUTA-F P32,P33,P36,P37
P42,P43,P46,P47
P52,P53,P56,P57
TMCKIO-7 | |External clock input pin for FTM. P42,P43,P46,P47 15t _
P36,P37,P56,P57
RC oscillation type A/D converter
INO | |Oscillation input pin of Channel 0. P00 ond .
CSo O |Reference capacitor connection pin of Channel 0. PO1 ond .
RSO O |Reference resistor connection pin of Channel 0. P03 ond .
RTO O |Resistor sensor connection pin for measurement of P04 ond .
Channel 0.
RCTO O |Resistor/capacitor sensor connection pin of Channel 0 P02 ond -
for measurement.
RCM O |RC oscillation monitor pin. P05 ond _
IN1 | |Oscillation input pin of Channel 1. P20 ond -
CS1 O |Reference capacitor connection pin of Channel 1. P21 ond -
RS1 O |Reference resistor connection pin of Channel 1. P22 ond .
RT1 O |Resistor sensor connection pin for measurement of P23 ond .
Channel 1.
Successive approximation type A/D converter
VREerF | |Reference power supply pin for successive VREF , -
approximation type A/D converter.
Analog input for successive approximation type A/D (AINO-3) P32-35, 18t -
AINO-11 | |converter. (AIN4-7) P20-23,
(AIN8-11) P00-03
Analog comparator
CMPOP | |ComparatorQ Non-inverted input pin. P30 18t .
CMPOM | |Comparator0 Inverted input pin. P31 18t -
CMP1P | |Comparator1 Non-inverted input pin. P32 18t -
CMP1M | |Comparator1 Inverted input pin. P33 18t .
USB FS Device
DP I/O |USB dev D+ pin. DP _ -
DM I/0 |USB dev D- pin. DM - -
PUCTL O |USB dev pull-up control PUCTL _ .
DEBUG Interface
SWC | |Serial clock of Serial Wire Debug Port SWC _ .
SWD I/0 |Serial I/0O data of Serial Wire Debug Port SWD _ .
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Pin name | I/O Description LSI pin name Pin Logic
mode
Power supply
Vss — | Negative power supply pin. Vss - -
Vbob _ | Positive power supply pin. Vob - -
VboL - | Positive power supply pin (internally generated) for VboL - -
internal logic. Capacitors C. is connected between this
pin and Vss.
Ve — | Positive power supply pin (internally generated) for VHE - -
built-in halver circuit. Capacitor Cyn is connected
between this pin and Vss.
Ch1 — Ch2 - | Capacitor pins of built-in halver circuit Ch1 —Ch2 - -
LCD driver
COMO — _ | Common pins of LCD driver COMO - COM3 - -
COM3
COM4 — _ | Common pins of LCD driver P60-P63 2 -
COM7
SEGO - — | Segment pins of LCD driver SEGO - SEG33 - -
SEG33
SEG34 - _ | Segment pins of LCD driver P40-P47 5t _
SEG49 P50-P57
C1—-Cs - | Capacitor pins of built-in generation bias circuit Ci-C2 - -
Vi1 — Vi - | Reference voltage input pins of built-in bias generation Vi1 —=Vis - -
circuit
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B TERMINATION OF UNUSED PINS

Table 1 shows methods of terminating the unused pins.

Table 1 Termination of Unused Pins

Pin Recommended pin termination
RESET_N open
BRMP Connect a pull-down resistor.
SWC Connect a pull-up resistor.
SWD Connect a pull-up resistor.
VRer Connect to Vpp
P00 to P05 open
P20 to P23 open
P30 to P37 open
P40 to P47 open
P50 to P57 open
P60 to P63 open
COMO to COM3 open
SEGO to SEG33 open
DP, DM, PUCTL open
Vi1, Via, Vis open
C1, Co open

[Note]

For unused input ports or unused input/output ports, if the corresponding pins are configured as high-impedance
inputs and left open, the supply current may become excessively large. Therefore, it is recommended to configure
those pins as either inputs with a pull-down resistor/pull-up resistor or outputs.
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B Electrical Characteristics
@® ABSOLUTE MAXIMUM RATINGS
(Vss=0V)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vop Ta=25°C -0.3to +4.6 \Y,
Power supply voltage 2 VboL Ta=25°C -0.3t0 +2.0 Vv
Power supply voltage 3 Vii3 Ta=25°C -0.3t0 +6.0 \Y
Input voltage(P00-P05,
P20-P23,
P30-P35, VN Ta=25°C -0.3 to Vpp+0.3 V
SWC, SWD, BRMP,
RESET_N, DP, DM)
Input voltage (5 V tolerant)
(P36, P37, P40-P47, VinT Ta=25°C -0.3t0 +6.0 \Y
P50-P57, P60-P63)
Output voltage 1 Vour1 Ta=25°C -0.3 to Vpp+0.3 Y,
Output voltage 2
(COMO to COM7 Vour2 Ta=25°C -0.3 to V1-3+0.3 V
SEGO to SEG49)
Output current 1 louTt Ta=25°C -12 to +11 mA
Output current 2 louT2 Ta=25°C -12 to +20 mA
Power dissipation PD Ta=25°C 0.9 W
Storage temperature Tste - -55 to +150 °C
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@® RECOMMENDED OPERATING CONDITIONS
(Vss=0V)
Parameter Symbol Condition Range Unit
Operating tgmperature Top _ 40 to +85 oC
(Ambience)

Operating voltage Vob - 1.8103.6 \%
Reference voltage VREF - 1.8 to Vb \%
Operating frequency f _ LSCLK:32.768k Hy

(CPU) oF HSCLK:500k to 24M
Loyv s_peed crystal furL _ 32 768k Hz
oscillation frequency
Low speed crystal CoL 6.8t0 12
oscillation external Using VT-200-FL(from SII) pF
capacitor 1 CaL 6.81t0 12
Low speed crystal CoL 12 t0 16
oscillation external Using DT-26(from Daishinku) pF
capacitor 2 CoL 12t0 16
Low speed crystal ' CoL 12 to 22
oscillation external Using VT-200-F(from SII) pF
capacitor 3 Cal 1210 22
Voo external capacitor CL ESR =500mQ 2.2 +30% uF
Vi1,2,3pin _ 0
external capacitor Cabe 1.0£30% HF
Cr-Ca Ci2 - 1.0 £ 30% F
external capacitor T H
Ch1, Ch2 0
external capacitor Crirz B 1.0.£30% WF
Vhr B o
external capacitor Cre 1.0:£30% KF

*1 : Please use this crystal except DEEPHALT mode because this LS| may not be functioning at DEEPHALT mode with the crystal.
Please evaluate the matching when other crystal oscillator/ceramic oscillator is used.
*2 : Please evaluate on user’s conditions, put on Cio( = 0.1uF) if necessary.
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@®  Operating Conditions of Flash Memory
(Vss= 0V)
Parameter Symbol Condition Range Unit
Operating temperature T Data area : write/erase -40 to +85 °C
; oP
(Ambience) Program area : write/erase 0 to +40 °C
Vop Write/erase 1.81t03.6 \Y,
Operating voltage .
Write time Cepp Data area (1,024B x 2) 10,000 times
Cepp Program area 100 times
Program area 8
Block erase KB
Erase unit - Data area 2
Sector erase 1 KB
Erase time(Maximum) - Block erase/Sector erase 100 ms

Write unit

1 word (4 byte)
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@ AC characteristics (Oscillation, reset)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Rati i
Parameter Symbol Condition Min j_;r;g Max Unit Mi?rsc":]ri'tng
Low speed crystal
oscillation start time Tt - - - 2 s
—oFo Typ Typ
o Ta=25°C 1.5% 32.768 +1.5%
Low speed built-in RC. f kHz
oscillation frequency LCR
Ta=-40 to 85°C typ-5% 32.768 typ+5%
o t t
Ta=25°C o 16 et
High speed build-in RC
. . *1*) fHCR MHz
oscillation frequency ¢ ¢
Ta=-40 to 85°C 4 16 s
= () 0
1
PLL frequency foLL fyr =32.768kHz _Otgg% 24 +0t)§%% MHz
Low speed crystal
oscillation stop Tstop - - 600 - us
detection time
Reset pulse width PrsT - 200 - - us
Reset noise elimination
pulse width PrrsT - - - 03 HS
Power-on reset activation
. . Tror — — - 10 ms
power rise time

*1 : Mean value of 1024 cycle.

*2 : Guarantee value at the time of the shipment.
*3 : Except DeepHALT mode and Ultra-DeepHALT mode.

0.9*Vpp -
Voo

RESET_N

<>

0.3*VDD7/ 0.3*Voo\ \

Prst

External reset sequence

Prst
<>

Tror _ |

Power on reset sequence

16/37



LAPIS Semiconductor Co. Ltd. FEDL630Q464-01
ML6300Q464/Q466

@® DC Characteristics (IDD)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Rating ' M -
. . easuring
Parameter Symbol Condition Unit o
y Min. | Typ. |Max. circuit
Power CPU is Stopped Ta=25°C - | 070 | 25
consumption 1 IDD1 Low/High-speed oscillation is stopped HA
Ta=-40 to 85°C - - 28
ULTRA-DEEP-HALT mode ***
(LBTC function) Ta=25°C - 0.80 25
Low-speed crystal oscillating
IDD2-1 (32.768KHz) HA
= High-speed oscillation is stopped. | Ta=-40 to 85°C - - 20
ower 2.5V=Vop
consumption 2 3
DEEP-HALT mode *** Ta=25°C _ 1.30 30
(LBTC function) a= el B
IDD2-2 Low-speed crystal oscillating LA
(32.768kHz) Ta=-40 to 85°C - - 28
High-speed oscillation is stopped.
HALT mode **** 1
Power (LTBC function) Ta=25°C - 2.2 5.0
consumption 3 IDD3 Low—spee;dz?rgzr(ai-lloscnlatmg pA
. (32.768kHz) Ta=-40t0 85°C | - - | 32
High speed oscillation is stopped.
Power CPU Low-speed **** Ta=25°C - 9.0 14
consumption 4 IDD4 Low-speed crystal oscillating pA
P High speed oscillation is stopped. | Ta=-40 to 85°C - - 45
Power CPU High-speed(16MHz) *** Ta=25°C - 38 | 50
consumption 5 IDD5 High-speed Built-in RC oscillating mA
Ta=-40 to 85°C - - 5.5
Power CPU High-speed(24MHz) *2* Ta=25°C - 60 | 70
consumption 5 IDD5 High-speed PLL oscillating mA
Ta=-40 to 85°C - — 7.5

1 typ.rating is Vpp=3.0V

*2 . at CPU activity rate =100% (No HALT state)

*3 using 32.768KHz crystal oscillator VT-200-FL (from SII)(CeL/CoL=12pF)
using 32.768KHz crystal oscillator DT-26(from Daishinku)(CeL/CpL= 12pF)

** . CLKCON valid bits are “0”, RSTCON valid bits are “1”
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@® DC Characteristics (VLS)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. R_?;L:g Max. Unit Mi?rsctriltng
VLSLV[5:0] = 00H™ 1.200
VLSLV[5:0] = 01H" 1.225
VLSLV[5:0] = 02H" 1.250
VLSLV[5:0] = 03H" 1.275
VLSLV[5:0] = 04H™ 1.300
VLSLV[5:0] = 05H" 1.325
VLSLV[5:0] = 06H" 1.350
VLSLV[5:0] = 07H" 1.375
VLSLV[5:0] = 08H" 1.400
VLSLV[5:0] = 09H " 1.425
VLSLV[5:0] = 0AH™ 1.450
VLSLV[5:0] = 0BH™ 1.475
VLSLV[5:0] = OCH™" 1.500
VLSLV[5:0] = ODH" 1.525
VLSLV[5:0] = OEH" 1.550
VLSLV[5:0] = OFH" 1.575
VLSLV[5:0] = 10H™ 1.600
VLSLV[5:0] = 11H" 1.625
VLSLV[5:0] = 12H" 1.650
VLSLV[5:0] = 13H" 1.675
VLSLV[5:0] = 14H" 1.700

VLS judge VLSLV[5:0] = 15H" 1.725

voltage Vs VLSLV[5:0] = 16H " Tg’% 1.750 I%’op/o v 1

(Voo=fall) VLSLV[5:0] = 17H" 1.775

VLSLV[5:0] = 18H 1.800
VLSLV[5:0] = 19H 1.825
VLSLV[5:0] = 1AH 1.850
VLSLV[5:0] = 1BH 1.875
VLSLV[5:0] = 1CH 1.900
VLSLV[5:0] = 1DH 1.925
VLSLV[5:0] = 1EH 1.950
VLSLV[5:0] = 1FH 1.975
VLSLV[5:0] = 20H 2.000
VLSLV[5:0] = 21H 2.050
VLSLV[5:0] = 22H 2.100
VLSLV[5:0] = 23H 2.150
VLSLV[5:0] = 24H 2.200
VLSLV[5:0] = 25H 2.250
VLSLV[5:0] = 26H 2.300
VLSLV[5:0] = 27H 2.350
VLSLV[5:0] = 28H 2.400
VLSLV[5:0] = 29H 2.450
VLSLV[5:0] = 2AH 2.500
VLSLV[5:0] = 2BH 2.550
VLSLV[5:0] = 2CH 2.600
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VLSLV[5:0] = 2DH 2.650

VLSLV[5:0] = 2EH 2.700

VLSLV[5:0] = 2FH 2.750

VLSLV[5:0] =30H 2.800

VLSLV[5:0] = 31H 2.850

VLSLV[5:0] = 32H 2.900

VLSLV[5:0] = 33H 2.950

VLSLV[5:0] = 34H 3.000

VLSLV[5:0] = 35H 3.050

VLSLV[5:0] = 36H T%’EZ 3.100 I%’op/o Vv
VLSLV[5:0] = 37H 3.150 1
VLSLV[5:0] = 38H 3.200

VLSLV[5:0] = 39H 3.250

VLSLV[5:0] = 3AH 3.300

VLSLV[5:0] = 3BH 3.350

VLSLV[5:0] = 3CH 3.400

VLSLV[5:0] = 3DH 3.450

VLSLV[5:0] = 3EH 3.500

VLSLV[5:0] = 3FH 3.550

Vyis Hysteresis Vs Vs Vs
width Hvis - X « « Vv
(Vop=rise) 1.0% | 2.7% | 4.5%

VLSLV[3:0] are bits of the VLSCON register to change detection voltage level.
*1: Setable only at the time of select to Vi gp pin.

@ DC characteristics (LLD)
(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

- Rating . Measuring
Parameter Symbol Condition Min. Typ. Max. Unit circuit
LLD judge Voltage VLLR - 1.60 1.80 2.00 \% 1

@ DC/AC characteristics (Analog comparator)
(Vpp=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Ratin i
Parameter Symbol Condition i g Unit Mee_lsur.lng
Min. Typ. Max. circuit
Common Input Vbp
voltage range Vewen - 0.2 B 0.2 v
Input offset voltage | Vewmpor - -30 — 30 mV 1
t?;;”parat"”“dge Tewr CMPP- CMPM =40mV - - 2 us
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@® DC characteristics (LCD Driver)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. RTa;l;.g Max. Unit Mi?rsctriltng
LCN[4:0] = 00H*> | 0.89 | 0.94 | 0.99
LCN[4:0]=01H*> | 0.91 | 0.96 | 1.01
LCN[4:0] = 02H*> | 0.93 | 098 | 1.03
LCN[4:0]=03H*> | 0.95 | 1.00 | 1.05
LCN[4:0] = 04H*> | 0.97 | 1.02 | 1.07
LCN[4:0]=05H* | 0.99 | 1.04 | 1.09
LCN[4:0]=06H*> | 1.01 | 1.06 | 1.11
LCN[4:0]=07H*> | 1.03 | 1.08 | 1.13
LCN[4:0]=08H*> | 1.05 | 110 | 1.15
LCN[4:0] = 09H*> | 1.07 | 112 | 1.17
LCN[4:0] = 0AH*> | 1.09 | 1.14 | 1.19
LCN[4:0]=0BH*> | 1.11 | 1.16 | 1.21
LCN[4:0]=0CH* | 113 | 118 | 1.23
LCN[4:0]=0DH* | 115 | 120 | 1.25
LCN[4:0] = 0EH*> | 117 | 122 | 127
Vop = 3.0V, LCN[4:0] =OFH* | 119 | 124 | 1.29
Vi1 voltage Vu Tj = 25°C LCN[4:0] = 10H 121 | 126 | 1.31 v
LCN[4:0] = 11H 123 | 128 | 1.33
LCN[4:0] = 12H 125 | 130 | 1.35
LCN[4:0] = 13H 127 | 132 | 1.37
LCN[4:0] = 14H 129 | 134 | 1.39 1
LCN[4:0] = 15H 131 | 1.36 | 1.41
LCN[4:0] = 16H 133 | 1.38 | 1.43
LCN[4:0] = 17H 135 | 140 | 145
LCN[4:0] = 18H 137 | 142 | 147
LCN[4:0] = 19H 139 | 144 | 1.49
LCN[4:0] = 1AH 141 | 146 | 1.51
LCN[4:0] = 1BH 143 | 148 | 153
LCN[4:0] = 1CH 145 | 150 | 155
LCN[4:0] = 1DH 147 | 152 | 157
LCN[4:0] = 1EH 149 | 154 | 159
LCN[4:0] = 1FH 151 | 156 | 1.61
g;/itaetrigﬂ‘ff aure v, Voo = 3.0V - | -006 - | wrc
X;L;ﬁﬁi%‘zyﬂ AVi4 Voo = 1.8 to 3.6V - 5 20 | mVV
Typ. Typ.
Viz voltage Viz Voo = 3.0V, Tj = 25°C —1)68% V2 +A}LI°|D/0 v
Vi3 voltage Vi3 1M load (VisVss) _T,])g:% Viix3 IZOPA,
LCD bias voltage
generation ’tim(-,sjl Toias - - - 600 ms

*1:V/L1 can not exceed Vpp level. The maximum Vi1 becomes Vpp level when the V(1 calculated by the temperature deviation
and voltage dependency is going to exceed the Vpp level.

*2: 1/3 bias only.

20/37



LAPIS Semiconductor Co.,Ltd.

FEDL630Q464-01

ML630Q464/Q466

@® DC characteristics (VOHL, IOHL)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Ratin i
Parameter Symbol Condition Min. Typ.g Max. Unit Mi?rscl[ljri[[ng
Output voltage 1 VOH1 |OH=-1.0mA Voo _ _
( PO0-P05, P20-P23, ’ -0.5
P30-P37, P40-P47,
P50-P57,, P60-P63,
O”(t";,“; ,ohage 2 2.7V<Vpp<3.6V I0L=+50mA | - - | 06
P40, P41) VOL2
(LED mode _
iS Selected) IOL—+20mA - - 04
Output voltage 3
(P30, P31, P34, P35, )
P40, P41, P44, P45, VOL3 IOL3= +3mA (I"Cspec) _ _ 0.4
P50, I=2’51, P54, P55 ) (Vop >2V) )
(I"C mode is
selected)
Output voltage 4
( P30, P31, P34, P35,
P40, P41, P44, P45, VOL4 IOL4= +2mA(I*Cspec) B B Vob
P50, P51, P54, P55) (Vop < 2V) x0.2
(IZC mode is
selected)
1/3bias, IOH5=-0.02mA, Vis B
VOHS VL1=1.2V -0.2 B
1/3bias, IOM5=+0.02mA Vv v ?
ias, =+0.02mA, _ _ L2
VOMS VL1=1.2V +0.2
Output voltage 5 1/3bias, IOM5S=-0.02mA, Vi
(COMo~7) | VOMSS VL1=1.2V 02 | T | T
(SEG00~49)
(LCD mode is 1/3bias, IOML5=+0.02mA, _ _ Vi1
selected) VOMLS V0L1=1.2V +0.2
1/3bias, IOML5S=-0.02mA, Vi B
VOMLSS VL1=1.2V -0.2 B
1/3bias, IOL5=+0.02mA, _ _
VOL5 VL1212V 0.2
1/2bias, IOH5=-0.01mA, Vis .
VOHS V0L1=1.4V -0.3 o
1/2bias, IOM5=+0.01mA, o . Vi2
VOMS V0L1=1.4V +0.3
Output voltage 5 1/2bias, IOM5S=-0.01mA, Vi
(COMO~7) VOMSS VL1=1.4V -0.3 o -
(SEG00~49)
(LCD mode is 1/2bias, IOML5=+0.01mA, . . Vi
selected) VOMLS VL1=1.4V +0.3
1/2bias, IOML5S=-0.01mA, Vi o
VOMLSS VL1=1.4V -0.3 o
VOL5 1/2bias, IOL5=+0.01mA, . . 03

V0L1=1.4V
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Output leak 1
( POO-PO5,
P20-P23,
P30-P37,
P40-P47,
P50-P57,
P60-P63,

SWD,PUCTL )

IOOH1

VOH=Vpp (at high impedance)

+1

100L1

VOL=Vss (at high impedance)

pA
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@ DC characteristics (IIHL)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

- Rating . Measuring
Parameter Symbol Condition Min. Typ. Max Unit circuit
Input current 1 I1H1 VIH1=Vop - - 1
(RESET_N) LA VIL1=Vss 900 | -300 | -20
Input current 3 IIH3 VIH3=Vpp (at pull down) 1 15 | 200
(PO0-PO05,
P20-P23, L3 VIL3=Vss (at pull up) -200 -15 -1
P30-P37, -
P40-P47, IIH3Z th.V:]"!B V[(’jD - - 1 A 4
P50-P57, (at high impedance) u
P60-P63, IL3Z VIL3=Vss 1 _ B
SWC, SWD, BRMP) (at high impedance)
Input current 4
(P36, P37, _
P40-P47, IH4Z h,V':_“ 5.0V _ ~ .
P50-P57, (at high impedance)
P60-P63)

*1': typ.rating is Vpp=3.0V, Ta=25°C

@® DC characteristics (VIHL)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Parameter

Symbol

Condition

Rating

Min.

Typ.

Max.

Unit

Measuring
circuit

Input voltage 1
(RESET_N,
SWD, SWC,

BRMP,

VIH1

0.7
xVpp

Vbb

P00-PO5,
P20-P23,
P30-P37,
P40-P47,
P50-P57,
P60-P63 )

VIL1

0.3

xVpp

Input terminal
capacitance
(RESET_N,
SWD, SWC,
BRMP,
P00-P05,
P20-P23,
P30-P37,
P40-P47,
P50-P57,
P60-P63 )

CIN

f=10kHz
Vims=50mV
Ta=25°C

10

pF
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@ DC characteristics (USB)

(Vpp=3.0 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Rating*1 Measu
Parameter Symbol Condition . Unit ring
Min. Typ. Max. circuit
. - e Absolute value of the difference
Differential input sensitivity Vi between the DP and DM pins 0.2 - - \%
Differential common mode range Vem Includes VDI range 0.8 - 25 \Y,
Single end input threshold Vee i 08 i 20 v
voltage
. 15k W RL is connected
High level output voltage Von to GND 2.8 - - \%
Low level output voltage VoL 1.5kWRLt0o 3.6V - - 0.3 \%
Hi-Z state input/output leakage o OV <VIN<33V 10 10 UA
current
Driver output resistance Zprv Steady state 28 44 Q
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@® MEASURING CIRCUITS
MEASURING CIRCUIT1
CoL
32.768kHz |—_|_— XT0
crystal ]
I__—I_— XT1 o2
CoL o1 LT C12
Vob VbboL Vit Viz Vis Vss
AP l l l
9’* -
CVT T CL C;(CE[C;{
- T Cv “1pF
CL :2.2uF
Ca,Cb,Cc : 1pF
C12 :1uF
CoL :12pF
CDL :12pF
32.768kHz crystal oscilation:
(DT-26 from Daishinku)
MEASURING CIRCUIT 2
(*2)
VIH —> —
L I,
. w| !
| s £
|2 2|
en| |2 | @8
Ll a S 5
ViL 5 | Voo Vooo Vi1 V2 Vis Vss

I
LTIT1

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.
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MEASURING CIRCUIT 3
(*2)
VIH —> —
I N
P o
| 3 = :
! el
(*1) o 3l A
3 3|
i = T
ViL E | Voo Voo Vi Vi Vis Vss
*1: Input logic circuit to determine the specified measuring conditions.
*2: Measured at the specified output pins.
MEASURING CIRCUIT 4
(*3)
—-o0
o— | DN
- o | |
' > £ :
2 g
A - g | i
e 3|
Voo Voor Vit Viz Vi3 Vss
*3: Measured at the specified output pins.
MEASURING CIRCUIT 5
VIH —> —o
Y E
E P2
Vs 2| o)
|2 5| g
Nl 5| 3
] gl 3
| @ 3| 2
| 5
! ! =
ViL e—> Voo Voo Vi Viz Vis Vss

I
LITT]

*1: Input logic circuit to determine the specified measuring conditions.
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@ AC characteristics (USB)
(Vop=3.0 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)
Ratin i
Parameter Symbol Condition d Unit Applled
Min. Typ. Max. pin
Rise time (*1) Tr CL =50 pF 4 - 20 ns
Fall time (*1) T CL =50 pF 4 - 20 ns
Output  signal crossover Vers CL = 50 pF 08 B 25 Vv DP, DM
voltage
Data rate ToraTe Average bit rate 1197 | - 12.03 | Mbps

(12Mbps +0.25%)

*1: Tr and Tr: Rise time and fall time between 10% and 90% of the pulse amplitude, respectively
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@ AC charctoristics (synchronous serial port)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Rating
Parameter Symbol Conditon - Unit
Min. Typ. Max.
High- d oscillati
ig .spee O?CI ation 10 B B us
SCK input cycle is not active
tscve
(slave mode) . o .
High-speed oscillation is active 500 - - ns
SCK output cycl
output cycle fseve B B SCK*! B S
(master mode)
High-speed oscillation 4 s
. . - - "
SCK input pulse width is not active
tsw
(slave mode) . o .
High-speed oscillation is active 200 - - ns
SCK output pulse width ¢ tscve tscve tscve S
(master mode) W x0.4 x0.5 x0.6
SOUT output delay ti
output delay time o B B B 180 ns
(slave mode)
SOUT output delay ti
output delay time tsp B B B 80 ns
(master mode)
SIN input
Setup time tss - 50 - - ns
(slave mode)
SIN input
Setup time tss - 130 - - ns
(master mode)
SINinput
t - 50 - -
Hold time SH ns

*1': The clock period which is selected by the below registers(min:250ns@ regularly, min:500ns@P02,P22 is used)
: SOCK2-0 of serial port 0 mode register(SIOOMOD).

In case of SSIO

In case of SSIOF : SFOBR9-0 of SIOFO0 port register(SFOBRR)

SCKO0/SCKFO
("0" during transmission/reception)

SCKO/SCKFO0
("1" during transmission/reception)

SOUTO0/SOUTFO

tscve

tsw P tsw

NN

y

7

)

N
N
X

| tss

U\

SINO/SINFO

P
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@ AC characteristics (I°C Bus interface : Standard mode 100kHz)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

Rating
Parameter Symbol Condition X Unit
Min. Typ. Max.
SCL clock frequency fscL - 0 - 100 kHz
SCL hold time ¢ 4.0
(Start/restart condition) HD:STA - ' - - HS
SCL"L” level time tLow - 4.7 - - us
SCL"H” level time thicH - 4.0 - - us
SCL setup time
(restart condition) tsussTA B 4.7 - B HS
SDA setup time tsu:pat - 0.25 - - us
SDA setup time
(stop condition) tsussto - 4.0 - - HS
Bus-free time teur - 4.7 - - us

@ AC characteristics (I°C bus interface : fast mode 400kHz)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40 to +85°C, unless otherwise specified)

" Rateing )
Parameter Symbol Condition Unit
Min. Typ. Max.
SCL clock frequency fscL - 0 - 400 kHz
SCLhold time ¢ 06
(start/restart condition) HD:STA - : - - HS
SCL’L” level time tLow - 1.3 - - us
SCL"H” level time thiGH - 0.6 - - us
SCL setup time
(restart condition) tsussTA - 0.6 - - Hs
SDA setup time tsu-DAT - 0.1 - - us
SDA setup time
(stop condition) tsusto - 0.6 - - Hs
Bus-free time teur - 1.3 - - us
1: Only at the time of SYSCLK=16MHz or 24MHz
Start Restart Stop
condition condition condition
<> < > >
E [ e
on x f f L
scL A = )
< —><>
trp:sTA {LOW tricH th:STA th:sTA tsu.pat
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@ AC characteristics (RC-ADC)

(Vop=1.8 to 3.6V, Vss=0V, Ta=-40~+85°C, unless otherwise specified)

i, Rating .
Parameter Symbol Condition Min. Typ. Max. unit
. _— RS0,RS1,RTO,
Resister for oscillation RT0-1,RT1 - 1 - 400 kQ
fosci o ReS|ster=f?rk(o)smllatlon _ 528 _ KHz
Oscillation fregency
Vpp = 3.0V Resister for oscillation
CVR=820pF K =10kQ B 59 - | M
CS=560pF f Resister for oscillation _ 59 _ KHz
0SC3.0 =100kQ :
RS to RT oscillation Kf1_0 RTO, RTO-1, RT1=1kQ 8.225 8.94 9.655 -
frequency ratio o
Vpp = 3.0V Kf2_0 RTO, RTO-1, RT1=10kQ 0.99 1 1.01 -
CVR=820pF
CS=560pF Kf3_0 RTO, RTO-1, RT1=100kQ | 0.093 | 0.101 | 0109 | -
*1:Kfx is the ratio of the oscillation frequency by the sensor resistor to the oscillation frequency by the reference resistor on the same
conditions.
foscx foscx foscx
Kix = (RT0-CSO0 oscillation) (RT0-1-CS0 oscillation) (RT1-CS1 oscillation)
foscx foscx foscx
(RS0-CSO0 oscillation) ’ (RS0-CSO0 oscillation) * (RS1-CS1 oscillation)
(x=1,2,3)

Measuring circuit

CVRO

RTO, RTO-1, RT1: 1kQ/10kQ/100kQ

CVR1
RS0, RS1: 10kQ

~ L= L~ cso0,cT0, CS1: 560pF
To 2 CVRO, CVR1: 820pF

INO CSO RCTO RSO RTO INT CS1RS1 RT1
VIH o—> —
Do
5 .g_ RCM r——> Measure frequency
N i|s (foscx)
' Q
Ll E
VIL —> — Voo Voou Vss
<
= I
LT P!
(*1) Input logic circuit to determine the specified measuring conditions.
[Note]

*Please have the shortest layout for the common node (wiring patterns which are connected to the external capacitors, resistors and
INO/IN1 pin), including CVRO/CVR1. Especially, do not have long wire between INO/IN1 and RS0/RS1. The coupling capacitance on the
wires may occur incorrect A/D conversion. Also, please do not have signals which may be a source of noise around the node.

*When RTO/RT1 (Thermistor and etc.) requires long wiring due to the restricted placement, please shield the signal by Vsg(GND).
-Please make wiring to components (capacitor, resisteor and etc.) necessory for objective measurement. Wiring to reserved components
may affect to the A/D conversion operation by noise the components itself may have.
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@  AC characteristics (Low speed clock output)
(Vpp=1.8 to 3.6V, Vss=0V, Ta=-40~+85°C, unless otherwise specified)

. Rating .
Parameter Symbol Condition - Unit
Min. Typ. Max.
Clock output frequency tclk - - 32.768 - kHz
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@ Electrical Characteristics of SA-ADC

(Vpp=1.8 to 3.6V, Vss=0V, Ta=-40~+85°C, unless otherwise specified)

» Rating .
Parameter Symbol Condition - Unit
Min. Typ. Max.
Resolution n - - 12 - bit
2.7V < Vrer < 3.6V —4 — +4
. . 2.2V <Vggr < 2.7V —6 - +6
Integral non-linearity error INL
1.8V <Vger <2.2V ~10 _ +10
(using Low-speed clock)
2.7V <VRger< 3.6V -3 - +3
Differential non-linearity DNL 2.2V <Vgrer < 2.7V -5 — +5
error 1.8V < Vger < 2.2V
(using Low-speed clock) -9 - +9 LSB
2.2V <Vger< 3.6V -6 — +6
Zero-scale error Vore 1.8V < Vger < 2.2V
. -10 - +10
(using Low-speed clock)
2.2V <VRger< 3.6V -6 - +6
Full-scale error FSE 1.8V < Vger < 2.2V
. -10 - +10
(using Low-speed clock)

Input impidance RI - - - 5k Q
Reference voltage VRer - 1.8 - Vbb \
o Using High-speed clock(max. 4MHz) - 170 -
Conversion time tconv clk

Using Low-speed clock - 16 -

Measuring circuit

Reference
Voltage

VDD

10pF]

VREF

TUF—

RI < 5kQ

0

AIN

Vv
0.47pFT =
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@® Power-on and shutdown Procedures
In case of power-on or shutdown of Vpp, the procedures and constraints are shown as following.

0.9*Vpp gg——————
Voo
v 0.1"Vop _|

(Vss =0)
30mV or less A
Tror
VooL K v
""""""" (Vss = 0)
A 100mV or less

Power down/on and power on reset sequence

Note:
If Vppr level is 100mV or more over, reset the IC by RESET N pin after power-on.
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APPLICATION CIRCUIT EXAMPLE
3.3V
Voo POO/INO
c pot/cso —] F==2 CVRO
v RSO
RESET_N 7_7'; P0O3/RS0O
o T
i‘ O——  RESET_N P04/RTO
P02/RCTO
PO5/RCM |———O
C. ICLO Voou P20/IN1 o1
T p21/cs1 —] CVR1
RS1 }77
P22/RS1
.. ML630Q464/
Chirz P23/RT1
T lc.
—,_7 Ve Q466 P30/SDAFO
7_7|7___CVH Ve P31/SCLFO
7£ P32 —T
Cot |T xTo (Outewt | s-spa VoS
X scL 4
ot |—d—{ xr1 ’C EEPROM | T
32.768KHz A0 A1 A2 Vss
Xtal L$_$_7)$77
 SWC
L SWD VRer
P34 P35 Cav
C1 C2 VL1VL2VL3 /LED /LED
iajgbic
Ci
LED
Cv : TuF*
CL 1 2.2uF Cuo : open*
CoL,CoL : 12 to 16pF*
Ca~Cc s 1uF* C12 : 1uF*
CH12 1uF* CVH 1uF*
Cav s 1uF* RSO, RS1 10 KQ
CS0, Cs1 : 560 pF CVRO, CVR1 : 820 pF
RTO, RT1 : Thermistor (103AT/Semitec)
XL : DT-26, Daishinku

*: Make a decision the parameters after evaluating on user’s conditions when designing circuits for mass production.
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PACKAGE DIMENSIONS
ML630Q464/Q466 PACKAGE DIMENSIONS
, @ &
BRAARARAARARARAAARAARAAAA
=N O
s13 =
sl 8 =
g & =
E O 1.00+0.20
ERREEEE R LR RRELE: 1=
INDEX MARK ©)] ® § b
HIRROR FINISH sl 8 P
1..00TYP. 0.220.05 5 S
0. 145+0.05 - [ A
- 0.50TYP.
:
] 0.60-£0.15
L Te~TJo 08 SEATING PLANE °
LAPIS Semiconductor Co.,Ltd.
PACKAGE CODE P-TQFP100-1414-0. 50-ZK6
NOTES: PACKAGE NATERIAL EPOXY RESIN INIT m
1. LEAD WIDTH DOES NOT INGLUDE TRIN OFFSET.
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE NOLD PROTRUSION, DIEPAD SUPPORT LEAD FLANE MATERIAL Cu ALLOY DHG No. Q5169147
PROTRUSIGN AND CAYITY OFFSET BETWEEN TOP AND BOTTOM CAVITY. LEAD FINISH S 100% REVISION 1
3 I';En(s,ﬁﬂé';so:":"“g é:é"ﬁfggﬁﬁgﬂﬁ:_ THE PATRAGE PLATING THICKNESS NORE THAN 5um | 1st ISSUE | Jul/28/2014
PACKAGE MASS (g) 0.55TYP. REVISED
Figure B-1 TQFP100

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow and humidity absorbed in storage. Therefore,
before you perform reflow mounting, contact a ROHM sales office for the product name, package name, pin number,

package code and desired mounting conditions(reflow method, temperature and times).

35/37



LAPIS Semiconductor Co.,Ltd.

FEDL630Q464-01

ML630Q464/Q466
REVISION HISTORY
Document No. Date Page Description
Previous | Current
Edition Edition
FEDL630Q464-01 Oct. 26. 2016 - - Final Edition

36/37




LAPIS Semiconductor Co.,Ltd. FEDL630Q464-01

ML630Q464/Q466

Notes

D)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

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 2016 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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