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A31L123, A31L122

Ultra-Low Power Cortex-MO+ Microcontroller
Flash 64/32KB, SRAM 8KB, ADC, Comparator, LCD Driver

Features

High performance Cortex-M0+ core
64/32KB code flash memory
8KB SRAM, 32-byte backup register
Watchdog Timer
Real time clock and calendar
Five general purpose timers
— Periodic, one-shot, PWM, capture
o 12-bit ADC, 1Msps, down to 1.65V
— 16-channel inputs
o Two comparators, down to 1.65V
. External communication ports
— 1xUSART, 2xUART, 1xLPUART, 2xSC
— 2xI2C, up to 1Mbps
— 2xSPI, up to 16Mbps
. Clock monitoring function for system clock
. LCD driver for up to 8x29 segments
— 16-step contrast control
8/16/32-bit CRC unit, 128-bit unique 1D
Five DMA channels
SWD debug interface
Supports USART (UART + SPI) ISP
Ultra-low power tech

Product Selection Table

Datasheet version 1.40

— 1.65V to 3.6V Supply voltage

— 78uA/MHz in Run mode

— 12uAin Run mode (32.768kHz, 40kHz)
— 1.3uA Deep sleep + RTCC + retention
— 0.6uA Deep sleep with power control
— 8us wakeup time from all power modes
Six types of package options

— LQFP64-1010, LQFP48-0707

— LQFP32-0707, QFN32-0505

— TSSOP28, QFN24-0404

Operating temperature, -40°C to +105°C
— Commercial and Industrial grade

Applications

Smart meters, Smart card readers
Door lock, Building & Home control
loT devices, Wireless sensor networks
Portable healthcare

Portable consumer electronics, etc.

Table 1. Device Summary

Part Number Flash | SRAM USART | UART LPUART SC | I2C SPI | TIMER ADC /10 | Package
A31L123RL 64KB | 8KB 1 2 1 2 2 2 5 16¢ch 52 64LQFP-1010
A31L123CL* 64KB | 8KB 1 2 1 2 2 1 5 10ch 38 48LQFP-0707
A31L123KN* 64KB | 8KB 1 2 0 2 1 1 5 10ch 26 32LQFP-0707
A31L123KU* 64KB | 8KB 1 2 0 2 1 1 5 10ch 28 32QFN-0505
A31L123GR* 64KB | 8KB 1 1 0 1 1 1 4 9ch 24 28TSSOP
A31L123LU* 64KB | 8KB 1 1 0 0 1 1 4 9ch 20 24QFN
A31L122RL* 32KB | 8KB 1 2 1 2 2 2 5 16¢ch 52 64LQFP-1010
A31L122CL* 32KB | 8KB 1 2 1 2 2 1 5 10ch 38 48LQFP-0707
A31L122KN* 32KB | 8KB 1 2 0 2 1 1 5 10ch 26 32LQFP-0707
A31L122KU* 32KB | 8KB 1 2 0 2 1 1 5 10ch 28 32QFN-0505
A31L122GR* 32KB | 8KB 1 1 0 1 1 1 4 9ch 24 28TSSOP
A31L122LU* 32KB | 8KB 1 1 0 0 1 1 4 9ch 20 24QFN

* For available options or further information on the devices with “*”

marks, please contact the ABOV Sales Office.

Global Top Smart MCU Innovator, ABOV Semiconductor
www.abovsemi.com
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A31L12x Datasheet 1. Description

1 Description

The ultra-low power A31L12x series is a microcontroller based on ARM Cortex-M0+ core with a flash
memory of up to 64KB, and an SRAM of 8KB. Operation voltage of the device is 1.65V to 3.6V. It
provides a highly flexible and cost effective solution for many embedded control applications.

The ultra-low power A31L12x series has 16-bit timers, Real timer and calendar, 12-bit ADC,
Comparator, CRC generator, UART, USART, LPUART, 12C, SPIl, Smart card interface, LCD
driver/controller, DMA, etc. The A31L12x series also has a POR, LVR, LVI, and an internal RC
oscillator. The ultra-low power A31L12x series support sleep and deep sleep modes to reduce power
consumption. The A31L12x series is suitable for ultra-low power applications.
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1. Description

A31L12x Datasheet

1.1 Device overview
Table 2. A31L12x series features and peripheral counts
Device | A31L12x
Peripheral
CPU Cortex-M0O+
Flash ROM (Kbytes) 32/64

SRAM (bytes)

8KB, 32-byte backup register

I/O 52 programmable
Timers Watchdog timer

Real time clock and calendar

Four general purpose timers and one low power timer

— Periodic, one-shot, PWM, capture mode

LCD driver * 29 segments and 8 commons

» Duty selectable, resistor bias, and 16-step contrast control
DMA Five DMA channels, ADC/USART/UART/I2C/SPI/SCI
ADC 16-channel input, 12-bit ADC with 1Msps, down to 1.65V
Comparator * Two comparators, down to 1.65V

CRC generator

8/16/32-bit CRC generator, CRC-8/16/32, CRC-CCITT

External communication ports

1 USART (UART + SPI), 2 UARTSs, 2 SCls
1 LPUART, up to 9600bps with 32.768kHz
2 12Cs, up to 1Mbps

2 SPls, up to 16Mbps

128-bit Unique ID

Supported

System fail-safe function

Clock monitoring

Debug interface

SWD debug interface

Ultra-low power tech

* 1.65V to 3.6V supply voltage

e 78uA/MHz in Run mode

* 12uAin Run mode (32.768kHz, 40kHz)

* 1.3uA deep sleep + RTCC + SRAM retention
* 0.6uA deep sleep with power control

» 8us wakeup time from all power modes

Packages

LQFP 64-1010 (0.5mm pitch)

(
LQFP 48-0707 (0.5mm pitch)
LQFP 32-0707 (0.8mm pitch)

QFN 32-0505 (0.5mm pitch)

TSSOP 28

QFN 24-0404 (0.4mm pitch)

Operating temperature

-40°C to +85°C (commercial grade)

-40°C to +105°C (industrial grade)

10
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A31L12x Datasheet

1.2

Block diagram

Figure 1 shows a block diagram of A31L12x series.

1. Description

(7)) (%))
s = @
S o 8
o X —
A
+ Y Y
Debug Interface Boot ROM LVR le— VDD
VI Power ¢!l vss
ARM 64k-Bytes Control l«l— nRESET
Cortex-M0+ Flash Memory POR
SysTick Timer 8k-Bytes
NVIC SRAM DMA PMU
| AHB-Lite Bus |
T T i
PAO - PA9 «— Port A | | Port E > PEO - PE4
PBO - PB12 <—| Port B | | Port F > PFo-PF3
PCO-PC11 < Port C | CRC Generator
PDO - PD7 «—| Port D |
| APB Bus
28
> TXD1n
Watch-Dog Timer UART1n 4_: RXD1n
USART1n > MOSI1n
(n: 0) spitn [€T MISO1n
Wake-up Timer 1> SCK1n
[— SS1n
RTCOUT «1— RTCC UARTN > TXDn
(n:0,1) [— RXDn
T4nOUTA < i
T4nOUTB «— 16-Bit Timer 4n LPUART > LPTXD
EC4n — > (n:0,1,2,3) (Low Power) > LPDE
T4nINP —>f [¢<4— LPRXD
12Cn > SCLn
TSTEOC%}E :: 16-Bit Timer 5n (n:0,1) <> SDANn
T5nINP —> (Low Power, n: 0) -4__» oS
SPIn > MISOn
AVDD — (n:0,1) > SCKn
AVSS —» 12-Bit A/D Converter T SSn
ANO — AN15 —»| (1Msps)
ADTRG — > COMO - COM7
K—>| LCD Driver/Controller > SEGO - SEG32
CPNOUT <1 Comparator n b [« VLCo
85251 :: (n:0,1,x:0to5) H‘:}
L ] | Hirc | [ woTRre |
SCNPWR <1 t t
SCNRXD/SCNRST <> scn T élé\lUT
SCNCLK «— _ k —>
SCNTXD/SCNDATA <t»] (1ISO-7816-3,n: 0, 1) > Clock Control le— SXIN
SCniN —> , > SXOUT
] > CLKO
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Figure 1. A31L12x Series Block Diagram
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1. Description A31L12x Datasheet

1.3 Functional description
The following section provides an overview of the features of the A31L12x series microcontroller.
13.1 ARM Cortex-M0+

Cortex-MO+ processor is a very low gate count, highly energy efficient processor that is intended for
microcontroller and deeply embedded applications that require an area-optimized, low-power
processor.

On core system timer (SYSTICK) provides a simple 24-bit timer to use as a real time operating
system (RTOS) or as a simple counter. The processor implements the ARMv6-M Thumb instruction
set, including a number of 32-bit instructions that use Thumb-2 technology. Hardware single-cycle
multiplication is available.

Integrated Nested Vectored Interrupt Controller (NVIC) provides deterministic interrupt handling.
It also supports SWD debugging features.
1.3.2 Nested Vector-Interrupt Controller (NVIC)

External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts. Software can
set the priority of each interrupt. The NVIC embedded in the Cortex-M0+ processor core is capable of
low latency interrupts processing and efficient processing of late arriving interrupts.

All NVIC registers are only accessible using word transfers.
1.3.3 64KB Internal Code Flash Memory

A31L12x series has built-in 64KB code flash memory. It supports self-programming feature, and
supports ISP and JTAG programming in boot or debug mode.

134 8KB Internal SRAM
On-chip 8KB SRAM is used as a working memory space and as a program code area temporarily.
1.35 Boot Logic

A boot logic supports flash programming. The boot logic will be activated when the external boot pin
was set to boot mode.

1.3.6 System Control Unit (SCU)

An SCU block manages internal power, clock, reset and operation mode. It also controls the analog
blocks (Oscillator Block, VDC and LVR).

12 \BO\
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A31L12x Datasheet 1. Description

1.3.7 Power Management Unit (PMU)

A PMU block manages power of internal core, flash, SRAM, logic, and peripheral block in run, sleep,
and deep sleep mode. It also controls the wake-up time from sleep and deep sleep mode

1.3.8 24-bit Watchdog Timer (WDT)

A Watchdog timer monitors the system. It generates internal reset or interrupt to notice abnormal
status of the system.

1.3.9 Multi-purpose 16-bit Timer

Four-channel 16-bit timers and one-channel low power general-purposed 16-bit timers support the
functions introduced below:

e Periodic timer mode
e Counter mode
*  PWM mode
e Capture mode
1.3.10 Real time clock and calendar

A real time clock and a calendar can run in sleep and deep sleep mode. The RTCC is not reset by a
system reset except a power-on reset.

1.3.11 USART (UART and SPI)

USART supports UART and SPI mode. The A31L12x series has 1 channel USART module.
Boot mode uses this USART block to download flash program.

1.3.12 Inter-Integrated Circuit Interface (12C)

A31L12x series has two channels of 12C block and supports up to 1MHz 12C communication. Master
and slave modes are available.

1.3.13 Serial Peripheral Interface (SPI)

A31L12x series has two channels of SPI block and supports up to 16MHz communication. Master and
slave modes are available.

1.3.14 Universal Asynchronous Receiver/Transmitter (UART)

A31L12x series has two channels of UART block. For accurate baud rate control, a fractional baud-
rate generation feature is available.

\BO\ 13
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1. Description A31L12x Datasheet

1.3.15 Low Power Universal Asynchronous Receiver/Transmitter (LPUART)

A31L12x series has one channel of low power UART block. The LPUART is available up to 9600bps
with 32.768KHz sub oscillator.

1.3.16 Smartcard Interface (SC)

A31L12x series has two channels of SC blocks. The block supports UART and smartcard mode. The
block has also baud-rate compensation, receive time out data, and extra guard time registers.

1.3.17 General PORT 1I/Os

10-bit PA port, 13-bit PB port, 12-bit PC port, 8-bit PD port, 5-bit PE port, and 4-bit PF port are
available and provide multiple functions.

e General I/O port

*  External interrupt input port and on-chip input debounce filter

e  Programmable pull-up, pull-down, and open-drain selection
1.3.18 12-bit Analog-to-Digital Converter (ADC)

An ADC can convert analog signal at a conversion rate of up to 1Msps. 16-channel analog MUX
provides various combinations of data from external analog signals.

1.3.19 Comparator
A31L12x series has two comparator blocks. The block has an internal reference for channel.
1.3.20 LCD Driver/Controller

An LCD driver supports an internal resistor bias, 16-step contrast control, automatic bias control, and
various duties.

1.3.21 Cyclic Redundancy Check (CRC) Generator

A31L12x series has four polynomials for the CRC generator: CRC-CCITT, CRC-8, CRC-16, and CRC-
32.
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A31L12x Datasheet

2

Pinouts and pin descriptions

2. Pinouts and pin descriptions

In chapter 2, pinouts and pin descriptions of A31L12x series are introduced.

2.1 Pinouts

35 PB7/T420UTB/EC42/RTCOUT/MISOO/LPDE/SDA1/ADTRG/SEG5
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S Q 1]
58 « 3
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203 7r8aa580 E o
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009822535290 00s
2 02x 558 EE209 98
0p222288g35EsKEQ
8883300387 ad8maa
>>0oa0co0o0oa0c0o0oo0oaan o o
GreLITONDoORDE OB TQ
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PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK [ 49 32 [ voD
PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SSL/SEG24 [ 50 31 [ vss
PC8/SCK10/SCOCLK/LPTXD/COM4/SEG25 [ 51 30 7] PB4/T410UTB/ECA1/LPRXD/SDAL/ADTRG/SEGS
PCY/SS10/SCOPWR/LPRXD/COMS/SEG26 [ 52 29 7] PB3/T410UTA/TA1INP/SCKO/LPTXD/SCL1/ADTRG/SEGY
PC10/TXD1/SCOIN/COM6/SEG27 [ 53 28 ] PB2/TS00UT/SEG10
PC11/RXD1/LPDE/COM7/SEG28 [—] 54 27 1 PBLLPDE/AN11/RXDL/SEG11
PDO/T400UTB/EC40/SC1CLK/SCK1/CPINS/SEG29 [ 55 A31L123RL 26 [~ PBO/AN10/TXD1/SEG12
PD1/T430UTA/T43INP/SCIRXD/SCIRST/MISOL/CP1P2/SEG30 ] 56 A31L122RL 25 [ PA9/LPRXD/ANO/SEG13
PD2/EC50/T430UTB/ECA43/SC1TXD/SC1DATAIMOSIL/CP1P3/SEG31 [ 57 24 [T PABILPTXDIANS/SEG14
PD3/SCLOITXDO/SCLIN/CPLP4VLCO [ 58 (64|_QFP-1010) 23 [] PA7/T430UTB/EC43/MOSIL/AN7/CP10UT/CP1P1/SEG15
PD4/T50INP/SDAO/RXDO/SCLPWR/CP1P5 [ 59 22 7] PAGIT430UTA/TA3INPIMISO1/ANG/CPOOUT/SEG16
PD5/BOOT [ 60 21 7] PAS/T400UTA/TA0INP/SCK1/ANS/CPON2/CPIN2
PD6/SCLO/SEG32 [ 61 20 7] PA4IT43INP/SCK10/SSL/AN4/CPON1/CPINL
PD7/SS0/SDAO/COM3 [—] 62 19 ) voD
vss ] 63 @ 18 1 vss
vDD [] 64 17 ] PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/ANS/CP1PO/SEG17
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NOTES:

PDI[4:1] pins are 5V tolerant I/O. The corresponding internal resistor must be disabled by s/w to use as
5V 1/0O. To use as 5V tolerant output, an external pull-up resistor must be used by application and the
corresponding pins must be configured with open-drain output by s/w.

VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.

Figure 2. LQFP-64 Pinouts
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2. Pinouts and pin descriptions

A31L12x Datasheet

PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SS1/SEG24
PDO/T400UTB/EC40/SC1CLK/SCK1/CP1N3/SEG29
PD1/T430UTA/T43INP/SC1RXD/SC1RST/MISO1/CP1P2/SEG30
PD2/EC50/T430UTB/EC43/SC1TXD/SC1DATA/MOSI1/CP1P3/SEG31
PD3/SCLO/TXDO/SC1IN/CP1P4/VLCO
PDA4/T50INP/SDAO/RXD0/SC1PWR/CP1P5

PD5/BOOT

PD6/SCLO/SEG32

PD7/SS0/SDA0/COM3

VSS

VDD

I

o

w

@
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14

=

o

<

3
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a

o

a

©

5& 3o
o2 s W
a3 g3
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X< Q0 S50
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EEggzgiie
008 S8 umgu
D0 QX220 o
o5 gs2E2555ag
00923228 00+%8
2 poxx QS
202x3309%9%9am
D220 0ZkEE®

ananaononnnnn

~
iy

42

IS
i

36 [—] vDD
35 [ vss
34 [ pcs
33 [ Pca
32 [ Pc3
31 [ Pc2
30 [ Pc1,
29 [ Pco
28 [ PB8
27 [ PB?
26 [ PB6
25 [ PBS

A31L123CL
A31L122CL
(48LQFP-0707)

©

H N M SO~

IR

gugugouou

%)
[a] Y
>

AVD

PAO/T4A00UTA/T40INP/ANO/CPOOUT/CPONO 10
PA1/T4A00UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG19 11

AV
PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CPINO/SEG18 [] 12

PE4/RTCOU
PEO/SXI
PE1/SXOU
PE2/XI
PE3/XOU
nRESE

<
o
o

VSSs

PB4/T410UTB/EC41/LPRXD/SDA1/ADTRG/SEG8
PB3/T410UTA/T41INP/SCKO/LPTXD/SCL1/ADTRG/SEG9
PB2/TS00UT/SEG10

PB1/LPDE/AN11/RXD1/SEG11

PBO/AN10/TXD1/SEG12
PA7/T430UTB/EC43/MOSI1/AN7/CP10UT/CP1P1/SEG15
PA6/T430UTA/T43INP/MISO1/AN6/CPOOUT/SEG16
PA5/TA00UTA/T40INP/SCK1/ANS/CPON2/CP1N2
PA4/T43INP/SCK10/SS1/AN4/CPON1/CP1N1
PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/AN3/CP1PO/SEG17

NOTES:

1. The PA8-PA9, PB9-PB12, PC8-PC11 and PF0-PF3 pins should be selected as a push-pull output or
an input with pullup or pull-down resistor by software control when the 48LQFP package is used.

2. PDI4:1] pins are 5V tolerant I/0. The corresponding internal resistor must be disabled by s/w to use
as 5V I/O. To use as 5V tolerant output, an external pull-up resistor must be used by application and
the corresponding pins must be configured with open-drain output by s/w.

3. VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.

Figure 3. LQFP-48 Pinouts
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A31L12x Datasheet 2. Pinouts and pin descriptions

TXD10/MOSI10/SCOTXD/SCODATA/SWCLK

'SWDIO
MOSI1/SCOTXD/SCODATA/CP10UT
MISO1/SCORXD/SCORST/CPOOUT
RXD0/SCOCLK/COM2
'CLKO/TXDO/SCOPWR/COM1

CLKO/SCOIN/COMO

22 ] pca
21 [] pc3
20 [ pPc2
19 [ pc1
18 [ Pco
17 [ vbD

24 [ Pcé
23 [ pcs

PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SS1/SEG24 [ 25 16 ] VSs
PDO/T400UTB/EC40/SC1CLK/SCK1/CP1N3/SEG29 [ 26 15 [] PB1/LPDE/AN11/RXD1/SEG11
PD1/T430UTA/T43INP/SC1IRXD/SCIRST/MISO1/CP1P2/SEG30 [ 27 A31L123KN 14 [ PBO/AN10/TXD1/SEG12
PD2/EC50/T430UTB/EC43/SC1TXD/SC1DATA/MOSI1/CP1P3/SEG31 [ 28 13 [] PA7/T430UTB/EC43/MOSI1/AN7/CP10UT/CP1P1/SEG15
PD3/SCLO/TXDO/SC1IN/CP1P4/VLCO [ 29 A31L122KN 12 ] PAB/T430UTA/T43INP/MISO1/AN6/CPOOUT/SEG16
PD4/T50INP/SDAO/RXDO/SC1IPWR/CP1P5 [ 30 (32LQFP_0707) 11 [] PA5/T4A00UTA/T40INP/SCK1/ANS/CPON2/CP1N2
PD5/BOOT [ 31 10 [] PA4/T43INP/SCK10/SS1/AN4/CPON1/CPIN1
Vss [ 32 @ 9 [ PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/AN3/CP1PO/SEG17
N MmO~ ®

Uoutuutd

>

PEO/SXI
PE1/SXO
nRES
AV

PAO/T400UTA/T40INP/ANO/CPOOUT/CPON

PA1/T4A00UTB/ECA40/T42INP/SS10/AN1/CPOPO/SEG

PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CP1NO/SEG1

NOTES:

1. The PA8-PA9, PB2-PB12, PC8-PC11, PD6-PD7, PE2-PE4 and PF0-PF3 pins should be selected as
a push-pull output or an input with pullup or pull-down resistor by software control when the 32LQFP
package is used.

2. PDI4:1] pins are 5V tolerant I/0. The corresponding internal resistor must be disabled by s/w to use
as 5V I/O. To use as 5V tolerant output, an external pull-up resistor must be used by application and
the corresponding pins must be configured with open-drain output by s/w.

3. VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.

Figure 4. LQFP-32 Pinouts
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2. Pinouts and pin descriptions

A31L12x Datasheet

PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CP1NO/SEG18 |

SdTdO/dMJTOS/0aXH/0vAS/dNIOS L/yAd
| 0OIA/PATHO/NITOS/0AX1/010S/€Ad

| T€93S/EdTdO/TISON/VLYATIS/AXLTOS/EPO3/9.LNOEY.L/0SO03/2Ad
| 0€93S/2dTdD/TOSIN/LSHTIOS/AXHTIS/ANIEY LV LNOEY.L/TAd

| 6293S/IENTAO/THIOS/HMTIOTIOS/0rO3/9LNO0YL/0ad
.| ¥293S/TSS/LSH0OS/AXH0IS/0TOSIN/OTAXYH/dNIOYL/VLNOO0Y.L/LDd

| 2€93S/0710S/9ad
.| L0049/sad

VDD [
PEO/SXIN [
PE1/SXOUT
nRESET

A31L123KU
AVDD A31L122KU

PAO/T400UTA/T40INP/ANO/CPOOUT/CPONO 32QFN-0505)
PAL/T400UTB/ECA0/T42INP/SS10/AN1/CPOPO/SEG19 | Exposed pad(33)

evd
yvd
Svd
9vd
AL
09d
19d
2ad

VSS

ZTO3S/TAXL/0TNV/
TTO3S/TAXY/TINY/3Ad
0T9O3S/LNO0SL

TNTJO/TNOdO/VNV/TSS/OTHOS/ANIEY L
ZNTdO/ZNOdD/SNV/THIS/ANIOYL/V LNOOY L
9T93S/LNO0dD/INV/TOSIN/ANIEY L/VLNOEY L,
STO3S/TdTdO/LNOTdO/LNV/TISOW/EYOI/ALNOEY L

LT93S/0dTdO/ENY/OHLAV/0TOSIN/OTAXYE/TYO3/9LNOTY L

PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
PC5/SWDIO
PC4/MOSI1/SCOTXD/SCODATA/CP1OUT
PC3/MISO1/SCORXD/SCORST/CPOOUT
PC2/RXD0/SCOCLK/COM2
PC1/CLKO/TXD0/SCOPWR/COM1
PCO/CLKO/SCOIN/COMO

VDD

NOTES:

1. The PA8-PA9, PB3-PB12, PC8-PC11, PD7, PE2-PE4 and PF0-PF3 pins should be selected as a push-
pull output or an input with pullup or pull-down resistor by software control when the 32QFN package is
used.

2. PDI4:1] pins are 5V tolerant I/O. The corresponding internal resistor must be disabled by s/w to use as
5V 1/0O. To use as 5V tolerant output, an external pull-up resistor must be used by application and the
corresponding pins must be configured with open-drain output by s/w.

3. VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.

Figure 5. QFN-32 Pinouts
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A31L12x Datasheet

2. Pinouts and pin descriptions

PA7/T430UTB/EC43/MOSI1/AN7/CP10UT/CP1P1/SEG15
PB1/LPDE/AN11/RXD1/SEG11

PB5/SSO/LPDE/SEG7

PB6/T420UTA/T42INP/SCKO/SCL1/SEG6
PB7/T420UTB/EC42/RTCOUT/MISOO0/LPDE/SDA1/ADTRG/SEG5
PCO/CLKO/SCOIN/COMO

PC1/CLKO/TXD0/SCOPWR/COM1

PC2/RXD0/SCOCLK/COM2

PC5/SWDIO

PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SS1/SEG24
PDO0/T400UTB/EC40/SC1CLK/SCK1/CP1N3/SEG29
PD3/SCLO/TXDO/SC1IN/CP1P4/VLCO
PDA4/T50INP/SDAO/RXDO/SC1PWR/CP1P5

NOTES:

anannnannannnn

© 0N UAWN P

T
2w Nk O
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(dOSSs1-82)
dHOECTITEY
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28
27
26
25
24
23
22
21
20
19
18
17
16
15

PA6/T430UTA/T43INP/MISO1/AN6/CPOOUT/SEG16
PA5/T4A00UTA/T40INP/SCK1/AN5/CPON2/CP1N2
PA4/T43INP/SCK10/SS1/AN4/CPON1/CP1N1
PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/AN3/CP1PO/SEG17
PA2/TA10UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CP1NO/SEG18
PA1/TA00UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG19
PAO/T400UTA/T40INP/ANO/CPOOUT/CPONO

AVDD

NRESET

PE1/SXOUT

PEO/SXIN

VDD

VSS

PD5/BOOT

1. The PA8-PA9, PB0O, PB2-PB4, PB8-PB12, PC3-PC4, PC8-PC11, PD1-PD2, PD6-PD7, PE2-PE4 and
PFO-PF3 pins should be selected as a push-pull output or an input with pullup or pull-down resistor by

software control when the 28 TSSOP package is used.

2. PDI4:1] pins are 5V tolerant I/O. The corresponding internal resistor must be disabled by s/w to use as
5V 1/0. To use as 5V tolerant output, an external pull-up resistor must be used by application and the
corresponding pins must be configured with open-drain output by s/w.

3. VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as

comparator pins for alternative function.

Figure 6. TSSOP-28 Pinouts
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A31L12x Datasheet

PE1/SXOUT

nRESET

AVDD

PAO/T400UTA/T40INP/ANO/CPOOUT/CPONO
PA1/T400UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG19

PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CP1INO/SEG18 |

VSS

NOTES:

-] Nixs/o3d

aan
SSA

1009/5ad

SdTdO/dMdTIS/0aXH/0vVAS/ANIOSL/yAd
00TAIPdTdO/NITOS/0AX 1/010S/€dd

n

N
o
("

A31L123LU

Exposed pad(25)

| (24QFN-0404)

LT93S/0dTdO/ENY/DHLAV/OTOSIN/OTAXY/TYO3/9LNOTYL/EVd

TNTJO/TNODO/PNV/TSS/OTHOS/ANIEY LIV d

ZNTdO/ZNOdO/SNY/THOS/ANIOY LV LNOO0Y L/SVd
9T93S/LNO0dI/INV/TOSIN/ANIEY LIV LNOEYL/9Vd |.
STO3S/TdTdO/LNOTdI/LNV/TISON/EYDI/ALNOEYLILVd |

Y
@
2
[
o
o
ul
>
z
=
|~
x
x
O
=2
)
m
@
I
=

PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK

PC5/SWDIO

PC2/RXD0/SCOCLK/COM2

PC1/CLKO/TXD0O/SCOPWR/COM1
PB7/T420UTB/EC42/RTCOUT/MISO0/LPDE/SDA1/ADTRG/SEG5

.| PB6/T420UTA/T42INP/SCKO/SCL1/SEG6

1. The PA8-PA9, PBO, PB2-PB5, PB8-PB12, PCO, PC3-PC4, PC7-PC11, PD0-PD2, PD6-PD7, PE2-PE4
and PF0-PF3 pins should be selected as a push-pull output or an input with pullup or pull-down resistor

by software control when the 24QFN package is used.

2. PDI4:1] pins are 5V tolerant I/O. The corresponding internal resistor must be disabled by s/w to use as
5V 1/0. To use as 5V tolerant output, an external pull-up resistor must be used by application and the
corresponding pins must be configured with open-drain output by s/w.

3. VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as

comparator pins for alternative function.

Figure 7. QFN-24 Pinouts
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2.2 Pin description

2. Pinouts and pin descriptions

Table 3 shows pin configuration containing several pairs of power/ground and other dedicated pins.
Multi-function pins have up to eight selections of functions including GPIO.

Table 3. Pin Description

Pin number Pin name Type Description Remark
-]
S| S| 9|8 3|8
=
1 1 - - VDD P VDD

2 2 - - - PE4* I0UDS PORT E Bit 4 Input/Output
RTCOUT (6] Real Time Clock Output

3 3 2 18 | 24 | PEO* I0UDS PORT E Bit 0 Input/Output
SXIN 1A Sub Oscillator Input

4 4 3 3 19 (1 PE1* I0UDS PORT E Bit 1 Input/Output
SXOUT OA Sub Oscillator Output

5 5 - - - PE2* I0UDS PORT E Bit 2 Input/Output
XIN 1A Main Oscillator Input

6 6 - - - PE3* I0UDS PORT E Bit 3 Input/Output
XOUT OA Main Oscillator Output

7 7 4 4 20 | 2 nRESET Input External Reset Input Always pull-up

8 - - - - PFO* I0UDS PORT F Bit 0 Input/Output
EC50 | Timer 50 Event Count Input
AN12 1A A/D Converter Analog Input 12
SEG23 OA LCD Segment Signal Output

9 - - - - PF1* I0UDS PORT F Bit 1 Input/Output
T500UT 6] Timer 50 Pulse Output
AN13 1A A/D Converter Analog Input 13
SEG22 OA LCD Segment Signal Output

10 | - - - - PF2* I0UDS PORT F Bit 2 Input/Output
T50INP | Timer 50 Capture/Clear Input
MISO0 110 SPI Master Input, Slave Output
AN14 1A A/D Converter Analog Input 14
SEG21 OA LCD Segment Signal Output

11 - - - - PF3* I0UDS PORT F Bit 3 Input/Output
MOSIO 1/0 SPI Master Output, Slave Input
AN15 1A A/D Converter Analog Input 15
SEG20 OA LCD Segment Signal Output

12 | 8 - - - AVSS PA Analog Ground

13 | 9 5 5 21 3 AVDD PA Analog Power
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Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
3| %9 o83
El S| L 2|32
ur| ur} pur ] ) ]
14 |10 | 6 6 22 4 | PAO* IOUDS PORT A Bit 0 Input/Output
T400UTA @) Timer 40 Pulse Output
T40INP | Timer 40 Capture/Force Input
ANO 1A A/D Converter Analog Input 0
CPOOUT OA Comparator 0 Output
CPONO 1A Comparator 0 Negative Input
15 | 1 7 7 23 5 | PA1* IOUDS PORT ABit 1 Input/Output
T400UTB (6] Timer 40 Pulse Output
EC40 | Timer 40 Event Count Input
T42INP | Timer 42 Capture/Force Input
SS10 | SPI Slave Select Input
AN1 1A A/D Converter Analog Input 1
CPOPO IA Comparator 0 Positive Input
SEG19 OA LCD Segment Signal Output
16 | 12 8 8 24 6 | PA2* I0UDS PORT A Bit 2 Input/Output
T410UTA @) Timer 41 Pulse Output
T41INP [ Timer 41 Capture/Force Input
TXD10 @) UART Data Output
MOSI10 I/0 SPI Master Output, Slave Input
AN2 1A A/D Converter Analog Input 2
CP10OUT OA Comparator 1 Output
CP1NO 1A Comparator 1 Negative Input
SEG18 OA LCD Segment Signal Output
17 | 13 9 9 25 7 | PA3* IOUDS PORT ABit 3 Input/Output
T410UTB O Timer 41 Pulse Output
EC41 | Timer 41 Event Count Input
RXD10 | UART Data Input
MISO10 I/0 SPI Master Input, Slave Output
ADTRG | A/D Converter Trigger Input
AN3 IA A/D Converter Analog Input 3
CP1PO IA Comparator 1 Positive Input
SEG17 OA LCD Segment Signal Output
18 | - - - - - | VSS P Ground
19 - - - - - | vDD P Power
20 | 14 | 10 | 10 | 26 8 | PA4* IOUDS PORT A Bit 4 Input/Output
T43INP | Timer 43 Capture/Force Input
SCK10 1/0 SPI Clock Input/Output
SS1 | SPI Slave Select Input
AN4 IA A/D Converter Analog Input 4
CPON1 IA Comparator 0 Negative Input
CP1N1 IA Comparator 1 Negative Input
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Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
T %9 |83
ElES| L 2|32
a2 32| a| o ) o
21 15 | 1 1 | 27 9 | PA5* I0UDS PORT A Bit 5 Input/Output
T400UTA (0] Timer 40 Pulse Output
T40INP | Timer 40 Capture/Force Input
SCK1 110 SPI Clock Input/Output
AN5 1A A/D Converter Analog Input 5
CPON2 1A Comparator 0 Negative Input
CP1N2 1A Comparator 1 Negative Input
22 | 16 | 12 | 12 | 28 | 10 | PA6* I0UDS PORT A Bit 6 Input/Output
T430UTA (0] Timer 43 Pulse Output
T43INP | Timer 43 Capture/Force Input
MISO1 110 SPI Master Input, Slave Output
AN6 1A A/D Converter Analog Input 6
CPOOUT OA Comparator 0 Output
SEG16 OA LCD Segment Signal Output
23 | 17 | 13 | 13 1 11 | PA7* I0UDS PORT A Bit 7 Input/Output
T430UTB (0] Timer 43 Pulse Output
EC43 | Timer 43 Event Count Input
MOSI1 110 SPI Master Output, Slave Input
AN7 1A A/D Converter Analog Input 7
CP10OUT OA Comparator 1 Output
CP1P1 1A Comparator 1 Positive Input
SEG15 OA LCD Segment Signal Output
24 - - - - - PA8* I0UDS PORT A Bit 8 Input/Output
LPTXD O LPUART Data Output
AN8 1A A/D Converter Analog Input 8
SEG14 OA LCD Segment Signal Output
25 - - - - - PA9* I0UDS PORT ABit 9 Input/Output
LPRXD | LPUART Data Input
AN9 1A A/D Converter Analog Input 9
SEG13 OA LCD Segment Signal Output
26 | 18 | 14 | 14 - - PBO* I0UDS PORT B Bit 0 Input/Output
AN10 1A A/D Converter Analog Input 10
TXD1 0 UART Data Output
SEG12 OA LCD Segment Signal Output
27 | 19 | 15 | 15 2 12 | PB1* I0UDS PORT B Bit 1 Input/Output
LPDE (0] LPUART DE Signal Output
AN11 1A A/D Converter Analog Input 11
RXD1 | UART Data Input
SEG11 OA LCD Segment Signal Output
28 | 20 - 16 - - PB2* I0UDS PORT B Bit 2 Input/Output
T500UT 0] Timer 50 Pulse Output
SEG10 OA LCD Segment Signal Output
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Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
3% S g| § 3
Sl El2|Q|E
ur| ur} ur} ] ) ]
29 | 21 - - - - PB3* IOUDS PORT B Bit 3 Input/Output
T410UTA @) Timer 41 Pulse Output
T41INP | Timer 41 Capture/Force Input
SCKO0 1/0 SPI Clock Input/Output
LPTXD (6] LPUART Data Output
SCL1 1/0 12C Clock Input/Output
ADTRG [ A/D Converter Trigger Input
SEG9 OA LCD Segment Signal Output
30 | 22 - - - - PB4* IOUDS PORT B Bit 4 Input/Output
T410UTB (6] Timer 41 Pulse Output
EC41 | Timer 41 Event Count Input
LPRXD | LPUART Data Input
SDA1 I/0 12C Data Input/Output
ADTRG [ A/D Converter Trigger Input
SEG8 OA LCD Segment Signal Output
31 | 23 | 16 - 16 | 22 | VSS P Ground
32 | 24 | 17 | 17 | 17 | 23 | VDD P Power
33 | 25 - - 3 - PB5* I0UDS PORT B Bit 5 Input/Output
SS0 | SPI Slave Select Input
LPDE [¢] LPUART DE Signal Output
SEG7 OA LCD Segment Signal Output
34 | 26 - - 4 13 | PB6* IOUDS PORT B Bit 6 Input/Output
T420UTA O Timer 42 Pulse Output
T42INP | Timer 42 Capture/Force Input
SCKo I/0 SPI Clock Input/Output
SCL1 I/0 12C Clock Input/Output
SEG6 OA LCD Segment Signal Output
35 | 27 - - 5 14 | PB7* I0UDS PORT B Bit 7 Input/Output
T420UTB (6] Timer 42 Pulse Output
EC42 | Timer 42 Event Count Input
RTCOUT (6] Real Time Clock Output
MISOO0 1/0 SPI Master Input, Slave Output
LPDE [¢] LPUART DE Signal Output
SDA1 1/0 12C Data Input/Output
ADTRG | A/D Converter Trigger Input
SEG5 OA LCD Segment Signal Output
36 | 28 - - - - PB8* IO0UDS PORT B Bit 8 Input/Output
MOSIO 1/0 SPI Master Output, Slave Input
SEG4 OA LCD Segment Signal Output
37 - - - - - PB9* I0UDS PORT B Bit 9 Input/Output
T430UTA (@) Timer 43 Pulse Output
T43INP | Timer 43 Capture/Force Input
SEG3 OA LCD Segment Signal Output
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Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
3|9 |87
EEIEE &
ur| ur} pur ] ) ]
38 - - - - PB10* IOUDS PORT B Bit 10 Input/Output
T430UTB O Timer 43 Pulse Output
EC43 | Timer 43 Event Count Input
SEG2 OA LCD Segment Signal Output
39 - - - - - PB11* I0UDS PORT B Bit 11 Input/Output
T43INP | Timer 43 Capture/Force Input
SEG1 OA LCD Segment Signal Output
40 - - - - - PB12* IOUDS PORT B Bit 12 Input/Output
T42INP | Timer 42 Capture/Force Input
SEGO OA LCD Segment Signal Output
41 | 29 | 18 | 18 6 - PCO* IOUDS PORT C Bit 0 Input/Output
CLKO O System Clock Output
SCOIN [ Smartcard Detection Input
COMO OA LCD Common Signal Output
42 | 30 | 19 | 19 7 15 | PC1* IOUDS PORT C Bit 1 Input/Output
CLKO O System Clock Output
TXDO O UART Data Output
SCOPWR O Smartcard Power Control Output
COM1 OA LCD Common Signal Output
43 | 31 | 20 | 20 8 16 | PC2* IOUDS PORT C Bit 2 Input/Output
RXDO | UART Data Input
SCOCLK O Smartcard Clock Output
COM2 OA LCD Common Signal Output
44 | 32 | 21 | 21 - - PC3* IOUDS PORT C Bit 3 Input/Output
MISO1 1/0 SPI Master Input, Slave Output
SCORXD [ SCO0’s UART Data Input
SCORST (@) Smartcard Reset Output
CPOOUT OA Comparator 0 Output
45 | 33 | 22 | 22 - - PC4* IOUDS PORT C Bit 4 Input/Output
MOSI1 1/0 SPI Master Output, Slave Input
SCOTXD O SCO0’s UART Data Output
SCODATA 1/0 Smartcard Data Input/Output
CP10UT OA Comparator 1 Output
46 | 34 | 23 | 23 9 17 | PC5 IOUDS PORT C Bit 5 Input/Output
SWDIO* 1/0 SWD Data Input/Output Pull-up
47 | 35 - - - - VSS P Ground
48 | 36 - - - - VDD P VDD
49 | 37 | 24 | 24 | 10 | 18 | PC6 IOUDS PORT C Bit 6 Input/Output
TXD10 (@) UART Data Output
MOSI10 1/0 SPI Master Output, Slave Input
SCO0TXD (0] SCO0’s UART Data Output
SCODATA I/0 Smartcard Data Input/Output
SWCLK* | SWD Clock Input Pull-down
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Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
-]
5 5|5 E| 3| &
pur pur ur} (@ ]

50 | 38 | 25 | 25 | 11 - PC7* IOUDS PORT C Bit 7 Input/Output
T400UTA @) Timer 40 Pulse Output
T40INP | Timer 40 Capture/Force Input
RXD10 | UART Data Input
MISO10 1/0 SPI Master Input, Slave Output
SCORXD [ SCO0’s UART Data Input
SCORST @) Smartcard Reset Output
SS1 | SPI Slave Select Input
SEG24 OA LCD Segment Signal Output

51 - - - - - PC8* IOUDS PORT C Bit 8 Input/Output
SCK10 I/0 SPI Clock Input/Output
SCOCLK (6] Smartcard Clock Output
LPTXD ¢} LPUART Data Output
COM4 OA LCD Common Signal Output
SEG25 OA LCD Segment Signal Output

52 - - - - - PC9* I0UDS PORT C Bit 9 Input/Qutput
SS10 | SPI Slave Select Input
SCOPWR @) Smartcard Power Control Output
LPRXD | LPUART Data Input
COM5 OA LCD Common Signal Output
SEG26 OA LCD Segment Signal Output

53 - - - - - PC10* IOUDS PORT C Bit 10 Input/Output
TXD1 [¢] UART Data Output
SCOIN | Smartcard Detection Input
COM6 OA LCD Common Signal Output
SEG27 OA LCD Segment Signal Output

54 - - - - - PC11* I0UDS PORT C Bit 11 Input/Output
RXD1 | UART Data Input
LPDE (0] LPUART DE Signal Output
COM7 OA LCD Common Signal Output
SEG28 OA LCD Segment Signal Output

55 | 39 | 26 | 26 | 12 - PDO* IOUDS PORT D Bit 0 Input/Output
T400UTB (@) Timer 40 Pulse Output
EC40 | Timer 40 Event Count Input
SC1CLK O Smartcard Clock Output
SCK1 1/0 SPI Clock Input/Output
CP1N3 IA Comparator 1 Negative Input
SEG29 OA LCD Segment Signal Output
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2. Pinouts and pin descriptions

Table 3. Pin Description (continued)

Pin number Pin name Type Description Remark
3| %9 |87
Sl elg|lzl8z2
S|S| g &3 6
56 | 40 | 27 | 27 - PD1* IOUDS PORT D Bit 1 Input/Output 5V tolerant I/0
T430UTA (0] Timer 43 Pulse Output (The internal
T43INP I Timer 43 Capture/Force Input pull-up resistor
SC1RXD | SC1’s UART Data Input must be
SC1RST 0 Smartcard Reset Output disabled to
MISO1 110 SPI Master Input, Slave Output use 5V 1/0)
CP1P2 IA Comparator 1 Positive Input VDD 22.0V
SEG30 OA LCD Segment Signal Output when CP1P2,
57 | 41 | 28 | 28 - - PD2* IOUDS PORT D Bit 2 Input/Output CP1P3,
EC50 [ Timer 50 Event Count Input CP1P4, and
T430UTB @) Timer 43 Pulse Output CP1PS
EC43 [ Timer 43 Event Count Input
SC1TXD @) SC1’s UART Data OQutput
SC1DATA 1/0 Smartcard Data Input/Output
MOSI1 I/0 SPI Master Output, Slave Input
CP1P3 IA Comparator 1 Positive Input
SEG31 OA LCD Segment Signal Output
58 | 42 | 29 | 29 | 13 | 19 | PD3* IOUDS PORT D Bit 3 Input/Output
SCLO I/0 12C Clock Input/Output
TXDO (6] UART Data Output
SC1IN | Smartcard Detection Input
CP1P4 IA Comparator 1 Positive Input
VLCO IA/OA LCD Bias Voltage Input/Output
59 | 43 | 30 | 30 | 14 | 20 | PD4* IOUDS PORT D Bit 4 Input/Output
T50INP | Timer 50 Capture/Clear Input
SDAO 1/0 12C Data Input/Output
RXDO | UART Data Input
SC1PWR O Smartcard Power Control Output
CP1P5 1A Comparator 1 Positive Input
60 | 44 | 31 | 31 | 15 | 21 | PD5 IOUDS PORT D Bit 5 Input/Output
BOOT* | Boot Mode Selection Input Pull-up
61 | 45 - 32 - - PD6* IOUDS PORT D Bit 6 Input/Output
SCLO 1/0 12C Clock Input/Output
SEG32 OA LCD Segment Signal Output
62 | 46 - - - - PD7* IOUDS PORT D Bit 7 Input/Output
SS0 | SPI Slave Select Input
SDAO 1/0 12C Data Input/Output
COM3 OA LCD Common Signal Output
63 | 47 | 32 | 33 - - | Vvss P Ground
64 | 48 - - - - | vDD P VDD
NOTES:
1. *Notation: I=Input, O=Output, U=Pull-up, D=Pull-down, S=Schmitt-Trigger Input Type, C=CMOS Input
Type, A=Analog, P=Power
2. (*) Selected pin function after reset condition
3. Pin order may be changed with revision notice.
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3 System and memory overview

Main system and memory of A31L12x series consist of the followings:

. ARM® Cortex® -MO+ core

*  Five channels of DMA

* Internal SRAM

* Internal Flash memory

* AHB (Advanced High Performance Bus) and APB (Advanced Peripheral Bus)

3.1 Cortex®-MO0+ core

The Cortex-MO+ processor is the most energy-efficient ARM processor available. It builds on the very
successful Cortex-MO+ processor, retaining full instruction set and tool compatibility, while further
reducing energy consumption and increasing performance. Technical reference manual “DDI 0484C”
from ARM provides detail information of Cortex-MO+.

3.2 Interrupt controller

The Cortex-MO+ process has embedded an interrupt controller named NVIC (Nested Vector Interrupt
Controller). A31L12x has additional interrupt control block for controlling 32 interrupt sources
generated by internal peripherals.

To use interrupts from internal peripherals, both the NVIC and the interrupt control block must be
configured properly. This document describes only the peripheral interrupt controller. For more
information about NVIC inside the Cortex-MO+ processor, please refer to the technical reference
manual “ARM DDI 0484C” in ARM technical document site.

Table 4. Interrupt Vector Map

Priority Vector Address Interrupt Source
16 0x0000_0000 Stack Pointer

-15 0x0000_0004 Reset Address

14 0x0000_0008 NMI Exception

13 0x0000_000C Hard Fault Exception
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Table 4. Interrupt Vector Map (continued)

3. System and memory overview

Priority Vector Address Interrupt Source
12 0x0000_0010 Reserved

11 0x0000_0014

10 0x0000_0018

-9 0x0000_001C

-8 0x0000_0020

-7 0x0000_0024

-6 0x0000_0028

-5 0x0000_002C SVCall Exception
-4 0x0000_0030 Reserved

-3 0x0000_0034

-2 0x0000_0038 PenSV Exception
-1 0x0000_003C SysTick Exception
0 0x0000_0040 LVI Interrupt

1 0x0000_0044 WUT Interrupt

2 0x0000_0048 WDT Interrupt

3 0x0000_004C EINTO Interrupt

4 0x0000_0050 EINT1 Interrupt

5 0x0000_0054 EINT2 Interrupt

6 0x0000_0058 EINT3 Interrupt

7 0x0000_005C TIMERA4O0 Interrupt
8 0x0000_0060 TIMER41 Interrupt
9 0x0000_0064 TIMER42 Interrupt
10 0x0000_0068 12CO0 Interrupt

1 0x0000_006C USART10 Interrupt
12 0x0000_0070 SPIO Interrupt

13 0x0000_0074 SPI1 Interrupt

14 0x0000_0078 [12C1 Interrupt
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Table 4. Interrupt Vector Map (continued)

A31L12x Datasheet

Priority Vector Address Interrupt Source
15 0x0000_007C TIMERS5O Interrupt
16 0x0000_0080 SCO Interrupt

17 0x0000_0084 SC1 Interrupt

18 0x0000_0088 ADC Interrupt

19 0x0000_008C UARTO Interrupt
20 0x0000_0090 UART1 Interrupt
21 0x0000_0094 TIMER43 Interrupt
22 0x0000_0098 CMP 0/1 Interrupt
23 0x0000_009C DMACHO Interrupt
24 0x0000_00AO DMACH1 Interrupt
25 0x0000_00A4 LPUART Interrupt
26 0x0000_00A8 Reserved

27 0x0000_00AC

28 0x0000_00B0 RTCC Interrupt

29 0x0000_00B4 DMACH?2 Interrupt
30 0x0000_00B8 DMACHS Interrupt
31 0x0000_00BC DMACH4 Interrupt
3.3 Boot mode

Boot mode pins

A31L12x series has a Boot mode to program the internal flash memory. The Boot mode will be
activated by setting a BOOT pin to “Low” level at reset timing (Normal operation mode is “High” level).

The Boot mode supports either UART boot or SPI boot. For the UART boot, TXD10/RXD10 ports are

used. For the SPI boot, MOSI10/MISO10/SCK10/SS10 ports are used.

Table 5 introduces pins used in the Boot mode.
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3. System and memory overview

Table 5. Boot Mode Pin List

Block Pin Name Direction | Description

SYSTEM nRESET I Reset Input signal
BOOT/PD5 I ‘0’ to enter Boot mode

UART mode of RXD10/PA3 I UART Boot Receive Data

USART10 TXD10/PA2 ©) UART Boot Transmit Data

SPI mode of SS10/PA1 I SPI Boot Slave Input

USART10 SCK10/PA4 I SPI Boot Clock Input
MISO10/PA3 I SPI Boot Data Input with function exchange
MOSI10/PA2 ©) SPI Boot Data Output with function exchange

Boot mode connection

A user can design target boards using any of Boot mode ports — UART or SPI mode of USART10.
Examples of connection diagrams in the Boot mode are introduced in figures 6 and 7.

HOST

VDD

% 10kQ

NRESET '

BOOT '

TXD
RXD

GND

PowEr_VDD
VDD
NRESET
BOOT
A31L12x Series
RXD10
TXD10

GND

Figure 8. Connection Diagram of UART Boot
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A31L12x Datasheet

PowEr_VDD
HOST é 10kQ
VDD

VDD RESET
NRESET ' EOOT

BOOT '

SS ss10  A31L12x Series

SCK SCK10

SDO MOSI10

SDI MISO10

GND GND

Figure 9. Connection Diagram of SPI Boot
3.4 SWD debug mode and E-PGM+ connection

Connections for SWD debugger interface or E-PGM+ is described in figure 8.

E-PGM+

VDD

=

10kQ

NRESET

SWDIO

SWCLK

GND

10kQ

NRESET

SWDIO
SWCLK

VDD

A31L12x Series

GND

Figure 10. Connection between A31L12x Series and E-PGM+ using SWD Debugger Interface
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3.5
35.1

Memory map

Memory organization

Figure 9 shows addressable memory space in memory map.

3. System and memory overview

OXFFFF FFFF

0xE010 0000

Device
(Reserved)

0xEO000 0000

Private peripheral
(Cortex-MO+ internal)

0xA000 0000

External device
(Reserved)

0x6000 0000

External RAM
(Reserved)

0x4001 0000

Reserved

0x4000 0000

APB Peripheral

0x3001 0000

Reserved

0x3000 0000

AHB Peripheral

Chip Configuration

Reserved

DMA Channels

LPUART

SPI Blocks

Comparators

1ISO-7816-3 Blocks

RTCC

LVI/LVR

LCD Driver/Controller

12C Blocks

UART Blocks

USART Blocks

ADC

Timers

Flash Memory Controller

Watch-dog Timer

PMU

0x4000 FO00

0x4000 5E00
0x4000 5D00
0x4000 5C00
0x4000 5800
0x4000 5600
0x4000 5300
0x4000 5200
0x4000 5100
0x4000 5000
0x4000 4800
0x4000 4000
0x4000 3800
0x4000 3000
0x4000 2000
0x4000 1B0O
0x4000 1A00
0x4000 1900

Reserved Clock Generator 0x4000 1800
0x2000 2000 Interrupt 0x4000 1000
SRAM
0x2000 0000 (8 Kbytes) Reserved
OXLFFF FO00 Configure Option 0x4000 0000
Reserved
0x1800 1000
Boot ROM
0x1800 0000 (4 Kbytes) Reserved
Reserved
0x1001 0000 —— 0x3000 1100
ash memory
CRC
0x1000 0000 (64 Kbytes) 0x3000 1000
Re-Map Area GPIO
0x0000 00oo | (Pefault: Flash Memory) 0x3000 0000
Figure 11. Main Memory Map
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3.5.2 Internal SRAM

A31L12x series has a block of 0-wait on-chip SRAM. Its size is 8KB, and its base address is
0x2000_0000. The SRAM’s memory area is mainly for data memory and stack memory. It is possible
to locate code area in the SRAM memory for fast operation or for flash erase or program operation for
self-program.

This device does not support memory remapping. So jump and return is required to process the code
in SRAM memory area.

3.53 Flash memory
A31L12x series has an internal flash memory as shown in the followings:
e 64 or 32KB Flash code memory
e 32-bit read data bus width
* 128-byte page size
* Page erase and bulk erase available
e  128-byte unit program

Table 6. Internal Flash Memory Specification

Item Description
Size 64KB

Start address 0x1000_0000
End address 0x1000_FFFF
Page size 128-byte

Total page count 512 pages
PGM unit 128-byte

Erase unit 128-byte or bulk
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3. System and memory overview

Page
Address

Ox1FFF F600

Configure Option Page 3

Ox1FFF F400

Configure Option Page 2

Ox1FFF F200

Configure Option Page 1

Ox1FFF FOO00

Configure Option Page 0

0x1000 FF80

Page 511

0x1000 F980

Page 510
|
|

|
Page 499

0x1000 F900

Page 498

0x1000 F880

Page 497

0x1000 F800

Page 496

0x1000 OF80

Page 31

0x1000 0980

Page 30
|

|
Page 19

0x1000 0900

Page 18

0x1000 0880

Page 17

0x1000 0800

Page 16

0x1000 0780

Page 15

0x1000 0180

Page 14
|

|
Page 3

0x1000 0100

Page 2

0x1000 0080

Page 1

0x1000 0000

Page 0

—
128bytes

Accessed by
32-bits word only

NOTES:

1. If any instruction other than 32-bit is used to write data to the buffer, wrong data will be written.

4—%—?

Flash Page Buffer
(128bytes)

l

FMC_ADR
FMC_IDR1/2
FMC_CR

Flash Controller

2. Each configure option page0/1/2/3 has 128bytes respectively.

Ox1FFF FO00

N

Sector 31
2048-bytes

0x1000 F800 .~
}
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

N

Sector 1
2048-bytes

0x1000 0800 <

Sector 0
2048-bytes
0x1000 0000 .~
0x4000 1C7F Page
Buffer
Address

0x4000 1C00

Figure 12. Internal Flash Memory Block Diagram
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3.5.4 Configure option area

Configuration option area of A31L12x series is used for system related trimming values, user option,
and user data. The configure option area consists of four pages in the flash memory, which can be
erased and written by the flash memory controller. This area can be read by any instruction.

The four pages of the configuration option area are listed in the followings:
e Page 0: System related trimming values and 128-bit unique device ID registers

e Page 1. User option for read protection, watchdog timer, and LVR voltage level
configurations

* Page 2: User data 0 area

* Page 3: User data 1 area

Ox1EEE E600 Configure Option Page 3(128bytes)

Ox1FFF F400
Ox1FFF F200
Ox1FFF FOOO

Configure Option Page 2(128bytes)

Configure Option Page 1(128bytes)

Configure Option Page 0(128bytes)

Figure 13. Configure Option Area Structure

Confiquration option page

Base address of the configuration option area ranges from 0x1FFF_F000 to Ox1FFF_F600. The area
map is shown in Table 7.
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Table 7. Configuration Option Area Map

Page NAME ADDRESS DESCRIPTION
0 - Ox1FFF_FO000 to Ox1FFF_FO4F System Trimming Values
Ox1FFF_FO060 to Ox1FFF_FO7F
CONF_MF1CNFIG Ox1FFF_F050 Manufacture Information 1 for
128-bit unique ID
CONF_MF2CNFIG Ox1FFF_F054 Manufacture Information 2 for
128-bit unique ID
CONF_MF3CNFIG Ox1FFF_F058 Manufacture Information 3 for
128-bit unique ID
CONF_MFACNFIG Ox1FFF_F05C Manufacture Information 4 for
128-bit unique ID
1 CONF_RPCNFIG Ox1FFF_F200 Configuration for Read
Protection
CONF_WDTCNFIG Ox1FFF_F20C Configuration for Watch-Dog
Timer
CONF_LVRCNFIG Ox1FFF_F210 Configuration for Low Voltage
Reset
CONF_CNFIGWTP1 | Ox1FFF_F214 Erase/Write  Protection  for
Configure Option Page 1/2/3
CONF_FMWTP1 Ox1FFF_F240 Erase/Write  Protection  for
Flash Memory
2 - Ox1FFF_F400 to Ox1FFF_F47F User Data Area 0
3 - 0x1FFF_F600 to Ox1FFF_F67F User Data Area 1
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4 SCU (System Control Unit)

A31L12x series has a built-in intelligent power control block, which manages analog blocks and
operating modes. Internal reset and clock signals are controlled by SCU block to maintain optimized
system performance and power dissipation.

4.1 SCU block diagram
Figure 14 shows the SCU block diagram.

APB BUS > SCU Ly ScU
MODE CONTROL [«
A 4
R scu » HCLK
| CLOCK GEN > PCLK
> SLEEP
RESET <
INTERRUPT < WAKE UP  |————— Wakeup
l Source
»[  VDC/LVR VDC/LVR
INTERRUPT ¢ IntOSC CONTROL IntOSC
Figure 14. SCU Block Diagram
4.2 Clock system

A31L12x series has two main operating clocks. One is HCLK, which supplies the clock to the CPU
and AHB bus system. The other one is PCLK, which supplies the clock to the peripheral systems.

Users can control the clock system variation by software. Figure 15 shows the clock system of
A31L12x series and Table 8 shows the descriptions for clock sources.
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Cortex MO
HIRCSEL[1:0] HCLK AHB Bus
2& ~ Memory
mee MCLKSEL[1:0] FCLK
Divider 3 )
1(2°,,, 2 2 > (0. 25 > SysTick
>\
XMOSC 00— || MCLK | Divider 0 .| Divider1 [ PCLK = APB Bus
XSOSC O—>» @, 2% @, 2% Peripherals
WDTRC »
SV
U —>» WDT
PCLK —> x
B
Divider 2 M~
> (26 210) > M
XSOSC—» | L——» RTCC
Low level — X
/
» M)
XSOSC—>» UL | CD Driver
| X
PCLK —| )
» M
U ——» Timer 50
HIRC —>
XSOsC
/
D
PCLK —» U ———>» LPUART
HIRC —» X
| 2
CLKOS[2:0]
Y
» M Divider 4
HIRC —>» U 20 o7 ——{0 CLKO
HCLK  —> X (20 2)
PCLK —

Figure 15. Clock Source Configuration

Each mux to switch clock source has a glitch-free circuit. So a clock can be switched without glitch
risks. When you change the clock mux control, be sure both clock sources are alive. If either is not
alive, clock change operation stops and system will shut down and not recover.
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Table 8. Clock Sources

Clock name Mnemonic | Frequency Description
Main OSC XMOSC ¢ X-TAL (2MHz to 16MHz) » External Main Crystal OSC

e External Clock (2MHz to | * External Main Clock

32MHz)

Sub OSC XSOSC X-TAL (32.768kHz) External Sub Crystal OSC
Internal RC | HIRC 2MHz to 32MHz High Frequency Internal RC OSC
0SsC
WDT RC OSC | WDTRC 40kHz Watchdog Timer RC OSC
42.1 HCLK clock domain

HCLK clock feeds the clock to the CPU and AHB bus. Cortex-M0O+ CPU requires 2 clocks, FCLK and
HCLK. FCLK is a free running clock and is always running except during power down mode. HCLK
can be stopped during sleep mode.

The HCLK clock operates the BUS system and memory systems. Max BUS operating clock speed is
32MHz. HCLK frequency should be limited to a frequency of 32MHz or lower.

4.2.2 Miscellaneous clock domain

Various clock sources are required for each functional block. The SCU provides clock source
selectivity with dedicated pre-scaler for each functional block. The clock selection mux does not
support glitch-free function, so the clock is unpredictable during clock selection. Figure 14 shows the
configurations for miscellaneous clocks.

HCLK ) PCLK
— D'f“ce': ——»! SysTick Timer Clock ——p Y
Zw.2) ‘ WDTRC
A i —_—M
—— SCDIVR2 SYSTDIV[1:0} WRe U o[ Timer 50 Ciock
WDTRC X
—Na ] XSOSC
PCLK ) L—b{ Watch-dog Timer Clock —"/
— X% L PPCLKSR. TS50CLK[1:0)
PPCLKSR.WDTCLK POLK
—
WDTRC HIRC |M
XSOSC M u o[ LPUART Clock |
U Real Time Clock | XSOSC | X
MCLK Divider X »
2%, 2% ™ LPPL‘LKS.R LPUTCLK[1:0)
t PPCLKSR RTCCLK[1:0]
SCDIVR1.WLDIV[2.0)] HCLK Divider .
) N (2,,'2_- 2 29 2 210y »—-D( Port Debounce 1
WODTRC
XSOSC Ml L DBecr DBCLK([2.0]
U | LCD Driver Clock |
MCLK o Divicer > X
((2-’....2”' L
_—T__ PPCLKSR LCDCLK[1:0]
SCDIVR1 WLDIV[2:0]

Figure 16. Miscellaneous Clock Configuration
423 PCLK clock domain

PCLK is the master clock for all the peripherals except for the CRC generator and ports. It can shut
down during power down mode. Each peripheral clock is generated by SCU _PPCLKEN1 and
SCU_PPCLKEN?2? register set. Figure 13 illustrates the PCLK clock distributions. The peripherals are
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not accessible even by reading its registers until each PCLK clock of each block is enabled.
4.2.4 Clock configuration procedure

After power on the device, a default system clock is generated by HIRC (2MHz) clock. The HIRC is
enabled by default during power up sequence. Other clock sources are enabled by user controls and
configuration options with a system clock.

XMOSC and XSOSC clocks are enabled by XMOSCEN and XSOSCEN bits of SCU_CLKSRCR
register respectively. Before enabling XMOSC and XSOSC blocks, the pin mux configuration should
be set for XIN/XOUT and SXIN/SXOUT functions. PE2/PE3 and PEO/PE1 pins are shared by
XMOSC’s XIN/XOUT function and XSOSC’s SXIN/SXOUT function — PE_MOD and PE_AFSR1
registers should be configured properly.

After enabling the XMOSC and XSOSC blocks, a user can check stability of crystal oscillation through
a clock monitoring control register, SCU_CMONCR. It takes more than 1ms to ensure stable crystal
oscillation before changing the system clock.
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Figure 17 shows an example flow chart to configure the system clock to XMOSC and XSOSC clock.

Pawer up
MCLK == HIRC({2MHz)
(default set)

Y

Power up
MCLK == HIRC({2MHz)
{default set)

v

Set XMOSC
PE_AFSR1[15:8] «— XINXOUT
PE_MOD[7.4] — Alternative

CLKSRCR.XMOSCEN = 1

Set X80SC
PE_AFSR1[7:0] — SXIN/SXOUT
PE_MOD[3:0] «— Alternative

CLKSRCR.XSOSCEN =1

h 4

¥

Set Clock Monitoring
CMONCR = 0x0E
(XMOSC, Clear Flags)

CMOMNCR.MONEN = 1

Set Clock Monitaring
CMONCR = 0x0F
(XSOSC, Clear Flags)

CMONCR.MONEN = 1

[

Y

Check MONFLAG
bitin CMONCR

I

Y

Check MONFLAG
bit in CMONCR

Wait 5msec for XMOSC crystal
ascillation stabilizing

Wait 100msec for XSOSC
crystal oscillation stabilizing

Y

v

Change MCLK
from HIRC to XMOSC
in SCCR
(MCLK == XMOSC)

Change MCLK
from HIRC to XSOSC
in SCCR
(MCLK == XS0SC)

Y

A

CLKSRCR.HIRCEN =0
To disable HIRC

CLKSRCR.HIRCEN =0
To disable HIRC

Y

G

Y

G

Figure 17. Clock Configuration Procedure

4.3 Reset

A31L12x series has two system resets. One is the cold reset by POR, which is effective during power
up or down sequence. The other is the warm reset, generated by several reset sources. The reset

event makes the device to turn back to its initial state.

The cold reset has only one reset source, which is POR, while the warm reset has several reset

sources as shown below:

e nRESET pin

e WDT reset
* LVRreset
e MON reset
e S/Wreset

e CPU request reset

42
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4.3.1 Cold reset

The cold reset is one of important feature of the A31L12x series when it powers up. This characteristic
will globally affect the system boot.

Internal VDC is enabled when VDD power is turned on. Internal VDD level slope follows the External
VDD power slope. Internal POR trigger level is at 1.1V of the internal VDC voltage. At this time, boot
operation begins.

Internal RC clock turns on and counts 4ms for internal VDC level to stabilize. At this time, external
VDD voltage level should be bigger than initial LVR level (1.50V). After 4ms of counting, the CPU
reset is released and operation begins.

Figure 18 shows waveform of power up sequence and internal reset.

Voltage
A
3V VDD
LVR = 1.50V
VDD13=1.3V vDD13
POR(R)=1.1V // AN
POR(F)=1.0V
Time
Internal RESETB
4ms 4ms
Time

Figure 18. Power-up POR Sequence

A register SCU_RSTSSR shows the POR reset status. The last reset comes from the POR.
SCU_RSTSSR.PORSTA is set to ‘“1’. After power on, this bit is always ‘1’ if the bit is not cleared by
S/W. If abnormal internal voltage drop is detected during normal operation, the system will be reset
and this bit also will be set to ‘1°.
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When the cold reset is applied, the entire device returns to its initial state.
4.3.2 Warm reset

The warm reset event has several reset sources and some parts of the device return to their initial
states when the warm reset takes place.

The warm reset status appears in a register SCU_RSTSSR. A reset for each peripheral block is
controlled by a register SCU_PPRST. The reset can be masked independently.

Cold Reset

VDDEXT J VvDC - POR —» LVR 1.50V L >

LVR

> (EXCEPT 1.50V)

SW RESET REQUEST

nRESET [] PIN RESET DETECTOR

Warm Reset

WDT RESET REQUEST

CMO PORESETNn

SYSRESETn

CMo
SYSRESETn

» SYSRESETn

b PORT ARESETn
PPRST1[0]
b PORT B RESETn
PPRST1[1]
L
P }—» PORT C RESETn
PPRST1[2]
b PORT D RESETn
PPRST1[3]
¢ PORT E RESETn
PPRST1[4]
‘ PORT F RESETn
PPRST1[5]
¢ TIMER40 RESETn
PPRST1[22)
¢ TIMER41 RESETn
PPRST1[23]
‘ TIMER42 RESETn
PPRST1[24]
¢ TIMER43 RESETn
PPRST1[25]

TIMERS50 RESETn
PPRST1(30]

q
USART10 RESET!
PPRST2[0] :1 > "
b UARTO RESETn
PPRST2[2]
b UART1 RESETn
PPRST2[3]
}—» 120 RESET
PPRST2[6] n

b 12C1 RESETn
PPRST2[7]
q
AIDC RESET,
PPRST2[10] "
q
p }—» RTCC RESET
PPRST2[11] "
b CRC RESETn
PPRST2[12]
b LCD RESETn
PPRST2[13]
L LPUART RESETn
PPRST2[15]
b LVIRESETn
PPRST2[18]
b FMC RESETn
PPRST2[19]
L SPI0 RESETn
PPRST2[20]
q
SPI1 RESET!
PPRST2[21] :1 > n
e SCO RESETn
PPRST2[24]
b SC1 RESETn
PPRST2[25]
q
CMPO RESET
PPRST2[27] n
q
p }—» CMPLRESET
PPRST2[28] n
DMA RESETn
PPRST2[31] :1 )

Figure 19. Reset Configuration
4.3.3 LVR reset

The LVR voltage level is set by a low voltage reset configuration register (CONF_LVRCNFIG) in the
configuration option page 1.

LVR reset status appears in a register SCU_RSTSSR. The reset for LVR is controlled by a register
SCU_LVRCR. The register is cleared to “0x00” on POR reset.
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Voltage
A

VDD
On LVR Level: 2.05V \ \ /
AN

LVR(R)=2.09V

LVR(F)=2.05V
1.65V /
i i »
LVR Reset ﬂ)l LVR Reset doesn’t occur at this point Time

Figure 20. LVR Reset Timing Diagram

4.4 Operation mode

INIT mode is the initial state of the device when reset. At RUN mode, the chip runs at its max CPU
performance with a high-speed clock system. At SLEEP and DEEP SLEEP mode, the chip runs at a
low power consumption mode. The system saves power by halting the processor core and unused
peripherals.

Figure 21 shows the operation mode transition diagram.

POWER-ON
RESET INIT
/// 1 \\x
S \\
/’( N\
.l//, \\\

RESET .  RESET
EVENT / “. EVENT
/ MCU RESET N\

/" INITIALIZATION EVENT \

/ N\

// b
WAKE-UP WAKE-UP

EVENT T EVENT
SLEEP > ( RUN >
WFI T~ WFI
SLEEPDEEP =0 SLEEPDEEP = 1

Figure 21. Operating Mode
44.1 Run mode

This mode is to operate CPU core and peripheral hardware with a high-speed clock. The device
enters in the INIT state after reset, and then enters in the RUN mode.

4.4.2 Sleep mode

The device stops only CPU in this mode. Each peripheral function turns on by a function enable bit
and a clock enable bit of the register SCU_PPCLKEN.

4.4.3 Deep sleep mode

The device stops not only CPU but also a selected system clock (MCLK) in this mode. RTCC with sub
clock and watchdog timer with WDTRC still operate in this mode.
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4.5 Pins for SCU

Table 9. Pins and External Signals for SCU
PIN NAME TYPE DESCRIPTION
nRESET I External Reset Input
XIN/XOUT 0osC External Crystal Oscillator for Main Clock
SXIN/SXOUT oscC External Crystal Oscillator for Sub Clock
CLKO @) Clock Output Monitoring Signal
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5 PMU

A31L12x series has a built-in PMU (Power Management Unit), which manages the internal power
supply of system control and peripheral parts and a wake-up time from sleep and deep sleep modes.
This PMU has 32-bytes backup registers to retain data during deep sleep mode with power shut-off of
system and peripherals except always-on region.

5.1 PMU block diagram
uARY, usaRT, Tiomis | | rrasm oM CRe sRAw cone
Pf\lL.l_P‘ﬂ.'Rt:R.,-\I.LP'J\'R_.q E _q E _q E —d[ -41 E
Newreid i
(]
g
<
VDD | VDC =2
:
BMU | | \DTHiRG, WoTRG. merrupt | [ LoD, arme, Teo. xmosc. xsosc | | 67
Always-On Region
NOTE: The 6 “NOP Instruction” should follow immediately after WFI or WFE Instruction’.

Figure 22. PMU Block Diagram
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6 PCU and GPIO

PCU (Port Control Unit) configures and controls external 1/0Os as shown below:
* It configures direction of an external signal of each pin.
e It sets Interrupt trigger mode for each pin.
e The PCU sets internal pull-up/down register control and open drain control.

Most pins, except for dedicated function pins, can be used as GPIO (General Purpose 1/0) ports.
GPIO block controls the GPIO as shown below:

e Output signal level (H/L) select
e External interrupt interface

¢ Pull-up/down enable or disable

6.1 PCU and GPIO block diagrams

AHB BUS o _’ PORT CONTROL ﬁ

—>) PA/PB/PC
Function 1/Os >FUNCTION MUX [ PD/PE/PF 4——)| rOorTs

INTERRUPT | I
CONTROL

(Note)

—)
NVIC ey

NOTE: Refer to the Chapter 3.2 Interrupt Controller.

Figure 23. PCU Block Diagram

GPIO Port
Pn_MOD =
——J( Pn_BSR/BCR
DOUT[31:0]4 P Pn_OUTDR P
pcu =P PINs
DIN[31:0] 4 Pn_INDR |4

Figure 24. GPIO Block Diagram
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6.2 I/O port block diagram
VDD
Pull-up P-ch
oy Lo AR

o)
o)
o!
T
Q
=

Output Data
1/0 Pin

Output Enable
Alternative Function
Control

Pull-down
Control — L N-eh

Analog Input <€

Digital Input 4—2?)232?% —Q{l——‘
>

Figure 25. 1/0 Port Block Diagram (General Purpose 1/O Pins)

VDD
Pull-up
P-ch
— Control —
Open-drain Enable VDD
Output Data '-. d[ P-ch
® [ vo Pin

Output Enable D°_| N-ch
Alternative Function
Control Pull-down

Control —L N-eh

Digital Input <€—— oePounce _@l_

Control

Analog Input <€ &g

Figure 26. I/0 Port Block Diagram (5V Tolerant I/O pins)
6.3 Pin multiplexing

GPIO pins support alternative functions. Table 10 shows pin multiplexing information.
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Table 10. GPIO Alternative Functions

PORT PIN FUNCTION
AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA 0 T400UTA T40INP - - ANO CPONO CPOOUT | -
1 T400UTB EC40 T42INP SS10 AN1 CPOPO - SEG19
2 T410UTA T41INP TXD10 MOSI10 AN2 CP1NO CP10OUT | SEG18
3 T410UTB EC41 RXD10 MISO10 AN3 CP1PO ADTRG SEG17
4 - T43INP SS1 SCK10 AN4 CPON1 CPIN1 -
5 T400UTA T40INP - SCK1 AN5 CPON2 CP1N2 -
6 T430UTA T43INP - MISO1 ANG6 - CPOOUT | SEG16
7 T430UTB EC43 - MOSI1 AN7 CP1P1 CP10OUT | SEG15
8 - - LPTXD - ANS8 - - SEG14
9 - - LPRXD - AN9 - - SEG13
PB 0 - - TXD1 - AN10 - - SEG12
1 - - RXD1 - AN11 LPDE - SEG11
2 T500UT - - - - - - SEG10
3 T410UTA TA1INP LPTXD SCKO SCL1 - ADTRG SEG9
4 T410UTB EC41 LPRXD - SDA1l - ADTRG SEG8
5 - - - SSO - LPDE - SEG7
6 T420UTA TA2INP - SCKO SCL1 - - SEG6
7 T420UTB EC42 RTCOUT MISOO0 SDA1l LPDE ADTRG SEG5
8 - - - MOSIO - - - SEG4
9 T430UTA T43INP - - - - - SEG3
10 T430UTB EC43 - - - - - SEG2
11 T43INP - - - - - - SEG1
12 T42INP - - - - - - SEGO
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Table 10. GPIO Alternative Functions (continued)

PORT PIN FUNCTION
AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PC 0 CLKO - - - SCOIN - - COMO
1 CLKO - TXDO - SCOPWR - - COM1
2 - - RXDO - SCOCLK - - COoM2
3 - - - MISO1 SCORST SCORXD CPOOUT | -
4 - - - MOSI1 SCODATA | SCOTXD CP1OUT | -
5 SWDIO - - - - - - -
6 SWCLK - TXD10 MOSI10 SCODATA | SCOTXD - -
7 T400UTA T40INP RXD10 MISO10 SCORST SCORXD SS1 SEG24
8 - - LPTXD SCK10 SCOCLK - - COom4/
SEG25
9 - - LPRXD SS10 SCOPWR - - COM5/
SEG26
10 - - TXD1 - SCOIN - - COMe6/
SEG27
1 - - RXD1 - - LPDE - com7/
SEG28
PD 0 T400UTB EC40 - SCK1 SCI1CLK CPIN3 - SEG29
1 T430UTA TA3INP - MISO1 SC1RST SC1RXD CP1P2 SEG30
2 T430UTB EC43 EC50 MOSI1 SC1DATA | SC1TXD CP1P3 SEG31
3 - - TXDO - SCI1IN SCLO CP1P4 VLCO
4 - T50INP RXDO - SC1PWR SDAO CP1P5 -
5 BOOT - - - - - - -
6 - - - - SCLO - - SEG32
7 - - - SSO SDAO - - COM3
PE 0 SXIN - - - - - - -
1 SXOUT - - - - - - -
2 XIN - - - - - - -
3 XOouT - - - - - - -
4 RTCOUT - - - - - - -
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Table 10. GPIO Alternative Functions (continued)

PORT PIN FUNCTION
AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PF 0 - EC50 - AN12 - - SEG23
1 T500UT - - - AN13 - - SEG22
- T50INP - MISO0 AN14 - - SEG21
3 - - - MOSIO AN15 - - SEG20
NOTES:

1. The PC8 — PC11 are automatically configured as common or segment signal according to the duty of
the LCD control register when the pins are selected as alternative functions for common/segment.

2.  The SWCLK and SWDIO pins shouldn’t be changed as other alternative functions by software during
the pins are connected with debugger host.

3. The VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.
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7 WDT

WDT (Watchdog Timer) rapidly detects CPU malfunctions such as endless loops caused by noise and
recovers the CPU to the normal state. WDT signal for malfunction detection can be used as either a
CPU reset or an interrupt request.

When the WDT is not being used for malfunction detection, it can be used as a timer to generate
interrupts at fixed intervals. When WDT_CNT value reaches WDT_WINDR value, a watchdog
interrupt can be generated. The underflow time of the WDT can be set by WDT_DR. If an underflow
occurs, an internal reset may be generated. The WDT operates at 40KHz which is the embedded RC
oscillator’s clock.

The WDT operations are listed in the followings:
e 24-bit down counter (WDT_CNT)
*  Select reset or periodic interrupt
*  Count clock selection
¢ Watchdog overflow output signal

¢ Includes Counter Window function

7.1 WDT block diagram
WDT_DR
(24-bit Data)
WDTCLK of SCU_PPCLKSR Register
WCLKMF of Configuration Reload

= Write Signal to WDT_CNTR

i [fwora__y) UNFIEN
L

WDTRC ] fwor/16 |
PCIK i | fwor/ea WDT_CNT &—» UNFIFLAG —I_D—>WDT interrupt
- > (24-bit Down Counter) | Underflow

fwpT/256 o
Ll

WINMIEN
L Match detector
'_:!>—> WINMIFLAG WDT interrupt
»

Underflow

CLKDIV[1:0]

CNTEN[5:0] —&

WCNTMF of Configuration

Magnitude comparison

WDT Reset
If counter > data, 1

WDT_WINDR Write Signal to WDT_CNTR
(24-bit Window Data)

RSTENJ[5:0]

WRSTMF of Configuration

NOTE: When a reload signal is generated, the WDT_DR value is reloaded to WDT_CNT register, after 1-
clock delay, with the clock selected by the CLKDIV bits.

Figure 27. WDT Block Diagram
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8. RTCC A31L12x Datasheet

8 RTCC

RTCC (Real Timer Clock and Calendar) has a function for RTC (Real Time Clock) and calendar
operations. Internal structure of the RTCC is implemented with the clock source select circuit,
second/minute/hour/day/week/month/year counter circuits, alarm circuit, output select circuit, and
error correction circuit.

The RTCC is an independent BCD counter. The RTCC circuitry and the related control bits are not
reset by a system reset other than POR.

Main operations of the RTCC are introduced in the following list:
e Calendar with 0.5 seconds, seconds, minutes, hours, day, week, month, and year up to 2099
*  Time error correction function
¢ Alarm function with interrupt
e Wake-up possible from deep sleep mode
8.1 RTCC block diagram
Figure 28 shows a block diagram of the RTCC block.

HS24 RTIN[2:0]

v s
Alarm Week Alarm Hour Alarm Minute 1 month »
Register Register Register 1 day ALIEN ——» B RTCC Inerrupts
M

1:?:"‘5 > u
inui M
1 sec Interrupt Generator (. Al IFLAG
Match 0.5 sec
05sec ) —» RTIFLAG
ALEN
Match

1sec RTO1

M

u RTCOUT
RTO32K |

RTWST

OUTSEL
RTWAIT 5
i Divided MCLK
——
M
U
X

1 day
5 sec

1 month
1 minute

HS24
Week
Counter ¢

Day Hour
Counter Counter

0.

- _XSOSC
Second Wait Sub-counter <
Counter Control (16-bit)

Minute
Counter

Month
Counter

T 1year

Year
Counter

WDTRC

RTEN
2

Time Error Correction

Internal bus line S

NOTE: Time in the block diagram is based on 32.768 kHz.

Figure 28. RTCC Block Diagram
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9 Timer counter 40/41/42/43 and Timer counter 50
9.1 Timer counter 40/41/42/43

Each of Timer counter 40/41/42/43 is a 16-bit general purpose timer with two outputs. It has an
independent 16-bit counter and a dedicated prescaler that feeds counting clock. It supports periodic
timer, PWM pulse, one-shot and capture mode.

Main purpose of this timer is to work as a periodical tick timer or to provide a wake-up source. The
operations of Timer counter 40/41/42/43 are listed in the followings:

e 12-bit prescaler and 16-bit up-counter
* Interval timer, One-shot timer, Back-to-back, and Capture mode
e Counter sharing function to connect each other
e Synchronous start and clear function
9.1.1 Timer counter 40/41/42/43 block diagram

Figure 29 shows the block diagram of a timer block unit.
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TNREN ——
UPDT[L:0] —2
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; A 4
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(16-bit Period Data Register), Generator Capture Signal —p| Interrupt Generator
A A Force Level Signal —»{ Trigger Signal Generator
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; —> AJDC trigger signal

Bottom Capture Signal

TnMS[1:0]

Period Buffer Register
TnEN
: Period Match TnCLR
l ;

Yy vV VY
Up/Down Controller
Clear Signal Generator

I> A Match

>

Ll .

TnOUTA Signal Generator {7] TnouTA
>

A Buffer Register

A
TIMERN_INTCR[7:0]
TIMERN_INTFLAG[7:0]

TIMERN_ADTCR[5:0]

fclk/(TIMERN_PREDR+1) 1
12-bit
Prescaler

Detector

nEN

16-bit Up/Down Counter ¥

TnCLK

TnECE

Delay Time Controller

TIMERn_ADR
(16-bit A Data Register)

B Match TnOUTB Signal Generator D TnOUTB

Comparator A A A A A A
B Buffer Register
TnEN

Capture Signal

6 2
frn

TnMSJ[1:0]
TnOPAIR
‘——  DLYEN
TnFRCSJ[1:0] L DLYPOS
TIMERn_OUTCR

TIMERn_BDR

(16-bit B Data Register)

TRINPOL[1:0]
2¥  TnMS[L:0] 3

TIMERn_CAPDR 2|, TnFRCEN

(Capture Data Register)

Force Level Signal
»
ThINP X &1 Force Input » 140 Force Input o
R T41 Force Input__| m
T42 Force Input ) U

T43 Force Input ) X

NOTES:

1. Period/A/B match interrupts except for bottom can occur in the interval mode.

2. Period match interrupt only can occur in the capture mode.

3. 16-bit up/down counter in the capture mode is cleared to “0000H” after the counter value is loaded to
the TIMERNn_CAPDR register at a valid edge.

4. TnEN bit is automatically cleared to logic “Ob” after one pulse is generated at a one-shot interval
mode.

5. After the TnEN bit is set, the counting of TIMERn_CNT may be delayed 2 clocks or more.

6. High/low width of ECn clock should be longer than PCLK clock period.

Figure 29. Timer Counter 40/41/42/43 Block Diagram (n = 40, 41, 42, and 43)

9.1.2 Pins for Timer counter 40/41/42/43
Table 11. Pins and External Signals for Timer Counter 40/41/42/43 (n = 40, 41, 42, and 43)
PIN NAME TYPE | DESCRIPTION
ECn I External clock input
TnINP I Capture or force input
TnOUTA 0] Timer A output
TnOUTB 0] Timer B output
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A31L12x Datasheet 9. Timer counters

9.2 Timer counter 50

A timer block includes a single channel 16-bit general purpose timer. This timer has an independent
16-bit counter and a dedicated prescaler that feeds counting clock. It supports periodic timer, PWM
pulse, one-shot timer and capture mode.

Additional free-run timer is optionally provided. Main purpose of this timer is to work as a periodical
tick timer or to provide a wake-up source. The Timer counter 50 features the followings:

e 16-bit up-counter and 8-bit prescaler
¢ Interval timer, One-shot timer, PWM pulse, and Capture mode
e Synchronous start and clear function

*  Low power operation with WDTRC or XSOSC
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9.2.1 Timer counter 50 block diagram

Figure 30 shows the block diagram of a timer block unit.

TIMERNn_ADR
(16-bit A Data Register)

Reload —» TIMERN_CR[3:1]
TIMERN_CR[7:5]
3 SE
T50CLK of SCU_PPCLKSR Register

% | Buffer Register A | Counter Clear Input —»|
1

PCLK fclk/(TIMERN_PREDR+1) Capture Signal —» Interrupt Generator [ Tn interrupts
WDTRC o | M ThPAU A Match R
=" »
m» V] Prescaler
XSOSC ) X — TnEN Comparator @—» To other block

> A Match

TIMERn_CNT o | Clear Counter Clear Input
= (16-bit Counter) B TnEN
" TnCLR

Y

Pulse
B Match o Generator ——— ] TnouT

2

M
V]
ECn [ ] Edge Detector X
Cl

TnECE ThCLK

Comparator

Buffer Register B

Reload

Capture Signal
TnMS[1:0] TnOPOL

. TIMERn_BDR
TnINSEL[1:0] THINPOL[L:0] (16-bit Data Register)
TnMS([1:0] -5 TIMERn_CAPDR TnCLEN
Tine [J—> —> (Capture Data Register) |_'_\ Counter Clear Input
XSOSC ———p P >
WDTRC ——p
NOTES:
1. TnEN is automatically cleared to logic ‘0’ after one pulse is generated in PPG one-shot interval
mode.
2. After TnEN bit is set, counting of TIMERNn_CNT may be delayed by 2 clocks or more.
3. Counter clear input can control wake-up from Sleep mode by suppressing A-match interrupt.
4. High/low width of ECn clock should be longer than PCLK clock period.
5. The capture and counter clear input interrupts cannot be used as a wake-up source in DEEP SLEEP
mode. That is, these interrupts will not be generated in DEEP SLEEP mode.
Figure 30. Timer Counter 50 Block Diagram (n = 50)
9.2.2 Pins for Timer counter 50
Table 12. Pins and External Signals for Timer Counter 50 (n = 50)
PIN NAME TYPE | DESCRIPTION
ECn I External clock input
TnINP I Capture/Clear input
TnOUT 0] PWM/one-shot output
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A31L12x Datasheet 10. 12-bit ADC

10  High speed 12-bit ADC

ADC (Analog-to-Digital Converter) of A31L12x series allows conversion of an analog input signal to a
corresponding 12-bit digital value. Its A/D module has sixteen analog inputs as shown in Figure 31.
Output of the multiplexer is the input into the converter, which generates the result through successive
approximation.

The A/D module has seven registers such as a control register (ADC_CR), a data register (ADC_DR),
a prescaler data register (ADC_PREDR), an oversampling control register (ADC_OVSCR), an
interrupt enable and status register (ADC_IESR), a sampling time register (ADC_SAMR), and a
channel selection register (ADC_CHSELR). The A/D module supports single, sequential, and
continuous conversion modes. Main features of the ADC are listed in the followings:

* 16-channel of analog inputs

e S/W (ADST), Timer trigger (T40/41/42/43 ADC trigger signal), and external trigger support
e Conversion time: Up to 1us with 12 clocks + at least 4 sample/hold clocks

*  4-bit Prescaler and 16-bit data registers

* Up to 256 over sampling

* Single, sequential, and continuous conversion mode

10.1 12-bit ADC block diagram
Figure 31 shows a block diagram of an ADC block.
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PCLK/2APC_PREDRI3:0] MDSELJ[1:0]
PCLK 4-bit fanc ——{ ] AVDD
Prescaler — ] AVSS
2 Power Down Mode
SAMCK[4:0] ADCEN
ADC_CHSELR[19:0] 5
$19 A 4 VYY
5 > .
ANO —> Sample/hold and LASTCH[4:0]
ANT —» Conversion Controller € ADRDY
. v > Interrupt —»4 A/DC interrupt
ANy Channel » SH 12-bit SAR »| Controller | 74> ﬁgg—:gggﬁﬁ]ﬂ
AVSS } Selector | -
Reserved —p '«— OVSMPEN
AVDD —>| ACCUM[19:0] 3
BGR — - - T >~ OVSMPR[2:0]
?—4@ OVSHT[3:0]
Start/Stop P l€«—— ADST
Controller | ADC_DR[15:0] | «—— A/DC trigger Signal from T40
«—— A/DC trigger Signal from T41
T Trigger Singal «—— A/DC trigger Signal from T42

i «—— A/DC trigger Signal from T43
[ «—— Reserved
[ «—— Reserved
\- [ ] ADTRG
X

xcZ

§

TRIG[2:0]
ETRGP[1:0]

NOTE: The external trigger input, ADTRG, signal should be slower than a system clock frequency.

Figure 31. 12-bit ADC Block Diagram
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10.2 Pins for 12-bit ADC
Table 13. Pins and External Signals for 12-bit ADC
PIN NAME TYPE DESCRIPTION
ANO A ADC Input 0
AN1 A ADC Input 1
AN2 A ADC Input 2
AN3 A ADC Input 3
AN4 A ADC Input 4
ANS A ADC Input 5
ANG A ADC Input 6
AN7 A ADC Input 7
AN8 A ADC Input 8
AN9 A ADC Input 9
AN10 A ADC Input 10
AN11 A ADC Input 11
AN12 A ADC Input 12
AN13 A ADC Input 13
AN14 A ADC Input 14
AN15 A ADC Input 15
AVSS AP Analog GND
AVDD AP Analog Power

NOTE: Where A=Analog, AP= Analog Power
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11. Comparator 0/1 A31L12x Datasheet

11  Comparator 0/1

A31L12x series includes two comparator modules. Each comparator module has three registers such
as a control register (CMP_CR), a status register (CMP_SR), and a reference control register
(CMP_RCR). The comparator module has an internal reference circuit too.

The comparator module features the followings:

e External analog inputs

e Hysteresis function

¢ Low and fast speed selectable

e Wake-up possible from deep sleep mode
11.1 Comparator 0/1 block diagram

Figure 32 shows a block diagram of the comparator block.
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11. Comparator 0/1

»| CMPOIFLAG

Comparator
interrupt

»{ CMPLIFLAG

cPoouT [} — To other block
CMPOPOS[2:0] J CMPOST
3 CMPOEN
HYSOEN CMPOPOL[1:0]
2
cPoPo [] i
CP1POS
n Edge Detector
Noise - and
Filter '
CPONO ] Interrupt generator
CcPON1[ ]
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CMPOREF[2:0]
3
3 P»clT] p—— REFEN
CMPONEG[2:0] 2R
M R
U
VCINREF1 €—— X
CMPINEG[2:0] R
3 2R
v
! 3
crano CMPIEN  oyipiREF[2:0
crint [J— HYSIEN [2:0] CMP1POL[1:0]
cPIN2[ —— U iz
cPIN3 [ }—] X
VCINREFL L — Noise Edge Detector
Filter > and
CP1PO D—\ . Interrupt generator
cP1P1[ }—
cpiP2[ ]| ’\J
cP1P3 [ }— x | cp1pos signal
cP1P4[ }—
cpips[ ]|
i
CMP1POS[2:0] ¢—> | CMP1ST
cpP1oUT [} L—3 To other block

CMP+

CMP-

CMPOUT
(HYSNEN = “1b”)

CMPOUT
(HYSNEN = “0b")

+ hysteresis
- hysteresis

NOTE: VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative functions.

Figure 32. Comparator 0/1 Block Diagram
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11. Comparator 0/1 A31L12x Datasheet

11.2 Pins for Comparator 0/1

Table 14. Pins and External Signals for Comparator 0/1
PIN NAME TYPE DESCRIPTION
CPOPO A Comparator 0 positive input
CPONO A Comparator 0 negative input
CPON1 A Comparator 0 negative input
CPON2 A Comparator 0 negative input
CPOOUT A Comparator 0 output
CP1PO A Comparator 1 positive input
CP1P1 A Comparator 1 positive input
CP1P2 A Comparator 1 positive input
CP1P3 A Comparator 1 positive input
CP1P4 A Comparator 1 positive input
CP1P5 A Comparator 1 positive input
CP1NO A Comparator 1 negative input
CP1N1 A Comparator 1 negative input
CP1N2 A Comparator 1 negative input
CP1N3 A Comparator 1 negative input
CP10UT A Comparator 1 output
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A31L12x Datasheet 12. USART and UART

12  USART 10, UART 0/1, and LPUART
12.1 USART 10

USART (Universal Synchronous and Asynchronous serial Receiver and Transmitter) is a highly
flexible serial communication device. The USART of A31L12x series features the followings:

*  Full Duplex Operation. (Independent Serial Receive and Transmit Registers)

e Asynchronous or Synchronous Operation

* Baud Rate Generator

e Supports Serial Frames with 5,6,7,8, or 9 Data bits and 1 or 2 Stop bits

e 0Odd or Even Parity Generation, and Parity Check Supported by Hardware.

*  Supports Receive Character Detection and Receive Time Out Function

» Data OverRun Detection

e Framing Error Detection

e Three Separate Interrupts on TX Completion, TX Data Register Empty and RX Completion
*  Double Speed Asynchronous communication mode

e Up to 16MHz data transfer for SPI
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12. USART and UART A31L12x Datasheet

12.1.1 USART 10 block diagram
Figure 33 shows a block diagram of the UART block.
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<
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U
TXCIEn DRIEn
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Figure 33. UART Block Diagram of USART (n =10)
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Figure 34 shows a block diagram of the SPI block.

| M\
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N »| SS
Ssn Control
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< »| M Edge Detector
sckn [Je——————»f 5K i And
7l X Controller
FXCHn ’1‘
\ RXEN T T T
CPOLN CPHAN E
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E Tx Control |« Transm|(t_|_§<rgflt?)Reg|ster< ¢
P
A
USARTN_TDR, (Tx) |<::
USARTN interrupt
TXCIEN n interrup! ~J
NOTES:
1. The clock frequency of SCKn should be less than or equal to PCLK/2.
2. When DMA is used, the interval of data to be received requires at least 32 clock of PCLK.

Figure 34. SPIn Block Diagram of USART (n = 10)

12.1.2 Pins for USART 10
Table 15. Pins and External Signals for USART 10
PIN NAME TYPE DESCRIPTION
TXDn @) UART Channel n transmit output
RXDn I UART Channel n receive input
SSn 110 SPIn Slave select input / output
SCKn 1/0 SPIn Serial clock input / output
MOSIn 1/0 SPIn Serial data ( Master output, Slave input )
MISOn 1/0 SPIn Serial data ( Master input, Slave output )
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12. USART and UART A31L12x Datasheet

12.2

UART 0/1

There are built-in 2-channel of UART modules (Universal Asynchronous Receiver/Transmitter) in
A31L12x series. UART operation status including error status can be read from a status register.

A baud rate generator, which generates proper baud rate, exists for each UART channel. This baud
rate generator can divide PCLK from 1 to 65536. Then, baud rate is generated using a 1:16 clock and
an 8-bit precision clock tuning function.

The UART 0/1 of A31L12x series features the followings:

68

Compatible with 16450

Configurable standard asynchronous control bit (start, stop, and parity)
Programmable 16-bit fractional baud generator

Programmable serial communication

5-, 6-, 7- or 8- bit data transfer

Even, odd, or no-parity bit insertion and detection

1-, 1.5- or 2-stop bit-insertion and detection

16-bit baud rate generation with 8-bit fraction control

Hardware inter-frame delay function

Stop bit error detection

Detail status register
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A31L12x Datasheet 12. USART and UART

12.2.1 UART 0/1 block diagram
Figure 35 shows a block diagram of the UART block.
RECEIVER
< BUFFER
g RECEIVER n o
o P SHIFT ¢—— RxD
|8 REGISTER REGISTER
LINE
' > CONTROL > RECEIVER
DATA[7:0] TIMING
e D REGISTER a
CONTROL
ADDR[4:2] oo
< > - - BAUD
APB IF BFR (Fraction) | | | GENERATOR l
PSEL s
m’ CSEETCOL » TRNASMITTER
PENABLE < TIMING
o LINE < &
P> <
PCLK REGISTER [ CONTROL
—>
NRESET TRANSMITTER
o BUFFER
TRANSMITTER =
—>|  HOLDING 4 Q TRANSMITTER
REGISTER > o SHIFTER —>TxD
@ REGISTER
INTERRUPT INTERRUPT
D ENABLE CONTROL _
REGISTER LOGIC > INTERRUPT
INTERRUPT
< ID
REGISTER
Figure 35. UART 0/1 Block Diagram
12.2.2 Pins for UART 0/1
Table 16. Pins and External Signals for UART 0/1
PIN NAME TYPE DESCRIPTION
TXDn @) UART Channel n transmit output
RXDn I UART Channel n receive input
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12.3 LPUART

There is a built-in 1-channel of low power UART module (Universal Asynchronous
Receiver/Transmitter) in A31L12x series. This LPUART (Low Power UART) supports asynchronous
serial communication up to 9600bps in Deep sleep mode with 32.768KHz sub-oscillator. It also
supports 1-wire half-duplex communication.

The LPUART of A31L12x series features the followings:
¢ Full-Duplex and Half-Duplex Operations
* Baud Rate Generator
e Supports Serial Frames with 5,6,7, or 8 Data bits and 1 or 2 Stop bits
e 0Odd or Even Parity Generation, and Parity Check Supported by Hardware
e Supports Receive Character Detection and Receive Time Out Function
¢ Baud Rate Compensation Function
e Supports up to 9600pbs with 32.768KHz sub-oscillator
» Data OverRun Detection
e Framing Error Detection
¢ Double Speed Asynchronous Communication Mode
12.3.1 LPUART block diagram
Figure 36 shows a block diagram of the LPUART block.
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LPUART Interrupt U
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Hocom RXE U
» Daa | Receive Shift Register <]« S
DEALST[4:0] "1 Recovery -
DEALFTI[4:0] L
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LPTXD [« Control [¢ Generator L 2 Transmit Shift Register <[+
A
TXCIFLAG
LPUART_TDR |<\———
TX Interrupt \J
TXCIE Generator
LPUART Interrupt
NOTES:
1. If XSOSC (32.768KHz) is used for a clock of the LPUART, the maximum baud rate may be up to
9600bps.
2. Aclock of PCLK should be faster than or equal to a clock of the LPUART.
3. Data to be transmitted should be written to the LPUART_TDR register after checking if the
TXCIFLAG bit is set to “1b”.

Figure 36. LPUART Block Diagram
12.3.2 Pins for LPUART
Table 17. Pins and External Signals for LPUART

PIN NAME TYPE DESCRIPTION

LPTXD 0] Low Power UART transmit output
LPRXD I Low Power UART receive input
LPDE 0] Low Power UART DE signal output
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13. 12C/SPIl/smartcard interface A31L12x Datasheet

13 12C 0/1, SPI 0/1, and smartcard 0/1 interface
13.1 12C 0/1 interface

I12C is one of industrial standard serial communication protocols, which uses 2 bus lines, Serial Data
Line (SDAN) and a Serial Clock Line (SCLn), to exchange data. Because both SDAn and SCLn lines
are open-drain output, each line needs a pull-up resistor (n = 0 and 1).

The 12C interface 0/1 of A31L12x series features the followings:
e Compatible with I12C bus standard
e Multi-master operation
¢ Up to 1MHz data transfer read speed
e 7-bit address
e Support two slave addresses
* Both master and slave operation
*  Bus busy detection
13.1.1 12C 0/1 block diagram
Figure 37 shows a block diagram of the 12C block.
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13. 12C/SPI/smartcard interface

™\
. 12C interrupt
Slave Address Register
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A A S
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Time Generator " " -
- SCL Out SCL High Period Register
scin [« P Controller [€ _ And < 12Cn_SCHR —
Time Controller
SCL Low Period Register
N-ch € < 12Cn_SCLR <:|
€ T
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NOTE: When the corresponding port of 12C is a sub-function for SCLn/SDAnN pin, the SCLn/SDAn pins are
automatically set as N-channel open-drain outputs and the input latch is read when reading the pins.
The corresponding pull-up resistor is determined by the control register.

Figure 37. 12C Block Diagram (n =0 and 1)

13.1.2 Pins for 12C 0/1

Table 18. Pins and External Signals for 12C (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SCLn I/O I2C channel n Serial clock bus line (open-drain)
SDAN I/O I2C channel n Serial data bus line (open-drain)
13.2 SPI 0/1 interface

SPI interface allows synchronous serial data transfer between external serial devices. It can do full-
duplex communication by using 4-wires (MOSIn, MISOn, SCKn, SSn) and support master/slave mode.
In addition, the SPI can select serial clock (SCKn) polarity and whether LSB first data transfer or MSB
first data transfer.

The SPI 0/1 of A31L12x series features the followings:
e Supports master and slave mode
e Clock polarity selectable
e Up to 16MHz data transfer
*  Exchangeable MOSIn and MISOn function
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13.2.1 SPI 0/1 block diagram
Figure 38 shows a block diagram of the SPI block.

SPINEN
PCLK/2/(SPIn_PREDR+1)
PCLK 8-bit
Prescaler '\J Edge - SPI
M Detector " control Circuit
T T SPInIFLAG .
SPInMS
sck (™) sPiniEn
SCKnD Control |4
FLSBn

|
< N
MISOn D‘ 8-bit Receive s T
Shift Register E
FXCHn R
N
SPIn_RDR Ie > A
Mosin [ ]« FLSBn L
B
8-bit Transmit §]
Shift Register S
L
SPIn_TDR  |¢ ) 1
D Ss N
Ssn Control E
SSnEN SPInMS —~

NOTES:
1. Clock frequency of SCKn should be less than or equal to PCLK/2.
2. Interrupts of SPIn occur only when one byte transmission/receiving finishes. So, status (SPInMS and
SSnHIGH) bits should be checked by s/w.
3. When DMA is used, interval between data-receiving requires at least 32 clock of PCLK.

Figure 38. SPI Block Diagram (n =0 and 1)

13.2.2 Pins for SPI 0/1
Table 19. Pins and External Signals for SPI (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SSn 1/0 SPIn Slave select input / output
SCKn 1/0 SPIn Serial clock input / output
MOSIn 1/0 SPIn Serial data ( Master output, Slave input )
MISOn 1/0 SPIn Serial data ( Master input, Slave output )
13.3 Smartcard interface 0/1

A smartcard interface block of A31L12x series is based on ISO/IEC 7816-3 standard. It supports
UART mode to communicate with others.

This smartcard interface block has thirteen registers such as control registers (SCn_CR1, SCn_CR2,
SCn_CR3), receive data register (SCn_RDR), transmit data register (SCn_TDR), baud-rate data
register (SCn_BDR), and so on.

The smartcard interface 0/1 of A31L12x series features the followings:

e [SO-7816-3T =0, T =1 compliant
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e Supports DMA transfer

*  Programmable guard time

e Supports auto activation sequence

e Supports auto warm reset sequence

e Supports auto deactivation sequence

e Supports auto convention detection sequence

e  Baud rate compensation function

*  Selectable UART mode

e Full duplex asynchronous operation

e Programmable baud-rate generation

*  Selectable even, odd, or no parity bit generation and detection

* Selectable 1 or 2 stop bit generation

¢ Programmable data delay time after stop bit
13.3.1 Smartcard interface 0/1 block diagram

Figure 39 shows a block diagram of the Smartcard interface block.
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SCn_BDR
(SCNCLKG[3:0]) -
SCn Interrupt fsc
T <+ Baud Rate Generator
RTOIENn —b o, Interrupt 4_@
RXCIENN —»| Generator A
BLEDIENN —p»| [— OVRSN[1:0]
RTO Controller < for
[ BLEDIFGn | [RXCIFLAGN | ’—>
SCn Interrupt . |
Rx Stop bit N
T v T
ScniN —] | Rx RTOENN [ Clock E
| Control 7| Recovery R
SCnPWR [« SD Interface N
SCnRST [J¢—{ Interrupt T DLENN[1:0] A
SCNCLK [« Controller RXEn L
SCnDATA [Je—p|
'y > Re?:itliry —> Receive Shift Register <[« 5
T Rx Byte s
fse Counter L
A 4
.| Error and BUSY !
d Checker SCn_RDR ’::> N
RXBLENN[7:0] RXCNTENnN E
- DLENN[1:0]
TXEn Stop bit
Generator STOPBN
Co-lr—m):rol < l G:naergm Transmit Shift Register <}«
A
SCn_TDR |<{———
Tx Interrupt
TXCIENn — Generator N
SCn Interrupt
NOTE: After checking that the TXCIFLAGN bit is set to '1', write the data to be sent to the SCn_TDR register.

Figure 39. Smartcard Interface Block Diagram (n = 0 and 1)

13.3.2 Pins for Smartcard interface 0/1
Table 20. Pins and External Signals for Smartcard Interface (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SCnPWR 0] Smartcard power control output
SCnDATA /0 Smartcard data input/output
SCnRST 0] Smartcard reset output
SCnCLK 0] Smartcard clock output
SCnIN I Smartcard detection input
SCnTXD 0] SCn’s UART data output
SCnRXD I SCn’s UART data input
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14 LCD driver

LCD driver of A31L12x series includes an LCD control register (LCD_CR) and an LCD bias and
contrast control register (LCD_BCCR). LCLK][1:0] of the LCD_CR determines frequency of COM
signal scanning each segment output. A RESET clears the LCD_CR, and sets the LCD_BCCR to
logic ‘0’

LCD display can continue its operation even during Sleep mode and Deep sleep mode if it uses a
selected clock for LCD driver.

A clock and duty of the LCD driver is initialized by hardware whenever a value is written to the control
register. So, it is recommended not to rewrite the LCD_CR frequently.

14.1 LCD driver block diagram
Figure 40 shows a block diagram of the LCD driver block.

LCD Display DATA Register

v

Display Data Select Controller
and
Display Data Buffer Register

Segment
Driver

A

mivly

LCDCLK of SCU_PPCLKSR Register

2
Common
A Divided MCLK ,, m Driver
XSOSCy| | fico ®
WDTRC, X
A
Y
| Timing
71 Controller
LCD_CR T
>
LCD
Voltage
Bias
LCD_BCCR P»

Figure 40. LCD Driver Block Diagram
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14.2 Pins for LCD driver
Table 21. Pins and External Signals for LCD Driver
PIN NAME TYPE | DESCRIPTION
COMO - COM7 0] LCD common signal outputs
SEGO - SEG32 0] LCD segment signal outputs
VLCO I/O LCD bias voltage input/output
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15 CRC and checksum

A CRC (cyclic redundancy check) generator is used to obtain 8/16/32-bit CRC code of Flash ROM
and any data stream.

Among other applications, CRC-based techniques are used to verify data transmission or storage
integrity. In the scope of functional safety standards, they offer means of verifying Flash memory’s
integrity.

The CRC generator helps computing the signature of the software during runtime, comparing with a
reference signature.

A CRC generator of A31L12x series has following features:
* Auto CRC and User CRC Mode
*  Supports CRC-CCITT (G1(x) = x'6 + x12 + x5 + 1)
e Supports CRC-16 (G2(x) = x"6 + x5 + x2 + 1)
*  Supports CRC-8 (Gs(x) =x8+ x2+x + 1)

*  Supports CRC-32 (Ga(x) = x32 + x% + x2 + x22 + x16 + x12 + x" + x10 + x8 + x" + x5 + x* + x? +
x+1)

¢ CRC and Checksum mode
*  CRC/Checksum Start Address Auto Increment (User mode only)
15.1 CRC and checksum block diagram

Figure 41 shows a block diagram of the CRC and checksum interface block.
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INSIZE[1:0] POLYS[1:0] RLTCLR
CRC_IN MODS ) INCOMP FIRSTBS 5, HCLK MDSEL
(32-bit Input Register) ¢ ¢ ¢
| »| M MSB-1st [ M
oY Buffer Register | | sp.15t o | U CRC Generator
[ 7LX 71X Polynomial Selector
f Internal Bus f | Load Signal o G0 =X x4 1
7l Ga)=x®+xP P+ 1
CRC_INIT 32 wl G =x+x2+x+1
(32-bit Initial Register) Tl a0 =52+ 5+, +x+1
CRC_EADR CRC_SADR 32 o
(End Address Register) (Start Address Register)
| ¢ Ncrement Trigger Signal Checksum Generator
Comparator ~
MODS
If match, Clear SARING
T 32
CRCRUN
A 4
CRC_RLT
(32-bit Result Register)
NOTES:
1. The operation is finished after calculating from the CRC_SADR to the CRC_EADR on auto mode or
SARINC=1.
2. The CRC_SADR and CRC_EADR are the same value after completion.
3. End address (CRC_EADR) must be greater than start address (CRC_SADR).
4. The end address must be at least 0x7C from the start address in “Auto mode”.
5. The CRC_SADR/CRC_EADR in “Auto mode” should have any value in flash memory area
(0x10000000 to Ox1000FFFF).
6. CPU will be held at “Auto mode” if the CPU is in the flash memory, and global interrupts should be
disabled by software.
7. HCLK frequency should be less than or equal to 20MHz in “Auto mode” by CRC_CR.MODS bit.
8. During the Auto mode running, the CRC_CR register can’'t be written and the CRC_RLT register
can’t be read.

Figure 41. CRC and Checksum Block Diagram
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16 DMA controller

DMA (Direct Memory Access) controller transfers data without s/w assert. The DMA has 5 channels,
and the DMA controller has four registers such as a control register (DMACHN_CR), a peripheral
address register (DMACHnNn_PAR), a memory address register (DMACHNn_MAR), and an interrupt
enable and status register (DMACHn_IESR).

The DMA controller of A31L12x series features the followings:
e Supports 5 channels
e Supports 8/16/32-bit data size
e Transfer memory to peripheral

e Transfer peripheral to memory

16.1 DMA controller block diagram
Figure 42 shows a block diagram of the DMA controller block.
N
Register Interface
PCLK —» ADR | CONT | BUF H A
H
DST SRC B
Interrupt €—+— CNT | CNT —
AHB B
DMACHN (n: 0 to 4) Master <« U
[ ¢ S
DMA_REQ —»
DMA_ACK <€-— H/W Handshake
N

Figure 42. DMA Controller Block Diagram
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Unless otherwise specified, test conditions for DC characteristics are as shown in the followings:

e Ta=-40°C to +85°C(Commercial grade) or Ta = - 40 °C to + 105°C(Industrial grade)

« VDD =1.65V to 3.6V
NOTES:

1. Refer to Figure 62. A31L12x Series Numbering Nomenclature for device part number by

Commercial and Industrial grade.

17.1 Absolute maximum ratings

Absolute maximum ratings are limiting values of operating and environmental conditions, which

should not be exceeded under the worst possible conditions.

Table 22. Absolute Maximum Ratings

Parameter Symbol Ratings Unit Note
Supply voltage VDD -0.3to +4.0 \% -
Normal pin Vi -0.3to VDD +0.3 Vv Voltage on any pin with respect to VSS
Vo -0.3to VDD +0.3 \%
lon -15 mA Maximum current output sourced by
(lon per 1/O pin)
Zlon -60 mA Maximum current (Zlow)
loL 20 mA Maximum current sunk by (loL per /O
pin)
ZloL 80 mA Maximum current (ZloL)
5V tolerant pin VI -0.3t0 +6.0 \% Voltage on any pin with respect to VSS
Total power | Pt 300 mw | —
dissipation
Storage Tste -65 to +150 °C -
temperature
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17.2 Recommended operating conditions
Table 23. Recommended Operating Conditions
Parameter Symbol | Conditions Min Max Units
Operating voltage | VDD fx = 32 to 38KHz Sub Clock 1.65 3.6 \%
fx = 2.0 to 4.2MHz Main Ceramic 2.2 3.6
fx = 2.0 to 16MHz Clock Crystal 2.7 3.6
fx = 2.0 to 32MHz External Clock 3.0 3.6
fx = 40KHz Internal RC 1.65 3.6
fx = 2.5 to 32MHz 1.65 3.6
Input voltage Vin Normal Pin -0.3 VDD+0.3 \V
5V tolerance Pins, 2.0V <VDD <3.6V -0.3 5.5
PD4:1] 1.65V < VDD < 2.0V 0.3 5.0
Operating Torr VDD = 1.65 to 3.6V (Commercial grade) -40 85 °C
temperature VDD = 1.65 to 3.6V (Industrial grade) -40 105
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17.3 ADC characteristics
Table 24. ADC Characteristics
(TA=25°C)

Parameter Symbol | Conditions Min Typ Max Units
Resolution - - - 12 - bit
Integral non-linearity INL AVDD=1.8V - 3.6V - - +6 LSB
Differential non-linearity DNL - - +1
Zero offset error ZOE - - +5
Full scale error FSE - - +5
Integral non-linearity INL AVDD=1.65V - 3.6V - - +6 LSB
Differential non-linearity DNL - - +1.5
Conversion time tconv AVDD=2.7V - 3.6V 1 - - ps

AVDD=1.8V - 3.6V 2 — —

AVDD=1.65V — 3.6V 2 4 —
Analog input voltage Van - VSS - AVDD
Analog voltage AVDD - VDD-0.3 | VDD VDD+0.

3

ADC stabilization time tstas - ~ - 16 1/fanc
Band gap reference buffer | Vapcsur - 900 950 1000 mV
voltage
ADC input leakage current lan AVDD=3.0V - - 2 HA
ADC current lanc Enable AVDD=3.0V, — 400 800 HA

Disable | fApc=16MHz - - 10 nA

NOTES:

1. Zero offset error is a difference between 0x000 and the converted output for zero input voltage (VSS).
2. Full scale error is a difference between 0xFFF and the converted output for top input voltage (VDD).
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17.4 Power-on reset characteristics
Table 25. Power-on Reset Characteristics
Parameter Symbol Conditions Min Typ Max Units
Reset release level Vror - - 1.2 - \%
Hysteresis AV - - 0.1 - \
VDD voltage rising time tr 0.2V to 2.0V 0.05 - 100 V/ms
POR current Ipor - - 21 40 nA
17.5 Comparator characteristics
Table 26. Comparator Characteristics
(TA = 25°C)
Parameter Symbol | Conditions Min Typ Max Units
Input offset | VOF VDD=3.0V, VIN=1/2VDD - 14 +20 11\
voltage
Operating VDD All comparator pins except below 1.65 - 3.6 \%
voltage CP1P2, CP1P3, CP1P4, CP1P5 2.0 — 3.6
Startup time tsTART Fast Speed - 15 20 us
Slow Speed - 20 25
Propagation toELAY 1.65V=<VDD <27V Fast - 1.2 Hs
delay 2.7V < VDD < 3.6V Speed I 0.8
1.65V <VDD <2.7V Slow - 2.5
2.7V < VDD < 3.6V Speed | _ 18 |35
Hysteresis AV+ VDD=3.0V, VIN- = 1/2VDD, | 5 10 20 mvV
HYSnEN=1
AV- -20 -10 -5
Minimum input | Vinmin HYSnEN=1 50 - - mvVp-p
level
Reference Rrer VDD=3.0V 21 30 39 KQ
resistors
Comparator ICMP Enable, fast speed VDD=3.0V - 3.5 5 HA
current Enable, slow speed - 1.0 2
Disable - - 0.02
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17.6 Low voltage reset/ indicator characteristics
Table 27. Low Voltage Reset Characteristics
(TA = 25°C)
Parameter Symbol | Conditions Min Typ Max Units
Detection level Vivr * LVR: All levels, - 1.50 1.64 \V;
Vivi e LVI: Other levels except | 1.65 1.75 1.90
1.5V, 1.75 1.90 2.05
e 1.50V level: Rising edge | 1.90 2.05 2.20
voltage, 2.05 2.20 2.35
e Other levels: Falling edge | 2.15 2.35 255
voltage 2.30 250 [ 2.70
2.45 2.65 2.85
Hysteresis AV - - 40 150 mv
Minimum pulse | tLvrw - 100 - - Hs
width tLviw
LVR/LVI current [LvriLVI Enable, one of | VDD=3V |- 200 400 nA
two
Enable, both - 250 500
Disable - - 10
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17.7 High frequency internal RC oscillator characteristics
Table 28. High Frequency Internal RC Oscillator Characteristics
Parameter Symbol | Conditions Min Typ Max Units
Frequency fuire VDD = 1.65V to 3.6V - 32 - MHz
Accuracy - Ta=0°Cto+50°C - - +15 %
Ta = -40 °C to +85 °C (commercial grade) | — - +35
Ta=-40 °C to +105 °C (industrial grade) | — - +4.5
Clock duty ratio Too - 40 50 60 %
Stabilization time thrs - - - 2 Us
IRC current luire Enable - 300 450 HA
Disable - - 10 nA
17.8 Internal watchdog timer RC oscillator characteristics
Table 29. Internal Watchdog Timer RC Oscillator Characteristics
Parameter Symbol | Conditions Min Typ Max Units
Frequency fwpTre - 34 40 46 KHz
Stabilization time | twots - - - 100 us
WDTRC current IwbTre Enable - 450 650 nA
Disable - - 10
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17.9 LCD voltage characteristics
Table 30. LCD Voltage Characteristics
Parameter Symbol Conditions Min Typ Max Units
LCD voltage VLCO LCD contrast disabled, 1/4 bias Typx0.95 VDD Typx1.05 Y,
LCD contrast | VLCD[3:0]=0x00 Typx0.94 VDDx32/47 | Typx1.06 |V
enabled, VLCD[3:0]=0x01 VDDx32/46
1/4 bias,
No Panel VLCDI[3:0]=0x02 VDDx32/45
load VLCD[3:0]=0x03 VDDx32/44
VLCDI[3:0]=0x04 VDDx32/43
VLCD[3:0]=0x05 VDDx32/42
VLCDI[3:0]=0x06 VDDx32/41
VLCD[3:0]=0x07 VDDx32/40
VLCD[3:0]=0x08 VDDx32/39
VLCD[3:0]=0x09 VDDx32/38
VLCD[3:0]=0x0A VDDx32/37
VLCD[3:0]=0x0B VDDx32/36
VLCD[3:0]=0x0C VDDx32/35
VLCD[3:0]=0x0D VDDx32/34
VLCD[3:0]=0%x0E VDDx32/33
VLCD[3:0]=0x0F VDDx32/32
LCD VLC1 + VDD =2.7V to 3.6V Typ-0.2 3/4xVLCO Typ+0.2 Y
mid biaSNOTE VLC2 * LCD clock = OHz Typ-0.2 2/4xVLCO Typ+0.2
voltage VLC3 * 1/4 bias, No panel load Typ-0.2 L/AXVLCO Typt02
LCD driver Rio VLCD=3V _ 5 10 KQ
output
impedance
Ic]ﬁ::()jiﬁigas RLCD1 1/4 bias, Ty = 25°C 7 11 15 kQ
resistor RLCD2 35 50 65
RLCD3 56 80 104
RLCD4 168 240 312

NOTE: It is the middle output voltage when the VDD and the VLCO node are connected.
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17.10 DC electrical characteristics
Table 31. DC Electrical Characteristics

Parameter | Symbol Conditions Min Typ Max Units
Input High | Viu All input pins, nRESET 0.8vDD | — VDD Y
Voltage
Input Low | Vi All input pins, NRESET - - 0.2vDD \%
Voltage
Input AV All input pins, NnRESET, VDD=3V 100 200 - mV
hysteresis
Output  High | Vou VDD=3V, lon = — 10mA, Ta=25"C VDD-1.0 | — - Y,
Voltage
Output Low | VoL VDD=3V, lo. = 10mA, Ta=25°C - - 1.0 \Y
Voltage
Input high | In All Input ports - - 1 HA
leakage
current
Input low | I All Input ports -1 - - pA
leakage
current
Pull-up resistor | Rpy V=0V, Tx=25°C, VDD=3V 25 50 100 kQ

All Input ports

V=0V, TA=25°C, VDD=3V 150 250 400

RESETB
Pull-down Rep V/=VDD, Tx=25°C, VDD=3V 25 50 100 kQ
resistor All Input ports
OSC feedback | Rx: XIN=VDD, XOUT=VSS, Tx=25'C, VDD=3V | 0.6 1.2 2.0 MQ
resistor Rxa TA=25°C, VDD=3V 4.0 7.0 14.0 MQ
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17.11 Supply current characteristics
Table 32. Supply Current Characteristics
Parameter | Symbol Conditions Typ Max Units
Supply loo1 . fuire = 32MHz VDD=3V, 25 3.8 mA
(main run)
current fuire = 16MHz Code executed from flash 1.6 2.4
fuire = 8MHz TA=85°C 1.1 1.6
fxn = 16MHz 1.5 2.3
frire = 32MHz VDD=3V, 2.3 3.4 mA
fuire = 16MHZz Code executed from RAM, 1.4 2.1
fxin = 16MHz Flash power off 1.4 2.1
Ipp2 frire = 32MHz VDD=3V, 1.3 2.0 mA
(main fure = 16MHz Sleep in flash 0.8 1.2
sleep)
fxin = 16MHz 0.8 1.2
frire = 32MHz VDD=3V, 1.3 2.0 mA
fuire = 16MHz Sleep in RAM, Flash power off 0.8 1.2
fxn = 16MHz 0.8 1.2
Iops fsus = 32.768KHz | Ta=25°C VDD=3V 12.0 20.0 uA
(sub run) (CL: 7pF), TA=85°C Code executed from flash 18.0 30.0
or fworre =40KHz | T,=105°C 30.0 50.0
TA=25°C VDD=3V, 9.0 15.0 uA
TA=85"C Code executed from RAM, 15.0 35.0
TA=105"C Flash power off 22.0 55.0
Ippa fsus = 32.768KHz | Ta=25°C VDD=3V, 2.0 5.0 UA
(sub sleep) | (C.: 7pF), T,=85"C Sleep in flash 6.0 18.0
or fwprre = 40KHz | T,=105°C 12.0 30.0
Ioos VDD=3V TA=25°C 0.65 15 uA
(deep PMU_PWRCR.ALLPWR=0 TA=85°C 4.5 9.0
sleep) T,=105°C 11.0 25.0
VDD=3V TA=25°C 0.6 1.0 uA
PMU_PWRCR.ALLPWR=1 TA=85°C 2.0 4.0
T,=105°C 4.5 9.0
PMU_PWRCR.ALLPWR=0 VDD=3V, Tx=25"C, 1.3 1.9 UA
RTCCl/fsys On
PMU_PWRCR.ALLPWR=1 1.2 1.7
NOTES:
1. Where the fxin is an external main oscillator, the fsus is an external sub oscillator (ISET_I[2:0] = 0x5),
the fuirc is a high frequency internal RC oscillator, and the fx is the selected system clock.
2. All supply current items don’t include the current of an internal watch-dog timer RC (WDTRC) oscillator
and a peripheral block except when explicitly mentioned.
3. All supply current items include the current of the power-on reset (POR) block.
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17.12 AC characteristics
Table 33. AC Characteristics

Parameter Symbol Conditions Min Typ Max | Units
RESETB input low | trst vDD =3V 10 - - HS
width
Interrupt input high, tiwH, twe All interrupts, VDD =3V | 50 - - ns
low width
External counter input | tecwn, VDD =3V 1 - - 1/fecik
high, low pulse width tecwe All  external counter

input
External counter | trec, trec ECn, VDD =3V - - 10 ns
transition time All  external counter

input
I/O frequency fio1 VDD = 3.0V, CL=30pF, |- - 10 MHz

All except fioz

fioz VDD = 2.7V, CL = 30pF, | - - 16
SPI pins
) tIwL N tIWH |
External 0.8vDD

Interrupt

N £ 0.2VDD

/O.ZVDD

tECWL R | tECWH

tFEC —> tREC
ECn
K 7

tRST

A4

RESETB

J

TA

Figure 43. AC Timing
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17.13 SPI characteristics
Table 34. SPI Characteristics
Parameter Symbol | Conditions Min Typ Max Units
SPI clock frequency fsck VDD =2 2.7V Internal SCK source - - 16 MHz
External SCK source
fsck VDD =2 1.71V Internal SCK source - - 12
External SCK source
fsck VDD = 1.65V Internal SCK source - - 8
External SCK source
Input/output clock high, | tsckw, Internal/External SCK source 0.8*Typ | tsck/2 1.2*Typ | ns
low pulse width tsckL
First output clock delay | trop Internal/External SCK source, 0.4%sck | — -
time CPHA=0
Output clock delay | tps - - - 18
time
Input setup time tois 13 - -
Input hold time tom 15 - -
SS
(Output/Input)
[
—» tFOD i«— < tScK >
SCK
(CPOL=0)
(Output/Input)
- ISCKL | i tSCKH_
SCK A I ] A I
(CPOL=1)
(Output/Input)
tDIS tDIH
MISO/MOSI / \ / %\
(Data Input) MSB / LSB
— <« DS
{ < C
MISO/MOSI
(Data Output) MSB LSB
b T
< C
Figure 44. SPI Timing
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17.14 12C characteristics
Table 35. 12C Characteristics
Parameter Symbol | Standard Fast Fast Plus Units
Min Max | Min Max Min Max
12C operating voltage - VDD = 1.65V VDD = 2V VDD = 2.7V —
Clock frequency tscL 0 100 0 400 0 1000 KHz
Clock high pulse width tscLH 4.0 - 0.6 - 0.26 - us
Clock low pulse width tscLL 4.7 - 13 - 0.5 -
Bus free time ter 4.7 - 1.3 - 0.5 -
Start condition setup time | tstsu 4.7 - 0.6 - 0.26 -
Start condition hold time tsTHD 4.0 - 0.6 - 0.26 -
Stop condition setup time | tspsu 4.0 - 0.6 - 0.26 -
Stop condition hold time tspHD 4.0 - 0.6 - 0.26 -
Output Valid from Clock tvb 0 - 0 - 0 -
Data input hold time toiH 0 - 0 1.0 0 0.45
Data input setup time tois 250 - 100 - 50 - ns
 IscL o
tSCLH  tsCLL
—» €—tSTSU i« P € > —p i€— IDIH —» «4— {SPSU
SCL \ \ i Ly <— {SPHD
SDA ; X ] \
L |\
—>» €—tSTHD <>
; —> <€—tvD
SDA X X
Out ; :
— <€— tvD '
Figure 45. 12C Timing
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17.15 UART timing characteristics
Table 36. UART Timing Characteristics

Parameter Symbol | Min Typ Max Units
Serial port clock cycle time tsck - - 2000 KHz
Output data setup to clock rising edge | ts1 tsck x 12/16 | — - ns
Clock rising edge to input data valid ts2 - - tsck x 13/16
Output data hold after clock rising | tn - - 50
edge
Input data hold after clock rising edge | th2 0 - -
Serial port clock High, Low level width | trich tsck x 6/16 tsck X | tsck X 10/16
tLow 8/16
P tsck R
tHIGH tLow

N\

N N

Figure 46. UART Timing Characteristics

tsck

e\ [\
Data Out \ DO X D;.Hl_NXK_ D2 X D3 X D4 X D5 X D6 X D7

tH2—Pi '4—

Data In %ﬁi’x >< Valid >< X Valid >< X Valid >< >< Valid >< >< Valid >< >< Valid X >< Valid

A

Figure 47. Timing Waveform of UART Module
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A31L12x Datasheet 17. Electrical characteristics

17.16 Data retention voltage in Stop mode
Table 37. Data Retention Voltage in Stop Mode
Parameter Symbol | Conditions Min Typ | Max Units
Data retention | Voobpr - 1.65 - 3.6 \Y,
supply voltage
Data retention | Ipopr * Vpppr = 1.65V (Ta=25°C) - - 1 MA
supply current * Deep sleep mode
17.17 Internal flash characteristics
Table 38. Internal Flash Characteristics
Parameter Symbol | Conditions Min Typ | Max | Units
Page write time tesw - — 3.0 35 ms
Page erase time trse - - 3.0 3.5
Chip erase time trce - - 3.0 35
Flash program voltage | Vpcm On erase/write 2.0 - 3.6 Y,
System clock | fucik - 2.0 - - MHz
frequency
Endurance of | NFwe * Page O0to 511 Ta=25 °C, 10,000 - - Cycles
Write/Erase « Configure Option Page 1 Page unit
Configure Option Page 2/3 100,000
Retention time trr 10 - - Years

17.18 Input/ output capacitance
Table 39. Input/ Output Capacitance

(vDD = 0V)
Parameter Symbol | Conditions Min Typ Max Units
Input capacitance Cin » f=1MHz - - 10 pF

Output capacitance | Cout * Unmeasured pins are

connected VSS

I/O capacitance Cio

\BO\ %5
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17. Electrical characteristics A31L12x Datasheet

17.19 Main oscillator characteristics

Table 40. Main Oscillator Characteristics
(VDD = 2.2V to 3.6V)

Oscillator Parameter Conditions Min Typ Max Units

Crystal Main oscillation | 2.7 Vt0 3.6 V 2.0 - 16.0 MHz
frequency

Ceramic Main oscillation | 2.2V t0 3.6 V 2.0 - 4.2

Oscillator frequency 27V1t03.6V 20 |- 16.0

External Clock XIN input frequency 3.0Vto3.6V 20 - 32.0 MHz
External Clock Duty | — 45 50 55 %
Ratio

‘ XOuT

et

.

Figure 48. Crystal/Ceramic Oscillator

‘ XIN XOuUT

T T

External  Open
Clock
Source

Figure 49. External Clock
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A31L12x Datasheet 17. Electrical characteristics

17.20 Sub-oscillator characteristics

Table 41. Sub-oscillator Characteristics
Oscillator Parameter Conditions Min | Typ Max | Units
Crystal Sub oscillation frequency 1.65Vto3.6V 32 32.768 38 kHz

SXIN SXOUT ‘

B

'IIH flﬂ

Figure 50. Crystal Oscillator
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17.21 Main oscillation stabilization time
Table 42. Main Oscillation Stabilization Time
(VDD = 2.2V to 3.6V)
Oscillator | Conditions Min | Typ | Max | Units
Crystal e fun22 MHz VDD =2.7Vto 3.6V | — - 60 ms
Ceramic * Oscillation stabilization occurs when VDD is | ypp = 2.2V to 3.6V _ _ 10
equal to the minimum oscillator voltage range.
external clock | ¢ fyxn=2.0t0 32 MHz 125 | - 250 ns
¢ XIN input high and low width (tx., tx+)
B 1/XIN R
XL J L tXH o
XIN % 0.8vDD
N 0.2vDD
Figure 51. Clock Timing Measurement at XIN
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17.22 Sub-oscillation stabilization time

Table 43. Sub-oscillation Stabilization Time
Oscillator Conditions Min Typ. Max Units
Crystal - - - 10 sec

VDD=3V, Ta=25 °C, ISET_I[2:0] = 0x7 |- 0.7 15

External clock | SXIN input high and low width (tx., txn) 5 - 15 ps

3 1/fsuB R

| tXL ‘| L tXH N

SXIN % 0.8VDD
0.2vDD

Figure 52. Clock Timing Measurement at SXIN
17.23 Operating voltage range

(fxiN=2.0 to 16MHz, x-tal) (fsu=32 to 38KHz)
16.0MHz -
s ————
4.2MHz -1
2.0MHz -
€«—Crystal——
< Ceramic——p
22 27 3.6 1.8 3.6
Supply voltage (V) Supply voltage (V)

Figure 53. Operating Voltage Range

\BO\ 99

SCMICONDUCTOR




17. Electrical characteristics A31L12x Datasheet

17.24 Recommended circuit and layout

The 0.1uF capacitors should be within
AVDD -4 5mm from the VDD pin of MCU on the
PCB layout.
AVSS (VDD vCC)
VDD } >
0.1uF = *DC Power
VSS I

VCC

The MCU power line (VDD and VSS)
{should be separated from the high- }

T current part at a DC power node on
> _~High-Current Part the PCB layout,
w Infrared LED,
I 3 { FND(7-Segment), }
= o [
(‘D This capacitor can be selectively applied to improve noise Immunity.
—_ If the VDD for MCU and the power for high-current parts are well
— separated in the layout, it is acceptable not to use it in the system.
XIN -~ The main and sub crystal should be as close by the MCU as possible.
XOuT
The load capacitors of the sub clock
SXIN -C1,C2: Cx2+15%
- CL=(C1x C2)/(C1 + C2) - Cstray
- Cu: the specific capacitor value of crystal
SXOuT - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
' J This reset circuit should be as close
by the MCU as possible.
NRESET

Figure 54. Recommended Circuit and Layout
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SMPS Side «— i —» MCU Side
VCC VDD

.l

SMPS
R1 T A31L12x
I I I Series

C1 C2 C3 =

NOTES:

1. Capacitor C1 is to flatten out the voltage of the SMPS power, VCC.
— Recommended C1: 470uF/25V more

2. Resistor R1 and capacitor C2 are the RC filter for VDD and suppress the ripple of VCC.
— Recommended R1: 10Q - 20Q
— Recommended C2: 47uF/25V more
— The R1 and C2 should be as close by the C3 as possible.

3. Capacitor C3 is used for temperature compensation because an electrolytic capacitor becomes
worse characteristics at low temperature.
— Recommended C3: ceramic capacitor 2.2uF more.
— C3 should be within 1cm from VDD pin of MCU on the PCB layout.

4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc.) when the
SMPS supplies the VDD of MCU.

Figure 55. Recommended Circuit and Layout with SMPS Power
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| o [ [ O
. NOTES:

REV DESCRIPTION DATE ENG APPROVAL
D - GCENERATE. by PN Y CHAE
m
A COMMON DIMENSIONS
[UNITS OF MEASURE=MILLIMETER)
SYMEOL | MIN NOM MAX
A = - 160
At 0.05 - 015
A2 135 140 145
— —
| L 017 0z 021
— — b1 o 020 023
— — -
c 004 020
— — cl 0.09 - 016
p— — D 1180 12.00 1220
— + - = D1 9.80 10.00 10.20
b = E nen | 1200 | 1220
—] L 2. = Ef 980 1000 10.20
—] [—
— — " {150 88C
f— | — L 045 | o0s0 | ors
= = L1 1.00 REF

1. ALL DIMENSION REFER TO JEDEC STANDARD MS-026-BCD.

2. DIMENSIONS 'D1' AND 'E1" DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1° AND 'E1' ARE
MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH

3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH
10 EXCEED THE MAXIMUNM b’ DIMENSION BY MORE THAN 0 08MM.

BASE METAL

CAUGE PLANE 025

4.'A1'1S DEFINED AS THE DISTANCE FROMTHE SEATING PLANE TO THE
LOWEST POINT ON THE PACKAGE BODY.

Figure 56. 64 LQFP 10 x 10 Package Outline

L

64 LQFP package information

Package information

UIST OF MATERIAL AND APPLICASLE DOCUMENTS
/’i:zs.ﬁzo s woss | Rnarn | T m e |
T W | camencea i LOQFP 10X10MM 64LD
LEAD FORM PART SECTION A-A .“p“uﬁ. W.. OO0 ) oes PACKAGE OUTLINE
aﬂ@m e WORD e
CAD s DRAMNG NASSR -y SEET
ABOV SEMICONDUCTOR | oo-1010064 OLO-1010064 _ - _ 1 0F 1

19. Ordering information
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48 LQFP package information

18.2

.. GAUGE PLANE 0.25

HARARARAAAAS '

LEAD FORM PART

>

Al

NN
7

¢l
c

SECTIONE-B

N WITH PLATING

REV. DESCRPTION DATE ENG AFPROVAL
o= GENERATE 04188 T | JH KM ¥4 CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM Max
A - - 1,60
A1 005 - 018
A2 135 140 145
b 0.17 022 027
b1 017 020 0.23
c 009 - 020
ct 0.09 - 0.16
o 880 400 920
D1 6580 100 720
E 580 500 9.20
£1 .80 700 7.20

050 BSC
L 045 | 080 | 075
L1 1.00 REF
) o | 35 | T
NOTES

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS.026.BBC

2 DIMENSION 'D1° AND E1" DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWABLE
PROTRUSION IS 0.26MM PER SIDE. 'D1° AND '£1' ARE MAXIMUM PLASTIC BOOY
DIMENSIONS INCLUOING MOLD MISMATCH.

3 DAMENSION ' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMABR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM
‘b DIMENSION BY MORE THAN 0.08MM

4."A1" IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BOOY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCAE None CATR O 18 sayg | ™
e I Y4 CE LQFP 7X7MM 48LD
FROSCTTCH = ECED ) CE PACKAGE OUTLINE
wasss oot
E@mv = APRONED:

Jrs— AT AR ey et
ABOV SEMICONDUCTOR|  og-ororus OLO-07074E = 1 OF 1

Figure 57. 48 LQFP 07 x 07 Package Outline
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32 LQFP package information

18.3

D1

HAAH

HAHHAHAAHA [

e _i.n.._

-

[
HEHEEEEE

HiH
el

HoEE__ |

o

b

GAUGE PLANE 0.25

i

%

AN

b7

L =)

LEAD FORM PART

SECTION A - A

REV. DESCRPTION DATE ENG AFPROVAL
— | cEneRaTE 42007 | UM KM | YJ CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
A — - 1,60
Al 005 - 0.20
~2 135 140 1.45
b 030 0.3 042
bt 030 035 0.40
c 0.09 = 0.20
cl 009 - G186
D 8480 900 9.20
D1 680 7.00 7.20
E 880 900 920
3] 680 700 7.20
e 0808SC
L 045 0.60 0.75
8 ) 100 REF
=) [} [ 3% T 7

NOTES:

1. ALL DMENSIONS REFER TO JEDEC STANDARD MS-026-BBA

2. DIMENSIONS D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSIONS.

ALLOWABLE PROTRUSION 18 0.25MM PER SIDE, 'D1' AND'E1" ARE MAXIMUM
PLACTIS BODY SIZE DMENSIONS INCLUDING MOLD MISMATCH

3. DIMENSION ©' DOES NOTINCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
THE MAXIMUM 'd’ DIMENSION BY MORE THAN 0.08MM.

-— BASE METAL

4.'Al' IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE
LOWEST POINT ON THE PACKAGE BODY.

- WITH PLATING
LIST OF MATERIAL AND APPLICABLE DOCUMENTS

o none | Tupeer? i B
et £ il B LQFP 7X7MM 32LD
TN mwn GEGED ) oo PACKAGE OUTLINE
EE @ m X
PEGrED t..mln.n APV CHeE

CAD e AN s e ey ST
ABOV SEMICONDUCTOR| ~ owaommzm OLQ-OTaT032 = 1 OF 1

Figure 58. 32 LQFP 07 x 07 Package Outline
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32 QFN package information

18.4

REV. DESCRPTION DATE ENG AFFROVAL
| =] cec[C — | GENERATE RNE1? | Moxm | vy cHae
4 D 3 bob [C
A} 1 _ Iﬂ SEATING PLANE -
COMNMNON DIMENSIONS
2 h_ M o——— (INTS OF MEASURE=NM)
i symsoL [ miN NOM MAX
1, [ A 0.70 0.75 080
[1 At 0 0.035 005
|\ i A2 - 0.55 057
PIN 1 CORNER i A3 0203 REF
w _, o 020 | o025 | o
0 5.0088C
[ B 5.0088C
_z e 0.5088C
i J 340 3.50 380
i K 340 3,50 360
M o~ L 035 0.40 045
Al 888 0.10
A3 ) 0.10
A2 coc 008
A add 010
eoe 010
25 32
-__I__I__I__I__I__I__L\\. PIN11D
1
-
— N - NOTES:
1 (- 1. DIMENSION 0" APPLIES TO METALLIZED TERMINAL AND IS MESAURED
| - _| (&2 BETWEEN 0.15MMAND 0.30MM F ROM THE TERMINAL TIP
=] F THE TERMINAL HE OPTINAL U THE OTHER END
x | = o [ TE HAS THE OP RADIUS ON OTHE OF
@m nu ] 1 = # THE TERMINAL, THE DIMENSION b' SHOULD NOT BE MEASURED IN THAT
] (. RADIUS AREA
| ]
..MHJ - . LIST OF MATERIAL AND APPLICABLE DOCUMENTS
nnooonnn Y e i
e foxb 9 - EXPOSED DIE owmsoln | e [ ianER 4 gy QFN 5X5MM 32LD 0.75T
—— ATTACH PAD PROECTION ma GEED
L jaafc[als | i @ = | = v auE PACKAGE OUTLINE
< ot P NEROED
APECINED N Yl GAE
<_m<< g'g CADMAVE CHUAW M M e Yy ST
ABOV SEMICONDUCTOR| oon-asomars OON-OS0SRTH i _ 1 OF

Figure 59. 32 QFN 05 x 05 Package Outline
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28 TSSOP package information

UCTDA

REV. CESCRPTION DATE ENG | APPROVAL
— | Gewerare. S | akm | Ye CHaE
o

CONMON DIMENSIONS
L (LTS OF MEASURE-MLLMETER)
/ symsow | i nom MAX
- | A - = 120
005 - 035

A2 080 100 105

b 19 - 030
1 019 o 025
Pva 1 cex oo = 0%
" ] nos - 0%
e I 0 260 a7 a8
£ €20 (7 660
Er 0 [ %

05585C
L nes | ose | o

[X] 120 REF
i ] ) o | - | ¥

| TYOEEEOEOO000 S o

2 DIMENSION '0r DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT
EXCEED 0.15MM PER SIDE.
/ 3. DIMENSION 'EY' DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
1 j INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE

e 4. DIMENSION 1’ DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE V'
DIMENSION AT MAXIMUM MATERIAL CONDITION

5_'A1" IS DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO
THE LOWEST POINT ON THE PACKAGE BODY

SCMICOND

ABOV

Figure 60. 28 TSSOP Package Outline

I\
W

LIST OF MATERIAL AND APPLICASLE DOCUNENTS
g L Lc ot wone | Phaiers | moxana
m DUy | e [BERER gy TSSOP 4. 4MM 26LD
PRORCTON H_.v OEOED
m LEAD FORM PART SECTION B-B o = Y1 cHaz PACKAGE OUTLINE
3 SPToRID @ m - MPRVED ) cras
ABOV SEMICONDUCTOR 8? OT5-4400028 -w !!. OF 1
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24 QFN package information

REV DESCRIPTION DATE ENG APPROVAL

107

o GENERATE ORIAT | H XM Yd CHAE

COMMON DIMENSONS

) b = D2 UNITS OF MEASURE=MM)
" clap
5 — - i 4 SYMBOL | MIN NOM MAX
_ T A 070 0.75 080
JUUUUY , Gis | ak | om
fe FINT # CORNER P 5
Y o wl ) e e Al 0 0.02 005
1) 260 X465
: U B ﬂ Al e 0.20 REF -
b 018 0.25 030
L (AT ).I\U\ ﬂ a 0 4.0088C
U ﬂf}l (DATUME) E 4.00 BSC
D2 260 2.70 280
U ﬂ £2 280 270 280
] U ] e 050 BSC
L 035 0.40 045
g K 020 - -
g=c0 . == 570
B[] af L b 0.10
TOP VIEW SEE CETAL *B* [ 0.10
ddd 0.05
A=I=] & BOTTOM VIEW ees 0.08
B it 0.10
<
| 'l = SEATING FLANE
i P NOTES:
SIDE VIEW 1. DIMENSION & APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 0.15MM AND 0.30MM FROM THE TERMINAL TIP
(DATUMA OR 8) IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF

e THE TERMINAL, THE DIMENSION ©' SHOULD NOT BE MEASURED IN THAT

-~ MXROL XN

\\' RADIUS AREA.
\
A}

Figure 61. 24 QFN 04 x 04 Package Outline

.._ UST OF MATERIAL AND APPLICABLE DOCUMENT S
,a —\/ﬁ -.-_ tCAE NONE oare AW S8 KANG me
omewonL [ remuee o o o QFN 4X4MM 24LD 0.75T
o o = TERMNAL TP PRCIEETON .h” GECED vy cE PACKAGE OUTLINE
R U— L M.Wn.@lmv m%u AFROVED v CHAE
CADMMWE TRAW NG MWa R REV SEET
ABOV SEMICONDUCTOR| oono4ni24a OON-0404248 _ 1 oF 9
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19  Ordering information

A31L12x Datasheet

Table 44. A31L12x Series Ordering Information
Part Number | Flash | SRAM | USART | UART | LPUART | SC | 12C | SPI | TIMER | ADC | /O | Package
A31L123RL 64KB | 8KB 1 2 1 2 |2 2 5 16ch | 52 | 64LQFP-1010
A31L123CL* | 64KB | 8KB 1 2 1 2 |2 1 5 10ch | 38 | 48LQFP-0707
A31L123KN* | 64KB | 8KB 1 2 0 2 1 1 5 10ch | 26 | 32LQFP-0707
A31L123KU* | 64KB | 8KB 1 2 0 2 1 1 5 10ch | 28 | 32QFN-0505
A31L123GR* | 64KB | 8KB 1 1 0 1 1 1 4 och | 24 | 28TSSOP
A31L123LU* | 64KB | 8KB 1 1 0 0 1 1 4 9ch | 20 | 24QFN
A31L122RL* | 32KB | 8KB 1 2 1 2 |2 2 5 16ch | 52 | 64LQFP-1010
A31L122CL* | 32KB | 8KB 1 2 1 2 |2 1 5 10ch | 38 | 48LQFP-0707
A31L122KN* | 32KB | 8KB 1 2 0 2 1 1 5 10ch | 26 | 32LQFP-0707
A31L122KU* | 32KB | 8KB 1 2 0 2 1 1 5 10ch | 28 | 32QFN-0505
A31L122GR* | 32KB | 8KB 1 1 0 1 1 1 4 och | 24 | 28TSSOP
A31L122LU* | 32KB | 8KB 1 1 0 0 1 1 4 9ch | 20 | 24QFN

* For available options or further information on the devices with “*” marks, please contact the ABOV Sales Office.
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19. Ordering information

NOTE:

A31L12 3 R L 2 N (T)

A31L12 Family Name

Code memory size

3 64Kbytes
2 32Kbhytes

Pin count

80 pins
64 pins
48 pins
32 pins
28 pins
24 pins

FrOXOxTLZ

Package type

L LQFP1 (0.5mm pin pitch)

M LQFP2 (0.65mm pin pitch)

N LQFP3 (0.8mm pin pitch)

U QFN

R TSSOP

Temperature

None -40 to +85C (commercial grade)
2 -40 to +105C (industrial grade)

Product information

N Internal management code
Packing

@) Tape & reel

(W) Wafer

© Chip carrier

For more information on any aspect of this device, please contact your nearest distributor or ABOV
sales office.

Figure 62. A31L12x Series Numbering Nomenclature
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Revision history

Revision history

A31L12x Datasheet

Date Version

Description

Feb.4, 2020 1.00

1st creation

Jul.2, 2020 1.10

Add a IDD1 8MHz condition in chapter 17.11 Supply current
characteristics.

Dec.1, 2020 1.20

Add a note about using WFI/WFE Instruction.

Fix condition about sub OSC feedback resistor (RX2), "Chapter
17.10 DC electrical characteristics”.

Remove a item about “sub external clock”, "Chapter 17.20 Sub-
oscillator characteristics”.

Remove a ‘XTFLSR register’.

Add a note about disabling “clock monitoring function”, “Chapter
5.6.19 SCU_CMONCR", clock monitoring control register in the
user’s manual.

Add a note about USTnEN bit, "Chapter 14.3.2 USARTn_CR2”,
USARTN control register 2 in the user’s manual.

Add a note about SPINEN bit, "Chapter 18.3.1.1 SPIn_CR”, SPIn
control register in the user’s manual.

Mar.2, 2021 1.21

Add contents about RTCC time error correction in the user’s
manual.

Add a note about RXEn bit, "Chapter 19.3.1 SCn_CR1: SCn control
register 1” in the user’s manual.

Add a note about TRERIFGn bit, "Chapter 22.2.2 DMACHn_IESR:
DMA channel n interrupt enable and status register” in the user’s
manual.

Add a note about ADATA bits, "Chapter 12.3.4 ADC_DR: A/D
converter data register” in the user’'s manual.

Typos modify.

Jul.5, 2022 1.22

Add a note about WUTIFLAG bit, "Chapter 5.6.10 SCU_WUTCR:
wake-up timer control register” in the user’'s manual.

Add a note about Timer 50’s wake-up source, "Figure 28. Timer
Counter 50 Block Diagram”.

Typos modify.

Oct.24, 2022 1.30

Change the document format.

Nov.18, 2022 | 1.40

Add TSSOP28, QFN24 Packages.
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Korea

Regional Office, Seoul

R&D, Marketing & Sales

8th FI., 330, Yeongdong-daero,
Gangnam-gu, Seoul,

06177, Korea

Tel: +82-2-2193-2200
Fax: +82-2-508-6903
www.abovsemi.com

Domestic Sales Manager
Tel: +82-2-2193-2206

Fax: +82-2-508-6903
Email: sales_kr@abov.co.kr

HQ, Ochang

R&D, QA, and Test Center
93, Gangni 1-gil, Ochang-eup,
Cheongwon-gun,
Chungcheongbuk-do,

28126, Korea

Tel: +82-43-219-5200

Fax: +82-43-217-3534
www.abovsemi.com

Global Sales Manager
Tel: +82-2-2193-2281

Fax: +82-2-508-6903
Email: sales_gl@abov.co.kr

Important notice

China Sales Manager

Tel: +86-755-8287-2205
Fax: +86-755-8287-2204
Email: sales_cn@abov.co.kr

ABOV Disclaimer

IMPORTANT NOTICE - PLEASE READ CAREFULLY

ABOV Semiconductor ("ABOV") reserves the right to make changes, corrections, enhancements, modifications, and
improvements to ABOV products and/or to this document at any time without notice. ABOV does not give warranties as to the
accuracy or completeness of the information included herein. Purchasers should obtain the latest relevant information of ABOV
products before placing orders. Purchasers are entirely responsible for the choice, selection, and use of ABOV products and
ABOV assumes no liability for application assistance or the design of purchasers’ products. No license, express or implied, to
any intellectual property rights is granted by ABOV herein. ABOV disclaims all express and implied warranties and shall not be
responsible or liable for any injuries or damages related to use of ABOV products in such unauthorized applications. ABOV and
the ABOV logo are trademarks of ABOV. All other product or service names are the property of their respective owners.
Information in this document supersedes and replaces the information previously supplied in any former versions of this
document.

© 2020 ABOV Semiconductor — All rights reserved
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