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OVERVIEW

1.1 Overview

A31G31x is designed for the main controller of various appliances.
In particular, accordance with the tendency that the microcontroller is becoming more complicated and high
performance in consumer electronics, ARM's high-speed 32-bit Cortex-M0+ Core is used. And for handling more
features, this microcontroller has a variety of peripheral devices and large amounts of flash memory. Powerful
and various external serial interfaces help to communicate with on-board sensors and devices.

A31G31x Block Diagram

ARM Cortex MO+ Processor MOSC
Up to 48MHz 2~16MHz 32.768kHz
Code Hash Internal SRAM HY L9
64KB/ 128KB/ 256KB 16KB 48MHz
PLL VDC
SNVD Debug Interface NVIC 48MHz 1.5V
ot o or . =

Advanced High Performance Bus - Lite (AHB-Lite)

Advanced Peripheral Bus (APB)

16-bit Timer 12-bit ADC
7-ch 150ksps
16-bit PWM
6-ch
LCD/ LED Driver 32:bit Timer 12-bit DAC
: Touch Key
Reset Pin WDT, WT 24-ch

Figure 1.1 Block diagram

500kHz

12C

General Purpose I/O

External Interrupts Comparator x 2

ABOV Semiconductor /\Bov
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A31G31x

1.2 Ordering Information

Table 1.1. Ordering Information

Product CED SRA UART USAR 12C TIMER PW 12-bit Vo Packag
Name Flash | M | [ch] T [ch] [ch] M | ADC | Ports e
[KB] [KB] [ch] [ch] [ch] [ch]

A31G316MMN | 256KB 16KB 2 4 3 ;((;62%&); 6 14 74 80'](:FP
A31G316MLN 256KB 16KB 2 4 3 ;((;62%&); 6 14 74 80'](2)FP
A31G316RMN | 256KB | 16KB 2 3 3 72((13?;&))/ 6 14 58 64IjI3FP
A31G316RLN 256KB | 16KB 2 3 3 72((13?;&))/ 6 14 58 64'}%FP
A31G314MMN | 128KB 16KB 2 4 3 72((1562%&))/ 6 14 74 80'](:FP
A31G314MLN 128KB 16KB 2 4 3 ;((ggtt):t))/ 6 14 74 SOITICZIFP
A31G314RMN 128KB 16KB 2 3 3 72((13?;'?)/ 6 14 58 64|]C2)FP
A31G314RLN 128KB 16KB 2 3 3 72((2‘;&;';))/ 6 14 58 64'}%FP
A31G314CLN 128KB 16KB 2 2 2 722’32%2; 6 1" 43 48LQFP
A31G314CUN 128KB 16KB 2 2 2 ;((ggtt))lrt))/ 6 " 43 48QFN
A31G314SNN 128KB 16KB 2 2 2 ;((ggtt))lrt))/ 6 9 39 44 QFP
A31G313RMN 64KB 16KB 2 3 3 72&132%2; 6 14 58 64'}3FP
A31G313RLN 64KB 16KB 2 3 3 ;((ggtt):t))/ 6 14 58 64ITICO)FP
A31G313CLN 64KB 16KB 2 2 2 ;((‘;gtl)alltt))/ 6 1" 43 48LQFP
A31G313CUN 64KB 16KB 2 2 2 72((13622';))/ 6 1" 43 48QFN
A31G313SNN 64KB 16KB 2 2 2 72((13622';))/ 6 9 39 44LQFP
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OVERVIEW

Device Nomenclature

=
i~
I

3

A31G31 Family Name

—{ X
|
|

Code Memory Size
6  256Kbytes
4 128Kbytes

3 64Kbytes
Pin Count
M 80 pin
R 64 pin
Cc 48 pin
S 44 pin
Package type

L LQFP1 0.5mm pin pitch
M LQFP2 0.65mm pin pitch
N LQFP3 0.8mm pin pitch
U QFN

Temperature
none -40°C ~ 85°C
2 -40°C ~ 105°C

Bonding Wire
none Au wire
N Pd-Cu wire

Packing
(T) Tape & Reel
(W) Wafer

(C) Chip Carrier

ABOV Semiconductor ABOV
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A31G31x

1.3 Main Features

Product features of A31G31x is below

€ High Performance Low-power Cortex-MO+ Core
¢ 64KB/128KB/256KB Code Flash Memory
Endurance : 10,000 times
Retention : 10 years
¢ 16KB SRAM
¢ General Purpose I/0 (GPIO)
74 Ports (PA[11:9,7:0], PB[15:0], PC[12:0], PD[5:0], PE[15:0], PF[11:0]) : 80-Pin
58 Ports (PA[11:9,7:0], PB[11:0], PC[12:11,6:0], PD[5:0], PE[11:0], PF[7:0]) : 64-Pin
43 Ports (PA[7:0], PB[7:0], PC[4:0], PD[5:0], PE[11:0], PF[7:0]) : 48-Pin
39 Ports (PA[7:5,2:0], PB[7:0], PC[4:0], PD[4:0], PE[6:0], PF[7:0]) : 44-Pin
¢ LCD Driver
42 SEG x 8 COM LCD Driver
“1/3, 1/4, 1/5, 1/6, 1/8” duty selectable, “1/2, 1/3, 1/4” resistor bias, 16-step contrast control, and
automatic bias control
¢ LED Driver
11 ISEG x 27 ICOM LED Driver
ICOM 26.4mA, ISEG 2.4mA @3.3V
¢ Timer
16 Bit 7-ch, Periodic timer mode, One-shot timer mode, PWM pulse mode, Capture mode

32 Bit 2-ch, Periodic timer mode, One-shot timer mode, PWM pulse mode, Capture mode
¢ PWM
16 Bit 6-ch, Periodic timer mode, Back-to-Back mode, Capture mode
€ Watchdog Timer
24 Bit 1-ch, WDTRC 31.250kHz
€ Watch Timer
14 Bit divider with extended 12 Bit counter 1-ch
€ External communication ports:
2-ch UART, 4-ch USART, 3-ch I?C : 80-Pin
2-ch UART, 3-ch USART, 3-ch I?C : 64-Pin
2-ch UART, 2-ch USART, 2-ch I2C : 48-Pin, 44-Pin
€ Direct Memory Access Controller
. 4-ch
€ 150kSPS 12-bit ADC
14-ch : 80-Pin, 64-Pin
11-ch : 48-Pin
9-ch : 44-Pin
¢ Comparator
1 reference 1 input comparator 1-ch
. 1 reference 3 input comparator 1-ch
¢ 12-bit DAC
¢ Capactive Touch Switch
24-ch : 80-Pin
20-ch : 64-Pin
13-ch : 48-Pin
11-ch : 44-Pin
4 On-Chip RC-Oscillator

\BO\ ABOV Semiconductor
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OVERVIEW

HSI : 48MHz(+3.5% @-40 ~ +85°C)

. LS| : 500kHz(+20% @-40 ~ +85°C)
€ External main crystal oscillator

2MHz ~16MHz
System Fail-Safe function by Clock Monitoring
XTAL OSC Fail monitoring
CRC

CRC-CCITT, CRC-16
Power On Reset

L 2R 2R 2

Programmable Low Voltage Reset, Low Voltage Indicator
Debug and Emergency stop function
SWD Debugger
Power Down Mode
IDLE, STOP Mode

¢ Sub-Active mode

System used external 32.768kHz crystal or system used internal 500kHz LSI
€ Operating Frequency

500kHz ~ 48MHz

External 32.768kHz crystal

PLL 48MHz
¢ Operating Voltage

1.8V ~ 5.5V
€ Operating Temperature

. -40 ~ +85°C

¢ package options
A31G316(FLASH 256KB) : 80LQFP14/80LQFP12/64LQFP12/64LQFP10
A31G314(FLASH 128KB) : 80LQFP14/80LQFP12/64LQFP12/64LQFP10/ 48LQFP / 48QNF /
44LQFP
A31G313(FLASH 64KB) : 64LQFP12/64LQFP10/48LQFP/48QFN/44LQFP

L 2K 2R 2R 2% 2
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15 [ 147 SEMICONDUCTOR



A31G31x

1.3.1 Functional Description

The following section provides an overview of the features of A31G31x microcontroller.

ARM Cortex-M0+

ARM powered Cortex-M0+ Core based on ARMv6M architecture which is optimized for small size and low
power system.

On core system timer (SYSTICK) provides a simple 24-bit timer easy to manage the system operation

Thumb-compatible Thumb-2 only instruction set processor core makes code high-density.

Hardware division and single-cycle multiplication is present

Integrated Nested Vectored Interrupt Controller (NVIC) provides deterministic interrupt handling.

SWD debugging features are provided.

Max 48MHz operating frequency with one wait execution

Nested Vector-Interrupt Controller (NVIC)

The ARM Nested Vectored Interrupt Controller (NVIC) on the ARM Cortex-M0+ core is included which handles
all the internal and external exceptions. When interrupt condition is detected, the processor state is automatically
stored to the stack and automatically restored from the stack at the end of interrupt service routine.

The vector is fetched in parallel to the state saving, which enables efficient interrupt entry.

The processor supports tail-chaining, which enables back-to-back interrupts to be performed without the
overhead of state saving and restoring.

128KB Internal Code Flash Memory

The A31G31x provides internal 128KB code flash memory and its controller. This is enough to control the
general system. Self-programming is available and ISP and SWD programming is also supported in boot or
debugging mode.

Instruction and data cache buffer are present and overcome the low bandwidth flash memory. The CPU can
access flash memory with one wait state up to 48 MHz bus frequency.

16KB 0-wait Internal SRAM
On chip 16KB 0-wait SRAM can be used for working memory space and program code can be loaded on this
SRAM.

DMA Controller
The DMA controller performs direct memory transfer by sharing the system bus with CPU core.

Boot Logic
The smart boot logic supports the flash programming. The A31G31x can be entered by external boot pin and
UART and SPI programming are available in boot mode. USART10 is used in boot mode communication.

System Control Unit (SCU)
The SCU block manages internal power, clock, reset and operation mode. It also controls analog blocks
(Oscillator Block, VDC, LVR and LVI)

32-bit Watchdog Timer (WDT)
The watchdog timer performs system monitoring function. It will generate internal reset or interrupt to notice
abnormal status of the system.

Multi-purpose 16/32-bit Timer
Seven-channel 16-bit and Two-channel 32-bit general purpose timers supports below functions.

\BO\ ABOV Semiconductor
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- Periodic timer mode - Counter mode
- PWM mode - Capture mode

16-bit Timer with 6 Channel PWMs

The 16-bit timer has 6 channel PWMs for 3-phase motor application. 16-bit up/down counter with prescaler
supports both of triangular and saw tooth waveform.

The PWM has ability to generate internal ADC trigger signal to measure the signal on time.

Dead time insertion and emergency stop functionality help that the chip and system are under safety conditions.

Universal Asynchronous Receiver/Transmitter (UART)
The A31G31x has 2 channels UART block. For accurate baud rate control, the fractional baud rate generator is
provided.

Universal Asynchronous Receiver/Transmitter and Serial Peripheral Interface (USART: UART
and SPI)

The USART supports UART and SPI mode. The A31G31x series has 4 channel USART modules.

Boot mode will use this USART block to download flash program.

Inter-Integrated Circuit Interface (I>C)
The A31G31x has 3 channel I2C block and it supports up to 400 kHz I°C communication. The master and the
slave mode are supported.

General PORT 1/Os
11-bit PA, 16-bit PB, 13-bit PC, 6-bit PD, 16-bit PE and 12-bit PF ports are available and provide multiple
functionality.
- General /O port
- Independent bit set/clear function
- External interrupt input port
- Programmable pull-up and open-drain selection
- On-chip input debounce filter

LCD Driver
LED Driver
12-bit Analog-to-Digital Converter (ADC)
One built-in ADC can convert analog signal up to 150kSPS(sample per second) conversion rate. 14-channel
analog MUX provides various combinations from external analog signals.
12-bit Digital-to-Analog Converter (DAC)

Touch

16-bit Cyclic Redundancy Check (CRC) Generator
The A31G31x series has two polynominals for CRC generator. They are CRC-CCITT and CRC-16.

ABOV Semiconductor \BO\
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1.4 Block Diagram

A31G31x is shown as below consists of a variety of peripheral devices.

7)) )]
s = 2
g O Q
5 9
|
v ¥
Debug Interf:
ebug Interface v LVR Power ::: xgg
ARM 2K-Bytes VI Control [(|— RESET
Cortex-M0+ Boot ROM
— 6471287256 16K-
SysTick Timer K-Bytes Bytes
NVIC Flash Memory SRAM
| AHB-Lite Bus |
| DMA |
| APB Bus |
PAO - PA7, PN | AN
PAS — PA11 -« Port A == Port E > PEO - PE15
PBO - PB15 «1— Port B k== Port F > PFO - PF11
PCO-PC12 1 Port© =2 16-Bit CRC Generator |
PDO - PD5 <1 Port D =
] > TXD1n
Portinterrupt  k={| | UARTT [ 1 RXD1n
| USART1n > MOSI1n
{(n:0,1,2,3) | gpjyy [€7> MISO1N
Watch-Dog Timer = l«1> SCK1n
[¢1— SS1n
Watch Timer k=) AN UARTH |y TDn
0 1 }— RXDn
TIO*T] 16-Bit Timer 1x | 0D :
01,234,586 ]c=g>
EC1n - ( ) i 12Cn > SCLn
= 0, 1,2 <> SDAN
T2n0 1 32 Bit Timer 2x |
T2nC —>| 0 1 f
EC2n —>f © 1 i
PWM30AA <
PWM30AB «— K= ADPCM
PWM30BA <1
PWM30BB <1
|| _Bit Ti sl > COMO — COM2
PWMaocs < "Bt Timer30 - LCD Driver 1> COM3/SEGO - COM7/SEG4
T30CAP —> > SEG7 - SEG43
EC30 — —> ICOMO - ICOM24
BLNK —> k== LED Driver 1> ICOM25/ISEGO — ICOM26/ISEG1
> ISEG2 - ISEG10
CSx — | Touch . — AVREF
| 12-Bit A/D Converter :_ ANO - AN14
PLL | [ IRC ] — CREFO/CREF1
T 1 (=1 AFE(COMP) Ll CPO/CP1A/CP1BICPIC
XIN —
XOUT <«
SXIN —>| Clock Control —K—1 12-Bit DA Converter > DAO
SXOUT <
CLKO <« I

Figure 1.2 Internal block diagram of A31G31x MCUs
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1.5 Pin Layout of Packages

A31G31xMMN (80LQFP14)

1.5.1
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Figure 1.3 PIN LAYOUT (80LQFP14)
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35 [] PD2/SEG10/TXD11/MOSI11/ICOM11
21 [ PC1/SEG24/T210/T21C/ICOM17/CS20

34 [ PD1/SEG11/SDA0/ICOM12
33 [] PDO/SEG12/SCLO/ICOM13

32 [ PC12/SEG13/EC11
31 [ PC11/SEG14/EC10

30 [ PC10/SEG15
29 [1 PC9/SEG16
28 1 PC8/SEG17

36 [ PD3/SEG9/RXD11/MISO11/ICOM10
27 1 PC7/SEG18

23 [] PC3/SEG22/EC21/ICOM15/CS22
22 [ PC2/SEG23/EC20/ICOM16/CS21

38 [ PD5/SEG7/SS11/ICOM8
37 [ PD4/SEGB8/SCK11/ICOM9
24 [ PC4/SEG21/ICOM14/CS23

26 [ PC6/SEG19/SCL2
25 [ PC5/SEG20/SDA2
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A31G31xRMN (64LQFP12)
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1.5.6

A31G31xCUN (48QFN)
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Figure 1.8 PIN LAYOUT (48QFN)
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1.5.7

A31G31xSNN (44LQFP)
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Figure 1.9 PIN LAYOUT (44LQFP)
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1.6 Pin Configuration

Depending on the package type of each A31G31x microcontroller, there are some differences in the number of
pins and configurations.
The pin configuration of A31G31x MCUs is as follows.

Table 1.2 Pin Configuration

Pin No
80LQFP1/64LQFP1| 48LQFP
4 2 48QFN Pin Name| Type Description Remark
80LQFP1/64LQFP1 44LQFP

2 0
PA5* ?UD PORT A Bit 5 Input/Output
T120 (0] Timer 12 Output

1 1 1 44 T12C | Timer 12 Capture Input
AN5 1A Analog Input 5
CP1A 1A Comparator input 1A
ISEG4 | O LED Segment Signal 4 Output
PA6* ISOUD PORT A Bit 6 Input/Output
SEG43 | O LCD Segment Signal 43 Output

2 2 2 1 ANG 1A Analog Input 6
DAO OA Digital to analog output
CREF1 | 1A Comparator 1 Reference Input
ISEG3 | O LED Segment Signal 3 Output
PAT* ISOUD PORT A Bit 7 Input/Output
SEG42 | O LCD Segment Signal 42 Output

3 3 3 9 gx\iRE 1A Analog Input 7
F 1A D/A converter reference input
CREFO | IA Comparator 0 Reference Input
ISEG2 | O LED Segment Signal 2 Output
PBO ISOUD PORT B Bit 0 Input/Output
SEG41 | O LCD Segment Signal 41 Output
IXD10 O UART Channel 10 TxD Input

4 4 4 3 I(\)/IOSH 1/0 SPI Channel 10 Master Out / Slave In
AN8 1A Analog Input 8
|6C0M2 (0] LED Common Signal 26 Output
ISEG1 (0] LED Segment Signal 1 Output
CS8 1A Capacitive Touch switch input 8
PB1 g)UD PORT B Bit 1 Input/Output
SEG40 | O LCD Segment Signal 40 Output
5XD10 | UART Channel 10 RxD Input

5 5 5 4
MISO1 | I/O SPI10 Master-Input/Slave-Output Data
0 signal
AN9 1A Analog Input 9
LCOMZ (0] LED Common Signal 25 Output
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ISEGO | O LED Segment Signal 0 Output
CS9 1A Capacitive Touch switch input 9
PB2* ISOUD PORT B Bit 2 Input/Output
SEG39 | O LCD Segment Signal 39 Output

6 6 6 5 SCK10 | I/O SPI10 Data Clock Input/Output
AN10 1A Analog Input 10
LCOMZ (@) LED Common Signal 24 Output
CS10 1A Capacitive Touch switch input 10
PB3 ?UD PORT B Bit 3 Input/Output
SEG38 | O LCD Segment Signal 38 Output

7 7 7 6 SS10 1/0 SPI Channel 10 Slave Select signa
BOOT* | | Boot mode Selection Input Pull-up
I?)COM2 (0] LED Common Signal 23 Output
PB4 ISOUD PORT B Bit 4 Input/Output
SEG37 | O LCD Segment Signal 37 Output

8 8 8 7 TXDO (0] UART Channel 0 TxD Input
EYVCL | SWD Clock Input Pull-up
IZCOMZ (0] LED Common Signal 22 Output
PB5 ISOUD PORT B Bit 5 Input/Output
SEG36 | O LCD Segment Signal 36 Output

9 9 9 8 2\)/(\/%(70 | UART Channel 0 RxD Input
. 1/0 SWD Data Input/Output Pull-up
I1COM2 (0] LED Common Signal 21 Output
PB6* ISOUD PORT B Bit 6 Input/Output

10 10 10 9 SEG35 | O LCD Segment Signal 35 Output
TXD1 ¢} UART Channel 1 TxD Input
:)COMZ (0] LED Common Signal 20 Output
PB7* ISOUD PORT B Bit 7 Input/Output

1" 1" 1" 10 SEG34 | O LCD Segment Signal 34 Output
RXD1 | UART Channel 1 RxD Input
L)COM1 (0] LED Common Signal 19 Output
PB8* ISOUD PORT B Bit 8 Input/Output
SEG33 | O LCD Segment Signal 33 Output

12 12 EC16 | Timer 16 Event Count Input
T150 (0] Timer 15 Output
T15C | Timer 15 Capture Input
CS11 1A Capacitive Touch switch input 11

13 13 PB9* ISOUD PORT B Bit 9 Input/Output
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SEG32 | O LCD Segment Signal 32 Output
EC15 | Timer 15 Event Count Input
T160 (0] Timer 16 Output
T16C | Timer 16 Capture Input
CS12 1A Capacitive Touch switch input 12
PB10* ISOUD PORT B Bit 10 Input/Output
SEG31 | O LCD Segment Signal 31 Output

14 T160 (0] Timer 16 Output
T16C | Timer 16 Capture Input
EC15 | Timer 15 Event Count Input
CS13 1A Capacitive Touch switch input 13
PB11* ISOUD PORT B Bit 11 Input/Qutput
SEG30 | O LCD Segment Signal 30 Output

15 T150 (0] Timer 15 Output
T15C | Timer 15 Capture Input
EC16 | Timer 16 Event Count Input
CS14 1A Capacitive Touch switch input 14
PB12* ISOUD PORT B Bit 12 Input/Output

16 SEG29 | O LCD Segment Signal 29 Output
CS15 1A Capacitive Touch switch input 15
PB13* ISOUD PORT B Bit 13 Input/Output

17 SEG28 | O LCD Segment Signal 28 Output
CS16 1A Capacitive Touch switch input 16
PB14* ISOUD PORT B Bit 14 Input/Output

18 SEG27 | O LCD Segment Signal 27 Output
CS17 1A Capacitive Touch switch input 17
PB15* ISOUD PORT B Bit 15 Input/Output

19 SEG26 | O LCD Segment Signal 26 Output
CS18 1A Capacitive Touch switch input 18
PCO* ISOUD PORT C Bit 0 Input/Output
SEG25 | O LCD Segment Signal 25 Output
T200 (0] Timer 20 Output

2 1 12 11

0 6 T20C | Timer 20 Capture Input

LCONH (0] LED Common Signal 18 Output
CS19 1A Capacitive Touch switch input 19
PC1* ?UD PORT C Bit 1 Input/Output
SEG24 | O LCD Segment Signal 24 Output
T210 (0] Timer 21 Output

21 17 13 12 T21C | Timer 21 Capture Input
I7COM1 (0] LED Common Signal 17 Output
CS20 1A Capacitive Touch switch input 20

22 18 14 13 pC2* ISOUD PORT C Bit 2 Input/Output

/\BOV ABOV Semiconductor
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SEG23 | O LCD Segment Signal 23 Output
EC20 | Timer 20 Event Count Input
:SCONH (0] LED Common Signal 16 Output
CS21 1A Capacitive Touch switch input 21
PC3* ISOUD PORT C Bit 3 Input/Output
SEG22 | O LCD Segment Signal 22 Output
23 19 15 14 EC21 | Timer 21 Event Count Input
ISCONH (@) LED Common Signal 15 Output
CS22 1A Capacitive Touch switch input 22
PC4* ISOUD PORT C Bit 4 Input/Output
4 20 16 15 ISCEOG'j: (0] LCD Segment Signal 21 Output
4 (0] LED Common Signal 14 Output
CS23 1A Capacitive Touch switch input 23
PC5* ISOUD PORT C Bit 5 Input/Output
SEG20 | O LCD Segment Signal 20 Output
SDA2 o] [2C Channel 2 SDA In/Out
PC6* ISOUD PORT C Bit 6 Input/Output
SEG19 | O LCD Segment Signal 19 Output
SCL2 0 [2C Channel 2 SCL In/Out
PCT7* ISOUD PORT C Bit 7 Input/Output
SEG18 | O LCD Segment Signal 18 Output
PC8* ISOUD PORT C Bit 8 Input/Output
SEG17 | O LCD Segment Signal 17 Output
PCo* ISOUD PORT C Bit 9 Input/Output
SEG16 | O LCD Segment Signal 16 Output
PC10* ISOUD PORT C Bit 10 Input/Output
SEG15 | O LCD Segment Signal 15 Output
PC11* ISOUD PORT C Bit 11 Input/Output
SEG14 | O LCD Segment Signal 14 Output
EC10 | Timer 10 Event Count Input
IOUD .
PC12* S PORT C Bit 12 Input/Output
SEG13 | O LCD Segment Signal 13 Output
EC11 | Timer 11 Event Count Input
IOUD .
PDO* S PORT D Bit 0 Input/Output
SEG12 | O LCD Segment Signal 12 Output
3 25 17 16 SCLO O [2C Channel 0 SCL In/Out
LCOM1 o] LED Common Signal 13 Output
. IOUD .
34 2 18 17 PD1 S PORT D Bit 1 Input/Output
SEG11 | O LCD Segment Signal 11 Output

ABOV Semiconductor ABOV

29 /[ 147 SEMICONDUCTOR



A31G31x

SDAO 0 [2C Channel 0 SDA In/Out
IZCONH (0] LED Common Signal 12 Output
PD2* ?UD PORT D Bit 2 Input/Output
SEG10 | O LCD Segment Signal 10 Output
35 o7 19 18 'I'\;l)(()DS1I1 (@) UART Channel 11 TxD Input
1 I/0 SPI Channel 11 Master Out / Slave In
I1COM1 (@) LED Common Signal 11 Output
PD3* ISOUD PORT D Bit 3 Input/Output
SEG9 (@) LCD Segment Signal 9 Output
RXD11 | | UART Channel 11 RxD Input
36 28 20 19
MISO1 | I/O SPI11  Master-Input/Slave-Output Data
1 signal
IOCONH (0] LED Common Signal 10 Output
PD4* ISOUD PORT D Bit 4 Input/Output
37 29 21 20 SEG8 (0] LCD Segment Signal 8 Output
SCK11 | I/O0 SPI11 Data Clock Input/Output
ICOM9 | O LED Common Signal 9 Output
PD5* ISOUD PORT D Bit 5 Input/Output
38 30 22 SEG7 (0] LCD Segment Signal 7 Output
SS11 1/0 SPI Channel 11 Slave Select signa
ICOM8 | O LED Common Signal 8 Output
39 31 23 21 VDD P VDD
40 32 24 22 VSS P VSS
PE7* ISOUD PORT E Bit 7 Input/Output
COM7 | O LCD Common Signal 7 Outputs
41 33 25 SEG4 O LCD Segment Signal 4 Output
T110 (0] Timer 11 Output
T11C | Timer 11 Capture Input
ICOM7 | O LED Common Signal 7 Output
PE6 ISOUD PORT E Bit 6 Input/Output
CcComM6 | O LCD Common Signal 6 Output
42 34 26 23 SEG3 O LCD Segment Signal 3 Output
T100 (0] Timer 10 Output
T10C | Timer 10 Capture Input
ICOM6 | O LED Common Signal 6 Output
PES ?UD PORT E Bit 5 Input/Output
COM5 | O LCD Common Signal 5 Output
43 35 27 24 SEG2 (0] LCD Segment Signal 2 Output
PWM3 )
0CB (0] Timer 30 PWM Output
ICOM5 | O LED Common Signal 5 Output
PE4* IOUD .
44 36 28 25 S PORT E Bit 4 Input/Output
com4 | O LCD Common Signal 4 Output
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SEG1 (@) LCD Segment Signal 1 Output
PWM3 )
0CA (0] Timer 30 PWM Output
ICOM4 | O LED Common Signal 4 Output
PE3 ?UD PORT E Bit 3 Input/Output
COM3 | o LCD Common Signal 3 Output

45 37 29 26 |SEGO | o LCD Segment Signal 0 Output
PWM3 )
0BB (0] Timer 30 PWM Output
ICOM3 | o LED Common Signal 3 Output
PE2 ISOUD PORT E Bit 2 Input/Output

46 38 30 o7 g\(,)\/',\\/l/é (0] LCD Common Signal 2 Output
OBA (0] Timer 30 PWM Output
ICOM2 | O LED Common Signal 2 Output
PE1 ISOUD PORT E Bit 1 Input/Output

47 39 31 8 g\(,)\/',\\/l/l; (0] LCD Common Signal 1 Output
0AB (0] Timer 30 PWM Output
ICOM1 | O LED Common Signal 1 Output
PEO ISOUD PORT E Bit 0 Input/Output

48 40 32 29 g\(,)\/',\\/l/lg (0] LCD Common Signal 0 Output
0AA (0] Timer 30 PWM Output
ICOMO | O LED Common Signal 0 Output
PE1S ISOUD PORT E Bit 15 Input/Output

SS12 1/0 SPI Channel 12 Slave Select signal

SEG6 (0] LCD Segment Signal 6 Output

PE14 ISOUD PORT E Bit 14 Input/Output

SCK12 | I/0 SPI12 Data Clock Input/Output
SEG5 (0] LCD Segment Signal 5 Output

PET3 ISOUD PORT E Bit 13 Input/Output

RXD12 | | UART Channel 12 RxD Input

MISO1 | I/O SPI12 Master-Input/Slave-Output Data
2 signal

PE12 ?UD PORT E Bit 12 Input/Output

TXD12 | O UART Channel 12 TxD Input

MOSIA1

2 1/0 SPI Channel 12 Master Out / Slave In
PE ?UD PORT E Bit 11 Input/Output

SS13 I/0 SPI Channel 13 Slave Select signal
VLC3 1A External LCD Voltage bias 3

PE10 ?UD PORT E Bit 10 Input/Output

SCK13 | I/O SPI13 Data Clock Input/Output

ABOV Semiconductor ABOV
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VLC2 1A External LCD Voltage bias 2
PE9 ?UD PORT E Bit 9 Input/Output
55 43 RXD13 | | UART Channel 13 RxD Input
MISO1 | I/O SPI13 Master-Input/Slave-Output Data
3 signal
VLC1 1A External LCD Voltage bias 1
PES ?UD PORT E Bit 8 Input/Output
56 44 :’A)((-JDS1I? (0] UART Channel 13 TxD Input
3 I/0 SPI Channel 13 Master Out / Slave In
VLCO 1A External LCD Voltage bias 0
PF7* IODS | PORT F Bit 7 Input/Output o
57 | 45 | 33 | 30 [T30C |1 Timer 30 Capture Input dr‘::'
(SDA0) | O [2C Channel 0 SDA In/Out
PF6* IODS | PORT F Bit 6 Input/Output o
58 46 34 31 [EC30 |1 Timer 30 Event Count Input dr‘::'
(SCLO) | © [2C Channel 0 SCL In/Out
59 47 35 32 PF5 IODS | PORTF Bit5 Input/Output Opgn-
BLINK |1 External Sync Signal Input for T30 PWM | drain
PF4 ISOUD PORT F Bit 4 Input/Output
60 48 36 33 CLKO (0] System Clock Output
R-SET | IA LED Segment current setting
PF11 ISOUD PORT F Bit 11 Input/Output
61 T140 | o Timer 14 Output
T14C | Timer 14 Capture Input
PF10 ISOUD PORT F Bit 10 Input/Output
62 T130 (0] Timer 13 Output
T13C | Timer 13 Capture Input
PF9* IOUD .
63 S PORT F Bit 9 Input/Output
EC14 | Timer 14 Event Count Input
PF8* IOUD .
64 S PORT F Bit 8 Input/Output
EC13 | Timer 13 Event Count Input
PF3 ISOUD PORT F Bit 3 Input/Output
65 49 37 34 SXOUT | O Sub Oscillator Output
(RXD1) | | UART Channel 1 RxD Input
PF2 ISOUD PORT F Bit 2 Input/Output
66 50 38 35 SXIN | Sub Oscillator Input
(TXD1) | O UART Channel 1 TxD Input
nRESE
67 51 39 36 T U External Reset Input Pull-up
PF1 ISOUD PORT F Bit 1 Input/Output
68 52 40 37 XIN | Main Oscillator Input
(SDA1) | O [2C Channel 2 SDA In/Out
69 53 41 38 PFO* IOUD | PORT F Bit 0 Input/Output
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S

XOouT (0] Main Oscillator Output
(SCL1) | © [2C Channel 2 SCL In/Out
:)SEG1 (@) LED Segment Signal 26 Output

70 54 VSS P VSS

71 55 VDD P VDD

72 56 VDD P VDD
PA9* ISOUD PORT ABit 9 Input/Output

[ 57 AN12 1A Analog Input 12
CS0 1A Capacitive Touch switch input 0
PA10* ISOUD PORT A Bit 10 Input/Output

74 %8 AN13 1A Analog Input 13
CS1 1A Capacitive Touch switch input 1
PA11* ISOUD PORT A Bit 11 Input/Output

75 59 AN14 1A Analog Input 14
CS2 1A Capacitive Touch switch input 2
PAO* ISOUD PORT A Bit 0 Input/Output
SDA1 0 [2C Channel 1 SDA In/Out

76 60 44 41 ANO 1A Analog Input 0
ISEG9 | O LED Segment Signal 9 Output
CS3 1A Capacitive Touch switch input 3
PA1* ISOUD PORT ABit 1 Input/Output
SCL1 0 I2C Channel 1 SCL In/Out

77 61 45 42 AN1 1A Analog Input 1
ISEG8 | O LED Segment Signal 8 Output
CS4 1A Capacitive Touch switch input 4
PA2* ISOUD PORT A Bit 2 Input/Output
EC12 | Timer 12 Event Count Input
AN2 1A Analog Input 2

8 62 46 43 AVREF | IA A/D Converter Reference Input
CPO 1A Comparator plus input 0
ISEG7 | O LED Segment Signal 7 Output
CS5 1A Capacitive Touch switch input 5
PA3* ISOUD PORT A Bit 3 Input/Output
AN3 1A Analog Input 3

9 63 47 CP1C 1A Comparator plus input 1C
ISEG6 | O LED Segment Signal 22 Output
CS6 1A Capacitive Touch switch input 6
PA4* ISOUD PORT A Bit 4 Input/Output

80 64 48 AN4 1A Analog Input 4
CP1B 1A Comparator plus input 1B
ISEG5 | O LED Segment Signal 21 Output

ABOV Semiconductor \BO\ .
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| | ‘ CSs7 IA Capacitive Touch switch input 7
Notation: I=Input, O=Output, U=Pull-up, D=Pull-down,
S=Schmitt-Trigger Input Type, C=CMOS Input Type, A=Analog, P=Power
(*) Selected pin function after reset condition
Pin order may be changed with revision notice
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1.7 Memory Map

0x4000 FFFF
0x4000 FO08
0x4000 FO04
0x4000 FOOO

0x4000 6000

0x4000 5000

0x4000 4800

0x4000 4700

REVISION NUMBER
CHIP ID
VENDOR ID

LEDC

LCDC

~o
|m|

ADPCM

OXFFFF FFFF

0xE010 0000
0xEO00 0000

0xC000 0000

Cortex-M0+
Peripherals

~ OX3FFF FFFF

UART 0xA000 0000
0x4000 4000 i
0x3F00 0600
OTP MIRROR
USART
0x4000 3800 0x3F00 0000
TOUCH : 0X3E00 0800
0x4000 3600 0x8000.0000 BOOT ROM MIRROR
ADC-+AFE 0x3E00 0000 (2KB)
+DAC
0x4000 3000 0x3004 0000
7
FLASH ROM MIRROR
(256KB)
0x6000 0000 0x3000 0000
TIMER }
0x4000 2100
W-r .
0x4000 2000 0x4000 0000 Peripherals Ox1FEE EFEE
WDT Ox1FFF 0800
0x4000 1A00 MIRROR BOOT ROM(2KB)
- Ox3000 0006 0x1FFF 0000
PCU+GPIO X :
0x4000 1000 ]
/ v 0xOF00 0600
0x2000 0000 SRAM(16KE)
: 0xOF00 0000
DMAC 0x0004 0000
0x4000 0400
CRC16 FLASH ROM(256KB
0x4000 0300 0x0000 0000 (A31G3§6) )
FLASH ROM(128KB)
EMC 0x0001 0000 (A31G314)
0x4000 0100 FLASH ROM (64KB)
A31G313,
< [ ] Reserved 0x0000 0000 ( )
0x4000 0000
Figure 1.10 Memory Map
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CHAPTER 2. CPU
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CPU

2.1 Cortex-M0+ Core

The ARM® Cortex®-M0+ processor is the most energy-efficient ARM processor available. It builds on the very
successful Cortex-MO0+ processor, retaining full instruction set and tool compatibility, while further reducing energy
consumption and increasing performance. Document “DDI 0484C” from ARM provides detail information of
Cortex-MO+.

ABOV Semiconductor \BO\
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2.2 Interrupt Controller

Table 2.1 Interrupt Vector Map

Priority | Vector Address Interrupt Source
-16 0x0000_0000 Stack Pointer
15 0x0000_0004 Reset Address
14 0x0000_0008 NMI Handler
13 0x0000_000C Hard Fault Handler
12 0x0000_0010
-11 0x0000_0014
-10 0x0000_0018

-9 0x0000_001C Reserved
-8 0x0000_0020

7 0x0000_0024

-6 0x0000_0028

-5 0x0000_002C SVCall Handler
4 0x0000_0030

3 0x0000_0034 Reserved
-2 0x0000_0038 PenSV Handler
-1 0x0000_003C SysTick Handler
0 0x0000_0040 LVI

1 0x0000_0044 SYSCLKFAIL
2 0x0000_0048 WDT

3 0x0000_004C GPIOA,B

4 0x0000_0050 GPIOC,D

5 0x0000_0054 GPIOE

6 0x0000_0058 GPIOF

7 0x0000_005C TIMER10

8 0x0000_0060 TIMER11

9 0x0000_0064 TIMER12
10 0x0000_0068 12C0

11 0x0000_006C USART10
12 0x0000_0070 WT

13 0x0000_0074 TIMER30
14 0x0000_0078 12C1

15 0x0000_007C TIMER20
16 0x0000_0080 TIMER21
17 0x0000_0084 USART11
18 0x0000_0088 ADC

19 0x0000_008C UARTO
20 0x0000_0090 UART1
21 0x0000_0094 TIMER13
22 0x0000_0098 TIMER14
23 0x0000_009C TIMER15
24 0x0000_00A0 TIMER16

\BO\
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25 0x0000_00A4 12C2

26 0x0000_00A8 USART12/USART13

27 0x0000_00AC ADPCM/DAC

28 0x0000_00B0 LED

29 0x0000_00B4 TOUCH

30 0x0000_00B8 Reserved

31 0x0000_00BC COMP/CRC
(Note)

Each interrupt has an associated priority-level register. Each of them is 2 bits wide, occupying the two MSBs of
the Interrupt Priority Level Registers. Each Interrupt Priority Level Register occupies 1 byte (8 bits). NVIC registers
in the Cortex-M0O+ processor can only be accessed using word-size transfers, so for each access, four Interrupt
Priority Level Registers are accessed at the same time.

**  NVIC_PRIO_BITS =2
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CHAPTER 3. Boot Mode
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BOOT MODE

3.1 Boot Mode Pins

A31G31x has boot mode option to program internal flash memory.

Boot mode can be entered by setting BOOT pin to ‘L’ at reset timing. (Normal state is ‘H’)
The boot mode supports UART boot and SPI boot.

UART boot uses TXD10/RXD10 port, and SPI boot uses MOSI10/MISO10/SCK10/SS10 port.
The pins for boot mode are listed as following:

Table 3.1 Boot mode pin list

Block Pin Name Dir Description
nRESET I Reset Input signal
SYSTEM
BOOT/PB3 I ‘0’ to enter Boot mode
UART RXD10/PB1 I UART Boot Receive Data
mode of 0 UART Boot Transmit Dat
USART10 TXD10/PB0 oot Iransmi ata
S$S10/PB3 I SPI Boot Slave Selectable after Boot ROM
SCK10/PB2 I SPI Boot Clock Input
SPI mode - -
of MISO10/PB1 I SPI Boot Data Input with function
USART10 exchange
MOSI10/PBO (0] SPI Boot Data Output with function
exchange
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A31G31x

3.2 Boot Mode Connections

User can design target board using any of boot mode ports — UART or SPI mode of USART10.
Followings are sample connection diagrams of boot mode.

3.3-5V
HOST é o
VDD
vbD RESET
[ n
RESET I BOOT
BOOT
A31G31x
TXD RXCLO
RXD TXOO
GND GND
Figure 3.1 Connection diagram of UART Boot
3.3~5V
HOST é 10k
VDD
vbD RESET
[ n
REsEl BOOTSZ0
BOOT
SS A31G31x
SCK SCHKO
SDO MISA0
SDI MOSL0
GND GND

NOTE) The MISO 10 and MOSI 10 exchange options are activated automatically in boot mode. MISO 10 must
be HIGH level for using SPI Boot.
Figure 3.2 Connection diagram of SPI Boot
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BOOT MODE

3.3 SWD Mode Connections

User can use the SWD mode for writing with E-PGM+.
This can be used for writing & debugging.

__ 335V
EPGM+ % % 10km
VDD
VDD
SESET , NRESET
A31G31x

SWCLK SWCLK
SWDIO SWDIO

GND GND

Figure 3.3 Connection diagram of E-PGM+ and SWD Port
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CHAPTER 4. SYSTEMCONTROL UNIT(SQU)
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System Control Unit - SCU

4.1 OVERVIEW

The A31G31x has built-in intelligent power control block which manages system analog blocks and operating
modes

Internal reset and clock signals are controlled by SCU block to maintain optimize system performance and
power dissipation.

- » SCU
SCU MODE
APB BUS CONTROL
SCU CLOCK > HCLK
GENERATOR > MCLK
> PCLK
RESET < POWER DOWN
) WAKE UP WAKE UP
INTERRUPT < SOURCE
VDC / LVD / OSC _ VDC /LVD /
INTERRUPT < CONTROL 0sc

Figure 4.1 SCU Block Diagram
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A31G31x
4.2 CLOCK SYSTEM

A31G31x has two main operating clocks. One is HCLK which supplies the clock to CPU and AHB bus system.
The other one is PCLK which supplies the clock to Peripheral systems.

User can control the clock system variation by software. The below figure shows the clock system of the chip.
And the below table shows clock source descriptions.

WDTRC Cortex MO
500K/16 | "IoIN — M Memory

FCLK

1N
o | Mc
PCLK_ APB Bus
10 SCU_PCER1.2 Interface
—111
1:0]
[]—| s0SC | —
MCLKSEL Divide {J cko
|
SCU_MCCR1 _SYST|CK
SCU_MCCR1 M
/N v _
HSI (N=124, SCU_MCCR2["r pa | %
8632 | | PLL pe| Y
1
SCU_MCCR2 M
[]—|—‘

MsSOC [ scu_mccrs[ pac | & Timer 30
N=124["  nse prrem |1 T
scu mccrs [
SOSC

MCCR4

DBCIK WDTRC X

SCU_MCCRS [
PCLK g LED
SCUMCCRn.| —
Clock |>+E- AL AR SCU_MCCRS

Lsl [ LED ]

SOsC

MCLK o ik =

oRe Divid —ra LCD
oL \vider wDTRC| X

[2:0] %:0]

Figure 4.2 Clock Tree Configuration

All mux to switch clock source have a glitch-free circuit in each. So clock can be switched without glitch risks.
When you try to change the clock mux control, both of clock sources should be alive. If one of them is not alive,
clock change operation is stopped and system will be halted and not be recovered.

Table 4.1 Clock sources

Clock name Frequency Description
MOSC 2-16 MHz External Crystal OSC
SOSC 32.768 kHz External Sub Crystal OSC
HSI 48 MHz High Speed Internal OSC
LSI 500 kHz Low Speed Internal OSC

421 HCLK clock domain

HCLK clock feeds the clock to the CPU and AHB bus. Cortex-M0+ CPU requires 2 clocks related with HCLK
clock. FCLK and HCLK. FCLK is free running clock and it is always running except power down mode. HCLK can
be stopped in the sleep mode and power down mode.

BUS system and memory systems operated by MCLK clock. Max bus operating clock speed is 48MHz.
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System Control Unit - SCU

422

423

PCLK clock domain

PCLK is master clock of all the peripheral. Each peripheral clocks enabled by SCU_PCER1 and SCU_PCER2
registers can be used by each peripheral. Before enabling the PCLK input clock of each block, it can’t be
accessible even reading its registers. It can be stopped in power down mode.

Clock configuration procedure

After power up, the default system clock is feed by LSI (500kHz) clock. LSI is default enabled at power up
sequence. The other clock sources will be enabled by user controls with the LSI system clock.

HSI (48MHz) clock can be enabled by SCU_CSCR register.

MOSC (2-16MHz) clock can be enabled by SCU_CSCR register. Before enable MOSC block, the pin mux
configuration should be set for XIN, XOUT function. PF1 and PFO pins are shared with MOSC’s XIN and XOUT
function — PF.MOD and PF.AFSR1 registers should be configured properly. After enabling the MOSC block, you
must wait for more than 5msec time to ensure stable operation of crystal oscillation.

SOSC (32.768kHz) clock can be enabled by SCU_CSCR register. Before enable SOSC block, the pin mux
configuration should be set for SXIN, SXOUT function. PF2 and PF3 pins are shared with SOSC’s SXIN and
SXOUT function — PF_MOD and PF_AFSR1 registers should be configured properly. After enabling the SOSC
block, you must wait for more than 10msec time to ensure stable operation of crystal oscillation.

You can change the MCLK by SCU_SCCR Register.

You can find an example flow chart to configure the system clock in below Figure.

ABOV Semiconductor \BO\
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A31G31x

Power up
MCLK=LSI
(500KHz)

FM_CFG.WAIT=Maximum wait
(Set Flash wait control)

y

SCU_CSCR= Errable All Clock

PF_MOD[3:2] =AF
PF_MOD[1:0]=AF Wait for
PF_ASFR1[3:0]=XOUT stabilizing
PF_ASFR1[7:4]1=XIN

SCU_SCCR = MOSC|—

PF_MOD[5:4] =AF
PF_MOD[7:6] =AF Wait for

SOsC ?

» SCU_SCCR = SOSC |—

(32.768KHz) PF_ASFR1[11:8]=SXIN stabilizing
PF_ASFR1[15:12]=SXOUT
HSI ? Y Wait for
(48MHz) stabilizing SCU_SCCR = HSI

y
SCU_CSCR=0xXXXX
(Disable unused clock source)

y
FM_CFG.WAIT=Suitable wait
(Set flash wait control)

( END )

When you speed up the system clock until max operating frequency, you should check flash wait control

Figure 4.3 Clock change procedure

configuration. Flash read access time is one of limitation factor for the performance. The wait control
recommendation is provided in below table

Table 4.2 Flash wait control recommendation

FM.CFG.WAIT FLASH Access Wait Available Max System clock
frequency
00 0 clock wait ~20MHz
01 1 clock wait ~40MHz
10 2 clock wait ~48MHz
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System Control Unit - SCU

4.3 RESET

A31G31x has two system reset. One is the cold reset by POR which is effective during power up or down
sequence. The other reset is the warm reset which is generated by several reset sources. The reset events make

the chip to turn initial state.
The cold reset has only one reset source which is POR.
The warm reset has several reset sources as below

L 20 2R 2R 2% 2R 2% 4

nRESET pin

WDT reset

LVD reset

MCLK Fail reset
MOSC Fail reset
S/W reset

CPU request reset

431 The Cold Reset

The cold reset is important feature of the chip when power is up. This characteristic will globally affect the
system boot. Internal VDC is enabled when VDDEXT power is turn on. Internal POR trigger level is 1.6V of
VDDEXT voltage out level. At this time, boot operation is started. The LSI clock is enabled and counts 4.25msec
time for internal VDC level stabilizing. In this time, VDDEXT voltage level should be over than initial LVD level
(1.6V). After 4.25msec counting, the cold reset is released and counts 0.4msec time for warm reset synchronizing.

After released cold and warm reset, BOOTROM and CPU are running.
The below figure shows power up sequence and internal reset waveform.

12V. 16V . VDDEXT|
5V 55 -
av i K
3V i :
2V - :
Y, & :
ov i :
PORR) | %
LVOBOD i 5
COLDRSTECNT /0000888000000
« 4.25msec %
COLDRSTB g Typical [
WARMRSTECNT : XOOOOX
<« O4msec
WARM RSTB : .~ Typical !
SYSRSTB § |
BOOTROM i
EXCUTION : 4.25msec ‘« O4msec - 3.7msec :
MAIN CODE START : Typical Typical Typical ,7
:< 8.35msec #
Typical

Figure 4.4 Power up procedure
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A31G31x

4.3.2 The Warm Reset
The warm reset event has several reset sources and some parts of chip returns to initial state when warm reset
condition is occurred.
The warm reset source is controlled by SCU_RSER register and the status is appeared in SCU_RSSR register.
The reset for each peripheral blocks is controlled by SCU_PRER register. The reset can be masked independently.
PIN RSTB |
WARM RSTECNT )OOOOO(
:4 0.4 msec ,:
WARM RSTB . Typical |
SYSRSTB i
BOOTROM : | [
EXCUTION ‘e 04 msec - 3.7 msec :
MAIN CODE START Typical Typical ,—
e 4.1msec .
Typical
Figure 4.5 Warm reset diagram
4.3.3 The LVR Reset

The voltage level of LVR is set by the low voltage reset configuration register (SCULV_LVRCNFG).

The LVR reset status is appeared in SCU_RSSR register. The reset for LVR is controlled by SCULV_LVRCR

register. The register is cleared to “0x00” on POR reset.

A
VDD
On LVR Level: 2.0V \ \ /

LVR(R)=2.1V /\/
LVR(F)=2.0V

1.8V /

/ —>

LVR Reset ﬁ)l LVR Reset doesn't occur at this point Time

Figure 4.6 LVR Reset Timming Diagram
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System Control Unit

- SCU

VDDEXT 425 Cold Reset - -
| vbC POR o meec CMO PORESETn
Counter
R LVD
SCU.RSER[0] SYSRESETn
-
MOSC FAIL DETECTOR o
SCU.RSER[1]-Q) 3
I3
MCLK FAIL DETECTOR £
SCU.RSER[2]—Q) 3 —
=
WDT RESET REQUEST CMO SYSRESETn
DETECTOR SCU.RSER[3]-Q)
SW RESET REQUEST
DETECTOR SCU.RSER[4]—()
j 0.4 msec
NRESET PIN RESET DETECTOR Counter
| SCU.RSER[6]—Q)
CPU RESET REQUEST
DETECTOR SCU.RSER[5]
l » SYSRESETn
[ [
; SCU.PRER2[4] 12C0 RESETn
B SCU.PER1[0] SCU RESETn “ SCU.PER2[4]
[ [
I SCU.PRER2[5 12C1 RESETn
b1 SCUPERII] FMC RESETn 151 SCU.PER[S]
q q
b1 SCU.PRER2[6] 12C2 RESETn
b SCU.PER1[2] WDT RESETn 1€l SCU.PER2[6]
q q
I SCU.PRER2[8] USART10 RESETn
b1 SCUPERIE) PCU RESETn 8] SCU.PER[S]
[ [
SCU.PRER1[4 DMA RESET! SCU.PRER2[9 USART11 RESET:
“ SCU.PER1[S] " ©l SCU.PER2[9] "
q q
. SCU.PRER2[10; USART12 RESET:
SCU.PRER1[8] SCUPERTIE] GPIOA RESETn [10} SCUPER2(10] n
q q
|PRERT SCU.PRER2[11 USART13 RESET:
scu 191 SCUPERIS] GPIOB RESETn 11 SCU.PERZ[11] n
q q
. SCU.PRER2[12] UARTO RESET
SCU.PRER1[10] SCUPER1[10] GPIOC RESETn (2] SCU.PER2[12] n
[ [
SCU.PRER1[11 GPIOD RESET! SCU.PRER2[13; UART1 RESET
i SCU.PERT[11] " 03t SCU.PER2[13] "
) e s |
SCU.PRER1[12] GPIOE RESETn
SCU.PER1[12] SCU.PRER2[20} SCUPER2IZ0] ADC RESETn
"ﬂ >—4D [
SCU.PRER1[13] GPIOF RESETn
SCU.PER1[13] SCU.PRER2[22] scupER2I22] DAC RESETn
< [
SCU.PRER1[16] TIMER10 RESETn
SCU.PERT[16] SCU.PRER2[23] ScU.PER2I23] COMP RESETn
q
[
SCU.PRER1[17] TIMER11 RESETn
J SCU.PER1[17] SCU.PRER2[24] SCUPER2I24] ADPCM RESETn
[
SCU.PRER1[18] TIMER12 RESETn
J SCU.PER1[18] SCU.PRER2[25] SCU.PER2I2S] TOUCH RESETn
SCU.PRER1[19] SCU.PER1[19] TimeR3 Resen § SCU.PRER2[28] LCD RESET
: : SCU.PER2[28] "
q
SCU.PRER1[20] TIMER14 RESETn
SCU.PER1[20] SCU.PRER2[29] SCUPER2[29] LED RESETn
< [
SCU.PRER1[21] TIMER15 RESETn PRER2(31
SCU.PER1[21] SCu.| [31] SCU.PER2[31] CRC RESETn
q
| PRER1[22
scu 122] SCUPERTI22] TIMER16 RESETn
[
SCU.PRER1[24] SCUPERI[24] TIMER30 RESETn
q
SCU.PRER1[25] SCUPERIE2S] TIMER20 RESETn
L
| PRER1[2
scu 126] SCUPERIL26] TIMER21 RESETn
[
CU.PRER1[31 WT RESET
scv &1 SCU.PER1[31] SETn

Figure 4.7 Reset tree configuration
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A31G31x
4.4 Operation Mode

The INIT mode is initial state of the chip when reset is asserted. The RUN mode is max performance of the

CPU with high-speed clock system. And the SLEEP and the PD mode can be used as the low power consumption
mode. The low power consumption is achieved by halting processor core and unused peripherals.
Figure 4.8 shows the operation mode transition diagram.

POWER-ON
RESET INIT
RESET RESET
EVENT MCU RESET EVENT
INITIALIZATION EVENT
WAKE-UP PCU WAKE-UP
EVENT EVENT
POWER
SLEEP ) < RUN ) ( DOWN
WFI WFI
SCB.SCR[2]* = 0 SCB.SCR[2]* = 1
*note) SCB.SCR is System Control Register in System Control Block

Figure 4.8 Operation Mode Block Diagram
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System Control Unit - SCU

4.4.1 RUN Mode

This mode is to operate the CPU and the peripheral hardware by using the high-speed clock. After reset followed
by INIT state, it is entered into RUN mode.
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A31G31x
442  SLEEP Mode

Only the CPU is stopped in this mode. Each peripheral function can be enabled by the function enable and
clock enable bit in the SCU_PER and SCU_PCER register.

SLEEP MODE
ENTER

SCB.SCR[2]* = 0

Y

WFI
(ENTER SLEEP MODE)

Y

Wait for Interrupt signal

Y

WAKE UP

v

( END )

*note) SCB.SCR is System Control Register in System Control Block

Figure 4.9 Sleep mode sequence
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55 / 147

4.4.3 POWER-DOWN Mode
All the internal circuits are entered the stop state.
Power down operation has special power off sequence as below picture.
POWER DOWN MODE
ENTER
SToPl STOP1* or STOP2* 2
Y
SCU_VDCCON[17]=STOP1 SCU_VDCCON[17]=STOP2
-SCULV_LVRCR[7:0]=0x55 (LVD_DISABLE)
-SETUP WAKE UP SOURCE
-SCU_SMR[10:8] CONFIG
SCB.SCR[2]* = 1
— W -
VDC_ENABLE VDC_DISABLE
I I
SET @ CLEAR
BGR_ENABLE BGR_DISABLE
I I
SET w CLEAR
ROSC_ENABLE ROSC_DISABLE
I I
WFI
WAKE UP DEFAULT CLOCK = LSI
A 4
=
*note 1) when STOP1, VDC current is limited 500uA
*note 2) when STOP2, VDC current is limited 10uA
*note 3) SCB.SCR is System Control Register in System Control Block
Figure 4.10 Power down mode Sequence
ABOV Semiconductor
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4.5 PIN DESCRIPTION

Table 4.3 SCU pins

PIN NAME TYPE DESCRIPTION
nRESET I External Reset Input
XIN/XOUT OSC | External Crystal Oscillator
SXIN/SXOUT | OSC | External sub-Crystal Oscillator
CLKO (0] Clock Output Monitoring Signal

\BO\
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Port Control Unit - PCU

CHAPTER 5. PORT CONTROL UNIT (PCLg GPIO
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A31G31x
5.1 OVERVIEW

PCU(Port Control Unit) controls the external 1/Os as below

B Set external signal directions of each pins
B Setinterrupt trigger mode for each pins
B Setinternal pull-up/down register control and open drain control

= PORT
APB BUS - CONTROL
Y
> FUNCTION PA / PB / PC
«—> «—> PORT
Function 1/Os > MUX - PD / PE / PF < s
> INTERRUPT P
NVIC €] CONTROL

Figure 5.1 Port Control Uint Block Diagram m

Most of pins except dedicated function pins can be used general I/O ports. General input/output ports are
controlled by GPIO block.

®  Output signal level (H/L) select
B External interrupt interface
B Pull up/down enable or disable

|
|
|
Pn_BSR '
PSEL —>, > Pn_BCR :
|
. l
! I
! I
| Y |
' I
! I
DOUT[31:0] €— > Pn_OUTDR —
|
! I
| I
| ! PCU > PINs
! I
! I
DIN[31:0] €—F————— Pn_INDR S
|
|
|
|

Figure 5.2 GPIO Block diagram
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Port Control Unit - PCU

VDD
Pull-up
P-ch
1 Control _4
Open-drain Enable VDD VDD
Output Data P-ch
® [JvoPrin
Output Enable :{>o—| N-ch
Alternative
Function Pull-down
Control B -
Ontro Control L N-ch

Debounce
Control

XA
Analog Input <€ I;%I_

Digital Input <€—

Figure 5.3 1/0 Port Block Diagram (External Interrupt 1/O pins)

® [JvoPin
Output Enable ) N-ch
Alternative
Function Pull-down
| - R
Contro Control — [ N-ch

Analog Input <€

Digital Input 4—2223‘3?58 —Qil_—a
>

Figure 5.4 1/0 Port Block Diagram (PF5, PF6, PF7 1/0 pins)
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A31G31x

5.2 Pin Multiplexing

GPIO pins have alternative function pins. Below table shows pin multiplexing information.

Table 5.1 GPIO Alternative function

Alternative Functions

Pin
Names AF0 AF1 AF2 AF3 AF4
PAO SDA1 ANO CS3/ISEG9
PA1 SCL1 AN1 CS4/ISEG8
PA2 EC12 QS'Z’AVREF’ C | cssnsec?
PA3 AN3/CP1C CS6/ISEG6
PA4 AN4/CP1B CS7/ISEG5
PA5 T120 T12C AN5/CP1A ISEG4
AN6/CREF1
PA6 SEG43 'DAO ISEG3
AN7/CREFO
PA7 SEG42 'DAVREE ISEG2
PA9 AN12 CS0
PA10 AN13 CS1
PA11 AN14 CcSs2
CS8/ICOM26
PBO SEG41 TXD10 MOSI10 ANS8 1SEGT
CS9/ICOM25
PB1 SEG40 RXD10 MISO10 AN9 1SEGO
PB2 SEG39 SCK10 AN10 CS10/ICOM24
PB3 SEG38 BOOT SS10 ICOM23
PB4 SEG37 TXDO SWCLK ICOM22
PB5 SEG36 RXDO SWDIO ICOM21
PB6 SEG35 TXD1 ICOM20
PB7 SEG34 RXD1 ICOM19
PB8 SEG33 T150 T15C EC16 CS11/EC16
PB9 SEG32 T160 T16C EC15 CS12/EC15
PB10 | SEG31 T16C EC15 T160 CS13/T160
PB11 SEG30 T15C EC16 T150 CS14/T150
PB12 | SEG29 CS15
PB13 | SEG28 CS16
PB14 | SEG27 Cs17
PB15 | SEG26 Ccs18
\BO\ ABOV Semiconductor
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Port Control Unit - PCU

Table 5.2 GPIO Alternative function

Pin Alternative Functions
Names AFO0 AF1 AF2 AF3 AF4

PCO SEG25 T200 T20C CS19/ICOM18
PC1 SEG24 T210 T21C CS20/ICOM17
PC2 SEG23 EC20 CS21/ICOM16
PC3 SEG22 EC21 CS22/ICOM15
PC4 SEG21 CS23/ICOM14
PC5 SEG20 SDA2

PCé6 SEG19 SCL2

PC7 SEG18
PC8 SEG17
PC9 SEG16
PC10 SEG15

PC11 SEG14 EC10

PC12 SEG13 EC11

PDO SEG12 SCLO ICOM13
PD1 SEGM1 SDAO ICOM12
PD2 SEG10 TXD11 MOSI11 ICOM11
PD3 SEG9 RXD11 MISO11 ICOM10
PD4 SEG8 SCK11 ICOM9

PD5 SEG7 SS11 ICOM8
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Notes)

Table5.3 GPIO Alternative function

Pin Alternative Functions

Names AFO0 AF1 AF2 AF3 AF4
PEO COMO PWM30AA ICOMO
PE1 COM1 PWMB30AB ICOM1
PE2 COM2 PWM30BA ICOM2
PE3 COMB3/SEGO PWM30BB ICOM3
PE4 COM4/SEG1 PWM30CA ICOM4
PE5 COM5/SEG2 PWM30CB ICOM5
PE6 COMB6/SEG3 T100 T10C ICOM6
PE7 COM7/SEG4 T110 T11C ICOM7
PES8 TXD13 MOSI13 VLCO
PE9 RXD13 MISO13 VLC1
PE10 SCK13 VLC2
PE11 SS13 VLC3
PE12 TXD12 MOSI12
PE13 RXD12 MISO12
PE14 SEG5 SCK12
PE15 SEG6 SS12
PFO SCL1 XOUT ISEG10
PF1 SDA1 XIN
PF2 TXD1 SXIN
PF3 RXD1 SXOUT
PF4 CLKO R-SET
PF5 BLNK
PF6 EC30 SCLO
PF7 T30C SDAO
PF8 EC13
PF9 EC14
PF10 T130 T13C
PF11 T140 T14C

1. On connection with debugger host, The SWCLK and SWDIO pins are always for SW-DP pins. So, the
corresponding bits of PB_MOD/PB_TYP/PB_AFSR1/PB_PUPD registers may not be written by software.
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Port Control Unit - PCU

5.3 PIN DESCRIPTION

Table 5.4 External signal

PIN NAME TYPE DESCRIPTION
PA 10 PAO — PA7, PA9 — PA11
PB 10 PBO - PB15
PC 10 PCO - PC12
PD 10 PDO - PD5
PE 10 PEO - PE15
PF 10 PFO - PF10

ABOV Semiconductor
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CHAPTER 6. FLASH MEMORY CONTROLLER
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Flash Memory Controller

6.1 OVERVIEW

Flash Memory Controller is an internal flash memory interface controller.

B ol ABEABMEAAORSTL dzA G0
B wSIR LINRGSOGAZ2Y &dzLILJ2 NI
B {StFT tNRINIY &dzLILIR NI
B ! ASNJ 2LJiA2Yy I NBI
- omJ-3S 6SIFOK pmu .2&iS8av
- 9N} &SI tNRBIN}Y Ay dzZaSNJ Y2RS
Item Decription
Size 64KB / 128KB / 256KB
Start Address 0x0000_0000
End Address 0x0002_0000
Page Size 512-byte
Total Page Count 256 pages
PGM Unit 512-byte
Erase Unit 512-byte / 1KB / 4KB / bulk
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0x0F00 F600 User OTP2
0xOF00 0400
User OTP1
0xOF00 0200
User OTPO
0xOF00 0000
0x0004 0000 Page 511 0x0002 0000~ 1K \
0x0003 FEOO Page 510 Sector 255
0x0003 FC00 Page 509 0x0001 FCO0=< 1K
0x0003 FAOO Page 508 Sector 254 4K
0x0003 F800 Foo 507 0x0001 FB00= Sector 63
0x0003 F600 Page 506 Sector 253
0x0003 F400 Fage 505 0x0001 F400=<<| 1K
0x0003 F200 Page 504 Sector 252
0x0003 FO00 0x0001 FOOO—
| | | | |
0x0002 0000 Page 255 0x0002 0000~ 1K \
0x0001 FEOO Page 254 Sector 127
0x0001 FCO0 Page 253 0x0001 FCO0=<
1K
0x0001 FAQD Page 252 Sector 126 | .
0x0001 F800 -
Page 251 0x0001 F800 1K Sector 31
0x0001 F600 Page 250 Sector 125
0x0001 F400 Page 249 0x0001 F400=<<| 1K
0x0001 F200 Bage 248 Sector 124
0x0001 FOOO 0x0001 FOOO—
) ; | |
age i '
0x0001 0000
Address / Page 127 0x0002 0000~ 1K ~
A31G316 0x0000 FEOO b 156 Sector 63
age
0x0000 FCO0 Pa:e 125 0x0001 FCO0=<< 1K
Page 0x0000 FA00 Sector 62
Address 0x0000 F800 Fage 122 0x0001 F800=~ «
A31G314 Page 123 : 1K Sector 15
0x0000 F600 b 155 Sector 61
age
0x0000 F400 J 0x0001 F400=<<|
0x0000 F200 Page 121 x
X! Page 120 Sector 60
P 0x0000 FO00 0x0001 FOO0O— /
age ‘ \ |
Address I | !
A31G313 ‘ | ‘ ‘
0x0000 1000 Page 7 0x0000 1000—~— N
0x0000 OEOO0 Sector 3
Page 6
0x0000 0C00 B 0x0000 0CO0=<|
age 5 1K
0x0000 0A00 Page 4 Sector 2 4K
0x0000 0800 Page 3 0x0000 0800== Sector 0
0x0000 0600 Sector 1
Page 2
0x0000 0400 5 0x0000 0400 =
age 1 1K
\ 0x0000 0200 s sector0J
0x0000 0000 0x0000 0000 —

Figure 6.1 Flash Memory Map
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A31G31x

7.1 OVERVIEW

The A31G31x has a block of 0-wait on-chip SRAM. The size of SRAM is 16KB.

The SRAM base address is 0x2000_0000

The SRAM memory area is usually used for data memory and stack memory. Sometimes the code is dumped
into the SRAM memory for fast operation or flash erase/pgm operation.

This device does not support memory remap strategy. So jump and return is required to perform the code in
SRAM memory area.
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CHAPTER 8. DIRECT MEMORY ACCESS CONTROLLER
(DMAC)
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A31G31x

8.1 OVERVIEW

DMA is direct memory access controller
The A31G31x's DMA can access UART Tx & Rx and CRC blocks.
DMA transfers data from RAM to peripheral devices or transfers data from peripheral devices to RAM.

PCLK

INTERRUPT

DMA_REQ

DMA_ACK

4 Channels

Single transfer only

Support 8/16/32-bit data size
Support multiple buffer with same size

Interrupt condition is transferred through peripheral interrupt

REGISTER INTERFACE

A 4

_ ADR CONT BUF

»

DST SRC

CNT CNT

= CHANNEL

Y

—
H/W Handshake

«—

AHB
MASTER

AHB BUS

=

Figure 8.1. Block Diagram
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Watch -Dog Timer

CHAPTER 9. WATCHDOG TIMER(WDT)
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A31G31x

9.1 OVERVIEW

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or something
like that and resumes the CPU to the normal state. The watchdog timer signal for malfunction detection can be
used as either a CPU reset or an interrupt request. When the watchdog timer is not being used for malfunction
detection, it can be used as a timer to generate an interrupt at fixed intervals. When WDT_CNT value is reached
WDT_WINDR value, a watchdog interrupt can be generated. The underflow time of the watchdog timer can set
by WDT_DR. If an underflow occurs, an internal reset is generated. The watchdog timer operates on the WDTRC
embedded RC oscillator clock.

B 24-bit down counter (WDT_CNT)
B Select reset or periodic interrupt
®m  Count clock selection
B Watchdog overflow output signal
B Include Conuter Window function
WDT_DR
(24-bit Data)
WDTCLK of SCU_PPCLKSR
Register 2 Write Signal to WDT_CNTR
WDIRC,) - WDT interrupt
; WDT CNT UNFIFLAG
SCQMCCBWDE fwpT/64 ) Underflow
fuDT/256 §, WINMIEN
Match detector
> WINMIFLAG WDT interrupt
CLKDIV[1:0]
Underflow
CNTEN[5:0] Magnitude comparison
r WDT Reset
If counter > data, 1
WDT_WINDR Write Signal to WDT_CNTR
(24-bit Window Data)
RSTEN[5:0]
Note)
1. Ifareload signal is generated, the WDT_DR value reloads to WDT_CNT register after 1-clock delay
with the
clock which is selected by the CLKDIV bits

Figure 9.1 Block diagram
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WATCH TIMER

CHAPTER 10. WATCHTIMER
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A31G31x

10.1 OVERVIEW

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC design. The

internal structure of the watch timer consists of the clock source select circuit, timer counter circuit, output select

circuit and watch timer control register. To operate the watch timer, determine the input clock source, output

interval and set WTEN as ‘1’ in watch timer control register (WT_CR). It is able to execute simultaneously or
individually. To stop or reset WT, clear the WTEN bit in WT_CR register. Even if CPU is STOP mode, sub clock
is able to be alive and so WT can continue the operation. The watch timer counter circuits is composed of 26-bit

counter. Low 14-bit is binary counter and high 12-bit is auto reload counter in order to raise resolution. In WTR, it

can control WT clear and set Interval value at write time, and it can read 12-bit WT counter value at read time.

14-bit Divider
12-bit up-counter
RTC function

Figure shows the block diagram of a watch timer block.

SCU_WTCLK of PPCLKSR Register

SCUMCCR WT,

— XSOSCy|
—_WDTRC )|

2

xc=Z

WTEN

WT_DR
(12-bit Data)

::I>Match

Clear :}

fwr/(2" X (WT_DR Value + 1))

WT_CNT
(12-bit Up Counter)
A 3
¢ 14
I fwii2 » M
fwr/2" oY
Divider fwr/2” X
L
A Clear
2
WTCLR
WTINTV[1:0]

WTIFLAG

WTIEN

WT interrupt

Figure 10.1 Block diagram
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16 -bit T IMER

CHAPTER 11.16-BIT TIMER
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A31G31x
11.1 OVERVIEW

The timer block is consisted with 7 channels of 16 bit General purpose timers. They have independent 16 bit

counter and dedicated prescaler feeds counting clock. They can support periodic timer, PWM pulse, one-shot
timer and capture mode. They can be synchronized together.

One more optional free-run timer is provided. The main purpose of this timer is a periodical tick timer or a wake-
up source.

16-bit up-counter
Periodic timer mode
One-shot timer mode
PWM pulse mode
Capture mode

12-bit prescaler

Synchronous start and clear function

Figure shows the block diagram of a unit timer block.

TIMERn_ADR
(16-bit A Data Register)

v Reload

ThECE | Buffer Register A | Toother block TAMIEN
¢ A
A Match ;
THEN ThPAU »| TnMIFLAG Tn Matchinterrupt
Edge
Ecn [} Detector ¢ Comparator
Clear A Match
T1XCLK of SCU_PPCLKSR |—> M TIMERNn_CNT R | TnCLR
) g (16-bit Counter) TnEN
SCUMCCR 3| M| foik 12-bit Clear > Pulse
U B Match —————— {1 Tnout
—PCLKy, X Prescaler »| Generator
fcLk/(TIMERNn_PREDR+1) TnCLK Comparator ¢2 T
| Buffer Register B TnMS[1:0] TnOPOL
Reload
TIMERn_BDR TIMERNn_CAPDR
TnCPOL[1:0] (16-bit B Data Register) (Capture Data Regjister)
A
TnMS[1:0
[1:0) ™~ TnCIEN
Tncap [ Capture Signal I/f TnCIFLAG Tn Capture interrupt
n
Notes:

2. The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
3. After the TnEN bit is set, the counting of TNCNT may be delayed 2 clocks or more.

Figure 11.1 Block diagram
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16 -bit T IMER

11.2 Pin Description

Table 11.1 External pin ( n =10, 11, 12, 13, 14, 15 and 16)

PIN NAME TYPE DESCRIPTION
ECn | Timer 1n External clock input
TnC | Timer 1n Capture input
TnO (0] Timer 1n Output

ABOV Semiconductor \BO\
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A31G31x

CHAPTER 12.32-BIT TIMER 20
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32-bit T IMER 20

12.1 OVERVIEW

The timer block is consisted with 1 channel of 32 bit General purpose timers. They have independent 32 bit

counter and dedicated prescaler feeds counting clock. It supports periodic timer, PWM pulse, one-shot timer and

capture mode.

One more optional free-run timer is provided. The main purpose of this timer is a periodical tick timer.

32-bit up-counter
Periodic timer mode
One-shot timer mode
PWM pulse mode
Capture mode

12-bit prescaler

Synchronous start and clear function

Figure shows the block diagram of a unit timer block.

T20CLK of SCU_PPCLKSR Register

fcLK/(TIMER20_PREDR+1)

M feuk [ 42.pit
PCLK g Prescaler T20EN

M

U
,—) X 120
D > Edge
EC20 Detector

T CLKSEL

T20ECE

TIMER20_ADR
(32-bit A Data Register)

Reload

| Buffer Register A

To other block T20MIEN
A
A Match N T20 Match
T20PAU »| T20MIFLAG interrupt
Comparator
~~— F— A Match
TIMER20_CNT R |2 T20CLR
(32-bit Counter) \A— T20EN
»
Pulse D
B Match y»| Generator T200
Comparator % T

Buffer Register B

T20MS[1:0] T200POL

Reload
TIMER20_BDR TIMER20_CAPDR
CAPSEL[1:0] T20CPOL[1:0] (32-bit B Data Register) (Capture D‘a:a Register)
T20MS[1:0]
[ T20CIEN
T20C c Sianal | T T20 Capture
aplure Signa . T20CIFLAG interrupt
WDTRC
Notes:
1.  The T20EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2.  After the T20EN bit is set, the counting of T20_CNT may be delayed 2 clocks or more.
Figure 12.1 Block diagram
ABOV Semiconductor
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A31G31x

12.2 Pin Description

Table 12.1 External pin

PIN NAME TYPE DESCRIPTION
EC20 | External Clock input
T20C | Capture input
T200 (0] Timer/PWM/one-shot output
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32-bit T IMER 21

CHAPTER 13.32-BIT TIMER 21
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A31G31x

13.1 OVERVIEW

The timer block is consisted with 1 channel of 32 bit General purpose timers. They have independent 32 bit

counter and dedicated prescaler feeds counting clock. They can support periodic timer, PWM pulse, one-shot

timer and capture mode. They can be synchronized together.

One more optional free-run timer is provided. The main purpose of this timer is a periodical tick timer or a wake-

up source.

32-bit up-counter

Periodic timer mode

One-shot timer mode

PWM pulse mode

Capture mode

12-bit prescaler

Synchronous start and clear function

Figure shows the block diagram of a unit timer block.

TIMER21_ADR
(32-bit A Data Register)

Reload

| Buffer Register A

Tootherblock

T21MIEN

2.

T21ECE
A
¢ A Match TIMER21 Match
- T21EN T21PAU ::l> »| T2IMIFLAG interrupt
ge
EC21 I:l » Detector Comparator
Clear /7_ A Match
|—> M TIMER21_CNT R |« T21CLR
) )Li (32-bit Counter) \_\_— T21EN
PCLK | 12-bit M > Pulse M
Prescaler T : > B Match »{ Generator T210UT
PCLK/(TIMER21_PREDR+1) T21CLK Comparator ¢2 T
| Buffer Register B | T21MS[1:0] T210POL
Reload
TIMER21_BDR TIMER21_CAPDR
T21CPOL[1:0] (32-bit B Data Register) (Capture Data Register)
A
T21MS[1:0]
| T21CIEN
Capture Signal I{ TIMER21 Capture
T21cAP [] { . 2 9 ? T21CIFLAG interrupt
Notes:

1.  The T21EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
Atfter the T21EN bit is set, the counting of TIMER21_CNT may be delayed 2 clocks or more.

Figure 13.1 Block diagram
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32-bit T IMER 21

13.2 Pin Description

Table 13.1 External pin

PIN NAME TYPE DESCRIPTION
EC21 | External Clock input
T21C | Capture input
T210 (0] Timer/PWM/one-shot output

ABOV Semiconductor
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A31G31x

CHAPTER 14. TIMER COUNTER 30
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TIMER COUNTER 30

14.1 OVERVIEW

The 16-bit timer 30 module has multiplexer, comparator, 16-bit timer data register A/B/C, 16-bit timer period
data register, timer 30 output control register, timer 30 control register, timer 30 PWM output delay register, timer
30 interrupt control register, timer 30 interrupt flag register, timer 30 A/DC trigger control register, timer 30 A/DC
trigger generator data register and timer 30 high-Impedance control register (T30ADR, T30BDR, T30CDR,
T30PDR, T300UTCR, T30CR, T30DLY, T30INTCR, T30INTFLAG, T30ADTCR, T30ADTDR, T30HIZCR).

16-bit up/down-counter
Periodic timer mode
Back-to-Back mode
Capture mode

12-bit prescaler

Figure shows the block diagram of a unit timer block.

TnEN
UPDT[1:0]
TnCLR

1.

A

TIMER30_PDR
(16-bit Period Data Register)

Reload Signal
Generator

T A

Reload

Bottom
T30CLK of SCU_PPCLKSR
foLk/(TIMER30_PREDR+1) )
SCU_MCCR Period Match
- 12-bit
Pre scaler Comparator

16-bit Up/Down Counter

A

Capture Signal
TnMS[1:0]

TnEN

TNnCLR:-

1 1

TIMER30
interrupts

TIMER30_ADTDR

PMOC[2:0] —3/1

Period Match—»]

Bottom Interrupt Generator
A Match—| e
B Match— AIDC Trigger Signal Starter| | 5ad Signal
C Match—p
A
5 5y 5
TnINTCR[4:0]
TnINTFLAG[4:0]

TnADTCR[4:0]

ToA/DC block

2
A/DC trigger signal

A

Yy VvV

Up/Down Controller
Clear Signal Generator

TIMER30
Hi-Z
— » A Match
Ec30[ ] D— L Interrupt
Comparator Delay Insertion Controller
CLKSEL
A Buffer Register _ PWMnAA/PWMnAB Controller
TnECE
T N
| > {7] PWMnAA
N
> {7] PWMnAB
TIMER30_ADR >
(16-bit A Data Register) Delay Insertion Controller Hi-Z Controller
PWMnBA/PWMnBB Controller
— » I> B Match N
»
Comparator | ! l’> D PWMnBA
B Buffer Register l’> D PWMnBB
— >
Delay Insertion Controller
PWMnCA/PWMnCB Controller
TIMER30_BDR >
(16-bit B Data Register) | ! {7] PwMnCA
— » C Match {7] PwMncB
A A A4

Comparator

C Buffer Register

TIMER30_CDR

TnCPOL[1:0] (16-bit C Data Register)

ThMS[1:0]

Y

\VAV/
—

[ZL FORCA
TAMS[1:0]

fm HIZEN
ThEN HiZsw
DLYEN HIZCLR
DLYPOS HiZST
TnOUTCR
TnCIEN

NN
3

>

TIMER30_CAPDR
(Capture Data Register)

TIMER30 Capture

Capture Signal

TnCIFLAG

interrupt

Notes:

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

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

3. The 16-bit up/down counter in the capture mode is cleared to “0000H” after the counter value is loaded to the
TIMER30_CAPDR register at valid edge.

4. The HIZSW (high-impedance output software setting) bit can be used for debugging mode. That is, All TIMER30
PWM outputs can be high-impedance state with setting the HIZSW bit to ‘1’ by the Ul of debugger.

5. After the TnEN bit is set, the counting of TIMER30 _CNT may be delayed 2 clocks or more.

Figure 14.1 Block diagram
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A31G31x

14.2 Pin Description

Table 14.1 External pin

PIN NAME TYPE DESCRIPTION
EC30 | External clock input
T30C | Capture input
BLNK | External Sync Signal Input

PWM30AA o PWM output

PWM30AB (0] PWM output

PWM30BA (0] PWM output

PWM30BB (0] PWM output

PWM30CA O PWM output

PWM30CB o PWM output
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USART

CHAPTER 15.UNIVERSAL
SYNCHRONOUASYNCHRONOUS
RECEIVER/TRANSMITTER 8ART)
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A31G31x

15.1 OVERVIEW

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly flexible
serial communication device. The main features are listed below.

Full Duplex Operation. (Independent Serial Receive and Transmit Registers)
Asynchronous or Synchronous Operation.

Baud Rate Generator.

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

Odd or Even Parity Generation and Parity Check are Supported by Hardware.

Data OverRun Detection.

Framing Error Detection.

Three Separate Interrupts on TX Completion, TX Data Register Empty and RX Completion.

Double Speed Asynchronous communication mode.

MASTERn

) ™
USARTn interrupt
i USTNMS[1:0] USARTn_BDR
PCLK
[ Baud Rate Generator DBLSn
WAKEIEn . . RXCIEn v
Clock
Sync Logic
Low level
detector
|
A 4 N
N Clock T
71 Recovery E
R
USTnS[2:0] 491 /’:
Loopsn  RXEN " L
p Data Receive Shift Register U
Recovery (RXSR) b B
X u
v 5
DORN/PEN/FEn 2
Checker USARTn_DR[0], USTnRX8[0], (Rx)| > L
USTnSB USARTN_DRI[1], USTnRX8[1], (RX) ,L
USTNMSI[1:0] E
TXEn USTnP[1:0] USTnS[2:0] 2
TXDn 1€ ‘ Parity Transmit Shift Register ’\L/} <
Generator (TXSR) >
X €
A
Empty signal
USARTR_DR, USTATx8, (T |K———1
Y,

DRIEn

USARTn interrupt

Figure 15.1. UART Block diagram (Where n =10, 11, 12 and 13)
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USART

Figure shows the block diagram of a SPI block

| [ USARTn_BDR |<

I:l > SS
Ssn Control
PCLK A 4
T t —)' Baud Rate Generatorl
p— MASTERN
SPISSn \ A
sck [€ o—» M Edge Detector
sckn [ Je——»{ ol v And
71 X Controller
FXCHn
> RXEn T T
CPOLn CPHAN
. 8- »
mison [« = A Rx Control o Data Receive Shift Register<‘
Recovery ) (RXSR) B
A
RXCIEn v
LOOPSH —>| DORnN Checker USARTN_DRI0], (Rx) N
)
USARTN_DR[1], (RX) v
MOSIn A MASTERN
USARTn interrupt ORDn
(MSB/LSB-1st)
TXEn
b \ 4
W) Transmit Shift Register,
E Tx Control [« (TXSR) <€

Empty signal

USARTnN_DR, (Tx) | (::

TXCIEn

USARTn interrupt

Figure15.2. SPIn Block diagram (Where n =10, 11, 12, and 13)
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A31G31x

15.2 Pin Description
Table 15.1 External pin (n =10, 11, 12 and 13)

PIN NAME TYPE DESCRIPTION
TXDn (0] UART Channel n transmit output
RXDn | UART Channel n receive input
SSn 1/0 SPIn Slave select input / output
SCKn 1/0 SPIn Serial clock input / output
MOSIn I/0 SPIn Serial data ( Master output, Slave input )
MISOn 1/0 SPIn Serial data ( Master input, Slave output )

\BO\ ABOV Semiconductor

SEMICONDUCTOR 90 / 147



UART

CHAPTER 16. UNIVERSAL ASYNCHRONOUS
RECEIVER/TRANSMITTER (UART)
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A31G31x

16.1 OVERVIEW

2-channel UART (Universal Asynchronous Receiver/Transmitter) modules are provided. UART operation status
including error status can be read from status register. The prescaler which generates proper baud rate, is exist
for each UART channel. The prescaler can divide the UART clock source which is PCLK, from 1 to 65535. And
baud rate generation is by clock which internally divided by 16 of the prescaled clock and 8-bit precision clock
tuning function.

Programmable interrupt generation function will help to control the communication via UART channel

Compatible with 16450

Standard asynchronous control bit (start, stop, and parity) configurable
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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UART

DATA[7:0]

ADDR[4:2

PSEL APE IIF
CONTROL

BWRITE | “LoGIC
PENABLE

PCLK o

nRESET -

DMA req 4
(Tx & Rx)

DMA en (Tx & Rx)
DMA ack (Tx & Rx)
DMA done (Tx & Rx)

RECEIVER
BUFFER
E RECEIVER A RECEIVER
z BUFFER < SHIFT *— RxD
» REGISTER REGISTER
LINE ]
T ek > RecENER
TIMING
&
CONTROL
DIVISOR
LATCH (LSB)
DIVISOR
< > <> BAUD
LATCH (MSB) [T GENERATOR l
BFR
(Fraction)
»|  TRNASMITTER
TIMING
LINE < &
<> STATUS < CONTROL
REGISTER
TRANSMITTER
» BUFFER
A
TRANSMITTER .
—> HOLDING 4 [ TRANSMITTER
REGISTER > @[T SHIFTER —>TxD
7] REGISTER
INTERRUPT INTERRUPT
D — ENABLE — CONTROL o
REGISTER LOGIC > INTERRUPT
INTERRUPT
< ID ——
REGISTER

Figure16.1. Block diagram
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A31G31x

16.2 Pin Description

Table 16.1 External pin (n =0, 1)

PIN NAME TYPE DESCRIPTION
TXDn (0] UART Channel 0 transmit output
RXDn | UART Channel 0 receive input
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A31G31x
17.1 OVERVIEW

The 12C is one of industrial standard serial communication protocols, and which uses 2 bus lines Serial Data
Line (SDAnN) and Serial Clock Line (SCLn) to exchange data. Because both SDAn and SCLn lines are open-drain
output, each line needs pull-up resistor. The features are as shown below. (n =0 and 1)

Compatible with I12C bus standard.
Multi-master operation.

Up to 400kHz data transfer read speed.
7-bit address.

Support two slave address.

Both master and slave operation.

Bus busy detection

Figure shows the block diagram of a 12C block

Y\
12CnIFLAG . 12C interrupt
Slave Address Register
12Cn_SAR <:|
RXACKn, GCALLn, Interrupt
TENDn, STOPDn, | *|Generator| '2CMEN ¢
SSELn, MLOSTn, A General Call And
BUSYn, TMODEn Address Detector |[€  12CNGCE |
f ! ; N
- - - T
» | Receive Shift Register g
SDAn > (RXSR) 12Cn DR, (Rx)  [——) E
Nech ¢ SDA In/Out | ACK Signal < ﬁ
Controller Generator |€&— ACKnEN L
Vss » < STOP/START  [€— STOPCn B
d B Condition Generator |¢— STARTCn U
A A S
Transmit Shift Register | 4
(TXSR) < 12Cn_DR, (Tx) —— ||_
P SDA Hold Time Register N
B I2Cn_SDHR (:Zl E
Time Generator - - -
w - w| SCLOut [ g SCL High Period Register
scin [« ”| Controller _ And < I2Cn_SCHR (::'
Time Controller
w SCL Low Period Register
) € R I12Cn_SCLR <:|
N-ch € T
VSS PCLK ~J

Note: When the corresponding port of 12C is a sub-function for SCL/SDA pin, the SCL/SDA pins are automatically
set to the N-channel open-drain outputs and the input latch is read in the case of reading the pins.
The corresponding pull-up resistor is determined by the control register.

Figure 17.1. 12C Block diagram
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17.2 Pin Description

Table 17.1 External pin (n =0, 1, 2)

PIN NAME TYPE DESCRIPTION
SCLO(PF6) I/0 I12C channel 0 Serial clock bus line (open-drain)
SDAO(PF7) I/0 I12C channel 0 Serial data bus line (open-drain)
SCLn I/0 I2C channel n Serial clock bus line
SDAn 1/0 I2C channel n Serial data bus line
ABOV Semiconductor
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CHAPTER 18.12-BIT A/D CONVERTER
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12 -bit DAC

18.1 OVERVIEW

The analog-to-digital converter (A/D) allows conversion of an analog input signal to corresponding 12-bit digital
value. The A/D module has eleven analog inputs.The output of the multiplexer is the input into the converter which
generates the result through successive approximation. The A/D module has three registers which are the A/D
converter control register (ADC_CR), A/D converter data register (ADC_DR), and A/D converter prescaler data
register (ADC_PREDR). The channels to be converted are selected by setting ADSEL[3:0]. The register ADC_DR
contains the results of the A/D conversion. When the conversion is completed, the result is loaded into the
ADC_DR, the A/D conversion status bit AFLAG is set to ‘1’, and the A/D interrupt is set. During A/D conversion,
AFLAG bitis read as ‘0’.

B 14 channels of analog inputs

®m  S/W (ADST) and Timer trigger (TIMER10/TIMER11/TIMER12 A match, ADC trigger signal from
TIMER30) support

B Conversion time : 34 clock

B 6-bit Prescaler

Figure shows the block diagram of a A/D converter block.

PCLK/(ADC_PREDR+1) M «—Vbb
6ol Vottage. X [¢— AVREF
PCLK -DI fanc g l«— VSS
Prescaler REFSEL
_Cﬁ Power Down Mode
NG ADCEN
ANO —p
ANT ——> v v v ADCIEN
Pl M / A/DC
AN O ! )Li #\ 12-bit SAR ADCIFLAG . interrupt
AN12 —p
AN13 —> 1
AN14 —> S A
s ADC_DR
4 A (Read only)
ADSEL][3:0]
_~l&— ADST
<«—— T10 A match signal
M <«—— T11 A match signal
U <«—— T12 A match signal
X <«—— A/DC trigger Signal from T30
' «— Reserved
' €—— Reserved
;\4— Reserved
TRIG[2:0]

Figure 18.1. Block Diagram
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A31G31x

18.2 Pin Description

Table 18.1 External pin

PIN NAME TYPE DESCRIPTION

VDD P Digital Power
VSS P Digital GND

AVREF P Analog Reference Voltage
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
AN5 A ADC Input 5
ANG6 A ADC Input 6
AN7 A ADC Input 7
ANS8 A ADC Input 8
AN9 A ADC Input 9

AN10 A ADC Input 10

AN12 A ADC Input 12

AN13 A ADC Input 13

AN14 A ADC Input 14

\BO\
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CHAPTER 19. ADPCM
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19.1 OVERVIEW

The fine ADPCM decoder has the decoder block to play voice promt and the interface block to read data of a
serial flash memory. The fine ADPCM has eighteen registers which are the decoder control register
(ADPCM_DECCR), decoder FIFO register (ADPCM_DFIFOR), decoder sampling frequency data register
(ADPCM_DECDR), decoder bundle register (ADPCM_DBDLR), decoder result output high/low register
(ADPCM_DODRH/L), voice prompt control register (ADPCM_VPCR), serial flash dummy and data number
register (ADPCM_SFDDNO), serial flash command register (ADPCM_SFCMD), voice prompt address register
1/2/3 (ADPCM_VPADDR1/2/3), voice prompt size register 1/2/3 (ADPCM_VPSIZE1/2/3) and voice prompt inform
register 1/2 (ADPCM_VPINF1/2).

DIVS

DMIE

Initialize

fx/16 >

DECEN

2 Tointerrupt

DCLKS[1:0]

| FIFO Empty Signal

Data out[7:0]

<
ADPCM D_FIFO
Decoder block Data Request R (B-bytes) —» DFFF

Decoder Data
(DECDR, R/W)

) JL
ADPCM Result Signal

A

Bundle Data D_FIFO Data
ADPCM_DODRH/L -~
(16-b(i:ts _Re(;d onlg/) (ADPCM_DBDLR, (ADPCM_DFIFOR,
’ R/W) R/W)

Receive Data ;
Allo cator/Writer ﬁ
Tri-Signal 0 J 4 Address/Size/Inform Registers
Tri-Signal 1 (ADPCM_VPADDR1/2/3,
Tri-Signal 2 ———————— ADPCM_VPSIZE1/2/3,
ADPCM_VPINF1/2)

»
P

SPI Control Signal

8 From ADPCM SPI FIFO Empty Signal
¢ ¢ Match Signal
- Tri-SigngI 0 VPTBLIE
SPIEN Trigger Tointerrupt
Z Generator/ el VPTBLIFR
Controller

zlewbiSuL |y

33

| leubis-uy

[o:1lsordL
ONdad
1sayd

Tointerrupt

ADPCM_SPIDR |4
8-bit [

Command/Address

Write Controller
(ADPCM_SFCMD,  [€—— SPICSS

ADPCM_VPADDR1/2/3) [€— Tri-Signal 0

. 2-bits
I - up counter
Internal

Flag

If match, " 0™

~ 0x000000"

1f*17, Clear signal

Comparator

Voice Prompt Size ATRIGS[1:0]
Decrement by " 1~ ( [
(ADPCM_VPSIZE1/2/3 \__— vpspEC
Registers)
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Figure 19.1. Block Diagram
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CHAPTER 20. COMPARATOR
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COMPARATOR

20.1 OVERVIEW

The Comparator compares one analogue voltage level with External reference voltage, or internal reference

voltage, or DAC output voltage.
The Comparator has following features:
m 2 Comparators

Internal BGR reference for comparator

[
B Comparator output de-bounce function
[

Level and edge interrupt mode support for comparator

Source
SEL

CP1A

CP1B
—_—
CP1C
—_—
1

Hysteresis
SEL

T

NF
Sampling
. Clock
Filter g

I ¥

‘ Noise

UL

Reference
SEL

External Ref.

Internal Ref.

DAC Output

/A

Source
SEL

Hysteresis
SEL

1

S 2
LR / w\

> Filter

SN

CP1 Interrupt

A4

NF
Sampling
. Clock
Filter g

| ¥

‘ Noise

Reference
SEL

Status

Filter

SN

S/W
Interrupt Clear

EN
—O\O— Flag
S/W
Interrupt Clear

EN
—O\O— Flag

CPO Interrupt

2
External Ref.
Internal Ref.
DAC Output "] status
Figure 20.1. Block Diagram
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20.2 Pin Description

Table 20.1 External pin

PIN NAME TYPE DESCRIPTION
CPO A Comparator input 0
CREFO0 A Comparator 0 Reference
CP1A A Comparator input 1A
CP1B A Comparator input 1B
CP1C A Comparator input 1C
CREF1 A Comparator 1 Reference

\BO\
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21.1 OVERVIEW

Capacitive touch sensor systems are typical human machine interfaces (HMI) which operate by detecting

changes in electrostatic capacitance produced by the touch of a finger or other conductor.

The use of capacitive touch technology can easily improve reliability in product design, and enhance the end-
user experience. It also enables manufacturing costs to be lowered in a wide range of fields such as household

appliances (white goods), healthcare devices, and other electric and electronic equipment.

. Self-Capacitive Touch Key Sensor.

. Total 24-channel Touch Key Support.

. 16-bits Sensing Resolutions.
. Fast Initial Self Calibration.

. Key Detection Mode : Single/Multi-Mode.

. The Improvement of the SNR by Bias-Calibration in Analog Sensing Block

Control Signals Touch Control logic >
& data processor
Y Y
. A
Touch Positive :
Sensing Block Sensing AMP ‘Touch
$ i Data
Channel A 4 \ A
CAP Touch Differential .
Signal Gain AMp || 10PILADC
Y Y
Offset Negative
Sensing Block Sensing AMP
Figure 21.1 Block Diagram
ABOV Semiconductor
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21.2 Pin Description

Table 21.1 External pin

PIN NAME

TYPE

DESCRIPTION

CS0 ~ CS23

A

Capacitive Touch switch input

ABOV Semiconductor
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LCD DRIVER

22.1 OVERVIEW

The LCD driver is controlled by the LCD control register (LCD_CR) and LCD driver bias and contrast control
register (LCD_BCCR). The LCLK][1:0] determines the frequency of COM signal scanning of each segment output.
A RESET clears the LCD control register LCD_CR and LCD_BCCR values to logic ‘0’

The LCD display can continue operating during IDLE and STOP modes.

The clock and duty for LCD driver is automatically initialized by hardware, whenever LCD_CR register data
value is rewritten. So, don’t rewrite LCD_CR frequently.

\ 4

LCD Display DATA Register

* Segment
Display Data Select Controller Driver
and <

Display Data Buffer Register

LCDCLK of SCU_PPCLKSR Register
2

A Divided MCLK > »
xsosc | |,
— WDTRC f X Common
Driver
\ 4
> Timing
” Controller
LCD_CR 1 1
LCD
Voltage
Bias
LCD_BCCR >

Figure 22.1 Block Diagram
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22.2 Pin description

Table 22.1 LCD Driver External Signals

PIN NAME TYPE DESCRIPTION
VLC0~3 A LCD External Bias volatage input

COMoO ~ 7 (0] LCD common signal outputs
SEGO ~ .
SEG43 0] LCD segment signal outputs
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23.1 OVERVIEW

LED drive contains a 27 ICOM X 11 ISEG output pin. It is also shared with Touch pin.
By setting LED CONTROL REGISTERH1, there are two mode that can be shared with touch function.
The controller consists of display data RAM memory, COM and SEG generator.
ICOMO-ICOM26 and ISEGO-ISEG11 pin can also be used as | / O pins. COMOE1, COMOE2, COMOES3,
COMOE4 and SEGOE1,SEGOE?2 registers are used to select ISEG0-10, ICOMO — ICOM26.
During the power-on reset , reset pin, low voltage reset or watchdog reset , LED is turned off

DISPLAY
| SEG SEG & SEG

—>
(;QN;” _D_. 11 SeGData.  [—| Sav CORT StG
CONTROL

SEG SEL.
Read Enable
PCLK —> fCLK . LEDCLK J
MCCRS Prescaler — DRV — PORT PAD.
CONTROL
T fCLK/(prescaler+ 1)
LEDCLK of COM SEL 1

PPCLKSR Registgr

20 bit counter
Smart share Mode T clear

LEDSTPDreg comparator
Match
e F/F |—— MATCHF
LED Stop Count Mode or _D—D (bit3 of LEDSR)

Figure 23.1. Block Diagram
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23.2 Pin Description

Table 23.1 External pin

PIN NAME TYPE DESCRIPTION
ICOMO ~ ICOM27 (0] LED common signal outputs
ISEGO ~ ISEG10 (0] LED segment signal outputs
R-SET A LED Segment current setting

NOTE) For using the LED block, Resistor of 4.7 kOhm must be in between R-set and GND.

ABOV Semiconductor
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CRC AND CHECKSUM

24.1 OVERVIEW

The CRC (cyclic redundancy check) generator is used to get a 16-bit CRC code from Flash ROM and a
generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or storage integrity. In

the scope of the functional safety standards, they offer a means of verifying the Flash memory integrity. The CRC

generator helps compute a signature of the software during runtime, to be compared with a reference signature.
The CRC generator has following features:

®m  Auto CRC and User CRC Mode.

B Polynomial : CRC-CCITT (G1(x) = x'8 + x'2 + x5 + 1), CRC-16 (G2(x) = x'¢ + x'® + x2 + 1)

B CRC Mode and Checksum Mode.

POLYS RLTCLR
PCLK i l MDSEL
MODS FIRSTBS
. CRC_IN . CRC Generator
(32-bit Input Register) Polynomial Selector
»| M MSB-1st o | M Gi(x) =x" + x" + x5+ 1
. Ll
;J( Buffer Register | | gg_1st > )li Ga(x) = X' + X'+ 52 + 1
l Internal Bus f | Load Signal q
CRC_INIT 32
(32-bit Initial Register) d
Checksum Generator
16,
\ 4
CRC_RLT
(16-bit Result Register)
Figure 24.1 Block Diagram
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CHAPTER 25. Electrical Characteristics
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25.1 DC Characteristics

2511 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 25.1 Absolute maximum rating

Parameter Symbol Ratings Unit Note

Supply Voltage VDD |-0.3-+6.5 \% -

Vi -0.3 -VDD+0.3 \Y
Vo -0.3 -VDD+0.3 \Y

Voltage on any pin with respect to VSS

lon 5 mA Maximum current output sourced by (lon per 1/0

Normal Pin pin)
Zlon |40 mA | Maximum current (Zlon)
loL 10 mA | Maximum current sunk by (lo per I/0 pin)
Yloo |80 mA | Maximum current (ZloL)

-I;?;:ilpation TN T 300 mw a

Storage Temperature Tste -45 - +125 °C -

25.1.2 RECOMMENDED OPERATING CONDITIONS

Table 25.2 Recommended Operating Condition

Parameter SyoTb Condition Min Typ. Max Unit

- 1.8 - 55 \Y,

Supply Voltage VDD Touch 2.7 - 5.5 \%

LED 3.3 - 5.5 \
MOSC 4 - 16 MHz
SOSC - 32.768 - kHz

Operating Frequency FREQ
HSI 46.32 48 49.68 MHz
LSl 400 500 600 kHz
R
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25.1.3 A/D CONVERTER CHARACTERISTICS

Table 25.3 ADC Electrical Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage AVDD 24 5 55 \%
Resolution 12 Bit
Operating Current IDDA VDD=5.0V 1 2 mA
Analog Input Range VAN VSS AVREF \%
Conversion Rate fCON - 150 kSPS
Operating Frequency ACLK 45 MHz
Integral Non-Linearity INL AVDD=2.4V < AVDD < 4 +10 LSB
Differential Non-Linearity DNL Ta i52\5/, °c +1 +4 LSB
Top Offset Error(FSE) TOE +6 +12 LSB
Zero Offset Error ZOE 4 18 LSB

25.1.4 POWER ON RESET CHARACTERISTICS

Table 25.4 POR Electrical Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Operating Current lop - - 60 - uA
POR Set Level Vset - 1.05 1.2 1.35 \Y
POR Reset Level Vreset - 1.0 1.1 1.2 Vv

ABOV Semiconductor \BO\
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25.1.5 LOW VOLTAGE RESET CHARACTERISTICS

Table 25.5 Low Voltage Reset Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units

1.60
1.69
1.78
1.90
1.99
2.12

2.30
Ta=-40°Cto+85°C, 247
Detection Level ViR Falling Voltage \%

(error rate 5%) 267
3.04

3.18
3.59
3.72
4.03
4.20
4.48

Hysteresis - - 100 200 mV

Noise cancelling time - - 2 - us

Operation Current Iob - 3.5 5 uA

Operation Current(STOP) | Ipp, sTop - 2.5 3 nA
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25.1.6 LOW VOLTAG INDICATOR CHARATERISTICS

Table 25.6 Low Voltage Indicator Characteristics (Temperature: -40 ~ +85 )

Parameter

Symbol

Conditions

Min

Typ

Max

Units

Detection Level

Vivi

Ta=-20°Cto+85°C,
Falling Voltage
(error rate 5%)

1.60

1.69

1.78

1.90

1.99

212

2.30

2.47

2.67

3.04

3.18

3.59

3.72

4.03

4.20

4.48

Hysteresis

100

200

mV

Noise cancelling time

Us

Operation Current

Ipp

3.5

uA

Operation Current(STOP)

Ipp, sToP

2.5

nA

ABOV Semiconductor
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25.1.7 HIGH FREQUENCY INTERNAL RC OSCILLATOR CHARACTERISTICS

Table 25.7 High Frequency Internal RC Oscillator Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Frequency fusi VDD = 1.8V to 5.5V - 48 - MHz
Tolerance Toa=-40°Cto+85°C - - +3.5 %
Clock Duty Ratio Tob - - 50 - %
Stabilization Time tHFs - - - 100 us

Enable - 190 - uA
IRC Current IHsI
Disable - 1 - uA

25.1.8 LOW FREQUENCY INTERNAL RC OSCILLATOR CHARACTERISTICS

Table 25.8 Low Frequency Internal RC Oscillator Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Frequency fLire VDD = 1.8V to 5.5V 400 500 600 kHz
Enable - 1.5 2 uA
IRC Current ILirC
Disable - 1 20 nA
\BO\ ABOV Semiconductor
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25.1.9 LCD VOLTAGE CHARACTERISTICS

Table 25.9 LCD Voltage Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
LCD contrast disabled, 1/4 bias \%
VLCD[3:0]=00H VDDx16/31
VLCD[3:0]=01H VDDx16/30
VLCD[3:0]=02H VDDx16/29
VLCD[3:0]=03H VDDx16/28
VLCD[3:0]=04H VDDx16/27
VLCD[3:0]=05H VDDx16/26
LCD VLCD[3:0]=06H VDDx16/25
contrast
LCD Voltage VLCO VLCDI[3:0]=07H VDDx16/24
J enabled, [5:0] Typx0.94 Typx1.06 | Vv
1/4 bias, VLCD[3:0]=08H VDDx16/23
No Panel
load VLCD[3:0]=09H VDDx16/22
VLCD[3:0]=0AH VDDx16/21
VLCD[3:0]=0BH VDDx16/20
VLCD[3:0]=0CH VDDx16/19
VLCD[3:0]=0DH VDDx16/18
VLCD[3:0]=0EH VDDx16/17
VLCD[3:0]=0FH VDDx16/16
LoD M Bins VLCT | vDD = 2.7V to 5.5V, Typ-0.2 | 3/4xVLCO | Typ+0.2
Voltage(™®) VLC2 | LCD clock = OHz, Typ-0.2 | 2/4xVLCO | Typ+0.2 \%
vLc3 | 174 bias, No panel load Typ-0.2 | 1/4xvLCo | Typ+0.2
LCD Driver
Output RLo VLCD=3V - 5 10 kQ
Impedance
RLCD1 7.5 10 12.5
LCD Bias RLCD2 . 38 50 62
Dividing 1/4 bias, Ta = 25°C kQ
Resistor RLCD3 60 80 100
RLCD4 180 240 300
Note)

1. ltis middle output voltage when the VDD and the VLCO node are connected.
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25.1.10 TOUCH SWITCH CHARACTERISTICS

Table 25.10 Touch Switch Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Operating Voltage Veo _ 27 ) > M
Vbpa - 2.7 - 5.5 \%
VDC Voltage VeeL From MCU - 1.9 - \%
zl;ltIE)Signal-toNoise SNR _ _ 20 _ dB
Self-Calibration Time TeaL - - 10 - ms
Scan Speed Tscan - - 10 - ms
Supply Current Iop - - 1 - mA
Operation Temperature ToPer - -40 - +85
\Bo\ ABOV Semiconductor
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25.1.11 LED DRIVER CHARACTERISTICS

Table 25.11 LED Driver Characteristics

Parameter Symbol Conditions Min Typ Max Units
Operating Vbdext 33 - 55 v
Voltage
Operatin
P 9 Ta -40 25 85
Temperature
COM output
lcike -1 1 uA
leakage
SEG output
Istke -1 1 uA
leakage
SEG Current
Matching
ITOSEG -6 +/-1.5 6 %
(Isec-Isecavr) /
IsecavRr
Vppext = 3.3V
VoH_LED = 2.1 - -
@ RSET value 3.05V
SEG Current Isec mA
(4.7kQ) Vppext =5V
VoH_Lep = 3.3NOTEN - -
3.73V
COM Current lcom VoL Lep = 0.3V 23.1 - - mA
NOTE

1) Vadext 3.3V is a worst case and proved by experiment. However, in case of Vadext 5V condition, it is the
value measured in simulation.
2) At minimum current conditions, The difference voltage between SEG and COM is 2.7V at least .

ABOV Semiconductor \BO\

127 |/ 147 SEMICONDUCTOR



A31G31x

25.1.12 DC ELECTRICAL CHARACTERISTICS

Table 25.12 DC Electrical Characteristics (Temperature: -40 ~ +85 )

Parameter

Symbol

Conditions

Min Max Units

Typ

Input High Voltage

ViH1

All input pins, nRESET

0.8vDD -

VDD

ViH2

PF5,PF6,PF7 are input 1.8V level

0.9 - VDD

Input Low Voltage

Vi1

All input pins, nRESET

0 - 0.2vDD

ViL2

PF5,PF6,PF7 are input 1.8V level

0 - 0.6

Output High Voltage

VoH1

VDD=35V, lox1 = —2.36mA

PAO, PA1, PA2, PA3, PA4, PAS,
PFO

0.8vDD -

VDD

VoH2

VDD=58V, loH2 = — 4.38mA
PAG, PA7

0.8vDD -

VDD

VoHs

VDD=5V, lons = —4.38mA
PBO, PB1

0.8vDD -

VDD

VoH4

VDD=5V, loHs = —4.1mA
PB2, PB3, PB4, PB5, PB6, PB7,
PCo,

PC1, PC2, PC3, PC4, PDO, PD1,
PD2, PD3, PD4, PD5

0.8vDD -

VDD

VoHs

VDD=5V, lons = - 10.9mA

PEO, PE1, PE2, PE3, PE4, PES5,
PEG6, PE7

0.8vDD -

VDD

VoHe

VDD=5V, loks = — 2.93mA
PA9, PA10, PA11, PF1, PF2, PF3,
PF4, PF8, PF9, PF10, PF11, PES,
PE9, PE10, PE11, PE12, PE13

0.8vDD -

VDD

Vohr

VDD=5V, lon7 =—=4.1mA

PB8, PB9, PB10, PB11, PB12,
PB13, PB14, PB15, PC5, PC6, PC7,
PC8, PC9, PC10, PC11, PC12,
PE15, PE14

0.8vDD -

VDD

Output Low Voltage

Vo1

VDD=5V, loL1 = 4.86mA

PAO, PA1, PA2, PA3, PA4, PAS,
PFO, PF5, PF6, PF7

0.2vDD

VoLz2

VDD=5V, lot2 = 19.1mA
PAG, PA7

0.2vDD

VoLs

VDD=5V, lotz = 19.1mA
PBO, PB1

0.2vDD

VoL

VDD=5V, lows = 19.1mA

PB2, PB3, PB4, PB5, PB6, PB7,
PCo,

PC1, PC2, PC3, PC4, PDO, PD1,
PD2, PD3, PD4, PD5

0.2vDD

Vous

VDD=5V, lots = 19.1mA

PEO, PE1, PE2, PE3, PE4, PES5,
PEG6, PE7

0.2vDD
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VDD=5V, los = 4.86mA
VoLs PA9, PA10, PA11, PF1, PF2, PF3, 0 ) 0.2VDD
PF4, PF8, PF9, PF10, PF11, PES,
PE9, PE10, PE11, PE12, PE13
VDD=5V, loL7 = 19.1mA
PB8, PB9, PB10, PB11, PB12,
VoLz PB13, PB14, PB15, PC5, PC6, PC7, 0 - 0.2vDD
PC8, PC9, PC10, PC11, PC12,
PE15, PE14
Input high leakage
P g o I All Input ports -4 - - uA
current
Input low leakage
I All Input ports - - +4 uA
current
Vi=0V, Ta=25°C, All Input ports 40 - 70
Pull-up resistor Reu " kQ
V=0V, Ta=25 C, nRESET PIN 250
Pull-down resistor Reo | Vi=VDD, Ta=25°C, All Input ports 40 - 70 kQ
OSC feedback XIN=VDD, XOUT=VSS,
. Rx1 ° 1 MQ
resistor Ta=25 C, VDD=3.3V

ABOV Semiconductor

129 / 147

\BO\

SEMICONDUCTOR




A31G31x

25.1.13 SUPPLY CURRENT CHARACTERISTICS

Table 25.13 Supply Current Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Typ Max Units
fxin = 8MHz 4.0 12.0
fusi = 48MHz 10.0 30.0 mA
Iop1
fusi = 12MHz 3.5 10.0
(Run) HsI
fLsi= 500kHz 200 600 A
u
fsosc = 32.768kHz 140 300
fxin = 8MHz 5 15
fusi = 48MHz 6 18 mA
Iob2
fusi = 12MHz 2 6
(Sleep) net
fLsi= 500kHz 180 500 A
u
fsosc = 32.768kHz 130 400
Supply VDD=5V10%
Current Iobs WDT(WDTRC) = ON, “ovEIUe
(Deep LVD = ON 17 -
Sleep) Ta=25°C
uA
IDD4 WDT(WDTRC) = ON,
(Deep LVD = OFF NOTE3 15 -
Sleep) Ta=25°C
Iops WDT(WDTRC) = OFF,
(Deep LVD = ON, 4 -
Sleep) Ta=25°C
uA
Ioos WDT(WDTRC) = OFF,
(Deep LVD = OFF NOTES, 2 -
Sleep) Ta=25°C
Notes)

1. All supply current items don'’t include the current of an low frequency internal RC oscillator and a
peripheral block.

2. All supply current items include the current of the power-on reset (POR) block.

3. LVD = OFF indicates that LVR reset function , LVR block and LVI block are disabled.

SCU_RSER<LVDRST> =0

SCULV_LVRCR<LVREN> = 0x55
SCULV_LVICR< LVIEN> =0
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25.1.14 USART SPI CHARCTERISTICS

Table 25.14 SPI Characteristics (Temperature: -40 ~+85 , VDD = 2.7 — 5.5V)

Parameter Symbol Conditions Min Typ Max Units
Output Clock Pulse Period . Internal SCK source 400 - -
SCK
Input Clock Pulse Period External SCK source 400 - -
Ol.JtpUt Clock High, Low Pulse Internal SCK source 180 - -
Width tsckH,
i t
Input Clock High, Low Pulse sert External SCK source 180 - -
Width ns
First Output Clock Delay Internal/External SCK
. trop 200 - -

Time source
Output Clock Delay Time tos - - - 100
Input Setup Time tois - 180 - -
Input Hold Time toiH - 180 - -

SS

(Output/Input)

< <
y tSCK
—» tFOD _j— CL < o -

SCK

(CPOL=0)

(Output/Input)

4 AS - £ AR
tSCKL | | tSCKH_

SCK A I ] \ I

(CPOL=1)

(Output/Input)

3 Al 4
tDIS  tDIH
MISO/MOSI <>—\
(Data Input) <>_/ LSB
—» i« tDS
4 [
MISO/MOSI
(Data Output) MSB LSB
’ < C

Figure 25.1 SPI Timing
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25.1.15 12C CHARACTERISTICS

Table 25.15 12C Characteristics (Temperature: -40 ~+85 , VDD = 1.8 — 5.5V)

Parameter Symbol Min Max Units

Clock frequency tscL 0 400 kHz

Clock High Pulse Width tscLH 0.6 -

Clock Low Pulse Width tscLL 1.3 -

Bus Free Time ter 1.3 -

Start Condition Setup Time tsTsu 0.6 -

Start Condition Hold Time tsTHD 0.6 - us

Stop Condition Setup Time tspsu 0.6 -

Stop Condition Hold Time tsPHD 0.6 -

Output Valid from Clock tvp 0 -

Data Input Hold Time toH 0 1.0

Data Input Setup Time tois 100 - ns
o, tscL
‘tSCLH‘ ‘tSCLL:

—» €—1STSU €C“—Diic—> —pi <«— tDIH —>» <4—tsPsu
SCL B / \ L
SDA A / X

—»! €—1{STHD —> <— {DIS
—> <4—tvD

< I X

—p €— tvD

p- <«— {SPHD

—

tBF
»i

A
Y

Figure 25.2 12C Timing
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Electrical Characteristics

25.1.16 USART UART TIMING CHARACTERISTICS

Table 25.16 UART Timing Characteristics (Temperature: -40 ~ +85

, VDD = 1.8 — 5.5V)

Parameter Symbol Min Typ Max Units
Serial port clock cycle time tsck 1250 tcru X 16 1650
Output data setup to clock rising edge ts1 590 tecpu X 13 -
Clock rising edge to input data valid ts2 - - 590
ns
Output data hold after clock rising edge tH1 tcpu — 50 tepu -
Input data hold after clock rising edge tH2 0 - -
Serial port clock High, Low level width thicH tLow 470 tcru x 8 970
tsck
tHIGH tLow

N

Figure 25.3 Waveform for UART Timing Characteristics

tsck

A

Shift Clock / \ i \ :_ \ / \ / \ /

/

i tH1—>} €—
Data Out \ DO X D1 >< D2 >< D3 >< D4 >< D5 >< >< D7
Data In X Valid X X Valid X X Valid X X Valid X X valid X X Valid X X Valid X X Valid
Figure 25.4 Timing Waveform for UART Module
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25.1.17 INTERNAL FLASH ROM CHARACTERISTICS

Table 25.1 Internal Flash ROM Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Reset Cycle Time fRS-I;BUS - 5.6 8 10.4
Fuse Program Cycle Time fFR?(BUS 4.2 6 7.8 us
N.ormal Program Cycle tPGMBUS 21 30 42
Time Y
N.ormal Page Erase Cycle tPERSBU 28 4 52
Time SY
Sector Erase Cycle Time tSEsRsBU 2.8 4 5.2 ms
Chip Erase Cycle Time tME;fBU - 5.6 8 10.4
Flash Program Voltage VpGMm On erase/write 2.7 - 3.6 \%
Endurance of Write/Erase NFwe Ta=25 °C, Page unit 10,000 - - Times
Retention Time trrT 10 - - Years
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Electrical Characteristics

25.1.18 MAIN OSCILLATOR CHARACTERISTICS

Table 25.17 Main Oscillator Characteristics (Temperature: -40 ~+85 )

Oscillator Parameter Conditions Min Typ Max Units
Crystal Main oscillation 1.8V 55V 2.0 - 16.0
frequency
Mai illati Mz
Ceramic Oscillator ain osciiation 1.8V-55V 20 - 16.0
frequency
1MHz < fout < 4MHz 18 30 35 pF
4MHz < fout <
Ext | load
xiernal foa c1,C2 12MHz 10 22 30 PF
capacitor
12MHz < fout <
16MHz 7 18 22 pF

XIN XOuUT

RS

Figure 25.5 Crystal/Ceramic Oscillator

XIN XOuT

T T

Open External
Clock
Source

Figure 25.6 External Clock
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25.1.19 SUB OSCILLATOR CHARACTERISTICS

Table 25.18 Sub Oscillator Characteristics (Temperature: -40 ~ +85 )

dpe

S

Oscillator Parameter Conditions Min Typ Max Units
Crystal Sub oscillation frequency 1.8V-55V 32 32.768 38 kHz
External load

. C1,C2 1.8V-55V 5 15 35 pF
capacitor
‘ SXIN SXOUT

Figure 25.7 Crystal Oscillator
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Electrical Characteristics

25.1.20 Operating Voltage Range

(fxIN=2.0 to 16MHz, x-tal) (fsuB=32 to 38KHz)

R ———

16.0MHz -

4.2MHz
2.0MHz -

22 27 55 18 55

Supply voltage (V) Supply voltage (V)

Figure 25.8 Operating Voltage Range
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25.1.21 PLL ELECTRICAL CHARACTERISTICS

Table 25.19 PLL Electrical Characteristics (Temperature: -40 ~ +85 )

Parameter Symbol Conditions Min Typ Max Units
Output Frequency four - - - 48 MHz
Operating Current loo @50MHz - - 1 mA
Duty fouty 40 - 60 %
VCO fvco 0.8 - 192 MHz
Input Frequency fin 2 8 16 MHz
Locking Time tLock 60 us
25.1.22 COMPARATOR CHARACTERISTICS
Table 25.20 Comparator Characteristics (Temperature: -40 ~ +85 )
Parameter Symbol Conditions Min Typ Max Units
Operating Voltage ¥DDEX 2.0 5.5 \Y,
VDDEDXT=5V,
VIN=1/2 VDDEXT, - 10 20 mV
Before Offset Calibration
Input Offset Voltage VOS
VDDEDXT=5V,
VIN=1/2 VDDEXT, 5 mV
After Offset Calibration
Propagation Delay teofter, Vov > 10mV - 0.5 2 us
teLH)
GND+5 VDDEX
Comparator Input Voltage Vein 0 - T-50 mV
VDDEDXT=5V, HYSSEL=0 - 5 25 mV
Hysteresis Vos
VDDEDXT=5V, HYSSEL=1 20 60 mV
Comparator Current IDD(rms) | Vop =5V 70 100 uA
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25.1.23 D/A CONVERTER CHARACTERISTICS

Table 25.21 D/A Converter Characteristics (Temperature: -40 ~ +85 , Vpp=1.8-5.5V,
Vpp=DAVREF, Vss=0)

Parameter Symbol Conditions Min Typ Max Units

Resolution - - - - 12 Bit
+ -

Analog Output Voltage Daour GN? 0- - Az)/tf]D \Y
Reference Input Voltage EX;RE 2.7 - AVop \Y,
Integral Nonlinearity INL @AVDD=5V - - 6 10 LSB
Differential Nonlinearity DNL or EXTREF_A=5V - 6 10 LSB
D/AC Current Ioac - 0.6 0.8 mA
Conversion Time - - - 2 Us
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