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Introduction

This document describes the modules and peripherals of the A31C111 series of devices. Each
description presents the module or peripheral in a general sense. Not all features and functions of all
modules or peripherals are present on all devices. In addition, modules or peripherals can differ in their
exact implementation on different devices. Pin functions, internal signal connections, and operational
parameters differ from device to device.

The A31C111 series is a 32-bit general purpose microcontroller for various appliances. The device
supports both general-purpose and low-cost applications through simple, easy-to-use.

The A31C111 series has two comparators and 12-bit ADC with eight analog channels. Multiple
interfaces such as UART, USART, and 12C make external communications possible.

Figure 1. A31C111 Block Diagram
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¢ Document ‘DDI 0484C’, provided by Arm, contains information about the Cortex-MO+.

e The A31C111 Series Datasheet, provided by ABQOV, is available on the ABOV website.
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1. Description

The A31C111 series is a high-performance and energy-efficient 32-bit microcontroller based on Arm
Cortex-MO+ core.

1.1  Product Category Definition
Table 1 provides an overview of the memory capacity for available devices in the A31C111 series.

This document provides an overview of the features supported by each device, including high-level
information and brief explanations for each feature. Refer to Table 2 for the list of features supported by
each product category.

Table 1. A31C111 Series Memory Capacity

Memory Capacity
Code Flash RAM
A31C111 16 KB 2 KB

Device
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1.2 Device Overview

Table 2 summarizes and lists product specific features available in the A31C111 series considering the
largest package.

Table 2. A31C111 Series Features and Peripherals

Peripheral Description

* Max. operating frequency: 32 MHz
* 32-bit Arm Cortex-MO+ Core
* Register settings in CPU:

- Uses general-purpose registers specified by the 32-bit Thumb instruction set:
R0O-R12

- Main Stack Pointer (MSP) and Process Stack Pointer (PSP): R13
Core - Link Register (LR): R14
- Program Counter (PC): R15
* Data alignment in little-endian
* AHB/APB
* NVIC (Nested-Vectored Interrupt Controller)

CPU

Interrupt * Up to 32 peripheral interrupts available.

* 2-bit width of group priority: four levels of priority

* Capacity: 16 KB

* Erase unit: Page (512 bytes), sector (2 KB) or bulk (full chip)

* Program unit: Word (4 bytes)

* Read-Protection

Code Flash | « Self-programming

* Endurance
- Page 0 to 27 (14 KB) 10,000 cycles
- Page 28 to 31 (2 KB) 100,000 cycles

* Lifetime: 10 years

Memory * Initiating the microcontroller's boot mode by receiving an external input signal at

the nBOOT pin
¢ UART mode of USART10

Boot ROM
* In-system programming
- Users can store information in the internal Flash memory by using an
application board to write data to the memory.
* Capacity: 2 KB
» Capable of functioning as a program's working area
SRAM p 9 prog g

* High-speed execution for time-critical codes

» Capability to remap into an interrupt vector area
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Table 2. A31C111 Series Features (continued)

1. Description

Peripheral

Description

SCU
(System
Control

Unit)

Operating
Frequency

Up to 32 MHz

Clock

High-speed Internal Oscillator (HSI): 32 MHz
- +1.0% @ 0°C to +65°C

- +1.5% @ -20°C to +85°C

- +2.5% @ -40°C to +85°C

Low-speed Internal Oscillator (LSI): 32kHz

- +30% @ -40°C to +85°C

Operation
Mode

RUN mode
SLEEP mode
DEEP-SLEEP (STOP1, STOP2) mode

Reset

NRESET Pin reset (PC9)

Core reset

Software reset

POR (Power-On Reset)

LVR (Low-Voltage Reset)
WDTR (Watchdog Timer Reset)

VvDC

Low-DropQut (LDO) regulator built in for Low-Voltage operation

POR

POR generator: Capable of generating a reset signal by detecting an internal
148V

LVDI

Four Low-Voltage detection levels
Supports interrupts
Supports wake-up from DEEP-SLEEP mode

Wake-up

Wake-up by GPIO pins
Wake-up by WDT
Wake-up by LVI
Wake-up by USART
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Table 2. A31C111 Series Features(continued)

A31C111 User's Manual

Peripheral

Description

GPIO
(General-Purpose 1/0)

I/O ports for general-purpose
20-QFN, 20-TSSOP

- /O pins: 18

16-SOPN

- /O pins: 14

10-SSOP

- /O pins: 8

Selectable input and output configuration for each pin:

- Push-pull output
- Open drain output
- Input

Pin configurations through multiplexer settings

Configurable as an external interrupt source with the following options:

- Rising-edge (high-level)
- Falling-edge (low-level)

- Edge-triggered (both rising-edge and falling-edge)

Configurable pull-up/pull-down resistors and debouncing

Configurable independently to be set or reset through

its corresponding bit

Wake-up events triggered by external asynchronous inputs

22
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1. Description

Table 2. A31C111 Series Features(continued)

Peripheral

Description

Timer

16-bit Timer

General-purpose 16-bit up-count timer
A31C111: four channels

- 4 (TnlO) input capture channels
- 4 (TnlO) output channels

Timer operating modes

- Periodic timer mode

- One-shot mode

- PWM mode

- Capture mode

Interrupt events

- Timer/counter match interrupt

- Timer overflow interrupt

Free selectable clock sources:

- PCLK configurable through the peripheral clock enable register1
(SCU_PCERT1)

- LSI, MCLK, HSI configurable through the Miscellaneous Clock Control
Register 3 (SCU_MCCR3)

Timer signals output through TnlO pins

10-bit prescaler

WDT

32-bit down-count timer
Reset and periodic interrupts
Free selectable clock sources:

- LSI, HSI configurable through the miscellaneous clock control register 1
(SCU_MCCR1)

Selectable eight different prescalers
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Table 2. A31C111 Series Features(continued)

Peripheral

Description

UART

16450 asynchronous serial communication ports

Channel support

- One channel

Configurable standard asynchronous communication bits (start, stop, and
parity)

Flexible communication available through programming

- 5-to 8-bit data transfers

- Even-/ Odd-/ Non-parity generation and checking

- 1-bit, 1.5-bit, or 2-bit stop-bit generation and checking

8-bit fraction controller and 16-bit baud rate generator

12C

Serial
Interface

Standard 12C communication protocol
Channel support

- One channel

Master and slave modes

7-bit addressing for slave mode

Configurable SCL signal's high-/low-periods and SDA signal's hold time

USART

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

- One channel

Asynchronous or Synchronous Operation

8-bit fraction controller and 16-bit baud rate generator
Flexible communication available through programming

- 5-to 9-bit data transfers

- Even/Odd/Non-parity generation and checking

- 1-bit, 2-bit stop bit generation and checking

Receive Character Detection & Receive Time Out function
Data overrun & Frame error detection

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

Double Speed Asynchronous communication mode

24
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Table 2. A31C111 Series Features(continued)

1. Description

Peripheral

Description

12-bit ADC

One independent ADC block
Analog input channels

- 20-QFN, 20-TSSOP: 8 channels
- 16-SOPN: 8 channels

- 10-SSOP: 4 channels

Multiple operating modes:

- Single conversion

- Sequence conversion

- Burst conversion

- Multiple conversion

Up to eight sequential conversions
Software triggers

internal trigger sources (timers)

CRC
(Cyclic Redundancy
Check)

CRC operating modes:

- CRC32 (0x04C1_1DB7)

- CRC16_USB (0x8005)

- CRC16_CCITT (0x1021)

- CRCB8_CCITT (0x07)

Support for byte reversal of input/output data

Operating Voltage

1.7Vto 55V

Operating Temperature

Commercial grade (-40°C to +85°C)

Package

Four types of package options
- 20-QFN-0404

- 20-QFN-0303

- 20-TSSOP

16-SOPN

10-SSOP
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2. Pinouts and Pin Descriptions
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In this chapter, pinouts and pin descriptions of the product are described.

2.1 Pinouts

211 A31C111FU (20-QFN-0404)

Figure 2. A31C111FU (20-QFN-0404) Pinouts
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21.2 A31C111FY (20-QFN-0303)

2. Pinouts and Pin Descriptions

Figure 3. A31C111FY (20-QFN-0303) Pinouts
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21.3 A31C111FR (20-TSSOP)
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Figure 4. A31C111FR (20-TSSOP) Pinouts

VDD
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214 A31C111AE (16-SOPN)

Figure 5. A31C111AE (16-SOPN) Pinouts

VDD
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28

\BO\

SEMICONDUCTOR




A31C111 User's Manual 2. Pinouts and Pin Descriptions

21.5 A31C111TS (10-SSOP)

Figure 6. A31C111TS (10-SSOP) Pinouts

VDD ] 1 U 10 [ VSS
ANSMOSHOTXDIOPBO [ 2 = E 9 [ PCYnRESET
O
'n O
ANY/MISO10/RXD10/PB1 ] 3 8 -s 8 [T PEO/SDAO/T2I0/AN14
-—
O a
SS10/MBOOT/PB3 —] 4 9 ('n' 7 3 PE1/SCLO/T3I0/AN15
SWCLK/TXDO/PB4 ] 5 6 =1 PB5/RXDO/SWDIO
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2.2

Pin Description

A31C111 User's Manual

Pin configuration information in Table 3 contains two pairs of power ground and other dedicated pins.

These multi-function pins have up to six selections of functions including GPI1O. Configuration including

pin ordering can be changed without notice.

Table 3. Pin Description

Pin No.
20-pin 20-pin 16-pin 10-pin Pin Name Type Description Remark
(QFN) (TSSOP)

PBO I0US Port B bit 0 input/output
TXD10 o UART(USART) CHO data

! 3 3 2 ;llit::ztSART) CHO Master
MOSI10 10 out/Slave input
AN8®@ 1A Analog input 8
PB1 I0US Port B bit 1 input/output
RXD10 | UART(USART) CHO data

2 4 4 3 Input
MISO10 0 | puSave auput
AN9®@ 1A Analog input 9
PB2 I0US Port B bit 2 input/output
CLKO (0] System clock output

3 5 6 - Sek10 10 ﬁilfbﬁ.ﬁ’ CHO clock
AN10@ 1A Analog input 10
PB3 IOUS | Port B bit 3 input/output

4 6 5 4 nBOOT@®® I Boot mode selection input Pull-up
SS10 10 iEL(tUSART) CHO slave select
PB4 I0US Port B bit 4 input/output

5 7 7 5 TXDO e} UART CHO TXD output
SWCLK@E)eX7) | SWD clock input Pull-down
PB5 I0US Port B bit 5 input/output

6 8 8 6 RXDO | UART CHO RXD input
SWDIO®R®EEN 10 SWD data input/output Pull-up
PDO IOUS | Port D bit 0 input/output

4 9 i i SCLO 10 12C CHO SCL input/output

8 10 ) ) PD1 I0US Port D bit 1 input/output
SDAO 10 12C CHO SDA input/output
PE7 I0US Port E bit 7 input/output

9 11 9 - T110 10 Timer 1 input/output
STBYO (0] Deep Sleep mode output
PE6 10US Port E bit 6 input/output

10 12 10 ) TOIO 10 Timer 0 input/output
WDTO o \é\l/ﬁ;ir;dog timer overflow
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Table 3. Pin Description (continued)

Pin No.
-pi -Di Pin Name Type Description Remark
20-pin 20-pin 16-pin 10-pin yp p
(QFN) (TSSOP)
PE3 IOUS Port E bit 3 input/output
11 13 11 - T2I0 10 Timer 2 input/output
AN17@ IA Analog input 17
PE2 I0US Port E bit 2 input/output
12 14 12 -
AN16@ IA Analog input 16
PE1 I0US Port E bit 1 input/output
SCLO 10 12C CHO SCL input/output
13 15 13 7
T3IO 10 Timer 3 input/output
AN15@ IA Analog input 15
PEO IOUS Port E bit 0 input/output
SDAO 10 I12C CHO SDA input/output
14 16 14 8
T210 10 Timer 2 input/output
AN14@ 1A Analog input 14
PC9 IOUs Port C bit 9 input/output
15 17 15 9
NRESET®®) I External reset input Pull-up
16 18 PF1 I0US Port F bit 1 input/output
RXDO | UART CHO RXD input
17 19 PFO I0US Port F bit 0 input/output
TXDO (0] UART CHO TXD output
18 20 16 10 VSS P Ground
19 1 1 1 VDD P VDD
PA7 I0US Port A bit 7 input/output
20 2 2 - AVREF IA Analog reference input
AN7® 1A Analog input 7
NOTES:

I=Input, O=Output, U=Pull-up, D=Pull-down, S=Schmitt-Trigger Input Type, C=CMOS Input Type, A=Analog, P=Power
After a reset, all the pins are configured to function defined by their initial values.

3. PB3 (nBOOT), PC9 (nRESET), PB5 (SWDIO) and the default pull-up pins and PB4 (SWCLK) are default pull-down
pins.

4. Do not configure unused pins as floating inputs.
After a reset, the internal pull-up for the boot pin is enabled.

6.  After a reset, the internal pull-up for the Serial Wire Data 1/0 (SWDIO) is enabled and the internal pull-down for the
Serial Wire Clock (SWCLK) is enabled.

7. The SWCLK and SWDIO pins should not be switched to other functions while they are being used.
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3. System and Memory Overview

3.1  System Architecture

3.1.1 System Block Diagram

Figure 7. System Block Diagram

o 5 5
a @) 1)
5 @ g
A
A A,
Debug interface BootROM LVR le— VDD
"""""""""""" 2 KB Power Control [+ GND
A < nRESET
m VI e
Cortex-M0+ i
Code Flash memory
"""" SysTicktimer | 16 KB SRAM
________________________ 2 KB POR
NVIC
‘ AHB interface ‘
‘ 32-bit CRC Generator }(}:{}
— Port D «——— PDO - PD1
PA7 «———| Port A k= | |
Port E PEO - PE3,
PBO-PB5 «——»{ Port B k= = ort [« pes_per
PCY «——— PortC K= k=) Port F |«—— PFO-PF1
ANn > 12-bit ADC
AVREF » (n=7 to10,14to 17) ¢ >
APB interface
16-bit Timer
M= < » TnlO
(n=0to3)
WDT }(}:’;
» TXD10
UART10
* RXD10
IRC USART10 » MOSI10
‘ - » SCK10
< SS10
CLKO +—71— Clock Control K=
» TXDO
<ﬁ> UARTO
- RXDO
» SCLO
—— 12C0 « » SDAO
DBGMCU
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3.1.2 Cortex-M0+ Core

The A31C111 series adopts the energy-efficient 32-bit microcontroller core, Cortex-M0+ of Arm as its
CPU core. The Cortex-M0+ designed for low-power consumption uses the ARMv6-M instruction set to
improve performance and energy efficiency.

Refer to the technical reference manual “ARM DDI 0484C” for detailed information of Cortex-MO+.
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3.1.3 Interrupt Controller
Table 4. Interrupt Vector Map
Priority Vector Address Interrupt Source
-16 0x0000_0000 Stack pointer
-15 0x0000_0004 Reset handler
-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
Reserved
-3 0x0000_0034
-2 0x0000_0038 PendSV handler
-1 0x0000_003C SysTick handler
0 0x0000_0040 LVI
1 0x0000_0044 Reserved
2 0x0000_0048 Reserved
3 0x0000_004C Reserved
4 0x0000_0050 WDT
5 0x0000_0054 Reserved
6 0x0000_0058 CFMC
7 0x0000_005C TIMERO
8 0x0000_0060 TIMER1
9 0x0000_0064 TIMER2
10 0x0000_0068 TIMER3
1 0x0000_006C GPIOA, GPIOB
12 0x0000_0070 GPIOC, GPIOD
13 0x0000_0074 GPIOE, GPIOF
14 0x0000_0078 Reserved
15 0x0000_007C Reserved
34 \BO\
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Table 4. Interrupt Vector Map (continued)

Priority Vector Address Interrupt Source
16 0x0000_0080 USART10
17 0x0000_0084 Reserved
18 0x0000_0088 Reserved
19 0x0000_008C 12C0
20 0x0000_0090 UARTO
21 0x0000_0094 Reserved
22 0x0000_0098 ADC
23 0x0000_009C Reserved
24 0x0000_00AO Reserved
25 0x0000_00A4 Reserved
26 0x0000_00A8 Reserved
27 0x0000_00AC Reserved
28 0x0000_00B0 Reserved
29 0x0000_00B4 Reserved
30 0x0000_00B8 Reserved
31 0x0000_00BC Reserved

NOTE:

1. Each interrupt is linked to the priority level registers. Each interrupt priority register is 1-byte length and only the upper
2 bits of it are used for the priority level. NVIC registers of Cortex-MO+ processor use four interrupt priority bytes at a
time because it supports the transmission in word unit.

** __NVIC_PRIO_BITS =2
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3.2.1

Program memory, data memory, registers and 1/O ports are organized in the same address space. The

bytes are coded in memory in Little Endian format. The lowest numbered byte in a word is considered

3.2

3. System and Memory Overview

Introduction

Memory Organization

A31C111 User's Manual

the word’s least significant byte and the highest numbered byte the most significant.

3.2.2 Memory Map and Register Boundary Address

Figure 8. Memory Map

OXFFFF_FFFF

0x4000_A200
12C
0x4000_A000

0x4000_8100
- UART
0x4000_8000

0x4000_31C0
0x4000_3000
0x4000_1200
0x4000_1000

0x4000_0300

0x4007_FFFF

0x4000_F020
0x4000_F00C
0x4000_F008
0x4000_F004 CHIP ID
0x4000_F000

DBGMCU

REVISION NUMBER

VENDOR ID

TIMER

USART

0x4000_0200

WDT

0x4000_0000

SCu

0xE010_0000

0xE000_0000

0x4010_0000
\
\

\
0x4008_0000

Cortex-M0+
Specific Area

AHB Peripherals

APB Peripherals
0x4000_0000,

MIRROR
0x3000_0000
0x2000_0800

SRAM (2 KB)
0x2000_0000
FLASH AREA
0x0000_0000
l:l Reserved

,,,,,,, 0x0000_0000.

0x400F_FFFF,

/
0x4009_2100

/
/

/

! ADC
0x4009 /2000
0x4009_0600
/ PCU and GPIO
0x4009_0000
0¥4008_3000
0x4008_2000 CRC
x4008_1000
/0x4008_0000 CFMC

J 0x3000_4000

0x3000_0000

’ ,'
| OX3FFF FFFF,

CFMC MIRROR
(16 KB)

Ox1FFF.FFFF,

,/Ox1FFF~0800

0x1FFF_0000

BOOT ROM (2 KB)

0xOF 00_0800

0xOF 00_0000

User Info (2 KB)

0x0000_4000

CFMC (16 KB)

36

S

\BO\

EMICONDUCTOR




A31C111 User's Manual 3. System and Memory Overview

3.3 Memory Map

3.3.1 Embedded SRAM

The A31C111 series has a block of zero-wait on-chip SRAM. The SRAM size of A31C111 is 2 KB. The
base address is 0x2000_0000.

The SRAM memory area is commonly utilized for storing data and as a stack memory. Additionally, it
can also be utilized for storing program code for faster execution or during flash erase/programming
operations.

3.3.2 Flash Memory Overview

A31C111 series each provide internal code flash memory and a flash controller. A31C111 includes 16
KB of code flash memory. This is enough to control the general system. Self-programming is available,
and ISP and SWD programming is also supported in BOOT mode or in Debugging mode.

CPU can access the flash memory with one wait state up to 25 MHz bus frequency.
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3.4 Boot Configuration

The A31C111 series offers a boot mode for programming the internal Flash memory. The boot mode
can be entered by setting the nBOOT pin to ‘L’ during the system reset process (the normal state is ‘H’).

The boot mode supports the UART boot which uses the UART interface to transmit and receive boot
data (TXD10/RXD10).

The pins for the boot mode are listed in Table 5.

Table 5. Boot Mode Pin List

Block Pin Name 110 Pin Direction Description
nRESET PC9 Input Receive the reset signal
SYSTEM
nBOOT PB3 Input Set the boot mode
UART mode RXD10 PB1 Input Receive the UART boot data
(USART 10) TXD10 PBO Output Transmit the UART boot data

38 \BO\
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4, SCU

4.1 SCU Introduction

The A31C111 series has a built-in intelligent power control block, which maintains optimized system
performance and power dissipation. This block controls reset, clock, operating modes, and analog part.
It is called System Control Unit (SCU).

4.2 SCU Main Features

The clock features are as follows:
e  Operating frequency: up to 32 MHz
* High-speed internal oscillator (HSI): 32 MHz

*  Low-speed internal oscillator (LSI): 32 kHz

The reset features are as follows:

e nRESET pin reset

e CPUreset

*  Software reset

*  Power-On Reset (POR)

* Low-Voltage Detect Reset (LVR)

Watchdog Timer Reset (WDTR)

Operating modes are as follows:
*  RUN mode
e SLEEP mode

« DEEP-SLEEP (STOP1, STOP2) mode
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4.3 SCU Functional Description

4.31 SCU Block Diagram

Figure 9 describes the SCU in a block diagram.

Figure 9. SCU Block Diagram

m SCU module
% > control ——» System control
——» Main system clock (HCLK)
g SCU clock control™ —» Peripheral device module clock (PCLK)
—» Memory bus clock (FCLK)
A
> Low-power control > Reset

Wake-up source » and

- GPIO > Wake-up control — Interrupt by wake-up sources

-WDT

-LVI

- USART
——» VDC control
——» LVD reset (LVR)

vbe /c|c_):1/tlr301 osc ——» Clock monitoring
—— Interrupts
- LVD (LVI)
NOTE:
1. For details on the SCU clock control, see section 4.4.2.
4.3.2 SCU Pin and Type
Six pins in Table 6 are assigned for the SCU module.
Table 6. SCU Pins
Pin Name Type Description
nRESET Input External reset input
CLKO Output Clock output monitoring signal
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4.4 Clocks

441 Overview

The A31C111 series has a clock generation circuit. The clock generation circuit consists of an internal
oscillation circuit. The overview of each circuit is as follows:

* Internal oscillation circuit
— High-Speed internal oscillator (HSI): 32 MHz™

— Low-Speed internal oscillator (LSI): 32 kHz("

NOTE:

1. After the reset is released, a 4 MHz HSI signal, which is derived from the 32 MHz HSI signal divided by 8, and a 32
kHz LSI signal are automatically activated as the internal oscillator.

Table 7 describes the clock sources of the A31C111 series.

Table 7. Clock Sources

Clock Name Frequency Description
HSI 32 MHz High-speed internal oscillator
LSI 32 kHz Low-speed internal oscillator

Four different clock sources can be used to drive the system clock:

*  Low-Speed internal oscillator (LSI)

e High-Speed internal oscillator (HSI)

Table 8 describes the peripheral clock and the register selection:

Table 8. Peripheral Clock Selection

Miscellaneous Clocks
Peripheral PCLK
SCU_MCCRXx MCLK LSl HSI
Systick (0] o] O 0]
SCU_MCCR1
WDT N/A N/A ] o]
TIMERn 0 SCU_MCCR3 0 0 0
(n=0to4)
PGAD" N/A SCU_MCCR4 (e} ] o]
PGBD®@ N/A (o] ] o]
SCU_MCCR5
PGCD® N/A (0] @] 0]
UART N/A SCU_MCCR7 (0] @] 0]
NOTES:

1. PGAD Port Group A Debouncing: PA, PB
2.  PGBD Port Group B Debouncing: PC, PD
3. PGCD Port Group C Debouncing: PE, PF
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4.4.2 Clock Tree Configuration

Users can maintain the clock system variation under software control. Figure 10 allows the users to
learn about the clock system on the A31C111 series.

The A31C111 series has two operation clocks. One is HCLK, which supplies the clock to the CPU and
AHB bus systems. The other one is PCLK, which supplies the clock to the peripheral systems. Users
can control this clock system variation by configuring internal registers.

Figure 10. Clock Configuration

CLKOINSEL[2:0]
i CLKODIV[3:0]

l

Clock Output [
Divider ] cLko

» 000

» 100 —»

LSICON

LS|
(32 kHz) MCLKSEL[2:0] FCLK

» Cortex running

HCLKDIV[3:0]

HSICON

MCLK HCLK Divider HCLK . AHB, Core,
" (1,2,4,..,512) ” Memory and DMA

HSI
(32 MHz)

PCLKDIV[3:0]

PCLK Divider PCLK .
" (1,2,4,8,16) APB

Each clock multiplexer (selecting a clock source) has a glitch free circuit. So, a clock can be switched
without glitch risks. When users change the clock mux control, be sure that both clocks (current clock
and new clock) must be operating. If either is not alive, the clock change process will stop, and the
system will shut down and will not recover.

Five pins in Table 9 are assigned for the Clock pins.

Table 9. Clock Generation Circuit Input/Output Pins

Pin Name 110 Description

CLKO Output Clock output monitoring signal
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443 HSIClock
The HSI is generated from the internal 32 MHz oscillator.
e HSI: 32 MHz
— 11.0% @ 0°C to +65°C
— 11.5% @ -20°C to +85°C

—  $2.5% @ -40°C to +85°C

44.4 LSl Clock

After the microcontroller is powered on, the LS| (32 kHz) is initially enabled by default in the system
operation sequence.

For more details, refer to the electrical characteristics chapter in A31C111 series.

e LSl 32kHz

—  $30% @ -40°C to +85°C

4.4.5 Two Main Operating Clocks: HCLK and PCLK

The A31C111 series has two main operating clocks. One is HCLK, which generates clock signals both
for CPU and AHB system; the other is PCLK, which generates clock signals for peripheral systems.
4451 HCLK Clock

The Cortex-M0+ core requires two clocks, the HCLK and FCLK. The HCLK is fed to the CPU and AHB.
The FCLK stays enabled except in DEEP-SLEEP mode, whereas the HCLK can be disabled in SLEEP
mode.

The buses and memories are clocked by the HCLK. As the bus clock frequency is limited to a maximum
of 32 MHz, the HCLK frequency must not exceed 32 MHz.

4452 PCLK Clock

The PCLK can be used as a clock for any peripherals. Whether to enable or disable the PCLK for each
peripheral is determined with the SCU_PCER registers; each peripheral block’s registers cannot be
read unless its PCLK input is enabled. And the PCLK stops operating in DEEP-SLEEP mode.
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4.4.6 Configuration of Miscellaneous Clocks

The A31C111 series supports the Miscellaneous Clocks feature, which allows each peripheral to be
assigned with a different clock source (MCLK, LSI or HSI) at a different frequency division ratio.

Users can set each peripheral's clock source and its frequency divider in the corresponding
SCU_MCCRXx register. The supported division ratio can be one ranging from 1 to 255.

Figure 11. Miscellaneous Clock Configuration

WDT_CLK

CMO0+_STCLK

STCDIV[7:0] WDTCDIV[7:0]
STCSEL[2:0] WDTCSEL[2:0]

EE

I PB_CLK

PGADCDIV[7:0]

PGADCSEL[2:0]

[ PF_CLK

| p———rv—
[ Pp_CLK

PGCDCDIV[7:0]

PGCDCSEL([2:0]

UARTO_CLK

UARTCDIV[7:0]
UARTCSEL[2:0]

4.4.7 Peripheral Clocks

Table 8 describes the peripheral clock and the register selection: (see Table 8 describes the peripheral’s
clock and the register selection)
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4.4.8 Clock Configuration Procedure

After power-on, the device operates with a default system clock of 4 MHz, derived from the 32 MHz HSI
clock divided by 8. The HSI is enabled during the power up sequence.

The MCLK can be changed with the SCU_SCCR register. Figure 12 shows an example sequence of
how the system clock changes.

Figure 12. Clock Change Procedure

Power up
(MCLKSEL[2:0] = '010', HSI 4 MHz)

CFMC_CONF[3:0] = Maximum wait
(LATENCY([3:0] Set flash wait control)

)

SCU_CSCR = Enable all clocks

HSI? N . I MCLKSEL[2:0] ='010"
(32 MHz) Wait for stabilization ——» HS)

SCU_CSCR = 0xXX
(Disable unused clock source)

A

Y

CFMC_CONF[3:0] = suitable wait
(LATENCY[3:0] Set flash wait control)

i
C e
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To speed up the system clock to the maximum operating frequency, users must check the flash memory
wait control configuration. Flash read access time is one of limitation factors for performance. The wait
control recommendation is suggested in Table 10.

Table 10. Flash Memory Wait Control Recommendation

LATENCY[3:0] Flash Access Wait Available Max. System Clock Frequency
0000 0-wait Up to 25 MHz
0001 1-wait Up to 32 MHz
0010 2-wait Up to 32 MHz
0011 3-wait Up to 32 MHz
0100 4-wait Up to 32 MHz
0101 5-wait Up to 32 MHz
0110 6-wait Up to 32 MHz
0111 7-wait Up to 32 MHz
1000 8-wait Up to 32 MHz
1001 9-wait Up to 32 MHz
1010 10-wait Up to 32 MHz
1011 11-wait Up to 32 MHz
1100 12-wait Up to 32 MHz
1101 13-wait Up to 32 MHz
1110 14-wait Up to 32 MHz
1111 15-wait Up to 32 MHz
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Figure 13 shows how to set the peripheral clock. Typical selection of peripheral clocks is to use
SCU_MCCRXx (x =1to 7) and PCLK.

Figure 13. Peripheral Clock Selection

Enable clock for SCU_MCCRx
and
Enable clock for PCLK

v

Select clock for peripheral
in MCU_MCCRXx

Peripheral clock:
SCU_MCCRx ?

Select SCU_MCCRx
for the peripheral to use

Peripheral clock : PCLK

END \‘

x=1to7
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4.5 Reset

4.5.1 Overview

The reset features are as follows:

* Power-On Reset (POR)

* Low Voltage Reset (LVR)

e nRESET pin reset

e Watchdog timer reset (WDTR)

e  Software reset

*  CPU request reset

A31C111 User's Manual

The A31C111 series provides two reset options. One is a cold reset, which is effective during power up

or down sequence; the other is a warm reset, which is generated by several reset sources.

The I/O states under and after reset is analog state (for details, see Section 2.2.)

Areset event makes a chip to turn to an initial state. Reset sources of the cold reset and the warm reset

are listed in Table 11.

Table 11. Reset Sources for Cold Reset and Warm Reset

Reset Type

Cold Reset

Warm Reset

Reset Source

POR
(Power-on reset)

nRESET Pin reset
LVD reset

Watchdog Timer reset
Software reset

CPU request reset

48
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4.5.2 Reset Tree Configuration

Figure 14. Reset Tree Configuration

voo [} Cold reset CM0+ PORESETn
vDC i POR 4ms counter >
:D SYSRESETn
B
8
LVR =
SCU_RSER[0] d/ %
g >
CMO+ SYSRESETn
WDT reset request detector [~ -0 ”
} PIN reset detect
nRESET [} reset detector e
CPU reset request detector | ST {i/
» SYSRESETn
SCU_PRER1[0] - SCU RESETn SCU_PRER2(0] e Fe USART10 RESETn
SCU_PRER1[1] " CFMCRESETn |
1 SCU_PRER2(3] SO 12C0 RESETn
SCU_PRER1[2] - WDT RESETn 4
| SCU_PRER2[8] L UARTO RESETn
i - Reserved
SCU_PRER2[20] UL ADC RESETn

SCU_PRER1[9]

SCU_PRERI[10}

SCU_PER1[9]

SCU_PRER1[8] — GPIOA RESETn

SCU_PRER2[29] CRC RESETn
GPIOB RESETn SCU_PER2[29]

GPIOC RESETn

SCU_PER1[10]

7SCU_PRER1[11] ST GPIOD RESETn

VSCU7PRER1[12] T GPIOE RESETn

VSCU7PRER1[|3] SR GPIOF RESETn

| SCU_PRER1[16] SCU_PER1[16] TIMERO RESETn

VSCU7PRER1[|7] SR TIMER1 RESETn
SCU_PRER1[18] e em— TIMER2 RESETn
SCU_PRER1[19] SCU_PER1[19] TIMER3 RESETn
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4.5.3 Cold Reset

A cold reset plays an important role during a power-up process and affects the entire process of system
booting. The internal VDC becomes active as soon as the VDD is applied. The internal POR is triggered
when the VDD is determined to reach 1.48 V based on the amount of the internal VDC output.

During the cold reset process, when the applied voltage exceeds 1.48 V, the HSI clock is enabled. After
the stabilization of the internal VDC level for 4.2 msec, the internal logic is initialized. And then, when
the external VDD voltage rises above the LVD Reset voltage level (1.58 V), the cold reset is released
and, after a waiting time of 0.4 ms for warm reset synchronization, booting begins.

Figure 15 shows waveform of power-up sequence and initial reset.

Figure 15. Timing Diagram of Power-Up Procedure (Cold Reset)

PORST LVDRST

POR (R)

LVR

|
i Cold Reset Count

|
! !
L 4.2ms o
COLD_RSTB -« ) r|
(Cold Reset) ! Typical |
! 1
i | Warm Reset Count
|
WARM_RSTB_CNT ! )OOOOO(
A A
T |
i L 04ms |
| < »
WARM_RSTB ! I Typical ‘
(Warm Reset) : : |
! i |
|
SYSRESETn ! ‘
(System Reset) 1 ; !
! I i
! I
System Initialization | i ‘
L 4.2ms L 04ms i 5.5 ms N
Main Code Start i Typical o Typical o Typical 'l
3 !
L 10.1 ms N
o Typical it
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4.5.4 Warm Reset

A warm reset event is triggered for system initialization when the conditions of a reset source internally
set are satisfied.

Warm reset sources are enabled or disabled by configuring the SCU_RSER, and their occurrence is
written to the SCU_RSSR.

Which devices are to be initialized by the warm reset is determined by settings of the SCU_PRER.
Using this register, users can allow or disallow the initialization of individual peripheral.

Figure 16. Warm Reset Timing Diagram

Typ. 1.875 ms

nRESET u

WARM_RSTB_CNT X:X:X:X:X:X
WARM_RSTB 34 -
(Warm Reset) i Typical

SYSRESETn
(System Reset)
l
|

|

]

0

System Initialization

0.4 ms 5.5ms |
Main Code Start ‘ ! Typical - Typical
! I
P 5.9 ms i
- Typical o

NOTE:

1. The nRESET pin requires a stable low pulse of at least 1.875ms to ensure proper internal reset operation. For
additional information, refer to Section 4.5.6.
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4.5.5 LVD Reset (LVR)

A Low-Voltage Detect Reset (LVR) event is triggered when the operating voltage drops below a certain
level during the microcontroller’s operation. Users can set the microcontroller whether to perform a reset
or to perform an interrupt, when an LVR event is triggered.

Table 12 describes the range of LVR levels and the register for LVR level control.

Table 12. LVR Level
LVR Level Range Description

LVR level with 4 steps
This LVR level is set by LVRVS[1:0] in SCU_LVRCR.

1.50Vto 5.5V

Figure 17. LVR Diagram

VDD

LVRrising=188V [~~~ """""" 7" T oo oo\t Ty = 22—
1
1
1
1

LVR faling=150V f---oo o N\

h ]
H I
H ]
| i
148V | mmmmmmm e e i L R
: 1
1 1
] ! Time
o / g
1. 04ms 7
LVR reset Typical LVD Reset (LVR) doesn't occur at this point

4.5.6 nRESET Pin Reset

This reset signal is generated through the nRESET pin.

When the nRESET pin is driven low, all ongoing processes are aborted, and the microcontroller enters
the reset state.

The nRESET pin requires a stable low pulse of at least 1.875ms to ensure proper internal reset
operation. The duration of low pulse of the reset can be configured via the PCU_RSTDBCR register.

Note that reset debounce is valid only when the LSI clock is enabled. This register is initialized only by
a cold reset and retains its value during a warm reset.

The nRESET pin shown in Table 13 is assigned for the reset function.

Table 13. nRESET Pin

Pin Name Type Description

nRESET Input External reset input
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4.5.7 Watchdog Timer Reset

Watchdog timer (WDT) monitors the operation of the microcontroller and is typically used to detect
software errors. When the microcontroller becomes uncontrollable due to a malfunction, the WDT resets
the microcontroller to recover it.

The A31C111 series has one WDT module built in, which functions as a 32 bit down-counter. Once the
WDT counts down to zero while operating as a reset source, the microcontroller gets reset.

For details on the watchdog timer reset, refer to 7. WDT.

4.5.8 Software Reset

A system reset sets all registers to their reset values except the reset flags in the clock system reset
control SWRST in SCU_SRCR and the registers in the SCU block(®.

NOTE:

1. Users must use SWRST in SCU_SRCR register instead of NVIC_SystemReset() or SCB_AIRCR register setting for
microcontroller reset

459 CPU Request Reset

The CPURST in SCU_RSER allows users to configure input signals that trigger a reset event.

Setting a bit to ‘1’ enables its corresponding reset signal to trigger a reset; setting it to ‘0’ disables the
reset signal, thereby masking the reset event.

The CPURST in SCU_RSSR records occurrences of reset events. A bit read as ‘1’ means that its
corresponding reset source has triggered a reset.
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4.6 Power Supply

The device operates with a supply voltage of 1.7 V to 5.5 V (Vbp). The analog peripherals are also
powered through Vop, internally connected to AVop within the microcontroller.

Table 14. Power Supply of Vpp

Parameter Symbol Min. Max. Unit

Supply voltage Vbp 1.7 55 \%

During a power-up process, a reset plays an important role and affects the entire process of system
booting. A31C111 series has two power-related reset options as described below:

* POR_RST (Power-On Reset) that controls the voltage less than 1.48 V

* LVD_RST (Low-Voltage Detect Reset) that controls the voltage less than 1.58 V (Default)

If the power level is higher than the POR and below the flash operating voltage code read operation
may malfunction. To prevent this abnormal code read operation, the LVD _RST operates to generate
the SYSRESETNn internal signal and enter the microcontroller into reset mode to prevent abnormal
operation.

An LVR reset event is triggered when the operating voltage drops below the selected LVR level during
the microcontroller’s operation. Users can set the microcontroller to perform an LVD reset for LVR level
setting. LVR is a warm reset. Refer to the description on Section 4.5.4 for details.

Figure 18 shows a timing diagram for the operation sequence after the POR and LVR. As power is
applied, it shows the waveform of main code execution and oscillator operation.

The main code is executed after the reset stabilization time has elapsed. In the case of A31C111 series,
it notes that external oscillation is set to operate by software setting.

Figure 18. POR and LVR Timing Diagram

\%
A Voo oscC
' ]
5V (Vop) ' * E
! :
1
v
VLVR | ____ S L
(Typ. 1.58 V) 1
VPOR | S O
(Typ. 1.48 V) !

Y
y
Yy

|
- |
i i ! i
I I ! i
‘
T ; ‘
o Typ. 10.1 1
o yp. 10.1ms 'P\ \

Main Code Execution External oscillation starts
according to S/W setting
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4.6.1 LVIBlock Diagram

Using the LVI interrupt function, the LVI interrupt can be generated when the external VDD voltage
reaches the voltage preset by users.

Figure 19 shows a block diagram of the LVI. For information on the LVI signal operation, refer to
SCU_LVICR.

Figure 19. LVI Block Diagram

LVIINTEN
Reference 221V | M )
vDD[ || Vvoltage 301V _| U » LV circuit » LVIIFLAG LD** LVl interrupt
generator 400V X
h .
451V T
LVIEN
"4
LVIVS[3:0]
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4.6.2 LVR Block Diagram

Using the LVR function, the microcontroller can be reset when the external VDD voltage reaches the
voltage preset by users.

Figure 20 shows a block diagram of the LVR. For information on the LVR signal operation refer to
SCU_LVRCR.

Figure 20. LVR Block Diagram

LVDRST
1.50V N
Reference 270V M
VDD []7 voltage 3'70 V > U » LVRcircuit LVR reset
generator : » X
422V T_{
b
LVREN[7:0]
LVRVS[1:0]

46.3 POR,LVR

For the case where the VDD input level is higher than the POR and lower than the minimum voltage
(1.48 V) required for the Flash operation, the LVDRST (Min. 1.58 V) is set to improve stability and
prevent operation errors such as code read. For more information, refer to section 4.5.

Figure 21. POR and LVR Block Diagram

Cold reset controller

PORST (4.2 ms counter)

LVDRST >
WDTRST >

Warm reset controller SYSRESETn
(0.4 ms counter)

SWRST >
CPURST >

PINRST >
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4.7 Operation Modes

471 Overview

The microcontroller has several functions for reducing power consumption, such as setting clock
dividers, stopping modules, selecting power control mode in RUN mode, and transitioning to low power
modes (SLEEP mode, DEEP-SLEEP mode)

The A31C111 series operates in three modes below:
* RUN mode

e SLEEP mode

« DEEP-SLEEP (STOP1, STOP2) mode
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4.7.2 Transition of Operation Mode

INIT mode is the initial state of the chip when a reset is asserted.
In RUN mode, the CPU shows the maximum performance with high-speed clock system.

SLEEP mode and DEEP-SLEEP mode can be used as low power consumption mode. In the low power
consumption mode, power is effectively managed to reduce power consumption by halting processor
core and unused peripherals.

Figure 22 describes transition between the operation modes.

Figure 22. Transition Between Operation Modes

Power On Reset Power On Reset
(POR) (POR)

Wakeup event Wakeup event

DEEP-SLEEP

WFI
SCB_SCR[2]"="1'
STOP : SCU_SMR[8] ="'

SCB_SCR[2]" ="0'

NOTE:
1. SCB_SCR is System Control Register in System Control Block.

Table 15. Operation Mode

Mode Condition After Wake-up Event After Reset Event
RUN Power-on N/A INIT
SLEEP WEFI (Wait for Interrupt): RUN INIT

SCB_SCR[2]" =0
WEFI (Wait for Interrupt):

DE(E%SFEE)EP SCB_SCR[2]™ = 1 RUN INIT
SCU_SMR[9] = 1 or SCU_SMR][13] = 1
DEEP-SLEEP WEFI (Wait for Interrupt):
3 (1) =
(STOP2) SCB_SCR[2] 1 RUN INIT
SCU_SMR[9] = 0, SCU_SMRJ[13] =0
NOTE:

1. SCB_SCRis System Control Register in System Control Block.
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4.7.3 RUN Mode

In RUN mode, the CPU and peripheral hardware operate with a high-speed clock. If the INIT state
occurs after a reset, the system enters RUN mode.

4.7.4 SLEEP Mode

Once the microcontroller enters SLEEP mode, the CPU becomes inactive. By setting the SCU_PER
and SCU_PCER, users can determine which peripherals are to be inactive in SLEEP mode.

Figure 23. SLEEP Mode Operation Sequence

( SLEEP mode enter >

A

SCB_SCR[2]" =0
(SLEEPDEEP = '0")

A

WFI
(Enter SLEEP mode)

A

Wait for interrupt signal

Wake-up

e )

NOTE:
1.  SCB_SCRis System Control Register in System Control Block.
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4.7.5 DEEP-SLEEP (STOP1, STOP2) Mode

When the core goes under stop state using WFI instruction, the chip enters in DEEP-SLEEP mode.

To enter STOP 1 mode, first set SCU_SMR[9] = 1 and use the WFI command. In STOP 1 mode, all
peripherals except WDT of internal VDC domain are in power off state.

To enter STOP 2 mode, first set SCU_SMR[9] = 0 and use the WFI command. In STOP 2 mode, all
peripherals of internal VDC domain are stopped. To wake up in STOP1, STOP2 mode, an interrupt
request must be generated and can be selected in the SCU_WUER register. Stabilization time is 4ms
after wakeup event occurs.

When entering DEEP-SLEEP mode, HSI 4 MHz is automatically selected as the MCLK, and all clock
sources are automatically disabled. These are maintained after wake-up. If the SCU_SMR is used, a
function that automatically disables system clocks such as HSI, and LS| may not be used.

Table 16. DEEP-SLEEP Mode Configuration

Mode Type Condition Wake-up Source

WFI

STOP1 | SCB_SCR[2]" =1 (SLEEPDEEP = 1) Source included in WUER
SCU_SMRJ9] = 1 (LSIAON = ‘1")

DEEP-SLEEP

WFI

STOP2 | SCB_SCR[2]" =1 (SLEEPDEEP = 1) Source included in WUER
SCU_SMRI[9] = 0 (LSIAON = 0)

NOTE:
1. SCB_SCR is System Control Register in System Control Block.
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Figure 24. DEEP-SLEEP Mode Operation Sequence

SCU_CSCR = Enable all clock sources

v

Wait for stabilizing

Enter DEEP-SLEEP mode v

SCU_LVRCR[4] (LVRAON)
Check LVD On / Off

v

Setup wake-up source
SCU_WUER[28:0]
SCU_SMR[10:8] Configuration

v

MCLKSEL[2:0] ='010" (HSI)
(Only HSI enable)
SCU_CSCRLSI enable

LSIAON ="1' LSIAON ="0'

A A
SCB_SCR[2]" ="1' SCB_SCR[2]™ = "1
WFI WFI
(Enter STOP1) (Enter STOP2)
Running LSI clock Stop LSI clock
Wait for wake-up signal Wait for wake-up signal

Wake-up default clock: HSI

!

Clock setting for application

NOTE:
1.  SCB_SCRis System Control Register in System Control Block.
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4.7.6 Operation Mode Summary

Table 17 and Table 18 are configurable clocks according to each operating mode.

Table 17. Configurable Clock in Each RUN/SLEEP Mode

Peripheral Clock Source
Mode Core Peripheral VvDC
LSlI HSI
RUN Active User-defined ON User-defined User-defined
SLEEP Inactive User-defined ON User-defined User-defined
Table 18. Configurable Clocks in Each DEEP-SLEEP (STOP1, STOP2) Mode
SCU_SMR
Mode Core Peripheral
VDCAON LSIAON HSIAON
RUN Active User-defined Don't care Don't care Don't care
SLEEP Inactive User-defined Don't care Don't care Don't care
DEEP-SLEEP . )
(STOP1) Inactive Only WDT OFF User-defined OFF
DEEP-SLEEP .
(STOP2) Inactive OFF OFF OFF OFF

62
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4.8 SCU Registers
The base address and register map of CHIPCONFIG are described in the following:
Table 19. Base Address of CHIPCONFIG
Name Base Address
CHIPCONFIG 0x4000_F000
Table 20. Register Map of CHIPCONFIG
Name Offset | Type Description Reset Value Reference
CHIPCONFIG_VENDORID | 0x0000 | ROM | Vendor ID Register 0x4142_4F56 4.81
CHIPCONFIG_CHIPID 0x0004 | ROM | Chip ID Register 0x4331_1110 4.8.2
CHIPCONFIG_REVNR 0x0010 | ROM | Revision Number Register 0x0000_00xx 483
NOTE:
1. ‘RO’ means ‘Read-Only’.
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The base address and register map of the SCU are described in the following:

Table 21. Base Address of SCU
Base Address

0x4000_0000

Name

SCU

Table 22. Register Map of SCU

Name Offset Type Description Reset Value | Reference
SCU_SMR 0x0004 RW System Mode Register 0x0000_0000 484
SCU_SRCR 0x0008 RW System Reset Control Register 0x0000_0000 48.5
SCU_WUER 0x0010 RW Wake-up Source Enable Register 0x0000_0000 4.8.6
SCU_WUSR 0x0014 RO Wake-up Source Status Register 0x0000_0000 4.8.7
SCU_RSER 0x0018 RW Reset Source Enable Register 0x0000_00D1 4.8.8
SCU_RSSR 0x001C RWC1 | Reset Source Status Register 0x0000_0100 489
SCU_PRER1 0x0020 RwW Peripheral Reset Enable Register 1 0x03FF_3F77 4.8.10
SCU_PRER2 0x0024 RwW Peripheral Reset Enable Register 2 0x3010_033F 4.8.11
SCU_PERT1 0x0028 RW Peripheral Enable Register 1 0x0000_000F 4.8.12
SCU_PER2 0x002C RW Peripheral Enable Register 2 0x0000_0001 4.8.13
SCU_PCER1 0x0030 RW Peripheral Clock Enable Register 1 0x0000_000F 4.8.14
SCU_PCER2 0x0034 RW Peripheral Clock Enable Register 2 0x0000_0001 4.8.15
SCU_CSCR 0x0040 RW Clock Source Control Register 0x0000_0028 4.8.16
SCU_SCCR 0x0044 RW System Clock Control Register 0x0300_0002 4817
SCU_COR 0x0050 RwW Clock Output Register 0x0000_000F 4.8.18
SCU_NMICR 0x0054 | RW gz;i':f:rskab'e Interrupt Control 0x0000_0000 | 4.8.19
SCU_NMISR 0x0058 | RWC1 gzgi':f::’kab'e Interrupt Status 0x0000_0000 | 4.8.20
SCU_VDCCON 0x0064 RW VDC Control Register 0x0000_007F 4.8.21
SCU_LVICR 0x0068 RW LVI Control Register 0x0000_0000 4.8.22
SCU_LVISR 0x006C RC LVI Status Register 0x0000_0000 4.8.23
SCU_LVRCR 0x0070 RW LVR Control Register 0x0000_0000 4.8.24
SCU_MCCR1 0x0090 RW Misc. Clock Control Register 1 0x0001_0000 4.8.25
SCU_MCCR3 0x0098 RwW Misc. Clock Control Register 3 0x0000_0000 4.8.26
SCU_MCCR4 0x009C RW Misc. Clock Control Register 4 0x0000_0000 4.8.27
SCU_MCCR5 0x00A0 RW Misc. Clock Control Register 5 0x0000_0000 4.8.28
SCU_MCCR7 0x00A8 RW Misc. Clock Control Register 7 0x0000_0000 4.8.29
SCU_SYSTEN 0x00F0 WO System Access Enable 0x0000_0000 4.8.30
SCU_BOOTSR 0x00F4 RW System Boot Status Register 0x0000_0001 4.8.31
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4.8.1 CHIPCONFIG_VENDORID: Vendor ID Register

The CHIPCONFIG_VENDORID register shows the vendor’s identification information. This is a 32-bit
read-only register.

CHIPCONFIG_VENDORID=0x4000_F000
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

VENDID[31:0]

0x4142_4F56

RO
31 VENDID[31:0] Vendor identification bits.
0 0x4142_4F56

4.8.2 CHIPCONFIG_CHIPID: Chip ID Register

The CHIPCONFIG_CHIPID register shows the chip’s identification information. This is a 32-bit read-
only register.

CHIPCONFIG_CHIPID=0x4000_F004
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

CHIPID[31:0]

OXXXXX _XXXX

RO
31 CHIPID[31:0] Chip ID bit.
0 0x4331_1110 16 KB flash memory / 2 KB RAM
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4.8.3 CHIPCONFIG_REVNR: Revision Number Register

The CHIPCONFIG_REVNR shows the revision number information of a chip. This register is a 32-bit
read-only register.

CHIPCONFIG_REVNR=0x4000_F010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o
°
o REVNO[7:0]
Q
14
0x000000 OxXX
RO
7 REVNO[7:0] Chip revision number

These bits are modified by a manufacturer.

\BO\

SEMICONDUCTOR



A31C111 User's Manual

4.SCU

4.8.4 SCU_SMR: System Mode Register

The SCU_SMR contains bits controllable in DEEP-SLEEP!" mode and informs which operating mode
the microcontroller had been in before it returned to initial mode. Once a reset event occurs, the previous
operating mode is recorded in this register. The register is 32 bits wide.

SCU_SMR=0x4000_0004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 0
o = o
1) Z|Z @
z 0|0|Q z
z =SB 2
[92]
& T3S &
- 0(0]0 -
- RW|{RW|RW -
10 HSIAON HSI enablement in DEEP-SLEEP mode
0 Automatically disables the HSI in DEEP-SLEEP mode.
1 Leaves the HSI enabled in DEEP-SLEEP mode.
9 LSIAON LS| enablement in DEEP-SLEEP mode
0 Automatically disables the LS| in DEEP-SLEEP mode.
1 Leaves the LS| enabled in DEEP-SLEEP mode.
8 VDCAON VDC enablement in DEEP-SLEEP mode

0 Automatically disables the VDC in DEEP-SLEEP mode.

1 Leaves the VDC enabled in DEEP-SLEEP mode.

NOTE:

1. Evenif the SCU_SMR register is set to keep a clock enabled during DEEP-SLEEP mode, the clock will not run if it is

disabled in the SCU_CSCR register.

\BO\

SEMICONDUCTOR

67




4. SCU A31C111 User's Manual

4.8.5 SCU_SRCR: System Reset Control Register

It is possible to reset the microcontroller by setting the SWRST bit. This system reset control register is

a 32-bit register.

SCU_SRCR=0x4000_0008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o) o
o e} i} =
= > = e
) m ()
3 58 |3
2 o e |
- 0 0
- RW - WO
4 STBYO Inversion selection for the STBYO pin’s output
0 Low active when the chip is in power down.
1 High active when the chip is in power down.
0 SWRST™ Internal soft reset activation bit (Check SWRST in SCU_RSER for
reset)
0 Normal operation
1 Internal soft resets can occur (The bit becomes automatically
cleared).

NOTE:

1. Users must use SWRST in SCU_SRCR register instead of NVIC_SystemReset() or SCB_AIRCR register setting for

microcontroller reset.
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4.8.6 SCU_WUER: Wake-Up Source Enable Register

The SCU_WUER is used when the microcontroller is in DEEP-SLEEP mode.

To enable a signal used as a wake-up source, users must set the corresponding bit to ‘1’ and the
remaining bits not used as a wake-up source must be set to '0’. This register is 32 bits wide.

SCU_WUER=-0x4000_0010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
Ll
3 S EEEEE R E R e
° s=/2/2/2/2| 2 3] 2 |2|2
g LiuolonlZl & o -
2 olojolooof g k| & [g|S
€ 3|5|5/5(5/5) € |3 £ |2
)
- 0(0|j0|0j0]|O0 - 0 - 00
- RW{RW|RW|RW|RW|RW| - RW - RW {RW
13 GPIOFWUE Use the GPIOF port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
12 GPIOEWUE Use the GPIOE port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
11 GPIODWUE Use the GPIOD port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
10 GPIOCWUE Use the GPIOC port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
9 GPIOBWUE Use the GPIOB port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
8 GPIOAWUE Use the GPIOA port event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
5 USART10WUE Use the USART10 event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
1 WDTWUE Use the WDT event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
0 LVIWUE Use the LVI event as a wake-up source
0 Does not use the event as a wake-up source.
1 Uses the event as a wake-up source.
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4.8.7 SCU_WUSR: Wake-Up Source Status Register

When the microcontroller is woken up by a wake-up source, the corresponding bit in the SCU_WUSR
register is flagged. A bit set to ‘1’ means that its corresponding wake-up event has occurred. It is a read-
only register.

When an event source is cleared, the corresponding bit in this register is also cleared.

SCU_WUSR=-0x4000_0014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16‘15 1413121110 9 8(7 6 5 4 3 2 1 0
Eo) (D222 © g he]
9 =2/22/2/2| ¢ 3] ¢ (2|2
o LWI9gisl 5§ |E & |£|S
b o|Q|Q|Q|2Q|9| o | ? olsS
& 555555 &3 & |57
- o(ojojojof|o - 0 - 00
- RO|RO|RO[RO|RO|RO| - |[RO - RO|RO
13 GPIOFWU GPIOF port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
12 GPIOEWU GPIOE port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
11 GPIODWU GPIOD port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
10 GPIOCWU GPIOC port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
9 GPIOBWU GPIOB port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
8 GPIOAWU GPIOA port Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
5 USART10WU USART10 Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
1 WDTWU Watchdog Timer (WDT) Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
0 LVIWU LVI Wake-up event status
0 Wake-up event has not occurred.
1 Wake-up event occurs.
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4.8.8 SCU_RSER: Reset Source Enable Register

The SCU_RSER allows users to configure the reset input signals that trigger a reset event. Setting a
bit to ‘1’ enables the corresponding reset input signal to trigger a reset; setting it to ‘0’ disables the reset
input signal, thereby masking the reset event.

SCU_RSER=0x4000_0018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
|_
3 2855 s B |G
> a2zl 2l = |2
2 222225 ¢ |9
o) ol Tl %l n o} >
2 olElro?= x =
|
- O|-(1]1|0]1 - 1
- RW| - |RW|RW|RW RW - RW
9 LOCKUPRST Enable or disable the CPU lock-up reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.
7 PINRST Enable or disable the external pin reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.
6 CPURST Enable or disable the CPU request reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.
5 SWRST Enable or disable the software reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.
4 WDTRST Enable or disable the WDT reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.
0 LVDRST Enable or disable the LVD reset signal
0 Disables the signal to trigger a reset event.
1 Enables the signal to trigger a reset event.

\BO\ 71

SEMICONDUCTOR



4.SCU

4.8.9 SCU_RSSR: Reset Source Status Register

A31C111 User's Manual

The SCU_RSSR register records the occurrences of the reset events. A bit read as ‘1’ means that its
corresponding reset source has triggered a reset event. To clear the flag and the reset status of a reset
source, write a ‘1’ to the corresponding flag bit in this register. This register is 32 bits wide.

SCU_RSSR=0x4000_001C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0
%
o} [ = © (-
== =
: ib22ele 2 |2
0] 2 E S X (o) o
8 S51Q1222e] & (S
4 g|rjajolvz] x |S
-
- 0|{0|0]|O0 - 0
- RWC1[RWCt[RWC1RWC1RWCH - RWC1
9 LOCKUPRST CPU lock-up reset flag
Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
8 PORST POR reset flag
0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
7 PINRST External pin reset flag
0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
6 CPURST CPU core reset flag
0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
5 SWRST Software reset flag
0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
4 WDTRST WDT reset flag
0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.
Write: Clears the flag.
0 LVDRST LVD reset flag

0 Read: The reset has not occurred.
Write: N/A
1 Read: The reset has occurred.

Write: Clears the flag.
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4.8.10 SCU_PRER1: Peripheral Reset Enable Register 1

The SCU_PRERX registers determine whether to allow each peripheral to be initialized when a warm
reset event occurs. The bit values of this register are initialized when a cold reset occurs. Similarly, the
SCU_PERKX registers and SCU_PCERX registers are also initialized on cold reset. Once a reset event
occurs, the peripherals whose corresponding bits are set to ‘1’ are initialized and those set to ‘0’ remain
uninitialized. However, the POR reset initializes all peripherals.

SCU_PRER1=0x4000_0020

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
O © ©
9] SISz gl @ |wlwololol< Q
c NlE| S5 g |9lolglglelo e 5123
7] = === o (jajalajo|n n ;LS(D
e EIE|IE|E| & |O|o|o|o|o|o e

]
-
-
N
N

1
N
N
—_

N
—_
N

1

—_

—_

—_

- RW[RW|RW|RW| -  [RW|RW|RW|RWRWRW - RW|RW|RW

19 TIMERS3 TIMERS reset mask

0 Masked

1 Not masked
18 TIMER2 TIMER2 reset mask

0 Masked

1 Not masked
17 TIMER1 TIMERT1 reset mask

0 Masked

1 Not masked
16 TIMERO TIMERO reset mask

0 Masked

1 Not masked
13 GPIOF GPIOF reset mask

0 Masked

1 Not masked
12 GPIOE GPIOE reset mask

0 Masked

1 Not masked
11 GPIOD GPIOD reset mask

0 Masked

1 Not masked
10 GPIOC GPIOC reset mask

0 Masked

1 Not masked
9 GPIOB GPIOB reset mask

0 Masked

1 Not masked
8 GPIOA GPIOA reset mask

0 Masked

1 Not masked
2 WDT WDT reset mask

0 Masked

1 Not masked
1 CFMC CFMC reset mask
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0 Masked

1 Not masked

SCU

SCU reset mask

0 Masked

1 Not masked
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4.8.11 SCU_PRERZ2: Peripheral Reset Enable Register 2
The SCU_PRER?2 is 32 bits wide.

SCU_PRER2=0x4000_0024

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
8 |, 3 3 ol 8 [_| 8|2
2 |E : 2 : = & |8 8|3
i 4 4 > i r |3
- 1 - 1 - 1 - 1 - 1
- |RW - RW - RW - RW| - |RW

29 CRC CRC reset mask

0 Masked

1 Not masked
20 ADC ADC reset mask

0 Masked

1 Not masked
8 UARTO UARTO reset mask

0 Masked

1 Not masked
3 12C0 12C0 reset mask

0 Masked

1 Not masked
0 USART10 USART10 reset mask

0 Masked

1 Not masked
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4.8.12 SCU_PER1: Peripheral Enable Register 1

To enable a peripheral, users must write a ‘1’ to its corresponding bit in SCU_PER1 or SCU_PERZ2.
Before it is enabled, the peripheral is reset.

Because only a certain set of peripherals are enabled after the initial reset, additional configuration is
required to enable other peripherals when they are needed. Writing a ‘0’ to the bit corresponding to an
unused peripheral reset that peripheral.

SCU_PER1=0x4000_0028
7 6 543 210

31 30 29 28 27 26 25 24|23 22 21 20 19 18

N
~
N
(2}

15 14 13 1211 1

o
©
[o0]

Reserved

TIMER3
TIMER2
TIMER1
TIMERO

Reserved

GPIOF

GPIOC
GPIOB

GPIOA

Reserved

Reserved

o

o

0

o

0

o

o

o

111

RW

RW

RW

RW

RW

RO

19

TIMER3

Enable or disable TIMER3

0

Disabled

1

Enabled

18

TIMER2

Enable or disable TIMER2

0

Disabled

1

Enabled

17

TIMER1

Enable or disable TIMER1

0

Disabled

1

Enabled

16

TIMERO

Enable or disable TIMERO

0

Disabled

1

Enabled

13

GPIOF

Enable or disable GPIOF

0

Disabled

1

Enabled

12

GPIOE

Enable or disable GPIOE

0

Disabled

1

Enabled

11

GPIOD

Enable or disable GPIOD

0

Disabled

1

Enabled

10

GPIOC

Enable or disable GPIOC

0

Disabled

1

Enabled

GPIOB

Enable or disable GPIOB

0

Disabled

1

Enabled

GPIOA

Enable or disable GPIOA

0

Disabled

1

Enabled
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4.8.13 SCU_PERZ2: Peripheral Enable Register 2
The SCU_PER2 is 32 bits wide.

SCU_PER2=0x4000_002C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
CRC
Reserved
ADC
Reserved
UARTO
Reserved
12C0
Reserved
USART10

o

o
o
o
BN

- |RW - RW - RW - RW| - |RW
29 CRC Enable or disable CRC
0 Disabled
1 Enabled
20 ADC Enable or disable ADC
0 Disabled
1 Enabled
8 UARTO Enable or disable UARTO
0 Disabled
1 Enabled
3 12C0 Enable or disable 12C0
0 Disabled
1 Enabled
0 USART10 Enable or disable USART10
0 Disabled
1 Enabled
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4.8.14 SCU_PCER1: Peripheral Clock Enable Register 1

To enable a specific clock for a peripheral, users must write ‘1’ to its corresponding bit in the
SCU_PCER1 or SCU_PCERZ2. A peripheral cannot reset or operate normally until it is clocked.

If a peripheral is not used, the users must write ‘0’ to its corresponding bit in the SCU_PCER1 or
SCU_PECR?2 to disable its clock. When the microcontroller is in SLEEP or DEEP-SLEEP mode, the
clock is fed only to active peripherals.

SCU_PCER1=0x4000_0030

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o - o o) o
2 2lexe 215858 83 2 2
3 sI===| 8 |alalala|a|a o 8
e FIFIFIF| & (CINOINCIRGIROING) £ &
- o|{o0o|0]|0 - 0|j0l0|0|0]O - 1111
- RW[RW|RW|RW| - [RW|RW|RW|RWRWRW RO

19 TIMERS3 Enable or disable the clock to TIMER3
0 Disabled
1 Enabled

18 TIMER2 Enable or disable the clock to TIMER2
0 Disabled
1 Enabled

17 TIMER1 Enable or disable the clock to TIMER1
0 Disabled
1 Enabled

16 TIMERO Enable or disable the clock to TIMERO
0 Disabled
1 Enabled

13 GPIOF Enable or disable the clock to GPIOF
0 Disabled
1 Enabled

12 GPIOE Enable or disable the clock to GPIOE
0 Disabled
1 Enabled

11 GPIOD Enable or disable the clock to GPIOD
0 Disabled
1 Enabled

10 GPIOC Enable or disable the clock to GPIOC
0 Disabled
1 Enabled

9 GPIOB Enable or disable the clock to GPIOB
0 Disabled
1 Enabled

8 GPIOA Enable or disable the clock to GPIOA
0 Disabled
1 Enabled

78 \BO\

SEMICONDUCTOR



A31C111 User's Manual 4.SCU

4.8.15 SCU_PCERZ2: Peripheral Clock Enable Register 2

To use peripheral unit, its clock should be activated by writing ‘1’ to the corresponding bit in the
SCU_PCER2.

SCU_PCER2=0x4000_0034
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
CRC
Reserved
ADC
Reserved
UARTO
Reserved
12C0
Reserved
USART10

1
o
1
o
1
o
1
o
1
-

- |RW - RW - RW - RW| - |RW
29 CRC Enable or disable the clock to CRC
0 Disabled
1 Enabled
20 ADC Enable or disable the clock to ADC
0 Disabled
1 Enabled
8 UARTO Enable or disable the clock to UARTO
0 Disabled
1 Enabled
3 12C0 Enable or disable the clock to 12C0
0 Disabled
1 Enabled
0 USART10 Enable or disable the clock to USART10
0 Disabled
1 Enabled
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4.8.16 SCU_CSCR: Clock Source Control Register

A31C111 includes several different clock sources for generating internal operation clocks. By
configuring the SCU_CSCR, each of the clock sources can be enabled. This register is 32 bits wide.

SCU_CSCR=0x4000_0040
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

o o o
@ Zlo| Z @
o] o]
: ol8ls| &
o} nlolP o}
o x| T 14
10-11 -
- RW| - [RW -
5 LSICON Low-speed internal oscillator control
0 Disables the low-speed internal oscillator.
1 Enables the low-speed internal oscillator.
3 HSICON High-speed internal oscillator control
0 Disables the high-speed internal oscillator.
1 Enables the high-speed internal oscillator.
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4.8.17 SCU_SCCR: System Clock Control Register

By configuring the SCU_SCCR, users can select one from many different clock sources as the system
clock.

SCU_SCCR=0x4000_0044

31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16/15 14131211 10 9 8|7 6 5 4 3 2 1 0
S <) §
he] ™ ° N o o,
(0] — ') — b
: 3 ; 2 : o
3 x 3 x 3 X
4 3 4 o 4 3
I a =
- 0011 - 000 - 010
- RW - RW - RW
27 HCLKDIV[3:0] Clock divider for HCLK input
24 0000  HCLK = MCLK

0001 HCLK = MCLK /2
0010 HCLK = MCLK / 4
0011 HCLK = MCLK /8
0100 HCLK = MCLK / 16
0101 HCLK = MCLK / 32
0110 HCLK = MCLK / 64
0111 HCLK = MCLK / 128
1000 HCLK = MCLK / 256
1001 HCLK = MCLK / 512
Other Reserved

18 PCLKDIV[2:0] Clock divider for PCLK input
16 000 PCLK = HCLK
001 PCLK = HCLK/ 2
010 PCLK =HCLK/ 4
011 PCLK =HCLK/ 8
100 PCLK =HCLK/ 16
Other Reserved
2 MCLKSEL[2:0]  Main system clock selection
0 000 LS
010 HSI

Others  Reserved

NOTE:

1. When changing MCLKSEL[2:0], both clock sources should be alive. Ex) Both LSI and HSI should be alive, otherwise
the chip will malfunction.
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4.8.18 SCU_COR: Clock Output Register

The SCU_COR defines the frequency division ratio at which the internal MCLK is fed to external devices.
To use the CLKO pin in output mode, users must configure the CLKO to output mode in the pin mux.

This register is 32 bits wide.

SCU_COR=0x4000_0050

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o —
N @
= ) pd o,
g w L S
@ @ ) =)
(7] Z X (@)
0 e) ) ¥
x ¥4 © 5
|
) O
- 000 0 1111
- RW RW RW
7 CLKOINSEL[2:0] Selection of the clock to send a signal from CLKO
5 000 LSl
100 MCLK
101 HSI
Other Reserved
4 CLKOEN Clock output use
0 Not use for the CLKO (maintains the ‘Low’ signal output.)
1 Use for the CLKO.
3 CLKODIVI[3:0] Clock output divider value.
0 CLKO = MCLK, when CLKODIV[3:0]=0

CLKO = MCLK / (CLKODIV[3:0] x 2), when CLKODIV[3:0] > 0
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4.8.19 SCU_NMICR: NMI Control Register

The SCU_NMICR register controls NMIs (Non-Maskable Interrupts), which are software configurable.
Any interrupt can be an NMI source. Once an NMI event occurs, it jumps to the NMI handler.

SCU_NMICR=0x4000_0054

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
=) z
3 = Z g (el =
2z @) 4 > El2| &
3 g = 2 =l 2l
O @ = o} al el =
o S z 14 = 14
Z
- 0x00 0 - 0|-1]0
- RW RW - RW| - |RW
23 NMISRC[7:0] NMI source selection bit
16 One of the interrupt priority levels can be used as the NMI source.
15 NMIINEN Enable or disable the NMIs (Interrupts that have been specified as
NMI sources)
0 Disables.
1 Enables.
2 WDTINTEN Enable or disable the WDT interrupt as an NMI
0 Disables
1 Enables.
0 LVIEN Enable or disable the LVI error interrupt as an NMI
0 Disables
1 Enables.
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4.8.20 SCU_NMISR: NMI Status Register

The SCU_NMISR is used to clear the NMI occurrence flags. Individual interrupt flags can be cleared
after writing a specific key value to the identification key bit field.

SCU_NMISR=0x4000_0058

84

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
I=) w
< 3 P 3 58| o
= & = 8 5lel 3
= z =
0x00 - 0 - 0(-1]0
WO RO RWCY| - RWCt
31 WTIDKY([7:0] Write identification key
24 Writing 0x8C to the bit field enables clearing flags in this register.
15 NMIINTSTS Whether an NMI has occurred (The flag can be cleared by writing to
the triggered NMI’s bit.)
0 No NMI has occurred.
1 An NMI has occurred.
2 WDTINTSTS WDT interrupt flag (to ensure that the bit is flagged only once, the
timer must be reloaded before the flag is cleared.)
0 The interrupt has not occurred.
1 The interrupt has occurred (writing a ‘1’ to the bit clears the
flag).
0 LVISTS LVl interrupt flag
0 The interrupt has not occurred.
1 The interrupt has occurred (writing a ‘1’ to the bit clears the
flag).
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4.8.21 SCU_VDCCON: VDC Control Register
The SCU_VDCCON register controls the VDC, which represents the microcontroller’s internal voltage.

The VDCWDLY[7:0] bit field defines the length of the SCU’s warm-up delay. This register is 32 bits wide.

SCU_VDCCON=0x4000_0064
31 30292827262524‘232221 2019 18 17 16|15 1413121110 9 8|7 6 5 4 3 2 1 O

Reserved
VDCWDLY([7:0]

- Ox7F

7 VDCWDLY]I7:0] VDC Warm-up delay count value

0 When the SCU wakes up from DEEP-SLEEP mode, the Warm-up
delay is inserted after waiting until the VDC output is stabilized.
Default delay value is Ox7F (254 ps)
The delay value can be set to the max. value of 510 ps in the
VDCWDLY bits (Max: OxFF).
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4.8.22 SCU_LVICR: LVI (Low-Voltage Indicator) Control Register

The LVI block detects Low-Voltage by 7 levels. When it detects a specified level of Low-Voltage which
was predefined in SCU_LVICR register, an LVI interrupt and a flag are generated. This function prevents
system malfunction caused by unstable voltage supply and steadily supports to drive user applications.

SCU_LVICR=0x4000_0068
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
LVIEN
Reserved
LVIINTEN
LVIAON
Reserved
LVIVSI[1:0]

1
o

1
o
o
o
o

1
=
=
=
=
=
=
=
=

7 LVIEN Enable or disable the LVI
0 Disables.
1 Enables.
5 LVIINTEN Enable or disable the LVI interrupt.
0 Disables.
1 Enables.
4 LVIAON Deactivate the LVI in DEEP-SLEEP mode
0 Disables LVI auto-off.
1 Enables the LVI to automatically turn off when the
microcontroller enters DEEP-SLEEP mode.
1 LVIVS[1:0] LVI interrupt voltage selection bits
0 00 2.21V (default)
01 3.01V
10 4.00V
11 451V
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4.8.23 SCU_LVISR: LVI (Low-Voltage Indicator) Status Register

The SCU_LVISR register is 32 bits wide and indicates the LVI's operating status.

4.SCU

SCU_LVISR=0x4000_006C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
S )
= 3 e g H
> c ] c 24
X Q L (0] >
o 2 sl 8 |Z
E 14 | o >

0x00 - 0 - 0
Wo - RWC1 RO
31 WTIDKY([7:0] Write identification key
24 Writing ‘Ox7A’ to the bit field enables clearing flags in this register.
5 LVIIFLAG LVI interrupt flag
0 Not flagged
1 Flagged (writing a ‘1’ to clear to flag bit).
0 LVIINTSTS LVI interrupt status (raw data)

0

The LVI interrupt has ended.

1

The LVI interrupt is active.
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4.8.24 SCU_LVRCR: LVR (Low-Voltage Detect Reset) Control Register

The SCU_LVRCR register is 32 bits wide and defines the default mode for LVR reset operation.

SCU_LVRCR=0x4000_0070

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
3 3 8 |21 8|2
c = e (2 2| &
? v 2 |zl 8 | =
4 = ¢ (2| & | &
- -
- 0x00 - 0 00
RW - RW RW
15 LVREN([7:0]™ LVR reset operation control master configuration.
8 OxAA Disable LVR reset operation
Others Enables LVR reset operation
4 LVRAON Deactivate the LVR reset in DEEP-SLEEP mode
0 Disables LVR reset auto-off.
1 Enables the LVR reset to automatically turn off when the
microcontroller enters DEEP-SLEEP mode.
1 LVRVS [1:0] LVR voltage selection bits
0 00 150 V
01 270V
10 3.70VvV
11 422V

NOTES:

1. The LVDRST bitin SCU_RSER register must be enabled before the LVREN([7:0] bits are set to trigger a reset operation

at Low-Voltage.

2. Refer to section 4.6.2.
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4.8.25 SCU_MCCR1: Miscellaneous Clock Control Register 1

SCU_MCCRH1 provides a different MCLK division ratio for each peripheral. This register is 32 bits wide.

SCU_MCCR1=0x4000_0090

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
° z S o] & e
1) = s o) N, N~
2 w = 2 = >
2 3 o ° % a
Q = = [0} O (@)
: = 2 = 7 Z
- 000 0x01 - 000 0x00
- RW RW - RW RW
26 WDTCSEL[2:0]™" WDT clock source selection bit
24 000 LSI (32 kHz)
101 HSI (32 MHz)
Other Reserved
23 WDTCDIVI[7:0] WDT clock divider (N)
16 0x00  Disables the divider
OxN Clock source / N, N must be larger than 0x00.
10 STCSEL[2:0] SYSTICK clock source selection bit
8 000 LSI (32 kHz)
100 MCLK
101 HSI (32 MHz)
Other Reserved
7 STCDIV[7:0] SYSTICK clock divider (N)
0 0x00  Disables the divider
OxN Clock source / (2 x N), N must be larger than 0x00.
NOTE:
1. It is not recommended to use the same clock source for both the WDT and MCLK.
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4.8.26 SCU_MCCR3: Miscellaneous Clock Control Register 3

SCU_MCCRS3 provides a different MCLK division ratio for each peripheral. If timer clock is set using the
MCCR, the timer clock must be slower than the peripheral system clock (PCLK) divided by three times.
This register is 32 bits wide.

SCU_MCCR3=0x4000_0098

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o o
° o =
° ? 3
o Q Q
0 18] IS}
Q o E
2 T o
= >
s —
000 0x00
- RW RW
10 TIMERO3CSEL[2:0] Clock source selection for TIMERO through TIMER3
8 000 LSI (32 kHz)
100 MCLK
101 HSI (32 MHz)
Other Reserved
7 TIMERO3CDIV[7:0]" Clock divider (N) for TIMERO through TIMER3
0 0x00  Disables the divider
OxN Clock source / N, N must be larger than 0x00.

If the timer clock (TMCLK) is set in this register, the clock
speed must satisfy PCLK 2 TMCLK x 3.

NOTE:

1.  Because the PCLK is the standard of operation, the clock source set by SCU_MCCRX register should be slower than
the PCLK. Therefore, if the clock source set by SCU_MCCRXx register uses the same frequency as the PCLK, it should
be divided more than three times. If the PCLK is 1 / 2 slower than the clock source set by SCU_MCCRXx register,
frequency should be divided more than six times.
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4.8.27 SCU_MCCR4: Miscellaneous Clock Control Register 4

SCU_MCCRA4 register provides a different MCLK division ratio for each peripheral. This register is 32
bits wide.

SCU_MCCR4=0x4000_009C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O

o g
N, N

3 r s k3

= %) a I

L) 0]

0 &) O n

Q o @) Q

o < 5 04
g g

- 000 0x00 -

- RW RW -
26 PGADCSEL[2:0] Clock source for port group A debouncing
24 (PA, PB) 000 LSI (32 kHz)

100 MCLK

101 HSI (32 MHz)
Other Reserved

23 PGADCDIV[7:0] Clock divider N for port group A debouncing
16 (PA, PB) 0x00  Disables the divider
N Clock source / N, N must be larger than 0x00.
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4.8.28 SCU_MCCRS: Miscellaneous Clock Control Register 5

SCU_MCCRS5 register provides a different MCLK division ratio for each peripheral. This register is 32

bits wide.

SCU_MCCR5=0x4000_00A0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
= S =) =)
B - S 3 - S
& o a = o a
3 a a 8 8 a
o (@) &} 14 @ o
i £ g g
- 000 0x00 - 000 0x00
- RW RW - RW RW
25 PGCDCSEL[2:0] Clock source for port group C debouncing
24 (PE, PF) 000 LSI (32 kHz)
100 MCLK
101 HSI (32 MHz)
Other Reserved
23 PGCDCDIVI[7:0] Clock divider (N) for port group C debouncing
16 (PE, PF) 0x00  Disables the divider
OxN Clock source / N, N must be larger than 0x00.
10 PGBDCSELJ[2:0] Clock source for port group B debouncing
8 (PC, PD) 000 LSI (32 kHz)
100 MCLK
101 HSI (32 MHz)
Other Reserved
7 PGBDCDIV[7:0] Clock divider (N) for port group B debouncing
0 (PC, PD) 0x00  Disables the divider

N Clock source / N, N must be larger than 0x00.
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4.8.29 SCU_MCCRY7: Miscellaneous Clock Control Register 7

SCU_MCCRY provides a different MCLK division ratio for each peripheral. This register is 32 bits wide.

SCU_MCCR7=0x4000_00A8

31 30 29 28 27 26 25 24

23 22212019 18 17 16(15 1413 121110 9 8|7 6 56 4 3 2 1 0

o g
N, N
kS 7 s B
2 w 3 2
) 2] )
] O O ]
O = = ol
(e [nd % o
3 )
- 000 0x00 -
- RW RW -
26 UARTCSELJ[2:0] UART clock source selection bit (UARTO)
24 000 LSI (32 kHz)
100 MCLK
101 HSI (32 MHz)
Other Reserved
23 UARTCDIV[7:0] UART clock divider (N)
16 0x00  Disables the divider
N Clock source / N, N must be larger than 0x00.

If the UART clock is set in this register, the clock speed
must satisfy PCLK = UART clock set by SCU_MCCR7 /
2.
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4.8.30 SCU_SYSTEN: System Access Enable Register

The SCU_SYSTEN determines whether to allow the changes of the settings in all SCU registers.

SCU_SYSTEN=0x4000_00F0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
S)
k3 s
c [} b
) z 1|
3 b >
o >
@]
- 0 -
RO Wo
8 ENS Enable SCU registers enable status bit
0 Disables the write access to SCU registers.
1 Enables the write access to SCU registers.
7 SYSTEN][7:0] SCU register access enable key.

Writing ‘0x57” and then ‘0x75’ to the bit field enables writing new
values to SCU registers. After this, write a different value to this bit
field to protect the SCU registers against being updated with new
values.

However, access to the NMISR and LVISR registers is not defined
by the SYSTEM register. Their bits can be cleared regardless of
SYSTEN enablement.

4.8.31 SCU_BOOTSR: System Boot Status Register

The SCU_BOOTSR register indicates the validity status of the boot configuration. It is used during the
BootROM process to verify that the system settings have been loaded successfully.

SCU_BOOTSR=0x4000_00F4

31 30292827262524‘232221 20 19 18 17 16{15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
o
2
o R
Q
x
- 1
RW
0 BC Boot configuration status
0 Invalid
1 Valid

NOTE:
1.  SCU_BOOTSR registers can change the value of the register without activating SYSTEN[7:0].
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4.8.32 SCU Register Map Summary

Table 23. SCU CHIPCONFIG Register Map Summary

4.SCU

-
Offset rfg:iteer 31(30|20 (28|27 26|25 |24 |23 |22|21|20|19 18|17 |16|15|14|13|12|11|10| 9 | 8 | 7|6 | 5|4 [ 3| 2| 1] 0
CHIPCONFIG_ ,
0x00 VENDORID VENDID[31:0]
Reset value o[1JoJoJoJoJo[1]o]1JoJoJoJo1]oJo]1oJo]1]1[11Jo1]o]1]o]1]1]0
CHIPCONFIG_ )
0x04 CHIPID CHIPID[31:0]
Reset value o[1]JoJoJoJol1]1]oJol1]1]oJoJo]1]o]ofo]1]o]ofo]1]o]o]o]1]o]0]0]o
CHIPCONFIG_ !
0x10 REVNR REVNO[T:0]
Reset value x|x|x|x|x|x|x
Table 24. SCU Register Map Summary
Register
Offset e 31|30 |29|28|27|26 |25 (24|23 ]|22|21[20|19]|18 |17 |16[15|14|13[12[11]|10| 9 |8 [ 7|6 | 5|4 |3 | 2] 1|0
prd p4
SCU_SMR 2 § 2
0x04 - 2|o|8
E DR ES
Reset value 0|0]|0
SCU_SRCR 9 o
m
0x08 - = =
” @
Reset value 0 0
SEEIEIEIEI R RE y
w
SEEEIEE| | e
oxio | SCUWUER Slo|elal|o|o & B
o x|z |x|a|a < ==
Qlo|jo (oo |O %)
Reset value 0jofo0]|JO0f0O]O 0 0]0
222|222 |2 g )
SEHEEEE g 22
SCU_WUSR EEIEEE E HE
Ox14 ol ol ol ol Il o = 212
olo|o|o|o|e 2
Reset value ojofjofof0OfO 0 0|0
[
]
- | = = ~
5l 12)2)2|2 2
SCU_RSER 2 25|k fa
0x18 < [Zl2|2|e S
[&] oajo|n|=2 ]
o
-
Reset value 0 111[0[1 1
%
- | = = ~
5lz|2|2(2|2 2
SCU_RSSR S|zl |e|E 14
0x1C o222 |e S
8 oo (o(n|S ]
-
Reset value of1[{0fj0f0OfO0O 0
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Table 24. SCU Register Map Summary (continued)

Offset R:g{':;er 31|30(20|28|27 |26 | 25|24 |23 (22| 21|20 |19 18|17 |16 |15 |14 |13|12[11|10| 9 | 8 | 7| 6 | 5| 4|3 ]| 2| 1|0
M|IN|[— |O©
rlel|lel|e Lw(o|lo o (<L (&)
rif il i Slelolalelg 1213
0x20 SCU_PRERT 2|22 |2 Qoo oo o g E 8
ElEIEIE olc|lo|o|o|o O
Reset value 1111 B EEEEE 1111
o
%) o 2 o =
© a © (@] 1
ox24 SCU_PRER2 2 g % 3 g
=}
Reset value 1 1 1 1 1
2 T8 wlwl|lalo|m|<
SCU_PER1 EIEIEIE 6|6|c(a|8|3
0x28 - S22 |2 Qoo oo |
ElIEIE|IF olo|o|jo|o|O
Reset value ofofo]o o[oJofofo]o 111174
o
13} 13} 2 o =
[v4 a © o o
0x2C SCU_PER2 o < < S <
o]
Reset value 0 0 0 0 1
(] Aol k=]
IRz wlw|a|o|o|<
W (W |w|w o|o|Oo|O OO
ZIEIEIE olo|olo|o|6
Reset value ofofo]o ofoJofofo]o 1117
o
o o 2 o P
14 [a) @ [&] o
ox34 SCU_PCER2 2 =t % 3 g
-}
Reset value 0 0 0 0 1
p4 p4
o) o}
SCU_CSCR o 8]
0x40 0 n
- I
Reset value 1 1
= = <)
) & )
SCU_SCCR = g o
0x44 U e 9 2
o] o o
I a s
Reset value ofo1]1 oJoJo o[1]o
5y —
& =)
I |z &,
5 18] =2
x50 SCU_COR 2 2 5
(@] S 4
3 3
(@]
Reset value oJoJolo[1]1]1]1
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Table 24. SCU Register Map Summary (continued)

Offset Rﬁg{':fr 31|30(20|28|27 |26 | 25|24 |23 [22| 21|20 |19 [18 17|16 |15 |14 |13|12[11|10| 9 | 8 [ 7| 6 | 5|4 |3]| 2| 1|0
zZ
zZ
g £l |z
ox5a SCU_NMICR NMISRC[7:0] = HBE
z =
Reset value ofJoJoJoJoJoJoJo]o 0 0
%) (2]
0 A
E E [
SCU_NMISR WTIDKY([7:0] Z Z| |o
0x58 - = = >
s gl |3
z =
Reset value ofofoJoJofoJo]o 0 0 0
oxea | SCU_VDCCON VDCWDLY[7:0]
Reset value o111 [1]1]1]
z |z 2
Zl |E|S =
SCU_LVICR gl ||z 7]
0x68 HEEE >
el = >
)
Reset value 0 0|0 0|0
(2]
Q
< %
SCU_LVISR WTIDKY[7:0] ™y e
0x6C S =
a 2
Reset value o|jo|oO|O|O]|O]|O 0 0
2 5
2 &
ox70 SCU_LVRCR LVREN[7:0] § 2
] >
|
Reset value ofoJoJoJoJoJo]o 0 ofo
o —_
el o
5 8
-
SCU_MCCRH1 % WDTCDIV[7:0] m STCDIV[7:0]
0x90 - 3] 2
5 &
=
Reset value ofoJoloJoJoJoJoJoJoJH1 ofoJoJoJoJoJoJo]oJoJo
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Table 24. SCU Register Map Summary (continued)

Offset Rﬁgﬁfr 31|30(20|28|27 |26 | 25|24 |23 (22| 21|20 |19 18|17 |16 15|14 |13|12[11|10| 9 |8 [ 7| 6 | 5|4 |3 ]| 2| 1|0
z
&,
-
w
8
0x98 SCU_MCCR3 8 TIMERO3CDIV[7:0]
['4
w
=
=
Reset value ofoJo[ofJoJoJoJoJo[o]o
=)
&,
)
? PGADCDIV([7:0
MCCR4 :
oxec | ScuMce 8 [7:0]
<
(O]
o
Reset value oJoJoJoJoJoJoJoJoJo]o
5 =
) -
? PGCDCDIV[7:0 ? PGBDCDIV([7:0
MCCR : :
XA SCU_MCCRS5 8 [7:0] 8 [7:0]
@] m
(0] (0]
o o
Reset value oJoJoJoJoJoJoJoJoJo]o oJoJoJoJoJoJoJoJoJo]o
=y
&,
*
UARTCDIV[7:0
OxAB SCU_MCCR? 8 [7:0]
o
<
o}
Reset value ofoJo[ofofo]oJo]oJo]H1
SCU_SYSTEN 2 SYSTEN[7:0
O0xFO - g [7:0]
Reset value ofofofofofofj0o]O]O
SCU_BOOTSR Q
OxF4 -
Reset value 1
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5. PCU and GPIO

5.1 Introduction

5.1.1 PCU Introduction

A31C111 series has a Port Control Unit (PCU) module that controls the external I/O ports. By setting
the PCU registers, users can configure the pins’ uses, input/output direction, pull-up/pull-down resistor,
and debouncing for their applications as needed.

5.1.2 GPIO Introduction

Pins except the VDD, GND, and certain specific-purpose pins can be used as General-Purpose
Input/Output (GPIO) pins.

The GPIO module controls the general I/0 ports. Output pins can be set to generate high- or low-level
signals by configuring the corresponding bits of the GPIO control register, while logic input pins can be
monitored for their input status in the control registers.
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5.2 Main Features

5.21 PCU Features
The Port Control Unit (PCU) configures, and controls external I/Os as listed below:
*  MUKX registers define the use of each pin.
—  Input/Output
—  Push-pull output
— Open-drain output
— Logic input
— Analog input
¢ Internal Pull-up/down resistor and open-drain mode can be configured for each pin.
* Interrupts listed below can be set for each pin:
— Input level interrupt
— Input rising-edge interrupt
— Input falling-edge interrupt
— Input both-edge interrupt
* Up to six GPIO interrupts are supported, including GPIOn (n = Ato F).

e Each pin can be set for debouncing.

5.2.2 GPIO Features

The GPIO module controls the GPIO ports as listed below:

*  Selects the output signal level.
* Enables or disables the pull-up/pull-down resistor for pins.

e External interrupt interfaces
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5.3

PCU and GPIO Functional Description

Subject to the specific hardware characteristics of each I/O port listed in DC characteristics of Datasheet,

each port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software in

multiple modes:

Input floating

Input pull-up

Input pull-down

Analog

Output open-drain with pull-up or pull-down capability
Output push-pull with pull-up or pull-down capability

Alternate function

During and just after reset, the alternate functions are not active and most of the I/O ports are configured

in analog mode. The debug pins are in alternate function pull-up after reset:

PB4: SWCLK with pull-down
PB5: SWDIO with pull-up
PC9: nRESET with pull-up

PB3: nBOOT with pull-up
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Following figures (Figure 25, Figure 26, and Figure 27) show block diagrams of GPIO and external
interrupt 1/O pins, respectively.

Figure 25. PCU and GPIO Block Diagram

| | | |
: : | Port control :
|
| | | |
| | | Pn_MR |
I ¢ Pn_CR }
| | | Pn_PRCR |
| | | Pn_DER |
| | | |
I | I I
I | I I
L - _ | | |
| ’ |
A
Functon0 ¢———— | :
Functiont < >: I PA/PB/PC/PD/
Function2 « >| Function mux T > PE/PF
Functon3 ¢——————————————————————py |
Functond «— :
Function7 « >: |
| Interrupt control :
|
NVIC < I Pn_IER <!
I Pn_ISR I
| Pn_ICR :
|
| |
L |
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Figure 26. I/0 Port Block Diagram (GPIOs)

VDD

Pull-up control =>Q #

VDD

Open-drain control »() [}

Output mode control »

Port MUX g

i

] PN

Function 0 000

Function 1 001 [
Function 2 010 [J

Function 3 011

P

Function 4 100
111

Function 7

Input mode control
Debounce counter

3 J
1 Debounce
logic

A
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Figure 27. 1/0 Port Block Diagram (ADC)

VDD

Pull-up control » q

Open-drain control »O) [J
Output mode control — ‘

I

e

Port MUX
PN
: L
=

Pull-down control

Input mode control
" 0 ﬂ I
Functionilnput 1 Debounce
logic
Debounce control

Debounce counter
Analog input
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5.3.1 GPIO Pins and Internal Signals
Table 25 describes PCU and GPIO internal signals.

Table 25. PCU and GPIO Internal Signal
Signal Name Signal Type Description

HCLK Clock AHB Clock

Table 26 describes seven pins assigned for PCU and GPIO module.

Table 26. PCU and GPIO Pins

Pin Name Type A31C111
PA 10 PA7
PB 10 PBO to PB5
PC 10 PC9
PD 10 PDO, PD1
PE 10 PEO to PE3, PE6, PE7
PF 10 PFO, PF1

5.3.2 1/0O Port Control Registers

Each GPIO controls up to sixteen 1/Os by using two 32-bit memory mapping control registers such as
the Pn_CR and Pn_PRCR registers as shown below:

e The Pn_CR register selects the /0 mode from the Input, Output, and Output open-drain
modes.

e The Pn_PRCR register controls the Pull-up/Pull-down resistors of all ports 1/Os.

Some GPIO control registers can be updated with new data only when ‘0x15’ is written to the
PORTEN]J7:0]™ register and then ‘0x51’ is written again to the same register. After writing ‘0x00’ to the
PORTEN([7:0] register, users cannot change the Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR register
values.

NOTE:

1. Users must be careful when using PORTEN([7:0] control in other contexts such as interrupts. When an interrupt occurs
and the PORTEN[7:0] value is changed in interrupt service routine, the PORTEN[7:0] in original process could be
unintentionally disabled.
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5.3.3 /O Port Data Registers

Each GPIO has two 16-bit memory mapping data registers that operate as shown below:

* The Pn_ODR register can be read and written when it has output data.

e The Pn_IDR register stores input data entered via the I/O pin. It can be only read.

5.3.4 1/0 Data Bitwise Handling

The bit set/clear register (Pn_BSR) and the bit clear register (Pn_BCR) can be set or reset by the
application that controls corresponding bit of the Pn_ODR register. These registers support bit banding.
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5.3.5

5. PCU and GPIO

I1/0 Alternate Function

Each GPIO has four 32-bit memory mapping alternate function registers that operate as shown below:

The Pn_MR1@ register selects an alternate function for each port /O pin (pin 0 to 7).

The Pn_MR2® register selects an alternate function for each port I/O pin (pin 8 to 15).

The direction of the alternate function is automatically determined according to the purpose, whether it

is input or output.

NOTES:

1. For the port that supports analog input/output, if a PORT mux on the port is set to GPIO with the corresponding analog
module enabled, it doesn’t operate correctly because of port conflicts during the operation. Therefore, if users want to
use the PORT mux for GPIO, users must disable the corresponding analog module.

2. The Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR registers can be updated with new data only when ‘0x15’ is written
to the PORTEN][7:0] register and then ‘0x51’ is written again to the same register. After writing ‘0x00’ to the
PORTEN][7:0] register, users cannot change values of these registers.

Table 27 describes the GPIO alternate functions.
Table 27. GPIO Alternate Function
i Alternate Function
AFO0 AF1 AF2 AF3 AF4 AF7

PA7 PA7 AN7/AVREF™

PBO PBO TXD10 MOSI10 AN8™

PB1 PB1 RXD10 MISO10 AN9™

PB2 PB2 CLKO SCK10 AN10™

PB3 PB3 nBOOT™ SS10

PB4 PB4 TXDO SWCLK™

PB5 PB5 RXDO SwDIO®

PC9 PC9 nRESET®"

PDO PDO SCLO ™

PD1 PD1 SDAO ™

PEO PEO SDAO T210 AN140

PE1 PE1 SCLO T310 AN150

PE2 PE2 AN160"

PE3 PE3 T210 AN170

PE6 PE6 TOIO WDTO ™

PE7 PE7 T110 STBYO ™

PFO PFO TXDO ™
PF1 PF1 RXDO ™
NOTES:

1. It means ‘selected pin function after reset condition’.

2. Unused pins are set to output from firmware (low output is recommended).

3.  After a reset, all the pins are configured to function defined by their initial values. The initial value of the pin depends

on the package type. This configuration is in compliance with the 20-pin standard.
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5.3.6 Interrupt Functionality

A31C111 User's Manual

The GPIO module has four interrupt sources, and each port can be an interrupt source. To set each

GPIO pin as interrupt sources, users must configure the interrupt control register (Pn_ICR) and the

interrupt enable register (Pn_IER).

A level-triggered or edge-triggered interrupt can be set for each pin. Once an interrupt occurs, the pin’s
corresponding bit of the Pn_ISR register is flagged. This flag can be cleared by writing a ‘1’ to the bit.

Table 28. Interrupt Sources and Corresponding Pins in GPIO Module

Interrupt Name

Configurable Pins

A31C111
GPIOA, GPIOB Port A[7], Port B[5:0]
GPIOC, GPIOD Port C[9], Port D[1:0]
GPIOE, GPIOF Port E[3:0], Port E[7:6], Port F[1:0]
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5.3.7 Output Configuration

When the 1/O port is programed as output, it features the following:

The Push-pull driver is turned on or off depending on the Pn_ODR register or function output
value.

Open-drain mode is available.

The use of the pull-up and pull-down resistors is determined by the Pn_PRCR register.

The path of analog signal must be opened for the individual module control.

Figure 28 shows a block diagram of an output port.

Figure 28. Output Port Block Diagram

Pull-up control ={>@ q
VDD VDD
Open-drain control »(O) [}
Output mode control »
Port MUX >
-
[ JenN
-
- 1
Pull-down control

Input mode control
- 0
Function input " Debounce
logic
Debounce control

Debounce counter
Analog input
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5.3.8 Input Configuration

When the 1/O port is programed as input, it features the following:

e All push-pull drivers are turned off, and Input Schmitt Trigger opens its input.
* Input data is stored in the Pn_IDR register or input signal enters toward functions.

*  The path of analog signal must be opened for the individual module control.

Figure 29 shows a block diagram of an input port.

Figure 29. Input Port Block Diagram

VDD

: 4L

VDD

VDD
Open-drain control »(O) Disabled [}
Disabled
Output mode control >
Port MUX >
-
[ JpnN
Disabled
-
+ 1

Pull-down control

Input mode control
) o ﬂ i
logic

Debounce control
Debounce counter
Analog input
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5.3.9 Alternate Function Configuration

For the A31C111 series, all pins except those with specific purposes can be used as GPIO pins, and
the GPIO function can be set by the pin mux control register on each port.

If an I/O port’s pin is set as an input pin by the pin control register, its output function becomes disabled.

Users can select different functions for each port pin based on the settings of the alternate function
selection register. The input data registers capture data entering each I/O pin, as either un-debounced
or debounced, at every GPIO clock cycle.

Figure 30 shows a block diagram that describes alternate function selection on a port.

Figure 30. Port Function Block Diagram
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5.3.10 Debouncing Functionality

For the A31C111 series, each port is capable of debouncing input signals. Debouncing is to filter out
noise that can interfere with the port’s data input.

Filtering levels can be adjusted for each 16-pin port, and each individual pin is configured based on
whether filtering is enabled or disabled. The debouncing clock used for each port is set in the
SCU_MCCR4 and SCU_MCCRS5 registers.

Figure 31 shows a block diagram of a simplified debouncing logic.

Figure 31. Debouncing Logic Block Diagram

External input Internal input
L P = = : > K
(PORT in) UP=1/ DOWN=0 CNT[1:0] 4% > F/F (Debounced in)
Y

2-bit
up/down CNT[1:0]=="01' > 1
counter CNT[1:0]=="10"—> 0

Debounce clock

Counter operation:

If (PORT in ==1) && (CNT[1:0]1='01"))
CNT[1:0}++ /lUP

else if (PORT in==0) && (CNT[1:0]'='10"))
CNT[1:0]- //[DOWN

When enabled, the debouncing logic is clocked at the frequency division ratio set in the SCU_MCCR4
or SCU_MCCRS registers, depending on which register the port belongs to.

A pin recognizes a change in the input if the changed value remains constant for three clock pulses. If
the internal count (CNT[1:0]) is set to ‘01’, the internal input value is set to ‘1’; while if the former is set
to “10’, the latter is set to ‘0. Otherwise, the previous input value is maintained.
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Figure 32 shows a timing diagram of a port debouncing.

Figure 32. Example Timing Diagram of Port Debouncing

Debounce clock

External input
(PORT in)
CNT[1:0]

[P

Internal input
(Debounced in)
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54 PCU and GPIO Registers

The base address and register map of PCU and GPIO are described in the following:

Table 29. Base Address of PCU and GPIO

Name Base Address Description
PA 0x4009_0000 Port A
PB 0x4009_0100 Port B
PC 0x4009_0200 Port C
PD 0x4009_0300 Port D
PE 0x4009_0400 Port E
PF 0x4009_0500 Port F
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Table 30. PCU and GPIO Register Map

5. PCU and GPIO

Name Offset TZP Description Reset value Ref.
Pn_MR1 0x0000 | RW | Port n MUX1 Select Register Oxr777_T777 54.1
- g PB: 0x7733_3777 -
PA, PB, PE:
0x0000_7777
Pn_MR2 0x0004 | RW | Port n MUX2 Select Register PC: 0x0000_0037 5.4.2
PD, PF:
0x0000_0000
PA, PB, PE, PF:
. O0x00FF_FFFF
Pn_CR 0x0008 | RW | Port n Control Register PC: 0X000F_FFFF 5.4.3
PD: 0x0000_FFFF
0x0000_0000
Pn_PRCR 0x000C | RW ;ggi;‘t;“”'“p’ pull-down Control PB: 0x0000_0B80 | 5.4.4
PC: 0x0008_0000
Pn_DER 0x0010 | RW | Port n Debouncing Enable Register 0x0000_0000 5.4.5
Pn_IER 0x0020 | RW | Port n Interrupt Enable Register 0x0000_0000 5.4.6
Pn_ISR 0x0024 | X4 | Portn Interrupt Status Register 0x0000_0000 5.4.7
Pn_ICR 0x0028 | RW | Port n Interrupt Control Register 0x0000_0000 5.4.8
Pn_ODR 0x0030 | RW | Port n Output Data Register 0x0000_0000 5.4.9
PA, PB, PE, PF:
. 0x0000_OFFF
Pn_IDR 0x0034 | RO | Port n Input Data Register PC: 0x0000_03FF 5.4.10
PD: 0x0000_00FF
Pn_BSR 0x0038 | WO | Port n Set/Reset Register 0x0000_0000 54.11
Pn_BCR 0x003C | WO | Port n Reset Register 0x0000_0000 5412
PCU_RSTDBCR 0xOFOC | RW | Pin Reset Debounce Control Register 0x0000_3C01 5413
PCU_LVINER 0x0F20 | Rw | Port Low-Voltage Input Enable 0x0000_0000 5.4.14
- Register -
PCU AFODCR | 0x0F28 | Rw | PortAlternate Function Open-Drain 0x0000_0000 5415
Control Register
PCU_PORTEN OxOFFO0 | RW | Port Access Enable Register 0x0000_0000 5.4.16
NOTE:
1. n=AB,C,D,EandF.
\BO\ 15

SEMICONDUCTOR




5. PCU and GPIO A31C111 User's Manual

5.41 Pn_MR1: Port n MUX Control Register 1

The Pn_MR1 register selects the mode of each pin (pin 0 to 7) for port n. Before the ports are used, the
register must be set correctly; otherwise, their proper operations are not ensured.
PA_MR1=0x4009_0000, PB_MR1=0x4009_0100

PC_MR1=0x4009_0200, PD_MR1=0x4009_0300
PE_MR1=0x4009_0400, PF_MR1=0x4009_0500

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O
s 2 o 2 = 2 |v 2 |[=v 2 |= 2 |=v5 2 |[=9 g
9] N 9] N 9] N, ) N, ) N, ) N, 9] N, 9] N,
g £ & 2 & 3 & 3 & 3 & 7 |& Z |& 3
o o o o o o o o
- 111 - 111 - 111 - 111 - 111 - 111 - 111 - 111
- RW - RW - RW - RW - RW - RW - RW - RW
4x+2 PxMUX[2:0] Port multiplexer selection bit, x=0to 7.
4x 000 Alternate function 0 (AF0)
001 Alternate function 1 (AF1)
010 Alternate function 2 (AF2)
011 Alternate function 3 (AF3)
100 Alternate function 4 (AF4)
111 Alternate function 5 (AF7)
Others  Reserved
NOTES:

1. If pin multiplexing is selected for a pin, the corresponding 1/O settings are automatically adjusted to match the selected
function. (When an Alternate Function is assigned according to the Pn_MR register settings, the I/O is automatically
configured as the input or output of the function.)

2. When pin multiplexing is set to AF1, AF2, AF3, AF4 and AF7 it cannot be set to open-drain output or input even if
users use the Pn_CR register.

3. When pin multiplexing is set to AF0, users can use the Pn_CR register to set a port.

Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR are registers that can change the value when PORTEN register is
activated.
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5.4.2 Pn_MR2: Port n MUX Control Register 2

The Pn_MR2 register selects the mode of each pin (pin 8 to 15) for port n. Before the ports are used,
the register must be set correctly; otherwise, their proper operations are not ensured.
PA_MR2=0x4009_0004, PB_MR2=0x4009_0104

PC_MR2=0x4009_0204, PD_MR2=0x4009_0304
PE_MR2=0x4009_0404, PF_MR2=0x4009_0504

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O
o S o S o & ° & ° e ° e ° o ° o
o a o a o & 9] & 9] & 9] S ) N, 19 N,
51 3 |8 3 |5 3 |8 3 |5 3 |5 3 |8 X |5 X
g0 = |8 = |8 = |8 = |8 = |8 = [8 = |8 =3
4 - 4 - 4 - 4 - 4 hm x = 12 o 12 ©
o o o o o o o o
- 111 - 111 - 111 - 111 - 111 - 111 - 111 - 111
- RW - RW - RW - RW - RW - RW - RW - RW
4(x-8)+2  PxMUX[2:0] Port multiplexer selection bit, x = 8 to15
4(x-8) 000 Alternate function 0 (AF0)
001 Alternate function 1 (AF1)
010 Alternate function 2 (AF2)
011 Alternate function 3 (AF3)
100 Alternate function 4 (AF4)
111 Alternate function 5 (AF7)
Others  Reserved
NOTES:

1. If pin multiplexing is selected for a pin, the corresponding 1/O settings are automatically adjusted to match the selected
function. (When an Alternate Function is assigned according to the Pn_MR register settings, the I/O is automatically
configured as the input or output of the function.)

2. When pin multiplexing is set to AF1, AF2, AF3, AF4 and AF7 it cannot be set to open-drain output or input even if
users use the Pn_CR register.

3. When pin multiplexing is set to AF0, users can use the Pn_CR register to set a port.

4. Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR are registers that can change the value when PORTEN register is
activated.
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5.4.3 Pn_CR: Port n Control Register
The Pn_CR register sets the pins in each port as input, open-drain output, or push-pull port pins.

PA_CR=0x4009_0008, PB_CR=0x4009_0108
PC_CR=0x4009_0208, PD_CR=0x4009_0308
PE_CR=0x4009_0408, PF_CR=0x4009_0508

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

P12[1:0]
P11[1:0]
P10[1:0]
P9[1:0]
P8[1:0]
P7[1:0]
P6[1:0]
P5[1:0]
P4[1:0]
P3[1:0]
P2[1:0]
P1[1:0]
PO[1:0]

P15[1:0]
P14[1:0]
P13[1:0]

11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 11

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
2x+1 Px[1:0] Port control, x =0 to 15.
2x 00  Push-pull output
01 Open-drain output
1 Input
NOTE:
1. Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR are registers that can change the value when PORTEN register is

activated.

5.44 Pn_PRCR: Port n Pull-Up/Pull-Down Control Register
All pins of each port include internal pull-up/pull-down resistors that can be determined by the Pn_PRCR
register. This resistor can enable or disable the pull-up/pull-down resistors of each port pin.

PA_PRCR=0x4009_000C, PB_PRCR =0x4009_410C
PC_PRCR =0x4009_420C, PD_PRCR =0x4009_430C
PE_PRCR =0x4009_440C, PF_PRCR =0x4009_450C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 1413 121110 9 8|7 6 5 4 3 2 1 O
|| |2 |8 |2 | g|g|g|g|g|g|g|g|a|g
L L L 1] L L
2|12 2|2|2|2|2|2|2|2|2|2|2|2|2]|z2
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

2x+1 PUEX[1:0] Port pull-up/pull-down control, x = 0 to 15.
2x 0x Disables the pull-up and pull-down resistors.
10 Enables the pull-up resistor and disables the pull-down
resistor.
11 Disables the pull-up resistor and enables the pull-down
resistor.

NOTE:

1. Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR are registers that can change the value when PORTEN register is

activated.
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5.4.5 Pn_DER: Port n Debounce Enable Register

All pins in each port have a digital debouncing filter, which can be set in the Pn_DER register.

PA_DER=0x4009_0010, PB_DER=0x4009_0110
PC_DER=0x4009_0210, PD_DER=0x4009_0310
PE_DER=0x4009_0410, PF_DER=0x4009_0510

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
g olElelelEg e e a8l g 2 0 5
§ olololo|o|0|R 2288 (RREE
- ofojo|jofojojojojojofojojojojoj|o
- RW [RW|RW|RW [RW|RW|RW [RW|RW|RW [RW|RW|RW [RW|RW|RW

X PDEXx Enable or disable pin debouncing, x =0 to 15.
0 Disables the debouncing filter.
1 Enables the debouncing filter.

NOTES:

1. To use the port debounce function, the debounce clock of SCU_MCCR4 and SCU_MCCRS must be enabled first. If
the debounce function is activated without setting the debounce clock, the port may malfunction.

2. Pn_DER,Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN.

3. When PC9is configured as AF3 (hnRESET), the settings in the PCU_RSTDBCR register are applied. When configured
as AFO0 (GPIO), the settings in the PC_DER register are applied.
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5.4.6 Pn_IER: Port n Interrupt Enable Register

All pins can be set as an external interrupt source which is either the edge-triggered interrupt or the
level-triggered interrupt. The Pn_IER register enables or disables these interrupts for each pin.

PA_IER=0x4009_0020, PB_IER=0x4009_0120
PC_IER=0x4009_0220, PD_IER=0x4009_0320
PE_IER=0x4009_0420, PF_IER=0x4009_0520

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

PIE15[1:0]
PIE14[1:0]
PIE13[1:0]
PIE12[1:0]
PIE11[1:0]
PIE10[1:0]
PIE9[1:0]
PIES[1:0]
PIE7[1:0]
PIE6[1:0]
PIE5[1:0]
PIE4[1:0]
PIE3[1:0]
PIE2[1:0]
PIE1[1:0]
PIEO[1:0]

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

=
=
=
=
2

RW RW RW RW RW RW

e
=
2
=X
=
2
=X
=
=
=
2

2x+1 PIEX[1:0] The interrupt source to be enabled for the pin, x = 0 to15.
2x 00 Disable the external interrupt source.
01 Enables the level-triggered interrupt (non-pending).
10 Enables the level-triggered interrupt (pending).
11 Enables the edge-triggered interrupt.

NOTES:

1. In non-pending mode, users can check if the current state of the pin is an interrupt state. In high level non-pending
interrupt mode, an interrupt signal is generated when the pin state is high.
The interrupt status flag can be checked with the ISR register. In high level non-pending mode, the interrupt status is
automatically cleared. Therefore, when the pin state changes from high to low, the interrupt state is automatically
cleared.

2. In pending mode, it is possible to determine whether an interrupt has occurred, but not to monitor the current state of
the pin. In high-level pending interrupt mode, an interrupt signal is generated when the pin state is high.
The interrupt status flag can be checked with the ISR register. In high level pending mode, the interrupt status is not
automatically cleared. Therefore, when the state of the pin is changed from high to low, the interrupt will continue to
occur unless the user clears the interrupt flag. In the pending mode, once an interrupt occurs, the user must clear the
interrupt flag directly because the state is maintained until the user clears the interrupt flag directly.

3.  Pn_DER,Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN.
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5.4.7 Pn_ISR: Port n Interrupt Status Register

When an interrupt is received by the microcontroller, the status of the interrupt can be detected in the
Pn_ISR register. This register informs what kind of interrupt occurred at each interrupt source pin. To
clear the interrupt status register, write a ‘1’ to the corresponding bit.

PA_ISR=0x4009_0024, PB_ISR=0x4009_0124
PC_ISR=0x4009_0224, PD_ISR=0x4009_0324
PE_ISR=0x4009_0424, PF_ISR=0x4009_0524

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

e |l2|l2|2|g |2 |g|g|g|g|g|g|g|ag|a|g
| ¥F|le|lS|c|S|s|g|cle|lg|F|®|8|F|5
%) %) %) ) (%) ) 2] 2] (2] 2] 2] 2] 2] 2] ] 2}
o o o o o o o o o [ o [ o [ [ o
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1 | RWC1
2x+1 PISx[1:0] Pin interrupt status, x =0 to 15
2x 00  No interrupt event has occurred.
01 The low-level interrupt or falling-edge interrupt event has
occurred.
10 The high-level interrupt or rising-edge interrupt event has
occurred.

11 Both the rising- and falling-edge interrupt events have been
detected in edge-triggered interrupt mode.

NOTES:
1. Inrising and falling edge interrupt modes, the pin state becomes ‘10’ when the rising edge occurs, and the pin state
becomes ‘01’ when the falling edge occurs.
2.  Pn_DER,Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the

register without activating PORTEN[7:0].
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5.4.8 Pn_ICR: Port n Interrupt Control Register
The Pn_ICR register controls each pin’s interrupt modes that define interrupt-triggering signals.

PA_ICR=0x4009_0028, PB_ICR=0x4009_0128
PC_ICR=0x4009_0228, PD_ICR=0x4009_0328
PE_ICR=0x4009_0428, PF_ICR=0x4009_0528

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

PIC15[1:0]
PIC14[1:0]
PIC13[1:0]
PIC12[1:0]
PIC11[1:0]
PIC10[1:0]
PIC9[1:0]
PIC8[1:0]
PICT7[1:0]
PICB[1:0]
PIC5[1:0]
PIC4[1:0]
PIC3[1:0]
PIC2[1:0]
PIC1[1:0]
PICO[1:0]

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

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
2x+1 PICx[1:0] Pin interrupt mode, x = 0 to 15.
2x 00 Disable the external interrupt source.

01 Enables low-level or falling-edge interrupt mode.
10 Enables high-level or rising-edge interrupt mode.
11 Enables both rising- and falling-edge interrupt modes.

NOTE:
1. Pn_DER, Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN[7:0].

5.4.9 Pn_ODR: Port n Output Data Register

The Pn_ODR register defines the output data at each pin when the port is used as GPIO mode. The
output level at each pin is decided by this register’s settings.
PA_ODR=0x4009_0030, PB_ODR=0x4009_0130

PC_ODR=0x4009_0230, PD_ODR=0x4009_0330
PE_ODR=0x4009_0430, PF_ODR=0x4009_0530

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
POD15
POD14
POD13
POD10

POD9
POD8
POD7
POD6
POD5
POD4
POD3
POD2
POD1
PODO

o
o
o
o
o
o
o
o
o
o

- 0 0 0
- RW [RW|RW|RW [RW|RW|RW [RW|RW|RW [RW|RW|RW [RW|RW|RW

o
o
o

15 PODx The pin’s output data configuration, x = 0 to 15.
0 0 Outputs a ‘0’ if the port pin is in output mode.
1 Outputs a ‘1’ if the port pin is in output mode.

NOTE:
1.  Pn_DER, Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN[7:0].
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5.4.10 Pn_IDR: Port n Input Data Register

The Pn_IDR register allows each pin level of the port to be read. This register’s value represents the
input at each pin in logic input mode even though the pin is currently in different mode, except for in
analog mode. If a pin is set to serve a special function, such as an ADC or clock Input/Output, the
register bit always reads ‘1’. If a level interrupt has been enabled for a port’s pin by the Pn_ICR register,
the pin’s input level can be checked by reading the Pn_IDR register.

PA_IDR=0x4009_0034, PB_IDR=0x4009_0134

PC_IDR=0x4009_0234, PD_IDR=0x4009_0334
PE_IDR=0x4009_0434, PF_IDR=0x4009_0534

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0
°
> LIV Qoo no|lvw||o|lal=|o
@ o|lalalalalal2(2|ga|a(ga|g|gjg|gia
@ dlololalglalaela|aja|jojo|jo|o|a|o
Y
- ofojo|oflo|o|O|lO|O|O|lO|0O|OfO|O]|O
- RO[RO|RO|RO[RO|{RO|RO|RO|RO|RO|[RO|RO|RO|RO|RO|RO

15 PI1Dx The pin’s input data (represents the port’s current status), x =0 to 15
0 0 The current pin input is ‘0.
1 The current pin input is ‘1"
NOTES:
1. Ifan external pin of the microcontroller is used as an input pin while it is floating, it will fall in an ‘unknown’ state, where

the input signal level is identified as either ‘0’ or ‘1’, regardless of the input value.

2. If the microcontroller is programmed to perform a certain function based on the level identified by the Pn_IDR register
in this floating state, this is highly likely to cause malfunctions. Therefore, it is recommended to pull up or down the
pins that receive external input signals, depending on their uses.

3.  Pn_DER,Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN[7:0].
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5.4.11 Pn_BSR: Port n Set/Reset Register

The Pn_BSR register sets or clears the level status flag of each pin of a Port n. The values written in
this register are output to the Pn_ODR register. If values of the BCDx and BSDx bits become 1 at the
same time, this register sets the corresponding pin level status to ‘1’.

PA_BSR=0x4009_0038, PB_BSR=0x4009_0138
PC_BSR=0x4009_0238, PD_BSR=0x4009_0338
PE_BSR=0x4009_0438, PF_BSR=0x4009_0538

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
=|3(5/5|5(5/8|8]5/88/318|8/5|8|5|5|5|5|5|5| 8|8|5|8]8|3|8]8|5| 8
[alialialialiallia] [alialialialialia]

olo|C2|QICIRIR|B| 2R 3|22 3|28|22|2(22| 2 428|328 8|2 3|8
ojo|jo0|jofo0fojoj0|jo0|j0f0|j0|0|0O|OjO|O|O|O|O|O|0O|O|O|O|O|O|O|O|O}0O]|O
WO|WO|WO WO [WO|WO|WO|WO WO WO |WO|WO|WO WO WO |WO|WO|WO WO |WO|WO|WO|{WO[WO|WO|WO|WO WO WO|WO|WO|WO

X+16 BCDx Pin clear bit, x = 16 to 31.

0 No change

1 Sets the bit if the corresponding bit is ‘1°.
X BSDx Pin set bit, x =0to 15

0 No change

1 Sets the bit if the corresponding bit is ‘1.

NOTE:

1. Pn_DER, Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN[7:0].
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5.4.12 Pn_BCR: Port n Reset Register

The Pn_BCR register clears the level status flag of each pin of Port n. Setting a bit to 1 clears the
corresponding bit in the Pn_ODR register.

PA_BSR=0x4009_003C, PB_BSR=0x4009_013C
PC_BSR=0x4009_023C, PD_BSR=0x4009_033C
PE_BSR=0x4009_043C, PF_BSR=0x4009_053C
31 30 29 28 27 26 25 24/23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

g A HEEHEEEEEREEERE
= alalalalala

8 ololol0|910IRIRIR| 3|23 23| 2| 8
- ofojojofojojojojojofojojojojoj|o
- WO|WO|WO |WO|WO|WO|WO|WO|WO WO |WO|WO WO |WO|WO WO

X BCDx Pin Clear bit, x = 0 to 15.
0 Causes no changes.
1 Resets the corresponding pin bit.

NOTE:

1. Pn_DER, Pn_IER, Pn_ISR, Pn_ICR, Pn_ODR, Pn_IDR, Pn_BSR and Pn_BCR registers can change the value of the
register without activating PORTEN[7:0].
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5.4.13 PCU_RSTDBCR: Port Reset Debounce Control Register

Pin Reset Debounce Control Register.

PCU_RSTDBCR=0x4009_0FOC

31 30292827262524'232221 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 0
o
>
WTDIKEY[31:16] CLK_CNT[7:0] o E
4
- 0x3C - 1
RW RW - RW
31 WTDIKEY[31:16]  Write Identification Key
16 On Writes, write 0x0514 to these bits. Otherwise, writing is ignored.
15 CLK_CNT[7:0] Noise cancelling delay option for selected debounce clock
8 N N clock checking for debounce by selected debounce clock.
Default filter is set ‘1.875ms’ with LSI (32kHz) debounce clock.
0 EN Pin reset debounce enable
0 Disables
1 Enables
NOTES:
1. If users want to operate pin reset debounce, user must enable LS| (32kHz). Because pin reset debounce use LSI

clock source.

2. When PC9is configured as AF3 (nRESET), the settings in the PCU_RSTDBCR register are applied. When configured
as AFO0 (GPIO), the settings in the PC_DER register are applied.
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5.4.14 PCU_LVINER: Port Low-Voltage Input Enable Register

The PCU_LVINER register is used to support 1.2 V logic inputs in a VDD 1.8 V operating environment.
Setting a bit to '1" switches the input threshold voltage of the corresponding pin to the 1.2 V logic level.

PCU_LVINER=0x4009_0F20

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o ~ O M OMIAN|~ | O - (OO VO[(IT| V| AN|— (O~
D Lilwuuwulwwooolnoomoon|mo|<
e D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I D-I n_I
3 Z|\Z|\Z|Z|Z2|Z2|Z|Z|1Z|Z2|Z2|Z2|Z2|Z2|Z2|Z2|Z2|Z
) wiwiwww i ww o ww w w w w/w
i i e e et e e e st e e e e et

ojofojo|j0j0|0f0O|O0O|OfjO|O|O|O|O|jO|0O|O
- RW|RW [RW|RW [RW|RW|RW [RW|RW RWRW|RW RW|RW|RWRW|RWRW
17 LVEN_xxx Low voltage (1.2V @VDD 1.8V) logic input level enable.
0 xxx = each port.

0 Disables

1 Enables

NOTE:
1. PCU_LVINER and PCU_AFODCR registers can change the value of the register without activating PORTEN][7:0].

5.4.15 PCU_AFODCR: Port Alternate Function Open-Drain Control Register

The PCU_AFODCR register forces the output mode of the assigned alternate function to open-drain.
When a bit is set to '1", the corresponding pin operates in open-drain mode during alternate function
operation instead of the default push-pull mode.

PCU_AFODCR=0x4009_0F28

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 1413 121110 9 8|7 6 5 4 3 2 1 O
o < o
o [ 9 m 9 [eal e
) 9] 9] )
- g' s gl S g| z
: g £ |8
< < <
- 0 - 0 - 0] -
- RW - RW - RW| -
16 AFOD_PFO Alternate function output open-drain enable
0 Not used (Disables)
1 Alternate function output = Open-Drain (Enables)

NOTES:
1. PCU_LVINER and PCU_AFODCR registers can change the value of the register without activating PORTEN([7:0].

2. Even when open-drain mode is enabled through the PCU_AFODCR register, the Pn_CR register retains its value
regardless of the PCU_AFODCR setting.
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5.4.16 PCU_PORTEN: Port Access Enable Register

The PORTEN register allows to change the values in all PCU registers.

PCU_PORTEN=0x4009_OFF0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413121110 9 8|7 6 5 4 3 2 1 O
e
B =
c () zZ
o z L
@ i =
0} e
o o)
o
- 0 0x00
- RO RW
8 ENS Pin Clear bit, x = 0 to 15.
0 Causes no changes.
1 Resets the corresponding pin bit.
7 PORTEN[7:0] PCU and GPIO register access enable

Writing ‘0x15” and then ‘0x51’ to the bit field enables writing new
values to GPIO registers. After this, write a different value to this bit
field to protect the Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR
registers against being updated with new values.

NOTE:

1.  Some GPIO control registers can be updated with new data only when ‘0x15’ is written to the PORTEN[7:0] and then
‘0x51’ is written again to the same register. After writing ‘0x00’ to the PORTEN([7:0], users cannot change values. The
corresponding registers are Pn_MR1, Pn_MR2, Pn_CR, and Pn_PRCR.
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5.4.17 PCU and GPIO Register Map Summary

Table 31. PCU and GPIO Register Map Summary
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5. PCU and GPIO

Table 31. PCU and GPIO Register Map Summary (continued)
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6. Embedded Flash Memory

6.1 Introduction

The flash memory controller is an interface controller for embedded flash memory. It manages data
stored on flash memory.

The flash memory controller of A31C111 series supports the following:
e Erase, read, write functions in code flash areas

* Read protection function

e  Write/Erase protection function

6.2 Flash Main Features

The flash memory of A31C111 series has several key features as listed below:
* 16 KB of code flash memory with write protection bits.
e Erase unit:
— Page (512 bytes)
— Sector (2 KB)
—  Bulk (full chip)
e Program unit:
— Word (4 bytes)
e Zero wait (less than 25 MHz), 1- to 15-wait
*  Code flash memory read protection

*  Code flash memory write protection
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6.3 Flash Functional Description

6.3.1 Flash Memory Organization

Flash memory consists of code flash memory. Code flash stores the application code or constant data.
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6.3.1.1 Code Flash Memory

Code flash memory has key features as shown below:

6. Embedded Flash Memory

Table 32. Code Flash Memory Controller Features

Item

Description

Size

16 KB

Start address

0x0000_0000

End address

0x0000_3FFF

Page size

512 bytes

Total page count

32 pages

Program unit

4 bytes (1 word)

Erase unit

512 bytes, 2 KB, Bulk (full chip)

Figure 33. Code Flash Memory Map

0x0F00_0800
0xO0F 00_0600
Page address 0x0F00_0400
0x0F 00_0200
0x0F00_0000

" 0x0000_4000
0x0000_3E00
0x0000_3C00
0x0000_3A00
0x0000_3800
0x0000_3600
0x0000_3400
0x0000_3200
0x0000_3000

Page address

0x0000_1000
0x0000_0OE00
0x0000_0C00
0x0000_0A00
0x0000_0800
0x0000_0600
0x0000_0400
0x0000_0200
. 0x0000_0000

User Info Address

Page 3
Page 2

Page 1

Page 0

Flash Memory Address

Page 31

Page 30

Page 29

Page 28

Page 27
Page 26

Page 25
Page 24

Page 7
Page 6

Page 5
Page 4

Page 3
Page 2

Page 1
Page 0

0xOF00_0800

\| 2 KB

Sector 0

0x0F 00_0000 )

0x0000_4000

\| 2 KB

Sector 7
0x0000_3800
2 KB
Sector 6
0x0000_3000 )
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
0x0000_1000
2 KB
Sector 1
0x0000_0800
2 KB
Sector 0

0x0000_0000
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6.3.2 Read Access Latency

Flash memory has a read latency that is the wait time to access the flash memory, and it needs to be
adjusted according to the microcontroller main clock.

How to adjust each latency of code flash is described in the following sections.

6.3.2.1 Code Flash Memory Wait Time

1. Determine the correct wait time corresponding to the microcontroller main clock by referring to
Table 33.

2. Program the LATENCY[3:0] in CFMC_CONF register to have a new wait time.

Table 33. Internal Code Flash Memory Wait Time by Operating Clock

LATENCY[3:0] Flash Wait Time Max. Available Clock Frequency
0000 0-wait Up to 25 MHz
0001 1-wait Up to 32 MHz
0010 2-wait Up to 32 MHz
0011 3-wait Up to 32 MHz
0100 4-wait Up to 32 MHz
0101 5-wait Up to 32 MHz
0110 6-wait Up to 32 MHz
0111 7-wait Up to 32 MHz
1000 8-wait Up to 32 MHz
1001 9-wait Up to 32 MHz
1010 10-wait Up to 32 MHz
1011 11-wait Up to 32 MHz
1100 12-wait Up to 32 MHz
1101 13-wait Up to 32 MHz
1110 14-wait Up to 32 MHz
1111 15-wait Up to 32 MHz

NOTE:
1. Incoming clock signal to the Flash must be less than the ‘Max. available clock frequency’ corresponding to the ‘Flash

wait time’ set in the LATENCY[3:0] in CFMC_CONF.
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6.3.3 Flash Program and Erase Operations

It is important to remember that any interrupt must not be triggered for other operations while erasing
or programming the flash. Two operations below must be set up before starting the flash control.

e All Interrupt disable

For access to the flash memory, users must unlock the flash before starting the flash control, as
described in the following section 6.3.3.1.

6.3.3.1 Access Control for Writing and Erasing Flash Memory

Before writing and erasing data on flash memory, an access-enable process must be executed by
setting the code flash key and access control registers. The access control of the flash memory follows
the steps below:

1. To enable access of the flash memory, enter key values in the CFMC_FLSKEY register in the
order described below:

A. In normal input case:
i. KEY1 — KEY2 — KEY3
B. In non-consecutive input case:
i. KEY1 — APB (No KEY) write —» KEY2 — APB (No KEY) write — KEY3

2. To disable access to the code flash memory, set the FLOCK in CFMC_CTRL register to ‘1°.

Read access of flash memory is always possible, regardless of whether read protection or write
protection is enabled.

The flash erase operation must be proceeded before starting the flash programming or erasing.
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6.3.3.2 Access Control for Writing and Erasing User Info Memory

Before writing and erasing data on user info memory, an access-enable process must be executed by
setting the User info key and access control registers. The access control of the User info follows the
steps below:

1. To enable access of the user info memory, enter key values in the CFMC_INFOKEY register
in the order described below:

A. In normal input case:
i. KEY1 — KEY2 — KEY3
B. In non-consecutive input case:
i. KEY1 — APB (No KEY) write —» KEY2 — APB (No KEY) write — KEY3

2. To disable access to the user info memory, set the INFOLOCK in CFMC_CTRL register to ‘1’.

Read access of user info memory is always possible, regardless of whether read protection or write
protection is enabled.

The flash erase operation must be proceeded before starting the flash programming or erasing.
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6.3.4 Flash Memory Erase Sequences
6.3.4.1 Page Erase

Figure 34 shows a timing diagram for page erase operations in the flash memory.

Figure 34. Flash Memory Page Erase Timing Diagram

oo\ /N

PERS

| |

Erase area of dach page = 512 bytes }
|

!

/1
11

Address[31:0] ><P'Page0 >< Page 1 >< >< Page n ><
J /]

T
Write '0x00' dat:a at physical page address
|
: 0x00 ><
|

Write data[31:0]

[
: :/
0x00 >< 0x00
L
/

Figure 34 describes the following procedure for the page erase:

T T
| |
| |
| |
| |

|
) |
| |
| |
| |

1. Check the WBUSY in CFMC_STAT register.
2. Setthe PERS in CFMC_CTRL register.
3. Write ‘Ox00’ data at physical page address.

4. Check the WBUSY in CFMC_STAT register at polling mode or the WDONE in CFMC_STAT
register at interrupt mode.

5. Clear the PERS in CFMC_CTRL register.
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6.3.4.2 2 KB Sector Erase

Figure 35 shows a timing diagram for 2 KB sector erase operations in the flash memory.

Figure 35. Flash Memory 2 KB Sector Erase Timing Diagram
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|
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I
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|
|
|
|
|
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|
Write '0x00' data at physical sector address
|

i
I
I
: I !
Write data[31:0] (  0x00 >< 0x00
I I
I I f
I

1/
0x00 ><

Figure 35 describes the following procedure for the 2 KB sector erase:

1. Check the WBUSY flag in the CFMC_STAT register.
2. Setthe SERS bit in the CFMC_CTRL register.
3.  Write ‘Ox00’ data at physical 2 KB sector address.

4. Check the WBUSY flag in the CFMC_STAT register at polling mode or the WDONE flag in the
CFMC_STAT register at interrupt mode.

5. Clear the SERS bit in the CFMC_CTRL register.
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6.3.4.3 Bulk Erase

Figure 36 shows a timing diagram for bulk (full chip) erase operations in the flash memory.

Figure 36. Flash Memory Bulk (Full-Chip) Erase Timing Diagram

WBUSY

'

CERS

J

Address[31:0] /v Any physical address (32-bit) ><

' [ Write '0x00' data at physical page address

Write data[31:0] >< K 0x00

Figure 36 describes the following procedure for the bulk erase.

1. Check the Check the WBUSY flag in the CFMC_STAT register.
2. Setthe CERS bit in the CFMC_CTRL register.
3.  Write ‘Ox00’ data at any physical address.

4. Check the WBUSY flag in the CFMC_STAT register at polling mode or the WDONE flag in the
CFMC_STAT register at interrupt mode.

5. Clear the CERS bit in the CFMC_CTRL register.
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6.3.5 Flash Memory Programming Sequences

Before writing to the flash memory, it is important to Flash unlock and unprotect the area. Note that lock,
protection must be disabled during the writing is complete.

6.3.5.1 Standard Programming

Figure 37. Flash Memory Program Timing Diagram

—

PGM

|

|

|

|

|

|

|

|

|

i :

Address[31:0] >< A0 >< A1 >< >< An ><

X It ‘

Write '0x00' data at physical address |

| |
| |
: | [ :
| | |
Write data[31:0] ‘ DO >< D1 X >< Dn ><
| ! / !
| |
| |

li

Figure 37 describes the following procedure for the standard programming:

1. Check the WBUSY flag in the CFMC_STAT register.
2. Setthe PGM bit in the CFMC_CTRL register.
3. Write target data at physical address.

4. Check the WBUSY flag in the CFMC_STAT register at polling mode or the WDONE flag in the
CFMC_STAT register at interrupt mode.

5. Clear the PGM bit in the CFMC_CTRL register.
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6.4 Flash Memory Protection

Read protection is a feature provided in the internal code flash memory and protects user code from
external hacking. The read protection operates in three different protection mode levels such as
unprotection (UNPROT), Level-1 (LVL1), and Level-2 (LVL2).

6.4.1 Read Protection

Table 34 describes three different protection mode levels of the read protection, such as UNPROT, LVL1,
and LVL2.

Table 34. Available Operating Modes by Protection Level

Protection Operation (Code FI':sarllnMemory) User Info 0 User Info 1/2/3
Level Mode
Read Write Read Write Read Write
Normal mode O O o o o O
UNPROT Debug mode (0] (0] (0] (0] (0] (0]
Boot mode O O 0o 0o 0o O
Normal mode O O 0o N/A 0o O
LVL1 Debug mode N/A N/A N/A N/A N/A N/A
Boot mode N/A N/A N/A N/A N/A N/A
Normal mode O O 0o N/A 0o O
LVL2 Debug mode This mode cannot be entered
Boot mode N/A N/A N/A N/A N/A N/A
NOTES:

1. Priority levels of the read protection mode are as follows:
Normal protection > Password protection
A.  Normal protection: LVL2 > LVL1 > UNPROT
B.  Password protection: LVL2 > LVL1 > UNPROT
2. Anhigher protection level cannot transition to a lower level without the chip erase and INFOO erase executed.
e.g.,) procedure for transitioning from read protection LVL1 to UNPROT.
A. Chip erase
Check the CERSD in CFMC_READPROT register.
INFOO erase
Check the INFOOERSD in CFMC_READPROT register.

Write ‘OxFF’ to the RPROT([7:0] in CFMC_READPROT register. After that, read protection LVL1 transition to
UNPROT mode.

moow
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6.4.1.1 Read Protection: UNPROT (Unprotection)

Debug access is available, and there is no restriction on accessing the entire internal flash memory.

Table 35. Read Protection Operation in UNPROT Level

Destination Position (DEST)
Normal Mode
BootROM Code Flash SRAM User Info
Boot/Code/SRAM R All All All
Execution User info X X X X
position (SRC) DMA X X R/W X
Debug R All All All
NOTE:

1. R:read access, W: write access, All = read, write, erase access

6.4.1.2 Read Protection: LVL1 (Level-1)

Debug access is available, and the internal flash memory is read as ‘0x55AA_55AA’ by external access.
Therefore, the microcontroller cannot be run while accessing the internal flash for debugging, and the
flash read with DMA cannot be supported because the DMA settings can cause code leakage.

Table 36. Read Protection Operation in Level-1 (LVL 1)

Destination Position (DEST)
Read Protection Level-1
BootROM Code Flash SRAM User Info

Boot/Code/SRAM R All All R/WI/(E)

Execution User Info X X X X

Position (SRC) DMA X X R/W X
Debug X X R/W -/WI/(E)

NOTE:
1. ‘R’:read access, ‘W’: write access, ‘E’: erase is possible only by bulk erase the of code flash area, ‘All’ = read, write,

and erase access.
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6.4.1.3 Read Protection: LVL2 (Level-2)

Debug access is not available, and the flash memory read with DMA cannot be supported because the
DMA settings can cause code leakage.

Table 37. Read Protection Operation in Level-2 (LVL2)

Destination Position (DEST)
Read Protection Level-2

BootROM Code Flash SRAM User Info
Boot/Code/SRAM R All All R/WI(E)

Execution User Info X X X X

Position (SRC) DMA X X R/W X

Debug X X X X

NOTE:
1. ‘R’:read access, ‘W’: write access, ‘E’: erase is possible only by bulk erase of the code flash area, ‘All' = read, write,

and erase access.

6.4.1.4 Read Protection Setting

Users write data to the read protection area of the User info, and then the BootROM reads the data to
enable the read protection when it runs on reset. After enabling the read protection, users must reset
microcontroller to apply the read protection settings.

For the direct setup, users can write data in the read protection register to apply the settings immediately.

The read protection register is available for the change of the read protection mode level from low to
high, and the change from high to low level is ignored. In addition, if a value other than the pre-set
value is written to the read protection register, the highest level (LVL2) of the read protection
mode level is applied.

6.4.1.5 Read Protection Removal

To remove the read protection, users must reset after deleting the related data in the User info. To delete
the data of the User info in the read protection mode, the bulk erase must be executed for the code
flash. The state when the bulk erase is complete for the code flash memory is stored and maintained
until reset occurs.
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6.4.1.6 Password Settings

Users can set the password only once by writing the password preset value to the CFMC_PWPRST
register. If the input value of the CFMC_PWIN register matches the preset value of the CFMC_PWPRST
register, the read protection mode becomes normal mode.

For example, if users want to set the password to 0x1234_ 5678, the preset value 0x1234 5678 is
written to the CFMC_PWPRST register as shown below:

CFMC_PWPRST = 0x1234_5678;

CFMC_PWPRST = 0x1234_5678;
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6.4.2 Write Protection

6. Embedded Flash Memory

Users can set up the write or erase protection for a certain area of the code flash. Before setting the

protections, remember the following:

e If any of the FPBY16_n in CFMC_FLSPROT register is ‘1’ (protection), the chip erase does
not work because the protected area is included in the erase area.

e Similarly, if some unprotection area is set protection (FUP512_x in CFMC_FLSPROT register
is ‘0’) when the FPBY16_7 or FPBY16_6 bit is '1’, the erase commands such as ‘Sector erase’,
and ‘Chip erase’ do not work for the area that includes protection area.

6.4.2.1 Write Protection for Code Flash Memory

The CFMC_FLSPROT register is used to set the Protection and Unprotection as described in Table 38

and Table 39.
Table 38. Code Flash Memory Write Protection Area in 2 KB Units
n Address n Address
0 0x0000_0000 ~ 0x0000_0O7FF 1 0x0000_0800 ~ 0x0000_OFFF
2 0x0000_1000 ~ 0x0000_17FF 3 0x0000_1800 ~ 0x0000_1FFF
4 0x0000_2000 ~ 0x0000_27FF 5 0x0000_2800 ~ 0x0000_2FFF
6 0x0000_3000 ~ 0x0000_37FF 7 0x0000_3800 ~ 0x0000_3FFF

Table 39. Code Flash Memory Unprotection Area (Top 4 KB) in 512 bytes Units

Address

X

Address

0x0000_3000 ~ 0x0000_31FF

0x0000_3200 ~ 0x0000_33FF

0x0000_3400 ~ 0x0000_35FF

0x0000_3600 ~ 0x0000_37FF

0x0000_3800 ~ 0x0000_39FF

0x0000_3A00 ~ 0x0000_3BFF

D |IN|O| X

0x0000_3C00 ~ 0x0000_3DFF

N | 0| W

0x0000_3EQ0 ~ 0x0000_3FFF

\BO\

SEMICONDUCTOR

145



6. Embedded Flash Memory A31C111 User's Manual

6.4.3 Securable Memory Area (LVL1, LVL2)

Using the read protection, users can secure the flash memory area against being read by external
devices (see chapter 6.4.1).

6.4.4 Disabling Core Debug Access (LVL2)

Using the read protection, users can block the debugger connections (see chapter 6.4.1).
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6.5 Flash Memory Interrupts

For the code flash memory control, A31C111 series supports the write done interrupt. This interrupt can
be activated by setting the WDIEN bit in the CFMC_CTRL register to ‘1’.
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6.6 Code Flash Memory Controller Registers

A31C111 User's Manual

The base address and register map of the Code Flash Memory Controller (CFMC) are described in the

following tables.

Table 40. Base Address of CFMC

Register

Name Base Address
CFMC 0x4008_0000
Table 41. CFMC Register Map
Name Offset Type Description Reset Value Ref.
CFMC_CONF 0x0000 RW | Code Flash Control Register 0x0000_0000 6.6.1
CFMC_FLSKEY 0x0004 WO | Code Flash Access Key Register | 0x0000_0000 6.6.2
CFMC_INFOKEY 0x0008 | wo | Code Flash User Info Access 0x0000_0000 | 6.6.3
Key Register
CFMC_FLSPROT 0x000C RW | Code Flash Protection Register 0x0000_0000 6.6.4
CFMC_INFOPROT 0x0010 | Rw | Gode Flash Userlnfo Protection | 6400 gooo | 6.6.5
Register
CFMC_CTRL 0x0014 | Rw | Gode FlashAccess Control 0xC000_0000 | 6.6.6
Register
CFMC_STAT 0x0018 | Rw | Code FlashAccess Status 0x0000_0000 | 6.6.7
Register
CFMC_READPROT 0x001C | Rw | Code Flash Read Protection 0x0000_OOFF | 6.6.8
Register
Code Flash Password Input
CFMC_PWIN 0x0020 | WO , 0x0000_0000 | 6.6.9
Register
CFMC_WTIMEOUT 0x0040 | Rw | Code Flash Write Timeout 0x0000_0000 | 6.6.10
Register
CFMC_PWPRST 0x0F18 | wo | Gode Flash Password Reset 0x0000_0000 | 6.6.11
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6.6.1 CFMC_CONF: Code Flash Control Register

The CFMC_CONF register is a control register for internal flash memory. This register is 32 bits wide.

CFMC_CONF=0x4008_0000
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
WRITE
Reserved
LATENCY([3:0]

0000

1
o
1

25 WRITE Code flash write enable bit
0 Disables.
1 Enables.
LATENCY[3:0]Y  Flash memory wait value bits
Number of flash wait cycle value between 0 to 15.

o w

NOTE:
1. For detailed information on the LATENCY[3:0], refer to section 6.3.2.

6.6.2 CFMC_FLSKEY: Code Flash Access Key Register

The CFMC_FLSKEY register is the access key register for internal flash memory. This register is 32
bits wide.

CFMC_FLSKEY=0x4008_0004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
FKEY[31:0]
0x00000000
WO
31 FKEY[31:0] These bits are the key values used to access the flash memory.
0 EKEY[31:0] values must be written to this register in the following

order to access the flash memory.
(KEY1 — KEY2 — KEY3)

KEY1 0x01234567
KEY2  0x12345678
KEY3  0x23456789

NOTE:

1. Flash access control bit must be disabled before controlling flash memory. To this end, the KEY values must be written
in the CFMC_FLSKEY register in the order of KEY1 -> KEY2 -> KEY3. Once the flash access control bit is disabled,
the access enable status is maintained until the FLOCK bit of the CFMC_CTRL register is written as '1".
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6.6.3 CFMC_INFOKEY: Code Flash User Info Access Key Register

The CFMC_INFOKEY register is the access key register for the internal flash User info area. This
register is 32 bits wide.

CFMC_INFOKEY=0x4008_0008
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

INFOKEY[31:0]

0x00000000
WO
31 INFOKEY[31:0] These bits are the key values used to access the flash User info
0 area. INFOKEY[31:0] values must be written to this register in the

following order to access the flash User info area.
(KEY1 - KEY2 — KEY3)

KEY1 0x3456789A
KEY2  0x456789AB
KEY3  0x56789ABC

NOTE:

1. User info access control bit must be disabled before controlling user info memory. To this end, the KEY values must
be written in the CFMC_INFOKEY register in the order of KEY1 -> KEY2 -> KEY3. Once the User info access control

bit is disabled, the access enable status is maintained until the INFOLOCK bit of the CFMC_CTRL register is written
as'1'.
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6.6.4 CFMC_FLSPROT: Code Flash Protection Register
The CFMC_FLSPROT register is an internal flash memory protection register. This register is 32 bits

wide.

CFMC_FLSPROT=0x4008_000C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
A e e i i D 3 i B B o
NI REERE 2 eleleg eegelee
bbb bbb b|b 2 ARRBEREBREE
2 alolajaljajalala
S| D2 2|2(2]22 o clolololo|lol el
T ETI ETR AT RTH AT RTIR R TS
o|jo0|0|0|0|0O]|0O]|O - ojo|0|0|0O|O|0O]O
RW|RW|RW|RW [RW |RW|RW|RW - RW |[RW|RW|RW|RW [RW|RW|RW
x+24 FUP512B_x Unprotection of the 4 KB of flash memory
(x=0to7) - The settings of these bits have a higher priority level than the
protection selection bits.
- When FPBY16_6 bit is '1' meaningful and x=0~3 and FPBY16_7
bit is '1', x=4~7 is meaningful.
0 Disable (protection).
1 Enable (unprotection).
n FPBY16_n Flash area protection selection bit
(n=0to7)
0 Unprotection
1 Protection
NOTES:
1. When any of the FPBY16_n bit is enabled, chip erase does not work because the protected area is included in the
erase.

2. Likewise, as each unprotection sector is 512 bytes, other erase commands (2 KB and chip erases) do not work if any
of the FUP512B_x bit is '0' when the FPBY16_6 or FPBY16_7 bit is '1’, the erase commands such as ‘Sector erase’,
and ‘Chip erase’ do not work for the area that includes protection area.

3.  For detailed address and description of each area, refer to section 6.4.2.
FPBY16_n bit has 1/8 size of the code flash size.
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6.6.5 CFMC_INFOPROT: Code Flash Info Protection Register

The CFMC_INFOPROT register is an internal flash User info area protection register. This register is
32 bits wide.

CFMC_INFOPROT=0x4008_0010
31 30 29 28 27 26 25 24/23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0

Reserved
INFO3
INFO2

INFO1
INFOO

o
o
o
o

3 INFO3 User info 3 area protection
Range: 0xOF00_0600 to 0xOF00_07FF

0 Unprotection
1 Protection

2 INFO2 User info 2 area protection
Range: 0xOF00_0400 to 0xOF00_05FF

0 Unprotection
1 Protection

1 INFO1 User info 1 area protection
Range: 0xOF00_0200 to 0xOF00_03FF

0 Unprotection
1 Protection

0 INFOO User info 0 area protection (Read protection area)
Range: 0x0F00_0000 to 0xOF00_01FF

0 Unprotection
1 Protection
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6. Embedded Flash Memory

6.6.6 CFMC_CTRL: Code Flash Access Control Register

The CFMC_CTRL register is an internal flash memory access control register. This register is 32 bits

wide.

CFMC_CTRL=0x4008_0014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
X
= kel
x| O ® Zlx o)
8|9 : I8l = (21223
2|2 2 2|2 & 88|82
Q Q
w1z @ =zl &
101 0|0 - 0|0|0]|0
RW|RW RW[RW - RW[RW|RW|RW
31 FLOCK® Code flash access control bit
Flash access control bit must be disabled before controlling flash
memory. To this end, the KEY values must be written in the
CFMC_FLSKEY register in the order of KEY1 -> KEY2 -> KEY3.
Once the access control bit is disabled, the access enable status
is maintained until the FLOCK bit of the CFMC_CTRL register is
written as '1'.
0 Unlock status
1 Lock status
30 INFOLOCK User info access control bit
User info access control bit must be disabled before controlling
INFO memory. To this end, the KEY values must be written in the
CFMC_INFOKEY register in the order of KEY1 -> KEY2 -> KEY3.
Once the access control bit is disabled, the access enable status
is maintained until the INFOLOCK bit of the CFMC_CTRL register
is written as '1'.
0 Unlock status
1 Lock status
8 WDIEN® Write done interrupt enable
0 Disables.
1 Enables.
7 WABORT Write abort settings
0 Disables.
1 Enables (possible to stop during PGM).
3 CERS Whole flash memory erase
0 Disables.
1 Enables.
2 SERS Flash memory erase in sector units
0 Disables.
1 Enables.
1 PERS Flash memory erase in page units
0 Disables.
1 Enables.
0 PGM Flash memory write in word (4 bytes) units
0 Disables.
1 Enables.
NOTES:

1.  Todisable the code flash or the User Info access, the correct key values must be entered in the correct order by using
the CFMC_FLSKEY or CFMC_INFOKEY register, respectively.

2. For detailed information of the write-done interrupt, refer to section 6.5.

\BO\

SEMICONDUCTOR

153



6. Embedded Flash Memory A31C111 User's Manual

6.6.7 CFMC_STAT: Code Flash Access Status Register

The CFMC_STAT is an internal flash memory access status register. This register is 32 bits wide.

CFMC_STAT=0x4008_0018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
e v 14 o i)
> ARAEAAEAE > 2 ° &
2 S 2 8 2 @
e z|e|z|Ciw| 5| e 2 2 2
- o|jo0|(0|0|0|0]O - 0 - 0
- RWCt[RWC1RWCIRWC1RWC1RWC! RWC1 - RWC1 - RO
22 WTERR Write timeout error
0 Not error
1 Error detection (cleared by writing a ‘1")
21 RPERR Read protection error
0 Not error
1 Error detection (cleared by writing a ‘1’)
20 WSERR Write sequence error
0 Not error
1 Error detection (cleared by writing a ‘1’)
19 INFOPERR INFO protection error
0 Not error
1 Error detection (cleared by writing a ‘1")
18 FPERR Flash memory protection error
0 Not error
1 Error detection (cleared by writing a ‘1")
17 INFOLERR INFO lock error
0 Not error
1 Error detection (cleared by writing a ‘1)
16 FLERR Flash memory lock error
0 Not error
1 Error detection (cleared by writing a ‘1)
8 WDONE Write-done interrupt status
0 Busy
1 Write done (cleared by writing a ‘1")
0 WBUSY Write-busy check
0 Not busy
1 Busy
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6.6.8 CFMC_READPROT: Code Flash Read Protection Register

The CFMC_READPROT register is the internal flash memory’s read protection register. It is a 32-bit

register.

CFMC_READPROT=0x4008_001C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
Q|- ° |5 o 0" ° z|z 3
olo () Olglo o == 9] ol N~
=0l § |%|u@ - 21 : o < B
(O] 17 =|o|lW ] NI » | T
QG & [Zg|° & S5 & >3 o
olz il e o0
0|0 - 0|00 - 0|0 - 0|0 OxFF
RO|RO - RO[RO|RO - RO[RO - RO (RO RW
31 DBGMOD Debug operating status bit
0 Not operating
1 Operating
30 SRBOOT SRAM Boot mode status bit
0 Normal mode
1 SRAM Boot mode
26 PWMATCH Password match flag bit
0 Not matched
1 Password preset value and password in value are
matched.
25 INFOOERSD Chip erase and User info O erase done flag bit
0 Not occurred
1 User info 0 area erase done (RPROT erase/Write permit)
24 CERSD Chip erase done flag bit
0 Not occurred
1 Chip erase done (INFOO erase/Write permit)
17 LVL2_STS Protection Level-2 status bit in debug mode
This bit can be checked in debug mode only.
0 Normal status
1 Protection Level-2 status
16 LVL1_STS Protection Level-1 status bit in debug mode
This bit can be checked in debug mode only.
0 Normal status
1 Protection Level-1 status
9 LVL2_EN Protection Level-2 status bit
0 Normal status
1 Protection Level-2 status
8 LVL1_EN Protection Level-1 status bit
0 Normal status
1 Protection Level-1 status
7 RPROTI[7:0] Read protection control bit
0 When the memory is in either protection mode, setting the 8th bit

to ‘1’ enables the password function for the protection mode.
0xB9: Protection 1 Password mode
0x80: Protection 2 Password mode

OxFF Unprotection (UNPROT)

0x39 Protection Level-1 (LVL1)

others  Protection Level-2 (LVL2)
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6.6.9 CFMC_PWIN: Code Flash Password Input Register

The CFMC_PWIN register is used to enter the password value, while the microcontroller is in read
protection password mode. If the password value matches the value fed to the CFMC_PWPRST
register, the protected data can be read.

CFMC_PWIN=0x4008_0020
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

PWIN[31:0]
0x00000000
WO
31 PWIN[31:0] Password input data bit
0 Writing is done twice!” to PWIN[31:0] in the order of ‘LSB — MSB'.

Rewriting is restricted once the register is written.

NOTES:
1. Example 1) Password value is set to 0x1234_5678, 0x8765_4321

CFMC_PWIN
CFMC_PWIN

0x1234_5678;
0x8765_4321;

2. Example 2) Read protection password mode is set again when a user consecutively enters the same password value
two times after the protection mode was released due to the password match in read protection password mode.

CFMC_PWIN = 0x1234_5678;

CFMC_PWIN = 0x8765_4321; // Protection mode is released due to password match.
CFMC_PWIN = 0x1234_5678;

CFMC_PWIN = 0x8765_4321; // Read protection password mode is set again.

3. Example 3) If a password that was written first is not correct, users must reset before writing a password again.

CFMC_PWIN = 0x1111_1111; // Wrong password value is input.
CFMC_PWIN = 0x1234_5678;
CFMC_PWIN = 0x8765_4321; // Password cannot disable the protection.
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6.6.10 CFMC_WTIMEOUT: Code Flash Write Timeout Register

The CFMC_WTIMEOUT register is used to set the flash write time. After the write operation (program,
erase), if the write operation does not end during ‘HCLK x WTIMEOUT’, the write operation is terminated.
This register is 32 bits wide.

CFMC_WTIMEOUT=0x4008_0040
31 30 29 28 27 26 25 24|23 2221 20 19 18 17 16151413 121110 9 8|7 6 5 4 3 2 1 0

WTIMEOUT([31:0]

0x00000000
RW
31 WTIMEOUT[31:0] Flash write timeout setting bit
0 0 Disable

Others Write timeout time setting (HCLK x WTIMEOUT)

6.6.11 CFMC_PWPRST: Code Flash Password Preset Register

The CFMC_PWPRST register is used to preset the password value. This register is 32 bits wide.

CFMC_PWPRST=0x4008_OF18
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16[15 1413 121110 9 8|7 6 5 4 3 2 1 0

PWPRST[31:0]

0x00000000
WO

31 PWPRST[31:0] Password preset data bit

Writing is done twice to the register in the order of ‘LSB — MSB'.
Rewriting is restricted once the register is written.

For example, presetting 0x1234_5678 as a password.
CFMC_PWPRST = 0x1234_5678
CFMC_PWPRST = 0x1234_5678
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6.6.12 CFMC Register Map Summary

Table 42. CFMC Register Map Summary

U I oo L N S S R R N R B S I E R R B R S EA Y S T B BRI
S
8,
= 5
0x00 CFMC_CONF n§: z
u
<
-
Reset value 0 oJoJo]o
FKEY[31:0
0x04 CFMC_FLSKEY [31:0]
Reset value oJoJoJoJoJoJoJoJoJoJoJoJoJo]JoJoJoJoJoJoJoJoJo[oJoJoJoJo[oJo]o]o
F INFOKEY[31:0
ox08 | CFMC_INFOKEY [31:0]
Reset value oJo|ofofofo]o|ofofo]o|ofofo]o|ofo[o]o[ofo[o]o|of[ofofo]o[ofo]0]0O
et Dl i I B D i O ~lo o |« |o|a]-]o
SNSRI o|d|d ||| ||
0X0C CFMC—FLSPROTEEEEEEEE EEEEEEEE
2222121222 [rall rull el el el el Al
Reset value ofofJolofofo]o]o o[ofJolofofo]o]o
3|10|5|3
CFMC_INFOPROT L ||
0x10 - zZ|z|z|z2
Reset value ojofo]oO
x =
x |Q z |
519 g ale|e|=
CFMC_CTRL |3 |2 3|9 i |0 | |©
ox14 =2 Sle W
P4
= =
Reset value 111 0]0 olojojo
o ﬂf&: gf:
IEIERIEID|E g g
oxis |  CFMC_STAT 2288 213 |y s} 2
2|5 |x|E E E
Reset value ojojojofofo]oO 0 0
a
o) T n|n
o8 clE(3 | 58
CFMC_READPROT |3 |3 L8| ] o= RPROT[7:0]
0x1C oz ;OS J|o B
[sp = el B ==
Reset value oo ojofo olo ofo[1J1 1111 1]
PWIN[31:0
0x20 CFMC_PWIN [31:0]
Reset value oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo[oJo]o]o
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Table 42. CFMC Register Map Summary (continued)

Register -

Offset name »BIRNRR|CIRIIQNN|S R[22 (= (L|R|T ||| |8o [o|~|o v | |m |~ ||
CFMC_WTIMEOUT WTIMEOUT[31:0]
0x40
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]JoJoJoJoJo]o
OXF18 CFMC_PWPRST PWPRST[31:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJo]oJoJoJoJoJoJoJoJoJo]JoJo]JoJoJoJo]o
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7. WDT

71 WDT Introduction

Watchdog Timer (WDT) is used to detect microcontroller errors due to external interference or
unexpected logical condition. These errors cause the application program to give up the normal
sequence. If the microcontroller is out of control, the WDT resets the microcontroller and returns it to
normal.

The WDT of the A31C111 series is a 32-bit down counter. If the WDT is set as a reset source, the
microcontroller restarts when the down counter reaches zero.

When it is not used to monitor the microcontroller, the WDT can be used as a cycle timer along with an
interrupt.

7.2 WDT Main Features

The WDT module has main features as listed below:

e 32-bit down counter

*  WDT underflow reset functionality

e Cycle timer and underflow interrupt functionalities
*  WDT input clock sources selectable

— The clock source can be selected by configuring the WDTCSEL[2:0] in SCU_MCCR1
register: LS| and HSI

* Eight levels prescaler for the WDT input clock

* In debug mode, the WDT counter can be set not to operate.
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7.3  WDT Functional Description

Once the WDT module is enabled and the WDTEN in WDT_CON register is set to ‘1’, the 32-bit down
counter is decremented. The application program writes a value in the WDT_LR register regularly to
prevent an instant reset or an interrupt. Users must write certain values in the WDT_LR register to
update WDT_CNT value.

Timeout cycle of the WDT is set to 2,000 ms by default.

7.3.1 WDT Block Diagram

Figure 38 shows a block diagram for the WDT.

Figure 38. WDT Block Diagram

WPRS[2:0]

N WDTCLKIN 0x0000_0000
Divider

/4 Underflow match
> WUF
WDTCLK $ WOT reset
0y
Clock WDTRE rese

32-bit down-counter
WDTIE WDT interrupt

WDTCDIV[7:0]
in SCU_MCCR1

WDTCSEL[2:0]

in SCU_MCCR1

WDTEN Enable

Access

ENS « status
Access LR[31:0] CNT[31:0]
AEN([15:0] —enable |

WDBG ———»|

< u >

7.3.2 Enabling WDT

The WDT is always enabled after the power is on and operates in WDT reset mode.

An external clock source (SCU_MCCR1) can be set as a clock source for the WDT. By default, the WDT
clock source is set to LSI (32 kHz). It is recommended to use a clock source other than MCLK for the
WDT.

When changing the clock source, disable WDTEN in the WDT_CON register before making the change.
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7.3.3 Controlling Down-Counter

When the WDTEN in WDT_CON register is set to ‘1’, the 32-bit down counter that is the WDT_CNT
register starts counting down. To prevent an instant reset or an interrupt during the down counter
operation, the WDT_CNT register must be set to a certain value.

To change the value of the WDT_CNT register, users need to follow the procedure below:

1. Write a number larger than ‘0’ to the WDT_LR register with the WDTEN in WDT_CON register
setto ‘1°.

2. Reload the counter value using the WDT_LR register while the down counter operates. It is
important that the operating down counter must have a value larger than ‘0’.

The WDT includes a programmable 32-bit down counter prescaler that enables users to set the timeout
intervals using many different methods. Users can generate the WDT base clock by configuring the
WPRS[2:0] in WDT_CON register, and the minimum frequency value of the prescaler is 1 / 256 of the
clock source frequency.

Table 43 describes the prescaled frequencies of various clock sources in the WDT.

Table 43. Prescaled WDT Counter Clock Frequency

S%'l‘:f:e WDTCLKIN /1 | WDTCLKIN/4 | WDTCLKIN/16 | WDTCLKIN / 64 WDTZCS'BK'N J
LSl 32 kHz 8 kHz 2 kHz 500 Hz 125 Hz
HSI 32 MHz 8 MHz 2 MHz 500 kHz 125 kHz
NOTE:

1.

162

Time-out period = (Load Value + 1) x (1 / pre-scaled WDT counter clock frequency) at interrupt operation

Time-out period = (Load Value) x (1 / pre-scaled WDT counter clock frequency) at reset operation

/I At the load value reaches ‘0’, underflow flag is set to ‘1’
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7.3.4 Interrupt Feature

The WDT interrupt can be used to perform safety tasks or data logging before triggering an actual reset.

The WDT interrupt is enabled by setting the WDTIE in WDT_CON register to ‘1. When the value of the
WDT_CNT down-counter changes from ‘1’ to ‘0’, the interrupt is triggered and the WUF in WDT_CON
register is set to ‘1°. To clear the WUF bit, users must write a value other than 0 in the WDT_LR register.

7.3.4.1 Interrupt Mode Operation Timing Diagram

Figure 39. Interrupt Mode Operation Timing Diagram with External Clock Set as WDT Clock

TPCLK TWDTCLK
B | |
I
PCLK | i
i I
I
1 L 1 1
WDTCLK !
I
) | \
1 S 1
\ i i
LR[31:0] <:>< ! ! Load value >< 0x0000_2000 >
| I | | | \
7 ! T : N
S | | | \
Internal down counter T ><.__Lgad}valuei >< Load value-1 >< ...... ><0x000070001>< | 0x0000; 0000 >
! ! Toe~o | [}
‘ 1 S L /
| | T\ T 7
CNT[31:0] < ! ! ! >< Load value ><Loadva|ue—1>< ><qxoooofooo1>< / 0x0000_0000 >
I I I i I i !
i T .
|

PP T«
Max. 4 * Tworoik ! h

< » ]
i | |
Max. (1 woteLk) *+ (2 Teerk) Max. 2 * Tpeik
WUF

Tecwk: The cycle of PCLK clock
Tworcik: The cycle of WDT operation clock

In WDT Interrupt Mode, to prevent the WDT’s next interrupt in short time after the WDT underflows,
specific counter value should be reloaded. This reload operation can be used only when the WDT timer
counter is set for Interrupt Mode.

It takes five cycles from the loaded value to the count value. The WDT interrupt signal for the Internal
down counter value can be delayed up to two system bus clocks (For the case of synchronized logic).
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7.3.5 How to Program the Watchdog Timeout
7.3.5.1 Basic Reset Operation

To reset the WDT, users must set the WDTRE in WDT_CON register and WDTRST in SCU_RSER
register to ‘1’. When the down-counter reaches ‘0’ (the moment the value of the down counter changes
from ‘1’ to ‘0’), the WDT generates the reset signal to reset microcontroller.

7.3.6 Debug Mode

If the DBG_IWDT_STOP in DBG_CR register is set to ‘1’, users can stop the WDT in Debug Mode.
Users can see that the down counter value stops without decreasing, when pressing the Stop in Debug
Mode. If the users execute the run again, the down counter value starts to decrease by ‘1°.

Conversely, if the DBG_IWDT_STOP in DBG_CR register is set to ‘0’, the WDT counter continues to
operate without stopping in Debug Mode. If users press Stop in Debug Mode, the down counter value
appears to be stationary. However, when executing Run again, the users can check that the down
counter value is reduced because the down counter was not stationary.
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7.4 WDT Registers

7. WDT

The base address of WDT and register map are described in the following. Initial setting of WDT’s

timeout period is 2,000 ms.

Table 44. Base Address of WDT

Name

Base Address

WDT

0x4000_0200

Table 45. WDT Register Map

Name Offset | Type Description Reset Value Reference
WDT_LR 0x0000 RW | WDT Load Register 0x0000_0000 7.4.1
WDT_CNT 0x0004 RO | WDT Current Count Register 0x0000_07D0 7.4.2
WDT_CON 0x0008 RW | WDT Control Register 0x0000_0054 7.4.3
WDT_AEN 0x00F0 RW | WDT Access Enable Register 0x0000_0000 74.4
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741 WDT_LR: WDT Load Register

The WDT_LR is used to update the value of the WDT_CNT register. To change the WDT_CNT’s value,
two conditions must be satisfied: the WDTEN in WDT_CON register must be setto ‘1°, and the WDT_LR
must be written.

If the WDTEN in WDT_CON register is set to ‘0’, the value written to the WDT_LR will remain
unrepresented in the WDT_CNT until the WDTEN bit is changed to ‘1"

If the WDT is being used as a reset source, the WDT_LR must be written before the WDT_CNT value
becomes ‘0’ to prevent a reset.

The WDT triggers an event when the WDT_CNT value is changed from ‘1’ to ‘0’. Therefore, when the
WDT is used in reset mode, the WDT’s count value is written to the WDT_LR as it is; whereas when
the WDT is used in interrupt mode, ‘1’ must be subtracted from the count value before the WDT_LR is
written to.

At least five WDT counter clock cycles are required to update the WDT_CNT with the WDT_LR value.

WDT_LR=0x4000_0200
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

LR[31:0]

0x0000_0000

RW
31 LR[31:0] WDT load value register
0 If the WDTEN remains at ‘1’, the WDT_CNT register will be

updated with the WDT_LR value.
Since the initial value of WDT_LR is 0, it must be set to the desired
value before use.
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742 WDT_CNT: WDT Current Count Register

The WDT_CNT is a 32-bit down counter that shows the WDT’s current value. It is a read-only register.
Its value can be changed by writing to the WDT_LR while the WDTEN in WDT_CON register is ‘1’.

Thus, when the WDT’s count value reaches zero, an interrupt or reset is triggered.

To use the WDT as a reset source, both WDTRE in WDT_CON register and WDTRST in SCU_RSER
register must be set to ‘1°.

WDT_CNT=0x4000_0204
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

CNT[31:0]

0x0000_07D0
RO

31 CNTI[31:0] WDT current counter register

The 32-bit down-counter counts down from the value written to the
WDT_LR register.
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7.4.3 WDT_CON: WDT Control Register

The microcontroller’s WDT module must be set appropriately before it is enabled. The WDT module

can be programmed to trigger a reset event or interrupt signal.

Instead of being used as a reset source or an interrupt source, the WDT can also function as a

countdown timer starting from the set value of the down counter.

The WUF bit is a flag that is set when the WDT counts down to ‘0’.

WDT_CON=0x4000_0208

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o wl Bz o
: SIEEEE e 5
3 =12/2|8/2|8 &
o o o =
- 0101 |-11]|- 100
RW[RW|RW| - |RW| - RW
8 WUF WDT underflow flag (The bit is cleared when WDT_LR is written.)
0 There is no underflow.
1 Underflow is pending.
7 WDTIE Whether to enable or disable the WDT counter underflow interrupt
0 Disables the interrupt.
1 Enables the interrupt.
6 WDTRE Whether to enable or disable the WDT counter underflow reset
0 Disables the WDT counter underflow reset.
1 Enables the WDT counter underflow reset.
4 WDTEN Whether to enable or disable the WDT counter
0 Disables the WDT counter.
1 Enables the WDT counter.
2 WPRS[2:0] Counter clock prescaler

000 WDTCLK = WDTCLKIN

001 WDTCLK = WDTCLKIN / 4

010 WDTCLK = WDTCLKIN/8

011 WDTCLK = WDTCLKIN / 16

100 WDTCLK = WDTCLKIN / 32

101 WDTCLK = WDTCLKIN / 64

110  WDTCLK = WDTCLKIN / 128

11 WDTCLK = WDTCLKIN / 256
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7.4.4 WDT_AEN: WDT Access Enable Register

The WDT_AEN register determines whether to allow changes to the settings of all WDT registers. In
addition, when the WDT_AEN register is written ‘0x555A’, WDT_CNT value is updated as current
WDT_LR value instantly. After using the instant reload, WDT access is disabled automatically.

WDT_AEN=0x4000_02F0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0

° =)
2 %) ©
() Z hat
g z z
o <
- 0 —
- RO WO
16 ENS Enable status bit

0 Disables AEN.
1 Enables AEN (WDT register access possible state)
15 AEN[15:0]" Enable the write access of WDT registers

0 Writing ‘OxA55A’ to the bit field enables writing new values to WDT
module’s registers. Users can write different values to this bit field
to protect the WDT registers against being updated with new
values.

Additionally, writing 0x555A to the bit field triggers an instant
reload. When using the instant reload, the WDT_LR register
should be set appropriate value before.

NOTES:

1. Example code for using the WDT_AEN register

WDT_AEN = 0xA55A;// Enables WDT access.
/I WDT_LR and WDT_CON, etc. become settable.

WDT_AEN = 0; /I Disables WDT access.

2. To use the reload feature, a value greater than 0 must be set in the WDT_LR register.
WDT_AEN = 0xA55A; // Enable WDT access.
WDT_LR = 0x7A12; // Set timer load value.
WDT_AEN = 0; /I Disable WDT access.

3.  The instant reload feature
WDT_AEN = 0x555A, // Triggers an instant reload.

When using the instant reload, the WDT_LR register should be set appropriate value before. After using the instant
reload, WDT access is disabled automatically.
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7. WDT
7.45 WDT Register Map Summary
Table 46. WDT Register Map Summary
o1 o B 1 A S I S B B R R T B e e =l e b b B B R R S A A R R T A
0x00 WDT_LR LR[31:0]
Resetvalue [oJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo]JoJoJo]o]o
ox04 | WDT_CNT CNT[31:0]
Resetvalue |0JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo1[1]1]1]o1]o]o]o 1JoJoJ1]o
«Julgl |2] | S
WDT_CON 551 |B ?
0x08 z1gle| |2 4
=
Reset value 0fo]1 1 1]o]o
=3
%) 2
oxFo | WDT_AEN 2 >
<<
Reset value 0
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8. 16-bit Timer

8.1 16-bit Timer Introduction

This 16-bit Timer supports four operating modes such as Periodic mode, PWM mode, One-shot mode,
and Capture mode.

Users can use a divided PCLK or an external clock as an input clock source for the 16-bit Timer. An
internal 10-bit prescaler allows to generate a variety of timer base clocks.

Interrupts can be triggered at regular intervals when the timer is used in Periodic Mode. Users can set
the period and duty to form a PWM signal that is used in PWM Mode. In One-shot Modes, the timer can
generate one PWM waveform. In Capture Mode, the external input signal’s pulse intervals can be
measured based on the preset condition. Moreover, the timer can export signals to other devices to
control them. This timer is primarily used as periodic tick timer or wake-up source.

8.2 16-bit Timer Main Features

TIMERnN includes the features below:

*  16-bit up-counter timers

e  Four operating modes:
— Periodic mode
— One-shot mode
—  PWM mode
—  Capture mode

e Various interrupts:
— Match interrupt
—  Overflow interrupt

e Various clock sources selectable as a timer input:
—  Four PCLK prescaler levels (1/1, 1/2, 1/4, 1/16, and 1/64)
— External clock sources selectable using the SCU_MCCRS register: LS|, MCLK, and HSI
— Timer clock source on port TnlO used as input.

* Abuilt-in 10-bit prescaler supporting the timer input clock

e PWM synchronization

— Start delay and clear synchronization
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8.3  16-bit Timer Functional Description

8.3.1 Block Diagram

Figure 40. 16-bit Timer Block Diagram

CKSEL[2:0]

TnADCTRG

Output
generator

] nio
ADCTRGEN
16-bit up-counter STARTLVL
Clock Clear ouTPOL
FReE i TRGPNT[15:0]
TIMERO3CSEL[2:0]
in SCU_MCCR3 ‘ Comparator 0 }— ‘ Comparator 1 }7
o [ T
[ patao butter | [ Datat butter |
T T Sync clear output
Other TIMER start ‘ ‘ ‘ ‘
GRA GRB
SSYNC CSYNC
TEN
CLRMODY1:0]

MODE[1:0] =11

CLRMOD[1:0]
MODE[1:0] ='11"

CLRMOD[1:0] Other TIMER clear

MODE[1:0] ='11"

CSYNC

Thio []—Tt%
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8.3.2 Pins and Internal Signals
Table 47 summarizes the 1/0O information of the TIMERnN
Table 47. Input and Output Pins for TIMERN
Package Type
Pin s A31C111FU
Name Type Description A31CH1EY A31C111FR | A31C111AE | A31C111TS
28-TSSOP 16-SOPN 10-SSOP
cosery | ¢ )| ) | )
TIMERO capture input signal
TOIO 10 external clock input o o o )
TIMERO periodic/pwm/one-
shot output
TIMER1 capture input signal
T1I0 10 external clock input o o o )
TIMER1 periodic/pwm/one-
shot output
TIMER?2 capture input signal
T210 10 external clock input o o o o
TIMER2 periodic/pwm/one-
shot output
TIMERS3 capture input signal
T310 10 external clock input o o o o
TIMERS3 periodic/pwm/one-
shot output
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Table 48. Internal Input and Output Signals for TIMERN

Internal Signal Name aional Description
Type
PCLK Input Peripheral system clock
Timer external clock (Selectable with the setting of
EXT_CLK Input SCU_MCCR3)
Tnl Input Timer n input to TnlO for external clock or capture input

CKSEL[2:0] in TIMERNn_CR1 Input Cognter clock source selection bit in the timer/counter control

register 1
TIMERNn_PRS Input Prescaler value for the counter clock
TEN in TIMERNn_CR2 Input Enable timer signal in the timer/counter control register 2

SSYNC in TIMERn_SYNC Input Synchron!zed c_ounter.start mode signal in the timer/counter
sync configuration register

CSYNC in TIMERn SYNC Input Synchron?zed c'ounter.clear mode signal in the timer/counter

- sync configuration register
ADCTRGEN in TIMERn CR1 Input Qses the timer as an ADQ trigger source signal in the
- timer/counter control register 1
STARTLVL in TIMERn_CR1 Input 1Startlng output value signal in the timer/counter control register
OUTPOL in TIMERN_CR1 Input Output polarity signal in the timer/counter control register 1
TnADCTRG Output | Timer n ADC trigger source signal
TnINT Output Timer n interrupt signal
TnO Qutput Timer n output signal to TnlO
SYNC CLEAR OUT Qutput Synchronized counter clear signal
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8.3.3 Clock Selection

The counter clock can be provided by the following clock sources:

*  Peripheral system clock (PCLK)
e Timer external clock (SCU_MCCRS3 register)

e Input to pin TnlO for timer clock source

Users can select a clock source by configuring the CKSEL[2:0] in TIMERNn_CR

8.3.3.1 Peripheral System Clock (PCLK)

Users can select a timer input clock source using five PCLK divide levels (PCLK /1, PCLK /2, PCLK/
4, PCLK /16, PCLK / 64). If CKSEL[2:0] in the TIMERN_CR1 is set to a number between 0 and 3, the
timer clock is provided by the PCLK divide level.

Table 49. PCLK Clock Selection by CKSEL[2:0] in TIMERNn_CR1

CKSEL[2:0] in TIMERNn_CR1 TIMERnN Clock Source Selection
000 PCLK /2
001 PCLK/ 4
010 PCLK/ 16
011 PCLK /64
101 PCLK /1

8.3.3.2 Timer External Clock (SCU_MCCR3 Register)

Users can select a timer input clock source by configuring the SCU_MCCRS register. The selectable
clock sources include LSI, MCLK, and HSI. If the CKSEL[2:0] in TIMERn_CR1 is set to “100’, the timer
clock is provided by the SCU_MCCRS register.

Table 50. SCU_MCCRS3 Register and CKSEL[2:0] in TIMERn_CR1
CKSEL[2:0] in TIMERNn_CR1 TIMERnN Clock Source Selection
100 EXT_CLK (SCU_MCCRS3 register)

The EXT_CLK can be set by the SCU_MCCRS3 register, miscellaneous clock control register 3. Because
the PCLK is the standard of operation, the SCU_MCCR3 value must be set slower than the PCLK, and
therefore, it must be divided at least three times if the EXT_CLK clock source uses the same frequency
as the PCLK. If the PCLK is 1/2 slower than the EXT_CLK clock source, the EXT_CLK clock source
must be divided at least six times.
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8.3.3.3 Input to Pin TnlO for Timer Clock Source

Users can select a timer input clock source using input on port TnlO. If the IOSEL in TIMERn_CR1 is

set to 0, the TnlO pin is set as input.

Table 51. TnlO and IOSEL in TIMERn_CR1

IOSEL in TIMERNn_CR1

Description

0

Sets the pin as an input port.

1

Sets the pin as an output port.

If the CKSEL[2:0] in TIMERN_CR1 is set to “11X’, the timer clock is provided by input on port TnlO.

Table 52. TnlO and CKSEL[2:0] in TIMERn_CR1

CKSEL[2:0] in TIMERn_CR1

Counter Clock Source Selection

11X

Input to pin TnlO
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8.3.4 Time-Base Unit

The main block of the programmable 16-bit timer is a timer/counter with its related timer/counter count
register. The counter is incremented based on the specified input clock. The counter clock can be
divided by a prescaler.

The time-base unit includes the following registers:
e Timer counter register: TIMERn_CNT
e Timer prescaler register: TIMERn_PRS
* Timer general data register A: TIMERn_GRA
* Timer general data register B: TIMERn_GRB

*  Miscellaneous clock control register: SCU_MCCR3
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8.3.4.1 Prescaler Description

The prescaler is used to set the timer input frequency divider. It is 10 bits wide. Users can generate
precise and varied timer base clocks by applying the prescaler to the timer clock source that has been
selected in TIMERN_CR1 register.

The TMCLK shown in Figure 41 is a reference clock for operating the timer. The frequency of this clock
can be divided by setting the prescaler to operate a counting clock. This figure shows the start and end
points of a counter in normal periodic mode When changing the timer settings or restarting the timer
with a new value, it is recommended that users set the TCLR in TIMERNn_CR2 before setting the TEN
in TIMERn_CR2.

Figure 41. Counter Timing Diagram with Basic Start and Match Operations

o ) (A) (B)
TIMER intialize | TIMER start time | |
I

‘
|

K I - -

\ ! ! | |

\
PCLK \

TMCLK \
ocsepo || SRS
i
Prescale counter ‘\‘ ’
PRS[9:0]=0x002 S
ommmmmmmmmm s v 1 !
i TCLK | Vo
| ;
Internal counter(® XX\ >< 0x0000 0x0001 0x0002 0x0003
B

TCLR q

Data 0 buffer 0x0000 ><
I

i
T
f f
>< OxOPOO 0x0001 0x0p02 0x0000 0x0001 0x0002 0x0000 0x0001 0x0002 X 0x0000 0x0001
!
i
|
|
i
i
i
i
i

GRA[15:0]=0x00FF 0x00FF
‘

Data 1 buffer 0x0000 >< 0100
GRB[15:0]=0x0100 :

(a) Timer initialization is done by TCLR command and timer will be started by TEN command.

Match B time . Next period start

Match A time i counter reset ¥
I I
1

|
PCLK
TMCLK ‘ ‘

CKSEL[2:0]=0

Internal prescale cunter i |
PRS[0:0]20x002 P02 X 0x0000 X 0x0001 X 0x0002 X 0x0000 X 0x0001 X 0x0002 X 0x0000 X 0x0001 X 0x0002 X 0x0000 X 0x0001 X 0x0002
] I

fmmmm—————————— . I I

] ] ] ]

i
H ! ! i
! Internal counter" 0X00FE >< OX00FF >< 0x0000 0x0001
i ) i

Data 0 buffer
GRA[15:0]=0x00FF

Data 1 buffer
GRB[15:0]=0x0100

MFA interrupt |
! T
! j
MFB interrupt 1
i

(b) Timer will be reset by match GRB timing and count again from '00".

NOTE:
1. Internal counter clock period (A~B) is PCLK x (2 x (2 + 1)), that is, 6 x PCLK.
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8.3.5 Periodic Mode

Figure 42 shows a timing diagram for normal periodic mode operation. The TIMERn_GRA value
determines the timer period. At this time, the TIMERn_GRB value must be set to be equal to the
TIMERN_GRA value.

Figure 42. Normal Periodic Mode Operation
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The timer’s count period can be calculated by using the formula below:

e Period = TCLK period x TIMERn_GRA value

e Match Ainterrupt time = TCLK period x TIMERNn_GRA value

If the TIMERNn_GRA value is ‘0’, the timer cannot be started even if the TEN in TIMERn_CRZ2 is set to
‘1’ because the period is 0.

The values of the TIMERn_GRA and TIMERn_GRB registers are loaded into the internal compare data
buffers 0 and 1 when the loading condition is satisfied. In this periodic mode with the UAO in
TIMERN_CR1 set value of ‘0’, it will load TIMERNn_GRA and TIMERn_GRB values to the compare data
buffers when user write '1' to the TCLR in TIMERn_CR2 register or the GBD match event occurred.

When the UAO in TIMERn_CR1 is set to ‘1’, the internal compare data buffer is updated whenever the
TIMERN_GRA or TIMERNn_GRB data is updated. The TnlO output signal will be toggled at every Match
A condition time.
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If the TIMERNn_GRA value is zero and the TIMERn_GRB value is not zero, the TnlO output does not
change its previous level. If the TIMERn_GRA value is the same as the TIMERn_GRB value, the TnlO
output will toggle simultaneously depending on the counter clear time. The initial level of the TnlO signal
is decided by the STARTLVL in TIMERn_CR1.

8.3.5.1

Operation According to TIMERn_GRA and TIMERNn_GRB Settings

For normal counter mode operation, users must enter the same value in the TIMERn_GRA
and TIMERn_GRB registers.

— Please refer to Table 53 according to the TIMERn_GRA and TIMERn_GRB register
settings.

To use the Timer Overflow function, users must write ‘0’ to both the TIMERn_GRA and
TIMERN_GRB registers.

— If the TIMERN_GRA register or the TIMERN_GRB register has a value other than ‘0’, the
Match flag occurs.

— To generate the normal OverFlow flag, write ‘0’ to both the TIMERn_GRA and
TIMERN_GRSB registers.

Table 53. Operations Comparison Based on TIMERn_GRA/GRB Settings

No | GRA[15:0] | GRB[15:0] | UAO | OUTPOL | IOSEL | STARTLVL TnlO Pin Output
1 1000 1000 0/1 0 1 0 Normal operation
2 1000 2000 0/1 0 1 0 Outputs the GRB[15:0] setting value.
3 1000 0 0/1 0 1 0 Outputs the GRB[15:0] setting value.
4 1000 1t0 999 0/1 0 1 0 No output
5 1000 65535 0/1 0 1 0 Outputs the GRB[15:0] setting value.
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*  Figure 43 shows the operation waveform according to the UAO in TIMERNn_CR1 settings.

8. 16-bit Timer

8.3.5.2 Operation According to UAO, OUTPOL, and STARTLVL

— If the UAO in TIMERNn_CR1 value is ‘0’, the TIMERn_GRA/GRB value which has been
updated after the current cycle operation is applied.

— If the UAO in TIMERNn_CR1 value is ‘1°, the TIMERn_GRA/GRB value is applied within

the current cycle operation.

Figure 43. Operation Waveform Depending on UAO
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e Figure 44 shows the operation waveform according to the STARTLVL in TIMERn_CRH1,
OUTPOL in TIMERN_CR1 settings.

— The STARTLVL in TIMERNn_CR1 is reflected in TnlO by TCLR in TIMERNn_CR2.

— The OUTPOL in TIMERNn_CRH1 register is applied when the timer counter is cleared after
setting. (Applied after the current cycle operation)

STARTLVL = 0 (Low)
OUTPOL = 0 (Normal)

TIMER start

STARTLVL = 1 (High)
OUTPOL = 0 (Normal)

TIMER start

I 50%
| duty toggle
[

N

I 50%

duty toggle
f—»

.

Figure 44. Operation Waveform According to STARTLVL and OUTPOL

STARTLVL =0 (Low)
OUTPOL =1 (Inversion)

TIMER start

STARTLVL = 1 (High)
OUTPOL =1 (Inversion)

TIMER start

malininlin

LU
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8.3.5.3
1.

8.3.5.4

10.
11.
12.

Notes on Counter Mode Operation

If the timer counter is cleared during timer operation, the output of the timer pin (TnlO) is
changed.

The timer counter is cleared when the TIMERn_CNT register is forcibly cleared or when the
TIMERN_GRB register is matched.

When the timer stops, the Timer pin (TnlO) output maintains the status at the time of stopping,
and when the timer counter is cleared, it is changed to the setting value of the STARTLVL in
TIMERN_CRA1.

Counter Mode Register Setting Sequence

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Write ‘0’ to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODE[1:0] in
TIMERNn_CR1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERNn_CRH1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERN_PRS register.

Write ‘1’ to the IOSEL in TIMERN_CR1 to set the timer input/output (TnlO) pin.

Enter the same set value in the TIMERNn_GRA and TIMERNn_GRB registers for period timer
operation.

Write ‘1’ to the corresponding bit of the TIMERN_SR register to clear the pending interrupt.
Write ‘1’ to the MAIE in TIMERN_IER to set the timer match interrupt.
Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

Write ‘1’ to the TEN in TIMERNn_CR?2 to start the timer operation.

\BO\ 183

SEMICONDUCTOR



8. 16-bit Timer A31C111 User's Manual

8.3.6 Capture Mode

Figure 45 shows a timing diagram for the capture mode operation. The TnlO input signal is used for
capturing the pulse. Rising and falling edges can capture the counter value in each capture condition.

Figure 45. Timing Diagram of Capture Mode Operation
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The actual capture point is five PCLK clock cycles after the rising or falling edge of the TnlO input signal.
The internal counter can be cleared in multiple modes. The CLRMOD[1:0] in TIMERNn_CR1 controls
counter clearing in capture mode. The supported modes include rising-edge clear mode, falling-edge
clear mode, both-edge clear mode, and non-clear mode.

The example timing diagram in Figure 45 describes rising-edge clear mode. On the falling edge of the
input signal on the TnlO, the TIMERNn_GRA register captures the CNT value; on the rising edge, the
TIMERN_GRSB register captures the CNT value.

NOTE:

1. Since the timer input operates as a functional pin of a GPIO port, users must first set the GPIO port to function pin
mode. When the GPIO port is set to function pin mode, it operates as an input port or an output port according to the
timer operation mode.
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To use the capture mode, set the GPIO port to function pin mode (TnlO) and then set the IOSEL in
TIMERN_CR1 to ‘0'.

Table 54. Operation Status by Capture Mode

C'f&"é%ﬂ%ﬂf" Clear Mode TIMERn_GRA Data TIMERn_GRB Data
00 Rising edge clear Falling edge capture Rising edge capture
01 Falling edge clear Rising edge capture Falling edge capture
10 Both edge clear Falling edge capture Rising edge capture
11 Disable clear Rising edge capture Falling edge capture
8.3.6.1 Capture Mode Register Setting Sequence

1.

10.
11.

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Initialize the TIMERn_GRA and TIMERNn_GRB registers to zero.
Write ‘0’ to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODEJ[1:0] in
TIMERNn_CRH1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERNn_CR1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERN_PRS register.

Write ‘0’ to the IOSEL in TIMERN_CR1 to set the timer input/output (TnlO) pin.

For the clear selection in capture mode, enter the corresponding set value in the CLRMOD[1:0]
in TIMERNn_CR1.

Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

Write ‘1’ to the TEN in TIMERNn_CR2 to start the timer operation.
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8.3.7 PWM Mode

Figure 46 shows a timing diagram for the PWM output mode operation. The TIMERn_GRB value
decides the PWM pulse period. An additional comparison point is provided by the TIMERn_GRA register
value which defines the pulse width of PWM output.

Figure 46. Timing Diagram of PWM Output Operation
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The PWM pulse period can be calculated by using the formula below:

e Period = TCLK period x TIMERn_GRB value

e Duty = TCLK period x TIMERNn_GRA value

If the TIMERNn_GRB value is 0x0000, the timer cannot be started even if the TEN in TIMERn_CR2 is
set to ‘1’ because the period is 0x0000.

The values of the TIMERn_GRA and TIMERn_GRB registers are loaded into the internal compare data
buffers 0 and 1 when the loading condition is satisfied. In this PWM mode with the UAO in TIMERn_CR1
set value of ‘0, it will load TIMERn_GRA and TIMERn_GRB values to the compare data buffers when
user write '1' to the TCLR in TIMERn_CR2 register or the GRB match event occurred.

When the UAO in TIMERN_CRH1 is set to ‘1’, the internal compare data buffer is updated whenever the
TIMERNn_GRA or TIMERNn_GRB data is updated.

The TnlO output signal generates a PWM pulse.
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The TIMERNn_GRB value defines the output pulse period, and the TIMERN_GRA value defines the pulse
width of PWM pulse. The active level of the PWM pulse can be controlled by the STARTLVL in
TIMERN_CRA1.

ADC trigger generation is available at Match A interrupt time.

8.3.7.1

PWM Mode Operation Characteristics and Precautions

Precautions for setting the TIMERN_GRA register are shown below:

8.3.7.2

The TIMERn_GRA value must be greater than zero and less than or equal to the
TIMERN_GRB value.

PWM Mode Register Setting Sequence

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Write ‘0’ to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODE[1:0] in
TIMERNn_CR1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERNn_CRH1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERN_PRS register.

Write 1’ to the IOSEL in TIMERN_CR1 to set the timer input/output (TnlO) pin.
Enter the set values in the TIMERn_GRA and TIMERn_GRB registers for PWM operation.

Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

10. Write ‘1’ to the TEN in TIMERNn_CR?2 to start the timer operation.
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8.3.8 One-Shot Mode

Figure 47 shows a timing diagram for the one-shot mode operation. The TIMERn_GRB value
determines the one-shot period, and the TIMERn_GRA value provides another comparative point.

Figure 47. Timing Diagram of One-Shot Mode Operation
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The one-shot count period can be calculated by using the formula below:

e Period = TCLK period x TIMERn_GRB value

*  Duty = TCLK period x TIMERn_GRA value

If the TIMERNn_GRB value is 0x0000, the timer cannot be started even if the TEN in TIMERn_CR2 is
set to ‘1’ because the period is zero.

The values of the TIMERn_GRA and TIMERnN_GRB registers are loaded into the internal compare data
buffers 0 and 1 when the loading condition is satisfied. In this one-shot mode with the UAO in
TIMERN_CR1 set value of ‘0’, it will load TIMERn_GRA and TIMERNn_GRB values to the compare data
buffers when user write '1' to the TCLR in TIMERn_CR2 register or the GRB match event occurred.
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When the UAO in TIMERn_CR1 is set to ‘1’, the internal compare data buffer is updated whenever the

TIMERNn_GRA or TIMERN_GRB data is updated.

The TnlO output signal format is the same as in PWM mode. The TIMERn_GRB value defines the
output pulse period, and the TIMERn_GRA value defines the one-shot pulse width.

8.3.8.1

One-Shot Mode Operation Characteristics and Precautions

Precautions when setting the TIMERN_GRA register:

— The TIMERn_GRA value must be greater than 0x0000 and less than or equal to the

TIMERN_GRB value.

Operation sequence according to the STARTLVL in TIMERNn_CR1 settings:

— Ifthe STARTLVL is ‘1’, GRA (Duty) High output — GRB-GRA Low output — High output

— Ifthe STARTLVL is ‘0’, GRA (Duty) Low output — GRB-GRA High output — Low output

— Refer to the table below that compares the operations according to the STARTLVL and
OUTPOL settings.

Table 55. One-Shot Mode Operation Setting Table

Case

GRA[15:0]

GRB[15:0]

UAO

POL

I0OSEL

STARTLVL

Remarks

#1

500

2000

1(Out)

Initial output: Low

High pulse output between
GRA[15:0] and GRB[15:0]

#2

500

2000

1(Out)

Initial output: High

Low pulse output between
GRA[15:0] and GRB[15:0]

#3

500

2000

(1)

1(Out)

Initial output: High

Low pulse output between
GRA[15:0] and GRB[15:0]

#4

500

2000

(1)

1(Out)

Initial output: Low

High pulse output between
GRA[15:0] and GRB[15:0]
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8.3.8.2 One-Shot Mode Register Setting Sequence

190

1.

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Write ‘0’ to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODEJ[1:0] in
TIMERNn_CR1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERNn_CRH1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERN_PRS register.

Write ‘1’ to the IOSEL in TIMERN_CR1 to set the timer input/output (TnlO) pin.
Enter the set values in the TIMERNn_GRA and TIMERN_GRB registers for One-shot operation.

Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

10. Write ‘1’ to the TEN in TIMERN_CR?2 to start the timer operation.
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8.3.9 ADC Trigger

The timer module can generate ADC start trigger signals. One timer can be one trigger source of the

ADC module. The trigger source is controlled by the ADC control registers.

Figure 48, Figure 49, and Figure 50 show how the ADC triggering works in each mode. The conversion

rate must be shorter than the timer period; otherwise, an overrun can occur. ADC acknowledge is not

required because the trigger signal is automatically cleared three PCLK clock pulses later.

Figure 48. Timing Diagram of ADC Triggering (TRGMOD[1:0] = ‘00’)
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Figure 49. Timing Diagram of ADC Triggering (TRGMOD[1:0] = ‘10’)
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Figure 50. Timing Diagram of ADC Triggering (TRGMOD[1:0] = “11’)
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8.3.9.1 ADC Trigger Operation Characteristics and Precautions

If the TIMERNn_GRB value is less than or equal to the TIMERn_GRA value or the TIMERn_TRGPNT
value, the timer counter is cleared whenever timer counter matches with TIMERn_GRB value. So, the
matching event doesn’t occur.
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8.3.9.2
1.

10.

11.
12.
13.

Register Setting Sequence for ADC Trigger Operation

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Write ‘0’ to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODE[1:0] in
TIMERN_CRH1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERn_CR1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERNn_PRS register.

Enter the corresponding set values in the TIMERn_GRB and TIMERNn_GRA registers to set
the timer period and trigger point.

Write ‘1’ to the ADCTRGEN in TIMERn_CR1 to use the trigger source.

Enter the corresponding mode set value in the TRGMOD][1:0] in TIMERn_CR1 to select the
trigger mode.

Enter the set value in the TIMERN_TRGPNT register to set the additional trigger point.

A. If the TIMERNn_GRA register or the TIMERn_TRGPNT register is selected by the
TRGMOD[1:0] in TIMERN_CR1, when the value set in the selected register matches the
TIMERN_CNT value, the ADC is triggered, and its value can be read.

Initialize the ADC registers. (Set the TRGSEL[1:0] in ADC_MR to ‘01°.)
Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

Write ‘1’ to the TEN in TIMERNn_CR? to start the timer operation.
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8.3.10 Timer Synchronization

PWM outputs are usually used as synchronous PWM signal control. This function is provided with
synchronous start. Figure 51 shows synchronous PWM generation.

Figure 51. Timer Synchronization Example (SSYNC =1, CSYNC = 1)
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The SSYNC in TIMERNn_SYNC controls start synchronization with other timer modules. In the above
figure, the TIMERO (Slave Timer) waveform shows that the timer’s start is synchronized to the start of
the signal from TIMER1 (Master Timer).

For this SYNC function in the figure above, both the Master and Slave Timers’ synchronous start bits
must be set enabled: In the Master Timer’s TIMER1_SYNC register, the TOSYNCB and SSYNC must
be set to “1’. In the Slave Timer’'s TIMERO_SYNC register, the SSYNC must be set to ‘1°.

If only the Master Timer’s synchronous start bit is set enabled for the Slave Timer while the Slave’s
synchronous start bit is disabled, the Slave Timer can run independently without being affected by the
Master Timer’s start synchronization signal.
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Additionally, because TIMERO (Slave) operates as synchronized to TIMER1's (Master’s) Start
Synchronization signal, it runs even if the TEN in TIMERO_CR2 is set to ‘0.

Figure 52. Timer Synchronization Example (CSYNC = 1)
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The CSYNC in TIMERNn_SYNC controls clear synchronization with other timer modules. In the above
figure, the TIMER1 (Slave Timer) waveform shows that the timer’s clear is synchronized to the clear of
the signal from the TIMERO (Master Timer).

For this CSYNC function in the figure above, both the Master and Slave Timers’ synchronous clear bits
must be set enabled: In the Master Timer’'s TIMERO_SYNC register, the TISYNCB and CSYNC must
be set to “1’. In the Slave Timer’'s TIMER1_SYNC register, the CSYNC must be set to ‘1’.

If only the Master Timer’s synchronous clear bit is set enabled for the Slave Timer while the Slave’s
synchronous clear bit is disabled, the Slave Timer can run independently without being affected by the
Master Timer’s clear synchronization signal.
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8.3.10.1 Delayed Timer Synchronization

The PWM delayed synchronization function is used between timers within the same group (Group 1:
TO, T1, ..., T9); synchronization is delayed by the amount of time written to the SYNCDLY[15:0] in
TIMERN_SYNC.

Using this function, users can have slave Timers start sequentially after a certain amount of delay time
since the Master Timer started.

Figure 53. Delayed Timer Synchronization Example (SSYNC = 1)
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For example, as shown in Figure 53, to start the TIMER1 (Slave) after 0x100 counts from the TIMERO’s
(Master’s) synchronization signal output, users must set the Master Timer’s TIMERO_SYNC register to
T1SYNCB = 1, SSYNC = 1, and SYNCDLY[15:0] = 0x100. And then, the users must set the Slave
Timer’'s SSYNC in TIMER1_SYNC to ‘1.

Additionally, because the TIMER1 (Slave) operates as synchronized to the TIMERO’s (Master’s) start
signal, it runs even if the TEN in TIMERn_CR2 is set to ‘0’.

The Start SYNC can be used in cascaded structure, but the Clear SYNC cannot be used in cascaded
structure.
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8.3.10.2 Timer Synchronization Operation Characteristics and Precautions

1. To use SSYNC, the TEN in TIMERn_CR2 must be set to ‘0’ for the Slave Timer. (This
synchronizes to the initial operation and can create a sync-delay by cascading multiple timers.)

2. Touse CSYNC, the TEN in TIMERNn_CR2 must be set to ‘1’ for the Slave Timer. (This clears
the Slave Timer counter using the Clear signal of the Master Timer, and timers cannot be

cascaded.)

3. The SSYNC is a signal that is generated once at the initial stage, and the CSYNC is a signal
that is generated at every cycle.

4. Ifthe SSYNC and CSYNC are set at the same time, the timer operates based on the SSYNC
at the initial operation, and afterwards, the timer counter is cleared by the CSYNC.

Figure 54 and Figure 55 show the operation waveform of the SSYNC and CSYNC signals in cascaded
structure. The timers in the figures below are cascaded in the order of TIMERO — TIMER1 — TIMERS3.

Figure 54. SSYNC Operation Example
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8.3.10.3 Register Setting Sequence for Synchronous Function Operation

198

1.

10.

11.

12.

13.

14.

To enable the system access, write a reserved value to the corresponding bit of the System
access enable register (SCU_SYSTEN).

To enable the timer module, write ‘1’ to the corresponding bit of the peripheral enable register1
(SCU_PER1) and the peripheral clock enable register1 (SCU_PCER1).

Write 0x0000 to the TIMERN_CNT register to initialize the timer counter.

To set the timer mode, enter the corresponding mode set value in the MODE[1:0]
TIMERN_CRH1.

To set the timer clock source, enter the corresponding set value in the CKSEL[2:0] in
TIMERn_CR1.

To generate a more precision base clock, apply a prescaler to the timer clock source and enter
the set value in the TIMERNn_PRS register.

Write ‘1’ to the IOSEL in TIMERnN_CR1 to set the timer input/output (TnlO) pin.
Enter the set values in the TIMERn_GRA and TIMERN_GRB registers for PWM operation.

To use the synchronization function, write ‘1’ to the SSYNC in TIMERn_SYNC or the CSYNC
in TIMERn_SYNC.

A. When using a synchronized counter start mode, set the SSYNC in TIMERn_SYNC.
B. When using a synchronized counter clear mode, set the CSYNC in TIMERn_SYNC.

To use a sync delay, enter the corresponding set value in the SYNCDLY[15:0] in
TIMERN_SYNC.

Repeat steps 1 through 10 above to set all timers that use the synchronization function. And
write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

For the timer operating as the Master, enter the corresponding set value in the TnSYNCB in
TIMERN_SYNC to select the Slave Timer.

Write ‘1’ to the TLCR in TIMERN_CR2 to apply current timer setting.

Write ‘1’ to the TEN in TIMERNn_CR2 to start the timer that operates as the Master.
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8.3.11 Direction Bit Output

Since the timer outputs through a function pin of a GPIO port, users must set the GPIO port as a function
pin. When the GPIO port is set to function pin mode, it operates as an input port or an output port
depending on the timer operation mode.

Users can set the timer output value by configuring the IOSEL, OUTPOL, and STARTLVL in
TIMERN_CR1 register. Setting the IOSEL determines the timer input/output pin and setting the OUTPOL
selects the polarity between the normal output and inversion output. Setting the STARTLVL allows users
to select the initial output value and select whether to set the start output value to Low or High.

8.3.12 Debug Mode

When the microcontroller enters debug mode, the timer counter continues to work. Therefore, the
outputs (TnlO) are enabled, although the core halted, when the TEN in TIMERNn_CR2 is set. When the
TEN in TIMERNn_CR?2 is cleared, the outputs (TnlO) are disabled.

8.3.13 Interrupts

The TIMERN can generate interrupts, as shown in Table 56.

Table 56. Interrupt Requests

Interrupt event Event flag Enable control bit Interrupt clear method
Overflow interrupt OVF in TIMERN_SR OVIE in TIMERN_IER | Writing a ‘1’ to OVF in TIMERNn_SR
GRB match interrupt | MFB in TIMERNn_SR MBIE in TIMERN_IER | Writing a ‘1’ to MFB in TIMERn_SR
GRA match interrupt MFA in TIMERNn_SR MAIE in TIMERN_IER | Writing a ‘1’ to MFAin TIMERN_SR

NOTE:

1. When using overflow interrupt, set the TIMERNn_GRA value and TIMERn_GRB value to zero. (Especially if the
TIMERN_GRB value is not set to zero, OVF in TIMERn_SR will not be generated.)
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8.4 Timer Registers

The base address of 16-bit timer is described in the following:

Table 57. Base Address of 16-bit Timer

Name Base Address
TIMERO 0x4000_3000
TIMER1 0x4000_3040
TIMER2 0x4000_3080
TIMER3 0x4000_30C0

Table 58. 16-bit Timer Register Map

Name Offset Type Description Reset Value Ref.
TIMERN_CR1 0x0000 RW Timer n Control Register 1 0x0000_0000 8.4.1
TIMERNn_CR2 0x0004 RW Timer n Control Register 2 0x0000_0000 8.4.2
TIMERNn_PRS 0x0008 RwW Timer n Prescaler Register 0x0000_0000 843
TIMERNn_GRA 0x000C RW Timer n General Data Register A 0x0000_0000 8.4.4
TIMERNn_GRB 0x0010 RW Timer n General Data Register B 0x0000_0000 845
TIMERN_CNT 0x0014 RW Timer n Counter Register 0x0000_0000 8.4.6
TIMERNn_SR 0x0018 | RWC1 | Timer n Status Register 0x0000_0000 8.4.7
TIMERN_IER 0x001C RwW Timer n Interrupt Enable Register 0x0000_0000 848
TIMERn_TRGPNT | 0x0020 RW Timer n Trigger Point Register 0x0000_0000 849
TIMERN_SYNC 0x0024 RW Timer n Sync Configuration Register | 0x0000_0000 8.4.10

NOTE:
1. n=0to3.
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8.41 TIMERN_CR1: Timer/Counter n Control Register 1

TIMERN_CR1 is a 32-bit register. The timer module must be set appropriately before running the timer.
After the use of the timer is specified, the timer can be set in TIMERn_CR1. After this register is set,
users can enable or disable the timer by setting the TIMERn_CR2.

TIMERO_CR1=0x4000_3000, TIMER1_CR1=0x4000_3040
TIMER2_CR1=0x4000_3080, TIMER3_CR1=0x4000_30C0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 1211 10 9 8|7 6 56 4 3 2 1 O

3 = lgllglEsl 2 |2 ¢

a = — Q ha

5 o |2EG &g @ |o| T

2 = |35|9 2 |O|l<| o = Q

i © o|7| ¢ |alh| ¥ x | 2
= < © o

- 00 |0|0|O - 00 000 00 00

- RW |RW|RW|RW| - |RW[RW RW RW RW

15 TRGMOD[1:0] ADC trigger mode selection
14 0X Selects TIMERn_GRA value trigger mode (normal mode).

10 Selects TIMERNn_TRGPNT value trigger mode.
11 Triggers both TIMERn_GRA and TIMERn_TRGPNT

values.
13 UAO GRA/GRB update mode selection
0 The value written to TIMERn_GRA or TIMERn_GRB is
applied after the current period.
1 The value written to TIMERn_GRA or TIMERn_GRB is
applied in the current period.
12 OUTPOL Timer output polarity
0 General output
1 General output inversion
11 IOSEL TnlO pin configuration
0 Sets the pin as an input port
1 Sets the pin as an output port
8 ADCTRGEN Whether to use the timer as an ADC trigger source
0 Does not use the timer as an ADC trigger source.
1 Uses the timer as an ADC trigger source.
7 STARTLVL Starting output value in periodic/PWM/one-shot modes
0 Sets the starting output value to ‘L’.
1 Sets the starting output value to ‘H'.
6 CKSEL[2:0] Counter clock source selection
4 000 PCLK/2
001 PCLK /4

010 PCLK/16
011  PCLK /64
100  EXT_CLK (SCU_MCCR3)™"

101 PCLK/M

11X Input to pin TnlO
3 CLRMOD[1:0] Clear mode selection in capture mode
2 00 Rising-edge clear mode

01 Falling-edge clear mode

10 Both-edge clear mode

11 Disables clearing.
1 MODE[1:0] Timer operation mode control
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0 00 Normal periodic mode
01 PWM mode
10 One-shot mode
11 Capture mode
NOTE:

202

1.  Ifthe EXT_CLK is set in CKSEL[2:0] of TIMERN_CR register, the clock speed must satisfy PCLK > TMCLK x 3.
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8.4.2 TIMERN_CR2: Timer/Counter n Control Register 2

TIMERN_CR2 is a 32-bit register and is used to control the timer’s operation. Before starting the timer,
users must set the TCLR in TIMERNn_CR2 to ‘1’ to clear the timer count register.

TIMERO_CR2=0x4000_3004, TIMER1_CR2=0x4000_3044
TIMER2_CR2=0x4000_3084, TIMER3_CR2=0x4000_30C4

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8‘7 6 543 2 10
3
xl=
% ol
3 s
x
0|0
WO|RW
1 TCLR Clearing of the timer count register("
0 Does not clear the register.
1 Initializes the timer. Writing a ‘1’ to TCLR clears the counter
register. (Automatically cleared to ‘0’ after operation.)
0 TEN Whether to enable or disable the timer
0 Stop the timer.
1 Start the timer.

NOTE:

1. Users must set the TCLR bit to ‘1’ before starting the timer to prevent a time error.

8.4.3 TIMERN_PRS: Timer/Counter n Prescaler Register

TIMERN_PRS is used to set the timer input frequency divider. It is 10 bits wide. Users can generate

precise and varied timer base clocks by applying the prescaler to the timer clock source that has been
selected in the TIMERN_CR1 register.

TIMERO_PRS=0x4000_3008, TIMER1_PRS=0x4000_3048
TIMER2_PRS=0x4000_3088, TIMER3_PRS=0x4000_30C8

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8‘7 6 543 2 10
Reserved PRS[9:0]
- 000
- RW
9 PRS[9:0] Prescaler value for the counter clock

TCLK = TMCLK / (PRS[9:0] + 1)
(TMCLK = Timer input clock selected by the setting of CKSEL[2:0]
in TIMERn_CR1)
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8.4.4 TIMERN_GRA: Timer/Counter n General Data Register A
The TIMERNn_GRA register is 16 bits wide.

TIMERO_GRA=0x4000_300C, TIMER1_GRA=0x4000_304C
TIMER2_GRA=0x4000_308C, TIMER3_GRA=0x4000_30CC

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8‘7 6 543 2 10
Reserved GRA[15:0]
- 0x0000
- RW
15 GRA[15:0] Timer general register A
0

This register is used for different purposes depending on the
operating mode.

Period/PWM/One-shot Modes:

The target count value is stored in the register.

If the counter value matches the TIMERNn_GRA value, the counter
is cleared to restart or stop running. When the timer is cleared,
TnlO outputs the STARTLVL in TIMERn_CR1 value.

If the counter value matches the register’'s value, the MFA in
TIMERnN_SR is triggered. When the GRA interrupt is triggered or
clearing is demanded, the counter value is copied to internal data
buffer 0.

In PWM mode, the GRA[15:0] value represents the duty value.

Capture mode:

- In rising-edge clear mode, the register stores the counter value
captured on the falling edge of the signal at port TnlO.

- In falling-edge clear mode, the register stores the counter value
captured on the rising edge of the signal at port TnlO.
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8.4.5 TIMERN_GRB: Timer/Counter n General Data Register B
The TIMERNn_GRB register is 16 bits wide.

TIMERO_GRA=0x4000_3010, TIMER1_GRA=0x4000_3050
TIMER2_GRA=0x4000_3090, TIMER3_GRA=0x4000_30D0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 13 1211 10 9 8‘7 6 543 2 10
Reserved GRBI[15:0]
- 0x0000
- RW
15 GRB[15:0] Timer general register B
0

This register is used for different purposes depending on the
operating mode.

Periodic mode:
It should be set the same as the TIMERn_GRA

PWM/One-shot mode:

The target count value is stored in the register. If the counter value
matches the register’s value, the MFB in TIMERN_SR is triggered.
In PWM mode, the TIMERn_GRB value represents the period
value.

Capture mode:

In rising-edge clear mode, the register stores the counter value
captured on the rising edge of the signal at port TnlO. (The
opposite edge to that of TIMERn_GRA)

In falling-edge clear mode, the register stores the counter value
captured on the falling edge of the signal at port TnlO. (The
opposite edge to that of TIMERn_GRA)

\BO\ 205

SEMICONDUCTOR



8. 16-bit Timer

A31C111 User's Manual

8.4.6 TIMERN_CNT: Timer/Counter n Count Register

TIMERN_CNT is a 16-bit register. The count is incremented based on the specified input clock. This

register can be both read and written.

TIMERO_CNT=0x4000_3014, TIMER1_CNT=0x4000_3054
TIMER2_CNT=0x4000_3094, TIMER3_CNT=0x4000_30D4

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8‘7 6 543 2 10

Reserved CNT[15:0]
- 0x0000
- RW
15 CNT[15:0] Timer count value
0 R Reads the current timer count.
W Sets the count value.

8.4.7 TIMERN_SR: Timer/Counter n Status Register

The TIMERN_SR register shows current timer status. This register is 8 bits wide.

TIMERO_SR=0x4000_3018, TIMER1_SR=0x4000_3058
TIMER2_SR=0x4000_3098, TIMER3_SR=0x4000_30D8

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 1211 10 9 8‘7 6 543 2 10
©
g <| | w
qa, | w| >
0 = =0
Q
14
0(0]|0
- RWC1RWC1IRWC
2 MFA TIMERN_GRA match flag
0 No TIMERn_GRA match has been detected.
1 A TIMERn_GRA match has been flagged.
1 MFB TIMERN_GRB match flag
0 No TIMERn_GRB match has been detected.
1 A TIMERn_GRB match has been flagged.
0 OVF

Counter overflow flag

0

No overflow event has occurred.

1

A counter overflow event has been flagged.
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8.4.8 TIMERN_IER: Timer/Counter n Interrupt Enable Register

TIMERN_IER register is 8 bits wide. Each status flag in the timer module can generate an interrupt. To
trigger an interrupt, users must write ‘1’ to the corresponding bit in this register.

TIMERO_SR=0x4000_301C, TIMER1_SR=0x4000_305C
TIMER2_SR=0x4000_309C, TIMER3_SR=0x4000_30DC

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8‘7 6 543 2 10
o
2 | W w
[0} <>
3 =|=|0O
o
0{0]|0
- RW|RW|RW
2 MAIE Whether to enable or disable the TIMERn_GRA match interrupt
0 Disables the TIMERn_GRA match interrupt.
1 Enables the TIMERNn_GRA match interrupt.
1 MBIE Whether to enable or disable the TIMERn_GRB match interrupt
0 Disables the TIMERn_GRB match interrupt.
1 Enables the TIMERNn_GRB match interrupt.
0 OVIE

Whether to enable or disable the counter overflow interrupt

0

Disables the counter overflow interrupt.

1

Enables the counter overflow interrupt.

8.4.9 TIMERN_TRGPNT: Timer/Counter n Trigger Point Register

The TIMERn_TRGPNT register is used to trigger the ADC at the desired timer counter point. This

register is 16 bits wide.

TIMERO_TRGPNT=0x4000_3020, TIMER1_TRGPNT=0x4000_3060
TIMER2_TRGPNT=0x4000_30A0, TIMER3_TRGPNT=0x4000_30E0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

151413 1211 10 9 8‘7 6 543 2 10

Reserved TRGPNT[15:0]
- 0x0000
- RW
15 TRGPNT[15:0] Timer trigger point value
0

Read: Reads the current trigger point value.

Write: Sets the trigger point value.
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8.4.10 TIMERN_SYNC: Timer/Counter n Sync Configuration Register

TIMERN_SYNC is used to synchronize TIMERO to TIMERS to start or clear the respective timers. For
example, it needs to set ‘15’ to SYNCDLY[15:0] in TIMERO_SYNC register and set ‘1’ to TISYNCB in
TIMERO_SYNC register if user wants to start TIMER1 after 15 counts after starting TIMERO.

It has no effect to set ‘1’ to TOSYNCB in TIMERO_SYNC register. And Syncing TIMERO from TIMER1
after TIMERO to TIMER1 has started syncing has no effect.

TIMERO_SYNC=0x4000_3024, TIMER1_SYNC=0x4000_3064
TIMER2_SYNC=0x4000_30A4, TIMER3_SYNC=0x4000_30E4

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 43 2 10
<)
Mmoo mlo w
3 ololo|o| 8 |olo =
c zlzlz|z| 2 |Z2|Z >
o > > > > o | > > a
@ winln vl & | o
@ OIN| O 0| o
FlH|—|F z
>
(7p]
- 0|0j0]|O0 - 0|0 0x0000
- RW [ RW | RW | RW - RW [ RW RW
20+x TxSYNCB® Synchronization settings to Tx:
As a master, the timer must select a slave timer that is enabled to
synchronize. The slave timer must not select a master timer.
0 Disables synchronization.
1 Enables synchronization.
17 SSYNC! Synchronizes other synchronization timer to start counter.
(The slave timer needs this configuration.)
0 Disables synchronization.
1 Counter start mode that is synchronized.
16 CSYNC Synchronizes other synchronization timer to clear counter.
(The slave timer needs this configuration.)
0 Disables synchronization.
1 Counter clear mode that is synchronized.
15 SYNCDLY[15:0]®  SYNC delay start count value setting bit (based on the master
0 counter)
The SYNCDLY[15:0] is used to set the interval between the starting
points of two synchronized timers. If this field is set to zero, the
timers start simultaneously.
(In this case, the two timers must not be running. If a value other
than zero is written while the timers are running, the interval is
applied from the next cycle onward.)
NOTES:
1. If synchronized slave timer is not enabled and SSYNC = 1, the synchronized slave timer starts counting when the

master counter’s count value reaches the value written to SYNCDLY[15:0].

2. If synchronization with TIMER1 is enabled in TIMERO_SYNC and synchronization with TIMER2 is enabled in
TIMER1_SYNC, TIMERO, TIMER1, and TIMER2 will start sequentially, with the delay specified by SYNCDLY[15:0]

inserted between each timer start.
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8.4.11 Timer Register Map Summary

Table 59. TIMER Register Map Summary

e I ] Y E N N B R T S A E B R R BT S EA EY B S R Y
2l 0zl B2l g |22
Q |o ] 2 =) et
o o x |E= —
oxo0 | TMERn_CR1 = |5|5(8 52| 4 S |a
S P131° 125 & | & ¢
[= < ° o
Reset value 0ojojofofoO ojlofofofo]o]|ofOfO
TIMERn_CR2 3|z
0x04 n- o¢
Reset value 0]0
ox0s | TMERn_PRS PRS[9:0]
Reset value oJoJoJoJoJoJoJoJoJo
oxoC | TMERN_GRA GRA[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
ox10 | TMERn_GRB GRB[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
ox14 | TMERn_CNT CNT[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJo]oJoJo]o
< | |w
oxis | TMERn_SR £23
Reset value ofofo
W W w
oxic | TMERn_ER <lz3
Reset value ofofo
TIMERN_ )
0x20 | TRGPNT TRGPNT[15:0]
Reset value ofoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
[anlg Waal Waa g laa]
8I81218| | |zl
TIMERN_SYNC S>> > > > SYNCDLY[15:0]
0x24 nl|lo|ln|ln n|n
R a4 ®|°
Reset value ojlofo]o ofofloJoJoJoJoJoJoJoJoJoJoJoJoJoJo]Jo
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9. UART

9.1 UART Introduction

This built-in UART module transmits and receives data according to user-specified settings and reads
the current UART status.

The UART status information includes type and conditions of the current UART transmission/reception
process and can be used to check for errors (Parity, overrun, framing, or break interrupts) that may
occur during data reception.

Each UART channel has a programmable baud-rate generator that generates an internal clock for the
corresponding UART unit by dividing the prescaled clock using a baud-rate divisor (Ranging from 1 to
65535) and then dividing the result by 16.

Users can program interrupts that can control UART communication.
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9.2 Main Features
The UART of A31C111 series features the following:

e A 16450 full-duplex asynchronous serial communication port is supported.

e Configurable standard asynchronous communication bits (Start, stop, and parity) are
supported.

e User-programmable serial communication is available.
— 5,6, 7, or 8 data bits
— Even, odd, or no parity generation and checking
— 1-,1.5-, or 2-stop bit generation and checking
* A 16-bit baud-rate generator and an 8-bit fractional compensator are included.
* Single or multi-sampling for start and data bits
* Delay between data frames is possible.
e Separate signal polarity control for transmission and reception
e Transfer status indicated by the interrupt ID and line status registers
— Stop bit error detection
— Notification about communication status.
— Line break generation and checking
— Receive error diagnosis

e Apriority-based interrupt system

9.2.1 UART Implementation

Table 60 describes the UART implementation in the A31C111 series.

Table 60. UART Features

UART Modes/Features UART
Burst Transfer using DMA N/A
UART data length 5, 6, 7 and 8 bits
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9.3 UART Functional Description

A31C111 User's Manual

The UART module is compatible with 16450 UART. It provides fractional compensation logic to obtain

baud-rates.

9.3.1 UART Block Diagram

Figure 56 shows a block diagram of UART.

Figure 56. UART Block Diagram

APB

PCLK

Registers

Receiver Buffer Register

(RBR) <

Line Control Register
(LCR)

Buadrate Register
(BDR)

Baudrate Fraction Register
(BFR)

Line Status Register
(LSR)

Transmit Hold Register
(THR)

Interrupt Enable Register

(IER)

Interrupt ID Register

(IR)

Receiver
shift register

Je—RxD

A

Baud
generator

Receiver
timing and control

»| Interrupt control logic

UART interrupt

Transmitter
timing and control

}

Transmitter
shift register

—» 0

212

\BO\

SEMICONDUCTOR



A31C111 User's Manual

9.3.2 UART Pins and Signals

Table 61 describes external pins assigned for UART.

Table 61. Pin Assignment of UART: External Pins

9. UART

Package Type
Pin o A31C111FU
Name Type Description AS1CT1EY A31C111FR | A31C111AE | A31C111TS
28-TSSOP 16-SOPN 10-SSOP

woamy | ) | ( ) | )
TXDO (0] UART channel 0 transmit output (0] (0] 0] (0]
RXDO I UART channel 0 receive input (0] (0] 0 (0]

9.3.2.1 UART Bidirectional Communications

UART bidirectional communication requires at least two pins such as Receive Data In (RXD) and
Transmit Data Out (TXD).

RXD is a serial data input. Oversampling techniques are used for data recovery. They discriminate
between valid incoming data and noise.

TXD is a serial data output. When the UART module is enabled and no data needs to be transmitted,
the TXD pin is high state.
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9.3.3 UART Character Description

The data length can be set to 5, 6, 7 or 8 bits, by configuring the DLEN][1:0] in the UARTNn_LCR register
as described below:

e For 5-bit character length: DLEN[1:0] = ‘00’ (refer to Figure 61)
*  For 6-bit character length: DLEN[1:0] = ‘01’ (refer to Figure 60)
e For 7-bit character length: DLEN[1:0] = “10’ (refer to Figure 59)

e  For 8-bit character length: DLEN[1:0] = “11° (refer to Figure 58)

By default, the signal (TXD or RXD) is in low state during the start bit. It is in high state during the stop
bit.

Figure 57 shows that the signal value (TXD and RXD) can be inverted, separately for each signal,
through UARTn_DCR’s data inversion control.

Figure 57. Data Inversion Control Diagram

Transmitter
shift register

] TXD

e

]

TXINV in UARTn_DCR

[ ]

Receiver ] RXD

shift register

|

RXINV in UARTn_DCR

)
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Figure 58 shows a timing diagram of data length programming. A Break condition is interpreted on
receiving ‘0’s for longer than the time taken to receive the entire data word (i.e., the sum of the start,
data, parity, and stop bits). The transmission and reception clocks are generated when the enable bit is
set for the UART peripheral and clock, respectively.

Figure 58. Timing Diagram of 8-bit Data Length

8-bit data length (DLEN[1:0] = '11"), 1 stop bit

i i

Clock E E
I

|

|

]
E Data frame

start | bit 0 | bit1 | bit 2 | bit 3 | bit 4 | bit 5 | bit 6 | bit 7 | stop

Break frame

(When BREAK = 1) BREAK =0
I
I
I
Figure 59. Timing Diagram of 7-bit Data Length
7-bit data length (DLEN[1:0] = '10"), 1 stop bit
I I
I I
I I
| Data frame E
start | bit O | bit 1 | bit 2 | bit 3 | bit 4 | bit 5 | bit 6 | stop
Break frame E
(When BREAK =1) ! BREAK =0
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Figure 60. Timing Diagram of 6-bit Data Length

A31C111 User's Manual

6-bit data length (DLEN[1:0] = '01') 1 stop bit

I I
| Data frame E
start | bit O | bit 1 | bit 2 | bit 3 | bit 4 | bit 5 | stop
Break frame E
(When BREAK = 1) ! BREAK =0
Figure 61. Timing Diagram of 5-bit Data Length
5-bit data length (DLEN[1:0] = '00') 1 stop bit
I I
Clock ! _‘
| Data frame E
start | bit O | bit 1 | bit 2 | bit 3 | bit 4 | stop
Break frame E
(When BREAK =1) ! BREAK =0

216

\BO\

SEMICONDUCTOR



A31C111 User's Manual 9. UART

9.3.4 UART Transmitter
9.3.4.1 Data Format

The UART transmitter is a block for transmitting data. For each data word, the start bit, data bits, optional
bit, and stop bit are shifted serially in and out of the corresponding register, one bit at a time at the Least
Significant Bit (LSB).

The number of data bits can be determined by setting the DLEN[1:0] in UARTn_LCR register. The
UART transmitter sends data words of either 5, 6, 7, or 8 bits, based on set value of the DLEN[1:0] in
UARTN_LCR register.

The parity bit type can be determined by setting the PARITY and PEN in UARTn_LCR register. If even
parity is selected, the parity bit is determined by the bit sum of all the data bits. For odd parity, the parity
bit takes the opposite value to that of even parity. The number of stop bits is defined by configuring the
STOPBIT in UARTNn_LCR register.

Figure 62 shows an example format of transmitting data.

Figure 62. Example Format of Transmit Data

8-bit data, parity enable and 1 stop bit
TXD
IDLE START | DATAO | DATA1 | DATA2 | DATA3 | DATA4 | DATAS | DATA6 | DATA7 | PARITY | STOP
I 1 I I I I I I I I I
P | | | | | | | | |
1 bit period
NOTES:

1. The UART peripheral and clock must be enabled to activate the UART transmitter function.
2. The data in the Transmit Shift Register is output on the TXD pin.
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9.3.4.2 Transmit Interrupt

During UART transmission, some types of interrupt flags are used.

When the Transmit data Hold Resistor (UJARTNn_THR) is empty, the THRE interrupt flag is set to ‘1’;
when the Transmit Shift Register is empty, the TEMT interrupt flag is set to ‘1°.

Users can select the best interrupt timing for their applications, by referring Figure 63.

Figure 63. Transmit Interrupt Timing Diagram

Empty transmitter
Empty THR shift register

THR —] co/>< c1

Transmitter
shift register &‘< co >< C0>>1 >< C0>>2 >< C0>>7 A C1 >< C1>>1 >< C1>>2>~~-< C1>>7>

TXD ‘START‘ CO[0] ‘ COo[1] " Co[7] ‘ STOP START‘ C1[0] ‘ C1[1] }! C1[7] ‘ STOP

A4

THRE

TEMT

9.3.4.3 Character Transmission

During UART transmission, data is shifted out at the Least Significant Bit first on the TXD pin. In this
mode, the UART transmission register consists of a buffer (UARTn_THR) between the internal bus and
the Transmit Shift Register.(

Every character is preceded by a start bit which corresponds to a low logic level for one bit period. The
character is terminated by a configurable number of stop bits. The number of stop bits can be configured
to 1, 1.5 or 2, depending on the STOPBIT bit status.

NOTE:
1. The UART peripheral and clock enable bits must be set in the SCU_PER2 and SCU_PCER?2 registers before writing

the data to be transmitted.
The UART peripheral and clock enable bits must not be reset during data transmission. Resetting the
UART peripheral and clock enable bits during a transfer will freeze the baud rate count and stick the
data of the TXD pin. Then, the data frame being transmitted will be broken.
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9.3.4.4 Configurable Stop Bits

The number of stop bits to be transmitted with every character can be programmed in the STOPBIT in
UARTN_LCR register.

e 1 stop bit: Default number of stop bits.

* 1.5 or 2 stop bits: Number of stop bits that users can configure.

A break transmission is possible to transmit long breaks (Break of length greater than the time of entire
data word - i.e., The sum of the start bit, data bits, parity bit, and stop bits).
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9.3.4.5 Character Transmission Procedure
Users can use Interrupts, and Polling to transmit the UART communication packets following the
procedure below:

1. Entering data in the UARTNn_THR register starts UART communication.

2. Since data in the UARTNn_THR register is transferred to the Transmit Shift Register for the
communication, updating the UARTn_THR register does not affect the data in communication.

A. If the UARTn_THR register is updated, the Transmit Shift Register is automatically
updated with the data in the UARTNn_THR register after entire data in the Transmit Shift
Register is output.

B. The Transmit Shift Register continues to output its updated data for communication.

3. Interrupts, and Polling can be used to update the UARTn_THR register after confirming the
communication is completed.

A. Checking if the TXE interrupt is generated or verifying that the 11D[2:0] value is ‘001’,

i. The TXE interrupt is generated when the communication is completed after the
UARTN_THR register transfers data and the Transmit Shift Register outputs data. By
checking the generation of the TXE interrupt, users can update the UARTn_THR
register to restart communication.

ii. If the 1ID[2:0] in UARTN_IIR register is set to ‘001’ without the generation of the TXE
interrupt, it means that data in the UARTn_THR register has been transferred to the
Transmit Shift Register.

iii. If the UARTNn_THR register is not updated with new data, the TXE interrupt is
generated when the Transmit Shift Register completes to output its current data.

4. Polling the TEMT and THRE in UARTNn_LSR register,
A. The TEMT bit implies that the Transmit Shift Register is empty.

B. The THRE bit implies that the UARTn_THR register is empty. (The UARTn_THR register
can be updated only when TEMT and THRE bits are enabled.)
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9.3.4.6 Single Byte Communication

When data is stored in the UARTn_THR (Transmitter Hold Register) register for transmission, it is
automatically transferred to the Transmit Shift Register.

Before the Transmit Shift Register transfers data, the Transmitter outputs a start bit. After the start bit,
the Transmit Shift Register shifts one bit at a time to the output of the Transmitter.

After data in the Transmit Shift Register is output by the bit size set in the DLEN[1:0] in UARTn_LCR
register, the Transmitter outputs a stop bit to complete the communication.

During the data transmission or after the communication is completed, if data in the UARTn_THR
register is updated, the Transmit Shift Register that output data will be updated with new data to start
next communication.

The Transmitter, which outputs a stop bit, restarts communication outputting a start bit.

9.3.4.7 Break Condition

Setting the BREAK™ in UARTn_LCR register transmits a long break (Break of length greater than the
time of entire data word - i.e., The sum of the start, data, parity, and stop bits). Whereas writing a ‘0’ to
the bit disables the break condition.

NOTE:

1. If a ‘1" is written to the BREAK bit, a break is sent on the Tx line immediately. Therefore, users must confirm the
completion of Tx transmission and set the BREAK bit.

9.3.4.8 Inter-Frame Delay for Data Transmission

The inter-frame delay functionality creates an idle state between two characters on the TXD line. The
length of the idle state can be determined by configuring the WAITVAL[2:0] in UARTN_IDTR register.

If the WAITVAL[2:0] is set to ‘000’, a delay does not occur; otherwise, the transmitter waits for the
number of bit periods defined in the WAITVAL[2:0] after transmitting the STOP part of TXD.

Figure 64 shows an example format of the transmit data.

Figure 64. Example Format of Transmit Data

WAITVAL[2:0]in UARTNn_IDTR 4< 0 X 2 >
TXD ; ;
START ‘ DATAO |‘ STOP | START ‘ DATA1 “ STOP | IDLE i IDLE | START | DATA2 |---
I I
I I
|

A

P
' 1bit
period

e —

2 * 1-bit period
inter-frame delay

No inter-frame delay
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9.3.5 UART Receiver
9.3.5.1 Receive Data Sampling Timing

Timing of the UART operation is described below:

Once afalling edge is detected in the receive line, the UART determines that a start bit is being received.
UART oversamples the received data 16 times per bit beginning from the start bit. Among the 16
samples, the value at the 9th clock pulse is determined to represent the value of the bit.

The UART receiver can receive data words of either 5, 6, 7, or 8 bits, depending on the DLEN[1:0] in

UARTN_LCR register.

Figure 65. Sampling Timing of UART Receiver
START bit STOP bit
RXD
0 1 0 0 0 0 0 1 0
_________ 3 e S S
2 O R S R R
Bit samples N | | | | | | | | |
_________ . 225 U S S N S S
S Q N 2 ) R ) © A
& L
Y
RXD ;
I S R S A N R A S N S R R S
Sub sample | | | | | | | | ! | | | | | | |
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Bit sampling position (9/16)

To enhance protection against external glitch noise, it is recommended to enable port debouncing™ in

the PCU module.

NOTE:
1. To use the port debounce function, the debounce clock in the SCU_MCCR4 and SCU_MCCRS5 registers must be
enabled first. If the debounce function is activated without setting the debounce clock, the port may malfunction.
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9.3.5.2 Start Bit Detection

On the falling edge of the start bit, a digital filter rejects noise signal. A pulse shorter than (3 x (1 /baud-
rate)) / 16 seconds is rejected by this filter. Even when a pulse is longer than (3 x (1 / baud-rate)) / 16
seconds, it can be rejected under the multi-sampling strategy during start-bit sampling.

In the UART, the start bit is detected when a specific sequence of samples is recognized as shown
below:

e Single sampling sequence: 111000 XXX XXOXX XXX XX

e Multi sampling sequence: 111000XXXX000XXXXXX

The start bit is confirmed (The DR in UARTn_LSR register set and an interrupt generated if the DRIE
in UARTN_IER register is set to ‘1’), if the sampled bits are at ‘0’ in single-sampling mode. The first
sampling on the 1st, 2, and 3™ bits finds the three bits of ‘0’s and the second sampling on the 9t bit
also finds a bit of ‘0.

Figure 66. Start Bit Detection of Single-Sampling Timing

RXD IDLE‘ START ‘ DATAO ‘ DATA1 ‘ DATA2 ‘ DATA3 ‘ DATA4 ‘ DATAS ‘ DATA6 ‘ DATA7 ‘ STOP

RXD

Sample clock

PCLK H

| I

Frist start bit detection Second startibit detection

{

1
'
'
'
i
Sampling first start bit !
1
'

./—b Single-sampling (SMS = 0)

Sampling second start bit
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Similarly, the start bit is confirmed (the DR in UARTNn_LSR register set and an interrupt generated if the
DRIE in UARTN_IER register is set to ‘1), if the three sampled bits are all ‘0’s in multi-sampling mode.
First sampling on the 1st, 2nd, and 3rd bits finds the three bits of ‘0’s and the second sampling on the
8th, 9th, and 10th bits finds the two bits of ‘O’s.

Figure 67. Start Bit Detection of Multi-Sampling Timing

RXD IDLE‘ START ‘ DATAO ‘ DATA1 ‘ DATA2 ‘ DATA3 ‘ DATA4 ‘ DATAS ‘ DATA6 ‘ DATA7 ‘ STOP

RXD

Sample clock

PCLK H

|

Frist start bit detection Second start bit detection
|
I
I
I
I

I

I I

I

Sampling first start bit : i
I I

|

I

I

|

}/-b Multi-sampling (SMS = 1)

Sampling second start bit

NOTE:

1. If the sequence is not complete, the start bit detection stops and the receiver returns to the idle state, where it waits
for a falling edge on RXD line.
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9.3.5.3 Data Bit Sampling

If the DMS in UARTN_IDTR register is set to ‘1°, the values sampled at the 8th, 9th, and 10th clock
pulses are used to determine the receive data bit value. The multi-sampling technique is used for data
recovery by discriminating between valid incoming data and noise.

Figure 68 shows the single sampling of data bits when the DMS is set to ‘0’.

Figure 68. Single-Sampling Timing of Data Bit

Single-sampling
RXD DMS in UARTN_IDTR is setto 0

i N |
I I I
[ | -
s 1 2 3 4 5 6 7 81,9 10 1 12 13 1415 16|
i | |

PCLK

RXD IDLE START DATAOQ DATA1 DATA2 DATA3 DATA4 DATAS DATAG DATA7 STbP
I
I
I
I
I

0.5 bit 1 bit
period period

Figure 69 shows the multi-sampling of data bits when the DMS is set to ‘1’

Figure 69. Multi-Sampling Timing of Data Bit

Multi-sampling
RXD DMS in UARTN_IDTRis setto '1'
i NN |
Bl 1 2 3 4 5 6 7 .8 9 11 1 12 13 14--15 16 |
[ | | | - |
[ | | | - |
o | | | _--" |

RXD IDLE | START | DATAO | DATA1 DATA2 | DATA3 | DATA4 | DATA5 | DATA6 | DATA7 STOP
|
!
!
!

0.5 bit 1 bit
period period

\BO\ 225

SEMICONDUCTOR



9. UART A31C111 User's Manual

9.3.5.4 Data Sampling Strategy

An internal synchronous circuit is used in the receiver block to prevent abnormal noises in the RXD
signal line. The start bit and data bits can be either single-sampled or multi-sampled. The SMS in
UARTN_IDTR register defines the sampling strategy for the start bit, and the DMS in UARTn_IDTR
register defines the sampling strategy for the data bits.

Figure 70. Data Sampling Timing

SyncSin1 SyncSin2 SyncSin3

RXD To receiver shift register
Sample clock
4———  1bitlength =16 x Baud count »

RXD J

SyncSin1

SyncSin2

SyncSin3

Sample clock

Figure 70 shows a block diagram and a sampling timing diagram of the anti-noise synchronous circuit.

If the DMS bit is set enabled, the value of each bit is sampled at multiple clock pulses. For the length of
each data bit, values at S(1), S(2), and S(3) are taken out of 16 samples to determine the bit’s value by
taking the value indicated by a majority of the samples.

If the DMS bit is set disabled, on the other hand, the single-sampling process takes the value at S(2)
only. The DMS bit does not affect the start bit, but the SMS bit works in a similar way for the Start bit.

Table 62. Received Bit Value from Sampled Data

Sampled Value Received Bit Value Sampled Value Received Bit Value
000 0 100 0
001 0 101 1
010 0 110 1
011 1 111 1
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9.3.5.5 Character Reception

When the falling edge is detected on the RXD Pin, the Receiver determines it as a start bit and starts
the receive operation. The Data frame following the start bit is transferred one bit at a time at the LSB
and stored in the Receiver Shift Register.

Receiving the stop bit means that a set of communication is completed. If the UARTn_RBR (Receive
data Buffer Register) register is empty, data in the Receiver Shift Register is transferred into this register
and kept until it is read out over the Bus.

[Character Reception Procedure]

Interrupt, and Polling can be used to read data from the UARTn_RBR register after confirming that the
communication is completed, as described below:

e Iftheinterrupt is generated, the 1ID[2:0] in UARTN_IIR register must be checked. If the 11D[2:0]
is set to ‘010’°, this means that the reception operation is completed and the UARTn_RBR
register can be read.

* To confirm the receive is completed using Polling, the DR in UARTn_LSR register must be
checked. If data is received successfully, the DR bit is set to ‘1’ and data in the UARTn_RBR
can be read. Reading the UARTn_RBR register clears the DR bit.

9.3.5.6 Break Condition

When a break condition is received, the UART generates break interrupt.

9.3.5.7 Overrun Error

The OE in UARTNn_LSR register indicates whether the Overrun Error has been detected. The Overrun
Error occurs if the Receiver completes the new Reception operation when the UARTn_RBR data was
not read (The DR in UARTN_LSR register is '1"). At this moment, although the Overrun Error occurs,
data in the UARTn_RBR register is updated.

Reading the UARTn_LSR register clears the OE bit.
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9.3.5.8 Framing Error

When the Frame data transmission is finished, if the sampled value is read as ‘0’ at the point of time
expected to receive the stop bit, the FE in UARTNn_LSR register is set to ‘1’ (Even when multi-sampling,
only the first sampled value is read). This means that the Frame data transmission is not completed on
time.

The Frame data size can be determined by configuring the DLEN[1:0] in UARTn_LCR register. If the
data size which is set in the DLEN][1:0] bits and the received data’s bit size are different, problems may
occur.

Reading the UARTNn_LSR register clears the FE bit.

9.3.5.9 Parity Error

The parity bit is appended to the data frame and provides a simple way to check whether the Receiver
received correct data frame. If the parity bit is incorrect, the PE in UARTNn_LSR register is set to ‘1.

Reading the UARTNn_LSR register clears the PE bit.

9.3.5.10 Configurable Stop Bits During Reception

During Reception operations, the first stop bit is sampled regardless of the STOPBIT in UARTn_LCR
register value. Users can change the STOPBIT value while the Receiver is operating.
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9.3.6 UART Baud-Rate Generation

To establish communication via a UART channel, users must set an appropriate baud-rate. To this end,
a programmable baud-rate generator is built in, providing a baud-rate divisor ranging from 1 to 65535.

Users must write an appropriate divisor value to the 16-bit UARTn_BDR register to obtain the desired
baud-rate.

Below is the formula for calculating the baud-rate:

(UART clock set by SCU_MCCR7)
16 X BaudRate

UARTn_BDR =

If the UART clock has been set in the SCU_MCCR7™ register, the PCLK clock speed must satisfy the
formula below:

PCLK > (UART clock set by SCU_MCCR7) x 2

NOTE:
1. The UART only uses a clock source set by MCCRY. It does not use PCLK.

Table 63 lists the divisor and error rate for each baud-rate, at the UART clock speed of 16 MHz.

Table 63. Examples of Baud-Rate Calculation
UART Clock = 16 MHz

Baud-Rate Divisor (UARTn_BDR) Error (%)
1,200 833 0.04%
2,400 416 0.16%
4,800 208 0.16%
9,600 104 0.16%
19,200 52 0.16%

38,400 26 0.16%
57,600 17 2.08%
115,200 8 7.84%

The 8-bit fraction counter compensates for the fractional part of the actual baud-rate divisor. This is
needed because the baud-rate divisor latch register indicates the integer part of the baud-rate divisor
only.

By adding the fractional part indicated in the UARTn_BFR register to the integer part indicated in the
UARTnN_BDR register, the correct divisor is obtained to calculate the accurate baud-rate.

NOTE:

1. If the UARTn_BDR register value is equal to or less than 2, the UARTn_BFR register value is always 0 regardless of
the UARTn_BFR register’s set value.
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For example, when the baud-rate is 9,600 bps:

UART clock 16000000
16 X BaudRate 16 x 9600

= 104.1667, Divisor = 104, Float = 0.1667

CNT = Float X 256 = 0.1667 X 256 = 42

UARTn_BDR = 104,UARTn_BFR = 42

Table 64. Examples of Calculation of Baud-Rate Using UART Fraction Counter

UART Clock = 16 MHz
Baud-Rate Divisor (UARTn_BDR) FCNT (UARTn_BFR) Error (%)
1,200 833 85 0.0%
2,400 416 170 0.0%
4,800 208 85 0.0%
9,600 104 42 0.0%
19,200 52 21 0.0%
38,400 26 10 0.0%
57,600 17 92 0.0%
115,200 8 174 0.0%
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9.3.7 Tolerance of UART Receiver to Clock Deviation

9. UART

During Rx operation, each bit of data is sampled 16 times. To determine the value of the read data, the

9th sampling signal is used for Single-sampling, and the 8, 9t and 10t sampling signals are used for

multi-sampling.

Therefore, a slight difference is allowed unless the UART Rx signal is outside the sampling point within

a frame (Regardless of whether it is faster or slower). This can be calculated by the formular shown

below:

e Single-sampling: 7 / (16 x Total_bit_size)

e Multi-sampling: 6 / (16 x Total_bit_size)

* Total_bit_size: Receive bit size. (Data bit (5 to 8 bits) + Start bit + Stop bit)

Based on the calculation results from the formular above, Table 65 shows an acceptable error that

depends on the bit size of transmitted data.

Table 65. Tolerance of UART Receiver

Sampling DLEN[1:0] bits UART Frame(" Tolerance of UART Receive
00 | St | 5-bit data | Sp | 71(16x7) = 6.25%
01 | St | 6-bit data | Sp | 71(16%8) = 5.46%
Single-Sampling
10 | St| 7-bit data | Sp | 71(16x9) = 4.86%
11 | St | 8-bit data | Sp | 71(16x10) = 4.37%
00 | St | 5-bit data | Sp | 6/ (16x7) = 5.35%
01 | St | 6-bit data | Sp | 6/ (16x8) = 4.68%
Multi-Sampling
10 | St| 7-bit data | Sp | 6/ (16x9) = 4.16%
11 | St | 8-bit data | Sp | 6/ (16x10) = 3.75%
NOTE:

1. St: Start bit, Sp: Stop bit
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9.3.8 UART Parity Control

Parity control (Generation of parity bit in transmission and parity checking in reception) can be enabled
by setting the PEN in UARTNn_LCR register. Depending on the frame length defined in the DLEN[1:0]
in UARTNn_LCR register, the possible UART frame formats are as listed in Table 66.

Table 66. UART Frame Formats

DLEN([1:0] bits PEN bits UART Frame("®
00 0 | St | 5-bit data | Sp |
00 1 | St | 5-bitdata | P | Sp |
01 0 | St | 6-bit data | Sp |
01 1 | St | 6-bitdata | P | Sp |
10 0 | St | 7-bit data | Sp |
10 1 | St| 7-bitdata | P | Sp |
11 0 | St | 8-bit data | Sp |
1" 1 | St | 8-bitdata | P | Sp |
NOTES:

1. St: Start bit, Sp: Stop bit, P: Parity bit

2. Inthe data register, the parity is always taking the MSB position (5th, 6th, 7th or 8th depending on the DLEN][1:0] bits
value).

9.3.8.1 Even Parity

The parity bit is calculated to obtain an even number of ‘1’s inside the frame made of the 5, 6, 7 or 8
LSB bits (depending on the DLEN[1:0] bit values) and the parity bit when PEN bit is ‘1’.

As an example, if data = '01011001’, and 4 bits are set, then the parity bit will be ‘0’ if even parity is
selected (PARITY bit in the UARTn_LCR register = ‘1" and PEN bit in the UARTn_LCR register = ‘1°).

9.3.8.2 0Odd Parity

The parity bit is calculated to obtain an odd number of ‘1’s inside the frame made of the 5, 6, 7 or 8 LSB
bits (depending on the DLEN][1:0] bit values) and the parity bit when PEN bit is ‘1.

As an example, if data = ‘01011001’ and 4 bits are set, then the parity bit will be ‘1’ if odd parity is
selected (PARITY bit in the UARTNn_LCR register = ‘0’ and PEN bit in the UARTn_LCR register = ‘1°).
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9.3.8.3 Stick Parity
The STICKP bit in the UARTNn_LCR register determines whether to use stick parity.

e IfPEN =1, PARITY =1, and STICKP = 1, then the parity bit is always ‘0’.
e IfPEN =1, PARITY =0, and STICKP = 1, then the parity bit is always ‘1°.

e If STICKP = 0, stick parity is disabled.

9.3.8.4 Various Configurations of Parity Bit
A parity bit is generated based on the settings of the PEN, PARITY and STICKP in UARTn_LCR register.

Table 67 describes various configurations to create a parity bit.

Table 67. Various Configurations to Create Parity Bit

STICKP PARITY PEN Parity
X X 0 No parity
0 0 1 Odd parity
0 1 1 Even parity
1 0 1 Forced 1 stick parity
1 1 1 Forced 0 stick parity

9.3.8.5 Parity Checking in Reception

If the parity check fails, the PE flag is set by configuring the PE in UARTNn_LSR register, and the
corresponding interrupt is generated if the RLSIE in UARTN_IER register is set to ‘1°.

Reading the UARTn_LSR register clears the PE bit to ‘0’.

9.3.8.6 Parity Generation in Transmission

If the PEN in UARTNn_LCR register is set to ‘1’, the Transmitter generates a parity bit between the last
data bit and the stop bit. The parity bit is set to ‘0’ or ‘1’ to ensure that the total number of ‘1’s in the data
and parity bits is either even or odd depending on how the PARITY and STICKP bits are set.
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9.3.9 Error Flagging and Interrupt Generation in Communication

Frame errors, Parity errors, and Overrun errors may occur after the data receiving is completed, during
Rx operation. If one of these errors occurs in the receive operation, the Receive Line Status Error
Interrupt is generated depending on the settings of the RLSIE in UARTn_IER register.

At this point of time, the IID in UARTN_IIR register represents the interrupt source ID, and the
UARTN_LSR register shows the type of error. The UARTNn_LSR register is updated whenever an error
occurs, even if the RLSIE in UARTN_IER register is disabled.

Although an error occurs, data in the Receiver Shift Register is transmitted to UARTn_RBR register and
then UART Rx operation is maintained normally.

Figure 71. Error Flagging and Interrupt Generation Timing Diagram

UART RBR

I
1 1
j /\ | |

UART receiver shift register DO D1 1 X D2 1 >< D3
I I
Stop detection H H H

‘ :
Error flag and i i i
interrupt generation ! ! !
i b

Data read D2
and error
(Frame or parity or
overrun)

Data read DO Data read D1
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9.4 UART Interrupts

During UART communications, various interrupts can be generated by different events. They can be
checked by reading the UARTnN_IIR register.

When the microcontroller core accesses the UARTN_IIR register, the UART locks all interrupts, and the
highest-priority interrupt is read.

Interrupts can occur even while the register is being accessed by the microcontroller core; however, the
interrupt status remains unchanged until the current access is completed.

Among the pending interrupts, the highest-priority interrupt’s source ID is represented to the 1ID[2:0] in
UARTN_IIR register.

The UART module uses a total of seven interrupts with different priorities. These interrupts include the
following:

* Receive line status interrupt
* Receive data ready interrupt
* Transmit data hold register empty interrupt

e  Transmit complete interrupt
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9.5 UART Registers

The base address and register map of the UART are described in the following tables:

Table 68. Base Address of UART

Name Base Address
UARTO 0x4000_8000
Table 69. UART Register Map
Name Offset | Type Description Reset Value Ref.
UARTNn_RBR 0x0000 RO | UART n Receive Data Buffer Register 0x0000_0000 9.5.1
UARTn_THR 0x0000 | WO | UART n Transmit Data Hold Register 0x0000_0000 9.5.2
UARTNn_IER 0x0004 RW | UART n Interrupt Enable Register 0x0000_0000 9.5.3
UARTn_IIR 0x0008 | RO | UART n Interrupt ID Register 0x0000_0001 9.54
UARTNn_LCR 0x000C | RW | UART n Line Control Register 0x0000_0000 955
UARTNn_DCR 0x0010 RW | UART n Data Control Register 0x0000_0000 9.5.6
UARTNn_LSR 0x0014 RO | UART n Line Status Register 0x0000_0060 9.5.7
UARTNn_ELSR | 0x0014 RW | UART n Line Status Register 0x0000_0060 9.5.8
UARTn_BDR 0x0020 RW | UART n Baud rate Divisor Latch Register 0x0000_0000 959
UARTNn_BFR 0x0024 RW | UART n Baud rate Fraction Counter Register 0x0000_0000 | 9.5.10
UARTNn_IDTR | 0x0030 RW | UART n Inter-frame Delay Time Register 0x0000_0000 | 9.5.11
NOTE:
1. n=0.
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9.5.1 UARTNn_RBR: UART n Receive Data Buffer Register

UARTNn_RBR is an 8-bit read-only register. Received data is read from this register, and the maximum
length of data is 8 bits. The last data received is retained until a new byte is received.

UARTO_RBR=0x4000_8000
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

Reserved
RBR[7:0]

o
o

1
el
o

7 RBR][7:0] Receive buffer register

9.5.2 UARTNn_THR: UART n Transmit Data Hold Register

UARTNn_THR is an 8-bit write-only register. Data is stored in this register to be transmitted. However,
data written to UARTNn_THR cannot be read but sent to the Transmit Shift Register when this register
is empty.

UARTO0_THR=0x4000_8000
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
THR[7:0]

7 THRJ[7:0] Transmit data hold register
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9.5.3 UARTN_IER: UART n Interrupt Enable Register

UARTN_IER enables six types of UART interrupts. Each interrupt generates an interrupt output signal.
If users set all bits in the UARTnN_IER register to 0, all UART interrupts become disabled. A particular
interrupt can be set by setting the corresponding bit in this register to ‘1°.

UARTO_IER=0x4000_8004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

? w e ? w|w|
5 g & 5 miF-
§ S & 2 2| 2| |5
12 X 12 =
- 0 000 - 0|{0|0]|0
- RW Wo . RW|RW [RW|RW
15 MODE Enable or disable IIR extended mode bit
0 IIR legacy mode
1 IIR extended mode
14 KEY[2:0] Mode change Key
12 To change the mode, write 0x05 to the KEY bit and the desired
value to the MODE bit simultaneously.
3 TXEIE Whether to enable or disable the transmit complete interrupt
0 Disables the transmit complete interrupt.
1 Enables the transmit complete interrupt.
2 RLSIE Whether to enable or disable the receive line status interrupt
0 Disables the receive line status interrupt.
1 Enables the receive line status interrupt.
1 THREIE Whether to enable or disable the transmit data hold register empty
(THRE) interrupt
0 Disables the THRE interrupt.
1 Enables the THRE interrupt.
0 DRIE Whether to enable or disable the data receive interrupt
0 Disables the data receive interrupt.
1 Enables the data receive interrupt.
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9.5.4 UARTN_IIR: UART n Interrupt ID Register

9. UART

The UARTN_IIR register is a read-only register informing the operation of the interrupt that is set to
enabled in the UARTN_IER register. When the CPU accesses the UARTN_IIR register, the UART locks
all interrupts, and the highest-priority interrupt is read. Interrupts occur even while the register is being

accessed by the CPU; however, its status remains unchanged until the current access is completed.

UARTO_IIR=0x4000_8008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
K —
o
= pd
- 2l & |
7} S =) o
Q = =
o
- 0 000 1
- RO RO RO
TXE Transmit complete. (Refer to Table 70.)
TXE Indicates whether the transmit shift register is empty. TXE =0
indicates that UARTn_THR and transmit shift register is currently
empty, and thus new data can be written to the UARTn_THR
register.
3 11D[2:0] Interrupt source ID (Refer to Table 70.)
1 1ID[2:0] Displays the interrupt with the highest priority among those
currently active.
IPEN Presence of pending interrupts

IPEN Indicates whether there are currently unprocessed interrupts.
IPEN = 0 indicates that a certain interrupt condition has occurred,
and IPEN = 1 means that there are no currently unprocessed

interrupts.

0 An interrupt is pending

1 There are no interrupts pending

Table 70. Interrupt ID and Control

Priority | TXE 1ID[2:0] I%E Interrupt source
Level
Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Interrupt Name Interrupt Condition Interrupt Clear
- 0 0 0 0 1 N/A - -
Overrun, parity,
1 0 0 1 1 0 Receive line status framing, break error, Read UARTn_LSR
etc.
. There is data Read the receive
2 0 0 1 0 0 Receive data present received register
. . Write to the transmit
3 0 0 0 1 0 Tra_nsm|t hold Trans_mlt data hold data hold register or
register empty register empty UARTN IR
Transmit register regi:::? ::]clitt?zftsmit Write to the transmit
4 1 X X X X data hold register or

empty

data hold register is
empty

read UARTN_IIR
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9.5.5 UARTNn_LCR: UART n Line Control Register
The UARTN_LCR register is an 8-bit register.

UARTO_LCR=0x4000_800C
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

e o =l &
> i<1:¥Ez'3'3:
o) wo|lglw Xl =
: rElg| 2
o Qo o 0wl A

0|0j0|0O|0]| 0O
- RW{RW RW[RW|RW| RW

6 BREAK When this bit is set to 1, the TXD pin is driven low to alert the receiver.

BREAK is a break control bit. If BREAK = 1, the serial output pin (TXD
pin) is driven low (Spacing state), whereas writing a 0 to the bit
disables the break condition.

0 General communication mode
1 Transmit break mode
5 STICKP Whether to use stick parity. The setting of this bit is valid only when

the PEN bit is set to 1.

STICKP determines whether to use stick parity. If PEN = 1, PARITY
=1, and STICKP = 1, the parity bit is always set low. If PEN = 1,
STICKP = 1, and PARITY = 0, the transmit parity bit is always set
high. If STICKP = 0, stick parity is disabled.

0 Does not use stick parity.
1 Uses stick parity.
4 PARITY Parity mode selection

PARITY determines which parity mode is used between odd and
even parity. If PEN = 1 and PARITY =0, odd parity is used depending
upon the number of data bits; if PEN = 1 and PARITY = 1, even parity
is used.

0 Odd-parity mode
1 Even-parity mode
3 PEN Whether to enable parity

PEN determines whether to enable the use of parity. If PEN = 1, the
transmitter creates a parity bit between the last data bit and the stop
bit, and the receiver inspects this parity bit. (The parity bit is set to 0
or 1 to ensure that the total number of 1s in the data and parity bits
is either even or odd depending on how the PARITY and STICKP
bits are set.

0 Disables parity.

1 Enables parity.
2 STOPBIT The number of stop bits demanded by the preceding data bits

STOPBIT defines the number of stop bits attached to the end of each
transmitted/received data word. STOPBIT = 0 includes 1 stop bit at
the end of each transmitted data word. STOPBIT = 1 includes 1.5 or
2 stop bits at the end of each transmitted data word depending upon
the number of transmit bits defined at DLEN[1:0]; a 5-bit data word
includes 1.5 stop bits and a 6-, 7-, or 8-bit data word includes 2 stop
bits. The receiver checks only the first stop bit regardless of the
number of stop bits defined at DLEN[1:0] and STOPBIT.

0 The number of stop bits is 1.

1 The number of stop bits is 1.5 or 2.
If the data word is 5 bits long, 1.5 stop bits are added.
If the data word is 6, 7, or 8 bits long, 2 stop bits are added.
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DLEN[1:0]

The length of data bits included by each data transfer

00 5-bit data
01 6-bit data
10 7-bit data
11 8-bit data
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9.5.6 UARTNn_DCR: UART n Data Control Register

The UARTN_DCR register is a 32-bit register that controls Tx or Rx data inversion.

UARTO_DCR=0x4000_8010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0
3 s> B
> Z|Z| &
L) ol = [}
3 2|5 8
14 14

00 -
- RW|RW| -
3 RXINV Rx data inversion selection
0 Inputs normal Rx data.
1 Inputs inverted Rx data.
2 TXINV Tx data inversion selection
0 Outputs normal Tx data.

1 Outputs inverted Tx data.
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9.5.7 UARTN_LSR: UART n Line Status Register

[legacy mode]
The UARTN_LSR register is supported when MODE bit in UARTn_IER register is set to ‘0’.

The UARTN_LSR register is a read-only register that shows the status of data transmission and
reception. This register reports the status of data transfers between the transmitter and receiver.
Through this register, users can check the status of the UART lines and set interrupts as follows: Status
interrupts for bits 1, 2, 3, and 4 can be called if they are set enabled in the RLSIE bit in the UARTNn_IER
register. Other bits enable their corresponding interrupts to be called if they are set enabled in the
UARTN_IER register.

UARTO0_LSR=0x4000_8014
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
TEMT
THRE

BI
FE
PE
OE
DR

- RO[RO|RO|RO[RO|RO|RO

6 TEMT Indicates the transmit registers are empty.

TEMT indicates whether the transmit registers are empty. When both
UARTN_THR and transmit shift register are empty, the bit is set to
‘1. Once either UARTn_THR or transmit shift register holds any
data, the bit is cleared to ‘0.

0 Data is being transmitted through the transmit registers.
1 The transmit registers are empty.
5 THRE Indicates the transmit data hold register is empty.

THRE indicates whether UARTn_THR is empty, which means the
UART is ready to receive new data from the microcontroller core for
transmission. UARTn_THR empty interrupts can be generated if
THREIE is set enabled in UARTNn_IER. The THRE bit is set to ‘1’
when new data can be written to UARTn_THR as the previous
transmit data has been transferred from UARTn_THR to the transmit
shift register. The bit is cleared to ‘0’ when new data is written to
UARTN_THR by the microcontroller core (When UARTNn_THR is no
longer empty).

0 The transmit data hold register is not empty.
1 The transmit data hold register is empty.
4 Bl Indicates a break condition has been detected flag.

Bl shows the occurrence of break interrupt. If the incoming receive
data remains in low state for longer than the time taken to receive
the entire data word (i.e., The sum of the start, data, parity, and stop
bits), the bit is set to ‘1. Once UARTn_LSR is read by the
microcontroller core, the bit is cleared to ‘0’.

0 Normal.
1 A break condition has been detected.
3 FE Indicates presence of a frame error flag.

FE Indicates whether a communication framing error has been
detected. A framing error signifies that a received data word does
not have an appropriate stop bit. The FE bit is set to ‘1’, when the
stop bit attached to the last data bit or the parity bit is detected to be
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0. The bit is cleared to ‘0.

0 No frame error present.

1 A frame error has been detected. The data received does not
have appropriate stop bits.

PEF Indicates presence of a parity error flag.
PE indicates whether a parity error has been detected. If a received
data word does not meet the odd/even parity condition defined in
UARTN_LCR, the bit is set to “1’. The bit is cleared to ‘0.
0 No parity error present
1 A parity error has been detected. The data received does not
satisfy parity conditions.
OEF Indicates presence of an overrun error flag
OE indicates whether an overrun error has been detected. When a
data word is transferred to UARTn_RBR before the register reads
the previous data word, an error occurs, and the OE bit is set to ‘1.
The overrun error is not detected, and the bit is cleared to ‘0.
0 No overrun error present.
1 An overrun error has been detected. Additional data has
arrived when the UARTn_RBR is already full.
DR Indicates data reception status.

DR indicates that data reception has been completed. The bit is set
to ‘1’ when a data word has completely been received and
transferred to UARTn_RBR. Once the data is read by UARTn_RBR,
the bit is cleared to ‘0’.

0 There is no data in the receive data buffer register.

1 Data is received and stored in the receive data buffer register.
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9.5.8 UARTNn_ELSR: UART n Extended Line Status Register

[Extended mode]

The UARTNn_ELSR register is supported when MODE bit in UARTn_IER register is set to ‘1°.

In Extended mode, the UARTN_IIR Register cannot be used.

The UARTNn_ELSR register is status register that shows the status of data transmission and reception.

This register reports the status of data transfers between the transmitter and receiver. Through this

register, users can check the status of the UART lines and set interrupts as follows: if they are set

enabled in the RLSIE bit in the UARTnN_IER register. Other bits enable their corresponding interrupts to

be called if they are set enabled in the UARTn_IER register.

UARTO0_ELSR=0x4000_8014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O

o
o TR TS
c BT S| u| ke s
=
& | T|HElDQlC|lalo =
x |-
- 0j0|1(1(0(0|0|0]|0
- RWCIRWC1| RO | RO RWC1RWCIRWC1IRWC| RO
8 TEMTIF Transmit complete interrupt flag.
TEMTIF indicates whether the transmit shift register is empty. TEMT
= 0 indicates that UARTn_THR and transmit shift register is currently
empty and thus new data can be written to the UARTn_THR register.
Write ‘1’ to clear
7 THREIF Transmit data hold register empty flag.

Write to the transmit data hold register.
Write ‘1’ to clear

6 TEMT

Indicates the transmit registers are empty.

TEMT indicates whether the transmit registers are empty. When both
UARTN_THR and transmit shift register are empty, the bit is set to
‘1. Once either UARTn_THR or transmit shift register holds any
data, the bit is cleared to ‘0.

0 Data is being transmitted through the transmit registers.

1 The transmit registers are empty.

5 THRE

Indicates the transmit data hold register is empty.

THRE indicates whether UARTn_THR is empty, which means the
UART is ready to receive new data from the microcontroller core for
transmission. UARTNn_THR empty interrupts can be generated if
THREIE is set enabled in UARTNn_IER. The THRE bit is set to ‘1’
when new data can be written to UARTn_THR as the previous
transmit data has been transferred from UARTn_THR to the transmit
shift register. The bit is cleared to ‘0’ when new data is written to
UARTN_THR by the microcontroller core (When UARTn_THR is no
longer empty).

0 The transmit data hold register is not empty.

1 The transmit data hold register is empty.

4 BIIF

Indicates a break condition has been detected flag.

Bl shows the occurrence of break interrupt. If the incoming receive
data remains in low state for longer than the time taken to receive
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the entire data word (i.e., The sum of the start, data, parity, and stop
bits), the bit is set to ‘1. Once UARTNn_LSR is read by the
microcontroller core, the bit is cleared to ‘0’.

0 Normal.
1 A break condition has been detected.
FEIF Indicates presence of a frame error flag.
FE Indicates whether a communication framing error has been
detected. A framing error signifies that a received data word does
not have an appropriate stop bit. The FE bit is set to ‘1’, when the
stop bit attached to the last data bit or the parity bit is detected to be
0. The bit is cleared to ‘0’
0 No frame error present.
1 A frame error has been detected. The data received does not
have appropriate stop bits.
PEIF Indicates presence of a parity error flag.
PE indicates whether a parity error has been detected. If a received
data word does not meet the odd/even parity condition defined in
UARTN_LCR, the bit is set to “1’. The bit is cleared to ‘0.
0 No parity error present
1 A parity error has been detected. The data received does not
satisfy parity conditions.
OEIF Indicates presence of an overrun error flag.
OE indicates whether an overrun error has been detected. When a
data word is transferred to UARTn_RBR before the register reads
the previous data word, an error occurs, and the OE bit is set to ‘1.
The overrun error is not detected, and the bit is cleared to ‘0.
0 No overrun error present.
1 An overrun error has been detected. Additional data has
arrived when the UARTn_RBR is already full.
DR Indicates data reception status

DR indicates that data reception has been completed. The bit is set
to ‘1" when a data word has completely been received and
transferred to UARTN_RBR. Once the data is read by UARTn_RBR,
the bit is cleared to ‘0’.

0 There is no data in the receive data buffer register.

1 Data is received and stored in the receive data buffer register.
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9.5.9 UARTn_BDR: UART n Baud-Rate Divisor Latch Register
The UARTn_BDR register is a 16-bit register.

UARTO_BDR=0x4000_8020

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 0
Reserved BDR[15:0]
- 0x0000
- RW
15 BDR[15:0]™ Baud-rate divisor latch (1 to 65535)
0

NOTE:

If the UARTn_BDR value is equal to or less than 0x0002, the UARTNn_BFR is always 0x00 regardless of the
UARTn_BFR set value.

9.5.10 UARTNn_BFR: UART n Baud-Rate Fraction Counter Register
The UARTN_BFR register is an 8-bit register.

UARTO0_BFR=0x4000_8024

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 1413 121110 9 8|7 6 5 4 3 2 1 O
o
9]
2
) BFR[7:0]
(7]
Q
(14
- 0x00
- RW
7 BFR[7:0]™ Whether to enable or disable the fraction counter to compensate
0 error from the integer baud-rate divisor
0 Disables the fraction counter.
N Enables the fraction counter.

In fractional compensation mode, the value of the fraction
counter is added to the integer baud-rate divisor.

NOTE:

1. If the UARTNn_BDR value is equal to or less than 0x0002, the UARTn_BFR is always 0x00 regardless of the
UARTN_BFR set value.
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9.5.11 UARTN_IDTR: UART n Inter-Frame Delay Time Register

The UARTN_IDTR register is an 8-bit register. A dummy delay is inserted between two consecutive

transmit data frames.

UARTO_IDTR=0x4000_8030

NOTE:
1.

248

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O

5)

© © N

9] 9] =

0w w -

: =2l & |

& oL & | 2

=

- 0|0 - 000

- RW[RW - RW

7 SMS™ Whether to enable or disable multi-sampling the start bit

If the SMS bit is set to ‘1’, the start bit is sampled three times. The
value indicated by the majority of the samples is taken.

0 Disables multi-sampling the start bit. At this setting,
sampling is conducted only once at clock pulse 9 (among
the 16 pulses in total).

1 Enables multi-sampling the start bit. At this setting, sampling
is conducted three times at clock pulses 8, 9, and 10
(among the 16 pulses in total). The value indicated by a
majority of the three samples is taken.

6 DMS Whether to enable or disable multi-sampling each data bit

If DMS bit is set to ‘1", each data bit is sampled three times. The
value indicated by the majority of the samples is taken.

0 Disables multi-sampling each data bit. At this setting,
sampling is conducted only once at clock pulse 9 (Among
the 16 pulses in total).

1 Enables multi-sampling of each data bit. At this setting,
sampling is conducted three times at clock pulses 8, 9, and
10 (among the 16 pulses in total). The value indicated by a
majority of the three samples is taken.

WAITVAL[2:0] Defines the wait time for the next data frame. [unit: 1-bit period]

o w

Wait Time = WAITVAL[2:0] / Baud-Rate

WAITVAL[2:0] based on the value (0 through 7) indicated by the
WAITVAL[2:0] bits, a wait time is set between successive data
transfers. The formula above is used to compute the wait time.

After power-on, if the UART bit in the SCU_PER?2 register is cleared and then set again, the SMS bit is set to ‘1".

\BO\

SEMICONDUCTOR



A31C111 User's Manual 9. UART

9.5.12 UART Register Map Summary

Table 71. UART Register Map Summary

o I ] 1 S N N A T S R E R R R M I A EY S P S B Y
ox00 | UARTR_RBR RBR[7:0]
Reset value oJoJoJoJoJoJo]Jo
oxo0 | UARTR_THR THR[7:0]
Reset value ojofofoJojo]oO]oO
w 8 W fw w w
UARTN_IER 5] & Ulo ||z
0x04 - S, E SEElE
Reset value ojofofo ojofofo
w E- E
0x08 UARTN_IIR & |E
Reset value ojf0]|Of0]1
el o=
ARTn_LCR HHEREE
ooc | RIS 2elz|E8| 3
m|lm | %) 5‘
Reset value olofofo]Jo]o]oO
2|2
oxio | UARTn_DCR 1B
Reset value 0(0
UARTN_LSR = =l |w w |
0x14 | [Legacy mode] HIE|T (- 2]ee
Reset value 1[{1]0]0f0]0]0O
wofw |,
UARTNn_ELSR E L|sS u w E E E x
0x14 | [Extended mode] L||E|E|@|E]|a]o]|®
Reset value ofo|1[1]0]0f0]|0O]O
ox20 | UARTN_BDR BDR[15:0]
Reset value o[ofJoJoJoJoJoJoJoJoJoJo]o]o]o]o
oxoa | UARTN_BFR BFR[7:0]
Reset value oJoJoJoJoJoJo]o
2
)
UARTh_IDTR 212 2
0x30 n 5|8 Z
<
=
Reset value ofo ofo]o
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10. 12C

10.1 12C Introduction

The 12C (Inter-integrated Circuit) interface built in A31C111 series satisfies the standard 12C
communication protocol and is used for serial communication with internal and external devices via the

12C protocol.

The 12C block, which is equipped with one unit, supports both master and slave modes, and can transmit
and receiving data in bytes by using interrupts or polling.

The 12C of the A31C111 series operates in Standard mode (100 kHz) or Fast mode (400 kHz) and
supports General call.

It helps communicate with various peripherals that have the same bus type. To use the 12C, it is
recommended to set the SCL and SDA pins to open-drain and then connect external pull-up resistors
to render their output signals ‘HIGH'.

10.2 12C Main Features
The 12C of the A31C111 series features the following:

e Compliant with I12C protocol
* Master and slave modes
*  General call
* Transfer rates configurable
— Maximum transfer rate: 400 kHz
e 12C interrupts
e  7-bit addressing
* Delay time can be set for pin SCL’s high- or low-period
* Hold time can be set for previous data
* Generates and detects STOP, START, and ACK signals

o Noise canceller
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10.3 12C Implementation

I2C module implemented in the A31C111 series has all features of an 12C peripheral as shown in Table
72.

Table 72. Features of 12C
12C features 12C

7-bit addressing mode
Standard-mode (up to 100 kbit/s)
Fast-mode (up to 400 kbit/s)

ol NoNNoNNe)

General call
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10.4 12C Functional Description

10.4.1 12C Block Diagram

Figure 72 shows a block diagram of the 12C module.

Figure 72. 12C Block Diagram

Registers

Slave Address Register

Debounce (12Cn_SARO, I12Cn_SAR1)

'
]
1
1
'
]
1
'
1
enable !
1
'
]
'
1
'
'
1

’—o—y 8-bit Shift Register
FIF

4

Debounce Pn_CLK (n=D, E)

clock i
] > Noise
SDAn [ canceller

A

\4 DA controller | Data Register
j\ sda_out SDA controlle (12Cn_DR)
L 4
SDA Hold Time Register
N (12Cn_SDH)
Debounce
Debounce Pn_CLK (n=D, E) enable

clock i L
Noise
SCLn []——»@—» 1 .
canceller SCRinN SCL controller

SCL High Time Register
(12Cn_SCLH)

SCL Low Time Register
(12Cn_SCLL)

scl_out

INTDEL[1:0] Control Register

(12Cn_CR)

Status Register
(12Cn_SR)

S U

APB

NOTES:

1. When the corresponding port of the 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
internal pull-up resistor could be determined by the port n control register.

2. For more information on the clock source used by the noise canceller, refer to section 4.8.27 or section 4.8.28.
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10.4.2 12C Pins and Signals
Table 73 describes pins assigned for the 12C interface.
Table 73. Pin Assignment of 12C: External Pins
Package Type
Pi i A31C111FU
Name | TYPE Description As1ei1qpy | ASTCTIIFR | ASICI11AE | A31CI11TS
28-TSSOP 16-SOPN 10-SSOP
roer | ) | ) | )
SCLO /0 12C qhannel 0 serigl clock o o o o
bus line (open-drain)
SDAO | 1O 12C Qhannel 0 serigl data o 0 o 0
bus line (open-drain)

10.4.3 12C Mode Selection

The 12C module operates in one of the following modes:

e  Slave transmitter
e Slave receiver
e Master transmitter

J Master receiver

The 12C module supports the four operation modes above and operates as a slave by default. It can

operate as a master by configuring the START bit in the 12Cn_CR register.

START and STOP conditions can be controlled by software, and ACK functionality and General call

recognition capability can be controlled by software too.
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10.4.4 12C Initialization
10.4.4.1 Enabling and Disabling Peripherals

To use the 12C, follow the procedure below:

1. Setthe 12C in SCU_PERZ2 register to ‘1’. This enables the 12C module.
2. Setthe I2C in SCU_PCERZ2 register to ‘1. This enables the 12C module clock.

3. Configure the 12Cn_CR register to control the 12C communication.

10.4.4.2 Noise Canceller

Figure 73. Noise Canceller Timing

(A) (B) ©)

(nPS_DC,LEK) J ‘ ‘ ‘ ‘

debounce_in ‘

sync_in

debounce_out

cnt_in[1:0] 1

Pn_CLK: The clock selected by Port n (D, E) for using debounce.
debounce_in: Noise canceller input signal
sync_in: The Internal signal that synchronizes the debounce_in signal to the rising of Pn_CLK.

debounce_out: Debounced output signal

cnt_in: Internal 2-bit counter

To apply Noise-canceller to 12C, follow the procedure below:

1. Synchronize the debounce_in, input signal to the Noise canceller, with the rising edge of the
Pn_CLK to generate the sync_in signal.

2. The sync_in signal checks the internal counter value from starting point of the (B) section and
outputs the filtered value at the point of (C).

3. The time elapsed between the input signal and output signal is calculated by the formular
below:

A. Pn_CLK period x 4 to Pn_CLK x 5 (n =D, E)
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10.4.4.3 Using Noise Canceller in 12C Module

The following is how to use noise-canceller.

1. 12C module uses PD and PE. So, select PGBDCSEL (PD), PGCDCSEL (PE) in SCU_MCCR5
register. According to the port to be used and set the clock source for debouncing.

2. Setthe PGCDCDIV (PD), PGCDCDIV (PE) in SCU_MCCRS register to divide the clock source
for debouncing.

3. Enable debouncing by setting the PDEx (x = 0 to 15) in Px_DER (x = D, E) register according
to the port pin using 12C module.

NOTE:

1. If debounce is used, the 12C may experience a slowdown due to the Clock Stretching that can occur as much as the
Debounce Delay. Users can increase the 12C speed by setting the SCLH[15:0] in 12C_SCLH register to the value less
than the current setting.
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10.4.5 12C Software Reset

The 12C can be reset by software, that is, users can reset the 12C by configuring the SCU_PER2 register.
Writing ‘0’ to the 12C in SCU_PER2 register resets all related registers to the initialization state.

To use the 12C module again, set the 12C in SCU_PERZ2 register to ‘1’ again.
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10.4.6 12C Module Protocol
10.4.6.1 12C Bit Transfer

Data on the SDA line must be stable during the ‘H’ period of the clock. The ‘H’ or ‘L’ state of the data
line can only change when the clock signal on the SCL line is ‘L’. However, START (S), repeated START
(Sr), and STOP (P) occur when the SDA data changes while the SCL signal is high.

Figure 74 shows a timing diagram of the 12C Bus Bit Transfer.

Figure 74. 12C Bus Bit Transfer Timing Diagram

SDA

SCL

A\

I I I
[ [ [
I I I
‘ ‘ L
I I I t
I I I
I I I
I I I
| U !
I I I

Data line stable: ! I
i Data valid except S, Sr, P : Change of data allowed !
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10.4.6.2 START/Repeated START/STOP

During the operation of the I12C bus, unique situations arise, which are defined as the START (S) and
STOP (P) conditions (See Figure 75):

e START (S) condition: An ‘H’ to ‘L’ transition on the SDA line while SCL is ‘H’.

e STOP (P) condition: An ‘L’ to ‘H’ transition on the SDA line while SCL is ‘H’.

These START and STOP conditions are always generated by the master. The bus is considered busy
once the START condition occurs and is considered as free again after the STOP condition occurs.

Thus, the bus stays busy between a START and a STOP. If a repeated START (Sr) is generated instead
of a STOP, the bus remains busy. In this respect, the START (S) and repeated START (Sr) conditions
are functionally identical. For the remainder of this document, therefore, an S will be used to represent
both the START and repeated START conditions, unless Sr is particularly relevant.

The detection of the START and STOP conditions by devices connected to the bus is easy if the
necessary interfacing hardware is incorporated. However, microcontrollers with no such interface have
to sample the SDA line at least twice per clock period to sense the transition.

Figure 75. START and STOP Conditions
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10.4.6.3 Acknowledge

Data transfer with acknowledgement is necessary. The acknowledge-related clock pulse is generated
by the master. The transmitter releases the SDA line (‘H’) during the Acknowledge clock pulse. The

receiver must pull down the SDA line during the Acknowledge clock pulse so that it remains at stable ‘L
during the ‘H’ period of this clock pulse. (See Figure 76)

Set-up and hold times must also be considered. When a slave doesn’t acknowledge the slave address
(For example, it's unable to receive or transmit because it's performing some real-time function), the
data line must be left ‘H’ by the slave. Then the master can generate either the STOP condition to abort
the transfer, or the repeated START condition to start a new transfer.

If a slave-receiver acknowledges the slave address but can receive no more data bytes later during the
transfer, the slave leaves the data line at ‘H’, and the master generates either the STOP or the repeated
START condition.

If a master-receiver is involved in a transfer, the slave-transmitter must release the SDA line (‘H’) during
the acknowledge clock pulse of the end of data. So, the master could generate the STOP or repeated
START condition.

Figure 76. 12C Bus Response
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10.4.6.4 Synchronization

All masters generate their own clock on the SCL line to transfer messages through the 12C-bus. Data
is only valid during the ‘H’ period of the clock. A defined clock is therefore needed for the bit-by-bit
arbitration procedure to take place.

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the SCL line.
This means that an ‘H’ to ‘L’ transition on the SCL line will cause the devices concerned to start counting
off their ‘L’ period and, once a device clock has gone ‘L, it will hold the SCL line in that state until the
clock ‘H’ state is reached.

Figure 77. Clock Synchronization During Arbitration

|
Wait high countingi Start high counting

Fast device SCL out

Slow device SCL out N

SCL

-
-

NOTE:

1. The ‘L’ to ‘H’ transition of this clock may not change the state of the SCL line if another clock is still within its ‘L’ by
the device with the longest ‘L’ period. Devices with shorter ‘L’ periods enter an ‘H’ wait-state during this time.

When all devices concerned have counted off their ‘L’ period, the clock line will be released and go ‘H'.
Then, there will be no difference between the device clocks and the state of the SCL line, and the
devices will start counting their ‘H’ periods. The first device to complete its ‘H’ period will again pull the
SCL line ‘L.
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10.4.6.5 Arbitration

A master may start a transfer only if the bus is free. Two or more masters may generate the START
condition to the bus within the minimum hold time defined for this condition.

Arbitration takes place on the SDA line while the SCL line is in the ‘H’ level in the condition that one
master transmits the ‘H’ level, but another master is transmitting the ‘L’ level; as a result, the master
transmitting the ‘H’ level switches off its DATA output stage because the level on the bus doesn’t
correspond to its own level.

Arbitration can continue for many bits. Its first stage is the comparison of the address bits. If the masters
are trying to address the same device, arbitration proceeds with comparing either the data-bits (If they
are master-transmitters) or the acknowledge-bits (If they are master-receivers).

Because address and data information on the 12C bus is determined by the winning master, no
information is lost during the arbitration process. A master that loses arbitration can generate clock
pulses until the end of the byte in which it loses arbitration.

If a master also incorporates a slave function and it loses arbitration during the addressing stage, it is
possible that the winning master is trying to address it. The losing master must therefore switch over
immediately to its slave mode.

Figure 78 shows the arbitration process for two masters. Of course, more may be involved depending
on how many masters are connected to the bus. As soon as a difference is made between the internal
data level of the master generating Device1 Data out and the actual level on the SDA line, its data
output is switched off, which means that a Device1 releases 12C bus. This will not affect the data transfer
initiated by the winning master.

Figure 78. Arbitration Process Between Two Masters
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10.4.6.6 Data Transfer

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted per
transfer is unrestricted. Each byte must be followed by an Acknowledge bit and is transferred MSB first.
(Refer to Figure 79)

If a slave can’t receive or transmit another complete byte of data until it has performed some other
function, for example servicing an internal interrupt, it can hold the clock line SCL to ‘L’ to force the
master into a wait state. If the slave is ready to transfer another byte of data, release clock line SCL and
master continues data transfer.

A message starting with such an address can be terminated by an occurrence of the STOP condition,
even during the transmission of a byte. In this case, no acknowledgement is generated.

Figure 79. 12C Bus Data Transfer
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10.4.6.7 Master Transmit Timing

Figure 80. Master Transmit Timing

SDA

SCL

ICDR[7:0]

START

RXACK

GCALL

TEND

Status clear

1.  When bit 0 stored in 12Cn_DR register is ‘0’, if START in 12Cn_CR register is written as ‘1’,
Master operates in Transmit mode.

2. 8-bit data stored in the 12Cn_DR register is transmitted during SCL 8 pulses and ACK is
received at the rising edge of the 9th pulse.

3. If ACK is normally received, the RXACK in 12Cn_SR register becomes ‘1’ and the GCALL in
I2Cn_SR register becomes ‘1’ at the falling edge of the 9th pulse. In Master mode, GCALL in
12Cn_SR register is used as AACK (Address ACK judgment) bit.

4. If AACK is confirmed after address transmission, clear the 12Cn_SR register and transmit the
data stored in the 12Cn_DR register again according to the SCL pulse. When data transfer is
completed, the TEND in 12Cn_SR register becomes ‘1°.
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10.4.6.8 Master Receive Timing

Figure 81. Master Receive Timing

SDA

SCL

Shift register[7:0]

| Vo |
: BB : 3
I ; I I k: I I
I 1 I I I
ICDR[7:0] O0XAB \ P \ ﬁ( xOE
I 1 I I I
ﬂ i Vo i N
START | L | b
| Vo | o
I 1 I I
RXACK | D i
I 1 I I I I I I
TMOD | ‘ C ‘ G
| T i ——
i b | o
I 1 I I I I
GCALL ! o R
| Vo | P
TEND | D | -
I 1 I I I I I

Status clear

1.  When bit 0 stored in 12Cn_DR register is ‘1’, if START in 12Cn_CR register is written as ‘1’,
Master operates in Receive mode.

2. 8-bit data stored in 12Cn_DR register is transmitted during SCL 8 pulses, and TMODE in
I12Cn_SR register becomes ‘0’ (Receive mode).

3. IfACK s normally received at the rising edge of the 9th pulse, the RXACK in 12Cn_SR register
becomes ‘1" and the GCALL in 12Cn_SR register becomes ‘1’ at the falling edge of the 9th
pulse. In Master mode, GCALL in I2Cn_SR register is used as AACK (Address ACK judgment)
bit.

4. If AACK is confirmed after sending address, clear 12Cn_SR register and prepare to receive
data from slave.

5. The data received through the SDA line is saved in the shift register (SHFTR) at the 8th pulse
of SCL and then immediately saved to the 12Cn_DR register without delay.

At the 9th pulse of SCL, the RXACK in 12Cn_SR register becomes “1’. When data reception is completed,
the TEND in 12Cn_SR register becomes ‘1’
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10.4.6.9 Slave Transmit Timing

Figure 82. Slave Transmit Timing
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1. If START in I12Cn_CR register is kept as ‘0’, it operates in Slave mode.

2. When SDA drops to Low while both SCL and SDA are high, the start condition starts, and the
data received through the SDA line is saved in the shift register (SHFTR).

3. If the SHFTR[O] is "1" after the 12Cn_SARO or 12Cn_SAR1 register value and the Address
(SHFTR[7:1]) value stored in the shift register (SHFTR) match, it is Transmit mode, so the
TMODE in 12C_SR register is "1".

4. When Address Match is reached, the SSEL in 12C_SR register changes to ‘1’ and it is selected
as Slave, and the data stored in the 12C_DR register is transmitted according to the SCL pulse.

5.  When all 8-bit data is transmitted, TEND in 12C_SR register becomes ‘1’ at the falling edge of
the 9th pulse of SCL.
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10.4.6.10Slave Receive Timing

Figure 83. Slave Receive Timing
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1. If START in 12Cn_CR register is kept as ‘0’, it operates in Slave mode.

2.  When SDA drops to Low while both SCL and SDA are high, the start condition starts, and the
data received through the SDA line is saved in the shift register (SHFTR).

3. Ifthe 12Cn_SARO register value and the Address (SHFTR[7:1]) value stored in the shift register
(SHFTR) match and SHFTR[0] is '0' in the GCALL state, it is Receive mode, so the TMODE
in 12Cn_SR register is '0".

4. When Address Match is reached, SSEL in 12Cn_SR register is changed to ‘1’ and it is selected
as Slave and receives 8-bit data from Master.

5.  When all 8-bit data is received, it is saved to the shift register (SHFTR) and then immediately
saved to the 12Cn_DR register without delay.

At the 9th pulse of SCL, the RXACK in 12Cn_SR register becomes ‘“1’. When data reception is completed,
the TEND in 12Cn_SR register becomes ‘1°.
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10.4.7 12C Slave Mode
10.4.7.1 Slave Transmitter

Figure 84 shows a flowchart of the transmitter in slave mode.
Figure 84. Slave Transmitter Flowchart
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To operate the 12C in slave transmitter mode, users must follow the steps below:

1. If the main operating clock (PCLK) is slower than the SCL, users must set the 12Cn_SDH
register to 0x00, so that the SDA is changed at the falling edge of the SCL. The SDA hold time
is obtained by multiplying the 12Cn_SDH register value by the PCLK period. If the SDA hold
time is longer than the SCL period, data cannot be properly transmitted.

2. Setthe I12C in SCU_PER2 and SCU_PCER?2 registers to enable and clock the 12C.
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When the START condition is detected, the 12C receives one byte of data and compares it with
value of the SVAD[6:0] in 12Cn_SAR register. In the case that the GCEN in 12C_SAR register
is set enabled, the 12C raises the “general call” flag if the received data is 0x00.

If the received address does not match the SVAD[6:0] in 12Cn_SARQO register, the 12C becomes
idle and waits until another START bit is detected. If the ACKEN bit is set enabled and the
received address matches the address in the SVAD[6:0] bit field, the 12C triggers the SSEL
interrupt and maintains the SCL line in the ‘L’ level. If the ACKEN bit is set disabled, the 12C
becomes idle even though the received address matches the SVAD[6:0] bit field. When the
SSEL interrupt occurs, users must load the data in the 12Cn_DR register for transmission and
release the SCL line by writing a value OxFF to the I2Cn_SR register.

One byte of data is transmitted.

Once the transmission is completed, the 12C triggers the TEND interrupt regardless of an ACK
signal from the master, and it maintains the SCL line in the ‘L’ level. The slave performs one of
the following operations:

Case 1. If a NACK signal is detected, the 12C waits for the STOP condition or consecutive
START condition.

Case 2. If an ACK signal from the master is detected, the 12C loads the next data in the
12Cn_DR register.

Once one of the above operations is performed, release the SCL line by writing a value OxFF
to the 12Cn_SR register. For Case 1, go to step 8 and end the communication. For Case 2, go
to step 6. In either case, the consecutive START condition can be detected; then, go to step
4,

The last step is to process the STOP interrupt. This interrupt indicates that data transfer
between a master and slave has been completed. To clear the 12Cn_SR register, write a value
OxFF to the register. This causes the 12C to become idle.
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10.4.7.2 Slave Receiver

Figure 85 shows a flowchart of the receiver in slave mode.

Figure 85. Slave Receiver Flowchart
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To operate the 12C in slave receiver mode, users must follow the steps below:

1. If the main operating clock (PCLK) is slower than the SCL, users must set the 12Cn_SDH
register to 0x00, so that the SDA is changed at the falling edge of the SCL. The SDA hold time
is obtained by multiplying the 12Cn_SDH register value by the PCLK period. If the SDA hold
time is longer than the SCL period, data cannot be properly transmitted.
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Set the I12C in SCU_PER2 and SCU_PCERZ2 registers to enable and clock the 12C.

When the START condition is detected, the 12C receives one byte of data and compares it with
the SVAD[6:0] in 12Cn_SAR register. In the case that the GCEN in [12Cn_SAR register is set
enabled, the 12C raises the “general call” flag if the received data is 0x00.

If the received address does not match the SVAD[6:0] in I2Cn_SAR register, the 12C becomes
idle and waits until another START bit is detected. If the ACKEN bit is set enabled and the
received address matches the address in the SVAD[6:0] bit field, the 12C triggers the SSEL
interrupt and maintains the SCL line in the ‘L’ level. If the ACKEN bit is set disabled, the 12C
becomes idle even though the received address matches the SVAD[6:0] bit field. If the SSEL
interrupt occurs, the 12C is ready to receive data. Release the SCL line by writing a value OxFF
to the 12Cn_SR register.

One byte of data is received.

Once the reception is completed, the 12C triggers the TEND interrupt regardless of an ACK
signal from the slave, and it maintains the SCL line in the ‘L’ level. The slave performs one of
the following operations:

Case 1. If an ACKEN = ‘0’, a NACK signal is generated and the 12C waits for the STOP
condition or consecutive START condition.

Case 2. If an ACKEN = ‘1’, an ACK signal is generated and the 12C can continue receiving
data from the master.

Once one of the above operations is performed, release the SCL line by writing a value OxFF
to the 12Cn_SR register. For Case 1, go to step 8 and end the communication. For Case 2, go
to step 6. In either case, the consecutive START condition can be detected; then, go to step
4,

The last step is to process the STOP interrupt. This interrupt indicates that data transfer
between a master and slave has been completed. To clear the 12Cn_SR register, write a value
OxFF to the register. This causes the 12C to become idle.
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10. 12C
10.4.8 12C Master Mode
10.4.8.1 Master Transmitter
Figure 86 shows a flowchart of the transmitter in master mode.
Figure 86. Master Transmitter Flowchart
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To operate the 12C in master transmitter mode, users must follow the steps below:
1. Setthe 12C in SCU_PER2 and SCU_PCER?2 registers to enable and clock the 12C.
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Enter “SLA+W” in the 12C_DR register (“SLA” = slave address, “W’ = write). “W” must be set
to ‘0’ in master transmitter mode. Note that the 1I2Cn_DR register is used for both address and
data.

Set the 12Cn_SCLL and 12Cn_SCLH registers to configure the SCL transfer speed.

Set the 12Cn_SDH register, which determines the time SCL maintains the SDA value during
the ‘L period.

Write a ‘1’ to the START in 12Cn_CR register to transmit the START condition. And then,
configure interrupts and ACK processing conditions. Once the START bit is set enabled, the
8-bit data in the 12Cn_DR register is transmitted at the specified transfer speed.

First is the ACK processing sector for the address packet sent from the master. The slave
receives a 7-bit address and a 1-bit transmit-receive direction. The master checks for an ACK
response in the ‘H’ sector of the ninth clock pulse. If the master has bus priority, the GCALL
interrupt occurs, regardless of whether an ACK has been received. If the 12C loses its bus
mastership, the MLOST in 12Cn_SR register is set to ‘“1’. And the 12C either waits in idle mode
or is operated in slave mode. To operate the 12C in slave mode when it has lost its bus
mastership, the ACKEN in 12Cn_CR register must be set to ‘1’ and the SVAD[6:0] in I2Cn_SAR
register must be set to the specified slave address. When the [2C operates in slave transmit
or receive mode, its SCL must be maintained in the ‘L’ level, so that the 12C can decide whether
to continue or stop transmission.

The following is an example of how to operate the 12C when it does not lose its mastership
during the first byte transmission. The 12C (Master) performs one of the following operations
regardless of whether it has received an ACK signal from the slave:

Case 1. The master receives an ACK signal from the slave. Thereby, the master sends data
to the slave. In this case, the data is written to the 12Cn_DR register for transmission.

Case 2. Even if an ACK signal has been received, the master can stop transmission. In this
case, the STOP in 12Cn_CR register must be set enabled.

Case 3. The master sends the consecutive START condition without checking for an ACK
signal. In this case, “SLA+R/W” must be written to the 12Cn_DR register; and the START in
I2Cn_CR register must be set to ‘1°.

The SCL line is released when one of the above is performed and a value OxFF is written to
the 12Cn_SR register. For Case 1, go to step 8; for Case 2, go to step 10; and for Case 3, write
the data in the 12Cn_DR register and go to step 6. If the transfer direction bit in SLA+R/W that
is written to the 12Cn_DR register is set to ‘1’, go to the section on master receiver.

One byte of data is transmitted. Bus arbitration is valid during data transmission.
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8. Next is the ACK processing sector for the data transmitted by the master. The 12C maintains
the SCL in the ‘L’ level. If the 12C’s bus mastership is taken over by another master during data
transmission arbitration, the MLOST in I2Cn_SR register is set to ‘1’. In this case, the 12C waits
until it becomes idle. Once the data in the I2Cn_DR register is completely transmitted, the 12C
triggers the TEND interrupt.

The 12C (Master) performs one of the following operations regardless of whether it has
received an ACK signal from the slave:

Case A. The master receives an ACK signal from the slave. Thereby, the master sends data
to the slave. In this case, the data is written to the 12Cn_DR register for transmission.

Case B. Even if an ACK signal has been received, the master can stop transmission. In this
case, the STOP in 12Cn_CR register must be set enabled.

Case C. The master sends the consecutive START condition without checking for an ACK
signal. In this case, “SLA+R/W” must be written to the 12Cn_DR register; and the START in
I2Cn_CR register must be set to ‘1°.

The SCL line is released when one of the above is performed and a value OxFF is written to
the 12Cn_SR register. For Case A, go to step 8; for Case B, go to step 10; and for Case C,
write the data in the 12Cn_DR register and go to step 6. If the transfer direction bit in SLA+R/W
that is written to the 12Cn_DR register is set to ‘1, go to the section on master receiver.

9. The last step is to process the STOP interrupt. This interrupt indicates that data transfer
between a master and slave has been stopped by the STOP bit. To clear the I2Cn_SR register,
write a value OxFF to the register. This causes the 12C to become idle.
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10.4.8.2 Master Receiver

Figure 87 shows a flowchart of the receiver in master mode.

Figure 87. Master Receiver Flowchart

Master o | sia+w | Sorsr e
Transmitter
SLA+R
N
ACK STOP P
Y
LOST
A
»  DATA Rs LOST LOST&
> Sr
N
ACK STOP > P
Y
LOST Other master continues

|:| From master to slave /
Master command or Data Write
From slave to master
Interrupt after stop
command
Arbitration lost as master
LOST& and addressed as slave

Interrupt, SCL line is held low

To operate the 12C in master receiver mode, users must follow the steps below:

1. Setthe 12C in SCU_PER2 and SCU_PCER?2 registers to enable and clock the 12C.

2. Enter “SLA+R” in the 12Cn_DR register (“SLA” = slave address, “R” = read). “R” must be set
to “1’ in master receiver mode. Note that the 12Cn_DR register is used for both address and
data.
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3. Setthe 12Cn_SCLL and I12Cn_SCLH registers to configure the SCL transfer speed.

4. Set the 12Cn_SDH register, which determines the time SCL maintains the SDA value during
the ‘L period.

5. Write a ‘1’ to the START in 12Cn_CR register to transmit the START condition. And then,
configure interrupts and ACK processing conditions. Once the START bit is set enabled, the
8-bit data in the 12Cn_DR register is transmitted at the specified transfer speed.

6. The ACK processing sector for the address packet sent from the master. The slave receives a
7-bit address and a 1-bit transmit-receive direction. The master checks for an ACK response
in the ‘H’ sector of the ninth clock pulse. If the master has bus priority, the GCALL interrupt
occurs, regardless of whether an ACK has been received. If the 12C loses its bus mastership,
the MLOST in 12Cn_SRregister is set to “1’. And the 12C either waits in idle mode or is operated
in slave mode. To operate the 12C in slave mode when it has lost its bus mastership, the
ACKEN in I12Cn_CR register must be set to ‘1’ and the SVAD[6:0] in I2Cn_SAR register must
be set to the specified slave address. When the 12C operates in slave transmit or receive mode,
its SCL must be maintained in the ‘L’ level, so that the 12C can decide whether to continue or
stop transmission. The following is an example of how to operate the 12C when it does not
lose its mastership during the first byte transmission.

The 12C (Master) performs one of the following operations regardless of whether it has
received an ACK signal from the slave:

Case 1. The master receives an ACK signal from the slave. Therefore, the 12C is ready to
receive data. In this case, the receive data is read from the 12C_DR register.

Case 2. Even if an ACK signal has been received, the master can stop reception. In this case,
the STOP in 12C_CR register must be set enabled.

Case 3. The master sends the consecutive START condition without checking for an ACK
signal. In this case, “SLA+R/W” must be written to the 12C_DR register; and the START in
[2C_CR register must be set to “1°.

The SCL line is released when one of the above is performed and a value OxFF is written to
the 12C_SR register. For Case 1, go to step 8; for Case 2, go to step 10; and for Case 3, write
the data in the I2C_DR register and go to step 6. If the transfer direction bit in SLA+R/W that
is written to the 12C_DR register is set to ‘0’, go to the section on master transmitter.

7. One byte of data is received.
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The ACK processing sector for the data received from the slave. The 12C maintains the SCL
in the ‘L’ level. Once a byte of data is received, TEND interrupt occurs in the 12C.

The 12C (Master) performs one of the following operations regardless of the RXACK in 12C_SR
register:

Case A. The master continues to receive data from the slave. The ACKEN in I2C_CR register
is set to ‘1’ to transmit an ACK signal so that the slave can transmit the next data.

Case B. The master receiver stops receiving because an ACK is not generated in the next
receive data. To do so, the ACKEN in I12C_CR register must be cleared.

Case C. The master can stop data reception through generating NACK signal. When an ACK
signal is not generated, the master stops data transfer. In this case, the STOP in 12C_CR
register must be set enabled.

Case D. ACK signals are not generated, and the master sends the consecutive START
condition. In this case, “SLA+R/W” must be loaded to the I2C_DR register; and the START in
[2C_CR register must be set to ‘1°.

The SCL line is released when one of the above is performed and a value OxFF is written to
the 12C_SR register. For Case A, go to step 8; for Cases B and C, go to step 10; and for Case
D, write the data in the 12C_DR register and go to step 6. If the transfer direction bit in
SLA+R/W that is written to the 12C_DR register is set to ‘0’, go to the section on master
transmitter.

The last step is to process the STOP interrupt. This interrupt indicates that data transfer
between a master and slave has been stopped by the STOP bit. To clear the 12C_SR register,
write a value OxFF to the register. This causes the 12C to become idle.
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10.5 12C Interrupts

Setting the INTEN in 12Cn_CR register to ‘1’ can enable the 12C interrupt. With the INTEN bit enabled,
the interrupt is executed as the SCL pulse is output when the master sets the START in 12Cn_CR
register to ‘1’

Operation status of the 12C can be monitored by checking the corresponding bits of the 12Cn_SR
register, and writing ‘1’ to the bit field clears the corresponding flag. For detailed information of the
I12Cn_SR register, refer to section 10.4.7 and section10.4.8.
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10.6 12C Registers

The base address of the 12C and register map are described in the following:

Table 74. Base Address of 12C

Name Base Address
12C0 0x4000_A000
Table 75. 12C Register Map
Name Offset Type Description Reset Value Reference
I2Cn_DR 0x0000 RW | 12Cn Data Register 0x0000_00FF 10.6.1
12Cn_SR 0x0008 RW | I2Cn Status Register 0x0000_0000 10.6.2
12Cn_SAR 0x000C RW | I12Cn Slave Address Register 0 0x0000_0000 10.6.3
12Cn_CR 0x0014 RW | 12Cn Control Register 0x0000_0000 10.6.4
12Cn_SCLL 0x0018 RW | 12Cn SCL Low-Duration Register 0x0000_FFFF 10.6.5
12Cn_SCLH 0x001C RW | 12Cn SCL High-Duration Register 0x0000_FFFF 10.6.6
I2Cn_SDH 0x0020 RW | 12Cn SDA Hold Register 0x0000_7FFF 10.6.7
NOTE:
1. n=0.
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10.6.1 12Cn_DR: I12C Data Register

The 12Cn_DR register is a 32-bit register. It stores received byte-size data or serial data for transmission.

12C0_DR=0x4000_A000
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
ICDR[7:0]

OxFF

7 ICDR[7:0] In transmit mode, the data stored in this register is output from pin

0 SDA in the serial data line. In receive mode, data received at pin
SDA is stored in this register; hence, the stored data is loaded by
reading this register.
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10.6.2 12Cn_SR: I12C Status Register

A31C111 User's Manual

The 12Cn_SR register is a 32-bit read/write accessible register. It displays the status of the 12C bus

interface. Writing to the register clears the status bits. Once an 12C interrupt other than the stop interrupt

occurs, the SCL line is set low. To release this SCL setting, a value 0xFF must be written to the SR
register. This will clear the status of the GCALL, TEND, STOP, SSEL, MLOST, and RXACK bits.

12C0_SR=0x4000_A008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o
c =l
@ O|lWHEIRQ 23| %
&> O|lF|l®»l® S 0|
o|o|0|0|0O|0O|0O]O
- RWC![RWC1RWCTRWC1IRWC1 RO | RO RWC!
7 GCALL This bit signifies different things, depending on whether the 12C is
in master or slave mode.
(If the 12C module functions as a master, the bit represents whether
the ACK address (AACK) has been received from a slave. If the
I12C module is a slave, it indicates whether a general call has been
detected.)
0 Master mode: AACK has not been received.
1 Master mode: AACK has been received.
0 Slave mode: A general call has not been detected.
1 Slave mode: A general call has been detected.
6 TEND One-byte transmit end flag
0 Transmit is in progress.
1 Transmit has been completed.
5 STOP Stop flag
0 No stop has been detected.
1 A stop has been detected.
4 SSEL Slave flag
0 The module has not been selected as a slave.
1 The module has been selected as a slave.
3 MLOST Mastership loss flag
0 Mastership has not been lost.
1 Mastership has been lost.
2 BUSY Bus busy flag
0 The 12C bus is idle.
1 The 12C bus is busy.
1 TMOD Transmit/receive mode flag
0 Receive mode
1 Transmit mode
0 RXACK Rx ACK flag

0 An Rx ACK has not occurred.

1 An Rx ACK has occurred.
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10.6.3 12Cn_SAR: I12C Slave Address Register

The 12Cn_SAR register is an 8-bit readable and writable register. The first seven bits store the address
selected when the 12C module operates as a slave.

12C0_SAR=0x4000_A00C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
ie] o
(0] o pd
5 a W
3 < o}
i 7
0x00 0
- RW RW
7 SVADI[6:0] 7-bit slave address
0 GCEN Whether to enable or disable general call
0 Dismisses the general call address.
1 Receives the general call address.
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10.6.4 12Cn_CR: 12C Control Register

The 12Cn_CR register is a 32-bit read/write accessible register. It sets the operating modes and
enablement of the 12C module.

[2C0_CR=0x4000_A014
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 131211 10 9 8|7 6 5 4 3 2 1 0

Reserved
INTDEL[1:0]
IIF
Reserved
INTEN
ACKEN
Reserved
STOP
START

1
o
o
o

1
o
o

1
o
o

- RW [RO - RW[RW| - |[RW|RW
9 INTDEL[1:0] Internal delay between address and data transfers (Or between
8 two data transfers)
0 1 x SCL low duration
1 2 x SCL low duration
2 4 x SCL low duration
3 8 x SCL low duration
7 IIF Interrupt flag
0 No interrupt has occurred, or the flagged interrupt has been
cleared.
1 An interrupt has occurred.
4 INTEN Whether to enable or disable interrupts
0 Disables interrupts.
1 Enables interrupts.
3 ACKEN Whether to enable or disable ACK in receive mode

0 No ACK signal is generated.
1 ACK signal is generated.

1 STOP Whether to enable or disable stop
If this bit is set to ‘1’ in transmit mode, the next transmission is
stopped even if an ACK signal has been received.

0 Disables stop.

1 Enables stop.
Transmission is stopped when this bit is set to ‘1".
0 START Transmission start in master mode

0 The 12C waits in slave mode.
1 The 12C starts transmitting in master mode.

Figure 88. Internal Delay (INTDEL[1:0]) in Master Mode

Interval time = SCL low duration x (2 "INTDEL[1:0])

su__ [UUUUULIL

ADDRESS (or DATA) DATA

] ]

AN

The timing of sriting status register
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10.6.5 12Cn_SCLL: 12C SCL Low-Duration Register

The 12Cn_SCLL register is a 32-bit register. The SCL low duration time can be set in master mode.

12C0_SCLL=0x4000_A018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
Reserved SCLL[15:0]
- OxFFFF
- RW
15 SCLL[15:0] SCL low duration value
0 SCL low duration = (PCLK period x SCLL[15:0]) + 2 x PCLK period

Default value: OxFFFF

Figure 89. SCL Low (SCLL[15:0]) Timing

‘SCL Iow‘duration
| |
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10.6.6 12Cn_SCLH: 12C SCL High-Duration Register

The 12Cn_SCLH register is a 32-bit register. The SCL high duration time can be set in master mode.

12C0_SCLH=0x4000_A01C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
Reserved SCLHI[15:0]
- OxFFFF
- RW
15 SCLH[15:0] SCL high duration value
0 SCL high duration = (PCLK period x SCLH[15:0]) + 3 x PCLK
period

Default value: OxFFFF

Figure 90. SCL High (SCLH[15:0]) Timing

, SCL high duration
| |
R
l l
| |
NOTE:
1. In case of SCLH, a delay that counts the SCLH section may occur depending on external input conditions (Pull up

resistance, VDDEXT).
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10.6.7 12Cn_SDH: I12C SDA Hold Register

The 12Cn_SDH register is a 15-bit R/W register. The SCL hold time can be set in master mode.

12C0_SDH=0x4000_A020
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved SDHI[14:0]
- Ox7FFF
- RW
14 SDH[14:0] SDA hold time value
0 SDA hold time = (PCLK period x SDH[14:0]) + 4 x PCLK period

Default value: Ox7FFF

Figure 91. SDA Hold (SDH[14:0]) Timing

SCL hold time

SDA
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10.6.8 12C Register Map Summary

Table 76. 12C Register Map Summary

e I e 1 B R N B I R N R Ea e e o A e R Y B B P Y B A
Ox00 [2C_DR ICDR([7:0]
Reset value 11111111
dlala|=|5]>(2]8
2C_SR I(Z|olwlol|lalo]|z
0x08 - SE®|3|2|2|F|2
Reset value ojojofojojojofoO
&
0X0C [2C_SAR SVADI6:0] 3
Reset value ojojofojojojofoO
g
= - 4 alE
) w w(w OII
oxta 2C_CR B = S| 5|5
E =< n
Z
Reset value ofofo ofofJo]o]o
o0x18 [2C_SCLL SCLL[15:0]
Reset value 1A a1 ]
ox1C [2C_SCLH SCLH[15:0]
Reset value 1A [ [ [ ]
0x20 [2C_SDH SDH[14:0]
Reset value AT T T T e I e
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11. USART

11.1 USART Introduction

Universal Synchronous and Asynchronous serial Receiver/Transmitter (USART) is a highly flexible
serial communication device.

11.2 USART Main Features
The USART of the A31C111 series features the following:

e Full Duplex operation. (Independent Serial Receive and Transmit Registers)

e Asynchronous or Synchronous operation.

*  Baud rate generator.

e Supports serial frames with 5,6,7,8 or 9 data bits and 1 or 2 stop bits.

e 0Odd or Even parity generation and parity check are supported by hardware.

»  Data over run detection.

e  Framing error detection.

* Three separate interrupts on TX completion, TX data register empty and RX completion.

*  Double speed asynchronous communication mode.

Additional features are:
* 0% error baud rate by floating point count register.
e Supports receive time out interrupt.

*  Supports direct memory access and interrupt.
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11.3 UART Functional Description

The USART includes a clock generator, transmitter and receiver.

The clock generation logic consists of a synchronization logic for external clock input used by
synchronizing or SPI slave operation, and the baud rate generator for asynchronous or master
(synchronous or SPI) operation.

The transmitter consists of a single write buffer, a serial shift register, parity generator and control logic
for handling different serial frame formats. The write buffer allows continuous transfer of data without
any delay between frames.

The receiver is the most complex part of the UART module due to its clock and data recovery units. The
recovery unit is used for asynchronous data reception. In addition to the recovery unit, the receiver
includes a parity checker, a shift register, a two-level receive FIFO (USARTn_DR) and control logic. The
receiver supports the same frame formats as the transmitter and can detect frame errors, data overrun
and parity errors.
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11.3.1 USART Block Diagram

Figure 92 shows the block diagram for the USART of the A31C111 series.

Figure 92. UART Block Diagram
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Figure 93. SPI Block Diagram

A31C111 User's Manual
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11.3.2 USART Pins and Internal Signals

Table 77 describes the pins assigned for the USART.

Table 77. Pin Assignment of USART External Pins

11. USART

Package Type
Pin i
Name | 1YPe Description ASICTIIFU | A31c111FR | A31CI11AE | A31C111TS
A31C111FY
(28-TSSOP) | (16-SOPN) (10-SSOP)
(20-QFN)
TXD10 (0] UART transmit output (0] (0] (0] (0]
RXD10 | UART transmit input (0] (0] (0] O
S510 e SPI serial pgrt 1/0 signal for o o o o
slave selection
SPI clock 1/0
SCK10 | 1/0 cloe . o o o -
(Master: output/slave: input)
MOSI0 e SPI transmit and recei\./e data o 0 0 0
(Master: output/slave: input)
SPI transmit and receive data
MISO10 | 110 m Y o o o 0
(Master: input/slave: output)
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11.3.3 USART Clock Generation

The clock generation logic generates the base clock for the transmitter and receiver. The USART
supports four modes of clock operation and those are normal asynchronous, double speed

asynchronous, master synchronous and slave synchronous modes.

The clock generation scheme for master SPI and slave SPI mode is the same as master synchronous

and slave synchronous operation mode.

MS[1:0] bits in USARTn_CR1 register selects asynchronous or synchronous operation. Asynchronous
double speed mode is controlled by the DBLS[8] bit in the USARTn_CR2 register.

MASTER[7] bit in USARTn_CR2 register controls whether the clock source is internal (master mode,
output pin) or external (slave mode, input pin). The SCKn pin is active only when the USART operates
in synchronous or SPI mode.

Figure 94. Clock Generation Block Diagram

USTnBD
DBLSn
A focik i
p li (USARTn_BD+1)
Up-Gounter » B
U
> X
PGLK o txclk
, |
Sync Register DEt(:agc(teor — —>» M
U USTnMS[1:0]
T X
CPOLn /T/
sckn [ Ig 12 MASTERn
- rxclk
Table 78 shows the equations for calculating baud rate (in bps.)
Table 78. Equations for Calculating USART Baud Rate Registe Settings
Operating Mode Equation for Calculating Baud Rate
Asynchronous Normal Mode (DBLSn=0) Baud Rate = PCLK/(16 x (USARTn_BDR + 1))
Asynchronous Double Speed Mode (DBLSn=1) Baud Rate = PCLK/(8 x (USARTn_BDR + 1))
Synchronous or SPI Master Mode Baud Rate = PCLK/(2 x (USARTn_BDR + 1))
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11.3.4 External Clock (SCKn)

External clocking is used in the synchronous or SPI slave mode of operation.

External clock input from the SCKn pin is sampled by synchronization logic to remove meta-stability.
Output from the synchronization logic must be passed through an edge detector before it is used by the
transmitter and receiver. This process introduces a two CPU clock period delay. The maximum
frequency of the external SCKn pin is limited by 1 MHz.

11.3.5 Synchronous Mode Operation

External clocking is used in the synchronous or SPI slave mode of operation.

When synchronous or SPI mode is used, the SCKn pin will be used as either clock input (slave) or clock
output (master). Data sampling and transmitter are issued on the different edge of SCKn clock
respectively. For example, if data input on RXDn (MISOn in SPI mode) pin is sampled on the rising
edge of SCKn clock, data output on TXDn (MOSIn in SPI mode) pin is altered on the falling edge.

CPOL[7] bit in USARTNn_CR1 register selects which SCKn clock edge is used for data sampling, and
which is used for data change. As shown in Figure 95, when CPOL[7] is zero, the data will be changed

at rising edge of SCKn and sampled at falling edge of SCKn.

Figure 95. SCKn Operation in Synchronous Mode

CPOLn =1

SCKn

TXDn/RXDn >< % >< >< ><

Sample

CPOLNn=0

SCKn

TXDn/RXDn >< \ >< >< ><

Sample
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11.3.6 UART Data Format

A serial frame is defined as one character of data bits with synchronization bits (start and stop bits), and
optionally a parity bit for error detection. USART supports all 30 combinations of the following as valid
frame formats.

e 1 start bit
e 5,6,7,8or9 data bits
* None, even or odd parity bit.

* 1 or2 stop bits.

A frame starts with a start bit followed by the least significant data bit (LSB). Next data bits, up to nine,
are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is
inserted between the last data bit and the stop bit.

A high-to-low transition on data pin is considered as start bit. When a complete frame is transmitted, it
can be directly followed by a new frame, or the communication line can be set to an idle state. The
idle means high state of data pin.

Figure 96 shows possible combinations of frame formats. Bits inside brackets are optional.

Figure 96. Frame Formant (USART)

»!

I: 1 data frame ql

Idle st DO D1 D2 D3 p4 | s) | 6 | 71 | D8] . spt [sp2] | Idiesst

le »|

< Character

Single data frame consists of the following bits:

e Idle: No signal on communication line (TXDn/RXDn)
e St: Start bit (Low)

e Dm: Data bits (0 to 8)

e Parity bit: Even parity, odd parity, no parity

e Stop bit(s): 1 bit or 2 bits

Frame format of UART is set by configuring DLEN[11:9], PE[13:12] bits in USARTn_CR1 register and
SBJ[2] bit in USARTNn_CR2 register. Transmitter and receiver use the same figures.
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11.3.7 UART Parity Bit

Parity bit is calculated by doing an exclusive-OR of all data bits. If odd-parity is used, the result of the
exclusive-OR is inverted. Parity bit is located between the MSB and first stop bit of a serial frame.

e Peven=Dm-1*...AD3~D2~D1~D0"0
e Podd=Dm-17..~D32D2~D1~D0"0
* Peven: Parity bit using even parity

e  Podd: Parity bit using odd parity

J Dm: Data bit n of the character
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11.3.8 UART Transmitter

UART transmitter is enabled by configuring TXE[1] bit in USARTn_CR1 register. When the transmitter
is enabled, TXDn pin should be set to TXDn function for the serial output pin of UART by the
Pn_MR1/Pn_MR2. Baud rate, operation mode and frame format must be set up once before starting

any transmission.

In synchronous operation mode, SCKn pin is used as a transmission clock, so it should be selected to
function SCKn by Pn_MR1/Pn_MR2.

11.3.8.1 UART Sending TX Data

A data transmission is initiated by loading the transmit buffer (USARTn_DR register 1/O location) with
the data to be transmitted. The data written in transmit buffer is moved to the shift register when the
shift register is ready to send a new frame. The shift register is loaded with the new data if it is in idle
state or immediately after the last stop bit of the previous frame is transmitted.

When the shift register is loaded with new data, it will transfer one complete frame according to the
settings of control registers. If the 9-bit characters are used in asynchronous or synchronous operation
mode, the ninth bit must be written to the TX8[1] bit in USARTN_CR2 register before it is loaded to the
transmit buffer USARTn_DR register.

11.3.8.2 UART Transmitter Flag and Interrupt

The USART transmitter has two flags which indicate its state. One is USART data register empty flag
(DRE[7]) and the other is transmit completion flag (TXCI[6]). Both flags can be interrupt sources.

DRE[7] flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the
transmit buffer is empty and cleared when the transmit buffer contains data to be transmitted but has
not yet been moved into the shift register. And this flag can be cleared by writing ‘0’ to this bit position.
Writing ‘1’ to this bit position is prevented.

When the data register empty interrupt enable (DRIE[5]) bit in USARTn_CR1 register is set and the
global interrupt is enabled, USARTNn_ST status register empty interrupt is generated while DRE[7] flag
is set.

The transmit complete (TXC[6]) flag bit is set when the entire frame in the transmit shift register has
been shifted out and there is no more data in the transmit buffer. The TXCI[6] flag is automatically cleared
when the transmit complete interrupt serve routine is executed, or it can be cleared by writing ‘0’ to
TXC[6] bitin USARTn_ST register.

When the transmit complete interrupt enable (TXCIE[4]) bit in USARTn_CR1 register is set and the
global interrupt is enabled, UART transmit complete interrupt is generated while TXC[6] flag in
USARTN_ST register is set.
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11.3.8.3 UART Parity Generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is
enabled by setting PG[13:12] bit value to “10” (even parity) or “11” (odd parity) in USARTn_CR1 register,
the transmitter control logic inserts the parity bit between the MSB and the first stop bit of the frame to
be sent.

11.3.8.4 UART Disabling Transmitter

Disabling the transmitter by clearing the TXE[1] bit in USARTn_CR1 will not become effective until
ongoing transmission is completed. When the transmitter is disabled, the TXDn pin can be used as a
normal general purpose /0.
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11.3.9 UART Receiver

USART receiver is enabled by setting the RXE[0] bit in the USARTn_CR1 register. When the receiver
is enabled, the RXDn pin should be set to RXDn function for the serial input pin of UART by
Pn_MR1/Pn_MR2. The baud-rate, mode of operation and frame format must be set before serial
reception. In synchronous or SPI operation mode the SCKn pin is used as transfer clock input, so it
should be selected to do SCKn function by Pn_MR1/Pn_MR2. In SPI operation mode the SSn input pin
in slave mode can be configured as SSn output pin in master mode. This can be done by setting SSEN[4]
bit in USARTn_CR2 register.

11.3.9.1 UART Receiving RX Data

When UART is in synchronous or asynchronous operation mode, the receiver starts data reception
when it detects a valid start bit (LOW) on RXDn pin. Each bit after start bit is sampled at pre-defined
baud-rate (asynchronous) or sampling edge of SCKn (synchronous) and shifted into the receive shift
register until the first stop bit of a frame is received. Even if there’s the second stop bit in the frame, the
second stop bit is ignored by the receiver. That is, receiving the first stop bit means that a complete
serial frame is presented in the receiver shift register and contents of the shift register are to be moved
into the receive buffer. The receive buffer is read by reading the USARTn_DR register.

If 9-bit characters are used (DLEN[2:0] = “111”), the ninth bit is stored in the RX8[0] bit position in the
USARTnNn_CR2 register. The ninth bit must be read from the RX8[0] bit before reading the low 8 bits
from the USARTN_TDR register. Likewise, the error flags PE[0], FE[1], DOR][2] bit must be read before
reading the data from USARTNn_DR register. It's because the error flags are stored in the same FIFO
position of the receive buffer.
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11.3.9.2 UART Receiver Flag and Interrupt

The UART receiver has one flag that indicates the receiver state.

A receive complete (RXC[5]) flag indicates whether there is unread data in the receive buffer. This flag
is set when there is unread data in the receive buffer and cleared when the receive buffer is empty. If
the receiver is disabled (RXE[0] = 0), the receiver buffer is flushed, and the RXCJ[5] flag is cleared.

When a receive complete interrupt enable (RXCIE[3]) bit in the USARTn_CR1 register is set and global
interrupt is enabled, the UART receiver complete interrupt is generated while RXC[5] flag is set.

The UART receiver has three error flags which are frame error (FE[2]), data overrun (DOR[2]) and parity
error (PE[Q]). These error flags can be read from the USARTn_ST register. As received data is stored
in the 2-level receive buffer, these error flags are also stored in the same position of receive buffer. So,
before reading received data from USARTNn_DR register, read the USARTn_ST register first which
contains error flags.

The frame error (FE[1]) flag indicates the state of the first stop bit. The FE flag is “0” when the stop bit
was correctly detected as “1”, and the FE flag is “1” when the stop bit was incorrect, i.e. detected as “0”.
This flag can be used for detecting out-of-sync conditions between data frames.

The data overrun (DOR][2]) flag indicates data loss due to a receive buffer full condition. DOR[2] occurs
when the receive buffer is full, and another new data is presented in the receive shift register which is
to be stored into the receive buffer. After the DOR[2] flag is set, all the incoming data is lost. To avoid
data loss or clear this flag, read the receive buffer.

The parity error (PE[Q]) flag indicates that the frame in the receive buffer had a parity error when
received. If parity check function is not enabled (PG[13:12] = 0 in USARTn_CR1 register), the PE[0] bit
in USARTn_ST register is always read “0”.

11.3.9.3 UART Parity Checker

If parity bit is enabled (PG[13:12]=1 in USARTn_CR1 register), the Parity Checker calculates the parity
of the data bits in incoming frame and compares the result with the parity bit from the received serial
frame.

11.3.9.4 UART Disabling Receiver

In contrast to transmitter, disabling the Receiver by clearing RXE[0] bit makes the Receiver inactive
immediately.

When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer
is all reset, and the RXDn pin can be used as a normal general purpose 1/O.
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11.3.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The clock
recovery logic is used for synchronizing the internally generated baud-rate clock to the incoming
asynchronous serial frame on the RXDn pin.

The data recovery logic does sample and low pass filtering the incoming bits and removing the noise
of RXDn pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate
is 16 times the baud-rate in normal mode and 8 times the baud-rate for double speed mode (DBLSI[8]
=1 in USARTN_CR2 register). The horizontal arrows show the synchronization variation due to the
asynchronous sampling process. Note that larger time variation is shown when using the double speed
mode.

Figure 97. Asynchronous Start Bit Sampling
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When the receiver is enabled (RXE[0] = 1), the clock recovery logic tries to find a high-to-low transition
on the RXDn line, the start bit condition. After detecting high to low transition on RXDn line, the clock
recovery logic uses samples 8, 9 and 10 for normal mode to decide if a valid start bit is received. If more
than 2 samples have a logical low level, it is considered that a valid start bit is detected, and the internally
generated clock is synchronized to the incoming data frame. And the data recovery can begin. The
synchronization process is repeated for each start bit.

As described above, when the receiver clock is synchronized to the start bit, the data recovery can
begin. Data recovery process is almost the same as the clock recovery process. The data recovery
logic samples 16 times for each incoming bits for normal mode and 8 times for double speed mode,
and uses sample 4, 5 and 6 to decide data value. If more than 2 samples have low levels, the received
bit is considered to a logic ‘0’ and if more than 2 samples have high levels, the received bit is considered
to logic ‘1°.
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The data recovery process is then repeated until a complete frame is received including the first stop
bit. The decided bit value is stored in the receive shift register in order. Note that the Receiver only uses
the first stop bit of a frame. Internally, after receiving the first stop bit, the Receiver is in idle state and

waiting to find start bit.

Figure 98. Asynchronous Data and Parity Bit Sampling
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The process for detecting stop bit is same as clock and data recovery process. That is, if two or more
samples of three center values have high level, correct stop bit is detected, else a frame error (FE[1])
flag is set. After deciding whether the first stop bit is valid or not, the Receiver goes to idle state and
monitors the RXDn line to check if a valid high to low transition is detected (start bit detection).

Figure 99. Stop Bit Sampling and Next Start Bit Sampling
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11.3.10 UART Low-Power Mode

Table 79. Effect of Low-Power Modes on UART

Mode Description
SLEEP No effect
DEEP-SLEEP Only UART mode operates as a wakeup source.

11.3.10.1 Description of Steps of Low-Power Mode

1.

302

To enable the signal to be used as a wake-up source, set the USARTnWUE in the SCU_WUER
register to ‘1’. Before setting the USARTNWUE bits, set UART mode first.

Enter low power mode (DEEP-SLEEP mode).

When the RXn pin goes low, the microcontroller wakes up from DEEP-SLEEP mode. The
WAKE bit in the USARTN_ST register is set to ‘1’ and must be cleared after the wake up.

Writing a ‘1’ to the USARTNWU in the SCU_WUSR register clears the triggered flags.

Discard the USARTn_DR value received immediately after the wake up and use the next
incoming data as a valid value.
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11.3.11 SPI Mode

The USART can be set to operate in industrial standard SPI compliant mode.
The SPI mode features the following:

e Full Duplex, Three-wire synchronous data transfer.

e Master and Slave Operation

e Supports all four SPI modes of operation (mode 0, and 1).
*  Selectable LSB first or MSB first data transfer.

* Double buffered transmit and receive.

*  Programmable transmit bit rate.

When the SPI mode is enabled by configuring MS[15:14] as “11”, the slave select (SSn) pin becomes
active LOW input in slave mode operation or can be output in master mode operation if SSEN[4] bit in
the USARTN_CR?2 register is set to ‘0’. So, it should be selected to do MISOn, MOSIn function by
Pn_MR1/Pn_MR2.
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11.3.11.1SPI Clock Formats and Timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (CPOL[7]) and a clock phase control bit (CPHA[6]) to select one of four
clock formats for data transfers. CPOL[7] selectively insert an inverter in series with the clock. CPHA[6]
chooses between two different clock phase relationships between the clock and data. Note that CPHA[6]
and CPOL[7] bits in USARTn_CR1 register have different meanings according to the
USARTn_CR1<MS§[15:14]> bits which decides the operating mode of USART(MS[15:14] = 01).

Table 80 shows four combinations of CPOL and CPHA for SPI modes 0, 1, 2 and 3.

Table 80. CPOL Functionality

SPIn mode CPOLN CPHAnN Leading edge Trailing edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)

When CPHA[6]=0, the slave begins to drive its MISOn output with the first data bit value when SSn
goes to active low. The first SCKn edge causes both the master and the slave to sample the data bit
value on their MISOn and MOSIn inputs, respectively.

At the second SCKn edge, the USART shifts the second data bit value out to the MOSIn and MISOn
outputs of the master and slave, respectively. Unlike the case of CPHA[6] = 1, when CPHA[6] = 0O, the
slave’s SSn input must go to its inactive high level between transfers. This is because the slave can
prepare the first data bit when it detects falling edge of SSn input.
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Figure 100. USART SPIn Clock Formats (CPHAN = 0)
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When CPHA[6] = 1, the slave begins to drive its MISOn output when SSn goes active low, but the data
is not defined until the first SCKn edge. The first SCKn edge shifts the first bit of data from the shifter
onto the MOSIn output of the master and the MISOn output of the slave.

The next SCKn edge causes both the master and slave to sample the data bit value on their MISOn
and MOSIn inputs, respectively. At the third SCKn edge, the USART shifts the second data bit value
out to the MOSIn and MISOn output of the master and slave respectively. When CPHA[6] = 1, the
slave’s SSn input is not required to go to its inactive high level between transfers.

Because the SPIn logic reuses the USART resources, SPIn mode of operation is similar to that of
synchronous or asynchronous operation. SPIn transfer is initiated by checking for the USART Data
Register Empty flag (DRE[7] = 1) in USARTn_ST register and then writing a byte of data to the
USARTN_DR register. In master mode of operation, even if transmission is not enabled (TXE[0] = 0),
writing data to the USARTn_DR register is necessary because the clock SCKn is generated from
transmitter block.
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Figure 101. USART SPIn Clock Formats (CPHAN = 1)
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11.3.12 Baud Rate Settings (Example)

Table 81. Baud Rate Settings Example

11. USART

Baud f0SC=1.00 MHz fOSC=1.8432 MHz f0SC=2.00 MHz
Rate DBLSn=0 DBLSn=1 DBLSn=0 DBLSn=1 DBLSNn=0 DBLSn=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 7.0% 12 0.2% 1 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4K 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2K 2 8.5% 6 7.0% 5 0.0% 11 0.0% 6 7.0% 12 0.2%
28.8K 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4K 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 7.0%
57.6K - - 1 8.5% 1 25.0% 3 0.0% 1 8.5% 3 8.5%
76.8K - - 1 -18.6% 1 0.0% 2 0.0% 1 -18.6% 2 8.5%
115.2K - - - - - - 1 0.0% - - 1 8.5%
230.4K - - - - - - - - - - - -
Baud fOSC=3.6864 MHz fOSC=4.00 MHz fOSC=7.3728 MHz
Rate DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% - -
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2K 1 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8K 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6K 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8K 2 0.0% 5 0.0% 2 8.5% 6 7.0% 5 0.0% 1 0.0%
115.2K 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K - 1 0.0% - - 1 8.5% 1 0.0% 3 0.0%
250K - - 1 -7.8% - - 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - - - - - - - - - 1 7.8%
Baud f0SC=8.00 MHz fOSC=11.0592 MHz fOSC=14.7456 MHz
Rate DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1 DBLSNn=0 DBLSn=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 207 0.2% - - - - - - - - - -
4800 103 0.2% 207 0.2% 143 0.0% - - 191 0.0% - -
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4K 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2K 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8K 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4K 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6K 8 -3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8K 6 7.0% 12 0.2% 8 0.0% 17 0.0% 1 0.0% 23 0.0%
115.2K 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4K 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 1 0.0% 3 0.0% 2 -7.8% 5 7.8% 3 7.8% 6 5.3%
0.5M - - 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - - - - - - - - - 1 7.8%
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11.3.13 0% Error Baud Rate

This USART system supports the fraction counter logic for the 0% error of baud rate. By using the 8
bits floating point counter logic, the cumulative error to below the decimal point can be removed.

The fraction counter value is defined by baud rate error. In the baud rate formula, USARTn_BDR is
presented the integer count value. For example, to use a baud rate of 57,600 bps (fXIN = 16 MHz), the
calculated integer count value must be 17.36 (USARTn_BDR + 1 = 16,000,000/ (16 x 57,600) = 17.36).

Here, USARTn_BDR which can be set up is the nearest big integer number 16.

To realize 0% error of baud rate, fraction counter value must be 92 ((0.36) x 256 = 92). Accordingly,

92 (decimal) must be written to the USARTn_BFR register, and 16 (decimal) must be written to the
USARTnN_BDR register.

Figure 102. 0% Error Baud Rate Diagram
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11.3.14 Receive Time Out (RTO)

This USART system supports the receive time out (RTO) interrupt. The RTO counter uses the system
clock and continues counting while the RXD input is not present. If the RTO counter matches
USARTNn_RTO, RTOF becomes ‘1’. RTOEN is set to ‘1’ to enable this operation, and RTOEN is
automatically set to 0 when an RTO match occurs. RTO interrupts can be enabled using the RTOIE bit.
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11.4 USART Registers

The base address and register map of the USART are described in the following tables:

Table 82. Base Address of USART
Name Base Address

USART10 0x4000_1000

Table 83. USART Register Map

Name Offset | Type Description Reset Value | Reference
USARTNn_CR1 | 0x0000 | RW | USART n control register 1 0x0000_0000 11.4.1
USARTNn_CR2 | 0x0004 | RW | USART n control register 2 0x0000_0000 11.4.2
USARTN_ST 0x000C | RW | USART n status register 0x0000_0080 11.4.3
USARTNn_BDR | 0x0010 | RW | USART n baud rate generation register 0x0000_OFFF 11.4.4
USARTn_DR 0x0014 | RO | USART n data register 0x0000_0000 1145
USARTn_BFR | 0x0018 | RW :Jezﬁ;g n baud-rate fraction counter 0x0000_0000 | 11.4.6
USARTNn_RTO | 0x001C | RW | USART n receiver time out register OxO00FF_FFFF 1147

NOTE:
1. n=10.
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11.4.1 USARTNn_CR1: USART n Control Register 1

USARTnN module should be configured properly before running.

USARTN_CRH1 register is 32-bit size and accessible in 32-/16-/8-bit (n = 10)

USART10_CR1=0x4000_1000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 1211 10 9 8|7 6 5 4 3 2 1 O
— — =) L
Reserved 2| & |23 ¥slgyyy
eserve g g H S % % g ﬁ é %( Bl
o
- o|jo|jo0|0|0O|O|O|O|O|O|O|O|O|O|O]|O
- RW{RW [RW|RW|RW|RW|RW RW|RW [RW|RW|RWRW|RW RW|RW
15 MS[1:0] USARTN operation mode selection bits.
14 00 Asynchronous mode (UART).
01 Synchronous mode.
10 Reserved.
11 SPI mode.
13 PG[1:0] Selects parity generation and check method (only UART mode)
12 00 No parity.
01 Reserved.
10 Even parity.
11 Odd parity.
11 DLEN[2:0] Selects the length of data bit in a frame when Asynchronous or
9 Synchronous mode.
000 5 bits.
001 6 bits.
010 7 bits.
011 8 bits.
111 9 bits.
others Reserved.
8 ORD Select the first data bit to be transmitted (only SPI mode)
0 LSB-first.
1 MSB-first.
7 CPOL Selects the clock polarity of ACK in synchronous or SPI mode.
0 TXD changes at rising edge. RXD changes at falling
edge.
1 TXD changes at falling edge. RXD changes at rising
edge.
6 CPHA The CPOL and this bit determine if data are sampled on the leading
or trailing edge of SCK (only SPI mode).
CPOL CPHA Leading edge Trailing edge
0 0 Sample (Rising)  Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling)  Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
5 DRIE Transmit data register empty interrupt enable bit.
0 Disable the transmit data empty interrupt.
1 Enable the transmit data empty interrupt
4 TXCIE Transmit complete interrupt enable bit.
0 Disable transmit complete interrupt.
1 Enable transmit complete interrupt.
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RXCIE

Receive complete interrupt enable bit

0 Disable receive complete interrupt.

1 Enable receive complete interrupt.

WAKEIE

Asynchronous wake-up interrupt enable bit in DEEP SLEEP mode.
When device is in DEEP SLEEP mode, if RXDn goes to low level,
an interrupt can be requested to wake-up system. (only UART
mode). Must be set ‘1’ in DEEP SLEEP mode, set to ‘0’ if wake up
from DEEP SLEEP mode.

0 Disable Asynchronous wake-up interrupt.

1 Enable Asynchronous wake-up interrupt.

TXE

Enables the transmitter unit.

0 Transmitter is disabled.

1 Transmitter is enabled.

RXE

Enables the receiver unit.

0 Receiver is disabled.

1 Receiver is enabled.

NOTE:

1. The CPOL and CPHA bits should be changed during the TXE and RXE bits are both ‘0’s.
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11.4.2 USARTNn_CR2: USART n Control Register 2

USARTnN module should be configured properly before running.

USARTN_CR2 register is 32-bit size and accessible in 32-/16-/8-bit (n=10)

USART10_CR2=0x4000_1004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 1211 10 9 8|7 6 5 4 3 2 1 0
wlZzlz| || H 25 =z
Reserved Qﬁgﬁégéﬁﬁgggg
X r|lo o é Sl
- ojojo|j0jo0|j0|j0O|O0Of0O|O|0O|O0O]O
- RW [RW|RW|RW|RW|RW [RW |RW |RW|RW|RWRW RW
12 RTOIE RTO interrupt bit.
0 Disable RTO interrupt.
1 Enable RTO interrupt.
11 RTOEN Activate RTO block by supplying
0 Disable RTO.
1 Enable RTO.
10 BFREN Activate baud rate fraction counter register.
0 Disable fraction counter register.
1 Enable fraction counter register.
9 EN Activate USARTn block by supplying.
0 Disable USARTn block.
1 Enable USARTN block.
8 DBLS Selects receiver sampling rate. (only UART mode)
0 Normal Asynchronous operation.
1 Double speed Asynchronous operation.
7 MASTER Selects master or slave in SPIn or synchronous mode and controls
the direction of SCKn pin.
0 Slave operation (External clock for SCKn)
1 Master operation (Internal clock for SCKn)
6 LOOPS Control the loop back mode of USARTN for test mode.
0 Normal operation.
1 Loop back mode.
5 DISSCK In synchronous mode operation, selects the waveform of SCKn
output.
0 SCKn is free-running while USARTn is enabled in
synchronous master mode.
1 SCKn active while any frame is on transferring.
4 SREN Enables the receiver unit. (Only SPI slave mode)
0 Receiver is disabled.
1 Receiver is enabled.
3 FXCH SPIn port function exchange control bit (only SPI mode).
0 No effect.
1 Exchange MOSIn and MISOn function.
2 SB Select the length of stop bit in Asynchronous or Synchronous
mode.
0 1 stop bit
1 2 stop bits
1 TX8 The 9" bit of data frame in Asynchronous or Synchronous mode of

operation; Write this bit first before loading the USTnDR register.
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0 MSB (9" bit) to be transmitted is ‘0’.
1 MSB (9" bit) to be transmitted is ‘1’.

0 RX8 The 9" bit of data frame in Asynchronous or Synchronous mode of
operation: Read this bit first before reading the receiver buffer (only
UART mode)
0 MSB (9" bit) to be received is ‘0.
1 MSB (9" bit) to be received is ‘1’.
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11.4.3 USARTN_ST: USART n Status Register

USARTN_ST register is 32-bit size and accessible in 32-/16-/8-bit (n=10).

USART10_ST=0x4000_100C
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 4 3 2 1 0

Reserved
DRE
TXC
RXC

WAKE
RTOF
DOR
FE
PE

11010
- RW|RW|RW|RW|RW|RW|RWRW

o
o
o
o
o

7 DRE Transmit data register empty interrupt flag.
The DRE flag indicates if the transmit data register (USARTn_DR)
is ready to receive new data. If DRE is ‘1’, the data register is
empty and ready to be written.

0 Transmit buffer is not empty.
1 Transmit buffer is empty. This bit is cleared to ‘0’ when
writing ‘1’
6 TXC Transmit complete interrupt flag. This flag is set when the entire

frame in the transmit shift register has been shifted out and there
is no new data currently present in the transmit buffer.

0 No request occurred.

1 Transmit buffer is empty and the data in transmit shift
register are shifted out completely. This bit is cleared to ‘0’
when writing ‘1°.

5 RXC Receive complete interrupt flag. This flag is set when there are
unread data in the receive buffer and cleared when all the data in
the receive buffer are read.

0 There is no data unread in the receive buffer.
1 There is more than 1 data in the receive buffer.
4 WAKE Asynchronous wake-up interrupt flag. This flag is set when the

RXD pin is detected low while the CPU is in DEEP SLEEP mode.
(only UART mode)

0 No request occurred.
1 Request occurred. This bit is cleared to ‘0’ when writing ‘1°.
3 RTOF Receive time out interrupt flag. This bit is cleared to ‘0’ when write
"
0 Receive time-out is not generated.
1 Receive time-out is generated.
2 DOR This bit is set if data over-run occurs. While this bit is set, the

incoming data frame is ignored. This flag is valid until the receive
buffer is read.

0 No data overrun.
1 Data overrun detected.
1 FE This bit is set if the first stop bit of next character in the receive

buffer is detected as ‘0’. This bit is valid until the receive buffer is
read. (only UART mode)

0 No frame error.
1 Frame error detected.
0 PE This bit is set if the next character in the receive buffer has a parity

error while parity is checked. This bit is valid until the receive buffer
is read. (only UART mode)

0 No parity error.

1 Parity error detected.
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11.4.4 USARTNn_BDR: USART n Baud Rate Generation Register

USARTn_BDR register is 32-bit size and accessible in 32-/16-/8-bit (n=10).

USART10_BDR=0x4000_1010

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 1211 10 9 8|7 6 5 43 2 10
°
2
9 BDATA[11:0]
[0}
4
OxFFF
- RW
11 BDATA[11:0] The value in this register is used to generate internal baud rate in
0

UART mode or to generate SCK clock in SPI mode.
To prevent malfunction, do not write ‘0’ in UART mode and do not
write ‘0’ or ‘1" in synchronous or SPI mode.

11.4.5 USARTNn_DR: USART n Data Register

USARTN_DR register is 32-bit size and accessible in 32-/16-/8-bit (n=10).

USART10_DR=0x4000_1014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 121110 9 8|7 6 5 4 3 2 1 O
Reserved DATA[7:0]
- 0x00
- RW
7 DATA[7:0] The USART transmit buffer and receive buffer share the same /O
0

address with this DATA register. The transmit data buffer is the
destination for data written to the USARTNn_DR register. Reading
the USTNDR register returns the contents of the receive buffer.
Write to this register only when the DRE flag is set. In SPI master

mode, the SCK clock is generated when data is written to this
register.

NOTE:

1. The byte won’t be written when the block is disabled or both of TXEn and RXEn bits are ‘0’s.
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11.4.6 USARTNn_BFR: USART n Baud-Rate Fraction Counter Register
USARTN_BFR register is 32-bit size and accessible in 32-/16-/8-bit (n=10).

USART10_BFR=0x4000_1018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o
1)
c
) BFC[7:0]
3
14
0x00

- RwW

7 BFC[7:0] USART baud rate fraction counter.

0 8-bit floating point counter.

11.4.7 USARTNn_RTO: USART n RTO Register

USARTN_RTO register is 32-bit size and accessible in 32-/16-/8-bit (n=10).

USART10_RTO=0x4000_101C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 14 13 1211 10 9 8‘7 6 543 2 10
e}
2
o RTO[23:0]
Q
x
OxFFFFFF
- RwW
23 RTO[23:0] USART receive time out register.

316 \BO\

SEMICONDUCTOR



A31C111 User's Manual 11. USART

11.4.8 USART Registers Map Summary

Table 84. USART Register Map Summary

U1 o £ Y A E I R R R R T T R R e R B N R R R N A A R R M
— — 1S w
= 2 & al2 < |w Y (YT w|w
USARTn_CR1 = s = z(Q1E|Zz|2(8]x (X |x%
0x00 212 | 4 [O55|5|FE|E|T|"
[a]
Reset value ofoJo|ojo]|ofo]jofo|jo|ofo]|ofo]OfO
wiw x «
XEEEE olw|2|S|z|E o |
USARTn_CR2 21ZClo|x|E|ala|s|3|6 (RS |X |3
. |
0x04 EEIE‘E Qggawl
Reset value ofojo|o|o|ofo]jofo]jOfO|O]|OfO]O
35 y
e wlole|¥|51% |wlw
@ (X o)
0x0C USARTN_ST é % e & g El8 |« (o
[a ) I}
Reset value ojo|1|[o|loJojojofOfoO
ox10 | USARTn_BDR BDATA[11:0]
Reset value tfafa e fafafafa]e]a]n
ox14 | USARTn_DR DATA[7:0]
Reset value oJoJoJoJoJoJo]o
ox18 USARTN_BFR BFCI[7:0]
Reset value ofoJoJoJoJoJo]o
ox1C USARTN_RTO RTO[23:0]
Reset value 1A [ [ e [ [ ]

\BO\ 317

SEMICONDUCTOR



12. ADC A31C111 User's Manual

12. ADC

12.1 ADC Introduction

A31C111 series ADC module is a 12-bit resolution Analog-to-Digital Converter (ADC) that consists of
an independently controllable unit.

This ADC module can process A/D conversion of many different channels in Single mode, Sequential
mode, Multiple mode and Burst mode. It can sample the voltage inputs of multiple channels at critical
time, which is required for various applications and can be achieved using the triggering functionality in
association with TIMER.

Once the A/D conversion is complete, the result is left aligned in 16-bit data registers.

The ADC is mapped to the AHB and capable of high-speed operation based on the internal clock source.
In addition, it uses built-in DMA to reduce microcontroller core load while enabling fast data sampling.

The analog input monitoring and comparison capabilities of the ADC allow the applications to determine
whether the input voltage is above or below the predefined level.
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12.2 ADC Main Features

Main features of the ADC module are listed below:

e Composed of one independent ADC unit
e 12-bit analog to digital resolution
¢ 150 ksps maximum conversion rate with full resolution
e Minimum 2.4 V to 5.5 V operating voltage range
* Analog Input channels
— 8 external channels
* Internally dedicated channels
— AVREF internal reference voltage outputs connected to ADC
*  Four conversion modes
— Single mode
— Sequential mode
— Multiple mode
— Burst mode
* Up to 8 sequential conversions can be supported.
*  Software trigger sources per channel
— Internal software trigger source
— TIMERnN trigger sources

* Interrupt generation at the end of conversion in the last sequence, the trigger conversion, the
DMA done and the comparison interrupt.

— ADC input range: GND < ANx < AVREF < VDD
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12.3 ADC Functional Description

12.3.1 ADC Block Diagram

Figure 103 shows a block diagram of the 12-bit ADC.

A31C111 User's Manual

Figure 103. 12-bit ADC Block Diagram
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12.3.2 ADC Pins and Signals

Table 85 describes pins assigned for the ADC.

Table 85. Pin Assignment of ADC External Pins

Package Type
N:',:e ?;?,’;2', Description 2212111';3 A31C111FR | A31C111AE | A31C111TS
P (28-TSSOP) | (16-SOPN) (10-SSOP)
Input, analog reference
AVREF P voltage AVREF < VDD 0 0 o 0
(refer to datasheet)
ANO A ADC external analog input 0 - - - -
AN1 A ADC external analog input 1 - - - -
AN2 A ADC external analog input 2 - - - -
AN3 A ADC external analog input 3 - - - -
AN4 A ADC external analog input 4 - - - -
AN5 A ADC external analog input 5 - - - -
ANG6 A ADC external analog input 6 - - - -
AN7 A ADC external analog input 7 (0] O 0] -
ANS A ADC external analog input 8 (0] 0] 0] 0]
AN9 A ADC external analog input 9 (0] 0] 0] 0]
AN10 A ADC external analog input 10 (0] 0] 0] -
AN11 A ADC external analog input 11 - - - -
AN12 A ADC external analog input 12 - - - -
AN13 A ADC external analog input 13 - - - -
AN14 A ADC external analog input 14 (0] 0] 0] 0]
AN15 A ADC external analog input 15 (0] 0] 0] 0]
AN16 A ADC external analog input 16 (0] 0] O -
AN17 A ADC external analog input 17 (0] @) O -
NOTE:

1. P: Power, O: Output, A: Analog Input

Table 86 describes the input and output signals of the ADC.

Table 86. ADC Input/Output Signals

Signal Name Signal Type Description
ACLK clock ADC operating clock
adc_trg_timerx Inputs The internal trigger source of TIMERN
adc_trg_astart Inputs The internal clock of ADC
adc_ch[17:0] Analog Input ADC external input signal
Vcore Analog Input Output voltage from internal reference voltage (1.55 V)
adc_out Digital Output A/D conversion data by ADC
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12.3.3 ADC Connectivity

12.3.3.1 Internal Wiring of ADC Channels

Figure 104. Internal Wiring Diagram of 12-bit ADC Channels

i ADCO | 5 ADCO_DRx (x=0t07)
Chiz ADCO_DDR (DMAEN = 1)

OO LI IIIIIIL]
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12.3.3.2 ADC Channel

s and External Input Pin

Table 87. ADC Channels and External Input Pins (")

12. ADC

ADC Channel SEQxCH (x =0 to 7) External Input Pin
adc_ch0 0 NC
adc_ch1 1 NC
adc_ch2 2 NC
adc_ch3 3 NC
adc_ch4 4 NC
adc_ch5 5 NC
adc_ch6 6 NC
adc_ch7 7 AN7
adc_ch8 8 ANS8
adc_ch9 9 AN9
adc_ch10 10 AN10
adc_ch11 11 NC
adc_ch12 12 NC
adc_ch13 13 NC
adc_ch14 14 AN14
adc_ch15 15 AN15
adc_ch16 16 AN16
adc_ch17 17 AN17
adc_ch18 18 NC
adc_ch19 19 Vcore

NOTES:

1. SEQxCH (x = 0 to 7) are configured in the ADC_SCSR registers.

2. Single mode conversion uses the SEQOCH bit field in the ADC_SCSR register and the ADC_DRO register only.
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12.3.4 ADC Clocks (ACLK)
12.3.4.1 ADC Module Control

Before enabling the ADC clock, users must select an ADC unit to be enabled by setting a bit of the ADC
in the SCU_PER?2 register to ‘1’ which is corresponding to the ADC unit. Then, enable the clock of the
selected ADC unit by setting a bit of the ADC bit in the SCU_PCER?2 register to ‘1’ which corresponds
to the clock of the selected ADC unit.

To initialize the registers of each ADC unit, set each corresponding bit of the ADC in the SCU_PER2
register and the ADC bit in the SCU_PCER?2 register to ‘0’ and then set back to ‘1’

Each bit of the ADC in SCU_PER?2 register controls the corresponding ADC unit. To enable or disable
all ADC units at a time, set the ADC in SCU_PCERZ2 register to the number shown below:

e Ifthe ADC bit in the SCU_PER2 register = ‘0’, ADC unit is disabled.

e Ifthe ADC bit in the SCU_PER2 register = ‘1’, ADC unit is enabled.

To provide the ADC unit with the ADC clock, configure the ADC in SCU_PCERZ2 register referring to the
settings shown below:

e Ifthe ADC bit in the SCU_PCER?2 register = ‘0’, ADC clock is disabled.

e If the ADC bit in the SCU_PCER?2 register = ‘1’, ADC clock is enabled.
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12.3.4.2 ADC Clock Sources
The HCLK operates as the ADC operation clock (ACLK) based on the AHB domain.
[Internal Clock Source]

The programmable divider coefficient can be selected to range from 0 to 127 by configuring the
CLKDIV[6:0]" value in the ADC_CCR register, and the HCLK is divided by the coefficient to be used
as the ADC operation clock.

NOTE:
1. The CLKDIV[6:0] value in the ADC_CCR register is used only when the HCLK, the ADC’s internal system clock is
used.
Figure 105. Block Diagram of ADC Clock

scu__ ADC

| |

| SCU_SCCR :

: HCLK K} AHB > HCLK

| T

| | adc_int_clk

L ____ |

N ACLK
ADEN (N s127) > ADC
CLKDIV[6:0]
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12.3.5 ADC On-Off Control (ADEN)

Before starting the A/D conversion, users must enable the ADC module using the ADEN in ADC_MR
register.

e Setting the ADEN = ‘1’ enables the ADC unit. When the ADC unit is enabled, the ADC
functionality and the ASTART bit control are possible.

e Setting the ADEN = ‘0’ disables the ADC unit. When the ADC unit is disabled, the A/D
conversion cannot be performed.

12.3.5.1 Software Procedure to Enable ADC
1. Clear the EOCIF flag in the ADC_SR register by writing ‘1’.

2. Setting the ADEN bit in the ADC_MR register to ‘1’ enables the ADC module.

12.3.5.2 Software Procedure to Disable ADC

1. Confirm that the ASTART and the ASTOP bits in the ADC_CR register are set to ‘0’, respecti
vely. This ensures that no conversion is ongoing. If required, set the ASTOP to ‘1’ to stop the
conversion and then wait until the ASTOP bit becomes ‘0’™.

2. Disable the ADC module by setting the ADEN bit in the ADC_MR register to ‘0’

NOTE:
1. This ASTOP bit is auto cleared at the next ADC clock cycle.

12.3.6 Constraints when Writing ADC Control Bits
12.3.6.1 When Writing ADC Control Bit

While accessing the SCU_PER2, SCU_PCER2, and ADC_CCR registers to enable the ADC operation
clock source and ADC module, the ADC module must be disabled. For this, set the ADEN bit in the
ADC_MR register to ‘0'.

During the A/D conversion operations, if users write to each ADC control bit of the SCU_PER2,
SCU_PCER2, and ADC_CCR registers, the ADC clock bus and ADC registers are not controllable and
become an unknown state.

Software can write to the control bits configuring the A/D conversion, only when the ADC module is
enabled (ADEN = ‘1) and the A/D conversion is not performed (e.g. ASTART = ‘0’).

e Set the ADEN bit in the ADC_MR register to ‘0’.

e Clear all bits in the ADC_CR register.
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12.3.7 Channel Selection
12.3.7.1 ADC Analog Input Channel
Each ADC has up to 8 multiplexed channels.

When the analog inputs come from GPIO pads:

1. For analog input on an ADC channel, configure the desired channel for ADC operation using
the Pn_MR1 or Pn_MR2 register.

2. Set the pin direction to ‘input’ using the Pn_CR register.

3. Disable the internal Pull-up or Pull-down resistance functionality using the Pn_PRCR register.

NOTE:
1. n=A B,and E
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12.3.7.2 ADC Conversion Channel Selection

To convert the input signal received from the analog channel, users must select a channel to sample by
setting the SEQxCH bit field in the ADC_SCSR1 or ADC_SCSR2 registers. (x =0to 7)

For the A/D conversion operation in Single mode, use the SEQOCH field in the ADCn_SCSR1 register
to set the channel.

Table 88. ADC Input Signal and Input Pin

ADC ADC_SCSR1 ADC_SCSR2
sl?gpnu;| SEQOCHI[4:0]® | SEQ1CH[4:0] | SEQ2CH[4:0] | SEQ3CH[4:0] | SEQ4CH[4:0] | SEQ5CH[4:0] | SEQ6CH[4:0] | SEQ7CH[4:0]
adc_ch0 0 0 0 0 0 0 0 0
adc_ch1 1 1 1 1 1 1 1 1
adc_ch2 2 2 2 2 2 2 2 2
adc_ch3 3 3 3 3 3 3 3 3
adc_ch4 4 4 4 4 4 4 4 4
adc_ch5 5 5 5 5 5 5 5 5
adc_ch6 6 6 6 6 6 6 6 6
adc_ch7 7 7 7 7 7 7 7 7
adc_ch8 8 8 8 8 8 8 8 8
adc_ch9 9 9 9 9 9 9 9 9
adc_ch10 10 10 10 10 10 10 10 10
adc_ch11 11 11 11 11 11 11 11 11
adc_ch12 12 12 12 12 12 12 12 12
adc_ch13 13 13 13 13 13 13 13 13
adc_ch14 14 14 14 14 14 14 14 14
adc_ch15 15 15 15 15 15 15 15 15
adc_ch16 16 16 16 16 16 16 16 16
adc_ch17 17 17 17 17 17 17 17 17
NOTES:

1. For the multi-channel sampling, up to 8 channels can be input and the number of conversions is set in the SEQCNT[2:0]
in ADC_MR register.

2. For the single-channel sampling, the channel must be selected by configuring the SEQOCH[4:0] in ADC_SCSR1
register. Once the A/D conversion starts with the ASTART in ADC_CR register set to ‘1", information of the channel
currently converting is stored in the CACH[4:0] in ADC_CSCR register and the most recently sampled channel value
is retained.
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12.3.7.3 Register Access when Changing A/D Conversion Channel

The ADC_SCSR registers cannot be modified or changed during the A/D conversion. To change the
sampling channel, write ‘1’ to the ASTOP bit in the ADC_CR register to stop the A/D conversion.

The user can select a number of conversions in a sequence by configuring the SEQCNT[2:0] in
ADC_MR register. Updates are available before the Sequence A/D conversion, or immediately after the
End of Sequence (EOS) before a new sequence is executed.

Assuming that the SEQCNTI[2:0] is set to 3 and the sequence is configured in the order of adc_chO,
adc_ch1, adc_ch2, and adc_ch3 by using the SEQOCH, SEQ1CH, SEQ2CH, and SEQ3CH, and the
CSEQN[4:0] in ADC_CSCR register is set to 2, then the A/D conversion is performed in the order of
adc_ch2 and adc_ch3, and the Sequence End Interrupt Flag, EOSIF in ADCn_SR register is set to ‘1°.
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12.3.8 Single Mode Conversion (ADMOD[1:0] = ‘00’°, SEQCNT[2:0] = 0)

Single mode conversion means that the A/D conversion is performed in a single channel. The Single
mode performs the sampling and the A/D conversion of analog inputs on the channel selected in the
SEQOCH][4:0] bits in the ADC_SCSRH1 register.

 IfADMOD[1:0] = ‘00’ and SEQCNT[2:0] = ‘000’, A/D conversion in Single mode.

There are two types of trigger sources in Single mode:

e If TRGSEL[1:0] = ‘00’, Software trigger event (ACLK)
* If TRGSEL[1:0] =’01’, TIMERN trigger event

The SEQCNT[2:0] in ADC_MR register in Single mode:

e If SEQCNT[2:0] = ‘000’, Single channel sampling

Analog input channel in Single mode:

e If SEQOCH[4:0] = x, adc_chx channel for A/D conversion

Trigger Event Source Settings:

e If SEQTRGO[3:0] = ‘0000’ to ‘“1111°, ADC trigger source

After the options for the ADC operation mode and trigger event sources, A/D conversion channel, and
trigger event source are set, once the trigger event starts, sampling for the analog input starts.

Digitized data of the analog inputs is stored in the ADC_DRXx register (x = 0 to 7), and the EOCIF flag
in the ADC_SR register is set to ‘1°.

Users can obtain the A/D conversion result of the analog input by polling the EOCIF flag in the ADC_SR
register using software or read-accessing the ADC_DRXx register (x = 0 to 7) at the point of time when
the EOCIF flag in the ADC_SR register interrupt occurs.
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Figure 106. ADC Single Mode Timing (ADMOD[1:0] = ‘00’)
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12.3.9 Sequential Mode Conversion (ADMOD[1:0] = ‘00°, SEQCNT[2:0] > 0)

Sequential mode is used when the A/D conversion of the analog inputs is sequentially performed by
each trigger source. The A/D conversion of the analog inputs is executed as many times as set in the
SEQCNTI[2:0] in ADC_MR register.

 IfADMOD[1:0] = ‘00’ and SEQCNT[2:0] > ‘000’, A/D conversion in Sequential mode

There are two types of trigger sources in Sequential mode:

e If TRGSEL[1:0] = ‘00’, Software trigger event (ACLK)
* If TRGSEL[1:0] =’01’, TIMERN trigger event

The SEQCNT[2:0] in ADC_MR Register in Sequential Mode:

Since the A/D conversion is executed for multiple channels, the SEQCNT[2:0] in ADC_MR register must
be set to a number other than ‘0’.

e [f SEQCNT[2:0] = ‘001’ to “111’, Multi-channel sampling in Sequential mode

Analog Input Channel in Sequential Mode:

The number of sequence channels that can be configured is set in the SEQCNT[2:0] in ADC_MR
register.

e If SEQOCH[4:0] = x, sequence’s channel is adc_chx.
* If SEQ1CHI4:0] = x, sequence’s channel is adc_chx.
e If SEQ2CH]I4:0] = x, sequence’s channel is adc_chx.
e If SEQ3CHI4:0] = x, sequence’s channel is adc_chx.
e If SEQ4CHI4:0] = x, sequence’s channel is adc_chx.
* If SEQ5CH]I4:0] = x, sequence’s channel is adc_chx.
* If SEQ6CHI[4:0] = x, sequence’s channel is adc_chx.

* If SEQ7CHI4:0] = x, sequence’s channel is adc_chx.
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Trigger Event Source Settings:

The trigger sources in each sequence can be configured are set in the SEQTRGx[3:0] in ADC_TRG
register. In sequence mode, the 1st sequence has the highest priority, and the 8" sequence has the
lowest priority.

* If SEQTRGO[3:0] = x, 1st channel’s trigger source is x.
 If SEQTRG1[3:0] = x, 2nd channel’s trigger source is Xx.
* If SEQTRG2[3:0] = x, 3rd channel’s trigger source is x.
* If SEQTRG3[3:0] = x, 4th channel’s trigger source is x.
* If SEQTRGA4[3:0] = x, 5th channel’s trigger source is x.
e If SEQTRG5[3:0] = x, 6th channel’s trigger source is x.
e If SEQTRG6[3:0] = x, 7th channel’s trigger source is x.

* If SEQTRG7[3:0] = x, 8th channel’s trigger source is x.

After the options for the ADC operation mode and trigger event sources, A/D conversion channel, and
trigger event source are set, once the trigger event starts, sampling for the analog input starts.

Digitized data of the analog inputs is stored in the ADC_DRXx register, and the EOCIF in ADC_SR
register is set to ‘1’.

The EOCIF in ADC_SR register is generated as many as the number of sequences set by the
SEQCNTI[2:0] in ADC_MR register, and the End of Sequence (EOS) flag that indicates the end of the
sequence is generated at the time EOC occurs during the last sequence. Users can obtain the digitized
data of the analog inputs by polling the EOSIF in ADC_SR register using software or read accessing
the ADC_DRXx register of the corresponding sequence at the point when the EOSIF interrupt occurs.

Operation in Sequential mode is almost identical to those in Burst mode. The difference is SOC (Start
of Conversion) trigger sources. In Sequential mode, each sequence’s SOC is triggered by the
corresponding SEQTRGXx[3:0] trigger, followed by as many conversions as defined by the SEQCNT[2:0]
in ADC_MR register.
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Figure 107. ADC Sequential Mode Timing (ADMODI[1:0] = ‘00’ and SEQCNT[2:0] = 7)
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TRaIF I I I I I I I r
soc N N N N | | Il 11 [
A(DMA)CH[4:0] O0xOF 0x00 0x04 0x02 0x08 0x06 O0x0E 0x0A 0x0C 0x00 Ox0E
AD(DMA)DATA(11:0] [ OXFES 0xFEO OxFE4 OxFE2 OxFES OXFEG OxFEE OXFEA OxFEC
ADC_DRO [31:0] 0x010F_FEFO 0xFFOO0_FE00
ADC_DR1[31:0] [ 0x020E_FEEQ OXOFEQ_FE40
ADC_DR2 [31:0] | 0x040D_FEDO 0xFC02 FE20
ADC_DR3 [31:0] 0x080C _FECO 0xF808_FE80
ADC_DR4[31:0] | 0x100B_FEBQ 0xF006_FEGO
ADC_DRS [31:0] 0x200A_FEAQ OxFOOE_FEEQ
ADC_DR6 [31:0] | 0x4009_FE90 OxCO0A_FEAQ

ADC_DR7[31:0] | 0x8008_FE80 0x800C_FECO

NOTE:
1. HCLK =32 MHz, ACLK = 4.5714 MHz (CLKDIV = 6)
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Figure 108 shows a timing diagram that uses 8 sequences in Sequential mode, where each sequence
is set to have TIMER trigger source. Based on the sequence’ priority, the A/D conversion is sequentially
executed for each trigger event.

When the trigger event of each channel occurs, the internal SOC signal is set to ‘H’ and becomes ‘L’
when the trigger event ends. Then the EOC flag is generated when the A/D conversion of the
corresponding analog input signal is complete. The SOC and EOC occur as many times as set in the
SEQCNTI[2:0], and the sequence end flag EOS is generated when the EOC occurs during the last
sequence.

Figure 108. ADC Trigger Timing in Sequential Mode (SEQCNT[2:0] = “111’, 8-Sequential

Conversion)
L
SEQTRGO SEQTRG1 SEQTRG2 ! SEQTRG7
ADC_TRG (TIMERO) (TIMER1) (TIMER2) (TIMER3)

TIMERO event trigger !
(Match A) ! ,

y !

! I
TIMERT1 event trigger 3 i !
(Match A) ! ! ! ,

y !

i | |
TIMER? event trigger ' ; ! | 1
(Match A) ! ! \ ! 1 i
. 1 ! i | I
' 1 i 1 !
' 1 ' 1 !
' / I , \

: Vo b !
Vo Vo Vo
TIMER3 event trigger i . i \
(Match A) Vo Vo L . \
1 i . 1 . -
J f

ADC_SCSR1
ADC_SCSR2

| | | , L
L

SEQOCH SEQ1CH SEQ2CH SEQ7CH

ECSIF
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12.3.10 Burst Mode Conversion (ADMODI[1:0] = ‘01’, SEQCNT > 0)

Burst mode is used when the A/D conversion of the analog inputs is performed by one trigger source in
the order of channel sequence configuration.

 IfADMOD[1:0] = ‘01’, A/D conversion in Burst mode

There are two types of trigger sources in Burst mode:

e If TRGSEL[1:0] = ‘00’, Software trigger event (ACLK)

e If TRGSEL[1:0] =°01’, TIMERnN trigger event

The SEQCNT[2:0] in ADC_MR Register in Burst Mode:

Since the A/D conversion is executed for multiple channels, the SEQCNT[2:0] in ADCn_MR register
must be set to a number other than ‘0’ in Burst mode.

* If SEQCNT[2:0] = ‘001’ to “111°, multi-channel sampling in Burst mode

Analog Input Channel in Burst Mode:

The number of sequence channels that can be configured is set in the SEQCNT[2:0] in ADCn_MR
register. In Burst mode, when the trigger event occurs, the A/D conversions are performed in the order
starting from SEQOCH as shown below:

e If SEQOCH[4:0] = x, 1st sequence’s channel is adc_chx.
e If SEQ1CH[4:0] = x, 2nd sequence’s channel is adc_chx.
e If SEQ2CHI4:0] = x, 3rd sequence’s channel is adc_chx.
e If SEQ3CHI4:0] = x, 4th sequence’s channel is adc_chx.
e If SEQ4CHI4:0] = x, 5th sequence’s channel is adc_chx.
* If SEQ5CHI[4:0] = x, 6th sequence’s channel is adc_chx.
* If SEQ6CHI[4:0] = x, 7th sequence’s channel is adc_chx.

* If SEQ7CHI[4:0] = x, 8th sequence’s channel is adc_chx.

336 \ B 0\

SEMICONDUCTOR



A31C111 User's Manual 12. ADC

Trigger Event Source Settings:

In Burst mode, the A/D conversion on the SEQxCHI[4:0] multi-channel is triggered by the trigger source
event assigned in the BSTTRG in ADC_TRG register.

If the TRGSEL][1:0] in ADC_MR register is set for the TIMER event triggers, SOC (Start of Conversion)
signals are triggered by the BSTTRG in the ADC_TRG set trigger.

If the BSTTRG in ADC_TRG register is set for TIMER 3, for example, the ADC conversion gets started
by the TIMER 3 trigger. To start the ADC conversion using Timer trigger, the ASTART bit in ADC_CR
register must be set to ‘1’ before starting the conversion.

Once an event is triggered by the BSTTRG ’s set trigger source, the ADC shifts the ADC channels as
many times as set in the SEQCNT[2:0] in ADC_MR.

 IfBSTTRG = x, Trigger source of Burst mode sequence is x.

After the options for the ADC operation mode and trigger event sources, A/D conversion channel, and
trigger event source are set, once the trigger event starts, sampling for the analog input starts.

Digitized data of the analog inputs is stored in the ADC_DRXx register (x = 0 to 7), and the EOCIF in
ADC_SR register is set to ‘1°.

The EOCIF in ADC_SR register is generated as many times as set in the SEQCNT[2:0] in ADC_MR
register, and the End of Sequence (EOS) flag that indicates the end of the sequence is generated at
the time EOC occurs during the last sequence.

Users can obtain the digitized data of the analog inputs by polling the EOSIF in ADC_SR register using
software or read accessing the ADC_DRXx register (x = 0 to 7) of the corresponding sequence at the
point when the EOSIF in ADC_SR register interrupt occurs.

In Burst timer trigger mode, if the ARST bit in ADC_MR register is enabled, the ADC will continue to
operate for the conversion even if the timer becomes disabled. To stop the ADC, the ASTOP bit in
ADC_CR register must be set to ‘1’
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Figure 109. ADC Burst Mode Timing (ADMODI[1:0] = ‘01’)

ASTART
TRGSEL[1:0]  [0x1

TRGINFOX[7:0]  0x01
SEQTRGO[3:0]  [0x7 0x0 ox1
SEQTRG1[3:0]  [0x0
SEQTRG2[3:0]  [0x0
SEQTRG7[3:0]  [0x0
SEGOCH[4:0]  [0x00X_0x08
SEG1CH[4:0] 0x01X_0x09
SEG2CH[4:0]  [0x02X O0x0A
SEG7CH[4:0]  [0x07X_OxOF

CSEQN[4:0]  [0x0 Ox1 0x2 0x3 Ox4 0x5 0x6 Ox7 0x0
CACH[4:0]  |0x00X_0x08 0x09 0x0A 0x08 0x0C! 0x0D! Ox0E OxOF 0x08
ADCn_CSCR[15:0]  [0x0 X 0x0008 0x0109 0x020A 0x030B 0x040C 0x050D 0x0B0E 0x070F 0x0008

SEQCNT_CONV  [0x0
SEQCNT[4:0]  [0x7.

e T
actc UL A A U U A L T AU S U AT L SRS AU UL LA
£ociF ﬁ 1 1 — 1 1 1 1
EOSIF 1
TRGF | 1 [
soc i I i i i i i i n_
ADMACH[4:0]  [0x07 0x08 0x09 0x0A 0x08 0x0C 0x0D 0x0E OxOF 0x08
ADDMADATA[11:0]  [OXFET OXFES XFES XFEA XFEB XFEC XFED XFEE XFEF
ADC_DRO [31:0]  [0x0000_FE0O 0x0008_FE80
ADC_DR1[31:0]  [0x0001_AOT0 0x0009_FE90
ADC_DR2[31:0]  [0x0002_FE20 0x000A_FEAQ
ADC_DR3[31:0]  |0x0003 A030 0x000B_FEBO
ADC_DR4 [31:0]  [0x0004_FE40 0x000C_FECO
ADC_DR5 [31:0]  [0x0005_A050 0x000D_FEDO
ADC_DRG [31:0]  [0x0006_FE60 0x000E_FEEQ
ADC_DR7[31:0]  [0x0007_FE70 0x000F_FEFO
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12.3.11 Multiple Mode Conversion (ADMOD[1:0] = “10°, SEQCNT[2:0] > 0)

In Multiple mode, the A/D conversions are performed in the order in which trigger events occur for each
analog input. Since the A/D conversion starts for the analog inputs in the corresponding sequence at
the point when the trigger event occurs, the EOS signal indicating end of the sequence is ignored.

NOTES:
1.  EOS is triggered when the sequence count equals the trigger count.
2. EOSIF will not occur if the sequence count exceeds the trigger count.

* IfADMOD[1:0] = “10’, A/D conversion in Multiple mode

There are two types of SOC trigger sources in Multiple mode:

e If TRGSEL[1:0] = ‘00’, Software trigger event (ACLK)

e If TRGSEL[1:0] =°01’, TIMERnN trigger event

The SEQCNT[2:0] in ADC_MR register in Multiple mode:

Since the A/D conversion is executed for multiple channels, the SEQCNT[2:0] in ADC_MR register must
be set to a number other than ‘0’.

e If SEQCNT[2:0] = ‘001’ to “111°, multi-channel sampling in Multiple mode
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Trigger Event Source Settings:

The number of trigger sources in each sequence that can be configured is set in the SEQCNT[2:0] in
ADC_MR register.

Users can set the desired trigger sources in the SEQTRGx[3:0] in ADC_TRG register. Each of these
sources triggers an SOC when the triggering conditions are met, regardless of the sequence set in the
SEQTRGX[3:0] in ADC_TRG register. For example, if the SEQCNT[2:0] in ADC_MR register is set to
11" and two trigger sources are selected from among the TIMER trigger sources, setting start bit of
trigger source event lets the conversions be triggered by these trigger sources in the order of reception,
unlike Sequential or Burst modes.

* If SEQTRGO[3:0] = x, 1st channel’s trigger source is x.
* If SEQTRG1[3:0] = x, 2nd channel’s trigger source is x.
e If SEQTRG2[3:0] = x, 3rd channel’s trigger source is x.
e If SEQTRG3[3:0] = x, 4th channel’s trigger source is X.
e If SEQTRG4[3:0] = x, 5th channel’s trigger source is x.
* If SEQTRG5[3:0] = x, 6th channel’s trigger source is x.
* If SEQTRG6[3:0] = x, 7th channel’s trigger source is x.
* If SEQTRG7[3:0] = x, 8th channel’s trigger source is x.

NOTE:
1. Unused trigger source of the SEQTRGx[3:0] should be set to ‘14’ to avoid unwanted trigger operation.

After the options for the ADC operation mode and trigger event sources, A/D conversion channel, and
trigger event source are set, once the trigger event starts, sampling for the analog input starts.

Digitized data of the analog inputs is stored in the ADC_DRXx register (x = 0 to 7), and the EOCIF in
ADC_SR register is set to ‘1°.

The EOCIF ADC_SR register is generated as many as the number of sequences set in the
SEQCNTI[2:0], and the End of Sequence Interrupt Flag EOSIF in ADC_SR register has not occurred
because the A/D conversions are performed at every trigger source event, regardless of the sequence
order.

Therefore, users can obtain the digitized data of the analog inputs by polling the EOCIF in ADC_SR
register using software or read-accessing the ADC_DRXx register (x = 0 to 7) of the corresponding
sequence at the point when the EOCIF in ADC_SR register interrupt occurs.
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12.3.12 Starting Conversions (ASTART, Start Trigger, ARST)
12.3.12.1 Start A/D Conversion (ASTART)

The A/D conversion starts when the ASTART bit in the ADC_CR register is set to ‘1’ by software as
described below:

e IfASTART = 0, ADC conversion does not start. (Software Trigger)

 If ASTART = 1, ADC conversion starts. This bit is cleared at the next ADC clock cycle.
(Software Trigger)

12.3.12.2Reset A/D Conversion (ARST)

If the ARST in ADC_MR register is set to ‘0’ and the software trigger is used as a trigger source, users
must set the ASTART bit in the ADC_CR register to ‘1’ using software to restart the A/D conversion at
the end of the A/D conversion sequence.

If the A/D conversions are performed per sequence by the trigger source in Sequential mode, set the
ARST bit in the ADC_MR register to ‘1’ to restart the A/D conversion when the EOSIF flag in the
ADC_SR register is generated at the end of the A/D conversion.

* IfARST = 0, A/D conversion stops at EOS. (To restart the A/D conversion, the ASTART must
be setto ‘1°.)

« If ARST = 1, A/D conversion restarts when proper trigger source has occurred after End-of-
Sequence (EOS).

12.3.12.3 Start A/D Conversion by Trigger Source

If the ADC timer trigger source is used, software allows the A/D conversion to start when the timer
trigger source occurs after timer operation. (Refer to section 12.3.15)

e TEN=1inTIMERNn_CR2

e ASTART=1inADC_MR

When the A/D conversion is complete for one channel, the EOCIF flag is generated and the ASTART
bit in the ADC_CR register is cleared by hardware automatically.

In Sequential, Multiple, and Burst mode, the EOCIF flags are generated as many channels as set in a
sequence, and the EOSIF flag is generated when sampling of the last channel is complete except
Multiple mode.
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12.3.13 ADC Timing

The A/D conversion time consists of the following:

taoc = 3 ACLK cycles [Delay for sync until SOC] + 4 ACLK cycles [Sampling time]

A31C111 User's Manual

+ 26 ACLK cycles [Conversion time] + 1.5 ACLK cycles (EOC) + Max. 2 HCLK cycles [EOCIF]

Figure 110. Analog-to-Digital Conversion Time
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The total conversion time is calculated as follows:

Example)

When fuck = 32 MHz, facik = 4.5714 MHz

Then, taoc = {3 +4 + 26 + 1.5} ACLK cycles + 2 HCLK = 34.5 ACLK + 2 HCLK = 7.6 ps

Table 89. ADC Frequency for Values of Rain

Tnenc Ready Sampling Time Cor]r\;::':':ion Stand by End e - Ran Max.
A2l T"icyclel | sl | (Cyclel | ws] | [Cyclel | tws] | (Cyclel | fws] | sy | "o | Mol | [
4.5714 0.656 0.875 5.687 0.328 7.6 131.4 6632.47

4 0.75 1 6.5 0.375 8.68 | 115.1 7700.85
3.2 0.937 1.25 8.125 0.468 10.84 | 92.2 9837.60
2 3 1.5 4 2 2 13 1 0.75 00625 17.31 | 57.7 | 16247.86
1.6 1.875 2.5 16.25 0.937 2162 | 46.2 20521.36
1 3 4 26 1.5 3456 | 28.9 33341.88
NOTES:
1. The parameters are guaranteed by design.
2. See Figure 111 for how to design the RAIN resistor circuit for the ANx analog input.
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The circuit of the analog input ANx for ADC to which the source is supplied can be designed as follows.
When using I/O set to analog input mode, the ratio of the internal resistance Raoc to the external

resistance Rain has to be considered when inputting an external analog source.

Figure 111. Typical Connection Diagram using ADC

Rant™

12-bit ADC

>

Z

X
1
L

@D CParasiﬁc(Z)

1. Refer to Table 89 for more information on the ADC frequency.

2. Ceausitic represents the capacitance of the PCB (Dependent on soldering and PCB layout quality) plus the pad
capacitance. A high Cparasitic value downgrades conversion accuracy. To remedy this, fapc should be reduced.

3. Raoc is the internal resistance value when the I/O pin is set to ANx, which is an analog input state.
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12.3.14 Stopping Ongoing Conversion (ASTOP)

The A/D conversion in progress can be stopped by setting the ASTOP bit in the ADC_CR register to ‘1’
using software. When the A/D conversion stops, the ADC operation in progress is reset. The ADC can

be reconfigured (e.g. channel selection, trigger change) for new input data.

Once the ASTOP bit in the ADC_CR register is set to ‘1’ by software, all A/D conversions in progress
stop and partial results are deleted. (However, the ADC_DRXx (x = 0 to 7) register is not updated due to
this deletion.)

During the sequence conversion of the multi-channel, if the ASTOP in the ADC_CR register is set to ‘1’,

then the A/D conversion of a sequence stops.

When this procedure is completed, hardware clears the ASTOP in the ADC_CR register, and software
needs to clear the EOCIF flag in the ADC_SR register.

Figure 112. Stopping Ongoing A/D Conversions
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EOC T

i
by SW by HW
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12.3.15 Conversion on External Trigger (TRGSEL[2:0], SEQTRGx[3:0] and
TRGSRCJ[3:0], TRGIE, TRGIF)

The A/D conversion can be triggered by the software or the events of the TIMER module (Timer capture
with input pin or timer match A interrupt, etc.). When setting the trigger source, it is recommended to
stop the A/D conversion by setting the ASTART bit to ‘0’.

12.3.15.1 ADC Trigger Source Selection (TRGSEL[2:0])

Users can select a trigger source by configuring the TRGSEL[2:0] in the ADC_MR register as described
in Table 90.

Table 90. External Trigger Source Configuration

TRGSEL[2:0] Trigger Source Description
000 ASTART Disables event triggers and enables the soft trigger only.
001 TIMERN Enables the timer event trigger and soft trigger.
Others - Reserved

To use the TIMER as the ADC trigger source, select the event and polarity of the TIMER channel, then
set the ADCTRGEN bit in the TIMERN_CR1 register bit to ‘1°.
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12.3.15.2 ADC Trigger Channel Settings (SEQTRGx[3:0] and TRGSRC][3:0])

Once a type of the trigger source is determined, up to 11 trigger sources (as a single trigger source or
a sequence of trigger sources per ADC unit) can be selected by configuring the ADC_TRG register. If a
trigger source for a single AD channel is used, users can use the SEQTRGO[3:0] in ADC_TRG register
to select a trigger source.

For each sequence sampling in Sequential/Burst/Multiple mode, assign the corresponding trigger
source for the A/D conversion channel using the SEQTRGx[3:0] in ADC_TRG. (x=01to 7)

By configuring the TRGSRC[3:0] bits in ADC_IMR register, users can select one from two types of
trigger sources in Injection mode.

Table 91. Trigger Source Table

Trigger Source TIMER
(SEQTRGX) (TRGSEL[2:0] = ‘1’)
0 TIMER 0
1 TIMER 1
2 TIMER 2
3 TIMER 3
4~14 Reserved
15 ASTART™

NOTE:
1. ASTART bit in ADC_CR register is a software trigger.

12.3.15.3 ADC Trigger Start Control

If a trigger event occurs after the trigger source's timer operation starts, A/D conversion is performed
by trigger source.

Table 92. Start Control of A/D Trigger Conversion

TRGSEL Start Control Bit
ASTART ASTART =1 in ADC_CR register
TIMERN TEN =1 in TIMERN_CR?2 register
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12.3.15.4 ADC Trigger Interrupt and Flag (TRGIE, TRGIF)

Interrupts for the ADC trigger events can be enabled by configuring the TRGIE in ADC_IER register as
shown below:

* If TRGIE = 0, Trigger source event interrupt is disabled.

* If TRGIE = 1, Trigger source event interrupt is enabled.

When the ADC trigger interrupt is enabled, the TRGIF flag is generated at the point of time when an
ADC trigger source event of each A/D conversion channel is generated. The TRGIF flag is cleared by
writing ‘1’ to this bit.

Although the trigger interrupt of TIMER is not enabled, TRGIF flag of ADC is generated when trigger
source event happens. At this time, If the TRGIE bit was enabled, a trigger event interrupt is generated.
If the trigger event occurs while TRGIE bit disabled, the TRGIF bit can be checked by polling with
software.
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12.3.16 End-of-Conversion, End-of-Sampling Phase (EOC)

The ADC notifies user application at the end of A/D conversion (EOC) event. For the polling operation,
set the ASTART bit to ‘1’ and poll until the EOCIF bit is set to ‘1’. Then read access the ADC_DDR or
ADC_DRXx (x = 0 to 7) register to obtain the A/D conversion data.

For the use of interrupts, setting the EOCIE bit in the ADC_IER register to ‘1’ generates an interrupt
when the EOCIF in ADC_SR register is set to ‘1’ after the A/D conversion is completed. Then read
access the ADC_DDR or ADC_DRXx (x = 0 to 7) register to obtain the A/D conversion data. The EOCIF
flag in the ADC_SR register is cleared by writing ‘1’ to this bit using software.
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12.3.17 End-of-Sequence Conversion (EOSIE, EOSIF)

The ADC module allows the sequence setup for the A/D conversion of analog inputs in multi-channels.
A sequence can be configured with up to 8 channels using the SEQCNT[2:0] in ADC_MR register as
shown below:

 If SEQCNT[2:0] = ‘000’: 1 Sequence ADC (Single mode conversion)
e [f SEQCNT[2:0] = ‘001’: 2 Sequences ADC
e [f SEQCNT[2:0] =‘010’: 3 Sequences ADC
e If SEQCNT[2:0] = ‘011’: 4 Sequences ADC
e If SEQCNT[2:0] = “100’: 5 Sequences ADC
* [f SEQCNT[2:0] = “101": 6 Sequences ADC
* If SEQCNT[2:0] = “110’: 7 Sequences ADC
* If SEQCNTI[2:0] = “111’: 8 Sequences ADC

After setting the number of channels, users can assign the channels that are performed in each
sequence using the ADC_SCSR1 register (SEQOCH to SEQ3CH) and the ADC_SCSR2 (SEQ4CH to
SEQ7CH) register. Refer to section 12.3.7.

Sequence in Sequential mode is performed by following the ascending order of the sequence trigger
source number set in the SEQTRGx[3:0] in ADC_TRG register. In Multiple mode, the sampling order is
determined by the timing of each trigger source’s event.

Users can adjust the trigger timing to set the sampling period for the ADC sequence. Refer to section
12.3.15.

For the ADC sequence conversion interrupt operation, enable the EOSIE in ADC_IER register. If the
EOSIF = ‘1’, the A/D conversion is performed for the specified channel of a sequence. When the A/D
conversion is completed for each channel, the EOCIF in ADC_SR register is set to ‘1°.
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Figure 113 shows a timing diagram in which the A/D conversion is performed by a software trigger on

the analog inputs on 8 channels at the same interval in Sequential mode.

Figure 113. Example of A/D Conversion Timing in Sequence Mode
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12.3.18 Data Management and Information
12.3.18.1Data Register and Data Alignment by Software

At the EOC event of each A/D conversion channel, the result is stored in ADC data registers such as
ADC_DDR, ADC_DRO0, ADC _DR1, ...,ADC _DR7.

« ADC_DDR: This register stores the AD data value of a channel where the A/D conversion was
completed most recently.

* ADC_DRXx: This register stores the A/D conversion result of a channel set in each sequence.
(x=0to7)

As shown in Figure 114, the A/D conversion results are left-aligned in the lower 16 bits of the data
registers and then shifted by software to the right by four bits, generating a 12-bit value:

Figure 114. Left Alignment (Unsigned Value)

12-bit ADC data alignment

In ADC data register (ADC_DDR, ADC_DRx (x =0 to 7))

bit 15 bit 11 bit 0

D11 D10 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 0 0 0 0

4-bit right-shifted by software

In ADC data buffer
bit 15 bit 11 bit 0

0 0 0 0 D11 D10 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1
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12.3.18.2Conversion Data Offset Alignment

ADC must be calibrated to ensure the accuracy of digitally converted values. During calibration, the
offset of the A/D conversion data value is adjusted. The CDATA bit function automatically aligns the
offset with a 4-bit right-shift.

Using this function can directly utilize the A/D conversion data obtained from the ADC_DRx (x = 0 to 7)
register, without requiring 4-bit right-shift processing by software. Therefore, Enabling the CDATA bit is
recommended to reduce the software processing time for calibration when acquiring A/D conversion
data.

e When the CDATA bit is ‘0’, the A/D conversion value is stored in the [15:4] bit field in the
ADC_DDR and ADC_DRXx (x = 0 to 7) registers.

*  When the CDATA bit is “1’, the A/D conversion value is stored in the [11:0] bit field in the
ADC_DDR and ADC_DRx (x = 0 to 7) registers.

Figure 115. Right Alignment (Unsigned Value)

12-bit ADC data alignment by CDATA bit
In ADC data register (ADC_DDR, ADC_DRXx (x =0 to 7)) when CDATA ="1"'

bit 15 bit 11 bit 0

0 0 0 0 D11 D10 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1

In ADC data buffer
bit 15 bit 11 bit 0

0 0 0 0 D11 D10 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1
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12.3.18.3Channel and Trigger Information

Users can get information of the A/D conversion data channel by checking the upper 16 bits of the ADC
data registers.

e The A/D conversion channel information to the ACH[4:0] in the ADC_DRXx register.

e The sequence information for the channel where the A/D conversion is performed to the
TRGINFOx in ADC_DRXx register. (x =0 to 7)

The TRGINFOx in ADC_DDR register (x = 0 to 7) shows that the lower the channel number set in a
sequence, the higher the channel priority is executed first.

Figure 116 shows the configuration of the channel and sequence information in the ADC_DDR and
ADC_DRXx registers. As shown in the figure, the SEQxCH (x = 0 to 7) sequence is configured with 8
channels adc_ch0 to adc_ch7, allowing users to check the channel and trigger information in the in the
ADC_DDR and ADC_DRx registers.

Figure 116. Channel and Trigger Source Information of A/D Conversion Sequence

SEQOCH  SEQICH  SEQ2CH  SEQ3CH  SEQ4CH  SEQSCH  SEQ6CH  SEQ7CH

adc_ch0 adc_ch1 adc_ch2 adc_ch3 adc_ch4 adc_ch5 adc_ch6

adc_ch7 ‘

ACH[4:0]
(Channel number of AD conversion) 0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07
TRGINFO[4:0]

(Trigger source priorty of AD conversion) 0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07
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12.3.19 Trigger Pending Function in Sequential Mode

In sequential mode of the ADC module, the SEQTRGT bit in ADC_MR determines how the ADC
processes trigger events when multiple analog input channels are operated in sequential mode.

For example, when two analog input channels are operated in sequential mode, the method of
processing trigger events is different depending on the value of the SEQTRGT bit.

» SEQTRGT = 0: when a second trigger event occurs while waiting for the first trigger event, the
second trigger event is ignored, and first trigger event of the next sequence is processed.

» SEQTRGT is set to 1, when waiting for the first trigger event and the second trigger event
occurs, the ADC waits for the first trigger source event after pending the second trigger event
until the first trigger source event of next sequence. Then, the first trigger source event of the
next sequence is processed.

12.3.20 ADC Low-Power Modes

Table 93. Effect of Low-Power Modes on ADC
Mode Description
SLEEP No effect

The ADC module control is reset in DEEP-SLEEP mode.
ADC module must be reinitialized after waking up from DEEP-SLEEP mode.

DEEP-SLEEP
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12.3.21 Comparison of ADC Sensing Value

The ADC has a built-in comparator that compares the sampling results of the AD inputs and software
set values.

Users can compare the value set by CVAL[11:0] with the value A/D conversion channel specified by
CCH]J4:0] based on the VDD reference voltage.

Set the CCHI[4:0] in ADC_CMPXxR register to select a target ADC channel for comparison and enter the
comparison value in the CVAL[11:0] in ADC_CMPXxR register

e |[f CMPEN = 0, ADC comparator operation is disabled.

* |[fCMPEN =1, ADC comparator operation is enabled.

Figure 117. Block Diagram of ADC Internal Comparator

CMPM

AD channel's conversion value that )
selected by CCH[4:0]

ADC_CMPxR CMPXIF
x=0,1)

CVAL[11:0] value to be compared —

Table 94 shows the conditions under which the CMPXxIF flag occurs by comparing the CVAL[11:0] and
the ADC channel values set in CCH[4:0] according to the CMPM settings.

Table 94. Comparison and Flag Generation Conditions by CMPM

CMPM Comparison condition CMPxIF occurrence condition
0 ADC value of CCHI[4:0] channel = CVAL[11:0] 1
0 ADC value of CCH[4:0] channel < CVAL[11:0] 0
1 ADC value of CCHI4:0] channel = CVAL[11:0] 0
1 ADC value of CCH[4:0] channel < CVAL[11:0] 1
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Since the ASTART in ADC_CR register is set to ‘1’, when the EOCIF in ADC_SR register indicating the
A/D conversion completion is set to ‘“1°, two input signals are compared internally and the CMPXxIF in
ADC_SR register indicating the comparison completion is generated (CMPxIF = ‘1°)

Figure 118. Timing Diagram of Comparison Between A/D Conversion Results and Reference
Value

CMPXIF i ’7
soc| [ ] r
=t

CMPM ="0"

reuuuugyuuguyuyudyyyyyuivuyrpyuyy

ADC_DRO[11:0]
(Selected by CCH[4:0])

O0xOFEF

0x00F0

CVAL[11:0]

The comparison results based on the CMPM in ADC_CMPxR register value affect the flag setting
condition of the CMPxIF in ADC_SR register as shown below:

e If CMPM = 0, the interrupt is generated when the A/D conversion result is larger than the
comparison value (CVAL[11:0].

* If CMPM = 1, the interrupt is generated when the A/D conversion result is less than or equal

to the comparison value (CVAL[11:0].

The interrupts for the comparison results can be enabled by setting the CMPIEN in ADC_CMPxR
register to ‘1’ as shown below:

e [f CMPIEN = 0, ADC compare interrupt is disabled.

e If CMPM =1, ADC compare interrupt is enabled.
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12.4 ADC Interrupts

For each ADC unit, an interrupt can be generated by setting below:

» End of single data conversion (EOCIE)
= End of a sequence mode conversion (EOSIE)
e Interrupt by trigger source (TRGIE)

¢ ADC conversion data comparison (CMPXIE) (x =0, 1)

Each interrupt enable bits are available for flexibility.

Table 95. Control Bits and Event Flags for ADC Interrupts

Interrupt Event Event Flag Enable Control Bit
End of conversion of single data EOCIF EOCIE
End of sequence conversion EOSIF EOSIE
End of conversion by timer trigger source TRGIF TRGIE
ADC conversion data comparison CMPXxIF CMPXIE
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12.5 ADC Registers

A31C111 User's Manual

The base address of the ADC and register map are described in the following:

Table 96. Base Address of ADC

Name Base address
ADC 0x4009_2000
Table 97. ADC Register Map
Name Offset | Type Description Reset Value Ref.
ADC_MR 0x0000 | RW | ADC Mode Register 0x0000_0000 12.5.1
ADC_CSCR 0x0004 | RW | ADC Current Sequence/Channel Register 0x0000_0000 12.5.2
ADC_CCR 0x0008 | RW | ADC Clock Control Register 0x0000_0000 12.5.3
ADC_TRG 0x000C | RW | ADC Trigger Select Register 0x0000_0000 1254
ADC_SCSR1 0x0018 | RW | ADC Channel Select 1 Register 0x0000_0000 12.5.5
ADC_SCSR2 | 0x001C | RW | ADC Channel Select 2 Register 0x0000_0000 12.5.6
ADC_CR 0x0020 | RW | ADC Control Register 0x0000_0000 1257
ADC_SR 0x0024 | RW | ADC Status Register 0x0000_0000 12.5.8
ADC_IER 0x0028 | RW | ADC Interrupt Enable Register 0x0000_0000 12.5.9
ADC_DRO 0x0030 | RO | ADC Sequence Data 0 Register 0x0000_0000 | 12.5.10
ADC_DR1 0x0034 | RO | ADC Sequence Data 1 Register 0x0000_0000 12.5.10
ADC_DR2 0x0038 | RO | ADC Sequence Data 2 Register 0x0000_0000 12.5.10
ADC_DR3 0x003C | RO | ADC Sequence Data 3 Register 0x0000_0000 | 12.5.10
ADC_DR4 0x0040 | RO | ADC Sequence Data 4 Register 0x0000_0000 12.5.10
ADC_DR5 0x0044 | RO | ADC Sequence Data 5 Register 0x0000_0000 12.5.10
ADC_DRG6 0x0048 | RO | ADC Sequence Data 6 Register 0x0000_0000 12.5.10
ADC_DR7 0x004C | RO | ADC Sequence Data 7 Register 0x0000_0000 12.5.10
ADC_CMPOR | 0x0060 | RW | ADC channel compare 0 register 0x0000_0000 12.5.11
ADC_CMP1R | 0x0064 | RW | ADC channel compare 1 register 0x0000_0000 12.5.12
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12.5.1 ADC_MR: ADC Mode Register

The ADC_MR configures the mode of the ADC module. This register should be configured before all
other ADC registers, according to the intended use of the ADC module.

ADC_MR=0x4009_2000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 121110 9 8|7 6 5 4 3 2 1 O
S) =) S)
= S <
3 Lu‘] ® < ? O] N, =l = K N,
c 14 < = 2 x E wlwn|l Ao c =
@ [ @ < @ = Z alel o | @ L
173 — 73 o 7] le] (@) [73 2}
Q w Q O [0} o e} <<l = Q 10
14 %) x 14 %) h Q | x
n < |—
- 0 - 0 - 0 000 0|0} 00 |- 000
- RW - RW - RW RW RWIRW| RW | - RW
27 SEL_REF ADC SEL_REF control
0 Disable (VDD, analog input range (max))
1 Enable (AVREF, analog input range(max))
19 CDATA Conversion data offset alignment
0 [15:4] offset alignment
1 [11:0] offset alignment
11 SEQTRGT Trigger pending type control in sequential mode (Refer to section
12.3.19)
0 Trigger that is not related to current count in sequential
is pending.
1 Trigger that is not related to current count in sequential
is not pending.
10 SEQCNT[2:0] Number of conversions in a sequence (a maximum of 8)
8 Sequence = SEQCNT + 1

The setting of the SEQCNT is valid only in 0~7.

If ADMOD[1:0] is 0 and SEQCNT[2:0] is not 0, the CSEQN value
increments to the SEQCNT[2:0] value by a trigger event.

(The setting of the bit field is valid only in single/Sequential modes.)

000 1 sequence ADC
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001 2 sequence ADC
010 3 sequence ADC
011 4 sequence ADC
100 5 sequence ADC
101 6 sequence ADC
110 7 sequence ADC
111 8 sequence ADC
7 ADEN ADC enable bit
0 Disable
1 Enable
6 ARST Setting bit to restart at the end of the sequence
0 Stops at the end of the sequence.
(Set the ASTART to ‘1’ to enable the restart.)
1 Restart at the end of the Sequency.
5 ADMODI1:0] ADC mode selection bit
4 00 Single or Sequential conversion mode
01 Burst conversion mode
10 Multiple conversion mode
11 Reserved
2 TRGSEL[2:0] Trigger selection bit
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0 000 Event trigger disable/Software trigger only
001 Timer event trigger/Software trigger
others  Reserved

NOTES:
1. IfADMODI1:0] has been set for burst conversion mode, the ADC channels are assigned as BSTOCH through BST7CH.
Burst mode always begins with BSTOCH. (In three-burst mode, for example, the analog inputs to the BSTOCH,
BST1CH, and BST2CH channels are converted in the order of channel number.)

2. If ADMOD[1:0] has been set for Multiple mode, any trigger source set enabled in the ADC_TRG register triggers a
start of conversion immediately when its triggering conditions are met, regardless of the sequence setting.
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12.5.2 ADC_CSCR: ADC Current Channel Register

12.

ADC

ADCn_CSCR displays the ADC’s current sequence and channel. It is comprised of current sequence
number bits and current active channel number bits. The CSEQNI[4:0] in ADCn_CSCR register enables

the user to instantly read the current sequence number.

Before setting this register, users must set the ADEN in ADC_MR register.

ADC_CSCR=0x4009_2004

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
3 S | B g
2 = It =
2 <] 2 5
¢ 5 | & g
@)
- 000 - 00000
RO RO
10 CSEQN[2:0] Current sequence number
8 000 Current sequence is 0
001 Current sequence is 1
010 Current sequence is 2
011 Current sequence is 3
100 Current sequence is 4
101 Current sequence is 5
110 Current sequence is 6
111 Current sequence is 7
4 CACHI4:0] Current active channel
0 00111 ADC channel 7 is active.
01000  ADC channel 8 is active.
01001  ADC channel 9 is active.
01010  ADC channel 10 is active.
01110  ADC channel 14 is active.
01111 ADC channel 15 is active.
10000 ADC channel 16 is active.
10001  ADC channel 17 is active.
10011 ADC channel 19 is active.
Others  Reserved
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12.5.3 ADC_CCR: ADC Clock Control Register

The ADC_CCR register controls the clock of the ADC module. This register is 16 bits wide.

ADC_CCR=0x4009_2008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O

S)

@ = g

3 e 3

x — x
O

- 0000000 -

- RW -

14 CLKDIV[6:0] ADC clock division ratio value bit

CLKDIV = 0, ADC clock = HCLK (bypass)
CLKDIV > 1, ADC clock = HCLK / (CLKDIV[6:0] + 1)
The ADC clock’s frequency must not exceed 4.5714 MHz.
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12.5.4 ADC_TRG: ADC Trigger Select Register

The ADC_TRG register selects trigger sources for the ADC module.

12. ADC

ADC_TRG=0x4009_200C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o S) <) o o <) o <) =
o, o, o0, o, o, o, o, D &5
~ © 7o) < %) N — S ==
O] O ) ) 0] 0] (O] Q9
14 X X 14 14 14 14 ¥ X
= = = = = = = E e
(@] (@] @] g g g g g o
L L L L L L L w M
w w w w w (75} w w

0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW RW RW
30 SEQTRG7[3:0] 8th sequence trigger source
28
27 SEQTRG6[3:0] 7th sequence trigger source
24
23 SEQTRGH5[3:0] 6th sequence trigger source
20
19 SEQTRG4[3:0] 5th sequence trigger source
16
15 SEQTRG3J[3:0] 4th sequence trigger source
12
11 SEQTRG2[3:0] 3rd sequence trigger source
8
7 SEQTRG1[3:0] 2nd sequence trigger source
4
3 SEQTRGO[3:0] 1st sequence trigger source
0 BSTTRG[3:0] Burst conversion trigger source

NOTE:

1. In Multiple mode, the 1st sequence trigger source is given the highest priority, and the 8th sequence trigger source is

given the lowest priority. Table 91 shows trigger sources represented by each value. (Refer to section 12.3.15)
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12.5.5 ADC_SCSR1: ADC Channel Select 1 Register

ADC_SCSRH1 is the first register for the ADC module’s selection of channels.

Each selected sequence’s channel works based on the corresponding setting of the sequence’s trigger
source clock selected by ADC_TRG register. To write to this register, the ADEN bit in the ADC_MR
register must first be enabled.

ADC_SCSR1=0x4009_2018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
o <) o o
3 x 3 X 3 x 3 <
5 5 5 S 5 5 5 5
3 3 3 S 3 5 3 S
o 8 o ] o ] 12 L
w w w w
- 00000 - 00000 - 00000 - 00000
- RW - RW - RW - RW
28 SEQ3CH [4:0] 4th conversion sequence channel selection
24
20 SEQ2CH [4:0] 3rd conversion sequence channel selection
16
12 SEQ1CH [4:0] 2nd conversion sequence channel selection
8
4 SEQOCH][4:0]" 1st conversion sequence channel selection
0
NOTE:

1. When setting the ADC mode to Single mode, the channel must be set to SEQOCH[4:0].
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12.5.6 ADC_SCSR2: ADC Channel Select 2 Register

ADC_SCSR2 is the first register for the ADC module’s selection of channels.

12.

ADC

Each selected sequence’s channel works based on the corresponding setting of the sequence’s trigger
source clock selected by ADC_TRG register. To write to this register, the ADEN bit in the ADC_MR
register must first be enabled.

ADC_SCSR2=0x4009_201C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
3 x 3 x 3 x 3 =
5 5 5 5 5 5 5 S
3 5 3 S 3 e 3 S
i 0 iz o iz o i o
w w w w
- 00000 - 00000 - 00000 - 00000
- RW RW RW RW
28 SEQ7CH [4:0] 8th conversion sequence channel selection
24
20 SEQ6CH [4:0] 7th conversion sequence channel selection
16
12 SEQ5CH [4:0] 6th conversion sequence channel selection
8
4 SEQ4CHI[4:0]" 5th conversion sequence channel selection
0
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12.5.7 ADC_CR: ADC Control Register
ADC_CR is used to control the operation of ADC module.

ADC_CR=0x4009_2020
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

Reserved
ASTOP
Reserved
TRGCLR
ASTART

o
1
o
o

- WO - RW{RW
7 ASTOP ADC STOP bit
0 No effect
1 Stops ADC conversion (Cleared at the next ADC clock
cycle)

If ASTOP sets enabled after a conversion cycle starts, the
current conversion is completed.

1 TRGCLR ADC all trigger flags clear option
0 No clear
1 Clears all trigger flags generated during the previous ADC
operation.
0 ASTART ADC START bit

0 No ADC Conversion

1 Starts ADC conversion (ASTART bit will be clear at the next
ADC clock cycle). To start ADC conversion, the ADEN bit
must be set to 1.
If ARST is 0 in trigger event mode, setting ASTART to 1 will
start ADC conversion.
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12.5.8 ADC_SR: ADC Status Register

The ADC_SR register displays the status of the ADC.

ADC_SR=0x4009_2024

31[30 29 28 27 26 25 24({23 22 21 20 19 18 17 16/15 1413 1211 10 9 8|7 6 5 4 3 2 1 O
> B L B mmEm
0 = =9 e olol 2|0
o ) oo o) Q o)
2 g 33l & |Fo|glk
< 2 o|o @ 2

o
1
o
o
1
o
o
1
o

RO - RWC1RWC! . RWCIRWC1| - RWC1

31 ABUSY ADC busy status

0 Not busy

1 Busy
9 CMP1IF Comepare 1 interrupt flag bit

0 Interrupt is not generated.

1 Interrupt is generated (Writing 1 clears the flag).
8 CMPOIF Comepare 0 interrupt flag bit

0 Interrupt is not generated.

1 Interrupt is generated (Writing 1 clears the flag).
3 TRGIF ADC trigger interrupt flag

0 Flag is not detected.
1 Flag is detected (writing 1 clears the flag).
2 EOSIF Sequence end interrupt flag

0 Flag is not detected.

1 Flag is detected (writing 1 clears the flag).
0 EOCIF™ Sequence conversion end interrupt flag

0 Flag is not detected.

1 Flag is detected (writing 1 clears the flag).

NOTE:
1. To poll the flag, use the EOCIF bit in the ADCO_SR register.
Example)
while ( (ADC_SR & 0x01) == 0 ); // EOCIF flag checking
ADC_SR = 0x1; /I EOCIF flag clear
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12.5.9 ADC_IER: ADC Interrupt Enable Register

The ADC_IER register determines whether to enable the ADC interrupts.

ADC_IER=0x4009_2028

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
3 wwl 8 ww 8w
Q N [0} Q|| gl Q
: 2z & |Felge
o oo o o
0|0 0|0|-1]0
- RW{RW RW[RW RW
9 CMP1IE Compare 1 event interrupt enable
0 Disables.
1 Enables.
8 CMPOIE Compare 0 event interrupt enable
0 Disables.
1 Enables.
3 TRGIE ADC trigger conversion interrupt enable
0 Disables.
1 Enables.
2 EOSIE™ ADC sequence conversion interrupt enable
0 Disables.
1 Enables.
0 EOCIE ADC single conversion interrupt
0 Disables.
1 Enables.

NOTE:
1. Burst mode sets the EOSIE = ‘1" and checks the EOSIF in ADC_SR register.
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12.5.10 ADC_DRx: ADC n Data 0 to 7 Register
The ADC_DRO register displays the results of ADC conversions. There are eight of these registers.

ADC_DR0=0x4009_2030, ADC_DR1=0x4009_2034, ADC_DR2=0x4009_2038, ADC_DR3=0x4009_203C
ADC_DR4=0x4009_2040, ADC_DR5=0x4009_2044, ADC_DR6=0x4009_2048, ADC_DR7=0x4009_204C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 1413 121110 9 8|7 6 5 4 3 2 1 O
~Nlo|lwld|lolal|o
O|0|0|O0|0|0|0|0 3
|| LW |W|W|WL|LL|LL >
Z|Z|1Z1Z2|Z2/Z2/Z2|Z2 ) ACHI4:0] ADDATA[15:0]
QOO0 0|0|0|0 2
rrieo o o|le o o
FlFIF|F|FF|F|F
0jojojojo0|0j0]|O0 - 0x00 0x0000
RO|RO|RO|RO|{RO|RO|RO|RO - RO RO
31 TRGINFOx ADC sequential number information
24 (x=0to 7)

Indicates whether each trigger source has been captured until the
end of conversion (EOC).

The trigger source currently being processed can be determined
by referring to the CSEQN[4:0] in the ADC_CSCR register.

20 ACH[4:0] ADC channel indicator

16

15 ADDATA[11:0] ADC conversion result data (12-bit)
0

NOTE:

1. TRGINFOx indicates the flag state in which a trigger occurred, and the corresponding trigger is cleared by matching
the SOC after the sequence event is processed. However, in burst mode, it is masked as TRGINFOO = 1 and other
TRGINFOXx bits are cleared.
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12.5.11 ADC_CMPOR: ADC Channel Comparison 0 Register

The ADC_CMPOR register controls the comparison between the ADC channels.

ADC_CMPOR=0x4009_2060

370

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
2
o, —
= o o — (=) ko)
o Z| o e - [}
3 e |wlz|Z <, = S
[ o Lol I 0 @
I 8 2185 O < 3
@) x [©Olx &) Pt 4
= (@)
<
=
000000 - 0(-10 00000 0x000 -
RW - |RW] - |RW RW RW
31 MATCH_CNT[5:0] Interrupt is generated only when ADC data compare data meets
26 the condition (MATCHCNT + 1) consecutively.
23 CMPEN Compare operation enable bit
0 Disables.
1 Enables.
21 CMPM ADC compare mode bit
0 ADC value is higher than CVAL[11:0] value.
1 ADC value is lower than CVAL[11:0] value.
20 CCHI[4:0] Compare channel
16 00111 Compare channel is ADC channel 7
01000 Compare channel is ADC channel 8
01001 Compare channel is ADC channel 9
01010 Compare channel is ADC channel 10
01110 Compare channel is ADC channel 14
01111 Compare channel is ADC channel 15
10000 Compare channel is ADC channel 16
10001 Compare channel is ADC channel 17
others Reserved
15 CVAL[11:0] Compare value bit
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12. ADC

12.5.12 ADC_CMP1R: ADC Channel Comparison 1 Register

The ADC_CMP1R register controls the comparison between the ADC channels.

ADC_CMPOR=0x4009_2064
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31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
2
o, —
= o o — (=) ko)
o Z| o e - [}
3 e |wlz|Z <, = S
[ o Lol I 0 @
T 8 12|85 Q < 3
@) x [©Olx &) Pt 4
= (@)
<
=
000000 - 0(-10 00000 0x000 -
RW - |RW] - |RW RW RW
31 MATCH_CNT[5:0] Interrupt is generated only when ADC data compare data meets
26 the condition (MATCHCNT + 1) consecutively.
23 CMPEN Channel sampling time
0 Disables.
1 Enables.
21 CMPM ADC compare mode bit
0 ADC value is higher than CVAL[11:0] value.
1 ADC value is lower than CVAL[11:0] value.
20 CCHI[4:0] Compare channel
16 00111 Compare channel is ADC channel 7
01000 Compare channel is ADC channel 8
01001 Compare channel is ADC channel 9
01010 Compare channel is ADC channel 10
01110 Compare channel is ADC channel 14
01111 Compare channel is ADC channel 15
01000 Compare channel is ADC channel 16
01001 Compare channel is ADC channel 17
others Reserved
15 CVAL[11:0] Compare value bit
4
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12.5.13 ADC Register Map Summary
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Table 98. ADC Register Map Summary

1 o 4 Y A E N R R R R R R e R B N R R N A A R R M
| = = =
i < ol & || | = 8
[v4 = o = Tlo o )
ADC_MR ) pos 5 5 ale| o o
0x00 o o w le] <|<| 2 O]
» (7] i} Q id
n < =
Reset value 0 0 olofofofofofofo] [o]o]o
5
&,
ADC_CSCR & CACH[4:0]
0x04 - i}
9]
(6]
Reset value ofo]o o[ofofo]o
ADC_CCR CLKDIV[6:0]
0x08 -
Reset value 0|0|0 0|0|0|0
S S S = g g g SR=)
s, &, &, s, &, &, s, S, &
3 1 3 3 3 ) ) 39
ADC_TRG i X i id X i ¥ ¥ x
0x0C = = = = = = = =
a a a a a a a gk
w w w 1) w w L LIJm
(] w (] [7p) w (] w (]
Resetvalue [o]o[ofo[o[ofJo[ofofofoJo[o]o]Jo[o[ofofo]Jo[o]o]Jo[o]o]o]o]o[o]o]o]0
& & = s
ADC_SCSR1 5 5 5 5
0x18 - S o g o]
w w w 11}
w [7p] (2] (2]
Reset value oJoJoJoJo ofoJoJo]Jo ofoJoJoJo oJoJoJo]Jo
5 5 5 =5
ADC_SCSR2 5 5 5 5
0x1C - S bt g bt
w w w L
2] [0} ) )
Reset value oJoJoJoJo oJoJoJoJo oJoJoJoJo ofofofoJo
ADC_CR P 8|
0x20 - 2] (%]
< El<
Reset value 0 0]0
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Table 98. ADC Register Map Summary (continued)

o I e 1 S N N B T S R E B R R M S EA EY S P S B Y
b |5 wolw | ju
o Q@ o
0x24 ADC_SR é %% Fla| |2
Reset value 0 0|0 0fo 0
S wlw| fw
ADC_IER ol oo o
0x28 - 3 gl |8
Reset value ofo ofo 0
NOIV (T[N | |©
ololold|ol|o|o|o
z|2|12|12|2]2|2|2 ACH[4:0 ADDATA[15:0
0x4C ¥(X|¥|x|¥|x|E|x
FlF|F[F|F|F|F|F
Resetvalue [0]|o|ofofo]o]ofo o[oJoJoJoJoJoJoJoJoJoJoJoJoJo]oJo]o]o]o]o
g s
ADC_CMPOR | MATCH_CNTI5:0] ol [&| coHao CVAL[11:0]
0x60 - 3| |3
Resetvalue [0]oJoJoJo]o 0 o[oJoJoJoJoloJoJoJoJoJoJoJoJoJoJo]o
g b=
. o . .
ox6a | ADC_CMPIR | MATCH CNTI5:0] % = CCH[4:0] CVAL[11:0]
Resetvalue [0]JoJoJofoJo 0 oJoJoJoJoJoloJoJoJoJoJoJoJoJoJoJo]o
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13. CRC

13.1 CRC Introduction

A Cyclic Redundancy Check (CRC) module is used to get 32-bit, 16-bit USB, 16-bit CCITT and 8-bit
CCITT codes from 8-bit or 32-bit data size. Application programs employ CRC-based technologies to
examine the integrity of data transfers, storages, and Flash memories in conformance with functional
safety standards.

Using this module, it is possible to examine the integrity of transfer data and Flash memory data.

13.2 CRC Main Features
The CRC of the A31C111 series features the following:
e Handles 8-, 32-bit data size.
* Input buffer to avoid bus stall during calculation.
*  CRC calculation is automatically done for word/byte input data size.
— 4 AHB clock cycles (HCLK) for 32-bit
— 2 AHB clock cycles (HCLK) for 16-bit
— 1 AHB clock cycles (HCLK) for 8-bit
* CRC code selectable by POLY[1:0]
— CRC-32 (0x04C1_1DB7) when POLY[1:0] is set to 0.
— CRC-16 USB (0x8005) when POLY[1:0] is set to 1.
— CRC-16 CCITT (0x1021) when POLY[1:0] is set to 2.
— CRC-8 CCITT (0x07) when POLY[1:0] is set to 3.
* Reversibility option on Input data by the IN_REV.
* Reversibility option on Output data by the OUT_REV.

* Invert option on Output data by the OUT_INV.
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13.3 CRC Functional Description

13.3.1 CRC Block Diagram

Figure 119 shows a block diagram of the A31C111 series CRC module.

Figure 119. CRC Block Diagram

crc_hclk —»|

IN_REV INIT_EN POLY[1:0] OUT_REV OUT_INV

32-bit (Write access) l l l l l 32-bit (Read access)

Data input register . Data output register
(CRC_IDR) —» CRCinputdata — CRC generator —» CRC outputdata |—m (CRC_ODR)

~_
32-bit AHB (HCLK)

13.3.2 CRC Internal Signals

Table 99. CRC Internal Input/Output Signals
Signal Name Signal Type Description

crc_hclk clock AHB clock
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13.3.3 Timing Diagram of CRC Internal Signals for Data Size

Figures in this section show timing diagrams of the CRC'’s internal operations. Each figure describes

AHB clock cycles for different CRC data sizes.

Figure 120 shows a timing diagram of 8-bit size input data and CRC-8 calculation (outputs). Signals in
Figure 120 such as the HCLK (crc_hclk), CRC enable bit (crc_cal_en), input data (IDR[7:0]), and output
data (ODR[7:0] are internal signals, and show the cycles required for internal calculation.

The CRC-8 calculated values are output every 1 AHB clock cycle.

Figure 120. Timing Diagram of CRC Internal Signals: 8-bit Size Input and CRC-8 Outputs
crc_hclk

| | | | I
crc_cal_en ! ! ! ! ' ! ' v
i I I I I I

IDR[7:0]

ODR[7:0]

Figure 121 shows a timing diagram of 32-bit size input data and CRC-8 calculation (outputs).

Signals in Figure 121 show that the 32-bit size input data enter at once and the CRC-8 calculated values

are output from the point of single AHB clock cycle.

Figure 121. Timing Diagram of CRC Internal Signals: 32-bit Size Input and CRC-8 Outputs
crc_hclk

crc_cal_en

(oo
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Figure 122 shows a timing diagram of 32-bit size input data and CRC-16 calculation (outputs).

Signals in Figure 122 show that the 32-bit size input data enter at once and two CRC-16 values are
output. The first CRC-16 calculated value is output at the point of 2 AHB clock cycle and the second
CRC-16 calculated in parallel is output at the final point of 2 + 2 AHB clock cycles.

Figure 122. Timing Diagram of CRC Internal Signals: 32-bit Size Input and CRC-16 Outputs

crc_hclk
i 3 } 1 i l
crc_cal_en | ! ! !
i i

ODR[15:0]

Figure 123 shows a timing diagram of 32-bit size input data and CRC-32 calculation (outputs).

Signals in Figure 123 show that the 32-bit size input data enter at once and the CRC-32 calculated
values are output from the point of four AHB clock cycles.

Figure 123. Timing Diagram of CRC Internal Signals: 32-bit Size Input and CRC-32 Outputs
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13.3.4 CRC Operation

The CRC calculated value can be obtained with 32-bit, 16-bit, 8-bit polynomial.

The CRC module must be enabled before working, so the CRC in SCU_PER2 and SCU_PCER2
register must be set to ‘1°.

New input data is written to the CRC_IDR register (Input data register), and the previous CRC calculated
value is read from the CRC_ODR register (Output data register).

The CRC_IDR register is available for 8-bit and 32-bit size input data. For the 16-bit CRC, the CRC
module receives a 32-bit input data and internally processes the CRC calculation of 16-bit data two

times.
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13.3.4.1 How to Obtain CRC Calculation Result

This section describes how to obtain the CRC calculated value as shown below:

1. Set each bit of the CRC_CTRL register (CRC control register) as needed.

2. Update the CRC_IDR register (Input data register) to have a new CRC calculated value in
combination with the previous CRC values.

3. Read the input data from the CRC_IDR register in the order below.

A. For the 32-bit data size, for example, 0x1122_3344 is read from the least significant bit
and calculated in the order of 0x44, 0x33, 0x22, and 0x11.

B. For the 8-bit data size, users can input 0x44, 0x33, 0x22, and 0x11 data by using byte
pointer for the CRC_IDR register. These written data is read and calculated in the order
of 0x44, 0x33, 0x22, and 0x11.

4. The CRC calculation rate depends on the data width shown below.
A. 4 AHB clock cycles for 32-bit
B. 2 AHB clock cycles for 16-bit

C. 1 AHB clock cycles for 8-bit

The CRC initial value can be programmed in the CRC_INIT register (CRC initial data register), and its
reset initial value is defined as OxFFFF_FFFF. Before setting this register, the INIT_EN in CRC_CTRL
register must be enabled.

The CRC module can reverse input data or output data and control the output data inversion. The
OUT_REV or IN_REV in CRC_CTRL register is converted using bit reversal. For example,
0x1122_3344’ is converted to ‘0x22CC_4488’.

The OUT_INV in CRC_CTRL register can enable the inversion of CRC output data. For example, if the
CRC output data is ‘OxAA55_FFO00’, it is converted to ‘Ox55AA_00FF’.

If the OUT_INV is set to ‘1, each byte of CRC output data is XORed with ‘OxFF’ before it is output; while
if the OUT_INV is set to ‘0’, each byte of CRC output data is XORed with ‘Ox00’ before it is output.

The CRC module uses the following polynomial coefficients:
* CRC-32 (0x04C1_1DB7) when POLY[1:0] is set to ‘0’
* CRC-16 USB (0x8005) when POLY[1:0] is set to ‘1".
* CRC-16 CCITT (0x1021) when POLY[1:0] is set to ‘2.

* CRC-8 CCITT (0x07) when POLY[1:0] is set to ‘3’.
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13.4 CRC Registers

The base address and register map of the CRC module are described in the following tables.

Table 100. Base Address of CRC
Name Base Address

CRC 0x4008_2000

Table 101. CRC Register Map

Name Offset Type Description Reset value Reference
CRC_CTRL 0x0000 RW | CRC Control Register 0x0000_0000 13.4.1
CRC_INIT 0x0004 RW | CRC Initial data Register OxFFFF_FFFF 13.4.2
CRC_IDR 0x0008 WO CRC Input data Register - 13.4.3
CRC_ODR 0x0008 RO | CRC Output data Register OxFFFF_FFFF 1344
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13.4.1 CRC_CTRL: CRC Control Register

The CRC_CTRL register is used to control the CRC.

CRC_CTRL=0x4008_2000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
e >| = o o 5)
[ 1] [0} = o) > pd
2 ZI [II b |[-|1J c >‘_'—_' I'u|
2 SIsf 8 2 2 s |E
o O|o Y = I a Z
- 00 - 0 - 00 (O
- RW|RW - RW - RW (WO
21 OUT_INV Whether to enable or disable CRC output data inversion
0 Disables.
1 Inverted
20 OUT_REV Reverse CRC output data

0 Not affected (LSB first)
1 Bit-reversed output format (MSB first)
16 IN_REV Reverse CRC input data
0 Not affected (LSB first)
1 Reverse the input data. (MSB first)
2 POLY[1:0] Polynomial selection bit
1 00 CRC32 (0x04C1_1DB?7)
01 CRC16_USB (0x8005)
10 CRC16_CCITT (0x1021)
11 CRC8_CCITT (0x07)
0 INIT_EN Whether to apply the CRC initial value register (auto clear)
0 No Effect
1 Applies the CRC_INIT register value.
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13.4.2 CRC_INIT: CRC Initial Data Register

The CRC initial value data is written to the CRC_INIT register.

CRC_INIT=0x4008_2004
31 30 29 28 27 26 25 24[23 22 21 20 19 18 17 16(15 14 131211 10 9 8|7 6 5 4 3 2 1 0

INIT[31:0]

OXFFFFFFFF
RW

31 INIT[31:0]™" CRC initial value

NOTE:

1. To write INIT[31:0] data to the internal CRC initial register, the INIT_EN in CRC_CTRL register must be enabled. For
example, writing ‘0x8005’ to CRC_INIT register and writing a ‘1’ to the INIT_EN in CRC_CTRL register changes the
internal CRC initial register to ‘0x8005’.

13.4.3 CRC_IDR: CRC Input Data Register
The CRC_IDR register can be accessed by 32-, 16- and 8-bit size. This register is 32 bits wide.

CRC_IDR=0x4008_2008

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 1413 121110 9 8|7 6 5 4 3 2 1 O
IDR[31:0]
WO
31 IDR[31:0] CRC input data bits
0 Once data is entered in this bit field, its polynomial result is

automatically written to the CRC_ODR register.
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13.4.4 CRC_ODR: CRC Output Data Register

The CRC_ODR register can be accessed by 32-, 16- and 8-bit size. This register is 32 bits wide.

CRC_ODR=0x4008_2008
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 1413 1211 10 9 8|7 6 5 4 3 2 1 O

ODR[31:0]

OXFFFFFFFF
RO

31 ODR][31:0] CRC output data bits
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13.4.5 CRC Register Map Summary

Table 102. CRC Register Map Summary

o I e 1 S N N R T S R E R R R M S A EY S P S B Y
2|8 3 )
CRC_CTRL ! o >
0x00 - g'gl z % z
Reset value 0|0 0 olo]o0
0x04 CRC_INIT INIT[31:0]
Resetvalue [1[1[1[1[1[1[1[1[«[a[a[a[a[1[0[i[i[ a1
0x08 CRC_IDR IDR[31:0]
Resetvave |- [T [T [T [T T T T LT
ooc | CRC_ODR ODR[31:0]
Resetvalue [1[1[1[1[1[1[a[a[a[a[a[a]a]a[a[a[a]aa[a[a[a[aa]a oo 0] ]1]1]n
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14. DBGMCU (Microcontroller Debug Component)

14.1 DBGMCU Introduction

The A31C111 series supports maintaining the debugging interface (SWD) even when the
microcontroller enters STOP mode, allowing continuous software debugging without loss of connection.

It also provides clock control function that enables the Timer and Watchdog Timer (WDT) to continue
operating during debugging.

14.2 DBGMCU Main Features
The DBGMCU of the A31C111 series includes the following features:

e The debugger connection can be maintained during STOP mode.

¢  Clock control is available for Timers and WDT.

14.3 DBGMCU Functional Description
14.3.1 Debug Support for STOP Mode

To enter STOP mode, the WFI instruction must be executed.

To enable debug connectivity during STOP mode, the DBG_STOP bit in the DBGMCU_CR register
must be set to ‘1’ in advance. This setting ensures that the internal HSI oscillator provides clock to FCLK
and HCLK during STOP mode, allowing the debugger connection to remain active.

14.3.2 Debug Support for Timers and Watchdog Timer

The operation of the Timer counter and WDT during breakpoints must be configured by the user.

By default, these counters stop when a breakpoint occurs. To enable continuous operation during
breakpoints, clear the DBG_TIMER_STOP and DBG_IWDT_STOP bits to ‘0’. The user should set these
bits based on the intended debug behavior.
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14.4 DBGMCU Registers

A31C111 User's Manual

The base address of the DBGMCU and register map are described in the following:

Table 103. Base Address of DBGMCU

Name

Base Address

DBGMCU

0x4000_F020

Table 104. DBGMCU Register Map

Name

Offset Type

Description

Reset Value

Reference

DBGMCU_CR

0x0000 RwW

Debug Microcontroller Control Register. | 0x0000_F100

14.41
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14. DBGMCU (Microcontroller Debug Component)

14.4.1 DBGMCU_CR: Debug Microcontroller Control Register

The Debug Microcontroller Control register controls the comparator operation.

DBGMCU_CR=0x4000_F020

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16{15 1413 121110 9 8|7 6 5 4 3 2 1 O
ola|aja
O|O0|0| O o
ElE|E|E @)
N nln|ln = o
3 ool B | 3 O|g
= rle|xlel e |k > i R=
o W W w o [a] 0 |8
2 S 2|22 & |2 8 ol g
o el e o | o oY
| | | | o o
Q00| 0 m
Mmoo =)
[alNalyalia]
- 1T(1(11]1 - 1 - 0] -
- RW|RW|RW|RW RW - RW
15 DBG_TIMER_STOP[3:0] Debug Timer[3:0] stopped when core was halted.
12 0 The timer counter clock continues even if the core is halted.
1 The timer counter clock is stopped when the core is halted.
8 DBG_IWDT_STOP Debug independent watchdog stopped when core is halted.

0 The watchdog counter clock continues even if the core is

halted.

1

The watchdog counter clock is stopped when the core is
halted.

1 DBG_STOP

Debug stop mode.

0 (FCLK=Off, HCLK=0ff) In STOP mode, the clock controller

disables all clocks (including HCLK and FCLK).

When exiting from STOP mode, the clock configuration is
identical to the one after RESET(CPU clocked by the 4 MHz
HSI).

(FCLK=0On, HCLK=0n) In this case, when entering STOP
mode, FCLK and HCLK are provided by HSI which remain
active in STOP mode. (in the same way it would do in case
of DBG_STOP=0)
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14.4.2 DBGMCU Register Map Summary

Table 105. DBGMCU Register Map Summary

Register - - -
Offset ngme SISIQIRINIQIQIIIQINITIRIZ (R (=[C|2|Z|2|V¥|z|C|o ||~ |o|w|<|m |||
oo | |a
ol|c|o|o o
e e o
DD DD, % o)
DBGMCU_CR ZIEIEIE 5 »
0x20 - SI2|2|2 2 o
] ]l o a
ololo|o a
m|o|o|o s}
ala|ala
Reset value 1{1]11]1 1 0
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Abbreviation for Registers

The following abbreviations are used in register descriptions:

Table 106. Abbreviation for Registers

Abbreviation Description
RW (Read/write) Software can read and write to this bit.
RO (Read only) Software can only read this bit.
WO (Write-only) Software can only write to this bit. Reading this bit returns the reset value.
RC (Read/clear) Software can read to clear this bit.
RWCO (Read/write O clear) Software can read and clear this bit by writing ‘0’.
RWC1 (Read/write 1 clear) Software can read and clear this bit by writing “1’.
Res. (Reserved) Reserved bit, must be kept at reset value.
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This section gives a brief definition of acronyms, abbreviations, and terminology used in this document:

390

Word: Data of 32-bit length

Half-word: Data of 16-bit length

Byte: Data of 8-bit length

PGM: Flash Programming

AHB: Advanced High-performance Bus
APB: Advanced Peripheral Bus

CRC: Cyclic Redundancy Check
DMA: Direct Memory Access

FRT: Free Run Timer

HSE: High-Speed External

HSI: High-Speed Internal

I12C: Inter-Integrated Circuit

LSB: Least Significant Bit

LQFP: Low-profile Quad Flat Package
TSSOP: Thin Shrink Small Outline Package
LSE: Low-Speed External

LSI: Low-Speed Internal

LVI: Low-Voltage Indicator

LVR: Low-Voltage Reset

MSB: Most Significant Bit

POR: Power On Reset

SCU: System Control Unit

UART: Universal Asynchronous Receiver Transmitter

USART: Universal Synchronous Asynchronous Receiver Transmitter

WDT: Watchdog Timer
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Revision History

Revision History

Revision Date Notes
1.00 Jun. 19, 2026 Initial release
* Updated Table 2. A31C111 Series Features and Peripherals
1.01 Aug. 6, 2026
* Added Figure 3. A31C111FY (20-QFN-0303) Pinouts
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  PCLK ≥  ( UART   clock   set   by   SCU _ MCCR 7 )   ×   2


    U A R T   c l o c k    16 ×   B a u d R a t e =     16000000    16 ×   9600 = 104 . 1667 ,     D i v i s o r = 104 ,   F l o a t = 0 . 1667


  C N T = F l o a t × 256   = 0 . 1667 × 256 = 42


  C N T = F l o a t × 256   = 0 . 1667 × 256 = 42


  U A R T n _ B D R   =   104 ,   U A R T n _ B F R   =   42


  U A R T n _ B D R   =   104 ,   U A R T n _ B F R   =   42

