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Introduction

This user’'s manual contains complete information for application developers who use A31L123 or

A31L122 for their specific needs.

The ultra-low power A31L12x series is a 32-bit general purpose microcontroller for various appliances.
To meet the requirements for the complexity and high performance in consumer electronics, the ultra-
low power A31L12x series incorporates ARM's high-speed 32-bit Cortex-M0+ Core, and has a flash

memory of up to 64 KB and an SRAM of 8 KB.

As shown in the following figure, the ultra-low power A31L12x series has various peripherals such as
16-bit timers, Real timer and calendar, 12-bit ADC, Comparator, CRC generator, UART, USART,
LPUART, I12C, SPI, Smart card interface, LCD driver/controller, DMA, etc. The A31L12x series also
has a POR, LVR, LVI, and an internal RC oscillator. The A31L12x series support sleep and deep

sleep modes to reduce power consumption.
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1 Description

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

The ultra-low power A31L12x series has 16-bit timers, Real timer and calendar, 12-bit ADC,
Comparator, CRC generator, UART, USART, LPUART, 12C, SPIl, Smart card interface, LCD
driver/controller, DMA, etc. The A31L12x series also has a POR, LVR, LVI, and an internal RC
oscillator. The ultra-low power A31L12x series support sleep and deep sleep modes to reduce power
consumption. The A31L12x series is suitable for ultra-low power applications.
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1.1 Device overview
Table 1. A31L12x series features and peripheral counts
Device | A31L12x
Peripheral
CPU Cortex-M0O+
Flash ROM (Kbytes) 32/64

SRAM (bytes)

8KB, 32-byte backup register

I/O 52 programmable
Timers Watchdog timer

Real time clock and calendar

Four general purpose timers and one low power timer

— Periodic, one-shot, PWM, capture mode

LCD driver * 29 segments and 8 commons

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

CRC generator

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

External communication ports

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

2 SPls, up to 16Mbps

128-bit Unique ID

Supported

System fail-safe function

Clock monitoring

Debug interface

SWD debug interface

Ultra-low power tech

* 1.65V to 3.6V supply voltage

e 78uA/MHz in Run mode

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

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

» 8us wakeup time from all power modes

Packages

LQFP 64-1010 (0.5mm pitch)

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

QFN 32-0505 (0.5mm pitch)

TSSOP 28

QFN 24-0404 (0.4mm pitch)

Operating temperature

-40°C to +85°C (commercial grade)

-40°C to +105°C (industrial grade)
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1.2

Block diagram

Figure 2 shows a block diagram of A31L12x series.

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

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

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

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

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

All NVIC registers are only accessible using word transfers.
1.3.3 64KB internal code flash memory

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

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

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

1.3.6 System Control Unit (SCU)

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

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

1.3.8 24-bit Watchdog timer (WDT)

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

1.3.9 Multi-purpose 16-bit timer

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

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

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

1.3.11 USART (UART and SPI)

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

1.3.12 Inter-Integrated Circuit interface (12C)

A31L12x series has two channels of 12C block and supports up to 1MHz I12C communication. Master
and slave modes are available.

1.3.13 Serial Peripheral Interface (SPI)

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

1.3.14 Universal Asynchronous Receiver/Transmitter (UART)

A31L12x series has two channels of UART block. For accurate baud rate control, a fractional baud-
rate generation feature is available.
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1.3.15 Low Power Universal Asynchronous Receiver/Transmitter (LPUART)

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

1.3.16 Smartcard interface (SC)

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

1.3.17 General PORT 1/Os (GPIO)

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

e General I/O port

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

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

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

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

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

1.3.21 Cyclic Redundancy Check (CRC) generator

A31L12x series has four polynomials for the CRC generator: CRC-CCITT, CRC-8, CRC-16, and CRC-
32.
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2 Pinouts and pin descriptions
In chapter 2, pinouts and pin descriptions of A31L12x series are introduced.

2.1 Pinouts
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NOTES:

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

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

Figure 3. LQFP-64 Pinouts
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28 PB8

27 PB7

A31L123CL
A31L122CL
(48LQFP-0707)

©

H N ®m S0 oOo~® o

26 PB6!

25 PB5/

24
23
22
21
0

N

quuuouuuoos

18
7
16
15

[

13

I

Ut

[a)
>

PE4/RTCOU

PEO/SX
PE1/SXO!

.
=3

PE2/X
PE3/XO

nRES|

vttt

>
<

o
[a]

AV

PAO/T400UTA/T40INP/ANO/CPOOUT/CPONO 10
PA1/TA00UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG19 11

PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP10OUT/CPINO/SEG18 12

<
=}
o

VSs

PB4/T410UTB/EC41/LPRXD/SDA1/ADTRG/SEG8
PB3/T410UTA/T41INP/SCKO/LPTXD/SCL1/ADTRG/SEG9
PB2/T500UT/SEG10

PB1/LPDE/AN11/RXD1/SEG11

PBO/AN10/TXD1/SEG12
PA7/T430UTB/EC43/MOSI1/AN7/CP1OUT/CP1P1/SEG15
PAG/T430UTA/T43INP/MISO1/AN6/CPOOUT/SEG16
PA5/TA00UTA/T40INP/SCK1/ANS/CPON2/CP1IN2
PA4/T43INP/SCK10/SS1/AN4/CPON1/CP1N1
PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/AN3/CP1P0/SEG17

NOTES:

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

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

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

Figure 4. LQFP-48 Pinouts
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2. Pinouts and pin descriptions

'TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
'SWDIO
MISO1/SCORXD/SCORST/CPOOUT

RXD0/SCOCLK/COM2
'CLKO/TXDO/SCOPWR/COM1

'CLKO/SCOIN/COMO

PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SS1/SEG24 [
PDO/T400UTB/EC40/SC1CLK/SCK1/CPIN3/SEG29 [
PD1/T430UTA/T43INP/SCLRXD/SCLRST/MISOL/CP1P2/SEG30 [
PD2/EC50/T430UTB/EC43/SC1TXD/SC1DATA/MOSIL/CP1P3/SEG3L [
PD3/SCLO/TXDO/SCLIN/CP1P4/NLCO ]
PD4/T50INP/SDAO/RXDO/SC1PWRI/CP1P5 [—]

PD5/BOOT [

vss ]

22 [ PC
21 [ pc3
20 [ Pc2
19 [ pc1
18 [ Pco
17 [ vbD

24 [ Pce
23 [ PC5

A31L123KN
A31L122KN
(32LQFP-0707)

©

o N ™ < W0 O~ ©

guooouun

NOTES:

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

package is used.

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

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

guuuuoud

>

19

PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP10OUT/CP1NO/SEG1!

=
<

PEO/SXI
PE1/SXO
nRES

PAO/TA00UTA/T40INP/ANO/CPOOUT/CPON

PA1/T4A00UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG

comparator pins for alternative function.

VSS

PB1/LPDE/AN11/RXD1/SEG11

PBO/AN10/TXD1/SEG12
PA7/T430UTB/EC43/MOSI1/AN7/CP10OUT/CP1P1/SEG15
PA6/T430UTA/T43INP/MISO1/AN6/CPOOUT/SEG16
PA5/TA00UTA/T40INP/SCK1/ANS/CPON2/CP1N2
PA4/T43INP/SCK10/SS1/AN4/CPON1/CP1IN1
PA3/T410UTB/EC41/RXD10/MISO10/ADTRG/AN3/CP1PO/SEG17

Figure 5. LQFP-32 Pinouts
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2. Pinouts and pin descriptions A31L12x User’s manual

T€OIS/EATAO/TISON/VLYATIS/AXLTOS/EYOI/9.LNOEYL/0503/2Ad

0€93S/2dTdO/TOSIN/LSHTIS/AXHTIOS/ANIEY LIV LNOEY L/TAd
6Z93S/ENTAI/THIOS/HMTOTIS/0¥D3/9LN0O0Y.L/0Ad
| ¥ZO3S/TSS/LSH0IS/AXH0DS/0TOSIN/OTAXH/dNIOY L/VLNO0YL/LO0d

SdTdO/dMdTIS/0aXd/0vAS/dNIOSL/ydd
0071A/PdTdO/NITOS/0AX 1/0710S/€Ad

2€93S/010S/9Ad

10049/sdd

VDD [} PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
PEO/SXIN |, PC5/SWDIO
PEL/SXOUT PCA4/MOSI1/SCOTXD/SCODATA/CPLOUT
NRESET AS1L123KU PC3/MISO1/SCORXD/SCORST/CPOOUT
AVDD A31L122KU PC2/RXDO/SCOCLK/COM2
PAO/TA00UTA/T40INP/ANO/CPOOUT/CPONO 32QFN-0505) PC1/CLKO/TXDO/SCOPWR/COM1
PAL/TA00UTB/ECA0/T42INP/SS10/ANL/CPOPO/SEG19 | Exposed pad(33) PCO/CLKO/SCOIN/COMO

PA2/T4A10UTA/T41INP/TXD10/MOSI10/AN2/CP10OUT/CP1NO/SEG18 | VDD

VSs

ZTO3S/TAXL/0TNV/09d
0T93S/LN0O0SL/2ad

TTO3S/TAXY/TINY/3AdT/19d

TNTJO/TNOdO/PNV/TSS/OTHOS/ANIEY L/YVd
ZNTdO/ZNOdO/SNV/THOS/ANIOYL/V LNOOY L/SVd
9T93S/LNO0dO/INV/TOSIN/ANIEY LV LNOEY L/9Vd
STO3S/TdTdO/LNOTdO/LNV/TISOW/EYOI/LNOEY L/LVd

LT93S/0dTdO/ENV/OHLAV/OTOSIN/OTAXYH/TFO3/9LNOTY L/EVd

NOTES:

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

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

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

Figure 6. QFN-32 Pinouts
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2. Pinouts and pin descriptions

PA7/T430UTB/EC43/MOSI1/AN7/CP10OUT/CP1P1/SEG15
PB1/LPDE/AN11/RXD1/SEG11

PB5/SSO/LPDE/SEG7

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

PC1/CLKO/TXD0/SCOPWR/COM1

PC2/RXD0/SCOCLK/COM2

PC5/SWDIO

PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
PC7/T400UTA/T40INP/RXD10/MISO10/SCORXD/SCORST/SS1/SEG24
PDO0/T400UTB/EC40/SC1CLK/SCK1/CP1N3/SEG29
PD3/SCLO/TXDO/SC1IN/CP1P4/VLCO
PDA4/T50INP/SDAO/RXD0O/SC1IPWR/CP1P5

NOTES:

aAoannnannnannn

© 0N U A WN P

T
2w Nk O

C

(dOSSs1-82)
HOECTITEY
UUUUUUUbruuuon

28
27
26
25
24
23
22
21
20
19
18
17
16
15

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

AVDD

NRESET

PE1/SXOUT

PEO/SXIN

VDD

Vss

PD5/BOOT

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

software control when the 28 TSSOP package is used.

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

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

comparator pins for alternative function.

Figure 7. TSSOP-28 Pinouts
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2. Pinouts and pin descriptions A31L12x User’s manual

SdTdO/dMdTIS/0aXH/0vVAS/ANIOS.L/yAd
00TAIPdTdO/NITOS/0AX1/010S/€dd

1009/5ad

-] Nixs/o3d
aan
SSA

n
N
PE1/SXOUT O, PC6/TXD10/MOSI10/SCOTXD/SCODATA/SWCLK
NRESET { PC5/SWDIO
AVDD A31L123LU PC2/RXDO/SCOCLK/COM2

PAO/T400UTA/T40INP/ANO/CPOOUT/CPONO
PA1/T400UTB/EC40/T42INP/SS10/AN1/CPOPO/SEG19
PA2/T410UTA/T41INP/TXD10/MOSI10/AN2/CP1OUT/CP1NO/SEG18

PC1/CLKO/TXD0/SCOPWR/COM1
PB7/T420UTB/EC42/RTCOUT/MISOO0/LPDE/SDA1/ADTRG/SEG5
PB6/T420UTA/T42INP/SCKO/SCL1/SEG6

(24QFN-0404)

g oA W NP

Exposed pad(25)

o

VSS

Y
o)
=2
[l
0
=}
m
>
4
=
2
kY
x
=4
=2
[2)
m
@
=
=

LT93S/0dTdO/ENV/OHLAV/0TOSIN/OTAXY/TYI3/aLNOTYL/EVd |-
TNTJO/TNOdO/PNV/TSS/OTHOS/ANIEY LIV d
ZNTdO/ZNOdO/SNV/THOS/ANIOY LV LNOO0Y L/SVd
9T93S/LNO0dI/INV/TOSIN/ANIEY LIV LNOEY.L/9Vd
STO3S/TATdO/LNOTdI/LNV/TISON/EYDI/LNOEY L/LVd

NOTES:

1. The PA8-PA9, PBO, PB2-PB5, PB8-PB12, PCO, PC3-PC4, PC7-PC11, PD0-PD2, PD6-PD7, PE2-PE4
and PFO-PF3 pins should be selected as a push-pull output or an input with pullup or pull-down resistor
by software control when the 24QFN package is used.

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

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

Figure 8. QFN-24 Pinouts
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2.2 Pin description

2. Pinouts and pin descriptions

Table 2 shows pin configuration containing several pair of power/ground and other dedicated pins.
Multi-function pins have up to eight selections of functions including GPIO.

Table 2. Pin Description

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

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

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

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

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

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

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

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

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

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

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

12 | 8 - - - AVSS PA Analog Ground

13 | 9 5 5 21 3 AVDD PA Analog Power
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A31L12x User’s manual

Table 2. Pin Description (continued)

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

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

Pin number Pin name Type Description Remark
3% S g| § 3
Sl El2|Q|E
ur| ur} ur} ] ) ]
29 | 21 - - - - PB3* IOUDS PORT B Bit 3 Input/Output
T410UTA @) Timer 41 Pulse Output
T41INP | Timer 41 Capture/Force Input
SCKO0 1/0 SPI Clock Input/Output
LPTXD (6] LPUART Data Output
SCL1 1/0 12C Clock Input/Output
ADTRG [ A/D Converter Trigger Input
SEG9 OA LCD Segment Signal Output
30 | 22 - - - - PB4* IOUDS PORT B Bit 4 Input/Output
T410UTB (6] Timer 41 Pulse Output
EC41 | Timer 41 Event Count Input
LPRXD | LPUART Data Input
SDA1 I/0 12C Data Input/Output
ADTRG [ A/D Converter Trigger Input
SEG8 OA LCD Segment Signal Output
31 | 23 | 16 - 16 | 22 | VSS P Ground
32 | 24 | 17 | 17 | 17 | 23 | VDD P Power
33 | 25 - - 3 - PB5* I0UDS PORT B Bit 5 Input/Output
SS0 | SPI Slave Select Input
LPDE [¢] LPUART DE Signal Output
SEG7 OA LCD Segment Signal Output
34 | 26 - - 4 13 | PB6* IOUDS PORT B Bit 6 Input/Output
T420UTA O Timer 42 Pulse Output
T42INP | Timer 42 Capture/Force Input
SCKo I/0 SPI Clock Input/Output
SCL1 I/0 12C Clock Input/Output
SEG6 OA LCD Segment Signal Output
35 | 27 - - 5 14 | PB7* I0UDS PORT B Bit 7 Input/Output
T420UTB (6] Timer 42 Pulse Output
EC42 | Timer 42 Event Count Input
RTCOUT (6] Real Time Clock Output
MISOO0 1/0 SPI Master Input, Slave Output
LPDE [¢] LPUART DE Signal Output
SDA1 1/0 12C Data Input/Output
ADTRG | A/D Converter Trigger Input
SEG5 OA LCD Segment Signal Output
36 | 28 - - - - PB8* IO0UDS PORT B Bit 8 Input/Output
MOSIO 1/0 SPI Master Output, Slave Input
SEG4 OA LCD Segment Signal Output
37 - - - - - PB9* I0UDS PORT B Bit 9 Input/Output
T430UTA (@) Timer 43 Pulse Output
T43INP | Timer 43 Capture/Force Input
SEG3 OA LCD Segment Signal Output
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Table 2. Pin Description (continued)

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

Pin number Pin name Type Description Remark
-]
5 5|5 E| 3| &
pur pur ur} (@ ]
50 | 38 | 25 | 25 | 11 - PC7* IOUDS PORT C Bit 7 Input/Output
T400UTA @) Timer 40 Pulse Output
T40INP | Timer 40 Capture/Force Input
RXD10 | UART Data Input
MISO10 1/0 SPI Master Input, Slave Output
SCORXD [ SCO0’s UART Data Input
SCORST @) Smartcard Reset Output
SS1 | SPI Slave Select Input
SEG24 OA LCD Segment Signal Output
51 - - - - - PC8* IOUDS PORT C Bit 8 Input/Output
SCK10 I/0 SPI Clock Input/Output
SCOCLK (6] Smartcard Clock Output
LPTXD ¢} LPUART Data Output
COM4 OA LCD Common Signal Output
SEG25 OA LCD Segment Signal Output
52 - - - - - PC9* I0UDS PORT C Bit 9 Input/Qutput
SS10 | SPI Slave Select Input
SCOPWR @) Smartcard Power Control Output
LPRXD | LPUART Data Input
COM5 OA LCD Common Signal Output
SEG26 OA LCD Segment Signal Output
53 - - - - - PC10* IOUDS PORT C Bit 10 Input/Output
TXD1 [¢] UART Data Output
SCOIN | Smartcard Detection Input
COM6 OA LCD Common Signal Output
SEG27 OA LCD Segment Signal Output
54 - - - - - PC11* I0UDS PORT C Bit 11 Input/Output
RXD1 | UART Data Input
LPDE (0] LPUART DE Signal Output
COM7 OA LCD Common Signal Output
SEG28 OA LCD Segment Signal Output
55 | 39 | 26 | 26 | 12 - PDO* IOUDS PORT D Bit 0 Input/Output
T400UTB (@) Timer 40 Pulse Output
EC40 | Timer 40 Event Count Input
SC1CLK O Smartcard Clock Output
SCK1 1/0 SPI Clock Input/Output
CP1N3 IA Comparator 1 Negative Input
SEG29 OA LCD Segment Signal Output
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2. Pinouts and pin descriptions

Table 2. Pin Description (continued)

Pin number Pin name Type Description Remark

3| %9 |87

ElE|E 2|32

pur ur| pur ] ) ]

56 | 40 | 27 | 27 - PD1* IOUDS PORT D Bit 1 Input/Output 5V tolerant I/0
T430UTA (0] Timer 43 Pulse Output (The internal
T43INP I Timer 43 Capture/Force Input pull-up resistor
SC1RXD | SC1’s UART Data Input must be
SC1RST 0 Smartcard Reset Output disabled to
MISO1 110 SPI Master Input, Slave Output use 5V 1/0)
CP1P2 IA Comparator 1 Positive Input VDD 22.0V
SEG30 OA LCD Segment Signal Output when CP1P2,

57 | 41 | 28 | 28 - - PD2* IOUDS PORT D Bit 2 Input/Output CP1P3,
EC50 [ Timer 50 Event Count Input CP1P4, and
T430UTB @) Timer 43 Pulse Output CP1PS
EC43 [ Timer 43 Event Count Input
SC1TXD @) SC1’s UART Data OQutput
SC1DATA 1/0 Smartcard Data Input/Output
MOSI1 I/0 SPI Master Output, Slave Input
CP1P3 IA Comparator 1 Positive Input
SEG31 OA LCD Segment Signal Output

58 | 42 | 29 | 29 | 13 | 19 | PD3* IOUDS PORT D Bit 3 Input/Output
SCLO I/0 12C Clock Input/Output
TXDO (6] UART Data Output
SC1IN | Smartcard Detection Input
CP1P4 IA Comparator 1 Positive Input
VLCO IA/OA LCD Bias Voltage Input/Output

59 | 43 | 30 | 30 | 14 | 20 | PD4* IOUDS PORT D Bit 4 Input/Output
T50INP | Timer 50 Capture/Clear Input
SDAO 1/0 12C Data Input/Output
RXDO | UART Data Input
SC1PWR O Smartcard Power Control Output
CP1P5 1A Comparator 1 Positive Input

60 | 44 | 31 | 31 15 | 21 | PD5 IOUDS PORT D Bit 5 Input/Output
BOOT* | Boot Mode Selection Input Pull-up

61 | 45 - 32 - - PD6* I0UDS PORT D Bit 6 Input/Output
SCLO 1/0 12C Clock Input/Output
SEG32 OA LCD Segment Signal Output

62 | 46 - - - - PD7* IOUDS PORT D Bit 7 Input/Output
SS0 | SPI Slave Select Input
SDAO 1/0 12C Data Input/Output
COM3 OA LCD Common Signal Output

63 | 47 | 32 | 33 - - VSS P Ground

64 | 48 - - - - VDD P VDD

NOTES:

1.  *Notation: I=Input, O=Output, U=Pull-up, D=Pull-down, S=Schmitt-Trigger Input Type, C=CMOS Input
Type, A=Analog, P=Power
2. (*) Selected pin function after reset condition

3. Pin order may be changed with revision notice.
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3 CPU

A31L12x series uses Cortex® —M0+ as its CPU and includes an interrupt controller named NVIC.
3.1 Cortex®-MO0+ core

The Cortex-MO+ processor is the most energy-efficient ARM processor available. It builds on the very
successful Cortex-MO+ processor, retaining full instruction set and tool compatibility, while further
reducing energy consumption and increasing performance.

Please refer to the technical reference manual “ARM DDI 0484C” provided by ARM for detail
information of Cortex-MO+.
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3.2 Interrupt controller

The Cortex-MO0+ process has embedded an interrupt controller named NVIC (Nested Vector Interrupt
Controller). A31L12x has additional interrupt control block for controlling 32 interrupt sources
generated by internal peripherals.

To use interrupts from internal peripherals, both the NVIC and the interrupt control block must be
configured properly. This document describes only the peripheral interrupt controller. For more
information about NVIC inside the Cortex-M0+ processor, please refer to the technical reference
manual “ARM DDI 0484C” in ARM technical document site.

Table 3. Interrupt Vector Map

Priority Vector Address Interrupt Source
-16 0x0000_0000 Stack Pointer

15 0x0000_0004 Reset Address
14 0x0000_0008 NMI Exception
13 0x0000_000C Hard Fault Exception
12 0x0000_0010 Reserved

-11 0x0000_0014

-10 0x0000 0018

9 0x0000_001C

-8 0x0000_0020

-7 0x0000_0024

-6 0x0000_0028
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Table 3. Interrupt Vector Map (continued)

A31L12x User’s manual

Priority Vector Address Interrupt Source

-5 0x0000_002C SVCall Exception

-4 0x0000_0030 Reserved

-3 0x0000_0034

-2 0x0000_0038 PenSV Exception

1 0x0000_003C SysTick Exception

0 0x0000_0040 LVI Interrupt

1 0x0000_0044 WUT Interrupt

2 0x0000_0048 WDT Interrupt

3 0x0000_004C EINTO Interrupt

4 0x0000_0050 EINT1 Interrupt

5 0x0000_0054 EINT2 Interrupt

6 0x0000_0058 EINT3 Interrupt

7 0x0000_005C TIMERA4O Interrupt

8 0x0000_0060 TIMER41 Interrupt

9 0x0000_0064 TIMER42 Interrupt

10 0x0000_0068 12CO0 Interrupt

1 0x0000_006C USART10 Interrupt

12 0x0000_0070 SPIO0 Interrupt

13 0x0000_0074 SPI1 Interrupt

14 0x0000_0078 12C1 Interrupt

15 0x0000_007C TIMERS5O Interrupt

16 0x0000_0080 SCO Interrupt

17 0x0000_0084 SC1 Interrupt

18 0x0000_0088 ADC Interrupt

19 0x0000_008C UARTO Interrupt

20 0x0000_0090 UART1 Interrupt
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Table 3. Interrupt Vector Map (continued)
Priority Vector Address Interrupt Source
21 0x0000_0094 TIMERA43 Interrupt
22 0x0000_0098 CMP 0/1 Interrupt
23 0x0000_009C DMACHO Interrupt
24 0x0000_00AO DMACH1 Interrupt
25 0x0000_00A4 LPUART Interrupt
26 0x0000_00A8 Reserved
27 0x0000_00AC
28 0x0000_00B0 RTCC Interrupt
29 0x0000_00B4 DMACH?2 Interrupt
30 0x0000_00B8 DMACHS3 Interrupt
31 0x0000_00BC DMACH4 Interrupt
\BO\ 39
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3.3

Registers

A31L12x User’s manual

Base address and register map of the interrupt registers are shown in Table 4 and Table 5.

Table 4. Base Address of Interrupt Registers

Name

Base address

Interrupt register

0x4000_1000

Table 5. Interrupt Controller Register Map

Name Offset Type | Description Reset Value
INTC_PnTRIG 0x0000- | RW Port n Interrupt Trigger Selection | 0000_0000
0x00FF Register
INTC_PnCR 0x0100- | RW Port n Interrupt Control Register 0000_0000
0x01FF
INTC_PnFLAG 0x0200- | RW Port n Interrupt Flag Register 0000_0000
0x02FF
INTC_EINTXCONF1 0x0300- | RW External Interrupt Configuration | 0000_0000
INTC_EINTXCONF2 | Ox03FF Register1,2
INTC MSK 0x0400 RW Interrupt Source Mask Register 0000 0000
NOTES:
1. n=AtoF
2. x=0to3
3.3.1 INTC_PnTRIG: port n interrupt trigger selection register

INTC_PnTRIG register is 32-bit size and accessible in 32/16/8-bit (n=Ato F).

INTC_ PATRIG =0x4000_1000, INTC_ PBTRIG =0x4000_1004, INTC_ PCTRIG =0x4000_1008

INTC_ PDTRIG =0x4000_100C, INTC_ PETRIG =0x4000_1010, INTC_ PFTRIG =0x4000_1014

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
NTo| S o0~ o vt oo
Olol 0289 8 YV v Vo
Reserved Reserved ||l | | E| || 2| | | 2| | | 2
FlElElElEEEEEEEEE
0x0000 0x0 0 0 0O Oj0O O OOTOTUOTUOTOWO
- - EEEZEEE2EEEEEEZ
X ITRIGx Port n Interrupt Trigger Selection bit, x= 0 to 12

0

Edge trigger interrupt

1

Level trigger interrupt

40
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3.3.2 INTC_PnCR: port n interrupt control register

INTC_PnCR register is 32-bit size and accessible in 32/16/8-bit (n=Ato F).

3.CPU

INTC_PACR=0x4000_1100, INTC_PBCR=0x4000_1104, INTC_PCCR=0x4000_1108
INTC_PDCR=0x4000_110C, INTC_PECR=0x4000_1110, INTC_PFCR=0x4000_1114

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
o s e o © ~ © [7) < ) ~ - o
hr ] hr | | - | - | | | | i
5! 5|5|5|65|6|5|6|65|5|65|65]|G
Reserved o o o [ = = = = = = = [ [t
z =z =z Z = - - - = = = = =
0x00 0o 0/0 0O 0O OO O O O[O O O OOUOT OO OO OOO OU OTU OTU OOWO
- RW RW RW RW RW RW RW RW RW | RW RW RW RW
2x+1 INTCTLx Port n Interrupt Control bits, x=0to 12
2x 00 Disable external interrupt (The flag bit won't be set)
01 Interrupt on falling edge or on low level
10 Interrupt on rising edge or on high level
11 Interrupt on both falling and rising edge, No level interrupt
NOTE: Do not write “11” to the corresponding INTCTLx[1:0] bits when the ITRIGx bit of
INTC_PnTRIG is ‘1’. If so, it may cause a malfunction.
3.3.3 INTC_PnFLAG: port n interrupt flag register

INTC_PnFLAG register is 32-bit size and accessible in 32/16/8-bit (n=Ato F).

INTC_PAFLAG=0x4000_1200, INTC_PBFLAG=0x4000_1204, INTC_PCFLAG=0x4000_1208
INTC_PDFLAG=0x4000_120C, INTC_PEFLAG=0x4000_1210, INTC_PFFLAG=0x4000_1214

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
N TS o0 vt Nl
R EEE Pk
Reserved Reserved 5 5 5 SIS S SIS SIS SIS S
ol ||| k||| | -
0x0000 0x0 0 0 0 0 0jO O O O O OOTW
- - EEEEEEzEzzEzEE:z
X FLAGXx Port n Interrupt Flag bit, x: 0 to 12
0 No request occurred
1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.
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3.34

INTC_EINTnCONF1 register is 32-bit size and accessible in 32/16/8-bit.

A31L12x User’s manual

INTC_EINTNnCONF1: external interrupt n configuration register 1 (n=0 to 3)

INTC_EINTOCONF1=0x4000_1300, INTC_EINT1CONF1=0x4000_1304
INTC_EINT2CONF1=0x4000_1308, INTC_EINT3CONF1=0x4000_130C

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 10

CONF7
CONF6

CONF5
CONF4

CONF3
CONF2

CONF1
CONFO0

0 0 0 0 0 0 0O

0 0 0 0 0 0 0O

00 00 0O 0 O

00 0 0 00 00O

RW RW RW RW RW RW RW RW

4x+3 CONFx Configuration bits for External Interrupt Group n, x: 0 to 7

4x 0000 PAX
0001 PBx
0010 PCx
0011 PDx
0100 PEx
0101 PFx
Others  Reserved

3.35 INTC_ EINTNnCONF2: external interrupt n configuration register 2 (n= 0 to 3)

INTC_EINTnCONF2 register is 32-bit size and accessible in 32/16/8-bit.

INTC_EINTOCONF2=0x4000_1310, INTC_EINT1CONF2=0x4000_1314
INTC_EINT2CONF2=0x4000_1318, INTC_EINT3CONF2=0x4000_131C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
& s e o ®
[ L [
=z =z
Reserved F 3 3 o o
3] o %) © ©
0x0000 0 0 0 0O/]O O O 0 0O OO O|O OO OT OU OTU OTPO
- RW RW RW RW RW
4(x-8)+3 CONFx Configuration bits for External Interrupt Group n, x: 8 to 12
4(x-8) 0000 PAX
0001 PBx
0010 PCx
0011 PDx
0100 PEx
0101 PFx
Others  Reserved

42

\BO\

SCMICONDULCTOA



A31L12x User’s manual

CPU

UVVUD YUTUVVT TUUTTT TUTVVT TUTVTVTD
MOOP> TMOOWR> AMIOWS AMOOWS TMOOWS

PC9 o
Reserved o
Reserved o

Reserved o{_}
Reserved o}
PBI10

o]

PCI10 oo
Reserved o
Reserved o

Reserved o—_|

Reserved o
PBI1 o
PCI11 o

Reserved o
Reserved o

Reserved o—_}

Reserved o
PB12 0
Reserved o

Reserved o
Reserved o

Reserved o_}

INTC_PnTRIG
INTC_PnCR
INTC_PnFLAG

\‘« CONFO[3:0]
u

|€— INTC_EINTOCONF1
[€— INTC_EINTOCONF2

X

\‘« CONF1[3:0]
u

X

\r CONF2[3:0]
u

X

\.;« CONF3[3:0]
u

X

E;« CONF4[3:0]
u

X

[yl CONF5[3:0]

ul

X

[} CONF6[3:0]

ul

X

[} CONF7[3:0]

ul

EINTO

X

[o}« CONF8[3:0]

vl

X

[ol CONF9[3:0]

vl

X

ul

[yl CONF10[3:0]

X

IS} CONF11(3:0]

vl

X

ul

[} CONF12[3:0]

X

|€— INTC_EINT1CONF1
[€— INTC_EINT1CONF2

EINTL

|€— INTC_EINT2CONF1
[€— INTC_EINT2CONF2

EINT2

|€— INTC_EINT3CONF1
|€— INTC_EINT3CONF2

EINT3

Figure 9. Configuration Map for External Interrupt 0/1/2/3 Group (n =Ato F)
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3.3.6

INTC_MSK: interrupt source mask register

INTC_MSK register is 32-bit size and accessible in 32/16/8-bit.

A31L12x User’s manual

INTC_MSK=0x4000_1400

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
512225 9%2I3Qysigeenlev ool enselnl ol aele
MR I IR IR IR RN I N N N e I I R IR IR E
N ool oo oo o oo on oo oo oo n
=== =|==|2|2|2|2|2|2|2|2|2|2|2\2|=2|2|2|2 28|22 22 EE 2=
00 00O 0o 0 0|0 O OO O 0O O 0O|O OO OO OU O OO OOU OU OO OTU OO
PP EEEEEErrriiiiiEEIiEEEEEiERIEIE
X IMSKx Interrupt Source Mask bit, x: 0 to 31
0 Mask. The corresponding interrupt is disabled.
1 Unmask.
NOTES:

44

1. A mask interrupt source is not used as a wake-up source on “sleep”/"deep sleep” mode.

2. The corresponding interrupts of IMSKXx are listed below:
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Table 6. Corresponding Interrupts of IMSKx

Source Mask INTERRUPT SOURCE NAME
IMSKO LVI
IMSK1 WUT
IMSK2 WDT
IMSK3 EINTO
IMSK4 EINT1
IMSK5 EINT2
IMSK6 EINT3
IMSK7 TIMER40
IMSK8 TIMER41
IMSK9 TIMER42
IMSK10 12C0
IMSK11 USART10
IMSK12 SPI0
IMSK13 SPI1
IMSK14 12C1
IMSK15 TIMER50
IMSK16 SCO
IMSK17 SCH1
IMSK18 ADC
IMSK19 UARTO
IMSK20 UART1
IMSK21 TIMER43
IMSK22 CMP
IMSK23 DMACHO
IMSK24 DMACH1
IMSK25 LPUART
IMSK26 Reserved
IMSK27

IMSK28 RTCC
IMSK29 DMACH2
IMSK30 DMACH3
IMSK31 DMACH4

\BO\ 45

SCMICONDUCTOR




4. Control memory organization

4 Control memory organization

Figure 10 shows addressable memory space in memory map.

A31L12x User’s manual

OXFFFF FFFF

0xE010 0000

O0xEO000 0000

0xA000 0000

0x6000 0000

0x4001 0000

0x4000 0000

0x3001 0000

0x3000 0000

Device
(Reserved)

Private peripheral
(Cortex-MO+ internal)

External device
(Reserved)

External RAM
(Reserved)

Reserved

APB Peripheral

Reserved

AHB Peripheral

Chip Configuration

0x4000 FO0O

Reserved

0x4000 5E00

DMA Channels

0x4000 5D00

LPUART 0x4000 5C00
SPI Blocks 0x4000 5800
Comparators 0x4000 5600
1SO-7816-3 Blocks 0x4000 5300
RTCC 0x4000 5200
LVI/LVR 0x4000 5100
LCD Driver/Controller 0x4000 5000
12C Blocks 0x4000 4800
UART Blocks 0x4000 4000
USART Blocks 0x4000 3800
ADC 0x4000 3000
Timers

0x4000 2000

Flash Memory Controller

0x4000 1B0OO

Watch-dog Timer

0x4000 1A00

PMU

0x4000 1900

Reserved Clock Generator 0x4000 1800
0x2000 2000 Interrupt 0x4000 1000
SRAM
0x2000 0000 (8 Kbytes) Reserved
Ox1FFF FO00 Configure Option 0x4000 0000
Reserved
0x1800 1000
Boot ROM
0x1800 0000 (4 Kbytes) Reserved
Reserved
0x1001 0000 —— 0x3000 1100
asn memory
CRC
0x1000 0000 (64 Kbytes) 0x3000 1000
Re-Map Area GPIO
0x0000 0000 | (Pefault: Flash Memory) 0x3000 0000
Figure 10. Main Memory Map
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41 Internal SRAM

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

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

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

The Boot mode supports either UART boot or SPI boot. For the UART boot, TXD10/RXD10 ports are
used. For the SPI boot, MOSI10/MISO10/SCK10/SS10 ports are used.

Table 7 introduces pins used in the Boot mode.

Table 7. Boot Mode Pin List

Block Pin Name Direction | Description
SYSTEM nRESET I Reset Input signal
BOOT/PD5 I ‘0’ to enter Boot mode
UART mode of RXD10/PA3 I UART Boot Receive Data
USART10 TXD10/PA2 0 UART Boot Transmit Data
SPI mode of SS10/PA1 I SPI Boot Slave Input
USART10 SCK10/PA4 I SPI Boot Clock Input
MISO10/PA3 I SPI Boot Data Input with function exchange
MOSI10/PA2 0] SPI Boot Data Output with function exchange
422 Boot mode connection

A user can design target boards using any of Boot mode ports — UART or SPI mode of USART10.
Examples of connection diagrams in the Boot mode are introduced in Figure 11 and Figure 12.

48 \ BO\

SCMICONDULCTOA




A31L12x User’s manual 4. Control memory organization

PowEr_VDD
HOST % 10k
VDD
VDD RESET
NRESET ' g e
BOOT '
A31L12x Series
TXD RXD10
RXD TXD10
GND GND
Figure 11. Connection Diagram of UART Boot
Powgr_\/DD
HOST é 10kQ
VDD
VDD RESET
nRESET | EOOT
BOOT '
SS ss10  A31L12x Series
SCK SCK10
SDO MOSI10
SDI MISO10
GND GND

Figure 12. Connection Diagram of SPI Boot

\BO\ 49

SCMICONDUCTOR



4. Control memory organization A31L12x User’s manual

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

Table 8. Internal Flash Memory Specification

Item Description
Size 64KB

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

Total page count 512 pages
PGM unit 128-byte

Erase unit 128-byte or bulk
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Ox1FFF F600

Configure Option Page 3

Ox1FFF F400

Configure Option Page 2

Ox1FFF F200

Configure Option Page 1

Ox1FFF FOOO

Configure Option Page 0

0x1000 FF80 Page 511
! Page 510
| |
|
| |
| |
0x1000 F980 Page 499
0x1000 F900 Page 498
0x1000 F880 Page 497
0x1000 F800 Page 496
|
: i
|
! | | |
|
|
! | 1 |
|
|
! | | |
|
! I
Page } I } I
Address } I } I
! |
|
o ! |
! |
0x1000 OF80 Page 31
| PagF 30
|
|
| |
! |
0x1000 0980 Page 19
0x1000 0900 Page 18
0x1000 0880 Page 17
0x1000 0800 Page 16
0x1000 0780 Page 15
i PagF 14
| |
| |
! |
0x1000 0180 Page 3
0x1000 0100 Page 2
0x1000 0080 Page 1
0x1000 0000 Page 0

Accessed by
32-bits word only

4—%—?

128bytes

Flash Page Buffer
(128bytes)

[

FMC_ADR

Flash Controller

FMC_IDR1/2

FMC_CR

NOTES:

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

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

Ox1FFF FOOO

N

Sector 31
2048-bytes

0x1000 F800 .~
|
|
|
|
|
|
|
|
|
|
|
|
!
|
!
|
|
|
|
|
|
|
|

N

Sector 1
2048-bytes

0x1000 0800 <

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

0x4000 1C00

Figure 13. Internal Flash Memory Block Diagram
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431 Registers
Base address and register map of the Flash memory controller are shown in Table 9 and Table 10.

Table 9. Base Address of Flash Memory Controller

Name Base address
Flash memory controller 0x4000_1B00
Table 10. Flash Memory Controller Register Map

Name Offset Type | Description Reset Value
FMC ADR 0x0000 RW Flash Memory Address Register Ox5FFFFF80
FMC IDR1 0x0004 RW Flash Memory Identification Register 1 0x00000000
FMC IDR2 0x0008 RW Flash Memory Identification Register 2 0x00000000
FMC CR 0x000C RW Flash Memory Control Register 0x00000000
FMC_BCR 0x0010 RW Flash Memory Configure Area Bulk | 0x00000000

Erase Control Register
FMC ERFLAG 0x0014 RW Flash Memory Error Flag 0x00000000
FMC_PAGEBUF 0x0100- WO Flash Memory Page Buffer Area 0x00000000

0x017F

43.1.1 FMC_ADR: flash memory address register

FMC_ADR register is used to remember the internal flash memory address. This register is 32-bit size.

FMC_ADR=0x4000_1B00

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

ADDR

0x5FFF_FF80
RW

31 ADDR Flash Memory Address Pointer. This register is reset to Ox5FFFFF80
0 immediately after a single operation.

NOTE: The LSB-2bits of the target flash address is always considered to “00b”.
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4.3.1.2 FMC_IDR1: flash memory identification register 1

FMC_IDR1 register is an internal flash memory identification register for flash mode. This register is
32-bit size.

FMC_IDR1=0x4000_1B04
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

ID1

0x0000_0000

RW
31 ID1 Flash Memory Identification 1
0 0x08192A3B Identification value for a flash mode
Others No identification value
4.3.1.3 FMC_IDR2: flash memory identification register 2

FMC_IDR2 register is an internal flash memory identification register for flash mode. This register is
32-bit size.

FMC_IDR2=0x4000_1B08
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

ID2

0x0000_0000

RW
31 ID2 Flash Memory Identification 2
0 0x4C5D6E7F Identification value for a flash mode
Others No identification value

1. The FMC_IDR1/2 registers are automatically cleared to logic 0x00000000 immediately
after one time operation except “flash page buffer reset mode”.

2. The FMC_IDR1/2 registers should be written with correct values in turn.

3. If incorrect values are written to the FMC_IDR1/2 registers, the registers are cleared to
logic 0x00000000.
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43.1.4

FMC_CR: flash memory control register
FMC_CR register is an internal flash memory control register. This register is 32-bit size.

FMC_CR=0x4000_1B0C

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
AR a
> c o
WTIDKY FMKEY m b =
= 4 ™
T8 14
0x0000 0x00 0 000 0000
wo RW S l 2
31  WTIDKY  Write Identification Key.
16 When writing, write 0x6C93 to these bits, or else writing is ignored.
15 FMKEY Flash Memory Operation Area Selection.
8 0x00 Selects no area but for flash page buffer reset mode.
0x38 Selects “configure option area” for flash memory erase/write.
0xA4 Selects “flash memory area” for flash memory erase/write.
Others  Not allowed. FMOPFLAG will be set.
7 FMBUSY _ Flash Memory Operation Mode Busy.
0 No effect.
1 Busy.
3 FMOD Flash Memory Operation Mode Selection.
0 0001 “Flash page buffer reset mode” and start regardless of the flash operation rule.
(Clear all 128bytes page buffer to OXFFFFFFFF)
0010 “Flash page erase mode” and start when the flash operation rule is satisfied.
0100 “Flash page write mode” and start when the flash operation rule is satisfied.
1000 “Flash bulk erase mode” and start when the flash operation rule is satisfied.
Others  Not allowed. FMOPFLAG will be set.
NOTES:

54

1. During a flash memory operation mode, the all interrupts are on disable regardless of enable

bits.

2. The FMKEY[7:0] and FMODI[3:0] bits are automatically cleared to logic “0x00” immediately after
a single operation.
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4.3.1.5 FMC_BCR: flash memory configure area bulk erase control register
FMC_BCR register is used to permit bulk erase. This register is 32-bit size.

FMC_BCR=0x4000_1B10

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
3 z z z
< [0 0 0
WTIDKY o i o T
) z z =z
o o o o
0x0000 0000 0000 0000 0000
wo - RW RW RW
31 WTIDKY Write Identification Key.
16 When writing, write 0XC1BE to these bits, or else writing is ignored.
11 CNF3BEN Configure Option Page 3 Bulk Erase Enable.
8 0x5 Permit “configure option page 3” erase at bulk erase
Others Protect “configure option page 3” erase at bulk erase
7 CNF2BEN Configure Option Page 2 Bulk Erase Enable.
4 0x5 Permit “configure option page 2” erase at bulk erase
Others Protect “configure option page 2” erase at bulk erase
3 CNF1BEN Configure Option Page 1 Bulk Erase Enable.
0 0x5 Permit “configure option page 1” erase at bulk erase
Others Protect “configure option page 1” erase at bulk erase

NOTE: This register is automatically cleared to logic “0x00” immediately after one time operation.

43.1.6 FMC_ERFLAG: flash memory error flag register
FMC_ERFLAG is 32-bit size, and accessible in 32/16/8-bit.

FMC_ERFLAG=0x4000_1B14

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

Reserved

INSTFLAG
© | FMOPFLAG |o

0x000000 000000

o

RW
RW

1 INSTFLAG Don’t care

0 FMOPFLAG  Error bit of Flash Memory Operation Procedure. This bit is set to logic
1 if there is a wrong procedure for flash memory operation.

0  No wrong procedure.

1 Awrong procedure occurred. The bit is cleared to ‘0’ when ‘1’ is written.
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4.3.2

10.

43.2.2

56

Procedure for flash memory operation

The high frequency internal RC oscillator (HIRC) should be enabled by S/W for flash memory
operation.

The procedure will be cleared, the related registers will be reset, and FMOPFLAG will be set
if wrong sequence is detected.

The address range is 0x10000000 to Ox17FFFFFF when “flash memory area” is selected.
The address range is 0x1FFFF000 to Ox1FFFFFFF when “configure option area” is selected.
If the CPU is in the flash memory, the CPU will halt while the flash memory is programmed.
The “configure option page 0” won’t be erased at flash bulk erase mode.

The “configure option page 1/2/3” can be erased at flash bulk erase mode if the CNFxBEN
has correct values

The CPU should not be in the flash memory area on flash bulk erase mode.
A write to the flash related register is ignored during flash operation.
An NMI source should not be selected during flash memory operation is activated.

The LVR should be enabled during flash memory operation is activated (Recommended:
2.20V over).

The global interrupt should be disabled.
The CPU should not enter sleep and deep sleep mode during flash erase/write mode.

Page Erase Procedure
Write OX5FFFFFFF to FMC_ADR when the register is equal to Ox5FFFFF80.

Write 0x08192A3B to FMC _IDR1 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write Ox4C5D6E7F to FMC_IDR2 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write 0x6C930001 to FMC_CR register for page buffer reset when the FMC_ADR register is
equal to OxX5FFFFFFF.

Clear page buffer (128bytes) by writing OXFFFFFFFF repeatedly during the FMC_ADR
register is OX5FFFFFFF.

Write a page address to FMC_ADR register.
Read and check the FMC_IDR1 and FMC_IDR2 registers in turn.

Write 0x6C93A402 (flash memory area) or 0x6C933802 (configure option area) to FMC_CR
register.

Check whether the FMBUSY bit is ‘0’ or not.
Verify the erased pages.

Byte/Page Write Procedure
Write Ox5FFFFFFF to FMC_ADR when the register is equal to OxX5FFFFF80.

Write 0x08192A3B to FMC_IDR1 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write Ox4C5D6E7F to FMC_IDR2 register when the FMC_ADR register is equal to
Ox5FFFFFFF.
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© N o o»

10.

4.3.2.3

© ©® N o o0

4.3.2.4

=

6
7
8.
9

10.

Write 0x6C930001 to FMC_CR register for page buffer reset when the FMC_ADR register is
equal to OxX5FFFFFFF.

Write data to page buffer (any bytes) when the FMC_ADR register is equal to OX5FFFFFFF.
Write a page address to FMC_ADR register.
Read and check the FMC_IDR1 and FMC_IDR2 registers in turn.

Write 0x6C93A404 (flash memory area) or 0x6C933804 (configure option area) to FMC_CR
register.

Check whether the FMBUSY bit is ‘0’ or not.
Verify the written pages.

Flash bulk Erase Procedure
Write OXSFFFFFFF to FMC_ADR when the register is equal to 0xX5FFFFF80.

Write 0x08192A3B to FMC_IDR1 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write Ox4C5D6E7F to FMC_IDR2 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write 0x6C930001 to FMC_CR register for page buffer reset when the FMC_ADR register is
equal to OxX5FFFFFFF.

Write the value 0xX5F9A30D7 to FMC_ADR register.

Read and check the FMC_IDR1 and FMC_IDR2 register in turn.
Write 0x6C93A408 to FMC_CR register.

Check whether the FMBUSY bit is ‘0’ or not.

Verify all the pages of flash memory.

Flash Bulk Erase Procedure Including Configure Option Area.
Write OX5FFFFFFF to FMC_ADR when the register is equal to OxX5FFFFF80.

Write 0x08192A3B to FMC_IDR1 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write Ox4C5D6E7F to FMC_IDR2 register when the FMC_ADR register is equal to
Ox5FFFFFFF.

Write 0x6C930001 to FMC_CR register for page buffer reset when the FMC_ADR register is
equal to OxX5FFFFFFF.

Write the value 0xC1BEOVVV to FMC_BCR register. If V==5, the corresponding option page
will be erased.

Write the value 0xX5F9A30D7 to FMC_ADR register.

Read and check the FMC_IDR1 and FMC_IDR2 register in turn.
Write 0x6C93A408 to FMC_CR register.

Check whether the FMBUSY bit is ‘0’ or not.

Verify all the pages of flash memory.
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4.4 Configure option area

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

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

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

e Page 2: User data O area

* Page 3: User data 1 area

Ox1EEE E600 Configure Option Page 3(128bytes)

Ox1EEE F400 Configure Option Page 2(128bytes)

Ox1FFF F200
Ox1FFF FOOO

Configure Option Page 1(128bytes)

Configure Option Page 0(128bytes)

Figure 14. Configure Option Area Structure
441 Configuration option page

Base address of the configuration option area ranges from Ox1FFF_F000 to Ox1FFF_F600. The area
map is shown in Table 11.
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Table 11. Configuration Option Area Map

Page NAME ADDRESS DESCRIPTION
0 - 0x1 FFF_FOOO to Ox1 FFF_FO4F System Tr|mm|ng Values
Ox1FFF_FO060 to Ox1FFF_FO7F
CONF_MF1CNFIG Ox1FFF_F050 Manufacture Information 1 for
128-bit unique ID
CONF_MF2CNFIG Ox1FFF_F054 Manufacture Information 2 for
128-bit unique ID
CONF_MF3CNFIG Ox1FFF_F058 Manufacture Information 3 for
128-bit unique ID
CONF_MF4CNFIG Ox1FFF_F05C Manufacture Information 4 for
128-bit unique ID
1 CONF_RPCNFIG Ox1FFF_F200 Configuration for Read
Protection
CONF_WDTCNFIG Ox1FFF_F20C Configuration for Watch-Dog
Timer
CONF_LVRCNFIG Ox1FFF_F210 Configuration for Low Voltage
Reset
CONF_CNFIGWTP1 | Ox1FFF_F214 Erase/Write  Protection  for
Configure Option Page 1/2/3
CONF_FMWTP1 Ox1FFF_F240 Erase/Write  Protection  for
Flash Memory
2 - 0x1FFF F400 to Ox1FFF _F47F User Data Area 0
3 - Ox1FFF_F600 to Ox1FFF_F67F User Data Area 1
44.1.1 CONF_MF1CNFIG: Configuration for Manufacture Information 1

The Configuration for Manufacture Information 1 is 32-bit flash memory. This is accessible in 32/16/8-
bit.

CONF_MF1CNFIG=0x1FFF_F050

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

XYCDN

31 XYCDN X and Y Coordinates.
0
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44.1.2 CONF_MF2CNFIG: Configuration for Manufacture Information 2

The Configuration for Manufacture Information 2 is 32-bit flash memory. This is accessible in 32/16/8-
bit.

CONF_MF2CNFIG=0x1FFF_F054

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

LOTNO[23:0] WAFNO

31 LOTNO[23:0] Lot Number.
8
7 WAFNO Wafer Number.
0
4.4.1.3 CONF_MF3CNFIG: Configuration for Manufacture Information 3

The Configuration for Manufacture Information 3 is 32-bit flash memory. This is accessible in 32/16/8-
bit.

CONF_MF3CNFIG=0x1FFF_F058

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

LOTNO[55:24]

31 LOTNO[55:24] Lot Number.
0

44.1.4 CONF_MF4CNFIG: Configuration for Manufacture Information 4

The Configuration for Manufacture Information 4 is 32-bit flash memory. This is accessible in 32/16/8-
bit.

CONF_MF4CNFIG=0x1FFF_F05C

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

LOTNO[87:56]

31 LOTNOI[87:56] Lot Number.
0
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44.15 CONF_RPCNFIG: Configuration for Read Protection
The configuration for the flash memory read protection is 32-bit. This is accessible in 32/16/8-bit.

CONF_RPCNFIG=0x1FFF_F200
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

WTIDKY

Reserved
READP

31  WTIDKY  Write Identification Key
4 These bits are the write key for “Read Protection”. So, The WTIDKY[27:0] should
be kept with the 0x69C8A27. Otherwise, the read protection will be on level 2.

1 READP Read Protection for Flash Memory Area.
0 11 Read protection level 0, No restriction for read/erase/write.

10 Read protection level 1,
Not readable/erasable/writable by “Debug”
Bulk erasable only by "Debug”
Readable/erasable/writable by “Instruction from Flash Memory and RAM”

0x Read protection level 2, Where x is don’t care
Not readable/erasable/writable by “Debug”/’Instruction from RAM”
Bulk erasable only by “Instruction from RAM”/”"Debug”
Readable/erasable/writable by “Instruction from Flash Memory”

NOTES:

1. The read protection level can be changed from lower level to higher level only.

2. The “Configure Option Page 1” cannot be erased by “Debug” unit on “read protection level
1/2” and by “Instruction from RAM” on “read protection level 2.

3. The configure option area may be read even if the “read protection” is on level 1 and 2.

4. A page unit erase/write except a bulk erase isn’t executable by “Instruction from RAM”
regardless of the CONF_FMWTP1 register on read protection level 2.

5. A page unit erase/write except a bulk erase isn’'t executable by “Debug” regardless of the
CONF_FMWTP1 register on read protection level 1/2.

6.  The read protection level will be ‘0’ on operation after bulk erase.
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4.4.1.6 CONF_WDTCNFIG: Configuration for Watch-Dog Timer
The configuration for watchdog timer is 32-bit flash memory. This is accessible in 32/16/8-bit.

CONF_WDTCNFIG=0x1FFF_F20C

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

Reserved

WRCMF

Reserved
WCLKMF

WRSTMF

WCNTMF

15  WRCMF Watchdog Timer RC Oscillator Master Configuration

4 0x96D  The WDTRC oscillation is decided by the WDTRCEN of SCU_CLKSRCR register

0x2A7 Master enable WDTRC but disabled at deep sleep mode
when PMU_PWRCR.ALLPWR=0.
Master enable WDTRC when PMU_PWRCR.ALLPWR=1.

Others  Master enable WDTRC

NOTE: If the WDTRC is selected for MCLK by SCU_SCCR register when the bits are not 0x96D,
the CPU cannot wake up at deep sleep mode. So, only sleep mode on
the above case should be used for power down.

2 WCLKMF _ Watchdog Timer Clock Selection Master Configuration

0 Watchdog timer clock is selected by the WDTCLK of SCU_PPCLKSR register

1 Master selection WDTRC for watchdog timer clock
1 WRSTMF _ Watchdog Timer Reset Enable Master Configuration

0 Master enable WDT reset

1 Disable/Enable of WDT reset is decided by the RSTEN[5:0] of WDT_CR register
0 WCNTMF _ Watchdog Timer Counter Enable Master Configuration

0 Master enable WDT counter

1 Disable/Enable WDT counter is decided by the CNTEN[5:0] of WDT_CR register

44.1.7 CONF_LVRCNFIG: Configuration for Low Voltage Reset

The configuration for low voltage reset is 32-bit flash memory. This is accessible in 32/16/8-bit.

CONF_LVRCNFIG=0x1FFF_F210

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

Reserved

LVRENM

Reserved

LVRVS

15 LVRENM LVR Reset Operation Control Master Configuration
8 O0xAA LVR operation is decided by the LVREN of SCU_LVRCR register

Others  Master enable LVR operation

2 LVRVS LVR Voltage Selection.

0 111 1.50V
110 1.75V
101 1.90V
100 2.05V
01 2.20V
010 2.35V
001 2.50V
000 2.65V
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44.1.8

4. Control memory organization

CONF_CNFIGWTP1: Erase/Write Protection for Configure Option Page

1/2/3

The erase/write protection for configure option page is 32-bit flash memory. This is accessible in
32/16/8-bit.

CONF_CNFIGWTP1=0x1FFF_F214

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

151413121 10 9 8|7 6 5§ 4 3 2 1

Reserved

Reserved

CP3WP
CP2WP

0

CP1WP

44.1.9

2 CP3WP

Configure Option Page 3 Erase/Write Protection

0 Enable protection (Not erasable/writable by instruction)

1 Disable protection (Erasable/writable by instruction)

CcP2wP

Configure Option Page 2 Erase/Write Protection

0 Enable protection (Not erasable/writable by instruction)

1 Disable protection (Erasable/writable by instruction)

CP1WP

Configure Option Page 1 Erase/Write Protection

0 Enable protection (Not erasable/writable by instruction)

1 Disable protection (Erasable/writable by instruction)

NOTE: The configure option page which is protected cannot be erased by page unit.

CONF_FMWTP1

Erase/Write Protection for Flash Memory

The erase/write protection for flash memory is 32-bit flash memory. This is accessible in 32/16/8-bit.
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CONF_FMWTP1=0x1FFF_F240
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
ool nlolv gt odlclooonov oS glol~ ol vt e oo
M| M| N| N[ N[ N| N| N[N N[N/ N| ™ = = = | ™| | = = ==
o I I o o B o o I o e o - A e N N e
S EI55 555555555555 5555552282228 2332
IR IR IR I IR IR IR I I I I R R R R R L R U R R R R e
n SWTPn

Flash Memory Erase/Write Protection bits, n: 0 to 31 (Sector 0 to Sector 31)

0

Protect “flash memory sector n erase/write”

1

Permit “flash memory sector n erase/write”

63



5. SCU A31L12x User’s manual

5 SCU (System Control Unit)

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

5.1 SCU block diagram
Figure 15 shows the SCU block diagram.

APB BUS > SCu | > SCU
MODE CONTROL [«
A\ 4
. Scu > HCLK
| CLOCK GEN > PCLK
> SLEEP
INTF}EERS|§L-IJ—PT ; WAKE UP «——— Wakeup
l Source
. »|  VDC/LVR VDC/LVR
INTERRUPT € IntOSC CONTROL ' INtOSC

Figure 15. SCU Block Diagram
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5.2 Clock system

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

Users can control the clock system variation by software. Figure 16 shows the clock system of
A31L12x series and Table 12 shows the descriptions for clock sources.

——» RTCC

Cortex MO
2 ” Memory
HIRC MCLKSEL[1:0] FCLK
Divider 3 .
1@ 2] 5 P @) [T
M
XMOSC O—>| U MCLK | Divider 0 .| Divider1 [ PCLK —APB Bus
XSOSC Oo—» @, 2% 1@, 2% > Peripherals
WDTRC >
"l U —wbDT
PCLK —>|
Divider 2
> (26 210) >
XSOSC —

Low level —»|

»

XSOSC —r|

P

———» LCD Driver

PCLK —>

»
1

——— Timer 50

\xc=g/ \ xcz / \xcg/ \xc=/ \xcz

HIRC —
XSOSCT:
PCLK —»{ U ——>» LPUART
HIRC —
CLKOS[2:0]
i
> M Divider 4
HIRC —>» U (20 27) ———~0 CLKO
HCLK —3» X
PCLK —

Figure 16. Clock Source Configuration

Each mux to switch clock source has a glitch-free circuit. So a clock can be switched without glitch
risks. When you change the clock mux control, be sure both clock sources are alive. If either is not
alive, clock change operation stops and system will shut down and not recover.
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Table 12. Clock Sources

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

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

32MHz)

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

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

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

522 Miscellaneous clock domain

Various clock sources are required for each functional block. The SCU provides clock source
selectivity with dedicated pre-scaler for each functional block. The clock selection mux does not
support glitch-free function, so the clock is unpredictable during clock selection. Figure 17 shows the
configurations for miscellaneous clocks.

HCLK Divider r PCLK
— e L3I SysTick Timer Glock ety SN
(2°..2) B \
x WDTRC M
b SCDIVR2 SYSTDIV]1:0) HIRC U Timer 50 Clock
WDTRC —
——{i) XSOSC
poLk |V L—’{ Watch-dog Timer Clock E—
’ L PPCLKSR. T50CLK[1.:0)

x
L PPCLKSR.WDTCLK

PCLK
—_—
WDTRC HIRC |M
M U LPUART Clock
XS0SC r XS0SC | X J
u Real Time Clock |
MCLK Divider X L
2% 2" ™ b PPCLKSR LPUTCLK[1:0]

t PPCLKSR RTCCLK[1:0]
'R1.\ HCLK e
SCOIVR1.WLDIVI2:0} E— (@ 2.-%')';:';: 210y »—b{ Port Debounce ]

WDTRC
XSOSC M t __ DBCR DBCLK[20]
U »{  LCD Driver Clock |
MCLK ..‘ D_I\’lﬂel -l X
e — ((2!””2!!' L
—--1—— PPCLKSR LCDCLK[1:0]
SCDIVR1 WLDIV[2:0]
Figure 17. Miscellaneous Clock Configuration
5.2.3 PCLK clock domain

PCLK is the master clock for all the peripherals except for the CRC generator and ports. It can shut
down during power down mode. Each peripheral clock is generated by SCU_PPCLKEN1 and
SCU_PPCLKEN?2? register set. Figure 16 illustrates the PCLK clock distributions. The peripherals are
not accessible even by reading its registers until each PCLK clock of each block is enabled.
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5.2.4 Clock configuration procedure

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

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

After enabling the XMOSC and XSOSC blocks, a user can check stability of crystal oscillation through
a clock monitoring control register, SCU_CMONCR. It takes more than 1ms to ensure stable crystal
oscillation before changing the system clock.
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Figure 18 shows an example flow chart to configure the system clock to XMOSC and XSOSC clock.

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

Y

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

Y

Set XMOSC
PE_AFSR1[15:8] « XIN/XOUT
PE_MOD[T:4] «— Alternative

CLKSRCR.XMOSCEN =1

Set XSOSC
PE_AFSRA[T:0] — SXIN/SXOUT
PE_MOD[3:0] «— Alternative

CLKSRCR. XSOSCEN =1

h 4

¥

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

CMONCR.MONEN = 1

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

CMONCR.MONEN =1

[

Y

Check MONFLAG
bitin CMONCR

P

Y

Check MONFLAG
bit in CMONCR

Wait 5msec for XMOSC crystal
oscillation stabilizing

Wait 100msec for XSOSC
crystal oscillation stabilizing

Y

Y

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

Change MCLK
from HIRC to XSOSC
in SCCR
(MCLK == XS0S5C}

h 4

r

CLKSRCR.HIRCEN =10
To disable HIRC

CLKSRCR.HIRCEN =10
To disable HIRC

=

G

Figure 18. Clock Configuration Procedure
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53 Reset

A31L12x series has two system resets. One is the cold reset by POR, which is effective during power
up or down sequence. The other is the warm reset, generated by several reset sources. The reset
event makes the device to turn back to its initial state.

The cold reset has only one reset source, which is POR, while the warm reset has several reset
sources as shown below:

*  nRESET pin

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

¢ CPU request reset
e PMU request reset
53.1 Cold reset

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

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

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

Figure 19 shows waveform of power up sequence and internal reset.

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

Figure 19. Power-up POR Sequence
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A register SCU_RSTSSR shows the POR reset status. The last reset comes from the POR.
SCU_RSTSSR.PORSTA is set to ‘“1’. After power on, this bit is always ‘1’ if the bit is not cleared by
S/W. If abnormal internal voltage drop is detected during normal operation, the system will be reset
and this bit also will be set to ‘1°.

When the cold reset is applied, the entire device returns to its initial state.
5.3.2 Warm reset

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

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

70 \ BO\

SCMICONDULCTOA



A31L12x User’s manual

5. SCU

VDC LVR 1.50V

VDDEXT
_J

—

Cold Reset

LVR

™ (EXCEPT 1.50V)

Warm Reset

MON RESET REQUEST

WDT RESET REQUEST

SW RESET REQUEST

nNRESET []

PIN RESET DETECTOR bi

CMO PORESETN

SYSRESETN

CM0
SYSRESETn

» SYSRESETn

q
PORT A RESETn
PPRST1[0]
b PORT B RESETn
PPRSTI1[1]
¢ PORT C RESETn
PPRST1[2]
b PORT D RESETn
PPRST1[3]
¢ PORT E RESETn
PPRST1[4]
¢ PORT F RESETn
PPRSTI1[5]
‘ TIMER40 RESETn
PPRST1[22]
L
PPRST1Z3] TIMER41 RESETn
‘ TIMER42 RESETn
PPRST1[24]
‘ TIMER43 RESETn
PPRST1[25]
¢ TIMERS50 RESETn
PPRST1[30]

USART10 RESET)
PPRST2[0] n

UARTO RESETI
PPRST2[2] n

¢ UART1 RESETn
PPRST2[3]
12CO RESETn
PPRST2[6]

¢ 12C1 RESETn
PPRST2[7]
L
> }—» ADC RESET
PPRST2[10] AIDC RESETn
b RTCC RESETn
PPRST2[11]
b CRC RESETn
PPRST2[12]
‘ LCD RESETn
PPRST2[13]
q
LPUART RESETn
PPRST2[15]
‘ LVI RESETn
PPRST2[18]
‘ FMC RESETn
PPRST2[19]
‘ SPI0 RESETn
PPRST2[20]
‘ SPI1 RESETn
PPRST2[21]
‘ SCORESETn
PPRST2[24]
¢ SC1RESETn
PPRST2[25]
b CMPO RESETn
PPRST2[27]
‘ CMP1 RESETn
PPRST2[28]
DMA RESETn
PPRST2[31]

Figure 20. Reset Configuration

5.3.3 LVR reset

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

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

A
VDD
On LVR Level: 2.05V \ \ /
AN

LVR(R)=2.09V
LVR(F)=2.05V

1.65V 7
[ Time

ﬁ)l LVR Reset doesn’t occur at this point

LVR Reset

Figure 21. LVR Reset Timing Diagram
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5.4 Operation mode

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

Figure 22 shows the operation mode transition diagram.

POWER-ON
RESET INIT
/// 1 \\'\.
rd \\\
// N
/ .
RESET //’ .  RESET
EVENT . EVENT
yd MCU RESET N\
/" INITIALIZATION EVENT N
/ N\

.’/ \\\

WAKE-UP WAKE-UP

EVENT ~ _*——L_ EVENT

SLEEP > ( RUN > DEEP SLEEP

WFI ~— WFI

SLEEPDEEP =0 SLEEFDEEP =1

Figure 22. Operating Mode
54.1 Run mode

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

5.4.2 Sleep mode

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

5.4.3 Deep sleep mode

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

Table 13. Pins and External Signals for SCU
PIN NAME TYPE DESCRIPTION
nRESET I External Reset Input
XIN/XOUT 0osC External Crystal Oscillator for Main Clock
SXIN/SXOUT 0OSsC External Crystal Oscillator for Sub Clock
CLKO ©) Clock Output Monitoring Signal
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5.6

Registers

5. SCU

Base address and register map of SCU (chip configuration) are shown in Table 14 and Table 15.

Table 14. Base Address of SCU (Chip Configuration)

Name

Base address

SCU (chip configuration)

0x4000_F000

Table 15. SCU Register Map (Chip Configuration)

Name Offset Type | Description Reset Value

SCU_VENDORID 0x0000 R Vendor Identification Register 0x41424F56

SCU_CHIPID 0x0004 R Chip Identification Register, Where n =4 | 0x4D31F00n
or 5.

SCU REVNR 0x0008 R Revision Number Register 0x000000xx

- - - Reserved -

SCU PMREMAP 0x0014 RW Program Memory Remap Register 0x00000000

SCU BTPSCR 0x0018 RW Boot Pin Status and Control Register 0x000000xx

SCU RSTSSR 0x001C | RW Reset Source Status Register 0x000000xx

SCU NMISRCR 0x0020 RW NMI Source Selection Register 0x00000000

SCU SWRSTR 0x0024 R Software Reset Register 0x00000000

SCU SRSTVR 0x0028 R System Reset Validation Register 0x00000055

SCU WUTCR 0x002C | RW Wake-up Timer Control Register 0x00000000

SCU WUTDR 0x0030 RW Wake-up Timer Data Register 0x00001F40

- - - Reserved -

SCU_HIRCTRM 0x00A8 | RW High Frequency Internal RC Trim | 0x000000xx
Register (HIRCNFIG)

SCU_WDTRCTRM 0x00AC | RW Watchdog Timer RC Trim Register | 0x000000xx
(WDTRCNFIG)

NOTE: The CHIPID is written by H/W if the proper configure address is read.

\BO\ 75

SCMICONDUCTOR




5. SCU

A31L12x User’s manual

Base address and register map of SCU (clock generation) are shown in Table 16 and Table 17.

Table 16. Base Address of SCU (Clock Generation)

Name

Base address

SCU (clock generation)

0x4000_1800

Table 17. SCU Register Map (Clock Generation)

Name Offset Type | Description Reset Value
SCU _SCCR 0x0000 RW System Clock Control Register 0x00000000
SCU CLKSRCR 0x0004 RW Clock Source Control Register 0x0000000C
SCU_SCDIVR1 0x0008 | RW System Clock Divide Register 1 0x00000000
SCU_SCDIVR2 0x000C | RW System Clock Divide Register 2 0x00000000
SCU CLKOCR 0x0010 RW Clock Output Control Register 0x00000000
SCU _CMONCR 0x0014 RW Clock Monitoring Control Register 0x00000000
SCU PPCLKEN"1 0x0020 RW Peripheral Clock Enable Register 1 0x00000000
SCU PPCLKEN2 0x0024 RW Peripheral Clock Enable Register 2 0x00020000
SCU PPCLKSR 0x0040 RW Peripheral Clock Selection Register 0x00000000
SCU_ PPRST1 0x0060 RW Peripheral Reset Register 1 0x00000000
SCU PPRST2 0x0064 RW Peripheral Reset Register 2 0x00000000
SCU_XSOSC 0x0084 RW Sub Oscillator Control Register 0x00000028
Base address and register map of SCU (LVR/LVI) are shown in Table 18 and Table 19.
Table 18. Base Address of SCU (LVR/LVI)
Name Base address
SCU (LVR/LVI) 0x4000_5100
Table 19. SCU Register Map (LVR/LVI)

Name Offset Type Description Reset Value
SCU_LVICR 0x0000 RW Low Voltage Indicator Control Register 0x00000000
SCU_LVRCR 0x0004 RW Low Voltage Reset Control Register 0x00000000
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5.6.1 SCU_VENDORID: vendor id register

SCU_VENDORID register shows Vendor identification information. This register is a 32-bit read-only
register.

SCU_CIDR=0x4000_F000
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

VENDID

0x4142_4F56
RO

31 VENDID Vendor Identification bits.
0 0x4142_4F56

5.6.2 SCU_CHIPID: chip ID register

SCU_CHIPID register shows chip identification information. This register is a 32-bit read-only register.

SCU_CHIPID=0x4000_F004
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

CHIPID

0x4D31F004 or 0x4D31F005

RO

31 CHIPID Chip Identification bits.
0 0x4D31F004 A31L123 (64KB Flash ROM)
0x4D31F005 A31L122 (32KB Flash ROM)

5.6.3 SCU_REVNR: revision number register
SCU_REVNR register is a 32-bit read-only register. This register is accessible in 32/16/8-bit.

SCU_REVNR=0x4000_F008

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
Reserved REVNO
0x000000 XX
- RO
7 REVNO Chip Revision Number. This value is assigned by the manufacturer.

0
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5.6.4 SCU_PMREMAP: program memory remap register
SCU_PMREMARP register is 32-bit size.

SCU_PMREMAP=0x4000_F014

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
WTIDKY nPMREM PMREM
0x0000 0x00 0x00
wo wo RW
31  WTIDKY  Write Identification Key
16 When writing, write 0XE2F 1 to these bits, or else writing is ignored.
15 nPMREM Write Complement Key
8 When writing, write the complement value of PMREM][7:0], or else writing is ignored.
7 PMREM Program Memory Remap.
0 0x69 Boot ROM is re-mapped to address 0x00000000.
0x10001000 of Flash memory is re-mapped to address
0x00001000.
Others Flash memory is re-mapped to address 0x00000000.
NOTE: The remapped program memory can be accessed from the original address.
5.6.5 SCU_BTPSCR: boot pin status and control register

SCU_BTPSCR register is 32-bit size and accessible in 32/16/8-bit.

SCU_BTPSCR=0x4000_F018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
-] °
2| R
Reserved o e e o
o| o @ =
(14 (2 o
0x000000 0 xx 0000 X
_ I E I o
6 BFIND BOOT Pin Function Indicator. The BFIND[1:0] bits are cleared to “00” by
5 POR, the BFIND[1] bit is cleared to ‘0’ by nRESET, and the bits are not
cleared by other system reset. One of the two of the following must be
set in the BFIND[1:0] bits to check whether ISP is needed or not.
10 Check the BOOT pin when the system resets by nRESET
including POR.
11 Check the BOOT pin when the system resets only by POR.
0 BTPSTA BOOT Pin Status.
0 The BOOT pin is low level.
1 The BOOT pin is high level.
Note) This bit is always ‘1’ if the BOOT pin is not selected for alternative

function.

NOTE: When a system reset occurs, the PD5 pin is configured as alternative function for BOOT,
the pull-up resistor is enabled, and the debounce filter is enabled.
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5.6.6 SCU_RSTSSR: reset source status register

SCU_RSTSSR register shows reset source information when reset event is occurred. ‘1’ implies a
reset event exists, while ‘0’ means a reset event does not exist for a corresponding reset source.

When a reset source is detected, ‘1’ is written into the corresponding bit position and reset status will
be cleared.

SCU_RSTSSR register is 32-bit size and accessible in 32/16/8-bit.

SCU_RSTSSR=0x4000_F01C
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

Reserved

Reserved
WAKUPSTA
MONSTA
SWSTA
EXTSTA
WDTSTA
LVRSTA
PORSTA

0x000000

o
x
X
X
x
x
X
x

RW
RW
RW

w

R
R
R

6 WAKUPSTA Wake-up Reset Status bit.
A core reset will occur and this bit is set when the system wakes up from
Deep sleep mode with PMU_PWRCR.ALLPWR = 1.

0  Not detected

1 Wake-up reset is detected. The bit is cleared to ‘0’ when ‘1’ is written.

5 MONSTA Clock Monitoring Reset Status.

0  Not detected

1 Clock monitoring reset is detected. The bit is cleared to ‘0’ when ‘1’ is
written.

4  SWSTA Software Reset Status.

0  Not detected

1 Software reset is detected. The bit is cleared to ‘0’ when ‘1’ is written.

3 EXTSTA External Pin Reset Status.

0  Not detected

1 External pin reset is detected. The bit is cleared to ‘0’ when ‘1’ is written.
2 WDTSTA Watchdog Timer Reset Status.

0  Not detected

1 Watchdog timer reset is detected. The bit is cleared to ‘0’ when ‘1’ is
written.
1 LVRSTA LVR Reset Status.
0  Not detected
1 LVR reset is detected. The bit is cleared to ‘0’ when ‘1’ is written.
0 PORSTA POR Reset Status.
0  Not detected
1 POR reset is detected. The bit is cleared to ‘0’ when ‘1’ is written.

NOTES:
1. The PORSTA bit is set to ‘1’ and the other bits are cleared to ‘0’ when power-on reset
occurs.
2. The corresponding reset status bit may be set to ‘1’ if any reset signal is asserted during
power-on reset takes place. For example, The EXTSTA bit may be set if the external
reset is asserted during POR.
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5.6.7 SCU_NMISRCR: NMI source selection register

SCU_NMISRCR is the non-maskable interrupt configuration register, which can be set by software.
SCU_NMISRCR register is 32-bit size, and accessible in 32/16/8-bit.

SCU_NMISRCR=0x4000_F020

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
Zl =3 o
HE
=z 2]
Reserved =k % =
Z| = [4 -4
0x000000 00 00000
2 =2 2
X o ['4
7 NMICON Non-Maskable Interrupt (NMI) Control.
0 Disable NMI
1 Enable NMI
6 MONINT Clock Monitoring Interrupt Selection.
0 Non-select clock monitoring interrupt for NMI source
1 Select clock monitoring interrupt for NMI source
4 NMISRC Non-Maskable Interrupt Source Selection.
0

Select one of the interrupt sources 0 to 31 for NMI source.

NOTE: The interrupt source which is selected for NMI should be disabled in NVIC to avoid both
generation of the normal and NMI interrupts.

5.6.8 SCU_SWRSTR: software reset register

SCU_SWRSTR register is 32-bit size.

SCU_SWRSTR=0x4000_F024

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

WTIDKY Reserved SWRST
0x0000 0x00 0x00
wo - wo

31 WTIDKY Write Identification Key

16 When writing, write 0X9EB3 to these bits, or else writing is ignored.

7 SWRST Software Reset (System Reset)

0 0x2D

A software reset will be generated for all peripheral and core.

Others No effect
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5.6.9 SCU_SRSTVR: system reset validation register
SCU_SRSTVR register is 32-bit size, and accessible in 32/16/8-bit.

SCU_SRSTVR=0x4000_F028

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

Reserved VALID
0x000000 0x55
- RO

7 VALID System Reset Validation.

0 0x55 System reset is O.K.

Others A weak system reset. A system reset must be generated by S/W

5.6.10 SCU_WUTCR: wake-up timer control register

Wake-up timer always works on operating mode. This timer gives a stable time for clock generation
during Power on and Deep sleep mode release. The main purpose of this timer is periodical tick timer
or a wake-up source.

SCU_WUTCR register is 32-bit size, and accessible in 32/16/8-bit.

SCU_WUTCR=0x4000_F02C

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
Q
i g 33
= Xl i
Reserved = o ElE
S & o g
0x000000 0 00000 0
- 2 | z 2
7  WUTIEN Wake-up Timer Interrupt Enable bit
0 Disable wake-up timer interrupt
1 Enable wake-up timer interrupt
1 CNTRLD Counter Reload bit
0 No effect
1 Reload data to counter (Automatically cleared to ‘0’ after
operation)
0  WUTIFLAG  Wake-up Timer Interrupt Flag bit
0 No request occurred
1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

NOTE: This bit may not be set to "1b" if the PCLK frequency is slower than the
HCLK frequency. So, in order for WUT interrupt to occur normally, the SCU_
SCDIVR2.PDIV[1:0] bits must be set to "00b" so that the PCLK frequency is the
same as the HCLK frequency.
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5.6.11 SCU_WUTDR: wake-up timer data register
SCU_WUTDR register is 32-bit size and accessible in 32/16/8-bit.

SCU_WUTDR=0x4000_F030

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

Reserved WUTDATA
0x00 0x001F40
- RW

23 WUTDATA _ Wake-up Timer Data. The range is 0x000000 to OxFFFFFF.

0 NOTES:
1.  When HIRC is system clock, its value should be set to be at least more than 4us.
2. When WDTRC is system clock, its value should be set to be at least more than 100us.

SCU_WUTDR
(24-bit Data)
CNTRLD
Reload
System Reset, Deep Sleep mode
n
WUTIEN
S [t o worrine |l D
Underflow

L—3» The CPU starts at underflow

NOTE: The WUTIFLAG bit may not be set to "1b" if the PCLK frequency is slower than the HCLK frequency. So, in order
for WUT interrupt to occur normally, the SCU_SCDIVR2.PDIV[1:0] bits must be set to "00b" so that the PCLK frequency is the
same as the HCLK frequency.

Figure 23. Wake-up Timer Block Diagram
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5.6.12

SCU_HIRCTRM: high frequency internal RC trim register

5. SCU

SCU_HIRCTRM register may be used for user trimming of HIRC by s/w. This register is 32-bit size.

SCU_HIRCTRM=0x4000_F0A8

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
T T
E =
WTIDKY nTRMH K E
(8] T8
0x0000 XX X X X X X X X X
wo wo RW RW

31
16

WTIDKY  Write Identification Key

When writing, write 0xA6B5 to these bits, or else writing is ignored.

15

nTRMH _ Write Complement Key

When writing, write the complement value of LSB(CTRMH+FTRMH), or else writing is ignored.

CTRMH  Factory HIRC Coarse Trim.

These bits are fixed by manufacturer and read from “Configure Option
Page 0” when a system reset occurs. These bits provide a user programmable

trimming value on operation.

The range is -4 to +3, the CTRMHI[2] is sign bit, and the frequency is changed by

1.4MHz step-by-step.

FTRMH Factory HIRC Fine Trim.

These bits are fixed by manufacturer and read from “Configure Option
Page 0” when a system reset occurs. These bits provide a user programmable

trimming value on operation.

The range is -16 to +15, the FTRMH[4] is sign bit, and the frequency is changed by

about 140kHz steps.
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5.6.13 SCU_WDTRCTRM: watchdog timer RC trim register

SCU_WDTRCTRM register may be used for user trimming of WDTRC by s/w. This register is 32-bit

size.

SCU_WDTRCTRM=0x4000_FOAC

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
2 3 =
= < =
WTIDKY nTRMW |n_: e |n_:
() & L
0x0000 XX X x x x 0 x x x
wo wo RW - RW
31  WTIDKY _ Write Identification Key

16 When writing, write 0x4C3D to these bits, or else writing is ignored.

15 nTRMW _ Write Complement Key

8 When writing, write the complement value of LSB(CTRMW+FTRMW), otherwise the write is
ignored.

7 CTRMW _ Factory WDTRC Coarse Trim.

4 These bits are fixed by manufacturer and read from “Configure Option
Page 0” when the system resets. These bits provide a user-programmable trimming value on
operation. The range is -8 to +7, the CTRMW([3] is sign bit, and the frequency is changed by
about 4kHz steps.

2 FTRMW  Factory WDTRC Fine Trim.

0 These bits are fixed by manufacturer and read from “Configure Option

Page 0” when the system resets. These bits provide a user-programmable trimming value on
operation. The range is -4 to +3, the FTRMW/[2] is sign bit, and the frequency is changed by
about 1.1kHz steps.

84

\BO\

SCMICONDULCTOA



A31L12x User’s manual

5. SCU

5.6.14 SCU_SCCR: system clock control register

A31L12x series has multiple clock sources to generate internal operating clocks. SCU_SCCR register

controls such a clock source.

This register is 32-bit size.

SCU_SCCR=0x4000_1800

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
_
w
[7)
WTIDKY Reserved <
[S]
=
0x0000 0x00 |0 0 0 00 O 0O
wo - - RW
31 WTIDKY Write Identification Key
16 When writing, write 0x570A to these bits, or else writing is ignored.
1 MCLKSEL Main Clock Selection, MCLK
0 00 High frequency Internal RC oscillator (32MHz), HIRC
01 External main oscillator (2 — 32MHz), XMOSC
10 External sub oscillator (32.768kHz), XSOSC
11 Internal watchdog timer RC oscillator (40kHz), WDTRC
NOTES:
1. The MCLKSEL bits will not be changed on selecting the clock which is disabled by

\BO\
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SCU_CLKSRCR register.

If the MCLKSEL bits are “10” or “11”, the HDIV[2:0] bits of SCU_SCDIVR1 register should
be “100” for non-divided system clock.
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5.6.15 SCU_CLKSRCR: clock source control register

A31L12x User’s manual

A31L12x series has multiple clock sources to generate internal operating clocks. SCU_CLKSRCR
register controls each clock source.

This register is 32-bit size.

SCU_CLKSRCR=0x4000_1804

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
o - ° o z Zz =z
slm| gt |2 &t |HEBY

WTIDKY g | Q g | g El x|l 38
e | = e |% & Sl T|g|2
= X| %
0x0000 0 00 00 OO O|O O O O 1 1 0
WO ||E|||E||||EEE
31 WTIDKY Write Identification Key
16 When writing, write 0xA507 to these bits, or else writing is ignored.
13 HIRCSEL HIRC Frequency Selection bits
12 00 32MHz HIRC
01 16MHz HIRC
10 8MHz HIRC
11 4MHz HIRC
8 XMFRNG Main Oscillator Type and Frequency Range Selection bit
0 x-tal for XMOSC, 2 to 16MHz
1 External clock for XMOSC, 2MHz to 32MHz
3 WDTRCEN WDTRC Enable bit, Watchdog timer RC oscillator
0 Disable WDTRC
1 Enable WDTRC
2 HIRCEN HIRC Enable bit, High frequency internal RC oscillator
0 Disable HIRC
1 Enable HIRC
1 XMOSCEN XMOSC Enable bit, External main oscillator
0 Disable XMOSC
1 Enable XMOSC
0 XSOSCEN XSOSC Enable bit, External sub oscillator
0 Disable XSOSC
1 Enable XSOSC

NOTE: The clock selected as a main system clock by SCU_SCCR register will not be changed by

the corresponding bit.
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5.6.16

SCU_SCDIVR1: system clock divide register 1

SCU_SCDIVRH1 register is 32-bit size and accessible in 32/16/8-bit.

5. SCU

SCU_SCDIVR1=0x4000_1808

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 10

\BO\
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> K
a 2 2
Reserved | o =}
S o T
4
0x000000 0 0 0O O 0O
- RW - RW
6 WLDIV Clock Divide bits for RTCC and LCD Driver, Divider 2 (Refer to figure 14)
4 000 MCLK+64
001 MCLK+128
010 MCLK+256
011 MCLK+512
100 MCLK+1024
others Reserved
2 HDIV Clock Divide bits for HCLK, Divider 0 (Refer to figure 14)
0 000 MCLK+16
001 MCLK+8
010 MCLK+4
011 MCLK+2
100 MCLK+1
others Reserved (MCLK+1)
NOTES:

1.  Ifthe selected MCLK is XSOSC or WDTRC, the HDIV[2:0] bits should be set to “100”.
2. The frequency range of HCLK should be 2.0 to 32[MHz] by s/w while the HIRC is the

system clock.
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5.6.17 SCU_SCDIVR2: system clock divide register 2
SCU_SCDIVR2 register is 32-bit size and accessible in 32/16/8-bit.

SCU_SCDIVR2=0x4000_180C
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

2| 3
8| 2| 2
Reserved ',7, e [=)
> 4 e
(72} 14
0x000000 000 0 00O
- RW - - RW

5 SYSTDIV Clock Divide bits for SysTick Timer, Divider 3 (Refer to figure 14)

4 00 HCLK+1

01 HCLK+2

10 HCLK+4

1 HCLK+8

1 PDIV Clock Divide bits for PCLK, Divider 1 (Refer to figure 14)
0 00 HCLK+1

01 HCLK+2

10 HCLK+4

1 HCLK+8

NOTE: If the selected MCLK is XSOSC or WDTRC, the PDIV[1:0] should be set to “00”.
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5.6.18 SCU_CLKOCR: clock output control register
A31L12x series can drive the clock from a selected clock (CLKOS) with a dedicated post divider.

SCU_CLKOCR register is 32-bit size and accessible in 32/16/8-bit.

SCU_CLKOCR=0x4000_1810

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
28 5 | ¢
Reserved | g x
3|8 3 o
0x000000 0 0 0 0 0 0 O
- 5 = z
7 CLKOEN Clock Output Enable bit
0 Disable clock output
1 Enable clock output
6 POLSEL Clock Output Polarity Selection bit when disable
0 Low level during disable
1 High level during disable
5 CLKODIV Output Clock Divide bits, Divider 4 (Refer to figure 14)
3 000 “Selected clock”+1
001 “Selected clock™+2
010 “Selected clock™+4
011 “Selected clock™+8
100 “Selected clock™+16
101 “Selected clock’+32
110 “Selected clock’+64
111 “Selected clock’™+128
2 CLKOS Clock Output Selection bits
0 000 MCLK
001 WDTRC
010 HIRC
011 HCLK
100 PCLK

others  Reserved (None)
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5.6.19 SCU_CMONCR: clock monitoring control register
Internal clock can be monitored by using internal WDTRC for security purpose.

SCU_CMONCR register is 32-bit size and accessible in 32/16/8-bit.

SCU_CMONCR=0x4000_1814

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
s Ol o
z (72}
G 2|83 &
Reserved 3 2 3 "g" E 3
2 = | 2|2 =
0x000000 0 000 O O 0O
7 MONEN Clock Output Enable bit
0 Disable clock monitoring
1 Enable clock monitoring
Note)
When this bit is reset to ‘0’, the block clears the 4/7-bit
counter, inFLAG, and flags.
6 MACTS Clock Monitoring Action Selection bits
5 00 No action by clock monitoring, but flags will be set/cleared on
condition

01  Reset generation by clock monitoring

10  The system clock will be changed to the WDTRC regardless of
MCLKSEL[1:0] bits of system clock control register (SCU_SCCR) only when
the MCLK is selected for monitoring.

1 Not used

3 MONFLAG _ Clock Monitoring Result Flag bit

0 The clock under monitoring is not ready.

1 The clock under monitoring is ready. This bit is cleared to ‘0’ when ‘1’ is written.

2 NMINTFG Clock Monitoring Interrupt Flag bit (only when the MCLK is selected for monitoring)

0 No request occurred

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

Note)

When the bit is set, the system clock must be switched to WDTRC by S/W.
1  MONCS Monitored Clock Selection bits
0 00 MCLK

01 HIRC

10 XMOSC

11 XSOSC
NOTES:

1.  The block should be enabled after disable to clear the internal status for new clock monitoring.
2. This block must be disabled by S/W before entering deep sleep mode.
3. When the “clock monitoring” function is disabled by S/W, the following sequence is required.

- First, the MACTS bits should be cleared to “00b”.

- Second, the MONEN bit must be cleared to “Ob”.
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MCLK
HIRC
XMOSC
Xs0scC

—» NMI Interrupt

. Overflow i
4-bit Up Counter » iNFLAG
MON Reset
A A
Clear [ MACTS[1:0]

1-Cycle | System Clock
Delay 7| Control Block
Overf A Y t
verflow
7-bit Up Counter ® MONFLAG MONEN
NMINTFG

NOTE: WDTRC should be enabled to use this block since it is the watch clock for monitoring.

Figure 24. Clock Monitoring Circuit Diagram
5.6.20 SCU_PPCLKEN?1: peripheral clock enable register 1

To use a certain peripheral unit, its clock should be activated by writing ‘1’ to the corresponding bit in
SCU_PPCLKEN1/SCU_PPCLKEN?2 register. Until enabling the clock, the peripheral does not operate
properly. To stop the clock of the peripheral unit, write ‘0’ to the corresponding bit in the
SCU_PPCLKEN1/PPCLKEN?2 register.

SCU_PPCLKENT1 register is 32-bit size and accessible in 32/16/8-bit.

SCU_PPCLKEN1=0x4000_1820

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
= 3 ¥ ¥ ¥ ¥ 3 AEIEEEE
= 2 | e e e < pur] R e ] ] ] e
ol O [ Q| O O] O [ 0| O Ol O| O O
58 & (388 ¢ g EIEEEEE
|~ (74 || - 4 aoojaloa

0 000 O0O0|/0 OGO OO O OT O0|OoO

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

RW
RW

w
RW
RW
RW
RW
RW
RW
RW

RW

30 T50CLKE TIMERSO clock enable

25 T43CLKE TIMERA43 clock enable

24 T42CLKE TIMERA42 clock enable

23 T41CLKE TIMERA41 clock enable

22 T40CLKE TIMERA40 clock enable

5 PFCLKE Port F clock enable

4 PECLKE Port E clock enable

3 PDCLKE Port D clock enable

2 PCCLKE Port C clock enable

1 PBCLKE Port B clock enable

0 PACLKE Port A clock enable

NOTE: The peripheral registers may not be read/written by software when the peripheral clock is
disabled.
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5.6.21 SCU_PPCLKENZ2: peripheral clock enable register 2
SCU_PPCLKEN?2 register is 32-bit size and accessible in 32/16/8-bit.

SCU_PPCLKEN2=0x4000_1824

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
w W w w| w w w y
%03 |X[X|BIYY T X% uly ke sy sy B Yk BYY Y
ol = |olo|le|ldldl 2 |dldlAl4dloleloleldlald = = |33 = |33 z=e
2 ¢zl 828 82228k 45 88288 888 §|g8 sz

- = S ] - -~
2 € |3/ 2|€8|3 € 5|5 E 38 ¢80 8 k< ¢ |88 &|55¢%
0000 OO O OO OO ODOFWO 1 0/0 0 O 0 0 0 0j0O O OOOOTU OO
' '%% '2&''E2EEEVE EEEE ' EErEE B

31 DMACLKE DMA clock enable

28 CMP1CLKE Comparator 1 clock enable

27 CMPOCLKE Comparator 0 clock enable

25 SC1CLKE Smart Card Interface 1 (ISO 7816-3) clock enable

24 SCOCLKE Smart Card Interface 0 (ISO 7816-3) clock enable

21  SPIMCLKE SPI 1 clock enable

20 SPIOCLKE SPI 0 clock enable

19 FMCLKE Flash Memory Control clock enable

18 LVICLKE LVI (Low Voltage Indicator) clock enable

17  WDTCLKE WDT (Watchdog Timer) clock enable. The WDTRC won't be disabled
if the clock is enabled by watchdog timer configuration register (CONF_WDTCNFIG) in
“configure option page 1”

15 LPUTCLKE Low Power UART clock enable

13 LCDCLKE LCD Controller clock enable

12 CRCLKE CRC (Cyclic Redundancy Check) clock enable

11 RTCCLKE Real Time Clock/Calendar clock enable. The bit is cleared to “Ob” by the reset of POR
but retained by the other reset.

10 ADCLKE ADC (Analog to Digital Converter) clock enable

12C1CLKE 12C1 (Inter-integrated Circuit) clock enable

12COCLKE 12C0 (Inter-integrated Circuit) clock enable

UTOCLKE UARTO clock enable

7
6
3 UT1CLKE UART1 clock enable
2
0

UST10CLKE USART10 clock enable

NOTE: The peripheral registers may not be read/written by software when the peripheral clock is disabled.
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5. SCU

5.6.22 SCU_PPCLKSR: peripheral clock selection register

SCU_PPCLKSR register is 32-bit size and accessible in 32/16/8-bit.

SCU_PPCLKSR=0x4000_1840

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16/ 15 14 1312 11 10 9 8|7 6 5 4 3 2 1 0

Reserved
T50CLK

Reserved
LPUTCLK
RTCCLK
LCDCLK
Reserved
WDTCLK

00 0 00 0O 0O

00000000|000000

o
o
o
o
o
o

00
|||||||||§;E§§§|||||

||||||§§||| z = z E
25 T50CLK Timer 50 Clock Selection.
24 00 PCLK clock
01 WDTRC clock
10 HIRC clock
11 XSOSC clock
11 LPUTCLK Low Power UART Clock Selection.
10 00 PCLK clock
01 HIRC clock
10  XSOSC clock
1 Reserved
9 RTCCLK Real Time Clock/Calendar Clock Selection. The bits are cleared to “00b”
8 by the reset of POR but retained by the other reset.
00 Low level (RTC stuck)
01  XSOSC clock
10  WDTRC clock
11 Aclock of the MCLK which is divided by divider 2
7 LCDCLK LCD Driver Clock Selection.
6 00  Aclock of the MCLK which is divided by divider 2 (Refer to figure 14)
01  XSOSC clock
10  WDTRC clock
1 Reserved
0 WDTCLK Watchdog Timer Clock Selection.

0 WDTRC clock

1 PCLK clock
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5.6.23 SCU_PPRST1: peripheral reset register 1

SCU_PPRST1/PPRST2 register can make a peripheral reset. If a specific bit in this register is set to
‘1’, the peripheral corresponded with this bit occurs a reset event and the registers of the peripheral
are initialized with reset values.

SCU_PPRST1 register is 32-bit size and accessible in 32/16/8-bit.

SCU_PPRST1=0x4000_1860

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16 (1514 13 12 11 10 9 8 |7 6 5 4 3 2 1 0
Bl = S ==l = = ®

> @ 2 ARARAR? 3 AR AR RS
mné @ %ﬁmg o Yl o oo e
0B 7] IS T ] LW ol ml<
000 0 O0 0 O 0000000|00000000|00000000
IEI I | IEEEE | I | I I | I 1 1 I 1 I 1 I 1 IEEEEEE

30 TS50RST Timer 50 Reset bit

0 No effect

1 Reset Timer 50, Cleared by software
25 T43RST Timer 43 Reset bit

0 No effect

1 Reset Timer 43, Cleared by software
24 T42RST Timer 42 Reset bit

0 No effect

1 Reset Timer 42, Cleared by software

23 T41RST Timer 41 Reset bit

0 No effect

1 Reset Timer 41, Cleared by software

22 T40RST Timer 40 Reset bit

0 No effect

1 Reset Timer 40, Cleared by software
5 PFRST Port F Reset bit

0 No effect

1 Reset Port F, Cleared by software
4 PERST Port E Reset bit

0 No effect

1 Reset Port E, Cleared by software
3 PDRST Port D Reset bit

0 No effect

1 Reset Port D, Cleared by software

2 PCRST Port C Reset bit

0 No effect

1 Reset Port C, Cleared by software
1 PBRST Port B Reset bit

0 No effect

1 Reset Port B, Cleared by software
0 PARST Port A Reset bit

0 No effect

1 Reset Port A, Cleared by software
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5.6.24

SCU_PPRST2: peripheral reset register 2

SCU_PPRST2 register is 32-bit size and accessible in 32/16/8-bit.

5. SCU

SCU_PPRST2=0x4000_1864

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 7 6 5 4 3 2 10
AR AR R R I R R R R R
g £ EgERe £ EgBe ¢ EEEegy 28 £ 2gEs
S 8 |22803 & |x|2 23 ¢(2808 5 8% &(88 £ 5E 5
=} 12 olo|l x| P N g 0|l nlw 4 Sl 2 14 2 NN v oo ¢ g
0 0 0 0 0 O 0 0 000 0O O 0|0 0 0 0 0 0 O 0 0 0 O 00
=, |1 28 , 28, , 822, /|l  , =°¢: ==, 2= =
14 X o X o X ¢ £ £ 14 X o ¢ 14 ¥ ['4
31 DMARST DMA Reset bit
0 No effect
1 Reset DMA, Cleared by software
28 CMP1RST _ Comparator 1 Reset bit
0 No effect
1 Reset Comparator 1, Cleared by software
27 CMPORST  Comparator 0 Reset bit
0 No effect
1 Reset Comparator 0, Cleared by software
25 SC1RST Smart Card Interface 1 Reset bit
0 No effect
1 Reset Smart Card Interface 1, Cleared by software
24 SCORST Smart Card Interface 0 Reset bit
0 No effect
1 Reset Smart Card Interface 0, Cleared by software
21  SPHMRST SPI1 Reset bit
0 No effect
1 Reset SPI1, Cleared by software
20 SPIORST SPIO Reset bit
0 No effect
1 Reset SPIO, Cleared by software
19 FMCRST FMC (Flash Memory Control) Reset bit
0 No effect
1 Reset flash memory control, Cleared by software, Ignored during flash operation
18 LVIRST LVI (Low Voltage Indicator) Reset bit
0 No effect
1 Reset LVI, Cleared by software
15 LPUTRST Low Power UART Reset bit
0 No effect
1 Reset LPUART, Cleared by software
13 LCDRST LCD Controller Reset bit
0 No effect
1 Reset LCD Controller, Cleared by software
12 CRRST CRC (Cyclic Redundancy Check) Reset bit
0 No effect
1 Reset CRC, Cleared by software
11 RTCRST RTCC (Real Time Clock and Calendar) Reset bit
0 No effect
1 Reset RTCC, Cleared by software
10 ADRST ADC (Analog to Digital Converter) Reset bit
0 No effect
1 Reset ADC, Cleared by software
7 I2C1RST 12C1 (Inter-integrated Circuit) Reset bit
0 No effect
1 Reset 12C1, Cleared by software
6 I2CORST 12C0 (Inter-integrated Circuit)Reset bit
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1 Reset 12C0, Cleared by software

3 UT1RST UART1 Reset bit

0 No effect

1 Reset UART1, Cleared by software
2 UTORST UARTO Reset bit

0 No effect

1 Reset UARTO, Cleared by software
0 UST10RST USART10 Reset bit

0 No effect

1 Reset USART10, Cleared by software
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5.6.25 SCU_XSOSC: sub oscillator control register
SCU_XSOSC register is used to select driving current of sub oscillator.

SCU_XSOSC register is 32-bit size and accessible in 32/16/8-bit.

SCU_XSO0SC=0x4000_1884

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
K] - ?
< ! 2
Reserved 2 % ]
g ° | &
0x000000 0o 01 01 0 00O
- (I E E [ B
5 ISET_I Sub Oscillator Driving Current Selection.
3 000 Reserved (3rd level driving current)
001 Reserved (3rd level driving current)
010 3rd level driving current
011 4th level driving current
100 5th level driving current
101 6th level driving current
110 7th level driving current
111 The highest driving current

NOTE: The one of “101b, “110b”, and “111b” should be set when the sub oscillator is started by
s/w and the value should be kept during sub oscillator stabilization.
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5.6.26 SCU_LVICR: low voltage indicator control register
SCU_LVICR register is 32-bit size and accessible in 32/16/8-bit.

SCU_LVICR=0x4000_5100

LVIE N
f

LVIVS[2:0]

2.65V

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
-[382% o
w =| 3| 2 >
Reserved SNEIEIRIR S
0x000000 0ojo0oj0|0|0 O O O
- E 'z 2 ! E E E
7 LVIEN LVI Enable.
0 Disable low voltage indicator.
1 Enable low voltage indicator.
5 LVINTEN LVI Interrupt Enable.
0 Disable low voltage indicator interrupt.
1 Enable low voltage indicator interrupt.
4  LVIFLAG LVI Interrupt Flag.
0 No request occurred.
1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.
2 LVIVS LVI Voltage Selection.
0 000 1.75V
001 1.75V
010 1.90V
011 2.05V
100 2.20V
101 2.35V
110 2.50V
111 2.65V
i:;g& E LVINTEN
Reference 2.05V ; M i
vDD [ }—{ Voltage 2.20V__yf LVI Circuit »| LVIFLAG 4LD—>'-V' interrupt
Generator 2.35V »| X
2.50V >
»

Figure 25. LVI Block Diagram
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5.6.27 SCU_LVRCR: low voltage reset control register
SCU_LVRCR register is 32-bit size and accessible in 32/16/8-bit.

SCU_LVRCR=0x4000_5104

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

Reserved LVREN
0x000000 0x00
- RW

7 LVREN _LVR Enable. These bits are cleared to 0x00 by POR only and retained by other reset signals.

0 0x55 Disable low voltage reset.

Others Enable low voltage reset.

1.50V
1.75V

1.90V
Reference 2.05V

VDD D— Voltage 2.20V
Generator 235V

2.50V
2.65V

LVRSTA | Of SCU_RSTSSR Register

A

xc<£

LVR Circuit LVR Reset

VVYVVVVYVYY

3?
LVRVSJ[2:0] of Configuration

LVREN of SCU_LVRCR Register
LVRENM of Configuration

NOTE: Voltage level of LVR is set by the low voltage reset configuration register (CONF_LVRCNFIG) in the
configure option page 1.

Figure 26. LVR Block Diagram
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6 PMU

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

6.1 PMU block diagram
SPI, IS0-T816-3, 12C, FMC,
UART, USART, T40-T43 ALt DMA, CRC BEAN sl
PhL_PWROCR ALLPWR
- - -C -4C <L

VDDEXT 3
1.85 - 3.8V ;
0
]
=
1.35V .
vDD | vDC =g
F

PMU Chip Configuration, RTCC, LPUART, Comparator, LVWLVR, GPID

WDT, HIRC, WDTRC, Interrupt LCD, A/DC, TS50, XMOSC, XSOSC
Always-On Region

NOTE: The 6 “NOP Instruction” should follow immediately after WFI or WFE Instruction’.

Figure 27. PMU Block Diagram
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6.2 Functional table on Current mode
Table 20. Functional Table on Current Mode

IP Main Run | Main Sleep | Sub Run | Sub Sleep | Deep Sleep (IDD5)

(IDD1) (IDD2) (IDD3) (IDD4) ALLPWR=0 | ALLPWR=1
CPU 0] X 0] X X Power off
FLASH 0] X 0] X X Power off
SRAM 0] X 0] X X Power off
Back-up Reg. O 0] 0] 0] O O
PMU 0] 0] 0] (0] o] o]
FMC Optional X Optional X X Power off
DMA Optional Optional Optional Optional X Power off
CRC Optional X Optional X X Power off
POR @) O O 0] O O
LVR/LVI Optional Optional Optional Optional Optional Optional
GPIO 0] 0] 0] 0] o] 0]
SCuU 0] 0] 0] 0] o] 0]
SPI Optional Optional Optional Optional X Power off
12C Optional Optional Optional Optional X Power off
USART Optional Optional Optional Optional Optional Power off
UART Optional Optional Optional Optional X Power off
LPUART Optional Optional Optional Optional Optional Optional
ISO-7816-3 Optional Optional Optional Optional X Power off
SysTick Optional Optional Optional Optional X Power off
T40 - T43 Optional Optional Optional Optional X Power off
T50 Optional Optional Optional Optional Optional Optional
WDT Optional Optional Optional Optional Optional Optional
WUT 0] 0] 0] 0] X X
ADC Optional Optional X X X X
Comparator Optional Optional Optional Optional Optional X
LCD Driver Optional Optional Optional Optional Optional Optional
RTCC Optional Optional Optional Optional Optional Optional
HIRC @] 0] Optional X X X
WDTRC Optional Optional Optional Optional Optional Optional
XMOSC Optional Optional Optional X X X
XSOSC Optional Optional Optional Optional Optional Optional
NOTES:

1. O: Enable, X: Disable, Optional: A function can be disabled/enabled by s/w.
2. It can be woken up from sleep and deep sleep modes by an interrupt source of the optional peripherals.
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6.3 Wake-up time table

Table 21. Wake-up Time Table
Parameter Symbol | Conditions Typ | Max | Unit
Wake-up from main twums HCLK=32MHz HIRC, Included stabilization | 8 10 us
sleep
Wake-up from sub twuss HCLK=40kHz WDTRC 440 | 600
sleep
Wake-up from deep twubso HCLK=32MHz HIRC, Included stabilization | 8 10
sleep PMU_PWRCR.ALLPWR=0

twups1 HCLK=32MHz HIRC, 8 10
PMU_PWRCR.ALLPWR=1
A CPU reset will occur when wake-up.

NOTE: A wake-up source will generate a CPU reset after about 8usec when the system is in Deep sleep mode
with PMU_PWRCR.ALLPWR=1.

102 \ BO\

SCMICONDULCTOA




A31L12x User’s manual 6. PMU
6.4 Registers
Base address and register map of PMU are shown in Table 22 and Table 23.
Table 22. Base Address of PMU
Name Base address
PMU 0x4000_1900
Table 23. PMU Register Map
Name Offset Type | Description Reset Value
PMU_PWRCR 0x0000 RW Power control register 0x00000000
PMU_BKRO to 31 0x0040 to | RW Back-up registers 0 to 31 POR: Unknown
0x005F Others: retained
6.4.1 PMU_PWRCR: power management control register

PMU_PWRCR register is used to manage power shut-off of system and peripherals except always-on

region.

PMU_PWRCR register is 32-bit size and accessible in 32/16/8-bit.

PMU_PWRCR=0x4000_1900

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8 |7 6 5 4 3 2 1 0
14 o % o e}
g g g : :
WTIDKY % g » 3 @
|
I & 3 & 2
T
0x0000 0 0 000 OO O|O O O OOU OTUOPW
WO E [ T T N E [ I Y I A E
31  WTIDKY Write Identification Key
16 When writing, write 0x5072 to these bits, or else writing is ignored
15 ALLPWR All System and Peripheral Except Always-on Region Power Control
0 Power on/off is controlled by each power control bit
1 Power off all system and peripheral except always-on region

Note) This bit is automatically cleared to “Ob” by wake-up signal.

8 FLASHPWR _ Flash Memory Power Control

0 Power on

1 Power off

NOTE: If this bit is set to “1b”, the flash memory is immediately turned off.
The bit can be written only during the code is operating in SRAM. The flash memory
has 2usec power-on time. The s/w should wait at least 2usec before flash memory
access after writing “Ob” to the bit for power-up flash memory.

0 - Reserved. This value should be set to 0.
Otherwise, a malfunction may occur.

NOTE: Core/logic, flash, SRAM, and system clock won’t be shut off during normal operation even if the ALLPWR bit is

set to logic “1b”. That is, the parts will be shut off on deep sleep mode.
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6.4.2 PMU_BKRXx: back-up register x (x = 0 to 31)
PMU_BKRXx register is 32-bit size and accessible in 32/16/8-bit (x = 0 to 31).

PMU_BKRx=0x4000_1940 to 0x4000_195F

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 10

BACKUP

Unknown by POR and Retained by others

RW

31 BACKUP Back-up Data bits, This register is used for data back-up on power shut off mode.
0

104 \ BO\

SCMICONDULCTOA



A31L12x User’s manual

7 PCU and GPIO

PCU (Port Control Unit) configures and controls external I/Os as shown below:

* It configures direction of an external signal of each pin.

e It sets Interrupt trigger mode for each pin.

7. PCU and GPIO

e The PCU sets internal pull-up/down register control and open drain control.

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

e Output signal level (H/L) select

e External interrupt interface

¢ Pull-up/down enable or disable

7.1 PCU and GPIO block diagrams
AHB BUS o) PORT CONTROL ﬁ
—) y ) PA/PB/PC ¢ )
Function 1/Os _’ FUNCTION MUX PD/PE/PF PORTs
) INTERRUPT | |
CONTROL
NVIC et
(Note)
NOTE: Refer to the section3.2 Interrupt controller.
Figure 28. PCU Block Diagram
GPIO Port
Pn_MOD =
—— Pn_BSR/BCR
DOUT[31:0]4 P Pn_OUTDR )
PCU PINs
DIN[31:0] Pn_INDR

Figure 29. GPIO Block Diagram
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7.2 I/O port block diagram
VDD
Pull-up P-ch
oo Lol [P

Output Enable ’E >C N-ch

Alternative Function

Control Pull-down
Control —

1/0 Pin

N-ch

Digital Input <_(D:§2?rzrce

%,I
Analog Input <€ [é%li

Figure 30. I/O Port Block Diagram (General Purpose 1/O Pins)

VDD

Pull-up
Control —dq[ P-ch

Open-drain Enable
Output Data
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Figure 31. 1/0 Port Block Diagram (5V Tolerant I/O pins)
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7.3 Pin multiplexing
GPIO pins support alternative functions. Table 24 shows pin multiplexing information.

Table 24. GPIO Alternative Functions

PORT PIN FUNCTION
AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA 0 T400UTA T40INP - - ANO CPONO CPOOUT | —
1 T400UTB EC40 T42INP SS10 AN1 CPOPO - SEG19
2 T410UTA T41INP TXD10 MOSI10 AN2 CP1NO CP1OUT | SEG18
3 T410UTB EC41 RXD10 MISO10 AN3 CP1PO ADTRG SEG17
4 - T43INP SS1 SCK10 AN4 CPON1 CPIN1 -
5 T400UTA T40INP - SCK1 ANS5 CPON2 CP1N2 -
6 T430UTA T43INP - MISO1 ANG6 - CPOOUT | SEG16
7 T430UTB EC43 - MOSI1 AN7 CP1P1 CP10OUT | SEG15
8 - — LPTXD — ANS8 - - SEG14
9 - — LPRXD — AN9 - - SEG13
PB 0 - - TXD1 - AN10 - - SEG12
1 - - RXD1 - AN11 LPDE - SEG11
2 T500UT - - - - - - SEG10
3 T410UTA T41INP LPTXD SCKO SCL1 - ADTRG SEG9
4 T410UTB EC41 LPRXD - SDAl - ADTRG SEGS8
5 - - - SS0 - LPDE - SEG7
6 T420UTA T42INP - SCKO SCL1 - - SEG6
7 T420UTB EC42 RTCOUT MISO0 SDAl LPDE ADTRG SEG5
8 - - — MOSIO - - - SEG4
9 T430UTA T43INP - - - - - SEG3
10 T430UTB EC43 - - - - - SEG2
11 T43INP - - - - - - SEG1
12 T42INP - - - - - - SEGO
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Table 24. GPIO Alternative Functions (continued)

PORT | PIN FUNCTION
AF0Q AF1 AF2 AF3 AF4 AF5 AF6 AF7
PC 0 | cLko - - - SCOIN - - COMO
1 | cLko - TXDO - SCOPWR | — - comi
2 |- - RXDO - SCOCLK | — - com2
3 |- - - MISO1 SCORST | SCORXD | CPOOUT | —
4 |- - - MOSI1 SCODATA | SCOTXD | CP1OUT | -
5 | swpio - - - - - - -
6 | SWCLK - TXD10 MOSI10 | SCODATA | SCOTXD | — -
7 | TA0OUTA | T40INP | RXD10 MISO10 | SCORST | SCORXD | SS1 SEG24
8 |- - LPTXD SCK10 SCOCLK | — - com4/
SEG25
9 |- - LPRXD SS10 SCOPWR | — - COMs/
SEG26
10 |- - TXD1 - SCOIN - - coMme/
SEG27
1 |- - RXD1 - - LPDE - com7/
SEG28
PD 0 | T400UTB | EC40 - SCK1 SCICLK | CPIN3 - SEG29
1 | T430UTA | T43INP | - MISO1 SCIRST | SCIRXD | CP1P2 | SEG30
2 | T430UTB | EC43 EC50 MOSI1 SCIDATA | SCITXD | CP1P3 | SEG31
3 |- - TXDO - SC1IN SCLO CP1P4 | VLCO
4 |- T50INP | RXDO - SCIPWR | SDAO CcP1P5 | -
5 | BOOT - - - - - - -
6 |- - - - ScLo - - SEG32
7 |- - - SS0 SDAO - - coms
PE 0 SXIN - - - - - - -
1 | sxouT - - - - - - -
2 | XIN - - - - - - -
3 | xout - - - - - - -
4 | RTCOUT |- - - - - - -

108 \ BO\

SCMICONDULCTOA




A31L12x User’s manual 7. PCU and GPIO

Table 24. GPIO Alternative Functions (continued)

PORT | PIN FUNCTION
AF0Q AF1 AF2 AF3 AF4 AF5 AF6 AF7
PF 0o |- EC50 - AN12 - - SEG23
1 | Ts00UT | - - - AN13 - - SEG22
2 |- TS0INP | — MISO0 AN14 - - SEG21
3 |- - - MOSIO AN15 - - SEG20
NOTES:

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

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

3.  The VDD should be greater than or equal to 2.0V if CP1P2, CP1P3, CP1P4, and CP1P5 are used as
comparator pins for alternative function.
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7.4 Registers
Base address and register map of PCU and GPIO block are shown in Table 25 and Table 26.
Table 25. Base Address of Port

Port name Address range Size (bytes) Description
PA 0x3000 0000 — 0x3000 O0OFF 256 General Purpose I/O Port A
PB 0x3000 0100 — 0x3000 O1FF 256 General Purpose I/O Port B
PC 0x3000 0200 — 0x3000 02FF 256 General Purpose I/O Port C
PD 0x3000 0300 — 0x3000 03FF 256 General Purpose I/O Port D
PE 0x3000 0400 — 0x3000 O4FF 256 General Purpose I/O Port E
PF 0x3000 0500 — 0x3000 O5FF 256 General Purpose 1/O Port F
Table 26. PCU and GPIO Register Map

Name Offset Type Description Reset Value
Pn_MOD 0x0000 RW Port n mode register 0x00000000
Pn TYP 0x0004 RW Port n output type selection register 0x00000000
Pn AFSR1 0x0008 RW Por_t n alternative function selection 0x00000000

- register 1
Pn AFSR2 0x000C | RW Por_t n alternative function selection 0x00000000

- register 2
Pn_PUPD 0x0010 RW rPeogritstr;rpulI-up/down resistor selection 0x00000000
Pn_INDR 0x0014 RO Port n input data register 0x0000xxxx
Pn OUTDR 0x0018 RW Port n output data register 0x00000000
Pn BSR 0x001C | WO Port n output bit set register 0x00000000
Pn BCR 0x0020 WO Port n output bit clear register 0x00000000
Pn OUTDMSK 0x0024 RW Port n output data mask register 0x00000000
Pn_DBCR 0x0028 RW Port n debounce control register 0x00000000
NOTES:

1. Wheren=A,B,C,D,E,and F.
2. For exception, the reset value of PC_MOD, PC_PUPD, PD_MOD, PD_PUPD, PD_DBCR register is
0x2800, 0x2400, 0x0800, 0x0400, 0x0020 respectively.
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7.4.1 Pn_MOD: port n mode register

Pn_MOD register selects one from input mode and output mode for each port pin. Each pin can be
configured as an input pin, an output pin or an Alternative Function pin.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_MOD=0x3000_0000, PB_MOD=0x3000_0100, PC_MOD=0x3000_0200
PD_MOD=0x3000_0300, PE_MOD=0x3000_0400, PF_MOD=0x3000_0500

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

° o ) e (- © ~ © 0 < © o~ - =)

g w| 4w Wl s alalalalalalalala

[ [=] (=] [=]

8 o) o) o] o o o o o o 0 0 o | o

e s s s = = s = = s = s = | S
00 0 00 0 00 00 00 00 00 00 00 00 00 00 00 00 00

1 RW RW RW RW RW RW RW RW RW RW RW RW RW

2x+1 MODEXx Port n Mode Selection bits, x: 0 to 12

2X 00 Input mode
01 Output mode
10 Alternative function mode
11 Reserved

NOTES:

1. The MODEx bits for PEO — PE3 won’t be changed during the corresponding clock
(XMOSC/XSOSC) is selected as the system clock (MCLK).

2. The MODEXx bits for PE[1:0] are cleared to “Ob” by the reset of POR but retained by the
other reset.

3.  The MODEX bits for PC[6:5] and PD5 are set to “10b” for alternative function by reset.

4. PC5: SWDIO, PC6: SWCLK, PD5: BOOT
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7.4.2 Pn_TYP: port n output type selection register
Pn_TYP register selects an output type of a port pin from Push-pull output and Open-drain output.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F)

PA_TYP=0x3000_0004, PB_TYP=0x3000_0104, PC_TYP=0x3000_0204
PD_TYP=0x3000_0304, PE_TYP=0x3000_0404, PF_TYP=0x3000_0504

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0

T
g Nz 2lo|o|~|lol vl t|ol oo
< Tl sl el alalaldlalala
Reserved o S| > > > || > >| > 2| >
@ el et il I ) =) ) Iy oy ) iy ) ) ) oy
2
0x0000 0 0 00O OO O|O O O OTUOTUOTUOTPOO

X TYPx Port n Output Type Selection bit, x: 0 to 12

0 Push-pull output

1 Open-drain output
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7.4.3

7. PCU and GPIO

PA_AFSR1/2: port A alternative function selection register 1/2

PA_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function

properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PA_AFSR1=0x3000_0008

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 10

AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW | RW RW
4x+3 AFSRx Port A Alternative Function Selection bits, x: 0 to 7
4x 0000 Alternative Function 0 (AFO)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved

PA_AFSR2=0x3000_000C

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
Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW | RW RW
4(x-8)+3 AFSRx Port A Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 27. Functions of PA Port

PORT | PIN FUNCTION
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA 0 T400UTA | T40INP - - ANO CPONO CPOOUT | -
1 T400UTB EC40 T42INP_ | SS10 AN1 CPOPO - SEG19
2 T410UTA | T41INP TXD10 MOSI10 | AN2 CP1INO CP1OUT | SEG18
3 T410UTB EC41 RXD10 MISO10 | AN3 CP1P0O ADTRG | SEG17
4 - T43INP SS1 SCK10 AN4 CPON1 CP1N1 -
5 T400UTA | T40INP - SCK1 AN5 CPON2 CP1N2 -
6 T430UTA | T43INP - MISO1 AN6 - CPOOUT | SEG16
7 T430UTB EC43 - MOSI1 AN7 CP1P1 CP1OUT | SEG15
8 - - LPTXD - AN8 - - SEG14
9 - - LPRXD | - AN9 - - SEG13
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7.4.4

7. PCU and GPIO

PB_AFSR1/2: port B alternative function selection register 1/2

PB_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function

properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PB_AFSR1=0x3000_0108

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 10

AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW RW RW
4x+3 AFSRx Port B Alternative Function Selection bits, x: 0 to 7
4x 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others  Reserved

PB_AFSR2=0x3000_010C

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 10

Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW | RW RW
4(x-8)+3 AFSRx Port B Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 28. Functions of PB Port

A31L12x User’s manual

PORT | PIN | FUNCTION
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PB 0 - - TXD1 - AN10 - - SEG12
1 - - RXD1 - AN11 LPDE - SEG11
2 T500UT - - - - - - SEG10
3 T410UTA | T41INP LPTXD SCKO SCL1 - ADTRG SEG9
4 T410UTB | EC41 LPRXD - SDA1 - ADTRG SEG8
5 - - - SS0 - LPDE - SEG7
6 T420UTA | T42INP - SCKO SCL1 - - SEG6
7 T420UTB | EC42 RTCOUT | MISO0 SDA1 LPDE ADTRG SEG5
8 - - - MOSIO - - - SEG4
9 T430UTA | T43INP - - - - - SEG3
10 T430UTB | EC43 - - - - - SEG2
11 T43INP - - - - - - SEG1
12 T42INP - - - - - - SEGO
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7.4.5 PC_AFSR1/2: port C alternative function selection register 1/2

PC_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function
properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PC_AFSR1=0x3000_0208

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW | RW RW
4x+3 AFSRx Port C Alternative Function Selection bits, x: 0 to 7

4x 0000 Alternative Function 0 (AFO)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved

PC_AFSR2=0x3000_020C

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
Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW |  Rw RW
4(x-8)+3 AFSRx Port C Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 29. Functions of PC Port

A31L12x

User’s manual

PORT PIN | FUNCTION
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
pPC 0 CLKO - - - SCOIN - - COMO
1 CLKO - TXDO - SCOPWR - - com1
2 - - RXDO - SCOCLK - - COM2
3 - - - MISO1 SCORST SCORXD | CPOOUT | —
4 - - - MOSI1 SCODATA SCOTXD CP1OUT | -
5 SWDIO - - - - - - -
6 SWCLK - TXD10 MOSI10 SCODATA SCOTXD | — -
7 T400UTA | T40INP RXD10 MISO10 SCORST SCORXD | SS1 SEG24
8 - - LPTXD SCK10 SCOCLK - - COM4/SEG25
9 - - LPRXD SS10 SCOPWR - - COM5/SEG26
10 - - TXD1 - SCOIN - - COM6/SEG27
11 - - RXD1 - - LPDE - COM7/SEG28
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7.4.6

7. PCU and GPIO

PD_AFSR1/2: port D alternative function selection register 1/2

PD_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function

properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PD_AFSR1=0x3000_0308

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 10

AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW | RW RW
4x+3 AFSRx Port D Alternative Function Selection bits, x: 0 to 7
4x 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved

PD_AFSR2=0x3000_030C

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 10

Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW | RW RW
4(x-8)+3 AFSRx Port D Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 30. Functions of PD Port

A31L12x User’s manual

PORT | PIN | FUNCTION
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PD 0 T400UTB EC40 - SCK1 SC1CLK CP1IN3 - SEG29
1 T430UTA | T43INP - MISO1 SC1RST SC1RXD CP1P2 SEG30
2 T430UTB | EC43 EC50 MOSI1 SC1DATA | SC1TXD CP1P3 SEG31
3 - - TXDO - SC1IN SCLO CP1P4 VLCO
4 - T50INP RXDO - SC1PWR SDAO CP1P5 -
5 BOOT - - - — - — —
6 - - - - SCLO - — SEG32
7 - - - SSO SDAO - - COM3
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7.4.7 PE_AFSR1/2: port E alternative function selection register 1/2

PE_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function
properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PE_AFSR1=0x3000_0408

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW | RW RW
4x+3 AFSRXx Port E Alternative Function Selection bits, x: 0 to 7
4x 0000 Alternative Function 0 (AF0)

0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved

NOTE: The AFSRx bits for PEO — PE3 won't be changed during the corresponding clock
(XMOSC/XSOSCQ) is selected as the system clock (MCLK).

PE_AFSR2=0x3000_040C

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
Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW | RW RW
4(x-8)+3 AFSRx Port E Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 31. Functions of PE Port

PORT | PIN | FUNCTION

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

PE SXIN - - - - - - -

SXouT | - - - - - - -

XIN - - - - - - -

XOUT - - - - - - -

Al W N | O

RTCOUT | - - - - - - -
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7.4.8

7. PCU and GPIO

PF_AFSR1/2: port F alternative function selection register 1/2

PF_AFSR1/2 register must be set properly before using the port. Otherwise, the port may not function

properly.

This register is 32-bit size and accessible in 32/16/8-bit.

PF_AFSR1=0x3000_0508

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 10

AFSR7 AFSR6 AFSR5 AFSR4 AFSR3 AFSR2 AFSR1 AFSRO
0000 0000 0000 0000 0000 0000 0000 0000
RW RW RW RW RW RW | RW RW
4x+3 AFSRx Port F Alternative Function Selection bits, x: 0 to 7
4x 0000 Alternative Function 0 (AFO)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved

PF_AFSR2=0x3000_050C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
Reserved Reserved AFSR12 AFSR11 AFSR10 AFSR9 AFSR8
0x00 0000 0000 0000 0000 0000 0000
- | - RW RW RW | RW RW
4(x-8)+3 AFSRx Port F Alternative Function Selection bits, x: 8 to 15
4(x-8) 0000 Alternative Function 0 (AF0)
0001 Alternative Function 1 (AF1)
0010 Alternative Function 2 (AF2)
0011 Alternative Function 3 (AF3)
0100 Alternative Function 4 (AF4)
0101 Alternative Function 5 (AF5)
0110 Alternative Function 6 (AF6)
0111 Alternative Function 7 (AF7)
Others Reserved
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Table 32. Functions of PF Port

PORT | PIN | FUNCTION
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PF 0 - EC50 - AN12 - - SEG23
1 T500UT | - - - AN13 - - SEG22
2 - T50INP - MISO0 AN14 - - SEG21
3 - - - MOSIO0 AN15 - - SEG20
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7.4.9 Pn_PUPD: port n Pull-up/down resistor selection register

Every pin of the port has an on-chip pull-up/down resistor, which can be configured by Pn_PUPD
registers.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_PUPD=0x3000_0010, PB_PUPD=0x3000_0110, PC_PUPD=0x3000_0210
PD_PUPD=0x3000_0310, PE_PUPD=0x3000_0410, PF_PUPD=0x3000_0510

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

Reserved
PUPD12
PUPD11
PUPD10
PUPD9
PUPDS8
PUPD7
PUPD6
PUPD5
PUPD4
PUPD3
PUPD2
PUPD1
PUPDO

0 0 00 0 0 o0

o
o

00

o
o
o
o
o
o

00

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

1 RW RW RW RW RW RW RW RW RW RW RW RW RW

2x+1 PUPDx Port n Pull-up/down Resistor Selection bits, x: 0 to 12

2X 00 Disable pull-up/down resistor
01 Enable pull-up resistor
10 Enable pull-down resistor
11 Reserved

NOTES:

1.  The pull-up/down resistor of PEO — PE3 are automatically disabled regardless of the
corresponding PUPDx value if the pins are configured as alternative function pins for x-tal
(XIN, XOUT, SXIN, and SXOUT).

2. The PUPDx bits for PC5, PC6, and PD5 are set to “01b”, “10b”, and “01b” for
SWDIO/SWCLK/BOOT by reset, respectively.

3. PC5: SWDIO, PC6: SWCLK, PD5: BOOT

7.4.10 Pn_INDR: port n input data register

Each pin level status can be read in the Pn_INDR register. Except for analog input and alternative
mode output, the pin level can be detected in the Pn_INDR register.

This regqister is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_INDR=0x3000_0014, PB_INDR=0x3000_0114, PC_INDR=0x3000_0214
PD_INDR=0x3000_0314, PE_INDR=0x3000_0414, PF_INDR=0x3000_0514

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
k-]
o Vol Qlaoos|lelvl ol ol
g ARARAR AN AR AR AR AR AR 4R 4R 2R A
Reserved o olalalaja|lalalalalaaaa
§ Z|Z|2| 2222222222
0x0000 0 0 0 X X X X X X X X X X X X
L1 1 909 o| o o
= ¥ @ £ @£ ¥\ @ ¢ @ ¥ ¥ ¥ ¢ o
X INDRX Port n Input Data bit, x: 0 to 12
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7.4.11 Pn_OUTDR: port n output data register

When a pin is set as an output in GPIO mode, output level of the pin is defined by Pn_OUTDR
registers.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_OUTDR=0x3000_0018, PB_OUTDR=0x3000_0118, PC_OUTDR=0x3000_0218
PD_OUTDR=0x3000_0318, PE_OUTDR=0x3000 0418, PF_OUTDR=0x3000_0518

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
° N To-|ISlolwnlowvw ool =
o el el gl el el |
2 ol al&lola|lolalalo|lalalala
Reserved e FlFlFIElIE|ElElElElElIEEE
A S| 35|52 222222222
& olololo|o|o/o|lojo|o|o6|0|0
0x0000 0 0 0 0 O 0 0/0 0 0 0 0 O 0
- . 33E3EEEEE Eii
X OUTDRx Port n Output Data bit, x: 0 to 12.
The OUTDR bits can be individually set/cleared by writing to
the Pn_BSR/Pn_BCR register.
7.4.12 Pn_BSR: port n output bit set register

Pn_BSR are used for controlling each bit of the Pn_OUTDR register. Writing a ‘1’ into the specific bit
position will set a corresponding bit of Pn_ OUTDR to ‘1’. Writing ‘0’ in the register has no effect.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F)

PA_BSR=0x3000_001C, PB_BSR=0x3000_011C, PC_BSR=0x3000_021C
PD_BSR=0x3000_031C, PE_BSR=0x3000_041C, PF_BSR=0x3000_051C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 1312 1110 9 8|7 6 5 4 3 2 1 0

o
2 N 8laolxwnlelvw gt oualcle
2 vl el gl ||| | | x| 2

Reserved 2 IR AR AR AN AR AR AR AR AN AR
2 Nl om0 00 donnnnn
12

0x0000 0 000 O 0O OO0 OOOUOT OO OOWO

|
wo
WO
WO
wo
WO
wo
WO
wo
wo
WO
WO
wo
wWo

x  BSRx Port n Output Set bit, x: 0 to 12. These bits are always read to 0x00.

0 No effect

1 Set the corresponding OUTDRX bit (Automatically cleared to 0)
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7.4.13 Pn_BCR: port n output bit clear register

Pn_BCR are used for controlling each bit of Pn_OUTDR register. Writing a ‘1’ into the specific bit will
set a corresponding bit of Pn_OUTDR to ‘0’. Writing ‘0’ in this register has no effect.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_BCR=0x3000_0020, PB_BCR=0x3000_0120, PC_BCR=0x3000_0220
PD_BCR=0x3000_0320, PE_BCR=0x3000_0420, PF_BCR=0x3000_0520

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
©
9 VTl laolwlrl e v ool
£ Tl el el ||| | || | x| @
Reserved 2 olololQQOlololol o 0 OO
8 fl oo 0000 nononaoan
0x0000 0 000 OO O Oj|O O O OOTU OT GOTW
L 1 990000000000 00
- EE
x  BCRXx Port n Output Clear bit, x: 0 to 12. These bits are always read to 0x00.
0 No effect
1 Clear the corresponding OUTDRXx bit (Automatically cleared to 0)
7.4.14 Pn_OUTDMSK: port n output data mask register

Pn_OUTDMSK are used for protecting each bit of Pn_OUTDR register. Writing a ‘1’ into the specific
bit will protect a corresponding bit of Pn_OUTDR. Writing ‘0’ in this register is unmask.

This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_OUTDMSK=0x3000_0024, PB_OUTDMSK=0x3000_0124, PC_OUTDMSK=0x3000_0224
PD_OUTDMSK=0x3000_0324, PE_OUTDMSK=0x3000_0424, PF_OUTDMSK=0x3000_0524

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

N To 8 laolxnlelwtalv el

o T T T X ¥ X ¥ X X X X XX

GE, vl nl oo o ool ool ool

Reserved g S S S S S s SS S22

2 ololalolaolaolalolalalalalao

8 FlFlPlE|lE|lE|lE|lElE|lE|lElElE

x 5|5 352222222222

olo|/o|/©/o|lojojo|o|o|0|0|o

0x0000 0 0 0 0 0 O 0 0 0 O 0

3 ' 1§ EEEEEREzracnz
x  OUTDMSKXx Port n Output Data Mask bit, x: 0 to 12.

0 Unmask. The corresponding OUTDRX bit can be changed.

1 Mask. The corresponding OUTDRX bit is protected.
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7.4.15 Pn_DBCR: port n debounce control register
This register is 32-bit size and accessible in 32/16/8-bit. (n = Ato F).

PA_DBCR=0x3000_0028, PB_DBCR=0x3000_0128, PC_DBCR=0x3000_0228
PD_DBCR=0x3000_0328, PE_DBCR=0x3000_0428, PF_DBCR=0x3000_0528

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
X Nl Slo|elrlol vl gt ol al=|o
| ZlzlZzlZ2|2|2 2222222
Reserved @ |Reserved| ul|ul il i) | | M| m| m|m 0 @ o
(=) AR EEEIEEIEEEEE
0x00 | 00000 000 000 0 0 0 0O OJ]O O O O 0 0 0O
. . RW - 2EEEEEEEEEEE®
18 DBCLK Port n Debounce Filter Sampling Clock Selection bits
16 000 HCLK/1
001 HCLK/4
010 HCLK/16
011 HCLK/64
100 HCLK/256
101 HCLK/1024
110 Reserved
111 Reserved
X DBENXx Port n Debounce Enable bit, x: 0 to 12.
0 Disable debounce filter
1 Enable debounce filter
NOTES:
1. If alevel is not detected on an enabled pin three or more times in a row at the sampling

clock, the signal is eliminated as noise.
2. The port debounce should be disabled before deep sleep mode.
The debounce of the PD5(BOOT) Pin enables on system reset.
4. For exception, 0x20 is the reset value of PD_DBCR register.

w
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7.5 Functional description

When input function of an 1/O port is used by the Pin Control Register, output function of the 1/0 port is
disabled.

Each port functions differently according to the Alternative Function Selection Register.

The Input Data Register captures current data on the 1/0O pin or debounced input data at every GPIO
clock cycle.

INPUT CONTROL
LOGIC

W R ————

Controler

Debounce eratie

GPI0 IN

FUNC 0 IN
p-ebbdhdundin

FUNC ' N
P-thhaini

300W L¥0d

0201
FUNC 2N E
et

Yoo

FUNC I
——

8HY

FUNC 4N
- thndindhn S

FUNC & OUT N

E
FUNCIOUT |
FUNC20UT | j P g

FUNC 3 OuT
e
FUNC 4 OUT

Cortrol
ke

P
Cortron
rogaster

~ OUTPUT CONTROL
LOGIC

Figure 32. Port Structure Block Diagram
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De-bounce
CLK

External

Input

De-bounced
Input

ELL

Figure 33. Debounce Function Timing Diagram

When an /O port is configured as an output, the value written to the GPIO Output Data Register is
output on the 1/0 Pin. When the Bit Set Register is set, the GPIO Output Data Register is set to High.
When the Bit Clr Register is set, the GPIO Output Data Register is set to Low. The Input Data
Register captures current data on the 1/O pin or debounced input data at every GPIO clock cycle.
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Figure 34. GPIO Block Diagram

130

\BO\

SCMICONDULCTOA




A31L12x User’s manual 8. WDT

8 WDT

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

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

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

¢ Includes Counter Window function

8.1 WDT block diagram
WDT_DR
(24-bit Data)
WDTCLK of SCU_PPCLKSR Register
WCLKMF of Configuration Reload I Write Signal to WDT_CNTR
| fwor/a UNFIEN
Ll
WDTRCy,| v feotl16 g, WDT CNT P »| UNFIFLAG —l_D—> WDT interrupt
PCLK IworiGd_y, (24-bit Down Counter) | Underflow
fwo1/256 > WINMIEN
Match detector
2 < WINMIFLAG WDT interrupt
Lad

CLKDIV[1:0]

6 Underflow
CNTEN([5:0]

WCNTMF of Configuration

Magnitude comparison

WDT Reset
If counter > data, 1

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

RSTEN[5:0]
WRSTMF of Configuration

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

Figure 35. WDT Block Diagram
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8.2 Registers
Base address and register map of WDT are shown in Table 33 and Table 34.

Table 33. Base Address of WDT

Name Base address
WDT 0x4000_1A00
Table 34. WDT Register Map

Name Offset Type Description Reset Value
WDT CR 0x0000 RW Watchdog Timer Control Register 0x00000000
WDT_ SR 0x0004 RW Watchdog Timer Status Register 0x00000080
WDT DR 0x0008 RW Watchdog Timer Data Register 0x00000FFF
WDT CNT 0x000C | RO Watchdog Timer Counter Register 0x00000FFF
WDT WINDR | 0x0010 RW Watchdog Timer Window Data Register 0x00001FFF
WDT CNTR 0x0014 WO Watchdog Timer Counter Reload Register 0x00000000

132 \ BO\

SCMICONDULCTOA




A31L12x User’s manual 8. WDT

8.2.1

WDT_CR: watchdog timer control register

WDT module should be configured properly before running. The WDT module can reset the system or
assert an interrupt signal to the system.

This register is 32-bit size.

WDT_CR=0x4000_1A00

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
-4
i 3 2 3
WTIDKY 5 = R
14 o § =) [¥)
0x0000 000000 000000 0 0 00
wo RW RW E E E
31  WTIDKY Write Identification Key.
16 When writing, write 0X5A69 to these bits, or else writing is ignored.
15 RSTEN Watchdog Timer Reset Enable.
10 0x25 Disable watchdog timer reset.
Others Enable watchdog timer reset.
9 CNTEN Watchdog Timer Counter Enable.
4 0x1A Disable watchdog timer counter.
Others Enable watchdog timer counter.
3 WINMIEN _ Watchdog Timer Window Match Interrupt Enable.
0 Disable window data match interrupt.
1 Enable window data match interrupt.
2 UNFIEN Watchdog Timer Underflow Interrupt Enable.
0 Disable watchdog timer underflow interrupt.
1 Enable watchdog timer underflow interrupt.
1 CLKDIV Watchdog Timer Clock Divider. The watchdog timer clock is selected by SCU_PPCLKSR[0] bit of
0 clock generation and CONF_WDTCNFIGJ[2] bit of configure option page 1.

00 fWDT/4

01 fWDT/16
10 fWDT/64
1 fWDT/256
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8.2.2 WDT_SR: watchdog timer status register
WDT_SR register is 32-bit size and accessible in 32/16/8-bit.

WDT_SR=0x4000_1A04

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
E 3 <
z w g
Reserved &) Reserved S| =
2 zZ| z
=) 2| °
0x000000 1 00000 0
- z - Z|E

7 DBGCNTEN _ Watchdog Timer Counter Enable bit when the core is halted in debug mode.

0 The watchdog timer counter continues operation even if the core is halted.

1 The watchdog timer counter stops when the core is halted.

NOTE: This bit is set to ‘1’ by POR reset.

1  WINMIFLAG Watchdog Timer Window Match Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

0 UNFIFLAG Watchdog Timer Underflow Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

8.2.3 WDT_DR: watchdog timer data register
WDT_DR register is used to update WDT_CNT register.

This register is 32-bit size.

WDT_DR=0x4000_1A08
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

Reserved DATA
0x00 0x000FFF
- RW

23 DATA Watchdog Timer Data. The range is 0x000000 to OxFFFFFF.

NOTE: Once any value is written to this data register, the register cannot be changed until system
reset.
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8.24 WDT_CNT: watchdog timer counter register

WDT_CNT register represents current count value of the 32-bit down counter. When the counter
value reaches 0, an interrupt or a reset will be asserted.

This register is 32-bit size.

WDT_CNT=0x4000_1A0C

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
Reserved CNT
0x00 0x000FFF
- RO
23 CNT Watchdog Timer Counter
0
8.2.5 WDT_WINDR: watchdog timer window data register

WDT_WINDR register is used to compare to WDT_CNT for WINDOW function.

This register is 32-bit size.

WDT_WINDR=0x4000_1A10

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

Reserved WDATA
0x00 0x001FFF
- RW

23 WDATA Watchdog Timer Window Data. The range is 0x000000 to OxFFFFFF.
0

NOTE: Once any value is written to this window data register, the register cannot be changed until
system reset.
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8.2.6 WDT_CNTR: watchdog timer counter reload register

WDT_CNTR register is used to generate a reload signal. When a reload signal is generated, the
WDT_DR value is reloaded to WDT_CNT.

This register is 32-bit size.

WDT_CNTR=0x4000_1A14

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

Reserved CNTR
0x000000 0x00
- WO

7 CNTR  Watchdog Timer Counter Reload bits.

0 O0x6A Reload the WDT_DR value to watchdog timer counter and re-start.
(Automatically cleared to “0x00” after operation)

Others No effect
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8.3 Functional description

Watchdog timer count is enabled by CNTEN (WDT_CRJ[9:4]) settings which can be any value other
than Ox1A. As the WDT activates, the down counter will start counting from the load value. If the
RSTEN (WDT_CR[15:10]) is set as any value other than 0x25, WDT reset would be asserted when
the WDT counter value reaches 0 (underflow event) from WDT_DR value.

Before WDT counter reaches 0, software can write Ox6A to WDT_CNTR register in order to reload
WDT counter when the counter value is less than or equal to the value of window data register. WDT
reset may be asserted if the reload occurs when counter > window data.

8.3.1 Timing diagram

== UL UL UL
000080000 c800a000!

WDT_DR D (Data), Where D>wW  /
L v
WDT_WINDAR W (Window data) [ /
\
WOT Interrupt \
or WOT Reset \ \.\
v \
2
WOT Reset will occur on a reload during “counter > window data ‘

WDT Resel won | ocour on a reload during “counler £ window data

Figure 36. WDT Interrupt and WDT Reset Timing Diagram
8.3.2 Pre-scale table

The WDT includes a 24-bit down counter with programmable pre-scaler to define different time-out
intervals.

Clock sources of the WDT can be WDTRC or PCLK. The PCLK can be selected by setting WDTCLK
(SCU_PPCLKSR][0]) to ‘1. Then CONF_WDTCNFIG[2] bit of configure option page 1 is cleared to
logic ‘0’

A WDT counter can be set as a base clock by controlling a 2-bit pre-scaler CLKDIV [1:0] in the
WDT_CR register. The maximum pre-scaled value is “clock source frequency/256”. The pre-scaled
WDT counter clock frequency values are listed in Table 35.
Selectable clock source (40kHz ~ 32MHz) and time-out interval at a single count
Time-out period = (Load Value + 1) * (1/pre-scaled WDT counter clock frequency)
*Time out period (when the Load Value reaches 0, underflow flag is set to ‘1)

Table 35. Pre-scaled WDT Counter Clock Frequency

Clock WDTCLKIN | WDTCLKIN/4 WDTCLKIN/16 | WDTCLKIN/64 | WDTCLKIN/256
source

WDTRC 40kHz 10kHz 2.5kHz 0.625kHz 0.156kHz

PCLK PCLK PCLK/4 PCLK/16 PCLK/64 PCLK/256
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9 RTCC

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

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

Main operations of the RTCC are introduced in the following list:
e Calendar with 0.5 seconds, seconds, minutes, hours, day, week, month, and year up to 2099
*  Time error correction function
¢ Alarm function with interrupt
e Wake-up possible from deep sleep mode
9.1 RTCC block diagram
Figure 37 shows a block diagram of the RTCC block.

Hs24 RTIN[2:0]

v s
Alarm Week Alarm Hour Alarm Minute 1 month »
Register Register Register 1 da ALIEN —— |—» RTCC Inerrupts
1 hour‘ » m
1 e X Interrupt Generator
Py sec » — ALIFLAG
0.5 sec » —— RTIFLAG
ALEN
Match
RTO1
1sec M
U RTCOUT
RTO32K |

OUTSEL
RTWST

7

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

1 month
1 minute

Week HS24

Counter

0.5 sec
EEE—

Month
Counter

L

[oue] || [oor]

T &1

Day
Counter

XSOSC
Hour <

Counter

Minute
Counter

T 1year

Year

Divided MCLK
—
M
U
Counter X

,_WDTRC

TT Tr Tr Tr o
Time Error Correction 2
| Buffer | | Buffer | | Buffer | | Buffer | | Buffer | Register RTCCLK[1:0] at SCU_PPCLKSR

T o & & &1

Internal bus line S

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

Figure 37. RTCC Block Diagram
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9.2 Registers

Base address and register map of the RTCC are shown in Table 36 and Table 37.

Table 36. Base Address of RTCC

9. RTCC

Name Base address
RTCC 0x4000_5200
Table 37. RTCC Register Map
Name Offset Type Description Reset Value
(Retained at
the other reset)
RTC CR 0x0000 RW RTCC Control Register 0x00000000
RTC ECR 0x0004 RW RTCC Time Error Correction Register 0x00000000
RTC SCNT 0x0008 RO RTCC Sub-counter Register 0x00000000
RTC SEC 0x000C RW RTCC Second Counter Register 0x00000000
RTC_MIN 0x0010 RW RTCC Minute Counter Register 0x00000000
RTC HOUR 0x0014 RW RTCC Hour Counter Register 0x00000012
RTC DAY 0x0018 RW RTCC Day Counter Register 0x00000001
RTC WEEK 0x001C RW RTCC Week Counter Register 0x00000000
RTC MONTH | 0x0020 RW RTCC Month Counter Register 0x00000001
RTC YEAR 0x0024 RW RTCC Year Counter Register 0x00000000
RTC ALMIN 0x0028 RW RTCC Alarm Minute Register 0x00000000
RTC ALHOUR | 0x002C RW RTCC Alarm Hour Register 0x00000012
RTC_ALWEEK | 0x0030 RW RTCC Alarm Week Register 0x00000000
\BO\ 139

SCMICONDUCTOR




9. RTCC

A31L12x User’s manual

9.2.1 RTC_CR: RTCC control register
RTC_CR register is 32-bit size and accessible in 32/16/8-bit.

RTC_CR=0x4000_5200

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
4 Z g < E d Zl 2 g ? '(3 E
w = dl N o W w| J
Reserved b E 5‘5:’3'53:'3‘:" g EE
[ ¢| O P K o
0x0000 0 0 000 0 00jO0O O OO OOTUOTDWO
. 53233% 33E: 23
15 RTEN RTCC Enable.
0 RTCC Disable
1 RTCC Enable
14 RTIN RTCC Interrupt Interval Selection.
12 000  Disable RTCC Interval Interrupt.(NOTED
001 Once per 0.5 sec
010 Once per 1 sec
01 Once per 1 min
100 Once per 1 hour
101 Once per 1 day
110 Once per 1 month
111 Reserved. Value is not changed.
11 RTIFLAG RTCC Interval Interrupt Flag.
0 No request occurred.
1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.
10 HS24 12/24-hour System Selection. NOTE2)
0 12-hour system.
1 24-hour system.
8 OUTSEL RTCOUT Selection.
0 RTO 1 (1Hz).
1 RTO 32K (32kHz).
7 ALEN RTCC Alarm Match Operation Enable. N°TE®
0 Disable RTCC alarm match operation.
1 Enable RTCC alarm match operation
6 ALIEN RTCC Alarm Match Interrupt Enable.
0 Disable
1 Enable
5 ALIFLAG RTCC Alarm Match Interrupt Flag.
0 No request occurred.
1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.
1 RTWST RTCC Wait Status Flag. N°TE4
0 Counter is operating.
1 Mode to read/write counter value.
0 RTWAIT RTCC Wait Status Flag. N°TES)
0 Set counter Operation
1 Stop RTSEC to RTYEAR counters for read/write counter value
NOTES:

140

1.  When changing the values of RTIN[2:0] while the counter operates (RTEN = 1), rewrite the
values of RTIN[2:0] after disabling interrupt servicing RTCC Interrupt by using the Interrupt
& Wake-up Source Mask Register (INTC_MSK). Furthermore, after rewriting the values of
RTIN[2:0], enable interrupt servicing after clearing the RTIFLAG flag.
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Rewrite the HS24 value after setting RTWAIT (bit 0 of RTC_CR) to 1. If the HS24 value is
changed, the values of the RTCC hour counter register (RTC_HOUR) and RTCC alarm
hour register (RTC_ALHOUR) change according to the specified time system. ‘Value of
RTC_HOUR/RTC_ALHOUR by HS24 bit’ Table shows the displayed time digits.

When setting a value to the ALEN bit while the counter operates (RTEN = 1) and ALIEN = 1,
rewrite the ALEN bit after disabling interrupt servicing RTCC Interrupt by using Interrupt &
Wake-up Source Mask Register (INTC_MSK). Furthermore, clear the ALIFLAG flag after
rewriting the ALEN bit. When setting each alarm register (ALIEN flag of RTC_CR, the
RTC_ALMIN register, the RTC_ALHOUR register, and the RTC_ALWEEK register), set
match operation to be invalid (“0”) for the ALEN bit.

This status flag indicates whether the setting of RTWAIT is valid. Before reading or writing
the counter value, confirm that the value of this flag is 1.

This bit controls the operation of the counter. Be sure to write “1” to it to read or write the
counter value. Because the RTCC sub-counter (RTC_SCNT) continues operation, complete
reading or writing of it in 1 second, and clear this bit back to 0. When RTWAIT = 1, it takes
up to 2 clock (RTCC clock) until the counter value can be read or written. If the RTCC sub-
counter (RTC_SCNT) overflows when RTWAIT = 1, it counts up after RTWAIT = 0. If the
RTCC second counter register (RTC_SEC) is written, however, it does not count up
because RTCC sub-counter (RTC_SCNT) is cleared.
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9.2.2 RTC_ECR: RTCC time error correction register

RTC_ECR register is 32-bit size and accessible in 32/16/8-bit.

RTC_ECR=0x4000_5204

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
-4
=8 >
Reserved ol » 8
w| ©
w
0x000000 0 0 0OO O OO
- TEEZzzzczz

7 ECTM

Time Error Correction Timing Selection. (NOTEN

0 Corrects time error when the second digits are at 00H, 20H, or 40H (every 20
seconds).

1 Corrects watch error only when the second digits are at 00H (every 60 seconds).

6 ECSIGN

Time Error Correction Data Sign. (NOTE2-4)

0 Increases by
{(ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) -1} x 2

1 Decreases by
{(/ECV5, [ECV4, [ECV3, [ECV2, [ECV1, [ECV0) + 1} x 2

5 ECV

Time Error Correction Data.

NOTES:

1. Do not write to the RTC_ECR register at the following timing.

When ECTM = 0 is set: For a period of SEC = 00H, 20H, 40H
When ECTM = 1 is set: For a period of SEC = 00H

2. When (ECSIGN, ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) = (n, 0, 0, O, O, O, n), the
watch error is not corrected. (Where n =0 or 1)
3. /ECV5 to /[ECVO are the inverted values of the corresponding bits (000011 when 111100).
4.  Range of correction value: (when ECSIGN =0) 2, 4, 6, 8, ..., 120, 122, 124
(when ECSIGN = 1) -2, -4, -6, -8, ..., -120, -122, -124
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9.2.3 RTC_SCNT: RTCC sub counter register

RTC_SCNT register is 32-bit size and accessible in 32/16-bit.

RTC_SCNT=0x4000_5208

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
Reserved RTCNT
0x0000 0x0000
- RO
15 RTCNT RTCC Sub-counter.
0
NOTES:
1.

2.
3.

9.2.4 RTC_SEC:

When a correction is made by using the RTC_ECR register, the value of RTC_SCNT may
become 8000H or more.

The RTC_SCNT is also cleared by writing the RTCC second counter register.

The value read from this register is not guaranteed if it is read during operation, because
a value that is changing is read.

RTCC second counter register

RTC_SEC register is 32-bit size and accessible in 32/16/8-bit.

RTC_SEC=0x4000_520C

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
o
4 18)
< w
Reserved Q 7]
4 4
4
0x000000 00 00 O 0 0O
- EEEE
- X @oeKgewew o
6 RSEC RTCC Second counter.
0
NOTES:
1. The RTC_SEC register takes a value of 0 to 59 (decimal) and indicates the count value
of seconds. It counts up when the RTCC sub-counter overflows.
2.
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Set a decimal value of 00 to 59 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.
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9.2.5 RTC_MIN: RTCC minute counter register

RTC_MIN register is 32-bit size and accessible in 32/16/8-bit.

RTC_MIN=0x4000_5210

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
o
3 z
Reserved § E
14
0x000000 00 00O 0 0O
- " EEEEERZ
6 RMIN RTCC Minute counter.
0
NOTES:
1. The RTC_MIN register takes a value of 0 to 59 (decimal) and indicates the count value of
minutes. It counts up when the RTCC second counter register overflows.
2. Even if the RTCC second counter register overflows while this register is being written,
this register ignores the overflow and is set to the value written.
3.  Set a decimal value of 00 to 59 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.
9.2.6 RTC_HOUR: RTCC hour counter register

RTC_HOUR register is 32-bit size and accessible in 32/16/8-bit.

RTC_HOUR=0x4000_5214

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
K] x
z =
Reserved g Q
& [
0x000000 0 001 00 10
- 1 EEEEEER
5 RHOUR RTCC Hour counter.
0
NOTES:

1. The RTC_HOUR register takes a value of 00 to 23 or 01 to 12, 21 to 32 (decimal) and
indicates the count value of hours. It counts up when the RTCC minute counter register
overflows.

2. Even if the RTCC minute counter register overflows while this register is being written,
this register ignores the overflow and is set to the value written. Specify a decimal value
of 00 to 23, 01 to 12, or 21 to 32 by using BCD code according to the time system
specified using HS24 bit of RTC_CR(RTCC control register). If a value outside this range
is tried to be written in the register, the value is ignored.

3.

144

RTHOURS5 bit of RTC_HOUR indicates AM(0)/PM(1) if HS24(RTC_CR[10]) = O (if the 12-
hour system is selected).
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Table 38. Value of RTC_HOUR/RTC_ALHOUR by HS24 bit

24-Hour Display (HS24 bit = 1) 12-Hour Display (HS24 bit = 0)
Time RTC_HOUR Register Time RTC_HOUR Register
RTC_ALHOUR Register RTC_ALHOUR Register

0 00H 0a.m. 12H

1 01H lam. 01H

2 02H 2a.m. 02H

3 03H 3a.m. 03H

4 04H 4 a.m. 04H

5 05H 5a.m. 05H

6 06H 6a.m. 06H

7 07H 7a.m. 07H

8 08H 8a.m. 08H

9 09H 9a.m. 09H

10 10H 10 a.m. 10H

11 11H 11a.m. 11H

12 12H 0 p.m. 32H

13 13H 1p.m. 21H

14 14H 2 p.m. 22H

15 15H 3 p.m. 23H

16 16H 4 p.m. 24H

17 17H 5 p.m. 25H

18 18H 6 p.m. 26H

19 19H 7 p.m. 27H

20 20H 8 p.m. 28H

21 21H 9 p.m. 29H

22 22H 10 p.m. 30H

23 23H 11 p.m. 31H
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9.2.7 RTC_DAY: RTCC day counter register
RTC_DAY register is 32-bit size and accessible in 32/16/8-bit.

RTC_DAY=0x4000_5218

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
K
2 z
Reserved Q [a)
2 4
[1'4
0x000000 0 00 0 00 0 1
5 RDAY RTCC Day counter.
0
NOTES:

1. The RTC_DAY register takes a value of 1 to 31 (decimal) and indicates the count value of
days. It counts up when the RTCC hour counter register overflows.

2. Even if the RTCC hour counter register overflows while this register is being written, this
register ignores the overflow and is set to the value written.

3.  Set a decimal value of 01 to 31 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.

4.  The RTC_DAY register counts as follows.
— 01 to 31 (January, March, May, July, August, October, December)
— 01 to 30 (April, June, September, November)
— 01 to 29 (February of leap year)
— 01 to 28 (February of normal year)
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9.2.8 RTC_WEEK: RTCC week counter register
RTC_WEEK register is 32-bit size and accessible in 32/16/8-bit.

RTC_WEEK=0x4000_521C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8 |7 6 5 4 3 2 1 0
o
s |
Reserved 8 E
& x
0x000000 0 0 00O O OO
- N B E E E
2 RWEEK RTCC Week counter.
0 000 Sunday

001 Monday

010 Tuesday

01 Wednesday

100 Thursday

101 Friday
110 Saturday
111 Ignored. Value is not changed

NOTES:
1. The RTC_WEEK register takes a value of 0 to 6 (decimal) and indicates the count value
of weekdays. It counts up in synchronization with the RTCC day counter register.
2. Set a decimal value of 00 to 06 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.
3. Values corresponding to the month count register and day count register are not
automatically stored to the RTCC week counter register.
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9.2.9 RTC_MONTH: RTCC month counter register
RTC_MONTH register is 32-bit size and accessible in 32/16/8-bit.

RTC_MONTH=0x4000_5220

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
3 =
2 z
Reserved 2 o
Q =
14 o
0x000000 00 0 0 0O O0 01
; 3333
4 RMONTH RTCC Month counter.
0
NOTES:
1. The RTC_MONTH register takes a value of 1 to 12 (decimal) and indicates the count
value of months. It counts up when the RTCC day counter register overflows.
2. Even if the RTCC day counter register overflows while this register is being written, this
register ignores the overflow and is set to the value written.
3.  Set a decimal value of 01 to 12 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.
9.2.10 RTC_YEAR: RTCC year counter register

RTC_YEAR register is 32-bit size and accessible in 32/16/8-bit.

RTC_YEAR=0x4000_5224

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
14
Reserved &
eserve
&
0x000000 0000 0 0 0O
- TEEEEEEE
7 RYEAR RTCC Year counter.
0
NOTES:

1. The RTC_YEAR register takes a value of 0 to 99 (decimal) and indicates the count value
of years. It counts up when the RTCC month counter register overflows. Values 00, 04,
08, ..., 92, and 96 indicate a leap year.

2. Even if the RTCC month counter register overflows while this register is being written,
this register ignores the overflow and is set to the value written.

3. Set a decimal value of 00 to 99 to this register in BCD code. If a value outside this range
is tried to be written in the register, the value is ignored.
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9.2.11 RTC_ALMIN: RTCC alarm minute counter register
RTC_ALMIN register is 32-bit size and accessible in 32/16/8-bit.

RTC_ALMIN=0x4000_5228

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
°
e z
Reserved o <Et
O
2
0x000000 0 0 00O OO OO
- " EEEEEE R
6 AMIN RTCC Alarm Minute counter.

0

NOTE: This register is used to set minutes of alarm. Set a decimal value of 00 to 59 to this register in

BCD code. If a value outside this range is tried to be written in the register, the value is
ignored.

9.2.12 RTC_ALHOUR: RTCC alarm hour counter register
RTC_ALHOUR register is 32-bit size and accessible in 32/16/8-bit.

RTC_ALHOUR=0x4000_522C

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
K o
b =)
Reserved g g
& <
0x000000 000 1 0010
5 AHOUR RTCC Alarm Hour counter.
0
NOTES:

1.  This register is used to set hours of alarm. Specify a decimal value of 00 to 23, 01 to 12,
or 21 to 32 by using BCD code according to the time system specified using HS24 bit of
RTC_CR(RTCC control register). If a value outside this range is tried to be written in the
register, the value is ignored.

2. AHOURS bit of RTC_ALHOUR indicates AM(0)/PM(1) if HS24 = 0 (if the 12-hour system
is selected).
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9.2.13 RTC_ALWEEK: RTCC alarm week counter register

RTC_ALWEEK - register is 32-bit size and accessible in 32/16/8-bit.

A31L12x User’s manual

RTC_ALWEEK=0x4000_5230

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
TloOolwv | M N~ ©
¥ XX ¥ X X X
Reserved %HHHHHHH
YHEEHERE
0x000000 00 0 00
- " EEEEZEze
6 AWEEKG6 Saturday Alarm Setting
0 Disable Saturday Alarm
1 Enable Saturday Alarm
5 AWEEKS Friday Alarm Setting
0 Disable Friday Alarm
1 Enable Friday Alarm
4 AWEEK4 Thursday Alarm Setting
0 Disable Thursday Alarm
1 Enable Thursday Alarm
3 AWEEK3 Wednesday Alarm Setting
0 Disable Wednesday Alarm
1 Enable Wednesday Alarm
2 AWEEK2 Tuesday Alarm Setting
0 Disable Tuesday Alarm
1 Enable Tuesday Alarm
1 AWEEK1 Monday Alarm Setting
0 Disable Monday Alarm
1 Enable Monday Alarm
0 AWEEKO Sunday Alarm Setting
0 Disable Sunday Alarm
1 Enable Sunday Alarm
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9.3 Functional description
9.3.1 Time error correction

The time of RTCC can be corrected with high accuracy when it is slow or fast, by setting a value to

the RTCC time error correction register.

The range of value that can be corrected by using the RTCC time error correction register (RTC_ECR)
is shown below.

Table 39. Correctable Range of Time Error

ECTM = 0 (correction every 20 sec) ECTM = 1 (correction every 60 sec)
Correctable range —189.2 ppm to 189.2 ppm —63.1 ppm to 63.1 ppm
Maximum excludes +1.53 ppm + 0.51 ppm
quantization error
Minimum resolution + 3.05 ppm + 1.02 ppm

NOTE: If a correctable range is —63.1 ppm or lower and 63.1 ppm or higher, set ECTM to 0.

The correction value used when correcting the count value of the RTCC sub-counter register
(RTC_SCNT) is calculated by using the following expression.
Set ECTM to 0 when the correction range is —63.1 ppm or less, or 63.1 ppm or more.

v When ECTM = 0, Correction value = Number of correction counts in 1 minute + 3 =
(Oscillation frequency + Target frequency — 1) X 32768 X 60 + 3

v When ECTM = 1, Correction value = Number of correction counts in 1 minute = (Oscillation
frequency + Target frequency - 1) X 32768 X 60

1. The correction value is 2, 4, 6, 8, ... 120, 122, 124 or -2, -4, -6, -8, ... =120, =122, -124.

2. The oscillation frequency is the external sub oscillator clock (XSOSC) value. It can be got throught the
RTCOUT pin. (when the RTC_ECR value is 0x00000000).

3. The target frequency is the frequency resulting after correction performed by using the time error

The correction value is the time error correction value calculated by RTC_ECR][6:0].

v" When ECSIGN = 0, Correction value = {(ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) - 1} X 2
v" When ECSIGN = 1, Correction value = - {(/ECV5, /ECV4, [ECV3, /ECV2, /ECV1, /ECVO) + 1}
X2

When (ECSIGN, ECV5, ECV4, ECV3, ECV2, ECV1, ECV0)is (x, 0, 0, 0, 0, 0, x), time error correction
is not performed. (x =0 or 1).
/[ECVS5, [ECV4, [ECV3, /ECV2, /JECV1, /[ECVO are bit-inverted values (000011 when 111100).
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9.3.2 Time error correction example 1
Example of correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm)

9.3.2.1 Measuring the oscillation frequency

The oscillation frequency of each product is measured by outputting about 32 kHz from the RTCOUT
pin or outputting about 1 Hz from the RTCOUT pin when the time error correction register is set to its
initial value (O0H).

9.3.2.2 Calculating the correction value

If the target frequency is assumed to be 32768 Hz (32772.3 Hz — 131.2 ppm), the correction range
for —131.2 ppmis —63.1 ppm or less, so assume ECTM to be 0.

The expression for calculating the correction value when ECTM is 0 is applied.

Correction value = Number of correction counts in 1 minute + 3
= (Oscillation frequency + Target frequency — 1) X 32768 X 60 + 3
=(32772.3 + 32768 — 1) X 32768 X60 + 3
= 86
9.3.2.3 Calculating the values to be set to register
If the correction value is 0 or more (when delaying), assume ECSIGN to be 0.
Calculate (ECV5, ECV4, ECV3, ECV2, ECV1, ECVO) from the correction value.

{ (ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) — 1} X2 =86
(ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) = 44
(ECV5, ECV4, ECV3, ECV2, ECV1, ECV0) = (1,0, 1, 1,0, 0)

Consequently, when correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm), setting the
correction register such that ECTM is 0 and the correction value is 86 (RTC_ECR[6:0] = 0101100)
results in 32768 Hz (Oppm).
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9.3.3 Time error correction example 2
Example of correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm)

9.3.3.1 Measuring the oscillation frequency

The oscillation frequency of each product is measured by outputting about 32 kHz from the RTCOUT
pin or outputting about 1 Hz from the RTCOUT pin when the time error correction register is set to its
initial value (O0H).

9.3.3.2 Calculating the correction value

Assume the target frequency to be 32768 Hz (32767.4 Hz + 18.3 ppm) and ECTM to be 1.

The expression for calculating the correction value when ECTM is 1 is applied.

Correction value = Number of correction counts in 1 minute
= (Oscillation frequency + Target frequency — 1) X 32768 X 60

(32767.4 + 32768 — 1) X 32768 X 60
= 36

9.3.3.3 Calculating the values to be set to the register
If the correction value is 0 or less (when quickening), assume ECSIGN to be 1.

Calculate (ECV5, ECV4, ECV3, ECV2, ECV1, ECVO) from the correction value.

— {(/ECV5, [ECV4, [ECV3, [ECV2, [ECV1, [ECV0) + 1} X 2 = —36
(/ECV5, [ECV4, [ECV3, [ECV2, [ECV1, [ECVO0) = 17

(/ECV5, [ECV4, [ECV3, [ECV2, [ECV1, [ECVO0) = (0, 1,0, 0, 0, 1)
(ECV5, ECV4, ECV3, ECV2, ECV1, ECVO0) = (1, 0, 1, 1, 1, 0)

Consequently, when correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm), setting the
correction register such that ECTM is 1 and the correction value is —36 (RTC_ECR][6:0] = 1101110)
results in 32768 Hz (Oppm).
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10 Timer counter 40/41/42/43

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

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

e 12-bit prescaler and 16-bit up-counter
* Interval timer, One-shot timer, Back-to-back, and Capture mode
e Counter sharing function to connect each other

e Synchronous start and clear function
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10.1 Timer counter 40/41/42/43 block diagram

Figure 38 shows the block diagram of a timer block unit.

TnEN

UPDT[L:0] J,j
TnCLR
} A
A Match — .
TIMERn_PDR Reload Signal B Match —»] [ Tninterrupts
(16-bit Period Data Register) Generator Capture Signal —3»{  Interrupt Generator
A A Force Level Signal —» Trigger Signal Generator
Reload > To A/DC block
» AIDC trigger signal
Bottom Capture Signal A
Period Buffer Register TnMS[1:0] 4 N6 \6
TnEN TIMERN_INTCR[7:0]
TIMERN_INTFLAG[7:0]

fclk/(TIMERN_PREDR+1) m TIMERN_ADTCR[5:0]
ni

EN

: Period Match TnCLR
l ;

POLK 12-bit 'y vV
Prescaler 16-bit Up/Down Counter * Cll; gerSOi‘g:alcgzlrrlglrlgtror
ECn[_}] Detector q I> A Match R
>
TnOUTA Signal Generator D TnOUTA
>
»
TnECE TnCLK A Buffer Register
Reload
Delay Time Controller
TIMERn_ADR
(16-bit A Data Register) N
>
¢ B Match TnOUTB Signal Generator D TnOUTB
Capture Signal Comparator 2 A A A A A
B Buffer Register
6 2
7 frn TEN
\——— TnMSJ[1:0]
TIMERn_BDR ;T_g:ﬁm
ThINPOL[L:0] (16-bit B Data Register) TnFRCSIL:0] L bivpos
2} tomsmio) 2 ‘'——— TIMERn_OUTCR
TIMERn_CAPDR 2|, TnFRCEN
(Capture Data Register) E Level Signal
orce Level Signal
>
ThINP X &N Force Input > T40 Force Input >
R T41 Force Input_| m
T42 Force Input U
T43 Force Input ) X

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

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

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

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

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

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

Figure 38. Timer Counter 40/41/42/43 Block Diagram (n = 40, 41, 42, and 43)
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10.2 Pin description for timer counter 40/41/42/43
Table 40. Pins and External Signals for Timer Counter 40/41/42/43 (n = 40, 41, 42, and 43)
PIN NAME TYPE | DESCRIPTION
ECn I External clock input
TnINP I Capture or force input
TnOUTA 0 Timer A output
TnOUTB 0 Timer B output
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10.3
Base address and register map of the Timer 40/41/42/43 are shown in Table 41 and Table 42.
Table 41. Base Address of Timer 40/41/42/43

Registers

Name Base address Size Description
TIMER40 0x4000_2700 128 Timer/Counter 40
TIMER41 0x4000_2780 128 Timer/Counter 41
TIMER42 0x4000_2800 128 Timer/Counter 42
TIMER43 0x4000_2880 128 Timer/Counter 43
Table 42. Timer Register Map (n = 40, 41, 42, and 43)
Name Offset | Type Description Reset value
TIMERNn_CR 0x00 RW Timer/Counter n Control Register 0x00000000
TIMERN_PDR 0x04 RW Timer/Counter n Period Data Register 0x0000FFFF
TIMERN_ADR 0x08 RW Timer/Counter n A Data Register OxO000FFFF
TIMERN_BDR 0x0C RW Timer/Counter n B Data Register 0x0000FFFF
TIMERNn_CAPDR 0x10 RO Timer/Counter n Capture Data Register 0x00000000
TIMERN_PREDR 0x14 RW Timer/Counter n Prescaler Data Register | 0xO0000FFF
TIMERN_CNT 0x18 RO Timer/Counter n Counter Register 0x00000000
TIMERNn_OUTCR 0x1C RW Timer/Counter n Output Control Register 0x00000000
TIMERN_DLY 0x20 RW Timer/Counter n Output Delay Data 0x00000000
Register
TIMERN_INTCR 0x24 RwW Timer/Counter n Interrupt Control Register | 0x00000000
TIMERN_INTFLAG | 0x28 RW Timer/Counter n Interrupt Flag Register 0x00000000
TIMERn_ADTCR 0x2C RwW Timer/Counter n ADC Trigger Control 0x00000000
Register
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10.3.1 TIMERN_CR: timer/counter n control register

Timer module should be configured properly before running. Once target purpose is defined, the timer
can be configured in the TIMERN_CR register. After configuring this register, a user can start or stop
the timer function by using this register.

TIMERnN_CR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMERn_CR=0x4000_2700, TIMERn_CR=0x4000_2780
TIMERn_CR=0x4000_2800, TIMERn_CR=0x4000_2880

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
Zl T Z o 14 %) - °
82 8|22 5|35 2 |8=E8 5| 2| ¢33
Reserved Eg%,Q&EE%E"éoﬁﬁ% = 2 1%€
£ gl F 5 gl © = Fl £l 9l a £ g | F|F
0x00 0 00 0 0O O OO O 0 0 00 0Oj]0O OO 0 OO OO
; : 533 35333333333 333% 33
23 TnFRCEN _Timer n Output Force Level Enable.
0 Disable output force level.
1 Enable output force level during the valid level of the selected Tn force
input.
Note)
The output force level depends on the LVLA and LVLB bits.
21  TnFRCS Timer n Force Input Selection.
20 00 T40 force input.
01 T41 force input.
10 T42 force input.
11 T43 force input.
19 CNTSHEN _ Timer Counter Sharing Enable.
0 Disable counter sharing.
1 Enable counter sharing
17 CNTSH Timer Counter Sharing Selection.
16 00 Timer n uses timer 40’s counter instead of itself.
01 Timer n uses timer 41’s counter instead of itself.
10 Timer n uses timer 42’s counter instead of itself.
11 Timer n uses timer 43’s counter instead of itself.
NOTES:

1.  When using the timer’s own counter, timer counter sharing function
should be disabled by CNTSHEN = “Ob”.

2. When using the counter sharing, the TnMS[1:0], UPDT[1:0], and
TIMERNn_PDR of the sharing timers must have the same value,
respectively.

That is, the same value must be written to the registers of the sharing
timers.

3. When using of the counter sharing, the TIMERNn_PDR of the master is
copied to the TIMERn_PDR of the slave and can’t be written to the
slave’s TIMERn_PDR.

15 TnEN Timer n Operation Enable.
0 Disable timer n operation.
1 Enable timer n operation (Counter clear and start)
14  TnCLK Timer n Clock Selection.
0 Select an internal prescaler clock.
1 Select an external clock.
Note)
This bit should be changed while TnEN bit is ‘0’.
13 TnMS Timer n Operation Mode Selection.
12 00 Interval mode. (All match interrupts can occur)

01  Capture mode. (The Period-match interrupt can occur)
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10  Back-to-back mode. (All match and bottom interrupts can occur)

11 One-shot interval mode (All match interrupts can occur)

Note)
These bits should be changed during TnEN bit is ‘0’.

11 TnECE Timer n External Clock Edge Selection.
0 Select falling edge of external clock.
1 Select rising edge of external clock.
10 TnOPAIR _ Timer n Output Pair Selection
0 No output pair
1 Output pair (The TNOUTB signal depends on TIMERn_ADR register)
9 DLYEN Delay Time Insertion Enable. This bit is effective on the TnOPAIR = ‘1",
0 Disable to insert delay time to the TnOUTA/TnOUTB.
1 Enable to insert delay time to the TnOUTA/TnOUTB.
Note)
These bits should be changed during TnEN bit is ‘0’.
8 DLYPOS Delay Time Insertion Position.
0 Insert at front of TNOUTA and at back of TnOUTB pins.
1 Insert at back of TNOUTA and at front of TNOUTB pins.
7 UPDT Data Reload Time Selection.
6 00 Update data to buffer at the time of writing.
01 Update data to buffer at period match.
10  Update data to buffer at bottom.
11 Not used
5 TnINPOL _Timer n Input Capture/’Force level” Polarity Selection.
4 00 Capture on falling edge, Force level on low level.
01  Capture on rising edge, Force level on high level.
10  Capture on both of falling and rising edge, Not available for force level.
11 Reserved
Note)
The counter of timer n is cleared to 0x0000 at valid edge in capture mode.
1 TnPAU Timer n Counter Temporary Pause Control.
0 Continue counting.
1 Temporary pause
0 TnCLR Timer n Counter and Prescaler Clear.

0 No effect.

1 Clear timer n counter and prescaler (Automatically cleared to ‘0’ after operation)
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10.3.2 TIMERNn_PDR: timer/counter n period data register
TIMERN_PDR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_PDR=0x4000_2704, TIMER41_PDR=0x4000_2784
TIMER42_PDR=0x4000_2804, TIMER43_PDR=0x4000_2884

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 10

Reserved PDATA
0x0000 OxFFFF
- RwW

15 PDATA Timer/Counter n Period Data. The range is 0x0002 to OxFFFF.
0 Period match time: (PDATA[15:0]+1)+fTn

10.3.3 TIMERn_ADR: timer/counter n A data register
TIMERN_ADR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_ADR=0x4000_2708, TIMER41_ADR=0x4000_2788
TIMER42_ADR=0x4000_2808, TIMER43_ADR=0x4000_2888

3130292827262524232221201918171615141312111098‘76543210
Reserved ADATA
0x0000 OxFFFF
- RW
15 ADATA Timer/Counter n A Data. The range is 0x0000 to OxFFFF.
0 A match time: (ADATA[15:0])+fTn

10.34 TIMERn_BDR: timer/counter n B data register
TIMERN_BDR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_BDR=0x4000_270C, TIMER41_BDR=0x4000_278C
TIMER42_BDR=0x4000_280C, TIMER43_BDR=0x4000_288C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘76543210
Reserved BDATA
0x0000 OxFFFF
- RW
15 BDATA Timer/Counter n B Data. The range is 0x0000 to OxFFFF.
0 B match time: (BDATA[15:0])+fTn
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10.3.5 TIMERn_CAPDR: timer/counter n capture data register
TIMERN_CAPDR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_CAPDR=0x4000_2710, TIMER41_CAPDR=0x4000_2790
TIMER42_CAPDR=0x4000_2810, TIMER43_CAPDR=0x4000_2890

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 10
Reservd CAPD
0x0000 0x0000
- RO
15 CAPD Timer/Counter n Capture Data.
0
10.3.6 TIMERn_PREDR: timer/counter n prescaler data register

TIMERN_PREDR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_PREDR=0x4000_2714, TIMER41_PREDR=0x4000_2794
TIMER42_PREDR=0x4000_2814, TIMER43_PREDR=0x4000_2894

31 30 29 28 27 26 25 24 (23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8‘7 6 5 4 3 2 10

Reserved PRED
0x00000 OxFFF
- RW
1 PRED Timer/Counter n Prescaler Data.
0
10.3.7 TIMERN_CNT: timer/counter n counter register

TIMERN_CNT register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_CNT=0x4000_2718, TIMER41_CNT=0x4000_2798
TIMER42_CNT=0x4000_2818, TIMER43_CNT=0x4000_2898

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
Reservd CNT
0x0000 0x0000
- RO
15 CNT Timer/Counter n Counter.
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10.3.8 TIMERn_OUTCR: timer/counter n output control register

TIMERNn_OUTCR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_OUTCR=0x4000_271C, TIMER41_OUTCR=0x4000_279C
TIMER42_OUTCR=0x4000_281C, TIMER43_OUTCR=0x4000_289C

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
© k-]
o | w| w @

a3 2 |olo| 2 |9

Reserved Reserved o| O 2 | @ <é 2 |55

o o P = = o - -
[1'4 2

0x0000 0 0 0 0 0 0O 0 O0|O 0 0 00 0O

_ [ T N |EE| 35 1 |EE

9 POLB TnOUTB Output Polarity Selection.

0 Low level start (The TnOUTB pin is started with low level after counting)

1 High level start (The TnOUTB pin is started with high level after counting)

8 POLA TnOUTA Output Polarity Selection.

0 Low level start (The TnOUTA pins are started with low level after counting)

1 High level start (The TnOUTA pins are started with high level after counting)

5 TnBOE TnOUTB Output Enable.

0 Disable output.

1 Enable output.

4 TnAOE  TnOUTA Output Enable.

0 Disable output.

1 Enable output.

1 LVLB Configure TnOUTB output When Disable.

0 Lowlevel

1 Highlevel

0 LVLA Configure TNOUTA output When Disable.

0 Lowlevel

1 High level

10.3.9 TIMERn_DLY  timer/counter n output delay data register

TIMERN_DLY register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_DLY=0x4000_2720, TIMER41_DLY=0x4000_27A0
TIMER42_DLY=0x4000_2820, TIMER43_DLY=0x4000_28A0

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 10

Reserved DLY
0x00000 0x000
- RW
9 DLY Timer/Counter n Output Delay Data.

Delay time: (DLY[9:0]+1)+fTn
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10.3.10 TIMERN_INTCR: timer/counter n interrupt control register
TIMERN_INTCR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_INTCR=0x4000_2724, TIMER41_INTCR=0x4000_27A4
TIMER42_INTCR=0x4000_2824, TIMER43_INTCR=0x4000_28A4

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
izl T |&|&
Reserved E L_é B2 8 E 5
cl =| S| £ Q c c
= | - 12 = [
0x00000 0 0 0 0Oj]0O O OO O O OTPD
- 333 0 33:E
11 TnFRCIEN Timer n Output Force Level Interrupt Enable.
0 Disable timer n output hold interrupt.
1 Enable timer n output hold interrupt.
10 TnCIEN Timer n Capture Interrupt Enable.
0 Disable timer n capture interrupt.
1 Enable timer n capture interrupt.
9 TnBTIEN Timer n Bottom Interrupt Enable.
0 Disable timer n bottom interrupt.
1 Enable timer n bottom interrupt.
8 TnPMIEN Timer n Period Match Interrupt Enable.
0 Disable timer n period interrupt.
1 Enable timer n period interrupt.
3 TnBMIEN Timer n B Match Interrupt Enable.
2 00 Disable B match interrupt.
01 Enable B match interrupt on up counting.
10 Disable B match interrupt on down counting.
11 Disable B match interrupt on up and down counting.
TnAMIEN Timer n A Match Interrupt Enable.

O -

00 Disable A match interrupt.

01 Enable A match interrupt on up counting.

10 Disable A match interrupt on down counting.

11 Disable A match interrupt on up and down counting.
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10.3.11 TIMERN_INTFLAG: timer/counter n interrupt flag register
TIMERN_INTFLAG register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_INTFLAG=0x4000_2728, TIMER41_INTFLAG=0x4000_27A8
TIMER42_INTFLAG=0x4000_2828, TIMER43_INTFLAG=0x4000_28A8

3130 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

Reserved

TnFRCIFLAG
TnCIFLAG
TnBTIFLAG
TnPMIFLAG
Reserved
TnBMIFLAG
TnAMIFLAG

0x000000

o
o
o
o
o
o
o
o

|
RW
RW
RW
RW
R
RW

7 TnFRCIFLAG _Timer n Output Force Level Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.

6 TnCIFLAG Timer n Capture Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.

5 TnBTIFLAG Timer n Bottom Interrupt Flag bit. This bit is effective only at back-to-back
mode.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.

4  TnPMIFLAG Timer n Period Match Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.

1  TnBMIFLAG Timer n B Match Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.

0 TnAMIFLAG Timer n A Match Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit will be cleared to ‘0’ when ‘1’ is written to this bit.
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10.3.12 TIMERn_ADTCR: timer/counter n ADC trigger control register
TIMERNn_ADTCR register is 32-bit size and accessible in 32/16/8-bit (n = 40, 41, 42 and 43).

TIMER40_ADTCR=0x4000_272C, TIMER41_ADTCR=0x4000_27AC
TIMER42_ADTCR=0x4000_282C, TIMER43_ADTCR=0x4000_28AC

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0

5
2 e g g B
Reserved @ E o E 5
c| e 14 [ c
= (4 = =
0x000000 0 0j0 0 00 OO 0O

9 TnBTTG Select Timer n Bottom for ADC Trigger Signal Generator.

0 Disable ADC trigger signal generator by bottom.

1 Enable ADC trigger signal generator by bottom.

8 TnPMTG  Select Timer n Period Match for ADC Trigger Signal Generator.

0 Disable ADC trigger signal generator by period match.

1 Enable ADC trigger signal generator by period match.

3 TnBMTG _ Select Timer n B Match for ADC Trigger Signal Generator.

2 00 Disable ADC trigger signal generator by B match.

01 Enable ADC trigger signal generator by B match on up counting

10  Enable ADC trigger signal generator by B match on down counting

11 Enable ADC trigger signal generator by B match on up and down counting.

TnAMTG _ Select Timer n A Match for ADC Trigger Signal Generator.

[ JEEEN

00 Disable ADC trigger signal generator by A match.

01 Enable ADC trigger signal generator by A match on up counting

10 Enable ADC trigger signal generator by A match on down counting.

11 Enable ADC trigger signal generator by A match on up and down counting.
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104 Functional description
10.4.1 Timer counter 40/41/42/43

Timer/counter n can use an internal or an external clock source (ECn). A clock selection logic can
select a clock source and it is controlled by clock selection bits (TnCLK).

e Timer n clock source: {PCLK/(TIMERn_PREDR+1)}, ECn

In Capture mode, by TnINP, data is captured into a corresponding capture data register
(TIMERNn_CAPDR). Timer n outputs the comparison result between counter and data register through
TnOUTA/TnOUTB ports in Timer/counter and Back-to-back mode. The outputs, TNnOUTA/TnOUTB,
can be forced to a fixed level during an external force input signal by hardware when TnFRCEN=1. (n
=40, 41,42 and 43)

Table 43. Timer n Operating Modes (n = 40, 41, 42, and 43)

TnEN TnMS Timer n

1 00 16-bit Interval mode

1 01 16-bit Capture mode

1 10 16-bit back-to-back mode

1 11 16-bit one-shot interval mode
10.4.2 Timer 40/41/42/43 Capture mode

16-bit timer capture mode is set by configuring the TnMS[1:0] as ‘01’. The clock source can use
internal or external clock input. This 16-bit timer capture mode basically has the same function as the
16-bit interval mode. An interrupt takes place when the 16-bit up/down counter and the TIMERn_PDR
have the same values. The 16-bit up/down counter value is automatically cleared by a match signal. It
can also be cleared by software (TnCLR). A timer interrupt in Capture mode is very useful when the
pulse width of captured signal is wider than the maximum period of timer.

The capture result is loaded into TIMERn_CAPDR. (n =40, 41, 42 and 43)
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TIMERN CR | _ | ||z e Address: 4000_2700H
glalalalg(2lz]x|z]|elw|E(z]8]zlelB|2]|2]|x 4000_2780H
Eggﬁ‘ﬂﬂgdggﬁg”ﬁgggggéd 4000_2800H
EEEESS"&EEEEEEDDEEEE 4000_2880H

© - F Initial Value: 0x0000
0 X X 0 X X 1 X 0 1 X X X X X X X X 0 X
TnEN ———
UPDT[L:0] 2
TnCLR
; Y
A Match —p i
TIMERN_PDR Reload Signal B Match —| > Tninterrupts
(16-bit Period Data Register), Generator Capture Signal —p| Interrupt Generator
y A Force Level Signal —{ Trigger Signal Generator
Reload > To ADC block
» ADC trigger signal
Bottom Capture Signal A
Period Buffer Register P:\E’ﬁ[liol 4 6 6 TIMERNINTCRIZ0]
n n_| :
Period Match TnCLR TIMERN_INTFLAG[7:0]
felki(TIMERn_PREDR+1) __ ﬁ 2 —— TIMERn_ADTCR[S:0]
n
PCLK > 12-bit YV VY
Prescaler M 16-bit Up/Down Counter R Up/Down Controller
U [fm P Clear Signal Generator
Edge X [
ECn Detector T
ThECE TnCLK —» 7

TnINPOL[1:0]
2
X TAMS[1:0] TIMERn_CAPDR
Capture Signal Capture Data Register,
TniNe [} ;Il' £ = (Cap gisten

NOTES:
1. The Period match only can occur in capture mode.
2. The 16-bit up/down counter in capture mode is cleared to “0x0000” after the counter value is loaded
to the TIMERn_CAPDR register at valid edge.

Figure 39. 16-bit Capture Mode for Timer 40/41/42/43
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10.4.3 Timer 40/41/42/43 Interval mode

Interval mode is set by configuring the TnMS[1:0] as ‘00’. Each of Timer 40/41/42/43 has a counter
and data registers.

The 16-bit up/down counter is increased by internal or external clock input. The timer can use an input
clock with 12-bit prescaler division rates (TIMERn_PREDR][11:0]). When the values of 16-bit up/down
counter and the TIMERn_PDR are the same in the timer, a match signal is generated and the period
match interrupt of the timer is occurred. The 16-bit up/down counter value is automatically cleared by
the match signal. It can also be cleared by software (TnCLR).

The timer has 2-channel pins that generate PWM outputs of up to 16-bit resolution. The match signals
and interrupts of period/A/B can be generated when the 16-bit counter value is the same as the value
of TIMERNn_PDR, TIMERNn_ADR, and TIMERn_BDR, respectively. The period and duty of the output
is determined by the TIMERn_PDR (period register), TIMERn_ADR (A channel duty register), and
TIMERNn_BDR (B channel duty register).

TnOUTA and TnOUTB’s Period = [TIMERn_PDR + 1] X Source Clock
TnOUTA Duty = [TIMERn_ADR] X Source Clock
TnOUTB Duty = [TIMERn_BDR] X Source Clock

POLA/POLB bit of TIMERNn_OUTCR register decides the polarity of output. If the POLA/POLB bit is
set to ‘“1’, the TnOUTA/TnOUTB output is high level start and if the POLA/POLB bit is cleared to ‘0’,
the TnOUTA/TnOUTB output is low level start, respectively. (n = 40, 41, 42 and 43)

Table 44. TnOUTA/B Channel Polarity

PnAOE PnBOE POLA POLB TnOUTA Pin Output PnOUTB Pin Output
1 1 0 0 Low level start Low level start

0 1 Low level start High level start

1 0 High level start Low level start

1 1 High level start High level start

NOTE: Where n =40, 41, 42 and 43.

Source Clock
(ferk)

Tn Counter

TUUUL
S0

|
5

e - )

TnOUTA
POLA=1

TnOUTA
POLA=0

DUty CyaTe{0RBTIRZ50rs 382 2575
Period Cycle(0x3FF + 1)X250ns = 256 ps - 3.9kHz

A A

TIMERn_PDR(16-bit)

TIMERN_CR =TnEN : 18/ TnMS : 008 Ox03FFn
TIMERNn_PREDR = 0x00 (fcix/1)
TIMERN_PDR = 0x03FF

TIMERN_ADR = 0x0081 TIMERn_ADR(16-bit)

0x00811

Figure 40. Example of TNOUTA at 4MHz (n = 40, 41, 42 and 43)
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10.4.3.1 Data reload time selection

Data reload time can be selected from “update data to buffer at the time of writing”, “update data to
buffer at period match”, or “update data to buffer at bottom”. The UPDT[1:0] bits of TIMERn_CR
register is used to select the data reload time to upload into buffer.

TIMERN_CR =TnEN : 18/ TnMS : 008
TIMERN_PREDR = 074 (fcik/8)

TIMERn_PDR = 000Ex Write 0AH to TIMERN_PDR.
TIMERN_ADR = 0006

Source Clock
(fox/8) |

TnOUTA
POLA =1
Duty Cycle > < Duty Cycle > < Duty Cycle >
(061)X2 ps = 12 us (06H)X2 ps = 12 us (061)X2 s = 12 us
h Period Cycle . Period Cycle -
(OEH + 1)X2 ps = 30 ps - 33.33kHz (0AH + 1)X2 us = 22 ps > 45.5kHz

NOTE: This example timing wave shows the data reload time is chosen as the time of writing mode
(UPDT[1:0] = “00").

Figure 41. Example of Changing the Period in Absolute Duty Cycle at 4MHz (n = 40, 41, 42 and
43)

10.4.3.2 Timer output delay

Using the DLYEN bit, DLYPOS bit, the TIMERn_DLY register can delay the PWM output. When
DLYPOS is set to ‘0’, the delay is inserted in front of TnOUTA and behind TnOUTB pins. When
DLYPOS is set to ‘1’, the delay is inserted behind ThOUTA and in front of TnOUTB pins. Figure 42
and Figure 43 show example timing waveforms. (n = 40, 41, 42 and 43)

10.4.3.3 Output force level on the TnINP input

This is used to maintain the TNOUTA and the TnOUTB inactive level under overload condition. The
output level of TNOUTA and TnOUTB can be driven to the levels selected by LVLB and LVLA bits
during the input signal selected by TnFRCS[1:0] and TnINPOL[1:0] bits when TnFRCEN=1. The
output signal remains at the selected level until the next cycle.

The TnFRCS[1:0] bits select an input pin for a given channel and the TnINPOL][1:0] bits select the
valid level of input signal. As an example, see b of item 2 in Figure 42 and Figure 43. (n = 40, 41, 42
and 43).
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1 "Low/Low Level rt"(POLA/POLB = DLYPOS =

Set TREN Clear and Start

mmernaon] |15 TP LU LT
RS € €3 $ 3 €3 €3 £ € €3 8 C5 € ) €5 & €

TIMERNn_PDR M

Tn Period Match H

a. TIMERn_ADR(10), TIMERn_BDR(13) when disabling output pair

TnOUTA Low Level Start | |
Thouts | Low Level Start | |
Tn A Match |_|

Tn B Match |_|

b. TIMERn_ADR(M+1) > TIMERNn_PDR, TIMERn_BDR(0) when disabling output pair

TnOUTA

TnOUTB

Tn A Match

Tn B Match H

c. TIMERn_ADR(10), TIMERn_BDR(13) when enabling output pair and delay time insertion

ThOUTA | |
Toutes | |
Tn A Match H\

Tn B Match |_|

d. TIMERn_ADR(M+1) > TIMERn_PDR, TIMERNn_BDR(0) when enabling output pair and delay time insertion

TnOUTA

TnOUTB

Tn A/B Match

2. "Low/High Level Start"(POLA/POLB = 0b/1b) and DLYPOS = 0b
Clear and Start

Set TNEN

Counter X

TIMERN_PDR 10

Tn Period Match |_|

a. TIMERn_ADR(9), TIMERn_BDR(10) when enabling output pair and delay time insertion

TnOUTA Low Level Start
TnOUTB High Level Start

b. TIMERNn_ADR(9), TIMERn_BDR(10) when disabling output pair and enabling output force level(LVLA/LVLB = 1b/0b)

Tn Force Input(TnINPOL = 01b) | | —» New cycle after a valid TnINP level

TnOUTA(Tnm M
TnOUTB(TnFRCEN ={0) |_, |_
TnOUTA(TRFRCEN :|1)

TnOUTB(TnFRCEN jl) |

170

Figure 42. Interval Mode Timing Chart With “DLYPOS = 0” (n = 40, 41, 42 and 43)
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1. "High/Low Level Start" (POLA/POLB = 1b/0b), DLYPOS = 1b
Clear and Start

Set TNEN

SRR €3 €3 0 € €3 €0 €3 £ €3 4 ¢ €3 60 €9 € €

TIMERN_PDR M

Tn Period Match H

a. TIMERn_ADR(10), TIMERn_BDR(13) when disabling output pair

TnOUTA High Level Start | |
ThOUTB Low Level Start | |
Tn A Match |_|

Tn B Match |_|

b. TIMERn_ADR(M+1) > TIMERn_PDR, TIMERn_BDR(0) when disabling output pair

TnOUTA

TnOUTB

Tn A Match

Tn B Match H

c. TIMERn_ADR(10), TIMERn_BDR(13) when enabling output pair and delay time insertion

TOUTA | | |
Toute | | |
Tn A Match [T~

Tn B Match i

d. TIMERn_ADR(M+1) > TIMERn_PDR, TIMERn_BDR(0) when enabling output pair and delay time insertion

TnOUTA

TnOUTB

Tn A/B Match

2. "High/High Level Start"(POLA/POLB = 1b/ib) and DLYPOS = 1b

Set TREN Clear and Start

Timer n clock E ;

TIMERN_PDR 10

Tn Period Match |_| —l

a. TIMERn_ADR(9), TIMERn_BDR(10) when disabling output pair

TnOUTA High Level Start
TnOUTB High Level Start I_

b. TIMERn_ADR(9), TIMERn_BDR(10) when enabling output pair and enabling output fofce level(LVLA/LVLB = 0Ob/1b)

Tn Force Input(TnINPOL = 01b) —» New cycle after a valid TnINP level
TROUTA(TNFRCEN jO) J
TnOUTA(TNFRCEN f|1) |_| |

TROUTB(TNFRCEN = 0)

TnOUTB(TNFRCEN = 1)

-

Figure 43. Interval Mode Timing Chart With “DLYPOS = 1" (n = 40, 41, 42 and 43)
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10.4.4 Back-to-back mode

Back-to-back mode is set by configuring the TnMS[1:0] as ‘10’. In the Back-to-back mode, the 16-bit
up/down counter repeats the up/down counting. In fact, the effective duty and period becomes twice
the register setting. If the TIMERNn_PDR’s data value is set to “0x3210”, 16-bit up/down counter will
increment until it reaches 0x3210. At this point, a period match signal is generated and the period
match interrupt takes place. Then the 16-bit up/down counter will decrement until it reaches 0x0000.
At this point, the bottom interrupt takes place. This process repeats.

Since other functions operate similar to the interval mode, a user can refer to the interval mode for
information of them. (n =40, 41, 42 and 43)

1. "Low/Low Level Start"(POLA/POLB = 0b/0b), DLYPOS = 0b
Clear and Start

Set TnREN

Timer n clock

Counter

TnPDR 7

Tn Period Match |_|

Tn Bottom Interrupt |_|

a. TIMERn_ADR(5), TIMERn_BDR(3) when disabling output pair

TnOUTA Low Level Start | |

ThOUTB Low Level Start | |

Tn A Match |_| H
Tn B Match |_| H

b. TIMERn_ADR(5), TIMERn_BDR(3) when enabling output pair and delay time insertion

ThOUTA | |

ThOUTB | |

Tn A Match H\ H\
Tn B Match |_|4/ H‘J

c. TIMERn_ADR(5), TIMERn_BDR(3) when enabling output pair and delay time insertion (In case of long delay time)

TnOUTA

ThOUTB | S |

Figure 44. Back-to-Back Mode Timing Chart with “DLYPOS = 0” (n = 40, 41, 42 and 43)
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10.4.5 One-shot interval mode

One-shot interval mode is set by configuring the TnMS[1:0] as ‘11’. When the value of 16-bit up/down
counter reaches the value of the TIMERNn_PDR after start, a match signal is generated. The period
match interrupt is occurred, the TnEN bit is automatically cleared to “Ob”, and the one-shot interval
mode is finished successively.

Since other functions operate similar to the interval mode, a user can refer to the interval mode for
information of them. (n =40, 41, 42 and 43)

1. "Low/Low Level Start"(POLA/POLB = 0b/0b), DLYPOS = xb

Set TREN Clear and Start

Timer n clock
Counter X 0 X 1 X 2 X

TIMERN_PDR M

Tn Period Match |_|

a. TIMERn_ADR(10), TIMERn_BDR(13) when disabling output pair

ThOUTA | Low Level Start |

Thoute | Low Level Start |
Tn A Match |_|

Tn B Match |_|

Figure 45. One-Shot Interval Timing Chart (n: 40, 41, 42 and 43)
10.4.6 Timer counter sharing function

The timer can be linked together internally for synchronization. The timer to be used as a master must
clear the CNTSHEN bit of the TIMERN_CR register to “Ob”. On the other hand, the timer to be used as
slave should set the CNTSHEN bit of TIMERN_CR register to “1b”.

The counter sharing timers, a master and slaves, must have the same values in the TnMS[1:0] and
UPDT[1:0] bits of TIMERN_CR register and in the TIMERNn_PDR register. If the values are different,
the counter sharing function may not work correctly. The clock frequency of the timers must also be
set to the same value for good chaining. (n = 40, 41, 42 and 43)
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Table 45. Example of Timer Counter Sharing On Interval Mode

TnEN TnCLK | TnMS[1:0] | CNTSHEN [ CNTSH[1:0] UPDT[1:0] PDR | PREDR
Master 1 Don’t care 0 Don'’t care One of 0x0 — 0x2 Don’t care
(T40)
Slave 1 1 Same as T40’s 1 0x0 (T40) Same as above Same as T40’s
(T41)
Slave 2 1 Same as T40’s 1 0x0 (T40) Same as above Same as T40's
(T42)
NOTES:

1. T40: Master, T41 and T42: Slave.

The TnMSJ[1:0] bits shall be set to the same value for the master and slave.

3. The TnCLK bit and TIMERn_PREDR register must also set to the same value for the same frequency of counter
input.

4.  The TIMERN_PDR register should also be set to the same value for the same period of timer outputs.

n

1. "Low/Low Level Start"(POLA/POLB = 0b/Ob)

Clear and Start

SetT40EN—¢ ¢
RIS € €9 4 €3 € €3 €9 €23 £ 09 5 € €3 &9 €8 €D

TIMER40_PDR M

T40 Period Match |_|

a. Master: TIMER40_ADR(10), TIMER40_BDR(13)

T400UTA |

T400UTB |

b. Slave 1: TIMER41_ADR(8), TIMER41_BDR(11)

T410UTA |

T410UTB |

c. Slave 2: TIMER42_ADR(1), TIMER42_BDR(M-1)

T420UTA
T420UTB

Figure 46. Example of Timer Counter Sharing On Interval Mode (n: 40, 41 and 42)
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11 Timer counter 50

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

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

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

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

Figure 47 shows the block diagram of a timer block unit.

TIMERNn_ADR
(16-bit A Data Register)
Reload — TIMERNn_CR([3:1]
TIMERN_CR[7:5]
3 3£
T50CLK of SCU_PPCLKSR Register
% | Buffer Register A Counter Clear Ilnput —>
PCLK. fclk/(TIMERN_PREDR+1) Capture Signal —» Interrupt Generator [ Tn interrupts
WDTRC 3| M TnPAU A Match >
HIR V] Prescaler
XSOSC ) X TnEN Comparator @—) To other block
A Match
|—> M TIMERn_CNT | Clear Countor Clear Input
Ur— (16-bit Counter) ~ TnEN
> Pulse
B Match o Generator ——— ] TnouT
TnECE TnCLK
Comparator >
Capture Signal
7 Reload
TnINSEL[:0 TIMERNn_BDR
n . o .
[1:0] ThINPOL[L:0] (16-bit Data Register)
i ThMS[1:0] - TIMERn_CAPDR TnCLEN
e [J—] (Capture Data Register) |_'—\ Counter Clear Input
XSOSC —P L ) >
WDTRC ———p
NOTES:
1. TnEN is automatically cleared to logic ‘0’ after one pulse is generated in PPG one-shot interval
mode.
2. After TnEN bit is set, counting of TIMERn_CNT may be delayed by 2 clocks or more.
3. Counter clear input can control wake-up from Sleep mode by suppressing A-match interrupt.
4. High/low width of ECn clock should be longer than PCLK clock period.
5. The capture and counter clear input interrupts cannot be used as a wake-up source in DEEP SLEEP
mode. That is, the interrupts will not be generated in DEEP SLEEP mode.

Figure 47. Timer Counter 50 Block Diagram (n = 50)

176 \ BO\

SCMICONDULCTOA



A31L12x User’s manual 11. Timer counter 50

11.2 Pin description for Timer counter 50
Table 46. Pins and External Signals for Timer Counter 50 (n = 50)
PIN NAME TYPE | DESCRIPTION
ECn I External clock input
TnINP I Capture/Clear input
TnOUT O PWM/one-shot output
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11.3 Registers
Base address and register map of the Timer 50 are shown in Table 47 and Table 48.

Table 47. Base Address of Timer 50

Name Base address
TIMERS0 0x4000_2B00
Table 48. Timer Register Map (n = 50)
Name Offset Type | Description Reset value
TIMERn CR 0x0000 RW Timer/Counter n Control Register 0x00000000
TIMERn_ADR 0x0004 RW Timer/Counter n A Data Register 0x0000FFFF
TIMERNn_BDR 0x0008 RW Timer/Counter n B Data Register 0x0000FFFF
TIMERNn_CAPDR 0x000C | RO Timer/Counter n Capture Data Register 0x00000000
TIMERn PREDR 0x0010 RW Timer/Counter n Prescaler Data Register 0x000000FF
TIMERN_CNT 0x0014 RO Timer/Counter n Counter Register 0x00000000
1131 TIMERN_CR: timer/counter n control register

Timer module should be configured properly before running. Once target purpose is defined, the timer
can be configured in the TIMERN_CR register. After configuring this register, a user can start or stop
the timer function by using this register.

TIMERN_CR register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_CR=0x4000_2B00

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
CINCIRS:
2 zZl o 3 |zlx| o |wl33l=2zzld % << 3«
< a| @ e |G|d = (9 elal e Y5 2ddela
Reserved 2 1@ 2| 2|58 E %8 <2 kZF s 538
g [F E| E|T|F| T F|&E FIF|FIE & E R g
[
0x00 o 0 0 0 0OOO O|O O O OO OT OUOO O O O O O 0O
i i BEEEElzEEE: B iz ozezi:
20 TnCLEN Timer n Counter Clear Input Enable.

0 Disable counter clear input.

1 Enable counter clear input at a valid edge by TnINPOL[1:0] bits

19 TnINSEL Timer n Input Signal Selection.

18 00 Select an external input signal.

01 Select the XSOSC (External sub oscillator) signal

10  Select the WDTRC (Watch-dog timer RC oscillator) signal

11 Not used

Note)
This bit should be changed during T50EN bit is ‘0.

17 TnINPOL Timer n Input Capture/”Counter Clear Input” Polarity Selection.

16 00 Capture/"Counter clear input” on falling edge.

01 Capture/’Counter clear input” on rising edge

10  Capture/"Counter clear input” on both of falling and rising edge

11  Reserved

15 TnEN Timer n Operation Enable.

0 Disable timer n operation.

1 Enable timer n operation. (Counter clear and start)

14 TnCLK Timer n Clock Selection.

0 Select an internal prescaler clock.

1 Select an external clock.

Note)
This bit should be changed while TnEN bit is ‘0’.
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13 TnMS Timer n Operation Mode Selection.

12 00 Timer/Counter mode. (TnOUT: toggle at A-match)

01  Capture mode. (The A-match interrupt can occur)

10  PPG one-shot mode. (TnNOUT: Programmable pulse output)

11 PPG repeat mode. (TnOUT: Programmable pulse output)

Note)
This bit should be changed while TnEN bit is ‘0.

11 TnECE Timer n External Clock Edge Selection.

0 Select falling edge of external clock.

1 Select rising edge of external clock.

9 TnOPOL TnOUT Polarity Selection.

0 Start high. (TnOUT is low level at disable)

1 Start low. (TnOUT is high level at disable)

8 TnPAU Timer n Counter Temporary Pause Control.

0 Continue counting.

1 Temporary pause.

7 TnMIEN Timer n Match Interrupt Enable.

0 Disable timer n match interrupt.

1 Enable timer n match interrupt.

6 TnCIEN Timer n Capture Interrupt Enable.

0 Disable timer n capture interrupt.

1 Enable timer n capture interrupt.

5 TnCLIEN Timer n Counter Clear Input Interrupt Enable.

0 Disable timer n Counter Clear Input interrupt.

1 Enable timer n Counter Clear Input interrupt.

3 TnMIFLAG _ Timer n Match Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

2 TnCIFLAG Timer n Capture Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

Note)
This bit may not be set to ‘1’ by capture input signal in DEEP SLEEP mode.

1 TnCLIFLAG _Timer n Counter Clear Input Interrupt Flag.

0 No request occurred.

1 Request occurred. The bit is cleared to ‘0’ when ‘1’ is written.

Note)
This bit may not be set to ‘1’ by capture input signal in DEEP SLEEP mode.

0 TnCLR Timer n Counter and Prescaler Clear.

0 No effect.

1 Clear timer n counter and prescaler. (Automatically cleared to ‘0’ after
operation)
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11.3.2 TIMERn_ADR: timer/counter n A data register
TIMERN_ADR register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_ADR=0x4000_2B04

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 10

Reserved ADATA
0x0000 OxFFFF
- RW

15 ADATA  Timer/Counter n A Data. The range is 0x0002 to OxFFFF.
0 A match time: (ADATA[15:0]+1) * fr,

NOTE: Do not write “0x0000” in the TIMERn_ADR register under PPG mode.

11.3.3 TIMERn_BDR: Timer/Counter n B Data Register
TIMERN_BDR register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_BDR=0x4000_2B08

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘76543210
Reserved BDATA
0x0000 OXFFFF
- RW
15 BDATA Timer/Counter n B Data. The range is 0x0000 to OxFFFF.
0 B match time: (BDATA[15:0]) + fra

11.3.4 TIMERn_CAPDR: Timer/Counter n Capture Data Register
TIMERN_CAPDR register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_CAPDR=0x4000_2B0C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘76543210
Reserved CAPD
0x0000 0x0000
- RO
15 CAPD Timer/Counter n Capture Data.
0
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11.35 TIMERn_PREDR: Timer/Counter n Prescaler Data Register
TIMERN_PREDR register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_PREDR=0x4000_2B10

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
Reserved PRED
0x000000 OxFF

- RW
7 PRED Timer/Counter n Prescaler Data.
0
11.3.6 TIMERN_CNT: Timer/Counter n Counter Register

TIMERN_CNT register is 32-bit size and accessible in 32/16/8-bit. (n = 50)

TIMER50_CNT=0x4000_2B14

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘76543210
Reserved CNT
0x0000 0x0000
- RO
15 CNT Timer/Counter n Counter.
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114 Functional description
11.4.1 Timer counter 50

Timer/counter n can use an internal or an external clock as a clock source (ECn). A clock selection
logic selects the clock source and the clock selection logic is controlled by clock selection bits
(TnCLK). (n = 50)

* TIMER n clock sources are listed as followings:
— PCLK/(TIMERNn_PREDR +1)
— WDTRC/(TIMERN_PREDR +1)
— HIRC/(TIMERNn_PREDR +1)
— XSOSC/(TIMERNn_PREDR +1)
— ECn

In capture mode, by TnINP, XSOSC or WDTRC, data is captured into input capture data register
(TIMERn_CAPDR). Timer n outputs the comparison result between counter and data register through
TnOUT port in Timer/counter mode. In addition, Timer n outputs PWM waveform through TnOUT port
in PPG mode. (n = 50)

Table 49. Timer n Operating Modes (n = 50)

TnEN | Alternative mode TnMS[1:0] | TIMERn_PREDR | Timern

1 PB_AFSR1[11:8] = Ox0 or 00 0xXX 16-bit Timer/Counter
PF_AFSR1[7:4] = Ox0 Mode

1 PD_AFSR1[19:16] =0x1 or | 01 0xXX 16-bit Capture Mode
PF_AFSR1[11:8] = 0x1

1 PB_AFSR1[11:8] = 0x0 or 10 OxXX 16-bit PPG Mode(one-
PF_AFSR1[7:4] = 0x0 shot mode)

1 PB_AFSR1[11:8] = 0x0 or 11 OxXX 16-bit PPG Mode(repeat
PF_AFSR1[7:4] = 0x0 mode)

11.4.2 16-bit Timer/counter mode

16-bit Timer/counter mode is selected by control register as shown in Figure 48. The 16-bit timer has
a counter register and a data register. The counter register is increased by internal or external clock
input. Timer n can use an input clock with 8-bit prescaler division rates (TIMERn_PREDR) and an
external Clock (ECn). When the values of TIMERn_CNT and TIMERn_ADR are the same in the timer
n, a match signal is generated and the interrupt of Timer n takes place.
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The TIMERNn_CNT values are automatically cleared by the match signal. It can also be cleared by
software (TnCLR).

TIMER50_CR —lol-1o olol|o ADDRESS:4000_2B00H
Zlaol3D|1=21=2 ><,_C,UJ‘CJJ'DZZZ'O<(<(<(D:
glm|lmlofofz|S]laelelo|e|Q2|t|la|(E|e|a|D(Z2]5
slelelz|c|ue|lols(ZS|lalzs|S|s|s|cl2]s|E|Z|%S[O | INITIAL VALUE : 0x000000
1212121213 1g81312l3l2|81213|21812|=|o|3|3

o o
dHHE e EHE R EUEEER
X X X X X 1 X 0 0 X X X X X X X X X
TIMERNn_ADR
(16-bit A Data Register)
Reload — TIMERn_CR[3:1]
TIMERn_CR[7:5]
3 3
T50CLK of SCU_PPCLKSR Register ‘
Zi | Buffer Register A Counter Clear Input —»
PCLK fclk/(TIMERNn_PREDR+1) Interrupt Generator [— Tn interrupts
WDTRC 3| M TnPAU A Match >
HIRC > U Prescaler
XSOSC X TnEN Comparator @—» To other block
A Match
|—> M TIMERn_ONT |  Clear <ECounterCIearlnput
TnEN

TnCLR

Edge l; o (16-bit Counter) [
Detector

TnECE TnCLK

A4

Pulse D
Generator TnoutT

2
TAMS[1:0] TnOPOL

Figure 48. 16-bit Timer/Counter Mode for Timer n (n = 50)

1. Timer/Counter Mode(TnMS = 00b) and "Start Low"(TnOPOL = 1b).
Clear and Start

Set TNEN

TIMERNn_ADR 12
Tn Interrupt _‘ _‘
TnOUT

Figure 49. 16-bit Timer/Counter n Example (n = 50)
11.4.3 16-bit Capture mode

Timer n Capture mode is evoked by configuring TnMS[1:0] as ‘01’. The internal clock can be used as
a clock source. It basically has the same function as the 16-bit timer/counter mode and an interrupt
takes place when TIMERNn_CNT becomes equal to TIMERn_ADR. (n = 50).
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This timer interrupt in Capture mode is very useful when the pulse width of captured signal is wider
than the maximum period of timer. The capture result is loaded into TIMERn_CAPDR. In the timer n
capture mode, timer n output (TnOUT) waveform is not available.

TIMER50_CR N EIEE oluls s slolo g ADDRESS:4000_2B00H
Glololololzls|alalsle|o]e|g|a|T|e|S|S|2]|5
alelelzize(z|glz|(z(2]|s|5]|s|z|ala3|5[E|E|%5 || NTIAL VALUE : 0x000000

ISH BN B3 B o =13
slzlsls|sl2l2|8|3(3(g8|13%(3|3]|3[8[3]18]|2(3
Fﬁﬁﬁﬁ F»—»—»—,IFD:FFLI)_?DZQSEF
X X X X X 1 X 0 1 X X X X X - X X X X
TIMERNn_ADR
(16-bit A Data Register)
Reload — TIMERn_CR[3:1]
TIMERN_CR[7:5]
3 SE
T50CLK of SCU_PPCLKSR Register
2 | Buffer Register A Counter Clear Input —3»
PCLK. fclk/(TIMERN_PREDR+1) Capture Signal —» Interrupt Generator [ Tn interrupts
WDTRC | M ThPAU A Match —>
HIRC U Prescaler
X TnEN Comparator L>
XSOSC > p To other block A Match
|—> ’\L/J TIMERN_CNT R :Clear Counter Clear Input
Edoe D (16-bit Counter) HE’I:‘R
Detector
TnECE TnCLK
Capture Signal
TNINSEL[L:0]
TnINPOL[1:0]
TnMS[L:0] -5 TIMERN_CAPDR TnCLEN
TnINP D_» (Capture Data Register) I_'_\ Counter Clear Input
XSOSC ——p ® ) >
WDTRC ———p|

Figure 50. 16-bit Capture Mode for Timer n (n = 50)
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TIMER50_CAPDR Load & TS50CLR

Counter clear (S/W)
TIMER50_CNT 4 n
Value
T50CLR n-1
n-2
Counter clear Count Pulse
\ / Period
Up-count 6
/ 5
4
3
2
1
0
TIME
T50INP PIN |_
Interrupt ] M
Request —|
(T50CIFLAG) < >
Interrupt Interval

Period

F

igure 51. 16-bit Capture Mode for Timer 50

T50CLR OxFFFF OxFFFF OxFFFF
Counter clear
\‘Xx
TIMER50_CNT
/} YYy
00 00 00 00
Interrupt
Request —| —|
(T50MIFLAG)
T50INP PIN r
Interrupt -
Request —|
(TS0CIFLAG) = -
Interrupt Interval Period = 0OxFFFF+0x01+0xFFFF +0x01+0xYY+0x01
Figure 52. Express Timer Overflow in Capture Mode
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11.4.4

16-bit PPG mode

A31L12x User’s manual

Timer n has a PPG (Programmable Pulse Generation) function. In PPG mode, the TnOUT pin
generates PWM output of up to 16-bit resolution. This pin should be configured as a PWM output by
setting PB_AFSR1[11:8] and PF_AFSR1[7:4] to ‘AF0Q’. The period of PWM output is determined by
the TIMERNn_ADR. The duty of PWM output is determined by TIMERn_BDR.

ADDRESS:4000_2B00H

INITIAL VALUE : 0x000000

TIMER50_CR _JTal<To ololo
flela|c|c|z|xlzla|a|8|o|C|E|E|2|E|5|3]2|s
Jlaolold|lc|lu]lolsslolz|lslsl=slal=Zls|s|lc|ls|o
olZz|1Z|z]|z]ga]ls s|lo|lao|lZ2[(Q|olol=|G2]|3
gls|zlalale|28|3|3[8|e|3(2(3|38]|s(2(2|28]|g(8
Flelele e [l I I Il ol ST Nl e =i e I 5|0 8 [

X X X X X 1 X 1 1 X X = X X X - X X X X
TIMERNn_ADR
(16-bit A Data Register)
Reload
T50CLK of SCU_PPCLKSR Register
Zi | Buffer Register A Counter Clear Input —»|
PCLK. fclk/((TIMERn_PREDR+1)
WDTRC g | M TnPAU A Match N
HIRC U Prescaler
X TnEN Comparator <
XSOSC, p
|—> TIMERN_CNT Clear
£dge n (16-bit Counter) D

TnECE

TnCLK

— TIMERN_CR[3:1]

TIMERN_CR[7:5]
3E

—» Tn interrupts

Interrupt Generator

—» To other block

B Match

A Match

Counter Clear Input
TnEN

TnCLR

Puse L M thout

Generator

Comparator

Buffer Register B

Reload

TIMERNn_BDR
(16-bit Data Register)

2
TnMS[1:0] TnOPOL

NOTE: The TnEN is automatically cleared to logic ‘0’ after one pulse is generated in PPG one-shot mode.

Figure 53. 16-bit PPG Repeat and One-shot Mode for Timer n (n = 50)
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1. Repeat Mode(TnMS = 11b) and "Start High"(TnOPOL = 0b).

Set ThEN _¢ Cliar and Start

L D80 D R00O00NO0080 0
A

TIMERn_ADR M /

Tn Interrupt _‘

a. TIMERn_BDR(13)

TnOUT B Match A Match
b. TIMERn_BDR > TIMERn_ADR i
TnOUT A Match

c. TIMERn_BDR = "0000H"

TnOUT Low Le\)el

A Match

2. One-shot Mode(TnMS = 10b) and " Start High"(TnOPOL = 0b).

Set TREN Clear and Start

Timer n clock b Do
Counter " ° ' ’

TIMERN_ADR M

/ /
Tn Interrupt / & H
v

a. TIMERn_BDR(13)

TnOUT B Match A Match
b. TIMERn_BDR > TIMERNn_ADR l
TnOUT A Match

c. TIMERn_BDR = "0000H"

TnoUT Low Le\)el

A Match

Figure 54. 16-bit PPG Mode Timing chart for Timer n (n = 50)
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11.4.5 Counter clear input enable

TIMERNn_CNT value can be automatically cleared by the “Counter clear input signal” when the
“Counter clear input” is enabled by configuring TNnCLEN as ‘“1’. So, the TnOUT waveform can be
modified by TnINP pin. (n = 50)

1. "Counter Clear Input Enable”(TnCLEN = 1b).

Clear and Start
TIMERN_ADR =M JL

TIMERNn_BDR =N

TIMERN_CNT 0

The Counter Clear Input(TnINPOL = 01h)

Tn A-match Interrupt —‘ —‘ —‘ —‘

Tn Counter Clear Inpyt Interrupt H —‘

a. Interval Mode(TnMS = 00b) and “Start High”(Tn®POL = 0b)

TnOUT

b. PPG Repeat Mode(TnMS = 11b) and “Start High?(TnOPOL = 0b)

TnOUT

Figure 55. Timing Chart When “Counter Clear Input Enable” (n = 50)

188 \BO\

SCMICONDULCTOA



A31L12x User’s manual 12. High speed 12-bit ADC

12  High speed 12-bit ADC

ADC (Analog-to-Digital Converter) of A31L12x series allows conversion of an analog input signal to a
corresponding 12-bit digital value. Its A/D module has sixteen analog inputs as shown in Figure 56.
Output of the multiplexer is the input into the converter, which generates the result through successive
approximation.

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

* 16-channel of analog inputs

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

*  4-bit Prescaler and 16-bit data registers

* Up to 256 over sampling

* Single, sequential, and continuous conversion mode
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12.1 12-bit ADC block diagram
Figure 56 shows a block diagram of an ADC block.

PCLK/2APC_PREDRI3:0] MDSELJ[1:0]
PCLK 4-bit faDC —— T[] AVDD
Prescaler — ] AVSS
2 Power Down Mode
SAMCK][4:0] ADCEN
ADC_CHSELRJ[19:0] 5
19 \ 4 YVYY
| 343 | ASTCH[4:0]
ANO —> Sample/hold and
AN1 —> Conversion Controller €— ADRDY
P v > Interrupt —4> A/DC interrupt
AN 15 { | Channel » S/H 12-bit SAR »| Controller | 74> ﬁgg—:gziﬁf]s]
AVSS l Selector | -
Reserved —p '«—— OVSMPEN
AVDD —> ACCUM[19:0] 3
BGR — - - T €~ OVSMPR[2:0]
W OVSHT[3:0]
Start/Stop P l«—— ADST
Controller | ADC_DR[15:0] | «—— A/DC trigger Signal from T40
M «—— A/DC trigger Signal from T41
T Trigger Singal U «—— A/DC trigger Signal from T42
X «—— A/DC trigger Signal from T43
«—— Reserved
[ «—— Reserved
[ ] ADTRG

¥

TRIG[2:0]

ETRGP[1:0]

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

Figure 56. 12-bit ADC Block Diagram
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12.2 Pin description for 12-bit ADC
Table 50. Pins and External Signals for 12-bit ADC

PIN NAME TYPE DESCRIPTION
ANO A ADC Input 0
AN1 A ADC Input 1
AN2 A ADC Input 2
AN3 A ADC Input 3
AN4 A ADC Input 4
AN5 A ADC Input 5
ANG6 A ADC Input 6
AN7 A ADC Input 7
ANS8 A ADC Input 8
AN9 A ADC Input 9
AN10 A ADC Input 10
AN11 A ADC Input 11
AN12 A ADC Input 12
AN13 A ADC Input 13
AN14 A ADC Input 14
AN15 A ADC Input 15
AVSS AP Analog GND
AVDD AP Analog Power

NOTE: Where A=Analog, AP= Analog Power
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12.3 Registers
Base address and register map of the ADC are shown in Table 51 and Table 52.

Table 51. Base Address of ADC

Name Base address
ADC 0x4000_3000

Table 52. High Speed ADC Register Map
Name Offset Type | Description Reset value
ADC CR 0x0000 RW A/D Converter Control Register 0x00000000
ADC OVSCR | 0x0004 RW A/D Converter Oversampling Control Register 0x00000000
ADC_IESR 0x0008 RW A/D Converter Interrupt Enable and Status 0x00000000

Register

ADC DR 0x000C | RO A/D Converter Data Register Unknown
ADC PREDR 0x0010 RW A/D Converter Prescaler Data Register 0x00000000
ADC_SAMR 0x0014 RW A/D Converter Sampling Time Register 0x00000000
ADC_ CHSELR | 0x0018 RW A/D Converter Channel Selection Register 0x00000000
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12.3.1 ADC_CR: A/D converter control register
A/D Converter module should be configured properly before running.

ADC_CR register is 32-bit size and accessible in 32/16/8-bit.

ADC_CR=0x4000_3000

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
° ° o
G 2| o | Gla 2| @] 2|,
Reserved ol ¢ 4 | x g 2 g |
< ) = w | < ) = Q <
14 4 14
0x0000 0 0 0 0OOO O O|O O O OOTUOTUOTFOWO
- . BEEEEE ER 0B
15 ADCEN ADC Module Enable.
0 Disable ADC module operation.
1 Enable ADC module operation.
12 TRIG ADC Trigger Signal Selection.
10 000 ADST.
001 ADC trigger signal from timer 40.
010 ADC trigger signal from timer 41.
011 ADC trigger signal from timer 42.
100 ADC trigger signal from timer 43.
111 External ADC trigger input (ADTRG)
Others Reserved
9 ETRGP  ADC External Trigger Input Polarity Selection.
8 00 Disable ADC external trigger function
01 Trigger on falling edge
10 Trigger on rising edge
11 Trigger on both of falling and rising edge
7 ADRDY _ ADC Conversion Ready.
0 Stop subsequent steps.
1 Ready to convert.
4 MDSEL _ ADC Conversion Mode Selection.
3 00 Single conversion mode.
01 Sequential conversion mode
10 Continuous conversion mode
11 Reserved.
0 ADST ADC Conversion S/W Start. This bit is automatically cleared to ‘0’ after operation.
0 No effect.
1 S/W Trigger signal generation for conversion start.
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12.3.2 ADC_OVSCR: A/D converter oversampling control register
ADC_OVSCR register is 32-bit size and accessible in 32/16/8-bit.

ADC_OVSCR=0x4000_3004

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
i K x K =
o 2 S |2 z
Reserved = 8 2 8 4
2 @ o |e °
0x0000 0 0 00 0 OO OjO O OOOUOTUOT OFWO
_ Z 111 1|EE2 38332
15 OVSMPEN Oversampling Enable.
0 Disable oversampling.
1 Enable oversampling.
7 OVSMPR Oversampling Ratio Selection.
5 Oversampling ratio: 20VSMPRI201+1,
ex) On OVSMPR[2:0] = 010b, 2! = x8
3 OVSHT Oversampling Data Shift.
0 0000 No shift
0001 Shift right 1-bit
0010 Shift right 2-bit
0011 Shift right 3-bit
0100 Shift right 4-bit
0101 Shift right 5-bit
0110 Shift right 6-bit
0111 Shift right 7-bit
1000 Shift right 8-bit
Others reserved
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12.3.3

12. High speed 12-bit ADC

ADC_IESR: A/D converter interrupt enable and status register

ADC_IESR register is 32-bit size and accessible in 32/16/8-bit.

ADC_IESR=0x4000_3008

31 30 29 28 27 26 25 24

23 22 21 20 19 18

17 16 (15 14 13 12

-
o
©
©

7 6 5 4 3 2

-

0

Reserved

Reserved

AG

LASTCH
Reserved
STBIEN
OVRUNIEN
EOCIEN
EOSIEN
Reserved
EOCIFLAG
EOSIFLAG

STBIFL.

0x00

0 0 0 O

o
14

0

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

o
14

RW © |OVRUNIFLAG

00
88IIII

RO ©
RW
RW
RW
RW
RW

20
16

LASTCH

ADC Last Conversion Channel Number.

The LASTCHI[4:0] indicates the last converted channel number

1

STBIEN

ADC Stabilization Interrupt Enable.

0 Disable stabilization interrupt.

1 Enable stabilization interrupt.

10

OVRUNIEN

ADC Data Overrun Interrupt Enable.

0 Disable overrun interrupt.

1 Enable overrun interrupt.

EOCIEN

ADC End of Conversion Interrupt Enable.

0 Disable end of conversion interrupt

1 Enable end of conversion interrupt

EOSIEN

ADC End of Sequence Interrupt Enable.

0 Disable end of sequence interrupt.

1 Enable end of sequence interrupt.

STBIFLAG

ADC Stabilization Interrupt Flag.

0 No request occurred.

1 Request occurred. This bit is cleared to ‘0’ when ‘1’ is written.

NOTE: This bit will be set to “1b” after about 16/fapc time when the ADC
module is enabled by ADCEN bit. So, the ADC conversion should start after
reviewing whether this bit is “1b”.

OVRUNIFLAG

ADC Data Overrun Interrupt Flag.

0 No request occurred.

1 Request occurred. This bit is cleared to ‘0’ when ‘1’ is written.

EOCIFLAG

ADC End of Conversion Interrupt Flag.

00 No request occurred.

01 Request occurred, This bit is cleared to ‘0’ when ‘1’ is written or the
result data are read by s/w or DMA.

EOSIFLAG

ADC End of Sequence Interrupt Flag.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.
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12.3.4

A31L12x User’s manual

ADC_DR: A/D converter data register

ADC DR register is 32-bit size and accessible in 32/16/8-bit.

ADC_DR=0x4000_300C

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

1514131211 10 9 8|7 6 5 4 3 2 10

Reserved ADDATA
0x0000 OXXXXX
- RO

15 ADDATA  A/D Converter Result Data.
0

On OVSMPEN =0
- ADATA[15:12] = 0x0 and ADATA[11:0] = 12-bit data converted
On OVSMPEN = 1
- OVSHT[3:0] = 0: ACCUM[15:0] > ADATA[15:0]
- OVSHT[3:0] = 1: ACCUM[16:1] > ADATA[15:0]
- OVSHT[3:0] = 2: ACCUM[17:2] > ADATA[15:0]
- OVSHT[3:0] = 3: ACCUM[18:3] > ADATA[15:0]
- OVSHT[3:0] = 4: ACCUM[19:4] > ADATA[15:0]
- OVSHT[3:0] = 5: ACCUM[19:5] > ADATA[15] = 0x0 and ADATA[14:0]
- OVSHT[3:0] = 6: ACCUM[19:6] > ADATA[15:14] = 0x0 and ADATA[13:0]
- OVSHT[3:0] = 7: ACCUM[19:7] > ADATA[15:13] = 0x0 and ADATA[12:0]
- OVSHT[3:0] = 8: ACCUM[19:8] > ADATA[15:12] = 0x0 and ADATA[11:0]
NOTE: After waking up in power down mode, this data register is uncertain.

12.3.5

ADC_PREDR: A/D converter prescaler data register

ADC_PREDR register is 32-bit size and accessible in 32/16/8-bit.

ADC_PREDR=0x4000_3010

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

%514 13121 10 9 8|7 6 5 4 3 2 1 0

Reserved PRED
0x0000000 0 0 0 O
: 5333

3 PRED

A/D Converter Prescaler Data bits. The prescaler sets the A/D conversion clock.

The frequency of A/D converter should be less than or equal to 16MHz. The range is
0x0 to 0x8.

fADC = PCLK/ZPRED[3:O]

Recommend Max. fapc: 16MHz If 2.7V < AVDD

Recommend Max. fapc: 8MHz If 1.8V < AVDD

Recommend Typ./Max. fapc: 4MHz/8MHz If 1.65V < AVDD
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12.3.6 ADC_SAMR: A/D converter sampling time register
ADC_SAMR register is 32-bit size and accessible in 32/16/8-bit.

ADC_SAMR=0x4000_3014
31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 161514 13 12 1110 9 8|7 6 5 4 3 2 1 0

Reserved

Reserved
SAMCK

0x000000 0

o
o

RW ©
RW ©
RW ©
RW ©
RW ©

4 SAMCK Sampling cycles for sample/hold circuit. The range is 0x0 to Ox1E.
0 Sampling cycles: SAMCK[4:0] + 2.
Conversion cycles: 12.

12.3.7 ADC_CHSELR: A/D converter channel selection register
ADC_CHSELR register is 32-bit size and accessible in 32/16/8-bit.

ADC_CHSELR=0x4000_3018

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(1514 13121110 9 8|7 6 5 4 3 2 1 0
° Z 8o @
[a] [
S R I I
R d o Sl ol =s2zZzzZzzZ2Z222
eserve @ R R R A A A - - I I I I R
(14 2zl Z
< < <
0x00 0 000 0O 0/0 0 0 00 0O 0 00 0
- 1 BEB3EE3EEEEEEEEIii:

X ANXx A/D Converter Channel Selection, x : 0 to 19
0 ANXx is not selected for conversion
1 ANXx is selected for conversion
NOTE) This register should be not written on going conversion.
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12.4 Functional description
12.4.1 ADC enable/disable control

A/D converter needs a stabilization time of about 16/fapc, tstas, before it starts converting. The
following procedure is required for an ADC conversion.

1. Setthe ADCEN bit of ADC_CR register to “1b” for enabling ADC module operation.

2. Wait until the STBIFLAG bit of ADC_IESR register is set to “1b”. The bit is set after the ADC
stabilization time.

3. Setthe ADRDY bit of ADC_CR register to “1b” for converting.
The following procedure is required to disable the ADC module.
1. Clear the ADRDY bit of ADC_CR register to “Ob” for conversion stop.
2. Clear the ADCEN bit of ADC_CR register to “Ob” for disabling ADC module operation.

ADEN

<fsme

STBIFLAG Set by hiw | Cleared by s/w Cleared by hiw

ADRDY | Set by s/w after tste | Cleared by siw

ADC State off XStartupX Standby X Ready X Conversion X Ready XStandbe off

Figure 57. ADC Enable/Disable Timing Chart
12.4.2 Channel selection

The ADC has 16 input channels from GPIO pins and 3 internal channels. It is possible to convert a
single channel or to scan a sequence of channels. The channels to be converted should be
programmed in the ADC_CHSELR register. The conversion order is always from ANO to AN19.

12.4.3 ADC conversion timing

Conversion clock of the ADC is the sum of sampling and converting. The sampling clock is equal to
the ADC_SAMR register + 2 and converting clock is always 12 clocks. The ADC clock should be set
appropriately by the ADC_PREDR register according to the AVDD voltage. In addition, the
ADC_SAMR register must be set carefully for accurate conversion.
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If the ADC_SAMR register has value of “0x2”, the sampling clock is 4 clocks. Since the converting
clock is always 12 clocks, the conversion clock of the ADC is calculated as shown in the followings:

Conversion clock = (ADC_SAMR + 2) + 12 [clocks]
Table 53. ADC frequency Set according to AVDD

AVDD Range Max. fapc ADC_PREDR (Ex: PCLK = 32MHz)
2.7V <AVDD < 3.6V Up to 16MHz 0x1 or more
1.8V <AVDD < 3.6V Up to 8MHz 0x2 or more
1.65V < AVDD < 3.6V Up to 4MHz 0x3 or more

NOTE: On low or high temperature, set the ADC frequency lower than the above table.

Start Stop  Start Conversion
Sampling Sampling Conversion Complete
v v \ 4
Trigger Signal
(ADST or Others)
tsampling il tconversion .
S&H ADC_SAMR + 2 Conversion Clock =12
Conversion -
fabc e e
EOCIFLAG
Figure 58. High Speed ADC Conversion Timing Chart
12.4.4 ADC conversion mode

There are three modes for ADC such as Single conversion mode, Sequential conversion mode and
Continuous conversion mode. A mode is selected by the MDSEL[1:0] bits of ADC_CR register.

12441 Single conversion mode

The ADC converts one of the selected channels in order every trigger signal during single conversion
mode. Analog input signal is selected by ADC_CHSELR register.

The end of conversion interrupt flag, the EOCIFLAG bit of ADC_IESR register, is set to “1b” as soon
as a new conversion data result is available. The EOCIFLAG bit is cleared by software by writing “1b”
to it. An ADC data overrun interrupt flag is set to “1b” if a trigger finishes a new conversion while the
previous conversion data are not read.
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- Selected channels: ANO, AN1, AN4, AN7, and AN8

ADRDY |
A f ff e

-

ADC State reaty | ano | reasy | At | reasy | ana Jreaoy) vt [ measy [ ans Jreay| stanany
EOCIFLAG (Cleared by S/W) |_| |_| ,—| |_| l—\—
ADATA[15:0] xx X data0 X datal X datad X data? X datas

Data Read l [ [ l
OVRUNIFLAG | | cleareabysm

Figure 59. Example of Single Conversion Mode

12.4.4.2 Sequential conversion mode

The ADC converts all selected channels in order by a trigger signal during Sequential conversion
mode. All trigger signals are ignored during a sequence procedure. The next conversion starts
immediately after data read. The conversion sequence is terminated after all selected channels are
converted. The end of sequence interrupt flag, the EOSIFLAG bit of ADC_IESR register, is set to “1b”
as soon as the last data result of a sequence is available. The EOSIFLAG bit is cleared by software
by writing “1b” to it.

- Selected channels: ANO, AN1, AN4, AN7, and AN8

ADRDY

Trigger ﬂ Ignored --...._ ﬂ Re-trigger ... ﬂ
ADC State Ready X ANO XRe_ad)l/'X AN1 X Ready X AN4
7L L[ 1]
ADATA[15:0] xx X data0 X datal X datad X
Data Read I_I |_| |_| |_| I_I
EOSIFLAG [ clacabysw

—
py)
8
(=N
<
—
>
zZ
N
—
py)
@
QD
=N
<
—
>
4
=)
—
ps)
o
D
o
g
—
>
Zz
o
—

Figure 60. Example of Sequential Conversion Mode

12.4.4.3 Continuous conversion mode

The ADC repeatedly converts all selected channels in order by a trigger signal during Continuous
conversion mode. All trigger signals are ignored on the Continuous conversion mode. The next
conversion starts immediately after data read as in the sequential conversion mode.
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The end of sequence interrupt flag, the EOSIFLAG bit of ADC_IESR register, is also set to “1b” as
soon as the last data result of a sequence is available, but the next conversion sequence is continued
until a termination by software. The continuous conversion can be terminated by writing “Ob” to the
ADRDY bit of ADC_CR register.

- Selected channels: ANO, AN1, AN4, AN7, and AN8

ADRDY
Trigger ﬂ Ignored --..._ ﬂ Ignored -..__ ﬂ

ADC State Ready X ANO lReaji‘yl AN1 X Ready X AN4 X Ready X AN7 X Ready X AN8 X Read):’X ANO XReady
7L T 1T 1 | L 71|
ADATA[15:0] XX X ."._‘.datao X datal X data4 X data7 X "‘{JataS X data0
Data Read I_I |_| |_| |_| I_I

EOSIFLAG | cleareabysm

Figure 61. Example of Continuous Conversion Mode
12.4.5 ADC oversampling

The ADC has oversampling function by hardware for averaging, SNR improvement, and filtering. The
function can handle multiple conversions and average them into a single data width, up to 16-bit. The
oversampling ratio is configured by the OVSMPR[2:0] bits of ADC_OVSCR register with enabling the
oversampling. The range is from x2 to x256. The ADC block has 20-bit accumulator for all sums of
sampling data (256 x 12-bit: 20-bit). The average result consists of a right bit shift up to 8-bit. The right
bit shift is selected by the OVSHT[3:0] bits of ADC_OVSCR register.

n_ZOVSMPR[2:0]+1

Average Result = »1'Z5 Data, >> OVSHT[3:0]

The upper bits of the average result are truncated with only the 16 least significant bits before being
transferred into the ADC_DR register.
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Table 54. ADC Result Data

A31L12x User’s manual

OVSMPEN

OVSHT[3:0] | ADC_DR Register

15 [14 [13 |12 [11 [10]9 [8 |7 |6

[2 [1 Jo

Don’t care 0 0 0 0

ADATA[11:0]

ACCUM[15:0] > ADATA[15:0]

ACCUM[16:1] > ADATA[15:0]

ACCUM[17:2] > ADATA[15:0]

ACCUM[18:3] > ADATA[15:0]

ACCUM[19:4] > ADATA[15:0]

0 | ACCUM[19:5] > ADATA[14:0]

0 | ACCUM[19:6] > ADATA[13:0]

ACCUM[19:7] > ADATA[12:0]

P N Y =N N e | P I N - ]
| Nl O O & W N —~| O

0
0 |0 |O
0

0

0

0

ACCUM[19:8] > ADATA[11:0]

12.4.6 ADC recommend circuit

An output resistor (Ro) of analog source increases the capacitor charging time of the circuit. It may
degrade the accuracy of ADC. The charging time depends on the resistor and capacitor of an input
circuit. So, the sampling time should be adjusted appropriately by the ADC sampling time register
(ADC_SAMR). The interval time of conversion should also be adjusted for accuracy.

VDD
1.65V-~-3.6V
AVDD 4
S&H
0~100Q Circuit
10uF 1 A o ANN []—}—o\-t—>
Over Ro I I
10~100pF
Analog
Source
o AVSS | ADC

202

Figure 62. Recommend Circuit for ADC Input
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13  Comparator 0/1

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

The comparator module features the followings:

e External analog inputs

e Hysteresis function

* Low and fast speed selectable

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

Figure 63 shows a block diagram of the comparator block.
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cpPoouT [} — To other block
CMPOPOS[2:0] < CVPOST
3 CMPOEN
HYSOEN CMPOPOL[1:0]
2
cPoPO [ ] i
CP1POS
Noise Edge Detector
Filter > and »| CMPOIFLAG
CPONO [] Interrupt generator
CcPONL [ ]
cPoN2 [}
CMPOREF[2:0]
3
3 P-ch:l p—— REFEN
CMPONEG[2:0] 2R
M R Comparator
VCINREF1 €— g interrupt
CMP1NEG[2:0] R
f 2R
v
0 3
crane CMPIEN  cvip1REF[2:0]
CPINL[}F— m HYS1EN - CMP1POL[1:0]
cPIN2[ — U iz
cPiN3 [ J}— X
VCINREF1 — Noise o Edge Detector R
Filter > and »| CMPLIFLAG
cP1PO [ —> . Interrupt generator
cP1P1[ }—
cPiP2 [ }— ’l\J"
cP1P3 [ }— X | CP1POS Signal
cP1Pa[ }—
cPiPs [ ]|
/ﬁ
CMP1POS[2:0] ¢—> | CMP1ST
cpP1ouT [} L—3 To other block
CMP+
CMP- + hysteresis
- hysteresis
CMPOUT
(HYSNEN = “1b”)

CMPOUT
(HYSNEN = “0b")

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

Figure 63. Comparator 0/1 Block Diagram
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13.2 Pin description for Comparator 0/1
Table 55. Pins and External Signals for Comparator 0/1
Pin name Type Description
CPOPO A Comparator 0 positive input
CPONO A Comparator 0 negative input
CPON1 A Comparator 0 negative input
CPON2 A Comparator 0 negative input
CPOOUT A Comparator 0 output
CP1PO A Comparator 1 positive input
CP1P1 A Comparator 1 positive input
CP1P2 A Comparator 1 positive input
CP1P3 A Comparator 1 positive input
CP1P4 A Comparator 1 positive input
CP1P5 A Comparator 1 positive input
CP1NO A Comparator 1 negative input
CP1N1 A Comparator 1 negative input
CP1N2 A Comparator 1 negative input
CP1N3 A Comparator 1 negative input
CP10OUT A Comparator 1 output
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13.3 Registers
Base address and register map of the Comparator 0/1 are shown in Table 56 and Table 57.

Table 56. Base Address of Comparator 0/1

Name Base address Size Description
CMPO 0x4000_5600 128 Comparator 0O
CMP1 0x4000_5680 128 Comparator 1

Table 57. Comparator n Register Map (n =0 and 1)
Name Offset Type Description Reset value
CMPn_CR 0x0000 RW Comparator n Control Register 0x00000000
CMPn_SR 0x0004 RW Comparator n Status Register 0x00000000
CMPn_RCR 0x0008 RW Comparator n Reference Control Register 0x00000000
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13.3.1 CMPn_CR: comparator n control register

CMPn_CR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

CMPO_CR=0x4000_5600, CMP1_CR=0x4000_5680

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
a 2 8 Z 3E © |3 c
- T |gg2e gz 3
Reserved % o o g § ol o % e
5 3 | &5 |F&3 5|8 =
0x0000 0 0 0 0OOO O O|O O O O 0 0 0O
15 CMPnEN Comparator n Enable. (It isn’t automatically disabled at power down)
0 Disable comparator n operation.
1 Enable comparator n operation.
14 CMPnNEG Comparator n Negative Input Selection.
12 000 Select external CPnNO pin.
001 Select external CPnN1 pin.
010 Select external CPnN2 pin.
oM Select external CPnN3 pin (Reserved on comparator 0).
111 Select internal reference.
Others  Reserved
11 CMPNnPOS Comparator n Positive Input Selection.
000 Select external CPnPQ pin.
001 Select external CPnP1 pin (CP1POS signal on comparator 0).
010 Select external CPnP2 pin (Reserved on comparator 0).
011 Select external CPnP3 pin (Reserved on comparator 0).
100 Select external CPnP4 pin (Reserved on comparator 0)
101 Select external CPnP5 pin (Reserved on comparator 0).
Others  Reserved
8 HYSnEN Comparator n Hysteresis Enable.
0 Disable hysteresis function.
1 Enable hysteresis function.
6 CMPnSPD Comparator n Speed Selection.
0 Slow speed.
1 Fast speed.
5 CMPnPOL Comparator n Interrupt Polarity Selection.
4 00 No interrupt at any edge.
01 Interrupt on falling edge
10 Interrupt on rising edge
11 Interrupt on both of falling and rising edge
2 NFCKn Comparator n Noise Filter Sampling Clock Selection.
0 000 PCLK/1

001 PCLK/2

010 PCLK/4

011 PCLK/8

100 PCLK/16

101 PCLK/32

110 PCLK/64

111 Reserved

NOTES:
1. Ifalevelis not detected three or more times in a row at the sampling clock, the signal is
eliminated as noise.
2. Anpulse level should be input for the duration of 3 clocks or more to be actually detected
as a valid edge.
3. The comparator noise filter is automatically disabled at deep sleep mode and recovered
after deep sleep mode release.
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13.3.2 CMPn_SR: comparator n status register
CMPn_SR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

CMPO_SR=0x4000_5604, CMP1_SR=0x4000_5684

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
3 (5 3 |5
Reserved s |5 5 |&
eserve 3 £ 3 e
' = 14 (8]

o
0x000000 0 0 0 O 0 0 O
- [ B E [ 8

4 CMPNIFLAG Comparator n Interrupt Flag.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1",

0 CMPnST Comparator n Output Status.

0 Comparator n output is low.

1 Comparator n output is high

13.3.3 CMPn_RCR: comparator n reference control register

CMPn_RCR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

CMP0_RCR=0x4000_5608, CMP1_RCR=0x4000_5688

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
=z 3 0
3 ¢ z
Reserved . 2 &
(72 K 3
0x000000 0 0 0 0 0 0 0O
_ Z 00 222

7 REFnEN Comparator n Internal Reference Enable.

0 Disable internal reference.

1 Enable internal reference.

NOTE: This bit is only in the comparator 0 reference control register (CMPORCR).

2 CMPnREF _Comparator n Reference Voltage Level Selection.

0 000 Select reference voltage level 0
001 Select reference voltage level 1
010 Select reference voltage level 2
01 Select reference voltage level 3
100 Select reference voltage level 4
101 Select reference voltage level 5
110 Select reference voltage level 6
111 Select reference voltage level 7

NOTE: Reference voltage = (2+k)xVDD+11, k: 0 to 7
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14  USART 10

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

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

e Asynchronous or Synchronous Operation

* Baud Rate Generator

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

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

*  Supports Receive Character Detection and Receive Time Out Function

* Data OverRun Detection

e Framing Error Detection

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

¢ Up to 16MHz data transfer for SPI
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14.1 USART 10 block diagram
Figure 64 shows a block diagram of the UART block.
Master PCLK
ACK M\
SCKn [ < » | Control | USARTn_BDR |<":
}2 !
USTnMS[1:0
USARTnTInterrupt [0l Baud Rate Generator |«¢—— DBLSnh
USARTNn_RTODR
RCDIEn — «—[RTONIFLAG = Clock t
RTOIEn — USARTNn_RCDR .
RXCIEn —p| RXIntermupt g fRCDNIFLAG Sync Logic
WAKEIER Generator y |
> — fBr/1
RTO Controller M far/8 |
At Deep Sleep mode Rx Char Detector )li fBRI64 3
WAKEN |€— Low level RXCn l@fBR/512
detector Ej
Rx Stop bit T T T 2 |
. N
RXDn D—l—> rl\j1 Ry RTOENn RCDENn Rx Data BRDIVN[1:0] Clock T
| x Control | Recovery E
T T USTnS[2:0] ? N
3 A
Loopsn  RXEM v " L
y Relﬁgtla;ry Recelvtis;éﬁRI;eg|ster 4 U .
X | 4—9 U
DORN/PEN/FE
Cr;eckr;r " ] L
| USARTN RDR, (RY | > :
USTnSB
" l USTNMS[1:0] N
E
TXEn Stop bit | USTnPIL:0] USTnS[2:0] ,
Generator 2 3
Tx ¢ Parity Transmit Shift Register M| —
TXOn [ < Control Generator (TXSR) 9 Y
X | ¢——
EE Empty signal T
USARTn TOR, (19 | <{———
Y,
TXCIEn DRIEn
USARTN Interrupt

Figure 64. UART Block Diagram of USART (n = 10)

210 \BO\

SCMICONDULCTOA



A31L12x User’s manual 14. USART 10

Figure 65 shows a block diagram of the SPI block.

| M\
<
N »| SS
Ssn Control
T Baud Rate Generator
MASTERnN
SPISSNn \ 4
< »| M Edge Detector
sckn [Je———————pf S ™ "l u And
ontro 7l X Controller
FXCHn !
T N
X RXEN T
CPOLN CPHAn E
mison [« Ele > — - R
A Data 3 Receive Shift Register
Rx Control > Recovery (RXSR) < ﬁ
A L
b RXCIEn v
| USARTN_RDR, (Rx) ||:::) u
s
MOSIn D<—"‘§ MASTERn L
A USARTR interrupt ORDnN — 4 |
(MSB/LSB-1st) N
TXEn E
b v
Transmit Shift Register
E Tx Control |« (TXSR) <€
A
USARTN_TDR, (TX) |<::
USARTN interrupt

TXCIENn n interrupi —~J

NOTES:

1. The clock frequency of SCKn should be less than or equal to PCLK/2.
2. When DMAis used, the interval of data to be received requires at least 32 clock of PCLK.

Figure 65. SPIn Block Diagram of USART (n = 10)
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14.2 Pin description for USART 10
Table 58. Pins and External Signals for USART 10
PIN NAME TYPE DESCRIPTION
TXDn @) UART Channel n transmit output
RXDn I UART Channel n receive input
SSn /10 SPIn Slave select input / output
SCKn /10 SPIn Serial clock input / output
MOSIn 1/0 SPIn Serial data ( Master output, Slave input )
MISOn 1/0 SPIn Serial data ( Master input, Slave output )
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14.3 Registers
Base address and register map of the USART 10 are shown in Table 59 and Table 60.

Table 59. Base Address of USART 10

Name Base address Size Description
USART 10 0x4000_3800 256 USART 10 block (UART 10 + SPI 10)
Table 60. USART n Register Map (n = 10)
Name Offset | Type Description Reset value
USARTn _CR1 0x00 RW USARTRN control register 1 0x00000000
USARTNn _CR2 0x04 RW USARTRN control register 2 0x00000000
USARTn_CR3 0x08 RW USARTN control register 3 0x00000000
USARTNn ST 0x0C RW USARTN status register 0x00000080
USARTn BDR 0x10 RW USARTN baud rate generation register 0x00000FFF
USARTNn _RDR 0x14 RO USARTN receive data register 0x00000000
USARTn TDR 0x18 RW USARTN transmit data register 0x00000000
USARTn RTODR | 0x1C RW USARTN receive time out data register 0x000000FF
USARTNn_RCDR 0x20 RW USARTN receive character detection data 0x00000000
register
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14.3.1 USARTNn_CR1: USARTnN control register 1
USART 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_3800

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

n (=
s o (/2] c 5 Sl c I.I=J I.I=J w - e
Reserved = E E ﬁggﬁgc'a&ﬁ'ﬁé
9 =1 = o|S|&|a| & ‘;‘ El
0x0000 00 00 000 ojojojojoj0f0|0]|0O
- g | 2| 2 |% 2 £Z2EEzEEE
15 USTnMS _USARTnN Operation Mode Selection.
14 00 Asynchronous Mode. (UART)
01 Synchronous Mode.
10 Reserved.
11 SPI mode
13 USTnP Selects Parity Generation and Check method. (only UART mode)
12 00 No parity.
01 Reserved.
10 Even parity.
11 QOdd parity.
11 USTnS Selects the length of data bit in a frame at Asynchronous or Synchronous mode.
9 000 5 bit.
001 6 bit.
010 7 bit.
011 8 bit.
111 9 bit.
Others Reserved.
8 ORDn Selects the first data bit to be transmitted. (only SPI mode)
0 LSB-first.
1 MSB-first.
7 CPOLn Selects the clock polarity of SCK in synchronous or SPI mode.
0 SCK to 0 when idle.
1 SCK to 1 when idle.

6 CPHAnN CPOLn and this bit determine if data are sampled on the leading or the trailing
edge of SCK. (only SPI mode)

CPOLN CPHAN 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 DRIEn Transmit Data Register Empty Interrupt Enable.
0 Disable transmit data empty interrupt.
1 Enable transmit data empty interrupt.
4 TXCIEn Transmit Complete Interrupt Enable.
0 Disable transmit complete interrupt.
1 Enable transmit complete interrupt.
3 RXCIEn  Receive Complete Interrupt Enable.
0 Disable receive complete interrupt.
1 Enable receive complete interrupt.
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2 WAKEIEn Asynchronous Wake-up Interrupt Enable 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). This bit should be cleared to ‘0’ to receive Rx data.

0 Disable asynchronous wake-up interrupt.
1 Enable asynchronous wake-up interrupt.
(Only used for wake-up)
1 TXEn Enables the Transmitter unit.
0 Transmitter is disabled.
1 Transmitter is enabled.
0 RXEn Enables the Receiver unit.
0 Receiver is disabled.
1 Receiver is enabled.

NOTE: The CPOLn and CPHAN bits should be changed while TXEn and RXEn bits are ‘0’
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14.3.2 USARTNn_CR2: USARTnN control register 2
USART 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_3804

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
Cc!:z e
AR R
:_,..ﬁow =
Reserved Fl @l o O @ =<>-<>|_ g
HEIE R R
s 0: 2
0x00000 00000000|0
: HSHEEEEEERE

9 USTnEN Enable USARTn block. This bit can be cleared to ‘Ob’ during the corresponding
TXEn and RXEn bits are all ‘0b’.
NOTE: This bit should be set to “1b” after setting the related registers.

0 Disable USARTN block.

1 Enable USARTn block.

8 DBLSn Selects receiver sampling rate. (only asynchronous mode)

0 Normal asynchronous operation.

1 Double speed asynchronous operation.

7 MASTERnN 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 LOOPSN 1. 1-wire Half-Duplex Communication on Asynchronous Mode.

0 Normal operation.

1 1-wire half-duplex communication (The TXD and RXD lines are internally
connected, the RXD pin is not used, and the TXD pin is always an input
when no transmitted. So, the TXD pin must be configured to open-drain with
an external pull-up resistor)

2. Loop Back for Test on SPI and Synchronous Mode

0 Normal operation.

1 Loop back (The “MOSI and MISO”/"TXD and RXD” lines are internally
connected and the receive input is not used).

5 DISSCKn 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 is active while any frame is transferring.

4 USTNSSEN _This bit controls the SSn pin operation. (only SPI mode)

0 Disable.

1 Enable. (The SS pin should be configured as an alternative function)
3  FXCHn SPIn port function exchange control. (only SPI mode)

0  No effect.

1 Exchange MOSIn and MISOn function.
2 USTnSB Selects the length of stop bit in Asynchronous or Synchronous mode.

0 1 Stop bit.

1 2 Stop bit.
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14.3.3

14. USART 10

USARTNn_CR3: USARTnN control register 3

USART module should be configured properly before running.

USARTN_CRa3 register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_CR3=0x4000_3808

3130 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
Q| o
s 53553333 ¢
Wlw| Sjww 2|2 2
Reserved 8830532235
0| Ol k| o0 o
¥l p|lel e ol @
Y| x
0x00000 0000000000|0

10 RCDENn Receive Character Detection Function Enable bit. This function is to compare
the value of USARTNn_RCDR register with the value just received.
0 Disable receive detection function.

1 Enable receive detection function.

9 RTOENN Receive Time Out Function Enable bit. This function is to count time with baud
rate units from the leading edge of a start bit to a new start bit. The receive time
out controller counts down from the value of USARTn_RTODR register every
start bit and set this bit. The RTOnIFLAG bit is set to “1b” at the counter
underflow (only asynchronous mode).

0 Disable receive time out function.
1 Enable receive time out function.

7 RCDIEn Receive Character Detection Interrupt Enable.

0 Disable receive character detection interrupt

1 Enable receive character detection interrupt
6 RTOIEN Receive Time Out Interrupt Enable.

0 Disable receive time out interrupt.

1 Enable receive time out interrupt

4 RCDnIFLAG Receive Character detection Interrupt Flag. This bit is set to “1b” if the value in
the USARTN_RCDR register matches the value received in the non-error state
of frame and parity. On match of them, the bit may be set even if data overrun
occurs.

0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when ‘1’ is written.

3 RTONIFLAG _ Receive Time Out Interrupt Flag
0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when ‘1’ is written.
1 BRDIVn Baud Rate Clock Dividing Selection for Receive Time Out. (only asynchronous
0 mode).
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14.3.4 USARTN_ST: USARTNnN status register

USARTN_ST register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_ST=0x4000_380C

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

o
Sl o
cl ol | wm c
LIJQOxEmcc
R d ['4 ) w| w
eserve Qﬁééggmm
14
0x000000 110 0 0(0]|o0
o o
. AHEHEHEEEEE

Transmit Data Register Empty Interrupt Flag. The flag is set to “1b” when the data in
the USARTN_TDR register has been transferred to the transmit shift register. This bit
is cleared by a write to the USARTn_TDR register (only UART mode).

0 Not transferred to the transmit shift register.

1 Transferred to the transmit shift register.

Transmit Complete Interrupt Flag. This flag is set to “1b” when the data in the transmit
shift register has been shifted out and when the DREn = 1.

0 No request occurred.

1 The data in the transmit shift register are shifted out completely. This bit is
cleared to ‘0’ when write ‘1°.

Receive Data Register Not Empty Interrupt Flag. This bit is set to “1b” when the data
in the receive shift register has been transferred to the USARTn_RDR register. The
bit is cleared by a read to the USARTn_RDR register.

0 No request occurred.

1 There is data in the receive data register. This bit is cleared to ‘0’ when write ‘1°.

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 write ‘1°.

Data Overrun bit. This bit is set when the receive shift register is transferred to the
USARTnN_RDR register while the RXCn=1. The data of the shift register are ignored.
This bit must be cleared by S/W to receive new data (only UART mode).

0 No Data OverRun.

1 Data overrun detected, This bit is cleared to ‘0’ when write ‘1.

Frame Error bit. This bit is set when the received data have not a valid stop bit. That
is, the stop bit following the last data bit is detected as “Ob”. The bit will be cleared by
H/W if new data are received (only UART mode).

0 No Frame Error.

1 Frame error detected, This bit is cleared to ‘0’ when write ‘1°.

7 DREn
6 TXCn

5 RXCn
4  WAKEnNn
2 DORn

1 FEn

0 PEn

Parity Error bit. This bit is set when the received data has a parity error on parity
enable. The bit will be cleared by H/W if new data are received (only UART mode).

0 No Parity Error.

1 Parity error detected, This bit is cleared to ‘0’ when write ‘1°.
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14.3.5 USARTn_BDR: USARTnN baud rate generation register
USARTnN_BDR register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_BDR=0x4000_3810
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 s|7 6 54 3 2 10

Reserved BDATA
0x00000 OxFFF
- RW

11 BDATA The value in this register is used to generate internal baud rate in UART mode or
to generate SCK clock in SPI mode. The range is 0x000 to OxFFF in asynchronous
UART and SPI mode but the range is 0x002 to OxFFF in synchronous mode.

14.3.6 USARTn_RDR: USARTN receive data register
USARTN_RDR register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_RDR=0x4000_3814

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 10

Reserved RDATA
0x000000 0 0 00 OO O 0O
- RO

8 RDATA Receive Data bits. A receive shift register is moved to this register after stop bit.

0 NOTE: When asynchronous or synchronous mode, the RDATA[8] bit is the received
9" bit.
14.3.7 USARTn_TDR: USARTn transmit data register

USARTnN_TDR register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_TDR=0x4000_3818
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 54 3 2 10

Reserved TDATA
0x000000 0 0 0OOOO OOTDO
- RW

8 TDATA Transmit Data bits. This register is moved to the transmit shift register after a previous
0 character is completely shifted out. In SPI master mode, the SCK clock is generated
when data are moved to the shift register. Do not write to this transmit data register
during transmit on SPI mode.
NOTES:
1.  When asynchronous or synchronous mode, the TDATA[8] bit is the 9™ bit to
be transmitted.
2. The data to be transmitted should be written after all control registers are
set.
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14.3.8 USARTn_RTODR: USARTN receive time out data register
USARTn_RTODR register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_RTODR=0x4000_381C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8 (7 6 5 4 3 2 1 0

Reserved RTOD
0x000000 OxFF
- RW

7 RTOD USARTnN Receive Time Out Data. Counting number: RTOD[7:0] +1
0

14.3.9 USARTn_RCDR: USARTN receive character detection data register
USARTN_RCDR register is 32-bit size and accessible in 32/16/8-bit. (n = 10)

USART10_RCDR=0x4000_3820

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
Reserved RCDD
0x000000 0x00

- RW
7 RCDD USARTN Receive Character Detection Data.
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14.4 Functional description

The USART comprises a clock generator, a transmitter and a receiver. The clock generation logic
includes synchronization logic for external clock input, which is used for synchronizing or SPI slave
operation. Baud rate generator in the clock generation logic is for asynchronous or master
(synchronous or SPI) operation.

The Transmitter consists of a write buffer, a serial shift register, a parity generator, and a control logic.
Using DMA allows continuous transfer of data without any s/w involvement between frames.

The receiver is the most complex part of the USART module due to its clock and data recovery units.
The recovery unit is used for asynchronous data reception. In addition, the receiver has a parity
checker, a shift register, and a control logic. The receiver supports the same frame formats as the
transmitter and can detect frame error, data overrun and parity errors. (n = 10)

14.4.1 USART clock generation
USARTn_BDR
DBLSh
v frcLk \L
(USARTN BDR+1)
Pre-scaling » /8 > /2 Y
Up-Counter u M
»| X u txclk
X
PCLK > —
> MASTERn
y y \L
Sync Register »| Edge M M| M USTNMS[1:0
Detector Ul o 1
v M X
CPOL
sckn[ |< i 12 —
M
U rxclk
X

Figure 66. Clock Generation Block Diagram (USART, n = 10)

The clock generation logic generates the base clock for the transmitter and receiver. The USART
supports four modes of clock operation, which are Normal asynchronous mode, Double speed
asynchronous mode, Master synchronous mode and Slave synchronous mode.

The clock generation scheme for master SPI and slave SPI mode is the same as master synchronous
and slave synchronous operation mode. The USTnMS[1:0] bits in USARTn_CR1 register selects
asynchronous or synchronous operation. Asynchronous double speed mode is controlled by the
DBLS bit in the USARTn_CR2 register.
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The MASTER 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.

Table 61 shows the equations for calculating the baud rate (in bps).

Table 61. Equations for Calculating USART Baud Rate Register Settings (n = 10)

Operating Mode Equation for Calculating Baud Rate
Asynchronous Normal Mode (DBLSn=0) Baud Rate = PCLK/(16(USARTn_ BDR+1))
Asynchronous Double Speed Mode (DBLSn=1) | Baud Rate = PCLK/(8(USARTn BDR+1))
Synchronous or SPI Master Mode Baud Rate = PCLK/(2(USARTn BDR+1))
14.4.2 External clock (SCKn)

External clock is used in the Synchronous mode or in the SPI slave mode. External clock input from
the SCKn pin is sampled by the synchronization logic to remove meta-stability. The output from the
synchronization logic must be passed through an edge detector before it is used by the transmitter
and the receiver. This process introduces two CPU clock period delay. The maximum frequency of the
external SCKn pin is limited up to 16MHz.

14.4.3 Synchronous mode operation

External clock is used in the Synchronous mode or in the SPI slave mode. When the Synchronous or
the SPI mode is used, the SCKn pin will be used as either clock input (slave) or clock output (master).

Data sampling and transmission are issued on different edges 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.

The CPOLn 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 67 below, when CPOLn is zero, the data will
be changed at rising SCKn edge and sampled at falling SCKn edge.
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CPOLn=1

SCKn

TXDN/RXDn X N X X X:

Sample

CPOLn=0

SCKn

TXDN/RXDn X X X X X:

Sample

Figure 67. Synchronous Mode SCKn Timing (USART, n =10)
14.4.4 UART data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits),
and optionally a parity bit for error detection. The USART supports all 30 combinations of the
followings as valid frame formats.

e 1 start bit

* 5,6,7,8or9data bits

* No, even or odd parity bit.
* 1 or 2 stop bits.

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits,
up to nine, follow, ending with the most significant bit (MSB). If a 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 a 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 state means high state of data pin. Figure 68
shows a possible combination of the frame formats. Bits inside brackets are optional.

le 1 data frame

idie | St | po | b1 | D2 | D3 | D4 | [D5] | [D6] | [D7] | (D8] - Visp21| 1dle 1 st

A

Character bits ————— |

Figure 68. Frame Format (UART)
1 data frame consists of the following bits
e Idle: No communication on communication line (TXDn/RXDn)

e St: Start bit (low)
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¢ Dm: Data bits (0 to 8)
e P: Parity bit (even parity, odd parity, no parity)
e  Sp: Stop bit (1 bit or 2 bits)

The frame format used by the UART is set by USTnS[2:0], USTnP[1:0] bits in the USARTn_CR1
register and USTnSB bit in the USARTn_CR2 register. The transmitter and the receiver use the same
values. (n = 10)

14.4.5 UART parity bit

The 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. The parity bit is located between the MSB and the first stop bit of a serial
frame.

* Peven=Dm-1*...AD3~D2~D1~D0"0
e Podd=Dm-17...AD3~D2~D12D0"1
*  Peven: Parity bit using even parity
e  Podd: Parity bit using odd parity
*  Dm: Data bit n of the character

14.4.6 UART transmitter

The UART transmitter is enabled by setting TXEn bit in the USARTn_CR1 register. When the
Transmitter is enabled, the TXDn pin should be set to TXDn function for the serial output pin in UART
mode by the GPIO registers. Baud-rate, operation mode and frame format must be set up before
starting any transmission. In Synchronous operation mode, the SCKn pin is used for transmission
clock, so it should be selected to do SCKn function by the GPIO registers. (n = 10)
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14.4.6.1 UART sending TX data

A data transmission is initiated by loading data to the transmit data register (USARTn_TDR). The data
to be written in transmit data register 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 to the new
data, it will transfer one complete frame according to the settings of the control registers. If 9-bit
characters are used in the Asynchronous or the Synchronous operation mode, the 9t bit must be
written to TDATA[8] bit in the USARTn_TDR register. (n = 10)

14.4.6.2 UART transmitter flag and interrupt

The UART transmitter has two flags that indicate its state. One is USART data register empty flag
(DREN) and the other is transmit completion flag (TXCn). Both flags can be used as interrupt sources.

DREn 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.

When the data register empty interrupt enable (DRIEn) bit in USARTNCR1 register is set and the
global interrupt is enabled, USARTn_ST status register empty interrupt is generated while DREn flag
is set.

Transmit complete (TXCn) flag bit is set when the entire frame in the transmit shift register has been
shifted out. The TXCn flag can be cleared by writing ‘1’ to TXCn bit in the USARTn_ST register.

When transmit complete interrupt enable (TXCIEn) bit in the USARTn_CR1 register is set and the
global interrupt is enabled, UART transmit complete interrupt is generated while TXCn flag is set. (n =
10)

14.4.6.3 UART parity generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is
enabled (USTnP1=1), the transmitter control logic inserts the parity bit between the MSB and the first
stop bit of the frame to be sent. (n = 10)

14.46.4 UART disabling transmitter

Disabling the transmitter by clearing the TXEn bit will not become effective until the current
transmission is completed. When the transmitter is disabled, the TXDn pin can be used as a normal
general purpose 1/0O (GPIO). (n = 10)
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14.4.7 UART receiver

The UART receiver is enabled by setting RXEn 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 in the UART mode by
the GPIO registers. Baud-rate, operation mode and frame format must be set before serial reception.
In Synchronous or SPI operation mode, the SCKn pin is used as a transfer clock input, so it should be
selected to do SCKn function by the GPIO registers. (n = 10)

14.4.7.1 UART receiving RX data

When the UART is in Synchronous mode or in Asynchronous mode, the receiver starts data reception
if it detects a valid start bit (LOW) on RXDn pin. Each bit after the start bit is sampled at predefined
baud-rate (asynchronous) or at 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 is a 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 data register (USARTn_RDR). (n = 10)

14.4.7.2 UART receiver Flag and interrupt

The UART receiver has a flag that indicates the receiver’s state. The receive complete (RXCn) flag
indicates whether there are 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
(RXEn=0), the receiver buffer is flushed and the RXCn flag is cleared.

When the receive complete interrupt enable (RXCIEn) bit in the USARTn_CR1 register is set and
global interrupt is enabled, the UART receiver complete interrupt is generated while RXCn flag is set.

The UART receiver has three error flags, which are frame error (FEn), data overrun (DORn) and
parity error (PEn). These error flags can be read from the USARTnN_ST register.

The frame error (FEN) flag indicates state of the first stop bit. The FEn flag is ‘0’ when the stop bit was
correctly detected as ‘1°, while the FEn 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 (DORn) flag indicates data loss due to a full receive buffer condition. DORn occurs
when the receive buffer is full, and another new data is presented in the receive shift register to be
stored into the receive buffer. After the DORn flag is set, all the incoming data are lost. To avoid data
loss or to clear this flag, receive buffer must be read.

The parity error (PEn) flag indicates that the frame in the receive buffer had a parity error during
reception. If parity check function is not enabled (USTnP1=0), the PEn bit is always read as ‘0’. (n =
10)
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14.4.7.3 UART parity checker

If parity bit is enabled (USTnP1=1), 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. (n = 10)

14.4.7.4 UART disabling receiver

Unlike the transmitter, the receiver becomes inactive immediately after it is disabled by clearing RXEn
bit. 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 1/0 (GPIO). (n = 10)

14475 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 samples and filters the incoming
bits with a low pass filter, and removes the noise of RXDn pin.

Figure 69 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 (DBLSn=1).
The horizontal arrows show the synchronization variation due to the asynchronous sampling process.
Note that larger time variation is seen using the double speed mode. (n = 10)

START
RXDn IDLE  \ /  BITo

e TT%TTTTTTTTTTTTTTTTTT
0o 0 1 3 5 6 7 11 12 13 14 15 16 1 2 3
(DBLSsanm=pl1(; T T T T T T T T T T
0 2 3 El El El 7 8 1 2

Figure 69. Asynchronous Start Bit Sampling (n =10)

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition
on the RXDn line, which is the start bit condition. After detecting the high-to-low transition on RXDn
line, the clock recovery logic uses samples 8, 9 and 10 for normal mode to detect whether valid start
bit is received. If more than 2 samples have 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. Then the data
recovery can begin. The synchronization process is repeated for each start bit.

\BO\ 207

SCMICONDUCTOR




14. USART 10 A31L12x User’s manual

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 clock recovery process.

The data recovery logic samples each incoming bit 16 times for normal mode and 8 times for double
speed mode, and uses sample 8, 9 and 10 to decide data value. If more than 2 samples have low
levels, the received bit is considered as a logic ‘0’ and if more than 2 samples have high levels, the
received bit is considered as a logic ‘“1’. 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 waits to find the start bit. (n = 10)

RXDn >< BIT n ><
Sample 4’1 T

e Pt T
N N e AR B

(DBLSn = 1)

Figure 70. Asynchronous Sampling of Data and Parity Bit (n = 10)

The process for detecting stop bit is the same as clock and data recovery process. That is, if 2 or
more samples of 3 center values have high level, correct stop bit is detected, or else a frame error
(FEn) 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 whether a valid high to low transition is detected (start bit
detection). (n = 10)

\ \
) (B) (©
\ \ \

;/

RXDn / STOP 1

Sample T T T T T T T T T T
(DBLSn = 0) 1 2 3 4 5 6 7 nnm 1M1 12 13
Sam_ple k—t_" T T T T
@ELEn =1 o @ EE

Figure 71. Stop Bit Sampling and Next Start Bit Sampling (n = 10)

14.4.7.6 Receive time out function

The receive time out function is used for checking a frame finish. This function is to count time with
baud rate unit between the last start bit and a new start bit, and between setting the RTOENnN bit of
USARTnN_CRS register and a new start bit. The USARTn_RTODR register should have duration time
value before using the receive time out function. (n = 10)
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Receve Line Idle St Character Stop + Guard E\Y Character
\
RTOENN bit 0 l Setto “1b” at this point l l
Internal Counter X X Copy and X Copy and X Copy and
Decrement every a baud rate clock /\ Decrement every a baud rate clock Decrement
USARTn RTODR% /4
NOTES:

1. The value of USARTNn_RTODR register is transfered to an internal counter when the RTOENnN bit is
set to “1b” or when a start bit is received to.

2. Ifthe RTOENRN bit is set to “1b”, the internal counter counts down until underflow.

3. The RTONIFLAG bit of USARTN_CRS3 register is set to “1b” on the internal counter underflow and
the receive time out function is finished. So, to re-use the receive time out function, the RTOENN bit
must be cleared to “Ob” and then set to “1b” again.

Figure 72. Receive Time Out Function (n = 10)
14.4.8 SPI mode

The USART can be set to operate in industrial standard SPI compliant mode. The SPI mode has the
following features

Full Duplex, Three-wire synchronous data transfer.

Mater and Slave Operation.

Supports all four SPI modes of operation (mode 0, 1, 2, and 3).
Selectable LSB first or MSB first data transfer.

Double buffered transmit and receive.

Programmable transmit bit rate.

Up to 16MHz data transfer for SPI

When the SPI mode is enabled by configuring USTnMS[1:0] as "11”, the slave select (SSn) pin
becomes active LOW input in Slave mode operation if USTnSSEN bit is set to “1°. The SSn function is
not automatically controlled in master mode operation even if USTnSSEN bit is set to “1°.

Note that during SPI mode of operation, the pin RXDn is renamed as MISOn and TXDn is renamed as
MOSIn for compatibility to other SPI devices. (n = 10)
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14.4.9 SPI clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (CPOLN) and a clock phase control bit (CPHAN) to select one of four
clock formats for data transfers. CPOLnN selectively inserts an inverter in series with the clock. CPHANn
chooses between two different clock phase relationships between the clock and data. Note that
CPHAnN and CPOLn bits in USTnCRO register have different meanings according to the USTnMS[1:0]
bits, which decide the operating mode of USART.

Table 62 shows four combinations of CPOLn and CPHAnN for SPI mode 0, 1, 2, and 3. (n = 10)
Table 62. CPOL Functionality (n = 10)

SPIn Mode | CPOLn CPHAN Leading Edge Trailing Edge

0 0 Sample (Rising) Setup (Falling)

1 0 Setup (Rising) Sample (Falling)

2 1 Sample (Falling) Setup (Rising)

3 1 Setup (Falling) Sample (Rising)
SCKn

(CPOLN=0)

(CPOLn=1)

|
o Y
i

RO |O
H L\
~ —

wAwAwA
- s
1 !
)

SAMPLE T
R
MOSIn \
. R
MSB First BIT7 BIT6 BIT2 BIT1 BITO
LSB First BITO BIT1 BITS BIT6 BIT7
N -
MISOn > h > ( \
-
b)Y - :I
A43
ISSn OUT

MASTER =
mASTER) Y 7

Z_____
ISSnIN — /"'Zi

(SLAVE) X /7

Figure 73. USART SPIn Clock Formats when CPHAN=0 (n = 10)
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When CPHAN=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.

wos [\ U\
VR VANAVAVANE N
T T

! !

A

SAMPLE T T

AS)
MOSIn \< >
b)Y

MsB FirSt BIT7 BIT6 BIT2 BIT1 BITO
LSB First BITO BIT1 BITS BIT6 BIT7

MISOn S <

/1SSn OUT
(MASTER) -K 7_

ISSnIN T
(SLAVE) /

Figure 74. USART SPIn Clock Formats when CPHANn=1 (n = 10)

When CPHAnN=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.

Because the SPIn logic reuses USART resources, SPIn mode of operation is similar to that of
synchronous or asynchronous operation. A SPIn transfer is initiated by checking for the USART Data
Register Empty flag (DREn=1) and then writing a byte of data to the USARTn_TDR Register. In
master mode of operation, even when transmission is not enabled (TXEn=0), writing data to the
USARTnN_TDR register is necessary because the clock SCKn is generated from the transmitter block.
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15 UART 0/1

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

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

The UART 0/1 of A31L12x series features the followings:
e Compatible with 16450
e Configurable standard asynchronous control bit (start, stop, and parity)
*  Programmable 16-bit fractional baud generator
e Programmable serial communication
e 5., 6-, 7- or 8- bit data transfer
*  Even, odd, or no-parity bit insertion and detection
* 1-,1.5- or 2-stop bit-insertion and detection
* 16-bit baud rate generation with 8-bit fraction control
* Hardware inter-frame delay function
e  Stop bit error detection

* Detail status register

232 \ BO\

SCMICONDULCTOA



A31L12x User’s manual

15.1 UART 0/1 block diagram
Figure 75 shows a block diagram of the UART block.
RECEIVER
BUFFER
5 « RECEIVER
i RECEIVER SHIFT RxD
3 e REGISTER
2] REGISTER
LINE M
<>
DATA[7:0] CONTROL > Riﬁﬁ?
<> REGISTER "
CONTROL
ADDR[4:2
BDR
BAUD
—> )
APB I/F BFR (Fraction) GENERATOR
PSEL &
—
PWRITE CONTROL
—_—
LOGIC »  TRNASMITTER
TIMING
PENABLE InE < A
2 <> STATUS <
PCLK REGISTER [V CONTROL
NRESET TRANSMITTER
BUFFER
TRANSMITTER .
—_—> HOLDING T [ TRANSMITTER
REGISTER > i SHIFTER > TxD
@ REGISTER
INTERRUPT INTERRUPT
> ENABLE CONTROL %
REGISTER LOGIC > INTERRUPT
INTERRUPT
< D
REGISTER
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Figure 75. UART 0/1 Block Diagram
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15.2 Pin description for UART 0/1

Table 63. Pins and External Signals for UART 0/1
PIN NAME TYPE DESCRIPTION
TXDn @) UART Channel n transmit output
RXDn I UART Channel n receive input
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15.3 Registers
Base address and register map of the UART are shown in Table 64 and Table 65.
Table 64. Base Address of UART

Name Base address Size Description
UARTO 0x4000_4000 256 UARTO Block
UART1 0x4000_4100 256 UART1 Block

Table 65. UART n Register Map (n =0 and 1)
Name Offset | Type Description Reset value
UARTNn_RBR 0x00 RO UARTN Receive Data Buffer Register 0x00000000
UARTNn_THR 0x00 WO UARTN Transmit Data Hold Register 0x00000000
UARTN_IER 0x04 RW UARTN Interrupt Enable Register 0x00000000
UARTN_IIR 0x08 RO UARTN Interrupt ID Register 0x00000001
UARTn LCR 0x0C RW UARTN Line Control Register 0x00000000
UARTNn_DCR 0x10 RW UARTN Data Control Register 0x00000000
UARTNn_LSR 0x14 RO UARTN Line Status Register 0x00000060
UARTn_BDR 0x20 RW UARTN Baud Rate Divisor Latch Register 0x00000000
UARTn BFR 0x24 RW UARTN Baud Rate Fractional Counter Value 0x00000000
UARTNn_IDTR | 0x30 RW UARTN Inter-frame Delay Time Register 0x000000C0O
15.3.1 UARTnNn_RBR: UARTN receive data buffer register

Received data will be read from UARTNn_RBR register. The maximum length of data is 8 bits. The last
data received will stay in this register until a new byte is received.

UARTN_RBR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO0_RBR=0x4000_4000, UART1_RBR=0x4000_4100

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
Reserved RBR
0x000000 0x00
- RO
7 RBR UARTN Receive Data Buffer.
0
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15.3.2 UARTNn_THR: UARTN transmit data hold register
UARTN_THR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_THR=0x4000_4000, UART1_THR=0x4000_4100

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
Reserved THR
0x000000 0x00
- wo
7 THR UARTN Transmit Data Hold.
0
15.3.3 UARTN_IER: UARTN interrupt enable register

UARTN_IER register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_IER=0x4000_4004, UART1_IER=0x4000_4104

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 3 210
wiow Wy,
Reserved @ IIJZJ [
2zl Lo
=
0x0000000 0ojo0oj0|0
3 TXEIE Transmit Register Empty Interrupt Enable.
0 Disable transmit register empty interrupt.
1 Enable transmit register empty interrupt.
2 RLSIE Receiver Line Status Interrupt Enable.
0 Disable receiver line status interrupt.
1 Enable receiver line status interrupt.
1 THREIE Transmit Holding Register Empty Interrupt Enable.
0 Disable transmit hold register empty interrupt.
1 Enable transmit hold register empty interrupt.
0 DRIE Data Receive Interrupt Enable.
0 Disable data receive interrupt.
1 Enable data receive interrupt.
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15.3.4 UARTN_IIR: UARTNn interrupt ID register
UARTN_IIR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_IIR=0x4000_4008, UART1_IIR=0x4000_4108

31 30 29 28 27 26 25 24(23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|76543210
®

w| 2 z

Reserved Xl e = &
&

0x000000 0|0 00 1

- ol ., o o

4 4 4

4 TXE  Transmit Complete Interrupt Source ID.

N

IID UARTRN Interrupt ID.
1 NOTE: The UARTN supports 3-priority interrupt generation and the interrupt source 1D
register shows
one interrupt source which has highest priority among pending interrupts.
The priority is defined as below.
— Receive line status interrupt.
— Receive data ready interrupt and Character timeout interrupt.
— _ Transmit hold register empty interrupt.

0 IPEN _Interrupt Pending.

0 Interrupt is pending.

1 No interrupt is pending.

Table 66. Interrupt ID and Control of UARTNn_IIR

Priority | TXE | IID IPEN | Interrupt sources
Bit4 | Bit2 | Bitl [ BitO Interrupt Interrupt condition Interrupt clear
- 0 0 0 1 None - -
1 0 1 1 0 Receiver Overrun, Parity, Read LSR register
Line Status Framing or Break
Error
2 0 1 0 0 Receiver Receive data is Read receive
Data Available available. register or read IIR
register
3 0 0 1 0 Transmitter Transmit buffer empty | Write transmit hold
Holding register or read IIR
Register Empty register
4 1 X X X Transmitter Transmit register Write transmit hold
Register Empty | empty register or read IIR
register

NOTE: After check the above bits, Read data buffer to avoid losing interrupt source.
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15.3.5 UARTN_LCR: UARTN line control register
UARTN_LCR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_LCR=0x4000_400C, UART1_LCR=0x4000_410C

E N

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 3210

Reserved

BREAK
STICKP
PARITY
PEN
STOPBIT
DLEN

0x000000

o
o
RW ©
RW ©
RW ©
w S

6 BREAK Transfer Break Control. The TXDn pin will be driven at low state to notice the alert
to the receiver.

0 Normal transfer mode.

1 Break transmit mode.

5 STICKP Force Parity. This bit is effective when the PEN bit is set to ‘1'.

0 Disable parity stuck.

1 Enable parity stuck. A parity is always the value of the PARITY bit.

4 PARITY Parity Mode and Parity Stuck Selection.

0 QOdd parity mode.

1 Even parity mode.

3 PEN Parity Bit Transfer Enable.

0 Disable parity transfer.

1 Enable parity transfer.

2 STOPBIT _Stop Bit Length Selection.

0 1 stop bit.

1 1.5 or 2 stop bit. 1.5 stop bit in case of 5-bit data and 2 stop bit in case of
6/7/8-bit data.

1 DLEN Data Length Selection.

00  5-bit data length

01 6-bit data length

10 7-bit data length

11 8-bit data length

Parity bit will be generated according to bit 3,4,5 of UARTn_LCR register. Table 67 shows the
variation of parity bit generation.

Table 67. Interrupt ID and control of UARTn_LCR

STICKP PARITY PEN Parity

X X 0 No Parity

0 0 1 Odd Parity

0 1 1 Even Parity

1 0 1 Force parity as ‘1’
1 1 1 Force parity as ‘0’
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15.3.6 UARTNn_DCR: UARTN data control register
UARTN_DCR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_DCR=0x4000_4010, UART1_DCR=0x4000_4110

3130292827262524232221201918171615141312111098‘76543210
> ®
Reserved S Z 2 GE’

m
S22 F ¢
4
0x000000 0/0[0| 00
. E E .

4 LBON Local Loopback Test Mode Enable.

0 Normal mode.
1 Local loopback mode. TXDn connected to RXDn internally.

3 RXINV Receive Data Inversion Selection.
0 Normal receive data input.
1 Inverted receive data input.
2 TXINV Transmit Data Inversion Selection.
0 Normal transmit output.
1 Inverted transmit output.

Transmitter
Shift Register

rl:lT;cD

~

UARTn_DCR.TXINV

i

Receiver |/
Shift Register \\ﬁ O@
UARTNn_DCR.RXINV

]R:{[:

| |

Figure 76. Data Inversion Control Diagram
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15.3.7 UARTN_LSR: UARTN line status register

UARTN_LSR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

UARTO_LSR=0x4000_4014, UART1_LSR=0x4000_4114

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 10

| w
Reserved E % @ E E g E
(==
0x000000 1/1/0(0|0]0]0

Transmit Empty.

0 Transmit register has data or is transmitting.

1 Transmit register is empty.

Transmit Holding Empty.

0 Transmit hold register is not empty.

1 Transmit hold register is empty

NOTE: This bit will be set to ‘1’ when it starts transmission.

Break Condition Indication.

0 Normal status.

1 Break condition is detected.

Frame Error Indicator.

0 No frame error.

1 Frame error takes place. The receive character did not have a valid stop.

Parity Error Indicator.

0  No parity error.

1 Parity error takes place. The receive character does not have correct parity
information.

Overrun Error Indicator.

0 No overrun error.

1 Overrun error takes place. Additional data arrived while RHR is full.

6 TEMT
5 THRE
4 BI
3 FE
2 PE
1 OE
0 DR

Data Receive Indicator.

0 No data in receive hold register.

1 Data has been received and is saved in the receive hold register.

This register provides the status of data transfers between transmitter and receiver. A user can check
the line status from this register. Bit 1,2,3,4 will raise the line status interrupt when RLSIE bit in
UARTN_IER register is set. Other bits can generate interrupts when their interrupt enable bits in

UARTN_IER register are set.
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15. UART 0/1

15.3.8 UARTNn_BDR: UARTnN baud rate divisor latch register

UARTN_BDR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_BDR=0x4000_4020, UART1_BDR=0x4000_4120

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 10

Reserved BDR
0x0000 0x0000
- RW

15 BDR Baud Rate Divider Latch Value
Baud rate = PCLK/(16 x (BDR[15:0] + 1)). The range is 0x0000 to OxFFFF.

To establish communication with the UART channel, baud rate should be set properly. The
programmable baud rate generator provides divider number from 0 to 65535. Expected baud rate
should be written to the 16-bit divider register (UARTn_BDR). UART ciock is PCLK.

Baud rate calculation formula is as follows:

UARTclock

BDR =

16 X BaudRate

In case of 32MHz UARTock speed, the divider value and error rate is shown in table

Table 68. Example of Baud Rate Calculation (without BFR)

UARTciock= 32MHz

Baud rate Divider Error (%)
1200 1665 0.04%
2400 832 0.04%
4800 415 0.16%
9600 207 0.16%
19200 103 0.16%
38400 51 0.16%
57600 33 2.12%
115200 16 2.12%
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UARTNn_BFR: UARTN baud rate fraction counter register

UARTN_BFR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_BFR=0x4000_4024, UART1_BFR=0x4000_4124

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

Reserved BFR
0x000000 0x00
- RW
7 BFR _Fraction Counter value.
0 0 Disable fraction counter.
N  Fraction compensation mode under operation. Fraction counter is incremented by
FCNT.
FCNT = Float * 256
NOTE:

8-bit fractional counter will count up by FCNT value every (baud rate)/16 period and
whenever fractional counter overflow is happen, the divisor value will increment by 1.
So this period will be compensated. Then next period, the divisor value will return to

original set value.

Table 69. Example of Baud Rate Calculation

UARTclock = 32MHz

Baud rate Divider FCNT Error (%)
1200 1665 170 0.00%
2400 832 85 0.00%
4800 415 170 0.00%
9600 207 85 0.00%
19200 103 42 0.00%
38400 51 21 0.00%
57600 33 184 0.01%
115200 16 92 0.01%

FCNT = Float * 256

FCNT value can be calculated using the above equation. For example, when the target baud rate is
4800 bps and UART ek is 32MHz, the BDR value is 415.6666. The integer 415 is be the BDR value
and floating number 0.6666 lead to an FNCT value as follows:

FCNT = 0.6666 * 256 = 170.6496, and thus the FCNT value is 170.

8-bit fractional counter will count up by FCNT value every (baud rate)/16 periods and whenever
fractional counter overflow takes place, the divisor value will increment by 1 and compensate this
period. Then, the divisor value will return to its original value.
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15.3.10 UARTN_IDTR: UARTN inter-frame delay time register
UARTN_IDTR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

UARTO_IDTR=0x4000_4030, UART1_IDTR=0x4000_4130

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

3 | g

0|l ®n b

Reserved 5 E 8 E

a’ <

12 =

0x000000 111 000 000

7 SMS Start Bit Multi Sampling Enable.
0 Multi sampling is disabled for start bit, Single sampling will be done at 8/16
baud rate

for the start bit.

1 Multi sampling is enabled for start bit. Sampling is done 3 times at 7/16, 8/16,
and
9/16 baud rate. Dominant value among 3 samples will be selected for the start
bit.

6 DMS Data Bit Multi sampling enable.

0 Multi sampling is disabled for data bit, Single sampling will be done at 8/16
baud rate
for the data bit.

1 Multi sampling is enabled for data bit. Sampling is done 3 times at 7/16, 8/16,

and
9/16 baud rate. Dominant value among 3 samples will be selected for the data
bit.

2 WAITVAL _Wait Time Value. Dummy delay can be inserted between 2 Continuous Transmits.

0 Wait Time = WAITVAL[2:0]/(Baud Rate)
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154 Functional description

The UART module is compatible with 16450 UART. Additionally, fractional baud rate compensation
logic is provided. It does not have an internal FIFO block.

154.1 Receiver sampling timing
The UART of A31L12x series operates at the following timing as shown in Figure 77.

If falling edge is detected on the receive line, the UART considers it as a start bit. From then on, the
UART oversamples 1-bit 16 times and detects the bit value at the 7" sample.

START bit | STOP bit
UARTnRXD ! 0 1 0 0 0 0 0 1 o
' A 4 A & I Y U
Bit Samples ' P | H | H H
4 ALl TR LA o [ |
""""""" S 0 R e & B () N &
& F & & & & & & & g
L " S S o
UARTNRXD t
N N N T 'y
1 1 ' 1 | 1 ] 1 ' ] ' M
Subsample {t 1+ 111t l O S {
_______ Lot e 3 b8 | 1
01 2 3 45 6 7 8 9 101112 13 1415

Bit Sampling Position (7/16)

Figure 77. Sampling Timing of UART Receiver

It is recommended to enable debounce settings in the PCU block to enhance the immunity to external
glitch noise.

15.4.2 Transmitter

The transmitter has a data transmission function. The start bit, data bits, optional parity bit, and stop
bit shift in series, the least significant bit shifting first.

The number of data bit is selected in DLEN[1:0] in the UARTn_LCR register. The parity bit is set
according to the PARITY and PEN bits in the UARTNn_LCR register. If the parity type is even, the
parity bit depends on one-bit sum of all data bits. For odd parity, the parity bit is an inverted sum of all
data bits. The number of stop bits is selected in the STOPBIT in the UARTn_LCR register.

The example of transmission data format is introduced in Figure 78.

Bt data. Farity enable snd 1 sop b

Figure 78. Transmission Data Format Example
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15.4.3 Inter-frame delay transmission

The inter-frame delay function allows the transmitter to insert an idle state on the TXD line between 2
characters. The width of the idle state is defined in WAITVAL field of the UARTn_IDTR register. When
this field is set as 0, no time-delay is generated. Otherwise, the transmitter holds a high level on TXD
after each transmitted character during the number of bit periods defined in WAITVAL field.

WAITVAL.
UARTnIDTR —{ il )( 2 }
THD START | DATAD [uees STOP | START | DATAD [oee STOP ! DEE ) IDLE | START | DATAD |
I I
. 1Bit .
Periad
e Inter-frame delay 2* 1-bit period
interdrame delay
Figure 79. Inter-frame Delay Timing Diagram
15.4.4 Transmit interrupt

The transmission operation makes some kind of interrupt flags. When transmitter hold register is
empty, the THRE interrupt flag will be raised. When transmitter shifter register is empty, the TXE
interrupt flag will be raised. User can select an interrupt timing that works the best for the application.

EMPTY Transmitter EMPTY Tramamitter
Holding Ragirter Shift Register
“;:::Tm-v _( . X a1 -
NS ) o Y o B gy Gy ) W G
XD I START I DATAD I DATAD |-{ DATAD I sTop STARY I DATAD ] DATAQ I.I DATAD srop
v
THRE
A4
TXE
Figure 80. Transmit Interrupt Timing Diagram
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16 LPUART

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

The LPUART of A31L12x series features the followings:
e  Full-Duplex and Half-Duplex Operations
* Baud Rate Generator
e Supports Serial Frames with 5,6,7, or 8 Data bits and 1 or 2 Stop bits
e 0Odd or Even Parity Generation, and Parity Check Supported by Hardware
*  Supports Receive Character Detection and Receive Time Out Function
e Baud Rate Compensation Function
e Supports up to 9600pbs with 32.768kHz sub-oscillator
* Data OverRun Detection
e Framing Error Detection

*  Double Speed Asynchronous Communication Mode
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16.1

LPUART block diagram
Figure 81 shows a block diagram of the LPUART block.

16. LPUART

LPUTCLK([1:0] of SCU_PPCLKSR Regjister LPUART_BDR <::’\
PCLK [ .
HIRC
LPUARTTInterrupt XSOSC g Baud Rate Generator
LPUART_RTODR
RCDIE — \«— RTOIFLAG =
RTOIE —  Rx Interrupt LPUART_RCDR OVRS[1:0]
RXCIE —p|  Generator [ RCDIFLAG |
SBDIE —| <—| 4
RTO Controller fsr
RXCIFLAG Rx Char Detector |
SBDIFLAG N
T
Rx Stop bit v E
R
LPRXD [J I\L/JI ™ RTOEN RCDEN Rx Data [ Clock N
X Control 7| Recovery A
T DLEN[1:0] j L
B
Hocom — RXE U
Data . . .
S
DEALST[4:0] » Recovery —> Receive Shift Register <]+
DEALFT[4:0] L
DEPOL v '
| DOR/PE/FE/RXBUSY N
¢ > Checker LPUART_RDR |::> £
W DE Signal |
LPDE 14 Generator |
" DLEN[1:0]
TXE Stop bit
DEPEN ¢ Generator [ STOPB
W > |4 l Parity o . . . o
LPTXD [« Control [¢ Generator ® Transmit Shift Register <}«
A
LPUART_TDR R e—
Tx Interrupt ~\J
TXCIE Generator
LPUART Interrupt
NOTES:
1. If XSOSC (32.768kHz) is used for a clock of the LPUART, the maximum baud rate may be up to
9600bps.
2. Aclock of PCLK should be faster than or equal to a clock of the LPUART.
3. Data to be transmitted should be written to the LPUART_TDR register after checking if the
TXCIFLAG bit is set to “1b”.
Figure 81. LPUART Block Diagram
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16.2 Pin description for LPUART
Table 70. Pins and External Signals for LPUART
PIN NAME TYPE DESCRIPTION
LPTXD 0] Low Power UART transmit output
LPRXD I Low Power UART receive input
LPDE 0] Low Power UART DE signal output
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16.3 Registers
Base address and register map of the LPUART are shown in Table 71 and Table 72.
Table 71. Base Address of LPUART

Name Base address
LPUART 0x4000_5C00
Table 72. LPUART Register Map
Name Offset | Type | Description Reset Value
LPUART_CR1 0x00 RW LPUART Control Register 1 0x00000000
LPUART_CR2 0x04 RW LPUART Control Register 2 0x00000000
LPUART IER 0x10 RW LPUART Interrupt Enable Register 0x00000000
LPUART IFSR 0x14 RW LPUART Interrupt Flag and Status Register | 0x00000004
LPUART RDR 0x18 RO LPUART Receive Data Register 0x00000000
LPUART TDR 0x1C RW LPUART Transmit Data Register 0x00000000
LPUART_BDR 0x20 RW LPUART Baud Rate Data Register 0x0000FFFF
LPUART_BCMP 0x24 RwW LPUART Baud Rate Compensation | 0x00000000
Register
LPUART RTODR | 0x28 RW LPUART Receive Time Out Data Register 0x0000FFFF
LPUART_RCDR 0x2C RW LPUART Receive Character Detection Data | 0x00000000
Register
LPUART _DLYDR | 0x30 RW LPUART Tx Delay Time Data Register 0x00000000
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LPUART_CR1: low power UART control register 1

Low power UART module should be configured properly before running.

LPUART_CR1 register is 32-bit size and accessible in 32/16/8-bit.

LPUART_CR1=0x4000_5C00

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
-] -] °
2z 8la 2 5|28 g |Bluydc
Reserved AR =R A EEE
gl |0 | el ? T = -
0x0000 0 000 OOO Oj[O O O OOTUOOSTPWO
- '33E% 3: BEEEEE::
14 PEN Parity Enable.
0 Disable parity bit generation and detection.
1 Enable parity bit generation and detection.
13 STKPEN _ Stick Parity Enable.
0 Disable stick parity.
1 Enable stick parity.
NOTE: On PEN = 1 and STKPEN = 1, The parity bit is 0 if PSEL = 0 and 1 if PSEL = 1.
12 PSEL Parity Selection.
0 Odd parity (Odd number of logic ‘1°).
1 Even parity (Even number of logic ‘1°).
10 DLEN Data Length Selection.
9 00 5 bit (Start, DO, D1, D2, D3, D4, Parity or not, Stop1, Stop2 or not).
01 6 bit (Start, DO, D1, D2, D3, D4, D5, Parity or not, Stop1, Stop2 or not)
10 7 bit (Start, DO, D1, D2, D3, D4, D5, D6 Parity or not, Stop1, Stop2 or not)
11 8 bit (Start, DO, D1, D2, D3, D4, D5, D6, D7, Parity or not, Stop1, Stop2 or not).
7 STOPB Stop bit.
0 1 Stop bit.
1 2 Stop bit.
6 OVRS Oversampling Selection.
5 00 16 oversampling.
01 8 oversampling.
10 No oversampling (Only 1 sampling).
11 reserved (No oversampling).
4 HDCOM _ 1-wire Half-Duplex Communication.
0 Normal operation.
1 1-wire half-duplex communication (The TXD and RXD lines are internally connected,
the RXD pin is not used, and the TXD pin is always an input when no transmitted.
So, the TXD pin must be configured to open-drain with an external pull-up resistor)
3 TXE Enable the Transmitter unit.
0 Transmitter is disabled.
1 Transmitter is enabled.
2 RXE Enable the Receiver unit.
0 Receiver is disabled.
1 Receiver is enabled.
1 WAKEN  Wake-up Function bit in Deep Sleep Mode. The LPUART clock to wake-up from deep sleep

mode

must be selected as XSOSC by the SCU_PPCLKSR register. This bit should be set just
before

entering deep sleep mode and cleared on exit.

0 Disable wake-up function in deep sleep mode.

1 Enable wake-up function in deep sleep mode.

If XSOSC is for clock of LPUART, the XSOSC shouldn’t be off in deep sleep mode.
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0 LPUEN Low Power UART Enable bit. This bit can be cleared to “Ob” during the corresponding TXE and
RXE bits are all “Ob”.

0 Disable LPUART block.

1 Enable LPUART block.

NOTE: If this bit is cleared, the LPUART current operations are discarded, the configuration is kept,
and all the status flags are set to reset values.
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LPUART_CR2: low power UART control register 2

Low power UART module should be configured properly before running.

LPUART_CR2 register is 32-bit size and accessible in 32/16/8-bit.

LPUART_CR2=0x4000_5C04

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
° o - ° - o °
() [ [ 0 Z ol Z| Z [
2 2 it > o O| il 2|l 2
) @ P4 o < - =] o] o
g g i 4 ul al a3 ek 8
o (14 o o o o o
0x00 0o 00 0 0 OO O|OO OOOTUOT O OO O 0 0 0 0O
- ' EEEEE EEEREREE"EER v
20 DEALST DE Pin Active Level Start Time. The range is 0x00 to Ox1F. These bits define the time
16 in low power UART clock from the active level of DE signal to the beginning of the start bit.
12 DEALFT DE Pin Active Level Finish Time. The range is 0x00 to 0x1F. These bits define the time
8 in low power UART clock from the end of the stop bit to the de-active level of DE signal.
7 DEPOL DE Pin Polarity Selection.
0  Active high level. The DE pin is a high level during transmit a frame, else low level.
1 Active low level. The DE pin is a low during transmit a frame, else high level.
TXD output sml Do | D1 | D2 | D3 | D4 | D5 | D6 | D7 | P |S(op
DE Pin _,4— Active High Level (DEPOL = 0)——>|_
(DEALST + 1) X fsampLe (DEALFT + 1) X fsaupLe
Where fSAMF’LE = prUART/(LPUART_BDR[150] + 1)
NOTE: A TXCIFLAG bit will be set to “1b” at stop bit and the transmit of next character may
start after the end of active level.
6 DEPEN DE Pin Function Enable.
0 Disable DE pin function.
1 Enable DE pin function.
4 RCDEN  Receive Character Detection Function Enable. This function is to compare the value of
LPUART _RCDR register with the value just received.
0 Disable receive detection function.
1 Enable receive detection function.
3 RTOEN Receive Time Out Function Enable. This function is to count time with baud rate units

from the leading edge of a start bit to a new start bit. The receive time out controller counts
down

from the value of LPUART_RTODR register every start bit and set this bit.

The RTOIFLAG bit is set to “1b” at the counter underflow. The counter clock is a baud-rate
bit unit.

0 Disable receive time out function.

1 Enable receive time out function.
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16.3.3

16. LPUART

LPUART_IER: low power UART interrupt enable register

LPUART _IER register is 32-bit size and accessible in 32/16/8-bit.

LPUART_IER=0x4000_5C10

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

\BO\
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° ° °
i@ 3G 2 E 3G
Reserved 88%%%&2%&
gl xl gl ol g g
0x000000 0 0 0 00 0 0O
7 RCDIEN Receive Character Detection Interrupt Enable. On deep sleep mode,
The receive character detection can wake-up system.
0 Disable receive character detection interrupt.
1 Enable receive character detection interrupt.
6 RTOIEN Receive Time Out Interrupt Enable.
0 Disable receive time out interrupt.
1 Enable receive time out interrupt.
4  SBDIEN Start Bit Detection Interrupt Enable bit in Deep Sleep Mode.
On deep sleep mode, the detection of start bit can wake-up system.
0 Disable start bit detection interrupt.
1 Enable start bit detection interrupt.
2 TXCIEN Transmit Complete Interrupt Enable.
0 Disable transmit complete interrupt.
1 Enable transmit complete interrupt.
0 RXCIEN Receive Data Register Not Empty Interrupt Enable bit. On deep sleep mode,
it can wake-up system if there is a received character.
0 Disable receive data not empty interrupt.
1 Enable receive data not empty interrupt.
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LPUART_IFSR: low power UART interrupt flag and status register

LPUART_IFSR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_IFSR=0x4000_5C14

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
AR IR R
2 ol wl 3 2 | Jd| 3| d 2| A 2|
Reserved ou_n_m Q "—""—"0"'—"0"—"0"‘—"
S*ME & |5/gg5 8¢ g8
Bl & |2k &R ez
0x0000 0 000 0OOO Oj(O O O OUOTUOOUOTPW
; 532 0 |EE 3 %3
15 DOR Data Overrun. This bit is set when the receive shift register is transferred
to the LPUART_RDR register while the RXCIFLAG=1.
The data of the shift register are ignored.
This bit must be cleared by S/W to receive new data.
0 No data overrun.
1 Data overrun detected, This bit is cleared to ‘0’ when write ‘1°.
14 FE Frame Error bit. This bit is set when the received data have not a valid stop bit
(That is, the stop bit following the last data bit is detected as “Ob”).
The bit will be cleared by H/W if new data are received.
0 No frame error.
1 Frame error detected, This bit is cleared to ‘0’ when write ‘1°.
13 PE Parity Error bit. This bit is set when the received data has a parity error on parity enable.
The bit will be cleared by H/W if new data are received.
0 No parity error.
1 Parity error detected, This bit is cleared to ‘0’ when write ‘1’.
12 RXBUSY RXD Line Busy bit. This bit is set at a start bit and reset at the end of the reception.
0  Receive line (RXD) is not busy.
1 Reception on going.
7 RCDIFLAG Receive Character detection Interrupt Flag. This bit is set to “1b”
when the value of LPUART_RCDR register matches the value received
in the non-error state of frame and parity. On match of them, the bit may be set
even if data overrun occurs.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
6 RTOIFLAG Receive Time Out Interrupt Flag. This bit is set to “1b” at the counter
underflow of the receive time out controller.
0  No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
4 SBDIFLAG  Start Bit Detection Interrupt Flag. This bit is set to “1b” when a start bit is detected
in Deep sleep mode.
0  No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
2 TXCIFLAG  Transmit Complete Interrupt Flag. This flag is set to “1b”
when the data in the transmit shift register has been shifted out.
0  No request occurred.
1 The data in the transmit shift register are shifted out completely.
This bit is cleared to ‘0’ when write ‘1°.
0 RXCIFLAG Receive Data Register Not Empty Interrupt Flag. This bit is set to “1b”

when the data in the receive shift register has been transferred to the LPUART_RDR
register.
The bit is cleared by a read to the LPUART_RDR register.

0  No request occurred.

1 There is data in the receive data register. This bit is cleared to ‘0’ when write ‘1’.
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16.3.5 LPUART_RDR: low power UART receive data register
LPUART_PDR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_RDR=0x4000_5C18

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8 |7 6 5 4 3 2 1 0

Reserved RDATA
0x000000 0x00
- RO

7 RDATA Receive Data. A receive shift register is moved to this register after stop bit.
0

16.3.6 LPUART_TDR: low power UART transmit data register
LPUART_TDR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_TDR=0x4000_5C1C

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

Reserved TDATA
0x000000 0x00
- RW

7 TDATA Transmit Data bits. This register is moved to the transmit shift register
0 after a previous character is completely shifted out.
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16.3.7 LPUART_BDR: low power UART baud rate generation register

LPUART_BDR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_BDR=0x4000_5C20

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

Reserved

BDATA

0x0000

OXFFFF

RW

15 BDATA
0

These bits are used to generate baud rate.
16 oversampling:
—_ Baud Rate = fLPUART/{lG X (BDATA[150] +l)}
—  BDATA[15:0] range: 0x0 to OxFFFF
8 oversampling:
—_ Baud Rate = fLPUART/{8 X (BDATA[150] +1)}
—  BDATA[15:0] range: 0x0 to OxFFFF
No oversampling: This can be used with XSOSC (32.768kHz).
—_ Baud Rate = prUART/(BDATA[l5:O] +l)
—  BDATA[15:0] range: 0x2 to OxFFFF
— If this register is 0x0002 on the no oversampling,
the LPUART_BCMP[15] bit (BCMPS) shouldn’t be set to
“1b” for minus compensation.

16.3.8 LPUART_BCMP: low power UART baud rate compensation register

LPUART_BCMP register is 32-bit size and accessible in 32/16/8-bit.

LPUART_BCMP=0x4000_5C24

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
[ W N O WO IO N| O
S HHEEHEHEE
Reserved LEJ Reserved 55313535383
m Mmoo o ooon
0x0000 0 000 OOO O(O O OOTUOTU OTUOTDWO
- E [ I T N
15 BCMPS Baud Rate Compensation Sign.
0 Plus 1 clock for compensation.
1 Minus 1 clock for compensation.
X BCMPx Baud Rate Compensation bits. x: 0 to 8.
0 No compensation.

1 1 clock compensation with sign bit (BCMPS).
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16.3.9 LPUART_RTODR: low power UART receive time out data register
LPUART_RTODR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_RTODR=0x4000_5C28

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
Reserved RTOD
0x00 0x00FFFF
- RW
23 RTOD LPUART Receive Time Out Data
0
16.3.10 LPUART_RCDR: low power UART receive character detection data register

LPUART_RCDR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_RCDR=0x4000_5C2C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8 (7 6 5 4 3 2 1 0
Reserved RCDD
0x000000 0x00

- RW
7 RCDD LPUART Receive Character Detection Data.
0
16.3.11 LPUART_DLYDR: low power UART Tx delay time data register

LPUART_DLYDR register is 32-bit size and accessible in 32/16/8-bit.

LPUART_DLYDR=0x4000_5C30

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

Reserved DLYD
0x000000 0x00
- RW

7 DLYD LPUART Tx Delay Data. This register is used for transmit delay time

0 between the last stop bit and the next start bit with baud rate unit.
The data in the LPUART_TDR register will be transferred to the transmit shift register
after delay time.
Delay time: DLYD[7:0] x “baud rate clock period”. No delay on DLYD[7:0] = 0.
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16.4 Functional description
The LPUART block comprises a clock generator, a transmitter and a receiver.
The clock generation logic consists of a baud rate generator.

The transmitter consists of a write buffer, a serial shift register, a parity generator, and a control logic.
Using DMA allows continuous transfer of data without any s/w involvement between frames.

The receiver is the most complex part of the low power UART module due to its clock and data
recovery units. The recovery unit is used for asynchronous data reception. In addition, the receiver
has a parity checker, a shift register, and a control logic. The receiver supports the same frame
formats as the transmitter and can detect frame error, data overrun and parity errors.

16.4.1 LPUART clock generation

The clock generation logic generates clocks for the transmitter and the receiver. The LPUART baud
rate generator supports three modes of clock operation, which are 16 oversampling mode, 8
oversampling mode, and only 1 sampling mode. The only 1 sampling mode can be used with XSOSC
(32.768kHz).

Table 73 shows equations for baud rate calculation (in bps).

Table 73. Equations for Calculating Baud Rate Register Settings

Oversampling Equation for Calculating Baud Rate

16 oversampling mode (OVRS = 00b) Baud Rate = fLpuarT/(16(LPUART_BDR+1))
8 oversampling mode (OVRS = 01b) Baud Rate = fLpuart/(8(LPUART_BDR+1))
Only 1 sampling mode (OVRS = 10b) Baud Rate = fipuart/(LPUART_BDR+1)
16.4.2 LPUART baud rate compensation

The baud rate compensation is used to optimize the precision in each bit. There is a sign (BCMPS bit
of LPUART_BCMP register) bit to define the positive or negative compensation in each bit. If the sign
bit is “Ob”, one clock of fLPUART will be appended to the compensated bit. If the sign bit is “1b”, one
clock of fLPUART will be taken out from the compensated bit.

There are nine bits to define whether the relative compensation is required for each bit. The bits are
BCMPJ[7:0] for data and BCMP8 for parity.
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Example

1.

fLPUART = 32.768kHz, No oversampling, Baud rate = 9600 bps

32.768kHz/(1 x 9600) = 3.413, LPUART_BDR = 3 - 1 = 2, and “Baud rate clock”/bit = 3 x 1

So, “Clock error’/bit: 3.413 x 1 - 3 x 1 = 0.413 clock = “1 clock compensation”/bit if a BCMPx bit
is “1b”.

The result is that the sign bit, BCMPS, is “Ob” for positive compensation and the baud rate
compensation bits, BCMP[8:0], are “010100101b”. (CEPB: “clock error”/bit)

Table 74. Baud Rate Compensation Example 1

Rx/Tx bit | BCMPx bit | Clock Error Compensation Final clock
bit error

Start bit - -0.413 (CEPB) X -0.413
DO bit 0 -0.827 (CEPB+ before compensation) 1 0.173
D1 bit 1 -0.240 (CEPB+ before compensation) 0 -0.240
D2 bit 2 -0.653 (CEPB+ before compensation) 1 0.347
D3 bit 3 -0.067 (CEPB+ before compensation) 0 -0.067
D4 bit 4 -0.480 (CEPB+ before compensation) 0 -0.480
D5 bit 5 -0.893 (CEPB+ before compensation) 1 0.107
D6 bit 6 -0.307 (CEPB+ before compensation) 0 -0.307
D7 bit 7 -0.720 (CEPB+ before compensation) 1 0.280
Parity bit bit 8 -0.133 (CEPB+ before compensation) 0 -0.133
2. fLPUART = 32.768kHz, No oversampling, Baud rate = 2400 bps

32.768kHz/(1 x 2400) = 13.653, LPUART_BDR =14 - 1 = 13, and “Baud rate clock”/bit = 14 x 1
So, “Clock error’/bit; 13.653 x 1 - 14 x 1 = - 0.347 clock > “1 clock compensation”/bit if a BCMPx
bit is “1b”.

The result is that the sign bit, BCMPS, is “1b” for negative compensation and the baud rate
compensation bits, BCMP[8:0], are “001001001b”. (CEPB: “clock error”/bit)
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Table 75. Baud Rate Compensation Example 2

Rx/Tx bit | BCMPx bit | Clock Error Compensation | Final Clock
bit Error

Start bit - +0.347 (CEPB) X 0.347
DO bit 0 0.693 (CEPB+ before compensation) 1 -0.307
D1 bit 1 0.040 (CEPB+ before compensation) 0 0.040
D2 bit 2 0.387 (CEPB+ before compensation) 0 0.387
D3 bit 3 0.733 (CEPB+ before compensation) 1 -0.267
D4 bit 4 0.080 (CEPB+ before compensation) 0 0.080
D5 bit 5 0.427 (CEPB+ before compensation) 0 0.427
D6 bit 6 0.773 (CEPB+ before compensation) 1 -0.227
D7 bit 7 0.120 (CEPB+ before compensation) 0 0.120
Parity bit bit 8 0.467 (CEPB+ before compensation) 0 0.467
16.4.3 LPUART interface data format

A serial frame is defined to be composed of one character of data bits with synchronization bits (start
and stop bits) and an optional parity bit for error detection.

The LPUART supports all 24 combinations of the followings as valid frame formats.
e 1 start bit
e 5,6, 7, or 8 data bits
* No, even, or odd parity bit.
* 1 or2stop bits.

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits,
up to eight, follow, 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 state means high state of data pin. The following figure shows the possible combinations of the
frame formats. Bits inside round brackets are optional.
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|< 1 data frame >|
I I
Idle St DO D1 D2 D3 D4 (D5)  (D6) @ (D7) P) Spl  (Sp2) | Idle/St
|< Character bits >|

Figure 82. Frame Format
1 data frame consists of the following bits:
¢ Idle: No communication on communication line (LPTXD/LPRXD)
e St Start bit (Low)
e Dm: Data bits (0~7)
*  P: Parity bit (even parity, odd parity, no parity)
e Sp: Stop bit (1 bit or 2 bits)

The frame format is set by configuring DLEN[1:0], PSEL, PEN, and STOPB bits in the LPUART_CR1
register. The transmitter and the receiver use the same values.

16.4.4 LPUART interface parity bit

The 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. The parity bit is located between the last data bit and first stop bit of a
serial frame.

e Peven=Dm-17..AD32D2~D14D0*0
e Podd=Dm-17...AD3~D2~D12D0"1
e Peven: Parity bit using even parity
e Podd: Parity bit using odd parity
* Dm: Data bit n of the character

16.4.5 LPUART transmitter

The LPUART transmitter is enabled by setting the TXE bit in LPUART_CR1 register. When the
transmitter is enabled, the LPTXD pin should be set to LPTXD function for the serial output pin by the
GPIO registers. The baud-rate, operation mode and frame format must be set up before doing any
transmission.
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16.4.5.1 LPUART sending TX data

A data transmission is initiated by loading data to the transmit data register (LPUART_TDR register).
The data to be written in transmit data register 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 to the new data, it will transfer one complete frame according to the settings of control
registers. (n =0 and 1)

16.4.5.2 LPUART parity generator

The parity generator calculates parity bit for the serial frame data to be sent. When the parity bit is
enabled (PENn = 1), the transmitter control logic inserts the parity bit between the last data bit and the
first stop bit of the frame to be sent.

16.4.6 LPUART receiver

The LPUART receiver is enabled by setting the RXE bit in the LPUART_CR1 register. When the
receiver is enabled, the LPRXD pin should be set to LPRXD function for the serial input pin by the
GPIO registers. Baud-rate, operation mode, and frame format must be set before the serial reception.

16.4.6.1 LPUART receiving RX data

The receiver starts data reception when it detects a valid start bit (LOW) on LPRXD pin. Each bit after
start bit is sampled at predefined baud-rate, and shifted into the receive shift register until the first stop
bit of a frame is received. Even if there is 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 data register.

16.4.6.2 LPUART parity checker

If the parity bit is enabled (PEN = 1), 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.

16.4.6.3 LPUART data reception

To receive data frame, the receiver 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 LPRXD pin.

The data recovery logic samples and filters the incoming bits with a low pass filter, and removes the
noise of receive pin.
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Figure 83 illustrates the sampling process of a start bit of an incoming frame. The sampling rate is 16
times the baud rate in 16 oversampling mode and 8 times the baud rate for 8 oversampling mode.
The horizontal arrows show the synchronization variation due to the asynchronous sampling process.
Note that larger time variation is seen when using 8 oversampling mode.

LPRXD START
IDLE BITO

e PEEEEEEEEEEEEEEEEEMA
o 0 12 s 4 s s T[E[STW]M 1w w12 3
I el B B N bt

1 01 &3 =

Figure 83. Start Bit Sampling

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition
on the LPRXD line, the start bit condition. After detecting high to low transition on the line, the clock
recovery logic uses samples 8, 9 and 10 for 16 oversampling mode to detect whether valid start bit is
received. If more than 2 samples have 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. Then 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 clock recovery process. The data recovery logic
samples each incoming bit 16 times for 16 oversampling mode and 8 times for 8 oversampling mode,
and uses sample 8, 9 and 10 to decide data value.

If more than 2 samples have low levels, the received bit is considered as a logic ‘0’ and if more than 2
samples have high levels, the received bit is considered as a logic ‘“1’. 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 waits to find the start bit.
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LPRXD >< BIT n ><
(OVRS = 00b) S A O A R O AR
12 3 4 5 6 7]8]ofw0fM 12 13 14 15 16 A

Sample | T | T T T T T T T T
(OVRS = 01b) 1 2 s [ [ 31 7 8 1

Figure 84. Sampling of Data and Parity Bit

The process for detecting stop bit is the same as clock and data recovery process. That is, if 2 or
more samples of 3 center values have high level, correct stop bit is detected, or else a frame error
(FE) flag is set. After deciding whether the first stop bit is valid or not, the receiver goes to idle state
and monitors the LPRXD line to check whether a valid high to low transition is detected (start bit
detection).

LPRXD \ \ \
/ STOPA1 (A) (B) (©)
\ \ \
Sample }44»{ T

(OVRS = 00b)

Sample

(OVRS = 01b) 1

Figure 85. Stop Bit Sampling and Next Start Bit Sampling

16.4.6.4 LPUART receive time out function

The receive time out function is used for checking a frame finish. This function is to count time with
baud rate unit between the last start bit and a new start bit, and between setting the RTOEN bit of the
LPUART_CR register and a new start bit. The LPUART_RTODR register should have duration time
value before using the receive time out function.
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Receve Line Idle St Character Stop + Guard \i Character
\
RTOENN bit 0 l Set to “1b” at this point l l
Internal Counter X Copy and Copy and Copy and
Decrement every a baud rate clock /\ Decrement every a baud rate clock Decrement

\LPUART_RTODRé /
NOTES:

1. The value of LPUART_RTODR register is transfered to an internal counter when the RTOENRN bit is set
to “1b” or when a start bit is received to.

2. Ifthe RTOEN bit is set to “1b”, the internal counter counts down until underflow.

3. The RTOIFLAG bit of LPUART_IFSR register is set to “1b” on the internal counter underflow and the
receive time out function is finished. So, to re-use the receive time out function, the RTOEN bit must be
cleared to “Ob” and then set to “1b” again.

Figure 86. Receive Time Out Function

16.4.6.5 1-wire half-duplex communication

1-wire half-duplex mode is selected by configuring HDCOM bit in the LPUART_CR1 register. The
TXD and the RXD lines are internally connected, the RXD pin is not used, and the TXD pin is always
an input when no transmitted. So, the TXD pin must be configured to open-drain with an external pull-
up resistor.
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17 12C 0/1 interface

I2C is one of industrial standard serial communication protocols, which uses 2 bus lines, Serial Data
Line (SDAN) and a Serial Clock Line (SCLn), to exchange data. Because both SDAn and SCLn lines
are open-drain output, each line needs a pull-up resistor (n = 0 and 1).

The 12C interface 0/1 of A31L12x series features the followings:
e Compatible with I12C bus standard
e  Multi-master operation
e Up to 1MHz data transfer read speed
e 7-bit address
e Support two slave addresses
*  Both master and slave operation

*  Bus busy detection
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17.1 12C 0/1 block diagram
Figure 87 shows a block diagram of the 12C block.

™\
12CnIFLAG . 12C interrupt
Slave Address Register
12Cn_SAR <:|
RXACKn, GCALLn, Interrupt
TENDn, STOPDN, [ >|Generator| '2CMEN ¢
SSELn, MLOSTR, A General Call And
BUSYn, TMODEn Address Detector [€ 12CNGCE |
f ; N
Receive Shift Register T
» »
SDAN > (RXSR) > 12Cn_DR, (Rx) ::} E
- > N
SDA In/Out | ACK Signal <
N-ch jfe——— < A
Controller Generator l€— ACKNnEN L
VSS R P STOP/START  [€— STOPCn B
d D Condition Generator (g— STARTCn u
A A S
Transmit Shift Register |
(TXSR) < 12Cn_DR, (TX) ——= :
SDA Hold Time Register N
»i
) B 12Cn_SDHR <:| E
scun [J—ae [ scLou |, Time Gererator | SCL High Peiod Regiser| i———
o~ 71 Controller [ . - 12Cn_SCHR
Time Controller
SCL Low Period Register
»i
N-ch € h 12Cn_SCLR <:|
< T
VSS PCLK L

NOTE: When the corresponding port of 12C is a sub-function for SCLn/SDAnN pin, the SCLn/SDAnN pins are
automatically set as N-channel open-drain outputs and the input latch is read when reading the pins.
The corresponding pull-up resistor is determined by the control register.

Figure 87. 12C Block Diagram (n =0 and 1)

\BO\ 267

SCMICONDUCTOR



17.12C 0/1 interface A31L12x User’s manual

17.2 Pin description for 12C 0/1
Table 76. Pins and External Signals for 12C (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SCLn I/O I2C channel n Serial clock bus line (open-drain)
SDAN I/O I2C channel n Serial data bus line (open-drain)
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17.3 Registers
Base address and register map of the 12C 0/1 are shown in Table 77 and Table 78.

Table 77. Base Address of 12C Interface

Name Base address Size Description
12C0 0x4000_4800 256 I2C0 Block
12C1 0x4000_4900 256 12C1 Block

Table 78. 12C Register Map (n = 0 and 1)

Name Offset Type Description Reset Value
12Cn_CR 0x00 RW 12Cn Control Register 0x00000000
I2Cn_ST 0x04 RW 12Cn Status Register 0x00000000
[2Cn_SAR1 0x08 RW 12Cn Slave Address Register 1 0x00000000
[2Cn_SAR2 0x0C RW 12Cn Slave Address Register 2 0x00000000
I2Cn_DR 0x10 RW 12Cn Data Register 0x00000000
12Cn_SDHR 0x14 RW 12Cn SDA Hold Time Register 0x00000001
I2Cn_SCLR 0x18 RW 12Cn SCL Low Period Register 0x0000003F
I2Cn_SCHR 0x1C RW 12Cn SCL High Period Register 0x0000003F

\BO\ 269

SCMICONDUCTOR




17.12C 0/1 interface

A31L12x User’s manual

17.3.1 12Cn_CR: 12Cn control register

The register can be set to configure 12C operation mode activate 12C transactions.

I2Cn_CR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

12C0_CR=0x4000_4800, 12C1_CR=0x4000_4900

31302928272625242322212019181716‘1514131211109876543210
[=4

m Ol z| £| ¢l =

Zl g & 3| @] &gl e

r HEIECIENE IR

Reserved 055E¥m0<

NMEIRIGIRIEIE AR

X~ Q<SP0
ol (] =

0x000000 ojojojoj0oj0|0]|O
o o

: HHHEEHEHEE

7 12CnEN

Activate 12Cn Block.

0 Disable 12Cn block.

1 Enable 12Cn block.

6 TXDLYENBnN

12Cn_SDHR Register Control.

0 Enable 12Cn_SDHR register.

1 Disable 12Cn_SDHR register.

5 12CnlEN 12Cn Interrupt Enable.
0 Disable 12Cn interrupt.
1 Enable 12Cn interrupt.
4 12CnIFLAG 12Cn Interrupt Flag. This bit is cleared when all interrupt source bits in
the 12Cn_ST register are cleared to ‘0’.
0 No request occurred.
1 Request occurred.
3 ACKnEN Controls ACK signal generation at ninth SCL period.
0 No ACK signal is generated. (SDA=1)
1 ACK signal is generated. (SDA = 0)
NOTES: ACK signal is output (SDA = 0) for the following 3 cases.
—  When received address packet is equal to SLAN[6:0] bits in
12Cn_SAR1/I2Cn_SAR2 register.
—  When received address packet is equal to value 0x00 with GCALLn
enabled.
When 12Cn operates as a receiver (master or slave)
2 IMASTERnN Represents Operation Mode of 12Cn. This bit is cleared to ‘0’ on STOP condition.
0 12Cn is in slave mode.
1 12Cn is in master mode.
1 STOPCn STOP Condition Generation When 12Cn is master.
0 No effect.
1 Generate STOP condition.
0 STARTCn START Condition Generation When 12Cn is master.

0 No effect.

1 Generate START or Repeated START condition.
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17.3.2 12Cn_ST: 12Cn status register

I2Cn_ST register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

12C0_ST=0x4000_4804, 12C1_ST=0x4000_4904

31302928272625242322212019181716‘1514131211109 8|7 6 5 4 3 2 10

HEE PR

_Jﬁn_—'tnaoo

Reserved 550%33042
o|F|l&|w g B El&

0x000000 ojojojojojojo0|oO
(]

: HHEEHHEEE

This bit has different meaning depending on whether 12C is master or slave. When
12C is a master,
this bit represents whether it received AACK (address ACK) from slave.

0 No AACK s received. (Master mode)

1 AACK is received (Master mode). It may be set to ‘1’ after address
transmission.

When 12C is a slave, this bit is used to indicate general call.

0  General call address is not detected. (Slave mode)

1 General call address is detected. (Slave mode)

This bit is set when 1-byte of data is transferred completely.

0 1 byte of data is not completely transferred.

1 1 byte of data is completely transferred.

This bit is set when a STOP condition is detected.

0 A STOP condition is not detected.

1 A STOP condition is detected.

This bit is set when 12C is addressed by other master.

0 12C is not selected as a slave.

1 12C is addressed by other master and acts as a slave.

This bit represents the result of bus arbitration in master mode.

0  12C maintains bus mastership.

1 12C has lost bus mastership during arbitration process.

This bit reflects bus status.

0 12C bus is idle, so a master can issue a START condition.

1 12C bus is busy.

This bit is used to indicate whether 12C is transmitter or receiver.

0 12C s areceiver.

1 12C is a transmitter.

This bit shows the state of ACK signal.

0 No ACK s received.

1 ACKis received at ninth SCL period.

7 GCALLn
6 TENDn

5 STOPDn
4 SSELn

3 MLOSTn
2 BUSYn

1  TMODEn
0 RXACKn
NOTES:

1. The GCALLn, TENDn, STOPDn, SSELn, and MLOSTn bits can be source of interrupt.

2. When an I12C interrupt occurs except for deep sleep mode, the SCL line is held low. To
release SCL, Clear to “Ob” all interrupt source bits in 12Cn_ST register.

3. The GCALLn, TENDn, STOPDn, SSELn, MLOSTn, and RXACKn bits are cleared when ‘1’
is written to the corresponding bit.
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17.3.3 12Cn_SAR1: I12Cn slave address register 1
I2Cn_SAR1 register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

12C0_SAR1=0x4000_4808, 12C1_SAR1=0x4000_4908

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
4
W
g 5
Reserved j -
7] <
(3]
o
0x000000 0000000 0
7 SLAn These bits configure the slave address 1 in slave mode.
1
0 GCALLnEN This bit decides whether 12Cn allows general call address 1 or not in I12Cn slave
mode.
0 Ignore general call address 1.
1 Allow general call address 1.
17.3.4 12Cn_SARZ2: I12Cn slave address register 2

I2Cn_SARR2 register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

12C0_SAR2=0x4000_480C, 12C1_SAR2=0x4000_490C

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
z
w
g 5
Reserved 5 -
7] <
(8]
(&)
0x000000 0000000 0
7 SLAN These bits configure the slave address 2 in slave mode.
1
0 GCALLNnEN This bit decides whether 12Cn allows general call address 2 or not in I12Cn
slave mode.
0 Ignore general call address 2.
1 Allow general call address 2.
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17.35 12Cn_DR: I12Cn data register
I2Cn_DR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

12C0_DR=0x4000_4810, [2C1_DR=0x4000_4910

31 302928272625242322212019181716'1514131211 10 9 8(7 6 5 4 3 2 1 0
<
Reserved '3:
[a)
0x000000 0x00
: 2

7 DATA The I2Cn_DR Transmit buffer and Receive buffer share the same 1/O address with this
0 DATA register.
The Transmit Data Buffer is the destination for data written to the 12Cn_DR register.
Reading the 12Cn_DR register returns the contents of the Receive Buffer.

17.3.6 12Cn_SDHR: 12Cn SDA hold time register
I2Cn_SDHR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

12C0_SDHR=0x4000_4814, 12C1_SDHR=0x4000_4914
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 10

Reserved HLDT
0x00000 0x001
- RW

11 HLDT This register is used to control SDA output timing from the falling edge of SCL.

0 Note that SDA is changed after tPCLK X (12Cn_SDHR+2). In master mode, load half
the value of 12Cn_SCLR to this register to make SDA switch in the middle of SCL.
In slave mode, configure this register regarding the frequency of SCL from master.
The SDA is changed after tPCLK X (12Cn_SDHR+2) in master mode.
So, to ensure proper operation in slave mode, the value tPCLK X (I12Cn_SDHR + 2)
must be smaller than the period of SCL.
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17.3.7 12Cn_SCLR: 12Cn SCL low period register

I2Cn_SCLR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

12C0_SCLR=0x4000_4818, 12C1_SCLR=0x4000_4918

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|76543210
Reserved SCLL
0x00000 0x03F
- RW

11 SCLL This register defines the low period of SCL in master mode. The base clock is PCLK
0 and

the period is calculated by the formula: tPCLK X (4 X 12Cn_SCLR + 3)
where tPCLK is the period of PCLK.

17.3.8 12Cn_SCHR: 12Cn SCL high period register

I2Cn_SCHR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

12C0_SCHR=0x4000_481C, 12C1_SCHR=0x4000_491C
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8‘76543210
Reserved SCLH
0x00000 0x03F
- RW
11 SCLH This register defines the high period of SCL in master mode.
0

The base clock is PCLK and the period is calculated by
the formula: tPCLK X (4 X 12Cn_SCHR + 3) where tPCLK is the period of PCLK.
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17.4 Functional description
17.4.1 12C bit transfer

The data on the SDAN line must be stable during HIGH period of the clock, SCLn. The HIGH or LOW
state of the data line can only change when the clock signal on the SCLn line is LOW. The exceptions
are START(S), repeated START(Sr), and STOP(P) condition, where data line changes when clock
line is high.

o X
SCLn /7

Data line Stable: Chgng?e of
Data valid ata
allowed

except S, Sr, P

Figure 88. 12C Bus bit transfer (n = 0 and 1)
17.4.2 START/Repeated START/STOP

One master can issue a START (S) condition to detect other devices connected to the SCLn, SDAn
lines that will use the bus. A STOP (P) condition is generated by the master to release the bus lines so
that other devices can use it.

A high to low transition on the SDAn line while SCLn is high defines a START (S) condition.
A low to high transition on the SDAn line while SCLn is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be busy
after START condition. The bus is considered to be free again after STOP condition, i.e., the bus is
busy between START and STOP condition. If a repeated START condition (Sr) is generated instead of
STOP condition, the bus stays in busy mode. So, the START and repeated START conditions are
functionally identical.

i AU o e SV

ALY

SCLn s \ / \ / p

START Condition STOP Condition

Figure 89. START and STOP condition (n =0 and 1)
17.4.3 Data transfer

Every byte on the SDAnR line must be 8-bits long, but the number of bytes that can be transmitted per
transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with the
most significant bit (MSB) first. If a slave cannot receive or transmit another complete byte of data
until it has performed some other function, it can hold the clock line SCLn LOW to force the master
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into a wait state. Data transfer then continues when the slave is ready for another byte of data and
releases clock line SCLn.

P
SAn T\ X/ X OGO X
Acknowledgement Acknowledgement Sr
Signal from Slave Signal from Slave
Byte Qomplgte, Clock line held low
Interrupt within Device while interrupts are served.
SCLn S 1 9 1 /O \ /i s
or ACK ACK or
Sr =)
START or STOP or
Repeated START Repeated START
Condition Condition
Figure 90. 12C Bus data transfer (n = 0 and 1)
17.4.4 Acknowledge

An acknowledge clock pulse is generated by the master. The transmitter releases the SDAnN line
(HIGH) during the acknowledge clock pulse. The receiver must pull down the SDAn line during the
acknowledge clock pulse so that it remains stable at LOW during the HIGH period of this clock pulse.
When a slave is addressed by a master (Address Packet), and if it is unable to receive or transmit
because it is performing some real time function, the data line must be left HIGH by the slave. In
addition, when a slave addressed by a master is unable to receive more data bits, the slave receiver
must release the SDAnN line (Data Packet). The master can then generate either a STOP condition to
abort the transfer, or a repeated START condition to start a new transfer.
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If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating an acknowledge on the last byte that was clocked out of the slave. The slave
transmitter must release the data line to allow the master to generate a STOP or repeated START
condition.

Data Output 2
By Transmitter \ X X » X X

A3}

Data Output R
By Receiver \'RCM
SCLn from \__/ 1 \__/ 2\ ﬁU?\_

MASTER

L Clock pulse for ACK

Figure 91. 12C bus acknowledge (n =0 and 1)
17.4.5 Synchronization/ Arbitration

Clock synchronization is performed using the wired-AND connection of I12C interfaces to the SCLn line.
This means that a HIGH to LOW transition on the SCLn line will cause the devices concerned to start
counting off their LOW period and it will hold the SCLn line in that state until the clock HIGH state is
reached. However the LOW to HIGH transition of this clock may not change the state of the SCLn line
if another clock is still within its LOW period. In this way, a synchronized SCLn clock is generated with
its LOW period determined by the device with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START
condition. Arbitration takes place on the SDAnN line, while the SCLn line is at the HIGH level, in such a
way that a master that transmits a HIGH level, while another master that transmits a LOW level, will
switch off its DATA output state because the level on the bus does not correspond to its own level.
Arbitration continues for many bits until a winning master gets the ownership of 12C bus. Its first stage
is comparison of the address bits.
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Wait High  Start High
Counting Counting

Fast Device
SCLOUT

High Counter
Reset

Slow Device Y
SCLOUT \4—\\—| /
SCLn \

i

Figure 92. Clock synchronization during the arbitration procedure (n =0 and 1)

Arbitration Process Device 1 loses Device1 outputs High
not adapted Arbitration

e T\
A AV T
T\ T
als (A WA W R W B WA

Figure 93. Arbitration procedure between two masters (n =0 and 1)
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17.5 12C operation

The 12C is byte-oriented and interrupt-based. Interrupts are issued after all bus events except for the
transmission of a START condition. Since 12C is interrupt based, the application software is free to
carry on with other operations during an 12C byte transfer.

Note that when an 12C interrupt is generated, 12CnIFLAG flag in 12Cn_CR register is set, and it is
cleared when all interrupt source bits in the 12Cn_ST register are cleared to ‘0’. When 12C interrupt
occurs, the SCLn line is held at LOW until all interrupt source bits in 12Cn_ST register are cleared to
‘0’. When the 12CnlIFLAG flag is set, the 12Cn_ST contains a value indicating the current state of the
I2C bus. According to the value in 12Cn_ST, software can decide what to do next.

I2C can operate in 4 modes: master/slave, transmitter/receiver. The operating mode is configured by
a winning master. A more detailed explanation follows below. (n =0 and 1)

1751 Master transmitter
To operate 12C as a master transmitter, follow the recommended steps below.
1. Enable I12C by setting I2CnEN bit in I2Cn_CR. This provides main clock to the peripheral.

2. Load SLA+W into the 12Cn_DR, where SLA is the address of slave device and W is the
transfer direction from the viewpoint of master. For master transmitter, W is ‘0’. Note that
12Cn_DR is used for both address and data.

3. Configure baud rate by writing desired value to both 12Cn_SCLR and 12Cn_SCHR for the
Low and High period of SCLn line.

4. Configure the 12Cn_SDHR to decide when SDAnN changes value from falling edge of SCLn. If
SDA should change in the middle of SCLn LOW period, load half the value of I2Cn_SCLR to
the 12Cn_SDHR.

5. Set the STARTCn bit in 12Cn_CR. This transmits a START condition. Also, configure how to
handle interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in 12Cn_DR is
transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can
know whether the slave acknowledged or not in the 9th high period of SCLn. If the master
gains bus mastership, 12C generates GCALL interrupt regardless of receiving ACK from the
slave device. When 12C loses bus mastership during arbitration process, the MLOSTn bit in
12Cn_ST is set, and 12C waits in idle state or can be operated as an addressed slave.

To operate as a slave when the MLOSTn bit in 12Cn_ST is set, the ACKnEN bit in I2Cn_CR
must be set and the received 7-bit address must match the SLAn bits in 12Cn_SAR1/2. In
this case, 12C operates as a slave transmitter or a slave receiver (go to appropriate section).
In this stage, 12C holds the SCLn LOW. The reason for this is to decide whether 12C should
continue serial transfer or stop communication. The following steps continue, assuming that
12C does not lose mastership during the first data transfer.

12C (Master) can choose one of the following cases regardless of receiving ACK signal from
slave.

A. Master receives ACK signal from slave, so continues data transfer since slave can
receive more data from master. In this case, load data to transmit to 12Cn_DR.

B. Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOPC bitin 12Cn_CR.

C. Master transmits repeated START condition without checking ACK signal. In this case,
load SLA+R/W into the 12Cn_DR and set STARTCn bit in 12Cn_CR.
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17.5.2

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCLn line. In case of A, move to step 7. In case of B, move to step 9 to handle STOP
interrupt. In case of C, move to step 6 after transmitting the data in 12Cn_DR, and if transfer
direction bit is ‘1, go to master receiver section.

1-Byte of data is transmitted. During data transfer, bus arbitration continues.

This is ACK signal processing stage for data packet transmitted by master. 12C holds the
SCLn LOW. When I2C loses bus mastership while transmitting data to arbitrate other
masters, the MLOSTn bit in 12Cn_ST is set. If then, I12C waits in idle state. When the data in
12Cn_DR is transmitted completely, 12C generates TENDn interrupt.

I12C can choose one of the following cases regardless of receiving ACK signal from slave.

A. Master receives ACK signal from slave, so continues data transfer since slave can
receive more data from master. In this case, load data to transmit to 12Cn_DR.

B. Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOPCn bit in 12Cn_CR.

C. Master transmits repeated START condition without checking ACK signal. In this case,
load SLA+R/W into the 12Cn_DR and set the STARTCn bit in 12Cn_CR.

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCL line. In case of A, move to step 7. In case of B, move to step 9 to handle STOP
interrupt. In case of C, move to step 6 after transmitting the data in 12CDR, and if transfer
direction bit is ‘“1’, go to master receiver section.

This is the final step for master transmitter function of 12C, handling STOP interrupt. The
STOP bit indicates that data transfer between master and slave is over. To clear 12Cn_ST,
write “Oxff” to 12Cn_ST. After this, 12C enters idle state.

Master receiver

To operate 12C in master receiver, follow the recommended steps below.

1.
2.

280

Enable 12C by setting I2CnEN bit in I2Cn_CR. This provides main clock to the peripheral.

Load SLA+R into the 12Cn_DR, where SLA is address of slave device and R is transfer
direction from the viewpoint of the master. For master receiver, R is ‘1’. Note that I2Cn_DR is
used for both address and data.

Configure baud rate by writing desired value to both 12Cn_SCLR and 12Cn_SCHR for the
Low and High period of SCLn line.

Configure the 12Cn_SDHR to decide when SDAnN changes value from falling edge of SCLn. If
SDAnN should change in the middle of SCLn LOW period, load half the value of 12Cn_SCLR
to the I12Cn_SDHR.

Set the STARTCn bit in 12Cn_CR. This transmits a START condition. Also, configure how to
handle interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in 12Cn_DR is
transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can
know whether the slave acknowledged or not in the 9th high period of SCLn. If the master
gains bus mastership, 12C generates GCALL interrupt regardless of receiving ACK from the
slave device. When 12C loses bus mastership during arbitration process, the MLOSTn bit in
12Cn_ST is set, and 12C waits in idle state or can be operated as an addressed slave.

To operate as a slave when the MLOSTNn bit in 12Cn_ST is set, the ACKnEN bit in 12Cn_CR
must be set, and the received 7-bit address must equal to the SLAn bits in 12Cn_SAR1/2. In
this case, 12C operates as a slave transmitter or a slave receiver (go to appropriate section).
In this stage, 12C holds the SCLn LOW. The reason for this is to decide whether 12C should
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continue serial transfer or stop communication. The following steps continue, assuming that
12C does not lose mastership during the first data transfer.

I12C (Master) can choose one of the following cases according to the reception of ACK signal
from slave.

A. Master receives ACK signal from slave, so continues data transfer since slave can
prepare and transmit more data to master. Configure ACKnEN bit in 12Cn_CR to decide
whether 12C should Acknowledges the next data to be received or not.

B. Master stops data transfer since it receives no ACK signal from slave. In this case, set
the STOPCn bitin 12Cn_CR.

C. Master transmits repeated START condition due to lack of ACK signal from slave. In this
case, load SLA+R/W into the 12Cn_DR and set STARTCn bit in I2Cn_CR.

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCLn line. In case of A, move to step 7. In case of B, move to step 9 to handle STOP
interrupt. In case of C, move to step 6 after transmitting the data in 12Cn_DR, and if transfer
direction bit is ‘0’, go to master transmitter section.

7. 1-Byte of data is received.

8. This is ACK signal processing stage for data packet transmitted by slave. 12C holds the
SCLn LOW. When 1-Byte of data is received completely, 12C generates TENDn interrupt.

12C can choose one of the following cases according to the RXACKn flag in 12Cn_ST.

A. Master continues receiving data from slave. To do this, set ACKnEN bit in [2Cn_CR to
acknowledge the next data to be received.

B. Master wants to terminate data transfer when it receives next data by not generating
ACK signal. This can be done by clearing ACKnEN bit in I2Cn_CR.

C. Since no ACK signal is detected, master terminates data transfer. In this case, set the
STOPCn bitin 12Cn_CR.

D. No ACK signal is detected, and master transmits repeated START condition. In this case,
load SLA+R/W into the 12Cn_DR and set the STARTCn bit in 12Cn_CR.

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCLn line. In case of A and B, move to step 7. In case of C, move to step 9 to handle
STOP interrupt. In case of D, move to step 6 after transmitting the data in 12Cn_DR, and if
transfer direction bit is ‘0’, go to master transmitter section.

9. This is the final step for master receiver function of 12C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear [12Cn_ST, write
“Oxff” value to 12Cn_ST. After this, 12C enters idle state.
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175.3

Slave transmitter

To operate 12C in slave transmitter, follow the recommended steps below.

1.

282

If the operating clock (HCLK) of the system is slower than that of SCLn, load value 0x00 into
12Cn_SDHR to make SDAn change within one system clock period from the falling edge of
SCLn. Note that the hold time of SDAn is calculated by SDAH x period of HCLK where
SDAH is multiple of number of HCLK coming from 12Cn_SDHR. When the hold time of SDAnN
is longer than the period of HCLK, 12C (slave) cannot transmit serial data properly.

Enable 12C by setting 12CnIEN bit and 12CnEN bit in 12Cn_CR. This provides main clock to
the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with
SLAnN bits in 12Cn_SAR1/2. If the GCALLNEN bit in I2Cn_SAR1/2 is enabled, I12C compares
the received data with value 0x00, the general call address.

If the received address does not match SLAn bits in [2CnSAR, 12C enters idle state, i.e,
waits for another START condition. Otherwise, if the address equals to SLAn bits and the
ACKnEN bit is enabled, 12C generates SSELn interrupt and the SCLn line is held LOW. Note
that even if the address matches SLAN bits, when the ACKnEN bit is disabled, 12C enters
idle state. When SSELn interrupt occurs, load transmit data to 12Cn_DR and clear all
interrupt source bits in [2Cn_ST to ‘0’ to release SCLn line.

1-Byte of data is transmitted.

In this step, 12C generates TENDn interrupt and holds the SCLn line LOW regardless of
receiving ACK signal from master. Slave can select one of the following cases.

A. No ACK signal is detected and 12C waits STOP or repeated START condition.
B. ACK signal from master is detected. Load data to transmit into 12Cn_DR.

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCLn line. In case of A, move to step 7 to terminate communication. In case of B,
move to step 5. In either case, a repeated START condition can be detected. For that case,
move step 4.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The
STOPCn bit indicates that data transfer between master and slave is over. To clear 12Cn_ST,
write “Oxff” to 12Cn_ST. After this, 12C enters idle state.
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1754

Slave receiver

To operate 12C in slave receiver, follow the recommended steps below.

1.

If the operating clock (HCLK) of the system is slower than that of SCLn, load value 0x00 into
12Cn_SDHR to make SDAn change within one system clock period from the falling edge of
SCLn. Note that the hold time of SDAn is calculated by SDAH x period of HCLK where
SDAH is multiple of number of HCLK coming from 12Cn_SDHR. When the hold time of SDAnN
is longer than the period of HCLK, 12C (slave) cannot transmit serial data properly.

Enable 12C by setting 12CnlEN bit in [I2Cn_CR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with
SLA bits in I2CSAR. If the GCALLnEN bit in 12Cn_SAR1/2 is enabled, 12C compares the
received data with value 0x00, the general call address.

If the received address does not match SLAN bits in I2Cn_SAR1/2, 12C enters idle state i.e.,
waits for another START condition. Otherwise, if the address match SLAn bits and the
ACKnNEN bit is enabled, I12C generates SSELn interrupt and the SCLn line is held LOW. Note
that even if the address equals to SLA bits, when the ACKnEN bit is disabled, 12C enters idle
state. When SSELn interrupt occurs and 12C is ready to receive data, clear all interrupt
source bits in 12Cn_ST to ‘0’ to release SCLn line.

1-Byte of data is received.

In this step, 12C generates TENDn interrupt and holds the SCLn line LOW regardless of
receiving ACK signal from master. Slave can select one of the following cases.

A. No ACK signal is detected (ACKnEN=0) and 12C waits STOP or repeated START
condition.

B. ACK signal is detected (ACKnEN=1) and I2C can continue to receive data from master.

After doing any of the actions above, clear all interrupt source bits in 12Cn_ST to ‘0’ to
release SCLn line. In case of A, move to step 7 to terminate communication. In case of B,
move to step 5. In either case, a repeated START condition can be detected. For that case,
move to step 4.

This is the final step for slave receiver function of 12C, handling STOP interrupt. The
STOPCn bit indicates that data transfer between master and slave is over. To clear [12Cn_ST,
write “Oxff” to 12Cn_ST. After this, 12C enters idle state.
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18 SPI 0/1 interface

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

The SPI 0/1 of A31L12x series features the followings:
e Supports master and slave mode
¢ Clock polarity selectable
e Up to 16MHz data transfer
* Exchangeable MOSIn and MISOn function
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18.1 SPI 0/1 block diagram
Figure 94 shows a block diagram of the SPI block.

SPINEN
PCLK/2/(SPIn_PREDR+1)
PCLK 8-bit )
Prescaler '\L/Jl Edge > SPI
X Detector "I” Control Circuit
SPInMS T CPOLn CPHAN SPINIFLAG . SPIn interrupt
SPInMS
scK [y sPinEn

SCKn D Control |«
FLSBn |
< N
MISOn D‘ 8-bit Receive \ T
Shift Register E
FXCHn R
N
SPIn_RDR |t >l A
mosin [ ]« FLSBN L
B
8-bit Transmit U
Shift Register S
L
SPIn_TDR C—|_:; I
D SS N
Ssn Control E
SSnEN SPInMS —~J

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

Figure 94. SPI Block Diagram (n =0 and 1)
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18.2 Pin description for SPI 0/1
Table 79. Pins and External Signals for SPI (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SSn /10 SPIn Slave select input / output
SCKn /10 SPIn Serial clock input / output
MOSIn 1/0 SPIn Serial data ( Master output, Slave input )
MISOn 1/0 SPIn Serial data ( Master input, Slave output )
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18.3 Registers
Base address and register map of the SPI 0/1 are shown in Table 80 and Table 81.

Table 80. Base Address of SPI Interface

Name Base address Size Description
SPIO 0x4000_5800 128 SPI0 Block
SPI1 0x4000_5880 128 SPI1 Block

Table 81. SPI Register Map (n =0 and 1)

Name Offset Type Description Reset Value
SPIn_CR 0x00 RW SPIn Control Register 0x00000000
SPIn_SR 0x04 RW SPIn Status Register 0x00000000
SPIn_RDR 0x08 RO SPIn Receive Data Register 0x00000000
SPIn_TDR 0x0C RW SPIn Transmit Data Register 0x00000000
SPIn_PREDR | 0x10 RW SPIn Prescaler Data Register 0x000003FF
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18.3.1.1 SPIn_CR: SPIn Control Register
SPI module should be configured properly before running.

SPIn_CR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SPI0_CR=0x4000_5800, SPI1_CR=0x4000_5880

31302928272625242322212019181716‘1514131211 10 9 8|7 6 5 4 3 2 10

o o
A R
Reserved n—fgn_c_géggi
oo Slan g0
0x000000 ojojofofojojO0]|O
: HEEREREE
7 SPInEN  SPIn Operation Control.
NOTE: This bit should be set to “1b” after setting the related registers.
0 Disable SPIn operation.
1 Enable SPIn operation.
6 FLSBn Data Transmission sequence selection.
0 MSB first.
1 LSB first.
5 SPInMS _ Master/Slave Selection.
0 Slave mode.
1 Master mode.
3 SPInIEN SPIn Interrupt Enable.
0 Disable SPIn interrupt.
1 Enable SPIn interrupt.
1 CPOLn Selects the clock polarity of SCK.
0 SCK to 0 when idle.
1 SCK to 1 when idle.
0 CPHAn  The CPOLn and this bit determine if data are sampled on the leading or the trailing
edge of SCK.
CPOLN CPHAnN 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)
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18.3.1.2 SPIn_SR: SPIn Status Register
SPIn_SR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SPI0_SR=0x4000_5804, SPI1_SR=0x4000_5884

3130 20 28 27 26 25 24|23 22 21 20 19 18 17 16[15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0
(O]

< g g E c| 2
T e || ¢ |Elu
Reserved Z S| 9 18&
- Q 7)) [ wlom

&l 2 |on x
0x000000 olofojolololo]o
: SHRE .‘ EE

7 SPInIFLAG _SPiIn Interrupt Flag.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1.

4  SSnHIGH

This bit is set when the SSn pin goes high level during the pin is the
corresponding function.

0 No effect when ‘0’ is written.

1 The SSn pin has gone from low level to high, This bit is cleared to ‘0’ when
write ‘1’

1 FXCHn

SPIn Pin Function Exchange Control.

0  No effect.

1 Exchange MOSIn and MISOn function.

0 SSnEN

SSn Pin Operation Control.

0 Disable SSn pin operation.

1 Enable SSn pin operation. The corresponding SSn Pin should be configured
to the alternative function.

18.3.1.3 SPIn_RDR:

SPIn Receive Data Register

SPIn_RDR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SP10_RDR=0x4000_5808, SPI1_RDR=0x4000_5888

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

g

Reserved g

4

0x000000 0x00

- [}

14

7 RDATA SPIn Receive Data.
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18.3.1.4 SPIn_TDR: SPIn Transmit Data Register
SPIn_TDR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

SPI0_TDR=0x4000_580C, SPI1_TDR=0x4000_588C

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
<
=
Reserved g
=
0x000000 0x00
: :

7 TDATA SPIn Transmit Data. When it is written a byte to this data register, the SPIn will start.
0 NOTE) The data to be transmitted should be written after all control registers are set.

18.3.1.5 SPIn_PREDR: SPIn Prescaler Data Register
SPIn_PREDR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SPI0_PREDR=0x4000_5810, SPI1_PREDR=0x4000_5890

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 10

Reserved PRED
0x000000 0x3FF
- RW

9 PRED The value in this register is used to generate an SCK clock.
0 SCKn clock: PCLK/2/(PREDI[9:0] +1). The SCKn clock must be less than or equal to
16MHz. The range is 0x00 to Ox3FF.

290 \ BO\

SCMICONDULCTOA



A31L12x User’s manual 18. SPI 0/1 interface

18.4 Functional description

When SPIn block is enabled (SPInEN = '1’), the slave select (SSn) pin becomes active LOW input in
slave mode operation if SSnEN bit is set to ‘1’. The SSn function is not automatically controlled in
master mode operation even if SSnEN bitis setto ‘1’. (h=0and 1)

18.4.1.1 SPI clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the
SPIn has a clock polarity bit (CPOLNn) and a clock phase control bit (CPHAN) to select one of four
clock formats for data transfers. CPOLN selectively inserts an inverter in series with the clock. CPHAnN
chooses between two different clock phase relationships between the clock and data.

Table 82 shows the four combinations of CPOLn and CPHAN for SPIn. (n=0and 1)
Table 82. CPOL Functionality (n =0 and 1)

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)
SCKn
(CPOLN=0)
SCKn —
WA (WA A
SAMPLE T T T T T T
R
—R—
MOSIn >
MSB First BIT7 BIT6 h BIT2 BIT1 BITO
LSB First BITO BIT1 BIT5 BIT6 BIT7
N
MISOn > © < o '\‘

/SSnOUT
(MASTER)

A}

Zi
ISSnIN T /"'Z—

(SLAVE) A\ ;7

Figure 95. SPIn Clock Formats when CPHAN=0 (n = 0 and 1)

When CPHAN=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 SPIn shifts the
second data bit value out to the MOSIn and MISOn outputs of the master and slave, respectively. (n =
0and 1)
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SCKn / / /
(CPOLN=0) \ \ /—Y'\‘ \ /_\\ \
SCKn
(CPOLn=1) / / /
. \_ N A W S W
SAMPLE T T T T T T
R
N
ALY
MOSIn < >
23
MSB First BIT7 BIT6 BIT2 BIT1 BITO
LSB First BITO BIT1 BIT5 BIT6 BIT7
MISOn [ h
\
S R
/SSn OUT ) "
(MASTER) . ~
\ N /
W
ISSnIN — i
(SLAVE) N =
- _K 2 /

Figure 96. SPIn Clock Formats when CPHANn=1 (n =0 and 1)

When CPHAnN=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 CPHAN=1, the slave’s SSn input is not required to
go to its inactive high level between transfers.
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19 Smartcard 0/1 interface

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

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

The smartcard interface 0/1 of A31L12x series features the followings:
e 180-7816-3T=0, T =1 compliant
e Supports DMA transfer
*  Programmable guard time
e Supports auto activation sequence
e Supports auto warm reset sequence
e Supports auto deactivation sequence
e Supports auto convention detection sequence
e Baud rate compensation function
*  Selectable UART mode
e Full duplex asynchronous operation
*  Programmable baud-rate generation
*  Selectable even, odd, or no parity bit generation and detection
* Selectable 1 or 2 stop bit generation

* Programmable data delay time after stop bit
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19.1 Smartcard interface 0/1 block diagram
Figure 97 and Figure 98 shows a block diagram of the Smartcard interface block.
PCLK Clock Generator <:| R
> (SCnCLKG[3:0]) n-
SCn Interrupt fsc
T <+ Baud Rate Generator
RTOIENN —b o Interrupt @
RXCIENN Generator 4
BLEDIENn —p - OVRSN[1:0]
RTO Controller < fior
[ BLEDIFGN | [RXCIFLAGN | ’—>
SCn Interrupt . y
Rx Stop bit N
T v T
ScniN O—» Rx RTOENN )| Clock E
| Control »| Recovery R
SCnPWR [« SD Interface N
SCnRST [J&— Interrupt T DLENN[1:0] A
SCNCLK [« Controller RXEn j L
SCnDATA e N Data ' ) ’ P B
T Y > Recovery —> Receive Shift Register <]« U
S
Rx Byte
fse Counter L
A 4
Error and BUSY !
T T > Checker SCn_RDR |::> N
RXBLENN[7:0] RXCNTENn E
TXEn Stop bit DLENN[1:0]
Generator STOPBN
Co1r-1)'zrol < l G;ier:g/tor Transmit Shift Register <]«
A
scn_TDR |\ ————
Tx Interrupt
TXCIENn Generator %
SCn Interrupt
NOTE: After checking that the TXCIFLAGnN bit is set to '1", write the data to be sent to the SCn_TDR register.

Figure 97. Smartcard Interface Mode Block Diagram (n =0 and 1)
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N
SCn_BDR (————

SCn Interrupt ¢

T PCLK Baud Rate Generator |
RTOIENN —] Rx Interrupt RTOIFLAGN SCn_RTODR T

RXCIENn —p A

BLEDIENn —p| ~ Ceneraor lg OVRSN[1:0]
T RTO Controller <« for
| BLEDIFGn | [ RXCIFLAGN | |—>
|
Rx Stop bit N
v T
[ Rx RTOENN Clock E
SCnRXD [J » control P Recovery R
N
T DLENN[1:0] A
L
RXEn
> Data —> Receive Shift Register <]« B
Recovery - u
S
Rx Byte
Counter L
A
T | Errorand BUSY 3 |
d Checker SCn_RDR |::> N
RXBLENN[7:0] RXCNTENnN E
: DLENN[1:0]
TXEn Stop bit
Generator STOPEn
Tx l Parity I .
O¢—— < <
SCnTXD Control [ Generator Transmit Shift Register <]«

A

SCn_TDR |<\—=
TX Interrupt
Generator "

v

SCn Interrupt

TXCIFLAGN

TXCIENNn —»

NOTE: After checking that the TXCIFLAGn bit is set to '1', write the data to be sent to the SCn_TDR register.

Figure 98. UART Mode Block diagram (n =0 and 1)
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19.2 Pin description for Smartcard interface 0/1
Table 83. Pins and External Signals for Smartcard Interface (n = 0 and 1)
PIN NAME TYPE DESCRIPTION
SCnPWR 0] Smartcard power control output
SCnDATA /0 Smartcard data input/output
SCnRST 0] Smartcard reset output
SCnCLK 0] Smartcard clock output
SCnIN I Smartcard detection input
SCnTXD 0] SCn’s UART data output
SCnRXD I SCn’s UART data input
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19.3

Base address and register map of the smartcard interface block are shown in Table 84 and Table 85.

Registers

Table 84. Base Address of Smartcard Interface Blocks

Name Base address Size Description
SCO 0x4000_5300 128 SCO Block (Smartcard Interface + UART mode)
SC1 0x4000 5380 128 SC1 Block (Smartcard Interface + UART mode)
Table 85. Smartcard Interface Register Map (n = 0 and 1)
Name Offset Type Description Reset Value
SCn_CR1 0x00 RW SCn Control Register 1 0x00000000
SCn_CR2 0x04 RW SCn Control Register 2 0x00000000
SCn_CR3 0x08 RW SCn Control Register 3 0x00000000
- - - Reserved -
SCn_IER 0x10 RW SCn Interrupt Enable Register 0x00000000
SCn_IFSR 0x14 RW SChn Interrupt Flag and Status Register 0x00000004
SCn_RDR 0x18 RO SCn Receive Data Register 0x00000000
SCn_TDR 0x1C RW SCn Transmit Data Register 0x00000000
SCn_BDR 0x20 RW SCn Baud Rate Data Register 0x0000FFFF
SCn_BCMP 0x24 RW SCn Baud Rate Compensation Register 0x00000000
SCn_RTODR 0x28 RW SCn Receive Time Out Data Register 0x0000FFFF
SCn_EGTR 0x2C RW SCn Tx Extra Guard Time Register 0x00000000
SCn_T3DR 0x30 RW SCn T3 Duration Data Register 0x00000000
SCn_T4DR 0x34 RW SCn T4 Duration Data Register 0x00000000
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19.3.1 SCn_CR1: SCn control register 1

Smartcard module should be configured properly before running.

SCn_CR1 register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_CR1=0x4000_5300, SC1_CR1=0x4000_5380

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
T T T

Slsls| ¢ | 5|88l ¢ |5lsls/2/B

Reserved 5&5 g w 393>|§§05

@ g 2 &5 &)|° &%

0x0000 0|00 00 00 0| 00 [0|O|O|O]|O

15 SCnMD Smartcard Interface Mode Selection bit
0 Smartcard interface mode (SCnPWR/RST/CLK/DATA/IN)

1 UART mode (SCnRXD/TXD)

14 PENn Parity Enable bit
0 Disable parity bit generation and detection
1 Enable parity bit generation and detection

13 PSELn Parity Selection bit
0 QOdd parity (Odd number of logic ‘1’)

1 Even parity (Even number of logic ‘1)
10 DLENn Data Length Selection bits
9 00 5bit. Start,D0,D1,D2,D3,D4,(Parity),Stop1,(Stop2)
01 6bit. Start,D0,D1,D2,D03,D4,D5,(Parity),Stop1,(Stop2)
10 7bit. Start,D0,D1,D2,D03,D4,D5,D6,(Parity),Stop1,(Stop2)
11 8bit. Start,D0,D1,D2,D3,D4,D5,D6,D7,(Parity),Stop1,(Stop2)

7 STOPBn _ Stop bit
0 1 Stop bit
1 2 Stop bits

4 OVRSn Oversampling Selection bit
0 16 oversampling
1 8 oversampling

3 TXEn Enable the Transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled

2 RXEn Enable the Receiver unit
0 Receiver is disabled
1 Receiver is enabled
NOTE: Write “Ob” to this RXEn bit to disable Rx before Tx start. Otherwise, an Rx
interrupt can occur.

1 RTOENn Receive Time Out Function Enable bit. This function is to count time with baud rate
unit from the leading edge of a start bit to a new start bit. The receive time out
controller counts down from the value of SCn_RTODR register every start bit and
set this bit. The RTOIFLAG bit is set to “1b” at the counter underflow.

0 Disable receive time out function
1 Enable receive time out function
0 SCInEN  Smartcard Interface Block Enable bit. This bit can be cleared to “Ob” during the

corresponding TXEn and RXEn bits are all “Ob”.

0 Disable SCn block

1 Enable SCn block

Note)
If this bit is cleared to ‘0’, the current operations are discarded, the configuration is
kept, and all the status flags are set to reset values.
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19.3.2 SCn_CR2: SCn control register 2

Smartcard module should be configured properly before running. This register is used only for
smartcard interface mode. SCn_CR2 register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_CR2=0x4000_5304, SC1_CR2=0x4000_5384

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
c ° Z=3=2 o
A HEE EREEAEEHEE
Reserved Egb g Eg_%gkét'c) Q
|38 & [3]§[3(g|9|8 9
0x00000 0|00 000 0|j0j0|0|O 0000
o
: 22 - |2 EEEEE E
15 ACTENn Auto Activation Enable bit

0 No effect

1 Enable activation and cold reset (This bit is automatically cleared after operation)

14 WRENnN Auto Warm Reset Enable bit

0 No effect

1 Enable warm reset (This bit is automatically cleared after operation)
13 DACTENnN Auto Deactivation Enable bit

0 No effect

1 Enable deactivation (This bit is automatically cleared after operation)
9 SCnINST SCnIN Pin Status bit

0 SCnIN pin state at low level

1 SCnlIN pin state at high level

8 SCnPWRLV

SCnPWR Pin Level Setting bit

0 SCnPWR pin to low level

1 SCnPWR pin to high level

NOTE: When Activation/Warm Reset’/Deactivation auto mode, this bit is
automatically configured.So don't fill this bit on auto mode.

7 SCnRSTLV

SCnRST Pin Level Setting bit

0 SCnRST pin to low level

1 SCnRST pin to high level

NOTE: When Activation//Warm Reset’/Deactivation auto mode, this bit is
automatically configured.So don't fill this bit on auto mode.

6 SCnDATALV

SCnDATA Pin Level Setting bit. The SCDATA pin must be configured to open-drain with
an external pull-up resistor for a bidirectional line.

0 SCnDATA pin to low level

1 The SCnDATA pin is high level with an external pull-up resistor and reception
mode.

NOTE: When Activation/Warm Reset’/Deactivation auto mode, this bit is
automatically configured. So don't fill this bit on auto mode.

5 SCnCLKLV

SCnCLK Pin Level Setting bit

0 SCnCLK pin to low level on clock generation disable

1 SCnCLK pin to high level on clock generation disable

4 SCnCLKEN

Smartcard Clock Generation Enable bit. The generated clock output also maintains
a 50:50 duty cycle even when enable/disable.

0 Disable smartcard clock generation

1 Enable smartcard clock generation

NOTE: When Activation/"Warm Reset’/Deactivation auto mode, this bit is
automatically configured. So don'’t fill this bit on auto mode.

w

SCnCLKG

This bit-field is used to generate smartcard clock.
When SCnCLKGJ[3:0] = 0, Smartcard clock (fsc): PCLK/1 with 1/2 duty
When SCnCLKGJ[3:0] = 1 to 15, Smartcard clock (fsc): PCLK/(value x 2) with 1/2 duty

NOTE: The ACTENn, WRENN, and DACTENN bits won'’t be set to 2 bits or more at the same time.
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19.3.3 SCn_CR3: SCn control register 3

Smartcard module should be configured properly before running. This register is used only for
smartcard interface mode.

SCn_CRS register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_CR3=0x4000_5308, SC1_CR3=0x4000_5388

3130 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

c c c

5228 £ |EB 8, ¥ B £

oln| > -4 =2 = c [ w

Reserved 2 2| 9| m 2|2 = 2 5 2

Sio| gk & 3| & a =) x

0| x| & 3=l 3 13 = 3

0x000000 0(0[{0]|0 000 0 00 0000 0 0x00

- sz oz |z lz| - | 2

23 ACONDETn Auto Convention Detection bit

0 No effect
1 Auto convention detection (This bit is automatically cleared after operation)
NOTES:

1.  This bit should be set before ATR (Answer to Reset)

2. The even/enable parity (PENn = 1, PSELn = 1) and 8-bits data length should be
configured before setting this bit.

3. Ifthe received value is invalid for TS, a CONERIFGn bit will be set.

4.  If the received value is valid for TS, a CONEDIFGn bit will be set.

5. This bit is effective only during the smartcard interface mode.

22 CONSELNn Convention Selection bit

0 Direct convention (LSB-1% shift out, 0: Low level, 1: High level)

1 Inverse convention (MSB-1% shift out, 0: High level, 1: low level).

NOTE: When auto convention detection mode, this bit is automatically configured
after TS receive

20 RETRYENn _ Tx/Rx Error Signal Generation/Detection Retry Enable bit

0 Disable error signal generation/detection and retry Rx/Tx
1 Enable error signal generation/detection and retry Rx/Tx
NOTES:

1.  If the error signal repeats as the set number of retries, a TRYERIFGn bit is set,
this bit is cleared to stop error signal generation/detection, it stops transmit (Tx),
and the last received byte (Rx) is saved to the SCn_RDR register.

2. When receive mode, the received byte with error isn’t saved except the last.

3. The TXCIFLAGn or RXCIFLAGn bit may be set.

19 RETRYn[2:0]  The number of retry. RETRYn[2:0]+0

17
16 DLYRETRYn _ Delay Time Before Retry Selection bit
0 2.5 etu delay before re-transmit byte
1 2.5 etu + “extra guard time” delay before re-transmit byte
14  SCnINPOL SCnlIN Pin Input Polarity Selection bits.
13 00  Smartcard Insert/Removal on falling edge

01 Smartcard Insert/Removal on rising edge

10  Smartcard Insert/Removal on both of falling and rising edge

11 Reserved

NOTE: This bit is effective only during the smartcard interface mode.

8 RXCNTENn _ Received byte Count Enable bit. This bit should be set before the start of a block reception.

0 No effect

1 Received block length counts every Rx (This bit is automatically cleared
after the BLEDIFGn bit is set)
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7 RXBLENn Received Block Length bits. This bit-field can be used for the block length in smartcard T=1.
0 It is “information characters” + “Epilogue field (1-LEC/2-CRC)” — 1. These bits should be written
by s/w before the RXCNTEN bit is set.
0 = 0 information characters + LEC
1 = 0 information characters + CRC
N except 0 and 1 = (N-1) information characters + CRC, total (N+1) characters.

NOTE: A BLEDIFGn bit will be set when 4™ byte has received after the RXCNTENN bit is
set to “1b”. The contents in the 3™ received byte should be moved to this bit-field
by S/W. The BLEDIFGn bit is set when the number of received bytes from the start of
the block is equal or greater than RXBLENN[7:0] + 4.
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19.34 SCn_IER: SCn interrupt enable register

SCn_IER register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SCO_IER=0x4000_5310, SC1_IER=0x4000_5390

3130 29 28 27 26 25 24 (23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 54 3 2 10
c SISl s c
Reserved Zlzloldla Gl zlo Reserved o 2 gl ag
2% 5|5 3% 32 Bl & |F|le|&
O|lO|F
0x00 ojojojojo0|0|0O]|0O 0x000 0 000 0j{0fo0
- HEEEIREEEE - 2 - 2|2
¥ oo e el el 14 ['4 ['4
23 RSTAIENN Reset Assertion Interrupt Enable bit
0 Disable reset assertion interrupt
1 Enable reset assertion interrupt
22 SERIENN Sequence Error Interrupt Enable bit
0 Disable sequence error interrupt
1 Enable sequence error interrupt
21 SEDIENN Sequence End Interrupt Enable bit
0 Disable sequence end interrupt
1 Enable sequence end interrupt
20 CONERIENN Convention Detection Error Interrupt Enable bit
0 Disable convention detection error interrupt
1 Enable convention detection error interrupt
19 CONEDIENN Convention Detection End Interrupt Enable bit
0 Disable convention detection end interrupt
1 Enable convention detection end interrupt
18 TRYERIENN Transmit Retry Error Interrupt Enable bit
0 Disable transmit retry error interrupt
1 Enable transmit retry error interrupt
17 SCINIENN SCnIN Pin Valid Edge Interrupt Enable bit
0 Disable SCnIN pin valid edge interrupt
1 Enable SCnIN pin valid edge interrupt
16 BLEDIENN Block Length Count End Interrupt Enable bit
0 Disable block length count end interrupt
1 Enable block length count end interrupt
6 RTOIENN Receive Time Out Interrupt Enable bit
0 Disable receive time out interrupt
1 Enable receive time out interrupt
2 TXCIENN Transmit Complete Interrupt Enable bit
0 Disable transmit complete interrupt
1 Enable transmit complete interrupt
0 RXCIENN Receive Data Register Not Empty Interrupt Enable bit.
0 Disable receive data not empty interrupt
1 Enable receive data not empty interrupt
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19.35 SCn_IFSR: SCn interrupt status register
SCn_IFSR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SCO_IFSR=0x4000_5314, SC1_IFSR=0x4000_5394

3130 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 10
c 5|51 &l | e c -] S E-] Slsl &
55/ 82E28¢ ¢ . |8 3] ¥ O|3)Es
Reserved SEEENEEEOEEE ] = g E|lglL
| W w Z|>|olY|lo 3 O (o) ] Ql ol 9
x|Vl wv 8 8 Elo|a 4 [ E [~ BlelE
0x00 ojo0j0]|o0 ojojojo0j0j0|O0 0x00 0| 000 (1/0|0
. S22 =2 =222 209 ) . 2| .
X o oo o v e o 14 ['4 ['4
23  RSTAIFGn Reset Assertion Interrupt Flag. This bit is set to “1b” when the reset signal goes high
level during “auto activation and cold reset” and “auto warm reset”.
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
22 SERIFGn Sequence Error Interrupt Flag. This bit is set to “1b” when the sequence is invalid during
“auto activation and cold reset”, “auto warm reset”, and “auto deactivation”.
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.
21 SEDIFGn Sequence End Interrupt Flag. This bit is set to “1b” when the sequence is finish and
valid during “auto activation and cold reset”, “auto warm reset”, and “auto deactivation”.
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.

20 CONERIFGn Convention Detection Error Interrupt Flag. This bit is set to “1b” when the received value
on ATR is invalid as an initial character TS.

0 No request occurred

1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.

19 CONEDIFGn Convention Detection End Interrupt Flag. This bit is set to “1b” when the received value
on ATR is valid as an initial character TS.

0 No request occurred

1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.

18 TRYERIFGn Transmit Retry Error Interrupt Flag. This bit is set to “1b” when the parity error signal on
Tx/Rx repeats as the set number of retries by RETRYn[2:0] bits of SCn_CR3 register.

0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.
17 SCINIFGn SCnIN Pin Valid Edge Interrupt Flag. This bit is set to “1b” when it occurs valid edge set
by SCnINPOL[1:0] bits of the SCn_CR3 register.
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.

16 BLEDIFGn Block Length Count End Interrupt Flag. This bit is set to “1b” when the number of
received bytes from the start of the block is equal or greater than RXBLENN[7:0] + 4.

0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1'.
15 DORn Data Overrun bit. This bit is set when the receive shift register is transferred
to the SCn_RDR register while the RXCIFLAGn=1. The data of the shift register are
ignored.
0 No data overrun
1 Data overrun detected, This bit is cleared to ‘0’ when write ‘1’
14 FEn Frame Error bit. This bit is set when the received data have not a valid stop bit
(That is, the stop bit following the last data bit or parity bit is detected as “0b”).
0 No frame error
1 Frame error detected
13 PEn Parity Error bit. This bit is set when the received data has a parity error on parity enable.
0 No parity error
1 Parity error detected
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12 RXBUSYn SCnRXD Line Busy bit. This bit is set at a start bit and reset at the end of the reception.
0 Receive line (SCNRXD) is not busy
1 Reception on going
6 RTOIFLAGn Receive Time Out Interrupt Flag. This bit is set to “1b” at the counter underflow
of the receive time out controller.
0 No request occurred
1 Request occurred, This bit is cleared to ‘0’ when write ‘1"
2 TXCIFLAGn Transmit Complete Interrupt Flag. This flag is set to “1b” when the data
in the transmit shift register has been shifted out.
0  No request occurred
1  The data in the transmit shift register are shifted out completely.
This bit is cleared to ‘0’ when write ‘1°.
0 RXCIFLAGn Receive Data Register Not Empty Interrupt Flag. This bit is set to “1b”

when the data in the receive shift register has been transferred to the SCn_RDR register.
The bit is cleared by a read to the SCn_RDR register.

0 No request occurred

1 There is data in the receive data register. This bit is cleared to ‘0’ when write ‘1°.

\BO\

SCMICONDULCTOA



A31L12x User’s manual 19. Smartcard 0/1 interface

19.3.6 SCn_RDR: SCn receive data register
SCn_RDR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_RDR=0x4000_5318, SC1_RDR=0x4000_5398

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 10

m
Reserved E RDATA
0x000000 0 0x00
- 2 RO

8 PARB Parity bit. This is a received parity bit.

7 RDATA  Receive Data bits. A receive shift register is moved to this register after stop bit.

0

19.3.7 SCn_TDR: SCn transmit data register
SCn_TDR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SCO0_TDR=0x4000_531C, SC1_TDR=0x4000_539C

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 10

Reserved TDATA
0x000000 0x00
- RW

7  TDATA Transmit Data bits. This register is moved to the transmit shift register

0 after a previous character is completely shifted out.
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19.3.8
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SCn_BDR: SCn baud rate generation register

SCn_BDR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

SC0_BDR=0x4000_5320, SC1_BDR=0x4000_53A0

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16 |15 14 13 12 11 10 9 8|76543210
Reserved BDATA
0x0000 OXFFFF
- RW
15 BDATA These bits are used to generate baud rate. BDATA[15:0] range: 0x0 to OxFFFF
0 16 oversampling:

— Baud Rate = fsc/{16 x (BDATA[15:0] +1)}, On smart card interface mode
— Baud Rate = fpck/{16 x (BDATA[15:0] +1)}, On UART mode

8 oversampling:
— Baud Rate = fsc/{8 x (BDATA[15:0] +1)}, On smart card interface mode
— Baud Rate = fpci /{8 x (BDATA[15:0] +1)}, On uart mode

19.3.9

SCn_BCMP: SCn baud rate compensation register

SCn_BCMP register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_BCMP=0x4000_5324, SC1_BCMP=0x4000_53A4

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
[ I N OIWOF O N| | O
S HHEHEEHEHEBEE
Reserved LEJ Reserved HE R R REEREREEREE
m m Moo oo o o @oan
0x0000 0 0x00 ojojojo0ojoj0|0|0]|O
: 5 HEEEEEEEE
15 BCMPS Baud Rate Compensation Sign bit
0 Plus 1 clock for compensation
1 Minus 1 clock for compensation
8 BCMPx Baud Rate Compensation bits. x: 0 to 8
0

0 No compensation

1 1 clock compensation every sampling with sign bit (BCMPS)
NOTE: The BCMP8 bit is for parity bit and the BCMP[7:0] are for Data[7:0].
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19.3.10 SCn_RTODR: SCn receive time out data register
SCn_RTODR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

SC0_RTODR=0x4000_5328, SC1_RTODR=0x4000_53A8

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 10
Reserved RTOD
0x00 0x00FFFF
- RW
23 RTOD SCn Receive Time Out Data bits
0
19.3.11 SCn_EGTR: SCn transmit extra guard time register

SCn_EGTR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_EGTR=0x4000_532C, SC1_EGTR=0x4000_53AC
31 30 29 28 27 26 25 2423 22 21 20 19 18 17 16|15 14 131211 10 9 8|7 6 5 4 3 2 1 0

Reserved EGT
0x000000 0x00
- RW

7 EGT SCn Tx Extra Guard Time bits. This register is used for transmit extra guard time
0 between the last stop bit and the next start bit with baud rate units.
The data in the SCn_TDR register will be transferred to transmit shift register
after extra guard time.
Extra Guard time: EGT[7:0] x “baud rate clock period”. No extra guard on EGT[7:0]=0.
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SCn_T3DR: SCn T3 duration data register

SCn_T3DR register is 32-bit size and accessible in 32/16/8-bit. (n = 0 and 1)

SCO0_T3DR=0x4000_5330, SC1_T3DR=0x4000_53B0

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 10

Reserved T3D
0x0000 0x0000
- RW
15 T3D T3 Duration Data bits. T3D[15:0] + 1.
0

19.3.13

SCn_T4DR: SCn T4 duration data register

SCn_T4DR register is 32-bit size and accessible in 32/16/8-bit. (n =0 and 1)

SC0_T4DR=0x4000_5334, SC1_T4DR=0x4000_53B4

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 10

Reserved T4D
0x0000 0x0000
- RW
15 T4D T4 Duration Data bits. T4D[15:0] + 1
0
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194 Functional description

The smartcard interface block comprises clock generator, transmitter and receiver. The clock
generation logic consists of the baud rate generator and clock output logic for smartcard interface
mode.

The Transmitter consists of a write buffer, a serial shift register, parity generator, and control. Using
DMA allows continuous transfer of data without any s/w involvement between frames. The receiver is
the most complex part of the smartcard interface 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, and control logic. The receiver supports the same frame
formats as the transmitter and can detect frame error, data overrun and parity errors.

19.4.1 Smartcard interface clock generation

The clock generation logic generates the clock for the transmitter and receiver, and SCnCLK clock for
smartcard interface mode. The SCn baud rate generator supports two modes of clock operation,
which are 16 oversampling and 8 oversampling mode. The SCnCLK output clock (fSC) for smartcard
interface mode is controlled by SCnCLKEN bit of SCn_CR2 register and the frequency is determined
by SCnCLKG[3:0] bits of SCn_CR2 register. The baud rate generator uses the PCLK for UART mode
and the fSC for smartcard interface mode. (n =0 and 1)

Table 86shows the equations for calculating the baud rate (in bps).

Table 86. Equations for Calculating Baud Rate Register Settings (n = 0 and 1)

Oversampling Equation for UART mode Equation for smartcard interface
mode

16 oversampling mode (OVRSh = 0) Baud Rate = PCLK/(16(SCn_BDR+1)) Baud Rate = fsc/(16(SCn_BDR+1))

8 oversampling mode (OVRSh = 1) Baud Rate = PCLK/(8(SCn_BDR+1)) Baud Rate = fsc/(8(SCn_BDR+1))

19.4.2 Smartcard interface baud rate compensation

The baud rate compensation is used to optimize the precision in each bit. There is a sign (BCMPS bit
of SCn_BCMP register) bit to define the positive or negative compensation in each bit. If the sign bit is
“Ob”, one clock of fsc in smartcard interface mode or one clock of PCLK in UART mode will be
appended in the compensated bit. If the sign bit is “1b”, one clock of fsc in smartcard interface mode
or one clock of PCLK in UART mode will be decreased in the compensated bit.

There are nine bits to define whether the relative compensation is required for each bit. The bits are
BCMP[7:0] for data and BCMPS8 for parity. (n =0 and 1)
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Example

1.

PCLK = 32MHz, 16 oversampling, Baud rate = 9600 bps

32MHz/(16 x 9600) = 208.3333, SCn_BDR =208 - 1 = 207, and “Baud rate clock”/bit = 208 x 16
So, “Clock error”/bit: 208.3333 x 16 - 208 x 16 = 5.3328 clock = “16 clock compensation”/bit if a
BCMPx bit is “1b”.

The result is that the sign bit, BCMPS, is “Ob” for positive compensation and the baud rate
compensation bits, BCMP[8:0], are “001001001b”. (CEPB: “clock error”/bit)

Table 87. Baud Rate Compensation Example 1

Rx/Tx BCMPXx Clock error Compensation | Final Clock
bit bit bit Error
Start bit | — -5.333 (CEPB) X -5.333
DO bit 0 -10.667 (CEPB+ Before compensation) 1 5.333
D1 bit 1 0.000 (CEPB+ Before compensation) 0 0.000
D2 bit 2 -5.333 (CEPB+ Before compensation) 0 -5.333
D3 bit 3 -10.667 (CEPB+ Before compensation) 1 5.333
D4 bit 4 0.000 (CEPB+ Before compensation) 0 0.000
D5 bit 5 -5.333 (CEPB+ Before compensation) 0 -5.333
D6 bit 6 -10.667 (CEPB+ Before compensation) 1 5.333
D7 bit 7 0.000 (CEPB+ Before compensation) 0 0.000
Parity bit | bit 8 -5.333 (CEPB+ Before compensation) 0 -5.333
2. fsc = 3.2MHz, 16 oversampling, Baud rate = 4800 bps

3.2MHz/(16 x 4800) = 41.6667, SCn_BDR =42 - 1 = 41, and “Baud rate clock”/bit = 42 x 16

So, “Clock error’/bit: 41.6667 x 16 - 42 x 16 = -5.3333 clock = “16 clock compensation”/bit if a
BCMPx bit is “1b”.

The result is that the sign bit, BCMPS, is “1b” for negative compensation and the baud rate
compensation bits, BCMP[8:0], are “001001001b”. (CEPB: “clock error”/bit)
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Table 88. Baud Rate Compensation Example 2

Rx/Tx BCMPXx Clock Error Compensation | Final Clock
bit bit bit Error
Start bit | — +5.333 (CEPB) X +5.333
DO bit 0 +10.667 (CEPB+ Before compensation) 1 -5.333
D1 bit 1 0.000 (CEPB+ Before compensation) 0 0.000
D2 bit 2 +5.333 (CEPB+ Before compensation) 0 +5.333
D3 bit 3 +10.667 (CEPB+ Before compensation) 1 -5.333
D4 bit 4 0.000 (CEPB+ Before compensation) 0 0.000
D5 bit 5 +5.333 (CEPB+ Before compensation) 0 +5.333
D6 bit 6 +10.667 (CEPB+ Before compensation) 1 -5.333
D7 bit 7 0.000 (CEPB+ Before compensation) 0 0.000
Parity bit | bit 8 +5.333 (CEPB+ Before compensation) 0 +5.333
19.4.3 Smartcard interface data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits),
and optionally a parity bit for error detection.

The SCn supports all 24 combinations of the followings as valid frame formats.
e 1 start bit
 5,6,7, or 8 data bits
* No, even, or odd parity bit.
* 1 or 2 stop bits.

A frame starts with the start bit followed by the least significant data bit (LSB) or the most significant
data bit (MSB) on the inverse convention of smartcard interface mode. Then the next data bits, up to
eight, follow, ending with the most or least significant bit (MSB or LSB). 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 state means high state of data
pin. The following figure shows the possible combinations of the frame formats. Bits inside round
brackets are optional.

|< 1 data frame >|
I I
Idle St DO D1 D2 D3 D4 (D5)  (6) (D7) (P) | Spl1 (Sp2) | Idlesst
||< Character bits >|

Figure 99. Frame Format
1 data frame consists of the following bits:
e Idle: No communication on communication line (SCnTXD/SCnRXD or SCnDATA)
e St: Start bit (low)
e Dm: Data bits (0 to 7)
e  P: Parity bit (even parity, odd parity, no parity)
e Sp: Stop bit (1 bit or 2 bits)

The frame format is set by the DLENN[1:0], PSELn, PENn, and STOPBn bits in SCn_CR1 register.
The transmitter and receiver use the same figures. On the smartcard interface mode, the PENn and
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PSELn bits are set to “1b” for even parity and the DLENN[1:0] bits are set to “11b” for 8-bits data
length. (n =0 and 1)

19.4.4 Smartcard interface parity bit

The parity bit is calculated by doing an exclusive-OR of all the data bits. If odd parity is used, the
result of the exclusive-OR is inverted. The parity bit is located between the last data bit and first stop
bit of a serial frame.

e Peven=Dm-1*..AD32~D2~D12D0"0
e Podd=Dm-1*...AD32D24D14D0"1
* Peven: Parity bit using even parity
e Podd: Parity bit using odd parity
* Dm: Data bit n of the character

19.45 Smartcard interface transmitter

The transmitter is enabled by setting the TXEn bit in SCn_CR1 register. When the transmitter is
enabled, the SCnDATA/SCnTXD pin should be set to SCnDATA function for the serial data
input/output in smartcard interface mode or SCnTXD function for the serial output pin in UART mode
by the GPIO registers.
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The baud-rate, operation mode and frame format must be set up before doing any transmission. In
smartcard interface mode, the SCnCLK pin is used as the clock of a smartcard, so it should be
selected to do SCnCLK function by the GPIO registers. (n=0and 1)

19.45.1 Smartcard Interface Sending TX Data

A data transmission is initiated by loading the transmit data register (SCn_TDR register) to the data to
be transmitted. The data to be written in transmit data register 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 to the new data, it will transfer one complete frame according to the settings of control
registers. (n =0 and 1)

19.45.2 Smartcard Interface Parity Generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is
enabled (PENn = 1), the transmitter control logic inserts the parity bit between the last data bit and the
first stop bit of the frame to be sent. (n =0 and 1)

19.4.6 Smartcard interface receiver

The receiver is enabled by setting the RXEn bit in the SCn_CR1 register. When the receiver is
enabled, the SCnDATA/SCnTXD pin should be set to SCnDATA function for the serial data
input/output in smartcard interface mode or SCnRXD function for the serial input pin in UART mode
by the GPIO registers. The baud-rate, mode of operation and frame format must be set before serial
reception. In smartcard interface mode, the SCnCLK pin is used as the clock of a smartcard, so it
should be selected to do SCnCLK function by the GPIO registers. (n =0 and 1)

19.4.6.1 Smartcard Interface Receiving RX Data

The receiver starts data reception when it detects a valid start bit (LOW) on SCnRXD pin during
UART mode or on SCnDATA pin during smartcard interface mode. Each bit after start bit is sampled
at predefined baud-rate and shifted into the receive shift register until the first stop bit of a frame is
received. Even if there is 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 data register.
(n=0and 1)

19.4.6.2 Smartcard Interface Parity Checker

If parity bit is enabled (PENn = 1), 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. (n = 0 and 1)

19.4.6.3 Smartcard Interface Data Reception

To receive data frame, the receiver 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 SCnRXD pin in UART mode or on the SCnDATA pin in smartcard interface mode.

The data recovery logic samples and filters the incoming bits with a low pass filter, and removes the
noise of receive 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 16 oversampling mode and 8 times the baud-rate for 8 oversampling
mode (DBLSn=1). The horizontal arrows show the synchronization variation due to the asynchronous
sampling process. Note that larger time variation is seen using the 8 oversampling mode. (n =0 and 1)
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SCnRXD or START
SCnDATA IDLE BITO

Sample
(OVRSN = 0)

t t
0 3
ovme ot
0 2

Figure 100. Start Bit Sampling (n =0 and 1)

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition
on the SCnRXD line or SCnDATA line, the start bit condition. After detecting high to low transition on
the line, the clock recovery logic uses samples 8, 9 and 10 for 16 oversampling mode to detect
whether valid start bit is received. If more than 2 samples have 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. Then 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 clock recovery process. The data recovery logic
samples each incoming bit 16 times for 16 oversampling mode and 8 times for 8 oversampling mode,
and uses sample 8, 9 and 10 to decide data value. If more than 2 samples have low levels, the
received bit is considered as a logic ‘0’ and if more than 2 samples have high levels, the received bit
is considered as a logic ‘1’. 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 waits to find the start bit. (n =0 and 1)

SCnRXD or

SCnDATA >< BITn >(
1
1

Sample %T T
(OVRSn =0)

3

Sample | T | T

2

6 7 nn 1 12 13 14 15 16

(OVRSn = 1)

Figure 101. Sampling of Data and Parity Bit (n = 0 and 1)

The process for detecting stop bit is the same as clock and data recovery process. That is, if 2 or
more samples of 3 center values have high level, correct stop bit is detected, or else a frame error
(FEn) flag is set. After deciding whether the first stop bit is valid or not, the receiver goes to idle state
and monitors the SCnRXD or SCnDATA line to check whether a valid high to low transition is detected
(start bit detection). (n =0 and 1)
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SCnRXD or \

ToOP1  \ \
SCnDATA / S (A) (8) ©
\ \ \
Sample ) T T
(OVRSn = 0)

3
Sample T

(OVRSn = 1) "4"
2

Figure 102. Stop Bit Sampling and Next Start Bit Sampling (n =0 and 1)

19.4.6.4 Smartcard Interface Receive Time Out Function

The receive time out function is used for checking a frame finish. This function is to count time with
baud rate unit between the last start bit and a new start bit, and between setting the RTOENN bit of
SCn_CR1 register and a new start bit. The SCn_RTODR register should have duration time value
before using the receive time out function. (n =0 and 1)
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Receve Line Idle St Character Stop + Guard | St| Character
AY AY
RTOENN bit 0 Setto “1b” at this point l i
Internal Counter X Copy and Copy and Copy and
Decrement every a baud rate clock /\ Decrement every a baud rate clock Decrement

\ SCn_RTODR 4 /4
NOTES:

1. The value of SCn_RTODR register is transfered to an internal counter when the RTOENN bit is set to

“1b” or when a start bit is received to.

If the RTOENRN bit is set to “1b”, the internal counter counts down until underflow.

3. The RTOIFLAGn bit of SCn_IFSR register is set to “1b” on the internal counter underflow and the
receive time out function is finished. So, to re-use the receive time out function, the RTOENnN bit must
be cleared to “Ob” and then set to “1b” again.

n

Figure 103. Receive Time Out Function
19.4.7 Smartcard Interface mode

The smartcard interface mode is selected by setting the SCnMD bit of SCn_CR1 register. When the
smartcard interface mode, the PENn and PSELn bits should be set to “1b” and the DLENN[1:0] bits
should be set to “11b” for 8-bit data length. The smartcard interface mode uses five pins, SCnPWR,
SCnRST, SCnCLK, SCnDATA, and SCnIN. So, the pins are configured as alternative function of
smartcard interface mode. The smartcard interface mode acts as a half-duplex asynchronous
communication using the SCnDATA pin. (n =0 and 1)

19.4.7.1 Activation

The smartcard interface mode supports auto activation, but the activation can be controlled by
software. The activation sequence is as follows. (n =0 and 1)

e All the related pins are low level.
e The SCnPWR pin is set to high level.
* The SCnCLK pin is enabled for smartcard interface clock in reception mode.

* The SCnRST pin asserts to high level.
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scnPwrR |
SCnCLK L
SCnRST el

SCnDATA L. -Undefined: < T4 ATR

NOTES:
1. The RSTAIFGn bit of SCn_IFSR register will be set immediately after T3.
2. Ifthe sequence is invalid or the ATR is not in T4, a SERIFGn bit of SCn_IFSR register will be set.
3. If the sequence is valid, a SEDIFGn bit of SCn_IFSR register will be set.

Figure 104. Activation Sequence

Table 89. Auto Activation Timing Table

Time Comment No. of SCn Clock (fsc)

T1 SCnPWR High to SCnCLK Start 128, In Reception Mode

T2 SCnCLK Start to Rx Enable 128, In Reception Mode

T3 Rx Enable to SCnRST Assert 300 < T3 65536, SCnT3DR[15:0]+1
T4 SCnRST Assert to ATR Appear 400 £ T4 40000, SCnT4DR[15:0]+1
19.4.7.2 Warm Reset

The smartcard interface mode supports auto warm reset, but the warm reset can be controlled by
software. The warm reset sequence is as follows. (n=0and 1)

e The SCnRST pin de-asserts to low level.
e The SCnDATA pin is in reception mode after T2 time.
* The SCnRST pin re-asserts to high level after T3 time.

T2 T3
SCnRST l« »ig

SCnDATA Undefined > T4 ATR

NOTES:
1. The RSTAIFGnh bit of SCn_IFSR register will be set immediately after T3.
2. If the sequence is invalid or the ATR is not in T4, a SERIFGn bit of SCn_IFSR register will be set.
3. Ifthe sequence is valid, a SEDIFGn bit of SCn_IFSR register will be set.

Figure 105. Warm Reset Sequence
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Table 90. Auto Warm Reset Timing Table

Time Comment No. of SCn Clock (fsc)

T2 SCnRST Low to Rx enable 128, In Reception Mode

T3 Rx Enable to SCnRST Assert 300 = T3 65536, SCnT3DR[15:0]+1
T4 SCnRST Assert to ATR Appear 400 < T4 <40000, SCnT4DR[15:0]+1
19.4.7.3 Deactivation

The smartcard interface mode supports auto deactivation, but the deactivation can be controlled by
software. The deactivation sequence is as follows. (n =0 and 1)

e The SCnRST pin de-asserts to low level.

¢ The SCnCLK pin is disabled and set to low level.
*  The SCnDATA pin is set to low level.

* The SCnPWR pin is set to low level.

SCnPWR

scnctk [TTTTOTTTO0000I0000
3 T4
SCRST — > €t >

SCnDATA [, ~Undefined

NOTE: If the sequence is valid, a SEDIFGn bit of SCn_IFSR register will be set.

Figure 106. Deactivation Sequence

Table 91. Auto Deactivation Timing Table

Time Comment No. of SCn Clock (fsc)

T3 SCnRST Low to SCnCLK Disable/Low 50 < T3 £200, SCnT3DR[15:0]+1
TX SCnCLK Disable to SCnDATA Low 128, In Reception Mode

T4 SCnDATA Low to SCnPWR Low 50 < T4 <200, SCnT4DR[15:0]+1
19.4.7.4 Initial Character TS

The initial character TS of answer to reset (ATR) has two conventions according to 7816-3. That is
direct and inverse conventions. The direct convention is LSB-first and bit value “1b” corresponding to
state H. The inverse convention is MSB-first and bit value “1b” corresponding to stathe L. The
smartcard interface mode supports auto convention detection by setting the ACONDETn bit of
SCn_CRS3 register, but the convention detection can be controlled by software. If auto convention is
used, the ACONDETN bit should be set before ATR. (n =0 and 1)

Direct Convention | s | HiH | L | HiHiH | Lil | Pi | s I Character TO  S_1101_1100_1(0x3B)
Inverse Convention | s I HiH | LiLiLicicic]p s | Character TO  S_0011_1111_0(0x3F)
E‘—lz etu < t < 9600 eti————— P

NOTE: Where etu, elementary time unit, is baud-rate bit unit.

Figure 107. Initial Character TS
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19.4.7.5 Error Signal and Character Repetition

In smartcard interface mode, when character parity is incorrect, the receiver shall transmit an error
signal to transmitter to inform parity error by pulling down the SCnDATA pin to low during one to two
etu. Then the transmitter will retransmit the character. The smartcard interface mode supports an error
detection function in the receiver and a re-transmit function in the transmitter.

The error detection and retransmit function are enabled by setting the RETRYENnN bit of SCn_CR3
register and the retry number is defined by the RETRYn[2:0] bits of SCn_CR3 register. The retry
limitation maximum is seven when the RETRYn[2:0] bits are 0x7. If the error signal repeats as the set
number of retries, the RETRYENN bit is cleared to “Ob” to stop error signal generation/detection and
the TRYERIFGn bit is set to “1b”. (n =0 and 1)

Without Parity Error Is] ¢ @ ieyet | i ip|aew+cuad|s| | iByte.!

With Parity Error (Rx) Is] ¢ @ iepet | 0 ip] |Er| | s| iRepetition Byte::
Low level for 1 etu at 0.5 etu after parity

With Parity Error (Tx) Is] | | ‘el 1 ir| |E|2-5 etu+(Guard)| S | Re-transmit Byte;

Detect error signal at 1 etu after parity

Figure 108. Smartcard Interface Error Signal When the RETRYENN bit is set to “1b”
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20 LCD driver

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

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

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

20.1 LCD driver block diagram
Figure 109 shows a block diagram of the LCD driver block.

LCD Display DATA Register

v

Display Data Select Controller
and <€
Display Data Buffer Register

Segment
Driver

LCDCLK of SCU_PPCLKSR Register

| N

2
Common
A Divided MCLK m Driver
XSOSCy| ficp °
WDTRC X
A
Y
| Timing
71 controller
LCD_CR T
>
LCD
Voltage
Bias
LCD_BCCR >

Figure 109. LCD Driver Block Diagram
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20. LCD driver

20.2 Pin description for LCD driver
Table 92. Pins and External Signals for LCD Driver
PIN NAME TYPE | DESCRIPTION
COMO to COM7 0 LCD common signal outputs
SEGO to SEG32 o LCD segment signal outputs
VLCO /0 LCD bias voltage input/output
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20.3 Registers
Base address and register map of the LCD driver are shown in Table 93 and Table 94.

Table 93. Base Address of LCD Driver

Name Base address
LCD 0x4000_5000

Table 94. LCD Driver Register Map
Name Offset Type Description Reset Value
LCD_CR 0x0000 RW LCD driver control register 0x00000000
LCD_BCCR 0x0004 RW LCD automatic bias and contrast control 0x00000000

register

LCD_DROto | Ox0010to | RW LCD display data register 0 to 32 Unknown
DR32 0x0030
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20.3.1 LCD_CR: LCD driver control register
LCD_CR register is 32-bit size and accessible in 32/16/8-bit.

LCD_CR=0x4000_5000

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
- Y a
Reserved é g § %’
0x000000 00 000 00 |0
7 IRSEL Internal LCD Bias Dividing Resistor Selection.
6 00 RLCD3: 105/105/80[kQ] @(1/2)/(1/3)/(1/4) bias.
01 RLCD1: 10/10/10[kQ] @(1/2)/(1/3)/(1/4) bias.
10 RLCD2: 66/66/50[kQ] @(1/2)/(1/3)/(1/4) bias.
1 RLCD4: 320/320/240[kQ] @(1/2)/(1/3)/(1/4) bias.
5 DBS LCD Duty and Bias Selection.
3 000 1/8 duty, 1/4 bias.
001 1/6 duty, 1/4 bias.
010 1/5 duty, 1/3 bias.
011 1/4 duty, 1/3 bias.
100 1/3 duty, 1/3 bias.
101 1/3 duty, 1/2 bias
Others Reserved.
LCLK LCD Clock Selection (When fLCD = 32.768kHz).
1 00 128Hz.
01 256Hz.
10 512Hz.
1 1024Hz.
0 DISP LCD Display Control.
0 Display off.
1 Normal display on.
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20.3.2 LCD_BCCR: LCD automatic bias and contrast control register

LCD_BCCR register is 32-bit size and accessible in 32/16/8-bit.

LCD_BCCR=0x4000_5004

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
° ol T ° °
: |@ 2 @ e |& & 8
Reserved 2 al @ = 2 |58 part
5] Ol o o [} - @ >
4 - 4 2
0x0000 000 0 000 00 (0O 0000
. ' =, = ' 2, S
14 14 ['4 ['4
12 LCDABC LCD Automatic Bias Control.
0 LCD automatic bias is off.
1 LCD automatic bias is on.
10 BMSEL “Bias Mode A” Time Selection. Refer to the figure “LCD automatic bias control”.
8 000 “Bias Mode A” for 1-clock of fLCD.
001 “Bias Mode A” for 2-clock of fLCD.
010 “Bias Mode A” for 3-clock of fLCD.
01 “Bias Mode A” for 4-clock of fLCD.
100 “Bias Mode A” for 5-clock of fLCD.
101 “Bias Mode A” for 6-clock of fLCD.
110 “Bias Mode A” for 7-clock of fLCD.
111 “Bias Mode A” for 8-clock of fLCD.
5 LCTEN LCD Driver Contrast Control.
0 Disable LCD driver contrast.
1 Enable LCD driver contrast.
3 VLCD VLCO Voltage Control when the contrast is enabled.
0 0000 VLCO = VDD x 32/47 step
0001 VLCO = VDD x 32/46 step
0010 VLCO = VDD x 32/45 step
0011 VLCO = VDD x 32/44 step
0100 VLCO = VDD x 32/43 step
0101 VLCO = VDD x 32/42 step
0110 VLCO = VDD x 32/41 step
0111 VLCO = VDD x 32/40 step
1000 VLCO = VDD x 32/39 step
1001 VLCO = VDD x 32/38 step
1010 VLCO = VDD x 32/37 step
1011 VLCO = VDD x 32/36 step
1100 VLCO = VDD x 32/35 step
1101 VLCO = VDD x 32/34 step
1110 VLCO = VDD x 32/33 step
1111 VLCO = VDD x 32/32 step
NOTES:
1. The above LCD contrast step is based on 1/3 bias with 66kQ RLCD and on 1/4 bias with

50kQ RLCD.
2. The LCD driver contrast control bit (LCTEN) should be cleared to ‘0’ when the LCD
automatic bias control bit (LCDABC) is set to ‘1’
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20.3.3

LCD_DRx: LCD display data register x (x = 0 to 32)

LCD_DRXx register is 32-bit size and accessible in 32/16/8-bit. (n = 0 to 8)

20. LCD driver

LCD_DRx=0x4000_5010 to 0x4000_5030

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 10
LCD_DR(4xn+3) LCD_DR(4xn+2) LCD_DR(4xn+1) LCD_DR(4xn+0)
0xXX 0xXX 0xXX 0xXX
RW RW RW RW
31 LCD_DR(4xn+3) LCD Display Data.
24
23 LCD_DR(4xn+2) LCD Display Data.
16
15 LCD_DR(4xn+1) LCD Display Data.
8
7 LCD_DR(4xn+0) LCD Display Data.
0
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20.4 LCD display RAM organization

Display data are stored in display data area. The display data stored to the display data area (address
0x4000_5010-0x4000_5030) are read automatically and are sent to the LCD driver by hardware. The
LCD driver generates the segment and common signals in accordance to the display data and driving
method. Therefore, display patterns can be changed by simply overwriting the contents of the display
data area with a program.

Figure 110 shows the correspondence between the display data area and the COM/SEG pins. The
LCD is turned on when the display data is ‘1’ and turned off when it is ‘0.

SEG32 LCD_DR32 (0x4000 5030)
SEG31 LCD_DR31 (0x4000 502F)
SEG30 LCD_DR30 (0x4000 502E)
SEG29 LCD_DR29 (0x4000 502D)
SEG28 LCD_DR28 (0x4000 502C)
SEG27 LCD_DR27 (0x4000 502B)
SEG26 LCD_DR26 (0x4000 502A)
SEG25 LCD_DR25 (0x4000 5029)
SEG7 LCD_DRY (0x4000 5017)
SEG6 LCD_DR6 (0x4000 5016)
SEG5 LCD_DRS (0x4000 5015)
SEG4 LCD_DR4 (0x4000 5014)
SEG3 LCD_DR3 (0x4000 5013)
SEG2 LCD_DR2 (0x4000 5012)
SEG1 LCD_DR1 (0x4000 5011)
SEGO LCD_DRO (0x4000 5010)
bito | bitl | bit2 | bit3 | bitd | bits | bit6 | bit7

oZ00
,Z00
NZ OO0
@wZ 00
~Z00
aZ00
00
~Z00

Figure 110. LCD Display RAM Organization
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20.5 LCD signal waveform

SEG4 SEG3  SEG2 | o] 2] 20 ] 1] 2|
| |

COMO 1 Frame

VLCO
VLC1
VLC2(VLC3)

com2 ——<4ll;—oO VSS

VLCO

VLC1
VLC2(VLC3)
VSS

COM1 COMO

—_——

COM1

VLCO
VLC1
VLC2(VLC3)
VSS

COM2

VLCO
VLC1
VLC2(VLC3)
VSS

SEG2

VLCO
VLC1
VLC2(VLC3)
VSS

SEG3

+VLCO

+VLC1
+VLC2(VLC3)
COMO-SEG?2 VSS

-VLC2(VLC3)
-VLC1

-VLCO

Figure 111. LCD Signal Waveforms (1/3 Duty, 1/3 Bias)
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SEG4 SEG3 ol 1|2 3|]o|1]|2]3]
: ' _J | r — VDD
: — VSS
_ P>
1 Frame

VLCO
VLC1
VLC2(VLC3)
VSS

VLCO
vLC1
VLC2(VLC3)
VSS

CcoM1

VLCO
VLC1
VLC2(VLC3)
VSS

Com2

VLCO

VLC1
VLC2(VLC3)
VSS

SEG3

VLCO
vLC1
VLC2(VLC3)
VSS

SEG4

+VLCO

+VLC1
+VLC2(VLC3)
COMO-SEG3 VSsS
-VLC2(VLC3)
-VLC1

-VLCO

Figure 112. LCD Signal Waveforms (1/4 Duty, 1/3 Bias)
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loj1|2]3]4|s]6|7]o]|1|2]3|4]5]6]7]
J I—— VDD
— VSS
P
1 Frame

VLCO
O VLC1
S como VLC2
E VLC3
G L

1

0

VSS

VLCO
VLC1
CoM1 VLC2
VLC3
VSS

VLCO
VLC1
COM2 VLC2
VLC3
VSS

VLCO
VLC1
SEG6 VLC2
VLC3
VSS

VLCO
VLC1
SEG7 VLC2
VLC3
VSS

+VLCO
+VLC1
+VLC2
+VLC3
COMO-SEG6 VSS

-VLC3
-VLC2
-VLC1
-VLCO

Figure 113. LCD Signal Waveforms (1/8 Duty, 1/4 Bias)
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20.6 Internal resistor bias connection

(1/2 Bias) | < VLCD »

J8]j08U0D
jsenuod

DISP vss

LCTEN

(U3BIAY | < VLCD _>| (U4BIAY |4— VLCD —>|
A A
89 R R l R g9 R R R R
23 IW——W— W 23 M———— M ————M——a—— W
Sg Sg
g Tk

VLCO VLCL vLC2 VL&

VLCO VLCL vLC2 VLG

vss DISP vss

DISP
LCTEN

LCTEN

NOTE: The above figures are for the internal resistor bias connection.

Figure 114. Internal Resistor Bias Connection
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20.7 LCD automatic bias control timing

20. LCD driver

“Bias Mode A” “Bias Mode B”

“Bias Mode A” “Bias Mode B”
7/ 1/ .
7/ 7 17—
/L /L
7/ 7/
)
®
o
[ J

NOTES: Refer to below when the LCD automatic bias is on:
1. “Bias Mode A”: Always RLCD1 (10kQ).
2. “Bias Mode B”: An LCD bias dividing resistor, which is selected by IRSEL[1:0] bits

Figure 115. LCD Automatic Bias Control Timing Diagram
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21 CRC and checksum

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

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

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

A CRC generator of A31L12x series has following features:
* Auto CRC and User CRC Mode
*  Supports CRC-CCITT (G1(x) =x"6+x2+x5+ 1)
e Supports CRC-16 (G2(x) = x"6 + x5 +x2+ 1)
e Supports CRC-8 (G3(x) =x8+x2+x+1)
*  Supports CRC-32 (Ga(x) = x2+xB+xB +x2+x6+x2+x"+x0+x8+x +x5+x* +x2+x+ 1)
* CRC and Checksum mode
*  CRC/Checksum Start Address Auto Increment (User mode only)
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21.1 CRC and checksum block diagram

Figure 116 shows a block diagram of the CRC and checksum interface block.

INSIZE[1:0] POLYS[1:0] RLTCLR
CRC_IN MODS 5 INCOMP FIRSTBS o, HCLK MDSEL
(32-bit Input Register) ¢ ¢ ¢
»| M MSB-1st | M
u Buffer Register | | gg_1st u CRC Generator
> X 71 X Polynomial Selector
f Internal Bus f | Load Signal o G =xC X+l
Go(x) =X +xP+x2+1
CRC_INIT 32 w G =xF+xP+x+1
(32-bit Initial Register) Tl Ga) =X+ 5%+, 4 x+ 1
CRC_EADR CRC_SADR 32 o
(End Address Register) (Start Address Register) 7
,Increment Trigger Signal Checksum Generator
Comparator )
MODS
If match, Clear SARING
=
CRCRUN
\ 4
CRC_RLT
(32-bit Result Register)
NOTES:
1. The operation is finished after calculating from the CRC_SADR to the CRC_EADR on auto mode or
SARINC=1.
2. The CRC_SADR and CRC_EADR are the same value after completion.
3. End address (CRC_EADR) must be greater than start address (CRC_SADR).
4. The end address must be at least 0x7C from the start address in “Auto mode”.
5. The CRC_SADR/CRC_EADR in “Auto mode” should have any value in flash memory area

(0x10000000 to 0x1000FFFF).

6. CPU will be held at “Auto mode” if the CPU is in the flash memory, and global interrupts should be
disabled by software.

7. HCLK frequency should be less than or equal to 20MHz in “Auto mode” by CRC_CR.MODS bit.

8. During the Auto mode running, the CRC_CR register can’t be written and the CRC_RLT register
can’t be read.

Figure 116. CRC and Checksum Block Diagram
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21.2

Registers

A31L12x User’s manual

Base address and register map of the CRC and checksum block are shown in Table 95 and Table 96.

Table 95. Base Address of CRC

Name Base address
CRC 0x3000_1000

Table 96. CRC Register Map
Name Offset Type Description Reset Value
CRC_CR 0x0000 RW CRC/Checksum Control Register 0x00000000
CRC_IN 0x0004 RW CRC/Checksum Input Data Register 0x00000000
CRC_RLT 0x0008 RO CRC/Checksum Result Data Register 0xO000FFFF
CRC_INIT 0x000C RW CRC/Checksum Initial Data Register 0x00000000
CRC_SADR 0x0010 RwW CRC/Checksum Start Address Register 0x10000000
CRC_EADR 0x0014 RwW CRC/Checksum End Address Register 0Ox1000FFFC
21.2.1 CRC_CR: CRC control register

CRC_CR register is 32-bit size and accessible in 32/16/8-bit.

CRC_CR=0x3000_1000

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8 |7 6 5 4 3 2 1 0
© o © (7,14
B 2 |3 &g 3d ¢|gez
Reserved 2 ] o 825005&,8
= & Z g 2 & |olg|é
0x0000 0 0 00O OO O O|O O O OOTUOT O OTPW
23 B EEEEEEEE
15 INSIZE Input Data Size Selection.
14 00  32-bit is the input data size.
01 16-bit is the input data size.
10  8-bit is the input data size.
11 Reserved.
10 INCOMP _Input Data Complement.
0 No effect
1 1’s complement of input data. Ex) If 0x3AB7, the complement data are 0xC548.
7 MODS User/Auto Mode Selection.
0 User mode. (Calculate every data written to the CRC_IN register)
1 Auto mode. (Calculate till CRC_SADR == CRC_EADR)
6 RLTCLR CRC/Checksum Result Data Register (CRC_RLT) Initialization.
0 No effect.
1 Initialize the CRC_RLT register with the value of CRC_INIT
(This bit is automatically cleared to ‘0’ after operation)
5 MDSEL CRC/Checksum Selection.
0 Select CRC.
1 Select checksum.
4 POLYS Polynomial Selection. (CRC only)
3 00 CRC-CCITT (G1(x) =x"® + x"2 + x5 + 1)
01  CRC-16 (Go(x) =x"® +x" +x? + 1)
10 CRC-8(Ga(x)=xB+x2+x+1)
11 CRC-32 (Ga(x) = x32 + x20 + x2B + x22 + X6 + x"2 + x" + x10 +x8 + x7 + x5 + x* + x2 +
x+1)
2 SARINC CRC/Checksum Start Address Auto Increment Control. (User mode only)
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0 No effect.

1 The CRC/Checksum start address register is incremented as
the selected input size every writing to the CRC _IN register.

1 FIRSTBS _ First Shifted-in Selection. (CRC only)
0 MSB-1st.
1 LSB-1st.
0 CRCRUN CRC/Checksum Start Control and Busy.
0 Not busy. The CRC operation can be finished by writing ‘0’ to this bit while
running.
1 Start CRC operation. This bit is automatically cleared to ‘0’
when the value of CRC_SADR register reaches the value of CRC_EADR
register.
NOTE: The 5 “NOP instruction” should be executed immediately after this bit is set to
‘1.
NOTES:

1. The CRC_RLT register and the CRC/Checksum block should be initialized by writing ‘1’ to the
RLTCLR bit before a new CRC/Checksum calculation.

2. The CRCRUN bit should be set to ‘1’ last time after setting appropriate values to the registers.

3. On the user mode, it will be calculated every writing data to the CRC_IN register during
CRCRUN==1.

4. On the user mode with SARINC==0, the block is finished by writing ‘0’ to the CRCRUN bit.

5. ltis prohibited writing any data to the CRC_IN register during CRCRUN==0.

6. The checksum is calculated by a selected input data size unit.

Ex1) On 8-bit size, CRC_RLT = 8-bit byte + 8-bit byte + 8-bit byte + ----- .
Ex2) On 16-bit size, CRC_RLT = 16-bit word + 16-bit word + 16-bit word + ----- .
Ex3) On 32-bit size, CRC_RLT = 32-bit word + 32-bit word + 32-bit word + ----- .

7.  The 5 “NOP Instruction” should follow immediately after CRCRUN bit is set to “1°.
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21.2.2 CRC_IN: CRC input data register
CRC_IN register is 32-bit size.

CRC_IN=0x3000_1004

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

INDATA
0x00000000
RW

31 INDATA CRC Input Data.

0

NOTE: The CRC_IN register can be written by 1-byte (8-bits), half-word (16-bits), and 1-word (32-

bits).

21.2.3 CRC_RLT: CRC result data register

CRC_RLT register is 32-bit size and accessible in 32/16/8-bit.

CRC_RLT=0x3000_1008

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

RLTDATA

OXFFFFFFFF

RO

31 RLTDATA CRC Result Data.
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21.2.4 CRC_INIT: CRC initial data register
CRC_INIT register is 32-bit size and accessible in 32/16/8-bit.

CRC_INIT=0x3000_100C

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1110 9 8|7 6 5 4 3 2 1 0

INIDATA
0x00000000
RW
31 INIDATA CRC Initial Data.
0
21.2.5 CRC_SADR: CRC start address register

CRC_SADR register is 32-bit size and accessible in 32/16/8-bit.

CRC_SADR=0x3000_1010

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

SADR
0x10000000
RW
31 SADR CRC Start Address
0
NOTES:

1. The LSB-1bit of the start address should be “Ob” on the 16-bits input data size.
2. The LSB-2bits of the start address should be “00b” on the 32-bits input data size.
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21.2.6 CRC_EADR: CRC end address register
CRC_EADR register is 32-bit size and accessible in 32/16/8-bit.

CRC_EADR=0x3000_1014

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1110 9 8 |7 6 5 4 3 2 1 0

EADR
0x1000FFFC
RW
31 EADR CRC End Address.
0
NOTES:

1. The LSB-1bit of the end address should be “Ob” on the 16-bits input data size.
2. The LSB-2bits of the end address should be “00b” on the 32-bits input data size.
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21.3 Functional description

21.3.1 CRC polynomial structure

CRC-CCITT: G1(x) = x"® + x2 +x* + 1

e 1000000000000

s ria riz riz rni rwo ro I's rz I'e I's ra I3 r2 r o

CRC-16: G2(x) = X + x® + x® + 1

oo e e HCHHHTHO T b 1

s a4 ri3 riz ri rwo Iro Is r7 I'e I's ra I3 r2 r o

CRC-8:G3(x) =x®+x* +x + 1

4 e Is 4 3 r2 rn o

CRC-32: Ga(x) = X32 + x26 + x23 + x22 + x16 4 x12 4+ x1 + 10 458 4+ %7 + x> + x* + X2 + X + 1

.....

s eSS0 Tede e

25 24 seveee r4 3 r2 r o

Figure 117. CRC Polynomial Structure
21.3.2 The CRC operation procedure in auto CRC/checksum mode
CRC/Checksum Clock Enable
Set CRC start address register. (CRC_SADR)
Set CRC end address register. (CRC_EADR)
Set CRC initial data register. (CRC_INIT)
Global interrupt Disable.

Select CRC(HCLK) Clock. (HCLK should be less than or equal to 20MHz during
CRC/Checksum auto mode)

Select Auto CRC/Checksum Mode and CRC.
8. CRC operation starts. (CRCRUN = 1)
9. Read the CRC result.

© g c w Do

~

10. Global interrupt Enable.
21.3.3 The CRC operation procedure in user CRC/checksum mode
1. CRC/Checksum Clock Enable
2. Set CRC start address register. (CRC_SADR)
3. Set CRC end address register. (CRC_EADR)
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Set CRC initial data register. (CRC_INIT)
Select User CRC/Checksum Mode and CRC
CRC operation starts. (CRCRUN = 1)

Input CRC Data at CRC_IN.

© N o o &

Check CRC is finished on Start Address Auto Increment or Compare Start address and End
address in order to check CRC end point.

9. Repeat 8 and 9 until CRC end point.
10. CRC Stop and read CRC result.
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22 DMA controller

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

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

e Transfer peripheral to memory

22.1 DMA controller block diagram
Figure 118 shows a block diagram of the DMA controller block.
N
Register Interface
PCLK —» ADR | CONT | BUF H A
H
DST | SRC B
Interrupt €+— CNT | CNT —>
AHB B
DMACHN (n: 0 to 4) Master kg U
[ ¢ S
DMA_REQ —»
DMA_ACK <€—— H/W Handshake

Figure 118. DMA Controller Block Diagram
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22.2 Registers
Base address and register map of the DMA channel 0/1/2/3/4 are shown in Table 97 and Table 98.
Table 97. Base Address of DMA Channel 0/1/2/3/4

Name Base address Size Description

DMACHO 0x4000_5D00 32 DMA Channel 0
DMACH1 0x4000_5D20 32 DMA Channel 1
DMACH2 0x4000_5D40 32 DMA Channel 2
DMACH3 0x4000_5D60 32 DMA Channel 3
DMACH4 0x4000_5D80 32 DMA Channel 4

Table 98. DMA Channel n Register Map (n =0, 1, 2, 3, and 4)

Name Offset Type Description Reset Value

DMACHNn_CR 0x0000 RW DMA Channel n Control Register 0x00000000

DMACHN_IESR 0x0004 RW DMA Channel n Interrupt Enable and 0x00000000
Status Register

DMACHN_PAR 0x0008 RW DMA Channel n Peripheral Address 0x40000000
Register

DMACHN_MAR 0x000C RW DMA Channel n Memory Address 0x20000000
Register
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22.2.1

22. DMA controller

DMACHN_CR: DMA channel n control register

DMACHN_CR register is 32-bit size and accessible in 32/16/8-bit. (n =0, 1, 2, 3 and 4)

DMACHO0_CR=0x4000_5D00, DMACH1_CR=0x4000_5D20, DMACH2_CR=0x4000_5D40

DMACH3_CR=0x4000_5D60, DMACH4_CR=0x4000_5D80
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27 TRANSCNT The number of times to transfer. These bits should be written out except ‘0’

16 before the DMA channel is activated.
0x000 All transmissions have been completed.
Others The number of times left to transfer. The value is decremented
by ‘1’ every transfer and the transfer ends when it reaches zero.
15 ERFGSTP Error Flag Stop bit. This bit is used to stop the DMA transfer when an error flag
of a selected peripheral is set to ‘1.
0 Disable DMA stop function by an error of peripheral
1 Enable DMA stop function by an error of peripheral
12 PERSEL Peripheral Selection.
8 00000 Channel idle
00001 ADC
00010 SPI0 Rx
00011 SPI0 Tx
00100 SPI1 Rx
00101 SPI1 Tx
00110 USART10 Rx
00111 USART10 Tx
01000 12C0 Rx
01001 12C0 Tx
01010 12C1 Rx
01011 12C1 Tx
01100 UARTO Rx
01101 UARTO Tx
01110 UART1 Rx
01111 UART1 Tx
10000 LPUART Rx
10001 LPUART Tx
10010 SCO0 Rx
10011 SCO Tx
10100 SC1 Rx
10101 SC1 Tx
Others Not used.
3 SIZE Transfer Size Selection.
2 00 8-bits.
01 16-bits.
10 32-bits.
11 Not used.
1 DIR Transfer Direction.
0 Transfer is from memory to peripheral.
1 Transfer is from peripheral to memory.
0 CHnEN DMA Channel Enable. This bit is automatically cleared to ‘0’ immediately after

transfer completion or error.

0 Disable channel n.

1 Enable channel n.

NOTE: All DMA channels must be disabled by S/W before entering
Sleep and Deep sleep mode.
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When ADC is DMA transfer.
—  The EOCIFLAG bit of ADC_IESR register is the request signal of DMA transfer.

— Ifthe OVRUNIFLAG bit of ADC_I|ESR register is set during transfer on the
ERFGSTP = 1, the corresponding transfer error interrupt flag bit is set and the
transfer will be stopped.

When SPIn is DMA transfer. Where n = 0 and 1

—  The SPInIFLAG bit of SPIn_SR register is the request signal of DMA transfer.

When USART1n is DMA transfer. Where n = 10

—  The DREn and RXCn bits of USARTN_ST register are the request signal for Tx and
Rx of DMA transfer.

— If the DORn, FEn, and PEn bits of USARTN_ST register are set during transfer on
the ERFGSTP = 1, the corresponding transfer error interrupt flag bit is set and the
transfer will be stopped.

When 12Cn is DMA transfer. Where n = 0 and 1

—  The values of 12Cn_ST register are the request signal for Tx and Rx of DMA
transfer.
—  Abbreviated terms
> “SnDA” is Start and Device address.
> “rSnDA” is Restart and Device address.
> “CSnSP” is Clear status and stop.
> “CS” is Clear status.
> N is the number of bytes to be received or transmitted.
> On the master Tx: “SnDA” by S/W + Transmit(N) by DMA + “CSnSP” by S/W
> On the master Rx: Up to “rSnDA” by S/W + Receive (N-1) by DMA +
Receive(1+NACK) and “CSnSP” by S/W
> On the slave Tx: Up to “rSnDA” by S/W + Transmit (N) by DMA + “CS” by S/W
> On the slave Rx: “SnDA” by S/W + Receive(N) by DMA + “CS” by S/W
> The corresponding DMA channel should be enabled immediately before “SnDA”
on a master Tx or slave Rx.
> The corresponding DMA channel should be enabled immediately before “rSnDA”
on a master Rx or slave Tx.
When UARTN is DMA transfer. Where n: 0 and 1

— The flags of UARTN_LSR register are the request signal for Tx and Rx of DMA
transfer.

— If an error occurs during transfer on the ERFGSTP = 1, the corresponding transfer
error interrupt flag bit is set and the transfer will be stopped.

When LPUART is DMA transfer.

— The TXCIFLAG and RXCIFLAG bits of LPUART_IFSR register are the request
signal for Tx and Rx of DMA.

— If the DOR, FE, and PE bits of LPUART_IFSR register are set during transfer on
the ERFGSTP = 1, the corresponding transfer error interrupt flag bit is set and the
transfer will be stopped.

When SCn is DMA transfer. Where n: 0 and 1

—  The TXCIFLAGn and RXCIFLAGn bits of SCn_IFSR register are the request signal
for Tx and Rx of DMA.

— If the DORn, FEn, PEn, and TRYERIFGn bits of LPUART_IFSR register are set
during transfer on the ERFGSTP = 1, the corresponding transfer error interrupt flag
bit is set and the transfer will be stopped.
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22.2.2

22. DMA controller

DMACHN_IESR: DMA channel n interrupt enable and status register

DMACHN_IESR register is 32-bit size and accessible in 32/16/8-bit. (n =0, 1, 2, 3 and 4)

DMACHO_IESR=0x4000_5D04, DMACH1_IESR=0x4000_5D24, DMACH2_IESR=0x4000_5D44

DMACH3_IESR=0x4000_5D64, DMACH4_IESR=0x4000_5D84

31 302928272625242322212019181716|1514131211109 8|7 6 5 4 3 2 10

\BO\

SCMICONDUCTOR

° Sl el © Sl e
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Reserved e 5 o e 5 o
o | & Q | X
 ElF| ¢ |ElF
0x000000 0 0 000 0 0O
_ .‘ BE .‘ HE
5 TRERIENn _Transfer Error Interrupt Enable.
0 Disable transfer error interrupt.
1 Enable transfer error interrupt.
4 TRCIENn Transfer Complete Interrupt Enable.
0 Disable transfer complete interrupt.
1 Enable transfer complete interrupt.
1 TRERIFGn Transfer Error Interrupt Flag bit. This bit is set to “1b” when an error occurs on the
transfer.
0 No request occurred.
1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.
NOTE: This bit will be set by an error occur during the ERFGSTP bit of
DMACHnN_CR register is set to 1.
0 TRCIFGn Transfer Complete Interrupt Flag. This bit is set to “1b” when the transfer is

finished.

0 No request occurred.

1 Request occurred, This bit is cleared to ‘0’ when write ‘1°.

NOTE: On the DIR bit of DMACHn_CR is “Ob” (Tx of an interface), this bit is set
when the DMA memory to transmit is empty. That is, since the last data is
being transmitted, the next Tx should be started after the corresponding
Tx is completed. Check the corresponding flag of Tx interrupt to see if the
last Tx is complete.
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22.2.3 DMACHN_PAR: DMA channel n peripheral address register

DMACHN_PAR register is 32-bit size and accessible in 32/16/8-bit. (n =0, 1, 2, 3 and 4)

DMACHO0_PAR=0x4000_5D08, DMACH1_PAR=0x4000_5D28, DMACH2_PAR=0x4000_5D48

DMACH3_PAR=0x4000_5D68, DMACH4_PAR=0x4000_5D88

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 10
PBADR POADR
0x4000 0x0000
RO RW
31 PBADR Peripheral Base Address.
16 This is fixed at 0x4000 for APB peripherals.
15 POADR Peripheral Offset Address.
0 If the DIR bit is “Ob”, this is the destination offset address of data transfer.
If the DIR bit is “1b”, this is the source offset address of data transfer.
22.2.4 DMACHN_MAR: DMA channel n memory address register

DMACHN_MAR register is 32-bit size and accessible in 32/16/8-bit. (n =0, 1, 2, 3 and 4)

DMACHO0_MAR=0x4000_5D0C, DMACH1_MAR=0x4000_5D2C, DMACH2_MAR=0x4000_5D4C

DMACH3_MAR=0x4000_5D6C, DMACH4_MAR=0x4000_5D8C

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 10

MBADR MOADR
0x20000 0x000
RO RW
31 MBADR Memory Base Address.
13 These bits are fixed with 0x20000.
12 MOADR  Memory Offset Address. This is the address of the memory area from/to
0 which the data will be read/written.

This register will be incremented by 2SIZE[1:0] for every transfer.

When SIZE[1:0] is “01b”, the MOADR[0] bit is ignored.

When SIZE[1:0] is “10b”, the MOADR[1:0] bits are ignored.

If the DIR bit is “Ob”, this is the source memory address of data transfer.

If the DIR bit is “1b”, this is the destination memory address of data transfer.
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22.3

Functional description

22. DMA controller

The DMA controller performs direct memory transfer by sharing the system bus with CPU core. The
system bus is shared by 2 AHB masters following the round-robin priority strategy. So the DMA
controller can share the half of system bandwidth.

The DMA controller can be triggered only peripheral request. When a peripheral request the transfer
to the DMA controller, related channel is activate and access the bus to transfer requested data from
memory to peripheral data buffer or from peripheral data buffer to memory space.

User set both of peripheral address and memory address
User configure DMA operation mode and transfer count.

User enable DMA channel

DMA request is occurred from peripheral.

DMA activate channel which was requested

DMA read data from source address and save it internal buffer.
DMA write the buffered data to destination address.

Transfer count number is decreased by 1.

When Transfer count is 0, EOT flag is set and notice to peripheral to issue the interrupt

—Ecnn—] \

Address

- Address
—
-
[ Control
LI
haddr
SRCCHn
P T,
n
.' SRCCM1 ) :3:
- of SRCCHO @
- v
<
—
S

| Control

Dma_request n :

DMAFSM

V

Figure 119. DMA Controller and Operation Channel
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Figure 120 shows the functional timing diagram of DMA controller. The transfer request from
peripheral is pended internally and it will invoke source data read transfer on the AHB bus. The read
data from the source address is stored in the internal buffer. Then this data will be transferred to the
destination address when the AHB bus is available.

The timing diagram for a DMA transfer from peripheral to memory is shown in below figure. 4-clock
cycle latency exists during accessing the peripheral. If the bus is occupied by different bus master,
there are amount of bus waiting cycles.

Perl read cycle Mamary weite oyc

'Y
. 4

' '

) [ g =\ '

(_warsusmof aon ) \ SBheondd ) V

' [ ' [l

DATABUS v A X DATA } : { nara )}

H r : i

' ' ' '

DMA_REQ ' ! I ' :
' ! -

DMA_ACK - .

' )

A dma Iraesder cydde

Figure 120. DMA transfer from peripheral to memory

The timing diagram for a DMA transfer from memory to peripheral is shown in Figure 121. 4-clock
cycle latency exists during accessing the peripheral. If the bus is occupied by different bus master,
there are amount of bus waiting cycles.

Marnory idad cpile Bari write cycle
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ADDRESS CONTROL {: 'c‘-"'-l'-.'.-'.-_.’))-._,-% ALR }—|{ WIATT BUIS [DILE K I }
i
'
i
L
'

i
i i
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1
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L
Y

A dma transfer cycle

Figure 121. DMA transfer from memory to peripheral

348 \ B 0\

SCMICONDULCTOA



A31L12x User’s manual 22. DMA controller

The figure is an example N data transfers with the DMA. The DMA transfer is started when
DCnSR.DMAEN is set and will be cleared when all the number of transfer is completed.

A8 BUS ﬁ TRANS N b..( TRANS N-1 ...( TRANS N-2
TRANS COUNTER ( ['F.:\’JEIL‘H—‘. % TRANSCNT-2 ).... TRANS-3 )...

DCnSR.OMAEN ,
DCnSREOT |

Figure 122. N DMA transfer example
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23  Electrical characteristics

Unless otherwise specified, test conditions for DC characteristics are as shown in the followings:
e Ta=-40°C to +85°C(Commercial grade) or Ta = - 40 °C to + 105°C(Industrial grade)
* VDD =1.65Vto 3.6V

NOTES:

1. Refer to Figure 142. A31L12x Series Numbering Nomenclature for device part number by
Commercial and Industrial grade.

23.1 Absolute maximum ratings

Absolute maximum ratings are limiting values of operating and environmental conditions, which
should not be exceeded under the worst possible conditions.

Table 99. Absolute Maximum Ratings

Parameter Symbol Ratings Unit Note
Supply voltage VDD -0.3t0 +4.0 V -
Normal pin Vi -0.3to VDD +0.3 \% Voltage on any pin with respect to VSS
Vo -0.3to VDD +0.3 Y
lo -15 mA Maximum current output sourced by
(lon per 1/0 pin)
Zlon -60 mA Maximum current (Zlow)
loL 20 mA Maximum current sunk by (loL per /O
pin)
ZloL 80 mA Maximum current (ZloL)
5V tolerant pin VI -0.3t0 +6.0 \% Voltage on any pin with respect to VSS
Total power | Pt 300 mw | —
dissipation
Storage Tste -65 to +150 °C -
temperature
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23. Electrical characteristics

23.2 Recommended operating conditions
Table 100. Recommended Operating Conditions

Parameter Symbol | Conditions Min Max Units
Operating voltage | VDD fx = 32 to 38kHz Sub Clock 1.65 3.6 \%

fx = 2.0 to 4.2MHz Main Ceramic 2.2 3.6

fx = 2.0 to 16MHz Clock Crystal 2.7 3.6

fx = 2.0 to 32MHz External Clock 3.0 3.6

fx = 40kHz Internal RC 1.65 3.6

fx = 2.5 to 32MHz 1.65 3.6
Input voltage Vin Normal Pin 0.3 VDD+0.3 \%

5V tolerance Pins, 2.0V =VDD =< 3.6V -0.3 55

PD4:1] 1.65V < VDD < 2.0V 0.3 5.0
Operating Torr VDD = 1.65 to 3.6V (Commercial grade) -40 85 °C
temperature VDD = 1.65 to 3.6V (Industrial grade) -40 105
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23.3 ADC characteristics
Table 101. ADC Characteristics
(TA=25°C)

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

AVDD=1.8V - 3.6V 2 — —

AVDD=1.65V — 3.6V 2 4 —
Analog input voltage Van - VSS - AVDD \
Analog voltage AVDD — VDD-0.3 | VDD VDD+0.3 V
ADC stabilization time tstas - ~ - 16 1/faoc
Band gap reference buffer | Vapcsur - 900 950 1000 mV
voltage
ADC input leakage current Ian AVDD=3.0V - - 2 A
ADC current lanc Enable AVDD=3.0V, — 400 800 UA

Disable | faoc=16MHz - - 10 nA

NOTES:

1. Zero offset error is a difference between 0x000 and the converted output for zero input voltage (VSS).
2. Full scale error is a difference between OxFFF and the converted output for top input voltage (VDD).
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23.4 Power-on reset characteristics

Table 102. Power-on Reset Characteristics
Parameter Symbol Conditions Min Typ Max Units
Reset release level VpPor — — 1.2 — V
Hysteresis AV - - 0.1 - \
VDD voltage rising time tr 0.2V to 2.0V 0.05 - 100 V/ms
POR current IPor - — 21 40 nA
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23.5 Comparator characteristics
Table 103. Comparator Characteristics
(TA = 25°C)
Parameter Symbol | Conditions Min Typ Max Units
Input offset | VOF VDD=3.0V, VIN=1/2vDD - 14 +20 mv
voltage
Operating VDD All comparator pins except below 1.65 - 3.6 \%
voltage CP1P2, CP1P3, CP1P4, CP1P5 2.0 - 3.6
Startup time tsTART Fast Speed - 15 20 us
Slow Speed - 20 25
Propagation toeLAY 1.65V <VDD <27V Fast - 1.2 Hs
I
delay 2.7V < VDD < 3.6V Speed - 08 |2
1.65V < VDD 2.7V Slow - 2.5 6
2.7V <VDD < 3.6V Speed - 1.8 3.5
Hysteresis AV+ VDD=3.0V, VIN- = 1/2VDD, 5 10 20 11\
HYSnEN=1
AV- -20 -10 -5
Minimum input | Vinwin HYSnEN=1 50 - - mVp-p
level
Reference Rrer VDD=3.0V 21 30 39 kQ
resistors
Comparator ICMP Enable, fast speed VDD=3.0V - 35 5 HA
current Enable, slow speed - 1.0 2
Disable - - 0.02
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23.6 Low voltage reset/indicator characteristics
Table 104. Low Voltage Reset/Indicator Characteristics
(TA = 25°C)
Parameter Symbol | Conditions Min Typ Max Units
Detection level VLR * LVR: All levels, - 1.50 1.64 \Vi
Vivi e LVI: Other levels except | 1.65 1.75 1.90
1.5V, 1.75 1.90 2.05
e 1.50V level: Rising edge | 1.90 2.05 2.20
voltage, 2.05 2.20 2.35
e Other levels: Falling edge | 2.15 2.35 255
voltage 2.30 250 [ 2.70
2.45 2.65 2.85
Hysteresis AV - - 40 150 mv
Minimum pulse | tLvrw - 100 - - us
width tLviw
LVR/LVI current ILvRiLVI Enable, one of | VDD =3V | - 200 400 nA
two
Enable, both - 250 500
Disable - - 10

\BO\ 355

SCMICONDUCTOR




23. Electrical characteristics A31L12x User’s manual

23.7 High frequency internal RC oscillator characteristics
Table 105. High Frequency Internal RC Oscillator Characteristics
Parameter Symbol | Conditions Min Typ Max Units
Frequency fuire VDD = 1.65V to 3.6V — 32 — MHz
Accuracy - To=0°Cto+50°C - - +1.5 %
Ta=-40 °C to +85 °C (commercial grade) | — - +3.5
Ta=-40 °C to +105 °C (industrial grade) | — - +4.5
Clock duty ratio Tob - 40 50 60 %
Stabilization time thes - - - 2 us
IRC current lnire Enable - 300 450 A
Disable - - 10 nA
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23.8 Internal watchdog timer RC oscillator characteristics
Table 106. Internal Watchdog Timer RC Oscillator Characteristics
Parameter Symbol | Conditions Min Typ Max Units
Frequency fwpTtre - 34 40 46 kHz
Stabilization time | twots - - - 100 us
WDTRC current lwpTre Enable — 450 650 nA
Disable - - 10
\BO\ 357

SCMICONDUCTOR




23. Electrical characteristics

A31L12x User’s manual

23.9 LCD voltage characteristics
Table 107. LCD Voltage Characteristics
Parameter Symbol Conditions Min Typ Max Units
LCD voltage VLCO LCD contrast disabled, 1/4 bias Typx0.95 VDD Typx1.05 V
LCD contrast | VLCD[3:0]=0x00 Typx0.94 VDDx32/47 | Typx1.06 |V
enabled, VLCD[3:0]=0x01 VDDx32/46
;’j 2?:& VLCD[3:0]=0x02 VDDx32/45
load VLCDI[3:0]=0x03 VDDx32/44
VLCDI[3:0]=0x04 VDDx32/43
VLCDI[3:0]=0x05 VDDx32/42
VLCD[3:0]=0x06 VDDx32/41
VLCDI[3:0]=0x07 VDDx32/40
VLCDI[3:0]=0x08 VDDx32/39
VLCDI[3:0]=0x09 VDDx32/38
VLCD[3:0]=0x0A VDDx32/37
VLCDI[3:0]=0x0B VDDx32/36
VLCDI[3:0]=0x0C VDDx32/35
VLCDI[3:0]=0x0D VDDx32/34
VLCDI[3:0]=0x0E VDDx32/33
VLCD[3:0]=0x0F VDDx32/32
LCD VLC1 + VDD = 2.7V t0 3.6V Typ-0.2 3/4xVLCO Typ+0.2 Y
mid bias VLC2 * LCD clock = OHz Typ-0.2 2/4XVLCO | Typ+0.2
voltage ™" VLC3 * 1/4 bias, No panel load Typ-0.2 1/4xVLCO Typ+0.2
LCD driver Rio VLCD=3V 3 5 10 ‘0
output
impedance
LCD bias RLCD1 1/4 bias, Ty = 25°C 7 11 15 kQ
dividing
resistor RLCD2 35 50 65
RLCD3 56 80 104
RLCD4 168 240 312

NOTE: It is the middle output voltage when the VDD and the VLCO node are connected.
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23.10 DC electrical characteristics
Table 108. DC Electrical Characteristics

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

All Input ports

V=0V, Ta=25°C, VDD=3V 150 250 400

RESETB
Pull-down Rep V=VDD, Tx=25°C, VDD=3V 25 50 100 kQ
resistor All Input ports
OSC feedback | Rxi XIN=VDD, XOUT=VSS, TA=25°C, VDD=3V | 0.6 1.2 2.0 MQ
resistor Rxz Ta=25°C, VDD=3V 4.0 7.0 14.0 MQ
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23.11 Supply current characteristics
Table 109. Supply Current Characteristics
Parameter | Symbol Conditions Typ Max Units
Supply loo1 fuire = 32MHz VDD=3V, 25 3.8 mA
current (main run) | fuirc = 16MHz Code executed from flash 1.6 2.4
frirc = 8MHz TA=85°C 1.1 1.6
fyn = 16MHz 1.5 2.3
frire = 32MHz VDD=3V, 2.3 3.4 mA
fuire = 16MHZz Code executed from RAM, 1.4 2.1
fxin = 16MHz Flash power off 1.4 2.1
Iob2 frire = 32MHz VDD=3V, 1.3 2.0 mA
(main fure = 16MHz Sleep in flash 0.8 1.2
sleep)
fun = 16MHz 0.8 1.2
frirc = 32MHz VDD=3V, 1.3 2.0 mA
fuire = 16MHz Sleep in RAM, Flash power off 0.8 1.2
fyn = 16MHz 0.8 1.2
b3 fsus = 32.768kHz | Ta=25°C VDD=3V 12.0 20.0 uA
(sub run) (CL: 7pF), TA=85°C Code executed from flash 18.0 30.0
or fworre =40kHz | T,=105°C 30.0 50.0
TA=25C VDD=3V, 9.0 15.0 uA
TA=85"C Code executed from RAM, 15.0 35.0
T,=105°C | Flash power off 22.0 55.0
() fsus = 32.768kHz | Ta=25°C VDD=3V, 2.0 5.0 uA
(sub sleep) | (C.: 7pF), T,=85"C Sleep in flash 6.0 18.0
or fwprre =40kHz | T,=105°C 12.0 30.0
Iops VDD=3V TA=25°C 0.65 1.5 uA
(deep PMU_PWRCR.ALLPWR=0 TA=85"C 4.5 9.0
sleep) T,=105°C 11.0 25.0
VDD=3V TA=25°C 0.6 1.0 uA
PMU_PWRCR.ALLPWR=1 TA=85"C 2.0 4.0
T,=105°C 4.5 9.0
PMU_PWRCR.ALLPWR=0 VDD=3V, Tx=25"C, 1.3 1.9 uA
RTCCl/fsys On
PMU_PWRCR.ALLPWR=1 1.2 1.7
NOTES:

1. Where the fxin is an external main oscillator, the fsus is an external sub oscillator (ISET_I[2:0] = 0x5),
the fuirc is a high frequency internal RC oscillator, and the fx is the selected system clock.

2. All supply current items don’t include the current of an internal watch-dog timer RC (WDTRC) oscillator
and a peripheral block except when explicitly mentioned.

3. All supply current items include the current of the power-on reset (POR) block.
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23.12 AC characteristics
Table 110. AC Characteristics

Parameter Symbol Conditions Min Typ Max | Units
RESETB input low | trsT VDD =3V 10 - - us
width
Interrupt input high, tiwn, tiwe Allinterrupts, VDD =3V | 50 - - ns
low width
External counter input | tecwh, vDD =3V 1 - - 1/frcik
high, low pulse width tecwL All  external counter

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

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

All except fioz

fioz VDD = 2.7V, CL = 30pF, | — - 16
SPI pins
o tiwL , « tIWH R
External

Interrupt

¥ 0.8VDD
s £ 0.2vDD L
tRST
KZVDD

L
<

RESETB

J

N 7

tECWL tECWH

tFEC —> tREC

TA

ECn

Figure 123. AC Timing
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23.13 SPI characteristics
Table 111. SPI Characteristics

Parameter Symbol | Conditions Min Typ | Max Units
SPI clock frequency fsck VDD =2 2.7V Internal SCK source - - 16 MHz
External SCK source
fsex VDD =2 1.71V Internal SCK source - - 12
External SCK source
fsex VDD = 1.65V Internal SCK source - - 8
External SCK source
Input/output clock high, | tsckw, Internal/External SCK source 0.8*Typ | tsck/2 | 1.2*Typ ns
low pulse width tsckL
First output clock delay | trop Internal/External SCK source, 0.4%sck | — -
time CPHA =0
Output clock delay | tps - - - 18
time
Input setup time tois 13 - -
Input hold time tom 15 - -
SS
(Output/Input)
< C
—» tFOD i¢— < tScK >
SCK
(CPOL=0)

(Output/Input)

SCK
(CPOL=1)
(Output/Input)
X X 4
tDIS tDIH
MISO/MOSI LSB

(Data Input)

MISO/MOSI

(Data Output) MSB LSB

Figure 124. SPI Timing
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23.14 12C characteristics
Table 112. 12C Characteristics

Parameter Symbol | Standard Fast Fast Plus Units
Min Max | Min Max Min Max
I2C operating voltage - VDD = 1.65V VDD = 2V VDD = 2.7V —
Clock frequency tscL 0 100 0 400 0 1000 | kHz
Clock high pulse width tscLh 4.0 - 0.6 - 0.26 - us
Clock low pulse width tscLL 4.7 - 1.3 - 0.5 -
Bus free time ter 4.7 - 1.3 - 0.5 -
Start condition setup time | tstsu 4.7 - 0.6 - 0.26 -
Start condition hold time tsTHD 4.0 - 0.6 - 0.26 -
Stop condition setup time | tspsu 4.0 - 0.6 - 0.26 -
Stop condition hold time tspHD 4.0 - 0.6 - 0.26 -
Output Valid from Clock tvp 0 - 0 - 0 -
Data input hold time toiH 0 - 0 1.0 0 0.45
Data input setup time tois 250 - 100 - 50 - ns
., tscL
:[SCLH‘ "[SCLL:

—p €— tSTSU < P € » _>§ §<_ tDIH _N €— tSPSU
SCL ) ‘
SDA A / X

—>» <€—ISTHD —> €— tDIS
—> €—tvD

< I X

—p <— tvbD

p <€— tSPHD

/

tBF W

A
A

Figure 125. 12C Timing
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23.15 UART timing characteristics

Table 113. UART Timing Characteristics (PCLK=32MHz)

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

Figure 126. UART Timing Characteristics

e e U A N e U e U e U an U A
Data Out \ DO X D1 X D2 X D3 X D4 X D5 X D6 X D7

Data In >< Valid >< >< Valid >< >< Valid >< X Valid >< >< Valid >< >< Valid >< X Valid >< >< Valid

Figure 127. Timing Waveform of UART Module
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23.16 Data retention voltage in Stop mode

Table 114. Data Retention Voltage in Stop Mode
Parameter Symbol | Conditions Min Typ | Max Units
Data retention | Vpobr - 1.65 - 3.6 \Y,
supply voltage
Data retention | Ipobr * Vpppr = 1.65V (Ta=25°C) - - 1 HA
supply current * Deep sleep mode
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23.17 Internal flash characteristics
Table 115. Internal Flash Characteristics
Parameter Symbol | Conditions Min Typ | Max | Units
Page write time trsw - - 3.0 3.5 ms
Page erase time trse - - 3.0 3.5
Chip erase time trce - - 3.0 3.5
Flash program voltage | Veom On erase/write 2.0 - 3.6 V
System clock | fucik - 2.0 - - MHz
frequency
Endurance of | NFwe * Page 0to 511 TA=25 °C, 10,000 - - Cycles
Write/Erase » Configure Option Page 1 Page unit
Configure Option Page 2/3 100,000

Retention time trr 10 - - Years
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23.18 Input/ output capacitance

Table 116. Input/ Output Capacitance

23. Electrical characteristics

(VDD =0V)
Parameter Symbol | Conditions Min Typ Max Units
Input capacitance Cin e f=1MHz - - 10 pF
Output capacitance | Cour * Unmeasured pins are
/O capacitance Cio connected VSS
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23.19 Main oscillator characteristics

Table 117. Main Oscillator Characteristics
(VDD = 2.2V to 3.6V)

Oscillator Parameter Conditions Min Typ Max Units

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

Ceramic Main oscillation | 2.2V t0o 3.6 V 2.0 - 4.2

Oscillator frequency 27Vto36V 2.0 - 16.0

External Clock XIN input frequency 3.0Vio 3.6V 2.0 - 32.0 MHz
External Clock Duty | — 45 50 55 %
Ratio

XOUT

e

B

Figure 128. Crystal/Ceramic Oscillator

‘ XIN XOUT

T T

External  Open
Clock
Source

Figure 129. External Clock
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23.20 Sub-oscillator characteristics

Table 118. Sub-oscillator Characteristics
Oscillator Parameter Conditions Min | Typ Max | Units
Crystal Sub oscillation frequency 1.65Vt0 3.6V 32 32.768 38 kHz

SXIN SXOUT ‘

109,

C

Figure 130. Crystal Oscillator
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23.21 Main oscillation stabilization time

Table 119. Main Oscillation Stabilization Time

(VDD = 2.2V to 3.6V)

Oscillator | Conditions Min | Typ | Max | Unit
Crystal e fyun 2 2MHz VDD = 2.7V to | - - 60 ms
« Oscillation stabilization occurs when VDD is | 3.6V
Ceramic equal to the minimum oscillator voltage range. VDD = 22V to | - - 10
3.6V
External e fyn = 2.0 to 32MHz 12.5 - 250 ns
clock « XIN input high and low width (tx., tx)
| L/XIN R
P XL ‘| L tXH N
\
XIN 0.8vDD
K 0.2vDD

Figure 131. Clock Timing Measurement at XIN
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23.22 Sub-oscillation stabilization time
Table 120. Sub-oscillation Stabilization Time
Oscillator Conditions Min Typ. Max Units
Crystal - - - 10 sec
VDD=3V, Ta=25 °C, ISET _I[2:0] = 0x7 - 0.7 15
External clock | SXIN input high and low width (tx., txH) 5 - 15 us
| 1/fsus R
P XL ‘| L tXH N
SXIN % 0.8VDD
0.2vDD
Figure 132. Clock Timing Measurement at SXIN
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(fxin=2.0 to 16MHz, x-tal)

(fsus=32 to 38kHz)

16.0MHz -
e ————
4.2MHz -
2.0MHz -t
«—Crystal——>
< Ceramic———»
22 27 3.6 1.8 3.6
Supply voltage (V) Supply voltage (V)
Figure 133. Operating Voltage Range
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23.24 Recommended circuit and layout
The 0.1uF capacitors should be within
AVDD -4 5mm from the VDD pin of MCU on the
PCB layout.
AVSS VDD VCC
VDD »
+ L
0.1uF — ‘DC Power
VSS I
= <
VCC g
The MCU power line (VDD and VSS)
{should be separated from the high-
i current part at a DC power node on
> High-Current Part the PCB layout.
w " Infrared LED,
FND(7-Segment),
= {r
—
- 1o 1
(D This capacitor can be selectively applied to improve noise Immunity.
—_ If the VDD for MCU and the power for high-current parts are well
— separated in the layout, it is acceptable not to use it in the system.
wn X-tal
XIN 140 P SE— - The main and sub crystal should be as close by the MCU as possible.
XOUT e
‘ The load capacitors of the sub clock
SXIN ] -C1,C2:CLx2+15%
o o " -CL=(C1xC2)/(C1 +C2) - Cstray
:_x_I_I 1 - Cu: the specific capacitor value of crystal
SXOouT |_-|=- - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
32.768kHz
~J This reset circuit should be as close
") by the MCU as possible.
NRESET

Figure 134. Recommended Circuit and Layout

\BO\ 373

SCMICONDUCTOR



23. Electrical characteristics A31L12x User’s manual

SMPS Side «— i —» MCU Side
VCC VDD

.l

SMPS
R1 r A31L12x
I I I Series
- VSS

€1
C1 C2 C3 =

NOTES:

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

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

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

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

Figure 135. Recommended Circuit and Layout with SMPS Power
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4 hid v
. NOTES:

(onnnanmanaanm

REV DESCRIPTION DATE ENG APPROVAL
o o~ GCENERATE ey 0N Yd CHAE
m
A CONMON DIMENSICNS
[UNITS OF MEASURE=MILLIMETER)
| SYMEOL | MIN NOM MAX
A — - 160
At 0.06 - 015
A2 135 140 1.45
— ]
| — 3 0.17 0z (X0
— b o 02 0.23
— -
— c 004 020
= cl 009 — 018
—
B % — [ 1180 1200 1220
— D1 9.80 10.00 10.20
= E 1180 12.00 1220
au 2okl — El 980 1000 10.20
—
— " 0150 88C
| — L 045 | 080 | 07%
= L1 1.00 REF
| 3 [ T

1. ALL DIMENSION REFER TO JEDEC STANDARD MS-026-BCD.
2. DIMENSIONS 'D1' AND 'E1" DO NOT INCLUDE MOLD PROTRUSION.
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64 LQFP package information

241

CAUGE PLANE 025

L

LEAD FORM PART

Ve BASE METAL

WITH PLATING

SECTION A-A

ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1" AND 'E1' ARE
MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH

3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH
1O EXCEED THE MAXIMUNM ‘b’ DIMENSION BY MORE THAN 0.08MM.

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

UST OF MATERIAL AND APPLICABLE DOCUMENTS

A wous | PR | T s ane |
. v _mow LOFP 10X10MM 64LD
g w O v oue PACKAGE OUTLINE
mee G E
worm s ¥ S

CAD s DRaG NASS R - 5T

Figure 136. 64 LQFP 10 x 10 Package Outline
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48 LQFP package information

24.2

.. GAUGE PLANE 0.25

HARARARAAAAS

‘mmmmmmﬁmmmmmj

LEAD FORM PART

>

Al

b1

{ BASE NETAL
'

N

Do

™

SECTIONE-B

N WITH PLATING

REV. DESCRPTION DATE ENG AFPROVAL
= GENERATE 0480T | JH KM ¥4 CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM Max
A - - 1,60
A1 005 - 016
a2 135 140 1.45
b 0.17 022 027
b1 017 020 0.23
c 009 - 0.20
ot 0.09 - 0.16
o 880 400 920
1 680 100 720
E 580 500 9.20
£1 .80 700 7.20

050 BSC

L 045 | 060 | 075
L1 100 REF
) o | 35 | T

NOTES
1. ALL DMENSIONS REFER TO JEDEC STANDARD MS.026.BBC

2 DIMENSION 'D1° AND E1' DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWABLE
PROTRUSION IS D.26MM PER SIDE. 'D1° AND '£1' ARE MAXIMUM PLASTIC BOOY
DIMENSIONS INCLUOING MOLD MISMATCH.

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

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

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCAE None CATE CRaan 18 sang | ™
-~ R s Y4 CE LQFP 7X7MM 48LD
PROSCTION Wﬁ HECED vy CE PACKAGE CUTLINE
E@m t!h.- APRONED:

CAO e ORUNMS NS ey T
ABOV SEMICONDUCTOR|  gia-arores OLO-0707943 = 1 OF 1

Figure 137. 48 LQFP 07 x 07 Package Outline
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32 LQFP package information

24.3

A

D1

HHAAAAAA

..si.i.ﬂ»_

-

HAHHHHAA [

HEHHEERY

E1l

TUTE
L

b

.. GAUGE PLANE 0.25
i

N

LEAD FORM PART

REV DESCRPTION DATE ENG AFFROVAL
— | cenerate o2ty | M [ o cuae
COMMON DIMENSIONS
(UNITS OF MEASURE =MILLIMETER)

SYMBOL | MIN NOM MAX
A - - 1,60
A 005 - 0.20
2 135 140 1.45
b 030 0.3 0.42
] 030 035 0.40
c 0.09 - 0.20
cf 009 — 016
D 880 9.00 9.20
D1 680 7.00 7.20
£ 880 900 9.20
1 680 700 7.20
e 080 BSC
L 045 0.80 0.75
] 100 REF
) 0 [ 3 | 7

NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-B8A

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

ALLOWABLE PROTRUSION 18 0.25MM PER SIDE. 'DI" AND'E1' ARE MAXIMUM
PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH

3. DIMENSION ' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE

-— BASE METAL

)

AN

SECTION A - A

DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
THE MAXIMUM 't DIMENSION BY MORE THAN 0.08MM.

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

- WITH PLATING
LIST OF MATERIAL ANC APPLICABLE DOCUMENTS

scaLe NONE E:w.ho..; AW 23 Kave | e
ey O | Cacaan | TR KM LQFP 7X7MM 32LD
iy e GEGED v\ cre PACKAGE OUTLINE
PEGED @ mH mae ROV vy cHeE

CAD MWE AN VB ey SEer
ABOV SEMICONDUCTOR| ~ otaommoz oaorares | 1 OF 1

Figure 138. 32 LQFP 07 x 07 Package Outline
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32 QFN package information

24.4

REV. DESCRPTION DATE ENG AFPROVAL
L= cec|C - GENERATE RnEt? | Mowm | Y cHaE
d D B bob [C
(] 4 | ClsEATING PLANE . :
COMMON DIMENSIONS
32 \ M o (INITS OF MEASURE=MM)
9 symsoL | miN NOM MAX
1 / [ A 070 0,75 080
[] At 0 0,035 008
\ i A2 - 0,55 057
PIN 1 CORNER I A 0203 REF
w o 020 | o028 | o030
| D 5,00 8SC
_” E 5.0085C
(] e 0.5088C
_. J 340 3.50 380
d K 340 3.50 3680
M e L 035 0.40 045
Al 883 0.10
A3 bbb 010
A2 coe 008
A ada 010
eoe 010
25 32
Joooooo c\\ i
1
= = NOTES:
1 - 1. DIMENSION 't APPLIES TO METALLIZED TERMINAL AND IS MESAURED
1 (- _.E BETWEEN 0.15MMAND 0.30MM F ROM THE TERMINAL TIP
x | = o IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
[e=d[c[A[ — = # THE TERMINAL, THE DIMENSION b SHOULD NOT BE MEASURED IN THAT
] O RADIUS AREA
| (.
..ul_ ﬂ 8 LIST OF MATERIAL AND APPLICABLE DOCUMENTS
Annonnnn T e [ [ 5w |
e 9 - EXPOSED DIE oansoNe | grousecs | INOMRER 5y gy QFN 5X5MM 32LD 0.75T
ATTACH PAD e o —
=L ke 1 | GERD v, auE PACKAGE OUTLINE
<_m<< glg SPECINED NM.A_H FFRIVED v CHAE ,
CADMANE CHRANN AR MW e sy ey
ABOV SEMICONDUCTOR |  oon-tso%azrH OON-O5057H s 1 OF

Figure 139. 32 QFN 05 x 05 Package Outline
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28 TSSOP package information

24.5

TITTTTTITIEIT

W W,

I

REV. CESCRIPTION DATE ENG APPROVAL
— | Gewerate. G421017 | MKW | YA CHAE
CONMON DINENSIONS
[UNITS OF MEASUNE-MLLMETER)

SYMBOL | WM oM MaAx
A - - 120
At 005 - 0.35
A2 08 1.00 105 |
b 019 - 030
vl 019 022 025
[ = 020
o o3 = 0.55
0 200 a7 800
E €20 640 660
£t 420 4 %
0.55B5C
L nes | os0 | o7n
€] 100 REF
) [ | TR
NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AE.

2 DIMENSION 0r DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT
EXCEED 0.15MM PER SIDE.

3. DIMENSION 'EY' DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE

4. DIMENSION B’ DOES NOT INCLUDE DAMBAR PROTRUSION ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE ¥
DIMENSION AT MAXIMUM MATERIAL CONDITION

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

LIST OF MATERIAL AND APPLICASLE DOCUMENTS
e NONE EA.HS...Z .. RANG
e | T | PR TSSOP 4 4MM 28LD
PROSGRCN - GEOEE ) s PACKAGE OUTLINE
st

e NIRVED v cHas

O DRATENG NVIER £ 3

ABOV SEMICONDUCTOR| 0154400028 OT5-4400028 > 1 0F 1

Figure 140. 28 TSSOP Package Outline
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24 QFN package information

24.6

REV DESCRPTION DATE ENG APPROVAL
— GENERATE oWat 7 M Y4 CHAE
D COMMON DIMENSONS
) 7] D2 UNITS OF MEASURE=MW)
ﬁ & TR0
% o 2 SYMBOL | MIN NOM MAX
_ T A 070 0.75 0.80
JUUUUU @ | e | on
FINI # CORER
' W) e ey Al 0 0.02 0.05
) 260 X465
U e ﬂ AL e 0.20 REF -
b 018 0.25 0.30
w AT )]\\U\ ufﬂ o™ o 4.008SC
B CT—— owwe E 4.00 8SC
D2 280 270 280
) (- £2 280 2.70 280
1 U 1 e 0.50 BSC
L 035 0.40 045
> K 020 - -
] w=lc] F asa 0.10
S]] aof L bbb 0.10
TOP VIEW SEE CETAL *B* e 0.10
dod 0.05
ATl - BOTTOM VIEW ) 0.08
< 1 0.10
<
10 -~ Y N N e e e Y B it} it
e P NOTES:
SIDE VIEW 1. DIMENSION 't APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 0.15MM AND 0.30MM FROM THE TERMINAL TIP
(DATUMA OR B) IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
e . THE TERMINAL, THE DIMENSION b' SHOULD NOT BE MEASURED IN THAT
-~ MEROLN
\’ RADIUS AREA.
\
\Y
1
i LIST OF MATERIAL AND APPLICABLE DOCUMENTS
..- WAL NONE oare AW S8 KANG me
Y - gasen w | ovemas | PEER HoxM QFN 4X4MM 24LD 0.75T
B iy PROECTON e HEED e PACKAGE OUTLINE
wp ESS e x
EVERCDDTERMIMAL S0E DETAIL "B SEEOFED @ m nar AFROVED. ). CHRE

ABOV SEMICONDUCTOR

CADNNE
OAN0A40244

TRAWNG NWA R

OON-0404248

SHEET

1 OF 1

Figure 141. 24 QFN 04 x 04 Package Outline
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Table 121. A31L12x Series Ordering

Information

25. Ordering information

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

* For available options or further information on the devices with “*” marks, please contact the ABOV Sales Office.
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A31L12 3 R L 2 N (T)

A31L12 Family Name

Code memory size

3 64Kbytes

2 32Kbytes

Pin count

M 80 pins

R 64 pins

C 48 pins

K 32 pins

G 28 pins

L 24 pins

Package type

L LQFP1 (0.5mm pin pitch)

M LQFP2 (0.65mm pin pitch)

N LQFP3 (0.8mm pin pitch)

U QFN

R TSSOP

Temperature

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

Product information

N Internal management code
Packing
(M Tape & reel
(W) Wafer
© Chip carrier
NOTE: For more information on any aspect of this device, please contact your nearest distributor or ABOV
sales offices.
Figure 142. A31L12x Series Numbering Nomenclature
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26 Development tools

This chapter introduces wide range of development tools for A31L12x. ABOV offers software tools,
debuggers, and programmers to help a user in generating right results to match target applications.
ABOV supports entire development ecosystem of the customers.

26.1 Compiler

ABOV semiconductor does not provide any compiler for A31L12x. However, since A31L12x have
ARM’s high-speed 32-bit Cortex-M0+ Cores for their CPU, you can use all kinds of third party’s
standard compiler such as Keil C Compiler. These compilers’ output debug information can be
integrated with our A-Link and A-Link Pro. Please visit our website www.abovsemi.com for more
information regarding the A-Link and A-Link Pro.
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26.2 Debugger

The A-Link and A-Link Pro support ABOV Semiconductor’s A31L12x MCU emulation in SWD Interface.
The A-Link and A-Link Pro use two wires interfacing between PC and MCU, which is attached to
user’s system. The A-Link and A-Link Pro can read or change the value of MCU’s internal memory
and I/O peripherals. In addition, the A-Link and A-Link Pro control MCU’s internal debugging logic.
This means A-Link and A-Link Pro control emulation, step run, monitoring and many more functions
regarding debugging.

The A-Link and A-Link Pro run underneath MS operating system such as MS-Windows NT/ 2000/ XP/
Vista/ 7/ 8/ 8.1/ 10 (32-bit, 64-bit).

Programming information using the A-Link and A-Link Pro are provided in Figure 143. More detailed
information about the A-Link and A-Link Pro, please visit our website www.abovsemi.com and
download the debugger S/W and documents.

nReset— 10 | o @ 9 — Vss
TDI-8 | e @ 7 — RTCK
SWO/TDO -6 | e @ 5 - Vss
SWCLK/TCK -4 | o @ 3 - Vss
SWDIO/TMS -2 | o @ 1 - Vec

Figure 143. A-Link and Pin Descriptions
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26.3 Programmer
E-PGM+
E-PGM+ is a single programmer, and allows a user to program on the device directly.

*  Support ABOV devices

»  2~5times faster than S-PGM+

«  Main controller: 32-bit MCU @ 72MHz
*  Buffer memory: 1MB
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Figure 144. E-PGM+ (Single Writer) and Pin Descriptions
Gang programmer

E-Gang4 and E-Gang6 allows a user to program on multiple devices at a time. They run not only in
PC controlled mode but also in standalone mode without PC control. USB interface is available and it
is easy to connect to the handler.

ABOV
-
- E-GANGE
ABOY o ——
E-GANGa

7775 IHIIIiYL

Figure 145. E-Gang4 and E-Gang6 (for Mass Production)
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26.4 SWD debug mode and E-PGM+ connection

Connections for SWD debugger interface or E-PGM+ is described in Figure 146.

E-PGM+ % 10kQ
VDD

VDD RESET
NRESET n

A31L12x Series

SWDIO SWDIO
SWCLK SWCLK
10kQ
GND GND

386

Figure 146. Connection between A31L12x Series and E-PGM+ using SWD Debugger Interface
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