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1 GENERAL DESCRIPTION

The NuMicro® NUC100 series 32-bit microcontroller (MCU) is embedded with the ARM® Cortex®-
MO core with the cost equivalent to traditional 8-bit MCU. The NUC100 series can be used in
consumer electronics, industrial control and applications which requiring rich communication
interfaces such as industrial automation, alarm system, energy system and power system.

The NuMicro® NUC100 Advanced Line and NUC120 USB Line are embedded with the Cortex®-
MO core running up to 50 MHz and features 32/64/128 Kbytes Flash, 4/8/16 Kbytes embedded
SRAM and 4 Kbytes loader ROM for the ISP. It operates at a wide voltage range of 2.5V ~ 5.5V
and temperature range of -40°C ~ +85°C. The NUC100 series is also provided with plenty of
peripheral devices, such as Timers, Watchdog Timer, Window Watchdog Timer, RTC, PDMA with
CRC calculation unit, UART, SPI, I°C, I°S, PWM Timer, GPIO, PS/2, EBI, Smart Card Host, 12-bit
ADC, Analog Comparator, Low Voltage Reset Controller and Brown-out Detector. Additionally,
the NUC120 USB Line is equipped with a USB 2.0 Full-speed Device. These peripherals have
been incorporated into the NUC100 series to reduce component count, board space and system
cost.

The NUC100 series is equipped with ISP (In-System Programming), IAP (In-Application-
Programming) and ICP (In-Circuit Programming) functions, which allows the user to update the
program under software control through the on-chip connectivity interface, such as SWD, UART

and USB.
Product Line UART SPI 1’c USB PS/2 1’s scC
NUC100xxxDN 3 4 2 - 1 1 3
NUC120xxxDN 3 4 2 1 1 1 3

Table 1-1 NuMicro® NUC100 Series Connectivity Support Table
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2 FEATURES
The equipped features are dependent on the product line and their sub products.

2.1 NuMicro® NUC100 Features — Advanced Line
e ARM® Cortex®-MO core

- Runs up to 50 MHz

- One 24-bit system timer

- Supports low power sleep mode

- Single-cycle 32-bit hardware multiplier

- NVIC for the 32 interrupt inputs, each with 4-levels of priority
- Serial Wire Debug supports with 2 watchpoints/4 breakpoints

e Built-in LDO for wide operating voltage ranged from 2.5V to 5.5V
e Flash Memory

- 32/64/128 Kbytes Flash for program code

- 4 KB flash for ISP loader

- Supports In-System-Program (ISP) and In-Application-Program (IAP) application code
update

- 512 byte page erase for flash

- Configurable Data Flash address and size for 128 KB system, fixed 4 KB Data Flash
for the 32 KB and 64 KB system

- Supports 2-wired ICP update through SWD/ICE interface

- Supports fast parallel programming mode by external programmer

e SRAM Memory

- 4/8/16 Kbytes embedded SRAM
- Supports PDMA mode

o PDMA (Peripheral DMA)

- Supports 9 channels PDMA for automatic data transfer between SRAM and
peripherals

- Supports CRC calculation with four common polynomials, CRC-CCITT, CRC-8, CRC-
16 and CRC-32

e Clock Control

- Flexible selection for different applications
- Built-in 22.1184 MHz high speed oscillator for system operation
¢ Trimmedto+l % at+25°C and Vpp =5V
€ Trimmedto+3 % at-40 C ~+85°C and Vpp=2.5V~55V
- Built-in 10 kHz low speed oscillator for Watchdog Timer and Wake-up operation
- Supports one PLL, up to 50 MHz, for high performance system operation
- External 4~24 MHz high speed crystal input for precise timing operation
- External 32.768 kHz low speed crystal input for RTC function and low power system
operation

e GPIO

- Four I/O modes:
€ Quasi-bidirectional
€  Push-pull output
€ Open-drain output
€ Input only with high impendence
- TTL/Schmitt trigger input selectable
- 1/O pin configured as interrupt source with edge/level setting

e Timer
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- Supports 4 sets of 32-bit timers with 24-bit up-timer and one 8-bit prescale counter
- Independent clock source for each timer
- Provides one-shot, periodic, toggle and continuous counting operation modes
- Supports event counting function
Supports input capture function

e Watchdog Timer

- Multiple clock sources

- 8 selectable time-out period from 1.6 ms ~ 26.0 sec (depending on clock source)
- Wake-up from Power-down or Idle mode

- Interrupt or reset selectable on watchdog time-out

e Window Watchdog Timer

- 6-bit down counter with 11-bit prescale for wide range window selected
e RTC

- Supports software compensation by setting frequency compensate register (FCR)

- Supports RTC counter (second, minute, hour) and calendar counter (day, month, year)

- Supports Alarm registers (second, minute, hour, day, month, year)

- Selectable 12-hour or 24-hour mode

- Automatic leap year recognition

- Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4,1/2 and 1 second

- Supports wake-up function

o PWM/Capture

- Up to four built-in 16-bit PWM generators providing eight PWM outputs or four
complementary paired PWM outputs

- Each PWM generator equipped with one clock source selector, one clock divider, one
8-bit prescaler and one Dead-Zone generator for complementary paired PWM

- Up to eight 16-bit digital capture timers (shared with PWM timers) providing eight
rising/falling capture inputs

- Supports Capture interrupt

e UART

- Upto three UART controllers

- UART ports with flow control (TXD, RXD, CTS and RTS)

- UARTO with 64-byte FIFO is for high speed

- UART1/2(optional) with 16-byte FIFO for standard device

- Supports IrDA (SIR) and LIN function

- Supports RS-485 9-bit mode and direction control

- Programmable baud-rate generator up to 1/16 system clock
- Supports PDMA mode

- Up to four sets of SPI controllers

- SPI clock rate of Master can be up to 36 MHz (chip working at 5V); SPI clock rate of
Slave can be up to 18 MHz (chip working at 5V)

- Supports SPI Master/Slave mode

- Full duplex synchronous serial data transfer

- Variable length of transfer data from 8 to 32 bits

- MSB or LSB first data transfer

- Rxand Tx on both rising or falling edge of serial clock independently

- Two slave/device select lines in Master mode, and one slave/device select line in
Slave mode

- Supports Byte Suspend mode in 32-bit transmission

- Supports PDMA mode
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- Supports three wire, no slave select signal, bi-direction interface

e IC
- Up to two sets of I°C device
- Master/Slave mode
- Bidirectional data transfer between masters and slaves
- Multi-master bus (no central master)
- Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus
- Serial clock synchronization allowing devices with different bit rates to communicate
via one serial bus
- Serial clock synchronization used as a handshake mechanism to suspend and resume
serial transfer
- Programmable clocks allowing for versatile rate control
- Supports multiple address recognition (four slave address with mask option)
- Supports wake-up function
e I°S

- Interface with external audio CODEC

- Operate as either Master or Slave mode

- Capable of handling 8-, 16-, 24- and 32-bit word sizes

- Supports mono and stereo audio data

- Supports I°’S and MSB justified data format

- Provides two 8 word FIFO data buffers, one for transmitting and the other for receiving
- Generates interrupt requests when buffer levels cross a programmable boundary

- Supports two DMA requests, one for transmitting and the other for receiving

e PS/2 Device

- Host communication inhibit and request to send detection

- Reception frame error detection

- Programmable 1 to 16 bytes transmit buffer to reduce CPU intervention
- Double buffer for data reception

- Software override bus

o EBI (External bus interface)

- Accessible space: 64 KB in 8-bit mode or 128 KB in 16-bit mode
- Supports 8-/16-bit data width
- Supports byte write in 16-bit data width mode

e ADC

- 12-bit SAR ADC with 760 kSPS

- Upto 8-ch single-end input or 4-ch differential input

- Single scan/single cycle scan/continuous scan

- Each channel with individual result register

- Scan on enabled channels

- Threshold voltage detection

- Conversion started by software programming or external input
- Supports PDMA mode

e Analog Comparator
- Up to two analog comparators
- External input or internal Band-gap voltage selectable at negative node

- Interrupt when compare results change
- Supports Power-down wake-up

e Smart Card Host (SC)
- Compliant to ISO-7816-3 T=0, T=1
- Supports up to three ISO-7816-3 ports
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- Separate receive / transmit 4 bytes entry FIFO for data payloads

- Programmable transmission clock frequency

- Programmable receiver buffer trigger level

- Programmable guard time selection (11 ETU ~ 266 ETU)

- One 24-bit and two 8-bit time-out counters for Answer to Request (ATR) and waiting
times processing

- Supports auto inverse convention function

- Supports transmitter and receiver error retry and error limit function

- Supports hardware activation sequence process

- Supports hardware warm reset sequence process

- Supports hardware deactivation sequence process

- Supports hardware auto deactivation sequence when detecting the card is removal

e  96-bit unique ID (UID)
e One built-in temperature sensor with 1°C resolution

e Brown-out Detector

- With 4 levels: 4.4 VI3.7VI2.7V/[2.2V
- Supports Brown-out Interrupt and Reset option

e Low Voltage Reset

- Threshold voltage level: 2.0 V
e Operating Temperature: -40°C ~85C
o Packages:

- All Green package (RoHS)
- LQFP 100-pin

- LQFP 64-pin

- LQFP 48-pin
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2.2 NuMicro® NUC120 Features — USB Line
e ARM® Cortex®-MO0 core

- Runs up to 50 MHz

- One 24-bit system timer

- Supports low power sleep mode

- Single-cycle 32-bit hardware multiplier

- NVIC for the 32 interrupt inputs, each with 4-levels of priority
- Serial Wire Debug supports with 2 watchpoints/4 breakpoints

e Built-in LDO for wide operating voltage ranges from 2.5V to 5.5V
e Flash Memory

- 32/64/128 Kbytes Flash for program code

- 4 KB flash for ISP loader

- Supports In-System-Program (ISP) and In-Application-Program (IAP) application code
update

- 512 byte page erase for flash

- Configurable Data Flash address and size for 128 KB system, fixed 4 KB Data Flash
for the 32 KB and 64 KB system

- Supports 2-wired ICP update through SWD/ICE interface

- Supports fast parallel programming mode by external programmer

e SRAM Memory
- 4/8/16 Kbytes embedded SRAM
- Supports PDMA mode
e PDMA (Peripheral DMA)
- Supports 9 channels PDMA for automatic data transfer between SRAM and
peripherals

Supports CRC calculation with four common polynomials, CRC-CCITT, CRC-8, CRC-
16 and CRC-32

e Clock Control

- Flexible selection for different applications
- Built-in 22.1184 MHz high speed oscillator for system operation
¢ Trimmedto+l % at+25°C and Vpp =5V
€ Trimmedto+3 % at-40 C ~+85°C and Vpp=2.5V~55V
- Built-in 10 kHz low speed oscillator for Watchdog Timer and Wake-up operation
- Supports one PLL, up to 50 MHz, for high performance system operation
- External 4~24 MHz high speed crystal input for USB and precise timing operation
- External 32.768 kHz low speed crystal input for RTC function and low power system
operation

e GPIO

- Four I/O modes:
€ Quasi-bidirectional
€  Push-pull output
€ Open-drain output
€ Input only with high impendence
- TTL/Schmitt trigger input selectable
- 1/O pin configured as interrupt source with edge/level setting

e Timer

- Supports 4 sets of 32-bit timers with 24-bit up-timer and one 8-bit prescale counter
- Independent clock source for each timer
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Provides one-shot, periodic, toggle and continuous counting operation modes
Supports event counting function
Supports input capture function

e Watchdog Timer

Multiple clock sources

8 selectable time-out period from 1.6 ms ~ 26.0 sec (depending on clock source)
Wake-up from Power-down or Idle mode

Interrupt or reset selectable on watchdog time-out

e Window Watchdog Timer

e RTC

6-bit down counter with 11-bit prescale for wide range window selected

Supports software compensation by setting frequency compensate register (FCR)
Supports RTC counter (second, minute, hour) and calendar counter (day, month, year)
Supports Alarm registers (second, minute, hour, day, month, year)

Selectable 12-hour or 24-hour mode

Automatic leap year recognition

Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4,1/2 and 1 second

Supports wake-up function

o PWM/Capture

Up to four built-in 16-bit PWM generators providing eight PWM outputs or four
complementary paired PWM outputs

Each PWM generator equipped with one clock source selector, one clock divider, one
8-bit prescaler and one Dead-Zone generator for complementary paired PWM

Up to eight 16-bit digital capture timers (shared with PWM timers) providing eight
rising/falling capture inputs

Supports Capture interrupt

e UART

Apr. 08, 2020

Up to three UART controllers

UART ports with flow control (TXD, RXD, CTS and RTS)
UARTO with 64-byte FIFO is for high speed
UART1/2(optional) with 16-byte FIFO for standard device
Supports IrDA (SIR) and LIN function

Supports RS-485 9-hit mode and direction control
Programmable baud-rate generator up to 1/16 system clock
Supports PDMA mode

Up to four sets of SPI controllers

The maximum SPI clock rate of Master can up to 36 MHz (chip working at 5V)
The maximum SPI clock rate of Slave can up to 18 MHz (chip working at 5V)
Supports SPI Master/Slave mode

Full duplex synchronous serial data transfer

Variable length of transfer data from 8 to 32 bits

MSB or LSB first data transfer

Rx and Tx on both rising or falling edge of serial clock independently

Two slave/device select lines in Master mode, and one slave/device select line in
Slave mode

Supports Byte Suspend mode in 32-bit transmission

Supports PDMA mode

Supports three wire, no slave select signal, bi-direction interface
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e IC
- Up to two sets of I°C device
- Master/Slave mode
- Bidirectional data transfer between masters and slaves
- Multi-master bus (no central master)
- Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus
- Serial clock synchronization allowing devices with different bit rates to communicate
via one serial bus
- Serial clock synchronization used as a handshake mechanism to suspend and resume
serial transfer
- Programmable clocks allowing for versatile rate control
- Supports multiple address recognition (four slave address with mask option)
- Supports wake-up function
o I’S

- Interface with external audio CODEC

- Operate as either Master or Slave mode

- Capable of handling 8-, 16-, 24- and 32-bit word sizes

- Supports mono and stereo audio data

- Supports I°S and MSB justified data format

- Provides two 8 word FIFO data buffers, one for transmitting and the other for receiving
- Generates interrupt requests when buffer levels cross a programmable boundary

- Supports two DMA requests, one for transmitting and the other for receiving

e PS/2 Device

- Host communication inhibit and request to send detection

- Reception frame error detection

- Programmable 1 to 16 bytes transmit buffer to reduce CPU intervention
Double buffer for data reception

Software override bus

e EBI (External bus interface)

- Accessible space: 64 KB in 8-bit mode or 128 KB in 16-bit mode
- Supports 8-/16-bit data width
- Supports byte write in 16-bit data width mode

e USB 2.0 Full-Speed Device

- One set of USB 2.0 FS Device 12 Mbps

- On-chip USB Transceiver

- Provides 1 interrupt source with 4 interrupt events

- Supports Control, Bulk In/Out, Interrupt and Isochronous transfers
- Auto suspend function when no bus signaling for 3 ms

- Provides 6 programmable endpoints

- Includes 512 Bytes internal SRAM as USB buffer

- Provides remote wake-up capability

e ADC

- 12-bit SAR ADC with 760 kSPS

- Upto 8-ch single-end input or 4-ch differential input

- Single scan/single cycle scan/continuous scan

- Each channel with individual result register

- Scan on enabled channels

- Threshold voltage detection

- Conversion started by software programming or external input
- Supports PDMA mode
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e Analog Comparator

- Up to two analog comparators

- External input or internal Band-gap voltage selectable at negative node
- Interrupt when compare results change

- Supports Power-down wake-up

e Smart Card Host (SC)

- Compliant to ISO-7816-3 T=0, T=1

- Supports up to three ISO-7816-3 ports

- Separate receive / transmit 4 bytes entry FIFO for data payloads

- Programmable transmission clock frequency

- Programmable receiver buffer trigger level

- Programmable guard time selection (11 ETU ~ 266 ETU)

- One 24-bit and two 8-bit time-out counters for Answer to Request (ATR) and waiting
times processing

- Supports auto inverse convention function

- Supports transmitter and receiver error retry and error limit function

- Supports hardware activation sequence process

- Supports hardware warm reset sequence process

- Supports hardware deactivation sequence process

- Supports hardware auto deactivation sequence when detecting the card removal

e  96-bit unique ID (UID)
e One built-in temperature sensor with 1°C resolution

e Brown-out Detector

- With 4 levels: 4.4 VI3.7VI2.7VI[2.2V
- Supports Brown-out Interrupt and Reset option

e Low Voltage Reset

- Threshold voltage level: 2.0 V
e Operating Temperature: -40°C ~ 85C
o Packages:

- All Green package (RoHS)
- LQFP 100-pin

- LQFP 64-pin

- LQFP48-pin
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3 ABBREVIATIONS

NUC100/120xxxDN

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AES Advanced Encryption Standard

APB Advanced Peripheral Bus

AHB Advanced High-Performance Bus

BOD Brown-out Detection

CAN Controller Area Network

DAP Debug Access Port

DES Data Encryption Standard

EBI External Bus Interface

EPWM Enhanced Pulse Width Modulation

FIFO First In, First Out

FMC Flash Memory Controller

FPU Floating-point Unit

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC 22.1184 MHz Internal High Speed RC Oscillator
HXT 4~24 MHz External High Speed Crystal Oscillator
IAP In Application Programming

ICP In Circuit Programming

ISP In System Programming

LDO Low Dropout Regulator

LIN Local Interconnect Network

LIRC 10 kHz internal low speed RC oscillator (LIRC)
MPU Memory Protection Unit

NVIC Nested Vectored Interrupt Controller

PCLK The Clock of Advanced Peripheral Bus

PDMA Peripheral Direct Memory Access

PLL Phase-Locked Loop

PWM Pulse Width Modulation

QEI Quadrature Encoder Interface

SDIO Secure Digital Input/Output

SPI Serial Peripheral Interface
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NUC100/120xxxDN

SPS Samples per Second

TDES Triple Data Encryption Standard

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unigue Customer ID

usB Universal Serial Bus

WDT Watchdog Timer

WWDT Window Watchdog Timer

Table 3-1 List of Abbreviations
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION
4.1 NuMicro® NUC100/120xxxDN Selection Guide

4.1.1 NuMicro® NUC100 Advanced Line Selection Guide

Dat ISP Connectivity c ISP
Part Number |[APROM| RAM Fl;‘si Loader| /O [Timer Ps|sc m° PwM| ADC [RTCIEBI| 25| Package
ROM UART]|sPI|i’c|usB|LiN|can P
NUC100LCIDN | 32kB | 4kB |4KkB| 4KB “27“’ 4Xb?i’t2' 2 a2 -|-|-12l3]2]s belitz' v | - | v |LoFPas
NUC100LD2DN | 64 kB | s kB |4kB| 24 KB “27“’ 4>E)3it2' 2 {12 ---12l3s]2] s Sﬁlitz' v | -|v|LoFpas
Defin up to|4x32- 8x12-
NUC100LE3DN [128 kB |16 kB[ b M| ake ["BC(TSf 2 [ a2 - |- | - [2]3]2 |6 [Bh7| v |-V [rorres
NUC100RCIDN | 32KB | 4kB [4kB| 4KB “glto 4);3“2' 3 {22 -|-1-2(3]2]|<% 8);1“2' v [v|v|LoFPes
NUC100RDIDN | 64 kB |4kB |akB| 4KB “glto 4’§)3it2' s |22 -1-|-1113]l2]%s 8’;)1“2' v | v|v|LoFpea
NUC100RD2DN | 64 KB |8KkB [4kB| 4KB “glto 4’:)3“2' 3 {22 -|-1-2(3]2]|<% S’E)litz' v [v|v|LoFPes
NUC100RESDN | 128 kB [16 kB[S | a kg |UPO[4%32| 5 [ 2| - [ -] - 1|32 6 [ v |v]v |LoFPea
able 51 bit bit
NUC100VE3DN [ 128 KB [16 kB|PEMN| 4kp |UWPOI#S2 3 4o | - [ - | - |2|3]2] & [®**]| v |v]| v [LorPi00
able 84 bit bit
. ® . . .
4.1.2 NuMicro™ NUC120 USB Line Selection Guide
ISP Connectivity
Part Number [APROM| RAM 3:;‘] Loader| VO [rimer s |sc n‘?" pwm| apc |rRTc|ERI :gFP> Package
ROM UART|sPI|2c|usB|Lin[caN P-
NUC120LC1DN [ 32kB [4KB [4kB | 4KB |'51° 4";’5' 2 [af2]af-]-]2]3|2]| 4 Sﬁlitz' v |-|v|LoFPas
NUC120LD2DN | 64KB |8KB |4KB| 4KB “gato 4’;;2' 2 a2l ]-]-2]3|2] 2 Bﬁtz' v |-|v]|LoFPas
Defin up to |4x32- 8x12-
NUC120LE3DN (128 kB |16kB| o 0| ake |"BC|Vf 2 | af2| o | - [ - [a]s|a| & 5% v |- |V |rorpas
NUC120RCIDN | 32kB [4KkB |4KB| 4KB ”27“’ 4’;)?3‘ 2 222 ]-]-|12]3]2]+s 8)E)1it2' v |v|v]|LOFP6a
NUC120RD2DN | 64 kB |8kB [4KkB| 4KB ”27“’ 4’;?3' 2 222 |-|-|z2]3]2]s 8);)1“2— v |v|v|LoFPea
NUC120RESDN |128 kB |16 kB|PEM| akp |UWPLO|4X32-) & | o (o o |- - [2]s]2] 6 [ v |v]| v |LoFPea
able a7 bit bit
NUC120vE3DN | 128 kB |16 kB|PEN| 4kp [WPO|4B2 5 14 ol 1 | - | - 23] 2] 8 || v v | v |LorP100
able 80 bit bit
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NUC 1 0 - X X X X X

ARM-Based

32-bit Microcontroller Temperature
N: -40°C ~ +85C
E: -40C ~ +105C

CPU core C: -40°C ~+125C

1/2: Cortex-MO

5/7: ARM7 Reserve

9: ARM9

Function RAM Size

0: Advanced Line ;j g ﬁg

2: USB Line 3j 16 KB

3: Automotive Line '

4: Connectivity Line
APROM Size

Package Type A:8KB

Y: QFN 36 (B:; ég ﬁg

L: LQFP 48 D: 64 KB

R: LQFP 64 E'. 128 KB

V: LQFP 100 :

Figure 4-1 NuMicro® NUC100 Series Selection Code
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4.2 Pin Configuration

421 NuMicro® NUC100 Pin Diagram
42.1.1 NuMicro® NUC100VxxDN LQFP 100 pin
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SC1RST/AD8/ADCS5/PA.5 50[] PB.9/TMO/SPISS11
SC1CLK/AD7/ADC6/PA.6 49[] PB.10/TM1/SPISS01
SC1DAT/AD6/ADC7/SPISS21/PA.7 48] PB.11/TM2/PWM4
Vrer 47[7] PE5ITIEX/PWMS
AVpp 46[] PE6
SPISS20/PD.0 45[7] PC.0/SPISS00/I2SLRCLK
SPICLK2/PD.1 44[7] PC.1/SPICLKO/I2SBCLK
MISO20/PD.2 43[7] PC.2/MISO00/12SDI
MOSI20/PD.3 42[] PC.3/MOSI00/12SDO
MISO21/PD.4 41[] PC.4/MISO01
MOSI21/PD.5 40[] PC.5/MOSI0L
SC1CD/AD5/CPNO/PC.7 NUC100VxxDN 39[] PD.15/TXD2
SCOCD/AD4/CPPO/PC.6 . 38[] PD.14/RXD2
AD3/CPN1/PC.15 LQFP 100'p|n 37[] PD.7
AD2/CPP1/PC.14 36[] PD.6
TOEX/INT1/PB.15 35[] PB.3/CTSO/T3EX/NWRH/SC2CD
XT1_OUT/PF.0 34[] PB.2/RTSO/T2EX/NWRL
XT1_IN/PF.1 33[] PB.1/TXDO
/RESET 32[] PB.O/RXDO
Vss 31[] PE7
Voo 30[] PEs8
PS2DAT/PF.2 29[] PE.9
PS2CLK/PF.3 28[] PE.10
PVss 27[] PE.11
TMO/STADC/PB.8 []100(7) 26[] PE.12
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Figure 4-2 NuMicro® NUC100VxxDN LQFP 100-pin Diagram
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4.2.1.2 NuMicro® NUC100RxxDN LQFP 64 pin
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TOEX/INT1/PB.15 [|57 LQFP 64-p|n 24[7] PD.15/TXD2
XT1_OUT/PF.0 [|58 23[] PD.14/RXD2
XT1_IN/PF.1 []59 22[] PD.7
/RESET [|60 21[] PD.6
Vss []61 20[] PB.3/CTSO/T3EX/NWRH/SC2CD
Voo []62 19[] PB.2/RTSO/T2EX/NWRL
PVss []63 18[] PB.1/TXDO
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Figure 4-3 NuMicro® NUC100RxxDN LQFP 64-pin Diagram
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4.2.1.3 NuMicro® NUC100LxxDN LQFP 48 pin
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Figure 4-4 NuMicro® NUC100LxxDN LQFP 48-pin Diagram
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422 NuMicro® NUC120 Pin Diagram
4.2.2.1 NuMicro® NUC120VxxDN LQFP 100 pin
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Figure 4-5 NuMicro® NUC120VxxDN LQFP 100-pin Diagram
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4.2.2.2  NuMicro® NUC120RxxDN LQFP 64 pin
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Figure 4-6 NuMicro® NUC120RxxDN LQFP 64-pin Diagram
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4.2.2.3 NuMicro® NUC120LxxDN LQFP 48 pin
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Figure 4-7 NuMicro® NUC120LxxDN LQFP 48-pin Diagram
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4.3 Pin Description

4.3.1 NuMicro® NUC100 Pin Description

Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
1 PE.15 110 General purpose digital I/O pin.
2 PE.14 110 General purpose digital 1/0 pin.
3 PE.13 110 General purpose digital /0 pin.
PB.14 I{e] General purpose digital I/O pin.
4 ! /INTO | External interruptO input pin.
SPISS31 /O 2" SPI3 slave select pin.
PB.13 110 General purpose digital I/O pin.
5 2 CPO1 (6] Comparatorl output pin.
AD1 I{e] EBI Address/Data bus bitl
PB.12 I{e] General purpose digital I/O pin.
1 CPOO O Comparator0 output pin
° : CLKO (0] Frequency Divider output pin
ADO I{e] EBI Address/Data bus bit0
7 4 2 X320 O External 32.768 kHz low speed crystal output pin
8 5 3 X321 | External 32.768 kHz low speed crystal input pin
PA.11 I{e] General purpose digital I/O pin.
9 6 ¢ I2C1SCL 110 I°C1 clock pin.
nRD (0] EBI read enable output pin
PA.10 110 General purpose digital I/O pin.
10 7 ° I2C1SDA I{e] I°C1 data input/output pin.
nWR (0] EBI write enable output pin
PA.9 110 General purpose digital 1/0 pin.
11 8 6
I2C0SCL 110 I°CO clock pin.
PA.8 110 General purpose digital 1/0 pin.
12 9 7
I2COSDA 110 I°CO data input/output pin.
PD.8 110 General purpose digital 1/0 pin.
e SPISS30 110 1* SPI3 slave select pin.
PD.9 110 General purpose digital 1/0 pin.
H SPICLK3 110 SPI3 serial clock pin.
15 PD.10 110 General purpose digital 1/0 pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

MISO30 110 1% SPI3 MISO (Master In, Slave Out) pin.
PD.11 110 General purpose digital I/O pin.

16
MOSI30 110 1% SPI3 MOSI (Master Out, Slave In) pin.
PD.12 110 General purpose digital I/O pin.

17
MISO31 110 2" SPI3 MISO (Master In, Slave Out) pin.
PD.13 I{e] General purpose digital I/O pin.

18
MOSI31 I{e] 2" SPI3 MOSI (Master Out, Slave In) pin.
PB.4 110 General purpose digital I/O pin.

19 10 8
RXD1 | Data receiver input pin for UART1.
PB.5 110 General purpose digital I/O pin.

20 11 9
TXD1 (6] Data transmitter output pin for UART1.
PB.6 I{e] General purpose digital I/O pin.

21 12 RTS1 (6] Request to Send output pin for UART1.
ALE (0] EBI address latch enable output pin
PB.7 110 General purpose digital I/O pin.

22 13 CTS1 | Clear to Send input pin for UART1.
nCs O EBI chip select enable output pin

23 14 10 LDO P LDO output pin

2 15 11 Voo p Power s_upp_ly for 1/0O ports and LDO source for internal PLL and

digital circuit.

25 16 12 Vss P Ground pin for digital circuit.

26 PE.12 I{e] General purpose digital I/O pin.

27 PE.11 110 General purpose digital I/O pin.

28 PE.10 110 General purpose digital 1/0 pin.

29 PE.9 110 General purpose digital 1/0 pin.

30 PE.8 110 General purpose digital I/O pin.

31 PE.7 110 General purpose digital I/O pin.
PB.O 110 General purpose digital I/O pin.

32 17 13
RXDO | Data receiver input pin for UARTO.
PB.1 110 General purpose digital 1/0 pin.

33 18 14
TXDO O Data transmitter output pin for UARTO.
PB.2 110 General purpose digital I/O pin.

34 19 15
RTSO (0] Request to Send output pin for UARTO.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

T2EX | Timer2 external capture input pin.
nWRL (0] EBI low byte write enable output pin
PB.3 110 General purpose digital 1/0 pin.
CTSO | Clear to Send input pin for UARTO.

35 20 1o T3EX | Timer3 external capture input pin.
SC2CD | SmartCard2 card detect pin.
nWRH O EBI high byte write enable output pin

36 21 PD.6 110 General purpose digital I/O pin.

37 22 PD.7 110 General purpose digital I/O pin.
PD.14 I{e] General purpose digital I/O pin.

38 23
RXD2 | Data receiver input pin for UART2.
PD.15 I{e] General purpose digital I/O pin.

39 24
TXD2 (0] Data transmitter output pin for UART2.
PC.5 I{e] General purpose digital I/O pin.

0 MOSI01 110 2" SP10 MOSI (Master Out, Slave In) pin.
PC.4 I{e] General purpose digital I/O pin.

“ MISO01 /O |2™ SPIO MISO (Master In, Slave Out) pin.
PC.3 110 General purpose digital I/O pin.

42 25 17 MOSI00 110 1* SPI0 MOSI (Master Out, Slave In) pin.
12SDO o] I’S data output.
PC.2 I{e] General purpose digital I/O pin.

43 26 18 MISO00 I{e] 1* SPI0 MISO (Master In, Slave Out) pin.
12SDI I I°S data input.
PC.1 110 General purpose digital 1/0 pin.

44 27 19 SPICLKO 110 SPIO0 serial clock pin.
I2SBCLK 110 IS bit clock pin.
PC.0 110 General purpose digital I/O pin.

45 28 20 SPISS00 110 1* SPIO slave select pin.
I2SLRCLK 110 I°S left right channel clock.

46 PE.6 110 General purpose digital 1/0 pin.
PE.5 110 General purpose digital 1/0 pin.

47 29 21
PWM5 110 PWMS5 output/Capture input.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

T1EX | Timerl external capture input pin.
PB.11 110 General purpose digital 1/0 pin.

48 30 22 T™M3 110 Timer3 event counter input / toggle output.
PWM4 110 PWM4 output/Capture input.
PB.10 110 General purpose digital I/O pin.

31 23

49 T™2 110 Timer2 event counter input / toggle output.
SPISS01 /O 2" SPIO slave select pin.
PB.9 I{e] General purpose digital I/O pin.

32 24

50 ™1 110 Timerl event counter input / toggle output.
SPISS11 I{e] 2" SPI1 slave select pin.

51 PE.4 110 General purpose digital I/O pin.

52 PE.3 I{e] General purpose digital I/0 pin.

53 PE.2 I{e] General purpose digital I/0 pin.
PE.1 I{e] General purpose digital I/O pin.

54
PWM7 110 PWM7 output/Capture input.
PE.O 110 General purpose digital /O pin.

55
PWM6 110 PWM6 output/Capture input.
PC.13 I{e] General purpose digital I/O pin.

56
MOSI11 I{e] 2" SPI1 MOSI (Master Out, Slave In) pin.
PC.12 I{e] General purpose digital I/O pin.

57
MISO11 /O 2™ SPI1 MISO (Master In, Slave Out) pin.
PC.11 110 General purpose digital I/O pin.

58 33
MOSI10 110 1% SPI1 MOSI (Master Out, Slave In) pin.
PC.10 110 General purpose digital I/O pin.

59 34
MISO10 110 1% SPI1 MISO (Master In, Slave Out) pin.
PC.9 110 General purpose digital I/O pin.

60 35
SPICLK1 110 SPI1 serial clock pin.
PC.8 110 General purpose digital 1/0 pin.

61 36 SPISS10 110 1* SPI1 slave select pin.
MCLK (0] EBI external clock output pin
PA.15 110 General purpose digital I/O pin.

62 37 25
PWM3 110 PWM output/Capture input.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
I2SMCLK O I°S master clock output pin.
SC2PWR (0] SmartCard2 power pin.
PA.14 110 General purpose digital I/O pin.
26 PWM2 110 PWM2 output/Capture input.
63 38
SC2RST (0] SmartCard2 reset pin.
AD15 I{e] EBI Address/Data bus bitl5
PA.13 I{e] General purpose digital I/O pin.
27 PWM1 110 PWMZ1 output/Capture input.
64 39
SC2CLK (0] SmartCard2 clock pin.
AD14 110 EBI Address/Data bus hit14
PA.12 110 General purpose digital I/O pin.
28 PWMO 110 PWMO output/Capture input.
65 40
SC2DAT (6] SmartCard2 data pin.
AD13 I{e] EBI Address/Data bus bit13
Serial wire debugger data pin.
66 41 29  (ICE_DAT 110 Note: It is recommended to use 100 kQ pull-up resistor on
ICE_DAT pin
Serial wire debugger clock pin.
67 42 30 |ICE_CLK I Note: It is recommended to use 100 kQ pull-up resistor on
ICE_CLK pin
Power supply for I/O ports and LDO source for internal PLL and
68 VDD P P . .
digital circuit.
69 Vss P Ground pin for digital circuit.
70 43 31 AVss AP Ground pin for analog circuit.
PA.0 I{e] General purpose digital I/O pin.
71 44 32 ADCO Al ADCO analog input.
SCOPWR O SmartCard0 power pin.
PA.1 110 General purpose digital /0 pin.
33 ADC1 Al ADC1 analog input.
72 45
SCORST (0] SmartCardO reset pin.
AD12 110 EBI Address/Data bus bit12
PA.2 110 General purpose digital 1/0 pin.
34 ADC2 Al ADC2 analog input.
73 46
SCOCLK O SmartCardO clock pin.
AD11 110 EBI Address/Data bus bit11
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
PA.3 110 General purpose digital 1/0 pin.
35 ADC3 Al ADC3 analog input.
74 47
SCODAT (0] SmartCardO data pin.
AD10 I{e] EBI Address/Data bus bit10
PA.4 110 General purpose digital 1/0 pin.
36 ADC4 Al ADC4 analog input.
75 48
SC1PWR (6] SmartCardl power pin.
AD9 I{e] EBI Address/Data bus bit9
PA.5 110 General purpose digital I/O pin.
37 ADC5 Al ADCS5 analog input.
76 49
SC1RST (6] SmartCard1 reset pin.
AD8 /10 EBI Address/Data bus bit8
PA.6 110 General purpose digital 1/0 pin.
38 ADC6 Al ADCS6 analog input.
7 50
SC1CLK 110 SmartCard1 clock pin.
AD7 I{e] EBI Address/Data bus bit7
PA.7 110 General purpose digital 1/0 pin.
ADC7 Al ADCY7 analog input.
78 51 % SC1DAT (0] SmartCard1 data pin.
SPISS21 /O 2" SPI2 slave select pin.
AD6 I{e] EBI Address/Data bus bit6é
79 Vrer AP Voltage reference input for ADC.
80 52 40 AVpp AP Power supply for internal analog circuit.
PD.O 110 General purpose digital 1/0 pin.
o SPISS20 110 1* SPI2 slave select pin.
PD.1 110 General purpose digital 1/0 pin.
&2 SPICLK2 110 SPI2 serial clock pin.
PD.2 110 General purpose digital 1/0 pin.
% MISO20 110 1% SPI2 MISO (Master In, Slave Out) pin.
PD.3 110 General purpose digital /0 pin.
o MOSI20 110 1% SPI2 MOSI (Master Out, Slave In) pin.
PD.4 110 General purpose digital 1/0 pin.
% MISO21 110 2" SPI2 MISO (Master In, Slave Out) pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
PD.5 110 General purpose digital 1/0 pin.
86
MOSI21 110 2" SPI2 MOSI (Master Out, Slave In) pin.
PC.7 110 General purpose digital 1/0 pin.
41 CPNO Al ComparatorO negative input pin.
87 53
SC1CD | SmartCardl card detect pin.
AD5 I{e] EBI Address/Data bus bit5
PC.6 110 General purpose digital I/O pin.
42 CPPO Al Comparator0 positive input pin.
88 54
SCOCD | SmartCardO card detect pin.
AD4 I{e] EBI Address/Data bus bit4
PC.15 I{e] General purpose digital I/O pin.
89 55 CPN1 Al Comparatorl negative input pin.
AD3 I{e] EBI Address/Data bus bit3
PC.14 110 General purpose digital I/O pin.
90 56 CPP1 Al Comparatorl positive input pin.
AD2 I{e] EBI Address/Data bus bit2
PB.15 110 General purpose digital I/O pin.
91 57 43 /INT1 | External interruptl input pin.
TOEX | Timer0 external capture input pin.
PF.0 I{e] General purpose digital I/O pin.
92 58 44
XT1_OUT (6] External 4~24 MHz (high speed) crystal output pin.
PF.1 110 General purpose digital I/O pin.
93 59 45
XT1_IN | External 4~24 MHz (high speed) crystal input pin.
External reset input: active LOW, with an internal pull-up. Set this
pin low reset chip to initial state.

94 60 46 /RESET | . .
Note: It is recommended to use 10 kQ pull-up resistor and 10 uF
capacitor on nRESET pin.

95 61 Vss P Ground pin for digital circuit.

9 62 Voo P dP_0\_/ver s_upply for I/O ports and LDO source for internal PLL and

igital circuit.
PF.2 110 General purpose digital 1/0 pin.

97

PS2DAT 110 PS/2 data pin.
PF.3 110 General purpose digital I/O pin.

98

PS2CLK 110 PS/2 clock pin.
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Pin No.

LQFP LQFP LQFP Pin Name Pin Type |Description

100-pin | 64-pin | 48-pin

99 63 47 PVss P PLL ground.
PB.8 110 General purpose digital I/O pin.
100 64 48 STADC | ADC external trigger input.
TMO 110 Timer0 event counter input / toggle output.

Note: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power
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4.3.2  NuMicro® NUC120 Pin Description

Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
1 PE.15 110 General purpose digital 1/0 pin.
2 PE.14 110 General purpose digital 1/0 pin.
3 PE.13 110 General purpose digital 1/0 pin.
PB.14 110 General purpose digital I/O pin.
4 ! /INTO | External interruptO input pin.
SPISS31 /O 2" SPI3 slave select pin.
PB.13 I{e] General purpose digital I/O pin.
5 2 CPO1 (6] Comparatorl output pin.
AD1 I{e] EBI Address/Data bus bitl
PB.12 110 General purpose digital I/O pin.
1 CPOO O Comparator0 output pin
° : CLKO (0] Frequency Divider output pin
ADO I{e] EBI Address/Data bus bit0
7 4 2 X320 O External 32.768 kHz low speed crystal output pin
8 5 3 X321 | External 32.768 kHz low speed crystal input pin
PA.11 110 General purpose digital I/O pin.
9 6 ¢ I2C1SCL 110 I°C1 clock pin.
nRD (0] EBI read enable output pin
PA.10 110 General purpose digital 1/0 pin.
10 7 ° I2C1SDA I{e] I°C1 data input/output pin.
nWR (0] EBI write enable output pin
PA.9 110 General purpose digital I/O pin.
11 8 6
I2C0SCL 110 I°CO clock pin.
PA.8 110 General purpose digital 1/0 pin.
12 9 7
I2COSDA 110 I°CO data input/output pin.
PD.8 110 General purpose digital 1/0 pin.
e SPISS30 110 1* SPI3 slave select pin.
PD.9 110 General purpose digital 1/0 pin.
H SPICLK3 110 SPI3 serial clock pin.
PD.10 110 General purpose digital 1/0 pin.
o MISO30 110 1* SPI3 MISO (Master In, Slave Out) pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

PD.11 110 General purpose digital 1/0 pin.

16
MOSI30 110 1% SPI3 MOSI (Master Out, Slave In) pin.
PD.12 110 General purpose digital I/O pin.

17
MISO31 110 2" SPI3 MISO (Master In, Slave Out) pin.
PD.13 110 General purpose digital 1/0 pin.

18
MOSI31 I{e] 2" SPI3 MOSI (Master Out, Slave In) pin.
PB.4 I{e] General purpose digital I/O pin.

19 10 8
RXD1 | Data receiver input pin for UART1.
PB.5 110 General purpose digital I/O pin.

20 11 9
TXD1 (0] Data transmitter output pin for UART1.
PB.6 I{e] General purpose digital I/O pin.

21 12 RTS1 (6] Request to Send output pin for UART1.
ALE O EBI address latch enable output pin
PB.7 110 General purpose digital I/O pin.

22 13 CTS1 | Clear to Send input pin for UART1.
nCS (0] EBI chip select enable output pin

23 14 10 LDO P LDO output pin

2 15 11 Voo p Power s_upp_ly for 1/0O ports and LDO source for internal PLL and

digital circuit.

25 16 12 Vss P Ground pin for digital circuit.

26 PE.8 I{e] General purpose digital I/O pin.

27 PE.7 I{e] General purpose digital I/O pin.

28 17 13 VBUS uUsSB Power supply from USB host or HUB.

29 18 14 Vpps3 uUsB Internal power regulator output 3.3V decoupling pin.

30 19 15 D- uUsB USB differential signal D-.

31 20 16 D+ uUsB USB differential signal D+.
PB.O 110 General purpose digital I/O pin.

32 21 17
RXDO | Data receiver input pin for UARTO.
PB.1 110 General purpose digital 1/0 pin.

33 22 18
TXDO O Data transmitter output pin for UARTO.
PB.2 110 General purpose digital 1/0 pin.

34 23 29 RTSO O Request to Send output pin for UARTO.
T2EX | Timer2 external capture input pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

nWRL (0] EBI low byte write enable output pin
PB.3 110 General purpose digital 1/0 pin.
CTSO | Clear to Send input pin for UARTO.

35 24 20 T3EX | Timer3 external capture input pin.
SC2CD | SmartCard2 card detect pin.
nWRH (6] EBI high byte write enable output pin

36 PD.6 110 General purpose digital I/O pin.

37 PD.7 I{e] General purpose digital I/0 pin.
PD.14 I{e] General purpose digital I/O pin.

38
RXD2 | Data receiver input pin for UART2.
PD.15 I{e] General purpose digital I/O pin.

% TXD2 (0] Data transmitter output pin for UART2.
PC.5 I{e] General purpose digital I/O pin.

0 MOSI01 110 2" SPI0 MOSI (Master Out, Slave In) pin.
PC.4 I{e] General purpose digital I/O pin.

“ MISO01 /O |2™ SPIO MISO (Master In, Slave Out) pin.
PC.3 110 General purpose digital I/O pin.

42 25 21 MOSI00 110 1* SPI0 MOSI (Master Out, Slave In) pin.
12SDO o] I’S data output.
PC.2 I{e] General purpose digital I/O pin.

43 26 22 |MISO00 110 1% SPI0 MISO (Master In, Slave Out) pin.
12SDI I I°S data input.
PC.1 110 General purpose digital 1/0 pin.

44 27 23 SPICLKO 110 SPIO0 serial clock pin.
I2SBCLK 110 IS bit clock pin.
PC.0 110 General purpose digital I/O pin.

45 28 24 SPISS00 110 1* SPIO slave select pin.
I2SLRCLK 110 I°S left right channel clock.

46 PE.6 110 General purpose digital 1/0 pin.
PE.5 110 General purpose digital 1/0 pin.

47 29 PWM5 110 PWMS5 output/Capture input.
T1EX | Timerl external capture input pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin

PB.11 110 General purpose digital 1/0 pin.

48 30 T™M3 110 Timer3 event counter input / toggle output.
PWM4 110 PWM4 output/Capture input.
PB.10 110 General purpose digital I/O pin.

49 - T™2 110 Timer2 event counter input / toggle output.
SPISS01 /O |2" SPIO slave select pin.
PB.9 110 General purpose digital 1/0 pin.

50 % ™1 110 Timerl event counter input / toggle output.
SPISS11 I{e] 2" SPI1 slave select pin.

51 PE.4 110 General purpose digital I/O pin.

52 PE.3 110 General purpose digital I/O pin.

53 PE.2 110 General purpose digital I/O pin.

. PE.1 I{e] General purpose digital I/O pin.

° PWM7 110 PWM?7 output/Capture input.
PE.O 110 General purpose digital /O pin.

> PWM6 110 PWM6 output/Capture input.
PC.13 I{e] General purpose digital I/O pin.

% MOSI11 I{e] 2" SPI1 MOSI (Master Out, Slave In) pin.
PC.12 I{e] General purpose digital I/O pin.

> MISO11 /O 2™ SPI1 MISO (Master In, Slave Out) pin.
PC.11 110 General purpose digital I/O pin.

58 33
MOSI10 110 1% SPI1 MOSI (Master Out, Slave In) pin.
PC.10 I{e] General purpose digital I/O pin.

59 34
MISO10 110 1% SPI1 MISO (Master In, Slave Out) pin.
PC.9 110 General purpose digital I/O pin.

60 35
SPICLK1 110 SPI1 serial clock pin.
PC.8 110 General purpose digital 1/0 pin.

61 36 SPISS10 110 1* SPI1 slave select pin.
MCLK (0] EBI external clock output pin
PA.15 110 General purpose digital 1/0 pin.

62 37 25 PWM3 l{e] PWM output/Capture input.
I2SMCLK o I°S master clock output pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
SC2PWR O SmartCard2 power pin.
PA.14 110 General purpose digital I/O pin.
26 PWM2 110 PWM2 output/Capture input.
63 38
SC2RST O SmartCard?2 reset pin.
AD15 I{e] EBI Address/Data bus bit15
PA.13 110 General purpose digital I/O pin.
27 PWM1 110 PWM1 output/Capture input.
64 39
SC2CLK (0] SmartCard2 clock pin.
AD14 I{e] EBI Address/Data bus bit14
PA.12 I{e] General purpose digital I/O pin.
28 PWMO 110 PWMO output/Capture input.
65 40
SC2DAT o SmartCard2 data pin.
AD13 I{e] EBI Address/Data bus bit13
Serial wire debugger data pin.
66 41 29  [ICE_DAT 110 Note: It is recommended to use 100 kQ pull-up resistor on
ICE_DAT pin
Serial wire debugger clock pin.
67 42 30 [ICE_CLK I Note: It is recommended to use 100 kQ pull-up resistor on
ICE_CLK pin
Power supply for I/O ports and LDO source for internal PLL and
68 Vop P DL
digital circuit.
69 Vss P Ground pin for digital circuit.
70 43 31 AVss AP Ground pin for analog circuit.
PA.O 110 General purpose digital I/O pin.
71 44 32 ADCO Al ADCO analog input.
SCOPWR (0] SmartCardO power pin.
PA.1 110 General purpose digital I/O pin.
33 ADC1 Al ADC1 analog input.
72 45
SCORST O SmartCardO reset pin.
AD12 l{e] EBI Address/Data bus bit12
PA.2 110 General purpose digital I/O pin.
34 ADC2 Al ADC2 analog input.
73 46
SCOCLK (6] SmartCardO clock pin.
AD11 l{e] EBI Address/Data bus bit11
74 47 35 PA.3 110 General purpose digital 1/0 pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
ADC3 Al ADC3 analog input.
SCODAT (0] SmartCardO data pin.
AD10 I{e] EBI Address/Data bus bit10
PA.4 110 General purpose digital I/O pin.
36 ADC4 Al ADCA4 analog input.
75 48
SC1PWR (6] SmartCardl power pin.
AD9 /10 EBI Address/Data bus bit9
PA.5 110 General purpose digital I/O pin.
37 ADC5 Al ADCS5 analog input.
76 49
SC1RST (0] SmartCard1 reset pin.
AD8 /10 EBI Address/Data bus bit8
PA.6 110 General purpose digital /0 pin.
38 ADC6 Al ADCS6 analog input.
77 50
SC1CLK 110 SmartCard1 clock pin.
AD7 I{e] EBI Address/Data bus bit7
PA.7 110 General purpose digital I/O pin.
ADC7 Al ADCY7 analog input.
78 51 % SC1DAT (6] SmartCard1 data pin.
SPISS21 I{e] 2" SPI2 slave select pin.
AD6 I{e] EBI Address/Data bus bit6é
79 Vrer AP Voltage reference input for ADC.
80 52 40 AVpp AP Power supply for internal analog circuit.
PD.O 110 General purpose digital 1/0 pin.
o SPISS20 110 1* SPI2 slave select pin.
PD.1 110 General purpose digital I/O pin.
%2 SPICLK2 110 SPI2 serial clock pin.
PD.2 110 General purpose digital 1/0 pin.
& MISO20 110 1% SPI2 MISO (Master In, Slave Out) pin.
PD.3 110 General purpose digital I/O pin.
. MOSI20 110 1* SPI2 MOSI (Master Out, Slave In) pin.
PD.4 110 General purpose digital I/O pin.
# MISO21 110 2" SPI2 MISO (Master In, Slave Out) pin.
86 PD.5 110 General purpose digital 1/0 pin.
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Pin No.
LQFP LQFP LQFP Pin Name Pin Type |Description
100-pin | 64-pin | 48-pin
MOSI21 110 2" SPI2 MOSI (Master Out, Slave In) pin.
PC.7 110 General purpose digital I/O pin.
41 CPNO Al Comparator0 negative input pin.
87 53
SC1CD | SmartCard1 card detect pin.
AD5 I{e] EBI Address/Data bus bit5
PC.6 I{e] General purpose digital I/O pin.
42 CPPO Al Comparator0 positive input pin.
88 54
SCOCD | SmartCardO card detect pin.
AD4 I{e] EBI Address/Data bus bit4
PC.15 110 General purpose digital I/O pin.
89 55 CPN1 Al Comparatorl negative input pin.
AD3 I{e] EBI Address/Data bus bit3
PC.14 I{e] General purpose digital I/O pin.
90 56 CPP1 Al Comparatorl positive input pin.
AD2 I{e] EBI Address/Data bus bit2
PB.15 110 General purpose digital I/O pin.
91 57 43 /INT1 | External interruptl input pin.
TOEX | Timer0 external capture input pin.
PF.0 I{e] General purpose digital I/O pin.
92 58 44
XT1_OUT (0] External 4~24 MHz (high speed) crystal output pin.
PF.1 110 General purpose digital I/O pin.
93 59 45
XT1_IN | External 4~24 MHz (high speed) crystal input pin.
External reset input: active LOW, with an internal pull-up. Set this
pin low reset chip to initial state.

94 60 46 /RESET | ) .
Note: It is recommended to use 10 kQ pull-up resistor and 10 uF
capacitor on nRESET pin.

95 61 Vss P Ground pin for digital circuit.

9 62 Voo P dP_0\_/ver s_upply for I/O ports and LDO source for internal PLL and

igital circuit.
PF.2 110 General purpose digital 1/0 pin.

97

PS2DAT 110 PS/2 data pin.
PF.3 110 General purpose digital 1/0 pin.

98

PS2CLK 110 PS/2 clock pin.
99 63 47 PVss P PLL ground.
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Pin No.

LQFP LQFP LQFP Pin Name Pin Type |Description

100-pin | 64-pin | 48-pin

PB.8 I{e] General purpose digital I/O pin.
100 64 48 STADC | ADC external trigger input.
TMO 110 Timer0 event counter input / toggle output.

Note: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power
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5 BLOCK DIAGRAM

5.1 NuMicro® NUC100 Block Diagram

NUC100/120xxxDN

Timer/PWM

32-bit Timer x 4
APROM
ARM 128/64/32 KB

Cortex-M0
50MHz

DataFlash SRAM
4 KB 16/8/4 KB PWM/Capture
Timerx 8

Power Control Clock Control Connectivity

PLL UART x 3

High Speed High Speed
Oscillator Crystal Osc.
22.1184 MHz 4~ 24 MHz

Low Speed Low Speed
Oscillator Crystal Osc.
10 kHz 32.768 KHz

AHB Bus APB Bus

Analog Interface

Analog
Comparator x2

1/0 Ports

General Purpose
/0

External
Interrupt

Figure 5-1 NuMicro® NUC100 Block Diagram
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5.2 NuMicro® NUC120 Block Diagram

Memory Timer/PWM Analog Interface

32-bit Timer x 4 12-bit ADC x 8
APROM
ARM 128/64/32 KB RTC

Cortex-M0
50MHz

USB PHY

Watchdog Timer

DataFlash SRAM
4 KB 16/8/4 KB

AHB Bus

Power Control Clock Control Connectivity 1/0 Ports

UART x 3
PLL

High Speed High Speed
Oscillator Crystal Osc.
22.1184 MHz 4~ 24 MHz

Low Speed Low Speed
Oscillator Crystal Osc.
10 kHz 32.768 KHz

Figure 5-2 NuMicro® NUC120 Block Diagram
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6 FUNCTIONAL DESCRIPTION

6.1 ARM® Cortex®-MO Core

The Cortex®-MO processor is a configurable, multistage, 32-bit RISC processor, which has an
AMBA AHB-Lite interface and includes an NVIC component. It also has optional hardware debug
functionality. The processor can execute Thumb code and is compatible with other Cortex®-M
profile processor. The profile supports two modes -Thread mode and Handler mode. Handler
mode is entered as a result of an exception. An exception return can only be issued in Handler
mode. Thread mode is entered on Reset, and can be entered as a result of an exception return.
Figure 6-1 shows the functional controller of processor.

Cortex®-M0 Components
Cortex®-M0 processor Debug
Interrupts .| Nested ;
”| Vectored Cortex®-M0 Breakpoint
»| Interrupt |€» Processor [€—» and
” - ~ 171 watchpoint
Controller Core Unit
(NVIC)
h 4 A 4 A A A Debug
Wakeup v \ 4 Access
Interrupt
. Debugger Port
n d - L .
Controller P»| Bus Matrix [« > Interface < > (DAP)
(WIC) vy
A
A 4 v
AHB-Lite Serial Wire or
Interface JTAG Debug Port

Figure 6-1 Functional Controller Diagram

The implemented device provides the following components and features:
®  Alow gate count processor:
- ARMvV6-M Thumb® instruction set
- Thumb-2 technology
- ARMv6-M compliant 24-bit SysTick timer
- A 32-bit hardware multiplier
- System interface supported with little-endian data accesses
- Ability to have deterministic, fixed-latency, interrupt handling

- Load/store-multiples and multicycle-multiplies that can be abandoned and
restarted to facilitate rapid interrupt handling

- C Application Binary Interface compliant exception model. This is the ARMv6-M,
C Application Binary Interface (C-ABI) compliant exception model that enables
the use of pure C functions as interrupt handlers

- Low Power Sleep mode entry using Wait For Interrupt (WFI), Wait For Event
(WFE) instructions, or the return from interrupt sleep-on-exit feature

® NVIC:
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- 32 external interrupt inputs, each with four levels of priority
- Dedicated Non-maskable Interrupt (NMI) input
- Supports for both level-sensitive and pulse-sensitive interrupt lines

- Supports Wake-up Interrupt Controller (WIC) and, providing Ultra-low Power
Sleep mode

®  Debug support
- Four hardware breakpoints
- Two watchpoints
- Program Counter Sampling Register (PCSR) for non-intrusive code profiling
- Single step and vector catch capabilities
®  Bus interfaces:

- Single 32-bit AMBA-3 AHB-Lite system interface that provides simple integration
to all system peripherals and memory

- Single 32-bit slave port that supports the DAP (Debug Access Port)
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6.2 System Manager

6.2.1 Overview

The system manager provides the functions of system control, power modes, wake-up sources,
reset sources, system memory map, product ID and multi-function pin control. The following
sections describe the functions for

®  System Reset

®  System Power Architecture
® System Memory Map
)

System management registers for Part Number ID, chip reset and on-chip controllers
reset, and multi-functional pin control

System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)

System Control registers

6.2.2 System Reset

The system reset can be issued by one of the events listed below. These reset event flags can be
read from RSTSRC register to determine the reset source. Hardware reset can reset chip through
peripheral reset signals. Software reset can trigger reset through control registers.

® Hardware Reset Sources
- Power-on Reset (POR)
- Low level on the NRESET pin
- Watchdog Time-out Reset and Window Watchdog Reset (WDT/WWDT Reset)
- Low Voltage Reset (LVR)
- Brown-out Detector Reset (BOD Reset)
®  Software Reset Sources
- CHIP Reset will reset whole chip by writing 1 to CHIP_RST (IPRSTC1][0])

- MCU Reset to reboot but keeping the booting setting from APROM or LDROM
by writing 1 to SYSRESETREQ (AIRCR[2])

- CPU Reset for Cortex®-MO core Only by writing 1 to CPU_RST (IPRSTC1[1])

Power-on Reset or CHIP_RST (IPRSTC1[0]) reset the whole chip including all peripherals,
external crystal circuit and BS (ISPCON[1]) bit.

SYSRESETREQ (AIRCR][2]) reset the whole chip including all peripherals, but does not reset
external crystal circuit and BS (ISPCON[1]) bit.
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|J:|’ Glitch Filter

| 36 us

~50k ohm
@5v POR_DIS_CODE(PORCRI[15:0])

Power-on
Voo Reset

LVR_EN(BODCR(7])

nRESET [}

Low Voltage Reset Pulse Width
AVoo Reset _} 3.2ms

BOD_RSTEN(BODCRI[3])

Brown-out
Reset LI
WDT/WWDT Reset Pulse Width System Reset
Reset 64 WDT clocks |

CHIP Reset
CHIP_RST(IPRSTC1[0])
MCU Reset — \ Software Reset | Reset Pulse Width
SYSRESETREQ(AIRCRI[2]) —1 / 2 system clocks
CPU Reset

CPU_RST(IPRSTC1[1])

Figure 6-2 System Reset Resources

There are a total of 8 reset sources in the NuMicro® family. In general, CPU reset is used to reset
Cortex®-MO only; the other reset sources will reset Cortex®-MO0 and all peripherals. However,
there are small differences between each reset source and they are listed in Table 6-1.

eset Sources
POR NRESET WDT LVR BOD CHIP MCU CPU
Register
RSTSRC Bit0=1 Bit1=1 Bit2=1 Bit3=1 Bit4=1 Bit0O=1 Bit5=1 Bit7=1
CHIP_RST 0x0 - - - - - - -
(IPRSTC1[0])
BOD_EN Reload Reload Reload Reload - Reload Reload -
from from from from from from
(BODCR([0]) CONFIGO CONFIGO | CONFIGO | CONFIGO CONFIGO CONFIGO
BOD_VL
(BODCRJ[2:1])
BOD_RSTEN
(BODCRI3])
XTL12M_EN Reload Reload Reload Reload Reload Reload Reload -
from from from from from from from
(PWRCONIO0]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO
WDT_EN ox1 - ox1 - - ox1 - -
(APBCLKIO0])
HCLK_S Reload Reload Reload Reload Reload Reload Reload -
from from from from from from from
(CLKSELO[2:0]) CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO
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WDT_S 0x3 0x3 - - - - - -
(CLKSEL1[1:0])

XTL12M_STB 0x0 - - - . i B i
(CLKSTATUS[0])

XTL32K_STB 0x0 - - - R . i ]
(CLKSTATUS[1])

PLL_STB 0x0 - - - - - - -
(CLKSTATUS[2])

OSC10K_STB 0x0 - - - - - - -
(CLKSTATUS[3])

0SC22M_STB 0x0 - - - B . B R
(CLKSTATUS[4])

CLK_SW_FAIL 0x0 0x0 0x0 0x0 0x0 0x0 0x0 -
(CLKSTATUSI[7])

WTE Reload Reload Reload Reload Reload Reload - -
from from from from from from

(WTCR[7]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO

WTCR 0x0700 0x0700 0x0700 0x0700 0x0700 0x0700 - -

WTCRALT 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTRLD 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTCR 0x3F0800 0x3F0800 | Ox3F0800 | Ox3F0800 | Ox3F0800 | O0x3F0800 - -

WWDTSR 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -

WWDTCVR Ox3F Ox3F Ox3F Ox3F Ox3F Ox3F - -

BS Reload Reload Reload Reload Reload Reload - -
from from from from from from

(ISPCON[1]) CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO

DFBADR Reload Reload Reload Reload Reload Reload - -
from from from from from from

CONFIG1 CONFIG1 CONFIG1 | CONFIG1 | CONFIG1 | CONFIG1

CBS Reload Reload Reload Reload Reload Reload - -
(ISPSTA[2:1)) from from from from from from

CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO
VECMAP Reload Reload Reload Reload Reload Reload - -
(ISPSTA[20:9]) base on base on base on base on base on base on

CONFIGO CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO
Other Peripheral Reset Value -
Registers
FMC Registers Reset Value

Note: ‘- means that the value of register keeps original setting.

Table 6-1 Reset Value of Registers
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6.2.2.1 nRESET Reset

The nRESET reset means to generate a reset signal by pulling low nRESET pin, which is an
asynchronous reset input pin and can be used to reset system at any time. When the nRESET
voltage is lower than 0.2 Vpp and the state keeps longer than 36 us (glitch filter), chip will be
reset. The nRESET reset will control the chip in reset state until the nRESET voltage rises above
0.7 Vpp and the state keeps longer than 36 us (glitch filter). The RSTS_RESET (RSTSRC[1]) will
be set to 1 if the previous reset source is NRESET reset. Figure 6-3 shows the nRESET reset

waveform.
NRESET ﬁ
0.7 Voo | . 36us |
0.2 Voo - >
& ‘ SS | |
i 36 us §
nRESET Reset :
ss

Figure 6-3 NRESET Reset Waveform

6.2.2.2 Power-On Reset (POR)

The Power-on reset (POR) is used to generate a stable system reset signal and forces the
system to be reset when power-on to avoid unexpected behavior of MCU. When applying the
power to MCU, the POR module will detect the rising voltage and generate reset signal to system
until the voltage is ready for MCU operation. At POR reset, the RSTS_POR (RSTSRCJO0]) will be
set to 1 to indicate there is a POR reset event. The RSTS_POR (RSTSRCJ0]) bit can be cleared
by writing 1 to it. Figure 6-4 shows the waveform of Power-On reset.

VDD

Power On
Reset

Figure 6-4 Power-on Reset (POR) Waveform

6.2.2.3 Low Voltage Reset (LVR)

If the Low Voltage Reset function is enabled by setting the Low Voltage Reset Enable Bit
LVR_EN (BODCRJ[7]) to 1, after 100us delay, LVR detection circuit will be stable and the LVR
function will be active. Then LVR function will detect AVpp during system operation. When the
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AVpp voltage is lower than V yr and the state keeps longer than De-glitch time (16*HCLK cycles),
chip will be reset. The LVR reset will control the chip in reset state until the AVpp voltage rises
above V| yr and the state keeps longer than De-glitch time. The RSTS_RESET (RSTSRC[1]) will
be set to 1 if the previous reset source is NRESET reset. Figure 6-5 shows the Low Voltage Reset
waveform.

1
(<De-glitch time) (=De-glitch time) I
T3
(=De-glitch time)

Low Voltage Reset

I
I
I
I
I
:ITII
I
I
I
I
I

Delay for LVR stable

Figure 6-5 Low Voltage Reset (LVR) Waveform

6.2.2.4 Brown-out Detector Reset (BOD Reset)

If the Brown-out Detector (BOD) function is enabled by setting the Brown-out Detector Enable Bit
BOD_EN (BODCR[0]), Brown-Out Detector function will detect AVpp during system operation.
When the AVpp voltage is lower than Vgop which is decided by BOD_EN (BODCR[0]) and
BOD_VL (BODCR[2:1]) and the state keeps longer than De-glitch time (Max(20*HCLK cycles,
1*LIRC cycle)), chip will be reset. The BOD reset will control the chip in reset state until the AVpp
voltage rises above Vgop and the state keeps longer than De-glitch time. The default value of
BOD_EN, BOD_VL and BOD_RSTEN is set by flash controller user configuration register
CBODEN (CONFIGO0[23]), CBOV1-0 (CONFIG0[22:21]) and CBORST (CONFIG0[20])
respectively. User can determine the initial BOD setting by setting the CONFIGO register. Figure
6-6 shows the Brown-Out Detector waveform.
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AVpp

VBODH_ - = -\ - --"-—---- = - - - - - - - - -
Hysteresis

VBODL - - =

IT1I | T

BODOUT r‘b
T3
(= de-glitch time) |

BODRSTEN

Brown-out
Reset

Figure 6-6 Brown-Out Detector (BOD) Waveform

6.2.2.5 Watchdog Timer Reset

In most industrial applications, system reliability is very important. To automatically recover the
MCU from failure status is one way to improve system reliability. The watchdog timer (WDT) is
widely used to check if the system works fine. If the MCU is crashed or out of control, it may
cause the watchdog time-out. User may decide to enable system reset during watchdog time-out
to recover the system and take action for the system crash/out-of-control after reset.

Software can check if the reset is caused by watchdog time-out to indicate the previous reset is a
watchdog reset and handle the failure of MCU after watchdog time-out reset by checking
RSTS_WDT (RSTSRCJ[2)).

6.2.2.6 CPU Reset, CHIP Reset and MCU Reset

The CPU Reset means only Cortex®-MO core is reset and all other peripherals remain the same
status after CPU reset. User can set the CPU Reset CPU_RST (IPRSTC1[1]) to 1 to assert the
CPU Reset signal.

The CHIP Reset is same with Power-On Reset. The CPU and all peripherals are reset and BS
(ISPCONI1)) bit is automatically reloaded from CONFIGO setting. User can set the CHIP Reset
CHIP_RST (IPRSTC1]0]) to 1 to assert the CHIP Reset signal.

The MCU Reset is similar with CHIP Reset. The difference is that BS (ISPCONJ[1]) will not be
reloaded from CONFIGO setting and keep its original software setting for booting from APROM or
LDROM. User can set the MCU Reset SYSRESETREQ(AIRCR[2]) to 1 to assert the MCU Reset.
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6.2.3 Power Modes and Wake-up Sources

There are several wake-up sources in Idle mode and Power-down mode. Table 6-2 lists the

available clocks for each power mode.

Power Mode Normal Mode Idle Mode

Power-down Mode

Definition CPU is in active state | CPU is in sleep state

CPU is in sleep state
and all clocks stop
except LXT and LIRC.
SRAM content
retended.

CPU executes WFI
instruction.

Entry Condition Chip is in normal
mode after system

reset released

CPU sets sleep mode
enable and power
down enable and
executes WFI

mode

instruction.
Wake-up Sources N/A All interrupts RTC, WDT, I2C,

Timer, UART, BOD,

USB and GPIO
Available Clocks All All except CPU clock LXT and LIRC
After Wake-up N/A CPU back to normal CPU back to normal

mode

Table 6-2 Power Mode Difference Table

System reset released

Normal Mode
CPU Clock ON

HXT, LXT, HIRC, LIRC, HCLK, PCLK ON

Flash ON

CPU executes WFI

Interrupts occur
1. SLEEPDEEP(SCR[2]) =1

2. PWR_DOWN_EN (PWRCONJ7]) =1

PD_WAIT_CPU (PWRCON[8]) = 1
3. CPU executes WFI

Idle Mode
CPU Clock OFF
HXT, LXT, HIRC, LIRC, HCLK, PCLK ON
Flash Halt

Power-down Mode
CPU Clock OFF
HXT,HIRC, HCLK, PCLK OFF

Wake-up event:
occur

LXT, LIRC ON
Flash Halt

Figure 6-7 Power Mode State Machine

1. LXT (32 kHz XTL) ON or OFF depends on S/W setting in run mode.
2. LIRC (10 kHz OSC) ON or OFF depends on S/W setting in run mode.
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3. If TIMER clock source is selected as LXT/LIRC and LXT/LIRC is on.
4. If PWM clock source is selected as LXT and LXT is on.

5. If WDT clock source is selected as LXT/LIRC and LXT/LIRC is on.
6. If RTC clock source LXT is on.

Normal Mode Idle Mode Power-down Mode
HXT (4~20 MHz XTL) ON ON Halt
HIRC (12/16 MHz OSC) ON ON Halt
LXT (32 kHz XTL) ON ON ON/OFF*
LIRC (10 kHz OSC) ON ON ON/OFF?
PLL ON ON Halt
LDO ON ON ON
CPU ON Halt Halt
HCLK/PCLK ON ON Halt
SRAM retention ON ON ON
FLASH ON ON Halt
EBI ON ON Halt
GPIO ON ON Halt
PDMA ON ON Halt
TIMER ON ON ON/OFF?
PWM ON ON ON/OFF*
WDT ON ON ON/OFF®
WWDT ON ON Halt
RTC ON ON ON/OFF®
UART ON ON Halt
scC ON ON Halt
PS/2 ON ON Halt
I’Cc ON ON Halt
SPI ON ON Halt
I°s ON ON Halt
UsB ON ON Halt
ADC ON ON Halt
ACMP ON ON Halt

Table 6-3 Clocks in Power Modes

Wake-up sources in Power-down mode:
WDT, I2C, Timer, RTC, UART, BOD, GPIO and USB
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After chip enters power down, the following wake-up sources can wake chip up to normal mode.

V;it‘:ip Wake-Up Condition System Can Enter Power-Down Mode Again Condition*
BOD Brown-Out Detector Interrupt|After software writes 1 to clear BOD_INTF (BODCR[4]).
GPIO GPIO Interrupt After software write 1 to clear the ISRC[n] bit.

TIMER Timer Interrupt After software writes 1 to clear TWF (TISRx[1]) and TIF (TISRX[O]).
WDT WDT Interrupt After software writes 1 to clear WTWKF (WTCR[5]) (Write Protect).
RTC Alarm Interrupt After software writes 1 to clear AIF (RIIR[0]).

Time Tick Interrupt After software writes 1 to clear TIF (RIIR[1]).

UART nCTS wake-up After software writes 1 to clear DCTSF (UA_MSRJ0]).

I’C Addressing I°C device  |After software writes 1 to clear WKUPIF (I2CWKUPSTS[0]).
uUsB Remote Wake-up After software writes 1 to clear BUS_STS (USBD_INTSTS[0]).

*User needs to wait this condition before setting PWR_DOWN_EN (PWRCON([7]) and execute WFI to enter Power-down mode.

Table 6-4*User needs to wait this condition before setting PWR_DOWN_EN (PWRCON][7]) and execute WFI to enter Power-
down mode.

Table 6-4 lists the condition about how to enter Power-down mode again for each peripheral.

Véikj_cip Wake-Up Condition System Can Enter Power-Down Mode Again Condition*
BOD Brown-Out Detector Interrupt|After software writes 1 to clear BOD_INTF (BODCR[4]).
GPIO GPIO Interrupt After software write 1 to clear the ISRC[n] bit.

TIMER Timer Interrupt After software writes 1 to clear TWF (TISRx[1]) and TIF (TISRx[0]).
WDT WDT Interrupt After software writes 1 to clear WTWKF (WTCRJ[5]) (Write Protect).
RTC Alarm Interrupt After software writes 1 to clear AIF (RIIR[0]).

Time Tick Interrupt After software writes 1 to clear TIF (RIIR[1]).

UART nCTS wake-up After software writes 1 to clear DCTSF (UA_MSRJ0]).

I°C Addressing I°C device  |After software writes 1 to clear WKUPIF (I2CWKUPSTSJ[0]).
UsB Remote Wake-up After software writes 1 to clear BUS_STS (USBD_INTSTS[0]).

*User needs to wait this condition before setting PWR_DOWN_EN (PWRCON([7]) and execute WFI to enter Power-down mode.

Table 6-4 Condition of Entering Power-down Mode Again

6.2.4  System Power Distribution
In this chip, the power distribution is divided into three segments.

®  Analog power from AVpp and AVss provides the power for analog components
operation.

®  Digital power from Vpp and Vss supplies the power to the internal regulator which
provides a fixed 1.8 V power for digital operation and 1/O pins.
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®  USB transceiver power from Vgys offers the power for operating the USB transceiver.

The outputs of internal voltage regulators, LDO and Vppss, require an external capacitor which
should be located close to the corresponding pin. Analog power (AVpp) should be the same
voltage level of the digital power (Vop). Figure 6-8 shows the power distribution of NuMicro®
NUC100. Figure 6-9 shows the power distribution of NuMicro® NUC120.

NUC100 Power Distribution
AVop — . Brown Low
DD 12-bit Analog
SAR-ADC Comparator Out Voltage
AVss — P Detector Reset
Temperature Internal
P FLASH Digital Logic 22.1184 MHz & 10 kHz
Seneor .
Oscillator
LDO
1.8V J— 1uFE
-
External POR18
PLL 32.768 kHz LDO 10 cell GPIO
Crystal PORS50
! T
v |
@ ©) N 3 8
2 S > =

Figure 6-8 NuMicro® NUC100 Power Distribution Diagram
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AVop — 12-bit usB1.1 [ » D+
AVss — SAR-ADC Tranceiver | » D-
NUC120 A
Analog Comparator Power Vbp33
Distribution 3.3V L 1UF
=
Low Brown
Voltage Out 5V10 3.3V LDO |« Vaus
Reset Detector
Temperature Internal
P FLASH Digital Logic 22.1184 MHz & 10 kHz
Seneor .
Oscillator
LDO
1.8V J— 1uF
—
External POR18
PLL 32.768 kHz LDO 10 cell GPIO
Crystal PORS50
! T
v o |
3 o N 3 8
z g & > >

Figure 6-9 NuMicro® NUC120 Power Distribution Diagram
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6.2.5 Register Protection

Some of the system control registers need to be protected to avoid inadvertent write and disturb
the chip operation. These system control registers are protected after the power on reset till user
to disable register protection. For user to program these protected registers, a register protection
disable sequence needs to be followed by a special programming. The register protection disable
sequence is writing the data “59h”, “16h” “88h” to the register REGWRPROT continuously. Any
different data value, different sequence or any other write to other address during these three
data writing will abort the whole sequence.

After the protection is disabled, user can check REGPROTDIS (REGWRPROT [0]), “1” is
protection disable, “0” is protection enable. Then user can update the target protected register
value and then write any data to REGWRPROT to enable register protection.

The protected registers are listed as following table.

Register Bit Description
[3] EBI_RST EBI Controller Reset (Write Protect)
[2] PDMA_RST PDMA Controller Reset (Write Protect)
IPRSTC1
[1] CPU_RST CPU Core One-shot Reset (Write Protect)
[0] CHIP_RST CHIP One-shot Reset (Write Protect)
[7]1 LVR_EN Low Voltage Reset Enable Bit (Write Protect)
[5] BOD_LPM Brown-out Detector Low Power Mode (Write Protect)
BODCR [3] BOD_RSTEN Brown-out Reset Enable Bit (Write Protect)
[2:1]1 BOD_VL Brown-out Detector Threshold Voltage Selection (Write Protect)
[0] BOD_EN Brown-out Detector Enable Bit (Write Protect)
PORCR [15:0] POR_DIS_CODE Power-on-reset Enable Control (Write Protect)
NMI_SEL [8] NMI_EN NMI Interrupt Enable Bit (Write Protect)
[8] PD_WAIT_CPU this Bit Control the Power-down Entry Condition (Write Protect)
[7] PWR_DOWN_EN System Power-down Enable Bit (Write Protect)
[5] PD_WU_INT_EN Power-down Mode Wake-up Interrupt Enable Bit (Write Protect)
[4] PD_WU_DLY Enable the Wake-up Delay Counter (Write Protect)
PWRCON
[3] OSC10K_EN Internal 10 KHz Low Speed Oscillator Enable Bit (Write Protect)
[2] OSC22M_EN Internal 22.1184 MHz High Speed Oscillator Enable Bit (Write Protect)
[1] XTL32K_EN External 32.768 KHz Low Speed Crystal Enable Bit (Write Protect)
[0] XTL12M_EN External 4~24 MHz High Speed Crystal Enable Bit (Write Protect)
APBCLK [O] WDT_EN Watchdog Timer Clock Enable Bit (Write Protect)
[6:3] STCLK_S Cortex®-MO SysTick Clock Source Select (Write Protect)
CLKSELO
[2:0] HCLK_S HCLK Clock Source Select (Write Protect)
CLKSEL1 [1:0] WDT_S Watchdog Timer Clock Source Select (Write Protect)
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[6] ISPFF ISP Fail Flag (Write Protect)
[5] LDUEN LDROM Update Enable Bit (Write Protect)
[4] CFGUEN Enable Config-bits Update by ISP (Write Protect)
ISPCON
[3] APUEN APROM Update Enable Bit (Write Protect)
[1] BS Boot Select (Write Protect)
[0] ISPEN ISP Enable Bit (Write Protect)
ISPTRG [0] ISPGO ISP Start Trigger (Write Protect)
FATCON [4] LFOM Low Frequency Optimization Mode (Write Protect)
ISPSTA [6] ISPFF ISP Fail Flag (Write Protect)
TCSRO [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)
TCSR1 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)
TCSR2 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)
TCSR3 [31] DBGACK_TMR ICE Debug Mode Acknowledge Disable Bit (Write Protect)
[31] DBGACK_WDT ICE Debug Mode Acknowledge Disable Bit (Write Protect)
[10:8) WTIS Watchdog Timer Interval Selection (Write Protect)
[7IWTE Watchdog Timer Enable Bit (Write Protect)
WTCR
[6] WTIE Watchdog Timer Interrupt Enable Bit (Write Protect)
[4] WTWKE Watchdog Timer Wake-up Function Enable Bit (Write Protect)
[1]WTRE Watchdog Timer Reset Enable Bit (Write Protect)
WTCRALT [1:0] WTRDSEL Watchdog Timer Reset Delay Select (Write Protect)
6.2.6 System Memory Map

The NuMicro® NUC100 series provides 4G-byte addressing space. The memory locations
assigned to each on-chip controllers are shown in the following table. The detailed register
definition, memory space, and programming detailed will be described in the following sections for
each on-chip peripheral. The NuMicro® NUC100 series only supports little-endian data format.

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0001_FFFF FLASH_BA FLASH Memory Space (128 KB)
0x2000_0000 — 0x2000_3FFF SRAM_BA SRAM Memory Space (16 KB)

AHB Controllers Space (0x5000_00

00 — 0X501F_FFFF)

0x5000_0000 — 0x5000_01FF GCR_BA System Global Control Registers
0x5000_0200 — 0x5000_02FF CLK_BA Clock Control Registers

0x5000_0300 — 0x5000_03FF INT_BA Interrupt Multiplexer Control Registers
0x5000_4000 — 0x5000_7FFF GPIO_BA GPIO Control Registers
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0x5000_8000 — 0x5000_BFFF

PDMA_BA

Peripheral DMA Control Registers

0x5000_C000 — 0x5000_FFFF

FMC_BA

Flash Memory Control Registers

APB1 Controllers Space (0x4000_0000 ~ 0x400F_FFF

F)

0x4000_4000 — 0x4000_7FFF WDT_BA Watchdog Timer Control Registers

0x4000_8000 — 0x4000_BFFF RTC_BA Real Time Clock (RTC) Control Register
0x4001_0000 — 0x4001_3FFF TMRO1_BA Timer0/Timerl Control Registers

0x4002_0000 — 0x4002_3FFF 12C0_BA I>CO Interface Control Registers

0x4003_0000 — 0x4003_3FFF SPI0_BA SPIO with master/slave function Control Registers
0x4003_4000 — 0x4003_7FFF SPI1_BA SPI1 with master/slave function Control Registers
0x4004_0000 — 0x4004_3FFF PWMA_BA PWMO0/1/2/3 Control Registers

0x4005_0000 — 0x4005_3FFF UARTO_BA UARTO Control Registers

0x4006_0000 — 0x4006_3FFF USBD_BA USB 2.0 FS device Controller Registers
0x400D_0000 — 0x400D_3FFF ACMP_BA Analog Comparator Control Registers
0x400E_0000 — 0x400E_FFFF ADC_BA Analog-Digital-Converter (ADC) Control Registers

APB2 Controllers Space (0x4010_0000 ~ 0x401F_FFF

F)

0x4010_0000 — 0x4010_3FFF PS2_BA PS/2 Interface Control Registers

0x4011_0000 — 0x4011_3FFF TMR23_BA Timer2/Timer3 Control Registers

0x4012_0000 — 0x4012_3FFF 12C1_BA I°C1 Interface Control Registers

0x4013_0000 — 0x4013_3FFF SPI2_BA SPI2 with master/slave function Control Registers
0x4013_4000 — 0x4013_7FFF SPI3_BA SPI3 with master/slave function Control Registers
0x4014_0000 — 0x4014_3FFF PWMB_BA PWM4/5/6/7 Control Registers

0x4015_0000 — 0x4015_3FFF UART1_BA UARTL1 Control Registers

0x4015_4000 — 0x4015_7FFF UART2_BA UART?2 Control Registers

0x4019_0000 — 0x4019_3FFF SCO_BA SCO Control Registers

0x4019_4000 — 0x4019_7FFF SC1_BA SC1 Control Registers

0x4019_ 8000 — 0x4019 BFFF SC2_BA SC2 Control Registers

0x401A_0000 — 0x401A_3FFF 12S_BA IS Interface Control Registers

System Controllers Space (OxE000

E000 ~ 0XE000_EFFF)

OxE000_E010 — OXEOO0_EOFF SCS_BA System Timer Control Registers
OxEO000_E100 — OXEOOO_ECFF SCS_BA External Interrupt Controller Control Registers
0xE000_EDOO — OXEO00_ED8F SCS_BA System Control Registers

Table 6-5 Address Space Assignments for On-Chip Controllers
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R: read only, W: write only, R/W: both read and write

NUC100/120xxxDN

Register Offset R/W |Description Reset Value
GCR Base Address:

GCR_BA = 0x5000_0000

PDID GCR_BA+0x00 |R Part Device Identification Number Register 0x2014_0018"
RSTSRC GCR_BA+0x04 |R/W [System Reset Source Register 0x0000_00XX
IPRSTC1 GCR_BA+0x08 [R/W [IP Reset Control Register 1 0x0000_0000
IPRSTC2 GCR_BA+0x0C [R/W [IP Reset Control Register 2 0x0000_0000
IPRSTC3 GCR_BA+0x10 |R/W [IP Reset Control Register 3 0x0000_0000
BODCR GCR_BA+0x18 |R/W [Brown-out Detector Control Register 0x0000_008X
TEMPCR GCR_BA+0x1C |R/W [Temperature Sensor Control Register 0x0000_0000
PORCR GCR_BA+0x24 |R/W |Power-on-Reset Controller Register 0x0000_00XX
GPA_MFP GCR_BA+0x30 |R/W |GPIOA Multiple Function and Input Type Control Register 0x0000_0000
GPB_MFP GCR_BA+0x34 |R/W [GPIOB Multiple Function and Input Type Control Register 0x0000_0000
GPC_MFP GCR_BA+0x38 |R/W |GPIOC Multiple Function and Input Type Control Register 0x0000_0000
GPD_MFP GCR_BA+0x3C |R/W |GPIOD Multiple Function and Input Type Control Register 0x0000_0000
GPE_MFP GCR_BA+0x40 |R/W |GPIOE Multiple Function and Input Type Control Register 0x0000_0000
GPF_MFP GCR_BA+0x44 |R/W |GPIOF Multiple Function and Input Type Control Register 0x0000_000X
ALT_MFP GCR_BA+0x50 |R/W |Alternative Multiple Function Pin Control Register 0x0000_0000
ALT_MFP1 GCR_BA+0x58 |R/W |Alternative Multiple Function Pin Control Register 1 0x0000_0000
IRCTRIMCTL GCR_BA+0x80 [R/W [IRC Trim Control Register 0x0000_0000
IRCTRIMIEN GCR_BA+0x84 |R/W [IRC Trim Interrupt Enable Register 0x0000_0000
IRCTRIMINT GCR_BA+0x88 |R/W [IRC Trim Interrupt Status Register 0x0000_0000
REGWRPROT |GCR_BA+0x100 |R/W [Register Write Protection Register 0x0000_0000

Note: [1] It depends on the part number.

Apr. 08, 2020

Page 67 of 597

Rev 1.04




NnuvoTonN

NUC100/120xxxDN

6.2.8 Register Description
Part Device ID Code Register (PDID)
Register Offset R/W |Description Reset Value
PDID GCR_BA+0x00 [R Part Device Identification Number Register 0x2014_0018"
[1] Each part number has a unique default reset value.
31 30 29 28 27 26 25 24
PDID
23 22 21 20 19 18 17 16
PDID
15 14 13 12 11 10 9 8
PDID
7 6 5 4 3 2 1 0
PDID
Bits Description
Part Device ldentification Number
[31:0] PDID This register reflects device part number code. Software can read this register to identify
which device is used.
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System Reset Source Register (RSTSRC)

This register provides specific information for software to identify this chip’s reset source from last

operation.
Register Offset R/W |Description Reset Value
RSTSRC GCR_BA+0x04 |R/W [System Reset Source Register 0x0000_00XX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RSTS_CPU Reserved RSTS_SYS | RSTS_BOD | RSTS_LVR | RSTS WDT | RSTS_RESET | RSTS_POR
Bits Description
[31:8] Reserved Reserved.
CPU Reset Flag
The RSTS_CPU flag is set by hardware if software writes cpu_rst (iprstc1[1]) 1 to reset
cortex®-mO cpu core and flash memory controller (fmc).
( RSTS_CPU 0 = No reset from CPU.
1 = Cortex®-M0 CPU core and FMC are reset by software setting CPU_RST to 1.
Note: This bit can be cleared by writing ‘1’ to it.
[6] Reserved Reserved.
SYS Reset Flag
The RSTS_SYS flag is set by the “reset signal” from the cortex®-m0 core to indicate the
previous reset source.
- ®
5] RSTS_SYS 0 = No reset from Cortex -MO.
1 = The Cortex®-MO had issued the reset signal to reset the system by writing 1 to bit
SYSRESETREQ (AIRCR[2], Application Interrupt and Reset Control Register, address =
OXEOOOEDOC) in system control registers of Cortex®-MO core.
Note: This bit can be cleared by writing ‘1’ to it.
Brown-out Detector Reset Flag
The RSTS_BOD flag is set by the “reset signal” from the brown-out detector to indicate
the previous reset source.
4] RSTS_BOD 0 = No reset from BOD.
1 = The BOD had issued the reset signal to reset the system.
Note: This bit can be cleared by writing ‘1’ to it.
Low Voltage Reset Flag
3] RSTS_LVR The RSTS_LVR flag is set by the “reset signal” from fhe low-voltage-reset controller fo
indicate the previous reset source.
0 = No reset from LVR.
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1 = The LVR controller had issued the reset signal to reset the system.
Note: This bit can be cleared by writing ‘1’ to it.

Watchdog Timer Reset Flag

The RSTS_WODT flag is set by the “reset signal” from the watchdog timer to indicate the
previous reset source.

2l RSTS_WDT 0 = No reset from watchdog timer.

1 = The watchdog timer had issued the reset signal to reset the system.

Note: This bit can be cleared by writing ‘1’ to it.

Reset Pin Reset Flag

The RSTS_RESET flag is set by the “reset signal” from the /reset pin to indicate the
previous reset source.

0 = No reset from /RESET pin.
1 = The Pin /RESET had issued the reset signal to reset the system.

1] RSTS_RESET

Note: This bit can be cleared by writing ‘1’ to it.

Power-on Reset Flag

The RSTS_POR flag is Set by the “Reset Signal” from the Power-on Reset (POR)
controller or the bit CHIP_RST (IPRSTCZ1[0]) to indicate the previous reset source.

0 = No reset from POR or CHIP_RST.
1 = Power-on Reset (POR) or CHIP_RST had issued the reset signal to reset the system.
Note: This bit can be cleared by writing ‘1’ to it.

[o] RSTS_POR
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IP Reset Control Register 1 (IPRSTC1)

Register Offset R/W |Description Reset Value
IPRSTC1 GCR_BA+0x08 |R/W |IP Reset Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved EBI_RST PDMA_RST CPU_RST CHIP_RST
Bits Description
[31:4] Reserved Reserved.
EBI Controller Reset (Write Protect)
Set this bit to 1 will generate a reset signal to the EBI. User need to set this bit to 0 to
release from the reset state.
3] EBI RST This bit is the protected bit, It means programming this bit needs to write “59h”, “16h”,
- “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100
0 = EBI controller normal operation.
1 = EBI controller reset.
PDMA Controller Reset (Write Protect)
Setting this bit to 1 will generate a reset signal to the PDMA. User need to set this bit to 0
to release from reset state.
2] PDMA RST This bit is the protected bit, It means programming this bit needs to write “59h”, “16h”,
- “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
0 = PDMA controller normal operation.
1 = PDMA controller reset.
CPU Core One-shot Reset (Write Protect)
Setting this bit will only reset the CPU core and Flash Memory Controller(FMC), and this
bit will automatically return 0 after the two clock cycles.
1] CPU RST This bit is the protected bit, It means programming this bit needs to write “59h”, “16h”,
- “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100
0 = CPU normal operation.
1 = CPU one-shot reset.
CHIP One-shot Reset (Write Protect)
Setting this bit will reset the whole chip, including CPU core and all peripherals, and this bit
[0] CHIP_RST will automatically return to O after the 2 clock cycles.
The CHIP_RST is the same as the POR reset, all the chip controllers are reset and the
chip setting from flash are also reload.
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For the difference between CHIP_RST and SYSRESETREQ), please refer to section 5.2.2

This bit is the protected bit. It means programming this bit needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100

0 = CHIP normal operation.
1 = CHIP one-shot reset.
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IP Reset Control Register 2 (IPRSTC?2)

Setting these bits to 1 will generate asynchronous reset signals to the corresponding IP controller.
Users need to set these bits to 0 to release corresponding IP controller from reset state

Register Offset R/W |Description Reset Value
IPRSTC2 GCR_BA+0x0C |R/W |IP Reset Control Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved 12S_RST ADC_RST USBD_RST Reserved
23 22 21 20 19 18 17 16
PS2_RST ACMP_RST | PWM47_RST | PWMO3_RST | Reserved UART2_RST | UART1_RST | UARTO_RST
15 14 13 12 11 10 9 8
SPI3_RST SPI2_RST SPI1_RST SPI0O_RST Reserved Reserved 12C1_RST 12C0_RST
7 6 5 4 3 2 1 0
Reserved TMR3_RST | TMR2_RST | TMR1_RST | TMRO_RST GPIO_RST Reserved
Bits Description
[31:30] Reserved Reserved.
I’S Controller Reset
[29] I12S_RST 0 = I’S controller normal operation.
1 = I°S controller reset.
ADC Controller Reset
[28] ADC_RST 0 = ADC controller normal operation.
1 = ADC controller reset.
USB Device Controller Reset
[27] USBD_RST 0 = USB device controller normal operation.
1 = USB device controller reset.
[26:24] Reserved Reserved.
PS/2 Controller Reset
[23] PS2_RST 0 = PS/2 controller normal operation.
1 = PS/2 controller reset.
Analog Comparator Controller Reset
[22] ACMP_RST 0 = Analog Comparator controller normal operation.
1 = Analog Comparator controller reset.
PWM47 Controller Reset
[21] PWM47_RST 0 = PWM47 controller normal operation.
1 = PWMA47 controller reset.
PWMO03 Controller Reset
[20] PWMO3_RST 0 = PWMO3 controller normal operation.
1 = PWMO3 controller reset.
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[19] Reserved Reserved.

UART2 Controller Reset
[18] UART2_RST 0 = UART2 controller normal operation.
1 = UART2 controller reset.

UART1 Controller Reset
[17] UART1_RST 0 = UART1 controller normal operation.
1 = UARTL1 controller reset.

UARTO Controller Reset
[16] UARTO_RST 0 = UARTO controller normal operation.
1 = UARTO controller reset.

SPI3 Controller Reset
[15] SPI3_RST 0 = SPI3 controller normal operation.
1 = SPI3 controller reset.

SPI2 Controller Reset
[14] SPI2_RST 0 = SPI2 controller normal operation.
1 = SPI2 controller reset.

SPI1 Controller Reset
[13] SPI1_RST 0 = SPI1 controller normal operation.
1 = SPI1 controller reset.

SPI0 Controller Reset
[12] SPIO_RST 0 = SPIO controller normal operation.
1 = SPIO controller reset.

[11:10] Reserved Reserved.

1?C1 Controller Reset
[9] 12C1_RST 0 = I’C1 controller normal operation.
1 = I°C1 controller reset.

12CO Controller Reset
[8] I2CO_RST 0 = I°CO controller normal operation.
1 = 1°CO controller reset.

[7:6] Reserved Reserved.

Timer3 Controller Reset
[5] TMR3_RST 0 = Timer3 controller normal operation.
1 = Timer3 controller reset.

Timer2 Controller Reset
[4] TMR2_RST 0 = Timer2 controller normal operation.
1 = Timer2 controller reset.

Timerl Controller Reset
[3] TMR1_RST 0 = Timer1 controller normal operation.
1 = Timerl controller reset.

Timer0 Controller Reset
2] TMRO_RST 0 = TimerO controller normal operation.
1 = TimerO controller reset.

[1] GPIO_RST GPIO Controller Reset

Apr. 08, 2020 Page 74 of 597 Rev 1.04



NnuvoToN NUC100/120x0DN
—

0 = GPIO controller normal operation.
1 = GPIO controller reset.

[0] Reserved Reserved.
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IP Reset Control Reqgister 3 (IPRSTC3)

Setting these bits to 1 will generate asynchronous reset signals to the corresponding IP controller. User needs to
set these bits to O to release corresponding IP controller from reset state.

Register Offset R/W |Description Reset Value
IPRSTC3 GCR_BA+0x10 |R/W |IP Reset Control Register 3 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SC2_RST SC1 _RST SCO_RST
Bits Description
[31:3] Reserved Reserved.
SC2 Controller Reset
[2] SC2_RST 0 = SC2 controller normal operation.
1 = SC2 controller reset.
SC1 Controller Reset
[1] SC1_RST 0 = SC1 controller normal operation.
1 = SC1 controller reset.
SCO Controller Reset
[0] SCO_RST 0 = SCO controller normal operation.
1 = SCO controller reset.
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Brown-out Detector Control Register (BODCR)

Partial of the BODCR control registers values are initiated by the flash configuration and partial bits
are write-protected bit. Programming write-protected bits needs to write “59h”, “16h”, “88h” to address
0x5000_0100 to disable register protection. Refer to the register REGWRPROT at address
GCR_BA+0x100.

Register Offset R/W |Description Reset Value
BODCR GCR_BA+0x18 |R/W |Brown-out Detector Control Register 0x0000_008X
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
LVR_EN BOD_OUT BOD_LPM BOD_INTF | BOD_RSTEN BOD_VL BOD_EN
Bits Description
[31:8] Reserved Reserved.
Low Voltage Reset Enable Bit (Write Protect)
The LVR function reset the chip when the input power voltage is lower than LVR circuit
setting. LVR function is enabled by default.
0 = Low Voltage Reset function Disabled.
7] LVR_EN 1 = Low Voltage Reset function Enabled — After enabling the bit, the LVR function will be
active with 100us delay for LVR output stable (default).
This bit is the protected bit. It means programming this needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Refer to the register REGWRPROT at
address GCR_BA+0x100
Brown-out Detector Output Status
0 = Brown-out Detector output status is 0. It means the detected voltage is higher than
[6] BOD_OUT BOD_VL setting or BOD_EN is 0.
1 = Brown-out Detector output status is 1. It means the detected voltage is lower than
BOD_VL setting. If the BOD_EN is 0, BOD function disabled , this bit always responds to 0
Brown-out Detector Low Power Mode (Write Protect)
0 = BOD operated in Normal mode (default).
1 = BOD Low Power mode Enabled.
[5] BOD_LPM The BOD consumes about 100 uA in Normal mode, and the low power mode can reduce
the current to about 1/10 but slow the BOD response.
This bit is the protected bit which means programming this needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
Brown-out Detector Interrupt Flag
[4] BOD_INTF

0 = Brown-out Detector does not detect any voltage draft at Vpp down through or up
through the voltage of BOD_VL setting.
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1 = When Brown-out Detector detects the Vpp is dropped down through the voltage of
BOD_VL setting or the Vpp is raised up through the voltage of BOD_VL setting, this bit is
set to 1 and the Brown-out interrupt is requested if Brown-out interrupt is enabled.
Note: This bit can be cleared by writing ‘1’ to it.
Brown-out Reset Enable Bit (Write Protect)
0 = Brown-out “INTERRUPT” function Enabled.
While the BOD function is enabled (BOD_EN high) and BOD interrupt function is enabled
(BOD_RSTEN low), BOD will assert an interrupt if BOD_OUT is high. BOD interrupt will
keep till to the BOD_EN set to 0. BOD interrupt can be blocked by disabling the NVIC BOD
interrupt or disabling BOD function (set BOD_EN low).

3] BOD RSTEN 1 = Brown-out “RESET” function Enabled.

B While the Brown-out Detector function is enabled (BOD_EN high) and BOD reset function
is enabled (BOD_RSTEN high), BOD will assert a signal to reset chip when the detected
voltage is lower than the threshold (BOD_OUT high).

The default value is set by flash controller user configuration register config0 bit[20].
This bit is the protected bit. It means programming this needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Refer to the register REGWRPROT at
address GCR_BA+0x100.
Brown-out Detector Threshold Voltage Selection (Write Protect)
The default value is set by flash controller user configuration register config0 bit[22:21]
This bit is the protected bit which means programming this needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Reference the register
REGWRPROT at address GCR_BA+0x100.

[2:1] BOD VL BOD_VL[1] BOD_VL[0] Brown-out Voltage
1 1 44V
1 0 3.7V
0 1 2.7V
0 0 22V
Brown-out Detector Enable Bit (Write Protect)
The default value is set by flash controller user configuration register config0 bit[23]
0 = Brown-out Detector function Disabled.

(0] BOD_EN 1 = Brown-out Detector function Enabled.
This bit is the protected bit which means programming this needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
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Temperature Sensor Control Register (TEMPCR)

Register Offset R/W |Description Reset Value
TEMPCR GCR_BA+0x1C [R/W [Temperature Sensor Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved VTEMP_EN
Bits Description
[31:1] Reserved Reserved.
Temperature Sensor Enable Bit
This bit is used to enable/disable temperature sensor function.
0 = Temperature sensor function Disabled (default).
[0] VTEMP_EN 1 = Temperature sensor function Enabled.
After this bit is set to 1, the value of temperature can be obtained from ADC conversion
result by ADC channel selecting channel 7 and alternative multiplexer channel selecting
temperature sensor. Please refer to the ADC function chapter for detail ADC conversion
functional description.
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Power-on-Reset Control Reqgister (PORCR)

Register Offset R/W [Description Reset Value
PORCR GCR_BA+0x24 |R/W |Power-on-Reset Controller Register 0x0000_00XX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
POR_DIS_CODE
7 6 5 4 3 2 1 0

POR_DIS_CODE

Bits Description

[31:16] Reserved Reserved.

Power-on-reset Enable Control (Write Protect)

When powered on, the POR circuit generates a reset signal to reset the whole chip
function, but noise on the power may cause the POR active again. User can disable
internal POR circuit to avoid unpredictable noise to cause chip reset by writing OX5AAS5 to
this field.

The POR function will be active again when this field is set to another value or chip is reset
by other reset source, including:

/RESET, Watchdog, LVR reset, BOD reset, ICE reset command and the software-chip
reset function

This bit is the protected bit which means programming this needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.

[15:0] POR_DIS_CODE
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Multiple Function Pin GPIOA Control Reqgister (GPA MFP)

Register Offset R/W |Description Reset Value
GPA_MFP GCR_BA+0x30 |R/W |GPIOA Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
GPA_TYPE
23 22 21 20 19 18 17 16
GPA_TYPE
15 14 13 12 11 10 9 8
GPA_MFP
7 6 5 4 3 2 1 0
GPA_MFP
Bits Description
Input Schmitt Trigger Enable Bit
[31:16] GPA_TYPEn 0 = GPIOA[15:0] I/O input Schmitt Trigger function Disabled.
1 = GPIOA[15:0] I/O input Schmitt Trigger function Enabled.
PA.15 Pin Function Selection
Bits PA15_SC2PWR (ALT_MFP1[12]), PA15_I2SMCLK (ALT_MFP[9]) and GPA_MFP[15]
determine the PA.15 function.
PA15 SC2PWR [PA15 I2SMCLK |GPA_MFP[15] PA.15 Function
[15] GPA_MFP15 0 0 0 GPIO
0 0 1 PWM3 (PWM)
0 1 1 12SMCLK
1 0 1 SC2PWR
PA.14 Pin Function Selection
Bits EBI_HB_EN[7] (ALT_MFP[23]), EBI_EN (ALT_MFP[11]), PA14 _SC2RST
(ALT_MFP1[13]) and GPA_MFP[14] determine the PA.14 function.
EBI_ HB_EN[7] |EBI_ EN |PA14 SC2RST |GPA_MFP[14] |PA.14 Function
[14] GPA_MFP14 0 0 0 0 GPIO
0 0 0 1 PWM2 (PWM)
0 0 1 1 SC2RST
1 1 0 1 AD15
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PA.13 Pin Function Selection
Bits EBI_HB_EN[6] (ALT_MFP[22]), EBI_EN (ALT_MFP[11]), PA13_SC2CLK
(ALT_MFP1[10]) and GPA_MFP[13] determine the PA.13 function.
EBI_HB_EN[6] |EBI_EN |PA13 SC2CLK |GPA_MFP[13] |PA.13 Function
[13] GPA_MFP13 0 0 0 0 GPIO
0 0 0 1 PWML1 (PWM)
0 0 1 1 SC2CLK
1 1 0 1 AD14
PA.12 Pin Function Selection
Bits EBI_HB_EN[5] (ALT_MFP[21]), EBI_EN (ALT_MFP[11]), PA12_SC2DAT
(ALT_MFP1[11]) and GPA_MFP[12] determine the PA.12 function.
EBI_HB_EN[5] |EBI_EN |PA12 SC2DAT |GPA MFP[12] |PA.12 Function
[12] GPA_MFP12 0 0 0 0 GPIO
0 0 0 1 PWMO (PWM)
0 0 1 1 SC2DAT
1 1 0 1 AD13
PA.11 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPA_MFP[11] determine the PA.11 function.
EBI_EN GPA_MFP[10] PA.10 Function
[11] GPA_MFP11
0 0 GPIO
0 1 SCL1 (I°’C)
1 1 nRD
PA.10 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPA_MFP[10] determine the PA.10 function.
EBI_EN GPA_MFP[10] PA.10 Function
[10] GPA_MFP10
0 0 GPIO
0 1 SDAL (I°C1)
1 1 nWR
PA.9 Pin Function Selection
[9] GPA_MFP9 0 = GPIOA[9] selected to the pin PA.9.
1 = I*C0O SCL function selected to the pin PA.9.
PA.8 Pin Function Selection
[8] GPA_MFP8 0 = GPIOA[8] selected to the pin PA.8.
1 = I°CO SDA function selected to the pin PA.8.
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PA.7 Pin Function Selection

Bits EBI_EN (ALT_MFP[11]), PA7_SC1DAT (ALT_MFP1[6]), PA7_S21 (ALT_MFP[2]) and

GPA_MFP[7] determine the PA.7 function

EBI_EN PA7_SC1DAT PA7_S21 GPA_MFP[7] PA.7 Function

0 0 0 0 GPIO
[7] GPA_MFP7

0 0 0 1 ADC7

0 0 1 1 SPISS21 (SPI2)

0 1 0 1 SC1DAT

1 0 0 1 AD6

PA.6 Pin Function Selection

Bits EBI_EN (ALT_MFP[11]), PA6_SCI1CLK (ALT_MFP1[5]) and GPA_MFPI[6] determine

the PA.6 function

EBI_EN PA6_SCI1CLK GPA_MFP[6] PA.6 Function
[6] GPA_MFP6 0 0 0 GPIO

0 0 1 ADC6

0 1 1 SC1CLK

1 0 1 AD7

PA.5 Pin Function Selection

Bits EBI_HB_EN[O0] (ALT_MFP[16]), EBI_EN (ALT_MFP[11]), PA5_SC1RST

(ALT_MFP1[8]) and GPA_MFP[5] determine the PA.5 function

EBI_HB_EN[O0] EBI_EN |PA5 SCIRST |GPA MFP[5] |PA.5 Function
[5] GPA_MFP5 0 0 0 0 GPIO

0 0 0 1 ADC5

0 0 1 1 SC1RST

1 1 0 1 AD8

PA.4 Pin Function Selection

Bits EBI_HB_EN[1] (ALT_MFP[17]), EBI_EN (ALT_MFP[11]), PA4_SC1PWR

(ALT_MFP1[7]) and GPA_MFP[4] determine the PA.4 function

EBI_HB_EN[1] EBI_EN PA4_SC1PWR GPA_MFP[4] PA.4 Function
[4] GPA_MFP4 0 0 0 0 GPIO

0 0 0 1 ADC4

0 0 1 1 SC1PWR

1 1 0 1 AD9
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PA.3 Pin Function Selection

Bits EBI_HB_EN[2] (ALT_MFP[18]), EBI_EN (ALT_MFP[11]), PA3_SCODAT

(ALT_MFP1[1]) and GPA_MFP[3] determine the PA.3 function

EBI_HB_EN[2] EBI_EN |PA3 SCODAT |GPA_MFP[3] [PA.3 Function
[3] GPA_MFP3 0 0 0 0 GPIO

0 0 0 1 ADC3

0 0 1 1 SCODAT

1 1 0 1 AD10

PA.2 Pin Function Selection

Bits EBI_HB_EN[3] (ALT_MFP[19]), EBI_EN (ALT_MFP[11]), PA2_SCOCLK

(ALT_MFP1[0]) and GPA_MFP[2] determine the PA.2 function

EBI_HB_EN[3] EBI_EN |PA2 SCOCLK |GPA MFP[2]  [PA.2 Function
2] GPA_MFP2 0 0 0 0 GPIO

0 0 0 1 ADC2

0 0 1 1 SCOCLK

1 1 0 1 AD11

PA.1 Pin Function Selection

Bit EBI_HB_ENI[4] (ALT_MFP[20]), EBI_EN (ALT_MFP[11]), PA1_SCORST

(ALT_MFP1[3]) and GPA_MFP[1] determine the PA.1 function

EBI_HB_EN[4] EBI_EN |PA1_SCORST [GPA_MFP[1] |PA.1 Function
(1] GPA_MFP1 0 0 0 0 GPIO

0 0 0 1 ADC1

0 0 1 1 SCORST

1 1 0 1 AD12

PA.0 Pin Function Selection

Bit PAO_SCOPWR (ALT_MFP1[2]) and GPA_MFP[0] determine the PA.O function

PAO_SCOPWR GPA_MFP[0] PA.0 Function
[0] GPA_MFPO

0 0 GPIO

0 1 ADCO

1 1 SCOPWR
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Multiple Function Pin GPIOB Control Reqgister (GPB MFP)

Register Offset R/W |Description Reset Value
GPB_MFP GCR_BA+0x34 |R/W |GPIOB Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
GPB_TYPE
23 22 21 20 19 18 17 16
GPB_TYPE
15 14 13 12 11 10 9 8
GPB_MFP
7 6 5 4 3 2 1 0
GPB_MFP
Bits Description
Input Schmitt Trigger Enable Bit
[31:16] GPB_TYPEn 0 = GPIOBJ[15:0] I/O input Schmitt Trigger function Disabled.
1 = GPIOB[15:0] I/O input Schmitt Trigger function Enabled.
PB.15 Pin Function Selection
Bits PB15_TOEX (ALT_MFP[24]) and GPB_MFP[15] determine the PB.15 function.
PB15 TOEX GPB_MFP[15] PB.15 function
[15] GPB_MFP15
0 0 GPIO
0 1 /INT1
1 1 TOEX (TMRO)
PB.14 Pin Function Selection
Bits PB14_S31 (ALT_MFP[3]) and GPB_MFP[14] determine the PB.14 function.
PB14 S31 GPB_MFP[14] PB.14 function
[14] GPB_MFP14
0 0 GPIO
0 1 /INTO
1 1 SPISS31 (SPI3)
PB.13 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPB_MFP[13] determine the PB.13 function.
EBI_EN GPB_MFP[13] PB.13 function
[13] GPB_MFP13
0 0 GPIO
0 1 CPO1 (CMP)
1 1 AD1
[12] GPB_MFP12 PB.12 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]), PB12_CLKO (ALT_MFP[10]) and GPB_MFP[12] determine
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the PB.12 function.

EBI_EN PB12_CLKO GPB_MFP[12] PB.12 function

0 0 0 GPIO

0 0 1 CPOO0 (CMP)

0 1 1 CLKO (Clock Driver output)
1 0 1 ADO

PB.11 Pin Function Selection
Bits PB11_PWM4 (ALT_MFP[4]) and GPB_MFP[11] determine the PB.11 function.

PB11_PWM4 GPB_MFP[11] PB.11 function
[11] GPB_MFP11
0 0 GPIO
0 1 T™M3
1 1 PWM4 (PWM)
PB.10 Pin Function Selection
Bits PB10_S01 (ALT_MFP[0]) and GPB_MFP[10] determine the PB.10 function.
PB10_S01 GPB_MFP[10] PB.10 function
[10] GPB_MFP10
0 0 GPIO
0 1 T™M2
1 1 SPISS01 (SPIO0)
PB.9 Pin Function Selection
Bits PB9_S11 (ALT_MFP[1]) and GPB_MFP[9] determine the PB.9 function.
PB9_S11 GPB_MFP[9] PB.9 function
[9] GPB_MFP9
0 0 GPIO
0 1 ™1
1 1 SPISS11 (SPI1)

PB.8 Pin Function Selection
[8] GPB_MFP8 0 = GPIOBJ8] selected to the pin PB.8.
1 = TMO (Timer/Counter external trigger clock input) function selected to the pin PB.8.

PB.7 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPB_MFP[7] determine the PB.7 function.

EBI_EN GPB_MFP[7] PB.7 function
[7] GPB_MFP7

0 0 GPIO

0 1 CTS1 (UART1)

1 1 nCS

PB.6 Pin Function Selection

Bits EBI_EN (ALT_MFP[11]) and GPB_MFP[6] determine the PB.6 function.
[6] GPB MFP6 EBI_EN GPB_MFP[6] PB.6 function

0 0 GPIO

0 1 RTS1 (UART1)
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1 1 ALE (EBI)

PB 5 Pin Function Selection
[5] GPB_MFP5 0 = GPIOBJ5] is selected to the pin PB.5.
1 = UART1 TXD function is selected to the pin PB.5.

PB.4 Pin Function Selection
[4] GPB_MFP4 0 = GPIOBJ4] is selected to the pin PB.4.
1 = UART1 RXD function is selected to the pin PB.4.

PB.3 Pin Function Selection

Bits EBI_NWRH_EN (ALT_MFP[14]), EBI_EN (ALT_MFP[11]), PB3_SC2CD
(ALT_MFP1[14]), PB3_T3EX (ALT_MFP[27]) and GPB_MFP[3] determine the PB.3

function

EBI_nWRH_EN |EBI_EN |PB3_SC2CD |PB3_T3EX |GPB_MFP[3] |PB.3 Function
3] GPB_MFP3 0 0 0 0 0 GPIO

0 0 0 0 1 CTSO0

0 0 0 1 1 T3EX

0 0 1 0 1 SC2CD

1 1 0 0 1 NWRH

PB.2 Pin Function Selection

Bits EBI_nWRH_EN (ALT_MFP[13]), EBI_EN (ALT_MFP[11]), PB2_T2EX (ALT_MFP[26])

and GPB_MFP[2] determine the PB.2 function.

EBI_nWRL_EN EBI_EN GPB_MFP[2] PB2_T2EX PB.2 function
[2 GPB_MFP2 0 0 0 0 GPIO

0 0 1 0 RTSO (UARTO)

1 1 1 0 nWRL

0 0 1 1 T2EX (TMR2)

PB.1 Pin Function Selection
[1] GPB_MFP1 0 = GPIOBJ1] is selected to the pin PB.1.
1 = UARTO TXD function is selected to the pin PB.1.

PB.0 Pin Function Selection
[0] GPB_MFPO 0 = GPIOBJ0] is selected to the pin PB.O.
1 = UARTO RXD function is selected to the pin PB.0.
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Register Offset R/W |Description Reset Value
GPC_MFP GCR_BA+0x38 |R/W |GPIOC Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
GPC_TYPE
23 22 21 20 19 18 17 16
GPC_TYPE
15 14 13 12 11 10 9 8
GPC_MFP
7 6 5 4 3 2 1 0
GPC_MFP
Bits Description
Input Schmitt Trigger Enable Bit
[31:16] GPC_TYPEn 0 = GPIOC[15:0] I/O input Schmitt Trigger function Disabled.
1 = GPIOCJ15:0] I/O input Schmitt Trigger function Enabled.
PC.15 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPC_MFP[15] determine the PC.15 function.
EBI_EN GPC_MFP[15] PC.15 function
[15] GPC_MFP15
0 0 GPIO
0 1 CPN1 (CMP)
1 1 AD3
PC.14 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]) and GPC_MFP[14] determine the PC.14 function.
EBI_EN GPC_MFP[14] PC.14 function
[14] GPC_MFP14
0 0 GPIO
0 1 CPP1 (CMP)
1 1 AD2
PC.13 Pin Function Selection
[13] GPC_MFP13 0 = GPIOCJ13] is selected to the pin PC.13.
1 = SPI1 MOSI1 (master output, slave input pin-1) function is selected to the pin PC.13.
PC.12 Pin Function Selection
[12] GPC_MFP12 0 = GPIOCJ12] is selected to the pin PC.12.
1 = SPI1 MISO1 (master input, slave output pin-1) function is selected to the pin PC.12.
PC.11 Pin Function Selection
[11] GPC_MFP11 0 = GPIOCJ11] selected to the pin PC.11.
1 = SPI1 MOSIO (master output, slave input pin-0) function selected to the pin PC.11.
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PC.10 Pin Function Selection

1 = SPI0 MISO1 (master input, slave output pin-1) function is selected to the pin PC.4.

[10] GPC_MFP10 0 = GPIOC[10] is selected to the pin PC.10.
1 = SPI1 MISOO (master input, slave output pin-0) function selected to the pin PC.10.
PC.9 Pin Function Selection
[9] GPC_MFP9 0 = GPIOC[9] selected to the pin PC.9.
1 = SPI1 SPICLK function selected to the pin PC.9.
PC.8 Pin Function Selection
Bits EBI_MCLK_EN (ALT_MFP[12]), EBI_EN (ALT_MFP[11]) and GPC_MFP[8] determine
the PC.8 function.
EBI_MCLK_EN EBI_EN GPC_MFP[8] PC.8 function
[8] GPC_MFP8
0 0 0 GPIO
0 0 1 SPISS10 (SPI1)
1 1 1 MCLK
PC.7 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]), PC7_SC1CD (ALT_MFP1[9]) and GPC_MFP[7] determine
the PC.7 function
EBI_EN PC7_SC1CD GPC_MFP[7] PC.7 Function
(71 GPC_MFP7 0 0 0 GPIO
0 0 1 CPNO
0 1 1 SC1CD
1 0 1 AD5
PC.6 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]), PC6_SCOCD (ALT_MFP1[4]) and GPC_MFP[6] determine
the PC.6 function
EBI_EN PC6_SCOCD GPC_MFP[6] PC.6 Function
(6] GPC_MFP6 0 0 0 GPIO
0 0 1 CPPO
0 1 1 SCOCD
1 0 1 AD4
PC.5 Pin Function Selection
[5] GPC_MFP5 0 = GPIOC[5] is selected to the pin PC.5.
1 = SPI0 MOSI1 (master output, slave input pin-1) function is selected to the pin PC.5.
PC.4 Pin Function Selection
[4] GPC_MFP4 0 = GPIOC[4] is selected to the pin PC.4.
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PC.3 Pin Function Selection
Bits PC3_I2SDO (ALT_MFP[8]) and GPC_MFP[3] determine the PC.3 function.
PC3_12SDO GPC_MFP[3] PC.3 function
3] GPC_MFP3
0 0 GPIO
0 1 MOSIOO (SPI0)
1 1 12SDO (I*S)
PC.2 Pin Function Selection
Bits PC2_I2SDI (ALT_MFP[7]) and GPC_MFP[2] determine the PC.2 function.
PC2_I2SDI GPC_MFP[2] PC.2 function
2] GPC_MFP2
0 0 GPIO
0 1 MISOO00 (SPI0)
1 1 12SDI (I%S)
PC.1 Pin Function Selection
Bits PC1_I2SBCLK (ALT_MFP[6]) and GPC_MFP[1] determine the PC.1 function.
PC1_12SBCLK GPC_MFP[1] PC.1 function
1 GPC_MFP1
0 0 GPIO
0 1 SPICLKO (SPI0)
1 1 I12SBCLK (I%S)
PC.0 Pin Function Selection
Bits PCO_I2SLRCLK (ALT_MFP[5]) and GPC_MFP[0] determine the PC.0 function.
PCO_I2SLRCLK GPC_MFP[0] PC.0 function
[0] GPC_MFPO
0 0 GPIO
0 1 SPISS00 (SPI10)
1 1 I2SLRCLK (I°S)
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Multiple Function Pin GPIOD Control Reqgister (GPD MFP)

Register Offset R/W |Description Reset Value
GPD_MFP GCR_BA+0x3C |R/W |GPIOD Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
GPD_TYPE
23 22 21 20 19 18 17 16
GPD_TYPE
15 14 13 12 11 10 9 8
GPD_MFP
7 6 5 4 3 2 1 0
GPD_MFP
Bits Description

Input Schmitt Trigger Enable Bit
[31:16] GPD_TYPEN 0 = GPIOD[15:0] I/O input Schmitt Trigger function Disabled.
1 = GPIODJ[15:0] I/O input Schmitt Trigger function Enabled.

PD.15 Pin Function Selection
[15] GPD_MFP15 0 = GPIOD[15] selected to the pin PD.15.
1 = UART2 TXD function is selected to the pin PD.15.

PD.14 Pin Function Selection
[14] GPD_MFP14 0 = GPIOD[14] selected to the pin PD.14.
1 = UART2 RXD function is selected to the pin PD.14.

PD.13 Pin Function Selection
[13] GPD_MFP13 0 = GPIODI[13] is selected to the pin PD.13.
1 = SPI3 MOSI1 (master output, slave input pin-1) function is selected to the pin PD.13.

PD.12 Pin Function Selection
[12] GPD_MFP12 0 = GPIOD[12] is selected to the pin PD.12.
1 = SPI3 MISO1 (master input, slave output pin-1) function is selected to the pin PD.12.

PD.11 Pin Function Selection
[11] GPD_MFP11 0 = GPIOD[11] is selected to the pin PD.11.
1 = SPI3 MOSIO (master output, slave input pin-0) function is selected to the pin PD.11.

PD.10 Pin Function Selection
[10] GPD_MFP10 0 = GPIOD[10] is selected to the pin PD.10.
1 = SPI3 MISOO0 (master input, slave output pin-0) function is selected to the pin PD.10.

PD.9 Pin Function Selection
[9] GPD_MFP9 0 = GPIODI9] is selected to the pin PD.9.
1 = SPI3 SPICLK function is selected to the pin PD.9.

PD.8 Pin Function Selection

[8] GPD_MFP8 . .
0 = GPIOD[8] is selected to the pin PD8.
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—

1 = SPI3 SS30 function is selected to the pin PD8.

[7] GPD_MFP7 Reserved.

[6] GPD_MFP6 Reserved.

PD.5 Pin Function Selection
[5] GPD_MFP5 0 = GPIOD[5] is selected to the pin PD.5.
1 = SPI2 MOSI1 (master output, slave input pin-1) function is selected to the pin PD.5.

PD.4 Pin Function Selection
[4] GPD_MFP4 0 = GPIOD[4]is selected to the pin PD.4.
1 = SPI2 MISO1 (master input, slave output pin-1) function is selected to the pin PD.4.

PD.3 Pin Function Selection
[3] GPD_MFP3 0 = GPIODI3] selected to the pin PD.3.
1 = SPI2 MOSIO (master output, slave input pin-0) function selected to the pin PD.3.

PD.2 Pin Function Selection
[2] GPD_MFP2 0 = GPIOD[2] selected to the pin PD.2.
1 = SPI2 MISOO (master input, slave output pin-0) function selected to the pin PD.2.

PD.1 Pin Function Selection
[1] GPD_MFP1 0 = GPIOD[1] selected to the pin PD.1.
1 = SPI2 SPICLK function selected to the pin PD.1.

PD.0 Pin Function Selection
[0] GPD_MFPO 0 = GPIOD[0] selected to the pin PD.0.
1 = SPI2 SS20 function selected to the pin PD.0.
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Multiple Function Pin GPIOE Control Register (GPE MFP)

Register Offset R/W [Description Reset Value
GPE_MFP GCR_BA+0x40 |R/W |GPIOE Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
GPE_TYPE
23 22 21 20 19 18 17 16
GPE_TYPE
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved GPE_MFP5 Reserved GPE_MFP1 | GPE_MFPO
Bits Description
Input Schmitt Trigger Enable Bit
[31:16] GPE_TYPEn 0 = GPIOE[15:0] I/O input Schmitt Trigger function Disabled.
1 = GPIOE[15:0] I/O input Schmitt Trigger function Enabled.
[15:6] Reserved Reserved.
PE.5 Pin Function Selection
Bits PE5_T1EX (ALT_MFP[25]) and GPE_MFP5 determine the PE.5 function
PE5_T1EX GPE_MFP[5] PE.5 Function
GPE_MFP5
- 0 0 GPIO
0 1 PWM5
1 1 TM1_EXT
[4:2] Reserved Reserved.
PE.1 Pin Function Selection
[1] GPE_MFP1 0 = GPIOE[1] is selected to the pin PE.1.
1 = PWM?Y function is selected to the pin PE.1.
PE.O Pin Function Selection
[0] GPE_MFPO 0 = GPIOE]OQ] is selected to the pin PE.O.
1 = PWMB6 function is selected to the pin PE.O.
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Multiple Function Pin GPIOF Control Reqgister (GPF_MFP)

Register Offset R/W [Description Reset Value
GPF_MFP GCR_BA+0x44 |R/W [GPIOF Multiple Function and Input Type Control Register 0x0000_000X
Note: The default value of GPF_MFP[3])/GPF_MFP[2] is 1. The default value of GPF_MFP[1)/GPF_MFPJ[0] is decided by user
configuration CGPFMFP.
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved GPF_TYPE
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved GPF_MFP3 | GPF_MFP2 | GPF_MFP1 | GPF_MFPO
Bits Description
[31:20] Reserved Reserved.
Input Schmitt Trigger Enable Bit
[19:16] GPF_TYPEN 0 = GPIOF[3:0] I/O input Schmitt Trigger function Disabled.
1 = GPIOF[3:0] I/O input Schmitt Trigger function Enabled.
[15:4] Reserved Reserved.
PF.3 Pin Function Selection
[3] GPF_MFP3 0 = GPIOF[3] is selected to the pin PF.3.
1 = PS2CLK function is selected to the pin PF.3.
PF.2 Pin Function Selection
[2] GPF_MFP2 0 = GPIOF[2] is selected to the pin PF.2.
1 = PS2DAT function is selected to the pin PF.2.
PF.1 Pin Function Selection
0 = GPIOF[1] is selected to the pin PF.1.
[1] GPF_MFP1 o .
1 = XT1_IN function is selected to the pin PF.1.
Note: This bit is read only and is decided by user configuration CGPFMFP (Config0[27]).
PF.0 Pin Function Selection
0 = GPIOF[0] is selected to the pin PF.0.
[0] GPF_MFPO . .
1 = XT1_OUT function is selected to the pin PF.0.
Note: This bit is read only and is decided by user configuration CGPFMFP (Config0[27]).
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Alternative Multiple Function Pin Control Register (ALT MFP)

Register Offset R/W |Description Reset Value
ALT_MFP GCR_BA+0x50 |R/W [Alternative Multiple Function Pin Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved PB3_T3EX PB2_T2EX PE5_T1EX PB15_TOEX
23 22 21 20 19 18 17 16
EBI_HB_EN
15 14 13 12 11 10 9 8
Reserved |EBI-MWRH_E|EBLNWRL E|EBLMCLK E| co) o | pgip clko| o PC3_12SDO
N N N - - [2SMCLK -
7 6 5 4 3 2 1 0
PC2_I2SDI PeL Peo_ PB11_PWM4 | PB14_S31 PA7_S21 PB9_S11 PB10_S01
12SBCLK 12SLRCLK
Bits Description
[31:28] Reserved Reserved.

PB.3 Pin Function Selection

Bits EBI_NWRH_EN (ALT_MFP[14]), EBI_EN (ALT_MFP[11]), PB3_SC2CD
(ALT_MFP1[14]), PB3_T3EX (ALT_MFP[27]) and GPB_MFP[3] determine the PB.3

function
EBI_nWRH_EN |EBI_EN |PB3_SC2CD |PB3 T3EX |GPB_MFP[3] |PB.3 Function
0 0 0 0 0 GPIO
[27] PB3_T3EX
0 0 0 0 1 CTSO
0 0 0 1 1 T3EX
0 0 1 0 1 SC2CD
1 1 0 0 1 nWRH
PB.2 Pin Function Selection
Bits GPB_MFP2 and EBI_NWRL_EN (ALT_MFP[13]) and EBI_EN (ALT_MFP[11]) and
PB2_T2EX (ALT_MFP[26]) determine the PB.2 function
EBI_nWRL_EN EBI_EN |GPB_MFP[2] PB2_T2EX PB.2 function
[26] PB2_T2EX 0 0 0 0 GPIO
0 0 1 0 RTSO (UARTO)
nWRL (EBI write
1 1 1 0 low byte enable)
0 0 1 1 T2EX (TMR2)
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PE.5 Pin Function Selection
Bits GPE_MFP5 and PE5_T1EX (ALT_MFP[25]) determine the PE.5 function
PE5_T1EX GPE_MFP[5] PE.5 function
[25] PE5_T1EX
0 0 GPIO
0 1 PWMS5 (PWM)
1 1 T1EX (TMR1)
PB.15 Pin Function Selection
Bits PB15_TOEX (ALT_MFP[24]) and GPB_MFP[15] Determine the PB.15 Function
PB15_TOEX GPB_MFP[15] PB.15 function
[24] PB15_TOEX
0 0 GPIO
0 1 /INT1
1 1 TOEX (TMRO)
PA.14 Pin Function Selection
Bits EBI_HB_EN[7] (ALT_MFP[23]), EBI_EN (ALT_MFP[11]), PA14_SC2RST
(ALT_MFP1[13]) and GPA_MFP[14] determine the PA.14 function
EBI_HB_EN[7] |EBI_EN |PA14 SC2RST |GPA MFP[14] |PA.14 Function
[23] EBI_HB_EN[7] 0 0 0 0 GPIO
0 0 0 1 PWM2 (PWM)
0 0 1 1 SC2RST
1 1 0 1 AD15
PA.13 Pin Function Selection
Bits EBI_HB_EN[6] (ALT_MFP[22]), EBI_EN (ALT_MFP[11]), PA13_SC2CLK
(ALT_MFP1[10]) and GPA_MFP[13] determine the PA.13 function
EBI_HB_EN[6] |EBI_EN |PA13 SC2CLK |GPA MFP[13] |PA.13 Function
[22] EBI_HB_EN[6] 0 0 0 0 GPIO
0 0 0 1 PWM1 (PWM)
0 0 1 1 SC2CLK
1 1 0 1 AD14
PA.12 Pin Function Selection
Bits EBI_HB_EN[5] (ALT_MFP[21]), EBI_EN (ALT_MFP[11]), PA12_SC2DAT
(ALT_MFP1[11]) and GPA_MFP[12] determine the PA.12 function
EBI_HB_EN[5] |EBI_EN |PA12_SC2DAT |GPA_MFP[12] |PA.12 Function
[21] EBI_HB_EN[5] 0 0 0 0 GPIO
0 0 0 1 PWMO (PWM)
0 0 1 1 SC2DAT
1 1 0 1 AD13
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PA.1 Pin Function Selection

Bit EBI_HB_EN[4] (ALT_MFP[20]), EBI_EN (ALT_MFP[11]), PA1_SCORST

(ALT_MFP1[3]) and GPA_MFP[1] determine the PA.1 function

EBI_HB_EN[4] EBI_EN |PA1_SCORST |GPA_MFP[1] |PA.1 Function
[20] EBI_HB_EN[4] 0 0 0 0 GPIO

0 0 0 1 ADC1

0 0 1 1 SCORST

1 1 0 1 AD12

PA.2 Pin Function Selection

Bits EBI_HB_EN[3] (ALT_MFP[19]), EBI_EN (ALT_MFP[11]), PA2_SCOCLK

(ALT_MFP1[0]) and GPA_MFP[2] determine the PA.2 function

EBI_HB_EN[3] EBI_EN |PA2 SCOCLK |GPA _MFP[2]  [PA.2 Function
[19] EBI_HB_EN[3] 0 0 0 0 GPIO

0 0 0 1 ADC2

0 0 1 1 SCOCLK

1 1 0 1 AD11

PA.3 Pin Function Selection

Bits EBI_HB_EN[2] (ALT_MFP[18]), EBI_EN (ALT_MFP[11]), PA3_SCODAT

(ALT_MFP1[1]) and GPA_MFP[3] determine the PA.3 function

EBI_HB_EN[2] EBI_EN |PA3_SCODAT |GPA_MFP[3] [PA.3 Function
[18] EBI_HB_EN[2] 0 0 0 0 GPIO

0 0 0 1 ADC3

0 0 1 1 SCODAT

1 1 0 1 AD10

PA.4 Pin Function Selection

Bits EBI_HB_EN[1] (ALT_MFP[17]), EBI_EN (ALT_MFP[11]), PA4_SC1PWR

(ALT_MFP1[7]) and GPA_MFP[4] determine the PA.4 function

EBI_HB_EN[1] |EBI_EN |PA4 SCIPWR |GPA_MFP[4] |PA.4 Function
[17] EBI_HB_EN[1] 0 0 0 0 GPIO

0 0 0 1 ADC4

0 0 1 1 SC1PWR

1 1 0 1 AD9
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PA.5 Pin Function Selection
Bits EBI_HB_EN[O0] (ALT_MFP[16]), EBI_EN (ALT_MFP[11]), PA5_SC1RST
(ALT_MFP1[8]) and GPA_MFP[5] determine the PA.5 function
EBI_HB_ENIO0] EBI_EN PA5_SC1RST GPA_MFPI[5] PA.5 Function
[16] EBI_HB_EN[O] 0 0 0 0 GPIO
0 0 0 1 ADC5
0 0 1 1 SC1RST
1 1 0 1 AD8
[15] Reserved Reserved.
PB.3 Pin Function Selection
Bits EBI_NWRH_EN (ALT_MFP[14]), EBI_EN (ALT_MFP[11]), PB3_SC2CD
(ALT_MFP1[14]), PB3_T3EX (ALT_MFP[27]) and GPB_MFP[3] determine the PB.3
function
EBI_nWRH_EN |EBI_EN |PB3_SC2CD |PB3_T3EX |GPB_MFP[3] |PB.3 Function
0 0 0 0 0 GPIO
[14] EBI_nWRH_EN
0 0 0 0 1 CTSO
0 0 0 1 1 T3EX
0 0 1 0 1 SC2CD
1 1 0 0 1 nWRH
PB.2 Pin Function Selection
Bits GPB_MFP2 and EBI_NWRL_EN (ALT_MFP[13]) and EBI_EN (ALT_MFP[11]) and
PB2_T2EX (ALT_MFP[26]) determine the PB.2 function
EBI_nWRL_EN EBI_EN GPB_MFP[2] PB2_T2EX PB.2 function
[13] EBI_LnWRL_EN [0 0 0 0 GPIO
0 0 1 0 RTSO (UARTO)
nWRL (EBI write
! 1 L 0 low byte enable)
0 0 1 1 T2EX (TMR2)
PC.8 Pin Function Selection
Bits EBI_MCLK_EN, EBI_EN and GPC_MFP[8] determine the PC.8 function
EBI_MCLK_EN |EBI_EN GPC_MFP[8] PC.8 function
[12] EBI_MCLK_EN
0 0 0 GPIO
0 0 1 SPISS10 (SPI1)
1 1 1 MCLK (EBI Clock output)
EBI Function Selection
EBI_EN Is Use to Switch GPIO Function to EBI Function (AD[15:0], ALE, RE, WE, CS,
[11] EBI EN MCLK), It Need Additional Registers EBI_EN[7:0] and EBI_MCLK_EN for Some GPIO to
- Switch to EBI Function(AD[15:8], MCLK)
EBI_EN PA6_SC1CLK GPA_MFPI[6] PA.6 Function
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0 0 0 GPIO

0 0 1 ADC6

0 1 1 SC1CLK

1 0 1 AD7

EBI_EN  |PA7_SCI1DAT PA7_S21  |GPA_MFP[7] PA.7 Function
0 0 0 0 GPIO

0 0 0 1 ADC7

0 0 1 1 SPISS21 (SPI2)
0 1 0 1 SC1DAT

1 0 0 1 AD6
EBI_EN PC7_SCI1CD GPC_MFP[7] PC.7 Function
0 0 0 GPIO

0 0 1 CPNO

0 1 1 SC1CD

1 0 1 AD5

EBI_EN PC6_SCOCD GPC_MFP[6] PC.6 Function
0 0 0 GPIO

0 0 1 CPPO

0 1 1 SCOCD

1 0 1 AD4

EBI_EN GPC_MFP[15] PC.15 function

0 0 GPIO

0 1 CPN1 (CMP)

1 1 AD3

EBI_EN GPC_MFP[14] PC.14 function

0 0 GPIO

0 1 CPP1 (CMP)

1 1 AD2

EBI_EN GPB_MFP[13] PB.13 function

0 0 GPIO
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0 1 CPOL1 (CMP)
1 1 AD1
EBI_EN PB12_CLKO GPB_MFP[12] PB.12 function
0 0 0 GPIO
0 0 1 CPOO0 (CMP)
0 1 1 CLKO (Clock Driver output)
1 1 1 ADO
EBI_EN GPA_MFP[11] PA.11 function
0 0 GPIO
0 1 SCL1 (1%C)
1 1 nRD
EBI_EN GPA_MFP[10] PA.10 function
0 0 GPIO
0 1 SDA1 (I°C1)
1 1 nWR
EBI_EN GPB_MFP[6] PB.6 function
0 0 GPIO
0 1 RTS1 (UART1)
1 1 ALE
EBI_EN GPB_MFP[7] PB.7 function
0 0 GPIO
0 1 CTS1 (UART1)
1 1 nCS
PB.12 Pin Function Selection
Bits PB12_CLKO, GPB_MFP[12] and EBI_EN (ALT_MFP[11]) determine the PB.12
function
EBI_EN PB12_CLKO GPB_MFP[12] |PB.12 function
[10] PB12_CLKO 0 0 0 GPIO
0 0 1 CPOO0 (CMP)
0 1 1 CLKO (Clock Driver output)
1 1 1 ADO (EBI AD bus bit 0)
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19

PA15_12SMCLK

PA.15 Pin Function Sel

ection

Bits PA15_SC2PWR (ALT_MFP1[12]), PA15_I2SMCLK (ALT_MFP[9]) and GPA_MFP[15]

determine the PA.15 function

PA15_SC2PWR [PA15 I2SMCLK |GPA_MFP[15] PA.15 Function
0 0 0 GPIO

0 0 1 PWM3 (PWM)
0 1 1 12SMCLK

1 0 1 SC2PWR

PC.3 Pin Function Sele

ction

Bits PC3_I2SDO and GPC_MFPJ[3] determine the PC.3 function

PC3_12SDO GPC_MFPI[3] PC.3 function
[8] PC3_12SDO
0 0 GPIO
0 1 MOSI00 (SPI0)
1 1 12SDO (1°S)
PC.2 Pin Function Selection
Bits PC2_I2SDI and GPC_MFP[2] determine the PC.2 function
PC2_I2SDI GPC_MFP[2] PC.2 function
7 PC2_I2SDI
0 0 GPIO
0 1 MISOO00 (SPI0)
1 1 12SDI (I°S)
PC.1 Pin Function Selection
Bits PC1_I2SBCLK and GPC_MFP[1] determine the PC.1 function
PC1_I2SBCLK GPC_MFP[1] PC.1 function
[6] PC1_I2SBCLK
0 0 GPIO
0 1 SPICLKO (SPI0)
1 1 I2SBCLK (I*S)

PC.0 Pin Function Sele

ction

Bits PCO_I2SLRCLK and GPC_MFP[0] determine the PC.0 function

[4]

PB11_PWM4

PCO_I2SLRCLK GPC_MFP[0] PC.0 function
[5] PCO_I2SLRCLK

0 0 GPIO

0 1 SPISS00 (SPI0)

1 1 I2SLRCLK (1°S)

PB.11 Pin Function Selection

Bits PB11_PWM4 and GPB_MFP[11] determine the PB.11 function

PB11_PWM4 GPB_MFP[11] PB.11 function
0 0 GPIO

0 1 T™3

1 1 PWM4 (PWM)
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PB.14 Pin Function Selection
Bits PB14_S31 and GPB_MFP[14] determine the PB.14 function
PB14_S31 GPB_MFP[14] PB.14 function
[3] PB14_S31
0 0 GPIO
0 1 /INTO
1 1 SPISS31 (SPI3)
PA.7 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]), PA7_SC1DAT (ALT_MFP1[6]), PA7_S21 (ALT_MFP[2]) and
GPA_MFP[7] determine the PA.7 function
EBI_EN PA7_SC1DAT PA7_S21 GPA_MFP[7] PA.7 Function
0 0 0 0 GPIO
[2] PA7_S21
0 0 0 1 ADC7
0 0 1 1 SPISS21 (SPI2)
0 1 0 1 SC1DAT
1 0 0 1 AD6
PB.9 Pin Function Selection
Bits PB9_S11 and GPB_MFP[9] determine the PB.9 function
PB9_S11 GPB_MFP[9] PB.9 function
[1] PB9_S11
0 0 GPIO
0 1 ™1
1 1 SPISS11 (SPI1)
PB.10 Pin Function Selection
Bits PB10_S01 and GPB_MFP[10] determine the PB.10 function
PB10_S01 GPB_MFP[10] PB.10 function
[0] PB10_S01
0 0 GPIO
0 1 T™2
1 1 SPISS01 (SPI0)
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Alternative Multiple Function Pin Control Reqgisterl (ALT MFP1)

Register Offset R/W |Description Reset Value
ALT_MFP1 GCR_BA+0x58 |R/W [Alternative Multiple Function Pin Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
R d PB3_ PA14 PA15_ PA12_ PA13_ PC7_ PA5_
eserve
SC2CD SC2RST SC2PWR SC2DAT SC2CLK SC1CD SC1RST
7 6 5 4 3 2 1 0
PA4_ PA7_ PA6_ PC6_ PA1_ PAO_ PA3_ PA2_
SC1PWR SC1DAT SC1CLK SCOCD SCORST SCOPWR SCODAT SCOCLK
Bits Description
[31:15] Reserved Reserved.
PB.3 Pin Function Selection
Bits EBI_NWRH_EN (ALT_MFP[14]), EBI_EN (ALT_MFP[11]), PB3_SC2CD
(ALT_MFP1[14]), PB3_T3EX (ALT_MFP[27]) and GPB_MFP[3] determine the PB.3
function
EBI_nWRH_EN |EBI_EN |PB3_SC2CD |PB3_T3EX |GPB_MFP[3] |PB.3 Function
0 0 0 0 0 GPIO
[14] PB3_SC2CD
0 0 0 0 1 CTSO
0 0 0 1 1 T3EX
0 0 1 0 1 SC2CD
1 1 0 0 1 nWRH
PA.14 Pin Function Selection
Bits EBI_HB_EN[7] (ALT_MFP[23]), EBI_EN (ALT_MFP[11]), PA14_SC2RST
(ALT_MFP1[13]) and GPA_MFP[14] determine the PA.14 function
EBI_HB_EN[7] |EBI_EN |PA14_SC2RST |GPA_MFP[14] PA.14 Function
[13] PA14 SC2RST 0 0 0 0 GPIO
0 0 0 1 PWM2 (PWM)
0 0 1 1 SC2RST
1 1 0 1 AD15
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PA.15 Pin Function Selection

Bits PA15_SC2PWR (ALT_MFP1[12]), PA15_[2SMCLK (ALT_MFP[9]) and GPA_MFP[15]
determine the PA.15 function

PA15_SC2PWR |PA15 [2SMCLK |GPA_MFP[15] |PA.15 Function
[12] PA15_SC2PWR [ 0 0 GPIO
0 0 1 PWM3 (PWM)
0 1 1 [2SMCLK
1 0 1 SC2PWR

PA.12 Pin Function Selection
Bits EBI_HB_EN[5] (ALT_MFP[21]), EBI_EN (ALT_MFP[11]), PA12_SC2DAT

(ALT_MFP1[11]) and GPA_MFP[12] determine the PA.12 function

EBI_HB_EN[5] |EBI_EN |PA12 SC2DAT |GPA_MFP[12] |PA.12 Function
[11] PA12_SC2DAT 0 0 0 0 GPIO

0 0 0 1 PWMO (PWM)

0 0 1 1 SC2DAT

1 1 0 1 AD13

PA.13 Pin Function Selection

Bits EBI_HB_EN[6] (ALT_MFP[22]), EBI_EN (ALT_MFP[11]), PA13_SC2CLK

(ALT_MFP1[10]) and GPA_MFP[13] determine the PA.13 function

EBI_HB_EN[6] |EBI_EN |PA13 SC2CLK |GPA MFP[13] |PA.13 Function
[10] PA13_SC2CLK 0 0 0 0 GPIO

0 0 0 1 PWM1 (PWM)

0 0 1 1 SC2CLK

1 1 0 1 AD14

the PC.7 function

PC.7 Pin Function Selection
Bits EBI_EN (ALT_MFPJ[11]), PC7_SC1CD (ALT_MFP1[9]) and GPC_MFP[7] determine

EBI_EN PC7_SC1CD GPC_MFP[7] PC.7 Function
[9] PC7_SC1CD 0 0 0 GPIO

0 0 1 CPNO

0 1 1 SC1CD

1 0 1 AD5
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PA.5 Pin Function Selection

Bits EBI_HB_EN[O] (ALT_MFP[16]), EBI_EN (ALT_MFP[11]), PA5_SC1RST
(ALT_MFP1[8]) and GPA_MFP[5] determine the PA.5 function

EBI_HB_EN[O0] EBI_EN PAS5_SC1RST GPA_MFP[5] PA.5 Function
[8] PA5_SCI1RST 0 0 0 0 GPIO

0 0 0 1 ADC5

0 0 1 1 SCI1RST

1 1 0 1 AD8

PA.4 Pin Function Selection

Bits EBI_HB_EN[1] (ALT_MFP[17]), EBI_EN (ALT_MFP[11]), PA4_SC1PWR
(ALT_MFP1[7]) and GPA_MFP[4] determine the PA.4 function

EBI_HB_EN[1] |EBI_LEN |PA4 SCIPWR |GPA_MFP[4] |PA.4 Function
[7] PA4_SC1PWR 0 0 0 0 GPIO
0 0 0 1 ADC4
0 0 1 1 SC1PWR
1 1 0 1 AD9

PA.7 Pin Function Selection

Bits EBI_EN (ALT_MFP[11]), PA7_SC1DAT (ALT_MFP1[6]), PA7_S21 (ALT_MFP[2]) and
GPA_MFP[7] determine the PA.7 function

EBI_EN PA7_SC1DAT PA7_S21 GPA_MFP[7] PA.7 Function
0 0 0 0 GPIO
[6] PA7_SC1DAT
0 0 0 1 ADC7
0 0 1 1 SPISS21 (SPI2)
0 1 0 1 SC1DAT
1 0 0 1 AD6
PA.6 Pin Function Selection
Bits EBI_EN (ALT_MFP[11]), PA6_SC1CLK (ALT_MFP1[5]) and GPA_MFP[6] determine
the PA.6 function
EBI_EN PA6_SCI1CLK GPA_MFP[6] PA.6 Function
[5] PA6_SC1CLK 0 0 0 GPIO
0 0 1 ADC6
0 1 1 SC1CLK
1 0 1 AD7

Apr. 08, 2020 Page 105 of 597 Rev 1.04



NnuvoTonN

NUC100/120xxxDN

PC.6 Pin Function Selection

Bits EBI_EN (ALT_MFP[11]), PC6_SCOCD (ALT_MFP1[4]) and GPC_MFP[6] determine
the PC.6 function

EBI_EN PC6_SCOCD GPC_MFP[6] PC.6 Function
[4] PC6_SCOCD 0 0 0 GPIO

0 0 1 CPPO

0 1 1 SCOCD

1 0 1 AD4

PA.1 Pin Function Selection

Bit EBI_HB_ENI[4] (ALT_MFP[20]), EBI_EN (ALT_MFP[11]), PA1l_SCORST
(ALT_MFP1[3]) and GPA_MFP[1] determine the PA.1 function

EBI_HB_EN[4] EBI_EN |PAL1_SCORST |GPA MFP[1] |PA.1 Function
[3] PA1_SCORST 0 0 0 0 GPIO

0 0 0 1 ADC1

0 0 1 1 SCORST

1 1 0 1 AD12

PA.O Pin Function Selection

Bit PAO_SCOPWR (ALT_MFP1[2]) and GPA_MFP[0] determine the PA.O function

PAO_SCOPWR GPA_MFP[O0] PA.O Function
2] PAO_SCOPWR

0 0 GPIO

0 1 ADCO

1 1 SCOPWR

PA.3 Pin Function Selection

Bits EBI_HB_EN[2] (ALT_MFP[18]), EBI_EN (ALT_MFP[11]), PA3_SCODAT

(ALT_MFP1[1]) and GPA_MFP[3] determine the PA.3 function

EBI_HB_EN[2] EBI_EN PA3_SCODAT GPA_MFP[3] PA.3 Function
[1] PA3_SCODAT 0 0 0 0 GPIO

0 0 0 1 ADC3

0 0 1 1 SCODAT

1 1 0 1 AD10

PA.2 Pin Function Selection

Bits EBI_HB_EN[3] (ALT_MFP[19]), EBI_EN (ALT_MFP[11]), PA2_SCOCLK

(ALT_MFP1[0]) and GPA_MFP[2] determine the PA.2 function

EBI_HB_EN[3] EBI_EN |PA2_SCOCLK |GPA_MFP[2] [PA.2 Function
[0] PA2_SCOCLK 0 0 0 0 GPIO

0 0 0 1 ADC2

0 0 1 1 SCOCLK

1 1 0 1 AD11
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HIRC Trim Control Reqgister (IRCTRIMCTL)

Register Offset R/W |Description Reset Value
IRCTRIMCTL |GCR_BA+0x80 [R/W [IRC Trim Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CLKERR_
Reserved
STOP_EN
7 6 5 4 3 2 1 0
TRIM_RETRY_CNT TRIM_LOOP Reserved TRIM_SEL
Bits Description
[31:9] Reserved Reserved.
Clock Error Stop Enable Bit
[8] ELKERR—STOP—E When this bit is set to 1, the trim operation is stopped if clock is inaccuracy.
When this bit is set to 0, the trim operation is keep going if clock is inaccuracy.
Trim Value Update Limitation Count
The field defines that how many times of HIRC trim value is updated by auto trim circuit
before the HIRC frequency locked.
Once the HIRC locked, the internal trim value update counter will be reset.
) TRIM RETRY CN |If the trim value update counter reached this limitation value and frequency of HIRC still
[7:6] T - doesn’t lock, the auto trim operation will be disabled and TRIM_SEL will be cleared to 00.
00 = Trim retry count limitation is 64.
01 = Trim retry count limitation is 128.
10 = Trim retry count limitation is 256.
11 = Trim retry count limitation is 512.
Trim Calculation Loop
This field defines that trim value calculation is based on how many 32.768 kHz clocks in.
For example, if TRIM_LOORP is set as 00, auto trim circuit will calculate trim value based
on the average frequency difference in 4 32.768 kHz clock.
(5:4] TRIM_LOOP 00 = Trim value calculation is based on average difference in 4 clocks.
01 = Trim value calculation is based on average difference in 8 clocks.
10 = Trim value calculation is based on average difference in 16 clocks.
11 = Trim value calculation is based on average difference in 32 clocks.
[3:2] Reserved Reserved.
Trim Frequency Selection
[1:0] TRIM SEL This field indicates the target frequency of internal 22.1184 MHz high speed oscillator will
- trim to precise 22.1184MHz or 24MHz automatically.
If no any target frequency is selected (TRIM_SEL is 00), the HIRC auto trim function is
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disabled.

During auto trim operation, if clock error detected because of CLKERR_STOP_EN is set to
1 or trim retry limitation counts reached, this field will be cleared to 00 automatically.

00 = HIRC auto trim function Disabled.

01 = HIRC auto trim function Enabled and HIRC trimmed to 22.1184 MHz.
10 = HIRC auto trim function Enabled and HIRC trimmed to 24 MHz.

11 = Reserved.

NUC100/120xxxDN

Apr. 08, 2020 Page 108 of 597 Rev 1.04



NnuvoTonN

NUC100/120xxxDN

HIRC Trim Interrupt Enable Reqister (IRCTRIMIEN)

Register Offset R/W |Description Reset Value
IRCTRIMIEN GCR_BA+0x84 |R/W [IRC Trim Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKERR_IEN TR”\?EZAIL_ Reserved
Bits Description
[31:3] Reserved Reserved.
Clock Error Interrupt Enable Bit
This bi_t controls if CPU would get an interrupt while clock is inaccuracy during auto trim
operation.
[2] CLKERR_IEN If this bit is set tol, and CLKERR_INT is set during auto trim operation. An interrupt will be

triggered to notify the clock frequency is inaccuracy.
0 = CLKERR_INT status to trigger an interrupt to CPU Disabled.
1 = CLKERR_INT status to trigger an interrupt to CPU Enabled.

(1]

TRIM_FAIL_IEN

Trim Failure Interrupt Enable Bit

This bit controls if an interrupt will be triggered while HIRC trim value update limitation
count reached and HIRC frequency still not locked on target frequency set by TRIM_SEL.

If this bit is high and TRIM_FAIL_INT is set during auto trim operation. An interrupt will be
triggered to notify that HIRC trim value update limitation count was reached.

0 = TRIM_FAIL_INT status to trigger an interrupt to CPU Disabled.
1 = TRIM_FAIL_INT status to trigger an interrupt to CPU Enabled.

[]

Reserved

Reserved.
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HIRC Trim Interrupt Status Register (IRCTRIMINT)

Register Offset R/W |Description Reset Value
IRCTRIMINT GCR_BA+0x88 |R/W [IRC Trim Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
TRIM_FAIL
Reserved CLKERR_INT |§T ~ | FREQ_LOCK
Bits Description
[31:3] Reserved Reserved.
Clock Error Interrupt Status
When the frequency of external 32.768 kHz low speed crystal or internal 22.1184 MHz
high speed oscillator is shift larger to unreasonable value, this bit will be set and to be an
indicate that clock frequency is inaccuracy
Once this bit is set to 1, the auto trim operation stopped and TRIM_SEL will be cleared to
2] CLKERR_INT

00 by hardware automatically if CLKERR_STOP_EN is set to 1.

If this bit is set and CLKERR_IEN is high, an interrupt will be triggered to notify the clock
frequency is inaccuracy. Write 1 to clear this to 0.

0 = Clock frequency is accurate.
1 = Clock frequency is inaccurate.

(1

TRIM_FAIL_INT

Trim Failure Interrupt Status

This bit indicates that internal 22.1184 MHz high speed oscillator trim value update
limitation count reached and the internal 22.1184 MHz high speed oscillator clock
frequency still doesn’t be locked. Once this bit is set, the auto trim operation stopped and
TRIM_SEL will be cleared to 00 by hardware automatically.

If this bit is set and TRIM_FAIL_IEN is high, an interrupt will be triggered to notify that
HIRC trim value update limitation count was reached. Write 1 to clear this to 0.

0 = Trim value update limitation count did not reach.

1 = Trim value update limitation count reached and internal 22.1184 MHz high speed
oscillator frequency was still not locked.

[0]

FREQ_LOCK

HIRC Frequency Lock Status
This bit indicates the internal 22.1184 MHz high speed oscillator frequency is locked.
This is a status bit and doesn’t trigger any interrupt.
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Register Write Protection Reqgister (REGWRPROT)

Some of the system control registers need to be protected to avoid inadvertent write and disturb the
chip operation. These system control registers are protected after the power on reset till user to
disable register protection. For user to program these protected registers, a register protection disable
sequence needs to be followed by a special programming. The register protection disable sequence is
writing the data “59h”, “16h” “88h” to the register REGWRPROT address at 0x5000_0100
continuously. Any different data value, different sequence or any other write to other address during
these three data writing will abort the whole sequence.

After the protection is disabled, user can check the protection disable bit at address 0x5000_0100 bitO,
1 is protection disable, and 0 is protection enable. Then user can update the target protected register
value and then write any data to the address “Ox5000_0100" to enable register protection.

This register is write for disable/enable register protection and read for the REGPROTDIS status

Register Offset R/W |Description Reset Value
REGWRPROT |GCR_BA+0x100 |R/W [Register Write Protection Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
REGWRPROT
REGWRPROT[7:1] [0]
REGPROTDIS
Bits Description
[31:16] Reserved Reserved.
Register Write-protection Code (Write Only)
Some registers have write-protection function. Writing these registers have to disable the
[7:0] REGWRPROT protected function by writing the sequence value “59h”, “16h”, “88h” to this field. After this
sequence is completed, the REGPROTDIS bit will be set to 1 and write-protection
registers can be normal write.
Register Write-protection Disable Index (Read Only)
0] REGPROTDIS 0 =_Wr|t(_e—protect|on is enabled for writing protected registers. Any write to the protected
register is ignored.
1 = Write-protection is disabled for writing protected registers.
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6.2.9 System Timer (SysTick)

The Cortex®-MO includes an integrated system timer, SysTick, which provides a simple, 24-bit
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The
counter can be used as a Real Time Operating System (RTOS) tick timer or as a simple counter.

When system timer is enabled, it will count down from the value in the SysTick Current Value
Register (SYST_CVR) to 0, and reload (wrap) to the value in the SysTick Reload Value Register
(SYST_RVR) on the next clock cycle, then decrement on subsequent clocks. When the counter
transitions to 0, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to 0
before enabling the feature. This ensures the timer will count from the SYST_RVR value rather
than an arbitrary value when it is enabled.

If the SYST_RVR is 0, the timer will be maintained with a current value of 0 after it is reloaded
with this value. This mechanism can be used to disable the feature independently from the timer
enable bit.

For more detailed information, please refer to the “ARM® Cortex®-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.
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6.2.9.1 System Timer Control Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value

SYST Base Address:
SYST_BA = 0xE000_E000

SYST_CSR SYST_BA+0x10 R/W  [SysTick Control and Status Register 0x0000_0000
SYST_RVR SYST_BA+0x14 [R/W |SysTick Reload Value Register OXXXXX_XXXX
SYST_CVR |SYST_BA+0x18 |R/W |SysTick Current Value Register OXXXXX_XXXX
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6.2.9.2 System Timer Control Register Description
SysTick Control and Status Register (SYST CSR)

Register Offset R/W  |Description Reset Value
SYST_CSR SYST_BA+0x10 R/W  [SysTick Control and Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved COUNTFLAG
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKSRC TICKINT ENABLE
Bits Description
[31:17] Reserved Reserved.

System Tick Counter Flag

Returns 1 If Timer Counted to 0 Since Last Time this Register Was Read.
COUNTFLAG is set by a count transition from 1 to 0.

COUNTFLAG is cleared on read or by a write to the Current Value register.

[16] COUNTFLAG

[15:3] Reserved Reserved.

System Tick Clock Source Selection
[2] CLKSRC 0 = Clock source is (optional) external reference clock.
1 = Core clock used for SysTick.

System Tick Interrupt Enable Bit

0 = Counting down to 0 does not cause the SysTick exception to be pended. Software can
use COUNTFLAG to determine if a count to O has occurred.

1 = Counting down to 0 will cause the SysTick exception to be pended. Clearing the
SysTick Current Value register by a register write in software will not cause SysTick to be
pended.

61| TICKINT

System Tick Counter Enable Bit
[0] ENABLE 0 = Counter Disabled.
1 = Counter will operate in a multi-shot manner.
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SysTick Reload Value Reqgister (SYST RVR)

Register Offset R/W  |Description Reset Value
SYST_RVR SYST_BA+0x14 |R/W |SysTick Reload Value Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
RELOAD
15 14 13 12 11 10 9 8
RELOAD
7 6 5 4 3 2 1 0
RELOAD
Bits Description
[31:24] Reserved Reserved.
[23:0] RELOAD Value to load into the Current Value register when the counter reaches 0.
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SysTick Current Value Reqister (SYST CVR)

Register Offset R/W  |Description Reset Value
SYST_CVR SYST_BA+0x18 R/W  [SysTick Current Value Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CURRENT
15 14 13 12 11 10 9 8
CURRENT
7 6 5 4 3 2 1 0
CURRENT
Bits Description
[31:24] Reserved Reserved.
System Tick Current Value
Current counter value. This is the value of the counter at the time it is sampled. The
[23:0] CURRENT counter does not provide read-modify-write protection. The register is write-clear. A
software write of any value will clear the register to 0. Unsupported bits RAZ (see SysTick
Reload Value register).
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6.2.10 Nested Vectored Interrupt Controller (NVIC)

The Cortex®-MO provides an interrupt controller as an integral part of the exception mode, named
as “Nested Vectored Interrupt Controller (NVIC)”, which is closely coupled to the processor core
and provides following features:

® Nested and Vectored interrupt support
®  Automatic processor state saving and restoration
® Reduced and deterministic interrupt latency

The NVIC prioritizes and handles all supported exceptions. All exceptions are handled in “Handler
Mode”. This NVIC architecture supports 32 (IRQ[31:0]) discrete interrupts with 4 levels of priority.
All of the interrupts and most of the system exceptions can be configured to different priority
levels. When an interrupt occurs, the NVIC will compare the priority of the new interrupt to the
current running one’s priority. If the priority of the new interrupt is higher than the current one, the
new interrupt handler will override the current handler.

When an interrupt is accepted, the starting address of the interrupt service routine (ISR) is fetched
from a vector table in memory. There is no need to determine which interrupt is accepted and
branch to the starting address of the correlated ISR by software. While the starting address is
fetched, NVIC will also automatically save processor state including the registers “PC, PSR, LR,
R0O~R3, R12” to the stack. At the end of the ISR, the NVIC will restore the mentioned registers
from stack and resume the normal execution. Thus it will take less and deterministic time to
process the interrupt request.

The NVIC supports “Tail Chaining” which handles back-to-back interrupts efficiently without the
overhead of states saving and restoration and therefore reduces delay time in switching to
pending ISR at the end of current ISR. The NVIC also supports “Late Arrival” which improves the
efficiency of concurrent ISRs. When a higher priority interrupt request occurs before the current
ISR starts to execute (at the stage of state saving and starting address fetching), the NVIC will
give priority to the higher one without delay penalty. Thus it advances the real-time capability.

For more detailed information, please refer to the “ARM® Cortex®-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

6.2.10.1 Exception Model and System Interrupt Map

The following table lists the exception model supported by NuMicro® NUC100 series. Software
can set four levels of priority on some of these exceptions as well as on all interrupts. The highest
user-configurable priority is denoted as “0” and the lowest priority is denoted as “3”. The default
priority of all the user-configurable interrupts is “0”. Note that priority “0” is treated as the fourth
priority on the system, after three system exceptions “Reset”, “NMI” and “Hard Fault”.

Exception Name Vector Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
Svcall 11 Configurable
Reserved 12~13 Reserved
PendSVv 14 Configurable
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SysTick 15 Configurable

Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable

Table 6-6 Exception Model

G Interrupt Number o
Number (Bit In Interrupt | Interrupt Name | Source IP  [Interrupt Description
Registers)
1~15 - - - System exceptions
16 0 BOD_INT Brown-out |Brown-out low voltage detected interrupt
17 1 WDT_INT WDT Watchdog Timer interrupt
18 2 EINTO GPIO External signal interrupt from PB.14 pin
19 3 EINT1 GPIO External signal interrupt from PB.15 pin
20 4 GPAB_INT GPIO External signal interrupt from PA[15:0]/PB[13:0]
21 5 GPCDEF_INT GPIO External interrupt from PC[15:0])/PD[15:0]/PE[15:0]/ PF[3:0]
22 6 PWMA_INT PWMO0O~3 [PWMO, PWM1, PWM2 and PWM3 interrupt
23 7 PWMB_INT PWM4~7  [PWM4, PWM5, PWM6 and PWM7 interrupt
24 8 TMRO_INT TMRO Timer O interrupt
25 9 TMRL_INT TMR1 Timer 1 interrupt
26 10 TMR2_INT TMR2 Timer 2 interrupt
27 11 TMR3_INT TMR3 Timer 3 interrupt
28 12 UARTO2_INT UARTO0/2 |UARTO and UART2 interrupt
29 13 UARTI1_INT UART1 UART1 interrupt
30 14 SPIO_INT SPIO SPIO interrupt
31 15 SPI1_INT SPI1 SPI1 interrupt
32 16 SPI2_INT SPI2 SPI2 interrupt
33 17 SPI3_INT SPI3 SPI3 interrupt
34 18 I2CO_INT 1’co I°CO interrupt
35 19 I2C1_INT 1’c1 I*C1 interrupt
36 20 - - Reserved
37 21 - - Reserved
38 22 SC012_INT SC0/1/2  |SCO, SC1 and SC2 interrupt
39 23 USB_INT USBD USB 2.0 FS Device interrupt
40 24 PS2_INT PS/2 PS/2 interrupt
41 25 ACMP_INT ACMP Analog Comparator-0 or Comaprator-1 interrupt
42 26 PDMA_INT PDMA PDMA interrupt
43 27 12S_INT 1’s IS interrupt
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24 o8 PWRWU_INT CLKC Clock controller interrupt for chip wake-up from power-
down state

45 29 ADC_INT ADC ADC interrupt

46 30 IRC_INT IRC IRC TRIM interrupt

a7 31 RTC_INT RTC Real time clock interrupt

Table 6-7 System Interrupt Map

6.2.10.2 Vector Table

When an interrupt is accepted, the processor will automatically fetch the starting address of the
interrupt service routine (ISR) from a vector table in memory. For ARMv6-M, the vector table base
address is fixed at 0x00000000. The vector table contains the initialization value for the stack
pointer on reset, and the entry point addresses for all exception handlers. The vector number on
previous page defines the order of entries in the vector table associated with exception handler
entry as illustrated in previous section.

Vector Table Word Offset Description

0 SP_main — The Main stack pointer

Vector Number Exception Entry Pointer using that Vector Number

Table 6-8 Vector Table Format

6.2.10.3 Operation Description

NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set-
Enable or Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write-
1-to-clear policy, both registers reading back the current enabled state of the corresponding
interrupts. When an interrupt is disabled, interrupt assertion will cause the interrupt to become
Pending, however, the interrupt will not activate. If an interrupt is Active when it is disabled, it
remains in its Active state until cleared by reset or an exception return. Clearing the enable bit
prevents new activations of the associated interrupt.

NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used
to enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register
respectively. The registers use a write-1-to-enable and write-1-to-clear policy, both registers
reading back the current pended state of the corresponding interrupts. The Clear-Pending
Register has no effect on the execution status of an Active interrupt.

NVIC interrupts are prioritized by updating an 8-bit field within a 32-bit register (each register
supporting four interrupts).

The general registers associated with the NVIC are all accessible from a block of memory in the
System Control Space and will be described in next section.
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6.2.10.4 NVIC Control Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
NVIC Base Address:

NVIC_BA = 0xE000_E000

NVIC_ISER NVIC_BA+0x100 |R/W [IRQO ~IRQ31 Set-Enable Control Register 0x0000_0000
NVIC_ICER |NVIC_BA+0x180 |R/W |IRQO ~IRQ31 Clear-Enable Control Register 0x0000_0000
NVIC_ISPR NVIC_BA+0x200 |R/W [|IRQO ~ IRQ31 Set-Pending Control Register 0x0000_0000
NVIC_ICPR |NVIC_BA+0x280 |R/W |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
NVIC_IPRO NVIC_BA+0x400 |R/W |IRQO ~ IRQ3 Priority Control Register 0x0000_0000
NVIC_IPR1 NVIC_BA+0x404 |R/W |IRQ4 ~ IRQ7 Priority Control Register 0x0000_0000
NVIC_IPR2 NVIC_BA+0x408 |R/W |IRQ8 ~ IRQ11 Priority Control Register 0x0000_0000
NVIC_IPR3 NVIC_BA+0x40C |R/W |IRQ12 ~ IRQ15 Priority Control Register 0x0000_0000
NVIC_IPR4 NVIC_BA+0x410 |R/W |IRQ16 ~ IRQ19 Priority Control Register 0x0000_0000
NVIC_IPR5 NVIC_BA+0x414 |R/W |IRQ20 ~ IRQ23 Priority Control Register 0x0000_0000
NVIC_IPR6 NVIC_BA+0x418 |R/W |IRQ24 ~ IRQ27 Priority Control Register 0x0000_0000
NVIC_IPR7 NVIC_BA+0x41C |R/W |IRQ28 ~ IRQ31 Priority Control Register 0x0000_0000
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6.2.10.5 NVIC Control Register Description
IRQO ~ IRQ31 Set-Enable Control Register (NVIC ISER)

Register Offset R/W |Description Reset Value
NVIC_ISER NVIC_BA+0x100 [R/W [|IRQO ~IRQ31 Set-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETENA
23 22 21 20 19 18 17 16
SETENA
15 14 13 12 11 10 9 8
SETENA
7 6 5 4 3 2 1 0
SETENA
Bits Description
Interrupt Enable Register
Enable one or more interrupts within a group of 32. Each Bit Represents an Interrupt
Number From IRQO ~ IRQ31 (Vector Number From 16 ~ 47)
(31:0] SETENA 1 = Associated interrupt Enabled.
0 = No effect.
The register reads back with the current enable state.
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IRQ0 ~ IRQ31 Clear-Enable Control Reqgister (NVIC ICER)

Register Offset R/W [Description Reset Value
NVIC_ICER |NVIC_BA+0x180 |R/W |IRQO ~IRQ31 Clear-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLRENA
23 22 21 20 19 18 17 16
CLRENA
15 14 13 12 11 10 9 8
CLRENA
7 6 5 4 3 2 1 0
CLRENA
Bits Description
Interrupt Disable Bits
Disable one or more interrupts within a group of 32. Each Bit Represents an Interrupt
Number From IRQO ~ IRQ31 (Vector Number From 16 ~ 47)
[31:0] CLRENA 0 = No effect.
1 = Associated interrupt Enabled.
The register reads back with the current enable state.
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IRO0 ~ IRQ31 Set-Pending Control Reqgister (NVIC ISPR)

Register Offset R/W  |Description Reset Value
NVIC_ISPR NVIC_BA+0x200 |R/W |IRQO ~ IRQ31 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 11 10 9 8
SETPEND
7 6 5 4 3 2 1 0
SETPEND
Bits Description
Set Interrupt Pending Register
0 = No effect.
[31:0] SETPEND 1 = Set pending state of the associated interrupt under software control. Each bit
represents an interrupt number from IRQO ~ IRQ31 (Vector number from 16 ~ 47).
The register reads back with the current pending state.
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IRQ0 ~ IRQ31 Clear-Pending Control Reqgister (NVIC ICPR)

Register Offset R/W  |Description Reset Value
NVIC_ICPR |NVIC_BA+0x280 |R/W |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLRPEND
23 22 21 20 19 18 17 16
CLRPEND
15 14 13 12 11 10 9 8
CLRPEND
7 6 5 4 3 2 1 0
CLRPEND
Bits Description
Clear Interrupt Pending Register
0 = No effect.
[31:0] CLRPEND 1 = Remove the pending state of associated interrupt under software control. Each bit
represents an interrupt number from IRQO ~ IRQ31 (Vector number from 16 ~ 47).
The register reads back with the current pending state.
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IRQO0 ~ IRQ3 Priority Register (NVIC IPR0O)

Register Offset R/W |Description Reset Value
NVIC_IPRO NVIC_BA+0x400 [R/W |IRQO ~ IRQ3 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_3 Reserved
23 22 21 20 19 18 17 16
PRI_2 Reserved
15 14 13 12 11 10 9 8
PRI_1 Reserved
7 6 5 4 3 2 1 0
PRI_O Reserved
Bits Description
Priority of IRQ3
[31:30] PRI_3 Y © ) . .
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
Priority of IRQ2
[23:22] PRI_2 Y Q ) o o
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ1
[15:14] PRI_1 y Q . o L
“0” denotes the highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQO
[7:6] PRI_O y Q . o L
“0” denotes the highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRQO4 ~ IRQ7 Priority Register (NVIC IPR1)

Register Offset R/W  |Description Reset Value
NVIC_IPR1 NVIC_BA+0x404 |R/W |IRQ4 ~ IRQ7 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_7 Reserved
23 22 21 20 19 18 17 16
PRI_6 Reserved
15 14 13 12 11 10 9 8
PRI_5 Reserved
7 6 5 4 3 2 1 0
PRI_4 Reserved
Bits Description
Priority of IRQ7
[31:30] PRI_7 y Q ) o o
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
Priority of IRQ6
[23:22] PRI_6 Y Q . L. L
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ5
[15:14] PRI_5 y Q ) o o
“0” denotes the highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ4
[7:6] PRI_4 y Q . o L
“0” denotes the highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRO8 ~ IRQ11 Priority Reqgister (NVIC IPR2)

Register Offset R/W |Description Reset Value
NVIC_IPR2 NVIC_BA+0x408 |R/W |IRQ8 ~IRQ11 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 Reserved
23 22 21 20 19 18 17 16
PRI_10 Reserved
15 14 13 12 11 10 9 8
PRI_9 Reserved
7 6 5 4 3 2 1 0
PRI_8 Reserved
Bits Description
[31:30] PRI 11 Priority of IRQll. . N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
[23:22] PRI_10 Priority of IRQl(.) . N
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ9
[15:24] PRI “0” den};tes th(z highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ8
[7:6] PRIS “0” den);tes th(z highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRQ12 ~ IRQ15 Priority Register (NVIC IPR3)

Register Offset R/W [Description Reset Value
NVIC_IPR3 NVIC_BA+0x40C |R/W |IRQ12 ~ IRQ15 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_15 Reserved
23 22 21 20 19 18 17 16
PRI_14 Reserved
15 14 13 12 11 10 9 8
PRI_13 Reserved
7 6 5 4 3 2 1 0
PRI_12 Reserved
Bits Description
[31:30] PRI 15 Priority of IRQl!'? . N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
[23:22] PRI_14 Priority of IRQlL.l . N
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ13
[15:24] PRI_13 “0” den};tes th(z highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ12
[7:6] PRI_12 “0” den);tes th(z highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRQ16 ~ IRQ19 Priority Register (NVIC 1PR4)

Register Offset R/W |Description Reset Value
NVIC_IPR4 NVIC_BA+0x410 [R/W |IRQ16 ~ IRQ19 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_19 Reserved
23 22 21 20 19 18 17 16
PRI_18 Reserved
15 14 13 12 11 10 9 8
PRI_17 Reserved
7 6 5 4 3 2 1 0
PRI_16 Reserved
Bits Description
[31:30] PRI_19 Priority of IRQl? . N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
[23:22] PRI_18 Priority of IRQl%% . N
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ17
[15:24] PRI “0” den};tes th(z highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ16
[7:6] PRI_16 “0” den);tes th(z highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRQ20 ~ IRQ23 Priority Register (NVIC IPR5)

Register Offset R/W [Description Reset Value
NVIC_IPR5 NVIC_BA+0x414 |R/W |IRQ20 ~ IRQ23 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_23 Reserved
23 22 21 20 19 18 17 16
PRI_22 Reserved
15 14 13 12 11 10 9 8
PRI_21 Reserved
7 6 5 4 3 2 1 0
PRI_20 Reserved
Bits Description
[31:30] PRI 23 Priority of IRQ2?.> . N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
[23:22] PRI 22 Priority of IRQ22. . N
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ21
[15:24] PRI_A “0” den};tes th(z highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ20
[7:6] PRI_20 “0” den);tes th(z highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRQO24 ~ IRQ27 Priority Register (NVIC IPR6)

Register Offset R/W  |Description Reset Value
NVIC_IPR6 NVIC_BA+0x418 |R/W |IRQ24 ~ IRQ27 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_27 Reserved
23 22 21 20 19 18 17 16
PRI_26 Reserved
15 14 13 12 11 10 9 8
PRI_25 Reserved
7 6 5 4 3 2 1 0
PRI_24 Reserved
Bits Description
Priority of IRQ27
[31:30] PRI_27 . . .
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
Priority of IRQ26
[23:22] PRI_26 i o o
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ25
[15:14] PRI_25 i o o
“0” denotes the highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ24
[7:6] PRI_24 y Q . o L
“0” denotes the highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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IRO28 ~ IRQ31 Priority Register (NVIC IPR7)

Register Offset R/W [Description Reset Value
NVIC_IPR7 NVIC_BA+0x41C |R/W |IRQ28 ~ IRQ31 Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_31 Reserved
23 22 21 20 19 18 17 16
PRI_30 Reserved
15 14 13 12 11 10 9 8
PRI_29 Reserved
7 6 5 4 3 2 1 0
PRI_28 Reserved
Bits Description
Priority of IRQ31
[31:30] PRI_31 . . .
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
Priority of IRQ30
[23:22] PRI_30 i o o
“0” denotes the highest priority and “3” denotes the lowest priority
[21:16] Reserved Reserved.
Priority of IRQ29
[15:14] PRI_29 . L L
“0” denotes the highest priority and “3” denotes the lowest priority
[13:8] Reserved Reserved.
Priority of IRQ28
[7:6] PRI_28 y Q . o L
“0” denotes the highest priority and “3” denotes the lowest priority
[5:0] Reserved Reserved.
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Besides the interrupt control registers associated with the NVIC, the NuMicro® NUC100 series
also implement some specific control registers to facilitate the interrupt functions, including
“interrupt source identification”, "NMI source selection” and “interrupt test mode”, which are
described below.

R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
INT Base Address:

INT_BA = 0x5000_0300

IRQO_SRC INT_BA+0x00 R IRQO (BOD) Interrupt Source Identity OXXXXX_XXXX
IRQ1_SRC INT_BA+0x04 R IRQ1 (WDT) Interrupt Source Identity OXXXXX_XXXX
IRQ2_SRC INT_BA+0x08 R IRQ2 (EINTO) Interrupt Source Identity OXXXXX_XXXX
IRQ3_SRC INT_BA+0x0C R IRQ3 (EINT1) Interrupt Source Identity OXXXXX_XXXX
IRQ4_SRC INT_BA+0x10 R IRQ4 (GPA/B) Interrupt Source Identity OXXXXX_XXXX
IRQ5_SRC [INT_BA+0x14 R IRQ5 (GPC/D/E/F) Interrupt Source Identity OXXXXX_XXXX
IRQ6_SRC INT_BA+0x18 R IRQ6 (PWMA) Interrupt Source Identity OXXXXX_XXXX
IRQ7_SRC [INT_BA+0x1C R IRQ7 (PWMB) Interrupt Source Identity OXXXXX_XXXX
IRQ8_SRC [INT_BA+0x20 R IRQ8 (TMRO) Interrupt Source Identity OXXXXX_XXXX
IRQ9_SRC [INT_BA+0x24 R IRQY (TMR1) Interrupt Source Identity OXXXXX_XXXX
IRQ10_SRC [INT_BA+0x28 R IRQ10 (TMR2) Interrupt Source Identity OXXXXX_XXXX
IRQ11_SRC [INT_BA+0x2C R IRQ11 (TMR3) Interrupt Source Identity OXXXXX_XXXX
IRQ12_SRC [INT_BA+0x30 R IRQ12 (UARTO/2) Interrupt Source Identity OXXXXX_XXXX
IRQ13_SRC [INT_BA+0x34 R IRQ13 (UART1) Interrupt Source Identity OXXXXX_XXXX
IRQ14_SRC [INT_BA+0x38 R IRQ14 (SPI0) Interrupt Source Identity OXXXXX_XXXX
IRQ15_SRC |[INT_BA+0x3C R IRQ15 (SPI1) Interrupt Source Identity OXXXXX_XXXX
IRQ16_SRC [INT_BA+0x40 R IRQ16 (SPI2) Interrupt Source Identity OXXXXX_XXXX
IRQ17_SRC [INT_BA+0x44 R IRQ17 (SPI3)) Interrupt Source Identity OXXXXX_XXXX
IRQ18_SRC [INT_BA+0x48 R IRQ18 (I°C0) Interrupt Source Identity OXXXXX_XXXX
IRQ19_SRC [INT_BA+0x4C R IRQ19 (I°C1) Interrupt Source Identity OXXXXX_XXXX
IRQ20_SRC [INT_BA+0x50 R Reserved OXXXXX_XXXX
IRQ21_SRC [INT_BA+0x54 R Reserved OXXXXX_XXXX
IRQ22_SRC [INT_BA+0x58 R IRQ22 (SC0/1/2) Interrupt Source Identity OXXXXX_XXXX
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—

IRQ23_SRC (INT_BA+0x5C R IRQ23 (USBD) Interrupt Source Identity OXXXXX_XXXX
IRQ24_SRC [INT_BA+0x60 R IRQ24 (PS/2) Interrupt Source Identity OXXXXX_XXXX
IRQ25_SRC [INT_BA+0x64 R IRQ25 (ACMP) Interrupt Source ldentity OXXXXX_XXXX
IRQ26_SRC [INT_BA+0x68 R IRQ26 (PDMA) Interrupt Source Identity OXXXXX_XXXX
IRQ27_SRC [INT_BA+0x6C R IRQ27 (I°S) Interrupt Source Identity OXXXXX_XXXX
IRQ28_SRC [INT_BA+0x70 R IRQ28 (PWRWU) Interrupt Source ldentity OXXXXX_XXXX
IRQ29_SRC [INT_BA+0x74 R IRQ29 (ADC) Interrupt Source Identity OXXXXX_XXXX
IRQ30_SRC [INT_BA+0x78 R IRQ30 (IRC) Interrupt Source Identity OXXXXX_XXXX
IRQ31_SRC [INT_BA+0x7C R IRQ31 (RTC) Interrupt Source Identity OXXXXX_XXXX
NMI_SEL INT_BA+0x80 R/W  [NMI Source Interrupt Select Control Register 0x0000_0000

MCU_IRQ INT_BA+0x84 R/W  |MCU Interrupt Request Source Register 0x0000_0000
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Register Offset R/W |Description Reset Value

IRQO_SRC INT_BA+0x00 R IRQO (BOD) Interrupt Source Identity OXXXXX_XXXX
IRQ1_SRC INT_BA+0x04 R IRQ1 (WDT) Interrupt Source Identity OXXXXX_XXXX
IRQ2_SRC [INT_BA+0x08 R IRQ2 (EINTO) Interrupt Source Identity OXXXXX_XXXX
IRQ3_SRC INT_BA+0x0C R IRQ3 (EINT1) Interrupt Source Identity OXXXXX_XXXX
IRQ4_SRC [INT_BA+0x10 R IRQ4 (GPA/B) Interrupt Source Identity OXXXXX_XXXX
IRQ5_SRC INT_BA+0x14 R IRQ5 (GPC/D/E/F) Interrupt Source Identity OXXXXX_XXXX
IRQ6_SRC INT_BA+0x18 R IRQ6 (PWMA) Interrupt Source Identity OXXXXX_XXXX
IRQ7_SRC INT_BA+0x1C R IRQ7 (PWMB) Interrupt Source Identity OXXXXX_XXXX
IRQ8_SRC INT_BA+0x20 R IRQ8 (TMRO) Interrupt Source Identity OXXXXX_XXXX
IRQ9_SRC [INT_BA+0x24 R IRQ9 (TMR1) Interrupt Source Identity OXXXXX_XXXX
IRQ10_SRC |INT_BA+0x28 R IRQ10 (TMR2) Interrupt Source Identity OXXXXX_XXXX
IRQ11_SRC |INT_BA+0x2C R IRQ11 (TMR3) Interrupt Source Identity OXXXXX_XXXX
IRQ12_SRC [INT_BA+0x30 R IRQ12 (UARTO0/2) Interrupt Source Identity OXXXXX_XXXX
IRQ13_SRC |INT_BA+0x34 R IRQ13 (UART1) Interrupt Source Identity OXXXXX_XXXX
IRQ14_SRC [INT_BA+0x38 R IRQ14 (SPIO) Interrupt Source Identity OXXXXX_XXXX
IRQ15_SRC [INT_BA+0x3C R IRQ15 (SPI1) Interrupt Source Identity OXXXXX_XXXX
IRQ16_SRC [INT_BA+0x40 R IRQ16 (SPI2) Interrupt Source Identity OXXXXX_XXXX
IRQ17_SRC [INT_BA+0x44 R IRQ17 (SPI3)) Interrupt Source Identity OXXXXX_XXXX
IRQ18_SRC [INT_BA+0x48 R IRQ18 (I°C0) Interrupt Source Identity OXXXXX_XXXX
IRQ19_SRC [INT_BA+0x4C R IRQ19 (I°C1) Interrupt Source Identity OXXXXX_XXXX
IRQ20_SRC |INT_BA+0x50 R Reserved OXXXXX_XXXX
IRQ21_SRC |INT_BA+0x54 R Reserved OXXXXX_XXXX
IRQ22_SRC |INT_BA+0x58 R IRQ22 (SCO0/1/2) Interrupt Source ldentity OXXXXX_XXXX
IRQ23_SRC |INT_BA+0x5C R IRQ23 (USBD) Interrupt Source ldentity OXXXXX_XXXX
IRQ24_SRC [INT_BA+0x60 R IRQ24 (PS/2) Interrupt Source Identity OXXXXX_ XXXX
IRQ25_SRC |INT_BA+0x64 R IRQ25 (ACMP) Interrupt Source ldentity OXXXXX_XXXX
IRQ26_SRC |INT_BA+0x68 R IRQ26 (PDMA) Interrupt Source Identity OXXXXX_XXXX
IRQ27_SRC |INT_BA+0x6C R IRQ27 (I°S) Interrupt Source Identity OXXXXX_XXXX
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IRQ28_SRC [INT_BA+0x70 R IRQ28 (PWRWU) Interrupt Source Identity OXXXXX_XXXX
IRQ29_SRC [INT_BA+0x74 R IRQ29 (ADC) Interrupt Source Identity OXXXXX_XXXX
IRQ30_SRC |INT_BA+0x78 R IRQ30 (IRC) Interrupt Source ldentity OXXXXX_XXXX
IRQ31_SRC [INT_BA+0x7C R IRQ31 (RTC) Interrupt Source Identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 B 2 1 0
Reserved INT_SRC
Bits Description
[31:4] Reserved Reserved.
Interrupt Source
[3:0] INT_SRC . . .
Define the interrupt sources for interrupt event.
Bits Address INT-Num |Description
Bit2: 0
[2:0] INT_BA+0x00 0 Bit1: 0
Bit0: BOD_INT
Bit2: 0
[2:0] INT_BA+0x04 1 Bitl: WWDT_INT
Bit0: WDT_INT
Bit2: 0
[2:0] INT_BA+0x08 2 Bit1: 0
Bit0: EINTO — external interrupt O from PB.14
Bit2: 0
[2:0] INT_BA+0x0C 3 Bit1: 0
Bit0: EINT1 — external interrupt 1 from PB.15
Bit2: 0
[2:0] INT_BA+0x10 4 Bitl: GPB_INT
Bit0: GPA_INT
Bit3: GPF_INT
[3:0] INT_BA+0x14 5 Bit2: GPE_INT
Bitl: GPD_INT
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Bit0:

GPC_INT

[3:0]

INT_BA+0x18

Bit3:
Bit2:
Bit1:
BitO:

PWMB3_INT
PWM2_INT
PWM1_INT
PWMO_INT

[3:0]

INT_BA+0X1C

Bit3:
Bit2:
Bitl:
BitO:

PWM7_INT
PWMG6_INT
PWMS5_INT
PWM4_INT

[2:0]

INT_BA+0x20

Bit2:
Bit1:
BitO:

0
0
TMRO_INT

[2:0]

INT_BA+0x24

Bit2:
Bit1:
BitO:

0
0
TMRL_INT

[2:0]

INT_BA+0x28

10

Bit2:
Bit1:
BitO:

0
0
TMR2_INT

[2:0]

INT_BA+0x2C

11

Bit2:
Bitl:
Bit0:

0
0
TMR3_INT

[2:0]

INT_BA+0x30

12

Bit2:
Bitl:
Bit0:

0
UARTZ2_INT
UARTO_INT

[2:0]

INT_BA+0x34

13

Bit2:
Bitl:
BitO:

0
0
UARTL_INT

[2:0]

INT_BA+0x38

14

Bit2:
Bit1:
BitO:

0
0
SPIO_INT

[2:0]

INT_BA+0x3C

15

Bit2:
Bit1:
BitO:

0
0
SPI1_INT

[2:0]

INT_BA+0x40

16

Bit2:
Bit1:
BitO:

0
0
SPI2_INT

[2:0]

INT_BA+0x44

17

Bit2:
Bit1:
BitO:

0
0
SPI3_INT

[2:0]

INT_BA+0x48

18

Bit2:
Bit1:
BitO:

0
0
12CO_INT

[2:0]

INT_BA+0x4C

19

Bit2: 0
Bitl: 0
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Bit0: [2C1_INT

Bit2: SC2_INT
[2:0] INT_BA+0x58 22 Bit1: SC1_INT
Bit0: SCO_INT

Bit2: 0
[2:0] INT_BA+0x5C 23 Bitl: 0
Bit0: USB_INT

Bit2: 0
[2:0] INT_BA+0x60 24 Bit1: 0
Bit0: PS2_INT

Bit2: 0
[2:0] INT_BA+0x64 25 Bit1: 0
Bit0: ACMP_INT

Bit2: 0
[2:0] INT_BA+0x68 26 Bit1: 0
Bit0: PDMA_INT

Bit2: 0

[2:0] INT_BA+0x6C 27 Bitl: 0
Bit0: 12S_INT
Bit2: 0

[2:0] INT_BA+0x70 28 Bitl: 0

Bit0: PWRWU_INT

Bit2: 0
[2:0] INT_BA+0x74 29 Bitl: 0
Bit0: ADC_INT

Bit2: 0
[2:0] INT_BA+0x78 30 Bit1: 0
Bit0: IRC_INT

Bit2: 0
[2:0] INT_BA+0X7C 31 Bit1: 0
Bit0: RTC_INT
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NMI Source Interrupt Select Control Register (NMI _SEL)

Register Offset R/W |Description Reset Value
NMI_SEL INT_BA+0x80 R/W  [NMI Source Interrupt Select Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved NMI_EN
7 6 5 4 3 2 1 0
Reserved NMI_SEL
Bits Description
[31:9] Reserved Reserved.
NMI Interrupt Enable Bit (Write Protect)
0 = NMlI interrupt Disabled.
8] NMI EN 1 = NMl interrupt Enabled.
This bit is the protected bit. It means programming this needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Reference the register REGWRPROT
at address GCR_BA+0x100
[7:5] Reserved Reserved.
NMI Interrupt Source Select
[4:0] NMI_SEL The NMI interrupt to Cortex®-MO can be selected from one of the peripheral interrupt by
setting NMI_SEL.
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MCU Interrupt Request Source Reqgister (MCU IRQ)

Register Offset R/W  |Description Reset Value
MCU_IRQ INT_BA+0x84 R/W  [MCU Interrupt Request Source Register 0x0000_0000
31 30 29 28 27 26 25 24
MCU_IRQ
23 22 21 20 19 18 17 16
MCU_IRQ
15 14 13 12 11 10 9 8
MCU_IRQ
7 6 5 4 3 2 1 0
MCU_IRQ
Bits Description
MCU IRQ Source Register
The MCU_IRQ collects all the interrupts from the peripherals and generates the
synchronous interrupt to Cortex®-MO. There are two modes to generate interrupt to
Cortex®-MO0, the normal mode and test mode.
. The MCU_IRQ collects all interrupts from each peripheral and synchronizes them and
(31:0] MCU_IRQ interrupts the Cortex®-MO.
When the MCU_IRQIn] is 0: Set MCU_IRQIn] 1 will generate an interrupt to Cortex®-M0
NVIC[n].
When the MCU_IRQI[n] is 1 (mean an interrupt is assert), setting 1 to the MCU_IRQ[n] 1
will clear the interrupt and setting MCU_IRQ[n] 0: has no effect
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6.2.11 System Control

The Cortex®-MO status and operating mode control are managed by System Control Registers.
Including CPUID, Cortex®-MO interrupt priority and Cortex®-MO power management can be
controlled through these system control registers

For more detailed information, please refer to the “ARM® Cortex®-MO0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
SCS Base Address:

SCS_BA = 0xE000_E000

CPUID SCS_BA+0xD0O0 |R CPUID Register 0x410C_C200
ICSR SCS_BA+0xD04 [R/W [Interrupt Control and State Register 0x0000_0000
AIRCR SCS_BA+0xDOC |R/W |Application Interrupt and Reset Control Register 0xFAO5_0000
SCR SCS_BA+0xD10 |R/W |[System Control Register 0x0000_0000
SHPR2 SCS_BA+0xD1C |R/W |System Handler Priority Register 2 0x0000_0000
SHPR3 SCS_BA+0xD20 |R/W |System Handler Priority Register 3 0x0000_0000
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CPUID Regqister (CPUID)

Register Offset R/W  |Description Reset Value
CPUID SCS_BA+0xD0O0 |R CPUID Register 0x410C_C200
31 30 29 28 27 26 25 24
IMPLEMENTER
23 22 21 20 19 18 17 16
Reserved PART
15 14 13 12 11 10 9 8
PARTNO
7 6 5 4 3 2 1 0
PARTNO REVISION
Bits Description
[31:24] IMPLEMENTER Implementer Code Assigned by ARM (ARM = 0x41)
[23:20] Reserved Reserved.
[19:16] PART Read as 0xC for ARMv6-M parts
[15:4] PARTNO Read as 0xC20.
[3:0] REVISION Read as 0x0
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Interrupt Control State Reqgister (ICSR)

Register Offset R/W |Description Reset Value

ICSR SCS_BA+0xD04 [R/W [Interrupt Control and State Register 0x0000_0000

31 30 29 28 27 26 25 24

NMIPENDSET Reserved PENDSVSET | PENDSVCLR | PENDSTSET | PENDSTCLR Reserved

23 22 21 20 19 18 17 16

ISRPREEMPT | ISRPENDING Reserved VECTPENDING

15 14 13 12 11 10 9 8

VECTPENDING Reserved

7 6 S| 4 3 2 1 0

Reserved VECTACTIVE

Bits Description

NMI Set-pending Bit

Write:

0 = No effect.

1 = Changes NMI exception state to pending.

Read:

[31] NMIPENDSET _ ,
0 = NMI exception not pending.

1 = NMI exception pending.

Note: Because NMI is the highest-priority exception, normally the processor enters the
NMI exception handler as soon as it detects a write of 1 to this bit. Entering the handler
then clears this bit to 0. This means a read of this bit by the NMI exception handler returns
1 only if the NMI signal is reasserted while the processor is executing that handler.

[30:29] Reserved Reserved.

PendSV Set-pending Bit

Write:

0 = No effect.

1 = Changes PendSV exception state to pending.

Read:

0 = PendSV exception is not pending.

1 = PendSV exception is pending.

Note: Writing 1 to this bit is the only way to set the PendSV exception state to pending.

[28] PENDSVSET

PendSV Clear-pending Bit

Write:

0 = No effect.

1 = Removes the pending state from the PendSV exception.

[27] PENDSVCLR

Note: This is a write only bit. When you want to clear PENDSV bit, you must “write 0 to
PENDSVSET and write 1 to PENDSVCLR” at the same time.

SysTick Exception Set-pending Bit

[26] PENDSTSET ]
Write:
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0 = No effect.

1 = Changes SysTick exception state to pending.
Read:

0 = SysTick exception is not pending.

1 = SysTick exception is pending.

SysTick Exception Clear-pending Bit

Write:

0 = No effect.

1 = Removes the pending state from the SysTick exception.

[25] PENDSTCLR

Note: This is a write only bit. When you want to clear PENDST bit, you must “write 0 to
PENDSTSET and write 1 to PENDSTCLR” at the same time.

[24] Reserved Reserved.

If Set, a Pending Exception Will Be Serviced on Exit From the Debug Halt State
[23] ISRPREEMPT S
This bit is read only.

Interrupt Pending Flag, Excluding NMI and Faults:
0 = Interrupt not pending.

[22] ISRPENDING .
1 = Interrupt pending.

Note: This bit is read only.

[21:18] Reserved Reserved.

Indicates the Exception Number of the Highest Priority Pending Enabled Exception:
[17:12] VECTPENDING |0 = No pending exceptions.
Non-zero = Exception number of the highest priority pending enabled exception.

[11:6] Reserved Reserved.

Contains the Active Exception Number
[5:0] VECTACTIVE 0 = Thread mode.
Non-zero = Exception number of the currently active exception.
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Application Interrupt and Reset Control Register (AIRCR)

Register Offset R/W |Description Reset Value
AIRCR SCS_BA+0xDOC [R/W |Application Interrupt and Reset Control Register 0xFAO05_0000
31 30 29 28 27 26 25 24
VECTORKEY
23 22 21 20 19 18 17 16
VECTORKEY
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SYSRESETRE| VECTCLRAC Reserved
Q TIVE

Bits Description
[31:16] VECTORKEY \lj\g;erzgd\?gtigglg;this register, this field should be Ox05FA, otherwise the write action will be
[15:3] Reserved Reserved.
System Reset Request
2] SYSRESETREQ Writing this bit to 1 will cause a reset signal to be asserted to the chip to indicate a reset is

requested.
The bit is a write only bit and self-clears as part of the reset sequence.

Exception Active Status Clear Bit

Setting this bit to 1 will clear all active state information for fixed and configurable
[1] VECTCLRACTIVE |exceptions.
The bit is a write only bit and can only be written when the core is halted.

Note: It is the debugger’s responsibility to re-initialize the stack.

[0] Reserved Reserved.
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System Control Register (SCR)

Register Offset R/W |Description Reset Value
SCR SCS_BA+0xD10 [R/W |System Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SEVONPEND | Reserved SLEEPDEEP | SLEEPONEXIT | Reserved
Bits Description
[31:5] Reserved Reserved.
Send Event on Pending Bit:
0 = Only enabled interrupts or events can wake-up the processor, disabled interrupts are
excluded.
1 = Enabled events and all interrupts, including disabled interrupts, can wake-up the
[4] SEVONPEND processor.
When an event or interrupt enters pending state, the event signal wakes up the processor
from WFE. If the processor is not waiting for an event, the event is registered and affects
the next WFE.
The processor also wakes up on execution of an SEV instruction or an external event.
[3] Reserved Reserved.
Controls Whether the Processor Uses Sleep or Deep Sleep As Its Low Power Mode:
2] SLEEPDEEP 0 = Sleep.
1 = Deep sleep.
Indicates Sleep-on-exit When Returning From Handler Mode to Thread Mode:
0 = Do not sleep when returning to Thread mode.
[1] SLEEPONEXIT  [1 = Enter sleep, or deep sleep, on return from an ISR to Thread mode.
Setting this bit to 1 enables an interrupt driven application to avoid returning to an empty
main application.
[0] Reserved Reserved.
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System Handler Priority Reqgister 2 (SHPR2)

Register Offset R/W [Description Reset Value
SHPR2 SCS_BA+0xD1C |R/W |System Handler Priority Register 2 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:30] PRI 11 Priority of Syste.m Handl.er.ll - SVCall N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:0] Reserved Reserved.
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System Handler Priority Reqgister 3 (SHPR3)

Register Offset R/W |Description Reset Value
SHPR3 SCS_BA+0xD20 |R/W |System Handler Priority Register 3 0x0000_0000
31 30 29 28 27 26 25 24
PRI_15 Reserved
23 22 21 20 19 18 17 16
PRI_14 Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:30] PRI_15 Priority of Syste.m Handl.er. 15 — SysTick N
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] Reserved Reserved.
[23:22] PRI_14 Priority of Syste.m Handl.er. 14 — PendSV N
“0” denotes the highest priority and “3” denotes the lowest priority
[21:0] Reserved Reserved.
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates the clocks for the whole chip, including system clocks and all
peripheral clocks. The clock controller also implements the power control function with the
individually clock ON/OFF control, clock source selection and clock divider. The chip enters
Power-down mode when Cortex®-MO core executes the WFI instruction only if the
PWR_DOWN_EN (PWRCONIJ7]) bit and PD_WAIT_CPU (PWRCONI8]) bit are both set to 1.
After that, chip enters Power-down mode and waits for wake-up interrupt source triggered to
leave Power-down mode. In the Power-down mode, the clock controller turns off the external
4~24 MHz high speed crystal and internal 22.1184 MHz high speed oscillator to reduce the
overall system power consumption.
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22.1184 MHz
MHz —» 111
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Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

|

Figure 6-10 Clock Generator Global View Diagram
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6.3.2 Clock Generator
The clock generator consists of 5 clock sources as listed below:
® One external 32.768 kHz low speed crystal
®  One external 4~24 MHz high speed crystal

®  One programmable PLL FOUT (PLL source consists of external 4~24 MHz high
speed crystal and internal 22.1184 MHz high speed oscillator)

One internal 22.1184 MHz high speed oscillator

®  One internal 10 kHz low speed oscillator

XTL32K_EN (PWRCON][1])
X32I v
th External
— 32.768 kHz 32768 kHz
Crystal
X320
XTL12M_EN (PWRCONJ0]) s2aMHz
XT_IN >
er External
— 4~24 MHz PLL_SRC (PLLCON[19])
Crystal
XT_ouT >0 pLL | PLLFOUT
0SC22M_EN (PWRCON[2]) 1 ' '
Internal
22.1184 MHz
Oscillator
22.1184 MHz _
OSC10K_EN(PWRCONI3])
ks towte
Oscillator

Figure 6-11 Clock Generator Block Diagram
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6.3.3 System Clock and SysTick Clock

The system clock has 5 clock sources which were generated from clock generator block. The
clock source switch depends on the register HCLK_S (CLKSELO[2:0]). The block diagram is

shown in Figure 6-12.
l—{ HCLK_S (CLKSELO[2:0]) ‘

22.1184 MHz
—» 111
10 kH
_10kHz o CPUCLK
———— > CPU |
PLLFOUT 010 > HCLK
32,768 kHz o 1/(HCLK_N+1) »————» AHB |
E— HCLK_N (CLKDIV[3:0]) PCLK APB
4~24 MHz
— " ——» 000
CPU in Power Down Mode

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-12 System Clock Block Diagram

The clock source of SysTick in Cortex®-MO core can use CPU clock or external clock
(SYST_CSR[2]). If using external clock, the SysTick clock (STCLK) has 5 clock sources. The
clock source switch depends on the setting of the register STCLK_S (CLKSELO[5:3]). The block
diagram is shown in Figure 6-13.

STCLK_S (CLKSELO[5:3]) \

22.1184 MHz
12 111
HCLK 1/2 011
4~24 MHz STCLK
32.768 kHz
» 001
4~24 MHz
» 000

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-13 SysTick Clock Control Block Diagram
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6.3.4  Peripherals Clock

The peripherals clock can be selected as different clock source depends on the clock source
select control registers (CLKSEL1, CLKSEL2 and CLKSEL3). Please refer to the register
description in 6.3.8

6.3.5 Power-down Mode Clock

When chip enters Power-down mode, system clocks, some clock sources, and some peripheral
clocks will be disabled. Some clock sources and peripherals clocks are still active in Power-down
mode.

The clocks still kept active are listed below:
®  Clock Generator
€ Internal 10 kHz low speed oscillator clock
€ External 32.768 kHz low speed crystal clock

® Peripherals Clock (when IP adopt external 32.768 kHz low speed crystal oscillator or
10 kHz low speed oscillator as clock source)

6.3.6  Frequency Divider Output

This device is equipped with a power-of-2 frequency divider which is composed byl16 chained
divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one
multiplexer is reflected to CLKO function pin. Therefore there are 16 options of power-of-2 divided
clocks with the frequency from Fin/2" to Fi/2'® where Fin is input clock frequency to the clock
divider.

The output formula is Fqy = FinIZ(N”’, where F;, is the input clock frequency, F. is the clock

divider output frequency and N is the 4-bit value in FSEL (FRQDIV[3:0]).

When writing 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When writing 0
to DIVIDER_EN (FRQDIV[4]), the chained counter continuously runs till divided clock reaches low
state and stay in low state.

FRQDIV_S (CLKSEL2[3:2]) \

FDIV_EN(APBCLK][6]) ‘

22.1184 MHz
—» 11

HCLK > FRQDIV_CLK
——————» 10
32.768 kHz > :
= "3 01
4~24 MHz
— =" » 00

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-14 Clock Source of Frequency Divider
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DIVIDER_EN
(FRQDIV[4])

Enable )
divide-by-2 counter 16 chained
divide-by-2 counter

FRQDIV_CLK A
——» 12 | 12* | 1/2°

...... 1/2%% | 1/21¢

\ \ I"0000 !
\ | 0001 :
I .

16to 1 CLKO
>

o]
I 1110 ! ballbe

l1111]
[—

f

FSEL
(FRQDIV[3:0])

Figure 6-15 Frequency Divider Block Diagram
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6.3.7 Register Map

R: read only, W: write only, R/W: both read and write

NUC100/120xxxDN

Register Offset R/W |Description Reset Value
CLK Base Address:

CLK_BA = 0x5000_0200

PWRCON CLK_BA+0x00 R/W  |System Power-down Control Register 0x0000_001X
AHBCLK CLK_BA+0x04 R/W  |AHB Devices Clock Enable Control Register 0x0000_0000
APBCLK CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0x0000_000X
APBCLK1 CLK_BA+0x30 R/W |APB Devices Clock Enable Control Register 1 0x0000_0000
CLKSTATUS |CLK_BA+0x0C R/W |Clock status monitor Register 0x0000_00XX
CLKSELO CLK_BA+0x10 R/W |Clock Source Select Control Register 0 0x0000_003X
CLKSEL1 CLK_BA+0x14 R/W [Clock Source Select Control Register 1 OXFFFF_FFFF
CLKSEL2 CLK_BA+0x1C R/W |Clock Source Select Control Register 2 0x0002_00FF
CLKSEL3 CLK_BA+0x34 R/W |Clock Source Select Control Register 3 0x0000_003F
CLKDIV CLK_BA+0x18 R/W  [Clock Divider Number Register 0x0000_0000
CLKDIV1 CLK_BA+0x38 R/W [Clock Divider Number Register 1 0x0000_0000
PLLCON CLK_BA+0x20 R/W  |PLL Control Register 0x0005_C22E
FRQDIV CLK_BA+0x24 R/W  |Frequency Divider Control Register 0x0000_0000
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6.3.8 Register Description
System Power-down Control Reqgister (PWRCON)

Except the BIT[6], all the other bits are protected, program these bits need to write “59h”, “16h”, “88h”
to address 0x5000_0100 to disable register protection. Refer to the register REGWRPROT at address
GCR_BA+0x100

Register Offset R/W |Description Reset Value

PWRCON CLK_BA+0x00 R/W  |System Power-down Control Register 0x0000_001X

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8

PD_WAIT_
CPU

Reserved

7 6 S| 4 3 2 1 0

PWR_DOWN_
EN

PD_WU_INT_

PD_WU_STS EN

PD_WU_DLY | OSC10K_EN [ 0SC22M_EN | XTL32K_EN | XTL12M_EN

Bits Description

[31:9] Reserved Reserved.

this Bit Control the Power-down Entry Condition (Write Protect)
0 = Chip enters Power-down mode when the PWR_DOWN_EN bit is set to 1.

1 = Chip enters Power- down mode when the both PD_WAIT_CPU and PWR_DOWN_EN
bits are set to 1 and CPU run WFI instruction.

18] PD_WAIT_CPU

System Power-down Enable Bit (Write Protect)

When this bit is set to 1, Power-down mode is enabled and chip power-down behavior will
depends on the PD_WAIT_CPU bit

(a) If the PD_WAIT_CPU is 0, then the chip enters Power-down mode immediately after
the PWR_DOWN_EN bit set.

(b) if the PD_WAIT_CPU is 1, then the chip keeps active till the CPU sleep mode is also
active and then the chip enters Power-down mode (recommend)

When chip wakes up from Power-down mode, this bit is cleared by hardware. User needs
to set this bit again for next power-down.

(7] PWR_DOWN_EN In Power-down mode, external 4~24 MHz high speed crystal oscillator and the internal

22.1184 MHz high speed oscillator will be disabled in this mode, but the external 32.768
kHz low speed crystal and internal 10 kHz low speed oscillator are not controlled by
Power-down mode.

In Power- down mode, the PLL and system clock are disabled, and ignored the clock
source selection. The clocks of peripheral are not controlled by Power-down mode, if the
peripheral clock source is from external 32.768 kHz low speed crystal oscillator or the
internal 10 kHz low speed oscillator.

0 = Chip operating normally or chip in Idle mode because of WFI command.

1 = Chip enters Power-down mode instantly or waits CPU sleep command WFI.
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Power-down Mode Wake-up Interrupt Status
Set by “power-down wake-up event’, it indicates that resume from Power-down mode”

The flag is set if the GPIO, USB, UART, WDT, I°C, TIMER, ACMP, BOD or RTC wake-up
occurred

Write 1 to clear the bit to 0.
Note: This bit is working only if PD_WU_INT_EN (PWRCONI5]) set to 1.

6] PD_WU_STS

Power-down Mode Wake-up Interrupt Enable Bit (Write Protect)

0 = Disabled.

1 = Enabled.

Note: The interrupt will occur when both PD_WU_STS and PD_WU_INT_EN are high.

5] PD_WU_INT_EN

Enable the Wake-up Delay Counter (Write Protect)

When the chip wakes up from Power-down mode, the clock control will delay certain clock
cycles to wait system clock stable.

The delayed clock cycle is 4096 clock cycles when chip work at external 4~24 MHz high
speed crystal, and 256 clock cycles when chip work at internal 22.1184 MHz high speed
oscillator.

[4] PD_WU _DLY

0 = Clock cycles delay Disabled.
1 = Clock cycles delay Enabled.

Internal 10 KHz Low Speed Oscillator Enable Bit (Write Protect)
[3] OSC10K_EN 0 = Internal 10 kHz low speed oscillator Disabled.
1 = Internal 10 kHz low speed oscillator Enabled.

Internal 22.1184 MHz High Speed Oscillator Enable Bit (Write Protect)
[2] OSC22M_EN 0 = Internal 22.1184 MHz high speed oscillator Disabled.
1 = Internal 22.1184 MHz high speed oscillator Enabled.

External 32.768 KHz Low Speed Crystal Enable Bit (Write Protect)
[1] XTL32K_EN 0 = External 32.768 kHz low speed crystal oscillator Disabled.
1 = External 32.768 kHz low speed crystal oscillator Enabled (Normal operation).

External 4~24 MHz High Speed Crystal Enable Bit (Write Protect)

The bit default value is set by flash controller user configuration register config0 [26:24].

When the default clock source is from external 4~24 MHz high speed crystal, this bit is set
[0] XTL12M_EN to 1 automatically.

0 = External 4~24 MHz high speed crystal oscillator Disabled.

1 = External 4~24 MHz high speed crystal oscillator Enabled.
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Register Or
. |SLEEPDEEP [PD_WAIT_CPU [PWR_DOWN_EN |[cpPU Run WEI .
Instruction ; Clock Disable
(SCR[2]) (PWRCON[8]) [(PWRCON[7]) Instruction
Mode
Normal operation 0 0 0 NO All clocks disabled by control
register

Idle mode 0 X 0 YES Only CPU clock disabled
(CPU entering Sleep
mode)
Power-down mode 1 1 1 YES Most clocks are disabled except

(CPU entering Deep
Sleep mode)

10 kHz and 32.768 kHz, only
RTC/WDT/Timer/PWM
peripheral clock still enable if
their peripheral clock source are
selected as 10 kHz or 32.768
kHz.

Table 6-9 Chip Idle/Power-down Mode Control Table

When chip enters Power-down mode, user can wake-up chip using some interrupt sources. The
related interrupt sources and NVIC IRQ enable bits (NVIC_ISER) should be enabled before
setting PWR_DOWN_EN bit in PWRCON]7] to ensure chip can enter Power-down and wake-up

successfully.
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AHB Devices Clock Enable Control Register (AHBCLK)

These bits for this register are used to enable/disable clock for system clock PDMA clock and EBI

clock.
Register Offset R/W  |Description Reset Value
AHBCLK CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved EBI_EN ISP_EN PDMA_EN Reserved
Bits Description
[31:4] Reserved Reserved.
EBI Controller Clock Enable Control
[3] EBI_EN 0 = EBI peripheral clock Disabled.
1 = EBI peripheral clock Enabled.
Flash ISP Controller Clock Enable Control
[2] ISP_EN 0 = Flash ISP peripheral clock Disabled.
1 = Flash ISP peripheral clock Enabled.
PDMA Controller Clock Enable Control
[1] PDMA_EN 0 = PDMA peripheral clock Disabled.
1 = PDMA peripheral clock Enabled.
[0] Reserved Reserved.
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APB Devices Clock Enable Control Reqgister (APBCLK)

These bits of this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
APBCLK CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0x0000_000X
31 30 29 28 27 26 25 24
PS2_EN ACMP_EN 12S_EN ADC_EN USBD_EN Reserved
23 22 21 20 19 18 17 16
PWM67_EN | PWM45_EN | PWM23_EN | PWMO1_EN Reserved UART2_EN UART1_EN UARTO_EN
15 14 13 12 11 10 9 8
SPI3_EN SPI2_EN SPI1_EN SPI0_EN Reserved I2C1_EN 12CO0_EN
7 6 5 4 3 2 1 0
Reserved FDIV_EN TMR3_EN TMR2_EN TMR1_EN TMRO_EN RTC_EN WDT_EN
Bits Description
PS/2 Clock Enable Bit
[31] PS2_EN 0 = PS/2 clock Disabled.
1 = PS/2 clock Enabled.
Analog Comparator Clock Enable Bit
[30] ACMP_EN 0 = Analog Comparator clock Disabled.
1 = Analog Comparator clock Enabled.
I’S Clock Enable Bit
[29] 12S_EN 0 = I°S clock Disabled.
1 = I?S clock Enabled.
Analog-digital-converter (ADC) Clock Enable Bit
[28] ADC_EN 0 = ADC clock Disabled.
1 = ADC clock Enabled.
USB 2.0 FS Device Controller Clock Enable Bit
[27] USBD_EN 0 = USB clock Enabled.
1 = USB clock Enabled.
[26:24] Reserved Reserved.
PWM_67 Clock Enable Bit
[23] PWM67_EN 0 = PWM67 clock Disabled.
1 = PWM67 clock Enabled.
PWM_45 Clock Enable Bit
[22] PWM45 EN 0 = PWM45 clock Disabled.
1 = PWM45 clock Enabled.
PWM_23 Clock Enable Bit
[21] PWM23_EN .
0 = PWM23 clock Disabled.
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1 = PWM23 clock Enabled.

PWM_01 Clock Enable Bit
[20] PWMO01_EN 0 = PWMOL1 clock Disabled.
1 = PWMO1 clock Enabled.

[19] Reserved Reserved.

UART2 Clock Enable Bit
[18] UART2_EN 0 = UART2 clock Disabled.
1 = UART2 clock Enabled.

UART1 Clock Enable Bit
[17] UART1_EN 0 = UART1 clock Disabled.
1 = UART1 clock Enabled.

UARTO Clock Enable Bit
[16] UARTO_EN 0 = UARTO clock Disabled.
1 = UARTO clock Enabled.

SPI3 Clock Enable Bit
[15] SPI3_EN 0 = SPI3 clock Disabled.
1 = SPI3 clock Enabled.

SPI2 Clock Enable Bit
[14] SPI2_EN 0 = SPI2 clock Disabled.
1 = SPI2 clock Enabled.

SPI1 Clock Enable Bit
[13] SPI1_EN 0 = SPI1 clock Disabled.
1 = SPI1 clock Enabled.

SPI0 Clock Enable Bit
[12] SPIO_EN 0 = SPIO clock Disabled.
1 = SPIO0 clock Enabled.

[11:10] Reserved Reserved.

I?C1 Clock Enable Bit
[9] I2C1_EN 0 = I°C1 clock Disabled.
1 = I*C1 clock Enabled.

12CO Clock Enable Bit
[8] 12C0_EN 0 = I?CO clock Disabled.
1 = I°CO clock Enabled.

[7] Reserved Reserved.

Frequency Divider Output Clock Enable Bit
[6] FDIV_EN 0 = FDIV clock Disabled.
1 = FDIV clock Enabled.

Timer3 Clock Enable Bit
[5] TMR3_EN 0 = Timer3 clock Disabled.
1 = Timer3 clock Enabled.

Timer2 Clock Enable Bit
[4] TMR2_EN 0 = Timer2 clock Disabled.
1 = Timer2 clock Enabled.
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Timerl Clock Enable Bit
[3] TMR1_EN 0 = Timerl clock Disabled.
1 = Timerl clock Enabled.

Timer0 Clock Enable Bit
[2] TMRO_EN 0 = TimerO clock Disabled.
1 = TimerO clock Enabled.

Real-time-clock APB Interface Clock Enable Bit

This bit is used to control the RTC APB clock only, The RTC peripheral clock source is
[ RTC_EN from the external 32.768 kHz low speed crystal.

0 = RTC clock Disabled.
1 = RTC clock Enabled.

Watchdog Timer Clock Enable Bit (Write Protect)

This bit is the protected bit. It means programming this needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Refer to the register REGWRPROT at
[0] WDT_EN address GCR_BA+0x100.

0 = Watchdog Timer clock Disabled.
1 = Watchdog Timer clock Enabled.
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APB Devices Clock Enable Control Reqgister 1 (APBCLK1)

These bits of this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
APBCLK1 CLK_BA+0x30 R/W |APB Devices Clock Enable Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SC2_EN SC1_EN SCO_EN
Bits Description
[31:3] Reserved Reserved.
SC2 Clock Enable Bit
[2] SC2_EN 0 = SC2 clock Disabled.
1 = SC2 clock Enabled.
SC1 Clock Enable Bit
[1] SC1_EN 0 = SC1 clock Disabled.
1 = SC1 clock Enabled.
SCO Clock Enable Bit
[0] SCO_EN 0 = SCO0 Clock Disabled.
1 = SCO Clock Enabled.
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Clock status Register (CLKSTATUS)

These bits of this register are used to monitor if the chip clock source stable or not, and whether clock

switch failed.
Register Offset R/W |Description Reset Value
CLKSTATUS |CLK_BA+0x0C R/W |Clock status monitor Register 0x0000_00XX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CLK_SW_ OSC22M_ OSC10K_
Reserved PLL_STB |XTL32K_STB |XTL12M_STB
FAIL STB STB
Bits Description
[31:8] Reserved Reserved.
Clock Switching Fail Flag
0 = Clock switching success.
1 = Clock switching failed.
(7] CLK_SW_FAIL This bit is updated when software switches system clock source. If switch target clock is
stable, this bit will be set to 0. If switch target clock is not stable, this bit will be set
to 1.
Note: Write 1 to clear the bit to 0.
[6:5] Reserved Reserved.
Internal 22.1184 MHz High Speed Oscillator Clock Source Stable Flag (Read Only)
[4] OSC22M_STB 0 = Internal 22.1184 MHz high speed oscillator clock is not stable or disabled.
1 = Internal 22.1184 MHz high speed oscillator clock is stable.
Internal 10 KHz Low Speed Oscillator Clock Source Stable Flag (Read Only)
[3] OSC10K_STB 0 = Internal 10 kHz low speed oscillator clock is not stable or disabled.
1 = Internal 10 kHz low speed oscillator clock is stable.
Internal PLL Clock Source Stable Flag (Read Only)
[2] PLL_STB 0 = Internal PLL clock is not stable or disabled.
1 = Internal PLL clock is stable.
External 32.768 KHz Low Speed Crystal Clock Source Stable Flag (Read Only)
[1] XTL32K_STB 0 = External 32.768 kHz low speed crystal clock is not stable or disabled.
1 = External 32.768 kHz low speed crystal clock is stable.
External 4~24 MHz High Speed Crystal Clock Source Stable Flag (Read Only)
[0] XTL12M_STB . . .
0 = External 4~24 MHz high speed crystal clock is not stable or disabled.
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| | |1 = External 4~24 MHz high speed crystal clock is stable. |
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Clock Source Select Control Reqgister 0 (CLKSELO)

Register Offset R/W  |Description Reset Value
CLKSELO CLK_BA+0x10 R/W [Clock Source Select Control Register O 0x0000_003X
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved STCLK_S HCLK_S
Bits Description
[31:6] Reserved Reserved.

Cortex®MO SysTick Clock Source Select (Write Protect)

If SYST_CSR[2] = 1, SysTick clock source is from HCLK.

If SYST_CSRJ[2] = 0, SysTick clock source is defined by STCLK_S(CLKSELO[5:3]).
000 = Clock source from external 4~24 MHz high speed crystal clock.

001 = Clock source from external 32.768 kHz low speed crystal clock.

010 = Clock source from external 4~24 MHz high speed crystal clock/2.

011 = Clock source from HCLK/2.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock/2.

[5:3] STCLK_S

Note: These bits are protected bit. It means programming this bit needs to write “59h”,
“16h”, “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.

Note: if SysTick clock source is not from HCLK (i.e. SYST_CSR[2] = 0), SysTick clock
source must less than or equal to HCLK/2.

HCLK Clock Source Select (Write Protect)

1. Before clock switching, the related clock sources (both pre-select and new-select)
must be turn on

2. The 3-bit default value is reloaded from the value of CFOSC (Config0[26:24]) in
user configuration register of Flash controller by any reset. Therefore the default value is
either 000b or 111b.

3. These bits are protected bit, It means programming this bit needs to write “59h”,
[2:0] HCLK_S “16h”, “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.

000 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
001 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
010 = Clock source from PLL clock.

011 = Clock source from internal 10 kHz low speed oscillator clock.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock.
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Clock Source Select Control Reqgister 1(CLKSEL1)

Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W [Description Reset Value
CLKSEL1 CLK_BA+0x14 R/W [Clock Source Select Control Register 1 OXFFFF_FFFF
31 30 29 28 27 26 25 24
PWM23_S PWMO1_S Reserved UART_S
23 22 21 20 19 18 17 16
Reserved TMR3_S Reserved TMR2_S
15 14 13 12 11 10 9 8
Reserved TMR1_S Reserved TMRO_S
7 6 5 4 3 2 1 0
SPI3_S SPI2_S SPIL_S SPIO_S ADC_S WDT_S
Bits Description

PWM2 and PWM3 Clock Source Selection

PWM2 and PWM3 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM2 and PWM3 is defined by PWM23_S
(CLKSEL1[31:30]) and PWM23_S_E (CLKSEL2[9]).

If PWM23_S_E =0, the peripheral clock source of PWM2 and PWMS3 defined by
PWM23_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
[31:30] PWM23_S 10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM23_S_E = 1, the peripheral clock source of PWM2 and PWMS3 defined by
PWM23_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

PWMO and PWM1 Clock Source Selection

PWMO0 and PWM1 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWMO and PWML1 is defined by PWMO01_S
(CLKSEL1[29:28]) and PWMO01_S_E (CLKSEL2[8]).

If PWMO1_S_E = 0, the peripheral clock source of PWMO and PWML1 defined by
PWMO1_S list below:

[29:28] PWMOL_S 00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWMO1_S_E = 1, the peripheral clock source of PWMO0 and PWM1 defined by
PWMO1_S list below:

00 = Reserved.
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01 = Reserved.

10 = Reserved.

11 = Clock source from internal 10 kHz low speed oscillator clock.
[27:26] Reserved Reserved.

UART Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[25:24] UART_S

01 = Clock source from PLL clock.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.
[23] Reserved Reserved.

TIMER3 Clock Source Selection

000 = Clock source from external 4~24 MHz high speed crystal clock.

001 = Clock source from external 32.768 kHz low speed crystal clock.
[22:20] TMR3.S 010 = Clock source from HCLK. '

011 = Clock source from external trigger.

101 = Clock source from internal 10 kHz low speed oscillator clock.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock.

Others = reserved.
[19] Reserved Reserved.

TIMER2 Clock Source Selection

000 = Clock source from external 4~24 MHz high speed crystal clock.

001 = Clock source from external 32.768 kHz low speed crystal clock.
[18:16] TMR2.S 010 = Clock source from HCLK. -

011 = Clock source from external trigger.

101 = Clock source from internal 10 kHz low speed oscillator clock.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock.

Others = reserved.
[15] Reserved Reserved.

TIMER1 Clock Source Selection

000 = Clock source from external 4~24 MHz high speed crystal clock.

001 = Clock source from external 32.768 kHz low speed crystal clock.
[14:12] TMRIS 010 = Clock source from HCLK. .

011 = Clock source from external trigger.

101 = Clock source from internal 10 kHz low speed oscillator clock.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock.

Others = reserved.
[11] Reserved Reserved.

TIMERO Clock Source Selection

000 = Clock source from external 4~24 MHz high speed crystal clock.

001 = Clock source from external 32.768 kHz low speed crystal clock.
[10:8] TMRO_S 010 = Clock source from HCLK. .

011 = Clock source from external trigger.

101 = Clock source from internal 10 kHz low speed oscillator clock.

111 = Clock source from internal 22.1184 MHz high speed oscillator clock.

Others = reserved.
[7] SPI3_S SPI3 Clock Source Selection
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0 = Clock source from PLL clock.
1 = Clock source from HCLK.

SPI2 Clock Source Selection
[6] SPI2_S 0 = Clock source from PLL clock.
1 = Clock source from HCLK.

SPI1 Clock Source Selection
[5] SPI1_S 0 = Clock source from PLL clock.
1 = Clock source from HCLK.

SPI0 Clock Source Selection
[4] SPIO_S 0 = Clock source from PLL clock.
1 = Clock source from HCLK.

ADC Clock Source Select

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[3:2] ADC_S 01 = Clock source from PLL clock.

10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

Watchdog Timer Clock Source Select (Write Protect)

These bits are protected bit, program this need to write “59h”, “16h”, “88h” to address
0x5000_0100 to disable register protection. Refer to the register REGWRPROT at address
GCR_BA+0x100.

[1:q] WDT_S 00 = Reserved.

01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
10 = Clock source from HCLK/2048 clock.

11 = Clock source from internal 10 kHz low speed oscillator clock.
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Clock Source Select Control Reqgister 2 (CLKSEL?2)

Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W |Description Reset Value
CLKSEL2 CLK_BA+0x1C R/W |Clock Source Select Control Register 2 0x0002_00FF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved WWDT_S
15 14 13 12 11 10 9 8
Reserved PWM67_S_E | PWM45_S E | PWM23_S_E | PWMOL_S_E
7 6 5 4 3 2 1 0
PWM67_S PWM45_S FRQDIV_S 12S_S
Bits Description
[31:18] Reserved Reserved.

Window Watchdog Timer Clock Source Selection
[17:16] WWDT_S 10 = Clock source from HCLK/2048 clock.
11 = Clock source from internal 10 kHz low speed oscillator clock.

[15:12] Reserved Reserved.

PWM6 and PWM7 Clock Source Selection Extend

PWM6 and PWM7 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM6 and PWM?7 is defined by PWM67_S
(CLKSEL2[7:6]) and PWM67_S_E (CLKSEL2[11]).

If PWM67_S_E =0, the peripheral clock source of PWM6 and PWM?7 defined by
PWM67_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
[11] PWME7_S_E 10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM67_S_E = 1, the peripheral clock source of PWM6 and PWM7 defined by
PWM67_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

PWM4 and PWMS5 Clock Source Selection Extend

PWM4 and PWMS5 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM4 and PWM5 is defined by PWM45_S
[10] PWM45_S_E (CLKSELZ2[5:4]) and PWM45_S_E (CLKSEL2[10]).

If PWM45_S_E = 0, the peripheral clock source of PWM4 and PWM5 defined by
PWM45_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
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01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
10 = Clock source from HCLK.
11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM45_S_E = 1, the peripheral clock source of PWM4 and PWMS5 defined by
PWMA45_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

PWM2 and PWM3 Clock Source Selection Extend

PWM2 and PWM3 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM2 and PWM3 is defined by PWM23_S
(CLKSEL1[31:30]) and PWM23_S_E (CLKSEL2[9]).

If PWM23_S_E =0, the peripheral clock source of PWM2 and PWMS3 defined by
PWM23_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
[ PWM23_S_E 10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM23_S_E = 1, the peripheral clock source of PWM2 and PWMS3 defined by
PWM23_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

PWMO0 and PWM1 Clock Source Selection Extend

PWMO0 and PWM1 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWMO and PWML is defined by PWMO01_S
(CLKSEL1[29:28]) and PWMO01_S_E (CLKSEL2[8]).

If PWMO1_S_E =0, the peripheral clock source of PWMO0 and PWML1 defined by
PWMO1_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
8l PWMO1_S_E 10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWMO1_S_E = 1, the peripheral clock source of PWMO and PWML1 defined by
PWMO1_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

PWM6 and PWM?7 Clock Source Selection

PWM6 and PWM7 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM6 and PWM?7 is defined by PWM67_S
(CLKSEL2[7:6]) and PWM67_S_E (CLKSEL2[11]).

If PWM67_S_E = 0, the peripheral clock source of PWM6 and PWM7 defined by
[7:6] PWM67 S PWMG67_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM67 S E = 1, the peripheral clock source of PWM6 and PWM?7 defined by
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PWM67_S list below:.

00 = Reserved.

01 = Reserved.

10 = Reserved.

11 = Clock source from internal 10 kHz low speed oscillator clock.

PWM4 and PWM5 Clock Source Selection

PWM4 and PWM5 used the same Peripheral clock source; both of them used the same
prescaler. The Peripheral clock source of PWM4 and PWMS5 is defined by PWM45_S
(CLKSELZ2[5:4]) and PWM45_S_E (CLKSEL2[10]).

If PWM45_S_E = 0, the peripheral clock source of PWM4 and PWM5 defined by
PWM45_S list below:

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
[5:4] PWM45_S 10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

If PWM45_S_E = 1, the peripheral clock source of PWM4 and PWM5 defined by
PWM45_S list below:

00 = Reserved.
01 = Reserved.
10 = Reserved.
11 = Clock source from internal 10 kHz low speed oscillator clock.

Clock Divider Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[3:2] FRQDIV_S 01 = Clock source from external 32.768 kHz low speed crystal oscillator clock.
10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

I°S Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[1:0] 12S_S 01 = Clock source from PLL clock.

10 = Clock source from HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.
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Clock Source Select Control Reqgister 3 (CLKSEL3)

Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W |Description Reset Value
CLKSEL3 CLK_BA+0x34 R/W |Clock Source Select Control Register 3 0x0000_003F
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SC2_S SC1. S SCO0_S
Bits Description
[31:6] Reserved Reserved.

SC2 Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[5:4] SC2_S 01 = Clock source from PLL clock.

10 = HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

SC1 Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[3:2] SC1_S 01 = Clock source from PLL clock.

10 = HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.

SCO Clock Source Selection

00 = Clock source from external 4~24 MHz high speed crystal oscillator clock.
[1:0] SCO_S 01 = Clock source from PLL clock.

10 = HCLK.

11 = Clock source from internal 22.1184 MHz high speed oscillator clock.
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Clock Divider Reqister (CLKDIV)

Register Offset R/W |Description Reset Value
CLKDIV CLK_BA+0x18 R/W |Clock Divider Number Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
ADC_N
15 14 13 12 11 10 9 8
Reserved UART_N
7 6 5 4 3 2 1 0
USB_N HCLK_N
Bits Description
[31:24] Reserved Reserved.
ADC Clock Divide Number From ADC Clock Source
[23:16] ADC_N
ADC clock frequency = (ADC clock source frequency) / (ADC_N + 1).
[15:12] Reserved Reserved.
UART Clock Divide Number From UART Clock Source
[11:8] UART N
UART clock frequency = (UART clock source frequency) / (UART_N + 1).
USB Clock Divide Number From PLL Clock
[7:4] USB_N
USB clock frequency = (PLL frequency) / (USB_N + 1).
HCLK Clock Divide Number From HCLK Clock Source
[3:0] HCLK_N
HCLK clock frequency = (HCLK clock source frequency) / (HCLK_N + 1).
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Clock Divider Reqister 1 (CLKDIV1)

Register Offset R/W |Description Reset Value
CLKDIV1 CLK_BA+0x38 R/W |Clock Divider Number Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
SC2_N
15 14 13 12 11 10 9 8
SC1_N
7 6 5 4 3 2 1 0
SCO_N
Bits Description
[31:24] Reserved Reserved.
SC2 Clock Divide Number From SC2 Clock Source
[23:16] SC2_N
The SC2 clock frequency = (SC2 clock source frequency) / (SC2_N + 1).
SC1 Clock Divide Number From SC1 Clock Source
[15:8] SC1_N
The SC1 clock frequency = (SC1 clock source frequency) / (SC1_N + 1).
SCO Clock Divide Number From SCO Clock Source
[7:0] SCO_N
The SCO clock frequency = (SCO clock source frequency) / (SCO_N + 1).
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PLL Control Reqgister (PLLCON)

The PLL reference clock input is from the external 4~24 MHz high speed crystal clock input or from
the internal 22.1184 MHz high speed oscillator. These registers are used to control the PLL output
frequency and PLL operating mode.

Register Offset R/W [Description Reset Value
PLLCON CLK_BA+0x20 R/W  |PLL Control Register 0x0005_C22E
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved PLL_SRC OE BP PD
15 14 13 12 11 10 9 8
OuUT_DV IN_DV FB_DV
7 6 5 4 3 2 1 0
FB_DV
Bits Description
[31:20] Reserved Reserved.

PLL Source Clock Selection
[19] PLL_SRC 0 = PLL source clock from external 4~24 MHz high speed crystal.
1 = PLL source clock from internal 22.1184 MHz high speed oscillator.

PLL OE (FOUT Enable) Pin Control
[18] OE 0 = PLL FOUT Enabled.
1 =PLL FOUT is fixed low.

PLL Bypass Control
[17] BP 0 = PLL is in Normal mode (default).
1 = PLL clock output is same as PLL source clock input.

Power-down Mode

If the PWR_DOWN_EN bit is set to 1 in PWRCON register, the PLL will enter Power-down
[16] PD mode too.

0 = PLL is in Normal mode.
1 =PLL is in Power-down mode (default).

PLL Output Divider Control Bits

[15:14] OuUT_DV
Refer to the formulas below the table.
PLL Input Divider Control Bits
[13:9] IN_DV
Refer to the formulas below the table.
PLL Feedback Divider Control Bits
[8:0] FB_DV

Refer to the formulas below the table.

Output Clock Frequency Setting
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FOUT = FINx NE 1
NR - NO

Constraint:
1. 3.2MHz < FIN <150MHz
FIN

2*NR

2. 800KHz < < 7.5MHz

100MHz < FCO =FIN ><E < 200MHz
3 NR

120MHz < FCO ispreferred

Symbol Description

FOUT Output Clock Frequency

FIN Input (Reference) Clock Frequency
NR Input Divider (IN_DV + 2)

NF Feedback Divider (FB_DV + 2)

OUT_DV =“00":NO=1
NO OUT DV =“01":NO=2
OUT_DV =“10": NO = 2
OUT_DV=*“11":NO=4

Default Frequency Setting

The default value: 0xC22E

FIN =12 MHz

NR=(1+2) =3

NF = (46+2) = 48

NO =4

FOUT =12/4 x 48 x 1/3 = 48 MHz
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Register Offset R/W [Description Reset Value
FRQDIV CLK_BA+0x24 R/W | Frequency Divider Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved DIVIDER_EN FSEL
Bits Description
[31:5] Reserved Reserved.
Frequency Divider Enable Bit
[4] DIVIDER_EN 0 = Frequency Divider Disabled.
1 = Frequency Divider Enabled.
Divider Output Frequency Selection Bits
The formula of output frequency is
Fout = Fln/Z(Nﬂ)'
[3:0] FSEL . .
Fin is the input clock frequency.
Fou is the frequency of divider output clock.
N is the 4-bit value of FSEL[3:0].
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6.4 FLASH MEMORY CONTROLLER (FMC)

6.4.1 Overview

The NuMicro® NUC100 xeries has 128/64/32 Kbytes on-chip embedded Flash for application
program memory (APROM) that can be updated through ISP procedure. The In-System-
Programming (ISP) function enables user to update program memory when chip is soldered on
PCB. After chip is powered on, Cortex®-M0 CPU fetches code from APROM or LDROM decided
by boot select (CBS) in Configd. By the way, the NuMicro® NUC100 series also provides
additional DATA Flash for user to store some application dependent data. For 128 Kbytes
APROM device, the Data Flash is shared with original 128K program memory and its start
address is configurable in Configl. For 64/32 Kbytes APROM device, the Data Flash is fixed at
4K.

6.4.2 Features

Runs up to 50 MHz with zero wait state for continuous address read access
All embedded flash memory supports 512 bytes page erase

128/64/32 KB application program memory (APROM)

4 KB In-System-Programming (ISP) loader program memory (LDROM)
4KB Data Flash for 64/32 KB APROM device

Configurable Data Flash size for 128KB APROM device

Configurable or fixed 4 KB Data Flash with 512 bytes page erase unit

Supports In-Application-Programming (IAP) to switch code between APROM and
LDROM without reset

® In-System-Programming (ISP) to update on-chip Flash
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6.4.3 Block Diagram

The flash memory controller consists of AHB slave interface, ISP control logic, writer interface and
flash macro interface timing control logic. The block diagram of flash memory controller is shown

as follows:
N R ;
o |
§g | | Devug Cortex-M0 | 0x0001_FFFF A
L™ A(I:D(;erfs eyl Data Flash
29 ite |
SE :’ interface |1 0x0001_F000
3 ! A I

128kB

AHB Slave Interface

ISP Controller

0x0000_FFFF

r
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|
L
64KB

! I

: Flash PowerOn |! 0x0000_7FFF

: Ogg;at\:gn Initialization : Application 0x0000 OFFF

[ («——» Program @ - ISP Program
| | Memory S Memory

: Data Out Config & |1 CBS=11b ! CBS=01b

I Control Map : 0x0000_0000 \ 0x0000_0000

! I

e — -

Figure 6-16 Flash Memory Control Block Diagram
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6.4.4
6.4.4.1

The NuMicro® NUC100 series flash memory consists of program memory (APROM), Data Flash,
ISP loader program memory (LDROM), and user configuration.

Functional Description

Flash Memory Organization

Program memory is main memory for user applications and called APROM. User can write their
application to APROM and set system to boot from APROM.

ISP loader program memory is designed for a loader to implement In-System-Programming
function. LDROM is independent to APROM and system can also be set to boot from LDROM.
Therefore, user can user LDROM to avoid system boot fail when code of APROM was corrupted.

Data Flash is used for user to store data. It can be read by ISP read or memory read and
programmed through ISP procedure. The size of each erase unit is 512 bytes. For 128 KB
APROM device, the Data Flash and application program share the same 128 KB memory, if
DFEN (Data Flash Enable) bit in Config0 is enabled, the Data Flash base address is defined by
DFBADR and its size is (0x20000 - DFBADR), At the same time, the APROM size will be (128 KB
— Data Flash size). For 64/32 KB APROM devices, Data Flash size is always 4 KB and start
address is fixed at 0x0001_F000.

User configuration provides several bytes to control system logic, such as flash security lock, boot
select, Brown-out voltage level, Data Flash base address, etc.... User configuration works like a
fuse for power on setting and loaded from flash memory to its corresponding control registers
during chip powered on.

In NuMicro® Family, the flash memory organization is different to system memory map. Flash
memory organization is used when user using ISP command to read, program or erase flash
memory. System memory map is used when CPU access flash memory to fetch code or data. For
example, When system is set to boot from LDROM by CBS = 01b, CPU will be able to fetch code
of LDROM from 0x0 ~ OxFFF. However, if user want to read LDROM by ISP, they still need to
read the address of LDROM as 0x0010_0000 ~ 0x0010_OFFF.

Table 6-10 and Figure 6-17 show the address mapping information of APROM, LDROM, Data
Flash and user configuration for 32/64 and 128 KB devices.

Block Name Device Type Size Start Address End Address
32 KB 32 KB 0x0000_0000 0x0000_7FFF
64 KB 64 KB 0x0000_0000 0x0000_FFFF
APROM 128 KB Data Flash 128 KB - Data Flash 0x20000 — Data Flash Size
Enable Size 0x0000_0000 -1
Data Flash
Disable 128 KB 0x0000_0000 0x0001_FFFF
32 KB 4 KB 0x0001_F000
64 KB 4 KB 0x0001_F000 0X0001_FFFF
Data Flash 128 KB Data Flash 0x20000-DFBADR DFBADR
Enable
Data Flash
Disable 0 KB N/A N/A
LDROM 32/64/128 KB 4 KB 0x0010_0000 0x0010_OFFF
User 32/64/128 KB
Configuration 2 words 0x0030_0000 0x0030_0004
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Table 6-10 Memory Address Map

The Flash memory organization is shown as Figure 6-17:

0x0030_03FF

0x0030_0000
0x0010_OFFF

User Configuration

ISP Loader Program Memory

0x0010_0000

A

Reserved for Further Used

0x0001_FFFF
Data Flash

1MB

Application Program Memory

0x0030_0004 CONFIG1

0x0030_0000 CONFIGO

Y 0x0000_0000

Figure 6-17 Flash Memory Organization
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6.4.4.2 User Configuration

User configuration is internal programmable configuration area for boot options. The user
configuration is located at 0x300000 of Flash Memory Organization and they are two 32 bits

words. Any change on user configuration will take effect after system reboot.

Config0 (Address = 0x0030 0000)

31 30 29 28 27 26 25 24
CWDTEN CWDTPDEN Reserved CGPFMFP CFOSC
23 22 21 20 19 18 17 16
CBODEN CBOV CBORST Reserved
15 14 13 12 11 10 9 8
Reserved CIOINI Reserved
7 6 5 4 3 2 1 0
CBS Reserved LOCK DFEN
Config0 Address = 0x0030_0000
Bits Description
Watchdog Enable Bit
31] CWDTEN 0= Watchdog Timer Enabled and force Watchdog Timer clock source as OSC10K after
chip powered on.
1 = Watchdog Timer Disabled after chip powered on.
Watchdog Clock Power-down Enable Bit
0 = OSC10K Watchdog Timer clock source is forced to be always enabled.
[30] CWDTPDEN 1 = OSC10K Watchdog Timer clock source is controlled by OSC10K_EN (PWRCON[3])
when chip enters Power-down.
Note: This bit only works at CWDTEN is set to O
[29:28] Reserved Reserved
GPF Multi-Function Select
0 =XT1_IN and XT1_OUT pin is configured as GPIO function.
[27] CGPFMFP o . .
1=XT1_IN and XT1_OUT pin is used as external 4~24MHz crystal oscillator pin.
Note: XT1_IN, XT1_OUT multi-function can only be changed by CGPFMFP.
CPU Clock Source Selection After Reset
000 = External 4~24 MHz high speed crystal oscillator clock (HXT).
[26:24] CFOSC 111 = Internal RC 22.1184 MHz high speed oscillator clock (HIRC).
Others = Reserved.
The value of CFOSC will be load to CLKSELO.HCLK_S[2:0] in system register after any
reset occurs.
Brown-out Detector Enable Bit
[23] CBODEN 0= Brown-out detect Enabled after powered on.
1= Brown-out detect Disabled after powered on.
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Brown-out Voltage Selection
00 = Brown-out voltage is 2.2V.
01 = Brown-out voltage is 2.7V.
[22:21] CBOV .
10 = Brown-out voltage is 3.7V.

11 = Brown-out voltage is 4.4V.

Brown-out Reset Enable Bit
[20] CBORST 0 = Brown-out reset Enabled after powered on.
1 = Brown-out reset Disabled after powered on.

[19:11] Reserved Reserved

10 Initial State Select
0 = All GPIO default to be input tri-state mode after powered on
[10] CIOINI 1 = All GPIO default to be Quasi-bidirectional mode after chip is powered on

Note: It is recommended to use 100 kQ pull-up resistor on both ICE_DAT and ICE_CLK
pin

[9:8] Reserved Reserved

Chip Boot Selection

When CBS[0] = 0, the LDROM base address is mapping to 0x100000 and APROM base
address is mapping to 0x0. User could access both APROM and LDROM without boot
switching. In other words, if IAP mode is supported, the code in LDROM and APROM can
be called by each other..

[7:6] CBS 00 = Boot from LDROM with IAP mode.
01 = Boot from LDROM without IAP mode.
10 = Boot from APROM with IAP mode.
11 = Boot from APROM without IAP mode.

[5:2] Reserved Reserved

Security Lock
0 = Flash data is locked
1 = Flash data is not locked

[1] LOCK When flash data is locked, only device ID, Config0 and Configl can be read by writer and
ICP through serial debug interface. Others data is locked as OxFFFFFFFF. ISP can read
data anywhere regardless of LOCK bit value.

User need to erase whole chip by ICP/Writer tool or erase user configuration by ISP to
unlock.

Data Flash Enable Bit

0 = Data Flash Enabled.

1 = Data Flash Disabled.

Note: This bit only for 128 KB APROM Device

[o] DFEN
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31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved DFBADR.19 | DFBADR.18 | DFBADR.17 | DFBADR.16
15 14 13 12 11 10 9 8
DFBADR.15 | DFBADR.14 | DFBADR.13 | DFBADR.12 | DFBADR.11 | DFBADR.10 DFBADR.9 DFBADR.8
7 6 5 4 3 2 1 0
DFBADR.7 DFBADR.6 DFBADR.5 DFBADR.4 DFBADR.3 DFBADR.2 DFBADR.1 DFBADR.O
Config Address = 0x0030_0004
Bits Description
[31:20] Reserved Reserved (It is mandatory to program 0x00 to these Reserved bits)
Data Flash Base Address (Only for 128 KB APROM Device)
[19:0] DFBADR For 128 KB APROM device, its Data Flash base address is defined by user. Since on-chip

flash erase unit is 512 bytes, it is mandatory to keep bit 8-0 as 0. This configuration is only
valid for 128 KB flash device.

6.4.4.3 Boot Selection

The NuMicro® NUC100 Series provides In-System-Programming (ISP) feature to enable user to
update program memory by a stand-alone ISP firmware. A dedicated 4 KB program memory
(LDROM) is used to store ISP firmware. User can select to start program fetch from APROM or
LDROM by CBS[1] in ConfigO.

In addition to setting boot from APROM or LDROM, CBS in Config0 is also used to control system
memory map after booting. When CBS[0] = 1 and set CBS[1] = 1 to boot from APROM, the
application in APROM will not be able to access LDROM by memory read. In other words, when
CBSJ0] = 1 and CBSJ1] = 0 are set to boot from LDROM, the software executed in LDROM will
not be able to access APROM by memory read. Figure 6-18 shows the memory map when
booting from APROM and LDROM.

(APROM Size - 1)

0x0000_0000

APROM

CBS =11b

0x0000_OFFF

0x0000_0000

LDROM
(4K)

CBS =01b
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For the application that software needs to execute code in APROM and call the functions in
LDROM or to execute code in LDROM and call the APROM function without changing boot mode,
CBSJ0] needs to be set as 0 and this is called In-Application-Programming(lAP).

6.4.4.4 In-Application-Programming (IAP)

The NuMicro® NUC100 series provides In-application-programming (IAP) function for user to
switch the code executing between APROM and LDROM without a reset. User can enable the
IAP function by re-booting chip and setting the chip boot selection bits in Config0 (CBS[1:0]) as
10b or 00b.

In the case that the chip boots from APROM with the IAP function enabled (CBS[1:0] = 10b), the
executable range of code includes all of APROM and LDROM. The address space of APROM is
kept as the original size but the address space of the 4 KB LDROM is mapped to 0x0010_0000~
0x0010_OFFF.

In the case that the chip boots from LDROM with the IAP function enabled (CBS[1:0] = 00b), the
executable range of code includes all of LDROM and almost all of APROM except for its first
page. User cannot access the first page of APROM because the first page of executable code
range becomes the mirror of the first page of LDROM as set by default. Meanwhile, the address
space of 4 KB LDROM is mapped to 0x0010_0000~0x0010_OFFF.

Please refer to Figure 6-19 for the address map while IAP is activating.

0x0010_OFFF 0x0010_OFFF
LDROM LDROM
(4K) (4K)
0x0010_0000 0x0010_0000 | LDROM first page |—
Reserved Reserved
Default remap
structure
APROM APROM
0x0000_0000 0x0000_0000 | LDROM first page |--—
CBS =10b CBS =00b

Figure 6-19 Executable Range of Code with IAP Function Enabled

When chip boots with the IAP function enabled, any other page within the executable range of
code can be mirrored to the first page of executable code (0x0000_0000~0x0000_01FF) any
time. User can change the remap address of the first executing page by filling the target remap
address to ISPADR and then go through ISP procedure with the Vector Page Re-map command.
After changing the remap address, user can check if the change is successful by reading the
VECMAP field in the ISPSTA register.
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6.4.4.5 In-System-Programming (ISP)

The NuMicro® NUC100 series supports ISP mode which allows a device to be reprogrammed
under software control and avoids system fail risk when download or programming fail.
Furthermore, the capability to update the application firmware makes a wide range of applications
possible.

ISP provides the ability to update system firmware on board. Various peripheral interfaces let ISP
loader in LDROM to receive new program code easily. The most common method to perform ISP
is via UART along with the ISP loader in LDROM. General speaking, PC transfers the new
APROM code through serial port. Then ISP loader receives it and re-programs into APROM
through ISP commands.

6.4.4.6 ISP Procedure

The NuMicro® NUC100 series supports booting from APROM or LDROM initially defined by user
configuration. The change of user configuration needs to reboot system to make it take effect. If
user wants to switch between APROM or LDROM mode without changing user configuration, he
needs to control BS bit of ISPCON control register, then reset CPU by IPRSTCL1 control register.
The boot switching flow by BS bit is shown in the following figure.

CBS=11b ?

NO »< CBS=01b?

Set CPU_RST =1 ———P|

Set CPU_RST =1

Fetch code from $ \ J
Fetch code from
AP-ROM
SetBS =1 LD-ROM
? SetBS =0
i Unlock f
Switch to boot from
LDROM? Protected Switch to boot from PUnlockd
' Registers APROM? rotecte
Registers

Run Application

Run ISP Loader

Figure 6-20 Example Flow of Boot Selection by BS Bit

Updating APROM by software in LDROM or updating LDROM by software in APROM can avoid a
system failure when update fails.
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The ISP controller supports to read, erase and program embedded flash memory. Several control
bits of ISP controller are write-protected, thus it is necessary to unlock before we can set them. To
unlock the protected register bits, software needs to write 0x59, 0x16 and 0x88 sequentially to
REGWRPROT. If register is unlocked successfully, the value of REGWRPROT will be 1. The
unlock sequence must not be interrupted by other access; otherwise it may fail to unlock.

After unlocking the protected register bits, user needs to set the ISPCON control register to
decide to update LDROM, User Configuration, APROM and enable ISP controller.

Once the ISPCON register is set properly, user can set ISPCMD for erase, read or programming.
Set ISPADR for target flash memory based on flash memory origination. ISPDAT can be used to
set the data to program or used to return the read data according to ISPCMD.

Finally, set ISPGO bit of ISPTRG control register to perform the relative ISP function. The ISPGO
bit is self-cleared when ISP function has been done. To make sure ISP function has been finished
before CPU goes ahead, ISB instruction is used right after ISPGO setting.

Several error conditions are checked after ISP is completed. If an error condition occurs, ISP
operation is not started and the ISP fail flag will be set instead. ISPFF flag can only be cleared by
software. The next ISP procedure can be started even ISPFF bit is kept as 1. Therefore, it is
recommended to check the ISPFF bit and clear it after each ISP operation if it is set to 1.

When the ISPGO bit is set, CPU will wait for ISP operation to finish during this period; the
peripheral still keeps working as usual. If any interrupt request occurs, CPU will not service it till
ISP operation is finished. When ISP operation is finished, the ISPGO bit will be cleared by
hardware automatically. User can check whether ISP operation is finished or not by the ISPGO
bit. User should add ISB instruction next to the instruction in which ISPGO bit is set 1 to ensure
correct execution of the instructions following ISP operation.

( Start )

-
\
| Enable ISPEN |
Write End of Flash
ISPADR/ ISPCMD/ Operation
ISPDAT ?

Y
L (Read ISPDAT)
| Set ISPGO = 1 | &

Check ISPFF = 1?

Y
| Add ISB instruction |

P End of ISP NO
v Operation
Check ISPGO =0 NO
?
YES
Figure 6-21 ISP Flow Example
ISP Command ISPCMD ISPADR ISPDAT
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Valid address of flash memory origination.
FLASH Page Erase 0x22 . N/A
It must be 512 bytes page alignment.

FLASH Program 0x21 Valid address of flash memory origination Programming Data

FLASH Read 0x00 Valid address of flash memory origination Return Data
0x0000_0000 Unique ID Word 0

Read Unique 1D 0x04 0x0000_0004 Unique ID Word 1
0x0000_0008 Unique ID Word 2

Page in APROM or LDROM
Vector Page Re-Map 0x2E . N/A
It must be 512 bytes page alignment

Table 6-11 ISP Command List
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6.4.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value
FMC Base Address:

FMC_BA = 0x5000_C000

ISPCON FMC_BA+0x00 |R/W ISP Control Register 0x0000_0000
ISPADR FMC_BA+0x04 |R/W ISP Address Register 0x0000_0000
ISPDAT FMC_BA+0x08 |R/W ISP Data Register 0x0000_0000
ISPCMD FMC_BA+0x0C |R/W ISP Command Register 0x0000_0000
ISPTRG FMC_BA+0x10 [R/W [ISP Trigger Control Register 0x0000_0000
DFBADR FMC_BA+0x14 |R Data Flash Base Address 0x000X_XXXX
FATCON FMC_BA+0x18 |R/W Flash Access Time Control Register 0x0000_0000
ISPSTA FMC_BA+0x40 |R/W ISP Status Register 0x0000_0000
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6.4.6  Register Description
ISP Control Register (ISPCON)

Register Offset R/W  |Description Reset Value
ISPCON FMC_BA+0x00 R/W ISP Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPFF LDUEN CFGUEN APUEN Reserved BS ISPEN
Bits Description
[31:7] Reserved Reserved.

ISP Fail Flag (Write Protect)

This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself if APUEN is set to O

[6] ISPFF (2) LDROM writes to itself if LDUEN is set to O

(3) CONFIG is erased/programmed if CFGUEN is set to O

(4) Destination address is illegal, such as over an available range

Write 1 to clear to this bit to 0.

LDROM Update Enable Bit (Write Protect)

LDROM update enable bit.

0 = LDROM cannot be updated.

1 = LDROM can be updated when chip runs in APROM.

5] LDUEN

Enable Config-bits Update by ISP (Write Protect)
[4] CFGUEN 0 = ISP update config-bits Disabled.
1 = ISP update config-bits Enabled.

APROM Update Enable Bit (Write Protect)
[3] APUEN 0 = APROM cannot be updated when chip runs in APROM.
1 = APROM can be updated when chip runs in APROM.

[2] Reserved Reserved.
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Boot Select (Write Protect)

Set/clear this bit to select next booting from LDROM/APROM, respectively. This bit also
functions as chip booting status flag, which can be used to check where chip booted from.
[1 BS This bit is initiated with the inversed value of CBS in Config0 after any reset is happened
except CPU reset (RSTS_CPU is 1) or system reset (RSTS_SYS) is happened

0 = Boot from APROM.
1 = Boot from LDROM.

ISP Enable Bit (Write Protect)

ISP function enable bit. Set this bit to enable ISP function.
0 = ISP function Disabled.

1 = ISP function Enabled.

[0] ISPEN
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ISP Address (ISPADR)

Register Offset R/W Description Reset Value
ISPADR FMC_BA+0x04 R/W ISP Address Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPADR
23 22 21 20 19 18 17 16
ISPADR
15 14 13 12 11 10 9 8
ISPADR
7 6 5 4 3 2 1 0
ISPADR
Bits Description
ISP Address
[31:0] ISPADR The NuMicro® NUC100 series has a maximum 32Kx32 (128 KB) of embedded Flash,
which supports word program only. ISPADR[1:0] must be kept 00b for ISP operation.
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ISP Data Reqister (ISPDAT)

Register Offset R/W Description Reset Value
ISPDAT FMC_BA+0x08 R/W ISP Data Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT
23 22 21 20 19 18 17 16
ISPDAT
15 14 13 12 11 10 9 8
ISPDAT
7 6 5 4 3 2 1 0
ISPDAT
Bits Description
ISP Data
[31:0] ISPDAT Write data to this register before ISP program operation
Read data from this register after ISP read operation
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ISP Command (ISPCMD)

Register Offset R/W Description Reset Value
ISPCMD FMC_BA+0x0C R/W ISP Command Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPCMD
Bits Description
[31:6] Reserved Reserved.
ISP Command
ISP command table is shown below:
0x00= FLASH Read.
0x2E= Vector Page Re-Map.
[5:0] ISPCMD
0x21= FLASH Program.
0x22= FLASH Page Erase.
0x04= Read Unique ID.
The other commands are invalid.
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ISP Trigger Control Reqgister (ISPTRG)

Register Offset R/W Description Reset Value
ISPTRG FMC_BA+0x10 R/W ISP Trigger Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPGO
Bits Description
[31:1] Reserved Reserved.
ISP Start Trigger (Write Protect)
Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation is finished.
0] ISPGO 0 = ISP operation finished.
1 = ISP progressed.
Note: This bit is the protected bit, It means programming this bit needs to write “59h”,
“16h”, “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100
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Data Flash Base Address Register (DFBADR)

Register Offset R/W  |Description Reset Value
DFBADR FMC_BA+0x14 R Data Flash Base Address 0x000X_XXXX
31 30 29 28 27 26 25 24
DFBADR
23 22 21 20 19 18 17 16
DFBADR
15 14 13 12 11 10 9 8
DFBADR
7 6 5 4 3 2 1 0
DFBADR
Bits Description
Data Flash Base Address (Read Only)
This register indicates Data Flash start address.
(31:0] DFBADR For 128 KB flash memory device, the Data Flash size is defined by user configuration,
register content is loaded from Configl when chip is powered on but for 64/32 KB device,
it is fixed at 0x0001_F00O0.
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Flash Access Time Control Reqister (FATCON)

Register Offset R/W Description Reset Value
FATCON FMC_BA+0x18 R/W Flash Access Time Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved LFOM Reserved
Bits Description
[31:5] Reserved Reserved.
Low Freguency Optimization Mode (Write Protect)
When chip operation frequency is lower than 25 MHz, chip can work more efficiently by
[4] LEOM setting this bitto 1
0 = Low frequency optimization mode Disabled.
1 = Low frequency optimization mode Enabled.
[3:0] Reserved Reserved.
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ISP Status Register (ISPSTA)

Register Offset R/W Description Reset Value
ISPSTA FMC_BA+0x40 R/W ISP Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved VECMAP
15 14 13 12 11 10 9 8
VECMAP Reserved
7 6 5 4 3 2 1 0
Reserved ISPFF Reserved CBS ISPGO
Bits Description
[31:21] Reserved Reserved.

Vector Page Mapping Address (Read Only)

[20:9] VECMAP The current flash address space 0x0000_0000~0x0000_01FF is mapping to address
(VECMAP[11:0], 9h000} ~ {VECMAP[11:0], 9h1FF}

[8:7] Reserved Reserved.

ISP Fail Flag (Write Protect)

This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself

(2) LDROM wrrites to itself

[6] ISPFF . . .
(3) CONFIG is erased/programmed if CFGUEN is set to 0
(4) Destination address is illegal, such as over an available range
Note: This bit can be cleared by writing ‘1’ to it.
Note: The function of this bit is the same as ISPCON bit6
[5:3] Reserved Reserved.
Chip Boot Selection (Read Only)
[2:1] CBS . . . ,
This is a mirror of CBS in Config0.
ISP Start Trigger (Read Only)
Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation is finished.
[0] ISPGO

0 = ISP operation finished.
1 = ISP operation progressed.
Note: This bit is the same as ISPTRG bit0
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6.5 External Bus Interface (EBI)

6.5.1 Overview

The NuMicro® NUC100 series LQFP-64 and LQFP-100 package is equipped with an external bus
interface (EBI) for accessing an external device.

To save the connections between external device and this chip, EBI supports address bus and
data bus multiplex mode. And, address latch enable (ALE) signal is used to differentiate the
address and data cycle.

6.5.2 Features
External Bus Interface has the following functions:

®  Supports external devices with max. 64 KB size (8-bit data width)/128 KB (16-bit data
width)

®  Supports variable external bus base clock (MCLK) which based on HCLK
Supports 8-bit or 16-bit data width

®  Supports variable data access time (tACC), address latch enable time (tALE) and
address hold time (tAHD)

Supports address bus and data bus multiplex mode to save the address pins

Supports configurable idle cycle for different access condition: Write command finish
(W2X), Read-to-Read (R2R)
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6.5.3 Block Diagram

H_CLK
MCLK MCLK
A MCLKDIV Divider .
ExttIR2R L
EXtIW2X Idle Cycle
»  Timing >
Controller
ExttACC
EXttAHD )
Extale | EBI Signal EBI State AD[15:0]
@ »  Timing » Machine > e
M EBI Controller nCS
a .| Register I
< " Controller Output nRD
ExtBW16 Controller ™
> nWR
e
A ALE
EBI request >
EBI
EXtEN Address Hit
> and
Request
v Controller

Figure 6-22 EBI Block Diagram
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6.5.4  Functional Description
6.5.4.1 EBI Area and Address Hit

The EBI mapping address is located at 0x6000_0000 ~ 0x6001 FFFF and the maximum
available memory space is 128 Kbytes. When the system request address hits EBI’'s memory
space, the corresponding EBI chip select signal (nCS) is assert and EBI state machine operates.

For an 8-bit device (64 Kbytes), EBI mapped this 64 Kbytes device to 0x6000_0000 -~
0x6000_FFFF and 0x6001_0000 ~ 0x6001_FFFF simultaneously.

For a 16-bit device (128 Kbytes), EBI mapped this 128 Kbytes device to 0x6000_0000 ~
0x6001_FFFF.

6.5.4.2 EBI Data Width Connection

The EBI controller supports to connect the external device whose address bus and data bus are
multiplexed. For the external device with separated address and data bus, the connection to
device needs additional logic (latch device) to latch the address. In this case, pin ALE is
connected to the latch device to latch the address value. Pins ADO~AD15 for 16-bit data width /
Pins ADO~AD?7 for 8-bit data width are the input pins of the latch device, and the output pins of
the latch device are connected to the Addr[15:0] of external device.

For 16-bit device, the AD [15:0] shared by address (Addr [15:0]) and 16-bit data (Data [15:0]). For
8-bit device, only AD [7:0] shared by address (Addr [7:0]) and 8-bit data (Data [7:0]), AD [15:8] is
dedicated for address (Addr [15:8]) and could be connected to 8-bit device directly.

Address 64K x 16-bit
External Bus Interface latch device SRAM
ADILS:0] | g Addr[15:0]
ALE En

nCS nCS

nRE nOE

nWE nWE
AD[15:0] ® Data[15:0]

Figure 6-23 Connection of 16-bit EBI Data Width with 16-bit Device
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64K x 8-bit
External Bus Interface SRAM
AD[15:8] Addr[15:8]
Address
latch device
AD[7:
[7:0] |5 o Addr[7:0]
ALE En
nCS nCS
nRE nOE
nWE nWE
AD[7:
AD[7:0] [7:0] Data[7:0]

Figure 6-24 Connection of 8-bit EBI Data Width with 8-bit Device

When the system access data width is larger than EBI data width (8-bit / 16 bit data width), the
EBI controller will finish a system access command by operating EBI access more than once. For
example, if system requests a 32-bit data through EBI device, the EBI controller will operate
accessing four times when setting EBI data width with 8-bit data width.

6.5.4.3 EBI Operating Control
MCLK Control

In the chip, all EBI signals will be synchronized by MCLK when EBI is operating. When the chip
connects to the external device with slower operating frequency, the MCLK can divide most to 32
from HCLK by setting MCLKDIV[2:0] (EBICON [10:8] External Output Clock Divider). Therefore,
the EBI controller is suitable for a wide frequency range of EBI device. If MCLK frequency is
setting as HCLK/1, EBI signals are synchronized by positive edge of MCLK, else by negative
edge of MCLK.

Operation and Access Timing Control

In the start of EBI access, chip select signal (nCS) asserts to low and waits one MCLK for
address setup time (tASU) for address stable. Then ALE signal asserts to high after address is
stable and keeps for a period of time (tALE) for latch address. After latch address, ALE signal
asserts to low and wait one MCLK for address latch hold time (tLHD) and another one MCLK
cycle (tA2D) that is inserted behind address latch hold time (tLHD) to be the bus turn-around time
for address change to data. Then nRD signal asserts to low when read access or nWR signal
asserts to low when write access. Then nRD or nWR signal asserts to high after keeps access
time (tACC) for reading output stable or writing finish. After that, EBI signals keep for data access
hold time (tAHD) and chip select signal (nCS) asserts to high then address is released by current
access control.

The EBI controller provides a flexible timing control for different external devices. In EBI timing
control, tASU, tLHD and tA2D are all fixed to 1 MCLK cycle, tAHD can modulate to 1~8 MCLK
cycles by setting ExttAHD[2:0] (EXTIME [10:8] EBI Data Access Hold Time), tACC can modulate
to 1~32 MCLK cycles by setting ExttACC[4:0] (EXTIME [7:3] EBI Data Access Time), and tALE
can modulate to 1~8 MCLK cycles by setting ExttALE [2:0] (EBICON [18:16] Expand Time of
ALE).
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Parameter Value Unit Description
tASU 1 MCLK  |Address Latch Setup Time.
tALE 1~8 MCLK  |ALE High Period. Controlled by ExttALE[2:0] of EBICON[18:16].
tLHD 1 MCLK  |Address Latch Hold Time.
tA2D 1 MCLK |Address To Data Delay (Bus Turn-Around Time).
tACC 1~32 MCLK |Data Access Time. Controlled by ExttACC[4:0] of EXTIME[7:3].
tAHD 1~8 MCLK  [Data Access Hold Time. Controlled by ExttAHD[2:0] of EXTIME[10:8].
_ Idle Cycle. Controlled by ExtIR2R[3:0] of EXTIME[27:24] and ExtIW2X[3:0] of
IDLE 0~15 MCLK EXTIME[15:12].
tASU tALE tLHD tA2D tACC tAHD

MCLK
—
nCS } }
| ‘
|
|
|
!

| |
nRD 1 L
l L
l ‘\ l : Sat
. Address | | ata
AD[15:0] ‘< output[15:0] [/ < linput >
| 1
e e A R S B
T T |
nWR | | \—/—’7
l L ! l
| Add | i i |
. ress \ | HE. |
AD[15:0] \  output[15:0] X }WData output[}15.0] X
|

Figure 6-25 Timing Control Waveform for 16-bit Data Width

The figure above shows an example of setting 16-bit data width for EBI application. In this
example, ADO~AD15 are used to be address[15:0] and data[15:0]. When ALE signal asserts to
high, ADO~AD15 are the address output. After address is latched (tLHD), ALE signal asserts to
low and the AD bus changes to high impedance to wait device output data in read access
operation, or it is used to be write data output.
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tASU  tALE  tLHD tA2D tACC tAHD
P P PP >

MCLK

|
|
ncs ;\ i
|
|
|
|
|

|
1
3
| |
) ‘< Address \ RData
AD[7:0] output[7:0] [ linput
[ |
|
|

|
l |
| | |
AD[15:8] —< Address output[15:8] | X
| | | |
R M
| | | |
wR R
| | -
. ‘ Address ! Lo,
AD[7:0] | output[7:0] X ; WData output[7.0] X
| | | | |
| L I |
AD[15:8] ‘ Addre:ss 013.|tput[15:8] i x
| - + +

Figure 6-26 Timing Control Waveform for 8-bit Data Width

The figure above shows an example of setting 8-bit data width for EBI application. The difference
between 8-bit and 16-bit data width is AD8~AD15. In 8-bit data width setting, and AD8~AD15 are
always the Address[15:8] output so that the external latch needs only 8-bit width.

Insert Idle Cycle

When EBI is accessing continuously, bus conflict may occur if the device access time is much
longer compared with system clock frequency. The EBI controller supplies additional idle cycle to
solve this problem. During idle cycle period, all control signals of EBI bus are inactive. The
following figure shows idle cycle.
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tASU  tALE  tLHD tA2D tACC tAHD Idle cycle tASU tALE

|
1 ]
| |
-
|
. Address \ RData | Address
AD[15:0] output[15:0] [/ linput output[15:0]
[ | [l
| |

|

Address | I | Address

output[15:0] X EWData output[}15.0] X XX X oiutput[15:0] X:
| |

Figure 6-27 Timing Control Waveform for Insert Idle Cycle

There are two conditions that EBI can insert idle cycle by timing control:
1.  After write access
2.  After read access and before the next read access

By setting ExtIW2X[3:0] of EXTIME [15:12] and ExtIR2R[3:0] of the register EXTIME[27:24], the
time of idle cycle can be specified from 0~15 MCLK.
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6.5.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

EBI Base Address:
EBI_BA = 0x5001_0000

EBICON EBI_BA+0x00 R/W |External Bus Interface General Control Register 0x0000_0000

EXTIME EBI_BA+0x04 R/W  |External Bus Interface Timing Control Register 0x0000_0000
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6.5.6  Register Description
External Bus Interface General Control Reqgister (EBICON)

Register Offset R/W |Description Reset Value
EBICON EBI_BA+0x00 R/W  |External Bus Interface General Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reversed ExttALE
15 14 13 12 11 10 9 8
Reversed MCLKDIV
7 6 5 4 3 2 1 0
Reversed ExtBW16 ExtEN
Bits Description
[31:19] Reserved Reserved.

Expand Time of ALE
[18:16] ExttALE This field is used for control the ALE pulse width (tALE) for latch the address
tALE = (EXttALE+1)*MCLK.

[15:11] Reserved Reserved.

External Output Clock Divider

The frequency of EBI output clock (MCLK) is controlled by MCLKDIV as shown below.
000 = HCLK/1.

001 = HCLK/2.

010 = HCLK/4.

[10:8] MCLKDIV 011 = HCLK/8.

100 = HCLK/16.

101 = HCLK/32.

110 = Default.

111 = Default.

Note: Default value of output clock is HCLK/1

[7:2] Reserved Reserved.

EBI Data Width 16-bit/8-bit
This bit defines if the data bus is 8-bit or 16-bit.

[1] ExtBW16 L .
0 = EBI data width is 8-bit.
1 = EBI data width is 16-bit.
EBI Enable Bit
[0] EXtEN This bit is the functional enable bit for EBI.

0 = EBI function Disabled.
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1 = EBI function Enabled.
External Bus Interface Timing Control Register (EXTIME)
Register Offset R/W  |Description Reset Value
EXTIME EBI_BA+0x04 R/W  |External Bus Interface Timing Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved ExtIR2R
23 22 21 20 19 18 17 16
Reversed
15 14 13 12 11 10 9 8
Extlw2X Reversed ExttAHD
7 6 5 4 3 2 1 0
ExttACC Reversed
Bits Description
[31:28] Reserved Reserved.
Idle State Cycle Between Read-read
[27:24] ExtIR2R \r:\éh;r;igenﬁ lt’a;cttlijcr)rr: tli E?éiﬁ?g)i?gztgelsn%tt 3cetrig.n is going to read, idle state is inserted and
Idle state cycle = (ExtIR2R*MCLK).
[23:16] Reserved Reserved.
Idle State Cycle After Write
[15:12] ExtIW2X \é\i(rtlﬁ/r\};v)zllts r?gttlcz)grlcf_ finished, idle state is inserted and nCS signal return to high if
Idle state cycle = (ExtIW2X*MCLK).
[11] Reserved Reserved.
EBI Data Access Hold Time
[10:8] ExttAHD ExttAHD defines data access hold time (tAHD).
tAHD = (EXttAHD +1) * MCLK.
EBI Data Access Time
[7:3] ExttACC ExttACC defines data access time (tACC).
tACC = (EXttACC +1) * MCLK.
[2:0] Reserved Reserved.
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6.6 General Purpose I/O (GPIO)

6.6.1 Overview

The NuMicro® NUC100 series has up to 84 General Purpose I/O pins to be shared with other
function pins depending on the chip configuration. These 84 pins are arranged in 6 ports named
as GPIOA, GPIOB, GPIOC, GPIOD, GPIOE and GPIOF. The GPIOA/B/C/ID/E port has the
maximum of 16 pins and GPIOF port has the maximum of 4 pins. Each of the 84 pins is
independent and has the corresponding register bits to control the pin mode function and data.

The 1/O type of each of /O pins can be configured by software individually as input, output, open-
drain or Quasi-bidirectional mode. After reset, the I/O mode of all pins are depending on
Config0[10] setting. In Quasi-bidirectional mode, /0O pin has a very weak individual pull-up
resistor which is about 110~300 KQ for Vpp is from 5.0 Vto 2.5 V.

6.6.2 Features
®  Four I/O modes:
- Quasi-bidirectional
- Push-Pull output
- Open-Drain output
- Input only with high impendence
TTL/Schmitt trigger input selectable by GPx_TYPE[15:0] in GPx_MFP[31:16]
I/O pin configured as interrupt source with edge/level setting
Configurable default I/O mode of all pins after reset by Config0[10] setting
- If Config[10] is 0, all GPIO pins in input tri-state mode after chip reset
- If Config[10] is 1, all GPIO pins in Quasi-bidirectional mode after chip reset
I/O pin internal pull-up resistor enabled only in Quasi-bidirectional I/O mode

Enabling the pin interrupt function will also enable the pin wake-up function.
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6.6.3 Functional Description
6.6.3.1 Input Mode Explanation

Set GPIOx_PMD (PMDn[1:0]) to 00b as the GPIOXx port [n] pin is in Input mode and the 1/O pin is
in tri-state (high impedance) without output drive capability. The GPIOx_PIN value reflects the
status of the corresponding port pins.

6.6.3.2  Push-pull Output Mode Explanation

Set GPIOx_PMD (PMDn[1:0]) to 01b as the GPIOx port [n] pin is in Push-pull Output mode and
the I/O pin supports digital output function with source/sink current capability. The bit value in the
corresponding bit [n] of GPIOx_DOUT is driven on the pin.

VDD

—l

Port Pin

Port Latch D N
Data i

Input Data

Figure 6-28 Push-Pull Output

6.6.3.3 Open-drain Output Mode Explanation

Set GPIOx_PMD (PMDn[1:0]) to 10b as the GPIOx port [n] pin is in Open-drain mode and the
digital output function of I/O pin supports only sink current capability, an additional pull-up resistor
is needed for driving high state. If the bit value in the corresponding bit [n] of GPIOx_DOUT is 0,
the pin drive a “low” output on the pin. If the bit value in the corresponding bit [n] of GPIOx_DOUT
is 1, the pin output drives high that is controlled by external pull-up resistor.

[] PortPin

Port Latch N
Data DO \

Input Data <—<><]—<><k

Figure 6-29 Open-Drain Output

6.6.3.4 Quasi-bidirectional Mode Explanation
Set GPIOx_PMD (PMDn[1:0]) to 11b as the GPIOx port [n] pin is in Quasi-bidirectional mode and
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the 1/0O pin supports digital output and input function at the same time but the source current is
only up to hundreds of uA. Before the digital input function is performed the corresponding bit in
GPIOx_DOUT must be set to 1. The Quasi-bidirectional output is common on the 80C51 and
most of its derivatives. If the bit value in the corresponding bit [n] of GPIOx_DOUT is 0, the pin
drive a “low” output on the pin. If the bit value in the corresponding bit [n] of GPIOx_DOUT is 1,
the pin will check the pin value. If pin value is high, no action takes. If pin state is low, then pin will
drive strong high with 2 clock cycles on the pin and then disable the strong output drive and then
the pin status is control by internal pull-up resistor. Note that the source current capability in
Quasi-bidirectional mode is only about 200 uA to 30 uA for V is form 5.0 Vto 2.5 V.

VDD
2CPU
Vi
Clock Delay R [Strong ﬁ Wzgyk Ej Weak
7] PortPin

Port Latch N
Data D - - ! i

Input Data « O<}

Figure 6-30 Quasi-bidirectional /0O Mode

6.6.3.5 GPIO Interrupt and Wake-up Function

Each GPIO pin can be set as chip interrupt source by setting correlative GPIOx_IEN bit and
GPIOx_IMD. There are four types of interrupt condition can be selected: low level trigger, high
level trigger, falling edge trigger and rising edge trigger. For edge trigger condition, user can
enable input signal de-bounce function to prevent unexpected interrupt happened which caused
by noise. The de-bounce clock source and sampling cycle can be set through DEBOUNCE
register.

The GPIO can also be the chip wake-up source when chip enters Idle mode or Power-down
mode. The setting of wake-up trigger condition is the same as GPIO interrupt trigger, but there is
one thing need to be noticed if using GPIO as chip wake-up source

1. To ensure the I/O status before enter into Power-down mode

When using toggle GPIO to wake-up system, user must make sure the 1/O status before entering
Idle mode or Power-down mode according to the relative wake-up settings.

For example, if configuring the wake-up event occurred by 1/O rising edge/high level trigger, user
must make sure the I/O status of specified pin is at low level before entering to Idle/Power-down
mode; and if configure 1/O falling edge/low level trigger to trigger a wake-up event, user must
make sure the 1/O status of specified pin is at high level before entering to Power-down mode.
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Register Map

R: read only, W: write only, R/W: both read and write

NUC100/120xxxDN

Register Offset R/W |Description Reset Value
GPIO Base Address:

GPIO_BA = 0x5000_4000

GPIOA_PMD GPIO_BA+0x000 |R/W |GPIO Port A Pin I/0O Mode Control OXXXXX_XXXX
GPIOA_OFFD GPIO_BA+0x004 |R/W |GPIO Port A Pin Digital Input Path Disable Control 0x0000_0000
GPIOA_DOUT |GPIO_BA+0x008 |R/W [GPIO Port A Data Output Value 0x0000_FFFF
GPIOA_DMASK |GPIO_BA+0x00C |R/W |GPIO Port A Data Output Write Mask 0x0000_0000
GPIOA_PIN GPIO_BA+0x010 |[R GPIO Port A Pin Value 0x0000_XXXX
GPIOA_DBEN GPIO_BA+0x014 |R/W |GPIO Port A De-bounce Enable 0x0000_0000
GPIOA_IMD GPIO_BA+0x018 R/W |GPIO Port A Interrupt Mode Control 0x0000_0000
GPIOA_IEN GPIO_BA+0x01C |R/W |GPIO Port A Interrupt Enable 0x0000_0000
GPIOA_ISRC GPIO_BA+0x020 R/W |GPIO Port A Interrupt Source Flag 0x0000_0000
GPIOB_PMD GPIO_BA+0x040 R/W |GPIO Port B Pin I1/0 Mode Control OXXXXX_XXXX
GPIOB_OFFD GPIO_BA+0x044 |R/W |GPIO Port B Pin Digital Input Path Disable Control 0x0000_0000
GPIOB_DOUT |GPIO_BA+0x048 |R/W |GPIO Port B Data Output Value 0x0000_FFFF
GPIOB_DMASK [|GPIO_BA+0x04C |R/W |GPIO Port B Data Output Write Mask 0x0000_0000
GPIOB_PIN GPIO_BA+0x050 R GPIO Port B Pin Value 0x0000_XXXX
GPIOB_DBEN |GPIO_BA+0x054 |R/W |GPIO Port B De-bounce Enable 0x0000_0000
GPIOB_IMD GPIO_BA+0x058 |R/W |GPIO Port B Interrupt Mode Control 0x0000_0000
GPIOB_IEN GPIO_BA+0x05C |R/W |GPIO Port B Interrupt Enable 0x0000_0000
GPIOB_ISRC GPIO_BA+0x060 R/W |GPIO Port B Interrupt Source Flag 0x0000_0000
GPIOC_PMD GPIO_BA+0x080 |R/W |GPIO Port C Pin I/O Mode Control OXXXXX_XXXX
GPIOC_OFFD  |GPIO_BA+0x084 |R/W [GPIO Port C Pin Digital Input Path Disable Control 0x0000_0000
GPIOC_DOUT  |GPIO_BA+0x088 |R/W |GPIO Port C Data Output Value 0x0000_FFFF
GPIOC_DMASK |GPIO_BA+0x08C |R/W |GPIO Port C Data Output Write Mask 0x0000_0000
GPIOC_PIN GPIO_BA+0x090 R GPIO Port C Pin Value 0x0000_XXXX
GPIOC_DBEN |GPIO_BA+0x094 |R/W |GPIO Port C De-bounce Enable 0x0000_0000
GPIOC_IMD GPIO_BA+0x098 |R/W |GPIO Port C Interrupt Mode Control 0x0000_0000
GPIOC_IEN GPIO_BA+0x09C |R/W |GPIO Port C Interrupt Enable 0x0000_0000
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NUC100/120xxxDN

Register Offset R/W |Description Reset Value
GPIOC_ISRC GPIO_BA+0x0A0 |R/W |GPIO Port C Interrupt Source Flag 0x0000_0000
GPIOD_PMD GPIO_BA+0x0C0 |R/W |GPIO Port D Pin I/O Mode Control OXXXXX_XXXX
GPIOD_OFFD GPIO_BA+0x0C4 |R/W |GPIO Port D Pin Digital Input Path Disable Control 0x0000_0000
GPIOD_DOUT |GPIO_BA+0x0C8 |R/W [GPIO Port D Data Output Value 0x0000_FFFF
GPIOD_DMASK [GPIO_BA+0x0CC |R/W |GPIO Port D Data Output Write Mask 0x0000_0000
GPIOD_PIN GPIO_BA+0x0D0 |R GPIO Port D Pin Value 0x0000_XXXX
GPIOD_DBEN GPIO_BA+0x0D4 |R/W |GPIO Port D De-bounce Enable 0x0000_0000
GPIOD_IMD GPIO_BA+0x0D8 |R/W |GPIO Port D Interrupt Mode Control 0x0000_0000
GPIOD_IEN GPIO_BA+0xODC |R/W |GPIO Port D Interrupt Enable 0x0000_0000
GPIOD_ISRC GPIO_BA+0x0EO |R/W |GPIO Port D Interrupt Source Flag 0x0000_0000
GPIOE_PMD GPIO_BA+0x100 R/W |GPIO Port E Pin I1/0 Mode Control OXXXXX_XXXX
GPIOE_OFFD GPIO_BA+0x104 |R/W |GPIO Port E Pin Digital Input Path Disable Control 0x0000_0000
GPIOE_DOUT GPIO_BA+0x108 |R/W |GPIO Port E Data Output Value 0x0000_FFFF
GPIOE_DMASK |GPIO_BA+0x10C |R/W |GPIO Port E Data Output Write Mask 0x0000_0000
GPIOE_PIN GPIO_BA+0x110 R GPIO Port E Pin Value 0x0000_XXXX
GPIOE_DBEN GPIO_BA+0x114 |R/W |GPIO Port E De-bounce Enable 0x0000_0000
GPIOE_IMD GPIO_BA+0x118 |R/W |GPIO Port E Interrupt Mode Control 0x0000_0000
GPIOE_IEN GPIO_BA+0x11C |R/W |GPIO Port E Interrupt Enable 0x0000_0000
GPIOE_ISRC GPIO_BA+0x120 |R/W |GPIO Port E Interrupt Source Flag 0x0000_0000
GPIOF_PMD GPIO_BA+0x140 R/W |GPIO Port F Pin I/O Mode Control 0x0000_00XX
GPIOF_OFFD GPIO_BA+0x144 R/W |GPIO Port F Pin Digital Input Path Disable Control 0x0000_0000
GPIOF_DOUT GPIO_BA+0x148 |R/W |GPIO Port F Data Output Value 0x0000_000F
GPIOF_DMASK |GPIO_BA+0x14C |R/W |GPIO Port F Data Output Write Mask 0x0000_0000
GPIOF_PIN GPIO_BA+0x150 |R GPIO Port F Pin Value 0x0000_000X
GPIOF_DBEN GPIO_BA+0x154 |R/W |GPIO Port F De-bounce Enable 0x0000_0000
GPIOF_IMD GPIO_BA+0x158 |R/W |GPIO Port F Interrupt Mode Control 0x0000_0000
GPIOF_IEN GPIO_BA+0x15C |R/W [GPIO Port F Interrupt Enable 0x0000_0000
GPIOF_ISRC GPIO_BA+0x160 |R/W |GPIO Port F Interrupt Source Flag 0x0000_0000
DBNCECON GPIO_BA+0x180 |R/W |External Interrupt De-bounce Control 0x0000_0020
PAn_PDIO GPIO_BA+0x200 |R/W |GPIO PA.n Pin Data Input/Output 0x0000_000X
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—

Register Offset R/W |Description Reset Value
n=0,1..15 + 0x04 * n
PBn_PDIO GPIO_BA+0x240 .
- R/W |GPIO PB.n Pin Data Input/Output 0x0000_000X

n=0,1..15 + 0x04 * n
PCn_PDIO GPIO_BA+0x280 )

R/W |GPIO PC.n Pin Data Input/Output 0x0000_000X
n=0,1..15 + 0x04 * n
PDn_PDIO GPIO_BA+0x2C0 )

R/W |GPIO PD.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PEn_PDIO GPIO_BA+0x300 .

R/W |GPIO PE.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PFn_PDIO GPIO_BA+0x340 )

R/W |GPIO PF.n Pin Data Input/Output 0x0000_000X
n=0,1..3 +0x04 * n
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6.6.5 Register Description
GPIO Port [A/B/C/D/E/F] Pin I/O Mode Control (GPIOx PMD)

Register Offset R/W |Description Reset Value
GPIOA_PMD GPIO_BA+0x000 |R/W |GPIO Port A Pin I/O Mode Control OXXXXX_XXXX
GPIOB_PMD GPIO_BA+0x040 |R/W |GPIO Port B Pin I/O Mode Control OXXXXX_XXXX
GPIOC_PMD GPIO_BA+0x080 |R/W |GPIO Port C Pin I1/0 Mode Control OXXXXX_XXXX
GPIOD_PMD GPIO_BA+0x0C0O0 |R/W |GPIO Port D Pin I/0O Mode Control OXXXXX_XXXX
GPIOE_PMD GPIO_BA+0x100 |R/W |GPIO Port E Pin I/0 Mode Control OXXXXX_XXXX
GPIOF_PMD GPIO_BA+0x140 |R/W |GPIO Port F Pin I/O Mode Control 0x0000_00XX
31 30 29 28 27 26 25 24
PMD15 PMD14 PMD13 PMD12
23 22 21 20 19 18 17 16
PMD11 PMD10 PMD9 PMD8
15 14 13 12 11 10 9 8
PMD7 PMD6 PMD5 PMD4
7 6 5 4 3 2 1 0
PMD3 PMD2 PMD1 PMDO
Bits Description
GPIOx I/0 Pin[N] Mode Control
Determine each I/O mode of GPIOx pins.
00 = GPIO port [n] pin is in Input mode.
01 = GPIO port [n] pin is in Push-pull Output mode.
[2n+1:2n] PMD 10 = GPIO port [n] pin is in Open-drain Output mode.
n
n=0,1..15 11 = GPIO port [n] pin is in Quasi-bidirectional mode.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
The initial value of this field is defined by CIOINI (CONFIGO[10]). If CIOINI is set to 1, the
default value is OXFFFF_FFFF and all pins will be Quasi-bidirectional mode after chip is
powered on. If CIOINI is cleared to 0, the default value is 0xX0000_0000 and all pins will
be input only mode after chip is powered on.
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GPIO Port [A/B/C/D/E/F] Pin Digital Input Path Disable Control (GPIOx OFFED)

NUC100/120xxxDN

Register Offset R/W |Description Reset Value
GPIOA_OFFD GPIO_BA+0x004 |R/W |GPIO Port A Pin Digital Input Path Disable Control 0x0000_0000
GPIOB_OFFD GPIO_BA+0x044 |R/W |GPIO Port B Pin Digital Input Path Disable Control 0x0000_0000
GPIOC_OFFD GPIO_BA+0x084 [R/W |GPIO Port C Pin Digital Input Path Disable Control 0x0000_0000
GPIOD_OFFD GPIO_BA+0x0C4 |R/W |GPIO Port D Pin Digital Input Path Disable Control 0x0000_0000
GPIOE_OFFD GPIO_BA+0x104 |R/W |GPIO Port E Pin Digital Input Path Disable Control 0x0000_0000
GPIOF_OFFD GPIO_BA+0x144 |R/W |GPIO Port F Pin Digital Input Path Disable Control 0x0000_0000
31 30 29 28 27 26 25 24
OFFD
23 22 21 20 19 18 17 16
OFFD
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
GPIOx Pin[N] Digital Input Path Disable Control
Each of these bits is used to control if the digital input path of corresponding GPIO pin is
disabled. If input is analog signal, users can disable GPIO digital input path to avoid
[31:16] OFFD creepage
0 = I/O digital input path Enabled.
1 =1/O digital input path Disabled (digital input tied to low).
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
[15:0] Reserved Reserved.
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GPIO Port [A/B/C/D/E/F] Data Output Value (GPIOx DOUT)

Register Offset R/W |Description Reset Value
GPIOA_DOUT |GPIO_BA+0x008 R/W |GPIO Port A Data Output Value 0x0000_FFFF
GPIOB_DOUT GPIO_BA+0x048 R/W |GPIO Port B Data Output Value 0x0000_FFFF
GPIOC_DOUT  |GPIO_BA+0x088 |R/W |GPIO Port C Data Output Value 0x0000_FFFF
GPIOD_DOUT |GPIO_BA+0x0C8 |R/W |GPIO Port D Data Output Value 0x0000_FFFF
GPIOE_DOUT GPIO_BA+0x108 R/W |GPIO Port E Data Output Value 0x0000_FFFF
GPIOF_DOUT GPIO_BA+0x148 R/W |GPIO Port F Data Output Value 0x0000_000F
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DOUT
7 6 5 4 3 2 1 0
DOUT
Bits Description
[31:16] Reserved Reserved.
GPIOx Pin[N] Output Value
Each of these bits controls the status of a GPIO pin when the GPIO pin is configured as
Push-pull output, open-drain output or quasi-bidirectional mode.
[n] DOUTN] 0 = GPIO port [A/B/C/D/E/F] Pin[n] will drive Low if the GPIO pin is configured as Push-
n=0,1.15 pull output, Open-drain output or Quasi-bidirectional mode.
1 = GPIO port [A/B/C/D/E/F] Pin[n] will drive High if the GPIO pin is configured as Push-
pull output or Quasi-bidirectional mode.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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GPIO Port [A/B/C/D/E/F] Data Output Write Mask (GPIOx DMASK)

Register Offset R/W |Description Reset Value
GPIOA_DMASK |GPIO_BA+0x00C |R/W |GPIO Port A Data Output Write Mask 0x0000_0000
GPIOB_DMASK |GPIO_BA+0x04C |R/W |GPIO Port B Data Output Write Mask 0x0000_0000
GPIOC_DMASK |GPIO_BA+0x08C |R/W |GPIO Port C Data Output Write Mask 0x0000_0000
GPIOD_DMASK |GPIO_BA+0x0CC |R/W |GPIO Port D Data Output Write Mask 0x0000_0000
GPIOE_DMASK |GPIO_BA+0x10C |R/W |GPIO Port E Data Output Write Mask 0x0000_0000
GPIOF_DMASK |GPIO_BA+0x14C |R/W |GPIO Port F Data Output Write Mask 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DMASK
7 6 5 4 3 2 1 0
DMASK
Bits Description
[31:16] Reserved Reserved.
Port [A/B/C/D/E/F] Data Output Write Mask
These bits are used to protect the corresponding register of GPIOx_DOUT bit[n]. When
the DMASK bit[n] is set to 1, the corresponding GPIOx_DOUTIn] bit is protected. If the
write signal is masked, write data to the protect bit is ignored
[n] 0 = Corresponding GPIOx_DOUTIn] bit can be updated.
DMASK]|n] . .
n=0,1..15 1 = Corresponding GPIOx_DOUTIn] bit protected.
Note: This function only protects the corresponding GPIOx_DOUT(n] bit, and will not
protect the corresponding bit control register (GPIOAx_DOUT, GPIOBx_DOUT,
GPIOCx_DOUT, GPIODx_DOUT, GPIOEx_DOUT and GPIOFx_DOUT).
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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GPIO Port [A/B/C/D/E/F] Pin Value (GPIOx__PIN)

Register Offset R/W |Description Reset Value
GPIOA_PIN GPIO_BA+0x010 R GPIO Port A Pin Value 0x0000_XXXX
GPIOB_PIN GPIO_BA+0x050 |R GPIO Port B Pin Value 0x0000_XXXX
GPIOC_PIN GPIO_BA+0x090 |R GPIO Port C Pin Value 0x0000_XXXX
GPIOD_PIN GPIO_BA+0xODO |R GPIO Port D Pin Value 0x0000_XXXX
GPIOE_PIN GPIO_BA+0x110 |R GPIO Port E Pin Value 0x0000_XXXX
GPIOF_PIN GPIO_BA+0x150 R GPIO Port F Pin Value 0x0000_000X
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PIN
7 6 5 4 3 2 1 0
PIN
Bits Description
[31:16] Reserved Reserved.
Port [A/B/C/D/E/F] Pin Values
[n] PIN[N] _Eech_ bit of the register reflects Fhe actua_l status of the respective G_PIO pin. If the bitis 1,
n=0,1..15 it indicates the corresponding pin status is high, else the pin status is low
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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GPIO Port [A/B/C/D/E/F] De-bounce Enable (GPIOx DBEN)

Register Offset R/W |Description Reset Value
GPIOA_DBEN |GPIO_BA+0x014 R/W |GPIO Port A De-bounce Enable 0x0000_0000
GPIOB_DBEN |GPIO_BA+0x054 R/W |GPIO Port B De-bounce Enable 0x0000_0000
GPIOC_DBEN |GPIO_BA+0x094 R/W |GPIO Port C De-bounce Enable 0x0000_0000
GPIOD_DBEN |GPIO_BA+0x0D4 R/W |GPIO Port D De-bounce Enable 0x0000_0000
GPIOE_DBEN |GPIO_BA+0x114 R/W |GPIO Port E De-bounce Enable 0x0000_0000
GPIOF_DBEN |GPIO_BA+0x154 R/W |GPIO Port F De-bounce Enable 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DBEN
7 6 5 4 3 2 1 0
DBEN
Bits Description
[31:16] Reserved Reserved.
Port [A/B/C/D/E/F] Input Signal De-bounce Enable Bit
DBEN[n] is used to enable the de-bounce function for each corresponding bit. If the input
signal pulse width cannot be sampled by continuous two de-bounce sample cycle, the
input signal transition is seen as the signal bounce and will not trigger the interrupt. The
de-bounce clock source is controlled by DBNCECONIJ4], one de-bounce sample cycle
[n] period is controlled by DBNCECON][3:0]
DBEN[n] _ -
n=0,1.15 0 = Bit[n] de-bounce function Disabled.
1 = Bit[n] de-bounce function Enabled.
The de-bounce function is valid only for edge triggered interrupt. If the interrupt mode is
level triggered, the de-bounce enable bit is ignored.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE..
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GPIO Port [A/B/C/D/E/F] Interrupt Mode Control (GPIOx _IMD)

Register Offset R/W |Description Reset Value
GPIOA_IMD GPIO_BA+0x018 R/W |GPIO Port A Interrupt Mode Control 0x0000_0000
GPIOB_IMD GPIO_BA+0x058 R/W |GPIO Port B Interrupt Mode Control 0x0000_0000
GPIOC_IMD GPIO_BA+0x098 R/W |GPIO Port C Interrupt Mode Control 0x0000_0000
GPIOD_IMD GPIO_BA+0x0D8 |R/W |GPIO Port D Interrupt Mode Control 0x0000_0000
GPIOE_IMD GPIO_BA+0x118 R/W |GPIO Port E Interrupt Mode Control 0x0000_0000
GPIOF_IMD GPIO_BA+0x158 R/W |GPIO Port F Interrupt Mode Control 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
IMD
7 6 5 4 3 2 1 0
IMD
Bits Description
[31:16] Reserved Reserved.
Port [A/B/C/D/E/F] Edge or Level Detection Interrupt Control
IMDI[n] is used to control the interrupt is by level trigger or by edge trigger. If the interrupt
is by edge trigger, the trigger source can be controlled by de-bounce. If the interrupt is by
level trigger, the input source is sampled by one HCLK clock and generates the interrupt.
0 = Edge trigger interrupt.
n _ . .
[n] IMD[n] 1 = Level trigger interrupt.
n=0,1.15 If the pin is set as the level trigger interrupt, only one level can be set on the registers
GPIOx_IEN. If both levels to trigger interrupt are set, the setting is ignored and no
interrupt will occur
The de-bounce function is valid only for edge triggered interrupt. If the interrupt mode is
level triggered, the de-bounce enable bit is ignored.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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GPIO Port [A/B/C/D/E/F] Interrupt Enable Control (GPIOx |EN)

Register Offset R/W |Description Reset Value
GPIOA_IEN GPIO_BA+0x01C R/W |GPIO Port A Interrupt Enable 0x0000_0000
GPIOB_IEN GPIO_BA+0x05C R/W |GPIO Port B Interrupt Enable 0x0000_0000
GPIOC_IEN GPIO_BA+0x09C R/W |GPIO Port C Interrupt Enable 0x0000_0000
GPIOD_IEN GPIO_BA+0xODC |R/W |GPIO Port D Interrupt Enable 0x0000_0000
GPIOE_IEN GPIO_BA+0x11C R/W |GPIO Port E Interrupt Enable 0x0000_0000
GPIOF_IEN GPIO_BA+0x15C R/W |GPIO Port F Interrupt Enable 0x0000_0000
31 30 29 28 27 26 25 24
IR_EN
23 22 21 20 19 18 17 16
IR_EN
15 14 13 12 11 10 9 8
IF_EN
7 6 5 4 3 2 1 0
IF_EN
Bits Description

Port [A/B/C/D/E/F] Interrupt Enable by Input Rising Edge or Input Level High

IR_EN[n] used to enable the interrupt for each of the corresponding input GPIO_PIN[n].
Set bit to 1 also enable the pin wake-up function

When setting the IR_EN[n] bit to 1:
If the interrupt is level trigger, the input PIN[n] state at level “high” will generate the
IR_ENI[n] interrupt.

If the interrupt is edge trigger, the input PIN[n] state change from “low-to-high” will
generate the interrupt.

[n+16]
n=0,1..15

0 = PIN[n] level-high or low-to-high interrupt Disabled.
1 = PIN[n] level-high or low-to-high interrupt Enabled.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.

Port [A/B/C/D/E/F] Interrupt Enable by Input Falling Edge or Input Level Low

IF_ENIn] is used to enable the interrupt for each of the corresponding input GPIO_PIN[n].
Set bit to 1 also enable the pin wake-up function

When setting the IF_EN[n] bit to 1:

[ ] If the inte Upt s level t gge ,t e pUt PIN state at level “low” wi genel ate the
IF_EN[n te l'pt

n=01.15 If the interrupt is edge trigger, the input PIN[n] state change from “high-to-low” will
generate the interrupt.

0 = PIN[n] state low-level or high-to-low change interrupt Disabled.
1 = PIN[n] state low-level or high-to-low change interrupt Enabled.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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GPIO Port [A/B/C/D/E/F] Interrupt Source Flag (GPIOx ISRC)

Register Offset R/W |Description Reset Value
GPIOA_ISRC GPIO_BA+0x020 R/W |GPIO Port A Interrupt Source Flag 0x0000_0000
GPIOB_ISRC GPIO_BA+0x060 R/W |GPIO Port B Interrupt Source Flag 0x0000_0000
GPIOC_ISRC GPIO_BA+0x0A0 R/W |GPIO Port C Interrupt Source Flag 0x0000_0000
GPIOD_ISRC GPIO_BA+0x0EO R/W |GPIO Port D Interrupt Source Flag 0x0000_0000
GPIOE_ISRC GPIO_BA+0x120 R/W [GPIO Port E Interrupt Source Flag 0x0000_0000
GPIOF_ISRC GPIO_BA+0x160 R/W |GPIO Port F Interrupt Source Flag 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ISRC
7 6 5 4 3 2 1 0
ISRC
Bits Description
[31:16] Reserved Reserved.
Port [A/B/C/D/E/F] Interrupt Source Flag
Read :
0 = No interrupt at GP1Ox[n].
n 1 = GPIOx[n] generates an interrupt.
L]z 0,1..15 ISRCIN] Write : e i
0= No action.
1= Clear the corresponding pending interrupt.
Note: Max. n = 3 for GPIOF; Max. n = 15 for GPIOA/GPIOB/GPIOC/GPIOD/GPIOE.
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Interrupt De-bounce Cycle Control (DBNCECON)

Register Offset R/W |Description Reset Value
DBNCECON GPIO_BA+0x180 R/W |External Interrupt De-bounce Control 0x0000_0020
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ICLK_ON DBCLKSRC DBCLKSEL
Bits Description

Interrupt Clock on Mode

0 = Edge detection circuit is active only if I/O pin corresponding GPIOx_IEN bit is set to

1.
(5] ICLK_ON . C .
1 = All I/O pins edge detection circuit is always active after reset.

It is recommended to turn off this bit to save system power if no special application
concern.

De-bounce Counter Clock Source Selection
[4] DBCLKSRC 0 = De-bounce counter clock source is the HCLK.
1 = De-bounce counter clock source is the internal 10 kHz low speed oscillator.

De-bounce Sampling Cycle Selection

0000 = Sample interrupt input once per 1 clocks.
0001 = Sample interrupt input once per 2 clocks.
0010 = Sample interrupt input once per 4 clocks.
0011 = Sample interrupt input once per 8 clocks.
0100 = Sample interrupt input once per 16 clocks.
0101 = Sample interrupt input once per 32 clocks.
0110 = Sample interrupt input once per 64 clocks.
[3:0] DBCLKSEL 0111 = Sample ?nterrupt ?nput once per 128 clocks.
1000 = Sample interrupt input once per 256 clocks.
1001 = Sample interrupt input once per 2*256 clocks.
1010 = Sample interrupt input once per 4*256 clocks.
1011 = Sample interrupt input once per 8*256 clocks.
1100 = Sample interrupt input once per 16*256 clocks.
1101 = Sample interrupt input once per 32*256 clocks.
1110 = Sample interrupt input once per 64*256 clocks.
1111 = Sample interrupt input once per 128*256 clocks.
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GPIO Px.n Pin Data Input/Output (Pxn PDIO)

Register Offset R/W |Description Reset Value
PAn_PDIO GPIO_BA+0x200 )
R/W |GPIO PA.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PBn_PDIO GPIO_BA+0x240 .
- R/W |GPIO PB.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PCn_PDIO GPIO_BA+0x280 .
- R/W [GPIO PC.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PDn_PDIO GPIO_BA+0x2C0 .
- R/W [GPIO PD.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PEn_PDIO GPIO_BA+0x300 .
R/W |GPIO PE.n Pin Data Input/Output 0x0000_000X
n=0,1..15 +0x04 * n
PFn_PDIO GPIO_BA+0x340 )
R/W |GPIO PF.n Pin Data Input/Output 0x0000_000X
n=0,1..3 +0x04 * n

Note: x = A/B/C/D/E/F and n = 0~15

31 30 29 28 27 26 25 24
Reserved

23 22 21 20 19 18 17 16
Reserved

15 14 13 12 11 10 9 8
Reserved

7 6 5} 4 3 2 1 0

Reserved Pxn_PDIO
Bits Description

GPIO Px.N Pin Data Input/Output

Write this bit can control one GPIO pin output value
0 = Corresponding GPIO pin set to low.

0] Pxn_PDIO 1 = Corresponding GPIO pin set to high.

Read this register to get GPIO pin status.

For example: writing PAO_PDIO will reflect the written value to bit GPIOA_DOUT[0], read
PAOQ_PDIO will return the value of GPIOA_PIN[O]

Note: The write operation will not be affected by register GPIOx_DMASK
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6.7 PDMA Controller (PDMA)

6.7.1 Overview

The NuMicro® NUC100 series DMA contains nine-channel peripheral direct memory access
(PDMA) controller and a cyclic redundancy check (CRC) generator.

The PDMA that transfers data to and from memory or transfer data to and from APB devices. For
PDMA channel (PDMA CHO~CHS8), there is one-word buffer as transfer buffer between the
Peripherals APB devices and Memory. Software can stop the PDMA operation by disable PDMA
PDMA_CSRx[PDMACEN]. The CPU can recognize the completion of a PDMA operation by
software polling or when it receives an internal PDMA interrupt. The PDMA controller can
increase source or destination address or fixed them as well.

The DMA controller contains a cyclic redundancy check (CRC) generator that can perform CRC
calculation with programmable polynomial settings. The CRC engine supports CPU PIO mode
and DMA transfer mode.

6.7.2 Features

®  Supports nine PDMA channels and one CRC channel. Each PDMA channel can support
a unidirectional transfer

AMBA AHB master/slave interface compatible, for data transfer and register read/write

Hardware round robin priority scheme. DMA channel 0 has the highest priority and
channel 8 has the lowest priority

® PDMA operation
- Peripheral-to-memory, memory-to-peripheral, and memory-to-memory transfer
- Supports word/half-word/byte transfer data width from/to peripheral
- Supports address direction: increment, fixed.

® Cyclic Redundancy Check (CRC)

Supports four common polynomials CRC-CCITT, CRC-8, CRC-16, and CRC-32
€& CRC-CCITT: X®+ X2+ X°+1

€& CRC8:X¥+X*+X+1

€ CRC-16: X"+ X®+X*+1

€@ CRC-32XTZ+XB+XP+ X2+ X+ X+ X+ X0+ X0+ X+ X+ X+ X2+ X +1

Supports programmable CRC seed value.

- Supports programmable order reverse setting for input data and CRC checksum.

Supports programmable 1’s complement setting for input data and CRC checksum.

- Supports CPU PIO mode or DMA transfer mode.

Supports the follows write data length in CPU PIO mode

€ 8-bit write mode (byte): 1-AHB clock cycle operation.

€ 16-bit write mode (half-word): 2-AHB clock cycle operation.

€ 32-bit write mode (word): 4-AHB clock cycle operation.

- Supports byte alignment transfer data length and word alignment transfer source
address in CRC DMA mode.
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6.7.3 Block Diagram
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Figure 6-31 DMA Controller Block Diagram
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6.7.4  Functional Description

The direct memory access (DMA) controller module transfers data from one address to another
address, without CPU intervention. The DMA controller contains nine PDMA (Peripheral-to-
Memory or Memory-to-Peripheral or Memory-to-Memory) channels and one CRC generator
channel.

The CPU can recognize the completion of a DMA operation by software polling or when it
receives an internal DMA interrupt.

® PDMA

The DMA controller has nine channels PDMA (Peripheral-to-Memory or Memory-to-Peripheral or
Memory-to-Memory). As to the source and destination address, the PDMA controller has two
modes: increased and fixed.

Every PDMA channel behavior is not pre-defined, users must configure the channel service
settings of PDMA_PDSSRO0, PDMA_PDSSR1 and PDMA_PDSSR?2 registers before starting the
related PDMA channel.

Software must enable PDMA channel by setting PDMA_SCRx[PDMACEN] bit and then write a
valid source address to the PDMA_SARX register, a destination address to the PDMA_DARXx
register, and a transfer count to the PDMA_BCRXx register. Next, trigger the PDMA_CSRx
[TRIG_EN]. PDMA will continue the transfer until PDMA_CBCRXx counts down to 0. The following
seguence is a program sequence example.

® Enable PDMA peripheral clock by setting PDMA_EN bit in AHBCLK register.

® Configure the channel service setting by setting PDMA_PDSSR0O/ PDMA_PDSSR1/
PDMA_PDSSR?2 register.

® Configure PDMA_CSRX register:

- Enable PDMA channel(PDMACE)

- Set source/destination address direction(SAD_SEL / DAD_SEL)

- Configure PDMA mode selection(MODE_SEL)

- Configure peripherial transfer width selection(APB_TWS).
Configure source /destination address by setting PDMA_SARx/PDMA_DARKX registers.
Configure PDMA_transfer byte count by setting PDMA_BCRX register.
Enable PDMA block transfer done interrupt by setting BLKD_IE[PDMA_IERX]. (optional)
Enable PDMA NVIC by setting NVIC_ISER register bit 26 to “1”. (optional)
Enable PDMA read/write transfer by setting TRIG_EN bit in PDMA_CSRX register.

If PDMA block transfer done interrupt is generated, write “1” to PDMA_ISRx[BKLD_IF] by
software to clear interrupt flag.

® Enable PDMA read/write transfer by setting the TRIG_EN bit in PDMA_CSRXx register for
the next block transfer.

If an error occurs during the PDMA operation, the channel stops unless software clears the error
condition and sets the PDMA_CSRx [SW_RST] to reset the PDMA channel and set PDMA_CSRx
[PDMACEN] and [TRIG_EN] bits field to start again.

In PDMA (Peripheral-to-Memory or Memory-to-Peripheral) mode, DMA can transfer data between
the Peripherals APB IP (e.g. UART, SPI, ADC) and Memory.
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® CRC

The DMA controller contains a cyclic redundancy check (CRC) generator that can perform CRC
calculation with programmable polynomial settings. The operation polynomial includes CRC-
CCITT, CRC-8, CRC-16 and CRC-32; Software can choose the CRC operation polynomial mode
by setting CRC_MODE[1:0] (CRC_CTL[31:30] CRC Polynomial Mode).

The CRC engine supports CPU PIO mode if CRCCEN bit (CRC_CLT [0] CRC Channel Enable) is
1, TRIG_EN bit (CRC_CTL [23] CRC DMA Trigger Enable) is 0 and DMA transfer mode if
CRCCEN bit (CRC_CLT [0] CRC Channel Enable) is 1, TRIG_EN bit (CRC_CTL [23] CRC DMA
Trigger Enable) is 1. The following sequence is a program sequence example.

Procedure when operating in CPU PIO mode:
® Enable CRC engine by setting CRCCEN bit (CRC_CLT [0] CRC Channel Enable) to 1.

® Set the transfer data format WDATA_RVS (CRC_CTL [24] Write Data Order Reverse),
CHECKSUM_RVS (CRC_CTL [25] Checksum Reverse), WDATA_COM (CRC_CTL [26]
Write Data 1's Complement), CHECKSUM_COM (CRC_CTL [27] Checksum 1’s
Complement), initial seed value in CRC_SEED (CRC_SEED [31:0] CRC Seed Register)
and select write data length by setting CPU_WDLEN [1:0] (CRC_CTL [29:28] CPU Write
Data Length).

® Set the CRC_RST bit (CRC_CTL [1] CRC Engine Reset) to 1 to load the initial seed
value to CRC circuit but others contents of CRT_CTL register will not be cleared. This bit
will be cleared automatically.

® \Write data to CRC_WDATA (CRC_WDATA [31:0] CRC Write Data Register) to perform
CRC calculation.

® Then, get the CRC checksum results by reading the CRC_CHECKSUM
(CRC_CHECKSUM [31:0] CRC Checksum Register).

Procedure when operating in CRC DMA mode:
® Enable CRC engine by setting CRCCEN bit (CRC_CLT [0] CRC Channel Enable) to 1.

® Set the transfer data format WDATA_RVS (CRC_CTL [24] Write Data Order Reverse),
CHECKSUM_RVS (CRC_CTL [25] Checksum Reverse), WDATA_COM (CRC_CTL [26]
Write Data 1's Complement), CHECKSUM_COM (CRC_CTL [27] Checksum 1’s
Complement) and initial seed value in CRC_SEED (CRC_SEED [31:0] CRC Seed
Register).

® Specify a valid source address (word alignment) and transfer counts by setting
CRC_DMASAR (CRC_DMASAR[31:0] CRC DMA Transfer Source Address Register)
and CRC_DMABCR (CRC_DMABCR [15:0] CRC DMA Transfer Byte Count Register).

® Set TRIG_EN bit (CRC_CTL [23] CRC DMA Trigger Enable) to 1 to perform CRC
calculation.

® Wait CRC DMA transfer and check if CRC DMA transfer is done by the CRC_BLKD_IF
bit (CRC DMA Block Transfer Done Interrupt Flag), and then get the CRC checksum
results by reading the CRC_CHECKSUM (CRC_CHECKSUM [31:0] CRC Checksum
Register).
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R: read only, W: write only, R/W: both read and write

Register

Offset

R/W

Description

Reset Value

PDMA Base Address:

PDMA_CHx_BA = 0x5000_8000 + (0x100 * X)

x=0,1..8

CRC_BA = 0x5000_8E00
PDMA_GCR_BA = 0x5000_8F00

PDMA_CSRx PDMA_CHx_BA+0x00 [R/W |PDMA Channel x Control Register 0x0000_0000
PDMA_SARXx PDMA_CHx_BA+0x04 [R/W |PDMA Channel x Source Address Register 0x0000_0000
PDMA_DARX PDMA_CHx_BA+0x08 |R/W |PDMA Channel x Destination Address Register 0x0000_0000
PDMA_BCRXx PDMA_CHx_BA+0x0C |R/W |PDMA Channel x Transfer Byte Count Register 0x0000_0000
PDMA_POINTX PDMA_CHx_BA+0x10 [R PDMA Channel x Internal buffer pointer Register OxXXXX_0000
PDMA_CSARXx PDMA_CHx_BA+0x14 |R PDMA Channel x Current Source Address Register 0x0000_0000
PDMA_CDARX PDMA_CHx_BA+0x18 |R PDMA Channel x Current Destination Address Register |0x0000_0000
PDMA_CBCRx PDMA_CHx_BA+0x1C [R PDMA Channel x Current Transfer Byte Count Register |[0x0000_0000
PDMA_IERx PDMA_CHx_BA+0x20 [R/W |PDMA Channel x Interrupt Enable Register 0x0000_0001
PDMA_ISRx PDMA_CHx_BA+0x24 |R/W |PDMA Channel x Interrupt Status Register 0x0000_0000
PDMA_SBUFO0_Cx |PDMA_CHx_BA+0x80 |R PDMA Channel x Shared Buffer FIFO 0 Register 0x0000_0000
CRC_CTL CRC_BA+0x00 R/W |CRC Control Register 0x2000_0000
CRC_DMASAR CRC_BA+0x04 R/W |CRC DMA Source Address Register 0x0000_0000
CRC_DMABCR CRC_BA+0x0C R/W |CRC DMA Transfer Byte Count Register 0x0000_0000
CRC_DMACSAR |CRC_BA+0x14 R CRC DMA Current Source Address Register 0x0000_0000
CRC_DMACBCR |CRC_BA+0x1C R CRC DMA Current Transfer Byte Count Register 0x0000_0000
CRC_DMAIER CRC_BA+0x20 R/W |CRC DMA Interrupt Enable Register 0x0000_0001
CRC_DMAISR CRC_BA+0x24 R/W |CRC DMA Interrupt Status Register 0x0000_0000
CRC_WDATA CRC_BA+0x80 R/W |CRC Write Data Register 0x0000_0000
CRC_SEED CRC_BA+0x84 R/W |CRC Seed Register OXFFFF_FFFF
CRC_CHECKSUM |CRC_BA+0x88 R CRC Checksum Register OXFFFF_FFFF
PDMA_GCRCSR |PDMA_GCR_BA+0x00 [R/W |PDMA Global Control Register 0x0000_0000
PDMA_PDSSRO PDMA_GCR_BA+0x04 |R/W |PDMA Service Selection Control Register O OXFFFF_FFFF
PDMA_PDSSR1 PDMA_GCR_BA+0x08 [R/W |PDMA Service Selection Control Register 1 OXFFFF_FFFF
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PDMA_GCRISR PDMA_GCR_BA+0x0C [R PDMA Global Interrupt Status Register 0x0000_0000

PDMA_PDSSR2 PDMA_GCR_BA+0x10 [R/W |PDMA Service Selection Control Register 2 0x0000_00FF
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6.7.6  Register Description
PDMA Channel x Control Register (PDMA CSRXx)

Register Offset R/W  |Description Reset Value
PDMA_CSRx PDMA_CHx_BA+0x00 |R/W |PDMA Channel x Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TRIG_EN Reserved APB_TWS Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
DAD_SEL SAD_SEL MODE_SEL SW_RST PDMACEN
Bits Description
[31:24] Reserved Reserved.

Trigger Enable Bit
0 = No effect.
1 = PDMA data read or write transfer Enabled.

[23] TRIG_EN
Note: When PDMA transfer completed, this bit will be cleared automatically.
If the bus error occurs, all PDMA transfer will be stopped. Software must reset all PDMA
channel, and then trigger again.

[22:21] Reserved Reserved.

Peripheral Transfer Width Selection

00 = One word (32-bit) is transferred for every PDMA operation.

01 = One byte (8-bit) is transferred for every PDMA operation.
[20:19] APB_TWS 10 = One half-word (16-bit) is transferred for every PDMA operation.
11 = Reserved.

Note: This field is meaningful only when MODE_SEL is Peripheral to Memory mode
(Peripheral-to-Memory) or Memory to Peripheral mode (Memory-to-Peripheral).

[18:8] Reserved Reserved.

Transfer Destination Address Direction Selection

00 = Transfer destination address is increasing successively.
[7:6] DAD_SEL 01 = Reserved.

10 = Transfer destination address is fixed. (This feature can be used when data where
transferred from multiple sources to a single destination).

11 = Reserved.
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Transfer Source Address Direction Selection

00 = Transfer source address is increasing successively.
[5:4] SAD_SEL 01 = Reserved.

10 = Transfer source address is fixed (This feature can be used when data where
transferred from a single source to multiple destinations).

11 = Reserved.

PDMA Mode Selection

00 = Memory to Memory mode (Memory-to-Memory).
[3:2] MODE_SEL ) 2 Y ( i y )
01 = Peripheral to Memory mode (Peripheral-to-Memory).

10 = Memory to Peripheral mode (Memory-to-Peripheral).

Software Engine Reset
0 = No effect.

1 = Reset the internal state machine, pointers and internal buffer. The contents of control
register will not be cleared. This bit will be automatically cleared after few clock cycles.

1 SW_RST

PDMA Channel Enable Bit

Setting this bit to 1 enables PDMA operation. If this bit is cleared, PDMA will ignore all
PDMA request and force Bus Master into IDLE state.

Note: SW_RST(PDMA_CSRXx[1], x= 0~8) will clear this bit.

[o] PDMACEN
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PDMA Channel x Source Address Register (PDMA _SARX)

Register Offset R/W [Description Reset Value
PDMA_SARX PDMA_CHx_BA+0x04 |R/W |PDMA Channel x Source Address Register 0x0000_0000
31 30 29 28 27 26 25 24
PDMA_SAR
23 22 21 20 19 18 17 16
PDMA_SAR
15 14 13 12 11 10 9 8
PDMA_SAR
7 6 5 4 3 2 1 0
PDMA_SAR
Bits Description
PDMA Transfer Source Address Register
[31:0] PDMA_SAR This field indicates a 32-bit source address of PDMA.
Note: The source address must be word alignment.
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PDMA Channel x Destination Address Register (PDMA DARX)

Register Offset R/W  |Description Reset Value
PDMA_DARX PDMA_CHx_BA+0x08 |R/W |PDMA Channel x Destination Address Register 0x0000_0000
31 30 29 28 27 26 25 24
PDMA_DAR
23 22 21 20 19 18 17 16
PDMA_DAR
15 14 13 12 11 10 9 8
PDMA_DAR
7 6 5 4 3 2 1 0
PDMA_DAR
Bits Description
PDMA Transfer Destination Address Register
[31:0] PDMA_DAR This field indicates a 32-bit destination address of PDMA.
Note: The destination address must be word alignment
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PDMA Channel x Transfer Byte Count Reqgister (PDMA BCRXx)

Register Offset R/W  |Description Reset Value
PDMA_BCRx PDMA_CHx_BA+0x0C [R/W |PDMA Channel x Transfer Byte Count Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PDMA_BCR
7 6 5 4 3 2 1 0
PDMA_BCR
Bits Description
[31:16] Reserved Reserved.
PDMA Transfer Byte Count Register
[15:0] PDMA_BCR Tlhis field indicates a 16-bit transfer byte count number of PDMA; it must be word
alignment.

Apr. 08, 2020 Page 238 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

PDMA Channel x Internal Buffer Pointer Reqister (PDMA POINTX)

Register Offset R/W [Description Reset Value
PDMA_POINTX PDMA_CHx_BA+0x10 |R PDMA Channel x Internal buffer pointer Register OXxXXXX_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PDMA_POINT
Bits Description
[31:4] Reserved Reserved.
[3:0] PDMA_POINT PI?MA Int.err?al BufferIPointer Registe'r (Read Only)
This field indicates the internal buffer pointer.
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PDMA Channel x Current Source Address Reqgister (PDMA CSARX)

Register Offset R/W [Description Reset Value
PDMA_CSARX PDMA_CHx_BA+0x14 |R PDMA Channel x Current Source Address Register 0x0000_0000
31 30 29 28 27 26 25 24
PDMA_CSAR
23 22 21 20 19 18 17 16
PDMA_CSAR
15 14 13 12 11 10 9 8
PDMA_CSAR
7 6 5 4 3 2 1 0
PDMA_CSAR
Bits Description
[31.0] PDMA_CSAR PI?MA Cu‘rre.nt Source Address Register (Read Only) -
This field indicates the source address where the PDMA transfer just occurred.
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PDMA Channel x Current Destination Address Register (PDMA CDARX)

Register Offset R/W |Description Reset Value
PDMA_CDARX PDMA_CHx_BA+0x18 |R PDMA Channel x Current Destination Address Register  |0x0000_0000
31 30 29 28 27 26 25 24
PDMA_CDAR
23 22 21 20 19 18 17 16
PDMA_CDAR
15 14 13 12 11 10 9 8
PDMA_CDAR
7 6 5 4 3 2 1 0
PDMA_CDAR
Bits Description
[31.0] PDMA_CDAR PI?MA Cu‘rre.nt Destinatioh Aqdress Register (Read Only) -
This field indicates the destination address where the PDMA transfer just occurred.
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PDMA Channel x Current Byte Count Reqgister (PDMA CBCRXx)

Register Offset R/W |Description Reset Value
PDMA_CBCRX PDMA_CHx_BA+0x1C |R PDMA Channel x Current Transfer Byte Count Register  |0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PDMA_CBCR
7 6 5 4 3 2 1 0
PDMA_CBCR
Bits Description
[31:16] Reserved Reserved.
PDMA Current Byte Count Register (Read Only)
[15:0] PDMA_CBCR This field indicates the current remained byte count of PDMA.
Note: This field value will be cleared to 0, when software set PDMA_CSRx[SW_RST] to
“17.
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PDMA Channel x Interrupt Enable Control Reqgister (PDMA IERX)

Register Offset R/W [Description Reset Value
PDMA_IERX PDMA_CHx_BA+0x20 |R/W |PDMA Channel x Interrupt Enable Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BLKD_IE TABORT_IE
Bits Description
[31:2] Reserved Reserved.
PDMA Block Transfer Done Interrupt Enable Bit
[1] BLKD_IE 0 = Interrupt generator Disabled when PDMA transfer is done.
1 = Interrupt generator Enabled when PDMA transfer is done.
PDMA Read/Write Target Abort Interrupt Enable Bit
[0] TABORT_IE 0 = Target abort interrupt generation Disabled during PDMA transfer.
1 = Target abort interrupt generation Enabled during PDMA transfer.
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PDMA Channel x Interrupt Status Register (PDMA ISRXx)

Register Offset R/W  |Description Reset Value
PDMA_ISRx PDMA_CHx_BA+0x24 |R/W |PDMA Channel x Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BLKD_IF TABORT_IF
Bits Description
[31:2] Reserved Reserved.
PDMA Block Transfer Done Interrupt Flag
This bit indicates that PDMA has finished all transfers.
[1] BLKD_IF 0 = Not finished.
1 = Done.
Note: This bit can be cleared by writing ‘1’ to it.
PDMA Read/Write Target Abort Interrupt Flag
0 = No bus ERROR response received.
[0] TABORT_IF .
1 = Bus ERROR response received.
Note: This bit can be cleared by writing ‘1’ to it.

Note: PDMA_ISR [TABORT_IF] indicate bus master received ERROR response or not. If bus master received ERROR
response, it means that target abort is happened. PDMAC will stop transfer and respond this event to software then goes to
IDLE state. When target abort occurred, software must reset PDMA, and then transfer those data again
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PDMA Shared Buffer FIFO 0 (PDMA _SBUFQ Cx)

Register Offset R/W [Description Reset Value
PDMA_SBUFO_Cx |PDMA_CHx_BA+0x80 |R PDMA Channel x Shared Buffer FIFO 0 Register 0x0000_0000
31 30 29 28 27 26 25 24
PDMA_SBUFO
23 22 21 20 19 18 17 16
PDMA_SBUFO
15 14 13 12 11 10 9 8
PDMA_SBUFO
7 6 5 4 3 2 1 0
PDMA_SBUF0
Bits Description
[31.0] PDMA_SBUFO PDMA Shared Buffer FIFO 0 (Re.ad Only)
Each channel has its own 1 word internal buffer.
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CRC Control Register (CRC CTL)

Register Offset R/W  |Description Reset Value
CRC_CTL CRC_BA+0x00 R/W |CRC Control Register 0x2000_0000
31 30 29 28 27 26 25 24
CRC_MODE CPU_WDLEN CHECKSUM_ WDATA_COM CHECKSUM_ WDATA_RVS
COM RVS
23 22 21 20 19 18 17 16
TRIG_EN Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CRC_RST CRCCEN
Bits Description

CRC Polynomial Mode

This field indicates the CRC operation polynomial mode.
00 = CRC-CCITT Polynomial Mode.

01 = CRC-8 Polynomial Mode.

10 = CRC-16 Polynomial Mode.

11 = CRC-32 Polynomial Mode.

[31:30] CRC_MODE

CPU Write Data Length

This field indicates the CPU write data length only when operating in CPU PIO mode.
00 = The write data length is 8-bit mode.

01 = The write data length is 16-bit mode.

[29:28] CPU_WDLEN 10 = The write data length is 32-bit mode.

11 = Reserved.

Notel: This field is only valid when operating in CPU PIO mode.

Note2: When the write data length is 8-bit mode, the valid data in CRC_WDATA register is
only CRC_WDATA [7:0] bits; if the write data length is 16-bit mode, the valid data in
CRC_WDATA register is only CRC_WDATA [15:0].

Checksum 1’s Complement

This bit is used to enable the 1’s complement function for checksum result in
[27] CHECKSUM_COM CRC_CHECKSUM register.
0 = 1’s complement for CRC checksum Disabled.

1 = 1’s complement for CRC checksum Enabled.

Write Data 1’s Complement

This bit is used to enable the 1's complement function for write data value in CRC_WDTAT
[26] WDATA_COM register.
0 = 1’s complement for CRC write data in Disabled.

1 = 1’s complement for CRC write data in Enabled.
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Checksum Reverse

This bit is used to enable the bit order reverse function for write data value in
CRC_CHECKSUM register.

[25] CHECKSUM_RVS |0 = Bit order reverse for CRC checksum Disabled.
1 = Bit order reverse for CRC checksum Enabled.

Note: If the checksum result is 0XDD7BOF2E, the bit order reverse for CRC checksum is
0x74FODEBB

Write Data Order Reverse

This bit is used to enable the bit order reverse function for write data value in
CRC_WDTAT register.

[24] WDATA_RVS 0 = Bit order reverse for CRC write data in Disabled.
1 = Bit order reverse for CRC write data in Enabled (per byre).

Note: If the write data is OXAABBCCDD, the bit order reverse for CRC write data in is
0x55DD33BB

Trigger Enable Bit

This bit is used to trigger the CRC DMA transfer.
0 = No effect.

1 = CRC DMA data read or write transfer Enabled.

(23] TRIG_EN Notel: If this bit asserts which indicates the CRC engine operation in CRC DMA mode, do
not fill in any data in CRC_WDATA register.
Note2: When CRC DMA transfer completed, this bit will be cleared automatically.
Note3: If the bus error occurs when CRC DMA transfer data, all CRC DMA transfer will be
stopped. Software must reset all DMA channel before trigger DMA again.

[22:2] Reserved Reserved.
CRC Engine Reset
0 = No effect.

11 CRC RST 1 = Reset the internal CRC state machine and internal buffer. The others contents of

CRC_CTL register will not be cleared. This bit will be cleared automatically.

Note: When operated in CPU PIO mode, setting this bit will reload the initial seed value
(CRC_SEED register).

CRC Channel Enable Bit
Setting this bit to 1 enables CRC operation.

When operating in CRC DMA mode (TRIG_EN = 1), if user clears this bit, the DMA
operation will be continuous until all CRC DMA operation is done, and the TRIG_EN bit will
[a] CRCCEN keep 1until all CRC DMA operation done. But in this case, the CRC_DMAISR [BLKD_IF]
flag will inactive, user can read CRC checksum result only if TRIG_EN clears to 0

When operating in CRC DMA mode (TRIG_EN = 1), if user wants to stop the transfer
immediately, user can write 1 to CRC_RST bit (CRC_CTL [1] CRC Engine Reset) to stop
the transmission.
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CRC DMA Source Address Register (CRC DMASAR)

Register Offset R/W [Description Reset Value
CRC_DMASAR CRC_BA+0x04 R/W |CRC DMA Source Address Register 0x0000_0000
31 30 29 28 27 26 25 24
CRC_DMASAR
23 22 21 20 19 18 17 16
CRC_DMASAR
15 14 13 12 11 10 9 8
CRC_DMASAR
7 6 5 4 3 2 1 0
CRC_DMASAR
Bits Description
CRC DMA Transfer Source Address Register
This field indicates a 32-bit source address of CRC DMA.
[31:0] CRC_DMASAR
(CRC_DMASAR + CRC_DMABCR) = (CRC_DMACSAR + CRC_DMACBCR).
Note: The source address must be word alignment

Apr. 08, 2020 Page 248 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

CRC DMA Transfer Byte Count Register (CRC DMABCR)

Register Offset R/W [Description Reset Value
CRC_DMABCR CRC_BA+0x0C R/W |CRC DMA Transfer Byte Count Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CRC_DMABCR
7 6 5 4 3 2 1 0
CRC_DMABCR
Bits Description
[31:16] Reserved Reserved.
CRC DMA Transfer Byte Count Register
[15:0] CRC_DMABCR This field indicates a 16-bit total transfer byte count number of CRC DMA
(CRC_DMASAR + CRC_DMABCR) = (CRC_DMACSAR + CRC_DMACBCR).
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CRC DMA Current Source Address Register (CRC DMACSAR)

Register Offset R/W  |Description Reset Value
CRC_DMACSAR |CRC_BA+0x14 R CRC DMA Current Source Address Register 0x0000_0000
31 30 29 28 27 26 25 24

CRC_DMACSAR

23 22 21 20 19 18 17 16

CRC_DMACSAR

15 14 13 12 11 10 9 8

CRC_DMACSAR

7 6 5 4 3 2 1 0

CRC_DMACSAR

Bits Description

CRC DMA Current Source Address Register (Read Only)
[31:0] CRC_DMACSAR |This field indicates the current source address where the CRC DMA transfer just occurs.
(CRC_DMASAR + CRC_DMABCR) = (CRC_DMACSAR + CRC_DMACBCR).

Apr. 08, 2020 Page 250 of 597 Rev 1.04



NnuvoTonN

CRC DMA Current Transfer Byte Count Register (CRC DMACBCR)

NUC100/120xxxDN

Register Offset R/W  |Description Reset Value
CRC_DMACBCR |CRC_BA+0x1C R CRC DMA Current Transfer Byte Count Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CRC_DMACBCR
7 6 5 4 3 2 1 0
CRC_DMACBCR
Bits Description
[31:16] Reserved Reserved.
CRC DMA Current Remained Byte Count Register (Read Only)
[15:0] CRC_DMACBCR This field indicates the current remained byte count of CRC DMA.
(CRC_DMASAR + CRC_DMABCR) = (CRC_DMACSAR + CRC_DMACBCR).
Note: Setting CRC_RST bit to 1 will clear this register value.
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CRC DMA Interrupt Enable Register (CRC DMAIER)

Register Offset R/W  |Description Reset Value
CRC_DMAIER CRC_BA+0x20 R/W |CRC DMA Interrupt Enable Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CRC_BLKD_ |CRC_TABOR
IE TIE

Bits Description

[31:2] Reserved Reserved.

CRC DMA Block Transfer Done Interrupt Enable Bit

Enable this bit will generate the CRC DMA Transfer Done interrupt signal while

CRC_BLKD_IF bit (CRCDMAISR [1] CRC DMA Block Transfer Done Interrupt Flag) is set
[1 CRC_BLKD_IE |1,

0 = Interrupt generator Disabled when CRC DMA transfer done.
1 = Interrupt generator Enabled when CRC DMA transfer done.

CRC DMA Read/Write Target Abort Interrupt Enable Bit

Enable this bit will generate the CRC DMA Target Abort interrupt signal while

CRC_TARBOT_IF bhit (CRCDMAISR [0] CRC DMA Read/Write Target Abort Interrupt
[0] CRC_TABORT_IE |Flag)s set o 1.

0 = Target abort interrupt generation Disabled during CRC DMA transfer.
1 = Target abort interrupt generation Enabled during CRC DMA transfer.

Apr. 08, 2020 Page 252 of 597 Rev 1.04



NnuvoTonN

NUC100/120xxxDN

CRC DMA Interrupt Status Register (CRC DMAISR)

Register Offset R/W  |Description Reset Value
CRC_DMAISR CRC_BA+0x24 R/W |CRC DMA Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CRC_BLKD_||CRC_TABOR
F TIF

Bits Description

[31:2] Reserved Reserved.
CRC DMA Block Transfer Done Interrupt Flag
This bit indicates that CRC DMA transfer has finished or not.
0 = Not finished if TRIG_EN bit has enabled.

[1] CRC_BLKD_IF =

1 = CRC transfer done if TRIG_EN bit has enabled.
Note: It is cleared by writing 1 to it through software..
(When CRC DMA transfer done, TRIG_EN bit will be cleared automatically)

CRC DMA Read/Write Target Abort Interrupt Flag

This bit indicates that CRC bus has error or not during CRC DMA transfer.
[0] CRC_TABORT_IF |0 = No bus error response received during CRC DMA transfer.

1 = Bus error response received during CRC DMA transfer.

Note: It is cleared by writing 1 to it through software.

Note: The CRC_TABORT_IF bit (CRC_DMAISR [0]) indicate bus master received error response or not. If bus master received
error response, it means that CRC transfer target abort is happened. DMA will stop transfer and respond this event to software
then CRC state machine goes to IDLE state. When target abort occurred, software must reset DMA before transfer those data
again.
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CRC Write Data Register (CRC WDATA)

Register Offset R/W  |Description Reset Value
CRC_WDATA CRC_BA+0x80 R/W |CRC Write Data Register 0x0000_0000
31 30 29 28 27 26 25 24
CRC_WDATA
23 22 21 20 19 18 17 16
CRC_WDATA
15 14 13 12 11 10 9 8
CRC_WDATA
7 6 5 4 3 2 1 0
CRC_WDATA
Bits Description
CRC Write Data Register
When operating in CPU PIO mode, software can write data to this field to perform CRC
operation.
[31:0] CRC WDATA When operating in DMA mode, this field indicates the DMA read data from memory and
- cannot be written.
Note: When the write data length is 8-bit mode, the valid data in CRC_WDATA register is
only CRC_WDATA [7:0] bits; if the write data length is 16-bit mode, the valid data in
CRC_WDATA register is only CRC_WDATA [15:0].
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CRC Seed Register (CRC _SEED)

Register Offset R/W  |Description Reset Value
CRC_SEED CRC_BA+0x84 R/W |CRC Seed Register OXFFFF_FFFF
31 30 29 28 27 26 25 24
CRC_SEED
23 22 21 20 19 18 17 16
CRC_SEED
15 14 13 12 11 10 9 8
CRC_SEED
7 6 5 4 3 2 1 0
CRC_SEED
Bits Description
[31:0] CRC_SEED CR.C ,Seefj R_egiSter
This field indicates the CRC seed value.
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CRC Checksum Register (CRC CHECKSUM)

Register Offset R/W  |Description Reset Value
CRC_CHECKSUM |CRC_BA+0x88 R CRC Checksum Register OXFFFF_FFFF
31 30 29 28 27 26 25 24

CRC_CHECKSUM

23 22 21 20 19 18 17 16

CRC_CHECKSUM

15 14 13 12 11 10 9 8

CRC_CHECKSUM

7 6 S| 4 3 2 1 0

CRC_CHECKSUM

Bits Description

CRC Checksum Register

[31:0] CRC_CHECKSUM|_ —~ 7
This fields indicates the CRC checksum result
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PDMA Global Control Register (PDMA GCRCSR)

Register Offset R/W  |Description Reset Value
PDMA_GCRCSR |PDMA_GCR_BA+0x00 [R/W [|PDMA Global Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CRC_CLK_EN
23 22 21 20 19 18 17 16
Reserved CLK8_EN
15 14 13 12 11 10 9 8
CLK7_EN CLK6_EN CLK5_EN CLK4_EN CLK3_EN CLK2_EN CLK1_EN CLKO_EN
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:25] Reserved Reserved.

CRC Controller Clock Enable Control
[24] CRC_CLK_EN 0 = CRC controller clock Disabled.
1 = CRC controller clock Enabled.

[23:17] Reserved Reserved.

PDMA Controller Channel 8 Clock Enable Control
[16] CLK8_EN 0 = PDMA channel 8 clock Disabled.
1 = PDMA channel 8 clock Enabled.

PDMA Controller Channel 7 Clock Enable Control
[15] CLK7_EN 0 = PDMA channel 7 clock Disabled.
1 = PDMA channel 7 clock Enabled.

PDMA Controller Channel 6 Clock Enable Control
[14] CLK6_EN 0 = PDMA channel 6 clock Disabled.
1 = PDMA channel 6 clock Enabled.

PDMA Controller Channel 5 Clock Enable Control
[13] CLK5_EN 0 = PDMA channel 5 clock Disabled.
1 = PDMA channel 5 clock Enabled.

PDMA Controller Channel 4 Clock Enable Control
[12] CLK4_EN 0 = PDMA channel 4 clock Disabled.
1 = PDMA channel 4 clock Enabled.

PDMA Controller Channel 3 Clock Enable Control
[11] CLK3_EN 0 = PDMA channel 3 clock Disabled.
1 = PDMA channel 3 clock Enabled.
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PDMA Controller Channel 2 Clock Enable Control
[10] CLK2_EN 0 = PDMA channel 2 clock Disabled.
1 = PDMA channel 2 clock Enabled.

PDMA Controller Channel 1 Clock Enable Control
[9] CLK1_EN 0 = PDMA channel 1 clock Disabled.
1 = PDMA channel 1 clock Enabled.

PDMA Controller Channel 0 Clock Enable Control
[8] CLKO_EN 0 = PDMA channel 0 clock Disabled.
1 = PDMA channel 0 clock Enabled.

[7:0] Reserved Reserved.
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PDMA Service Selection Control Register 0 (PDMA PDSSRO0)

Register Offset R/W |Description Reset Value
PDMA_PDSSRO PDMA_GCR_BA+0x04 |[R/W |PDMA Service Selection Control Register O OXFFFF_FFFF
31 30 29 28 27 26 25 24
SPI3_TXSEL SPI3_RXSEL
23 22 21 20 19 18 17 16
SPI2_TXSEL SPI2_RXSEL
15 14 13 12 11 10 9 8
SPI1_TXSEL SPI1_RXSEL
7 6 5 4 3 2 1 0
SPIO_TXSEL SPI0_RXSEL
Bits Description

PDMA SPI3 TX Selection

[31:28] SPI3 TXSEL This field defines which PDMA channel is connected to the on-chip peripheral SPI3 TX.
- Software can configure the TX channel setting by SPI3_TXSEL. The channel configuration
is the same as SPI0_RXSEL field. Please refer to the explanation of SPI0_RXSEL.

PDMA SPI3 RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral SPI3 RX.
[27:24] SPI3_RXSEL Software can configure the RX channel setting by SPI3_RXSEL. The channel
configuration is the same as SPI0_RXSEL field. Please refer to the explanation of
SPIO_RXSEL.

PDMA SPI2 TX Selection

[23:20] SPI2 TXSEL This field defines which PDMA channel is connected to the on-chip peripheral SPI2 TX.
- Software can configure the TX channel setting by SP12_TXSEL. The channel configuration
is the same as SPI0_RXSEL field. Please refer to the explanation of SPI0_RXSEL.

PDMA SPI2 RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral SPI2 RX.
[19:16] SPI2_RXSEL Software can configure the RX channel setting by SPI2_RXSEL. The channel
configuration is the same as SPI0_RXSEL field. Please refer to the explanation of
SPIO_RXSEL.

PDMA SPI1 TX Selection

[15:12] SPI1 TXSEL This field defines which PDMA channel is connected to the on-chip peripheral SPI1 TX.
- Software can configure the TX channel setting by SPI1_TXSEL. The channel configuration
is the same as SPI0_RXSEL field. Please refer to the explanation of SPI0_RXSEL.

PDMA SPI1 RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral SPI1 RX.
[11:8] SPI1_RXSEL Software can configure the RX channel setting by SPI1_RXSEL. The channel
configuration is the same as SPI0_RXSEL field. Please refer to the explanation of
SPIO_RXSEL.

PDMA SPIO TX Selection

[7:4] SPI0 TXSEL This field defines which PDMA channel is connected to the on-chip peripheral SPI0 TX.
- Software can configure the TX channel setting by SPI0_TXSEL. The channel configuration
is the same as SPI0_RXSEL field. Please refer to the explanation of SPI0_RXSEL.
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PDMA SPI0 RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral SPI0 RX.
Software can change the channel RX setting by SPI0_RXSEL

4’b0000: CHO
4’b0001: CH1
4’b0010: CH2
4’b0011: CH3
[3:0] SPIO_RXSEL 4’b0100: CH4
4’b0101: CH5
4’b0110: CH6
4'b0111: CH7
4’b1000: CH8
Others : Reserved

Note: For example, SPI0_RXSEL = 4’'b0110, that means SPI0_RX is connected to
PDMA_CHS6.
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PDMA Service Selection Control Register 1 (PDMA PDSSR1)

Register Offset R/W |Description Reset Value
PDMA_PDSSR1 PDMA_GCR_BA+0x08 |R/W |PDMA Service Selection Control Register 1 OXFFFF_FFFF
31 30 29 28 27 26 25 24
Reserved ADC_RXSEL
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
UART1_TXSEL UART1_RXSEL
7 6 5 4 3 2 1 0
UARTO_TXSEL UARTO_RXSEL
Bits Description
[31:28] Reserved Reserved.
PDMA ADC RX Selection
This field defines which PDMA channel is connected to the on-chip peripheral ADC RX.
[27:24] ADC_RXSEL Software can configure the RX channel setting by ADC_RXSEL. The channel
configuration is the same as UARTO_RXSEL field. Please refer to the explanation of
UARTO_RXSEL
[23:16] Reserved Reserved.
PDMA UART1 TX Selection
This field defines which PDMA channel is connected to the on-chip peripheral UART1 TX.
[15:12] UARTL_TXSEL  |software can configure the TX channel setting by UART1_TXSEL. The channel
configuration is the same as UARTO_RXSEL field. Please refer to the explanation of
UARTO_RXSEL
PDMA UART1 RX Selection
This field defines which PDMA channel is connected to the on-chip peripheral UART1 RX.
[11:8] UARTL RXSEL  |software can configure the RX channel setting by UART1_RXSEL. The channel
configuration is the same as UARTO_RXSEL field. Please refer to the explanation of
UARTO_RXSEL
PDMA UARTO TX Selection
This field defines which PDMA channel is connected to the on-chip peripheral UARTO TX.
[7:4] UARTO_TXSEL  |software can configure the TX channel setting by UARTO_TXSEL. The channel
configuration is the same as UARTO_RXSEL field. Please refer to the explanation of
UARTO_RXSEL
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PDMA UARTO RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral UARTO RX.
Software can change the channel RX setting by UARTO_RXSEL

4’b0000: CHO
4’b0001: CH1
4’b0010: CH2
4’b0011: CH3
[3:0] UARTO_RXSEL  [4’'b0100: CH4
4’b0101: CH5
4’b0110: CH6
4'b0111: CH7
4’b1000: CH8
Others : Reserved

Note: For example, UARTO_RXSEL = 4’b0110, which means UARTO_RX is connected to
PDMA_CHS6.
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PDMA Global Interrupt Status Register (PDMA GCRISR)

Register Offset R/W |Description Reset Value
PDMA_GCRISR PDMA_GCR_BA+0x0C [R PDMA Global Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
INTR Reserved
23 22 21 20 19 18 17 16
Reserved INTRCRC
15 14 13 12 11 10 9 8
Reserved INTR8
7 6 5 4 3 2 1 0
INTR7 INTR6 INTR5 INTR4 INTR3 INTR2 INTR1 INTRO
Bits Description
Interrupt Status (Read Only)
[31] INTR o .
This bit is the interrupt status of PDMA controller.
[30:17] Reserved Reserved.
Interrupt Status of CRC Controller (Read Only)
[16] INTRCRC o .
This bit is the interrupt status of CRC controller
[15:9] Reserved Reserved.
Interrupt Status of Channel 8 (Read Only)
[8] INTR8 o .
This bit is the interrupt status of PDMA channel8.
Interrupt Status of Channel 7 (Read Only)
[7] INTR7 o )
This bit is the interrupt status of PDMA channel7.
Interrupt Status of Channel 6 (Read Only)
[6] INTR6 o .
This bit is the interrupt status of PDMA channel6.
Interrupt Status of Channel 5 (Read Only)
[5] INTR5 o .
This bit is the interrupt status of PDMA channel5.
Interrupt Status of Channel 4 (Read Only)
[4] INTR4 o )
This bit is the interrupt status of PDMA channel4.
Interrupt Status of Channel 3 (Read Only)
[3] INTR3 o .
This bit is the interrupt status of PDMA channel3.
Interrupt Status of Channel 2 (Read Only)
[2] INTR2 o .
This bit is the interrupt status of PDMA channel2.
Interrupt Status of Channel 1 (Read Only)
[1] INTR1 o .
This bit is the interrupt status of PDMA channell.
Interrupt Status of Channel 0 (Read Only)
[0] INTRO o .
This bit is the interrupt status of PDMA channelO.
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PDMA Service Selection Control Register 2 (PDMA PDSSR?2)

Register Offset R/W  |Description Reset Value
PDMA_PDSSR2 [PDMA_GCR_BA+0x10 [R/W |PDMA Service Selection Control Register 2 0x0000_O00FF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
12S_TXSEL 12S_RXSEL
Bits Description
[31:8] Reserved Reserved.

PDMA I°S TX Selection

[7:4] 12S TXSEL This field defines which PDMA channel is connected to the on-chip peripheral I°S TX.
- Software can configure the TX channel setting by 12S_TXSEL. The channel configuration
is the same as 12S_RXSEL field. Please refer to the explanation of 12S_RXSEL.

PDMA I°S RX Selection

This field defines which PDMA channel is connected to the on-chip peripheral 1°S RX.
Software can change the channel RX setting by 12S_RXSEL

4’b0000: CHO
4’b0001: CH1
4’b0010: CH2
4’b0011: CH3
[3:0] 12S_RXSEL 4’b0100: CH4
4’b0101: CH5
4’b0110: CH6
4’b0111: CH7
4’b1000: CH8
Others : Reserved

Note: For example: 12S_RXSEL = 4'b0110, that means 12S_RX is connected to
PDMA_CHS6.
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6.8 Timer Controller (TMR)

6.8.1 Overview

The timer controller includes four 32-bit timers, TIMERO~TIMER3, allowing user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, event counting, interval measurement, clock generation, and delay timing. The
timer can generate an interrupt signal upon time-out, or provide the current value during
operation.

6.8.2 Features

Four sets of 32-bit timers with 24-bit up counter and one 8-bit prescale counter
Independent clock source for each timer

Provides one-shot, periodic, toggle and continuous counting operation modes

Time-out period = (Period of timer clock input) * (8-bit prescale counter + 1) * (24-bit TCMP)
Maximum counting cycle time = (1 / T MHz) * (2°) * (2*%), T is the period of timer clock
24-bit up counter value is readable through TDR (Timer Data Register)

Supports event counting function to count the event from external pin

Supports external pin capture function for interval measurement

Supports external pin capture function for reset timer counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is generated
(TIF setto 1)
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6.8.3 Block Diagram

Each channel is equipped with an 8-bit prescale counter, a 24-bit up counter, a 24-bit compare
register (TCMPR) and an interrupt request signal (TIF). Refer to Figure 6-33 for the timer
controller block diagram. There are six options of clock sources for each channel. Figure 6-34
illustrates the clock source control function. Software can program the 8-bit prescale counter to
decide the clock period to 24-bit up counter.

WAKE_EN
24-bit TCMPR[23:0] | | (TCSRI23))

CRST(TCSR[26]) : TWE

Reset counter (TISR[1]) | Timer

wakeup
CEN(TCSR[30]) > TIE
TISR[O
| | — (TISR[0)
8-hit Internal 24-bit
1
pre-scale up-counter
TMO-
T™3

TDR_EN Load ?
(TCSRJ[16]) Reset counter

24-bit TDR[23:0]
RSTCAPSEL

TEXEN
(TEXCON[3) (TEXCONED || e X?
TEXIF é )
(TEXISR[O]) [ Timer

- interrupt
24-bit TCAP[23:0]

(TCSR[24])

TX_PHASE
(TEXCONIO])

TMO_EXT

IE
(TCSR[29])

TM3_EXT

0
1
~J

TEX_EDGE
(TEXCON[2:1]) TEXIEN(TEXCONI5])

Figure 6-33 Timer Controller Block Diagram

TMRO_S (CLKSELL[10:8]),
TMR1_S (CLKSEL1[14:12]),
TMR2_S (CLKSEL1[18:16]),
TMR3_S (CLKSEL1[22:20])

TMRO_EN(APBCLK][2]),
TMR1_EN(APBCLK]3]),
TMR2_EN(APBCLKI4]),
TMR3_EN(APBCLK]S])

22.1184 MHz
—» 111

10 kHz
101

TO/TL/T2/T3 011 : TMRx_CLK
HCLK >
——» 010

32.768 kHz
e

A\

001

4~24 MHz
— 000

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-34 Clock Source of Timer Controller
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6.8.4  Functional Description

Timer controller provides One-shot, Period, Toggle and Continuous Counting operation modes.
The event counting function is also provided to count the events/counts from external pin and
external pin capture function for interval measurement or reset timer counter. Each operating
function mode is shown as follows:

6.8.4.1 One-shot Mode

If the timer is operated in One-shot mode (TCSR MODEJ1:0] is 0x0) and CEN (TCSRJ[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer interrupt flag) will
be set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer interrupt flag) is
1 then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the
timer counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt
signal is generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[0] timer interrupt flag) will set to 1, timer counting operation stops and
the timer counter value (TDR value) goes back to counting initial value then CEN (TCSR[30] timer
enable bit) is cleared to 0 by timer controller automatically. That is to say, timer operates timer
counting and compares with TCMPR value function only one time after programming the timer
compare register (TCMPR) value and CEN (TCSR[30] timer enable bit) is set to 1. So, this
operating mode is called One-Shot mode.

6.8.4.2 Periodic Mode

If the timer is operated in Period mode (TCSR MODE[1:0] is 0x1) and CEN (TCSR[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[0] timer interrupt flag) will
set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer interrupt flag) is 1
then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the timer
counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt signal is
generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[0] timer interrupt flag) will set to 1, the timer counter value (TDR value)
goes back to counting initial value and CEN (TCSR[30] timer enable bit) is kept at 1 (counting
enable continuously) and timer counter operates up counting again. If TIF (TISR[O] timer interrupt
flag) is cleared by software, once the timer counter value (TDR value) reaches timer compare
register (TCMPR) value again, TIF (TISR[O] timer interrupt flag) will set to 1 also. That is to say,
timer operates timer counting and compares with TCMPR value function periodically. The timer
counting operation does not stop until the CEN (TCSR[30] timer enable bit) is set to 0. The
interrupt signal is also generated periodically. So, this operating mode is called Periodic mode.

6.8.4.3 Toggle Mode

If the timer is operated in Toggle mode (TCSR MODEJ1:0] is 0x2) and CEN (TCSR[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer interrupt flag) will
set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer interrupt flag) is 1
then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the timer
counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt signal is
generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
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(TCMPR) value, TIF (TISR[O] timer interrupt flag) will set to 1, toggle out signal (TMx pin) is set to
1, the timer counter value (TDR value) goes back to counting initial value and CEN (TCSR[30]
timer enable bit) is kept at 1 (counting enable continuously) and timer counter operates up
counting again. If TIF (TISR[O] timer interrupt flag) is cleared by software, once the timer counter
value (TDR value) reaches timer compare register (TCMPR) value again, TIF (TISR[O] timer
interrupt flag) will set to 1 also and toggle out signal (TMx pin) is set to 0. The timer counting
operation does not stop until the CEN (TCSR[30] timer enable bit) is set to 0. Thus, the toggle
output signal (TMx pin) is changing back and forth with 50% duty cycle. So, this operating mode is
called Toggle mode.

6.8.4.4 Continuous Counting Mode

If the timer is operated in Continuous Counting mode (TCSR MODE[1:0] is 0x3) and CEN
(TCSRJ[30] timer enable bit) is set to 1, the timer counter starts up counting. Once the timer
counter value (TDR value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer
interrupt flag) will set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer
interrupt flag) is 1 then the interrupt signal is generated and sent to NVIC to inform CPU for
indicating that the timer counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to
0, no interrupt signal is generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[O] timer interrupt flag) will set to 1 and CEN (TCSR[30] timer enable
bit) is kept at 1 (counting enable continuously) and timer counter continuous counting without
reload the timer counter value (TDR value) to counting initial value. User can change different
timer compare register (TCMPR) value immediately without disabling timer counter and restarting
timer counter counting.

For example, the timer compare register (TCMPR) value is set as 80, first. The timer compare
register (TCMPR) should be less than 2?* and greater than 1. Once the timer counter value (TDR
value) reaches 80, TIF (TISR[O] timer interrupt flag) will set to 1 and (TCSR[30] timer enable bit) is
kept at 1 (counting enable continuously) and timer counter value (TDR value) will not goes back
to 0, it continues counting to 81, 82, 83, to (2**-1)then 0, 1, 2, 3, """ to 2** -1 again and again.
Next, if user programs timer compare register (TCMPR) value as 200 and the TIF (TISR[O] timer
interrupt flag) is cleared to 0, then TIF (TISR[O] timer interrupt flag) will setto 1 again when timer
counter value (TDR value) reaches 200. At last, user programs timer compare register (TCMPR)
value as 500 and clears TIF (TISR[0] timer interrupt flag) to 0, then TIF (TISR[O] timer interrupt
flag) will set to 1 again when timer counter value (TDR value) reaches 500. In this mode, the timer
counter value (TDR value) is keeping up counting always even if TIF (TISR[O] timer interrupt flag)
is 1. So, this operation mode is called as Continuous Counting mode.
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Figure 6-35 Continuous Counting Mode

6.8.4.5 Event Counting Function

An application which can count the events/counts from TMx pin (event counting pin) is called as
event counting function. In this mode, most of the timer control registers are the same as the timer
operating function mode except TCSR MODE[1:0] must be set to 0x2 (toggle out mode will be
disabled) and the clock source of timer controller, TMRx_CLK, in Figure 6-34 should be set as
HCLK. When status transition on TMx pin, the event counter value (TDR value) will be counted
according to TX_PHASE (TEXCON][O] timer external count phase) setting. TCDB (TEXCON[7]
timer counter pin de-bounce enable) bit is for enabled or disabled edge detection de-bounce
circuit of TMx pin. The max frequency of event counting source on TMx pin should be less than
1/3 HCLK if TCDB (TEXCON][7] timer counter pin de-bounce enable) is 0 or less than 1/8 HCLK if
TCDB (TEXCON([7] timer counter pin de-bounce enable) is 1. Otherwise, the event counter value
(TDR value) will not be counted normally.

6.8.4.6 External Pin Capture Function

In this mode, timer will monitor the transition of TXEX pin (external capture pin) to save the timer
counter value (TDR value) to timer capture value (TCAP value) or reset the timer counter value
(TDR value) to 0. And the clock source of timer controller, TMRx_CLK, in Figure 6-34 should be
set as HCLK.

If RSTCAPSEL (TEXCONTJ4] timer external reset counter / capture mode select) bit is 0, the
transition on TXEX pin is used as timer counter capture function. And when the transition of TXEX
pin matches the TEX_EDGE (TEXCONJ[2:1] timer external pin edge detect) setting, TEXIF
(TEXISRIO] timer external interrupt flag) will set to 1 and the timer counter value (TDR value) will
be saved into timer capture value (TCAP value).

If RSTCAPSEL (TEXCONI4] timer external reset counter / capture mode select) bit is 1, the
transition on TXEX pin is used as timer counter reset function. In this mode, once the transition of
TXEX pin matches TEX_EDGE (TEXCON[2:1] timer external pin edge detect) setting, TEXIF
(TEXISRI[O] timer external interrupt flag) will set to 1 and the timer counter value (TDR value) will
be reset to 0.

The max frequency of external capture source on TXEX pin should be less than 1/3 HCLK if
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TEXDB (TEXCON][6] timer external capture pin de-bounce enable) is 0 or less than 1/8 HCLK if
TEXDB (TEXCONJ6] timer external capture pin de-bounce enable) is 1. Otherwise, the transition
on TxEX pin will not be detected and TEXIF (TEXISR[0] timer external interrupt flag) will not set to
1 normally.
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6.8.5 Register Map

R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
TIMER Base Address:

TMRO1_BA = 0x4001_0000

TMR23_BA = 0x4011_0000

TCSRO TMRO1_BA+0x00 |R/W |Timer0 Control and Status Register 0x0000_0005
TCMPRO TMRO1_BA+0x04 |R/W |TimerO Compare Register 0x0000_0000
TISRO TMRO1_BA+0x08 |R/W |TimerO Interrupt Status Register 0x0000_0000
TDRO TMRO1_BA+0x0C [R Timer0O Data Register 0x0000_0000
TCAPO TMRO1_BA+0x10 |R TimerO Capture Data Register 0x0000_0000
TEXCONO TMRO1_BA+0x14 |R/W [TimerO External Control Register 0x0000_0000
TEXISRO TMRO1_BA+0x18 |R/W |TimerO External Interrupt Status Register 0x0000_0000
TCSR1 TMRO1_BA+0x20 |R/W |Timerl Control and Status Register 0x0000_0005
TCMPR1 TMRO1_BA+0x24 |R/W |Timerl Compare Register 0x0000_0000
TISR1 TMRO1_BA+0x28 |R/W |Timerl Interrupt Status Register 0x0000_0000
TDR1 TMRO1_BA+0x2C |R Timerl Data Register 0x0000_0000
TCAP1 TMRO1_BA+0x30 |R Timerl Capture Data Register 0x0000_0000
TEXCON1 TMRO1_BA+0x34 |R/W |Timerl External Control Register 0x0000_0000
TEXISR1 TMRO1_BA+0x38 |R/W |Timerl External Interrupt Status Register 0x0000_0000
TCSR2 TMR23_BA+0x00 |R/W |Timer2 Control and Status Register 0x0000_0005
TCMPR2 TMR23_BA+0x04 |R/W |Timer2 Compare Register 0x0000_0000
TISR2 TMR23_BA+0x08 |R/W |Timer2 Interrupt Status Register 0x0000_0000
TDR2 TMR23_BA+0x0C (R Timer2 Data Register 0x0000_0000
TCAP2 TMR23_BA+0x10 |R Timer2 Capture Data Register 0x0000_0000
TEXCON2 TMR23_BA+0x14 |R/W |Timer2 External Control Register 0x0000_0000
TEXISR2 TMR23_BA+0x18 |R/W |Timer2 External Interrupt Status Register 0x0000_0000
TCSR3 TMR23_BA+0x20 |R/W |Timer3 Control and Status Register 0x0000_0005
TCMPR3 TMR23_BA+0x24 |R/W |Timer3 Compare Register 0x0000_0000
TISR3 TMR23_BA+0x28 |R/W |Timer3 Interrupt Status Register 0x0000_0000
TDR3 TMR23_BA+0x2C |R Timer3 Data Register 0x0000_0000
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TCAP3 TMR23_BA+0x30 |R Timer3 Capture Data Register 0x0000_0000
TEXCON3 TMR23_BA+0x34 |R/W [Timer3 External Control Register 0x0000_0000
TEXISR3 TMR23_BA+0x38 |R/W |Timer3 External Interrupt Status Register 0x0000_0000
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6.8.6  Register Description
Timer Control Reqgister (TCSR)

Register Offset R/W |Description Reset Value
TCSRO TMRO1_BA+0x00 [R/W |Timer0 Control and Status Register 0x0000_0005
TCSR1 TMRO1_BA+0x20 [R/W |Timerl Control and Status Register 0x0000_0005
TCSR2 TMR23_BA+0x00 |R/W [Timer2 Control and Status Register 0x0000_0005
TCSR3 TMR23_BA+0x20 [R/W |Timer3 Control and Status Register 0x0000_0005
31 30 29 28 27 26 25 24
DBOACK- CEN IE MODE CRST CACT CcTB
23 22 21 20 19 18 17 16
WAKE_EN Reserved TDR_EN
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
PRESCALE
Bits Description

ICE Debug Mode Acknowledge Disable Bit (Write Protect)

0 = ICE debug mode acknowledgement effects TIMER counting.
[31] DBGACK_TMR  |TIMER counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement disabled.

TIMER counter will keep going no matter CPU is held by ICE or not.

Timer Enable Bit
0 = Stops/Suspends counting.

1 = Starts counting.

(30] CEN Notel: In stop status, and then set CEN to 1 will enable the 24-bit up counter to keep

counting from the last stop counting value.

Note2: This bit is auto-cleared by hardware in one-shot mode (TCSR [28:27] = 00) when
the timer interrupt flag (TISR[O0] TIF) is generated.

Interrupt Enable Bit
0 = Timer Interrupt Disabled.
[29] IE 1 = Timer Interrupt Enabled.

If this bit is enabled, when the timer interrupt flag (TISR[0] TIF) is set to 1, the timer
interrupt signal is generated and inform to CPU.
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Timer Operating Mode

00 = The Timer controller is operated in One-shot mode. Please refer to 6.8.4.1 for detail
description.

01 = The Timer controller is operated in Periodic mode. Please refer to 6.8.4.2 for detail

description.
[28:27] MODE . ) .
10 = The Timer controller is operated in Toggle-output mode. Please refer to 6.8.4.3 for

detail description.

11 = The Timer controller is operated in Continuous Counting mode. Please refer to
6.8.4.4 for detail description.

Timer Reset Bit

Setting this bit will reset the 24-bit up counter value (TDR) and also force CEN (TCSR[30]
[26] CRST timer enable bit) to 0 if CACT (TCSR[25] timer active status bit) is 1.

0 = No effect.
1 = Reset 8-bit prescale counter, 24-bit up counter value and CEN bit.

Timer Active Status Bit (Read Only)

This bit indicates the 24-bit up counter status.
0 = 24-bit up counter is not active.

1 = 24-bit up counter is active.

[25] CACT

Counter Mode Enable Bit

This bit is for external counting pin function enabled. When timer is used as an event
counter, this bit should be set to 1 and select HCLK as timer clock source. Please refer to
[24] CTB 6.8.4.5 for detail description.

0 = External counter mode Disabled.
1 = External counter mode Enabled.

Wake-up Enable Bit

If this bit is set to 1, while timer interrupt flag (TISR[0] TIF) is generated to 1 and |E
(TCSR[29] interrupt enable bit) is enabled, the timer interrupt signal will generate a wake-
[23] WAKE_EN up trigger event to CPU.

0 = Wake-up trigger event Disabled if timer interrupt signal generated.
1 = Wake-up trigger event Enabled if timer interrupt signal generated.

[22:17] Reserved Reserved.

Data Load Enable Bit

When this bit is set, timer counter value (TDR) will be updated continuously to monitor
[16] TDR EN internal 24-bit up counter value as the counter is counting.

0 = Timer Data Register update Disabled.
1 = Timer Data Register update Enabled while timer counter is active.

[15:8] Reserved Reserved.

Prescale Counter

[7:0] PRESCALE Timer input clock source is divided by (PRESCALE+1) before it is fed to the timer up
counter. If this field is 0 (PRESCALE = 0), then there is no scaling.

Apr. 08, 2020 Page 274 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

Timer Compare Reqgister (TCMPR)

Register Offset R/W  |Description Reset Value
TCMPRO TMRO1_BA+0x04 |R/W |Timer0 Compare Register 0x0000_0000
TCMPR1 TMRO1_BA+0x24 [R/W |Timerl Compare Register 0x0000_0000
TCMPR2 TMR23_BA+0x04 [R/W |Timer2 Compare Register 0x0000_0000
TCMPR3 TMR23_BA+0x24 |R/W |Timer3 Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TCMP
15 14 13 12 11 10 9 8
TCMP
7 6 5 4 3 2 1 0
TCMP
Bits Description
[31:24] Reserved Reserved.
Timer Compared Value
TCMP is a 24-bit compared value register. When the internal 24-bit up counter value is
equal to TCMP value, the TIF (TISR[0] timet interrupt flag) will set to 1.
Time-out period = (Period of timer clock input) * (8-bit PRESCALE + 1) * (24-bit TCMP).
[23:0] TCMP Notel: Never write 0x0 or Ox1 in TCMP field, or the core will run into unknown state.
Note2: When timer is operating at continuous counting mode, the 24-bit up counter will
keep counting continuously even if software writes a new value into TCMP field. But if
timer is operating at other modes, the 24-bit up counter will restart counting and using
newest TCMP value to be the timer compared value if software writes a new value into
TCMP field.
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Timer Interrupt Status Register (TISR)

Register Offset R/W  |Description Reset Value
TISRO TMRO1_BA+0x08 |R/W |TimerO Interrupt Status Register 0x0000_0000
TISR1 TMRO1_BA+0x28 |R/W |Timerl Interrupt Status Register 0x0000_0000
TISR2 TMR23_BA+0x08 |R/W |Timer2 Interrupt Status Register 0x0000_0000
TISR3 TMR23_BA+0x28 |R/W |Timer3 Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TWF TIE
Bits Description
[31:2] Reserved Reserved.
Timer Wake-up Flag
This bit indicates the interrupt wake-up flag status of timer.
[1] TWF 0 = Timer does not cause CPU wake-up.
1 = CPU wake-up from Idle or power-down mode if timer interrupt signal generated.
Note: This bit is cleared by writing 1 to it.
Timer Interrupt Flag
This bit indicates the interrupt flag status of Timer.
[0] TIF And this bit is set by hardware when the timer counter value) matches the timer compared
value (TCMP value).
Note: This bit is cleared by writing 1 to it.
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Timer Data Register (TDR)

Register Offset R/W |Description Reset Value
TDRO TMRO1_BA+0x0C |R TimerO Data Register 0x0000_0000
TDR1 TMRO01_BA+0x2C |R Timerl Data Register 0x0000_0000
TDR2 TMR23_BA+0x0C |R Timer2 Data Register 0x0000_0000
TDR3 TMR23_BA+0x2C |R Timer3 Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TDR
15 14 13 12 11 10 9 8
TDR
7 6 5 4 3 2 1 0
TDR
Bits Description
[31:24] Reserved Reserved.
Timer Data Register
[23:0] TDR If TDR_EN (TCSR[16]) is set to 1, TDR will be updated continuously to monitor 24-
bit timer counter value.
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Register Offset R/W |Description Reset Value
TCAPO TMRO1_BA+0x10 |R Timer0 Capture Data Register 0x0000_0000
TCAP1 TMRO1_BA+0x30 |R Timerl Capture Data Register 0x0000_0000
TCAP2 TMR23_BA+0x10 |R Timer2 Capture Data Register 0x0000_0000
TCAP3 TMR23_BA+0x30 |R Timer3 Capture Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TCAP
15 14 13 12 11 10 9 8
TCAP
7 6 5 4 3 2 1 0
TCAP
Bits Description
[31:24] Reserved Reserved.
Timer Capture Data Register
When TEXEN (TEXCON[3] timer external pin enable) bit is set, RSTCAPSEL
[23:0] TCAP (TEXQON[4] timer external reset counter/capture mode select) b_it is0, and a ‘
transition on TXEX pin matched the TEX_EDGE (TEXCONJ[2:1] timer external pin
edge detect) setting, TEXIF (TEXISR[O] timer external interrupt flag) will set to 1 and
the current timer counter value (TDR value) will be auto-loaded into this TCAP field.
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Timer External Control Reqgister (TEXCON)

Register Offset R/W [Description Reset Value
TEXCONO TMRO1_BA+0x14 |R/W |TimerO External Control Register 0x0000_0000
TEXCON1 TMRO1_BA+0x34 |R/W [Timerl External Control Register 0x0000_0000
TEXCON2 TMR23_BA+0x14 |R/W [Timer2 External Control Register 0x0000_0000
TEXCON3 TMR23_BA+0x34 |R/W |Timer3 External Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
TCDB TEXDB TEXIEN RSTCAPSEL TEXEN TEX_EDGE TX_PHASE
Bits Description
[31:8] Reserved Reserved.

Timer Counter Pin De-bounce Enable Bit
0 = TMx pin de-bounce Disabled.
[7] TCDB 1 = TMx pin de-bounce Enabled.

Note: If this bit is enabled, the edge detection of TMx pin is detected with de-bounce
circuit.

Timer External Capture Pin De-bounce Enable Bit
0 = TxXEX pin de-bounce Disabled.
[6] TEXDB 1 = TXEX pin de-bounce Enabled.

Note: If this bit is enabled, the edge detection of TXEX pin is detected with de-bounce
circuit.

Timer External Interrupt Enable Bit
0 = TxEX pin detection Interrupt Disabled.
[5] TEXIEN 1 = TXEX pin detection Interrupt Enabled.

Note: TEXIEN is used to enable timer external interrupt. If TEXIEN enabled, timer will rise
an interrupt when TEXIF = 1.

Timer External Reset Counter / Capture Mode Selection

0 = Transition on TXEX pin is using to save the 24-bit timer counter value (TDR value) to
[4] RSTCAPSEL timer capture value (TCAP value) if TEXIF (TEXISR[0] timer external interrupt flag) is set
to 1.

1 = Transition on TXEX pin is using to reset the 24-bit timer counter.

Timer External Pin Enable Bit

[3] TEXEN This bit enables the RSTCAPSEL (TEXCON[4] timer external reset counter/capture mode
select ) function on the TXEX pin.
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0 = RSTCAPSEL function of TXEX pin will be ignored.
1 = RSTCAPSEL function of TXEX pin is active.

NUC100/120xxxDN

Timer External Pin Edge Detect

00 = A 1 to 0 transition on TXEX pin will be detected.

[2:1] TEX_EDGE 01 = A0to 1 transition on TXEX pin will be detected.

10 = Either 1 to 0 or 0 to 1 transition on TXEX pin will be detected.
11 = Reserved.

Timer External Count Phase

This bit indicates the detection phase of external counting pin.
[0] TX_PHASE ) ) .
0 = A falling edge of external counting pin will be counted.

1 = Arising edge of external counting pin will be counted.
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Timer External Interrupt Status Register (TEXISR)

Register Offset R/W [Description Reset Value
TEXISRO TMRO1_BA+0x18 |R/W |Timer0O External Interrupt Status Register 0x0000_0000
TEXISR1 TMRO1_BA+0x38 |R/W [Timerl External Interrupt Status Register 0x0000_0000
TEXISR2 TMR23_BA+0x18 |R/W [Timer2 External Interrupt Status Register 0x0000_0000
TEXISR3 TMR23_BA+0x38 |R/W |Timer3 External Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TEXIF
Bits Description
[31:1] Reserved Reserved.
Timer External Interrupt Flag
This bit indicates the timer external interrupt flag status.
When TEXEN (TEXCON][3] timer external pin enable) bit is set, RSTCAPSEL
[a] TEXIF (TEXCONI[4] timer external reset counter/capture mode select) bit is 0, and a transition on
TxEX pin matched the TEX_EDGE (TEXCON][2:1] timer external pin edge detect) setting,
this bit will set to 1 by hardware.
Note: This bit is cleared by writing 1 to it.
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6.9 PWM Generator and Capture Timer (PWM)

6.9.1 Overview

The NuMicro® NUC100 series has 2 sets of PWM groups supporting a total of 4 sets of PWM
generators that can be configured as 8 independent PWM outputs, PWMO0~PWM7, or as 4
complementary PWM pairs, (PWMO, PWM1), (PWM2, PWM3), (PWM4, PWM5) and (PWMS6,
PWM7) with 4 programmable Dead-zone generators.

Each PWM generator has one 8-bit prescaler, one clock divider with 5 divided frequencies (1, 1/2,
1/4, 1/8, 1/16), two PWM Timers including two clock selectors, two 16-bit PWM counters for PWM
period control, two 16-bit comparators for PWM duty control and one Dead-zone generator. The 4
sets of PWM generators provide eight independent PWM interrupt flags set by hardware when the
corresponding PWM period down counter reaches 0. Each PWM interrupt source with its
corresponding enable bit can cause CPU to request PWM interrupt. The PWM generators can be
configured as one-shot mode to produce only one PWM cycle signal or auto-reload mode to
output PWM waveform continuously.

When PCR.DZENOL1 is set, PWMO and PWM1 perform complementary PWM paired function; the
paired PWM period, duty and Dead-time are determined by PWMO timer and Dead-zone
generator 0. Similarly, the complementary PWM pairs of (PWM2, PWM3), (PWM4, PWM5) and
(PWM6, PWM7) are controlled by PWM2, PWM4 and PWM6 timers and Dead-zone generator 2,
4 and 6, respectively. Refer to Figure 6-36 and Figure 6-43 for the architecture of PWM Timers.

To prevent PWM driving output pin with unsteady waveform, the 16-bit period down counter and
16-bit comparator are implemented with double buffer. When user writes data to
counter/comparator buffer registers the updated value will be load into the 16-bit down counter/
comparator at the time down counter reaching 0. The double buffering feature avoids glitch at
PWM outputs.

When the 16-bit period down counter reaches 0, the interrupt request is generated. If PWM-timer
is set as auto-reload mode, when the down counter reaches 0, it is reloaded with PWM Counter
Register (CNRx) automatically then start decreasing, repeatedly. If the PWM-timer is set as one-
shot mode, the down counter will stop and generate one interrupt request when it reaches 0.

The value of PWM counter comparator is used for pulse high width modulation. The counter
control logic changes the output to high level when down-counter value matches the value of
compare register.

The alternate feature of the PWM-timer is digital input Capture function. If Capture function is
enabled the PWM output pin is switched as capture input mode. The Capture0 and PWMO share
one timer which is included in PWMO and the Capturel and PWM1 share PWML1 timer, and etc.
Therefore user must setup the PWM-timer before enable Capture feature. After capture feature is
enabled, the capture always latched PWM-counter to Capture Rising Latch Register (CRLR)
when input channel has a rising transition and latched PWM-counter to Capture Falling Latch
Register (CFLR) when input channel has a falling transition. Capture channel O interrupt is
programmable by setting CCRO.CRL_IEO[1] (Rising latch Interrupt enable) and
CCRO.CFL_IEQ[2]] (Falling latch Interrupt enable) to decide the condition of interrupt occur.
Capture channel 1 has the same feature by setting CCR0.CRL_IE1[17] and CCRO.CFL_IE1[18].
And capture channel 2 to channel 3 on each group have the same feature by setting the
corresponding control bits in CCR2. For each group, whenever Capture issues Interrupt 0/1/2/3,
the PWM counter 0/1/2/3 will be reload at this moment.

The maximum captured frequency that PWM can capture is confined by the capture interrupt
latency. When capture interrupt occurred, software will do at least three steps, including: Read
PIIR to get interrupt source and Read CRLRx/CFLRx(x=0~3) to get capture value and finally write
1 to clear PIIR to 0. If interrupt latency will take time TO to finish, the capture signal mustn’t
transition during this interval (T0). In this case, the maximum capture frequency will be 1/TO. For
example:
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HCLK = 50 MHz, PWM_CLK = 25 MHz, Interrupt latency is 900 ns
So the maximum capture frequency will be 1/900ns = 1000 kHz

6.9.2 Features
6.9.2.1 PWM Function:

® Upto 2 PWM groups (PWMA/PWMB) to support 8 PWM channels or 4
complementary PWM paired channels

® Each PWM group has two PWM generators with each PWM generator supporting one
8-bit prescaler, two clock divider, two PWM-timers, one Dead-zone generator and two
PWM outputs.

Up to 16-bit resolution
PWM Interrupt request synchronized with PWM period
One-shot or Auto-reload mode PWM

Edge-aligned type or Center-aligned type option

6.9.2.2 Capture Function:
® Timing control logic shared with PWM Generators
®  Supports 8 Capture input channels shared with 8 PWM output channels

® Each channel supports one rising latch register (CRLR), one falling latch register
(CFLR) and Capture interrupt flag (CAPIFX)
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6.9.3 Block Diagram

Figure 6-36 to Figure 6-43 illustrate the architecture of PWM in pair (e.g. PWM-Timer 0/1 are in
one pair and PWM-Timer 2/3 are in another one).

—{ PWMO01_S (CLKSEL2[8], CLKSEL1[29:28]) ‘

\ 4
95 1184 MHz ‘ PWMO1_EN(APBCLK[20])
2220 V2 ) o1
HCLK
010 > PWMO01_CLK
32.768 kHz
001 »
4~24 MHz
000
10 kHz
111

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-36 PWM Generator 0 Clock Source Control

PWM Generator DZI01(PPR([23:16]) —{ Dead Zone [—
in PWMA group » Generator 0 |—
Y
CNRO
CSRO(CSR[2:0]) CMRO
1 PCR  pPDRO PWMO(POE[0])
100 ¢ ?
T
1a PWM- 1
001 Timer0
PWMO01_CLK Clock 18 1 010 Logic 0
(from clock Divider 1/16 CHOPINV
controller) | | 011 T ¢ CHOINV (PCRI1])
i 1 ? PWMIEO PWMIFO  (PCR[2])
L PWMDIEO PWMDIFO
gbit | 1l ] DZENO1 |
Prescaler | | CNR1 (PCRI4])
L 18 L
| | CMR1
T i1/16 - . PCR  PDR1 PWM1(POE[1])
CPO1(PPR[7:0]) 12 T
14 PWM-
»> Timerl
1/8 Logic
1/16 CH1PINV
T ¢ CHLINV (PCRI9)
PWMIEL  PWMIF1 (PCR[10])
CSR1(CSR[6:4]) PWMDIE1 PWMDIF1

Figure 6-37 PWM Generator 0 Architecture Diagram
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—{ PWM23_S (CLKSEL2[9], CLKSEL1[31:30]) \

\ 4
25 1184 MHz ‘ PWM23_EN(APBCLK[21])
—F > 011
HCLK
010 > PWM23_CLK
32.768 kHz
BT AN >
4~24 MHz
000
10 kHz
111

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-38 PWM Generator 2 Clock Source Control

PWM Generator DZI23(PPR[31:24]) —| Dead Zone [—
in PWMA group » Generator 2 |—
A
CNR2
CSRO(CSR[10:8]) CMR2
1 PCR  pPDR2 PWM2(POE[2])
»| 100 i
Y21 600 r ! : n PWM2
14 PWM- | T
» 001 » Timer2 > 0
PWM23_CLK Clock 18 | o10 Logic 0
(from clock Divider 1/16 i T ¢ CH2PINV
controller) [ | CH2INV (PCRI[17])
| 1 PWMIE2 PWMIF2 (PCR[18])
12 |% PWMDIE2 PWMDIF2
gbit | oyl ] DZEN23 |
Prescaler i | CNR3 (PCRI[5])
1/8 ]
| | CMR3
T | 1/16 |4 PCR  PDR3 PWM3(POE[3])
1 . !
CP23(PPR[15:8]) 12 1 000
1/4 PWM-
001 Timer3
18 Logic
1/16 CH3PINV
g T ¢ CH3INV (PCR[25))

PWMIE3 PWMIF3 (PCR[26])

CSR1(CSR[14:12]) PWMDIE3 PWMDIF3

Figure 6-39 PWM Generator 2 Architecture Diagram
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PWM45_S (CLKSEL2[10], CLKSEL2[5:4]) ‘

22 1184 MHz PWM45_EN(APBCLK[22])
—» 011
HCLK
010 > PWM45_CLK
32.768 kHz
001 >
4~24 MHz
000
10 kHz
111

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-40 PWM Generator 4 Clock Source Control

PWM Generator DZI01(PPR[23:16]) —| Dead Zone [—
in PWMB group ——— | Generator 0 |
A
CNRO
CSRO(CSR[2:0]) CMRO
1 PCR  PDRO PWMO(POE0])
» 100 |
112 r | > . PWM4
000 1
I My
1/4 .
» 001 » TimerO » 0
PWM45_CLK Clock 18 1 o10 Logic 0
(from clock Divider 1/16 i T ¢ CHOPINV
controller) [ | CHOINV (PCR[1])
i 1 PWMIEO PWMIFO  (PCR[2))
7 |% PWMDIEO PWMDIFO
gbit | oyl ] DZENO1 |
Prescaler i | CNR1 (PCR[4])
|- | CMR1
|
T | 1/16 |yl PCR  PDR1 PWM1(POE[L])
1
CPO1(PPR[7:0]) 12 1 000
PWM-
1/4 .
001 Timerl
18 Logic
1/16 CH1PINV
i T ¢ CHLINV (PCRI3)

PWMIEL PWMIF1 (PCR[10])

CSR1(CSR[6:4]) PWMDIE1 PWMDIF1

Figure 6-41 PWM Generator 4 Architecture Diagram
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—{ PWM67_S (CLKSEL2[11], CLKSEL2[7:6]) \

\ 4
22 1184 MHz ‘ PWM67_EN(APBCLK[23])
e
HCLK
010 > PWM67_CLK
32.768 kHz
—SEEEE S 001 >
4~24 MHz
000
10 kHz
111

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-42 PWM Generator 6 Clock Source Control

PWM Generator DZI23(PPR[31:24]) —{ Dead Zone [—
in PWMB group » Generator 2 |—
CNR2 ‘
CSRO(CSR[10:8]) OMR2
1 PCR  pDR2 PWM2(POE[2])
» 100 |
172 ‘ f > . PWM6
000 1 PWM6
1/4 PWM-  |—» 1 “
»{ 001 » Timer2 »{ o
PWM67_CLK Clock 18 | 010 Logic 0
(from clock Divider 1/16‘ CH2PINV
controller) | | 011 T ¢ CH2INV (PCR[17])
ol e PWMIE2 PWMIF2 (PCRI[18])
! 12 |% PWMDIE2 PWMDIF2
8-bit ' | DZENZ23
Prescaler [ " 1 |4 CNR3 (PCR[S]) |
1/8 ]
i | CMR3
T | 1/16 L ] . PCR  PDR3 PWM3(POE[3])
CP23(PPR[15:8]) 12 1 000 L T
1/4 PWM-
» 001 Timer3
18 1 010 Logic
1/16 CH3PINV
i T ¢ CHaINV (PCR(25))
PWMIE3 PWMIF3  (PCR[26])
CSR1(CSR[14:12]) PWMDIE3 PWMDIF3

Figure 6-43 PWM Generator 6 Architecture Diagram
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6.9.4  Functional Description
6.9.4.1 PWM-Timer Operation

The PWM controller supports 2 operation types: Edge-aligned and Center-aligned type.
Edge-aligned PWM (down-counter)

In Edge-aligned PWM Output mode, the 16 bits PWM counter will starts down-counting from
CNRn to match with the value of the duty cycle CMRn (old), when this happen it will toggle the
PWMn generator output to low. The counter will continue down-counting to 0, at this moment, it
toggles the PWMn generator output to high and CMRn(new) and CNRn(new) are updated with
CHNMODE=1 and request the PWM interrupt if PWM interrupt is enabled(PIER.n=1).

The PWM period and duty control are configured by PWM down-counter register (CNR) and
PWM comparator register (CMR). The PWM-timer timing operation is shown in Figure 6-45. The
pulse width modulation follows the formula below and the legend of PWM-Timer Comparator is
shown as Figure 6-44. Note that the corresponding GPIO pins must be configured as PWM
function (enable POE and disable CAPENR) for the corresponding PWM channel.

® PWM frequency = PWMxy_CLK/[(prescale+1)*(clock divider)*(CNR+1)]; where xy,
could be 01, 23, 45 or 67, depends on selected PWM channel.

Duty ratio = (CMR+1)/(CNR+1)

CMR >= CNR: PWM output is always high

CMR < CNR: PWM low width= (CNR-CMR) unit[1]; PWM high width = (CMR+1) unit
® CMR =0: PWM low width = (CNR) unit; PWM high width = 1 unit

Note: [1] Unit = one PWM clock cycle.

Start Update

Initialize i new CMRXx
PWM i
CMRx+1 PWM-Timer | cuRrx i |
Comparator

CNRXx OUtpUt CNRXx I , | :
PWM ¢ : '
Ouput E
[] .'_’_> Hv— E
P> CNRHL<E T omRat :

Note: x= 0~3.

Figure 6-44 Legend of Internal Comparator Output of PWM-Timer
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cO(rg;K/?éa)tor ) >< L >< 0
| | | | |
| |
| |

PWM-Timer | |
OUtpUt | |
CMR=1 I I

CNR=3 : CMR =0 :

Auto reload = 1 CNR =4
(CHxMOD=1) (S/W write new value)
(Write initial setting)
Auto-load Auto-load
Set ChxEN=1 (H/W update value) (PWMIFx is set by H/W)
(PWM-Timer starts running) (PWMIFx is set by H/W)

Figure 6-45 PWM-Timer Operation Timing

CNRn (7FF)
CMRn (3FF)
| | |
| | |
| | |
| | |
| | {
| | |
| | |
PWMIFn F s/w | F s/w I I
|clear | |clear | |
I | 1
|
PWMDIFn | siw | Siw |
|
1
|

1
|
|
Iclear | Iclear
T
|

PWMn generator ouput

| | |
- PWM period >l PWM period >
|

Figure 6-46 PWM Edge-aligned Interrupt Generate Timing Waveform
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Center-aligned PWM (up/down-counter)

The Center-aligned PWM signals are produced by the module when the PWM time base is
configured in an Up/Down Counting mode. The PWM counter will start counting-up from 0 to
match the value of CMRn (old); this will cause the toggling of the PWMn generator output to low.
The counter will continue counting to match with the CNRn (old). Upon reaching this states
counter is configured automatically to down counting, when PWM counter matches the CMRn
(old) value again the PWMn generator output toggles to high. Once the PWM counter underflows
it will update the PWM period register CNRn(new) and duty cycle register CMRn(new) with
CHnMODE = 1.

In Center-aligned type, the PWM period interrupt is requested at down-counter underflow if
INTXXTYPE (PIER[17:16]) =0, i.e. at start (end) of each PWM cycle or at up-counter matching
with CNRn if INTXXTYPE (PIER[17:16]) =1, i.e. at center point of PWM cycle.

® PWM frequency = PWMxy_CLK/[(prescale+1)*(clock divider)*(CNR+1)]; where xy,
could be 01, 23, 45 or 67, depends on selected PWM channel.

Duty ratio = [(2 x CMR) + 1])/[2 x (CNR+1)]
CMR > CNR: PWM output is always high

CMR <= CNR: PWM low width= 2 x (CNR-CMR) + 1 unit[1]; PWM high width = (2 x
CMR) + 1 unit

® CMR =0: PWM low width = 2 x CNR + 1 unit; PWM high width = 1 unit

If 16-bit PWM up/down counter underflows
1. Update new duty cycle register (CMRn) if CHhnMODE =1

2. Update new period cycle register (CNRn) if CHAMODE = 1 16-bit PWM
counter

CNRn (new) F~—-—-———-——-—-— * —————————— * ______ -

|
CNRn (old) L - ____:
|
CMRn (new) F—-———/-—Nc——d———#—-X——"t——-"f————— _
|

|

CMRn (0ld) F-A-———-X-q-—-——=--F-F-——————~
|
|

New Duty Cycle

[

PWMn generator | :
ouput : :

| |

: A

New CMRn is written  New CNRn is written

Figure 6-47 Center-aligned Type Output Waveform
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CNRn (7FF)

CMRn (3FF)

|
|
|
|
|
| |
|
PWMIFn (INTTYPExx=0) F shw |
|
I
|

|

|

I s/w | |
iclearl |
1

|

PWMIFn (INTTYPExx=1)

|
| s/w
Iclear

|

|

|

|

1

|

_:s/wl

PWMDIFn |
IclearI

Iclear:

1

|

|

|

]

| |

|
PWMn generator ouput :
1

' | ' |
(o PWM period | P PWM period | - I

Figure 6-48 PWM Center-aligned Interrupt Generate Timing Waveform

6.9.4.2 PWM Double Buffering, Auto-reload and One-shot Operation

PWM Timers have double buffering function the reload value is updated at the start of next period
without affecting current timer operation. The PWM counter value can be written into CNRx and
current PWM counter value can be read from PDRX.

PWMO will operate at One-shot mode if CHOMOD bit is set to 0, and operate at Auto-reload mode
if CHOMOD bit is set to 1. It is recommend that switch PWMO operating mode before set CHOEN
bit to 1 to enable PWMO counter start running because the content of CNRO and CMRO will be
cleared to O to reset the PWMO period and duty setting when PWMO operating mode is changed.
As PWMO operate at One-shot mode, CMRO and CNRO should be written first and then set
CHOEN bit to 1 to enable PWMO counter start running. After PWMO counter down count from
CNRO value to 0, CNRO and CMRO will be cleared to 0 by hardware and PWM counter will be
held. Software need to write new CMRO and CNRO value to set next one-shot period and duty.
When re-start next one-shot operation, the CMRO should be written first because PWMO counter
will auto re-start counting when CNRO is written a non-zero value. As PWMO operates at auto-
reload mode, CMRO and CNRO should be written first and then set CHOEN bit to 1 to enable
PWMO counter start running. The value of CNRO will reload to PWMO counter when it down count
reaches 0. If CNRO is set to 0, PWMO counter will be held. PWM1~PWM7 performs the same
function as PWMO.
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Write Write Write Write
CNR=150 CNR=199 CNR=99 CNR=0
CMR=50 CMR=49 CMR=0 CMR=XX
Start Stop
PWM
Waveform
51 50 1
[ 4>

write a nonzero number to y
prescaler & setup clock 151 200 100
dividor < >« < >

Figure 6-49 PWM Double Buffering lllustration

6.9.4.3 Modulate Duty Ratio

The double buffering function allows CMRXx written at any point in current cycle. The loaded value
will take effect from next cycle.

101 51 1

v

f

Write Write Write
CMR=100 CMR=50 CMR=0
1 PWM cycle = 151 1 PWM cycle = 151 1 PWM cycle = 151

Modulate PWM controller ouput duty ratio (CNR = 150)

Figure 6-50 PWM Controller Output Duty Ratio

6.9.4.4 Dead-Zone Generator

The PWM controller is implemented with Dead-zone generator. They are built for power device
protection. This function generates a programmable time gap to delay PWM rising output. User
can program PPRx.DZI to determine the Dead-zone interval.
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PWM-Timer
Output 0/2/4/6 ﬂ ‘

PWM-Timer
Inversed output
1/3/5/7

Dead-Zone
Generator
output 0/2/4/6

1L

Dead-Zone
Generator ‘
output 1/3/5/7

Dead zone interval

Figure 6-51 Paired-PWM Output with Dead-zone Generation Operation

6.9.4.5 PWM Center-aligned Trigger ADC Function

PWM can trigger ADC to start conversion when PWM counter up count to CNR in Center-aligned
type by setting PWMNnTEN to “1”.

CNRn (7FF) N

CMRn (3FF) -

PWMNTF (if PWMNTEN=1)

PWMn generator ouput

|
|
|
|
J
|
|
|
!
|
|
|
|
| |
PWM period - PWM period |
|
| |

Figure 6-52 PWM trigger ADC to conversion in Center-aligned type Timing Waveform

6.9.4.6 Capture Operation

The Capture 0 and PWM 0 share one timer that included in PWM 0; and the Capture 1 and PWM
1 share another timer, and etc. The capture always latches PWM-counter to CRLRx when input
channel has a rising transition and latches PWM-counter to CFLRx when input channel has a
falling transition. Capture channel 0 interrupt is programmable by setting CCRO[1] (Rising latch
Interrupt enable) and CCRO[2] (Falling latch Interrupt enable) to decide the condition of interrupt
occur. Capture channel 1 has the same feature by setting CCRO[17] and CCRO[18], and etc.
Whenever the Capture controller issues a capture interrupt, the corresponding PWM counter will
be reloaded with CNRx at this moment. Note that the corresponding GPIO pins must be
configured as capture function (POE disabled and CAPENR enabled) for the corresponding
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capture channel.

PWMCounter | 3 |2 |1 |8 |7 |6[5[8|7|6]|5]|4|

A Reload pReload  \o reload due to

" (IfCNRx = 8) y
Capture Input x $ ‘E:* % no CAPIFx
CAPCHXEN

v \
CFLRx X 1 X7

CRLRx X 5

CFLIEx |
_ ] L

CRL_IEX
Clear by S/IW

i
CAPIFx _ Setby H/Wﬁ l
Setby H/W | Clear by S/W
Y A1

3

|
|
I
|
|
|
|
I
|
|
|
+
|
|

CFLRIx
Set by H/W _glear by SIW
CRLRIx )
Note: X=0~3

Figure 6-53 Capture Operation Timing

In this case, the CNR is 8:

1. The PWM counter will be reloaded with CNRx when a capture interrupt flag (CAPIFX) is
set.

2. The channel low pulse width is (CNR + 1 - CRLR).
3. The channel high pulse width is (CNR + 1 - CFLR).

6.9.4.7 PWM-Timer Interrupt Architecture

There are eight PWM interrupts, PWMO_INT~PWM?7_INT, which are divided into PWMA_INT and
PWMB_INT for Advanced Interrupt Controller (AIC). PWM 0 and Capture 0 share one interrupt,
PWM1 and Capture 1 share the same interrupt and so on. Therefore, PWM function and Capture
function in the same channel cannot be used at the same time. Figure 6-54 and Figure 5-48
demonstrates the architecture of PWM-Timer interrupts.
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PWMIFO
PWMDIFO §> PWMO_INT PWM Interrupt source
CAPIFO in PWMA group

PWMIF1
PWMDIF1
CAPIF1

PWM1_INT

PWMA_INT
PWMIF2

PWMDIF2
CAPIF2

PWMIF3
PWMDIF3 §> P IT
CAPIF3

Figure 6-54 PWM Group A PWM-Timer Interrupt Architecture Diagram

PWMIFO

PWM4_INT
PWMDIFO = PWM Interrupt source
CAPIFO in PWMB group

PWMIF1
PWMDIF1
CAPIF1

PWM2_INT

PWM5_INT

PWMB_INT
PWMIF2

PWMDIF2
CAPIF2

PWMIF3
PWMDIE3 PWM7_INT
CAPIF3

Figure 6-55 PWM Group B PWM-Timer Interrupt Architecture Diagram

PWMG6_INT

6.9.4.8 PWM-Timer Start Procedure
The following procedure is recommended for starting a PWM drive.
Setup clock source divider select register (CSR)
Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
Setup prescaler (PPR)
Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)

a > 0w N PE

Setup inverter on/off, Dead-zone generator on/off, Auto-reload/One-shot mode and Stop
PWM-timer (PCR)
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6 Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
7 Setup comparator register (CMR) for setting PWM duty.

8.  Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
9 Setup PWM down-counter register (CNR) for setting PWM period.

10. Setup interrupt enable register (PIER) (optional)

11. Setup corresponding GPIO pins as PWM function (enable POE and disable CAPENR)
for the corresponding PWM channel.

12. Enable PWM timer start running (Set CHXEN = 1 in PCR)

6.9.4.9 Modify PWM counter register (CNR), comparator register (CMR), Clock
prescaler(CP01/CP23) and PWM operation mode(CHNMOD in PCR register bit3) Procedure

The following procedure is recommended for modifying CNR/CMR/Clock prescaler/PWM
operation mode.

1. Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
2. Modify CMRn/CNRn/CHNMOD/CP01/CP23

6.9.4.10 PWM-Timer Re-Start Procedure in Single-shot mode

After PWM waveform is generated once in PWM One-shot mode, PWM-Timer will be stopped
automatically and both of CNR and CMR will be cleared by hardware. Software must fill CMR and
CNR value again to re-start another PWM one-shot waveform. The following procedure is
recommended for re-starting PWM one-shot waveform.

1.  Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
2 Setup comparator register (CMR) for setting PWM duty.

3. Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
4

Setup PWM down-counter register (CNR) for setting PWM period. After setup CNR,
PWM wave will be generated.

6.9.4.11 PWM-Timer Stop Procedure
Method 1:

Set 16-bit counter (CNR) as 0, and monitor PDR (current value of 16-bit down-counter). When
PDR reaches 0, disable PWM-Timer (CHXEN in PCR). (Recommended)

Method 2:

Set 16-bit counter (CNR) as 0. When interrupt request happened, disable PWM-Timer (CHXEN in
PCR). (Recommended)

Method 3:
Disable PWM-Timer directly ((CHXEN in PCR). (Not recommended)

The reason why method 3 is not recommended is that disable CHXEN will immediately stop PWM
output signal and lead to change the duty of the PWM output, this may cause damage to the
control circuit of motor
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6.9.4.12 Capture Start Procedure

Setup clock source divider select register (CSR)

Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
Setup prescaler (PPR)

P w DD PR

Setup channel enabled, rising/falling interrupt enable and input signal inverter on/off
(CCRO, CCR2)

Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
Setup Auto-reload mode, Edge-aligned type and Stop PWM-timer (PCR)

Wait until SYNCBUSYn be set to 0 by hardware (if PWM clock source is not from HCLK)
Setup PWM down-counter (CNR)

Enable PWM timer start running (Set CHXEN =1 in PCR)

10. Setup corresponding GPIO pins as capture function (disable POE and enable CAPENR)
for the corresponding PWM channel.

© ©® N o g
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6.9.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

PWM Base Address:
® PWMgroup A
PWMA_BA = 0x4004_0000
® PWMgroup B
PWMB_BA = 0x4014_0000

PWMA_BA+0x00 )
PPR R/W  |PWM Prescaler Register 0x0000_0000
PWMB_BA+0x00 -

PWMA_BA+0x04 . i
CSR R/W  |[PWM Clock Source Divider Select Register 0x0000_0000
PWMB_BA+0x04

PWMA_BA+0x08 .
PCR - R/W  |PWM Control Register 0x0000_0000
PWMB_BA+0x08

PWMA_BA+0x0C .
CNRO - R/W  |PWM Counter Register 0 0x0000_0000
PWMB_BA+0x0C

PWMA_BA+0x10 )
CMRO - R/W  |PWM Comparator Register O 0x0000_0000
PWMB_BA+0x10

PWMA_BA+0x14 )
PDRO R PWM Data Register 0 0x0000_0000
PWMB_BA+0x14

PWMA_BA+0x18 .
CNR1 - R/W |PWM Counter Register 1 0x0000_0000
PWMB_BA+0x18

PWMA_BA+0x1C .
CMR1 R/W [PWM Comparator Register 1 0x0000_0000
PWMB_BA+0x1C

PWMA_BA+0x20 .
PDR1 - R PWM Data Register 1 0x0000_0000
PWMB_BA+0x20

PWMA_BA+0x24 .
CNR2 - R/W  |PWM Counter Register 2 0x0000_0000
PWMB_BA+0x24

PWMA_BA+0x28 .
CMR2 - R/W  |PWM Comparator Register 2 0x0000_0000
PWMB_BA+0x28

PWMA_BA+0x2C )
PDR2 - R PWM Data Register 2 0x0000_0000
PWMB_BA+0x2C

PWMA_BA+0x30 .
CNR3 - R/W |PWM Counter Register 3 0x0000_0000
PWMB_BA+0x30

PWMA_BA+0x34 .
CMR3 R/W [PWM Comparator Register 3 0x0000_0000
PWMB_BA+0x34

PWMA_BA+0x38 .
PDR3 - R PWM Data Register 3 0x0000_0000
PWMB_BA+0x38

PWMA_BA+0x3C . .
PBCR - R/W  |[PWM Backward Compatible Register 0x0000_0000
PWMB_BA+0x3C
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PWMA_BA+0x40 )
PIER R/W  |[PWM Interrupt Enable Register 0x0000_0000
PWMB_BA+0x40

PWMA_BA+0x44 o )
PIIR R/W  |PWM Interrupt Indication Register 0x0000_0000
PWMB_BA+0x44

PWMA_BA+0x50 )
CCRO R/W  |[PWM Capture Control Register O 0x0000_0000
PWMB_BA+0x50

PWMA_BA+0x54 .
CCR2 - R/W  |PWM Capture Control Register 2 0x0000_0000
PWMB_BA+0x54

PWMA_BA+0x58 .. .
CRLRO - R PWM Capture Rising Latch Register (Channel 0) 0x0000_0000
PWMB_BA+0x58

PWMA_BA+0x5C . .
CFLRO - R PWM Capture Falling Latch Register (Channel 0) 0x0000_0000
PWMB_BA+0x5C

PWMA_BA+0x60 . .
CRLR1 R PWM Capture Rising Latch Register (Channel 1) 0x0000_0000
PWMB_BA+0x60

PWMA_BA+0x64 . .
CFLR1 R PWM Capture Falling Latch Register (Channel 1) 0x0000_0000
PWMB_BA+0x64

PWMA_BA+0x68 . )
CRLR2 R PWM Capture Rising Latch Register (Channel 2) 0x0000_0000
PWMB_BA+0x68

PWMA_BA+0x6C . .
CFLR2 - R PWM Capture Falling Latch Register (Channel 2) 0x0000_0000
PWMB_BA+0x6C

PWMA_BA+0x70 . .
CRLR3 - R PWM Capture Rising Latch Register (Channel 3) 0x0000_0000
PWMB_BA+0x70

PWMA_BA+0x74 _ _
CFLR3 - R PWM Capture Falling Latch Register (Channel 3) 0x0000_0000
PWMB_BA+0x74

PWMA_BA+0x78 .
CAPENR R/W  |PWM Capture Input 0~3 Enable Register 0x0000_0000
PWMB_BA+0x78

PWMA_BA+0x7C
POE - R/W  |PWM Output Enable for Channel 0~3 0x0000_0000
PWMB_BA+0x7C

PWMA_BA+0x80 .
TCON - R/W  |PWM Trigger Control for Channel 0~3 0x0000_0000
PWMB_BA+0x80

PWMA_BA+0x84 . .
TSTATUS - R/W |[PWM Trigger Status Register 0x0000_0000
PWMB_BA+0x84

PWMA_BA+0x88 .
SYNCBUSYO - R PWMO Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x88

PWMA_BA+0x8C .
SYNCBUSY1 R PWMZ1 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x8C

PWMA_BA+0x90 .
SYNCBUSY2 R PWM2 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x90

PWMA_BA+0x94 .
SYNCBUSY3 R PWMS3 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x94
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6.9.6  Register Description
PWM Prescale Register (PPR)

Register Offset R/W |Description Reset Value
PPR PWMA_BA+0x00 R/W  |PWM Prescaler Register 0x0000_0000
PWMB_BA+0x00
31 30 29 28 27 26 25 24
DZ123
23 22 21 20 19 18 17 16
DzI01
15 14 13 12 11 10 9 8
CP23
7 6 5 4 3 2 1 0
CPO1
Bits Description

Dead-zone Interval for Pair of Channel2 and Channel3 (PWM2 and PWM3 Pair for
PWM Group A, PWM6 and PWM7 Pair for PWM Group B)

[31:24] DzI123 These 8-bit determine the Dead-zone length.

The unit time of Dead-zone length = [(prescale+1)*(clock source divider)]/ PWMxy_CLK
(where xy could be 23 or 67, depends on selected PWM channel.).

Dead-zone Interval for Pair of Channel 0 and Channel 1 (PWMO and PWM1 Pair for
PWM Group A, PWM4 and PWM5 Pair for PWM Group B)

[23:16] DzI01 These 8-bit determine the Dead-zone length.

The unit time of Dead-zone length = [(prescale+1)*(clock source divider)]/ PWMxy_CLK
(where xy could be 01 or 45, depends on selected PWM channel.).

Clock Prescaler 2 (PWM-timer2 / 3 for Group a and PWM-timer 6 / 7 for Group B)
Clock input is divided by (CP23 + 1) before it is fed to the corresponding PWM-timer

[15:8] CcP23
If CP23=0, then the clock prescaler 2 output clock will be stopped. So corresponding
PWM-timer will also be stopped.
Clock Prescaler 0 (PWM-timer 0/ 1 for Group a and PWM-timer 4/ 5 for Group B)
[7:0] cpPo1 Clock input is divided by (CPO1 + 1) before it is fed to the corresponding PWM-timer

If CP01=0, then the clock prescaler 0 output clock will be stopped. So corresponding
PWM-timer will also be stopped.
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PWM Clock Source Divider Select Reqgister (CSR)

Register Offset R/W  |Description Reset Value

PWMA_BA+0x04 - .
CSR R/W  [PWM Clock Source Divider Select Register 0x0000_0000
PWMB_BA+0x04 -

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved CSR3 Reserved CSR2
7 6 5 4 3 2 1 0
Reserved CSR1 Reserved CSRO
Bits Description
[31:15] Reserved Reserved.

PWM Timer 3 Clock Source Divider Selection (PWM Timer 3 for Group a and PWM
Timer 7 for Group B)

Select clock source divider for PWM timer 3.
100 = Input Clock Divided by 1.

[14:12] CSR3 011 = Input Clock Divided by 16.

010 = Input Clock Divided by 8.

001 = Input Clock Divided by 4.

000 = Input Clock Divided by 2.

[11] Reserved Reserved.

PWM Timer 2 Clock Source Divider Selection (PWM Timer 2 for Group a and PWM
Timer 6 for Group B)

[10:8] CSR2 Select clock source divider for PWM timer 2.
(Table is the same as CSR3)

[7] Reserved Reserved.
PWM Timer 1 Clock Source Divider Selection (PWM Timer 1 for Group a and PWM
Timer 5 for Group B)

[6:4] CSR1 Select clock source divider for PWM timer 1.
(Table is the same as CSR3)

[3] Reserved Reserved.
PWM Timer 0 Clock Source Divider Selection (PWM Timer O for Group a and PWM
Timer 4 for Group B)

[2:0] CSRO

Select clock source divider for PWM timer 0.
(Table is the same as CSR3)

Apr. 08, 2020 Page 301 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

PWM Control Register (PCR)

Register Offset R/W  |Description Reset Value
PWMA_BA+0x08 )
PCR R/W  |[PWM Control Register 0x0000_0000
PWMB_BA+0x08
31 30 29 28 27 26 25 24
PWM23TYPE | PWMO1TYPE Reserved CH3MOD CH3INV CH3PINV CH3EN
23 22 21 20 19 18 17 16
Reserved CH2MOD CH2INV CH2PINV CH2EN
15 14 13 12 11 10 9 8
Reserved CH1MOD CH1INV CH1PINV CH1EN
7 6 5 4 3 2 1 0
Reserved DZEN23 DZENO1 CHOMOD CHOINV CHOPINV CHOEN
Bits Description
PWM23 Aligned Type Selection Bit (PWM2 and PWM3 Pair for PWM Group A, PWM6
and PWM?7 Pair for PWM Group B)
(31] PWM23TYPE 0 = Edge-aligned type.
1 = Center-aligned type.
PWMO1 Aligned Type Selection Bit (PWMO0 and PWM1 Pair for PWM Group A, PWM4
and PWMS5 Pair for PWM Group B)
(30] PWMO1TYPE 0 = Edge-aligned type.
1 = Center-aligned type.
[29:28] Reserved Reserved.
PWM-timer 3 Auto-reload/One-shot Mode (PWM Timer 3 for Group a and PWM Timer
7 for Group B)
27 CH3MOD 0 = One-shot mode.
1 = Auto-reload mode.
Note: If there is a transition at this bit, it will cause CNR3 and CMR3 be cleared.
PWM-timer 3 Output Inverter Enable Bit (PWM Timer 3 for Group a and PWM Timer 7
for Group B)
26] CH3INV 0 = Inverter Disabled.
1 = Inverter Enabled.
PWM-timer 3 Output Polar Inverse Enable Bit (PWM Timer 3 for Group a and PWM
Timer 7 for Group B)
(25] CH3PINV 0 = PWMS3 output polar inverse Disable.
1 = PWM3 output polar inverse Enable.
PWM-timer 3 Enable Bit (PWM Timer 3 for Group a and PWM Timer 7 for Group B)
[24] CH3EN 0 = Corresponding PWM-Timer Stopped.
1 = Corresponding PWM-Timer Start Running.
[23:20] Reserved Reserved.
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PWM-timer 2 Auto-reload/One-shot Mode (PWM Timer 2 for Group a and PWM Timer
6 for Group B)

[19] CH2MOD 0 = One-shot mode.
1 = Auto-reload mode.
Note: If there is a transition at this bit, it will cause CNR2 and CMR2 be cleared.

PWM-timer 2 Output Inverter Enable Bit (PWM Timer 2 for Group a and PWM Timer 6
for Group B)

(18] CH2INV 0 = Inverter Disabled.
1 = Inverter Enabled.
PWM-timer 2 Output Polar Inverse Enable Bit (PWM Timer 2 for Group a and PWM
Timer 6 for Group B)

[17] CH2PINV

0 = PWM2 output polar inverse Disabled.
1 = PWM2 output polar inverse Enabled.

PWM-timer 2 Enable Bit (PWM Timer 2 for Group a and PWM Timer 6 for Group B)
[16] CH2EN 0 = Corresponding PWM-Timer Stopped.
1 = Corresponding PWM-Timer Start Running.

[15:12] Reserved Reserved.

PWM-timer 1 Auto-reload/One-shot Mode (PWM Timer 1 for Group a and PWM Timer
5 for Group B)

[11] CH1MOD 0 = One-shot mode.
1 = Auto-reload mode.
Note: If there is a transition at this bit, it will cause CNR1 and CMRL1 be cleared.

PWM-timer 1 Output Inverter Enable Bit (PWM Timer 1 for Group a and PWM Timer 5
for Group B)

(10] CHIINV 0 = Inverter Disable.
1 = Inverter Enable.
PWM-timer 1 Output Polar Inverse Enable Bit (PWM Timer 1 for Group a and PWM
Timer 5 for Group B)

[9] CH1PINV

0 = PWML1 output polar inverse Disabled.
1 = PWML1 output polar inverse Enabled.

PWM-timer 1 Enable Bit (PWM Timer 1 for Group a and PWM Timer 5 for Group B)
[8] CH1EN 0 = Corresponding PWM-Timer Stopped.
1 = Corresponding PWM-Timer Start Running.

[7:6] Reserved Reserved.

Dead-zone 2 Generator Enable Bit (PWM2 and PWM3 Pair for PWM Group A, PWM6
and PWM7 Pair for PWM Group B)

0 = Dead-zone 2 generator Disabled.
[5] DZEN23 1 = Dead-zone 2 generator Enabled.

Note: When Dead-zone generator is enabled, the pair of PWM2 and PWM3 becomes a
complementary pair for PWM group A and the pair of PWM6 and PWM7 becomes a
complementary pair for PWM group B.

Dead-zone 0 Generator Enable Bit (PWMO and PWM1 Pair for PWM Group A, PWM4
and PWMS5 Pair for PWM Group B)

0 = Dead-zone 0 generator Disabled.
[4] DZENO1 1 = Dead-zone 0 generator Enabled.

Note: When Dead-zone generator is enabled, the pair of PWMO and PWM1 becomes a
complementary pair for PWM group A and the pair of PWM4 and PWM5 becomes a
complementary pair for PWM group B.
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PWM-timer 0 Auto-reload/One-shot Mode (PWM Timer O for Group a and PWM Timer
4 for Group B)

[3] CHOMOD 0 = One-shot mode.
1 = Auto-reload mode.
Note: If there is a transition at this bit, it will cause CNRO and CMRO be cleared.

PWM-timer 0 Output Inverter Enable Bit (PWM Timer O for Group a and PWM Timer 4
for Group B)
2l CHOINV 0 = Inverter Disabled.

1 = Inverter Enabled.

PWM-timer 0 Output Polar Inverse Enable Bit (PWM Timer 0 for Group a and PWM
Timer 4 for Group B)
g CHOPINV 0 = PWMO output polar inverse Disabled.

1 = PWMO output polar inverse Enabled.

PWM-timer 0 Enable Bit (PWM Timer 0 for Group a and PWM Timer 4 for Group B)
[0] CHOEN 0 = The corresponding PWM-Timer stops running.
1 = The corresponding PWM-Timer starts running.
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PWM Counter Register 3-0 (CNR3-0)

Register Offset R/W |Description Reset Value

PWMA_BA+0x0C )
CNRO R/W |PWM Counter Register O 0x0000_0000
PWMB_BA+0x0C -

PWMA_BA+0x18 )
CNR1 - R/W  |PWM Counter Register 1 0x0000_0000
PWMB_BA+0x18

PWMA_BA+0x24 .
CNR2 - R/W  |PWM Counter Register 2 0x0000_0000
PWMB_BA+0x24

PWMA_BA+0x30 )
CNR3 - R/W  |PWM Counter Register 3 0x0000_0000
PWMB_BA+0x30

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CNRXx
7 6 5 4 3 2 1 0
CNRx
Bits Description
[31:16] Reserved Reserved.

PWM Timer Loaded Value
CNR determines the PWM period.

PWM frequency = PWMxy_CLK/[(prescale+1)*(clock divider)*(CNR+1)]; where xy, could
be 01, 23, 45 or 67, depends on selected PWM channel.

For Edge-aligned type:

° Duty ratio = (CMR+1)/(CNR+1).

L] CMR >= CNR: PWM output is always high.

° CMR < CNR: PWM low width = (CNR-CMR) unit; PWM high width = (CMR+1) unit.
° CMR = 0: PWM low width = (CNR) unit; PWM high width = 1 unit.

For Center-aligned type:

° Duty ratio = [(2 x CMR) + 1]/[2 x (CNR+1)].

L] CMR > CNR: PWM output is always high.

L] CMR <= CNR: PWM low width = 2 x (CNR-CMR) + 1 unit; PWM high width = (2 x
CMR) + 1 unit.

L] CMR = 0: PWM low width = 2 x CNR + 1 unit; PWM high width = 1 unit.
(Unit = one PWM clock cycle).

[15:0] CNRx

Note: Any write to CNR will take effect in next PWM cycle.

Note: When PWM operating at Center-aligned type, CNR value should be set between
0x0000 to OXFFFE. If CNR equal to OxFFFF, the PWM will work unpredictable.

Note: When CNR value is set to 0, PWM output is always high.
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PWM Comparator Register 3-0 (CMR3-0)

Register Offset R/W  |Description Reset Value

PWMA_BA+0x10 )
CMRO R/W  [PWM Comparator Register O 0x0000_0000
PWMB_BA+0x10

PWMA_BA+0x1C )
CMR1 - R/W  |PWM Comparator Register 1 0x0000_0000
PWMB_BA+0x1C

PWMA_BA+0x28 )
CMR2 - R/W  |PWM Comparator Register 2 0x0000_0000
PWMB_BA+0x28

PWMA_BA+0x34 )
CMR3 - R/W  |PWM Comparator Register 3 0x0000_0000
PWMB_BA+0x34

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CMRXx
7 6 5 4 3 2 1 0
CMRx
Bits Description
[31:16] Reserved Reserved.

PWM Comparator Register
CMR determines the PWM duty.

PWM frequency = PWMxy_CLK/[(prescale+1)*(clock divider)*(CNR+1)]; where xy, could
be 01, 23, 45 or 67, depends on selected PWM channel.

For Edge-aligned type:

° Duty ratio = (CMR+1)/(CNR+1).

L] CMR >= CNR: PWM output is always high.

° CMR < CNR: PWM low width = (CNR-CMR) unit; PWM high width = (CMR+1) unit.
[15:0] CMRXx ® CMR = 0: PWM low width = (CNR) unit; PWM high width = 1 unit.

For Center-aligned type:

° Duty ratio = [(2 x CMR) + 1]/[2 x (CNR+1)].

L] CMR > CNR: PWM output is always high.

L] CMR <= CNR: PWM low width = 2 x (CNR-CMR) + 1 unit; PWM high width = (2 x
CMR) + 1 unit.

L] CMR = 0: PWM low width = 2 x CNR + 1 unit; PWM high width = 1 unit.
(Unit = one PWM clock cycle).
Note: Any write to CNR will take effect in next PWM cycle.
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PWM Data Register 3-0 (PDR 3-0)

Register Offset R/W |Description Reset Value

PWMA_BA+0x14 )
PDRO R PWM Data Register 0 0x0000_0000
PWMB_BA+0x14 -

PWMA_BA+0x20 )
PDR1 - R PWM Data Register 1 0x0000_0000
PWMB_BA+0x20

PWMA_BA+0x2C )
PDR2 - R PWM Data Register 2 0x0000_0000
PWMB_BA+0x2C

PWMA_BA+0x38 )
PDR3 - R PWM Data Register 3 0x0000_0000
PWMB_BA+0x38

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PDR
7 6 5 4 3 2 1 0
PDR
Bits Description
[31:16] Reserved Reserved.

PWM Data Register

[15:0] PDRx i ] )
User can monitor PDR to know the current value in 16-bit counter.
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PWM Backward Compatible Reqgister (PBCR)

Register Offset R/W |Description Reset Value
PBCR PWMA_BA+0OX3C R/W  |PWM Backward Compatible Register 0x0000_0000
PWMB_BA+0x3C
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BCn
Bits Description
[31:1] Reserved Reserved.

PWM Backward Compatible Register

0 = Configure write O to clear CFLRIO~3 and CRLRIO~3.

1 = Configure write 1 to clear CFLRI0O~3 and CRLRI0~3.
Refer to the CCRO/CCR2 register bit 6, 7, 22, 23 description

Note: It is recommended that this bit be set to 1 to prevent CFLRIx and CRLRIx from
being cleared when writing CCRO/CCR2.

[0] BCn
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PWM Interrupt Enable Reqister (PIER)

Register Offset R/W  |Description Reset Value
PIER PWMA_BA+0x40 R/W  [PWM Interrupt Enable Register 0x0000_0000
PWMB_BA+0x40
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved INT23TYPE INTO1TYPE
15 14 13 12 11 10 9 8
Reserved PWMDIE3 PWMDIE2 PWMDIE1 PWMDIEO
7 6 5 4 3 2 1 0
Reserved PWMIE3 PWMIE2 PWMIE1 PWMIEO
Bits Description
[31:18] Reserved Reserved.

PWM23 Interrupt Period Type Selection Bit (PWM2 and PWMS3 Pair for PWM Group
A, PWM6 and PWM?7 Pair for PWM Group B)

[17] INT23TYPE 0 = PWMIFn will be set if PWM counter underflow.
1 = PWMIFn will be set if PWM counter matches CNRn register.
Note: This bit is effective when PWM in Center-aligned type only.

PWMOL1 Interrupt Period Type Selection Bit (PWMO0 and PWML1 Pair for PWM Group
A, PWM4 and PWMS5 Pair for PWM Group B)

[16] INTOLTYPE 0 = PWMIFn will be set if PWM counter underflow.
1 = PWMIFn will be set if PWM counter matches CNRn register.
Note: This bit is effective when PWM in Center-aligned type only.

[15:12] Reserved Reserved.

PWM Channel 3 Duty Interrupt Enable Bit
[11] PWMDIE3 0 = PWM channel 3 duty interrupt Disabled.
1 = PWM channel 3 duty interrupt Enabled.

PWM Channel 2 Duty Interrupt Enable Bit
[10] PWMDIE2 0 = PWM channel 2 duty interrupt Disabled.
1 = PWM channel 2 duty interrupt Enabled.

PWM Channel 1 Duty Interrupt Enable Bit
[9] PWMDIE1 0 = PWM channel 1 duty interrupt Disabled.
1 = PWM channel 1 duty interrupt Enabled.

PWM Channel 0 Duty Interrupt Enable Bit
[8] PWMDIEO 0 = PWM channel 0 duty interrupt Disabled.
1 = PWM channel 0 duty interrupt Enabled.

[7:4] Reserved Reserved.
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PWM Channel 3 Period Interrupt Enable Bit
[3] PWMIE3 0 = PWM channel 3 interrupt Disabled.
1 = PWM channel 3 interrupt Enabled.

PWM Channel 2 Period Interrupt Enable Bit
[2] PWMIE2 0 = PWM channel 2 interrupt Disabled.
1 = PWM channel 2 interrupt Enabled.

PWM Channel 1 Period Interrupt Enable Bit
[1] PWMIE1 0 = PWM channel 1 interrupt Disabled.
1 = PWM channel 1 interrupt Enabled.

PWM Channel 0 Period Interrupt Enable Bit
[0] PWMIEO 0 = PWM channel 0 interrupt Disabled.
1 = PWM channel 0 interrupt Enabled.

Apr. 08, 2020 Page 310 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

PWM Interrupt Indication Register (PIIR)

Register Offset R/W  |Description Reset Value
PIIR PWMA_BA+0x44 R/W  |PWM Interrupt Indication Register 0x0000_0000
PWMB_BA+0x44
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved PWMDIF3 PWMDIF2 PWMDIF1 PWMDIFO
7 6 5 4 3 2 1 0
Reserved PWMIF3 PWMIF2 PWMIF1 PWMIFO
Bits Description
[31:12] Reserved Reserved.

PWM Channel 3 Duty Interrupt Flag

Flag is set by hardware when channel 3 PWM counter down count and reaches CMR3,

(11] PWMDIF3 software can clear this bit by writing a one to it.

Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection

PWM Channel 2 Duty Interrupt Flag

Flag is set by hardware when channel 2 PWM counter down count and reaches CMR2,

(101 PWMDIF2 software can clear this bit by writing a one to it.

Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection

PWM Channel 1 Duty Interrupt Flag

Flag is set by hardware when channel 1 PWM counter down count and reaches CMR1,
software can clear this bit by writing a one to it.

Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection

9 PWMDIF1

PWM Channel 0 Duty Interrupt Flag

Flag is set by hardware when channel 0 PWM counter down count and reaches CMRO,
software can clear this bit by writing a one to it.

Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection

8] PWMDIFO

[7:4] Reserved Reserved.

PWM Channel 3 Period Interrupt Status

[3] PWMIF3 This bit is set by hardware when PWM3 counter reaches the requirement of interrupt
(depend on INT23TYPE bit of PIER register), software can write 1 to clear this bit to 0.

PWM Channel 2 Period Interrupt Status

[2] PWMIF2 This bit is set by hardware when PWM2 counter reaches the requirement of interrupt
(depend on INT23TYPE bit of PIER register), software can write 1 to clear this bit to 0.

PWM Channel 1 Period Interrupt Status

(1] PWMIF1 This bit is set by hardware when PWM1 counter reaches the requirement of interrupt
(depend on INTO1TYPE bit of PIER register), software can write 1 to clear this bit to 0.
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PWM Channel 0 Period Interrupt Status

[a] PWMIFO This bit is set by hardware when PWMO counter reaches the requirement of interrupt
(depend on INTO1TYPE bit of PIER register), software can write 1 to clear this bit to 0.

Note: User can clear each interrupt flag by writing 1 to corresponding bit in PIIR.
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Capture Control Reqister (CCRO0)

Register Offset R/W  |Description Reset Value

PWMA_BA+0x50 )
CCRO R/W  [PWM Capture Control Register 0 0x0000_0000
PWMB_BA+0x50

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CFLRI1 CRLRI1 Reserved CAPIF1 CAPCH1EN CFL_IE1 CRL_IE1 INV1
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CFLRIO CRLRIO Reserved CAPIFO CAPCHOEN CFL_IEO CRL_IEO INVO
Bits Description
[31:24] Reserved Reserved.

CFLR1 Latched Indicator Bit

When PWM group input channel 1 has a falling transition, CFLR1 was latched with the
[23] CFLRI1 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if BCn bit is 0, and can write 1 to clear this
bit to 0 if BCn bit is 1.

CRLR1 Latched Indicator Bit

When PWM group input channel 1 has a rising transition, CRLR1 was latched with the
[22] CRLRI1 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to O if BCn bit is 0, and can write 1 to clear this
bit to0 if BCn bit is 1.

[21] Reserved Reserved.

Channel 1 Capture Interrupt Indication Flag

If PWM group channel 1 rising latch interrupt is enabled (CRL_IE1 = 1), a rising transition
occurs at PWM group channel 1 will result in CAPIF1 to high; Similarly, a falling transition
will cause CAPIF1 to be set high if PWM group channel 1 falling latch interrupt is enabled
(CFL_IE1 =1).

Note: This bit can be cleared by writing ‘1’ to it.

[20] CAPIF1

Channel 1 Capture Function Enable Bit
0 = Capture function on PWM group channel 1 Disabled.
1 = Capture function on PWM group channel 1 Enabled.

When Enabled, Capture latched the PWM-counter and saved to CRLR (Rising latch) and
CFLR (Falling latch).

When Disabled, Capture does not update CRLR and CFLR, and disable PWM group
channel 1 Interrupt.

[19] CAPCH1EN

Channel 1 Falling Latch Interrupt Enable Bit

18] CFL IE1 0 = Falling latch interrupt Disabled.

1 = Falling latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 1 has falling transition, Capture will
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issue an Interrupt.

Channel 1 Rising Latch Interrupt Enable Bit
0 = Rising latch interrupt Disabled.
[17] CRL_IE1 1 = Rising latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 1 has rising transition, Capture will
issue an Interrupt.

Channel 1 Inverter Enable Bit
[16] INV1 0 = Inverter Disabled.
1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer

[15:8] Reserved Reserved.

CFLRO Latched Indicator Bit

When PWM group input channel 0 has a falling transition, CFLRO was latched with the
[7] CFLRIO value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if the BCn bit is 0, and can write 1 to clear
this bit to0 if BCn bit is 1.

CRLRO Latched Indicator Bit

When PWM group input channel 0 has a rising transition, CRLRO was latched with the
[6] CRLRIO value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if the BCn bit is 0, and can write 1 to clear
this bit to 0 if the BCn bit is 1.

[5] Reserved Reserved.

Channel 0 Capture Interrupt Indication Flag

If PWM group channel 0 rising latch interrupt is enabled (CRL_IEO = 1), a rising transition
occurs at PWM group channel 0 will result in CAPIFO to high; Similarly, a falling transition
will cause CAPIFO to be set high if PWM group channel 0 falling latch interrupt is enabled
(CFL_IEO =1).

Note: This bit can be cleared by writing ‘1’ to it.

[4] CAPIFO

Channel 0 Capture Function Enable Bit
0 = Capture function on PWM group channel 0 Disabled.
1 = Capture function on PWM group channel 0 Enabled.

When Enabled, Capture latched the PWM-counter value and saved to CRLR (Rising latch)
and CFLR (Falling latch).

When Disabled, Capture does not update CRLR and CFLR, and disable PWM group
channel O Interrupt.

[3] CAPCHOEN

Channel 0 Falling Latch Interrupt Enable
0 = Falling latch interrupt Disabled.
[2] CFL_IEO 1 = Falling latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 0 has falling transition, Capture will
issue an Interrupt.

Channel 0 Rising Latch Interrupt Enable Bit
0 = Rising latch interrupt Disabled.
(1] CRL_IEO 1 = Rising latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 0 has rising transition, Capture will
issue an Interrupt.

Channel 0 Inverter Enable Bit
[0] INVO 0 = Inverter Disabled.
1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer
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Capture Control Reqister (CCR2)

Register Offset R/W |Description Reset Value

PWMA_BA+0x54 )
CCR2 R/W  |PWM Capture Control Register 2 0x0000_0000
PWMB_BA+0x54

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CFLRI3 CRLRI3 Reserved CAPIF3 CAPCH3EN CFL_IE3 CRL_IE3 INV3
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CFLRI2 CRLRI2 Reserved CAPIF2 CAPCH2EN CFL_IE2 CRL_IE2 INV2
Bits Description
[31:24] Reserved Reserved.

CFLR3 Latched Indicator Bit

When PWM group input channel 3 has a falling transition, CFLR3 was latched with the
[23] CFLRI3 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if the BCn bit is 0, and can write 1 to clear
this bit to 0 if the BCn bit is 1.

CRLR3 Latched Indicator Bit

When PWM group input channel 3 has a rising transition, CRLR3 was latched with the
[22] CRLRI3 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if the BCn bit is 0, and can write 1 to clear
this bit to O if the BCn bit is 1.

[21] Reserved Reserved.

Channel 3 Capture Interrupt Indication Flag

If PWM group channel 3 rising latch interrupt is enabled (CRL_IE3=1), a rising transition
occurs at PWM group channel 3 will result in CAPIF3 to high; Similarly, a falling transition
will cause CAPIF3 to be set high if PWM group channel 3 falling latch interrupt is enabled
(CFL_IE3=1).

Note: Write 1 to clear this bit to O

[20] CAPIF3

Channel 3 Capture Function Enable Bit
0 = Capture function on PWM group channel 3 Disabled.
1 = Capture function on PWM group channel 3 Enabled.

When Enabled, Capture latched the PWM-counter and saved to CRLR (Rising latch) and
CFLR (Falling latch).

When Disabled, Capture does not update CRLR and CFLR, and disable PWM group
channel 3 Interrupt.

[19] CAPCH3EN

Channel 3 Falling Latch Interrupt Enable Bit

18] CFL IE3 0 = Falling latch interrupt Disabled.

1 = Falling latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 3 has falling transition, Capture will
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issue an Interrupt.

Channel 3 Rising Latch Interrupt Enable Bit
0 = Rising latch interrupt Disabled.
[17] CRL_IE3 1 = Rising latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 3 has rising transition, Capture will
issue an Interrupt.

Channel 3 Inverter Enable Bit
[16] INV3 0 = Inverter Disabled.
1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer

[15:8] Reserved Reserved.

CFLR2 Latched Indicator Bit

When PWM group input channel 2 has a falling transition, CFLR2 was latched with the
[7] CFLRI2 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to O if BCn bit is 0, and can write 1 to clear this
bit to 0 if the BCn bit is 1.

CRLR2 Latched Indicator Bit

When PWM group input channel 2 has a rising transition, CRLR2 was latched with the
[6] CRLRI2 value of PWM down-counter and this bit is set by hardware.

Note: Software can write 0 to clear this bit to 0 if the BCn bit is 0, and can write 1 to clear
this bit to 0 if the BCn bit is 1.

[5] Reserved Reserved.

Channel 2 Capture Interrupt Indication Flag

If PWM group channel 2 rising latch interrupt is enabled (CRL_IE2=1), a rising transition
occurs at PWM group channel 2 will result in CAPIF2 to high; Similarly, a falling transition
will cause CAPIF2 to be set high if PWM group channel 2 falling latch interrupt is enabled
(CFL_IE2=1).

Note: Write 1 to clear this bit to 0

[4] CAPIF2

Channel 2 Capture Function Enable Bit
0 = Capture function on PWM group channel 2 Disabled.
1 = Capture function on PWM group channel 2 Enabled.

When Enabled, Capture latched the PWM-counter value and saved to CRLR (Rising latch)
and CFLR (Falling latch).

When Disabled, Capture does not update CRLR and CFLR, and disable PWM group
channel 2 Interrupt.

3] CAPCH2EN

Channel 2 Falling Latch Interrupt Enable Bit
0 = Falling latch interrupt Disabled.
[2] CFL_IE2 1 = Falling latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 2 has falling transition, Capture will
issue an Interrupt.

Channel 2 Rising Latch Interrupt Enable Bit
0 = Rising latch interrupt Disabled.
(1] CRL_IE2 1 = Rising latch interrupt Enabled.

When Enabled, if Capture detects PWM group channel 2 has rising transition, Capture will
issue an Interrupt.

Channel 2 Inverter Enable Bit
[0] INV2 0 = Inverter Disabled.
1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer
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Capture Rising Latch Register3-0 (CRLR3-0)

Register Offset R/W  |Description Reset Value

PWMA_BA+0x58 . )
CRLRO R PWM Capture Rising Latch Register (Channel 0) 0x0000_0000
PWMB_BA+0x58

PWMA_BA+0x60 n .
CRLR1 - R PWM Capture Rising Latch Register (Channel 1) 0x0000_0000
PWMB_BA+0x60

PWMA_BA+0x68 .. .
CRLR2 - R PWM Capture Rising Latch Register (Channel 2) 0x0000_0000
PWMB_BA+0x68

PWMA_BA+0x70 .. .
CRLR3 - R PWM Capture Rising Latch Register (Channel 3) 0x0000_0000
PWMB_BA+0x70

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CRLRx
7 6 5 4 3 2 1 0
CRLRx
Bits Description
[31:16] Reserved Reserved.

Capture Rising Latch Register
[15:0] CRLRx

Latch the PWM counter when Channel 0/1/2/3 has rising transition.
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Capture Falling Latch Register3-0 (CFLR3-0)

Register Offset R/W  |Description Reset Value

PWMA_BA+0x5C . .
CFLRO R PWM Capture Falling Latch Register (Channel 0) 0x0000_0000
PWMB_BA+0x5C

PWMA_BA+0x64 . .
CFLR1 - R PWM Capture Falling Latch Register (Channel 1) 0x0000_0000
PWMB_BA+0x64

PWMA_BA+0x6C . .
CFLR2 - R PWM Capture Falling Latch Register (Channel 2) 0x0000_0000
PWMB_BA+0x6C

PWMA_BA+0x74 . .
CFLR3 - R PWM Capture Falling Latch Register (Channel 3) 0x0000_0000
PWMB_BA+0x74

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CFLRx
7 6 5 4 3 2 1 0
CFLRx
Bits Description
[31:16] Reserved Reserved.

Capture Falling Latch Register

[15:0] CFLRx ) -
Latch the PWM counter when Channel 0/1/2/3 has Falling transition.
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Capture Input Enable Register (CAPENR)

Register Offset R/W |Description Reset Value
CAPENR PWMA_BA+0x78 R/W  |PWM Capture Input 0~3 Enable Register 0x0000_0000
PWMB_BA+0x78
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CINEN3 CINEN2 CINEN1 CINENO
Bits Description
[31:4] Reserved Reserved.

Channel 3 Capture Input Enable Bit

0 = PWM Channel 3 capture input path Disabled. The input of PWM channel 3 capture
[3] CINEN3 function is always regarded as 0.

1 = PWM Channel 3 capture input path Enabled. The input of PWM channel 3 capture
function comes from correlative multifunction pin if GPIO multi-function is set as PWM3.

Channel 2 Capture Input Enable Bit

0 = PWM Channel 2 capture input path Disabled. The input of PWM channel 2 capture
[2] CINEN2 function is always regarded as 0.

1 = PWM Channel 2 capture input path Enabled. The input of PWM channel 2 capture
function comes from correlative multifunction pin if GPIO multi-function is set as PWM2.

Channel 1 Capture Input Enable Bit

0 = PWM Channel 1 capture input path Disabled. The input of PWM channel 1 capture
[1] CINEN1 function is always regarded as 0.

1 = PWM Channel 1 capture input path Enabled. The input of PWM channel 1 capture
function comes from correlative multifunction pin if GPIO multi-function is set as PWML1.

Channel 0 Capture Input Enable Bit

0 = PWM Channel 0 capture input path Disabled. The input of PWM channel 0 capture
[0] CINENO function is always regarded as 0.

1 = PWM Channel 0 capture input path Enabled. The input of PWM channel O capture
function comes from correlative multifunction pin if GPIO multi-function is set as PWMO.
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PWM Output Enable Register (POE)

Register Offset R/W  |Description Reset Value
PWMA_BA+0x7C
POE R/W  [PWM Output Enable for Channel 0~3 0x0000_0000
PWMB_BA+0x7C
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved POE3 POE2 POE1 POEO
Bits Description
[31:4] Reserved Reserved.
Channel 3 Output Enable Bit
0 = PWM channel 3 output to pin Disabled.
[3] POE3 .
1 = PWM channel 3 output to pin Enabled.
Note: The corresponding GPIO pin must also be switched to PWM function
Channel 2 Output Enable Bit
0 = PWM channel 2 output to pin Disabled.
2] POE2 _
1 = PWM channel 2 output to pin Enabled.
Note: The corresponding GPIO pin must also be switched to PWM function
Channel 1 Output Enable Bit
0 = PWM channel 1 output to pin Disabled.
[1] POE1 )
1 = PWM channel 1 output to pin Enabled.
Note: The corresponding GPIO pin must also be switched to PWM function
Channel 0 Output Enable Bit
0 = PWM channel 0 output to pin Disabled.
[0] POEO .
1 = PWM channel 0 output to pin Enabled.
Note: The corresponding GPIO pin must also be switched to PWM function
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PWM Trigger Control Register (TCON)

Register Offset R/W  |Description Reset Value
PWMA_BA+0x80 .
TCON R/W  [PWM Trigger Control for Channel 0~3 0x0000_0000
PWMB_BA+0x80
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PWMS3TEN PWM2TEN PWMI1TEN PWMOTEN
Bits Description
[31:4] Reserved Reserved.
Channel 3 Center-aligned Trigger Enable Bit
0 = PWM channel 3 trigger ADC function Disabled.
3] PWM3TEN 1 = PWM channel 3 trigger ADC function Enabled.
PWM can trigger ADC to start conversion when PWM counter up count to CNR if
this bit is set to 1.
Note: This function is only supported when PWM operating at Center-aligned type.
Channel 2 Center-aligned Trigger Enable Bit
0 = PWM channel 2 trigger ADC function Disabled.
2] PWM2TEN 1 = PWM channel 2 trigger ADC function Enabled.
PWM can trigger ADC to start conversion when PWM counter up count to CNR if
this bit is set to 1.
Note: This function is only supported when PWM operating at Center-aligned type.
Channel 1 Center-aligned Trigger Enable Bit
0 = PWM channel 1 trigger ADC function Disabled.
1] PWMLTEN 1 = PWM channel 1 trigger ADC function Enabled.
PWM can trigger ADC to start conversion when PWM counter up count to CNR if
this bit is set to 1.
Note: This function is only supported when PWM operating at Center-aligned type.
Channel 0 Center-aligned Trigger Enable Bit
0 = PWM channel 0 trigger ADC function Disabled.
0] PWMOTEN 1 = PWM channel 0 trigger ADC function Enabled.
PWM can trigger ADC to start conversion when PWM counter up count to CNR if
this bit is set to 1.
Note: This function is only supported when PWM operating at Center-aligned type.
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PWM Trigger Status Reqister (TSTATUS)

Register Offset R/W  |Description Reset Value
TSTATUS PWMA_BA+0x84 R/W  [PWM Trigger Status Register 0x0000_0000
PWMB_BA+0x84
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PWMB3TF PWM2TF PWMI1TF PWMOTF
Bits Description

Channel 3 Center-aligned Trigger Flag

For Center-aligned Operating mode, this bit is set to 1 by hardware when PWM
[3] PWM3TF counter up count to CNR if PWM3TEN bit is set to 1. After this bit is set to 1, ADC
will start conversion if ADC triggered source is selected by PWM.

Note: This bit can be cleared by writing ‘1’ to it.

Channel 2 Center-aligned Trigger Flag

For Center-aligned Operating mode, this bit is set to 1 by hardware when PWM
[2] PWM2TF counter up count to CNR if PIWM2TEN bit is set to 1. After this bit is set to 1, ADC
will start conversion if ADC triggered source is selected by PWM.

Note: This bit can be cleared by writing ‘1’ to it.

Channel 1 Center-aligned Trigger Flag

For Center-aligned Operating mode, this bit is set to 1 by hardware when PWM
[1] PWM1TF counter up count to CNR if PIWM1TEN bit is set to 1. After this bit is set to 1, ADC
will start conversion if ADC triggered source is selected by PWM.

Note: This bit can be cleared by writing ‘1’ to it.

Channel 0 Center-aligned Trigger Flag

For Center-aligned Operating mode, this bit is set to 1 by hardware when PWM
[0] PWMOTF counter up counts to CNR if PIWMOTEN bit is set to 1. After this bit is set to 1, ADC
will start conversion if ADC triggered source is selected by PWM.

Note: This bit can be cleared by writing ‘1’ to it.
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PWMO Synchronous Busy Status Register (SYNCBUSYO0)

Register Offset R/W  |Description Reset Value
SYNCBUSYO PWMA_BA+0x88 R PWMO Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x88
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved S_BUSY
Bits Description
[31:1] Reserved Reserved.

PWM Synchronous Busy

When software writes CNRO/CMRO/PPR or switches PWMO operation mode
(PCRJ3]), PWM will have a busy time to update these values completely because
PWM clock may be different from system clock domain. SOFTWARE needs to check
[0] S_BUSY this busy status before writing CNRO/CMRO/PPR or switching PWMO operation
mode (PCR[3]) to make sure previous setting has been updated completely.

This bit will be set when software writes CNRO/CMRO/PPR or switches PWMO0
operation mode (PCR[3]) and will be cleared by hardware automatically when PWM
update these value completely.
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PWM1 Synchronous Busy Status Register (SYNCBUSY1)

Register Offset R/W  |Description Reset Value
SYNCBUSY1 PWMA_BA+0XBC R PWMZ1 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x8C
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved S_BUSY
Bits Description
[31:1] Reserved Reserved.

PWM Synchronous Busy

When software writes CNR1/CMR1/PPR or switches PWM1 operation mode
(PCRJ[11]), PWM will have a busy time to update these values completely because
PWM clock may be different from system clock domain. Software needs to check
[0] S_BUSY this busy status before writing CNR1/CMR1/PPR or switching PWM1 operation
mode (PCR[11]) to make sure previous setting has been updated completely.

This bit will be set when software writes CNR1/CMR1/PPR or switches PWM1
operation mode (PCR[11]) and will be cleared by hardware automatically when PWM
update these value completely.
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PWM?2 Synchronous Busy Status Register (SYNCBUSY?2)

Register Offset R/W  |Description Reset Value
SYNCBUSY2 PWMA_BA+0x30 R PWM2 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x90
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved S_BUSY
Bits Description
[31:1] Reserved Reserved.

PWM Synchronous Busy

When software writes CNR2/CMR2/PPR or switch PWM2 operation mode
(PCRJ[19]), PWM will have a busy time to update these values completely because
PWM clock may be different from system clock domain. Software needs to check
[0] S_BUSY this busy status before writing CNR2/CMR2/PPR or switching PWM2 operation
mode (PCR[19]) to make sure previous setting has been updated completely.

This bit will be set when software writes CNR2/CMR2/PPR or switch PWM2
operation mode (PCR[19]) and will be cleared by hardware automatically when PWM
update these value completely.
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PWM3 Synchronous Busy Status Register (SYNCBUSY3)

Register Offset R/W  |Description Reset Value
SYNCBUSY3 PWMA_BA+0x94 R PWM3 Synchronous Busy Status Register 0x0000_0000
PWMB_BA+0x94
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved S_BUSY
Bits Description
[31:1] Reserved Reserved.

PWM Synchronous Busy

When software writes CNR3/CMR3/PPR or switch PWM3 operation mode
(PCR[27]), PWM will have a busy time to update these values completely because
PWM clock may be different from system clock domain. Software need to check this
[0] S_BUSY busy status before writing CNR3/CMR3/PPR or switching PWM3 operation mode
(PCRJ[27]) to make sure previous setting has been updated completely.

This bit will be set when software writes CNR3/CMR3/PPR or switch PWM3
operation mode (PCR[27]) and will be cleared by hardware automatically when PWM
update these value completely.
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6.10 Watchdog Timer (WDT)

6.10.1 Overview

The purpose of Watchdog Timer is to perform a system reset when system runs into an unknown
state. This prevents system from hanging for an infinite period of time. Besides, this Watchdog
Timer supports the function to wake-up system from Idle/Power-down mode.

6.10.2 Features
®  18-bit free running up counter for Watchdog Timer time-out interval.

®  Selectable time-out interval (2* ~ 2'%) and the time-out interval is 104 ms ~ 26.3168 s if
WDT_CLK = 10 kHz.

System kept in reset state for a period of (1 / WDT_CLK) * 63

Supports selectable Watchdog Timer reset delay period, it includes (1024+2) ~ (128+2) -~
(16+2) or (1+2) WDT_CLK reset delay period.

®  Supports force Watchdog Timer enabled after chip powered on or reset while CWDTEN
(Config0[31] watchdog enable) bit is set to 0.

®  Supports Watchdog Timer time-out wake-up function when WDT clock source is selected to
10 kHz low speed oscillator.
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6.10.3 Block Diagram
The Watchdog Timer clock control and block diagram are shown as follows.

WDT_S (CLKSEL1[1:0]) \

WDT_EN(APBCLK[O]) ‘

10 kHz

11

\ 4

WDT_CLK

HCLK/2048
—>» 10

A\

32.768 kHz
— > 01

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-56 Watchdog Timer Clock Control

| WTR(WTCRIO]) |
Reset WDT
Counter | 18-pit WDT Up Counter WTIF Watchdog
— (WTCR[3]) || Interrupt
0Ol .[4]... 15116 [ 17
‘ | WTIE J
1000 WTCR[6
:0(_)1 T Time-out Reset ( (6] Watchdog
L ' Delay Reset!"
1301 | select Select
1] WTRE | Tl
WDT_CLK T ? (WTCR[1]) WTRF
——————
L WTCR[2
< WTE WTIS WTRDSEL (WTCR[2])
(WTCR[7]) (WTCRJ[10:8]) (WTCRALT[1:0])
Wake-up system from
Note: Idle/Power-down mode
1. Watchdog timer resets CPU and lasts 63 WDT_CLK.
2. If user intends to use WDT to wakeup power-down mode, it is WTWKE | [l
recommended that CPU clock source is set as the same as WDT (WTCR[4]) WTWKF
clock source before CPU enters in power-down mode. (WTCR[5])

Figure 6-57 Watchdog Timer Block Diagram
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6.10.4 Functional Description

The Watchdog Timer (WDT) includes an 18-bit free running up counter with programmable time-
out intervals. Table 6-12 shows the WDT time-out interval selection and Figure 6-58 shows the
timing of WDT time-out interval and reset period.

Setting WTE (WDTCR[7] WDT enable) bit to 1 will enable the WDT function and the WDT counter
to start counting up. When the counter reaches the selected time-out interval (WTIS settings),
WTIF (WTCRJ[3] WDT interrupt flag) will be set to 1 immediately, in the meanwhile, a specified
WDT reset delay period (WTCRALT[1:0] WTRDSEL) follows the WTIF is setting to 1. User must
set WTR (WDTCRJ[0] Reset WDT counter) 1 to reset the 18-bit WDT counter value to avoid
generate WDT time-out reset signal before the WDT reset delay period expires. And WTR bit is
cleared automatically by hardware after WDT counter is reset.

There are eight time-out interval period can be selected by setting WTIS (WTCR[10:8] WDT
interval selection). If the WDT counter value has not been cleared after the specific WDT reset
delay period expires, the WDT control will set WTRF (WTCR[2] WDT reset flag) to 1 if WTRE
(WTCR[1] WDT reset enable) bit is enabled, then chip will reset immediately. This reset period
will keep last 63 WDT clocks (Tgrst) then chip restarts executing program from reset vector
(Ox0000_0000). And WTRF bit will not be cleared after WDT time-out reset the chip, user can
check WTRF bit by software to recognize the system has been reset by WDT time-out reset or
not.

The WDT also provides system wake-up function from Idle/Power-Down mode while WTIE
(WTCR[6] WDT interrupt enable) bit is enabled and WTIF (WTCR[3] WDT interrupt flag) is set to

1.
WIS Time-Out Interval Period Reset Delay Period
o TrsTd

000 2** Twor (1/16/128/1024 + 2) * Twor
o1 255 Tyyor (1/16/128/1024 + 2) * Twor
010 2% * Twor (1/16/128/1024 + 2) * Twor
011 2% Tyor (1/16/128/1024 + 2) * Twor
100 2% Tyor (1/16/128/1024 + 2) * Twor
101 2" * Twor (1/16/128/1024 + 2) * Twor
110 2% T, (1/16/128/1024 + 2) * Twor
111 2" * Tyor (1/16/128/1024 + 2) * Twor

Table 6-12 Watchdog Timer Time-out Interval Selection
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WTRF =1
WTIF =1 (if WTRE = 1)
Twor
- A A
| |
T T
«-— - L Plq————_RSP____
WDT reset <77-|:R7$T7 _ )
(low reset)
® Tywpr :Watchdog Clock Time Period
® Tig : Watchdog Timeout Interval Period ( (24 ~ 218) * Tyypr )
® Trstp : Watchdog Reset Delay Period ( (1/16/128/1024 + 2) * Twor )
°

TrsT : Watchdog Reset Period ( 63 * Twpr )

Figure 6-58 Watchdog Timer Time-out Interval and Reset Period Timing
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6.10.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value

WDT Base Address:
WDT_BA = 0x4000_4000

WTCR WDT_BA+0x00 R/W | Watchdog Timer Control Register 0x0000_0700

WTCRALT WDT_BA+0x04 R/W | Watchdog Timer Alternative Control Register 0x0000_0000
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6.10.6 Register Description
Watchdog Timer Control Register (WTCR)

Register Offset R/W  |Description Reset Value

WTCR WDT_BA+0x00 R/W  |Watchdog Timer Control Register 0x0000_0700

Note: All bits that can be written in this register are write-protected. To program it needs to write “59h”, “16h”, “88h” to address
0x5000_0100 to disable register protection. Refer to the register REGWRPROT at address GCR_BA+0x100.

31 30 29 28 27 26 25 24
DBGAgK—WD Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved WTIS
7 6 5 4 3 2 1 0
WTE WTIE WTWKF WTWKE WTIF WTRF WTRE WTR
Bits Description

ICE Debug Mode Acknowledge Disable Bit (Write Protect)

0 = ICE debug mode acknowledgement effects Watchdog Timer counting.
[31] DBGACK_WDT Watchdog Timer counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement Disabled.

Watchdog Timer counter will keep going no matter CPU is held by ICE or not.

[30:11] Reserved Reserved.

Watchdog Timer Interval Selection (Write Protect)

These three bits select the time-out interval period for the Watchdog Timer.
000 = 2* * WDT_CLK.

001 = 2° *WDT_CLK.

010 = 2° *WDT_CLK.

[10:8] WTIS 011 = 2" * WDT_CLK.

100 = 22 * WDT_CLK.

101 = 2" * WDT_CLK.

110 = 2'° *WDT_CLK.

111 = 2" *WDT_CLK.

Watchdog Timer Enable Bit (Write Protect)
0 = Watchdog Timer Disabled (This action will reset the internal counter).
[7] WTE 1 = Watchdog Timer Enabled.

Note: If CWDTEN (Config0[31] watchdog enable) bit is set to 0, this bit is forced as 1
and software cannot change this bit to 0.

[6] WTIE Watchdog Timer Interrupt Enable Bit (Write Protect)
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If this bit is enabled, the WDT time-out interrupt signal is generated and inform to
CPU.

0 = Watchdog Timer interrupt Disabled.
1 = Watchdog Timer interrupt Enabled.

Watchdog Timer Wake-up Flag

This bit indicates the interrupt wake-up flag status of WDT
5] WTWKE 0 = Watchdog Timer does not cause chip wake-up.

1 = Chip wake-up from Idle or Power-down mode if WDT time-out interrupt signal
generated.

Note: This bit is cleared by writing 1 to this bit..

Watchdog Timer Wake-up Function Enable Bit (Write Protect)

If this bit is set to 1, while WDT interrupt flag (WTCR[3] WTIF) is generated to 1 and
WTIE (WTCR[6] WDT interrupt enable) is enabled, the WDT time-out interrupt signal
will generate a wake-up trigger event to chip.
[4] WTWKE 0=W . . . ) . _

= Wake-up trigger event Disabled if WDT time-out interrupt signal generated.
1 = Wake-up trigger event Enabled if WDT time-out interrupt signal generated..

Note: Chip can be woken-up by WDT time-out interrupt signal generated only if
WDT clock source is selected to 10 kHz oscillator.

Watchdog Timer Interrupt Flag

This bit will set to 1 while WDT counter value reaches the selected WDT time-out
interval

(3] WTIF 0 = Watchdog Timer time-out interrupt did not occur.
1 = Watchdog Timer time-out interrupt occurred.

Note: This bit is cleared by writing 1 to this bit.

Watchdog Timer Reset Flag

This bit indicates the system has been reset by WDT time-out reset or not.
[2] WTRF 0 = Watchdog Timer time-out reset did not occur.

1 = Watchdog Timer time-out reset occurred.

Note: This bit is cleared by writing 1 to this bit.

Watchdog Timer Reset Enable Bit (Write Protect)

Setting this bit will enable the Watchdog Timer time-out reset function if the WDT
counter value has not been cleared after the specific WDT reset delay period

(1] WTRE expires.
0 = Watchdog Timer time-out reset function Disabled.
1 = Watchdog Timer time-out reset function Enabled.

Reset Watchdog Timer Counter (Write Protect)

0 = No effect.

1 = Reset the internal 18-bit WDT counter.

Note: This bit will be automatically cleared by hardware.

[0] WTR
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Watchdog Timer Alternative Control Register (WTCRALT)

Register Offset R/W  [Description Reset Value
WTCRALT WDT_BA+0x04 R/W  [Watchdog Timer Alternative Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WTRDSEL
Bits Description
[31:2] Reserved Reserved.
Watchdog Timer Reset Delay Select (Write Protect)
When WDT time-out happened, software has a time named WDT reset delay period
to clear WDT counter to prevent WDT time-out reset happened. Software can select
a suitable value of WDT reset delay period for different WDT time-out period.
These bits are protected bit. It means programming this bit needs to write “59h”,
“16h”, “88h” to address 0x5000_0100 to disable register protection. Reference the
[1:0] WTRDSEL register REGWRPROT at address GCR_BA+0x100.
00 = Watchdog Timer reset delay period is (1024+2) * WDT_CLK.
01 = Watchdog Timer reset delay period is (128+2) * WDT_CLK.
10 = Watchdog Timer reset delay period is (16+2) * WDT_CLK.
11 = Watchdog Timer reset delay period is (1+2) * WDT_CLK.
This register will be reset to 0 if WDT time-out reset happened
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6.11 Window Watchdog Timer (WWDT)

6.11.1 Overview

The purpose of Window Watchdog Timer is to perform a system reset within a specified window
period to prevent software run to uncontrollable status by any unpredictable condition.

6.11.2 Features

®  6-bit down counter (WWDTVALI5:0]) and 6-bit compare value (WWDTCR[21:16] — WINCMP
value) to make the window period flexible

®  Selectable maximum 11-bit WWDT clock prescale (WWDTCR[11:8] — PERIODSEL value) to
make WWDT time-out interval variable

6.11.3 Block Diagram

The Window Watchdog Timer block diagram is shown as follows.

WWDT_S (CLKSEL2[17:16]) ‘

‘ WDT_EN(APBCLK[0]) ‘

10 kHz 1 ; WWDT_CLK
B —
HCLK/2048 ‘
—_—Pp

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

\ 4

Y

Figure 6-59 Window Watchdog Timer Clock Control

PERIODSEL
(WWDTCR[11:8]) OX3F
Write * WWDTCNT =0 WWDT

WWDTRLD = Write WWDTRLD Reset
0x00005AA5 -] >
y

WWDT_CLK 11-bit = 6-bit down counter —m WWDTRF
— =" -
Prescale
WWDTCNT > WINCMP (WWDTSTS[L])
comparator
6-bit compare value WWDTCNT = WINCMP
(WINCMP) ! WWDT
1 WWDTIF | Interrupt
P on— (WWDTSTSI0]) i—»
synchronizer ~ —# counter value INTEN j
(WWDTVAL) (WWDTCRI1])

Figure 6-60 Window Watchdog Timer Block Diagram
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6.11.4 Functional Description

The Window Watchdog Timer includes a 6-bit down counter with programmable prescale value to
define different time-out intervals.

The clock source of 6-bit Window Watchdog Timer is based on system clock divide 2048
(HCLK/2048) or internal 10 kHz oscillator with a programmable maximum of 11-bit prescale value.
Also, the programmable 11-bit prescale value is controlled by PERIODSEL (WWDTCR[11:8]
WWDT prescale period select) and the correlate of PERIODSEL and prescale value are listed in

Table 6-13.

PERIODSEL Prescaler Value Time-Out Period mg}”ﬁ&”ztl'gtﬁn’;'
0000 1 1% 64 * Tuwor 6.4 ms
0001 2 2% 64 * Tuwor 12.8 ms
0010 4 4% 64 * Tymor 25.6 ms
0011 8 8 * 64 * Twwor 51.2 ms
0100 16 16 * 64 * Tuwor 102.4 ms
0101 32 32 * 64 * Tawor 204.8 ms
0110 64 64 * 64 * Tawor 409.6 ms
0111 128 128 * 64 * Tymor 819.2 ms
1000 192 192 * 64 * Tymor 1.2288's
1001 256 256 * 64 * Tuwor 1.6384 s
1010 384 384 * 64 * Tuwor 2.4576's
1011 512 512 * 64 * Tawor 3.2768 s
1100 768 768 * 64 * Tuwor 49152 s
1101 1024 1024 * 64 * Tywor 6.5536 s
1110 1536 1536 * 64 * Tawor 9.8304 s
1111 2048 2048 * 64 * Tywor 13.1072 s

Table 6-13 Window Watchdog Timer Prescale Value Selection

The Window Watchdog Timer can be enabled only once by software setting WWDTEN
(WWDTCR[0] WWDT enable) bit to 1 after chip power on or reset and the WWDT down counter
will start counting from Ox3F and cannot be stopped by software unless chip has been reset
again.

During down counting by the WWDT counter, the WWDTIF (WWDTSR[0] WWDT compare match
interrupt flag) is set to 1 if the WWDT counter value is equal to WINCMP (WWDTCR[21:16]
WWDT window compare register) value; if WWDTIE (WWDTCR[1] WWDT interrupt enable) is
also set to 1 by software, the WWDT time-out interrupt signal is generated also while WWDTIF is
set to 1 by hardware.

The WWDT time-out reset signal is generated when the WWDT counter value reaches 0. Before
WWDT counter down counting to O, software can write 0XO0005AA5 to WWDTRLD register to
reload WWDT internal counter value to Ox3F to prevent WWDT time-out reset happen when
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current WWDT counter value (WWDTCVR value) is equal to or smaller than WINCMP value. If
current WWDT counter value (WWDTCVR value) is larger than WINCMP value and software
writes OXO0005AA5 to the WWDTRLD register, WWDT reset signal will be generated to cause
chip reset. Figure 6-61 shows the reset and reload behavior of WWDT.

To prevent program from running to disable Window Watchdog Timer counter counting
unexpected, the control register WWDTCR can only be written once after chip is powered on or
reset. Software cannot disable Window Watchdog Timer counter counting (WWDTEN), change
time-out prescale period (PERIODSEL) or change window compare value (WINCMP) while
WWDTEN bit has been enabled by software unless chip is reset.

o WWDTCVAL > WINCMP § WWDTCVAL <= WINCMP =
e g <
o
Write WWDTRLD 0x5AAS here will Write WWDTRLD 0x5AAS here will reload
reset system WWDTCVAL to 0x3F
WWDTCVAL >

Reset system when
WWDTCVAL =0

Figure 6-61 Window Watchdog Timer Reset and Reload Behavior

When software writes 0x00005AA5 to WWDTRLD register to reload WWDT counter value to
Ox3F, it needs 3 WWDT clocks to sync reload command to actually perform reload action. It
means if software set PERIODSEL (WWDTCR[11:8] WWDT prescale period select) to 0, the
prescale value should be as 1, and the WINCMP (WWDTCR[21:16] WWDT window compare
register) value must be larger than 2; otherwise, writing WWDTRLD by software to reload WWDT
counter value to Ox3F is unavailable and WWDT time-out reset always happened. Table 6-14
shows the limitation of WINCMP.

Prescale Value Valid WINCMP Value
1 0x3 ~ Ox3F
2 0x2 ~ Ox3F
Others 0x0 ~ Ox3F

Table 6-14 WINCMP Setting Limitation
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6.11.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value

WWDT Base Address:
WWDT_BA = 0x4000_4100

WWDTRLD  |[WWDT_BA+0x00 (W Window Watchdog Timer Reload Counter Register 0x0000_0000
WWDTCR WWDT_BA+0x04 |R/W [Window Watchdog Timer Control Register 0x003F_0800
WWDTSR WWDT_BA+0x08 |R/W |Window Watchdog Timer Status Register 0x0000_0000
WWDTCVR  |WWDT_BA+0x0C [R Window Watchdog Timer Counter Value Register 0x0000_003F
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6.11.6 Register Description
Window Watchdog Timer Reload Counter Register (WWDTRLD)

Register Offset R/W  |Description Reset Value
WWDTRLD  |[WWDT_BA+0x00 (W Window Watchdog Timer Reload Counter Register 0x0000_0000
31 30 29 28 27 26 25 24
WWDTRLD
23 22 21 20 19 18 17 16
WWDTRLD
15 14 13 12 11 10 9 8
WWDTRLD
7 6 5 4 3 2 1 0
WWDTRLD
Bits Description
WWDT Reload Counter Register
Writing 0xO0005AAS to this register will reload the Window Watchdog Timer counter
value to Ox3F.
(31:0] WWDTRLD Note: Software can only write WWDTRLD to reload WWDT counter value when
current WWDT counter value between 0 and WINCMP. If software writes
WWDTRLD when current WWDT counter value is larger than WINCMP, WWDT
reset signal will generate immediately.
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Window Watchdoqg Timer Control Reqister (WWDTCR)

Register Offset R/W  [Description Reset Value
WWDTCR WWDT_BA+0x04 |R/W |Window Watchdog Timer Control Register 0x003F_0800
Note: This register can be written only one time after chip is powered on or reset.

31 30 29 28 27 26 25 24

DBGACK_
WWDT Reserved
23 22 21 20 19 18 17 16
Reserved WINCMP
15 14 13 12 11 10 9 8
Reserved PERIODSEL
7 6 5 4 3 2 1 0
Reserved WWDTIE WWDTEN

Bits Description

ICE Debug Mode Acknowledge Disable Bit
[31] DBGACK_WWDT 0 = WWDT counter stopped if system is in Debug mode.
1 =WWDT still counted even system is in Debug mode.

[30:22] Reserved Reserved.

WWDT Window Compare Register
Set this register to adjust the valid reload window.

[21:16] WINCMP Note: Software can only write WWDTRLD to reload WWDT counter value when
current WWDT counter value between 0 and WINCMP. If Software writes
WWDTRLD when current WWDT counter value larger than WINCMP, WWDT reset
signal will generate immediately.

[15:12] Reserved Reserved.

WWDT Prescale Period Select

These 4-bit select the prescale period for the WWDT counter period.
0000 = Pre-scale is 1; Max time-out period is 1 * 64 * WWDT_CLK.
0001 = Pre-scale is 2; Max time-out period is 2 * 64 * WWDT_CLK.
0010 = Pre-scale is 4; Max time-out period is 4 * 64 * WWDT_CLK.
0011 = Pre-scale is 8; Max time-out period is 8 * 64 * WWDT_CLK.
0100 = Pre-scale is 16; Max time-out period is 16 * 64 * WWDT_CLK.
0101 = Pre-scale is 32; Max time-out period is 32 * 64 * WWDT_CLK.
0110 = Pre-scale is 64; Max time-out period is 64 * 64 * WWDT_CLK.
0111 = Pre-scale is 128; Max time-out period is 128 * 64 * WWDT_CLK.
1000 = Pre-scale is 192; Max time-out period is 192 * 64 * WWDT_CLK.
1001 = Pre-scale is 256; Max time-out period is 256 * 64 * WWDT_CLK.
1010 = Pre-scale is 384; Max time-out period is 384 * 64 * WWDT_CLK.
1011 = Pre-scale is 512; Max time-out period is 512 * 64 * WWDT_CLK.
1100 = Pre-scale is 768; Max time-out period is 768 * 64 * WWDT_CLK.
1101 = Pre-scale is 1024; Max time-out period is 1024 * 64 * WWDT_CLK.

[11:8] PERIODSEL
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1110 = Pre-scale is 1536; Max time-out period is 1536 * 64 * WWDT_CLK.
1111 = Pre-scale is 2048; Max time-out period is 2048 * 64 * WWDT_CLK.

[7:2] Reserved Reserved.

WWDT Interrupt Enable Bit
Set this bit to enable the Window Watchdog Timer time-out interrupt function.

1] WWDTIE 0 = WWDT time-out interrupt function Disabled if WWDTIF (WWDTSR[0] WWDT
compare match interrupt flag) is 1.

1 =WWDT time-out interrupt function Enabled if WWDTIF (WWDTSR[0] WWDT
compare match interrupt flag) is 1.

WWDT Enable Bit

Set this bit to enable Window Watchdog Timer counter counting.
[0] WWDTEN . . ]
0 = Window Watchdog Timer counter is stopped.

1 = Window Watchdog Timer counter is starting counting.
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Window Watchdoqg Timer Status Register (WWDTSR)

Register Offset R/W  |Description Reset Value
WWDTSR WWDT_BA+0x08 |R/W |Window Watchdog Timer Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WWDTRF WWDTIF
Bits Description
[31:2] Reserved Reserved.
WWDT Reset Flag
11 WWDTRF When WWDT counter counts down to 0 or writes WWDTRLD during current WWDT
counter value being larger than WINCMP, chip will be reset and this bit is set to 1.
This bit will be cleared to 0 by writing 1 to itself.
WWDT Compare Match Interrupt Flag
[a] WWDTIF When current WWDT counter value matches WWCMP, this bit is set to 1. This bit
will be cleared by writing 1 to itself.
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Window Watchdog Timer Counter Value Register (WWDTCVR)

Register Offset R/W  [Description Reset Value
WWDTCVR  |WWDT_BA+0x0C [R Window Watchdog Timer Counter Value Register 0x0000_003F
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WWDTCVAL
Bits Description
[31:6] Reserved Reserved.
[5:0] WWDTCVAL WWDT ?ou nter Value (Read Only)
This register reflects the current WWDT counter value.
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6.12 Real Time Clock (RTC)

6.12.1 Overview

The Real Time Clock (RTC) controller provides user with the real time and calendar message.
The clock source of RTC controller is from an external 32.768 kHz low speed crystal which
connected at pins X32I and X320 (refer to pin Description) or from an external 32.768 kHz low
speed oscillator output fed at pin X32l. The RTC controller provides the real time message (hour,
minute, second) in TLR (RTC Time Loading Register) as well as calendar message (year, month,
day) in CLR (RTC Calendar Loading Register). It also offers RTC alarm function that user can
preset the alarm time in TAR (RTC Time Alarm Register) and alarm calendar in CAR (RTC
Calendar Alarm Register). The data format of RTC time and calendar message are all expressed
in BCD format.

The RTC controller supports periodic RTC Time Tick and Alarm Match interrupts. The periodic
RTC Time Tick interrupt has 8 period interval options 1/128, 1/64, 1/32, 1/16, 1/8, 1/4, 1/2 and 1
second which are selected by TTR (TTR[2:0] Time Tick Register). When real time and calendar
message in TLR and CLR are equal to alarm time and calendar settings in TAR and CAR, the AIF
(RIIR [0] RTC Alarm Interrupt Flag) is set to 1 and the RTC alarm interrupt signal is generated if
the AIER (RIER [0] Alarm Interrupt Enable) is enabled.

Both RTC Time Tick and Alarm Match interrupt signal can cause chip to wake-up from Idle or
Power-down mode if the correlate interrupt enable bit (AIER or TIER) is set to 1 before chip
enters Idle or Power-down mode.

6.12.2 Features

®  Supports real time counter in TLR (hour, minute, second) and calendar counter in CLR (year,
month, day) for RTC time and calendar check

®  Supports alarm time (hour, minute, second) and calendar (year, month, day) settings in TAR
and CAR

Selectable 12-hour or 24-hour time scale in TSSR register
Supports Leap Year indication in LIR register

Supports Day of the Week counter in DWR register
Frequency of RTC clock source compensate by FCR register

All time and calendar message expressed in BCD format

Supports periodic RTC Time Tick interrupt with 8 period interval options 1/128, 1/64, 1/32,
1/16, 1/8, 1/4, 1/2 and 1 second

Supports RTC Time Tick and Alarm Match interrupt

Supports chip wake-up from Idle or Power-down mode while a RTC interrupt signal is
generated
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6.12.3 Block Diagram

The block diagram of Real Time Clock is depicted as follows:

Time Alarm Calendar
Register Alarm Register
(TAR) (CAR) AIERC[IER[O])
> Alarm Match
»| COmpare > ™ Interrupt
Operation | AIF(RIIR[0])
Time Load | Calendar Load
Register Register Wake-up chip
(TLR) (CLR) from Idle or
4 4 Power-Down mode
A Y —
Leap Year |
Indicator (L|P) ] 1/128 sec—»{111
Time Scale [——1/64 sec—#»{110
— RTC Time Counter
Selection (TSSR) Control Unit | 1/32 sec—p»{101 TIER(RIER[1])
Day of Week | 1/16 sec—m{100 Periodic Time Tick
Interrupt
(OWR) ——1/8 sec—m011 TIF(RIIR[1]) p
Initiation/Enable

(INIR/AER) ——1/4 sec—m={010
Frequency ——1/2 sec—m»{001

Clock Source Compensation
32776 ~32761 > 1sec—»={000

* TTR(TTR[2:0])
Frequency
Compensation
Register (FCR)
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6.12.4 Functional Description
6.12.4.1 RTC Initiation

When a RTC block is powered on, RTC is at reset state. User has to write a number Oxa5eb1357
to INIR (INIR [31:0] RTC Initiation) register to make RTC leaving reset state. Once the INIR is
written as Oxa5eb1357, the RTC will be in normal active state permanently. User can read Active
(INIR[0] RTC Active Status) bit status to check the RTC is at normal active state or reset state.

6.12.4.2 Access to RTC register

Due to clock frequency difference between RTC clock and system clock, when user write new
data to any one of the RTC registers, the data will not be updated until 2 RTC clocks later (about
60us).

In addition, user must be aware that RTC controller does not check whether loaded data is out of
bounds or not in TLR, CLR, TAR and CAR registers. RTC does not check rationality between
DWR and CLR either.

6.12.4.3 RTC Read/Write Enable

AER [AER [15:0] RTC Register Access Enable Password] is served as read/write access of RTC
registers to unlock RCT registers read/write protect function. If AER [15:0] is written to 0XA965,
user can read ENF (AER [16] RTC Register Access Enable Flag) bit status to check the RTC
registers are read/write access or locked. Once ENF bit enabled, RTC Access Enable function will
keep effect at least 1024 RTC clocks (about 30ms) and ENF bit will be cleared automatically after
1024 RTC clocks.

6.12.4.4 Frequency Compensation

The RTC source clock may not precise to exactly 32768 Hz and the FCR register (Frequency
Compensation Register) allows software to make digital compensation to the RTC source clock
only if the frequency of RTC source clock is in the range from 32761 Hz to 32776 Hz.

Integer part of detected value | FCR[11:8] Integer part of detected value | FCR[11:8]
32776 1111 32768 0111
32775 1110 32767 0110
32774 1101 32766 0101
32773 1100 32765 0100
32772 1011 32764 0011
32771 1010 32763 0010
32770 1001 32762 0001
32769 1000 32761 0000

Table 6-15 Integer part of frequency compensation

Following are the compensation examples for the real RTC source clock is higher or lower than
32768 Hz.

Example 1: (RTC Source Clock > 32768 Hz)

RTC Source Clock Measured: 32773.65 Hz (> 32768 Hz)
Integer Part: 32773 => 0x8005

INTEGER (FCR [11:8] Integer Part) = 0x05 — 0x01 + 0x08 = 0x0c
Fraction Part: 0.65

FRACTION (FCR [5:0] Fraction Part) = 0.65 X 60 = 39 = 0x27
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FCR Register Should Be As 0xC27

Example 2: (RTC source clock = 32768 Hz)

RTC source clock measured: 32765.27 Hz ( = 32768 Hz)
Integer part: 32765 => OX7FFD

INTEGER (FCR [11:8] Integer Part) = OxOD — 0x01 — 0x08 = 0x04
Fraction part: 0.27

FRACTION (FCR [5:0] Fraction Part) = 0.27 x 60 = 16.2 = 0x10
FCR register should be as 0x410

6.12.4.5 Time and Calendar counter

TLR and CLR are used to load the real time and calendar. TAR and CAR are used for setup
alarm time and calendar.

6.12.4.6 12/24 hour Time Scale Selection

The 12/24 hour time scale selection depends on TSSR bit (TSSR [0] 24-Hour / 12-Hour Time
Scale Selection).

24-hour Time Scale |12-hour Time Scale [24-hour Time Scale %galglé]reTirr;%)Scale
00 12(AM12) 12 32(PM12)
01 01 (AM01) 13 21 (PMO01)
02 02(AMO2) 14 22(PM02)
03 03(AMO03) 15 23(PM03)
04 04 (AM04) 16 24 (PM04)
05 05(AMOS5) 17 25(PMO5)
06 06(AMO6) 18 26(PMO06)
07 07(AMO7) 19 27(PMO07)
08 08(AMO0S) 20 28(PMO08)
09 09(AMO09) 21 29(PM09)
10 10 (AM10) 22 30 (PM10)
11 11 (AM11) 23 31 (PM11)

Table 6-16 12/24 hour Time Scale Selection

6.12.4.7 Day of the Week counter

The RTC controller provides day of week in DWR (DWR [2:0] Day of the Week Register). The
value is defined from 0 to 6 to represent Sunday to Saturday respectively.

6.12.4.8 Periodic Time Tick Interrupt

The Periodic Time Tick interrupt has 8 period interval options 1/128, 1/64, 1/32, 1/16, 1/8, 1/4, 1/2
and 1 second that are selected by TTR (TTR[2:0] Time Tick Register). When Periodic Time Tick
interrupt is enabled by setting TIER (RIER [1] Time Tick Interrupt Enable) to 1, the Periodic Time
Tick interrupt is requested periodically in the period selected by TTR[2:0] settings.
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6.12.4.9 Alarm Interrupt

When the real time and calendar message in TLR and CLR are equal to alarm time and calendar
settings in TAR and CAR, the AIF (RIIR [0] RTC Alarm Interrupt Flag) is set to 1 and the RTC
alarm interrupt signal is generated if the AIER (RIER[0] Alarm Interrupt Enable) is enabled.

6.12.4.10 Application Note:
1. Alldatain TAR, CAR, TLR and CLR registers are all expressed in BCD format.

2. Programmer has to make sure that the loaded values are reasonable. For example, Load
CLR as 201a (year), 13 (month), 00 (day), or CLR does not match with DWR, etc.

3. Registers value after powered on or reset:

Register Reset State

AER 0

CLR 05/1/1 (year/month/day)

TLR 00:00:00 (hour : minute : second)
CAR 00/00/00 (year/month/day)

TAR 00:00:00 (hour : minute : second)
TSSR 1 (24-hour mode)

DWR 6 (Saturday)

RIER 0

RIIR 0

LIR 0

TTR 0

4. In CLR and CAR, only 2 BCD digits are used to express “year”. The 2 BCD digits of xy
means 20xy, rather than 19xy or 21xy.
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Register Offset R/W |Description Reset Value
RTC Base Address:

RTC_BA = 0x4000_8000

INIR RTC_BA+0x00 R/W |RTC Initiation Register 0x0000_0000
AER RTC_BA+0x04 R/W |RTC Access Enable Register 0x0000_0000
FCR RTC_BA+0x08 R/W |RTC Frequency Compensation Register 0x0000_0700
TLR RTC_BA+0x0C R/W |[RTC Time Loading Register 0x0000_0000
CLR RTC_BA+0x10 R/W |RTC Calendar Loading Register 0x0005_0101
TSSR RTC_BA+0x14 R/W |RTC Time Scale Selection Register 0x0000_0001
DWR RTC_BA+0x18 R/W |RTC Day of the Week Register 0x0000_0006
TAR RTC_BA+0x1C R/W |RTC Time Alarm Register 0x0000_0000
CAR RTC_BA+0x20 R/W |RTC Calendar Alarm Register 0x0000_0000
LIR RTC_BA+0x24 R RTC Leap Year Indication Register 0x0000_0000
RIER RTC_BA+0x28 R/W |RTC Interrupt Enable Register 0x0000_0000
RIIR RTC_BA+0x2C R/W |RTC Interrupt Indication Register 0x0000_0000
TTR RTC_BA+0x30 R/W |RTC Time Tick Register 0x0000_0000

Apr. 08, 2020

Page 349 of 597

Rev 1.04



NnuvoToN NUC100/120xxxDN

6.12.6 Register Description
RTC Initiation Register (INIR)

Register Offset R/W |Description Reset Value
INIR RTC_BA+0x00 R/W |RTC Initiation Register 0x0000_0000
31 30 29 28 27 26 25 24
INIR
23 22 21 20 19 18 17 16
INIR
15 14 13 12 11 10 9 8
INIR
7 6 5 4 3 2 1 0
INIR
Bits Description
RTC Initiation
Read return current RTC active status
0 = RTC is at reset state.
[31:0] INIR 1 = RTC is at normal active state.
A write of 0xa5eb1357 will make RTC leaving reset state.
When RTC block is powered on, RTC is at reset state. User has to write a number 0x
a5eb1357 to INIR register to make RTC leaving reset state. Once the INIR is written as
0xa5eb1357, the RTC will be in normal active state permanently.
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RTC Access Enable Register (AER)

Register Offset R/W [Description Reset Value
AER RTC_BA+0x04 R/W |RTC Access Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved ENF
15 14 13 12 11 10 9 8
AER
7 6 5 4 3 2 1 0
AER
Bits Description
[31:17] Reserved Reserved.
RTC Register Access Enable Flag (Read Only)
This bit indicates the RTC Access Enable status
0 = RTC register read/write access Disabled.
[16] ENF 1 = RTC register read/write access Enabled.
This bit will be set after AER[15:0] register is loaded with a 0xA965, and will be cleared
automatically after 1024 RTC clocks.
RTC Register Access Enable Password (Write Only)
[15:0] AER Writing OXA965 to this register will enable RTC registers read/write access and keep 1024
RTC clocks.
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RTC Frequency Compensation Register (FCR)

Register Offset R/W [Description Reset Value
FCR RTC_BA+0x08 R/W |RTC Frequency Compensation Register 0x0000_0700
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved INTEGER
7 6 5 4 3 2 1 0
Reserved FRACTION
Bits Description
[31:12] Reserved Reserved.
Integer Part
[11:8] INTEGER eDigai:niSI('e:sc.:R must be expressed as hexadecimal number. Refer to 6.12.4.4 for the
[7:6] Reserved Reserved.
Fraction Part
[5:0] FRACTION Formula = (fraction part of measured value) x 60.
Note: Digit in FCR must be expressed as hexadecimal number. Refer to 6.12.4.4 for the
examples.

Note: This register can be read back only if the ENF (AER [16] RTC Register Access Enable Flag) is enabled.
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RTC Time Loading Register (TLR)

Register Offset R/W  [Description Reset Value
TLR RTC_BA+0x0C R/W  [RTC Time Loading Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved 10HR 1HR
15 14 13 12 11 10 9 8
Reserved 10MIN 1IMIN
7 6 5 4 3 2 1 0
Reserved 10SEC 1SEC
Bits Description
[31:22] Reserved Reserved.
[21:20] 10HR 10-Hour Time Digit (0~2)
[19:16] 1HR 1-Hour Time Digit (0~9)
[15] Reserved Reserved.
[14:12] 10MIN 10-Min Time Digit (0~5)
[11:8] 1MIN 1-Min Time Digit (0~9)
[7] Reserved Reserved.
[6:4] 10SEC 10-Sec Time Digit (0~5)
[3:0] 1SEC 1-Sec Time Digit (0~9)
Note:
1. TLR is a BCD digit counter and RTC controller will not check the loaded data is reasonable or not.
2. The reasonable value range is listed in the parenthesis.

3. When RTC runs as 12-hour time scale mode, the high bit of 10HR field means AM/PM
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Register Offset R/W [Description Reset Value
CLR RTC_BA+0x10 R/W |RTC Calendar Loading Register 0x0005_0101
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
10YEAR 1YEAR
15 14 13 12 11 10 9 8
Reserved 10MON 1MON
7 6 5 4 3 2 1 0
Reserved 10DAY 1DAY
Bits Description
[31:24] Reserved Reserved.
[23:20] 10YEAR 10-Year Calendar Digit (0~9)
[19:16] 1YEAR 1-Year Calendar Digit (0~9)
[15:13] Reserved Reserved.
[12] 10MON 10-Month Calendar Digit (0~1)
[11:8] 1MON 1-Month Calendar Digit (0~9)
[7:6] Reserved Reserved.
[5:4] 10DAY 10-Day Calendar Digit (0~3)
[3:0] 1DAY 1-Day Calendar Digit (0~9)
Note:
1. CLR is a BCD digit counter and RTC will not check the loaded data is reasonable or not.
2. The reasonable value range is listed in the parenthesis.
Apr. 08, 2020 Page 354 of 597 Rev 1.04



NnuvoTonN

RTC Time Scale Selection Reqgister (TSSR)

NUC100/120xxxDN

Register Offset R/W  [Description Reset Value
TSSR RTC_BA+0x14 R/W  |[RTC Time Scale Selection Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved 24H_12H
Bits Description
[31:1] Reserved Reserved.
24-hour / 12-hour Time Scale Selection
It indicates that TLR and TAR counter are in 24-hour time scale or 12-hour time scale
0] 24H_12H 0 = Selected as 12-hour time scale with AM and PM indication (high bit of 10HR field in
TLR and TAR).
1 = Selected as 24-hour time scale.
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RTC Day of the Week Register (DWR)

Register Offset R/W  |Description Reset Value

DWR RTC_BA+0x18 R/W  |[RTC Day of the Week Register 0x0000_0006

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8

Reserved

7 6 5 4 3 2 1 0

Reserved DWR

Bits Description

[31:3] Reserved Reserved.

Day of the Week Register

The field indicates day of the week from 0 to 6 to represent Sunday to Saturday
respectively.

000 = Sunday.
001 = Monday.
[2:0] DWR 010 = Tuesday.
011 = Wednesday.
100 = Thursday.
101 = Friday.

110 = Saturday.
111 = Reserved.
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RTC Time Alarm Register (TAR)

Register Offset R/W [Description Reset Value
TAR RTC_BA+0x1C R/W |[RTC Time Alarm Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved 10HR 1HR
15 14 13 12 11 10 9 8
Reserved 10MIN 1IMIN
7 6 5 4 3 2 1 0
Reserved 10SEC 1SEC
Bits Description
[31:22] Reserved Reserved.
[21:20] 10HR 10-Hour Time Digit of Alarm Setting (0~2)
[19:16] 1HR 1-Hour Time Digit of Alarm Setting (0~9)
[15] Reserved Reserved.
[14:12] 10MIN 10-Min Time Digit of Alarm Setting (0~5)
[11:8] 1IMIN 1-Min Time Digit of Alarm Setting (0~9)
[7] Reserved Reserved.
[6:4] 10SEC 10-Sec Time Digit of Alarm Setting (0~5)
[3:0] 1SEC 1-Sec Time Digit of Alarm Setting (0~9)
Note:

1.  This register can be read back only if the ENF (AER [16] RTC Register Access Enable Flag) is enabled
2 TAR is a BCD digit counter and RTC controller will not check the loaded data is reasonable or not.

3.  The reasonable value range is listed in the parenthesis.
4

When RTC runs as 12-hour time scale mode, the high bit of 10HR field means AM/PM
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RTC Calendar Alarm Register (CAR)

Register Offset R/W  [Description Reset Value
CAR RTC_BA+0x20 R/W  |RTC Calendar Alarm Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
10YEAR 1YEAR
15 14 13 12 11 10 9 8
Reserved 10MON 1MON
7 6 5 4 3 2 1 0
Reserved 10DAY 1DAY
Bits Description
[31:24] Reserved Reserved.
[23:20] 10YEAR 10-Year Calendar Digit of Alarm Setting (0~9)
[19:16] 1YEAR 1-Year Calendar Digit of Alarm Setting (0~9)
[15:13] Reserved Reserved.
[12] 10MON 10-Month Calendar Digit of Alarm Setting (0~1)
[11:8] 1MON 1-Month Calendar Digit of Alarm Setting (0~9)
[7:6] Reserved Reserved.
[5:4] 10DAY 10-Day Calendar Digit of Alarm Setting (0~3)
[3:0] 1DAY 1-Day Calendar Digit of Alarm Setting (0~9)
Note:

1.  This register can be read back only if the ENF (AER [16] RTC Register Access Enable Flag) is enabled
2. CAR s a BCD digit counter and RTC will not check the loaded data is reasonable or not.

3.  The reasonable value range is listed in the parenthesis.
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RTC Leap Year Indication Register (LIR)

Register Offset R/W [Description Reset Value
LIR RTC_BA+0x24 R RTC Leap Year Indication Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5) 4 3 2 1 0
Reserved LIR
Bits Description
[31:1] Reserved Reserved.
Leap Year Indication Register (Read Only)
(0] LR This bit indicates RTC current year is a leap year or not.
0 = This year is not a leap year.
1 =This year is a leap year.
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RTC Interrupt Enable Register (RIER)

Register Offset R/W Description Reset Value
RIER RTC_BA+0x28 R/W RTC Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TIER AIER
Bits Description
[31:2] Reserved Reserved.

Time Tick Interrupt Enable Bit

This bit is used to enable/disable RTC Time Tick Interrupt, and generate an interrupt signal
if TIF (RIIR [1] RTC Time Tick Interrupt Flag) is set to 1.

[1] TIER 0 = RTC Time Tick Interrupt Disabled.
1 = RTC Time Tick Interrupt Enabled.

Note: This bit will also trigger a wake-up event while system runs in Idle/Power-Down
mode and RTC Time Tick Interrupt signal generated.

Alarm Interrupt Enable Bit

This bit is used to enable/disable RTC Alarm Interrupt, and generate an interrupt signal if
AlIF (RIIR [0] RTC Alarm Interrupt Flag) is set to 1.

[0] AIER 0 = RTC Alarm Interrupt Disabled.
1 = RTC Alarm Interrupt Enabled.

Note: This bit will also trigger a wake-up event while system runs in Idle/Power-Down
mode and RTC Alarm Interrupt signal generated.
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RTC Interrupt Indication Reqister (RIIR)

Register Offset R/W  |Description Reset Value
RIIR RTC_BA+0x2C R/W |RTC Interrupt Indication Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TIF AlF
Bits Description
[31:2] Reserved Reserved.
RTC Time Tick Interrupt Flag
1] TIE When RTC Time Tick time-out happened, this bit will be set to 1 and an interrupt signal will
be generated if TIER bit is set to 1.
Note: Software can clear this bit by writing 1 to it.
RTC Alarm Interrupt Flag
When RTC real time counters TLR and CLR reach the alarm time setting registers TAR
[0] AlF and CAR, this bit will be set to 1 and an interrupt signal will be generated if AIER bit is set
to 1.
Note: Software can clear this bit by writing 1 to it.

Apr. 08, 2020 Page 361 of 597 Rev 1.04



NnuvoToN NUC100/120xxxDN

RTC Time Tick Reqgister (TTR)

Register Offset R/W  |Description Reset Value

TTR RTC_BA+0x30 R/W |[RTC Time Tick Register 0x0000_0000

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8

Reserved

7 6 5 4 3 2 1 0

Reserved TTR

Bits Description

[31:3] Reserved Reserved.

Time Tick Register

The RTC time tick period for Periodic Time Tick Interrupt request.
000 = Time tick is 1 second.

001 = Time tick is 1/2 second.

010 = Time tick is 1/4 second.

[2:0] TTR 011 = Time tick is 1/8 second.

100 = Time tick is 1/16 second.

101 = Time tick is 1/32 second.

110 = Time tick is 1/64 second.

111 = Time tick is 1/28 second.

Note: This register can be read back only if the ENF (AER [16] RTC Register Access Enable Flag) is enabled
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6.13 UART Interface Controller (UART)

The NuMicro® NUC100 series provides up to three channels of Universal Asynchronous
Receiver/Transmitters (UART). UARTO supports High Speed UART and UART1~2 perform
Normal Speed UART. Besides, only UARTO and UART1 support the flow control function.

6.13.1 Overview

The Universal Asynchronous Receiver/Transmitter (UART) performs a serial-to-parallel
conversion on data received from the peripheral, and a parallel-to-serial conversion on data
transmitted from the CPU. The UART controller also supports IrDA SIR, LIN master/slave mode
and RS-485 mode functions. Each UART channel supports seven types of interrupts including:

Transmitter FIFO empty interrupt (INT_THRE)

Receiver threshold level reached interrupt (INT_RDA),

Line status interrupt (parity error or frame error or break interrupt) (INT_RLS),
Receiver buffer time-out interrupt (INT_TOUT),

MODEM/Wake-up status interrupt (INT_MODEM),

Buffer error interrupt (INT_BUF_ERR)

®  LINinterrupt (INT_LIN)

Interrupts of UARTO and UART2 share the interrupt number 12 (vector number is 28); Interrupt
number 13 (vector number is 29) only supports UARTL1 interrupt. Refer to the Nested Vectored
Interrupt Controller chapter for System Interrupt Map.

The UARTO is built-in with a 64-byte transmitter FIFO (TX_FIFO) and a 64-byte receiver FIFO
(RX_FIFO) that reduces the number of interrupts presented to the CPU. The UART1~2 are
equipped with 16-byte transmitter FIFO (TX_FIFO) and 16-byte receiver FIFO (RX_FIFO). The
CPU can read the status of the UART at any time during the operation. The reported status
information includes the type and condition of the transfer operations being performed by the
UART, as well as 4 error conditions (parity error, frame error, break interrupt and buffer error)
probably occur while receiving data. The UART includes a programmable baud rate generator
that is capable of dividing clock input by divisors to produce the serial clock that transmitter and
receiver need. The baud rate equation is Baud Rate = UART_CLK /M * [BRD + 2], where M and
BRD are defined in Baud Rate Divider Register (UA_BAUD). Table 6-17 lists the equations in the
various conditions and Table 6-18 lists the UART baud rate setting table.

Mode DIV_X _EN DIV_X_ONE Divider X BRD [Baud Rate Equation
0 0 0 Don’t care A UART_CLK /[16 * (A+2)]
1 1 0 B A |UART_CLK /[(B+1) * (A+2)] , B must >= 8
2 1 1 Don’t care A UART_CLK / (A+2), A must >=3
Table 6-17 UART Baud Rate Equation
System Clock = Internal 22.1184 MHz High Speed Oscillator
Mode O Mode 1 Mode 2
Baud Rate
Parameter Register Parameter Register Parameter Register
921600 X X A=0,B=11 0x2B00_0000 A=22 0x3000_0016
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A=1B=15 0x2F00_0001
460800 A=1 0x0000_0001 oo A=46 0x3000_002E
- A=2,B=11 0x2B00_0002 -
A=4.B=15 0x2F00_0004
230400 A=4 0x0000_0004 o A=94 0x3000_005E
- A=6,B=11 0x2B00_0006 -
A=10,B=15 0x2F00_000A
115200 A=10 0x0000_000A e A=190 0x3000_00BE
- A=14,B=11 0x2B00_000E -
_ A=22,B=15 0x2F00_0016 _
57600 A=22 0x0000_0016 A=30 B=11 0x2B00_001E A=382 0x3000_017E
A=62,B=8 0x2800_003E
38400 A=34 0x0000_0022 A=46,B=11 0x2B00_002E A=574 0x3000_023E
A=34,B=15 0x2F00_0022
A=126,B=8 0x2800_007E
19200 A=70 0x0000_0046 A=94,B=11 0x2B00_005E A=1150 0x3000_047E
A=70,B=15 0x2F00_0046
A=254,B=8 0x2800_00FE
9600 A=142 0x0000_008E | A=190,B=11 | 0x2B00_OOBE A=2302 0x3000_08FE
A=142.B=15 | ,oF00 008E
A=510,B=8 0x2800_01FE
4800 A=286 0x0000_O11E | A=382,B=11 0x2B00_017E A=4606 0x3000_11FE
A=286,B=15 | 0,oF00 011E

Table 6-18 UART Baud Rate Setting Table

The UARTO and UARTL1 controllers support the auto-flow control function that uses two low-level
signals, /CTS (clear-to-send) and /RTS (request-to-send), to control the flow of data transfer
between the chip and external devices (e.g. Modem). When auto-flow is enabled, the UART is not
allowed to receive data until the UART asserts /RTS to external device. When the number of
bytes in the RX FIFO equals the value of RTS_TRI_LEV (UA_FCR [19:16]), the /RTS is de-
asserted. The UART sends data out when UART controller detects /CTS is asserted from external
device. If a valid asserted /CTS is not detected the UART controller will not send data out.

UART Mode : MCR[LEV_RTS] =1

MCR [RTS] —I r

MCR [RTS_ST] —|

UART Mode : MCR[LEV_RTS] =0

r
MCR [RTS] —I r
L

MCR [RTS_ST] J

Figure 6-63 UART nRTS Auto-Flow Control Trigger Level

The UART controllers also provides Serial IrDA (SIR, Serial Infrared) function (User must set
IrDA_EN (UA_FUN_SEL [1]) to enable IrDA function). The SIR specification defines a short-range
infrared asynchronous serial transmission mode with 1 start bit, 8 data bits, and 1 stop bit. The
maximum data rate supports up to 115.2 Kbps (half duplex). The IrDA SIR block contains an IrDA
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SIR Protocol encoder/decoder. The IrDA SIR Protocol encoder/decoder is half-duplex only. So it
cannot transmit and receive data at the same time. The IrDA SIR physical layer specifies a
minimum 10ms transfer delay between transmission and reception, and this delay feature must
be implemented by software.

The alternate function of UART controllers is LIN (Local Interconnect Network) function. The LIN
mode is selected by setting the UA_FUN_SEL[1:0] to '01’. In LIN mode, 1 start bit and 8 data bits
format with 1 stop bit are required in accordance with the LIN standard.

For NuMicro® NUC100 series, another alternate function of UART controllers is RS-485 9-bit
mode, and direction control provided by /RTS pin or can program GPIO (PB.2 for UARTO_nRTS
and PB.6 for UART1_nRTS) to implement the function by software. The RS-485 mode is selected
by setting the UA_FUN_SEL register to select RS-485 function. The RS-485 transceiver control is
implemented using the /RTS control signal from an asynchronous serial port to enable the RS-
485 transceiver. In RS-485 mode, many characteristics of the receiving and transmitting are same
as UART.

6.13.2 Features
®  Full duplex, asynchronous communications

®  Separates receive / transmit 64/16/16 bytes (UARTO/UART1/UART2) entry FIFO for data
payloads

®  Supports hardware auto flow control/flow control function (CTS, RTS) and programmable
RTS flow control trigger level (UARTO and UART1 support)

Programmable receiver buffer trigger level

Supports programmable baud-rate generator for each channel individually
Supports CTS wake-up function (UARTO and UART1 support)

Supports 7-bit receiver buffer time-out detection function

UARTO/UART1 can through DMA channels to receive/transmit data

Programmable transmitting data delay time between the last stop and the next start bit by
setting UA_TOR [DLY] register

®  Supports break error, frame error, parity error and receive / transmit buffer overflow detect
function

®  Fully programmable serial-interface characteristics
- Programmable data bit length, 5-, 6-, 7-, 8-bit character

- Programmable parity bit, even, odd, no parity or stick parity bit generation and
detection

- Programmable stop bit length, 1, 1.5, or 2 stop bit generation
® [rDA SIR function mode
- Supports 3-/16-bit duration for normal mode
® LIN function mode
- Supports LIN master/slave mode
- Supports programmable break generation function for transmitter
- Supports break detect function for receiver
®  RS-485 function mode.
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- Supports RS-485 9-bit mode

- Supports hardware or software direct enable control provided by RTS pin
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6.13.3 Block Diagram

The UART clock control and block diagram are shown in Figure 5-67 and Figure 5-68
respectively.

—{ UART_S (CLKSEL1[25:24]) ‘

| ‘ UARTO_EN(APBCLK[16]) ‘

22.1184 MHz | 1
> UARTO_CLK
10
PLL FOUT N —ﬁ 1/(UART_N + 1) >
— >
UART_N(CLKDIV[11:8])
4~24 MHz
00
‘ UART1_EN(APBCLK[17]) } > : UART1_CLK
‘ UART2_EN(APBCLK[18]) } > : UART2_CLK
Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.
Figure 6-64 UART Clock Control Diagram
- APB BUS N N
s
‘ Status & control Status & control
——®| Controland [——
TX_FIF |———— ! |———— RX_FIF
© Status registers -FIFO
A
Y T
TX shift registar Baud Rate RX shift register
Baud out Generator Baud out i
Serkal +‘a Out T Serial Pata In
Irda Encode UART_CLK Irda Decode
UART / Irda / LIN / R3-485 Device or Transceiver
Note : UARTO equips 64 bytes FIFO, UART 1/UART2 equip 16 bytes FIFO

Figure 6-65 UART Block Diagram
Apr. 08, 2020 Page 367 of 597 Rev 1.04



NnuvoToN NUC100/120x0DN
—

TX_FIFO
The transmitter is buffered with a 64/16 byte FIFO to reduce the number of interrupts presented to
the CPU.

RX_FIFO
The receiver is buffered with a 64/16 byte FIFO (plus three error bits per byte) to reduce the
number of interrupts presented to the CPU.

TX shift Register
This block is the shifting the transmitting data out of serially control.

RX shift Register
This block is the shifting the receiving data in of serially control.

Modem Control Register
This register controls the interface to the MODEM or data set (or a peripheral device emulating a
MODEM).

Baud Rate Generator
Divide the external clock by the divisor to get the desired baud rate. Refer to baud rate equation.

IrDA Encode
This block is IrDA encode control block.

IrDA Decode
This block is IrDA decode control block.

Control and Status Register

This field is a set of registers including the FIFO control registers (UA_FCR), FIFO status
registers (UA_FSR), and line control register (UA_LCR) for transmitter and receiver. The time-out
control register (UA_TOR) identifies the condition of time-out interrupt. This set of registers also
include the interrupt enable register (UA_IER) and interrupt status register (UA_ISR) to enable or
disable the responding interrupt and to identify the occurrence of the responding interrupt. There
are seven types of interrupts — transmitter FIFO empty interrupt (INT_THRE), receiver threshold
level reaching interrupt (INT_RDA), line status interrupt (parity error or framing error or break
interrupt) (INT_RLS) , time-out interrupt (INT_TOUT), MODEM/Wake-up status interrupt
(INT_MODEM), Buffer error interrupt (INT_BUF_ERR) and LIN bus interrupt.
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The following diagram demonstrates the auto-flow control block.

—p» Parallel to Serial —L
Tx FIFO
T
APB -«+—— Flow Control 4—&
BUS
P
. RX
-¢— Serial to Parallel €+——
Rx FIFO
IRTS

—p» Flow Control —

Note: Itis only supported in UARTO and UARTL1

Figure 6-66 Auto Flow Control Block Diagram

6.13.4 IrDA Mode

The UART supports IrDA SIR (Serial Infrared) Transmit Encoder and Receive Decoder, and IrDA
mode is selected by setting the in UA_FUN_SEL register.

In IrDA mode, the UA_BAUD [DIV_X_EN] register must be disabled.
Baud Rate = Clock / (16 * BRD), where BRD is Baud Rate Divider in UA_BAUD register.

The following diagram demonstrates the IrDA control block.

SOuUT TXD Emit Infra red ray
TX —p IR_SOUT ————1P

IrDA IR

SIR Transceiver
SIN RXD <Detect Infra red ray

RX ——— IR_SIN

A A
BAUDOUT

IrDA_enable
TX_select
IRCR INT_TX

INV_RX

UART

Figure 6-67 IrDA Block Diagram
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6.13.4.1 IrDA SIR Transmit Encoder

The IrDA SIR Transmit Encoder modulates Non-Return-to Zero (NRZ) transmit bit stream output
from UART. The IrDA SIR physical layer specifies the use of Return-to-Zero, Inverted (RZI)
modulation scheme which represents logic 0 as an infra light pulse. The modulated output pulse
stream is transmitted to an external output driver and infrared Light Emitting Diode.

In Normal mode, the transmitted pulse width is specified as 3/16 period of baud rate.
6.13.4.2 IrDA SIR Receive Decoder

The IrDA SIR Receive Decoder demodulates the Return-to-Zero bit stream from the input
detector and outputs the NRZ serial bits stream to the UART received data input. The decoder
input is normally high in the idle state. (Because of this, IRCR bit 6 should be set as 1 by default)

A start bit is detected when the decoder input is LOW
6.13.4.3 IrDA SIR Operation

The IrDA SIR Encoder/Decoder provides functionality which converts between UART data stream
and half duplex serial SIR interface. The following diagram is IrDA encoder/decoder waveform:
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START BIT STOP BIT
SOUT 1 0 0 1 0 1 1 1 0 0 1

(from uart TX)

TX

Timing A
IR_SOUT '| |'| |'| |'| |'|
L (encoder output)
’< 3/16 bit wfidth

IR_SIN
(decorder input) J
RX< B B B B
Timing —»
3/16 bik width
SIN 1 0 1 0 0 1 0 1 0 0 1
L (Touart RX)

I
START BIT T

-t » STOP BIT

Bit pulse width

Figure 6-68 IrDA Timing Diagram
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6.13.5 LIN (Local Interconnection Network) Mode

The UART supports LIN function, and LIN mode is selected by setting the UA_FUN_SEL[1:0]
to '01’. The UART supports LIN break/delimiter generation and break/delimiter detection in LIN
Master mode, and supports header detection and automatic resynchronization in LIN Slave mode.

6.13.5.1 Structure of LIN Frame

According to the LIN protocol, all information transmitted is packed as frames; a frame consists of
a header (provided by the master task) and a response (provided by a slave task), followed by a
response (provided by a slave task). The header (provided by the master task) consists of a break
field and a sync field followed by a frame identifier (frame ID). The frame identifier uniquely
defines the purpose of the frame. The slave task is appointed for providing the response
associated with the frame ID. The response consists of a data field and a checksum field. The
following diagram is the structure of LIN Frame.

Frame slot
Frame
Inter-
Response frame
Header space Response Space

A B VAVAVAVAVA VAN VAN AVENAVAVAVEN B

Protected Data 1 Data2 DataN Check
Identifier Sum
field

Break Synch
Field field

Figure 6-69 Structure of LIN Frame

6.13.5.2 Structure of LIN Byte

In LIN mode, each byte field is initiated by a START bit with value 0 (dominant), followed by 8
data bits (UA_LCR [WLS] = 2’'b11) and no parity bit, LSB is first and ended by 1 stop bit (UA_LCR
[NSB] = 1) with value 1 (recessive) in accordance with the LIN standard. The structure of Byte is
shown as follows.

< Byte field >

Start | LSB MsSB | Stop
bit | (bit0) | (bit1) | (bit2) | (bit3) | (bit4) | (bit5) | (bit6) | (bit7) | bit

LIN Bus

Figure 6-70 Structure of LIN Byte
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6.13.5.3 LIN Master Mode

The UART controller supports LIN Master mode by setting the UA_FUN_SEL register. To enable
and initialize the LIN Master mode, the following steps are necessary.

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Configure the data length to 8 bits by setting UA_LCR[WLS] = 11 and disable parity check
by clearing UA_LCR[PBE] bit and configure the stop bit to 1 by clearing UA_LCR[NSB] bit.

3. Select LIN function mode by setting UA_FUN_SEL register.

A complete header consists of a break field and sync field followed by a frame identifier (frame
ID). The UART controller can be selected header sending by three header selected modes. The
header selected mode can be “break field” or “break field and sync field” or “break field, sync field
and frame ID field” by setting LIN_ HEAD_SEL in UA_LIN_CTL register. If the selected header is
“break field”, software must handle the following sequence to send a complete header to bus by
filling sync data (0x55) and frame ID data to the UA_THR register. If the header selected is “break
field and sync field”, software must handle the sequence to send a complete header to bus by
filled the frame ID data to UA_THR register, and if the selected header is “break field, sync field
and frame ID field”, hardware will control the header sending sequence automatically but software
must filled frame ID data to UA_LIN_CTL [LIN_PID] register. When operating in header selected
mode in which the selected header is “break field, sync field and frame ID field”, the frame ID
parity bit can be calculated by software or hardware depending whether the UA LIN_CTL
[LIN_IDPEN] bit is set or not.

LIN_HEAD_SEL Break Field Sync Field ID Field
0 Generated by hardware| Handled by software Handled by software
1 Generated by hardware| Generated by hardware Handled by software

Generated by hardware
2 Generated by hardware| Generated by hardware (But software needs to fill ID to UA_LIN_CTL
[LIN_PID] first)

Table 6-19 LIN Header Selection in Master mode

When operating in LIN data transmission, LIN bus transfer state can be monitored by hardware or
software. User can enable hardware monitoring by setting UA_LIN_CTL [BIT_ERR_EN] to “1”, if
the input pin (SIN) state is not equal to the output pin (SOUT) state in LIN transmitter state that
hardware will generate an interrupt to CPU. Software can also monitor the LIN bus transfer state
by checking the read back data in UA_RBR register. The following sequence is a program
sequence example:

The procedure without software error monitoring in Master mode:
1. Fill Protected Identifier to [UA_LIN_CTL]LIN_PAD.

2. Select the hardware transmission header field including “break field + sync field + Protected
identifier field” by setting UA_LIN_CTL [LIN._HEAD_SEL] =10

Select the hardware transmission header field by setting UA_LIN_CTL [LIN_HEAD_SEL]).
4. Request header transmission by setting the LIN_SHD bit in the UA_LIN_CTL register.
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5. Wait until UA_LIN_CTL[LIN_SHD] be cleared by hardware.
6. Wait until UA_FSR[TE_FLAG] set to “1” by hardware

Notel: The default setting of break field + break/sync delimiter is 13 dominant bits(break field)
and 1 recessive bit(break/sync delimiter), software can change it by setting UA LIN_CTL
[LIN_BKFL] and UA_LIN_CTL [LIN_BS_LEN], to change the dominant bits.

Note2: The default setting of break/sync delimiter length is 1 bit time and the default setting of
inter-byte spaces is also 1 bit time; software can change them by setting UA LIN CTL
[LIN_BS_LEN] and UA_TOR [DLY].

Note3: If the header includes the “break field, sync field and frame ID field”, software must fill
frame ID in UA_LIN_CTL [LIN_PID] register before trigger header transmission (setting the
LIN_SHD bit in the UA_LIN_CTL register). The frame ID parity can be generated by software or
hardware depends on UA_LIN_CTL [LIN_IDPEN]. If the parity generated by software
(UA_LIN_CTL [LIN_IDPEN] = 0), software must fill 8 bit data (include 2 bit parity) in this field, and
if the parity generated by hardware (UA_LIN_CTL [LIN_IDPEN] = 1), software fill IDO~ID5,
hardware will calculi PO and P1.

Procedure with software error monitoring in Master mode:

1. Choose the hardware transmission header field only including “break field” by setting
UA_LIN_CTL [LIN_HEAD_SEL] = 0x00.

2. Enable break detection function by setting LIN_BKDET_EN bit in UA_LIN_CTL.

3. Request break + break/sync delimiter transmission by setting the LIN_SHD bit in the
UA_LIN_CTL register.

4. Wait until the LIN_BKDET_F flag in the UA_LIN_SR register be set to “1” by hardware..
Request sync field transmission by writing 0x55 into UA_THR register.

6. Wait until the RDA_IF flag in the UA_ISR register be set to “1” by hardware and then read
back the UA_RBR register.

7. Request header frame ID transmission by writing the protected identifier value to UA_THR
register.

8. Wait until the RDA_IF flag in the UA_ISR register be set to “1” by hardware and then read
back the UA_RBR register.
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LIN break and delimiter detection

When software enables the break detection function by setting LIN BKDET _EN bit in
UA _LIN_CTL register, the break detection circuit is activated. The break detection circuit is totally
independent from the UART receiver.

When the break detection function is enabled, the circuit looks at the input SIN pin for a start
signal. If circuit detected consecutive dominant is greater than 11 bits dominant followed by a
recessive bit (delimiter), the UA_LIN_SR [LIN_BKDET_F] flag is set at the end of break field. If
the UA_IER [LIN_IEN] bit =1, an interrupt will be generated. The behavior of the break detection
and break flag are shown in the following figure.

Case 1: Break signal is not long enough to ignore this break signal and LIN_BKDET_F is not set.

LIN Bus IDLE Delimiter

Capture Strobe

or»
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Case 2: Break signal is long enough to break detect and LIN_BKDET _F has been set.
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Figure 6-71 Break Detection in LIN Mode

LIN break and delimiter detection

The LIN master can transmit response (master is the publisher of the response) and receive
response (master is the subscriber of the response). When the master is the publisher of the
response, the master sends response by writing the UA_THR register. If the master is the
subscriber of the response, the master will receive response from other slave node.
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6.13.5.4 LIN Slave Mode

The UART controller supports LIN Slave mode by setting the LINS_EN bit in UA_LIN_CTL
register. To enable and initialize the LIN Slave mode, the following steps are necessary:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Configure the data length to 8 bits by setting UA_LCR[WLS] = 11and disable parity check by
clearing UA_LCR[PBE] bit and configure the stop bit to 1 by clearing UA_LCR[NSB] bit.

Select LIN function mode by setting UA_FUN_SEL register.
4. Enable LIN Slave mode by setting the LINS_EN bit in UA_LIN_CTL.

LIN header reception

According to the LIN protocol, a slave node must wait for a valid header which came from the
master node. Then application will take one of following actions (depend on the master header
frame ID value)

® Receive the response.
®  Transmit the response.

®  [gnore the response and wait for next header.

In LIN Slave mode, user can enable the slave header detection function by setting the
LINS HDET_EN bit in UA_LIN_CTL register to detect complete frame header (receive “break
field”, “sync field” and “frame ID field”). When a LIN header is received, the LINS_HDET_F flag in
UA_LIN_SR register will be set (If the UA_IER [LIN_IEN] bit =1, an interrupt will be generated).
User can enable the frame ID parity check function by setting LIN_IDPEN bit in UA_LIN_CTL
register. If only received frame ID parity is not correct (break and sync filed are correct), the
[UA_LIN_SR]LIN_IDPERR_F flag (If the UA_IER [LIN_IEN] bit =1, an interrupt will be generated)
and UA_LIN_SR [LINS_HDET_F] both will be set. User can also put LIN in Mute mode by setting
LIN_MUTE_EN bit in UA_LIN_CTL register. This mode allows detection of headers only (break +
sync + frame ID) and prevents the reception of any other characters. In order to avoid bit rate
tolerance, the controller supports automatic resynchronization function to avoid clock deviation
error, user can enable this feature by setting LINS_ARS_EN bit in UA_LIN_CTL register.

LIN response transmission

A LIN slave node can transmit and receive response. When a slave node is the publisher of the
response, the slave node send response by filling data to UA_THR register, and if the slave node
is the subscriber of the response, the slave node receives data from LIN bus.
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LIN header time-out error

The LIN slave controller contains a header time-out counter. If the entire header is not received
within the maximum time limit of 57 bit times, the header error flag (UA_FSR [LIN_HERR_F]) will
be set. The time-out counter is enabled at each break detect edge and stopped in the following
conditions.

® ALIN frame ID field has been received.
®  The header error flag assert.

®  \Writing 1 to the LINS_SYNC_F bitin UA_LIN_SR register to re-search a new frame
header.

Mute mode and LIN exit from mute mode condition

In Mute mode, LIN slave node will not receive any data until specified condition occurred. It allows
detection of headers only and prevents the reception of any other characters. User can enable
Mute mode by setting LIN_MUTE_EN bit in UA_LIN_CTL register and exit from Mute mode
condition can be selected by LIN_HEAD_SEL in UA_LIN_CTL register.

Note: It is recommended to set LIN slave node to Mute mode after checksum transmission.

The LIN slave controller exiting from Mute mode is described as follows: If [UA_LIN_CTL]
LIN_HEAD_SEL is set to “break field”, when LIN slave controller detects a valid LIN break +
delimiter, the controller will enable the receiver (exit from Mute mode) and subsequent data (sync
data, frame ID data, response data) are received in RX-FIFO.

If [UA_LIN_CTL]LIN_HEAD_SEL is set to “break field and sync field”, when the LIN slave
controller detects a valid LIN break + delimiter followed by a valid sync field without frame error,
the controller will enable the receiver (exit from Mute mode) and subsequent data (ID data,
response data) are received in RX-FIFO. If [UA_LIN_CTL]LIN_HEAD_SEL is set to “break field,
sync field and ID field”, when the LIN slave controller detects a valid LIN break + delimiter and
valid sync field without frame error followed by ID data without frame error and received ID data
matched UA_LIN_CTL [LIN_PID] value. The controller will enable the receiver (exit from Mute
mode) and subsequent data (response data) are received in RX-FIFO.

Slave mode non-automatic resynchronization

User can disable the automatic resynchronization function to fix the communication baud rate.
When operating in Non-Automatic Resynchronization mode, software need some initial process,
and the initialization process flow of Non-Automatic Resynchronization mode is shown as follows:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Select LIN function mode by setting UA_FUN_SEL register.

3. Disable automatic resynchronization function by setting UA_LIN_CTL[LINS_ARS_EN] =0.
4. Enable LIN Slave mode by setting the LINS_EN bit in UA_LIN_CTL.

Apr. 08, 2020 Page 377 of 597 Rev 1.04



NnuvoToN NUC100/120x0DN

Slave mode with automatic resynchronization

User can enable the automatic resynchronization function by setting LINS_ARS_EN bit in
UA LIN_CTL register. In Automatic Resynchronization mode, the controller will adjust the baud
rate generator after each sync field reception. The initialization process flow of Automatic
Resynchronization mode is shown as follows:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Select LIN function mode by setting UA_FUN_SEL register.

3. Enable automatic resynchronization function by setting UA_LIN_CTL[LINS_ARS_EN] = 1.
4. Enable LIN slave mode by setting the LINS_EN bit in UA_LIN_CTL.

When the automatic resynchronization function is enabled, after each LIN break field, the time
duration between five falling edges is sampled on peripheral clock and the result of this
measurement is stored in an internal 13-bit register and the UA_BAUD register value will be
automatically updated at the end of the fifth falling edge. If the measure timer (13bit) overflows
before five falling edges, then the header error flag (UA_LIN_SR [LIN_HERR_F]) will be set.

LIN Bus Breakkk field ‘ ‘startf bit0 ¢ bitl f bit2 ¢ bit3 f bitd ¢ bit5 f bit6 ¢ bit7 f stop
)] ‘
-

Measurement time

UA_BAUD UA_BAUD (n) UA_BAUD (m)

Update baud rate if auto re-sync /

function enable

Figure 6-72 LIN Sync Field Measurement

When operating in Automatic Resynchronization mode, software must select the desired baud
rate by setting the UA_BAUD register and hardware will store it at internal TEMP_REG register,
after each LIN break field, the time duration between five falling edges is sampled on peripheral
clock and the result of this measurement is stored in an internal 13-bit register (BAUD_LIN) and
the result will be updated to UA_BAUD register automatically.

In order to guarantee the transmission baud rate, the baud rate generator must reload the initial
value before each new break reception. The initial value is programmed by the application during
initialization (TEMP_REG). User can setting UA_LIN_CTL [LINS_DUM_EN] bit to enable auto
reload initial baud rate value function. If the LINS DUM_EN is set, when received the next
character, hardware will auto reload the initial value to UA_BAUD, and when the UA_BAUD be
updated, the LINS_DUM_EN bit will be cleared automatically. The behavior of LIN updated
method as shown in the following figure.

Notel: It is recommended to set the LINS_DUM_EN bit before every checksum reception.

Note2: When a header error is detected, user must write 1 to LINS_SYNC _F bit in UA_LIN_SR
register to re-search new frame header. When writing 1 to it, hardware will reload the initial baud-
rate (TEMP_REG) and re-search new frame header.

Note3: When operating in Automatic Resynchronization mode, the baud rate setting must be
mode2 (UA_BAUD [DIV_X_EN] and UA_BAUD [DIV_X_ONE] must be 1).
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L Frame slot
Inter-
frame
Protected space
Break %‘ L Synch }édenﬂfer%‘ L Response P
Field R field

[T\ o AT\

H/W auto-reload initial baud

Measurement | ; S/W set LINS_DUM_EN to 1 rate which backup in
time b ; TEMP_REG and cleared
i ) LINS_DUM_EN to 0 by HW
UA_BAUD (n) X UA_BAUD (m) X UA_BAUD (n)

update UA_BAUD register
(UA_BAUD = BAUD_LIN value)

TEMP_REG value is UA_BAUD(n)
BAUD_LIN value is UA_BAUD(m)
Both of TEMP_REG and BAUD_LIN are internal register

Figure 6-73 UA_BAUD Update Sequence in Automatic Resynchronization Mode when
LINS DUM_EN =1

L Frame slot
Inter-
frame
Protected space
Break %‘ Synch ‘ |dent|fer L Response P
Field N field
'Check
[ \/Dam/ \foatag] \ aanfT [ N
Measurement 3 If LINS_DUM_| EN value is 0,
time 1 ! H/W will not restore initial
| baud rate to UA_BAUD
UA_BAUD (n) X UA_BAUD (m)

update UA_BAUD register
(UA_BAUD = BAUD_LIN value)

TEMP_REG value is UA_BAUD(n)
BAUD_LIN value is UA_BAUD(m)
Both of TEMP_REG and BAUD_LIN are internal register

Figure 6-74 UA_BAUD Update Sequence in Automatic Resynchronization Mode when
LINS_DUM_EN =0
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Deviation error on the sync field

When operating in Automatic Resynchronization mode, the controller will check the deviation
error on the sync field. The deviation error is checked by comparing the current baud rate with the
received sync field. Two checks are performed in parallel.

Checkl: Based on measurement between the first falling edge and the last falling edge of the

sync field.
® |[f the difference is more than 14.84%, the header error flag UA_LIN_SR[LINS_HERR_F])
will be set.

® |If the difference is less than 14.06%, the header error flag UA_LIN_SR[LINS HERR_F]
will not be set.

® If the difference is between 14.84% and 14.06%, the header error flag
UA_LIN_SR[LINS _HERR_F] may either set or not (depending on the data dephasing).

Check2: Based on measurement of time between each falling edge of the sync field.

® |[f the difference is more than 18.75%, the header error flag UA_LIN_SR[LINS_HERR_F]
will be set.

® |[f the difference is less than 15.62%, the header error flag UA_LIN_SR[LINS_HERR_F]
will not be set.

® |f the difference is between 18.75% and 15.62%, the header error flag
UA_LIN_SR[LINS _HERR_F] may either set or not (depending on the data dephasing).

Note: The deviation check is based on the current baud-rate clock. Therefore, in order to
guarantee correct deviation checking, the baud-rate must reload the nominal value before each
new break reception by setting UA_LIN_CTL [LINS_DUM_EN] register (It is recommended toset
the LINS_DUM_EN bit before every checksum reception) .

LIN header error detection

In LIN Slave function mode, when user enables the header detection function by setting the
LINS_HDET_EN bit in UA_LIN_CTL register, hardware will handle the header detect flow. If the
header has an error, the LIN header error flag (UA_LIN_SR [LIN_HERR_F]) will be set and an
interrupt is generated if the UA_IER [LIN_IEN] bit is set. When header error is detected, user
must reset the detect circuit to re-search a new frame header by writing 1 to LINS_SYNC_F bit in
UA_LIN_SR register to re-search a new frame header.

The LIN header error flag (UA_LIN_SR [LIN_HERR_F]) is set if one of the following conditions
occurs:

®  Break Delimiter is too short (less than 0.5 bit time).

Frame error in sync field or Identifier field.

The sync field data is not 0x55 (Non-Automatic Resynchronization mode).
The sync field deviation error (With Automatic Resynchronization mode).

The sync field measure time-out (With Automatic Resynchronization mode).

LIN header reception time-out.
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6.13.6 RS-485 Function Mode

The UART supports RS-485 9-bit mode function. The RS-485 mode is selected by setting the
register UA_FUN_SEL[1:0]. The RS-485 transceiver control is implemented using the RTS control
signal from an asynchronous serial port. In RS-485 mode, many characteristics of the RX and TX
are same as UART.

In RS-485 mode, the controller can configure it as an RS-485 addressable slave and the RS-485
master transmitter will identify an address character by setting the parity (9th bit) to 1. For data
characters, the parity is set to 0. Software can use UA_LCR register to control the 9-th bit (when
the PBE , EPE and SPE are set, the 9-th bit is transmitted 0 and when PBE and SPE are set and
EPE is cleared, the 9-th bit is transmitted 1).

The controller supports three operation modes — RS-485 Normal Multidrop Operation Mode
(NMM), RS-485 Auto Address Detection Operation Mode (AAD) and RS-485 Auto Direction
Control Operation Mode (AUD). Software can choose any operation mode by programming
UA_ALT_CSR register, and can drive the transfer delay time between the last stop bit leaving the
TX-FIFO and the de-assertion of by setting UA_TOR [DLY] register.

Note: When RS485 NMM or AAD mode is selected, the RS485 clock operating frequency should
be less than or equal to half of PCLK clock operation frequency. Otherwise, RS485 cannot
receive correct data.

RS-485 Normal Multidrop Operation Mode (NMM)

In RS-485 Normal Multidrop Operation mode, first, software must decide which data before the
address byte detected will be stored in RX-FIFO. If software wants to ignore any data before
address byte detected, the flow is to set UA_FCR[RX_DIS] and then enable UA_ ALT_CSR
[RS485 NMM] and the receiver will ignore any data until an address byte is detected (bit9 =1)
and the address byte data will be stored in the RX-FIFO. If software wants to receive any data
before address byte is detected, the flow disables UA_FCR[RX_DIS] and then enables UA_
ALT_CSR[RS485_NMM] and the receiver will received any data.

If an address byte is detected (bit9 =1), it will generate an interrupt to CPU and UA_FCR[RX_DIS]
can decide whether accepting the following data bytes are stored in the RX-FIFO. If software
disables the receiver by setting UA_FCR[RX_DIS] register, when a next address byte is detected,
the controller will clear the UA_FCR[RX_DIS] bit and the address byte data will be stored in the
RX-FIFO.

RS-485 Auto Address Detection Operation Mode (AAD)

In RS-485 Auto Address Detection Operation mode, the receiver will ignore any data until an
address byte is detected (bit9 =1) and the address byte data matches the UA ALT CSR
[ADDR_MATCH] value. The address byte data will be stored in the RX-FIFO. All the received
byte data will be accepted and stored in the RX-FIFO until and address byte data not match the
UA_ALT_CSR[ADDR_MATCH] value.

RS-485 Auto Direction Mode (AUD)

Another option function of RS-485 controllers is RS-485 auto direction control function. The
RS-485 transceiver control is implemented using the RTS control signal from an asynchronous
serial port. The RTS line is connected to the RS-485 transceiver enable pin such that setting the
RTS line to high (logic 1) enables the RS-485 transceiver. Setting the RTS line to low (logic 0)
puts the transceiver into the tri-state condition to disable. User can set LEV_RTS in UA_MCR
register to change the RTS driving level.
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Program Sequence Example:
1. Program FUN_SEL in UA_FUN_SEL to select RS-485 function.

2. Program the RX_DIS bit in UA_FCR register to determine enable or disable the receiver
of RS-485 controller.

Program the RS-485_NMM or RS-485_AAD mode.

4. If the RS-485_AAD mode is selected, the ADDR_MATCH is programmed for auto
address match value.

5.  Determine auto direction control by programming RS-485_AUD.

o

Differential Bus

RTS
Drive Enable

UART /RS485 Controller RS-485 transceiver

Tx Start

bit DO(D1|D2|D3(D4|D5|D6|D7| P STOP

RIS Drive Enable

Figure 6-75 Structure of RS-485 Frame
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6.13.7 Register Map
R: read only, W: write only, R/W: both read and write

NUC100/120xxxDN

Register Offset R/W |Description Reset Value
UART Base Address:
UARTO_BA = 0x4005_0000
UART1_BA = 0x4015_0000
UART2_BA = 0x4015_4000
UA_RBR

0_1 2 UARTXx_BA+0x00 |R UART Receive Buffer Register Undefined
x=0,1,
UA_THR ) ) ) )

0_1 5 UARTx_BA+0x00 |W UART Transmit Holding Register Undefined
x=0,1,
UA_IER .

012 UARTx_BA+0x04 |R/W |UART Interrupt Enable Register 0x0000_0000
x=0,1,
UA_FCR

O_l ) UARTx_BA+0x08 |R/W |UART FIFO Control Register 0x0000_0101
x=0,1,
UA_LCR . .

012 UARTx_BA+0x0C |R/W |UART Line Control Register 0x0000_0000
x=0,1,
UA_MCR .

o1 UARTx_BA+0x10 |R/W |UART Modem Control Register 0x0000_0200
x=0,
UA_MSR .

0_1 UARTx_BA+0x14 |R/W [UART Modem Status Register 0x0000_0110
x=0,
UA_FSR

0_1 ) UARTx_BA+0x18 |R/W |UART FIFO Status Register 0x1040_4000
x=0,1,
UA_ISR )

012 UARTXx_BA+0x1C |R/W |UART Interrupt Status Register 0x0000_0002
x=0,1,
UA_TOR . .

0_1 ) UARTx_BA+0x20 |R/W |UART Time-out Register 0x0000_0000
x=0,1,
UA_BAUD

0_1 ) UARTx_BA+0x24 |R/W |UART Baud Rate Divisor Register 0x0F00_0000
x=0,1,
UA_IRCR

0_1 ) UARTXx_BA+0x28 |R/W [UART IrDA Control Register 0x0000_0040
x=0,1,
UA_ALT _CSR .

012 UARTx_BA+0x2C |R/W |UART Alternate Control/Status Register 0x0000_0000
x=0,1,
UA_FUN_SEL . .

012 UARTx_BA+0x30 |R/W |UART Function Select Register 0x0000_0000
x=0,1,
UA_LIN_CTL )

0_1 2_ UARTx_BA+0x34 |R/W |UART LIN Control Register 0x000C_0000
x=0,1,
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UA_LIN_SR
x=0,1,2

UARTx_BA+0x38 |R/W |UART LIN Status Register 0x0000_0000
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Register Offset R/W |Description Reset Value
UA_RBR
x:()_,1,2 UARTx_BA+0x00 [R UART Receive Buffer Register Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RBR
Bits Description
[31:8] Reserved Reserved.
Receive Buffer Register (Read Only)
[7:0] RBR I(BySrea}din)g this register, the UART will return the 8-bit data received from RX pin
LSB first).
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Transmit Holding Register (UA THR)

Register Offset R/W |Description Reset Value
UA_THR _
x=C;1,2 UARTXx_BA+0x00 |W UART Transmit Holding Register Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
THR
Bits Description
[31:8] Reserved Reserved.
Transmit Holding Register
[7:0] THR I(By Wrifting)to this register, the UART will send out an 8-bit data through the TX pin
LSB first).
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Interrupt Enable Reqister (UA |IER)

Register Offset R/W |Description Reset Value
UA_IER .
012 UARTXx_BA+0x04 |R/W |UART Interrupt Enable Register 0x0000_0000
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DMA_RX_EN | DMA_TX_EN AUTOT\ICTS—E AUTOT\IRTS—E TIME—,\? UT_E Reserved LIN_IEN
7 6 5 4 3 2 1 0
Reserved WAKE_EN BUF—',E\IRR—IE TOUT_IEN | MODEM_IEN RLS_IEN THRE_IEN RDA_IEN
Bits Description
[31:16] Reserved Reserved.
RX DMA Enable Bit (Not Available in UART2 Channel)
This bit can enable or disable RX DMA service.
[15] DMA_RX_EN .
0 = RX DMA Disabled.
1 = RX DMA Enabled.
TX DMA Enable Bit (Not Available in UART2 Channel)
This bit can enable or disable TX DMA service.
[14] DMA_TX_EN .
0 = TX DMA Disabled.
1 = TX DMA Enabled.
CTS Auto Flow Control Enable Bit (Not Available in UART2 Channel)
0 = CTS auto flow control Disabled.
[13] AUTO_CTS_EN |1 = CTS auto flow control Enabled.
When CTS auto-flow is enabled, the UART will send data to external device when CTS
input assert (UART will not send data to device until CTS is asserted).
RTS Auto Flow Control Enable Bit (Not Available in UART2 Channel)
0 = RTS auto flow control Disabled.
[12] AUTO_RTS_EN |1 = RTS auto flow control Enabled.
When RTS auto-flow is enabled, if the number of bytes in the RX FIFO equals the
UA_FCR [RTS_TRI_LEV], the UART will de-assert RTS signal.
Time-out Counter Enable Bit
[11] TIME_OUT_EN 0 = Time-out counter Disabled.
1 = Time-out counter Enabled.
[10:9] Reserved Reserved.
[8] LIN_IEN LIN Bus Interrupt Enable Bit
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0 = Lin bus interrupt Disabled.

1 = Lin bus interrupt Enabled.
Note: This field is used for LIN function mode.

[7] Reserved Reserved.

UART Wake-up Function Enable Bit (Not Available in UART2 Channel)
0 = UART wake-up function Disabled.

1 = UART wake-up function Enabled, when the chip is in Power-down mode, an external
CTS change will wake-up chip from Power-down mode.

6] WAKE_EN

Buffer Error Interrupt Enable Bit
[5] BUF_ERR_IEN 0 = Mask off INT_BUF_ERR Masked off.
1= INT_BUF_ERR Enabled.

RX Time-out Interrupt Enable Bit
[4] TOUT_IEN 0 = INT_TOUT Masked off.
1 =INT_TOUT Enabled.

Modem Status Interrupt Enable Bit (Not Available in UART2 Channel)
[3] MODEM_IEN 0 = INT_MODEM Masked off.
1 =INT_MODEM Enabled.

Receive Line Status Interrupt Enable Bit
2] RLS_IEN 0 = INT_RLS Masked off.
1 =INT_RLS Enabled.

Transmit Holding Register Empty Interrupt Enable Bit
[1] THRE_IEN 0 = INT_THRE Masked off.
1 = INT_THRE Enabled.

Receive Data Available Interrupt Enable Bit
[0] RDA_IEN 0 = INT_RDA Masked off.
1 = INT_RDA Enabled.
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FIFO Control Register (UA FCR)

Register Offset R/W |Description Reset Value
UA_FCR .
0_1 2 UARTx_BA+0x08 |R/W |UART FIFO Control Register 0x0000_0101
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved RTS_TRI_LEV
15 14 13 12 11 10 9 8
Reserved RX_DIS
7 6 5 4 3 2 1 0
RFITL Reserved TFR RFR Reserved
Bits Description
[31:20] Reserved Reserved.
RTS Trigger Level for Auto-flow Control Use (Not Available in UART2 Channel)
0000 = 1 byte.
0001 = 4 bytes.
0010 = 8 bytes.
0011 = 14 bytes.
[19:16] RTS_TRI_LEV )
0100 = 30/14 bytes (High Speed/Normal Speed).
0101 = 46/14 bytes (High Speed/Normal Speed).
0110 = 62/14 bytes (High Speed/Normal Speed).
Others = 62/14 bytes (High Speed/Normal Speed).
Note: This field is used for auto RTS flow control.
[15:9] Reserved Reserved.
Receiver Disable Register
The receiver is disabled or not (set 1 to disable receiver)
8] RX_DIS 0 = Receiver Enabled.
1 = Receiver Disabled.
Note: This field is used for RS-485 Normal Multi-drop mode. It should be programmed
before UA_ALT_CSR [RS-485_NMM] is programmed.
RX FIFO Interrupt (INT_RDA) Trigger Level
When the number of bytes in the receive FIFO equals the RFITL, the RDA_IF will be set (if
UA_IER [RDA_IEN] enabled, and an interrupt will be generated).
0000 =1 byte.
[7:4] RFITL 0001 = 4 bytes.
0010 = 8 bytes.
0011 = 14 bytes.
0100 = 30/14 bytes (High Speed/Normal Speed).
0101 = 46/14 bytes (High Speed/Normal Speed).
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0110 = 62/14 bytes (High Speed/Normal Speed).
Others = 62/14 bytes (High Speed/Normal Speed).

NUC100/120xxxDN

[3] Reserved Reserved.

TX Field Software Reset

When TX_RST is set, all the byte in the transmit FIFO and TX internal state machine are
cleared.

0 = No effect.
1 = Reset the TX internal state machine and pointers.
Note: This bit will automatically clear at least 3 UART peripheral clock cycles.

[2] TFR

RX Field Software Reset

When RX_RST is set, all the byte in the receiver FIFO and RX internal state machine are
cleared.

0 = No effect.
1 = Reset the RX internal state machine and pointers.

1] RFR

Note: This bit will automatically clear at least 3 UART peripheral clock cycles.

[0] Reserved Reserved.
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Line Control Reqgister (UA LCR)

Register Offset R/W |Description Reset Value
UA_LCR
x=C;1,2 UARTXx_BA+0x0C |R/W |UART Line Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BCB SPE EPE PBE NSB WLS
Bits Description
[31:7] Reserved Reserved.

Break Control Bit

[6] BCB When this bit is set to logic 1, the serial data output (TX) is forced to the Spacing State
(logic 0). This bit acts only on TX and has no effect on the transmitter logic.

Stick Parity Enable Bit
0 = Stick parity Disabled.

(3] SPE 1= If PBE (UA_LCR[3]) and EBE (UA_LCRI[4]) are logic 1, the parity bit is transmitted and
checked as logic 0. If PBE (UA_LCR[3]) is 1 and EBE (UA_LCR[4]) is 0 then the parity bit
is transmitted and checked as 1.

Even Parity Enable Bit
4] EPE 0 = Odd number of logic 1’s is transmitted and checked in each word.
1 = Even number of logic 1’s is transmitted and checked in each word.

This bit has effect only when PBE (UA_LCR[3]) is set.

Parity Bit Enable Bit
3] PBE 0 = No parity bit.

1 = Parity bit is generated on each outgoing character and is checked on each incoming
data.

Number of “STOP Bit”
0 = One “ STOP bit” is generated in the transmitted data.

1 = When select 5-bit word length, 1.5 “STOP bit” is generated in the transmitted data.
When select 6-,7- and 8-bti word length, 2 “STOP bit” is generated in the transmitted data.

2] NSB

Word Length Selection

This field sets UART word length.
00 =5 bits.

01 = 6 bits.

10 = 7 bits.

11 = 8 hits.

[1:0] WLS
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MODEM Control Register (UA MCR) (Not Available in UART2 Channel)

Register Offset R/W |Description Reset Value
UA_MCR )
0_1 UARTx_BA+0x10 R/W |UART Modem Control Register 0x0000_0200
x=0,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved RTS_ST Reserved LEV_RTS Reserved
7 6 5 4 3 2 1 0
Reserved RTS Reserved
Bits Description
[31:14] Reserved Reserved.
RTS Pin State (Read Only) (Not Available in UART2 Channel)
[13] RTS_ST o .
This bit is the output pin status of RTS.
[12:10] Reserved Reserved.
RTS Trigger Level (Not Available in UART2 Channel)
This bit can change the RTS trigger level.
[9] LEV_RTS 0= high level triggered.
1=low level triggered.
Note: Refer to Figure 6-63 for UART function mode
[8:2] Reserved Reserved.
RTS (Request-to-send) Signal (Not Available in UART2 Channel)
0 = Drive RTS pin to logic 1 (If the LEV_RTS set to low level triggered).
[1] RTS 1 = Drive RTS pin to logic 0 (If the LEV_RTS set to low level triggered).
0 = Drive RTS pin to logic O (If the LEV_RTS set to high level triggered).
1 = Drive RTS pin to logic 1 (If the LEV_RTS set to high level triggered).
[0] Reserved Reserved.
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Modem Status Register (UA MSR) (Not Available in UART2 Channel)

Register Offset R/W |Description Reset Value
UA_MSR ]
0_1 UARTx_BA+0x14 |R/W |UART Modem Status Register 0x0000_0110
x=0,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved LEV_CTS
7 6 5 4 3 2 1 0
Reserved CTS_ST Reserved DCTSF
Bits Description
[31:9] Reserved Reserved.
CTS Trigger Level (Not Available in UART2 Channel)
This bit can change the CTS trigger level.
[8] LEV_CTS . .
0 = High level triggered.
1 = Low level triggered.
[7:5] Reserved Reserved.
CTS Pin Status (Read Only) (Not Available in UART2 Channel)
[4] CTS_ST o .
This bit is the pin status of CTS.
[3:1] Reserved Reserved.
Detect CTS State Change Flag (Read Only) (Not Available in UART2 Channel)
0] DCTSF This bit is set whenever CTS input has change state, and it will generate Modem interrupt
to CPU when UA_IER [MODEM_IEN] is set to 1.
Note: Write 1 to clear this bit to 0
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FIFO Status Reqgister (UA FSR)

Register Offset R/W [Description Reset Value
UA_FSR .
0_1 2 UARTx_BA+0x18 R/W |UART FIFO Status Register 0x1040_4000
x=0,1,
31 30 29 28 27 26 25 24
Reserved TE_FLAG Reserved TX_OVER_IF
23 22 21 20 19 18 17 16
TX_FULL TX_EMPTY TX_POINTER
15 14 13 12 11 10 9 8
RX_FULL RX_EMPTY RX_POINTER
7 6 5 4 3 2 1 0
Reserved BIF FEF PEF RS4|§5E—T'?:DD— Reserved RX_OVER_IF
Bits Description
[31:29] Reserved Reserved.
Transmitter Empty Flag (Read Only)
Bit is set by hardware when TX FIFO (UA_THR) is empty and the STOP bit of the last

[28] TE_FLAG byte has been transmitted.

Bit is cleared automatically when TX FIFO is not empty or the last byte transmission has
not completed.

[27:25] Reserved Reserved.

TX Overflow Error Interrupt Flag (Read Only)

[24] TX_OVER_IF II:;;)C( EIFO (UA_THR) is full, an additional write to UA_THR will cause this bit to
Note: This bit is read only, but can be cleared by writing ‘1’ to it.

Transmitter FIFO Full (Read Only)

23] TX_FULL This bit indicates TX FIFO is full or not.

This bit is set when the number of usage in TX FIFO Buffer is equal to
64/16/16(UARTO/UART1/UART?2), otherwise is cleared by hardware.
Transmitter FIFO Empty (Read Only)

This bit indicates TX FIFO is empty or not.

(22] TX_EMPTY When the last byte of TX FIFO has been transferred to Transmitter Shift Register,
hardware sets this bit high. It will be cleared when writing data into THR (TX FIFO not
empty).
TX FIFO Pointer (Read Only)
This field indicates the TX FIFO Buffer Pointer. When CPU writes one byte into
UA_THR, then TX_POINTER increases one. When one byte of TX FIFO is transferred to
Transmitter Shift Register, then TX_POINTER decreases one.

[21:16] TX_POINTER

The Maximum value shown in TX_POINTER is 63/15/15 (UARTO/UART1/UART?2).
When the using level of TX FIFO Buffer equal to 64/16/16, the TX_FULL bit is setto 1
and TX_POINTER will show 0. As one byte of TX FIFO is transferred to Transmitter Shift
Register, the TX_FULL bit is cleared to 0 and TX_POINTER will show 63/15/15
(UARTO/UARTL/UART?2).

Apr. 08, 2020

Page 395 of 597 Rev 1.04



NnuvoTonN

NUC100/120xxxDN

Receiver FIFO Full (Read Only)
This bit initiates RX FIFO is full or not.

[15] RX_FULL
This bit is set when the number of usage in RX FIFO Buffer is equal to
64/16/16(UARTO/UART1/UART?2), otherwise is cleared by hardware.
Receiver FIFO Empty (Read Only)
[14] RX EMPTY This bit initiate RX FIFO empty or not.
B When the last byte of RX FIFO has been read by CPU, hardware sets this bit high. It will
be cleared when UART receives any new data.
RX FIFO Pointer (Read Only)
This field indicates the RX FIFO Buffer Pointer. When UART receives one byte from
external device, then RX_POINTER increases one. When one byte of RX FIFO is read
[13:8] RX POINTER by CPU, then RX_POINTER decreases one.
B The Maximum value shown in RX_POINTER is 63/15/15 (UARTO/UART1/UART2).
When the using level of RX FIFO Buffer equal to 64/16/16, the RX_FULL bit is set to 1
and RX_POINTER will show 0. As one byte of RX FIFO is read by CPU, the RX_FULL
bit is cleared to 0 and RX_POINTER will show 63/15/15 (UARTO/UART1/UART2).
[7] Reserved Reserved.

Break Interrupt Flag (Read Only)

This bit is set to logic 1 whenever the received data input(RX) is held in the “spacing
[6] BIF state” (logic 0) for longer than a full word transmission time (that is, the total time of “start
bit” + data bits + parity + stop bits) and is reset whenever the CPU writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

Framing Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “stop bit”
[5] FEF (that is, the stop bit following the last data bit or parity bit is detected as logic 0), and is
reset whenever the CPU writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

Parity Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “parity

(4] PEF bit”, and is reset whenever the CPU writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

RS-485 Address Byte Detection Flag (Read Only)

This bit sets to 1 while UA_ALT_CSR[RS485_ADD_EN] sets to 1 to enable Address
3] RS485_ADD_DETF [detection mode and receive detect a data with an address bit(bit 9 ='1°).

Note: This field is used for RS-485 function mode.
Note: This bit is read only, but can be cleared by writing ‘1’ to it.

[2:1] Reserved Reserved.

RX Overflow Error IF (Read Only)
This bit is set when RX FIFO overflow.

[0] RX_OVER_IF If the number of bytes of received data is greater than RX_FIFO (UA_RBR) size,
64/16/16 bytes of UARTO/UART1/UART2, this bit will be set.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.
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Interrupt Status Control Reqgister (UA ISR)

Register Offset R/W [Description Reset Value
UA_ISR ,
0_1 2 UARTx_BA+0x1C |R/W |UART Interrupt Status Register 0x0000_0002
x=0,1,
31 30 29 28 27 26 25 24
HW_BUF_ER [HW_TOUT_IN [HW_MODEM_
Reserved R_INT T INT HW_RLS_INT Reserved
23 22 21 20 19 18 17 16
Reserved HW—:LI’:::—ER HW_TOUT IF HW—MIf:’DEM— HW_RLS_IF Reserved
15 14 13 12 11 10 9 8
LIN_INT Reserved BUF—E_RR—IN TOUT_INT | MODEM_INT RLS_INT THRE_INT RDA_INT
7 6 5 4 3 2 1 0
LIN_IF Reserved |BUF ERR_IF| TOUT.IF MODEM_IF RLS_IF THRE_IF RDA_IF
Bits Description
[31:30] Reserved Reserved.
in DMA Mode, Buffer Error Interrupt Indicator (Read Only)
This bit is set if BUF_ERR_IEN and HW_BUF_ERR_IF are both set to 1.
[29] HW_BUF_ERR_INT ) ] i
0 = No buffer error interrupt is generated in DMA mode.
1 = Buffer error interrupt is generated in DMA mode.
in DMA Mode, Time-out Interrupt Indicator (Read Only)
This bit is set if TOUT_IEN and HW_TOUT_IF are both set to 1.
[28] HW_TOUT_INT

0 = No Tout interrupt is generated in DMA mode.
1 = Tout interrupt is generated in DMA mode.

in DMA Mode, MODEM Status Interrupt Indicator (Read Only) (Not Available in
UART2 Channel)

[27] HW MODEM INT |This bitis setif MODEM_IEN and HW_MODEM_IF are both set to 1.
0 = No Modem interrupt is generated in DMA mode.
1 = Modem interrupt is generated in DMA mode.

in DMA Mode, Receive Line Status Interrupt Indicator (Read Only)
This bit is set if RLS_IEN and HW_RLS_IF are both set to 1.

[26] HW_RLS_INT . . ;
0 = No RLS interrupt is generated in DMA mode.
1 = RLS interrupt is generated in DMA mode.
[25:22] Reserved Reserved.

in DMA Mode, Buffer Error Interrupt Flag (Read Only)

This bit is set when the TX or RX FIFO overflows (TX_OVER_IF or RX_OVER_IF is set).
[21] HW_BUF_ERR_IF [When BUF_ERR_IF is set, the transfer maybe is not correct. If UA_IER [BUF_ERR_IEN]
is enabled, the buffer error interrupt will be generated.

Note: This bit is cleared when both TX_OVER_IF and RX_OVER_IF are cleared.
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in DMA Mode, Time-out Interrupt Flag (Read Only)
This bit is set when the RX FIFO is not empty and no activities occurred in the RX FIFO
[20] HW_TOUT_IF and the time-out counter equal to TOIC. If UA_IER [TOUT_IEN] is enabled, the Tout
interrupt will be generated.
Note: This bit is read only and user can read UA_RBR (RX is in active) to clear it.
in DMA Mode, MODEM Interrupt Flag (Read Only) (Not Available in UART2
Channel)
This bit is set when the CTS pin has state change (DCTSF=1). If UA_IER [MODEM_IEN]
(19] HW_MODEM_IF is enabled, the Modem interrupt will be generated.
Note: This bit is read only and reset to 0 when bit DCTSF is cleared by a write 1 on
DCTSF.
in DMA Mode, Receive Line Status Flag (Read Only)
This bit is set when the RX receive data have parity error, frame error or break error (at
least one of 3 bits, BIF, FEF and PEF, is set). If UA_IER [RLS_IEN] is enabled, the RLS
[18] HW_RLS_IF interrupt will be generated.
Note: In RS-485 function mode, this field include “receiver detect any address byte
received address byte character (bit9 = ‘1’) bit".
Note: This bit is read only and reset to 0 when all bits of BIF, FEF and PEF are cleared.
[17:16] Reserved Reserved.
LIN Bus Interrupt Indicator (Read Only)
This bit is set if LIN_IEN and LIN _IF are both set to 1.
[15] LIN_INT . .
0 = No LIN Bus interrupt is generated.
1 =The LIN Bus interrupt is generated.
[14] Reserved Reserved.
Buffer Error Interrupt Indicator (Read Only)
This bit is set if BUF_ERR_IEN and BUF_ERR_IF are both set to 1.
[13] BUF_ERR_INT ) ]
0 = No buffer error interrupt is generated.
1 = Buffer error interrupt is generated.
Time-out Interrupt Indicator (Read Only)
This bit is set if TOUT_IEN and TOUT_IF are both set to 1.
[12] TOUT_INT . ;
0 = No Tout interrupt is generated.
1 = Tout interrupt is generated.
MODEM Status Interrupt Indicator (Read Only) (Not Available in UART2 Channel)
This bit is set if MODEM_IEN and MODEM_IF are both set to 1.
[11] MODEM_INT ) -
0 = No Modem interrupt is generated.
1 = Modem interrupt is generated.
Receive Line Status Interrupt Indicator (Read Only)
This bit is set if RLS_IEN and RLS_IF are both set to 1.
[10] RLS_INT ) ]
0 = No RLS interrupt is generated.
1 = RLS interrupt is generated.
Transmit Holding Register Empty Interrupt Indicator (Read Only)
This bit is set if THRE_IEN and THRE_IF are both set to 1.
[9] THRE_INT ) i
0 = No THRE interrupt is generated.
1 = THRE interrupt is generated.
Receive Data Available Interrupt Indicator (Read Only)
[8] RDA_INT This bit is set if RDA_IEN and RDA_IF are both set to 1.
0 = No RDA interrupt is generated.
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1 = RDA interrupt is generated.
LIN Bus Flag (Read Only)
This bit is set when LIN slave header detect (LINS_HDET_F=1), LIN break detect
(LIN_BKDET_F=1), bit error detect (BIT_ERR_F=1), LIN slave ID parity error
[7] LIN_IF (LINS_IDPERR_F) or LIN slave header error detect (LINS_HERR_F) If UA_IER [LIN_
IEN] is enabled the LIN interrupt will be generated.
Note: This bit is cleared when LINS_HDET_F, LIN_BKDET_F, BIT_ERR_F,
LINS_IDPENR_F and LINS_HERR_F all are cleared
[6] Reserved Reserved.
Buffer Error Interrupt Flag (Read Only)
[5] BUF ERR IF This bit is set when the TX or RX FIFO overflows (TX_OVER_IF or RX_OVER_IF is set).
- - When BUF_ERR_IF is set, the transfer is not correct. If UA_IER [BUF_ERR_IEN] is
enabled, the buffer error interrupt will be generated.
Time-out Interrupt Flag (Read Only)
This bit is set when the RX FIFO is not empty and no activities occurred in the RX FIFO
| and the time-out counter equal to . . | is enabled, the Tout
4 TOUT_IF d the ti Ito TOIC. If UA_IER [TOUT_IEN] i bled, the T
interrupt will be generated.
Note: This bit is read only and user can read UA_RBR (RX is in active) to clear it.
MODEM Interrupt Flag (Read Only) (Not Available in UART2 Channel)
This bit is set when the CTS pin has state change (DCTSF=1). If UA_IER [MODEM_IEN]
[3] MODEM_IF is enabled, the Modem interrupt will be generated.
Note: This bit is read only and reset to 0 when bit DCTSF is cleared by a write 1 on
DCTSF.
Receive Line Interrupt Flag (Read Only)
This bit is set when the RX receive data have parity error, frame error or break error (at
least one of 3 bits, BIF, FEF and PEF, is set). If UA_IER [RLS_IEN] is enabled, the RLS
2 RLS IF interrupt will be generated.
- Note: In RS-485 function mode, this field is set include “receiver detect and received
address byte character (bit9 = ‘1’) bit". At the same time, the bit of
UA_FSR[RS485 ADD_DETF] s also set.
Note: This bit is read only and reset to 0 when all bits of BIF, FEF and PEF are cleared.
Transmit Holding Register Empty Interrupt Flag (Read Only)
This bit is set when the last data of TX FIFO is transferred to Transmitter Shift Register.
[1] THRE_IF If UA_IER [THRE_IEN] is enabled, the THRE interrupt will be generated.
Note: This bit is read only and it will be cleared when writing data into THR (TX FIFO not
empty).
Receive Data Available Interrupt Flag (Read Only)
When the number of bytes in the RX FIFO equals the RFITL then the RDA_IF will be set.
[0] RDA_IF If UA_IER [RDA_IEN] is enabled, the RDA interrupt will be generated.
Note: This bit is read only and it will be cleared when the number of unread bytes of RX
FIFO drops below the threshold level (RFITL).
UART Interrupt Source Interrupt Enable Bit NS (E DT 19 Interrupt Flag Flag Cleared By
Interrupt Controller
HW BUF ERR_IF = e
(E?merB‘ﬂlrzorégggr”pt BUF_ERR_IEN HW_BUF_ERR_INT  |(TX_OVER_IF or }g:fg}g 1"to UA_FCR
- RX_OVER_IF)
(Ff,il(TT'rT“ng“Tt)'”te"“pt TOUT_IEN HW_TOUT_INT HW_TOUT IF Read UA_RBR
Modem Status Interrupt HW_MODEM_IF = s
(INT_MODEM) MODEM_IEN HW_MODEM_INT (DCTSF) Write ‘1’ to DCTSF
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. . HW_RLS_IF = s
Receive Line Status Interrupt RLS_IEN HW_RLS_INT (BIF or FEF or PEF or Writing ‘1’ to UA_FCR
(INT_RLS) RS-485_ADD_DETF) [RFR]
Transmit Holding Register
Empty Interrupt THRE_IEN HW_THRE_INT HW_THRE_IF Write UA_THR
(INT_THRE)
Receive Data Available
Interrupt RDA_IEN HW_RDA_INT HW_RDA_IF Read UA_RBR
(INT_RDA)

Table 6-20 UART Interrupt Sources and Flags Table In DMA Mode

UART Interrupt Source

Interrupt Enable Bit

Interrupt Indicator To
Interrupt Controller

Interrupt Flag

Flag Cleared By

Write ‘1’ to
LINS_HDET_F/LIN_B

LIN interrupt LIN_IEN LIN_RX_BREAK_INT [LIN_RX_BREAK_IF |KDET_F/BIT_ERR_F/
LINS_IDPERR_F/LIN
S_HERR_F
Buffer Error Interrupt BUF_ERR_IF = Write ' to
(NT_BUF_ERR) P BUF_ERR_IEN BUF_ERR_INT (TX_OVER_IF or TX_OVER_IF/
- RX_OVER_IF) RX_OVER_IF
RX Timeout Interrupt
(INT_TOUT) TOUT_IEN TOUT_INT TOUT_IF Read UA_RBR
Modem Status Interrupt MODEM_IF = s
(INT_MODEM) MODEM_IEN MODEM_INT (DCTSF) Write ‘1’ to DCTSF
- RLS_IF = Write ‘1’ to
(Ff,fl‘;e'é‘f_g”e Status Interrupt o) o N RLS_INT (BIF or FEF or PEF or |BIF/FEF/PEF/ RS-
- RS-485_ADD_DETF) [485_ADD_DETF
Transmit Holding Register
Empty Interrupt THRE_IEN THRE_INT THRE_IF Write UA_THR
(INT_THRE)
Receive Data Available
Interrupt RDA_IEN RDA_INT RDA_IF Read UA_RBR
(INT_RDA)

Table 6-21 UART Interrupt Sources and Flags Table In Software Mode
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Time-out Register (UA TOR)

Register Offset R/W  |Description Reset Value
UA_TOR ] )
012 UARTXx_BA+0x20 |R/W |UART Time-out Register 0x0000_0000
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DLY
7 6 5 4 3 2 1 0
TOIC
Bits Description
[31:16] Reserved Reserved.
TX Delay Time Value
[15:8] DLY This field is used to programming the transfer delay time between the last stop bit and next
start bit.
Time-out Interrupt Comparator
The time-out counter resets and starts counting (the counting clock = baud rate) whenever
the RX FIFO receives a new data word. Once the content of time-out counter
(TOUT_CNT) is equal to that of time-out interrupt comparator (TOIC), a receiver time-out
[7:0] TOIC interrupt (INT_TOUT) is generated if UA_IER [TOUT_IEN] enabled. A new incoming data
word or RX FIFO empty will clear INT_TOUT. In order to avoid receiver time-out interrupt
generation immediately during one character is being received, TOIC value should be set
between 40 and 255. So, for example, if TOIC is set with 40, the time-out interrupt is
generated after four characters are not received when 1 stop bit and no parity check is set
for UART transfer.
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Baud Rate Divider Reqgister (UA BAUD)

Register Offset R/W |Description Reset Value
UA_BAUD
x=C;1,2 UARTx_BA+0x24 |R/W |UART Baud Rate Divisor Register 0x0F00_0000
31 30 29 28 27 26 25 24
Reserved DIV_X_EN | DIV_X_ONE DIVIDER_X
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
BRD
7 6 5 4 3 2 1 0
BRD
Bits Description
[31:30] Reserved Reserved.

Divider X Enable Bit

The BRD = Baud Rate Divider, and the baud rate equation is
Baud Rate = Clock / [M * (BRD + 2)]; The default value of M is 16.

[29] DIV_X_EN 0 = Divider X Disabled (the equation of M = 16).

1 = Divider X Enabled (the equation of M = X+1, but DIVIDER_X [27:24] must >= 8).
Refer to Table 6-17 for more information.

Note: In IrDA mode, this bit must disable.

Divider X Equal to 1
0 = Divider M = X (the equation of M = X+1, but DIVIDER_X[27:24] must >= 8).

[28] DIV_X_ONE o _
1 = Divider M = 1 (the equation of M = 1, but BRD [15:0] must >= 3).
Refer to Table 6-17 for more information.
Divider X

[27:24] DIVIDER_X N
The baud rate divider M = X+1.

[23:16] Reserved Reserved.
Baud Rate Divider

[15:0] BRD

The field indicates the baud rate divider
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IrDA Control Reqgister (IRCR)

Register Offset R/W |Description Reset Value
UA_IRCR .
012 UARTx_BA+0x28 |R/W |UART IrDA Control Register 0x0000_0040
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved INV_RX INV_TX Reserved TX_SELECT Reserved
Bits Description
[31:7] Reserved Reserved.
INV_RX
[6] INV_RX 0 = No inversion.
1 = Inverse RX input signal.
INV_TX
[5] INV_TX 0 = No inversion.
1 = Inverse TX output signal.
[4:2] Reserved Reserved.
TX_SELECT
[1] TX_SELECT 0 = IrDA receiver Enabled.
1 = IrDA transmitter Enabled.
[0] Reserved Reserved.

Note: In IrDA mode, the UA_BAUD [DIV_X_EN] register must be disabled (the baud equation must be Clock / 16 * (BRD)
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UART Alternate Control/Status Register (UA ALT CSR)

Register Offset R/W  |Description Reset Value
UA_ALT_CSR
0_1 2 - UARTx_BA+0x2C |R/W |UART Alternate Control/Status Register 0x0000_0000
x=0,1,
31 30 29 28 27 26 25 24
ADDR_MATCH
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
RS482NADD— Reserved RS485_AUD | RS485_AAD | RS485_NMM
7 6 5 4 3 2 1 0
LIN_TX_EN | LIN_RX_EN Reserved LIN_BKFL
Bits Description

Address Match Value Register
[31:24] ADDR_MATCH This field contains the RS-485 address match values.
Note: This field is used for RS-485 auto address detection mode.

[23:16] Reserved Reserved.

RS-485 Address Detection Enable Bit

This bit is used to enable RS-485 Address Detection mode.
[15] RS485_ADD_EN [0 = Address detection mode Disabled.

1 = Address detection mode Enabled.

Note: This field is used for RS-485 any operation mode.

[14:11] Reserved Reserved.

RS-485 Auto Direction Mode (AUD)

0 = RS-485 Auto Direction Operation mode (AUO) Disabled.

1 = RS-485 Auto Direction Operation mode (AUO) Enabled.

Note: It can be active with RS-485_AAD or RS-485_NMM operation mode.

[10] RS485_AUD

RS-485 Auto Address Detection Operation Mode (AAD)

0 = RS-485 Auto Address Detection Operation mode (AAD) Disabled.
1 = RS-485 Auto Address Detection Operation mode (AAD) Enabled.
Note: It cannot be active with RS-485_NMM operation mode.

[9] RS485_AAD

RS-485 Normal Multi-drop Operation Mode (NMM)

0 = RS-485 Normal Multi-drop Operation mode (NMM) Disabled.
1 = RS-485 Normal Multi-drop Operation mode (NMM) Enabled.
Note: It cannot be active with RS-485_AAD operation mode.

18] RS485_NMM

LIN TX Break Mode Enable Bit
[7] LIN_TX_EN 0 = LIN TX Break mode Disabled.
1 =LIN TX Break mode Enabled.
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Note: When TX break field transfer operation finished, this bit will be cleared
automatically.

LIN RX Enable Bit
[6] LIN_RX_EN 0 = LIN RX mode Disabled.
1 = LIN RX mode Enabled.

[5:4] Reserved Reserved.

UART LIN Break Field Length

This field indicates a 4-bit LIN TX break field count.

Notel: This break field length is UA_LIN_BKFL + 1

Note2: According to LIN spec, the reset value is OxC (break field length = 13).

[3:0] LIN_BKFL
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UART Function Select Register (UA FUN SEL)

Register Offset R/W  |Description Reset Value
UA_FUN_SEL ] )
0_1 2 - UARTx_BA+0x30 |R/W |UART Function Select Register 0x0000_0000
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved FUN_SEL
Bits Description
[31:2] Reserved Reserved.
Function Select Enable Bit
00 = UART function Enabled.
[1:0] FUN_SEL 01 = LIN function Enabled.
10 = IrDA function Enabled.
11 = RS-485 function Enabled.
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UART LIN Control Register (UA LIN CTL)

Register Offset R/W  |Description Reset Value
UA_LIN_CTL .
0_1 2_ UARTx_BA+0x34 |R/W [UART LIN Control Register 0x000C_0000
x=0,1,
31 30 29 28 27 26 25 24
LIN_PID
23 22 21 20 19 18 17 16
LIN_HEAD_SEL LIN_BS_LEN LIN_BKFL
15 14 13 12 11 10 9 8
Reserved BIT_ERR_EN | LIN_RX_DIS L'N—BET\IDET— LIN_IDPEN LIN_SHD
7 6 5 4 3 2 1 0
Reserved LIN_MUTE_E [LINS_DUM_E | LINS_ARS_E | LINS_HDET_| |\ £\
N N N EN -
Bits Description
LIN PID Register
This field contains the LIN frame ID value in LIN function mode, the frame ID parity can be
generated by software or hardware depends on UA_LIN_CTL [LIN_IDPEN].
[31:24] LIN_PID If the parity generated by hardware (UA_LIN_CTL [LIN_IDPEN] = 1), user fill IDO~ID5,

(LIN_PID[24:29]hardware will calculate PO(LIN_PID[30]) and P1(LIN_PID[31]), otherwise
user must filled frame ID and parity in this field.

Notel: User can filled any 8-bit value to this field and the bit 24 indicates IDO (LSB first)
Note2: This field can be used for LIN Master mode or Slave mode.

LIN Header Select

00 = The LIN header includes “break field”.

01 = The LIN header includes “break field” and “sync field”.

[23:22] LIN_HEAD_SEL |10 = The LIN header includes “break field”, “sync field” and “frame D field”.
11 = Reserved.

Note: This bit is used in Master mode for LIN to send header field (LIN_SHD = 1) or used
to slave to indicate exit from Mute mode condition (LIN_MUTE_EN).

LIN Break/Sync Delimiter Length

00 = The LIN break/sync delimiter length is 1 bit time.

10 = The LIN break/sync delimiter length is 2 bit time.

10 = The LIN break/sync delimiter length is 3 bit time.

11 = The LIN break/sync delimiter length is 4 bit time.
Note: This bit used for LIN master to sending header field.

[21:20] LIN_BS_LEN

LIN Break Field Length
This field indicates a 4-bit LIN TX break field count.

Notel: These registers are shadow registers of UA_ALT_CSR [LIN_BKFL], User can
read/write it by setting UA_ALT_CSR [LIN_BKFL] or UA_LIN_CTL [LIN_BKFL].

Note2: This break field length is LIN_BKFL + 1.
Note3: According to LIN spec, the reset value is OXC (break field length = 13).

[19:16] LIN_BKFL
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[15:13] Reserved Reserved.

Bit Error Detect Enable Bit
0 = Bit error detection function Disabled.
[12] BIT_ERR_EN 1 = Bit error detection Enabled.

Note: In LIN function mode, when occur bit error, the UA_LIN_SR [BIT_ERR_F] flag will
be asserted. If the UA_IER[LIN_IEN] = 1, an interrupt will be generated.

If the receiver is be enabled (LIN_RX_DIS = 0), all received byte data will be accepted and
stored in the RX-FIFO, and if the receiver is disabled (LIN_RX_DIS = 1), all received byte
data will be ignore.

[11] LIN RX DIS 0 = Error detection function Disabled.
1 = Bit error detection Enabled.

Note: This bit is only valid when operating in LIN function mode
(UA_FUN_SEL[FUN_SEL] = 01).

LIN Break Detection Enable Bit

When detect consecutive dominant greater than 11 bits, and are followed by a delimiter
character, the LIN_BKDET_F flag is set in UA_LIN_SR register at the end of break field. If
[10] LIN_BKDET_EN  |the UA_IER [LIN_IEN] =1, an interrupt will be generated.

0 = Disable LIN break detection.
1 = Enable LIN break detection.

LIN ID Parity Enable Bit
0 = LIN frame ID parity Disabled.
1 = LIN frame ID parity Enabled.

Notel: This bit can be used for LIN master to sending header field (LIN_SHD =1 and
LIN_HEAD_SEL = 10) or be used for enable LIN slave received frame ID parity checked.

[9] LIN_IDPEN

Note2: This bit is only use when operation header transmitter is in LIN_HEAD_SEL = 10.

LIN TX Send Header Enable Bit

The LIN TX header can be “break field” or “break and sync field” or “break, sync and frame
ID field”, it is depend on setting LIN_HEAD_SEL register.

0 = Send LIN TX header Disable.
8] LIN SHD 1=Send LIN TX header Enable.

Notel: These registers are shadow registers of UA_ALT_CSR [LIN_SHD]; user can
read/write it by setting UA_ALT_CSR [LIN_SHD] or UA_LIN_CTL [LIN_SHD].

Note2: When transmitter header field (it may be “break” or “break + sync” or “break + sync
+ frame ID” selected by LIN_HEAD_SEL field) transfer operation finished, this bit will be
cleared automatically.

[7:5] Reserved Reserved.

LIN Mute Mode Enable Bit
0 = LIN Mute mode Disabled.
[4] LIN_MUTE_EN 1 = LIN Mute mode Enabled.

Note: The exit from Mute mode condition and each control and interactions of this field are
explained in character 6.13.5.4 (LIN Slave mode).

LIN Slave Divider Update Method Enable Bit

0 = UA_BAUD is updated as soon as UA_BAUD is writing by software (if no automatic
resynchronization update occurs at the same time).

1 = UA_BAUD is updated at the next received character. User must set the bit before
[3] LINS_DUM_EN checksum reception.

Notel: This bit only valid in LIN Slave mode (LINS_EN = 1).

Note2: This bit used for LIN Slave Automatic Resynchronization mode. (for Non-automatic
Resynchronization mode, this bit should be kept cleared)

Note3: The control and interactions of this field are explained in character 6.13.5.4 (Slave
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mode with automatic resynchronization).

LIN Slave Automatic Resynchronization Mode Enable Bit
0 = LIN automatic resynchronization Disabled.
1 = LIN automatic resynchronization Enabled.
2] LINS_ARS_EN Notel: This bit only valid in LIN Slave mode (LINS_EN = 1).

Note2: When operation in Automatic Resynchronization mode, the baud rate setting must
be mode2 (UA_BAUD [DIV_X_EN] and UA_BAUD [DIV_X_ONE] must be 1).

Note3: The control and interactions of this field are explained in character 6.13.5.4 (Slave
mode with automatic resynchronization).

LIN Slave Header Detection Enable Bit

0 = LIN slave header detection Disabled.

1 = LIN slave header detection Enabled.

Notel: This bit only valid in LIN Slave mode (LINS_EN = 1).

Note2: In LIN function mode, when detect header field (break + sync + frame ID),
UA_LIN_SR [LINS_HDET_F] flag will be asserted. If the UA_IER[LIN_IEN] =1, an
interrupt will be generated.

61| LINS_HDET_EN

LIN Slave Mode Enable Bit
[0] LINS_EN 0 = LIN Slave mode Disabled.
1 = LIN Slave mode Enabled.
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UART LIN Status Register (UA LIN SR)

Register Offset R/W  |Description Reset Value
UA_LIN_SR .
0_1 2_ UARTx_BA+0x38 |R/W |UART LIN Status Register 0x0000_0000
x=0,1,
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved BIT_ERR_F LIN—BFKDET—
7 6 5 4 3 2 1 0
Reserved LINS_EYNC_ LINS_IID:PERR LINS_I;ERR_ LINS_HDET F
Bits Description
[31:10] Reserved Reserved.

Bit Error Detect Status Flag (Read Only)

At TX transfer state, hardware will monitoring the bus state, if the input pin (SIN) state not
equals to the output pin (SOUT) state, BIT_ERR_F will be set.

[9] BIT_ERR_F When occur bit error, if the UA_IER[LIN_IEN] = 1, an interrupt will be generated.
Notel: This bit is read only, but it can be cleared by writing 1 to it.

Note2: This bit is only valid when enable bit error detection function (UA_LIN_CTL
[BIT_ERR_EN] ==1).

LIN Break Detection Flag (Read Only)

This bit is set by hardware when a break is detected and be cleared by writing 1 to it
through software.

0 = LIN break not detected.
1 = LIN break detected.
Notel: This bit is read only, but it can be cleared by writing 1 to it.

Note2: This bit is only valid when enable LIN break detection function (UA_ALT_CSR
[LIN_BKDET_EN])

18] LIN_BKDET_F

[7:4] Reserved Reserved.

LIN Slave Sync Field

This bit indicates that the LIN sync field is being analyzed in Automatic Resynchronization
mode. When the receiver header have some error been detect, user must reset the
internal circuit to re-search a new frame header by writing 1 to this bit.

0 = The current character is not at LIN sync state.
(3] LINS_SYNC_F 1 = The current character is at LIN sync state.

Notel: This bit is only valid when is in LIN Slave mode (LINS_EN = 1).
Note2: This bit is read only, but it can be cleared by writing 1 to it.

Note3: When writing 1 to it, hardware will reload the initial baud-rate and re-search a new
frame header.
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LIN Slave ID Parity Error Flag (Read Only)

This bit is set by hardware when receipted frame ID parity is not correct.
0 = no active.

[2] LINS_IDPERR_F |1 = Receipted frame ID parity is not correct.

Notel: This bit is read only, but it can be cleared by writing 1 to it.

Note2: This bit is only valid in LIN Slave mode (UA_LIN_CTL [LINS_EN] = 1) and enable
LIN frame ID parity check function (UA_LIN_CTL [LIN_IDPEN]).

LIN Slave Header Error Flag (Read Only)

This bit is set by hardware when a LIN header error is detected in LIN Slave mode and be
cleared by writing 1 to it. The header errors include “break delimiter is too short”, “frame
error in sync field or Identifier field”, “sync field data is not 0x55 in Non-Automatic
Resynchronization mode”, “sync field deviation error in Automatic Resynchronization
mode”, “sync field measure time-out in Automatic Resynchronization mode” and “LIN

[1] LINS HERR_F header reception time-out”.

0 = LIN header error not detected.

1 = LIN header error detected.

Notel: This bit is read only, but it can be cleared by writing 1 to it.

Note2: This bit is only valid in LIN Slave mode (UA_LIN_CTL [LINS_EN] = 1) and enable
LIN slave header detection function (UA_LIN_CTL [LINS_HDET_EN]).

LIN Slave Header Detection Flag (Read Only)

This bit is set by hardware when a LIN header is detected in LIN Slave mode and be
cleared by writing 1 to it.

0 = LIN header not detected.
1 = LIN header detected (break + sync + frame ID).
Notel: This bit is read only, but it can be cleared by writing 1 to it.

Note2: This bit is only valid in LIN Slave mode (UA_LIN_CTL [LINS_EN] = 1) and enable
LIN slave header detection function (UA_LIN_CTL [LINS_HDET_EN]).

Note3: When enable ID parity check (UA_LIN_CTL [LIN_IDPEN] = 1), if hardware detect
complete header (“break + sync + frame ID”), the LINS_HEDT_F will be set weather the
frame 1D correct or not.

[0] LINS_HDET_F
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6.14 Smart Card Host Interface (SC)

6.14.1 Overview
The Smart Card Interface controller (SC controller) is based on ISO/IEC 7816-3 standard and fully
compliant with PC/SC Specifications. It also provides status of card insertion/removal.
6.14.2 Features
ISO7816-3 T=0, T=1 compliant
EMV2000 compliant
Supports up to three ISO7816-3 ports
Separates receive/ transmit 4 byte entry buffer for data payloads
Programmable transmission clock frequency
Programmable receiver buffer trigger level
Programmable guard time selection (11 ETU ~ 266 ETU)

One 24-bit and two 8-bit time-out counters for Answer to Request (ATR) and waiting
times processing

Supports auto inverse convention function

Supports transmitter and receiver error retry and error retry number limitation function
Supports hardware activation sequence process

Supports hardware warm reset sequence process

Supports hardware deactivation sequence process

Supports hardware auto deactivation sequence when detecting the card removal
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6.14.3 Block Diagram

The SC clock control and block diagram are shown as follows. The SC controller is completely
asynchronous design with two clock domains, PCLK and peripheral clock. Note that PCLK frequency
should be higher than the frequency of peripheral clock.

4{ SCO_S (CLKSELS3[1:0]) ‘

- ‘ SCO_EN (APBCLKL[0]) ‘

11

HCLK »
L AN T j—» SCO_CLK
PLL FOUT L(SCON +1) .
e

o1 SCO_N (CLKDIV2[7:0]) "

22.1184 MHz
e

4~24 MHz

00

\ CLK_KEEP (SCO_PINCSR[6]) \

SC1_S (CLKSEL3[3:2)) ‘

‘ SC1_EN (APBCLK1[1]) ‘

22.1184 MHz
—» 11

TSN j_> sc1 ok
PLL FOUT 1/(SC1_N +1) R
4> »

01 SC1_N (CLKDIV2[15:8])

4~24 MH
Z » 00
‘ CLK_KEEP (SC1_PINCSRI[6]) ‘
SC2_S (CLKSEL3[5:4)) |
‘ SC2_EN (APBCLK1[2]) ‘
22.1184 MHz
kLN T]

_ HOLK o " j—» SC2_CLK
PLL FOUT 1(SC2_N +1) .
_PLLFOUT | >

01 SC2_N (CLKDIV2[23:16])

4~24 MHz

00

‘ CLK_KEEP (SC2_PINCSR[6)) ‘

Note: Before clock switching, both the pre-selected and newly
selected clock sources must be turned on and stable.

Figure 6-76 SC Clock Control Diagram (8-bit Prescale Counter in Clock Controller)
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Figure 6-77 SC Controller Block Diagram
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6.14.4 Functional Description

Basically, the smart card interface acts as a half-duplex asynchronous communication port and its
data format is composed of ten consecutive bits, which is shown follows.

[ [ [ [ [ [ [ [
Start DI D2 D3 D4 D5 D6 D7 D8 P Pause Start
| | | | | | | |
“— Delay between consecutive characters ———»

Figure 6-78 SC Data Character

6.14.4.1 Activation, Warm Reset and Deactivation Sequence

The Smart Card Interface controller supports hardware activation, warm reset and deactivation
sequence.

Activation
The activation sequence is shown as follows.
® Set SC_RST to low
® Set SC_PWR at high level and SC_DAT at high level (reception mode) at the same time.
® Enable SC_CLK clock
® De-assert SC_RST to high

The activation sequence can be controlled by software or hardware. If software wants to control
it, software can control the SC_PINCSR and SC_TMRXx register to process the activation
sequence or setting SC_ALTCTL[ACT_EN] register, and then the interface will perform hardware
activation sequence.

Following is activation control sequence in hardware activation mode:
@ Set activation timing by setting SC_ALTCTL[INIT_SEL].
® TMRO can be selected when SC_CTL[TMR_SEL] is 01, 10 or 11.

®  Set operation mode SC_TMRO[MODE] to 0011 and give an Answer to Request value
by setting SC_TMRO[CNT] register.

® When hardware de-asserts SC_RST to high, hardware will generator an initial end
interrupt to CPU at the same time (if SC_IER[INIT_IE] = 1)

® [f the TMRO decreases the counter to “1” (start from SC_RST) and the card does not
respond ATR before that time, hardware will generate interrupt INT_TMRO to CPU.
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INT_‘!NIT INT_IMRO
SC_PWR |
SC_CLK |
SC_RST
SC_DAT Undefined| | ATR |
«— T1—He— T2 —pe— T3

INIT_SEL| T1 T2
Time Comment 00 85 489
T1 |SC_PWR to SC_CLK Start 01 133 | 537
T2 |SC_CLK Startto SC_RST Assert 10 165 | 569
T3 |SC_CLK Start to ART Appear 11 165 | 42060/ Unit : SC Clock

Note : These value are measured by chip IO pin, the real value will depended on
system design

Figure 6-79 SC Activation Sequence

Warm Reset

The warm reset sequence is shown as follows.
® Set SC_RST to low and set SC_DAT to high at the same time.
® Set SC_RST to high.

The warm reset sequence can be controlled by software or hardware. If software wants to control
it, software can control SC_PINCSR and SC_TMRX register to process the warm reset sequence
or set SC_ALTCTL[WARST_EN] register, and then the interface will perform hardware warm
reset sequence.

Following is warm reset control sequence in hardware warm reset mode
® Set warm reset timing by setting SC_ALTCTL[INIT_SEL].
®  Select TMRO by setting SC_CTL[TMR_SEL] register (TMR_SEL can be 01, 10, or 11).

®  Set operation mode SC_TMRO[MODE] to 0011 and give an Answer to Request value
by setting SC_TMRO[CNT] register.

Set TMRO_SEN and WARST_EN to start counting by SC_ALTCTL register.

When hardware de-asserts SM_RST to high, hardware will generate an initial end
interrupt to CPU at the same time (if SC_IER[INIT_IE] = “1”)

® [f the TMRO decrease the counter to “1” (start from SC_RST) and the card does not
response ATR before that time, hardware will generate interrupt INT_TMRO to CPU.
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INT_INIT INT_TMRO
SC_RST |
- « T4 26— T5 —m— T6 —
INIT_SEL| T4 5

Time Comment 00 81 483

T4 |SC_RST to SC_DAT Reception Mode 01 129 | 531

T5 |SC_DAT Reception Mode to SC_RST Assert 10 161 563

T6 |SC_CLK Start to ATR Appear 11 161 | 42106| Unit:'SC Clock
Note: This value is measured by chip 10 pin, the real value will depend on system design.

Figure 6-80 SC Warm Reset Sequence
Deactivation
The deactivation sequence is shown as follows
® Set SC_RST to low.
® Stop SC_CLK.
® Set SC_DAT to state low.
® Deactivated SC_PWR.

The deactivation sequence can be controlled by software or hardware. If software wants to
control it, software can control SC_PINCSR and SC_TMRO register to process the deactivation
sequence or set SC_ALTCTL[DACT_EN] register, and then the interface will perform hardware
deactivation sequence.

The SC controller also supports auto deactivation sequence when the card removal detection is
set (SC_PINCSR[ADAC_CDEN]).

Following is deactivation control sequence in hardware deactivation mode:
® Set deactivation timing by setting SC_ALTCTL[INIT_SEL].
® Set DACT_EN to start counting by SC_ALTCTL register.

® When hardware de-asserts SC_PWR to low, the controller will generate an interrupt
INT_INIT to CPU at the same time (if SC_IER[INIT_IE] = 1)
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INT_INIT
SC_PWR
SC_CLK
SC_RST
Undefinegl]
SC_DAT
C T e
INIT_SEL| T7 T8 T9
Time Comment
00 97 83 87
T7 |Deactivation Trigger to SC_RST Low,|
01 145 131 135
T8 |SMC_RST Low to Stop SC_CLK
10 177 163 167
T9 [Stop SC_CLK to Stop SC_PWR
11 177 163 167
Unit: SC Clock

Figure 6-81 SC Deactivation Sequence

6.14.4.2 Initial Character TS

According to 1ISO7816-3, the initial character TS of answer to request (ATR) has two possible
patterns (as shown in the following figure). If the TS pattern is 0_1100_0000_1, it is inverse
convention. When decoded by inverse convention, the conveyed byte is equal to ‘3F’. If the TS
pattern is 0_1101 1100_1, it is direct convention. When decoded by direct convention, the
conveyed byte is equal to ‘3B’. Software can set SC_CTL[AUTO_CON_EN] and then the
operating convention will be decided by hardware. Software can also set the SC_CTL[CON_SEL]

register (set to 00 or 11) to change the operating convention after SC received TS of answer to
request (ATR).

If software enables auto convention function by setting SC_CTL[AUTO_CON_EN] register, the
setting step must be done before Answer to Request state and the first data must be 0x3B or
0x3F. After hardware received first data and stored it at buffer, hardware will decide the
convention and change the SC_CTL[CON_SEL] register automatically. If the first data is neither
0x3B nor Ox3F, hardware will generate an auto-convention error interrupt INT_ACON_ERR (if
SC_IER[ACON_ERR_IE] = 1) to CPU.

T T T | T T T
Direct Convention Startf D1 D2 | D3| D4 D5 D6 | D7 D8 P Start) Character TO
| | | | I | |
- t =12~9600ETU - »
T | I | I | T T T
Inverse Convention Start| D1 ‘ D2 D3‘ D4‘ D5‘ D6‘ D7 | D8 P ‘ Start Ch‘aracte‘r TO
R t=12~9600ETU - *
Direct Convention 0 1101_1100_1 (0x3B)
Inverse Convention 0_1100_0000_1 (0x3F)

Figure 6-82 Initial Character TS

6.14.4.3 Error signal and character repetition

According to ISO7816-3 T=0 mode description, as shown in following, if the receiver receives a
wrong parity bit, it will pull the SC_DAT to low one to two bit period to inform the transmitter parity
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error. Then the transmitter will retransmit the character. The SC interface controller supports
hardware error detection function in receiver and supports hardware re-transmit function in
transmitter. Software can enable re-transmit function by setting SC_CTL[TX_ERETRY_EN].
Software can also define the retry (re-transmit) number limitation in SC_CTL[TX_ERETRY]
register. The re-transmit number is up to TX_ERETRY +1 and if the re-transmit number is equal
to TX_ERETRY +1, TX_OVER_REERR flag will be set by hardware and if SC_IER[TERR_IE] =
1, SC controller will generate a transfer error interrupt to CPU. Software can also define the
received retry number limitation in SC_CTL[RX_ERETRY] register. The receiver retry number is
up to RX_ERETRY +1, if the number of received errors by receiver is equal to RX_ERETRY +1,
receiver will receive this error data to buffer and RX_OVER_REERR flag will be set by hardware
and if SC_IER[TERR_IE] = 1, SC controller will generate a transfer error interrupt to CPU.

\ \ \ \ \ \ \ \ \ \ \
No Parity Error Start Byte (i) P Stop | Start Byte (i+1)
| | ! ! !

o 1 2 3 4 5 6 7 8 9 10 11 12
Repetition

T T
With Parity Error (Receiver) |Start I?yte (i‘) P Start | Byte ‘(i)

o 1 2 3 4 5 6 7 8 9 10 py|Lowand Detect Next Start Bit

Re-transmit
T T T T T T T ! T

With Parity Error (Transmitter)| Start I‘Byte (Q P ! Start Blte 0}
‘ ’ ! Detect Error iignhl

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure 6-83 SC Error Signal

Transmitter will stop to re-transmit
Start bit Error signal from bus data when retry number is equal to

; ; TX ERETRY+1
= e S aEEY

TX transmit data Data Re-transmit Re-transmit Re-transmit
Data Data Data

TX_OVER_REERR
(SC_TRSRI[30])

Transmitter retry function enable and TX_ERETRY=2

Figure 6-84 SC Transmitter Retry Number and Retry Over Flag

. Error signal generated by Receiver will not generate error
Start bit RX receiver signal when retry number is equal to
’ i RE_ERETRY+1

=
. Re-transmit Re-transmit Re-transmit
RX receive data —‘ Data H Data H Data H Data

RX_OVER_REERR
(SC_TRSR[22])

Receiver retry function enable and RX_ERETRY=2
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Figure 6-85 SC Receiver Retry Number and Retry Over Flag

6.14.4.4 Internal time-out counter

The smart card interface includes a 24-bit time-out counter and two 8 bit time-out counters. These
counters help the controller in processing different real-time interval (ATR, WWT, BWT, etc.).
Each counter can be set to start counting once the trigger enable bit has been written or a START
bit has been detected.

The following is the programming flow:

® Enable counter by setting SC_CTL[TMR_SEL].
® Select operation mode SC_TMRx[MODE] and give a count value SC_TMRX[CNT] by
setting SC_TMRX register.
® Set SC_ALTCTL[TMRx_SEN] to start counting.
OPMODE(SC_
TMRx[27:24]) Operation Description
(X=0~2)
The down counter started when SC_ALTCTL[TMRx_SEN] enabled and ended when counter time-out. The
time-out value will be CNT+1
0000 Start Start counting when SC_ALTCTL [TMRx_SEN] enabled
End When the down counter equals to 0, hardware will set TMRx_IS and clear
SC_ALTCTL [TMRx_SEN] automatically.
The down counter started when the first START bit (reception or transmission) detected and ended when
counter time-out. The time-out value will be CNT+1.
0001 Start Start counting when the first START bit (reception or transmission) detected after
SC_ALTCTL [TMRx_SEN] set to 1.
End When the down counter equals to 0, hardware will set TMRO_IS and clear
SC_ALTCTL [TMRx_SEN] automatically.
The down counter started when the first START bit (reception) detected and ended when counter time-out .
The time-out value will be CNT+1.
0010 Start Start counting when the first START bit (reception) detected bit after
SC_ALTCTL[TMRx_SEN] set to 1.
End When the down counter equals to 0, hardware will set TMRO_IS and clear
SC_ALTCTL [TMRx_SEN] automatically.
The down counter is only used for hardware activation, warm reset sequence to measure ATR timing.
The timing starts when SC_RST de-assertion and ends when ATR response received or time-out.
If the counter decreases to 0 before ATR response received, hardware will generate an interrupt to CPU.
The time-out value will be CNT+1.
0011 Start Start counting when SC_RST de-assertion after SC_ALTCTL[TMRx_SEN] set to 1.
It is used for hardware activation, warm reset mode.
End When the down counter equals to 0 before ATR response received, hardware will
set TMRx_IS and clear SC_ALTCTL [TMRx_SEN] automatically.
When ATR received and down counter does not equal to 0, hardware will clear
SC_ALTCTL [TMRx_SEN] automatically.
Same as 0000, but when the down counter equals to 0, hardware will set TMRx_IS and counter will re-load
0100 the SC_TMRx [CNT] value and re-count until software clears SC_ALTCTL [TMRx_SEN].
When SC_ALTCTL[TMRx_ATV] =1, software can change SC_TMRx [CNT] value at any time. When the
down counter equals to 0, counter will reload the new value of SC_TMRx [CNT] and re-count.
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The time-out value will be CNT+1.

Same as 0001, but when the down counter equals to 0, hardware will set TMRx_IS and counter will re-load
the SC_TMRx [CNT] value. When the next START bit is detected, counter will re-count until software clears
SC_ALTCTL[TMRx_SEN].

When SC_ALTCTL [TMRx_ATV] =1 software can change SC_TMRx [CNT] value at any time. When the
down counter equal to 0, it will reload the new value of SC_TMRx [CNT] and re-counting.

0101

The time-out value will be CNT+1.

Same as 0010, but when the down counter equals to 0, it will set TMRx_IS and counter will re-load the
SC_TMRXx [CNT] value. When the next START bhit is detected, counter will re-count until software clears
SC_ALTCTL [TMRx_SEN].

When SC_ALTCTL[TMRx_ATV] =1, software can change SC_TMRx [CNT] value at any time. When the
down counter equals to 0, counter will reload the new value of SC_TMRx [CNT] and re-count.

0110

The time-out value will be CNT+1.

The down counter started when the first START bit (reception or transmission) detected and ended when
software clears SC_ALTCTL [TMRx_SEN] bit. If next START bit detected, counter will reload the new value
of SC_TMRx [CNT] and re-counting.

If the counter decreases to 0 before the next START bit detected, hardware will generate an interrupt to
0111 CPU. The time-out value will be CNT+1.

Start Start counting when the first START bit detected after SC_ALTCTL [TMRx_SEN] set
to 1.

End Stop counting after SC_ALTCTL [TMRx_SEN] set to 0.

The up counter starts when SC_ALTCTL[TMRx_SEN] enabled and ends when SC_ALTCTL [TMRx_SEN]
disabled. This count value will be stored in SC_TDRA [23:0]. In this mode, hardware cannot generate any
interrupt to CPU. The real count value will be SC_TDRA [23:0] +1.

1000 Start Start counting after SC_ALTCTL [TMRx_SEN] set to 1, and the start count value is 0
(hardware will ignore CNT value).

End Stop counting after SC_ALTCTL[TMRx_SEN] set to 0 and the value stored to
SC_TDRA [23:0] register.

Table 6-22 Timer2/Timerl/Timer0 Operation Mode
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6.14.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
SC Base Address:

SCx_BA = 0x4019_0000 + (0x4000 * x)

x=0,1,2

SC_RBR SCx_BA+0x00 R SC Receiving Buffer Register. Undefined
SC_THR SCx_BA+0x00 w SC Transmit Holding Register Undefined
SC_CTL SCx_BA+0x04 R/W |SC Control Register 0x0000_0000
SC_ALTCTL |SCx_BA+0x08 R/W |SC Alternate Control State Register 0x0000_0000
SC_EGTR SCx_BA+0x0C R/W |SC Extend Guard Time Register 0x0000_0000
SC_RFTMR  |SCx_BA+0x10 R/W  |SC Receiver buffer Time-out Register 0x0000_0000
SC_ETUCR |SCx_BA+0x14 R/W |SC ETU Control Register 0x0000_0173
SC_IER SCx_BA+0x18 R/W |SC Interrupt Enable Register 0x0000_0000
SC_ISR SCx_BA+0x1C R/W |SC Interrupt Status Register 0x0000_0002
SC_TRSR SCx_BA+0x20 R/W |SC Transfer Status Register 0x0000_0202
SC_PINCSR |SCx_BA+0x24 R/W |SC Pin Control State Register 0x000x_00x0
SC_TMRO SCx_BA+0x28 R/W |SC Internal Timer Control Register 0 0x0000_0000
SC_TMR1 SCx_BA+0x2C R/W |SC Internal Timer Control Register 1 0x0000_0000
SC_TMR2 SCx_BA+0x30 R/W |SC Internal Timer Control Register 2 0x0000_0000
SC_TDRA SCx_BA+0x38 R SC Timer Current Data Register A 0x0000_07FF
SC_TDRB SCx_BA+0x3C R SC Timer Current Data Register B 0x0000_7F7F

Note: Post-fix “x” of SCx represents the SC channel.
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6.14.6 Register Description
SC Receiving Buffer Register (SC RBR)

Register Offset R/W |Description Reset Value
SC_RBR SCx_BA+0x00 R SC Receiving Buffer Register. Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RBR
Bits Description
[31:8] Reserved Reserved.
[7:0] RBR ReceiV(‘e Buff‘er Régister ‘ . ‘
By reading this register, the SC will return an 8-bit received data.
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SC Transmit Holding Register (SC_ THR)

Register Offset R/W [Description Reset Value
SC_THR SCx_BA+0x00 W SC Transmit Holding Register Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
THR
Bits Description
[31:8] Reserved Reserved.
Transmit Holding Register
[7:0] THR By writing to this register, the SC will send out an 8-bit data.
Note: If SC_CTL[SC_CEN] not enabled, this register cannot be programmed.
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SC Control Register (SC CTL)

Register Offset R/W  |Description Reset Value
SC_CTL SCx_BA+0x04 R/W [SC Control Register 0x0000_0000

31 30 29 28 27 26 25 24

Reserved CD_DEB_SEL

23 22 21 20 19 18 17 16
TX_ERETRY_ TX_ERETRY RX_ERETRY_ RX_ERETRY

EN - EN -

15 14 13 12 11 10 9 8

SLEN TMR_SEL BGT
7 6 5 4 3 2 1 0
RX_FTRI_LEV CON_SEL AUTOE—NC ON_ DIS_TX DIS_RX SC_CEN

Bits Description
[31:26] Reserved Reserved.

Card Detect De-bounce Selection
This field indicates the card detect de-bounce selection.

00 = De-bounce sample card insert once per 384 (128 * 3) peripheral clocks and de-
bounce sample card removal once per 128 peripheral clocks.

01 = De-bounce sample card insert once per 192 (64 * 3) peripheral clocks and de-bounce
[25:24] CD_DEB_SEL sample card removal once per 64 peripheral clocks.

10 = De-bounce sample card insert once per 96 (32 * 3) peripheral clocks and de-bounce
sample card removal once per 32 peripheral clocks.

11 = De-bounce sample card insert once per 48 (16 * 3) peripheral clocks and de-bounce
sample card removal once per 16 peripheral clocks.

TX Error Retry Enable Bit

This bit enables transmitter retry function when parity error has occurred.
[23] TX_ERETRY_EN |0 = TX error retry function Disabled.

1 = TX error retry function Enabled.

Note: Software must fill in TX_ERETRY value before enabling this bit.

TX Error Retry Count

This field indicates the maximum number of transmitter retries that are allowed when parity
error has occurred.

[22:20] TX_ERETRY ) ) .
Notel: The real retry number is TX_ERETRY + 1, and 8 is the maximum retry number.
Note2: This field cannot be changed when TX_ERETRY_EN is enabled. The change flow
is to disable TX_ETRTRY_EN first and then fill in a new retry value.

RX Error Retry Enable Bit

This bit enables receiver retry function when parity error has occurred.
[19] RX_ERETRY_EN [0 = RX error retry function Disabled.

1 = RX error retry function Enabled.

Note: Software must fill in RX_ERETRY value before enabling this bit.
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RX Error Retry Count

This field indicates the maximum number of receiver retries that are allowed when parity
error has occurred.

[18:16] RX_ERETRY Notel: The real maximum retry number is RX_ERETRY + 1, so 8 is the maximum retry
number.

Note2: This field cannot be changed when RX_ERETRY_EN enabled. The change flow is
to disable RX_ETRTRY_EN first and then fill new retry value.

Stop Bit Length

This field indicates the length of stop bit.
[15] SLEN 0 = The stop bit length is 2 ETU.

1 = The stop bit length is 1 ETU.

Note: The default stop bit length is 2.

Timer Selection
00 = All internal timer functions Disabled.

01 = Internal 24-bit timer Enabled. Software can configure it by setting SC_TMRO [23:0].
SC_TMR1 and SC_TMR2 will be ignored in this mode.

[14:13] TMR SEL 10 = Internal 24-bit timer and 8-bit internal timer Enabled. Software can configure the 24-
- bit timer by setting SC_TMRO [23:0] and configure the 8-bit timer by setting
SC_TMR1[7:0]. SC_TMR2 will be ignored in this mode.

11 = Internal 24-bit timer and two 8-bit timers Enabled. Software can configure them by
setting SC_TMRO [23:0], SC_TMR1 [7:0] and SC_TMR2 [7:0].

Block Guard Time (BGT)

Block guard time means the minimum bit length between the leading edges of two
consecutive characters between different transfer directions. This field indicates the
[12:8] BGT counter for the bit length of block guard time. According to ISO7816-3, in T = 0 mode,
software must fill 15 (real block guard time = 16.5) to this field; in T = 1 mode, software
must fill 21 (real block guard time = 22.5) to it.

Note: The real block guard time is BGT + 1.

Rx Buffer Trigger Level

When the number of bytes in the receiving buffer equals the RX_FTRI_LEV, the RDA_IF
will be set (if IER [RDA_IEN] is enabled, an interrupt will be generated).

[7:6] RX_FTRI_LEV 00 = INTR_RDA Trigger Level with 1 Byte.
01 = INTR_RDA Trigger Level with 2 Bytes.
10 = INTR_RDA Trigger Level with 3 Bytes.
11 = Reserved.

Convention Selection
00 = Direct convention.
01 = Reserved.

[5:4] CON_SEL
10 = Reserved.

11 = Inverse convention.

Note: If AUTO_CON_EN enabled, this fields must be ignored.

Auto Convention Enable Bit
0 = Auto-convention Disabled.
1 = Auto-convention Enabled.
If auto-convention bit is enabled, when hardware receives TS in answer to reset state and

[3] AUTO_CON_EN [the TS is direct convention, CON_SEL will be set to 00 automatically, otherwise if the TS is
inverse convention, and CON_SEL will be set to 11.

If software enables auto convention function, the setting step must be done before Answer
to Request state and the first data must be 3B or 3F. After hardware received first data
and stored it at buffer, hardware will decided the convention and change the
SC_CTL[CON_SEL] register automatically. If the first data is not 0x3B or Ox3F, hardware
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TX Transition Disable Bit
[2] DIS_TX 0 = Transceiver Enabled.
1 = Transceiver Disabled.

RX Transition Disable Bit

0 = Receiver Enabled.

1 = Receiver Disabled.

Note: If AUTO_CON_EN enabled, this fields must be ignored.

1 DIS_RX

SC Engine Enable Bit

[a] SC_CEN Setting this bit to “1” will enable SC operation. If this bit is cleared, SC will force all
transition to IDLE state.
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SC Alternate Control Reqister (SC ALTCTL)

Register Offset R/W  |Description Reset Value
SC_ALTCTL |SCx_BA+0x08 R/W [SC Alternate Control State Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
TMR2_ATV | TMR1_ATV | TMRO_ATV | RX_BGT_EN Reserved INIT_SEL
7 6 5 4 3 2 1 0
TMR2_SEN | TMR1_SEN | TMRO_SEN | WARST_EN ACT_EN DACT_EN RX_RST TX_RST
Bits Description
[31:16] Reserved Reserved.
Internal Timer2 Active State (Read Only)
This bit indicates the Timer2 counter status
[15] TMR2_ATV . . .
0 = Timer2 is not active.
1 =Timer2 is active.
Internal Timerl Active State (Read Only)
This bit indicates the Timerl counter status
[14] TMR1_ATV . . .
0 = Timerl is not active.
1 =Timerl is active.
Internal Timer0 Active State (Read Only)
This bit indicates the Timer0 counter status
[13] TMRO_ATV . . .
0 = TimerO is not active.
1 =TimerO0 is active.
Check Receiver Block Guard Time Function Enable
[12] RX_BGT_EN 0 = Check receiver block guard time function Disabled.
1 = Check receiver block guard time function Enabled.
[11:10] Reserved Reserved.
Initial Timing Selection
This fields indicates the timing of hardware initial state (activation or warm-reset or
deactivation).
Unit: SC clock
[9:8] INIT_SEL Activation: refer to Figure 6-79.
Warm-reset: refer to Figure 6-80.
Deactivation: refer to Figure 6-81.
7] TMR2_SEN Internal Timer2 Start Enable Bit

This bit enables Timer2 to start counting. Software can fill “0” to stop it and set “1” to
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reload and count.
0 = Stops counting.
1 = Starts counting.

Notel: This field is used for internal 8 bit timer when SC_CTL [TMR_SEL] = 11. Don’t
filled TMR2_SEN when SC_CTL[TMR_SEL] = 00 or 01 or 10.

Note2: If the operation mode is not in auto-reload mode (SC_TMR2[26] = “0”), this bit will
be auto-cleared by hardware.

Note3: This field will be cleared when software set SC_ALTCTL[TX_RST] or SC_ALTCTL
[RX_RST] to 1. So don't fill this bit, TX_RST, and RX_RST at the same time.

Note4: If SC_CTL [SC_CEN] not enabled, this field cannot be programmed.

Internal Timerl Start Enable Bit

This bit enables Timer1 to start counting. Software can fill “0” to stop it and set “1” to
reload and count.

0 = Stops counting.
1 = Starts counting.

6] TMR1 SEN Notel: This field is used for internal 8 bit timer when SC_CTL[TMR_SEL] = 01 or 10.
- Don't filled TMR1_SEN when SC_CTL[TMR_SEL] =00 or 11.

Note2: If the operation mode is not in auto-reload mode (SC_TMR1[26] = “0”), this bit will
be auto-cleared by hardware.

Note3: This field will be cleared when software set SC_ALTCTL[TX_RST] or
SC_ALTCTL[RX_RST] to 1, so don't fill this bit, TX_RST, and RX_RST at the same time.

Note4: If SC_CTL [SC_CEN] not enabled, this field cannot be programmed.

Internal TimerO Start Enable Bit

This bit enables TimerO to start counting. Software can fill “0” to stop it and set “1” to
reload and count.

0 = Stops counting.
1 = Starts counting.
[5] TMRO_SEN Notel: This field is used for internal 24 bit timer when SC_CTL[TMR_SEL] = 01.

Note2: If the operation mode is not in auto-reload mode (SC_TMRO[26] = “0”), this bit will
be auto-cleared by hardware.

Note3: This field will be cleared when software set SC_ALTCTL[TX_RST] or
SC_ALTCTL[RX_RST] to 1. So don't fill this bit, TX_RST and RX_RST at the same time.

Note4: If SC_CTL [SC_CEN] not enabled, this field cannot be programmed.

Warm Reset Sequence Generator Enable Bit

This bit enables SC controller to initiate the card by warm reset sequence
0 = No effect.

1 = Warm reset sequence generator Enabled.

(4] WARST_EN Notel: When the warm reset sequence completed, this bit will be cleared automatically
and the SC_ISR[INIT_IS] will be set to “1”.
Note2: This field will be cleared when software set SC_ALTCTL[TX_RST] or
SC_ALTCTL[RX_RST] to 1. So don't fill this bit, TX_RST, and RX_RST at the same time.
Note3: If SC_CTL[SC_CEN] not enabled, this field cannot be programmed.
Activation Sequence Generator Enable Bit
This bit enables SC controller to initiate the card by activation sequence
0 = No effect.
1 = Activation sequence generator Enabled.

[3] ACT_EN

Notel: When the activation sequence completed, this bit will be cleared automatically and
the SC_ISR [INIT_IS] will be set to “1”.

Note2: This field will be cleared when software set SC_ALTCTL[TX_RST] or
SC_ALTCTL[RX_RST] to 1. So don't fill this bit, TX_RST, and RX_RST at the same time.

Note3: If SC_CTL[SC_CEN] not enabled, this field cannot be programmed.
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Deactivation Sequence Generator Enable Bit

This bit enables SC controller to initiate the card by deactivation sequence
0 = No effect.

1 = Deactivation sequence generator Enabled.

Notel: When the deactivation sequence completed, this bit will be cleared automatically
and the SC_ISR [INIT_IS] will be set to *1”.

Note2: This field will be cleared when software set SC_ALTCTL[TX_RST] or
SC_ALTCTL[RX_RST] to 1. So don’t fill this bit, TX_RST, and RX_RST at the same time.

Note3: If SC_CTL [SC_CEN] not enabled, this field cannot be programmed.

2] DACT_EN

Rx Software Reset

When RX_RST is set, all the bytes in the receiver buffer and Rx internal state machine will
be cleared.

0 = No effect.
1 = Reset the Rx internal state machine and pointers.
Note: This bit will be auto cleared and it needs at least 3 SC peripheral clock cycles.

61| RX_RST

TX Software Reset

When TX_RST is set, all the bytes in the transmit buffer and TX internal state machine will
be cleared.

0 = No effect.
1 = Reset the TX internal state machine and pointers.
Note: This bit will be auto cleared and it needs at least 3 SC peripheral clock cycles.

[0] TX_RST
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Register Offset R/W  |Description Reset Value
SC_EGTR SCx_BA+0x0C R/W |SC Extend Guard Time Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
EGT
Bits Description
[31:8] Reserved Reserved.
Extended Guard Time
[7:0] EGT This field indicates the extended guard time value.
Note: The counter is ETU based and the real extended guard time is EGT.
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SC Receiver buffer Time-out Register (SC RFTMR)

Register Offset R/W  |Description Reset Value
SC_RFTMR |SCx_BA+0x10 R/W [SC Receiver buffer Time-out Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved RFTM
7 6 5 4 3 2 1 0
RFTM
Bits Description
[31:9] Reserved Reserved.
SC Receiver Buffer Time-out Register (ETU Based)
The time-out counter resets and starts counting whenever the RX buffer receives a new
data. Once the counter decreases to “1” and no new data is received or CPU does not
[8:0] RETM read data by reading SC_RBR register, a receiver time-out interrupt INT_RTMR will be
generated (if SC_IER[RTMR_IE] =1).
Notel: The counter unit is ETU based and the interval of time-out is RFTM + 0.5
Note2: Filling all “0” to this field indicates to disable this function.
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SC Clock Divider Control Register (SC ETUCR)

Register Offset R/W  |Description Reset Value
SC_ETUCR |SCx_BA+0x14 R/W [SC ETU Control Register 0x0000_0173
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
COMPEN_EN Reserved ETU_RDIV
7 6 5 4 3 2 1 0
ETU_RDIV
Bits Description
[31:16] Reserved Reserved.

Compensation Mode Enable Bit

This bit enables clock compensation function. When this bit enabled, hardware will
alternate between n-1 clock cycles and n clock cycles, where n is the value to be written
[15] COMPEN_EN into the ETU_RDIV register.

0 = Compensation function Disabled.
1 = Compensation function Enabled.

[14:12] Reserved Reserved.

ETU Rate Divider

The field indicates the clock rate divider.

The real ETU is ETU_RDIV + 1.

Notel: Software can configure this field, but this field must be greater than 0x04.

[11:0] ETU_RDIV

Note2: Software can configure this field, but if the error rate is equal to 2%, this field must
be greater than 0x040.
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SC Interrupt Control Register (SC IER)

Register Offset R/W  |Description Reset Value
SC_IER SCx_BA+0x18 R/W [SC Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ACON_ERR_
Reserved E RTMR_IE INIT_IE
7 6 5 4 3 2 1 0
CD_IE BGT_IE TMR2_IE TMR1_IE TMRO_IE TERR_IE TBE_IE RDA_IE
Bits Description
[31:11] Reserved Reserved.

Auto Convention Error Interrupt Enable Bit
This field is used for auto-convention error interrupt enable.

[10] ACON_ERR_IE : ) )
0 = Auto-convention error interrupt Disabled.
1 = Auto-convention error interrupt Enabled.
Receiver Buffer Time-out Interrupt Enable Bit
This field is used for receiver buffer time-out interrupt enable.
[9] RTMR_IE

0 = Receiver buffer time-out interrupt Disabled.
1 = Receiver buffer time-out interrupt Enabled.

Initial End Interrupt Enable Bit

This field is used for activation (SC_ALTCTL [ACT_EN]), deactivation (SC_ALTCTL
[8] INIT_IE [DACT_EN]) and warm reset (SC_ALTCTL [WARST_EN]) sequence interrupt enable.

0 = Initial end interrupt Disabled.
1 = Initial end interrupt Enabled.

Card Detect Interrupt Enable Bit

This field is used for card detect interrupt enable. The card detect status register is
71 cD IE SC_PINCSR[CD_INS_F] and SC_PINCSR[CD_REM_F].

0 = Card detect interrupt Disabled.
1 = Card detect interrupt Enabled.

Block Guard Time Interrupt Enable Bit

This field is used for block guard time interrupt enable.
[6] BGT_IE . .
0 = Block guard time Disabled.

1 = Block guard time Enabled.

Timer2 Interrupt Enable Bit
[5] TMR2_IE This field is used for TMR2 interrupt enable.
0 = Timer2 interrupt Disabled.
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1 = Timer2 interrupt Enabled.

Timerl Interrupt Enable Bit
This field is used for TMRL1 interrupt enable.

[4] TMR1_IE . . .

0 = Timerl interrupt Disabled.

1 = Timerl interrupt Enabled.

TimerO Interrupt Enable Bit

This field is used for TMRO interrupt enable.
[3] TMRO_IE

0 = TimerO interrupt Disabled.
1 = TimerO interrupt Enabled.

Transfer Error Interrupt Enable Bit

This field is used for transfer error interrupt enable. The transfer error states is at
SC_TRSR register which includes receiver break error (RX_EBR_F), frame error
(RX_EFR_F), parity error (RX_EPA_F), receiver buffer overflow error (RX_OVER_F),
[2 TERR_IE transmit buffer overflow error (TX_OVER_F), receiver retry over limit error
(RX_OVER_REERR) and transmitter retry over limit error (TX_OVER_REERR).

0 = Transfer error interrupt Disabled.
1 = Transfer error interrupt Enabled.

Transmit Buffer Empty Interrupt Enable Bit

This field is used for transmit buffer empty interrupt enable.
[1] TBE_IE . . .
0 = Transmit buffer empty interrupt Disabled.

1 = Transmit buffer empty interrupt Enabled.

Receive Data Reach Interrupt Enable Bit

This field is used for received data reaching trigger level (SC_CTL [RX_FTRI_LEV])
[0] RDA_IE interrupt enable.

0 = Receive data reach trigger level interrupt Disabled.
1 = Receive data reach trigger level interrupt Enabled.
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SC Interrupt Status Reqister (SC ISR)

Register Offset R/W  |Description Reset Value
SC_ISR SCx_BA+0x1C R/W |SC Interrupt Status Register 0x0000_0002
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ACON_ERR_
Reserved - RTMR_IS INIT_IS
7 6 5 4 3 2 1 0
CD_IS BGT_IS TMR2_IS TMR1_IS TMRO_IS TERR_IS TBE_IS RDA_IS
Bits Description
[31:11] Reserved Reserved.

Auto Convention Error Interrupt Status Flag (Read Only)

This field indicates auto convention sequence error. If the received TS at ATR state is not
0x3B or 0x3F, this bit will be set.

Note: This bit is read only, but can be cleared by writing “1” to it.

[10] ACON_ERR_IS

Receiver Buffer Time-out Interrupt Status Flag (Read Only)

This field is used for receiver buffer time-out interrupt status flag.

(9] RTMR_IS Note: This field is the status flag of receiver buffer time-out state. If software wants to clear

this bit, software must read the receiver buffer remaining data by reading SC_RBR
register,

Initial End Interrupt Status Flag (Read Only)

This field is used for activation (SC_ALTCTL [ACT_EN]), deactivation (SC_ALTCTL
[DACT_EN]) and warm reset (SC_ALTCTL [WARST_EN)]) sequence interrupt status flag.

Note: This bit is read only, but it can be cleared by writing “1” to it.

18] INIT_IS

Card Detect Interrupt Status Flag (Read Only)

This field is card detect interrupt status flag. If SC_PINCSR [CD_INS_F] =1 or
[7] CD_IS SC_PINCSR [CD_REM_F] = 1, this field will be set by hardware.

Note: If software wants to clear this field, software must clear SC_PINCSR [CD_INS_F]
and SC_PINCSR [CD_REM_F].

Block Guard Time Interrupt Status Flag (Read Only)

This field is used for block guard time interrupt status flag.

Notel: This bit is valid when SC_ALTCTL[RX_BGT_EN] is enabled.
Note2: This bit is read only, but it can be cleared by writing “1” to it.

6] BGT_IS

Timer2 Interrupt Status Flag (Read Only)
[5] TMR2_IS This field is used for TMR2 interrupt status flag.
Note: This bit is read only, but it can be cleared by writing “1” to it.

[4] TMR1_IS Timerl Interrupt Status Flag (Read Only)
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Note: This bit is read only, but it can be cleared by writing “1” to it.

TimerO Interrupt Status Flag (Read Only)
[3] TMRO_IS This field is used for TMRO interrupt status flag.
Note: This bit is read only, but it can be cleared by writing “1” to it.

Transfer Error Interrupt Status Flag (Read Only)

This field is used for transfer error interrupt status flag. The transfer error status is at the
SC_TRSR register which includes receiver break error (RX_EBR_F), frame error
(RX_EFR_F), parity error (RX_EPA_F) and receiver buffer overflow error (RX_OVER_F),
transmit buffer overflow error (TX_OVER_F), receiver retry over limit error
(RX_OVER_REERR) and transmitter retry over limit error (TX_OVER_REERR).

Note: This field is the status flag of SC_TRSR[RX_EBR_F], SC_TRSR[RX_EFR_F],
SC_TRSR[RX_EPA_F], SC_TRSR[RX_OVER_F], SC_TRSR[TX_OVER_F],
SC_TRSR[RX_OVER_REERR] or SC_TRSR[TX_OVER_REERR]. So if software wants to
clear this bit, software must write “1” to each field.

2] TERR_IS

Transmit Buffer Empty Interrupt Status Flag (Read Only)

This field is used for transmit buffer empty interrupt status flag.

(1] TBE_IS Note: This field is the status flag of transmit buffer empty state. If software wants to clear

this bit, software must write data to SC_THR register and then this bit will be cleared
automatically.

Receive Data Reach Interrupt Status Flag (Read Only)

This field is used for received data reaching trigger level (SC_CTL[RX_FTRI_LEV])
interrupt status flag.

Note: This field is the status flag of received data reaching SC_CTL [RX_FTRI_LEV]. If
software reads data from SC_RBR and receiver pointer is less than SC_CTL
[RX_FTRI_LEV], this bit will be cleared automatically.

[o] RDA_IS
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SC Transfer Status Reqister (SC TRSR)

Register Offset R/W  |Description Reset Value
SC_TRSR SCx_BA+0x20 R/W |SC Transfer Status Register 0x0000_0202
31 30 29 28 27 26 25 24
TX_ATV TX—OEVRE§ _RE TX_REERR Reserved TX_POINT_F
23 22 21 20 19 18 17 16
RX_ATV RX—OEVRERR—RE RX_REERR Reserved RX_POINT_F
15 14 13 12 11 10 9 8
Reserved TX_FULL_F [TX_EMPTY_F| TX_OVER_F
7 6 5 4 3 2 1 0
Reserved RX_EBR_F RX_EFR_F RX_EPA_F Reserved RX_FULL_F [RX_EMPTY_F| RX_OVER_F

Bits Description

Transmit in Active Status Flag (Read Only)

This bit is set by hardware when TX transfer is in active and the STOP bit of the last byte
[31] TX_ATV has not been transmitted.

This bit is cleared automatically when TX transfer is finished or the last byte transmission
has completed.

Transmitter over Retry Error (Read Only)
[30] TX_OVER_REERR|This bit is set by hardware when transmitter re-transmits over retry number limitation.
Note: This bit is read only, but it can be cleared by writing “1” to it.

Transmitter Retry Error (Read Only)
This bit is set by hardware when transmitter re-transmits.

[29] TX_REERR o ) N )
Notel: This bit is read only, but it can be cleared by writing “1” to it.
Note2: This bit is a flag and cannot generate any interrupt to CPU.
[28:26] Reserved Reserved.
Transmit Buffer Pointer Status Flag (Read Only)
[25:24] TX POINT F This field indicates the TX buffer pointer status flag. When CPU writes data into SC_THR,

TX_POINT_F increases one. When one byte of TX Buffer is transferred to transmitter shift
register, TX_POINT_F decreases one.

Receiver in Active Status Flag (Read Only)
[23] RX_ATV This bit is set by hardware when RX transfer is in active.
This bit is cleared automatically when RX transfer is finished.

Receiver over Retry Error (Read Only)

This bit is set by hardware when RX transfer error retry over retry number limit.
RX_OVER_REER

[22] R Notel: This bit is read only, but it can be cleared by writing “1” to it.
Note2: If CPU enables receiver retries function by setting SC_CTL [RX_ERETRY_EN]
register, the RX_EPA_F flag will be ignored (hardware will not set RX_EPA_F).

[21] RX_REERR Receiver Retry Error (Read Only)
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This bit is set by hardware when RX has any error and retries transfer.
Notel: This bit is read only, but it can be cleared by writing “1” to it.
Note2 This bit is a flag and cannot generate any interrupt to CPU.

Note3: If CPU enables receiver retry function by setting SC_CTL [RX_ERETRY_EN]
register, the RX_EPA_F flag will be ignored (hardware will not set RX_EPA_F).

[20:18]

Reserved

Reserved.

[17:16]

RX_POINT_F

Receiver Buffer Pointer Status Flag (Read Only)

This field indicates the RX buffer pointer status flag. When SC receives one byte from
external device, RX_POINT_F increases one. When one byte of RX buffer is read by CPU,
RX_POINT_F decreases one.

[15:11]

Reserved

Reserved.

[10]

TX_FULL_F

Transmit Buffer Full Status Flag (Read Only)
This bit indicates TX buffer full or not.
This bit is set when TX pointer is equal to 4, otherwise is cleared by hardware.

19

TX_EMPTY_F

Transmit Buffer Empty Status Flag (Read Only)
This bit indicates TX buffer empty or not.

When the last byte of TX buffer has been transferred to Transmitter Shift Register,
hardware sets this bit high. It will be cleared when writing data into SC_THR (TX buffer not

empty).

(8]

TX_OVER_F

TX Overflow Error Interrupt Status Flag (Read Only)

If TX buffer is full, an additional write to SC_THR will cause this bit be set to “1” by
hardware.

Note: This bit is read only, but it can be cleared by writing “1” to it.

[7]

Reserved

Reserved.

6]

RX_EBR_F

Receiver Break Error Status Flag (Read Only)

This bit is set to “1” whenever the received data input (RX) held in the “spacing state”
(logic “0”) is longer than a full word transmission time (that is, the total time of “start bit” +
data bits + parity + stop bits). .

Notel: This bit is read only, but it can be cleared by writing “1” to it.

Note2: If CPU sets receiver retries function by setting SC_CTL[RX_ERETRY_EN]
register, hardware will not set this flag.

(5]

RX_EFR_F

Receiver Frame Error Status Flag (Read Only)

This bit is set to “1” whenever the received character does not have a valid “STOP bit”
(that is, the STOP bit following the last data bit or parity bit is detected as logic 0).

Notel: This bit is read only, but can be cleared by writing “1” to it.

Note2: If CPU sets receiver retries function by setting SC_CTL[RX_ERETRY_EN]
register, hardware will not set this flag.

[4]

RX_EPA_F

Receiver Parity Error Status Flag (Read Only)
This bit is set to “1” whenever the received character does not have a valid “parity bit”.
Notel: This bit is read only, but it can be cleared by writing “1” to it.

Note2: If CPU sets receiver retries function by setting SC_CTL[RX_ERETRY_EN]
register, hardware will not set this flag.

(3]

Reserved

Reserved.

[2

RX_FULL_F

Receiver Buffer Full Status Flag (Read Only)
This bit indicates RX buffer full or not.
This bit is set when RX pointer is equal to 4, otherwise it is cleared by hardware.

(1]

RX_EMPTY_F

Receiver Buffer Empty Status Flag(Read Only)
This bit indicates RX buffer empty or not.
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When the last byte of RX buffer has been read by CPU, hardware set this bit to “1”. It will
be cleared by hardware when SC receives any new data.

RX Overflow Error Status Flag (Read Only)
This bit is set when RX buffer overflow.

[0] RX_OVER_F ) . . o
If the number of received bytes is greater than Rx Buffer size (4 bytes), this bit will be set.

Note: This bit is read only, but it can be cleared by writing “1” to it.
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SC PIN Control State Register (SC PINCSR)

Register Offset R/W  |Description Reset Value
SC_PINCSR |SCx_BA+0x24 R/W |SC Pin Control State Register 0x000x_00x0
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
SC_DATA_I_
Reserved ST
15 14 13 12 11 10 9 8
Reserved POW_INV CD_LEV SC_DATA_O | SC_OEN_ST
7 6 5 4 3 2 1 0
ADACNCD—E CLK_KEEP Reserved CD_PIN_ST CD_INS_F CD_REM_F SC_RST POW_EN
Bits Description
[31:17] Reserved Reserved.
SC Data Pin Status (Read Only)
This bit is the pin status of SC_DATA
[16] SC_DATA_I_ST o
0 = The SC_DATA pin is low.
1 =The SC_DATA pin is high.
[15:12] Reserved Reserved.
SC_PWR Pin Inverse
This bit is used for inverse the SC_PWR pin.
There are four kinds of combination for SC_PWR pin setting by
POW_INV(SC_PINCSR[11]) and POW_EN(SC_PINCSRI[0]). POW_INV(SC_PINCSR[11])
is bit 1 and POW_EN(SC_PINCSR][0]) is bit 0 for SC_PWR Pin as high or low voltage
selection.
[11] POW_INV
00 =SC_PWR Pinis 0.
01 =SC_PWR Pinis 1.
10 = SC_PWR Pinis 1.
11 = SC_PWR Pin is 0.
Note: Software must select POW_INV before Smart Card engine is enabled.
Card Detect Level
0 = When hardware detects the card detect pin from high to low, it indicates a card is
detected.
[10] CD_LEV . o .
1 = When hardware detects the card detect pin from low to high, it indicates a card is
detected.
Note: Software must select card detect level before Smart Card engine is enabled
SC Data Output Pin
9] SC_DATA_O This bit is the pin status of SC_DATA but user can drive SC_DATA pin to high or low by

setting this bit.
Write this field to drive SC_DATA pin.
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0 = Drive SC_DATA pin to low.
1 = Drive SC_DATA pin to high.
Read this field to get SC_DATA pin status.
0 = SC_DATA pin status is low.
1 = SC_DATA pin status is high.
Note: When SC is at activation, warm reset or deactivation mode, this bit will be changed
automatically. So don't fill this field when SC is in these modes.
SC Data Output Enable Pin Status (Read Only)
This bit is the output enable status of the SC_DATA pin
[8] SC_OEN_ST ) ]
0 = The SC_DATA pin state is output.
1 = The SC_DATA pin state is not output.
Auto Deactivation When Card Removal
0 = Auto deactivation Disabled when hardware detected the card removal.
7] ADAC CD EN 1 = Auto deactivation Enabled when hardware detected the card removal.
Note: When the card is removed, hardware will stop any process and then do deactivation
sequence (if this bit be setting). If this process completes. Hardware will generate an initial
end interrupt to CPU.
SC Clock Enable Bit
0 = SC clock generation Disabled.
[6] CLK_KEEP 1 = SC clock always keeps free running.
Note: When operating at activation, warm reset or deactivation mode, this bit will be
changed automatically. So don't fill this field when operating in these modes.
[5] Reserved Reserved.
Card Detect Status of SC_CD Pin Status (Read Only)
This bit is the pin status flag of SC_CD
[4] CD_PIN_ST .
0 = The SC_CD pin state at low.
1 =The SC_CD pin state at high.
Card Detect Insert Status of SC_CD Pin (Read Only)
This bit is set whenever card has been inserted.
0 = No effect.
3] CD_INS F _
1 = Card insert.
Notel: This bit is read only, but it can be cleared by writing “1” to it.
Note2: The card detect engine will start after SC_CTL[SC_CEN] set.
Card Detect Removal Status of SC_CD Pin (Read Only)
This bit is set whenever a card has been removed.
0 = No effect.
[2] CD_REM_F
1 = Card removed.
Notel: This bit is read only, but it can be cleared by writing “1” to it.
Note2: Card detect engine will start after SC_CTL[SC_CEN] set.
SC_RST Pin Signal
This bit is the pin status of SC_RST but user can drive SC_RST pin to high or low by
setting this bit.
Write this field to drive SC_RST pin.
(1 SC_RST 0 = Drive SC_RST pin to low.
1 = Drive SC_RST pin to high.
Read this field to get SC_RST pin status.
0 = SC_RST pin status is low.
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1 = SC_RST pin status is high.

Note: When operating at activation, warm reset or deactivation mode, this bit will be
changed automatically. So don't fill this field when operating in these modes.

SC_POW_EN Pin Signal
Software can set POW_EN and POW_INV to decide SC_PWR pin is in high or low level.
Write this field to drive SC_PWR pin.

Refer POW_INV(SC_PINCSR[11]) description for programming SC_PWR pin voltage
level.

Read this field to get SC_PWR pin status.
0 = SC_PWR pin status is low.
1 =SC_PWR pin status is high.

Note: When operating at activation, warm reset or deactivation mode, this bit will be
changed automatically. So don't fill this field when operating in these modes.

[0] POW_EN

Apr. 08, 2020 Page 443 of 597 Rev 1.04



NnuvoTonN

NUC100/120xxxDN

SC Timer Control Register 0 (SC TMRO0)

Register Offset R/W  |Description Reset Value
SC_TMRO SCx_BA+0x28 R/W [SC Internal Timer Control Register O 0x0000_0000
31 30 29 28 27 26 25 24
Reserved MODE
23 22 21 20 19 18 17 16
CNT
15 14 13 12 11 10 9 8
CNT
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:28] Reserved Reserved.
Timer 0 Operation Mode Selection
This field indicates the internal 24-bit timer operation selection.
[27:24] MODE N
Refer to Table 6-22 for programming TimerO
Timer 0 Counter Value Register (ETU Based)
[23:0] CNT N . ) .
This field indicates the internal timer operation values.
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SC Timer Control Register 1 (SC TMR1)

Register Offset R/W  |Description Reset Value
SC_TMR1 SCx_BA+0x2C R/W [SC Internal Timer Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved MODE
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:28] Reserved Reserved.
Timer 1 Operation Mode Selection
This field indicates the internal 8-bit timer operation selection.
[27:24] MODE . .
Refer to Table 6-22 for programming Timerl
[23:8] Reserved Reserved.
Timer 1 Counter Value Register (ETU Based)
[7:0] CNT e . . .
This field indicates the internal timer operation values.
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SC Timer Control Reqister 2 (SC TMR2)

Register Offset R/W [Description Reset Value
SC_TMR2 SCx_BA+0x30 R/W [SC Internal Timer Control Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved MODE
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:28] Reserved Reserved.
Timer 2 Operation Mode Selection
This field indicates the internal 8-bit timer operation selection.
[27:24] MODE . .
Refer to Table 6-22 for programming Timer2
[23:8] Reserved Reserved.
Timer 2 Counter Value Register (ETU Based)
[7:0] CNT e . . .
This field indicates the internal timer operation values.
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SC Timer Current Data Register A (SC TDRA)

Register Offset R/W  |Description Reset Value
SC_TDRA SCx_BA+0x38 R SC Timer Current Data Register A 0x0000_07FF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TDRO
15 14 13 12 11 10 9 8
TDRO
7 6 5) 4 3 2 1 0
TDRO
Bits Description
[31:24] Reserved Reserved.
[23.0] TDRO TirT1er.0 C.urr.ent Data Register (Read Only) .
This field indicates the current count values of timerO.
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SC Timer Current Data Register B (SC _TDRB)

Register Offset R/W [Description Reset Value
SC_TDRB SCx_BA+0x3C R SC Timer Current Data Register B 0x0000_7F7F
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
TDR2
7 6 5) 4 3 2 1 0
TDR1
Bits Description
[31:16] Reserved Reserved.
[15:8] TDR2 TirT1er.2 C.urr.ent Data Register (Read Only) .
This field indicates the current count values of timer2.
[(7:0] TDR1 Tir'ner.l C.urr.ent Data Register (Read Only) .
This field indicates the current count values of timerl.
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6.15 PS/2 Device Controller (PS2D)

6.15.1 Overview

The PS/2 device controller provides a basic timing control for PS/2 communication. All
communication between the device and the host is managed through the CLK and DATA pins.
Unlike PS/2 keyboard or mouse device controller, the receive/transmit code needs to be
translated as meaningful code by firmware. The device controller generates the CLK signal after
receiving a “Request to Send” state, but host has ultimate control over communication. Data of
DATA line sent from the host to the device is read on the rising edge and sent from the device to
the host is change after rising edge. A 16 bytes FIFO is used to reduce CPU intervention.
Software can select 1 to 16 bytes for a continuous transmission.

6.15.2 Features

Host communication inhibit and Request to Send state detection
Reception frame error detection

Programmable 1 to 16 bytes transmit buffer to reduce CPU intervention

Double buffer for data reception

Software override bus
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The PS/2 device controller consists of APB interface and timing control logic for DATA and CLK

pins.
| v !
i ) | )
Control & Main state 16x8 TX shift logic ! Off Chip
- Status | machine P TX FIFO P and I
Register parity & ack | 4.7k
______ i Pull up
: resistor
. J .
@ PSDATA
@ 22.1184 MHz . P . i
& RC clock — Timer RX Buffer |« synchronizer (—+——— ] i
A PV 47k
______ | Pull up
v | 100 | <> resistor
' T PS2CLK
Serial Clock | Requestto | o | ' |
| Generator | send detector | ynehronizer <——————— 4
i
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6.15.4 Functional Description
6.15.4.1 Communication

The PS/2 device implements a bidirectional synchronous serial protocol. The bus is "Idle" when
both lines are high (open-collector). This is the only state where the device is allowed start to
transmit PS/2 data. The host has ultimate control over the bus and may inhibit communication at
any time by pulling the CLK line low.

The CLK signal is generated by PS/2 device. If the host wants to send PS/2 data, it must first
inhibit communication from the device by pulling CLK low. The host then pulls DATA low and
releases CLK. This is the "Request-to-Send" state and signals the device to start generating CLK

pulses.
DATA CLK Bus State
High High Idle
High Low Communication Inhibit
Low High Host Request to Send

All data is transmitted one byte at a time and each byte is sent in a frame consisting of 11 or 12
bits. These bits are:

1 start bit, which is always 0
8 data bits, least significant bit first
1 parity bit (odd parity)

1 stop bit, which is always 1

1 acknowledge bit (host-to-device communication only)

The parity bit is set if there is an even number of 1's in the data bits and cleared to O if there is an
odd number of 1's in the data bits. This is used for parity error detection that is the number of 1's
in the data bits plus the parity bit and always adds up to an odd number then parity bit sets to 1.
The device must check this bit and if incorrect it should respond as if it had received an invalid
command.

The host may inhibit communication at any time by pulling the CLK line low for at least 100 us. If a
transmission is inhibited before the 11th clock pulse, the device must abort the current
transmission and prepare to resend the current data when host releases CLK. In order to reserve
enough time for software to decode host command, the transmit logic is blocked by RXINT bit,
software must clear the RXINT bit to start resend. Software can write CLRFIFO to 1 to reset FIFO
pointer if needed.
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Device-to-Host
The device uses a serial protocol with 11-bit frames. These bits are:
® 1 start bit, which is always 0
® 8 data bits, least significant bit first
® 1 parity bit (odd parity)
® 1 stop bit, which is always 1

The device writes a bit on the DATA line when CLK is high, and it is read by the host when CLK is
low, which is illustrated in Figure 6-87.

e U G G G G |

Device to Host

START
DATAO
DATA1
DATA2
DATA3
DATA4
DATAS5
DATA6
DATA7
PARITY
STOP

Figure 6-87 Data Format of Device-to-Host

Host-to-Device:

First, the PS/2 device always generates the CLK signal. If the host wants to send PS/2 data, it
must first put the CLK and DATA lines in a "Request-to-send" state as follows:

® Inhibit communication by pulling CLK low for at least 100 us

®  Apply "Request-to-send" by pulling DATA low, then release CLK

The device should check for this state at intervals not to exceed 10 ms. When the device detects
this state, it will begin generating CLK signals and CLK in eight DATA bits, one parity bit and one
stop bit. The host changes the DATA line status only when the CLK line status is low, and DATA
is read by the device when CLK is high.

After the stop bit is received, the device will acknowledge the received byte by bringing the DATA
line low and generating one last CLK pulse. If the host does not release the DATA line after the
11th CLK pulse, the device will continue to generate CLK pulses until the DATA line is released.

CLK

N G G 6 G G G G O Y A A

Host to Device

START
DATAO
DATA1
DATA2
DATA3
DATA4
DATAS5
DATA6
DATA7
PARITY
STOP
ACK

Figure 6-88 Data Format of Host-to-Device
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The host and the detailed timing of the DATA and CLK for communication are shown below:

Detailed Host to Device Communication

Communication Request

Inhibited to Seng, Data Packet

|
gCLK
T DATA XX R X X X X/
6 1
S CLK
(11
a
DATA
[ (@] - [9V] (32} < n «© N~ > [ Y
c f E E E EE B E EQQ
o< < < < < < < < Fog
w 4 4a 4o a 48 4o a 4o g
Figure 6-89 PS/2 Bit Data Format
6.15.4.2 PS/2 Bus Timing Specification
PS2 Device Data Output
1st 2nd 10th 11th

i CLK: iCLK

CLK

s
i T1 4’T2¢

DATA  \ ' START § . % %/ PARITY /  STOP
BIT _7: S BIT../ BIT

RO S SopneL £ bt Wevner S S

PS2 Device Data Input

110 1st 2nd 9th 10th 11th
Inhibit :CLK :CLK . CLK CLK CLK
17 T8
»T9§~+

DATA START 870 PARITY STOP."‘-.“
\ BIT ¢ BIT. ./ BIT *_ 7

§E —

Figure 6-90 PS/2 Bus Timing

Symbol Timing Parameter Min. Max.
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T1 DATA transition to the falling edge of CLK 5us 25us
T2 Rising edge of CLK to DATA transition 5us T4-5us
T3 Duration of CLK inactive 30us 50us
T4 Duration of CLK active 30us 50us
TS Time to auxiliar_y d_evice inhibit after 11™ clock to ensure auxiliary device does not start >0 50Us
another transmission
T7 Duration of CLK inactive 30us 50us
T8 Duration of CLK active 30us 50us
T9 Time from inactive to active CLK transition, use to time auxiliary device sample DATA 5us 25us

6.15.4.3 TX FIFO Operation

Writing data to PS2TXDATAO register starts device to host communication. Software is required
to define the TXFIFO depth before writing transmission data to TX FIFO. The first START bit is
sent to PS/2 bus when software writes TX FIFO and after 100us. If there are more than 4 bytes
data need to send, software can write residual data to PS2TXDATA1-3 before 4th byte transmit
complete. A time delay 100us is added between two consecutive bytes.

Write TXDATAO Write TXDATAL
o8} o3} o3}
TXFIFO % % % % g 2 S| 3| 3
= m m m
m m m m m m m m N
o = N w i 6] w I 6]
A
100us 100us TXFIFO_DEPTH[3:0]=4'00100
> - » -«
PS2 BUS BYTEO BYTEL BYTE2 BYTE3 BYTE4 IDLE
BYTEIDX 4'b0000 >< 4'b0001 >< 4'b0010 >< 4'b0011 >< 4'b0100 >< 4'b0000

Figure 6-91 PS/2 Data Format
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6.15.5 Register Map
R: read only, W: write only, R/W: both read and write

NUC100/120xxxDN

—

Register Offset R/W |Description Reset Value
PS/2 Base Address:

PS2_BA = 0x4010_0000

PS2CON PS2_BA+0x00 R/W |PS/2 Control Register 0x0000_0000
PS2TXDATAO |PS2_BA+0x04 R/W |PS/2 Transmit Data Register O 0x0000_0000
PS2TXDATALl |PS2_BA+0x08 R/W |PS/2 Transmit Data Register 1 0x0000_0000
PS2TXDATA2 |PS2_BA+0x0C R/W |PS/2 Transmit Data Register 2 0x0000_0000
PS2TXDATA3 |PS2_BA+0x10 R/W |PS/2 Transmit Data Register 3 0x0000_0000
PS2RXDATA |PS2_BA+0x14 R PS/2 Receive Data 