EXFL

Nuvoton Technology Corporation - NUC126SE4AE Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case
Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0

32-Bit Single-Core

72MHz

12C, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, LVR, PWM, RTC, UCID
49

128KB (128K x 8)

FLASH

6K x 8

20K x 8

1.8V ~ 5.5V

A/D 15x12b

External, Internal

-40°C ~ 105°C (TA)
Surface Mount

64-LQFP

64-LQFP (7x7)

https://www.e-xfl.com/product-detail/nuvoton-technology-corporation-america/nucl26se4ae

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/nuc126se4ae-4404093
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

NUVvVOTON NUC126
=

TABLE OF CONTENTS

1 GENERAL DESCRIPTION ... e e e 8
1.1  Key Features SUPPOrt TAbBIE ........ouviiiiiiiiiiiieie e e e e s e e e e e e e 9

2 FEATURES ... e e e et e e et e e e e e e e e ennans 10
2.1 NUMICTO® NUCL26 FEALUIES ........cvoveveeeeeeeeeeseeesseeeesesseseeneseeseseesseneseessenesseseenesseneenens 10

3 ABBREVIATIONS . ...t e e e e e eeaans 18
3.1 ADBIEVIALIONS ....coiiiiiiie e 18

4 PARTS INFORMATION LIST AND PIN CONFIGURATION........ccovviiiiiieeeennn, 20
4.1 NuMicro® NUC126 SeleCtion GUIAE ............coveeveeevereeeeseeieseseresesenessesessessenssseseenens 20

4.1.1  NuMicro® NUC126 NaMING RUIE ..o 20

4.1.2  NuMicro® NUC126 USB Series (M452 Compatible) Selection Guide................cocce....... 21

4.2 Pin CONFIQUIALION .....uviiiii ittt ettt e e et e e e sbneeeeenes 22

4.2.1 NuMicro® NUC126 USB Series LQFP48 Pin Diagram ........cooceeeiiiiiieenee e 22

4.2.2  NuMicro® NUC126 USB Series LQFP64 Pin Diagram ........coocveeeiniiiieenee e 23

4.2.3  NuMicro® NUC126 USB Series LQFP100 Pin DIagram ............ccooveeeeeeeeeseerseesersnenns 24

G T 1 T D 1= o3 1o o PRSPt 25

4.3.1 NUC126 USB Series Pin DESCIPLION ......eeiiiiiiiieiiiieeiiiee et e e 25

4.3.2 GPIO Multi-function Pin SUMMAIY .........c.eeiiiiiiiiiiiee e siee e s e e 40

5 BLOCK DIAGRAM ...t eenens 52
5.1 NuMicro® NUC126 Block Diagram ... 52

6 FUNCTIONAL DESCRIPTION ...ttt 53
6.1 ARM® COMEX -MO COTE .....ooververieeceresesecesss s 53

6.2 SYSIEM MBNAGET ..eeiiieiiiiiite ettt e et e e et e e 55

B.2.1  OVEIVIEW ..ottt ettt ettt e et et e e s e e et et e st e e s e e e e 55

6.2.2  SYSIEM RESE ... i e e e e e e 55

6.2.3 Power Modes and WakKe-UpP SOUICES .......cccouiiiiuiiiiiiaeeaaiiiieiee e e e e ee e e e e aiierneee e e e e e 62

6.2.4  System Power DIStHDULION .........coooiiiiiiiiii e 65

6.2.5  SYSIEM MEMOIY MAP....cii ittt e e e e e e s e e e e e 67

6.2.6  SRAM MemOrY OFQIiNMIZALION .......cceeiiiiiiiiiieie ettt e e e e e e e e e e s eebn e eeeeeeaannes 69

B.2.7  REQISIEI LOCK ...eiiiiiiiieiitiie ettt e e 70

L T T | (o N I ] o O PSP PP PP TPPPPPPPPP 70

6.2.9 UARTL_TXD modulation With PWM .......coooiiiiiiiiiee e 71

6.2.10 Voltage DeteCtOr (WVDET) . .coiiiiieiiiiee ittt ettt e e e s sibeeeen 72

6.2.11 System TimMer (SYSTICK) ..o e e e e e 73

6.2.12 Nested Vectored Interrupt Controller (NVIC) ..........eiiiiiiiiiiiiiie e 74

SR T O (o Tod [ @70 11 (o] |- S PP EPTPR PP 77

LS T0 R O 1Y = VT T PP PP PP PPPPPPPPR 77

6.3.2 System Clock and SYSTICK CIOCK ............oooiiiiiiiiiiiiie e 80

6.3.3  PeriPNErals ClIOCK ......ccoiiiiiiiiiiie ittt 81

6.3.4  Power-down MOOE CIOCK...........cooiiiiiiiiie et 82

(S B SR O (o o3 Q@ 111 o 11 | SO UT R TURTUPRPP 82

6.4  Flash Memeory Controller (FIMC).........eoiiiiiiiiiiiieee e 84

Dec.15, 2017 Page 2 of 139 Rev 1.03



NUVvVOTON NUC126
e

1.1 Key Feature and Application

ISO
Product Line| USB | USCI | UART | I1’)C [sPIi?s pwMm | EBI [POMA| ADc [Acve | RTC [1svio
7816 Vear
2.0FS
NUC126 ool 3 3 2 2 2 12 \4 5 20 2 Y Y

Table 1.1-1 Key Features Support Table

The NuMicro® NUC126 series is suitable for a wide range of applications such as:
Industrial Automation
PLCs

Inverters

Home Automation
Security Alarm System
Power Metering
Portable Data Collector
Portable RFID Reader
System Supervisors
Smart Card Reader
Printer

Bar Code Scanner

Motor Control

Digital Power
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- Built-in 22.1184 MHz high speed RC oscillator for system operation (Frequency
variation < 2% at -40°C ~ +105°C)
- Built-in 48 MHz internal high speed RC oscillator for USB device operation(Frequency
variation < 2% at -40°C ~ +105°C)
Built-in 10 kHz low speed RC oscillator for Watchdog Timer and Wake-up operation
Built-in 4~24 MHz high speed crystal oscillator for precise timing operation
Built-in 32.768 kHz low speed crystal oscillator for Real Time Clock
Supports PLL up to 144 MHz for high resolution PWM operation
Supports dynamically calibrating the HIRC48 to 48 MHz 10.25% by external 32.768K crystal
oscillator (LXT)
Supports dynamically calibrating the HIRC to 22.1184Mhz by external 32.768K crystal
oscillator (LXT)
Supports clock on-the-fly switch
- Supports clock failure detection for system clock
- Supports auto clock switch once clock failure detected
- Supports exception (NMI) generated once a clock failure detected
- Supports divided clock output

o GPIO

Four I/O modes

TTL/Schmitt trigger input selectable

1/0 pin configured as interrupt source with edge/level trigger setting
Supports high driver and high sink current /0O (up to 20 mA at 5V)
Supports software selectable slew rate control

Supports up to 81/49/35 GPIOs for LQFP100/64/48 respectively

® Timer/PWM
Supports 4 sets of Timers/PWM
Timer Mode PWM Mode
TM_CNT_OUT PWM_CHO
TM_EXT PWM_CH1 (Complementary)
Timer Mode
B Supports 4 sets of 32-bit timers with 24-bit up-timer and one 8-bit pre-scale
counter
B Independent clock source for each timer
B Provides one-shot, periodic, toggle and continuous counting operation modes
B Supports event counting function to count the event from external pin
B Supports input capture function to capture or reset counter value
B Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is

generated

B Support TimerO ~ Timer3 time-out interrupt signal or capture interrupt signal to
trigger PWM, EADC and PDMA function

B Supports Inter-Timer trigger mode

PWM Mode
B Supports maximum clock frequency up to 50MHz

B Supports independent mode for 4 sets of independent PWM output channel

B Supports complementary mode for 4 sets of complementary paired PWM output
channel with 12-bit Dead-time generator

B Supports 12-bit pre-scalar from 1 to 4096
Dec.15, 2017 Page 11 of 139 Rev 1.03
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3 ABBREVIATIONS

3.1 Abbreviations

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

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

SD Secure Digital

SPI Serial Peripheral Interface

Dec.15, 2017 Page 18 of 139 Rev 1.03



NUVvVOTON NUC126
IIIIIIIIllllll.lIlll.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

4.1.2 NuMicro® NUC126 USB Series (M452 Compatible) Selection Guide

Connectivity
ol ~| @ = =
= o X [ = = %) o
Sl 2| g2 | = - 2 el sle| o] 2|5 B
Part Number = s © % % Q 3 = al| = = x | ¥ <l g g E > i < S
] < [ z| @ g o m| O o4 <DE = 1S o < a| < - & IS
T o k] o o = (7] [%2] < =2 o b [a) ) ) o
7] 5| o & = S| 2| 2| 0| o < > E
(a) = 0
NUC126LE4AE | 128 | 20 |Conf+| 2 4 35 4 10 1 3 3 2 2 2 |9ch| 2 5 - R y v | LQFP 48
NUC126LG4AE | 256 | 20 [Conf*| 2 4 35 4 10 1 3 3 2 2 2 |9ch| 2 5 - R y v | LQFP 48
NUC126SE4AE | 128 | 20 [Conf*| 2 4 49 4 12 1 3 3 2 2 2 [15ch| 2 5 y R y v |LQFP 64*
NUC126SG4AE | 256 | 20 [cConf| 2 4 49 4 12 1 3 3 2 2 2 [15ch| 2 5 y V y v |LQFP 64*
NUC126VG4AE | 256 | 20 [cConf| 2 4 81 4 12 1 3 3 2 2 2 [20ch| 2 5 y V y v |LQFP 100

Conf*: Configurable
USCI*: support UART, SPI or 1’c
LQFP64*: 7X7 mm
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48 | 64 100 |Pin Name Type MFP*  |Description
Pin | Pin | Pin
PWMO_BRAKE1 | MFP5 |PWMO Brake 1 input pin.
™1 110 MFP6 |Timerl event counter input/toggle output pin.
20 |PE.3 110 MFPO |General purpose digital I/O pin.
SPI1_MOSI 110 MFP2 |SPI1 MOSI (Master Out, Slave In) pin.
UART2_RXD | MFP4 |UART?2 data receiver input pin.
PWMO_CH3 110 MFP6 |PWMO channel 3 output/capture input.
21 |PD.6 110 MFPO |General purpose digital /0 pin.
CLKO e} MFP1 |Clock Out
SPI1_SS 110 MFP2 |SPI1 slave select pin.
UARTO_RXD | MFP3 |UARTO data receiver input pin.
UART2_TXD o MFP4 |UART2 data transmitter output pin.
ACMPO_O (@) MFP5  |Analog comparator O output pin.
PWMO_CH5 110 MFP6 |PWMO channel 5 output/capture input.
EBI_nWR (0] MFP7 |EBI write enable output pin.
10 | 13 | 22 |Vear P MFPO  |Power supply by batteries for RTC.
11 | 14 | 23 |PF.0 110 MFPO |General purpose digital I/O pin.
X32_0OuUT (0] MFP1 |External 32.768 kHz crystal output pin.
USCI2_CTL1 110 MFP5  |USCI2 control 1 pin.
INT5S | MFP8 |External interrupt 5 input pin.
12 | 15| 24 |PF.1 110 MFPO |General purpose digital I/O pin.
X32_IN | MFP1 |External 32.768 kHz crystal input pin.
USCI2_CTLO 110 MFP5  |USCI2 control 0 pin.
PWM1_BRAKEO | MFP6 |PWM1 Brake 0 input pin.
13| 16 | 25 |PF.2 110 MFPO |General purpose digital I/O pin.
USCI2_CLK 110 MFP5 |USCI2 clock pin.
PWM1_BRAKE1l | MFP6 |PWML1 Brake 1 input pin.
26 |PD.10 110 MFPO |General purpose digital 1/0 pin.
T™M2 110 MFP4 |Timer2 event counter input/toggle output pin.
USCI2_DATO /10 MFP5  |USCI2 data O pin.
27 |PD.11 110 MFPO |General purpose digital I/O pin.
T™M3 110 MFP4 |Timer3 event counter input/toggle output pin.
USCI2_DAT1 110 MFP5 |USCI2 data 1 pin.
17 | 28 |PD.12 110 MFPO |General purpose digital /0 pin.
USCI1_CTLO /10 MFP1 |USCI1 control O pin.
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48 | 64 100 |Pin Name Type MFP*  |Description
Pin | Pin | Pin
SPI1_SS 110 MFP2 |SPI1 slave select pin.
UARTO_TXD (0] MFP3 |UARTO data transmitter output pin.
PWM1_CHO 110 MFP6 |PWM1 channel O output/capture input.
EBI_ADR16 e} MFP7 |EBI address bus bit 16.
18 | 29 |PD.13 110 MFPO |General purpose digital 1/0 pin.
USCI1_DAT1 110 MFP1 |USCI1 data 1 pin.
SPI1_MOSI 110 MFP2 |SPI1 MOSI (Master Out, Slave In) pin.
UARTO_RXD | MFP3 |UARTO data receiver input pin.
PWM1_CH1 110 MFP6 |PWML1 channel 1 output/capture input.
EBI_ADR17 (@] MFP7 |EBI address bus bit 17.
19 | 30 |PD.14 110 MFPO |General purpose digital I/O pin.
USCI1_DATO 110 MFP1 |USCI1 data O pin.
SPI1_MISO 110 MFP2 |SPI1 MISO (Master In, Slave Out) pin.
UARTO_nCTS | MFP3 |UARTO clear to Send input pin.
PWM1_CH2 110 MFP6 |PWML1 channel 2 output/capture input.
EBI_ADR18 (0] MFP7 |EBI address bus bit 18.
20 | 31 |PD.15 110 MFPO |General purpose digital I/O pin.
USCI1_CLK 110 MFP1 |USCI1 clock pin.
SPI1_CLK 110 MFP2 |SPI1 serial clock pin.
UARTO_nRTS (0] MFP3 |UARTO request to Send output pin.
PWM1_CH3 110 MFP6 |PWML1 channel 3 output/capture input.
EBI_ADR19 (0] MFP7 |EBI address bus bit 19.
14 | 21| 32 |PD.7 110 MFPO |General purpose digital I/O pin.
USCI1_CTL1 110 MFP1 |USCI1 control 1 pin.
SPI0_I2SMCLK 110 MFP2  |SPIO I2S master clock output pin
PWMO_SYNC_IN | MFP3  |PWMO counter synchronous trigger input pin.
T™M1 110 MFP4 |Timerl event counter input/toggle output pin.
ACMPO_O (0] MFP5  |Analog comparator O output pin.
PWMO_CH5 110 MFP6 |PWMO channel 5 output/capture input.
EBI_nRD (0] MFP7 |EBI read enable output pin.
15| 22| 33 |PF.3 110 MFPO |General purpose digital 1/0 pin.
XT1_OUT (0] MFP1 |External 4~24 MHz (high speed) crystal output pin.
12C1_SCL 110 MFP3  |I12C1 clock pin.
16 | 23| 34 |PF.4 110 MFPO |General purpose digital I/O pin.

Dec.15, 2017

Page 29 of 139

Rev 1.03



NnuUvoToN

NUC126
—
48 | 64 100 |Pin Name Type MFP*  |Description
Pin | Pin | Pin
XT1_IN | MFP1 |External 4~24 MHz (high speed) crystal input pin.
12C1_SDA 110 MFP3 |I12C1 data input/output pin.
17 | 24 | 35 |Vss P MFPO |Ground pin for digital circuit.
25| 36 |Voo P MFPO  |Power supply for I/O ports and LDO source for internal PLL
and digital circuit.
18 | 26 | 37 |LDO_CAP A MFPO  |LDO output pin.
38 |[PC.9 110 MFPO |General purpose digital I/O pin.
SPIO_I2SMCLK 110 MFP2 |SPIO I12S master clock output pin
12C1_SCL 110 MFP3  |I12C1 clock pin.
USCI2_CTL1 110 MFP4  |USCI2 control 1 pin.
PWM1_CHO 110 MFP6 |PWML1 channel 0 output/capture input.
39 |PC.10 110 MFPO |General purpose digital I/O pin.
SPI0O_MOSI 110 MFP2 |SPIO MOSI (Master Out, Slave In) pin.
12C1_SDA 110 MFP3 |I2C1 data input/output pin.
USCI2_DAT1 110 MFP4 |USCI2 data 1 pin.
PWM1_CH1 110 MFP6 |PWML1 channel 1 output/capture input.
40 |PC.11 110 MFPO |General purpose digital I/O pin.
SPIO_MISO 110 MFP2  |SPIO MISO (Master In, Slave Out) pin.
USCI2_CLK 110 MFP4  |USCI2 clock pin.
PWM1_CH2 110 MFP6 |PWML1 channel 2 output/capture input.
41 |PC.12 110 MFPO |General purpose digital I/O pin.
SPI0_CLK 110 MFP2  |SPIO serial clock pin.
USCI2_CTLO 110 MFP4 |USCI2 control 0 pin.
PWM1_CH3 110 MFP6 |PWML1 channel 3 output/capture input.
42 |PC.13 110 MFPO |General purpose digital 1/0 pin.
SPIO_SS 110 MFP2 |SPIO slave select pin.
USCI2_DATO 110 MFP4  |USCI2 data O pin.
PWM1_CH4 110 MFP6 |PWML1 channel 4 output/capture input.
43 |PC.14 110 MFPO |General purpose digital 1/0 pin.
PWM1_CH5 110 MFP6 |PWML1 channel 5 output/capture input.
19 | 27 | 44 |PC.0 110 MFPO |General purpose digital I/O pin.
SCO_DAT 110 MFP1 |Smart Card O data pin.
SPI0_CLK 110 MFP2  |SPIO serial clock pin.
UART2_nCTS | MFP3 |UART?2 clear to Send input pin.
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Group Pin Name GPIO MFP* Type |Description
PWMO_CH4 PC.4 MFP6 110 PWMO channel 4 output/capture input.
PD.6 MFP6 I{e]
PWMO_CH5 PD.7 MFP6 110 PWMO channel 5 output/capture input.
PC.5 MFP6 110
PD.1 MFP2 |
PWMO_SYNC_IN PWMO counter synchronous trigger input pin.
PD.7 MFP3 |
PWMO_SYNC_OUT |PB.1 MFP6 (0] PWMO counter synchronous trigger output pin.
PF.1 MFP6 |
PWM1_BRAKEO PWM1 Brake 0 input pin.
PE.4 MFP6 |
PF.2 MFP6 |
PWM1_BRAKE1l PE.5 MFP6 | PWM1 Brake 1 input pin.
PA.9 MFP7 |
PD.12 MFP6 110
PWM1_CHO PC.9 MFP6 I{e] PWM1 channel 0 output/capture input.
PC.6 MFP6 110
PD.13 MFP6 110
PC.10 MFP6 110
PWM1_CH1 PWM1 channel 1 output/capture input.
PC.7 MFP6 110
PWM1
PB.12 MFP6 110
PD.14 MFP6 110
PWM1_CH2 PC.11 MFP6 110 PWM1 channel 2 output/capture input.
PA.3 MFP6 110
PD.15 MFP6 110
PWM1_CH3 PC.12 MFP6 110 PWM1 channel 3 output/capture input.
PA.2 MFP6 110
PC.13 MFP6 110
PWM1_CH4 PWM1 channel 4 output/capture input.
PA.1 MFP6 110
PC.14 MFP6 110
PWM1_CH5 PWM1 channel 5 output/capture input.
PA.O MFP6 110
PC.1 MFP2 (0]
SCO0_CLK PE.11 MFP5 (0] Smart Card 0 clock pin.
SCO PA.O MFP5 (0]
PC.0 MFP1 110
SCO_DAT Smart Card 0 data pin.
PE.10 MFP5 I{e]
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Group Pin Name GPIO MFP* Type |Description
PD.9 MFP4 lfe}
PF.1 MFP5 lfe}
PC.12 MFP4 110
PB.7 MFP4 110
PD.8 MFP4 110
USCI2_CTL1 USCI2 control 1 pin.
PF.0 MFP5 lfe}
PC.9 MFP4 lfe}
PD.2 MFP4 110
USCI2_DATO PD.10 MFP5 110 USCI2 data 0O pin.
PC.13 MFP4 110
PD.3 MFP4 110
USCI2_DAT1 PD.11 MFP5 110 USCI2 data 1 pin.
PC.10 MFP4 110
VDET_PO PB.O MFP2 A Voltage detector positive input O pin.
VOET VDET_P1 PB.1 MFP2 A Voltage detector positive input 1 pin.
X32_IN PF.1 MFP1 | External 32.768 kHz crystal input pin.
X X32_OUT PF.0 MFP1 o} External 32.768 kHz crystal output pin.
XT1_IN PE.4 MEP1 | F|§i>:]t.emal 4~24 MHz (high speed) crystal input
XT1 _
XT1 OUT PE.3 MEP1 o ICI?;:]t-ernal 4~24 MHz (high speed) crystal output

Table 4.3-1 NUC126 GPIO Multi-function Table
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AVpp

VBODH_ - = -\ - -"----- - - = - - - - - - = -
Hysteresis
VBODL_ - = - = - - - - - = - - - - - - - - -

BODOUT

T3
(= BODDGSEL) |

BODRSTEN

Brown-out
Reset

Figure 6.2-5 Brown-out Detector (BOD) Waveform

6.2.2.5 Watchdog Timer Reset (WDT)

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
WDTRF(SYS_RSTSTS[2)).

6.2.2.6 CPU Lockup Reset

CPU enters lockup status after CPU produces hardfault at hardfault handler and chip gives
immediate indication of seriously errant kernel software. This is the result of the CPU being locked
because of an unrecoverable exception following the activation of the processor’s built in system
state protection hardware. When chip enters debug mode, the CPU lockup reset will be ignored.

6.2.2.7 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 CPURST(SYS_IPRSTO[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(FMC_ISPCTL[1]) bit is automatically reloaded from CONFIGO setting. User can set the
CHIPRST(SYS_IPRSTO[1]) to 1 to assert the CHIP Reset signal.
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6.2.5 System Memory Map

The NUC126 series provides 4G-byte addressing space. The memory locations assigned to each on-
chip controllers are shown in Table 6.2-5. The detailed register definition, memory space, and
programming will be described in the following sections for each on-chip peripheral. The NUC126
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)
0x0000_0000 — 0x0003_FFFF FLASH_BA FLASH Memory Space (256 KB)
0x0004_0000 — 0x0005_FFFF Reserved Reserved
0x0006_0000 — 0x0007_FFFF Reserved Reserved
0x2000_0000 — 0x2000_4FFF SRAM_BA SRAM Memory Space (20 KB)
0x2000_4000 — 0x2000_BFFF Reserved Reserved
0x2000_C000 — 0x2000_FFFF Reserved Reserved
0x6000_0000 — Ox601F_FFFF EXTMEM_BA External Memory Space for EBI Interface (2 MB)

AHB Controllers Space (0x5000_00

00 — Ox501F_FFFF)

0x5000_0000 — 0x5000_01FF SYS_BA System 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
0x5000_8000 — 0x5000_BFFF PDMA_BA Peripheral DMA Control Registers
0x5000_CO000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers
0x5001_0000 — 0x5001_03FF EBI_BA EBI Control Registers

0x5001_4000 — 0x5001_7FFF HDIV_BA Hardware Divider Registers
0x5001_8000 — 0x5001_FFFF CRC_BA CRC Generator Registers

Peripheral Controllers Space (0x4000_0000 — 0x401F_FFFF)

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 TimerO/Timerl Control Registers

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

0x4003_0000 — 0x4003_3FFF SPI0_BA SPI0 with master/slave function Control Registers
0x4003_4000 — 0x4003_7FFF SPI1_BA SPI1 with master/slave function Control Registers
0x4004_0000 — 0x4004_3FFF PWMO_BA PWMO Control Registers

0x4004_4000 — 0x4004_7FFF Reserved Reserved

0x4005_0000 — 0x4005_3FFF UARTO_BA UARTO Control Registers

0x4006_0000 — 0x4006_3FFF USBD_BA USB 2.0 FS device Controller Registers
0x4007_0000 — 0x4007_3FFF USCIO_BA USCIO Control Registers
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according to the accurate external 32.768 kHz crystal oscillator or internal USB synchronous mode,
automatically gets accurate HIRC output frequency, 0.25 % deviation within all temperature ranges.

For instance, the system needs an accurate 22.1184 MHz clock. In such case, if users do not want to
use PLL as the system clock source, they need to solder 32.768 kHz crystal in system, and set
FREQSEL (SYS_IRCTCTLO[1:0] trim frequency selection) to “01”, set REFCKSEL
(SYS_IRCTCTLO[9] reference clock selection) to “0”, and the auto-trim function will be enabled.
Interrupt status bit FREQLOCK (SYS_IRCTISTS[0] HIRC frequency lock status) “1” indicates the
HIRCO output frequency is accurate within 0.25% deviation. To get better results, it is recommended
to set both LOOPSEL (SYS IRCTCTL[5:4] trim calculation loop) and RETRYCNT
(SYS_IRCTCTL][7:6] trim value update limitation count) to “11”.

Another example is that the system needs an accurate 48 MHz clock for USB application. In such
case, if neither using use PLL as the system clock source nor soldering 32.768 kHz crystal in system,
user has to set REFCKSEL (SYS_IRCTCTL1[10] reference clock selection) to “1”, set FREQSEL
(SYS_IRCTCTL1[1:0] trim frequency selection) to “10”, and the auto-trim function will be enabled.
Interrupt status bit FREQLOCK1 (SYS_IRCTISTS[8] HIRC frequency lock status) “1” indicates the
HIRC1 output frequency is accurate within 0.25% deviation.

6.2.9 UART1_TXD modulation with PWM

This chip supports UART1 TXD to modulate with PWM channel. User can set
MODPWMSEL(SYS_MODCTL][6:4]) to choice which PWMO channel to modulate with UART1_TXD
and set MODEN(SYS_MODCTL[0]) to enable modulation function. User can set
TXDINV(UART_LINE[8]) to inverse UART1_TXD before moulating with PWM.

PWMO_CHx
UART1_TXD

_ —
TXDINV=0 & MODH=0 L
TXDINV=0 & MODH =1 -
TXDINV=1 & MODH=0 _

TXDINV=1 & MODH=1 N

Figure 6.2-10 UART1_TXD Modulated with PWM Channel
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates 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 a clock divider. The chip will not
enter Power-down mode until CPU sets the Power-down enable bit PDEN(CLK_PWRCTL[7]) and
Cortex®-MO core executes the WFI instruction. After that, chip enters Power-down mode and wait
for wake-up interrupt source triggered to leave Power-down mode. In Power-down mode, the
clock controller turns off the 4~24 MHz external high speed crystal (HXT), internal 22.1184 MHz
internal high speed RC oscillator (HIRC) and 48 MHz internal high speed RC oscillator (HIRC48)
to reduce the overall system power consumption. Figure 6.3-1 shows the clock generator and the
overview of the clock source control.

The clock generator consists of 6 clock sources, which are listed below:
®  32.768 kHz external low-speed crystal oscillator (LXT)
® 4~24 MHz external high speed crystal oscillator (HXT)

® Programmable PLL output clock frequency (PLLFOUT), PLL source can be selected
from external 4~24 MHz external high speed crystal (HXT) or 22.1184 MHz internal
high speed oscillator (HIRC)

22.1184 MHz internal high speed RC oscillator (HIRC)
48 MHz internal high speed RC oscillator (HIRC48)
10 kHz internal low speed RC oscillator (LIRC)

Each of these clock sources has certain stable time to wait for clock operating at stable
frequency. When clock source is enabled, a stable counter start counting and correlated clock
stable index (HIRCSTB(CLK_STATUS[4]), LIRCSTB(CLK_STATUS[3)),
PLLSTB(CLK_STATUS[2)), HXTSTB(CLK_STATUS[0]), LXTSTB(CLK_STATUS[1]) and
HIRC48STB(CLK_STATUSI[5])) are set to 1 after stable counter value reach a define value as
shown in Table 6.3-8. System and peripheral can use the clock as its operating clock only when
correlate clock stable index is set to 1. The clock stable index will auto clear when user disables
the clock source (LIRCEN(CLK_PWRCTLJ3]), HIRCEN(CLK_PWRCTL][2]),
HXTEN(CLK_PWRCTL[O]), PD(CLK_PLLCTL[16]), LXTEN(CLK_PWRCTLI[1]) and
HIRC48EN(CLK_PWRCTL[13])). Besides, the clock stable index of HXT, HIRC and PLL will auto
clear when chip enter power-down and clock stable counter will re-counting after chip wake-up if
correlate clock is enabled.
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Clock Source |Clock Stable Count Value Clock Stable Time

HXT 4096 HXT clock 341.33 uS for 12 Mhz

PLL It's based on the value of STBSEL (CLK_PLLCTL[23]) STBSEL =0, 512 uS for 512 Mhz
STBSEL = 0, stable count is 6144 clocks of PLL clock source. STBSEL = 1, 1024 uS for 12 Mhz
STBSEL = 1, stable count is 12288 clocks of PLL clock source.
(Default)

HIRC48 512 HIRC48 clock 10.67 uS for 48 Mhz

HIRC 256 HIRC clock 11.574 uS for 22.1184 Mhz

LIRC 1 LIRC clock 100 uS for 10 kHz

LXT 1 LXT clock 30.51 uS for 32.768 khz

Table 6.3-8 Clock Stable Count Value Table

LXTEN (CLK_PWRCTL[1])

X32_IN
External 32.768
| kHz Crystal
(LXT)

LXT

\)

X32_0UT|

HXTEN (CLK_PWRCTL[0]) T

\

XT1_IN

External 4~24
——— MHz Crystal | PLLSRC (CLK_PLLCTL[19])

(HXT)

XT1_OUT

>0
HIRCEN (CLK_PWRCTL[2]) » pl |_PLLFOUT

Internal

22.1184 MHz | ——

Oscillator
(HIRC)

HIRC

LIRCEN(CLK_PWRCTL[3])

Internal10 KHz
Oscillator
(LIRC)

LIRCEN(CLK_PWRCTL[13])

LIRC

\j

Internal 48 MHz
Oscillator
(HIRC48)

HIRC48
Lol

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

Figure 6.3-1 Clock Generator Block Diagram
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6.10 Hardware Divider (HDIV)

6.10.1 Overview

The hardware divider (HDIV) is useful to the high performance application. The hardware divider
is a signed, integer divider with both quotient and remainder outputs.

6.10.2 Features
® Signed (two’s complement) integer calculation
32-bit dividend with 16-bit divisor calculation capacity
32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends to 32-bit)
Divided by zero warning flag
6 HCLK clocks taken for one cycle calculation

Write divisor to trigger calculation

Waiting for calculation ready automatically when reading quotient and remainder

6.10.3 Blcok Diagram

Dividend Source | Divisor Source | Quotient Result . Divider Status
. . . Remainder Result .
Register Register Register Register(DIVREM) Register
(DIVIDEND) (DIVISOR) (DIVQUO) 9 (DIVSTS)

; ;

—»{ Sign extension

i

Digital Control Logic 1« Divider Calculation

Figure 6.10-1 Hardware Divider Block Diagram
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6.13 PWM Generator and Capture Timer (PWM)

6.13.1 Overview

The NUC126 provides two PWM generator: PWMO and PWM1. Each PWM supports 6 channels
of PWM output or input capture. There is a 12-bit prescaler to support flexible clock to the 16-bit
PWM counter with 16-bit comparator. The PWM counter supports up, down and up-down counter
types. PWM uses comparator compared with counter to generate events. These events use to
generate PWM pulse, interrupt and trigger signal for ADC to start conversion.

The PWM generator supports two standard PWM output modes: Independent mode and
Complementary mode, they have difference architecture. There are two output functions based
on standard output modes: Group function and Synchronous function. Group function can be
enabled under Independent mode or complementary mode. Synchronous function only enabled
under complementary mode. Complementary mode has two comparators to generate various
PWM pulse with 12-bit dead-time generator and another free trigger comparator to generate
trigger signal for ADC. For PWM output control unit, it supports polarity output, independent pin
mask and brake functions.

The PWM generator also supports input capture function. It supports latch PWM counter value to
corresponding register when input channel has a rising transition, falling transition or both
transition is happened. Capture function also support PDMA to transfer captured data to memory.

6.13.2 Features

6.13.2.1 PWM function features

Supports maximum clock frequency up to144MHz

Supports up to two PWM modules, each module provides 6 output channels.

Supports independent mode for PWM output/Capture input channel

Supports complementary mode for 3 complementary paired PWM output channels:
- Dead-time insertion with 12-bit resolution

- Synchronous function for phase control

- Two compared values during one period

Supports 12-bit pre-scalar from 1 to 4096

Supports 16-bit resolution PWM counter

- Up, down and up-down counter operation type

Supports one-shot or auto-reload counter operation mode

Supports group function

Supports synchronous function

Supports mask function and tri-state enable for each PWM output pin

Supports brake function

- Brake source from pin, analog comparator, ADC result monitor and system safety
events (clock failed, Brown-out detection and CPU lockup).

- Noise filter for brake source from pin
- Leading edge blanking (LEB) function for brake source from analog comparator

- Edge detect brake source to control brake state until brake interrupt cleared
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6.19 USCI — Universal Serial Control Interface Controller

6.19.1 Overview

The Universal Serial Control Interface (USCI) is a flexible interface module covering several serial
communication protocols. The user can configure this controller as UART, SPI, or I°C functional
protocol.

6.19.2 Features

The controller can be individually configured to match the application needs. The following
protocols are supported:

® UART
® SPI
e I’C
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7 APPLICATION CIRCUIT

AVCC [ Veer USB_VBUS —
O AVop USB_D A —
pvce 3 FB USB D+ C—1 | USB OTG Slot
—
O Voo —3
USB_VDD33_CAP ﬁ
VDDIO
0.1uF == ——= 1uF —
Power Vear TuF pvce
0.1uF
Vss =
SPI_SS; CS Voo .
1 FB SPI_CLK CLK SPI Device
- AVss SPI_MISO MISO
% SPI_MOSI MOSI Vss T
Voo
SWD ICE_DAT
ICE_CLK
Interface nRESET pvce pvce
Vss
20 NUC126 Series
47 47K
—{ XT1_IN
12C_SscL o | CLK Voo 2C Devi
evice
L1 12C_SDA DIO Ves
20p 4724 MHz
crystal
4{ }—li XT1_OUT
— 20p -
Crystal }T X32_IN
DYCC
20p 32.768kHz
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4{ X32_0UT SC_PWRh‘
SC_RST, Smart Card Slot
DVCC SC_CLK
SC_DAT
R eset SC_ Detect
Circuit X
JJ L nRST
EI 10uF/10V:
RS 232 Transceiver PC COM Port
RXO— ROUT RIN
B T LDO_CAP T™XO— TIN  TOU UART
LDO I 1uF
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8.3 AC Electrical Characteristics

8.3.1 External 4~24 MHz High Speed Crystal (HXT) Input Clock

SPECIFICATIONS
PARAMETER SYM. TEST CONDITION
MIN. | TYP. | MAX. [UNIT
Clock High Time teHex 10 - - nS
Clock Low Time tciex 10 - - nS
Clock Rise Time teicn 2 - 15 nS
Clock Fall Time teheL 2 - 15 ns
Input High Voltage V4 0.7Vop - Vb \%
Input Low Voltage Vi 0 - 0.3Vpp| V

€ tCLCL R

ViH

tereL

Note: Duty cycle is 50%.

8.3.2 External 4~24 MHz High Speed Crystal (HXT) Oscillator

SPECIFICATIONS
PARAMETER SYM. TEST CONDITION

MIN. | TYP. | MAX. |[UNIT
Oscillator frequency fuxT 4 - 24 |MHz Vpp =2.5~5.5V
Temperature ThxT -40 - +105 | °C
- TBD - mA Vpp =5.5V @ 12MHz
Operating current lhxT
- 0.4 - mA Vpp = 3.3V @ 12MHz

8.3.2.1 Typical Crystal Application Circuits

CRYSTAL C1 C2 R1

4AMHz ~ 24 MHz 20pF 20pF without
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