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1 GENERAL DESCRIPTION

The NuMicro® NM1200/NM1100 series 32-bit microcontroller is embedded with ARM® Cortex®-
MO core for industrial control and applications which require high performance, high integration,
and low cost. The Cortex®-MO is the newest ARM® embedded processor with 32-bit performance
at a cost equivalent to the traditional 8-bit microcontroller.

The NM1200/NM1100 series can run up to 48 MHz and operate at 2.1V ~ 5.5V, -40C ~ 105,
and thus can afford to support a variety of industrial control and applications which need high
CPU performance. The NM1200/NM1100 series offers 17.5K-bytes embedded program flash,
size configurable Data Flash (shared with program flash), 2K-byte flash for the ISP, and 2K-byte
SRAM.

Many system level peripheral functions, such as I/O Port, Timer, UART, SPI, I°C, PWM, ADC,
Watchdog Timer, Analog Comparator and Brown-out Detector, have been incorporated into the
NM1200/NM1100 series in order to reduce component count, board space and system cost.
These useful functions make the NM1200/NM1100 series powerful for a wide range of
applications.

Additionally, the NM1200/NM1100 series is equipped with ISP (In-System Programming) and ICP
(In-Circuit Programming) functions, which allow the user to update the program memory without
removing the chip from the actual end product. The NM1200/NM1100 series also supports In-
Application-Programming (IAP) function, user switches the code executing without the chip reset
after the embedded flash updated.
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2 FEATURES
® Core

ARM® Cortex®-MO core running up to 48 MHz
One 24-bit system timer

Supports low power Idle mode

A single-cycle 32-bit hardware multiplier

NVIC for the 32 interrupt inputs, each with 4-level of priority

Supports Serial Wire Debug (SWD) interface and two watchpoints/four
breakpoints

Built-in LDO for wide operating voltage: 2.1V to 5.5V
Memory
®m  17.5 KB Flash memory for program memory (APROM)
B Configurable Flash memory for data memory (Data Flash)
®m 2 KB Flash for loader (LDROM)
m 2 KB SRAM for internal scratch-pad RAM (SRAM)
® Clock Control
B Programmable system clock source
€ Switch clock sources on-the-fly

B Support 4 ~ 24 MHz external high speed crystal oscillator (HXT) for precise
timing operation

B Support 32.768 kHz external low speed crystal oscillator (LXT) for idle wake-up
and system operation clock

B Built-in 48 MHz internal high speed RC oscillator (HIRC) for system operation
(1% accuracy at 25°C, 5V)

4 Dynamically calibrating the HIRC OSC to 48 MHz 2% from -40°C to 105°C
by external 32.768K crystal oscillator (LXT)

B Built-in 10 kHz internal low speed RC oscillator (LIRC) for Watchdog Timer and
wake-up operation

® |/O Port
B Upto 33 general-purpose I/O (GPIO) pins for LQFP-48 package
B Four I/O modes:
€ Quasi-bidirectional input/output
¢ Push-Pull output
¢ Open-Drain output
€ Input only with high impendence
B Optional Schmitt trigger input
® Timer

B Provides two channel 32-bit Timers; one 8-bit pre-scaler counter with 24-bit up-
timer for each timer

€  Supports Event Counter mode

Jun. 18, 2015 Page 12 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Supports Toggle Output mode
Supports external trigger in Pulse Width Measurement mode

Supports external trigger in Pulse Width Capture mode

L K IR R 2

Support Continuous Capture function can continuous capture 4 edge on
one signal

® WDT (Watchdog Timer)
B Programmable clock source and time-out period
B Supports wake-up function in Power-down mode and Idle mode
B Interrupt or reset selectable on watchdog time-out

° PWM

B Up to three built-in 16-bit PWM generators, providing six PWM outputs or three
complementary paired PWM outputs

B Individual clock source, clock divider, 8-bit pre-scalar and dead-time generator
for each PWM generator

B PWM interrupt synchronized to PWM period
B Supports edge-alignment or center-alignment
B Supports fault detection
® UART (Universal Asynchronous Receiver/Transmitters)
B Two UART devices

m  Buffered receiver and transmitter, 16-byte FIFO for first UART (UARTO), and 4-
byte FIFO for second UART (UART1)

B Optional flow control function (CTSn and RTSn) in first UART 0 only
B Supports IrDA (SIR) function
B Programmable baud-rate generator up to 1/16 system clock

Supports RS-485 function
®  SPI (Serial Peripheral Interface)
One SPI device
Master up to 25 MHz, and Slave up to 10 MHz
Supports 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 latching data can be either at rising edge or at falling edge of serial clock

TX sending data can be either at rising edge or at falling edge of serial clock

Supports Byte Suspend mode in 32-bit transmission

[ J
)
@

Supports Master/Slave mode
Bidirectional data transfer between masters and slaves

Multi-master bus (no central master)
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B Arbitration between simultaneously transmitting masters without corruption of
serial data on the bus

B Serial clock synchronization allowing devices with different bit rates to
communicate via one serial bus

B Serial clock synchronization can be used as a handshake mechanism to
suspend and resume serial transfer

B Programmable clocks allow for versatile rate control
B Supports multiple address recognition (four slave addresses with mask option)
® ADC (Analog-to-Digital Converter)
] 10-bit SAR ADC with 500 kSPS
B Upto 12-ch single-end input and one internal input from band-gap
B Conversion started either by software trigger or external pin trigger
® Analog Comparator
B Two analog comparators with programmable 16-level internal voltage reference
B Built-in CRV (comparator reference voltage)
®  Hardware Divider
B Signed (two’s complement) integer calculation
B 32-bit dividend with 16-bit divisor calculation capacity

B 32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends
to 32-hit)

B Divided by zero warning flag
B 6 HCLK clocks taken for one cycle calculation
B Waiting for calculation ready automatically when reading quotient and remainder

® |SP (In-System Programming), ICP (In-Circuit Programming), and IAP (In-Application-
Programming) update

® BOD (Brown-out Detector)

B With 8 programmable threshold levels:
4.4V/3.7VI3.0V/2.7VI2.4V[2.2V[2.0VI1.7V

B Supports Brown-out interrupt and reset option
96-bit unique ID
LVR (Low Voltage Reset)
B Threshold voltage level: 2.0V
®  Operating Temperature: -40°C~105C
®  Reliability: EFT >+ 3KV, ESD HBM pass 6KV
® Packages:
B Green package (RoHS)
B 48-pin LQFP (7x7), 33-pin QFN (4x4), 20-pin QFN (4x4), 20-pin TSSOP
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3 ABBREVIATIONS

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AHB Advanced High-Performance Bus

APB Advanced Peripheral Bus

BOD Brown-out Detection

DAP Debug Access Port

FIFO First In, First Out

FMC Flash Memory Controller

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC 48 MHz Internal High Speed RC Oscillator
HXT 4~24 MHz External High Speed Crystal Oscillator
ICP In Circuit Programming

ISP In System Programming

ISR Interrupt Service Routine

LDO Low Dropout Regulator

LIRC 10 kHz internal low speed RC oscillator (LIRC)
LXT 32.768 kHz External Low Speed Crystal Oscillator
NVIC Nested Vectored Interrupt Controller

PCLK The Clock of Advanced Peripheral Bus

PLL Phase-Locked Loop

PWM Pulse Width Modulation

SPI Serial Peripheral Interface

SPS Samples per Second

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unigue Customer ID

WDT Watchdog Timer

Table 3-1 List of Abbreviations
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION

4.1 NuMicro® NM1200/NM1100 Series Naming Rule

ARM - Based
32-bit Microcontroller Temperature
E : -40°C ~ +105°C
CPU Core IC Version
1: Cortee-MO A : Aversion
B : B version
Family Flash ROM
1: 20 pin Package Series B:17.5K
2 : 48/33 pin Package Series Package Type
: F: TSSOP 20
Complexity X : QFN 20 4x4mm
T: QFN 33 4x4mm
Z : QFN 33 5x5mm
L : LQFP 48 7x7mm

Figure 4.1-1 NuMicro® NM1200/NM1100 Series Naming Rule
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4.2 NuMicro® NM1200/NM1100 Series Product Selection Guide

ISP Connectivity ISP HIRC
Part Number | APROM | RAM | Data Flash |Loader| 1/O Timer Comp.|PWM| ADC |ICP 48MHz Package
ROM UART| spI| I’c IAP
NML100FBAE | 17.5 kB | 2 kB |Configurable| 2 KB |up to 17 Zfi’tz' 1 Joflof 2 6 Sﬁto‘ v v TSSOP20
NM1100XBAE | 17.5 KB | 2 KB |Configurable] 2kB |upto 17 2’:)?5' 1 oo 2 6 8’;1“0' v v QFN20
NM1200TBAE | 17.5 kB | 2 kB |Configurable| 2 KB |up to 29 2’;)3“2' 2 1] 1| 2 6 12;%0' v v QFN33
NM1200LBAE | 17.5 KB | 2 kB |configurable| 2 k8 |upto 33 Zﬁz' 2 11| 2|6 12;;0' v v LQFP48

Table 4.2-1 NuMicro® NM1200/NM1100 Series Product Selection Guide
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4.3 PIN CONFIGURATION

4.3.1 LQFP 48-pin

¥’ Ld'PNIV'ONJO ‘IXd

€ Ld'ENIV* 0XL ‘0ddO ‘0LNI
Z'Ld ‘ZNIV' 0XY ‘'0ddO
0'Ld'INIV ‘0ddO
€'Gd'ONIV'43HA0aVY

0°0d ‘0US1O ‘0XL

1'0d ‘0USLY ‘0XY ‘SSIdS

9'ld
adav
aan
ON
ON

NC

[ INC
TX1, CPPO, AINS, P1.5 [ ] P0.4, SPISS,PWM5
IRESET [ ] P05, MOSI
CPN1, AINS, P3.0 [ ] P0.6, MISO

AVSS [ ]P0.7, SPICLK

AINS, P5.4 NM1200 [ ] ne
CPP1, AIN7, P3.1 LQFP 48-pin [ ] P47, 1CE_DAT
| ] P46, ICE_CLK
[ ]nC
[] P27

[ ] P2.6, PWM4, CPO1

CPP1, TOEX, STADC, INTO, P3.2
AIN9, CPP1, SDA, T0, P3.4
AIN10, CPP1, SCL, T1, P3.5
P3.7

NC [ ] P25 PWM3, TX1

ON
CIVLX'L'Sd
LIVLX'0'Sd

SSA

dvo 0al

§'Gd

LINI ‘T'Sd

ON

ONMd ‘T'ed
LWMd ‘€'ed

XY ‘ZAMd ‘v'zd

LLNIV ‘00dO'X3LL'OMO ‘9°€d

Figure 4.3-1 NuMicro® NM1200 Series LQFP 48-pin Diagram
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4.3.2 QFN 33-pin
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AIN8, P5.4 | 4 | NM1200 |21 P0.7, SPICLK
CPPLAIN7, P31 | 5 | QFN 33-pin | 20| P4.7, ICE_DAT
CPP1,
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Figure 4.3-2 NuMicro® NM1200 Series QFN 33-pin Diagram
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4.3.3 QFN 20-pin

€'Gd '434A 0aV ‘ONIV

[ & ] aan
E .
[5]o0d

B 1€71d ‘ENIV ‘0ddD ‘OLNI
5 | 0°Td ‘INIV'0ddD

RX1, CPNO, AIN4,P1.4
TX1, CPPO, AIN5,P1.5
/IRESET

P0.4, PWM5

4| P4.7,ICE_DAT
P4.6,ICE_CLK
P2.6, PWM4,CPO1
P2.5,PWM3, TX1

NM1100
CPN1, AING, P3.0 QFN 20-pin

CPP1,AIN7, P3.1

T
EIEIEEE

ssa[~]

ONMd ‘Z2d [ ]
TAMd ‘g2d [ ©]
XY ‘TAmd'red [ 5]

OMO ‘X3TL ‘00dD ‘TINIV ‘9°ed | @

Figure 4.3-3 NuMicro® NM1100 Series QFN 20-pin Diagram
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4.3.4 TSSOP 20-pin

CPPOAINT, P1.O 7| ~—  |=0] vDD
INTO, AIN3,P1.3 [ 2| 19] P5.3, AINO, ADC_VREF
RX1, CPNO,AIN4,P1.4[ 3| 18] P0.0
TX1, CPPO,AIN5,P1.5 4 | V1100 7] P0.4,PWM5
RESETLS | Tocnp [18) P47ICE_DAT
CPN1, AING, P30TS | 55 ) [15]P4.6,ICE_CLK
CPP1,AIN7, P3.1[ 7| 4] P2.6, PWM4,CPO1
AIN11, CPOO, T1EX, CKO,P3.6[ 8 | 13 | P2.5,PWM3, TX1
VSS [9] 5] P2.4,PWM2, RX1
PWMO, P2.2 [10] 7] P2.3, PWM1

Figure 4.3-4 NuMicro® NM1100 Series TSSOP 20-pin Diagram

Jun. 18, 2015 Page 21 of 403 Rev.1.01



NnUvoTOoN

4.4 Pin Description

NM1200/NM1100

I

Pin Number
LQFP [QFN |TSSOP|QFN [Pin Name |Pin Type [Description
48-pin |33-pin [20-pin [20-pin
1 NC Not connected
P1.5 I/O General purpose digital 1/0 pin
AIN5 Al ADC analog input pin
2 1 4 2
ACMPO_P |AI Analog comparator positive input pin
TX1 0] UART1 transmitter output pin
The Schmitt trigger input pin for hardware
device reset. A “Low” on this pin for 768
clock counter of Internal RC 22.1184 MHz
s |l [ |meser |n [shlelesten cooks g e,
up resistor allowing power-on reset by
simply connecting an external capacitor to
GND.
P3.0 I/O General purpose digital I/O pin
4 3 6 4 AING Al ADC analog input pin
ACMP1_N |AI Analog comparator negative input pin
5 AVSS AP Ground pin for analog circuit
P5.4 /0 General purpose digital I/O pin
° ‘ AINS Al ADC analog input pin
P3.1 /0 General purpose digital I/O pin
7 5 7 5 AIN7 Al ADC analog input pin
ACMP1_P [Al Analog comparator positive input pin
P3.2 I/O General purpose digital I/O pin
INTO I External interrupt O input pin
8 6 STADC I ADC external trigger input pin
TMO_EXT || 'Fl)'iirr]ner 0 external capture/reset trigger input
ACMP1_P [Al Analog comparator positive input pin
P3.4 I/O General purpose digital I/O pin
° ! TMO I/O Timer O external event counter input pin
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SDA I/O I2C data I/O pin
ACMP1_P |AI Analog comparator positive input pin
AIN9 Al ADC analog input pin
P3.5 I/O General purpose digital 1/0 pin
T™M1 I/O Timer 1 external event counter input pin
10 8 SCL I/O I2C clock I/O pin
ACMP1_P |Al Analog comparator positive input pin
AIN10 Al ADC analog input pin
11 P3.7 I/O General purpose digital 1/0 pin
12 NC Not connected
13 NC Not connected
P3.6 /0 General purpose digital I/O pin
ACMPO_O |O Analog comparator output pin
14 9 8 6 CKO 0] Frequency divider output pin
TM1_EXT | 'Fl)'ilrr]ner 1 external capture/reset trigger input
AIN11 Al ADC analog input pin
P5.1 /0 General purpose digital I/O pin
15 10 The output pin from the internal inverting
XTAL2 0] amplifier. It emits the inverted signal of
XTAL1.
P5.0 /0 General purpose digital I/O pin
16 11 The input pin to the internal inverting
XTAL1 I amplifier. The system clock could be from
external crystal or resonator.
12
17 9 7 VSS P Ground pin for digital circuit
33
18 LDO_CAP |P LDO output pin
General purpose digital I/O pin
19 P5.5 /o User program must enable pull-up resistor in
the QFN-33 package.
P5.2 I/O General purpose digital I/O pin
20 13
INT1 I External interrupt 1 input pin
21 NC Not connected
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p2.2 I/O General purpose digital 1/0 pin
22 14 10 8

PWMO 0] PWMO output of PWM unit

P2.3 I/O General purpose digital 1/0 pin
23 15 11 9

PWM1 0] PWM1 output of PWM unit

P2.4 I/O General purpose input/output digital pin
24 16 12 10 PWM2 O PWM2 output of PWM unit

RX1 I UART1 data receiver input pin

pP2.5 I/O General purpose digital 1/0 pin
25 17 13 11 PWM3 0] PWMS3 output of PWM unit

TX1 0] UART1 transmitter output pin

P2.6 I/O General purpose digital 1/0 pin
26 18 14 12 PWM4 0] PWM4 output of PWM unit

ACMP1 O |O Analog comparator output pin
27 pP2.7 /0 General purpose digital I/O pin
28 NC Not connected

P4.6 /0 General purpose digital I/O pin
29 19 15 13

ICE_CLK I Serial wired debugger clock pin

P4.7 I/O General purpose digital 1/0 pin
30 20 16 14

ICE_DAT |l/O Serial wired debugger data pin
31 NC Not connected

PO.7 I/O General purpose digital I/O pin
32 21

SPICLK I/O SPI serial clock pin

P0.6 I/O General purpose digital I/O pin
33 22

MISO I/O SPI MISO (master in/slave out) pin

PO.5 I/O General purpose digital 1/0 pin
34 23

MOSI 0] SPI MOSI (master out/slave in) pin

P0.4 I/O General purpose digital 1/0 pin
35 24 17 15 SPISS I/O SPI slave select pin

PWM5 0] PWMS5 output of PWM unit
36 NC Not connected
37 25 PO.1 I/O General purpose digital /0 pin
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RTSn O UARTO RTS pin
RX0 I UARTO data receiver input pin
SPISS I/O SPI slave select pin
P0O.0 I/O General purpose digital 1/0 pin

38 26 18 16 CTSn I UARTO CTS pin
TXO 0] UARTO transmitter output pin

39 NC Not connected

40 NC Not connected
P5.3 I/O General purpose digital I/O pin

41 27 19 17 AINO Al ADC analog input pin
ADC VREF |Al External voltage reference of ADC

42 VDD P Power supply for digital circuit

28 20 18

43 AVDD P Power supply for analog circuit
P1.0 /0 General purpose digital I/O pin

44 29 1 19 AIN1 Al ADC analog input pin
ACMPO_P |Al Analog comparator positive input pin
P1.2 /0 General purpose digital I/O pin
AIN2 Al ADC analog input pin

45 30
RX I UART data receiver input pin
ACMPO_P (Al Analog comparator positive input pin
P1.3 I/O General purpose digital /0 pin
AIN3 Al ADC analog input pin

46 31 2 20 X 0] UART transmitter output pin
ACMPO_P [Al Analog comparator positive input pin
INTO I External interrupt O input pin
P14 I/O General purpose digital 1/0 pin
AIN4 I/O ADC analog input pin

47 32 3 1
ACMPO_N Al Analog comparator negative input pin
RX1 I UART1 data receiver input pin

48 P1.6 I/O General purpose digital 1/0 pin

Table 4.4-1 NuMicro® NM1200/NM1100 Series Pin Description
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[1] I/O type description. I: input, O: output, I/O: quasi bi-direction, D: open-drain, P: power pin, ST:
Schmitt trigger, A: Analog input.
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5 BLOCK DIAGRAM

5.1 NuMicro® NM1200/NM1100 Block Diagram

-¢ 10kHz RC OSC
> 44.2368MHz/
CONFIG CLK_CTL 48MHz RC OSC
Hardware -« i 32.768kHz XTAL ‘
LDROM 2KB Divider - 4~24MHz XTAL
A A A
AHB LDO
- > 21755V
v \ 4 A\ 4 BOD
Flash Control SRAM . GPIO LVR
KB APB-Bridge PO~P5
CRV
AP ROM 2
17.5KB n & & » L - 2ch
Watch Dog Timer [€—»|< ” Comparator € > Comparator
gg{gigtfg:j Cg:g;ﬁ?eus €» Timer0/1 <€E“——p<—> ADC < » ADC
(Share with AP > 12ch/10bit
ROM) I°C <P UART 0/1 SARADC
SPI < <«—» PWMO05
PAD Control
v

Figure 5.1-1 NuMicro® NM1200/NM1100 Series Block Diagram
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6 FUNCTIONAL DESCRIPTION

6.1 ARM® Cortex®-MO Core
6.1.1 Overview

The Cortex®-MO processor, a configurable, multistage, 32-bit RISC processor, 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 processors. 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 6.1-1 shows the functional controller of the processor.

Cortex-MO components
Cortex-MO0 processor Debug
Interrupts Nested ’
> Vectored Cortex-MO Breakzomt
> Interrupt <—»| Processor [« ”| Watchpoint
Controller H
core unit
(NVIC)
vV V A A A
Wakeup v \4
Interrupt - b Debug
Controller »| Busmatrix | > ?riel:fg%‘:r < »| Access Port
(WIC) A (DAP)
A
v v
AHB-Lite interface Serial Wire or
JTAG debug port

Figure 6.1-1 Functional Block Diagram

6.1.2 Features

® Alow gate count processor

ARMV6-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

B 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

B Low power Idle mode entry using the Wait For Interrupt (WFI), Wait For Event
(WFE) instructions, or return from interrupt sleep-on-exit feature
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® NVIC

32 external interrupt inputs, each with four levels of priority

B Dedicated Non-maskable Interrupt (NMI) input
B Supports for both level-sensitive and pulse-sensitive interrupt lines
B Supports Wake-up Interrupt Controller (WIC) and, providing Ultra-low Power Idle

mode
®  Debug support
B Four hardware breakpoints
®m  Two watch points
B Program Counter Sampling Register (PCSR) for non-intrusive code profiling
B 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

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

System management includes the following sections:
[ ) 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 following listed events. For these reset events flags
can be read by SYS_RSTSTS register.
® Hardware Reset
Power-on Reset (POR)
Low level on the nRESET pin
Watchdog Time-out Reset (WDT)
Low Voltage Reset (LVR)
Brown-out Detector Reset (BOD)

* 6 6 00

®  Software Reset
® CPU Reset
B Write 1 to CPURST (SYS_IPRSTO[1])
® \Whole Chip Reset
B Write 1 to SYSRESETREQ (SYS_AIRCR[2)])
B Write 1 to CHIPRST (SYS_IPRSTO[0])
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|J:|’ Glitch Filter
36 us

nRESET [} |
~50k ohm
@5v
Power On
Voo Reset
Low Voltage L Reset Pulse Width
AVpp Reset 9 _} 3.2ms > System Reset
BODRSTEN(SYS_BODCTL[3]) ]
Brown Out
Reset
WDT/WWDT Reset Pulse Width
Reset 64 WDT clocks

SYSRSTREQ Reset

AIRCR[2]
CHIP_RST Reset
SYS_IPRSTO[0]

CPU Reset

SYS_IPRSTO[1]

Reset Pulse Width

YN
J 2 system clocks

Figure 6.2-1 System Rese Resources

6.2.3 System Power Architecture

In this chip, the power distribution is divided into three segments.

® Analog power from AVpp and AVss provides the power for analog components
operation. AVpp must be equal to Vpp to avoid leakage current.

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

®  Built-in a capacitor for internal voltage regulator

The output of internal voltage regulator, LDO_CAP, requires an external capacitor which should
be located close to the corresponding pin. Analog power (AVpp) should be the same voltage level
as the digital power (Vpp). Figure 6.2-2 shows the power distribution of the NM1200/NM1100

series.
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AVoo Rt ) Low Brown
10-bit Voltage out Analog
AVss ~ SAR-ADC Reset Detector Comparator
48 MHz 10 kHz
SRAM FLASH HIRC LIRC
Oscillator Oscillator
—_1 18 T . 1 r
t < i + | |LDO_CAP
POR18 Digital Logic 7
4724 MHz
XT1_OUT —> or 2.175.5V
32.768 kHz to 1.8V 10 cell || GPIO Pins
XT1_IN crystal LDO
oscillator
T J A A
L H
Vob Vss

Figure 6.2-2 NuMicro® NM1200/NM1100 Series Power Architecture Diagram
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6.2.4 System Memory Mapping

NM1200/NM1100 System Control
4 GB OxFFFF_FFFF System Control OxEO0O0_EDOO |SCS_BA
Reserved | " |External Interrupt Control OXEOOO_E100 [SCS_BA
OxEO00_F000 System Timer Control OxEOOO_EO010 |SCS_BA
OXEOOO_EFFF
System Control
OxEO0O0_EO000
OxEOOO_EOOF
Reserved |
0x6002_0000
0x6001_FFFF
Reserved
0x6000_0000
OX5FFF_FFFF
Reserved | AHB peripherals
0x5020_0000 HDIV 0x5001_4000 HDIV_BA
Ox501F_FFFF FMC 0x5000_C000 [FMC_BA
AHB <
0x5000_0000 GPIO Control 0x5000_4000 [GP_BA
Ox4FFF_FFFF ' Interrupt Multiplexer Control |0x5000_0300 |INT_BA
Clock Control 0x5000_0200 |CLK_BA
Reserved |
System Global Control 0x5000_0000 |SYS_BA
0x4020_0000
0x401F_FFFF
APB |
1GB 0x4000_0000
Ox3FFF_FFFF APB peripherals
UART1 Control 0x4015_0000 UART1_BA
ADC Control 0x400E_0000 |ADC_BA
Reserved
ACMP Control 0x400D_0000 (CMP_BA
UARTO Control 0x4005_0000 [UARTO_BA
0x2000_0800 PWM Control 0x4004_0000 |(PWM_BA
0x2000_07FF SPI Control 0x4003_0000 |SPI_BA
2 KB SRAM
0.5 GH 0x2000_0000 12C Control 0x4002_0000 |I2CO_BA
Ox1FFF_FFFF Timer0/Timerl Control 0x4001_0000 |TMR_BA
WDT Control 0x4000_4000 WDT_BA
Reserved |
0x0000_4600
0x0000_45FF
17.5 KB on-chip Flash |
0GB 0x0000_0000

Table 6.2-1 Memory Mapping Table
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6.2.5 Memory Organization

6.2.5.1 Overview

The NuMicro® NM1200/NM1100 series provides 4G-byte addressing space. The addressing
space assigned to each on-chip controllers is shown the following table. The detailed register
definition, addressing space, and programming details will be described in the following sections
for each on-chip peripheral. The NM1200/NM1100 series only supports little-endian data format.

6.2.5.2 System Memory Map

The memory locations assigned to each on-chip controllers are shown in the following table.

Addressing Space Token Modules

Flash and SRAM Memory Space

0x0000_0000 — 0x0000_45FF FLASH_BA Flash Memory Space (17.5 KB)

0x2000_0000 — 0x2000_07FF SRAM_BA SRAM Memory Space (2 KB)

AHB Modules Space (0x5000_0000 — 0x501F_FFFF)

0x5000_0000 — 0x5000_01FF SYS_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 GP_BA GPIO (P0~P5) Control Registers
0x5000_C000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers
0x5001_4000 — 0x5001_7FFF HDIV_BA Hardware Divider Control Register

APB Modules Space (0x4000_0000 — 0x401F _FFFF)

0x4000_4000 — 0x4000_00FF WDT_BA Watchdog Timer Control Registers

0x4001_0000 — 0x4001_3FFF TMR_BA Timer0O/Timerl Control Registers

0x4002_0000 — 0x4002_3FFF 12C_BA I°C Interface Control Registers

0x4003_0000 — 0x4003_3FFF SPI_BA SPI with Master/slave Function Control Registers
0x4004_0000 — 0x4004_3FFF PWM_BA PWM Control Registers

0x4005_0000 — 0x4005_3FFF UARTO_BA UARTO Control Registers

0x400D_0000 — 0x400D_3FFF ACMP_BA Analog Comparator Control Registers
0x400E_0000 — 0x400E_3FFF ADC_BA Analog-Digital-Converter (ADC) Control Registers
0x4015_0000 — 0x4015_3FFF UART1_BA UARTL1 Control Registers

System Control Space (OxEO00_EO000 — OXE000_EFFF)

0xEO000_EO010 — OXEOO00_EOFF SCS_BA System Timer Control Registers
O0xEO000_E100 — OXEO00_ECFF SCS_BA Nested Vectored Interrupt Control Registers
0XEO000_EDOO — OXEO00_ED8F SCS_BA System Control Block Registers

Table 6.2-2 Address Space Assignments for On-Chip Modules
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6.2.6 Register Map

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

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

SYS_BA = 0x5000_0000

SYS_PDID SYS_BA+0x00 R Part Device Identification Number Register OXXXXX_XXXXM
SYS_RSTSTS |SYS_BA+0x04 R/W [System Reset Status Register 0x0000_00XX
SYS_IPRSTO |SYS_BA+0x08 R/W |Peripheral Reset Control Register O 0x0000_0000
SYS_IPRST1 |[SYS_BA+0Ox0C |R/W [Peripheral Reset Control Register 1 0x0000_0000
SYS_BODCTL |SYS_BA+0x18 R/W  |Brown-out Detector Control Register 0x0000_000X
SYS_PO_MFP |SYS_BA+0x30 |R/W [P0 Multiple Function and Input Type Control Register 0x8000_0000
SYS_P1 MFP |SYS_BA+0x34 R/W |P1 Multiple Function and Input Type Control Register 0x8000_0000
SYS_P2_MFP |SYS_BA+0x38 |R/W |P2 Multiple Function and Input Type Control Register 0x8000_0000
SYS_P3_MFP |SYS_BA+0x3C |R/W [|P3 Multiple Function and Input Type Control Register 0x8000_0000
SYS_P4 _MFP |SYS_BA+0x40 R/W  |P4 Multiple Function and Input Type Control Register 0x8000_00CO0
SYS_P5_MFP |SYS_BA+0x44 R/W |P5 Multiple Function and Input Type Control Register 0x8000_0000
SYS_EINTOSEL|SYS_BA+0x48 |R/W |External Interrupt pin selection 0x0000_0000
SYS_IRCTCTL |SYS_BA+0x80 R/W  |HIRC Trim Control Register 0x0000_0000
SYS_IRCTIEN |SYS_BA+0x84 R/W  |HIRC Trim Interrupt Enable Register 0x0000_0000
SYS_IRCTISTS |SYS_BA+0x88 |R/W |HIRC Trim Interrupt Status Register 0x0000_0000
SYS_REGLCTL|SYS_BA+0x100 |R/W |Register Write-Protection Control Register 0x0000_0000

Jun. 18, 2015

Page 35 of 403

Rev.1.01




NUVOTON NM1200/NM1100
=

6.2.7 Register Description

Part Device Identification Number Register (SYS PDID)

Register Offset R/W |Description Reset Value
SYS PDID  |SYS_BA+0x00 R Part Device Identification Number Register OXXXXX_XXXXM
[1] Every 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 8 2 1 0
PDID
Bits Description
Product Device Identification Number (Read Only)
[31:0] PDID This register reflects the device part number code. Software can read this register to
identify which device is used.
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System Reset Status Register (SYS RSTSTS)

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

operation.
Register Offset R/W |Description Reset Value
SYS_RSTSTS |SYS_BA+0x04 R/W |System Reset Status 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
CPURF Reserved SYSRF BODRF Reserved WDTRF PINRF PORF
Bits Description
[31:8] Reserved Reserved.
CPU Reset Flag
The CPU reset flag is set by hardware if software writes CPURST (SYS_IPRSTO[1]) 1 to
reset Cortex®-MO0 Core and Flash Memory Controller (FMC).
(7] CPURF 0 = No reset from CPU.
1 = The Cortex®-MO Core and FMC are reset by software setting CPURST to 1.
Note: Software can write 1 to clear this bit to zero.
[6] Reserved Reserved.
System Reset Flag
The system reset flag is set by the “Reset Signal” from the Cortex®-MO Core to indicate the
previous reset source.
- ®_
[5] SYSRF 0 = No reset from Cortex -MO.
1 = The Cortex®-MO had issued the reset signal to reset the system by writing 1 to the bit
SYSRESETREQ (SCS_AIRCR[2]), Application Interrupt and Reset Control Register,
address = OXEOOOEDOC) in system control registers of Cortex®-MO core.
Note: Software can write 1 to clear this bit to zero.
BOD Reset Flag
The BOD reset flag is set by the “Reset Signal” from the Brown-out Detector to indicate
the previous reset source.
4l BODRF 0 = No reset from BOD.
1 = The BOD had issued the reset signal to reset the system.
Note: Software can write 1 to clear this bit to zero.
[3] Reserved Reserved.
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Bits Description

WDT Reset Flag

The WDT reset flag is set by the “Reset Signal” from the Watchdog Timer or Window
Watchdog Timer to indicate the previous reset source.

[2] WDTRF 0 = No reset from watchdog timer or window watchdog timer.

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

Note: Software can write 1 to clear this bit to zero.

NRESET Pin Reset Flag

The nRESET pin reset flag is set by the “Reset Signal” from the nRESET pin to indicate
the previous reset source.

0 = No reset from nRESET pin.
1 = Pin nRESET had issued the reset signal to reset the system.

1 PINRF

Note: Software can write 1 to clear this bit to zero.

POR Reset Flag

The POR reset flag is set by the “Reset Signal” from the Power-on Reset (POR) Controller
or bit CHIPRST (SYS_IPRSTO[0]) to indicate the previous reset source.

0 = No reset from POR or CHIPRST.
1 = Power-on-Reset (POR) or CHIPRST had issued the reset signal to reset the system.
Note: Software can write 1 to clear this bit to zero.

[0] PORF

Jun. 18, 2015 Page 38 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Peripheral Reset Control Register 0 (SYS IPRSTO0)

Register Offset R/W |Description Reset Value
SYS_IPRSTO |SYS_BA+0x08 R/W  |Peripheral Reset Control Register O 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 CPUWS CPURST CHIPRST
Bits Description
[31:3] Reserved Reserved.
CPU Wait-State Control For Flash Memory Access
0: Insert one wait-state when access Flash
[2] CPUWS . .
1: Non-insert wait-state when access Flash
Note: When HCLK frequency is faster than 44MHz, insert one wait state is necessary.
Processor Core One-Shot Reset (Write Protect)
Setting this bit will only reset the processor core and Flash Memory Controller (FMC), and
this bit will automatically return to O after the 2 clock cycles.
1] CPURST _ .
0 = Processor core normal operation.
1 = Processor core one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
CHIP One-Shot Reset (Write Protect)
Setting this bit will reset the whole chip, including Processor core and all peripherals, and
this bit will automatically return to O after the 2 clock cycles.
The CHIPRST is the same as the POR reset, all the chip controllers is reset and the chip
[0] CHIPRST settings from flash are also reload.
0 = Chip normal operation.
1 = CHIP one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Peripheral Reset Control Register 1 (SYS IPRST1)

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

Register Offset R/W [Description Reset Value
SYS_IPRST1 |SYS_BA+0x0C R/W  |Peripheral Reset Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved ADCRST Reserved
23 22 21 20 19 18 17 16
Reserved ACMPRST Reserved PWMRST Reserved UART1RST | UARTORST
15 14 13 12 11 10 9 8
Reserved SPIRST Reserved 12CRST
7 6 5 4 3 2 1 0
Reserved TMR1RST TMRORST GPIORST Reserved
Bits Description
[31:29] Reserved Reserved.
ADC Controller Reset
[28] ADCRST 0 = ADC controller normal operation.
1 = ADC controller reset.
[27:23] Reserved Reserved.
ACMP Controller Reset
[22] ACMPRST 0 = ACMP controller normal operation.
1 = ACMP controller reset.
[21] Reserved Reserved.
PWMO Controller Reset
[20] PWMRST 0 = PWMO controller normal operation.
1 = PWMO controller reset.
[19:18] Reserved Reserved.
UART1 Controller Reset
[17] UARTLRST 0 = UART1 controller normal operation.
1 = UARTL1 controller reset.
UARTO Controller Reset
[16] UARTORST 0 = UARTO controller normal operation.
1 = UARTO controller reset.
[15:13] Reserved Reserved.
SPIO Controller Reset
[12] SPIRST 0 = SPI controller normal operation.
1 = SPI controller reset.
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Bits Description

[11:9] Reserved Reserved.
I°C Controller Reset

[8] I2CRST 0 = I°C controller normal operation.
1 = I°C controller reset.

[7:4] Reserved Reserved.
Timerl Controller Reset

[3] TMR1RST 0 = Timer1 controller normal operation.
1 = Timer1 controller reset.
Timer0 Controller Reset

[2] TMRORST 0 = TimerO controller normal operation.
1 = TimerO controller reset.
GPIO (P0O~P5) Controller Reset

[1] GPIORST 0 = GPIO controller normal operation.
1 = GPIO controller reset.

[0] Reserved Reserved.
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Brown-out Detector Control Register (SYS BODCTL)

Partial of the SYS_BODCTL control register values are initiated by the flash configuration and write-
protected by the lock function. If user needs to program the write-protected content, an unlocked
sequence is needed. The unlocked sequence is to continuously write the data 0x59, 0x16, 0x88 to the
key controller address 0x5000_0100. A different data value or any other write during the three data
program aborts the whole sequence.

After the unlocked sequence, user can check the lock bit at address 0x5000_0100 bit O, where 1 is
unlocked and O is locked. Then user can update the write-protected registers. Write any data to the
address 0x5000_0100 to re-lock the write-protected register again.

Register Offset R/W |Description Reset Value
SYS_BODCTL|SYS_BA+0x18 R/W  |Brown-out Detector Control Register 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
Reserved BOREN
7 6 5 4 3 2 1 0
BODVL[2] BODOUT BODLPM BODIF BODRSTEN BODVL[1:0] BODVLEXT
Bits Description
[31:7] Reserved Reserved.

Brown-Out Reset Enable

The bit will enable BOR reset function. When VDD5V lower than 1.7v BOR will reset whole
[8] BOREN chip.

0: Disable

1: Enable

Brown-Out Detector Threshold Voltage Selection (Initiated & Write-Protected Bit)

(71 BODVL[2] . ) i . -
The default value is set by flash controller user configuration register config0 bit[19].

Brown-out Detector Output Status

0 = Brown-out Detector status output is 0, the detected voltage is higher than BODVL
[6] BODOUT setting.

1 = Brown-out Detector status output is 1, the detected voltage is lower than BODVL
setting.

Brown-out Detector Low Power Mode (Write Protect)
0 = BOD operate in normal mode (default).
[5] BODLPM 1 = BOD Low Power mode Enabled.

Note: The BOD consumes about 100uA in normal mode, the low power mode can reduce
the current to about 1/10 but slow the BOD response.
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Bits Description
Brown-out Detector Interrupt Flag
0 = Brown-out Detector does not detect any voltage draft at Vpp down through or up

[4] BODIF through the voltage of BODVL setting.
1 = When Brown-out Detector detects the Vpp is dropped through the voltage of BODVL
setting or the Vpp is raised up through the voltage of BODVL setting, this bit is set to 1 and
the Brown-out interrupt is requested if Brown-out interrupt is enabled.
Brown-out Reset Enable Bit (Write Protect)
The default value is set by flash controller user configuration register
CBORST(CONFIGO0[20]) bit.
0 = Brown-out “INTERRUPT” function Enabled; when the Brown-out Detector function is
enable and the detected voltage is lower than the threshold, then assert a signal to

3] BODRSTEN interrupt the Cortex®-M0 CPU.
1 = Brown-out “RESET” function Enabled; when the Brown-out Detector function is enable
and the detected voltage is lower than the threshold then assert a signal to reset the chip.
Note: When the BOD_EN is enabled and the interrupt is asserted, the interrupt will be
kept till the BOD_EN is set to 0. The interrupt for CPU can be blocked by disabling the
NVIC in CPU for BOD interrupt or disable the interrupt source by disabling the BOD_EN
and then re-enabling the BOD_EN function if the BOD function is required.
Brown-out Detector Threshold Voltage Selection (Write Protect)
The default value is set by flash controller user configuration register CBOV
(CONFIG0[22:21]).
{BODVLEXT, BODVL[1], BODVL[0]}

[2:1] BODVL[1:0] {0,0,0} = Reserved
{0,0,1} = 2.7V
{0,1,0} = 3.7V
{0,1,1} = Disable
Brown-Out Detector Selection Extension (Initiated & Write-Protected Bit)
The default value is set by flash controller user configuration register configO bit[23].
If configO bit[23] is set to 1, default value of BODVL_EXT is 0.
If config0 bit[23] is set to 0, default value of BODVL_EXT is 1.
0 = Brown-out detector threshold voltage is selected by the table defined in BODVL[1:0].
1 = Brown-out detector threshold voltage is selected by BODVL[2:0] defined as below.
{BODVLEXT, BODVL[2], BODVL[1]. BODVL[0]}

[0] BODVLEXT {1,0,0,0} = 2.2V
{1,0,0,1} = 2.7V
{1,0,1,0} = 3.7V
{1,0,1,1} = 4.4V
{1,1,0,0} = 1.7V
{1,1,0,1} = 2.0V
{1,1,1,0} = 2.4V
{1,1,1,1 = 3.0V
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Multiple Function PortO Control Register (SYS PO MFP)

Register Offset R/W [Description Reset Value
SYS_PO_MFP |SYS_BA+0x30 R/W [P0 Multiple Function and Input Type Control Register 0x8000_0000
31 30 29 28 27 26 25 24
HS
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

PO Slew Rate Control
[31:24] HS 0 = PO] Low slew rate output, 16MHz available.
1 = PO High slew rate output, 24MHz available.

PO Input Schmitt Trigger Function Enable Bits
[23:16] TYPE 0 = PO I/O input Schmitt Trigger function Disabled.
1 = PO I/O input Schmitt Trigger function Enabled.

P0.7 Alternate Function Select Bit

Bits ALT[7] (SYS_PO_MFP[15]), and MFP[7] (SYS_P0_MFP[7]) determine the P0.7
function.

[15] ALT[7] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = SPI0_CLK function is selected.
(1, 1) = Reserved.

P0.6 Alternate Function Select Bit

Bits ALT[6] (SYS_PO_MFP[14]), and MFP[6] (SYS_P0_MFP[6]) determine the P0.6
function.

[14] ALT[6] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = SPIO_MISO function is selected.
(1, 1) = Reserved.

P0.5 Alternate Function Select Bit

Bits ALT[5] (SYS_PO_MFP[13]), and MFP[5] (SYS_P0_MFP[5]) determine the P0.5
function.

[13] ALT[5] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = SPI0O_MOSI function is selected.
(1, 1) = Reserved.
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Bits Description

P0.4 Alternate Function Select Bit

Bits ALT[4] (SYS_P0_MFP[12]), and MFP[4] (SYS_P0_MFP[4]) determine the P0.4
function.

[12] ALT[4] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = SPI0_SS function is selected.

(1, 1) = PWMO_CHS5 function is selected.

[11:10] Reserved Reserved.

PO0.1 Alternate Function Select Bit

Bits ALT[1] (SYS_P0_MFP[9]), and MFP[1] (SYS_PO_MFP[1]) determine the P0.1
function.

[9] ALT[1] (0, 0) = GPIO function is selected.

(0, 1) = SPIO_SS function is selected.

(1, 0) = UARTO_nRTS function is selected.
(1, 1) = UARTO_RXD function is selected.

P0.0 Alternate Function Select Bit

Bits ALT[0] (SYS_P0_MFPI[8]), and MFP[0] (SYS_P0_MFP[0]) determine the P0.0
function.

[8] ALTIO] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = UARTO_nCTS function is selected.
(1, 1) = UARTO_TXD function is selected.

PO Multiple Function Select Bit
[7:0] MFP[7:0] The pin function of PO depends on MFP and ALT.
Refer to ALT Description for details.
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Multiple Function Portl Control Register (SYS P1 MFP)

Register Offset R/W [Description Reset Value
SYS_P1_MFP |SYS_BA+0x34 R/W  |P1 Multiple Function and Input Type Control Register 0x8000_0000
31 30 29 28 27 26 25 24
HS
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

P1 Slew Rate Control
[31:24] HS 0 = P1 Low slew rate output, 16MHz available.
1 = P1 High slew rate output, 24MHz available.

P1 Input Schmitt Trigger Function Enable Bit
[23:16] TYPE 0 = P1 I/O input Schmitt Trigger function Disabled.
1 =P1 l/O input Schmitt Trigger function Enabled.

[15] Reserved Reserved.

P1.6 Alternate Function Select Bit

Bits ALT[6] (SYS_P1_MFP[14]), and MFP[6] (SYS_P1_MFP[6]) determine the P1.6
[14] ALT[6] function.
(0, 0) = GPIO function is selected.

Others = Reserved.

P1.5 Alternate Function Select Bit

Bits ALT[5] (SYS_P1_MFP[13]), and MFP[5] (SYS_P1_MFPI[5]) determine the P1.5
function.

[13] ALT[5] (0, 0) = GPIO function is selected.

(0, 1) = ADC_CHS function is selected.
(1, 0) = UART1_TXD function is selected.
(1, 1) = ACMPO_PO function is selected.

P1.4 Alternate Function Select Bit

Bits ALT[4] (SYS_P1_MFP[12]), and MFP[4] (SYS_P1_MFP[4]) determine the P1.4
function.

[12] ALT[4] (0, 0) = GPIO function is selected.

(0, 1) = ADC_CH4 function is selected.
(1, 0) = UART1_RXD function is selected.
(1, 1) = ACMPO_N function is selected.
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Bits Description

P1.3 Alternate Function Select Bit

Bits ALT[3] (SYS_P1_MFP[11]), and MFP[3] (SYS_P1_MFP[3]) determine the P1.3
function.

[11] ALT[3] (0, 0) = GPIO function is selected.

(0, 1) = ADC_CH3 function is selected.
(1, 0) = UARTO_TXD function is selected.
(1, 1) = ACMPO_P3 function is selected.

P1.2 Alternate Function Select Bit

Bits ALT[2] (SYS_P1_MFP[10]), and MFP[2] (SYS_P1_MFP[2]) determine the P1.2
function.

[10] ALT[2] (0, 0) = GPIO function is selected.

(0, 1) = ADC_CH2 function is selected.
(1, 0) = UARTO_RXD function is selected.
(1, 1) = ACMPO_P2 function is selected.

9] Reserved Reserved.

P1.0 Alternate Function Select Bit

Bits ALT[0] (SYS_P1_MFPI[8]), and MFP[0] (SYS_P1_MFP[0]) determine the P1.0
function.

[8] ALTIO] (0, 0) = GPIO function is selected.

(0, 1) = ADC_CHL1 function is selected.
(1, 0) = Reserved.

(1, 1) = ACMPO_P1 function is selected.

P1 Multiple Function Select Bit
[7:0] MFP[7:0] The pin function of P1 depends on MFP and ALT.
Refer to ALT Description for details.
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Multiple Function Port2 Control Register (SYS P2 MFEP)

Register Offset R/W [Description Reset Value
SYS_P2_MFP |SYS_BA+0x38 R/W  |P2 Multiple Function and Input Type Control Register 0x8000_0000
31 30 29 28 27 26 25 24
HS
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

P2 Slew Rate Control
[31:24] HS 0 = P2 Low slew rate output, 16MHz available.
1 = P2 High slew rate output, 24MHz available.

P2 Input Schmitt Trigger Function Enable Bits
[23:16] TYPE 0 = P2 I/O input Schmitt Trigger function Disabled.
1 =P2] I/O input Schmitt Trigger function Enabled.

P2.7 Alternate Function Select Bit

Bits ALT[7] (SYS_P2_MFP[15]), and MFP[7] (SYS_P2_MFP[5]) determine the P2.7
[15] ALT[7] function.
(0, 0) = GPIO function is selected.

Others = Reserved.

P2.6 Alternate Function Select Bit

Bits ALT[6] (SYS_P2_MFP[14]), and MFP[6] (SYS_P2_MFP[6]) determine the P2.6
function.

[14] ALT[6] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = PWMO_CH4 function is selected.
(1, 1) = ACMP1_00 function is selected.

P2.5 Alternate Function Select Bit

Bits ALT[5] (SYS_P2_MFP[13]), and MFP[5] (SYS_P2_MFPI[5]) determine the P2.5
function.

[13] ALT[5] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = PWMO_CH3 function is selected.
(1, 1) = UARTL1_TXD function is selected.
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Bits Description

P2.4 Alternate Function Select Bit

Bits ALT[4] (SYS_P2_MFP[12]), and MFP[4] (SYS_P2_MFP[4]) determine the P2.4
function.

[12] ALT[4] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = PWMO_CH2 function is selected.
(1, 1) = UART1_RXD function is selected.

P2.3 Alternate Function Select Bit

Bits ALT[3] (SYS_P2_MFP[11]), and MFP[3] (SYS_P2_MFP[3]) determine the P2.3
function.

[11] ALTI[3] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = PWMO_CHL1 function is selected.
(1, 1) = Reserved.

P2.2 Alternate Function Select Bit

Bits ALT[2] (SYS_P2_MFP[10]), and MFP[2] (SYS_P2_MFP[2]) determine the P2.2
function.

[10] ALT[2] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = PWMO_CHO function is selected.
(1, 1) = Reserved.

[9:8] Reserved Reserved.

P2 Multiple Function Select Bit
[7:0] MFP[7:0] The pin function of P2 depends on MFP and ALT.
Refer to ALT Description for details.
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Multiple Function Port3 Control Register (SYS P3 MFP)

Register Offset R/W [Description Reset Value
SYS_P3_MFP |SYS_BA+0x3C R/W  |P3 Multiple Function and Input Type Control Register 0x8000_0000
31 30 29 28 27 26 25 24
HS P32CTL
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

P3 Slew Rate Control
[31:25] HS 0 = P3 Low slew rate output, 16MHz available.
1 = P3 High slew rate output, 24MHz available.

P3.2 Alternate Function Selection Extension
[24] P32CTL 0 = P3.2 is set by ALT[2] and MFP[2].
1=P3.2is setto CPP1 of ACMP1.

P3 Input Schmitt Trigger Function Enable Bits
[23:16] TYPE 0 = P3 I/O input Schmitt Trigger function Disabled.
1 = P3 1/O input Schmitt Trigger function Enabled.

P3.7 Alternate Function Select Bit

Bits ALT[7] (SYS_P3_MFP[15]), and MFP[7] (SYS_P3_MFP[7]) determine the P3.7
[15] ALT[7] function.
(0, 0) = GPIO function is selected.

Others = Reserved.

P3.6 Alternate Function Select Bit

Bits ALT[6] (SYS_P3_MFP[14]), and MFP[6] (SYS_P3_MFP[6]) determine the P3.6
function.

(0, 0) = GPIO function is selected.

[14] ALT[6] (0, 1) = TM1_EXT function is selected.

(1, 0) = CLKO function is selected.

(1, 1) = ACMPO_O / ADC_CH11 function is selected.

Note: If ADC_CHEN[12] = 0, P3.6 function is ACMPO_O (ACMP).
Note: If ADC_CHEN[12] = 1, P3.6 function is ADC_CH11 (ADC).
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Bits Description

P3.5 Alternate Function Select Bit

Bits ALT[5] (SYS_P3_MFP[13]), and MFP[5] (SYS_P3_MFP[5]) determine the P3.5
function.

(0, 0) = GPIO function is selected.

[13] ALT[5] (0, 1) = TM1function is selected.

(1, 0) = 12C_SCL function is selected.

(1, 1) = ACMP1_P3/ ADC_CHA10 function is selected.

Note: If ADC_CHEN[11] = 0, P3.5 function is ACMP1_P3 (ACMP).
Note: If ADC_CHEN[11] = 1, P3.5 function is ADC_CH10 (ADC).

P3.4 Alternate Function Select Bit

Bits ALT[4] (SYS_P3_MFP[12]), and MFP[4] (SYS_P3_MFP[4]) determine the P3.4
function.

(0, 0) = GPIO function is selected.

[12] ALT[4] (0, 1) = TMO function is selected.

(1, 0) = 12C_SDA function is selected.

(1, 1) = ACMP1_P2 / ADC_CH9 function is selected.

Note: If ADC_CHEN[10] = 0, P3.4 function is ACMP1_P2 (ACMP).
Note: If ADC_CHENJ[10] = 1, P3.4 function is ADC_CH9 (ADC).

[11] Reserved Reserved.

P3.2 Alternate Function Select Bit

Bits P32CTL (SYS_P3_MFP[26]), ALT[2] (SYS_P3_MFP[10]), and MFP[2]
(SYS_P3_MFP[2]) determine the P3.2 function.

(0, 0, 0) = GPIO function is selected.

(0, 0, 1) = INTO function is selected.

(0, 1, 0) = TMO_EXT function is selected.
(0, 1, 1) = STADC function is selected.

(1, 0, 0) = ACMP1_P1 function is selected.

[10] ALT[2]

P3.1 Alternate Function Select Bit

Bits ALT[1] (SYS_P3_MFP[9]), and MFP[1] (SYS_P3_MFP[1]) determine the P3.1
function.

[9] ALT[1] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = ACMP1_PO function is selected.
(1, 1) = ADC_CHY function is selected.

P3.0 Alternate Function Select Bit

Bits ALT[O] (SYS_P3_MFP[8]), and MFP[0] (SYS_P3_MFP[0]) determine the P3.0
function.

[8] ALTI[O] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = ACMP1_N function is selected.
(1, 1) = ADC_CHBS6 function is selected.

P3 Multiple Function Select Bits
[7:0] MFP[7:0] The pin function of P3 depends on MFP and ALT.
Refer to ALT Description for details.
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Multiple Function Port4 Control Register (SYS P4 MFEP)

Register Offset R/W [Description Reset Value
SYS_P4_MFP |SYS_BA+0x40 R/W  |P4 Multiple Function and Input Type Control Register 0x8000_00CO0
31 30 29 28 27 26 25 24
HS
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

P4 Slew Rate Control
[31:24] HS 0 = P4 Low slew rate output, 16MHz available.
1 = P4 High slew rate output, 24MHz available.

P4 Input Schmitt Trigger Function Enable Bits
[23:16] TYPE 0 = P4 I/O input Schmitt Trigger function Disabled.
1 = P4 /O input Schmitt Trigger function Enabled.

P4.7 Alternate Function Select Bit

Bits ALT[7] (SYS_P4_MFP[15]), and MFP[7] (SYS_P4_MFP[7]) determine the P4.7
function.

(0, 0) = GPIO function is selected.
(0, 1) = ICE_DAT function is selected.
Others = Reserved.

[15] ALT[7]

P4.6 Alternate Function Select Bit

Bits ALT[6] (SYS_P4_MFP[6]), and MFP[6] (SYS_P4_MFP[6]) determine the P4.6
function.

(0, 0) = GPIO function is selected.
(0, 1) = ICE_CLK function is selected.
Others = Reserved..

[14] ALT[6]

[13:8] Reserved Reserved.

P4 Multiple Function Select Bits
[7:0] MFP[7:0] The pin function of P4 depends on MFP and ALT.
Refer to ALT Description for details.

Jun. 18, 2015 Page 52 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Multiple Function Port5 Control Register (SYS P5 MFEP)

Register Offset R/W [Description Reset Value
SYS_P5_MFP |SYS_BA+0x44 R/W  |P5 Multiple Function and Input Type Control Register 0x8000_0000
31 30 29 28 27 26 25 24
HS
23 22 21 20 19 18 17 16
TYPE
15 14 13 12 11 10 9 8
ALT
7 6 5 4 3 2 1 0
MFP
Bits Description

P5 Slew Rate Control
[31:24] HS 0 = P5 Low slew rate output, 16MHz available.
1 = P5 High slew rate output, 24MHz available.

P5 Input Schmitt Trigger Function Enable Bits
[23:16] TYPE 0 = P5 I/O input Schmitt Trigger function Disabled.
1 = P5 I/O input Schmitt Trigger function Enabled.

[15:14] Reserved Reserved.

P5.5 Alternate Function Select Bit

Bits ALT[5] (SYS_P5_MFP[13]), and MFP[5] (SYS_P5_MFP[5]) determine the P5.5
[13] ALT[5] function.
(0, 0) = GPIO function is selected.

Others = Reserved.

P5.4 Alternate Function Select Bit

Bits ALT[4] (SYS_P5_MFP[12]), and MFP[4] (SYS_P5_MFP[4]) determine the P5.4
function.

[12] ALT[4] (0, 0) = GPIO function is selected.

(0, 1) = Reserved.

(1, 0) = Reserved.

(1, 1) = ADC_CHS8 function is selected.

P5.3 Alternate Function Select Bit

Bits ALT[3] (SYS_P5_MFP[11]), and MFP[3] (SYS_P5_MFPI[3]) determine the P5.3
function.

(0, 0) = GPIO function is selected.
(0, 1) = ADC_CHO function is selected.
Others = Reserved.

[11] ALT[3]
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Bits Description

P5.2 Alternate Function Select Bit

Bits ALT[2] (SYS_P5_MFP[10]), and MFP[2] (SYS_P5_MFP[2]) determine the P5.2
function.

(0, 0) = GPIO function is selected.
(0, 1) = INT1 function is selected.
Others = Reserved.

[10] ALT[2]

P5.1 Alternate Function Select Bit

Bits ALT[1] (SYS_P5_MFP[9]), and MFP[1] (SYS_P5_MFP[1]) determine the P5.1
function.

(0, 0) = GPIO function is selected.
(0, 1) = XT1_OUT function is selected.
Others = Reserved.

Note: To enable external XTAL function, the CLK_PWRCTL bit [1:0] (XTLEN), external
HXT or LXT crystal oscillator control register must also be set.

[9] ALT[1]

P5.0 Alternate Function Select Bit
The pin function of P5.0 depends on MFP[0] and ALT[O].

Bits ALT[O] (SYS_P5_MFP[8]), and MFP[0] (SYS_P5_MFP[0]) determine the P5.0
function.

[8] ALTI[O] (0, 0) = GPIO function is selected.
(0, 1) = XT1_IN function is selected.
Others = Reserved.

Note: To enable external XTAL function, the CLK_PWRCTL bit [1:0] (XTLEN), external
HXT or LXT crystal oscillator control register must also be set.

P5 Multiple Function Select Bits
[7:0] MFP[7:0] The pin function of P5 depends on MFP and ALT.
Refer to ALT Description for details.
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PIN Selection Register (SYS EINTOSEL)

Register Offset R/W [Description Reset Value
SYS_EINTOSEL |SYS_BA+0x48 R/W  [PIN selection 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 SEL
Bits Description
[31:1] Reserved Reserved.
INTO pin selection
[0] SEL 0 = INTO source is P3.2.
1 =INTO source is P1.3.
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HIRC Trim Control Register (SYS IRCTCTL)

Register Offset R/W |Description Reset Value
EYS—IRCTCT SYS_BA+0x80 R/W  |HIRC 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
Reserved
7 6 5 4 3 2 1 0
Reserved LOOPSEL Reserved FREQSEL
Bits Description
[31:6] Reserved Reserved.

Trim Calculation Loop
This field defines trim value calculation based on the number of LXT clock.

For example, if LOOPSEL is set as “00”, auto trim circuit will calculate trim value based on
the average frequency difference in 4 LXT clocks.

This field also defines how many times the auto trim circuit will try to update the HIRC trim
value before the frequency of HIRC is locked.

Once the HIRC is locked, the internal trim value update counter will be reset.

If the trim value update counter reaches this limitation value and frequency of HIRC is still
[5:4] LOOPSEL not locked, the auto trim operation will be disabled and FREQSEL will be cleared to 0.

00 = Trim value calculation is based on average difference in 4 LXT clock and trim retry
count limitation is 64.

01 = Trim value calculation is based on average difference in 8 LXT clock and trim retry
count limitation is 128.

10 = Trim value calculation is based on average difference in 16 LXT clock and trim retry
count limitation is 256.

11 = Trim value calculation is based on average difference in 32 LXT clock and trim retry
count limitation is 512.

[3:1] Reserved Reserved.

Trim Frequency Select Bit
This bit is to enable the HIRC auto trim.

When setting this bit to 1, the HIRC auto trim function will trim HIRC to 22.1184 MHz / 48

MHz automatically based on the LXT reference clock.
[ FREQSEL . . I . , -
During auto trim operation, if LXT clock error is detected or trim retry limitation count

reached, this field will be cleared to 0 automatically.
0 = HIRC auto trim function Disabled.

1 = HIRC auto trim function Enabled and HIRC trimmed to 22.1184 MHz / 48 MHz.
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HIRC Trim Interrupt Enable Reqgister (SYS IRCTIEN)

Register Offset R/W [Description Reset Value
SYS_IRCTIEN |SYS_BA+0x84 R/W  [HIRC 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 CLKEIEN TFAILIEN Reserved
Bits Description
[31:3] Reserved Reserved.

LXT Clock Error Interrupt Enable Bit

This bit controls if CPU could get an interrupt while LXT clock is inaccurate during auto
trim operation.

[2] CLKEIEN If this bit is high, and CLKERRIF (SYS_IRCTISTS[2]) is set during auto trim operation, an
interrupt will be triggered to notify the LXT clock frequency is inaccurate.

0 = CLKERRIF (SYS_IRCTISTS[2]) status Disabled to trigger an interrupt to CPU.
1 = CLKERRIF (SYS_IRCTISTS[2]) status Enabled to trigger an interrupt to CPU.

Trim Failure Interrupt Enable Bit

This bit controls if an interrupt will be triggered while HIRC trim value update limitation
count is reached and HIRC frequency is still not locked on target frequency set by
FREQSEL (SYS_IRCTCTL[1:0]).

(1l TRAILIEN If this bit is high and TFAILIF (SYS_IRCTISTS[1]) is set during auto trim operation, an
interrupt will be triggered to notify that HIRC trim value update limitation count is reached.
0 = TFAILIF (SYS_IRCTISTS[1]) status Disabled to trigger an interrupt to CPU.
1 = TFAILIF (SYS_IRCTISTS[1]) status Enabled to trigger an interrupt to CPU.

[0] Reserved Reserved.
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HIRC Trim Interrupt Status Register (SYS IRCTISTS)

Register Offset R/W |Description Reset Value
gYS—IRCTIST SYS_BA+0x88 R/W |HIRC 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
Reserved CLKERRIF TFAILIF FREQLOCK
Bits Description
[31:3] Reserved Reserved.
LXT Clock Error Interrupt Status
This bit indicates that LXT clock frequency is inaccuracy. Once this bit is set, the auto trim
operation stopped and FREQSEL (SYS_IRCTCTL[0]) will be cleared to 0 by hardware
automatically.
2l CLKERRIF If this bit is set and CLKEIEN (SYS_IRCTIEN[2]) is high, an interrupt will be triggered to
notify the LXT clock frequency is inaccuracy. Software can write 1 to clear this bit to 0.
0 = LXT clock frequency is accuracy.
1 = LXT clock frequency is inaccuracy.
Trim Failure Interrupt Status
This bit indicates that HIRC trim value update limitation count reached and HIRC clock
frequency still doesn’t lock. Once this bit is set, the auto trim operation stopped and
FREQSEL (SYS_IRCTCTL[1:0]) will be cleared to 0 by hardware automatically.
[1] TFAILIF If this bit is set and TFAILIEN (SYS_IRCTIENI1]) is high, an interrupt will be triggered to
notify that HIRC trim value update limitation count was reached. Software can write 1 to
clear this bit to 0.
0 = Trim value update limitation count is not reached.
1 = Trim value update limitation count is reached and HIRC frequency is still not locked.
HIRC Frequency Lock Status
[0] FREQLOCK This bit indicates the HIRC frequency locked in 22.1184 MHz / 48MHz.
This is a read only status bit and doesn't trigger any interrupt.
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Register Write-Protection Control Reqgister (SYS REGLCTL)

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 programs 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 0x59, 0x16, 0x88 to the register SYS _REGLCTL 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 bit
0, 1 is protection disable, 0 is protection enable. Then user can update the target protected register
value and then write any data to the address 0x5000_0100 to enable the register protection.

Write this register to disable/enable register protection, and reading it to get the REGLCTL status.

Register Offset R/W [Description Reset Value
SYS_REGLCTL|SYS_BA+0x100 |R/W |Register Write-Protection 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
REGPROTDIS
Bits Description
[31:8] Reserved Reserved.
Register Write-Protection Code (Write Only)
Some registers have write-protection function. Writing these registers have to disable the
[7:0] REGPROTDIS protected function by writing the sequence value 0x59, 0x16, 0x88 to this field. After this
sequence is completed, the REGLCTL bit will be set to 1 and write-protection registers can
be normal write.
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Bits Description

Register Write-Protection Disable Index (Read Only)

0 = Write-protection Enabled for writing protected registers. Any write to the protected

register is ignored.

1 = Write-protection Disabled for writing protected registers.

Protected registers are listed below:
Registers Address Note
SYS_IPRSTO 0x5000_0008 Peripheral Reset Control Resister 0
SYS_BODCTL 0x5000_0018 Brown-out Detector Control Register
CLK_PWRCTL 0x5000_0200 Bit[6] is not protected for power wake-up

interrupt clear.
[0] REGWRPROT CLK_APBCLK bit[0] | 0x5000_0208 Bit[0] is watchdog clock enable.
CLK_CLKSELO 0x5000_0210 HCLK and CPU STCLK clock source
select.

CLK_CLKSEL1 0x5000_0214 Watchdog clock source select.
bit[1:0]
NMI_SEL bit[8] 0x5000_0380 NMI interrupt enable.
ISPCON 0x5000_C000 Flash ISP Control.
ISPTRG 0x5000_C010 ISP Trigger Control.
WTCR 0x4000_4000 Watchdog Timer Control.

Note: The bits which are write-protected will be noted as” (Write Protect)” beside the
description.

6.2.8 System Timer (SysTick)

The Cortex®-M0 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 zero, and reload (wrap) to the value in the SysTick Reload Value
Register (SYST_RVR) on the next clock edge, and then decrement on subsequent clocks. When
the counter transitions to zero, 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
zero before enabling the feature. This ensures the timer to count from the SYST_RVR value
rather than an arbitrary value when it is enabled.

If the SYST_RVR is zero, the timer will be maintained with a current value of zero 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®-M0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.
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6.2.8.1 System Timer Control Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

SCS Base Address:
SCS_BA = 0xE000_E000

SYST_CSR SCS_BA+0x10 R/W |SysTick Control and Status Register 0x0000_0000
SYST_RVR |SCS_BA+0x14 R/W  |SysTick Reload Value Register OX00XX_XXXX
SYST_CVR |SCS_BA+0x18 R/W  |SysTick Current Value Register OX00XX_XXXX
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6.2.8.2 System Timer Control Register
SysTick Control and Status Register (SYST CSR)

Register Offset R/W |Description Reset Value
SYST_CSR SCS_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 O since last time this register was read.

[16] COUNTFLAG ) -
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.
[15:3] Reserved Reserved.

System Tick Clock Source Select Bit
[2] CLKSRC 0 = Clock source is optional, refer to STCLKSEL.
1 = Core clock used for SysTick timer.

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.

1 TICKINT

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

Register Offset R/W [Description Reset Value
SYST_RVR SCS_BA+0x14 R/W  |SysTick Reload Value Register OX00XX_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 System Tick Beload Value .
Value to load into the Current Value register when the counter reaches 0.
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SysTick Current Value Register (SYST CVR)

Register Offset R/W [Description Reset Value
SYST_CVR SCS_BA+0x18 R/W  [SysTick Current Value Register OX00XX_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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6.2.9 Nested Vectored Interrupt Controller (NVIC)

6.2.9.1 Overview

The Cortex®-MO CPU 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.

6.2.9.2 Features

® Nested and Vectored interrupt support

®  Automatic processor state saving and restoration
®  Dynamic priority change
°

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,
RO~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”.

6.2.9.3 Exception Model and System Interrupt Map

The following table lists the exception model supported by NuMicro® NM1200/NM1100 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 the priority O is treated as the
fourth priority on the system, after three system exceptions “Reset”, “NMI” and “Hard Fault”.
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Exception Name Vector Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
SvcCall 11 Configurable
Reserved 12~13 Reserved
PendsVv 14 Configurable
SysTick 15 Configurable
Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable

Table 6.2-3 Exception Model

Exception Irzlt?zei:rll:]pltn’t\leurm?)?r Interrupt Name source Interrupt Description Power-down
Number Registers) Module Wake-up
1~15 - - - System exceptions -
16 0 BODOUT Brown-out [Brown-out low voltage detected interrupt Yes
17 1 WDT_INT WDT Watchdog Timer interrupt Yes
18 2 EINTO GPIO External signal interrupt from P3.2 pin Yes
19 3 EINT1 GPIO External signal interrupt from P5.2 pin Yes
20 4 GPO/1_INT GPIO gl?gﬁrpngloiigrial interrupt from GPIO Yes
21 5 GP2/3/4_INT GPIO gﬁgﬁ:)”g';igzaéizt:‘;:”g’égom GPIO Yes
22 6 PWM_INT PWM PWM interrupt No
23 7 BRAKE_INT PWM PWM Brake interrupt No
24 8 TMRO_INT TMRO Timer O interrupt Yes
25 9 TMRI1_INT TMR1 Timer 1 interrupt Yes
26 ~ 27 10~11 - - -

28 12 UARTO_INT UARTO UARTO interrupt Yes
29 13 UARTL_INT UART1 UARTL1 interrupt Yes
30 14 SPLINT SPI SPI interrupt No
31 15 - - -

32 16 GP5_INT GPIO gfgﬁgng'sséigz'g{‘fggpt from GPIO Yes
33 17 HIRC—I}RIM—IN HIRC HIRC trim interrupt No
34 18 12C_INT I’c I°C interrupt Yes
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Exception e gi? M 1DGG Source Power-down
Number (Bit In _Interrupt Interrupt Name Module Interrupt Description Wake-up
Registers)
35~40 19~24 - - -
a1 25 ACMP_INT ACMP _Analog Comparator 0 or Comparator 1 Yes
interrupt
42 ~ 43 26 ~ 27 - - -
24 o8 PWRWU_INT CLKC Clock controller interrupt for chip wake- Yes
up from Power-down state
45 29 ADC_INT ADC ADC interrupt No
46 ~ 47 30~31 - - -

Table 6.2-4 System Interrupt Map Vector Table

6.2.9.4 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
based 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 the
exception handler entry as illustrated in previous section.

Vector Table Word Offset (Bytes) Description

0x00 Initial Stack Pointer Value

Exception Number * 0x04 Exception Entry Pointer using that Exception Number

Table 6.2-5 Vector Table Format

6.2.9.5 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 be activated. 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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6.2.9.6 NVIC Control Register Map
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

NVIC_ISER SCS_BA+0x100 R/W |IRQO ~ IRQ31 Set-Enable Control Register 0x0000_0000
NVIC_ICER |SCS_BA+0x180 R/W |IRQO ~ IRQ31 Clear-Enable Control Register 0x0000_0000
NVIC_ISPR SCS_BA+0x200 R/W  [IRQO ~ IRQ31 Set-Pending Control Register 0x0000_0000
NVIC_ICPR |SCS_BA+0x280 R/W |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
NVIC_IPRO SCS_BA+0x400 R/W  |IRQO ~ IRQ3 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR1 SCS_BA+0x404 R/W  [IRQ4 ~ IRQ7 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR2 SCS_BA+0x408 |R/W [IRQ8 ~IRQ11 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR3 SCS_BA+0x40C [R/W [|IRQ12 ~ IRQ15 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR4 SCS_BA+0x410 R/W  |IRQ16 ~ IRQ19 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR5 SCS_BA+0x414 |R/W [|IRQ20 ~ IRQ23 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR6 SCS_BA+0x418 R/W  |IRQ24 ~ IRQ27 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR7 SCS_BA+0x41C |R/W [|IRQ28 ~ IRQ31 Interrupt Priority Control Register 0x0000_0000
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IRO0 ~ IRQ31 Set-Enable Control Reqgister (NVIC ISER)

Register Offset R/W [Description Reset Value
NVIC_ISER SCS_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 Bits
Enable one or more interrupts. Each bit represents an interrupt number from IRQO ~
IRQ31 (Vector number from 16 ~ 47).
Write Operation:
0 = No effect.
[31:0] SETENA 1 = Write 1 to enable associated interrupt.
Read Operation:
0 = Associated interrupt status Disabled.
1 = Associated interrupt status Enabled.
Note: Read value indicates the current enable status.
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IRO0 ~ IRQ31 Clear-Enable Control Register (NVIC ICER)

Register Offset R/W [Description Reset Value
NVIC_ICER |SCS_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. Each bit represents an interrupt number from IRQO ~
IRQ31 (Vector number from 16 ~ 47).
Write Operation:
0 = No effect.
[31:0] CLRENA 1 = Write 1 to disable associated interrupt.
Read Operation:
0 = Assaociated interrupt status is Disabled.
1 = Associated interrupt status is Enabled.
Note: Read value indicates the current enable status.
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IRO0 ~ IRQ31 Set-Pending Control Register (NVIC ISPR)

Register Offset R/W |Description Reset Value
NVIC_ISPR SCS_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 Bits
Write Operation:
0 = No effect.
1 = Write 1 to set pending state. Each bit represents an interrupt number from IRQO ~
[31:0] SETPEND IRQ31 (Vector number from 16 ~ 47).
Read Operation:
0 = Associated interrupt in not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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IRO0 ~ IRQ31 Clear-Pending Control Reqgister (NVIC ICPR)

Register Offset R/W |Description Reset Value
NVIC_ICPR |SCS_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 Bits
Write Operation:
0 = No effect.
1 = Write 1 to clear pending state. Each bit represents an interrupt number from IRQO ~
[31:0] CLRPEND IRQ31 (Vector number from 16 ~ 47).
Read Operation:
0 = Assaociated interrupt is not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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IRO0 ~ IRQ3 Interrupt Priority Register (NVIC IPRO)

Register Offset R/W [Description Reset Value
NVIC_IPRO SCS_BA+0x400 |R/W [IRQO ~ IRQ3 Interrupt 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 Q_ . .
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_ . .
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQO
[7:6] PRI_O y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO4 ~ IRQ7 Interrupt Priority Register (NVIC IPR1)

Register Offset R/W |Description Reset Value
NVIC_IPR1 SCS_BA+0x404 |R/W [|IRQ4 ~ IRQ7 Interrupt 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_ . .
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 o
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO8 ~ IRQ11 Interrupt Priority Register (NVIC IPR2)

Register Offset R/W |Description Reset Value
NVIC_IPR2 SCS_BA+0x408 R/W [IRQ8 ~ IRQ11 Interrupt 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 eriarity of IRQ_ll - .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
[23:22] PRI_10 Priority of IRQ_lO L I
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ9
[15:14] PRI 0 denost/es ththighest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ8
[7:61 PRIS 0 deno)t/es ththighest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO12 ~ IRQ15 Interrupt Priority Register (NVIC IPR3)

Register Offset R/W [Description Reset Value
NVIC_IPR3 SCS_BA+0x40C |R/W [|IRQ12 ~ IRQ15 Interrupt 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
Priority of IRQ15
[31:30] PRI_15 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ14
[23:22] PRI_14 . L L
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ13
[15:14] PRI_13 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ12
[7:6] PRI_12 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO16 ~ IRQ19 Interrupt Priority Reqgister (NVIC IPR4)

Register Offset R/W [Description Reset Value
NVIC_IPR4 SCS_BA+0x410 |R/W [IRQ16 ~ IRQ19 Interrupt 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
Priority of IRQ19
[31:30] PRI_19 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ18
[23:22] PRI_18 _ . -
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ17
[15:14] PRI_17 _ . -
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ16
[7:6] PRI_16 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO20 ~ IRQ23 Interrupt Priority Register (NVIC IPR5)

Register Offset R/W |Description Reset Value
NVIC_IPR5 SCS_BA+0x414 |R/W [|IRQ20 ~ IRQ23 Interrupt 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
Priority of IRQ23
[31:30] PRI_23 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ22
[23:22] PRI_22 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ21
[15:14] PRI_21 . L L
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ20
[7:6] PRI_20 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO24 ~ IRQ27 Interrupt Priority Reqgister (NVIC IPR6)

Register Offset R/W |Description Reset Value
NVIC_IPR6 SCS_BA+0x418 R/W [IRQ24 ~ IRQ27 Interrupt 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 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ26
[23:22] PRI_26 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ25
[15:14] PRI_25 _ 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 o
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO28 ~ IRQ31 Interrupt Priority Register (NVIC IPR7)

Register Offset R/W |Description Reset Value
NVIC_IPR7 SCS_BA+0x41C |R/W [IRQ28 ~ IRQ31 Interrupt 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 ) o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ29
[15:14] PRI_29 _ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ28
[7:6] PRI_28 Y Q_ - -
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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6.2.9.7 Interrupt Source Control Registers

Besides the interrupt control registers associated with the NVIC, the NuMicro® NM1200/NM1100
series also implements some specific control registers to facilitate the interrupt functions, including
“interrupt source identify”, "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 (GPO0/1) Interrupt Source Identity OXXXXX_XXXX
IRQ5_SRC INT_BA+0x14 R IRQ5 (GP2/3/4) Interrupt Source Identity OXXXXX_XXXX
IRQ6_SRC INT_BA+0x18 R IRQ6 (PWM) Interrupt Source Identity OXXXXX_XXXX
IRQ7_SRC INT_BA+0x1C R IRQ7 (BRAKE) 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 - Reserved OXXXXX_XXXX
IRQ11_SRC [INT_BA+0x2C - Reserved OXXXXX_XXXX
IRQ12_SRC |INT_BA+0x30 R IRQ12 (UARTO) 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 (SPI) Interrupt Source Identity OXXXXX_XXXX
IRQ15_SRC |[INT_BA+0x3C - Reserved OXXXXX_XXXX
IRQ16_SRC |INT_BA+0x40 R IRQ16 (GP5) Interrupt Source Identity OXXXXX_XXXX
IRQ17_SRC |INT_BA+0x44 R IRQ17 (HIRC trim) Interrupt Source ldentity OXXXXX_XXXX
IRQ18_SRC |INT_BA+0x48 R IRQ18 (I°C) Interrupt Source Identity OXXXXX_XXXX
IRQ19_SRC [INT_BA+0x4C - Reserved OXXXXX_XXXX
IRQ20_SRC |[INT_BA+0x50 - Reserved OXXXXX_XXXX
IRQ21_SRC |INT_BA+0x54 - Reserved OXXXXX_XXXX
IRQ22_SRC |INT_BA+0x58 . Reserved OXXXXX_ XXXX
IRQ23_SRC |INT_BA+0x5C - Reserved OXXXXX_XXXX
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Register Offset R/W  |Description Reset Value
INT Base Address:
INT_BA = 0x5000_0300
IRQ24_SRC |INT_BA+0x60 - Reserved OXXXXX_XXXX
IRQ25_SRC |INT_BA+0x64 R IRQ25 (ACMP) Interrupt Source Identity OXXXXX_XXXX
IRQ26_SRC |INT_BA+0x68 - Reserved OXXXXX_XXXX
IRQ27_SRC |[INT_BA+0x6C - Reserved 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 - Reserved OXXXXX_XXXX
IRQ31_SRC [INT_BA+0x7C - Reserved OXXXXX_XXXX
NMI_CON INT_BA+0x80 R/W  [NMI Source Interrupt Select Control Register 0x0000_0000
MCU_IRQ INT_BA+0x84 R/W  [MCU IRQ Number Identity Register 0x0000_0000
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IROQO0 (BOD) Interrupt Source Identity (IRQ0 SRC)

Register Offset R/W [Description Reset Value
IRQO_SRC INT_BA+0x00 R IRQO (BOD) 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 3 2 1 0
Reserved BOD_INT
Bits Description
[31:1] Reserved Reserved.
IRQO Source Identity
[0] BOD_INT 0 = IRQO source is not from BOD interrupt (BOD_INT).
1 = IRQO source is from BOD interrupt (BOD_INT).
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IRO1 (WDT) Interrupt Source Identity (IRQ1 SRC)

Register Offset R/W [Description Reset Value
IRQ1_SRC INT_BA+0x04 R IRQ1 (WDT) Interrupt Source ldentity 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 3 2 1 0
Reserved WDT_INT
Bits Description
[31:1] Reserved Reserved.
IRQ1 Source Identity
[0] WDT_INT 0 = IRQ1 source is not from watchdog interrupt (WDT _INT).
1 =IRQ1 source is from watchdog interrupt (WDT_INT).
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IROQ2 (EINTO) Interrupt Source Identity (IRQ2 SRC)

Register Offset R/W [Description Reset Value
IRQ2_SRC INT_BA+0x08 R IRQ2 (EINTO) 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 3 2 1 0
Reserved EINTO
Bits Description
[31:1] Reserved Reserved.
IRQ2 Source Identity
[0] EINTO 0 = IRQ2 source is not from external signal interrupt 0 from P3.2 / P1.3 (EINTO).
1 =IRQ2 source is from external signal interrupt O from P3.2 / P1.3 (EINTO).
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IRO3 (EINT1) Interrupt Source Identity (IRQO3 SRC)

Register Offset R/W [Description Reset Value
IRQ3_SRC INT_BA+0x0C R IRQ3 (EINT1) 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 3 2 1 0
Reserved EINT1
Bits Description
[31:1] Reserved Reserved.
IRQ3 Source Identity
[0] EINT1 0 = IRQ3 source is not from external signal interrupt 1 from P5.2 (EINT1).
1 = IRQ3 source is from external signal interrupt 1 from P5.2 (EINT1).
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IRO4 (GPA/B) Interrupt Source Identity (IRO4 SRC)

Register Offset R/W [Description Reset Value
IRQ4_SRC INT_BA+0x10 R IRQ4 (GPO0/1) 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 3 2 1 0
Reserved GPL1_INT GPO_INT
Bits Description
[31:2] Reserved Reserved.
IRQ4 Source Identity
[1] GPL1_INT 0 = IRQ4 source is not from GP1 interrupt (GP1_INT).
1 =IRQ4 source is from GP1 interrupt (GP1_INT).
IRQ4 Source Identity
[0] GPO_INT 0 = IRQ4 source is not from GPO interrupt (GPO_INT).
1 =IRQ4 source is from GPO interrupt (GPO_INT).
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IRO5 (GPC/D/F) Interrupt Source Identity (IRQO5 SRC)

Register Offset R/W |Description Reset Value
IRQ5_SRC INT_BA+0x14 R IRQ5 (GP2/3/4) 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 3 2 1 0
Reserved GP4_INT GP3_INT GP2_INT
Bits Description
[31:3] Reserved Reserved.
IRQ5 Source Identity
[2] GP4_INT 0 = IRQ5 source is not from GP4 interrupt (GP4_INT).
1 = IRQ5 source is from GP4 interrupt (GP4_INT).
IRQ5 Source Identity
[1] GP3_INT 0 = IRQ5 source is not from GP3 interrupt (GP3_INT).
1 = IRQ5 source is from GP3 interrupt (GP3_INT).
IRQ5 Source Identity
[0] GP2_INT 0 = IRQ5 source is not from GP2 interrupt (GP2_INT).
1 = IRQ5 source is from GP2 interrupt (GP2_INT).
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IRO6 (PWM) Interrupt Source Identity (IRO6 SRC)

Register Offset R/W [Description Reset Value
IRQ6_SRC INT_BA+0x18 R IRQ6 (PWM) 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 3 2 1 0
Reserved PWM_INT
Bits Description
[31:1] Reserved Reserved.
IRQ6 Source Identity
[0] PWM_INT 0 = IRQ6 source is not from PWM interrupt (PWM_INT).
1 = IRQ6 source is from PWM interrupt (PWM_INT).
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IRQ7 (BRAKE) Interrupt Source ldentity (IRQO7 SRC)

Register Offset R/W [Description Reset Value
IRQ7_SRC INT_BA+0x1C R IRQ7 (BRAKE) Interrupt Source ldentity 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 3 2 1 0
Reserved BRAKE_INT
Bits Description
[31:1] Reserved Reserved.
IRQ7 Source Identity
[0] BRAKE_INT 0 = IRQ7 source is not from Brake interrupt (BRAKE_INT).
1 = IRQ7 source is from Brake interrupt (BRAKE_INT).

Jun. 18, 2015 Page 90 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

IRO8 (TMRO) Interrupt Source Identity (IRO8 SRC)

Register Offset R/W [Description Reset Value
IRQ8_SRC INT_BA+0x20 R IRQ8 (TMRO) 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 3 2 1 0
Reserved TMRO_INT
Bits Description
[31:1] Reserved Reserved.
IRQ8 Source Identity
[0] TMRO_INT 0 = IRQ8 source is not from Timer0 interrupt (TMRO_INT).
1 = IRQ8 source is from Timer0 interrupt (TMRO_INT).
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IRQ9 (TMR1) Interrupt Source Identity (IRQ9 SRC)

Register Offset R/W [Description Reset Value
IRQ9_SRC INT_BA+0x24 R IRQ9 (TMR1) 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 3 2 1 0
Reserved TMRL_INT
Bits Description
[31:1] Reserved Reserved.
IRQ9 Source Identity
[0] TMRL_INT 0 = IRQ9 source is not from Timerl interrupt (TMR1_INT).
1 = IRQ9 source is from Timerl interrupt (TMR1_INT).
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IRO12 (UARTO) Interrupt Source Identity (IRQ12 SRC)

Register Offset R/W [Description Reset Value
IRQ12_SRC |INT_BA+0x30 R IRQ12 (UARTO) 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 3 2 1 0
Reserved UARTO_INT
Bits Description
[31:1] Reserved Reserved.
IRQ12 Source Identity
[0] UARTO_INT 0 = IRQ12 source is not from UARTO interrupt (UARTO_INT).
1 = IRQ12 source is from UARTO interrupt (UARTO_INT).
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IRO13 (UART1) Interrupt Source Identity (IRQ13 SRC)

Register Offset R/W [Description Reset Value
IRQ13_SRC |INT_BA+0x34 R IRQ13 (UARTL) 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 3 2 1 0
Reserved UARTL_INT
Bits Description
[31:1] Reserved Reserved.
IRQ13 Source ldentity
[0] UARTI1_INT 0 = IRQ13 source is not from UART1 interrupt (UART1_INT).
1 = IRQ13 source is from UART1 interrupt (UARTL_INT).
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IRQ14 (SPI) Interrupt Source Identity (IRQ14 SRC)

Register Offset R/W [Description Reset Value
IRQ14_SRC |INT_BA+0x38 R IRQ14 (SPI) 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 3 2 1 0
Reserved SPL_INT
Bits Description
[31:1] Reserved Reserved.
IRQ14 Source Identity
[0] SPI_INT 0 = IRQ14 source is not from SPI interrupt (SPI_INT).
1 = IRQ14 source is from SPI interrupt (SPI_INT).
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IRQ16 (GP5) Interrupt Source Identity (IRO16 SRC)

Register Offset R/W [Description Reset Value
IRQ16_SRC |INT_BA+0x40 R IRQ16 (GP5) 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 3 2 1 0
Reserved GP5_INT
Bits Description
[31:1] Reserved Reserved.
IRQ16 Source ldentity
[0] GP5_INT 0 = IRQ16 source is not from GP5 interrupt (GP5_INT).
1 =IRQ16 source is from GP5 interrupt (GP5_INT).
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IRO17 (HIRC trim) Interrupt Source Identity (IRQ17 SRC)

Register Offset R/W |Description Reset Value
IRQ17_SRC |INT_BA+0x44 R IRQ17 (HIRC trim) Interrupt Source ldentity 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 3 2 1 0

Reserved HIRC_NTI_RIM_I
Bits Description
[31:1] Reserved Reserved.
IRQ17 Source Identity
[0] HIRC_TRIM_INT |0 = IRQ17 source is not from HIRC trim interrupt (HIRC_TRIM_INT).
1 = IRQ17 source is from HIRC trim interrupt (HIRC_TRIM_INT).
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IRQ18 (I°C) Interrupt Source Identity (IRQ18 SRC)

Register Offset R/W [Description Reset Value
IRQ18_SRC |INT_BA+0x48 R IRQ18 (I°C) 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 3 2 1 0
Reserved 12C_INT
Bits Description
[31:1] Reserved Reserved.
IRQ18 Source Identity
[0] 12C_INT 0 = IRQ18 source is not from I°C interrupt (1I2C_INT).
1 = IRQ18 source is from 1°C interrupt (1I2C_INT).
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IRO25 (ACMP) Interrupt Source Identity (IRQO25 SRC)

Register Offset R/W [Description Reset Value
IRQ25_SRC |INT_BA+0x64 R IRQ25 (ACMP) 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 3 2 1 0
Reserved ACMP_INT
Bits Description
[31:1] Reserved Reserved.
IRQ25 Source ldentity
[0] ACMP_INT 0 = IRQ25 source is not from ACMP interrupt (ACMP_INT).
1 = IRQ25 source is from ACMP interrupt (ACMP_INT).
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IRO28 (PWRWU) Interrupt Source ldentity (IRQO28 SRC)

Register Offset R/W [Description Reset Value
IRQ28_SRC |INT_BA+0x70 R IRQ28 (PWRWU) Interrupt Source ldentity 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 3 2 1 0

Reserved PWRWU_INT
Bits Description
[31:1] Reserved Reserved.
IRQ28 Source ldentity
[0] PWRWU_INT 0 = IRQ28 source is not from PWRWU interrupt (PWRWU_INT).
1 = IRQ28 source is from PWREU interrupt (PWRWU_INT).
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IRO29 (ADCQC) Interrupt Source Identity (IRO29 SRC)

Register Offset R/W [Description Reset Value
IRQ29_SRC |INT_BA+0x74 R IRQ29 (ADC) Interrupt Source ldentity 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 3 2 1 0
Reserved ADC_INT
Bits Description
[31:1] Reserved Reserved.
IRQ29 Source ldentity
[0] ADC_INT 0 = IRQ29 source is not from ADC interrupt (ADC_INT).
1 = IRQ29 source is from ADC interrupt (ADC_INT).
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NMI Interrupt Source Select Control Register (NMI_SEL)

Register Offset R/W |Description Reset Value
NMI_CON 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_SEL_EN
7 6 5 4 3 2 1 0
Reserved Reserved NMI_SEL
Bits Description
[31:9] Reserved Reserved.
NMI Interrupt Enable Bit (Write Protected)
0 = NMI interrupt Disabled.
[8] NMI SEL EN 1 = NMl interrupt Enabled.
Note: This bit is the protected bit, and programming it needs to write 0x59, 0x16, and 0x88
to address 0x5000_0100 to disable register protection. Refer to the register
SYS_REGLCTL at address SYS_BA+0x100.
[71 Reserved Reserved.
[6:5] Reserved Reserved.
NMI Interrupt Source Select Bit
[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 IRQ Number Identity 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 Bits
The MCU_IRQ collects all the interrupts from the peripherals and generates the
synchronous interrupt to Cortex®-MO core. There are two modes to generate interrupt to
Cortex®-MO - the normal mode and test mode.
. The MCU_IRQ collects all interrupts from each peripheral and synchronizes them then
[31:0] MCU_IRQ interrupts the Cortex®-MO.
When the MCU_IRQIn] is 0, setting MCU_IRQ[n] to 1 will generate an interrupt to Cortex"-
MO NVIC[n].
When the MCU_IRQI[n] is 1 (mean an interrupt is assert), setting 1 to the MCU_bit[n] will
clear the interrupt and setting MCU_IRQ[n] O has no effect.
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6.2.10 System Control Registers (SCB)

The Cortex®-MO status and operating mode control are managed 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”.
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6.2.10.1 System Control Block Register Map
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

SCS_CPUID |SCS_BA+0xD00 [R CPUID Base Register 0x410C_C200
SCS_ICSR SCS_BA+0xD04 [R/W [Interrupt Control State Register 0x0000_0000
SCS_AIRCR |SCS_BA+0xDOC |R/W |Application Interrupt and Reset Control Register O0xFAO05_0000
SCS_SCR SCS_BA+0xD10 [R/W |System Control Register 0x0000_0000
SCS_SHPR2 |SCS_BA+0xD1C |R/W |System Handler Priority Register 2 0x0000_0000
SCS_SHPR3 |SCS_BA+0xD20 |R/W |System Handler Priority Register 3 0x0000_0000
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6.2.10.2 System Control Register
CPUID Base Register (SCS CPUID)

Register Offset R/W [Description Reset Value
SCS_CPUID |SCS_BA+0xD00 |R CPUID Base 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
Implementer Code
[31:24] IMPLEMENTER . ® ®
Implementer code assigned by ARM™. (ARM"™ = 0x41).
[23:20] Reserved Reserved.
Architecture of the Processor
[19:16] PART
Read as 0xC for ARMv6-M parts.
Part Number of the Processor
[15:4] PARTNO
Read as 0xC20.
Revision Number
[3:0] REVISION
Read as 0x0.
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Interrupt Control State Reqgister (SCS ICSR)

Register Offset R/W |Description Reset Value

SCS_ICSR SCS_BA+0xD04 |R/W [Interrupt Control 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 VECTACTIVE

7 6 S| 4 3 2 1 0

VECTACTIVE

Bits Description

NMI Set-Pending Bit

Write Operation:

0 = No effect.

1 = Changes NMI exception state to pending.

Read Operation:

[31] NMIPENDSET e .
0 = NMI exception is not pending.

1 = NMI exception is 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 Operation:

0 = No effect.

1 = Changes PendSV exception state to pending.
[28] PENDSVSET ]

Read Operation:

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.

PendSV Clear-Pending Bit

Write Operation:

0 = No effect.

1 = Removes the pending state from the PendSV exception.

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

[27] PENDSVCLR
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Bits Description

SysTick Exception Set-Pending Bit

Write Operation:

0 = No effect.

[26] PENDSTSET 1 = Changes SysTick exception state to pending.
Read Operation:

0 = SysTick exception is not pending.

1 = SysTick exception is pending.

SysTick Exception Clear-Pending Bit

Write Operation:

0 = No effect.

1 = Removes the pending state from the SysTick exception.

[25] PENDSTCLR

Note: This bit is write-only. 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.

Interrupt Preemption Bit
[23] ISRPREEMPT If set, a pending exception will be serviced on exit from the debug halt state.
Note: 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] Reserved Reserved.

Exception Number of the Highest Priority Pending Enabled Exception
0 = No pending exceptions.

[20:12] VECTPENDING ] ) o ) )
Non-zero = Exception number of the highest priority pending enabled exception.

Note: These bits are read only.

[11:9] Reserved Reserved.

Contains the Active Exception Number
0 = Thread mode.

[8:0] VECTACTIVE ) ) )
Non-zero = Exception number of the currently active exception.

Note: These bits are read only.
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Application Interrupt and Reset Control Register (SCS AIRCR)

Register Offset R/W |Description Reset Value
SCS_AIRCR |SCS_BA+0xDOC |R/W |Application Interrupt and Reset Control Register 0xFA05_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
Register Access Key
Write Operation:
When writing to this register, the VECTORKEY field need to be set to 0x05FA, otherwise
[31:16] VECTORKEY the write operation would be ignored. The VECTORKEY filed is used to prevent accidental
write to this register from resetting the system or clearing of the exception status.
Read Operation:
Read as OxFAO5.
[15:3] Reserved Reserved.
System Reset Request
2] SYSRESETREQ Writing this bit 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
(1] VECTCLRACTIVE |Reserved for debug use. When writing to the register, user must write 0 to this bit,
otherwise behavior is unpredictable.
[0] Reserved Reserved.
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System Control Register (SCS SCR)

Register Offset R/W |Description Reset Value
SCS_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 SLEEPTONEXI 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
next WFE.

The processor also wakes up on execution of an SEV instruction or an external event.

[3] Reserved Reserved.

Processor Deep Sleep And Sleep Mode Selection

Controls whether the processor uses sleep or deep sleep as its low power mode:
[2] SLEEPDEEP

0 = Sleep mode.

1 = Deep Sleep mode.

Sleep-On-Exit Enable

This bit indicates sleep-on-exit when returning from Handler mode to Thread mode:
[1] SLEEPONEXIT 0 = Do not sleep when returning to Thread mode.

1 = Enter Sleep, or Deep Sleep, on return from 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 Register 2 (SCS SHPR2)

Register Offset R/W [Description Reset Value
SCS_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 Sys.tem Han-dlt-ar 11 -SsvcCall N
0 denotes the highest priority and 3 denotes the lowest priority.
[29:0] Reserved Reserved.

Jun. 18, 2015 Page 111 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

System Handler Priority Register 3 (SCS SHPR3)

Register Offset R/W [Description Reset Value
SCS_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 Syst.em Hanfjl(?r 15 — SysTick N
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
[23:22] PRI 14 Priority of Syst.em Han.dlt?r 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 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 PDEN
(CLK_PWRCTL[7]) bit is set to 1. After that, chip enters Power-down mode and waits for wake-up
interrupt source triggered to exit Power-down mode. In Power-down mode, the clock controller
turns off the 4~24 MHz external high speed crystal (HXT) and 48 MHz internal high speed RC
oscillator (HIRC) to reduce the overall system power consumption. The following figures show the
clock generator and the overview of the clock source control.

The clock generator consists of 3 sources as listed below:

®  4~24 MHz external high speed crystal oscillator (HXT) or 32.768 kHz (LXT) external
low speed crystal oscillator

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

XTLEN (CLK_PWRCTL[1:0])

v

XT1_IN | 4724 MHz HXT HXT or LXT
or >
XT1_OUT | 32.768 kHz LXT
HIRCEN (CLK_PWRCTL[2])

48 MHz HIRC
HIRC >

LIRCEN (CLK_PWRCTLJ[3])

10 kHz LIRC
LIRC -

Legend:

HXT =4724 MHz external high speed crystal oscillator
LXT =32.768 kHz external low speed crystal oscillator
HIRC =48 MHz internal high speed RC oscillator

LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-1 Clock Generator Block Diagram
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48 MHz __HRC o a1
10 kHz
e
4-24 011
e S 010 1/(HCLKDIV+1)
Hz 001
4~24 MHz or
Smea MHZOL y,
Co 32.768KHz 000
CLKSELO[2:0] —— HIRC ] 111
External tri
xternal trigger 011
HCLK »( TMR1 )
4>
10k 010 »( TMRO )
z 001
4~24 MHz or
32.768KHz 000 HIRC
CLKSEL1[14:12]
CLKSEL1[10:8]
CPUCLK
HIRC —— 1
W2} 1t
HCLK » 0
— 12 011 4/‘/
4-24 MH SYST_CSR[2]
AT VHZOL p[9/5 1 pel 010
32.768kHz
Reserved p| 001 HCLK
424MHz or o} g5 HCLK »( PWMCH45
32.768kHz »( PWMCH23)
HCLK
CLKSELO[5:3] —— »(PWMCHO1)
10 kHz
11
HCLK
1/2048 10 WDT
4~24 MHz or » 00
32.768kHz J/
CLKSEL1[1:0]
HCLK
HIRC 1
—FF 10,11 4~24 MHz or > 0 > SPI )
Reserved 32.768kHz
———————p 01 |
4-24MHz or | o CLKSEL1[4]
32.768kHz
» 1/(UARTODIV+1) UART 0
CLKSEL1[27:26]
CLKSEL1[25:24] > 1/(UART1DIV+1)
HIRC
— 11
HOLK ) 10 H » 1/(ADC_DIV+1) ADC
Reserved HIRC 10 kHz
———» 01 » 11 — — <~ »( BOD
4~24 MHz or HCLK
32.768kHz 00 —» 10 »( FREQDIV)
Reserved L
CLKSEL1[3:2] — ————————p 01
4~24MHzor | o Note: Before clock switching, both the pre-
32.768kHz selected and newly selected clock sources
CLKSEL2[3:2] must be turned on and stable.

Figure 6.3-2 Clock Generator Global View Diagram
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6.3.2 Auto-trim

This chip supports auto-trim function: the HIRC trim (22.1184 MHz internal RC oscillator),
according to the accurate LXT (32.768 kHz crystal oscillator), automatically gets accurate HIRC
output frequency, 1 % 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 22.1184 MHz HXT as the
system clock source, they need to solder 32.768 kHz crystal in system, and set FREQSEL
(SYS_IRCTCTL][Q] trim frequency selection) to “1”, and the auto-trim function will be enabled.
Interrupt status bit FREQLOCK (SYS_IRCTISTS[0] HIRC frequency lock status) high indicates
the HIRC output frequency is accurate within 1% 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”.

6.3.3 System Clock and SysTick Clock

The system clock has 4 clock sources which were generated from clock generator block. The
clock source switch depends on the register HCLKSEL (CLK_CLKSELO[2:0]). The block diagram
is shown in Figure 6.3-3.

\r HCLKSEL (CLK_CLKSELO[2:0])

111

HIRC

10 kHz LIRC

011
CPUCLK -CPU

Reserved
e »
010 HCLK
L/(HCLK_N+1) > AHB |
Reserved 001
— > .
4~24 MHz HXT or - HCLKDIV (CLK_CLKDIV[3:0])

PCLK -APB
32.768 kHz LXT

———————» 000

CPU in Power Down Mode

Legend:

HXT = 4~24 MHz external high speed crystal oscillator
HIRC =22.1184 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

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

Figure 6.3-3 System Clock Block Diagram
The source of PCLK is equal to HCLK in system clock architecture.

The clock source of SysTick in Cortex®-MO core can use CPU clock or external clock
CLKSRC(SYST_CSR[2)]). If using external clock, the SysTick clock (STCLK) has 4 clock sources.
The clock source switch depends on the setting of the register STCLKSEL (CLK_CLKSELO[5:3]).
The block diagram is shown in Figure 6.3-4.
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— STCLKSEL (CLK_CLKSELOQ[5:3])

~y
HIRC 1/2 111
HCLK 172 011 CPUCLK 13
4~24 MHz HXT or STCLK
68 kHz LX 1/2 010 ,jo/
Reserved -
A4 Mz HXT o » 001 SYST_CSR[2]
32.768 kHz LXT » 000
. o Legend:
Note: Before clock switching, both the pre- HXT =4~24 MHz external high speed crystal oscillator

selected and newly selected clock sources HIRC = 48 MHz internal high speed RC oscillator
must be turned on and stable. LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-4 SysTick Clock Control Block Diagram
6.3.4 Peripherals Clock Source Selection

The peripheral clock has different clock source switch settings depending on different peripherals.
Please refer to the CLK_CLKSEL1 and CLK_APBCLK register description in section 6.3.8.
Please to note that, while switching clock source from one to another, user must wait until both
clock sources are running stabled.

;l:::KEN (CLK_APBCLKI0)) ”
wx_:
TMR1CKEN (CLK_APBCLK]3])| ~ }

CLKOCKEN (CLK_APBCLK(6]) ”
I2COCKEN (CLK_APBCLK([8])
SPIEN (CLK_APBCLK[12]) :>—>

UARTOCKEN (CLK_APBCLK(16])

UART1CKEN (CLK_APBCLK(17]) - }
PWMCHO1CKEN (CLK_APBCLK(20]) }
PWMCH23CKEN (CLK_APBCLK(21]) - }
PWMCH45CKEN (CLK_APBCLK(22]) - }

ADCCKEN (CLK_APBCLK(28)) }

ACMPCKEN (CLK_APBCLK[30]) }

Figure 6.3-5 Peripherals Bus Clock Source Selection for PCLK
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Peripheral Clok Ext. CLK (HXT Or HIRC LIRC HCLK
Selectable LXT)

WDT Yes Yes No Yes Yes
TimerO Yes Yes Yes Yes Yes
Timerl Yes Yes Yes Yes Yes

I’c No - - - -

SPI Yes Yes No No Yes
UARTO Yes Yes Yes No No
UART1 Yes Yes Yes No No
PWM No - - - -

ADC Yes Yes Yes No Yes
ACMP No - - - -

Table 6.3-1 Peripheral Clock Source Selection Table

Note: For the peripherals those peripheral clock are not selectable, its clock source is fixed to PCLK.

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 peripheral clocks are still active in Power-down
mode.

The clocks still kept active are listed below:
® Clock Generator
® 10 kHz internal low speed oscillator (LIRC) clock

® 32.768 kHz external low speed crystal oscillator (LXT) clock (If PDLXT =1 and
XTLEN[1:0] =10)

®  Peripherals Clock (When 10 kHz low speed oscillator is adopted as clock source)
B Watchdog Clock
B Timer 0/1 Clock

6.3.6 Frequency Divider Output

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

The output formula is Fyy; = Fin/Z(N”), where Fy, is the input clock frequency, Fo is the clock
divider output frequency and N is the 4-bit value in FREQSEL (CLK_CLKOCTL[3:0]).
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When writing 1 to CLKOEN (CLK_CLKOCTL[4]), the chained counter starts to count. When
writing 0 to CLKOEN (CLK_CLKOCTL[4]), the chained counter continuously runs till divided clock
reaches low state and stay in low state.

If DIVIEN (CLK_CLKOCTLI[5]) set to 1, the frequency divider clock (FRQDIV_CLK) will bypass
power-of-2 frequency divider. The frequency divider clock will be output to CLKO pin directly.

FREQSEL (CLK_CLKSEL2[3:2])

~—y CLKOCKEN (CLK_APBCLKI6])
HIRC

»

\ 4

HCLK \
» 10 CLKO_CLK

LIRC

4~24 MHz HXT or .
32.768 kHz LXT Legend: _ _
» 00 HXT =4~24 MHz external high speed crystal oscillator

LXT =32.768 kHz external low speed crystal oscillator
HIRC =48 MHz internal high speed RC oscillator

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

Figure 6.3-6 Clock Source of Frequency Divider

CLKOEN
(CLK_CLKOCTL[4])
Enable
divide-by-2 counter 16 chained FREQSEL
divide-by-2 counter (CLK_CLKOCTL[3:0])
CLKO_CLK
= 2 | v | w2 | o | w2 | 12t l DIVIEN
‘ ‘ i (CLK_CLKOCTL[5])
1
\ 10001,
L . 45| 16t01
:11:10' MUX CLKO
|1111;

Y

Figure 6.3-7 Block Diagram of Frequency Divider
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6.3.7 Register Map

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

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

CLK_BA = 0x5000_0200

CLK_PWRCTL |CLK_BA+0x00 |R/W [System Power-down Control Register 0x0000_001C
CLK_AHBCLK |CLK_BA+0x04 |R/W |AHB Devices Clock Enable Control Register 0x0000_0005
CLK_APBCLK |CLK_BA+0x08 |R/W |APB Devices Clock Enable Control Register 0x0000_0001
CLK_STATUS |CLK_BA+0x0C [R/W |[Clock Status Monitor Register 0x0000_0018

CLK_CLKSELO

CLK_BA+0x10

RIW

Clock Source Select Control Register 0

0x0000_003F

CLK_CLKSEL1

CLK_BA+0x14

RIW

Clock Source Select Control Register 1

OXAFFF_FFFF

CLK_CLKDIV

CLK_BA+0x18

RIW

Clock Divider Number Register

0x0000_0000

CLK_CLKSEL2

CLK_BA+0x1C

RIW

Clock Source Select Control Register 2

0x0000_00EF

CLK_CLKOCTL

CLK_BA+0x24

RIW

Frequency Divider Control Register

0x0000_0000
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6.3.8 Register Description

Power-down Control Reqgister (CLK PWRCTL)

Except the BIT[6], all the other bits are protected, and programming these bits need to write 0x59,
0x16, 0x88 to address 0x5000_0100 to disable register protection. Refer to the SYS_REGLCTL
register at address SYS_BA + 0x100.

Register Offset R/W |Description Reset Value
ELK—PWRCT CLK_BA+0x00 R/W  [System Power-down Control Register 0x0000_001C
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 HXTGAIN PDLXT Reserved
7 6 5 4 3 2 1 0
PDEN PDWKIF PDWKIEN PDWKDLY LIRCEN HIRCEN XTLEN
Bits Description
[31:16] Reserved Reserved.
[15:12] Reserved Reserved.
HXT Gain Selection
00 = Full gain for the frequency up to 24MHz.
[11:10] HXTGAIN 01 = 3/4 gain for the frequency up to 16MHz.
10 = 1/2 gain for the frequency up to 12MHz.
11 = 1/4 gain for the frequency up to 4MHz.
Enable LXT In Power-down Mode
This bit controls the crystal oscillator active or not in Power-down mode.
[9] PDLXT
0 = No effect to Power-down mode.
1 = If XTLEN[1:0] = 10, LXT is still active in Power-down mode.
[8] Reserved Reserved.
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Bits Description

System Power-down Enable Bit (Write Protect)

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.

In Power-down mode, 4~24 MHz external high speed crystal oscillator (HXT), 32.768 kHz
external low speed crystal oscillator (LXT), and the 22.1184 MHz internal high speed
oscillator (HIRC) will be disabled in this mode, and 10 kHz internal low speed RC oscillator
(7] PDEN (LIRC) 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 10 kHz internal 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.

Power-down Mode Wake-up Interrupt Status

Set by “Power-down wake-up event”, which indicates that resume from Power-down
mode”

[6] PDWKIF _ _ i
The flag is set if the GPIO, UART, WDT, ACMP, Timer or BOD wake-up occurred.
Note: This bit works only if PDWKIEN (CLK_PWRCTL[5]) set to 1. Write 1 to clear the bit
to 0.
Power-down Mode Wake-up Interrupt Enable Bit (Write Protect)
0 = Power-down mode wake-up interrupt Disabled.
[5] PDWKIEN _
1 = Power-down mode wake-up interrupt Enabled.
Note: The interrupt will occur when both PDWKIF and PDWKIEN are high.
Wake-up Delay Counter Enable Bit (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 4~24 MHz external high
[4] PDWKDLY speed crystal (HXT), 4096 clock cycles for 32.768 kHz external low speed crystal (LXT),
and 16 clock cycles when chip works at 22.1184 MHz internal high speed RC oscillator
(HIRC).

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

LIRC Enable Bit (Write Protect)
[3] LIRCEN 0 = 10 kHz internal low speed RC oscillator (LIRC) Disabled.
1 =10 kHz internal low speed RC oscillator (LIRC) Enabled.

HIRC Enable Bit (Write Protect)

0 =22.1184 MHz internal high speed RC oscillator (HIRC) Disabled.
1 =22.1184 MHz internal high speed RC oscillator (HIRC) Enabled.
Note: The default of HIRCEN bit is 1.

2] HIRCEN

External HXT Or LXT Crystal Oscillator Enable Bit (Write Protect)

The default clock source is from HIRC. These two bits are default set to “00” and the
XT1_IN and XT1_OUT pins are GPIO.

00 = XT1_IN and XT1_OUT are GPIO, disable both LXT & HXT (default).
[1:0] XTLEN 01 = HXT Enabled.

10 = LXT Enabled.

11 = XT1_IN is external clock input pin, XT1_OUT is GPIO.

Note: To enable external XTAL function, ALT[1:0] and MFP[1:0] bits must also be set in
SYS_P5_MFP.
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Register Or SLEEPDEEP PDEN
Instruction e Run'WFI Clock Disable
(SCR[2]) (CLK_PWRCTL[7]) Instruction
Mode -
Normal operation 0 0 NO All clocks disabled by control register
Idle mode 0 0 YES Only CPU clock disabled
(CPU entering Sleep
mode)
Power-down mode 1 1 YES Most clocks are disabled except 10
. kHz and only WDT peripheral clock
(s?:elé ‘f:ézgr)‘g Deep still enable if its peripheral clock
source is selected as 10 kHz.

Table 6.3-2 Power-down Mode Control

When chip enters Power-down mode, user can wake-up this chip using some interrupt sources.
The related interrupt sources and NVIC IRQ enable bits (NVIC_ISER) should be enabled before
setting PDEN bit in CLK_PWRCTL[7] to ensure chip can enter Power-down and wake-up
successfully.
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AHB Devices Clock Enable Control Register (CLK AHBCLK)
The bits in this register are used to enable/disable clock for system clock.

Register Offset R/W |Description Reset Value
ELK—AHBCL CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_0005
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 HDIVEN Reserved ISPCKEN Reserved
Bits Description
[31:5] Reserved Reserved.
Divider Clock Enable Control
[4] HDIVEN 1 = Divider clock Enabled
0 = Divider clock Disabled
[3] Reserved Reserved.
Flash ISP Controller Clock Enable Bit
[2] ISPCKEN 0 = Flash ISP peripheral clock Disabled.
1 = Flash ISP peripheral clock Enabled.
[1:0] Reserved Reserved.
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APB Devices Clock Enable Control Register (CLK APBCLK)

The bits in this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
ELK—APBCL CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved ACMPCKEN Reserved ADCCKEN Reserved
23 22 21 20 19 18 17 16
Reserved PWMCHA5CK | PWMCH23CK | PWMCHO1CK Reserved UART1CKEN | UARTOCKEN
EN EN EN
15 14 13 12 11 10 9 8
Reserved SPICKEN Reserved I2CCKEN
7 6 5 4 3 2 1 0
Reserved CLKOCKEN Reserved TMR1CKEN | TMROCKEN Reserved WDTCKEN
Bits Description
[31] Reserved Reserved.
Analog Comparator Clock Enable Bit
[30] ACMPCKEN 0 = Analog Comparator clock Disabled.
1 = Analog Comparator clock Enabled.
[29] Reserved Reserved.
Analog-Digital-Converter (ADC) Clock Enable Bit
[28] ADCCKEN 0 = ADC peripheral clock Disabled.
1 = ADC peripheral clock Enabled.
[27:23] Reserved Reserved.
PWM_45 Clock Enable Bit
[22] PWMCH45CKEN [0 = PWM45 clock Disabled.
1 = PWM45 clock Enabled.
PWM_23 Clock Enable Bit
[21] PWMCH23CKEN [0 = PWM23 clock Disabled.
1 = PWM23 clock Enabled.
PWM_01 Clock Enable Bit
[20] PWMCHO1CKEN |0 = PWMO1 clock Disabled.
1 = PWMO1 clock Enabled.
[19:18] Reserved Reserved.
UART1 Clock Enable Bit
[17] UART1CKEN 0 = UART1 clock Disabled.
1 = UART1 clock Enabled.
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Bits Description

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

[15:13] Reserved Reserved.

SPI Clock Enable Bit
[12] SPICKEN 0 = SPI peripheral clock Disabled.
1 = SPI peripheral clock Enabled.

[11:9] Reserved Reserved.

I°’C Clock Enable Bit
[8] I2CCKEN 0 = I°C clock Disabled.
1 = I°C clock Enabled.

[7] Reserved Reserved.

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

[5:4] Reserved Reserved.

Timerl Clock Enable Bit
[3] TMR1CKEN 0 = Timer1 clock Disabled.
1 = Timerl clock Enabled.

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

[1] Reserved Reserved.

Watchdog Timer Clock Enable Bit (Write Protect)
0 = Watchdog Timer clock Disabled.
[0] WDTCKEN 1 = Watchdog Timer clock Enabled.

Note: This bit is the protected bit, and programming it needs to write 0x59, 0x16, and 0x88
to address 0x5000_0100 to disable register protection. Refer to the register
SYS_REGLCTL at address SYS_BA + 0x100.
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Clock Status Register (CLK STATUS)
These register bits are used to monitor if the chip clock source is stable or not, and if the clock switch

is failed.
Register Offset R/W [Description Reset Value
CLK_STATUS |CLK_BA+0x0C R/W [Clock Status Monitor Register 0x0000_0018
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
CLKSFAIL Reserved HIRCSTB LIRCSTB Reserved XTLSTB
Bits Description
[31:8] Reserved Reserved.
Clock Switch Fail Flag (Read Only)
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.
7] CLKSFAIL 0 = Clock switching success.
1 = Clock switching failure.
Note: This bit is read only. After selected clock source is stable, hardware will switch
system clock to selected clock automatically, and CLKSFAIL will be cleared automatically
by hardware.
[6:5] Reserved Reserved.
HIRC Clock Source Stable Flag (Read Only)
[4] HIRCSTB 0 = HIRC clock is not stable or disabled.
1 = HIRC clock is stable and enabled.
LIRC Clock Source Stable Flag (Read Only)
[3] LIRCSTB 0 = LIRC clock is not stable or disabled.
1 = LIRC clock is stable and enabled.
[2:1] Reserved Reserved.
HXT Or LXT Clock Source Stable Flag
[0] XTLSTB 0 = HXT or LXT clock is not stable or disabled.
1 = HXT or LXT clock is stable and enabled.
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Clock Source Select Control Register 0 (CLK CLKSELO)

Register Offset R/W |Description Reset Value
gLK—CLKSEL CLK_BA+0x10 R/W  |Clock Source Select Control Register 0 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 STCLKSEL HCLKSEL
Bits Description
[31:6] Reserved Reserved.

Cortex®-M0 SysTick Clock Source Selection (Write Protect)

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

If CLKSRC (SYST_CSR[2]) = 0, SysTick clock source is defined by below settings.
000 = Clock source is from HXT or LXT.

001 = Reserved.

010 = Clock source is from HXT/2 or LXT/2.

011 = Clock source is from HCLK/2.

111 = Clock source is from HIRC/2.

Others = Reserved.

[5:3] STCLKSEL

Notel: These bits are protected bit, and programming them needs to write 0x59, 0x16,
and 0x88 to address 0x5000_0100 to disable register protection. Refer to the register
SYS_REGLCTL at address SYS_BA + 0x100.

Note2: If the SysTick clock source is not from HCLK (i.e. CLKSRC(SYST_CSR][2]) = 0),
SysTick clock source must less than or equal to HCLK/2.

Note3: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.

HCLK Clock Source Selection (Write Protect)
000 = Clock source is from HXT or LXT.

001 = Reserved.

010 = Reserved.

011 = Clock source is from LIRC.

111 = Clock source is from HIRC.

[2:0] HCLKSEL
Others = Reserved.

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

Note2: These bits are protected bit, and programming them needs to write 0x59, 0x16,
and 0x88 to address 0x5000_0100 to disable register protection. Refer to the register
SYS_REGLCTL at address SYS_BA + 0x100.

Note3: To set CLK_PWRCTL[1:0] to select HXT or LXT crystal clock.
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Clock Source Select Control Register 1 (CLK CLKSEL1)
Before clock switching, the related clock sources (pre-select and new-select) must be turned on.

Register Offset R/W |Description Reset Value

CLK_CLKSEL

1 CLK_BA+0x14 R/W |Clock Source Select Control Register 1 OXAFFF_FFFF

31 30 29 28 27 26 25 24

Reserved UARTI1SEL UARTOSEL

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8

Reserved TMR1SEL Reserved TMROSEL

7 6 5 4 S 2 1 0

Reserved SPISEL ADCSEL WDTSEL

Bits Description

[31:28] Reserved Reserved.

UART Clock Source Selection

00 = Clock source is from HXT or LXT.
01 = Reserved.

[27:26] UART1SEL )
10 = Clock source is from HIRC.
11 = Reserved.

Note: To set CLK_PWRCTLJ[1:0], select HXT or LXT crystal clock.

UART Clock Source Selection

00 = Clock source is from HXT or LXT.

01 = Reserved.

10 = Clock source is from HIRC.

11 = Clock source is from HIRC.

Note: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.

[25:24] UARTOSEL

[23:15] Reserved Reserved.

TIMERL1 Clock Source Selection

000 = Clock source is from HXT or LXT.

001 = Clock source is from LIRC.

010 = Clock source is from HCLK.

011 = Clock source is from external trigger.

111 = Clock source is from HIRC.

Others = Reserved.

Note: To set CLK_PWRCTL][1:0], select HXT or LXT crystal clock.

[14:12] TMR1SEL

[11] Reserved Reserved.
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Bits Description

TIMERO Clock Source Selection

000 = Clock source is from HXT or LXT.

001 = Clock source is from LIRC.

010 = Clock source is from HCLK.

011 = Clock source is from external trigger.

111 = Clock source is from HIRC.

Others = Reserved.

Note: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.

[10:8] TMROSEL

[7:5] Reserved Reserved.

SPI Clock Source Selection

0 = Clock source is from HXT or LXT.

1 = Clock source is from HCLK.

Note: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.

[4] SPISEL

ADC Peripheral Clock Source Selection

00 = Clock source is from HXT or LXT.

01 = Reserved.

10 = Clock source is from HCLK.

11 = Clock source is from HIRC.

Note: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.

[3:2] ADCSEL

WDT CLK Clock Source Selection (Write Protect)
00 = Clock source is from HXT or LXT.

01 = Reserved.”

10 = Clock source is from HCLK/2048 clock.

[1:0] WDTSEL 11 = Clock source is from LIRC.

Notel: These bits are the protected bit, and programming them needs to write 0x59, 0x16,
and 0x88 to address 0x5000_0100 to disable register protection. Refer to the register
SYS_REGLCTL at address SYS_BA + 0x100.

Note2: To set CLK_PWRCTL[1:0], select HXT or LXT crystal clock.
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Clock Divider Register (CLK CLKDIV)

Register Offset R/W |Description Reset Value
CLK_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
ADCDIV
15 14 13 12 11 10 9 8
UART1DIV UARTODIV
7 6 5 4 3 2 1 0
Reserved HCLKDIV
Bits Description
[31:24] Reserved Reserved.
ADC Peripheral Clock Divide Number From ADC Peripheral Clock Source
[23:16] ADCDIV ADC peripheral clock frequency = (ADC peripheral clock source frequency) / (ADCDIV +
1).
UART Clock Divide Number From UART Clock Source
[15:12] UARTIDIV
UART clock frequency = (UART clock source frequency) / (UARTDIV + 1).
UART Clock Divide Number From UART Clock Source
[11:8] UARTODIV
UART clock frequency = (UART clock source frequency) / (UARTDIV + 1).
[7:4] Reserved Reserved.
HCLK Clock Divide Number From HCLK Clock Source
[3:0] HCLKDIV
HCLK clock frequency = (HCLK clock source frequency) / (HCLKDIV + 1).
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Clock Source Select Control Register (CLK 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
(Z:LK—CLKSEL CLK_BA+0x1C R/W |Clock Source Select Control Register 2 0x0000_O0O0EF
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 FDIVSEL Reserved
Bits Description
[31:4] Reserved Reserved.
Clock Divider Clock Source Selection
00 = Clock source is from HXT or LXT.
01 = Reserved.
[3:2] FDIVSEL _
10 = Clock source is from HCLK.
11 = Clock source is from HIRC.
Note: To set CLK_PWRCTL][1:0], select HXT or LXT crystal clock.
[1:0] Reserved Reserved.
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Frequency Divider Control Register (CLK CLKOCTL)

Register Offset R/W |Description Reset Value
‘I(;II__ K_CLKOC 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 DIV1EN CLKOEN FSEL
Bits Description
[31:6] Reserved Reserved.

Frequency Divider One Enable Bit
[5] DIV1EN 0 = Divider output frequency is depended on FREQSEL value.
1 = Divider output frequency is the same as input clock frequency.

Frequency Divider Enable Bit
[4] CLKOEN 0 = Frequency Divider Disabled.
1 = Frequency Divider Enabled.

Divider Output Frequency Selection
The formula of output frequency is
Fout = Fm/Z(Nﬂ)

[3:0] FSEL _ _
Fin is the input clock frequency.

Fout is the frequency of divider output clock.

N is the 4-bit value of FREQSEL(CLK_CLKOCTL][3:0]).
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6.4 Flash Memory Controller (FMC)
6.4.1 Overview

The NuMicro® NM1200/NM1100 series is equipped with 17.5 Kbytes on-chip embedded flash for
application and Data Flash to store some application dependent data. A User Configuration block
provides for system initialization. A 2 Kbytes loader ROM (LDROM) is used for In-System-
Programming (ISP) function. This chip also supports In-Application-Programming (IAP) function,
user switches the code executing without the chip reset after the embedded flash updated.

6.4.2 Features

Supports 17.5 Kbytes application ROM (APROM).

Supports 2 Kbytes loader ROM (LDROM).

Supports configurable Data Flash size to share with APROM.
Supports User Configuration block to control system initialization.

Supports 512 bytes page erase for all embedded flash.

Supports In-System-Programming (ISP) / In-Application-Programming (IAP) to update
embedded flash memory.

6.4.3 Block Diagram

The flash memory controller (FMC) consists of AHB slave interface, flash control registers, flash
initialization controller, flash operation control and embedded flash memory. Figure 6.4-1 shows
the block diagram of flash memory controller.
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Cortex-MO AHB-BUS

Flash Memory Controller

) J

AHB Slave Interface

Flash
Control <
Registers
Flash Initialization
Controller
Flash
Operation Controller [

\ /
Embedded Flash Memory

User Configuration

Application ROM
(APROM 17.5KB)
with

Data Flash Loader ROM
(LDROM 2KB)

Figure 6.4-1 Flash Memory Control Block Diagram

AHB Slave Interface

There is single AHB slave interfaces in flash memory controller for Cortex®-MO to perform the
instruction, data fetch and ISP control registers.

Flash Control Registers

All of ISP control and status registers are in the flash control registers. The detail registers
description is in the Register Description section
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Flash Initialization Controller

When chip is power on or active from reset, the flash initialization controller will start to access
flash automatically and check the flash stability, and also reload User Configuration content to
the flash control registers for system initialization.

Flash Operation Controller

The flash operations, such as flash erase, flash program, and flash read operation, have
specific control timing for embedded flash memory. The flash operation controller generates
those control timing by requested from the flash control registers and the flash initialization
controller.

Embedded Flash Memory

The embedded flash memory is the main memory for user application code and parameters. It
is consists of the user configuration block, 2 KB LDROM and 17.5 KB APROM with Data Flash.
The page erase flash size is 512B, and program bit width is 32 bits.

6.4.4 Functional Description

The FMC functions include the memory organization, boot selection, IAP, ISP, the embedded flash
programming. The flash memory map and system memory map are also introduced in the memory
organization.

6.4.4.1 Memory Organization

The FMC memory consists of the embedded flash memory. The embedded flash memory is
programmable, and includes APROM, LDROM, SPROM, Data Flash and the User Configuration
block. The address map includes flash memory map and four system address maps: LDROM with
IAP, LDROM without IAP, APROM with IAP, and APROM without IAP functions.

6.4.4.2 LDROM, APROM and Data Flash

LDROM is designed for a loader to implement In-System-Programming (ISP) function by user.
LDROM is a 2 KB embedded flash memory, the flash address range is from 0x0010_0000 to
0x0010_07FF. APROM is main memory for user applications. APROM size is 17.5 Kbytes. Data
Flash is used to store application parameters (not instruction). Data Flash is shared with APROM
and size is configurable. The base address of Data Flash is determined by DFBA
(CONFIG1[19:0]). All of embedded flash memory is 512 bytes page erased.
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0x0000_ 45FF
x - Data Flash

m
5 DFBA ¥
~
—

ApplicationROM
(APROM)

0x0000_0000

APROM 17.5KB Device

Figure 6.4-2 Data Flash Shared with APROM

6.4.4.3 User Configuration Block

User Configuration block is internal programmable configuration area for boot options, such as
flash security lock, boot select, brown-out voltage level, and Data Flash base address. It works
like a fuse for power on setting. It is loaded from flash memory to its corresponding control
registers during chip power on. User can set these bits according to different application requests.
User Configuration block can be updated by ISP function and located at 0x0030_0000 with three
32 bits words (CONFIGO and CONFIG1). Any change on User Configuration block will take effect
after system reboot.
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CONFIGO (Address = 0x0030 0000)

31 30 29 28 27 26 25 24
Reserved RCFSEL Reserved
23 22 21 20 19 18 17 16
CBOVEXT CBOV[1:0] CBORST CBOV[2] Reserved
15 14 13 12 11 10 9 8
RCCLKD2 Reserved CIOINI Reserved
7 6 5 4 3 2 1 0
CBS Reserved LOCK DFEN
Bits Description
[31:28] Reserved Reserved.

HIRC Oscillator Selection
[27] RCFSEL 0 = RC oscillator will be trimmed to 48MHz.
1 = RC oscillator will be trimmed to 44.2368MHz.

[26:24] Reserved Reserved.

Brown-out Voltage Select Extension
0 = Brown-out voltage selection includes extra 4 levels, see table as below.
1 = Brown-out voltage selection includes BOD disable mode, see table in CBOV[1:0].

CBOVEXT CBOVI[2:0] Brown-out voltage
0 000 2.2V
0 001 2.7V
[23] CBOVEXT 0 010 3.7V
0 011 4.3V
0 100 1.7v
0 101 2.0V
0 110 2.4V
0 111 3.0v
Brown-out Voltage Selection
When CBOVEXT is high, don’t care the state of CBOV[2], and Brown-out voltage table as
below:
CBOVEXT CBOV[2:0] Brown-out voltage
[22:21] CBOV 1 X00 Reserved
1 X01 2.7V
1 X10 3.7V
1 X11 BOD disable
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Brown-out Reset Enable Bit
[20] CBORST 0 = Brown-out reset Enabled after powered on or active from reset pin.
1 = Brown-out reset Disabled after powered on or active from reset pin.
Brown-out Voltage Selection
[19] CBOVI[2]
See CBOVEXT and CBOV
[18:16] Reserved Reserved.
Clock output of HIRC 44M/48M divided by 2
0 = Disable
[15] RCCLKD2
1 = Enable
Note: enable this bit to make HIRC/2
[14:11] Reserved Reserved.
I/O Initial State Selection
[10] CIOINI 0 = All GPIO set as Quasi-bidirectional mode after chip powered on or active from reset
pin.
1 = All GPIO set as input tri-state mode after powered on or active from reset pin.
[9:8] Reserved Reserved.
Chip Booting Selection
When CBSJ[0] = 0 with IAP mode, 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, the code in LDROM and APROM can be called by
each other.
CBS value is valid.
00 = Boot from LDROM with IAP mode.
[7:6] CBS )
01 = Boot from LDROM without IAP mode.
10 = Boot from APROM with IAP mode.
11 = Boot from APROM without IAP mode.
Note:
BS (FMC_ISPCTL][ 1)) is only be used to control boot switching when CBS[0] = 1.
VECMAP (FMC_ISPSTS[23:9]) is only be used to remap 0x0~0x1ff when CBS[0] = 0.
[5:2] Reserved Reserved.
Security Lock Control
[1] LOCK 0 = Flash memory content is locked.
1 = Flash memory content is unlocked.
Data Flash Enable Bit
The Data Flash is shared with APROM, and the base address of Data Flash is decided by
[0] DFEN DFBA (CONFIG1[19:0]) when DFEN is 0.
0 = Data Flash Enabled.
1 = Data Flash Disabled.
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CONFIG1 (Address = 0x0030 0004)

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 DFBA
7 6 5 4 3 2 1 0
DFBA
Bits Description
[31:14] Reserved Reserved.
Data Flash Base Address
[13:0] DFBA This register works only when DFEN (_CONI_:IGO[O]) is set to 0. If DFEN (CONFIGO[O])_is_
set to O, the 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.
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6.4.4.4 Flash Memory Map

In the NM1200/NM1100 series, the flash memory map is different to system memory map. The
system memory map is used by CPU fetch code or data from FMC memory. The flash memory
map is used for ISP function to read, program or erase FMC memory. Figure 6.4-4 shows the
flash memory map.

Reserved
0x0030_0007 User Configuration
0x0030_0000 (8B)

Reserved

0x0010_0O7FF

Loader ROM

0x0010_0000 (LDROM 2KE)

Reserved

0x0000_45FF

ApplicationROM
(APROM)

0x0000_0000

APROM 17.5KB Device

Figure 6.4-3 Flash Memory Map

6.4.4.5 System Memory Map with IAP Mode

The system memory map is used by CPU to fetch code or data from FMC memory.
LDROM(0x0010_0000~0x0010_07FF) address map are the same as in the flash memory map.
The Data Flash is shared with APROM and the Data Flash base address is defined by CONFIG1.
The content of CONFIGL1 is loaded into DFBA (Data Flash Base Address Register) at the flash
initialization. The DFBA~0x0000_45FF is the Data Flash region for Cortex®-MO data access, and
0x0000_0200~(DFBA-1) is APROM region for Cortex®-MO instruction access.

The address from 0x0000_0000 to 0x0000_01FF is called system memory vector. APROM and
LDROM can map to the system memory vector for CPU start up. There are two kinds of system
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memory map with IAP mode when chip booting: (1) LDROM with IAP, and (2) APROM with IAP.

Reserved

0x0010_07FF

Loader ROM

0x0010_0000 (LDROM 2KE)

Reserved

0x0000_45FF Data Flash

DFBA ¥

ApplicationROM
(APROM)

0x0000_0200

0x0000_01FF
0x0000_0000

System Memory Vector

Figure 6.4-4 System Memory Map with IAP Mode

In LDROM with IAP mode, the default value of {VECMAP[11:0], 9°’h000} is 0x100000 and first
page of LDROM (0x0010_0000 ~ 0x0010_01FF) is mapping to the system memory vector for
Cortex®-MO instruction or data access.
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0x0000_0200

ApplicationROM
(APROM)

0x0000_O1FF
0x0000_0000

System Memory Vector

e

Note: {VECMAP[11:0], 9°h000} = 0x10_0000

0x0010_O1FF
0x0010_0000

LDROM (512B)

Figure 6.4-5 LDROM with IAP Mode

In APROM with IAP mode, the default value of {VECMAP[11:0], 9°h000} is 0x000000 and first
page of APROM (0x0000_0000~0x0000_01FF) is mapping to the system memory vector for
Cortex®-MO instruction or data access.

0x0000_0200

ApplicationROM
(APROM)

0x0000_0O1FF
0x0000_0000

System Memory Vector

-

Note: {VECMAP[11:0], 9’h000} = 0x00_0000

0x0000_0O1FF

0x0000_0000

APROM (512B)

Figure 6.4-6 APROM with IAP Mode

In system memory map with IAP mode, APROM and LDROM can remap to the system memory
vector when CPU running. User can write the target remap address to FMC_ISPADDR register
and then trigger ISP procedure with the “Vector Page Remap” command (0x2E). In VECMAP
(FMC_ISPSTS[23:9]), shows the finial system memory vector mapping address.

6.4.4.6 System Memory Map without IAP mode

In system memory map without IAP mode, CPU still can access
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SPROM(0x0020_0000~0x0020_01FF), but the system memory vector mapping is not supported.
There are two kinds of system memory map without IAP mode when chip booting: (1) LDROM
without IAP, (2) APROM without IAP. In LDROM without IAP mode, LDROM base is mapping to
0x0000_0000. CPU program cannot run to access APROM. In APROM without IAP mode,
APROM base is mapping to 0x0000_0000. CPU program cannot run to access LDROM. The
Data Flash is shared with APROM and the Data Flash base address is defined by CONFIG1. The
content of CONFIG1 is loaded into DFBA (Data Flash Base Address Register) at the flash
initialization. The DFBA~0x0000_45FF is the Data Flash region for Cortex®-MO data access, and
0x0000_0000~(DFBA-1) is APROM region for Cortex®-MO instruction access.

Reserved
Reserved
0x0000_45FF Data Elash
DFBA
ApplicationROM
(APROM)
0x0000 O7FF|
Loader ROM
(LDROM)
0x0000_0000
APROM without IAP mode LDROM without IAP mode

Figure 6.4-7 System Memory Map without IAP Mode

6.4.4.7 Boot Selection

The NM1200/NM1100 provides four booting sources for user select. They are LDROM with IAP,
LDROM without IAP, APROM with IAP, and APROM without IAP. The booting source and system
memory map are setting by CBS (CONFIGO[7:6]).
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LDROM with IAP —» 00
LDROM without IAP —» 01
——— Boot Source
APROM with IAP —» 10

APROM without IAP —»|11

CBS[1:0]

Controlled by CONFIGO

Figure 6.4-8 Boot Source Selection

CBS[1:0] Boot Selection/System Memory Map Vector Mapping Support
00 LDROM with IAP Yes
01 LDROM without IAP No
10 APROM with IAP Yes
11 APROM without IAP No

Table 6.4-1 Vector Mapping Support Table

6.4.4.8 In-Application-Programming (IAP)

The NM1200/NM1100 Series provides In-Application-Programming (IAP) function for user to
switch the code executing between APROM, LDROM and SPROM. User can enable the IAP
function by booting chip and setting the chip boot selection bits in CBS (CONFIGO[7:6]) as 10 or
00.

When chip boots with IAP function enabled, any executable code (align to 512 bytes) is allowed to
map to the system memory vector(0x0000_0000~0x0000_01FF) any time. User can change the
remap address to FMC_ISPADDR and then trigger ISP procedure with the “Vector Page Remap”
command.

6.4.4.9 In-System-Programming (ISP)

The NM1200/NM1100 series supports In-System-Programming (ISP) function allowing the
embedded flash memory to be reprogrammed under software control. ISP is performed without
removing the microcontroller from the system through the firmware and on-chip connectivity
interface, such as UART, I°C, and SP!I.

The NM1200/NM1100 ISP provides the following functions for embedded flash memory.
Supports flash page erase function
Supports flash data program function

Supports flash data read function

Supports company ID read function
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®  Supports device ID read function
®  Supports unique ID read function

®  Supports system memory vector remap function

ISP Commands

ISP Command FMC_ISPCMD |FMC_ISPADDR FMC_ISPDAT

Valid address of flash memory origination.
FLASH Page Erase 0x22 ) N/A
It must be 512 bytes page alignment.

FLASH 32-bit Program 0x21 Valid address of flash memory origination |[FMC_ISPDAT: Programming Data

FLASH Read 0x00 Valid address of flash memory origination |[FMC_ISPDAT: Return Data

Read Company ID 0x0B 0x0000_0000 FMC_ISPDAT: 0x0000_00DA
0x0000_0000 FMC_ISPDAT: Unigue ID Word 0

Read Unique ID 0x04 0x0000_0004 FMC_ISPDAT: Unique ID Word 1
0x0000_0008 FMC_ISPDAT: Unique ID Word 2

Valid address in APROM or LDROM. It

must be 512 bytes alignment N/A

Vector Remap Ox2E

Table 6.4-2 ISP Command List

ISP Procedure

The FMC controller provides embedded flash memory read, erase and program operation.
Several control bits of FMC control register are write-protected, thus it is necessary to unlock
before setting.

After unlocking the protected register bits, user needs to set the FMC_ISPCTL control register to
decide to update LDROM, APROM, SPROM or user configuration block, and then set ISPEN
(FMC_ISPCTLJO0]) to enable ISP function.

Once the FMC_ISPCTL register is set properly, user can set FMC_ISPCMD (refer above ISP
command list) for specify operation. Set FMC_ISPADDR for target flash memory based on flash
memory origination. FMC_ISPDAT can be used to set the data to program or used to return the
read data according to FMC_ISPCMD.
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\ Enable ISPEN \
Write FMC_ISPADDR End of Flash
Write FMC_ISPCMD ! i Operation
(Write FMC_ISPDAT )

\
(Read FMC_ISPDAT)
\ Set ISPGO = 1 \ &
# Check ISPFF = 1?

‘ Add ISB instruction ‘

nd of ISP
Operation

YES

( Stop )

Figure 6.4-9 ISP Procedure Example

Finally, set ISPGO (FMC_ISPTRG]O0]) register to perform the relative ISP function. The ISPGO
(FMC_ISPTRGJO0]) bit is self-cleared when ISP function has been done. To make sure ISP
function has been finished before CPU goes ahead, ISB (Instruction Synchronization Barrier)
instruction is used right after ISPGO (FMC_ISPTRG[0]) setting.

Several error conditions will be 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 (FMC_ISPSTS[6]) flag can
only be cleared by software. The next ISP procedure can be started even ISPFF
(FMC_ISPSTSI6]) bit is kept as 1. Therefore, it is recommended to check the ISPFF
(FMC_ISPSTS[6]) bit and clear it after each ISP operation if it is set to 1.

When the ISPGO (FMC_ISPTRGJO0]) 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 (FMC_ISPTRG[0]) bit. User should add ISB (Instruction Synchronization Barrier)
instruction next to the instruction in which ISPGO (FMC_ISPTRG[Q]) bit is set 1 to ensure correct
execution of the instructions following ISP operation.
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6.4.5 Flash Control 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

FMC_ISPCTL FMC_BA+0x00 R/W ISP Control Register 0x0000_000X
FMC_ISPADDR |FMC_BA+0x04 R/W ISP Address Register 0x0000_0000
FMC_ISPDAT FMC_BA+0x08 R/W ISP Data Register 0x0000_0000
FMC_ISPCMD FMC_BA+0x0C R/W ISP Command Register 0x0000_0000
FMC_ISPTRG FMC_BA+0x10 R/W ISP Trigger Control Register 0x0000_0000
FMC_DFBA FMC_BA+0x14 R Data Flash Base Address OXXXXX_XXXX
FMC_ISPSTS FMC_BA+0x40 R/W ISP Status Register 0xX0X0_000X
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6.4.6 Flash Control Register Description

ISP Control Register (FMC ISPCTL)

Register Offset R/W  |Description Reset Value
FMC_ISPCTL FMC_BA+0x00 R/W ISP Control Register 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
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:
This bit needs to be cleared by writing 1 to it.

(1) APROM writes to itself if APUEN is set to 0.

(2) LDROM writes to itself if LDUEN is set to 0.

[6] ISPFF . . .
(3) CONFIG is erased/programmed if CFGUEN is set to 0.
(4) Page Erase command at LOCK mode with ICE connection.
(5) Erase or Program command at brown-out detected.
(6) Destination address is illegal, such as over an available range.
(7) Invalid ISP commands.
LDROM Update Enable (Write Protect)
LDROM update enable bit.
[5] LDUEN

0 = LDROM cannot be updated.
1 = LDROM can be updated.

CONFIG Update Enable Bit (Write Protect)
[4] CFGUEN 0 = CONFIG cannot be updated.
1 = CONFIG can be updated.

APROM Update Enable Bit (Write Protect)
The POR default value is 0.

[3] APUEN . .
0 = APROM cannot be updated when the chip runs in APROM.
1 = APROM can be updated when the 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[1] (CONFIGO[7]) after any reset is
happened except CPU reset (RSTS_CPU is 1) or system reset (RSTS_SYS) is happened

0 = Booting from APROM.
1 = Booting from LDROM.

ISP Enable Bit (Write Protect)

Set this bit to enable the ISP function. And POR default value is 0.
0 = ISP function Disabled.

1 = ISP function Enabled.

[0] ISPEN
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ISP Address (FMC ISPADDR)

Register Offset R/W  |Description Reset Value
FMC_ISPADDR |FMC_BA+0x04 R/W ISP Address Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPADDR
23 22 21 20 19 18 17 16
ISPADDR
15 14 13 12 11 10 9 8
ISPADDR
7 6 5 4 3 2 1 0
ISPADDR
Bits Description
ISP Address
[31:0] ISPADDR The NM1200/NM1100 series is equipped with embedded flash. ISPADDR[1:0] must be
kept 00 for ISP 32-bit operation. and ISPADR[8:0] must be kept all O for Vector Page Re-
map Command
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ISP Data Register (FMC ISPDAT)

Register Offset R/W  |Description Reset Value
FMC_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 (FMC ISPCMD)

Register Offset R/W  |Description Reset Value
FMC_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 CMD
Bits Description
[31:7] Reserved Reserved.
ISP CMD
ISP command table is shown below:
0x00= FLASH Read.
0x04= Read Unique ID.
0x0B= Read Company ID.
[6:0] CMD .
0x0C= Read Device ID.
0x21= FLASH 32-bit Program.
0x22= FLASH Page Erase.
Ox2E= Vector Remap.
The other commands are invalid.
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ISP Trigger Control Register (FMC ISPTRG)

Register Offset R/W  |Description Reset Value
FMC_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
[0] ISPGO when ISP operation is finished.
0 = ISP operation is finished.
1 = ISP is progressed.
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Data Flash Base Address Register (FMC DFBA)

Register Offset R/W  |Description Reset Value
FMC_DFBA FMC_BA+0x14 R Data Flash Base Address OXXXXX_XXXX
31 30 29 28 27 26 25 24
DFBA
23 22 21 20 19 18 17 16
DFBA
15 14 13 12 11 10 9 8
DFBA
7 6 5 4 3 2 1 0
DFBA
Bits Description
Data Flash Base Address
This register indicates Data Flash start address. It is a read only register.
[31:0] DFBA The Data Flash is shared with APROM. the content of this register is loaded from
CONFIG1
This register is valid when DFEN (CONFIGO[0]) =0 .

Jun. 18, 2015 Page 154 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

ISP Status Register (FMC ISPSTS)

Register Offset R/W  |Description Reset Value
FMC_ISPSTS FMC_BA+0x40 R/W ISP Status Register 0xX0X0_000X
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 ISPBUSY
Bits Description
[31:21] Reserved Reserved.

Vector Page Mapping Address (Read Only)

[20:9] VECMAP All access to 0x0000_0000~0x0000_01FF is remapped to the flash memory address
{VECMAP[11:0], 9'h000} ~ {VECMAP[11:0], 9'h1FF}

[8:7] Reserved Reserved.

ISP Fail Flag (Write Protect)

This bit is the mirror of ISPFF (FMC_ISPCTL[6]), it needs to be cleared by writing 1 to
FMC_ISPCTL[6] or FMC_ISPSTS[6]. 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 0.

(2) LDROM writes to itself if LDUEN is set to 0.

(3) CONFIG is erased/programmed if CFGUEN is set to 0.

(4) Page Erase command at LOCK mode with ICE connection.

6] ISPFF

(5) Erase or Program command at brown-out detected.
(6) Destination address is illegal, such as over an available range.
(7) Invalid ISP commands.

[5:3] Reserved Reserved.

Boot Selection Of CONFIG (Read Only)

This bit is initiated with the CBS (CONFIGO[7:6]) after any reset is happened except CPU
reset (RSTS_CPU is 1) or system reset (RSTS_SYS) is happened.

[2:1] CBS 00 = LDROM with IAP mode.
01 = LDROM without IAP mode.
10 = APROM with IAP mode.
11 = APROM without IAP mode.

ISP BUSY (Read Only)
[0] ISPBUSY 0 = ISP operation is finished.
1 = ISP operation is busy.
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6.5 General Purpose I/O (GPIO)
6.5.1 Overview

The NuMicro® NM1200/NM1100 series has up to 33 General Purpose /O pins to be shared with
other function pins depending on the chip configuration. These 33 pins are arranged in 6 ports
named as PO, P1, P2, P3, P4 and P5. Each of the 33 pins is independent and has the
corresponding register bits to control the pin mode function and data.

The 1/O type of each pin can be configured by software individually as Input, Push-pull output,
Open-drain output, or Quasi-bidirectional mode. After the chip is reset, the I/O mode of all pins is
stay in input mode and each port data register Px_DOUT|n] resets to 1. For Quasi-bidirectional
mode, each I/O pin is equipped with a very weak individual pull-up resistor about 110 kQ ~ 300
kQ for Vpp is from 5.0 Vto 2.1 V.

6.5.2 Features

®  Four I/O modes:
Quasi-bidirectional mode
Push-pull output

Open-drain output

L K I IR 2

Input-only with high impendence

Quasi-bidirectional TTL/Schmitt trigger input mode selected by SYS_Px_MFP[23:16]
I/0 pin configured as interrupt source with edge/level setting

I/O pin internal pull-up resistor enabled only in Quasi-bidirectional /0O mode
Enabling the pin interrupt function will also enable the pin wake-up function

High driver and high sink I/O mode support

Configurable default I/O mode of all pins after reset by CIOINI (Config0[10]) setting
4 CIOINI =0, all GPIO pins in Quasi-bidirectional mode after chip reset
4 CIOINI =1, all GPIO pins in Input tri-state mode after chip reset
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6.5.3 Block Diagram

A
Control Registers
PO P5
Control Register Control Register PO
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Control Register YYVYVYYVYY
Interrupt,
De-bounce Control Register Wake-up Event
Detector
v
GPIO_INT
«

Figure 6.5-1 GPIO Controller Block Diagram
6.5.4 Basic Configuration

The GPIO pin functions are configured in SYS_P0_MFP, SYS_P1 MFP, SYS P2 _MFP,
SYS_P3 _MFP, SYS_P4 MFP and SYS_P5_MFP registers.
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6.5.5 Functional Description

6.5.5.1 Input Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 00 as the Px.n pin is in Input mode and the 1/O pin is in tri-
state (high impedance) without output drive capability. The PIN (Px_PIN[n]) value reflects the
status of the corresponding port pins.

6.5.5.2 Push-pull Output Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 01 as Px.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 DOUT (Px_DOUTIn]) is driven on the pin.

N |
Port Latch Data D | i

Input Data - } o<]—

Figure 6.5-2 Push-Pull Output
6.5.5.3 Open-drain Output Mode

Set MODEN (Px_MODE[2n+1:2n]) to 10 as Px.n pin is in Open-drain mode and the digital output
function of I/O pin supports only sink current capability, an external pull-up register is needed for
driving high state. If the bit value in the corresponding DOUT (Px_DOUT(n]) bit is O, the pin drive
a low output on the pin. If the bit value in the corresponding DOUT (Px_DOUTIn]) bit is 1, the pin
output drives high that is controlled by external pull high resistor.

® X Port Pin

Port Latch Data | I 57

Input Data - } }—

Figure 6.5-3 Open-Drain Output
6.5.5.4 Quasi-bidirectional Mode

Set MODERN (Px_MODE[2n+1:2n]) to 11 as the Px.n pin is in Quasi-bidirectional mode and the /O
pin supports digital output and input function at the same time but the source current is only up to
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hundreds uA. Before the digital input function is performed the corresponding DOUT
(Px_DOUT[n]) bit 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 DOUT (Px_DOUTIn]) bit is O, the pin
drive a low output on the pin. If the bit value in the corresponding DOUT (Px_DOUT][n]) bit is 1,
the pin will check the pin value. If pin value is high, no action takes. If pin state is low, the pin will
drive strong high with 2 clock cycles on the pin and then disable the strong output drive.
Meanwhile, the pin status is controlled by internal pull-up resistor. Note that the source current
capability in quasi-bidirectional mode is only about 200 uA to 30 uA for Vpp is form 5.0 Vto 2.5 V.

2 CPU
Clock Delay

VDD
T

P P

[ Strongﬁ

Very
Weak

LOl Weak

Port Latch Data —‘> .

*—9 K Port Pin

Input Data -

<

Figure 6.5-4 Quasi-Bidirectional I/O Mode

6.5.6 GPIO Interrupt and Wake-up Function

Each GPIO pin can be set as chip interrupt source by setting correlative RHIEN
(Px_INTEN[n+16])/ FLIEN (Px_INTENIn]) bit and TYPE (Px_INTTYPE[n]). There are five types of
interrupt condition can be selected: low level trigger, high level trigger, falling edge trigger, rising
edge trigger and both rising and falling 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 period can be set through DBCLKSRC
(GPIO_DBCTL[4]) and DBCLKSEL (GPIO_DBCTL][3:0]) register.

The GPIO can also be the chip wake-up source when chip enters Idle/Power-down mode. The
setting of wake-up trigger condition is the same as GPIO interrupt trigger.
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6.5.7 Register Map

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

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

GP_BA = 0x5000_4000

PO_MODE GP_BA+0x000 |R/W PO I/O Mode Control 0x0000_XXXX
PO_DINOFF GP_BA+0x004 |R/W|[PO Digital Input Path Disable Control 0x0000_0000
PO_DOUT GP_BA+0x008 |[R/W|PO Data Output Value 0x0000_00F3
PO_DATMSK GP_BA+0x00C |R/W |PO Data Output Write Mask 0x0000_0000
PO_PIN GP_BA+0x010 |[R |PO Pin Value 0x0000_00XX
PO_DBEN GP_BA+0x014 |R/W|PO0 De-bounce Enable Control 0x0000_0000
PO_INTTYPE GP_BA+0x018 |R/W|PO Interrupt Mode Control 0x0000_0000
PO_INTEN GP_BA+0x01C |R/W PO Interrupt Enable Control 0x0000_0000
PO_INTSRC GP_BA+0x020 |R/W|PO Interrupt Source Flag 0x0000_0000
P1_MODE GP_BA+0x040 |R/W|P1 I/O Mode Control 0x0000_XXXX
P1_DINOFF GP_BA+0x044 |R/W|P1 Digital Input Path Disable Control 0x0000_0000
P1_DOUT GP_BA+0x048 |R/W|P1 Data Output Value 0x0000_003D
P1_DATMSK GP_BA+0x04C |R/W|P1 Data Output Write Mask 0x0000_0000
P1_PIN GP_BA+0x050 |R P1 Pin Value 0x0000_00XX
P1_DBEN GP_BA+0x054 |R/W|P1 De-bounce Enable Control 0x0000_0000
P1_INTTYPE GP_BA+0x058 |R/W|P1 Interrupt Mode Control 0x0000_0000
P1_INTEN GP_BA+0x05C |R/W|P1 Interrupt Enable Control 0x0000_0000
P1_INTSRC GP_BA+0x060 |[R/W|P1 Interrupt Source Flag 0x0000_0000
P2_MODE GP_BA+0x080 |R/W|P2 I/O Mode Control 0x0000_XXXX
P2_DINOFF GP_BA+0x084 |R/W|P2 Digital Input Path Disable Control 0x0000_0000
P2_DOUT GP_BA+0x088 |R/W|P2 Data Output Value 0x0000_007C
P2_DATMSK GP_BA+0x08C |R/W |P2 Data Output Write Mask 0x0000_0000
P2_PIN GP_BA+0x090 |[R |P2 Pin Value 0x0000_00XX
P2_DBEN GP_BA+0x094 |R/W|P2 De-bounce Enable Control 0x0000_0000
P2_INTTYPE GP_BA+0x098 |R/W |P2 Interrupt Mode Control 0x0000_0000
P2_INTEN GP_BA+0x09C |[R/W|P2 Interrupt Enable Control 0x0000_0000
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P2_INTSRC GP_BA+0x0A0 |R/W|P2 Interrupt Source Flag 0x0000_0000
P3_MODE GP_BA+0x0CO |R/W [P3 /O Mode Control 0x0000_XXXX
P3_DINOFF GP_BA+0x0C4 |R/W |P3 Digital Input Path Disable Control 0x0000_0000
P3_DOUT GP_BA+0x0C8 |R/W|P3 Data Output Value 0x0000_0077
P3_DATMSK GP_BA+0x0CC |R/W|P3 Data Output Write Mask 0x0000_0000
P3_PIN GP_BA+0x0DO |R P3 Pin Value 0x0000_00XX
P3_DBEN GP_BA+0x0D4 |R/W |P3 De-bounce Enable Control 0x0000_0000
P3_INTTYPE GP_BA+0x0D8 |R/W|P3 Interrupt Mode Control 0x0000_0000
P3_INTEN GP_BA+0x0DC |R/W|P3 Interrupt Enable Control 0x0000_0000
P3_INTSRC GP_BA+0x0EOQ [R/W|P3 Interrupt Source Flag 0x0000_0000
P4_MODE GP_BA+0x100 |R/W|P4 I/O Mode Control 0x0000_XXXX
P4_DINOFF GP_BA+0x104 |R/W|P4 Digital Input Path Disable Control 0x0000_0000
P4_DOUT GP_BA+0x108 |R/W |P4 Data Output Value 0x0000_00CO0
P4_DATMSK GP_BA+0x10C |R/W |P4 Data Output Write Mask 0x0000_0000
P4 _PIN GP_BA+0x110 |[R |P4 Pin Value 0x0000_00XX
P4 _DBEN GP_BA+0x114 |R/W|P4 De-bounce Enable Control 0x0000_0000
P4_INTTYPE GP_BA+0x118 |R/W|P4 Interrupt Mode Control 0x0000_0000
P4_INTEN GP_BA+0x11C |R/W|P4 Interrupt Enable Control 0x0000_0000
P4_INTSRC GP_BA+0x120 |R/W|P4 Interrupt Source Flag 0x0000_0000
P5_MODE GP_BA+0x140 |R/W|P5 I/O Mode Control 0x0000_XXXX
P5_DINOFF GP_BA+0x144 |R/W|P5 Digital Input Path Disable Control 0x0000_0000
P5_DOUT GP_BA+0x148 |R/W|P5 Data Output Value 0x0000_003F
P5_DATMSK GP_BA+0x14C |R/W|P5 Data Output Write Mask 0x0000_0000
P5_PIN GP_BA+0x150 |R P5 Pin Value 0x0000_00XX
P5_DBEN GP_BA+0x154 |R/W|P5 De-bounce Enable Control 0x0000_0000
P5_INTTYPE GP_BA+0x158 |R/W|P5 Interrupt Mode Control 0x0000_0000
P5_INTEN GP_BA+0x15C [R/W|P5 Interrupt Enable Control 0x0000_0000
P5_INTSRC GP_BA+0x160 [R/W|P5 Interrupt Source Flag 0x0000_0000
GPIO_DBNCECON GP_BA+0x180 |R/W|De-bounce Cycle Control 0x0000_0020
P00_PDIO GP_BA+0x200 |R/W|GPIO P0.0 Pin Data Input/Output 0x0000_0001
P0O1_PDIO GP_BA+0x204 |R/W|GPIO PO0.1 Pin Data Input/Output 0x0000_0001
P04_PDIO GP_BA+0x210 |R/W|GPIO P0.4 Pin Data Input/Output 0x0000_0001
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PO5_PDIO GP_BA+0x214 |R/W|GPIO P0.5 Pin Data Input/Output 0x0000_0001
P06_PDIO GP_BA+0x218 |R/W|GPIO P0.6 Pin Data Input/Output 0x0000_0001
P0O7_PDIO GP_BA+0x21C |R/W|GPIO PO0.7 Pin Data Input/Output 0x0000_0001
P10_PDIO GP_BA+0x220 |R/W|GPIO P1.0 Pin Data Input/Output 0x0000_0001
P12_PDIO GP_BA+0x228 |R/W|GPIO P1.2 Pin Data Input/Output 0x0000_0001
P13_PDIO GP_BA+0x22C |R/W|GPIO P1.3 Pin Data Input/Output 0x0000_0001
P14_PDIO GP_BA+0x230 |R/W|GPIO P1.4 Pin Data Input/Output 0x0000_0001
P15_PDIO GP_BA+0x234 |R/W|GPIO P1.5 Pin Data Input/Output 0x0000_0001
P16_PDIO GP_BA+0x238 |R/W|GPIO P1.6 Pin Data Input/Output 0x0000_0001
P22_PDIO GP_BA+0x248 |R/W|GPIO P2.2 Pin Data Input/Output 0x0000_0001
P23_PDIO GP_BA+0x24C |R/W|GPIO P2.3 Pin Data Input/Output 0x0000_0001
P24_PDIO GP_BA+0x250 |R/W|GPIO P2.4 Pin Data Input/Output 0x0000_0001
P25_PDIO GP_BA+0x254 |R/W|GPIO P2.5 Pin Data Input/Output 0x0000_0001
P26_PDIO GP_BA+0x258 |R/W|GPIO P2.6 Pin Data Input/Output 0x0000_0001
P27_PDIO GP_BA+0x25C |R/W|GPIO P2.7 Pin Data Input/Output 0x0000_0001
P30_PDIO GP_BA+0x260 |R/W|GPIO P3.0 Pin Data Input/Output 0x0000_0001
P31_PDIO GP_BA+0x264 |R/W|GPIO P3.1 Pin Data Input/Output 0x0000_0001
P32_PDIO GP_BA+0x268 |R/W|GPIO P3.2 Pin Data Input/Output 0x0000_0001
P34_PDIO GP_BA+0x270 |R/W|GPIO P3.4 Pin Data Input/Output 0x0000_0001
P35_PDIO GP_BA+0x274 |R/W|GPIO P3.5 Pin Data Input/Output 0x0000_0001
P36_PDIO GP_BA+0x278 |R/W|GPIO P3.6 Pin Data Input/Output 0x0000_0001
P37_PDIO GP_BA+0x27C |R/W|GPIO P3.7 Pin Data Input/Output 0x0000_0001
P46_PDIO GP_BA+0x298 |R/W|GPIO P4.6 Pin Data Input/Output 0x0000_0001
P47_PDIO GP_BA+0x29C |R/W|GPIO P4.7 Pin Data Input/Output 0x0000_0001
P50_PDIO GP_BA+0x2A0 |R/W|GPIO P5.0 Pin Data Input/Output 0x0000_0001
P51_PDIO GP_BA+0x2A4 |R/W|GPIO P5.1 Pin Data Input/Output 0x0000_0001
P52_PDIO GP_BA+0x2A8 |R/W|GPIO P5.2 Pin Data Input/Output 0x0000_0001
P53_PDIO GP_BA+0x2AC |R/W |GPIO P5.3 Pin Data Input/Output 0x0000_0001
P54_PDIO GP_BA+0x2B0 |R/W |GPIO P5.4 Pin Data Input/Output 0x0000_0001
P55_PDIO GP_BA+0x2B4 |R/W|GPIO P5.5 Pin Data Input/Output 0x0000_0001

Note: The un-bonding out pin P1.6, P2.7,
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when using QFN-33 package IC for minimize the power-down consumption. User does not need to
configure the un-bond pins in TSSOP20 to save power consumption.
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6.5.8 Register Description

Port 0-5 1/0 Mode Control (Px MODE)

Register Offset R/W |Description Reset Value
PO_MODE GP_BA+0x000 R/W [P0 I/O Mode Control 0x0000_XXXX
P1_MODE GP_BA+0x040 R/W |P1 1/O Mode Control 0x0000_XXXX
P2_MODE GP_BA+0x080 R/W |P2 I/O Mode Control 0x0000_XXXX
P3_MODE GP_BA+0x0CO R/W |P3 1/0O Mode Control 0x0000_XXXX
P4_MODE GP_BA+0x100 R/W |P4 I/O Mode Control 0x0000_XXXX
P5_MODE GP_BA+0x140 R/W |P5 I/O Mode Control 0x0000_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
MODE7 MODE6 MODES MODE4
7 6 5 4 3 2 1 0
MODE3 MODE2 MODE1 MODEO
Bits Description
[31:16] Reserved Reserved.
Port 0-5 I/0O Pin[N] Mode Control
Determine each I/O mode of Px.n pins.
00 = Px.n is in Input mode.
01 = Px.n is in Push-pull Output mode.
10 = Px.n is in Open-drain Output mode.
11 = Px.n is in Quasi-bidirectional mode.
Notel: The initial value of this field is defined by CIOINI (ConfigO[10]).
If CIOINI is set to O, the default value is 0x0000_FFFF and all pins will be quasi-
[2n+1:2n] bidirectional mode after chip powered on.
=017 MODER If CIOINI is set to 1, the default value is 0x0000_0000 and all pins will be
o input mode after chip powered on.
Note2:
Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Digital Input Path Disable Control (Px DINOFF)

Register Offset R/W |Description Reset Value
PO_DINOFF GP_BA+0x004 R/W |PO Digital Input Path Disable Control 0x0000_0000
P1_DINOFF GP_BA+0x044 R/W |P1 Digital Input Path Disable Control 0x0000_0000
P2_DINOFF GP_BA+0x084 R/W |P2 Digital Input Path Disable Control 0x0000_0000
P3_DINOFF GP_BA+0x0C4 R/W |P3 Digital Input Path Disable Control 0x0000_0000
P4_DINOFF GP_BA+0x104 R/W |P4 Digital Input Path Disable Control 0x0000_0000
P5_DINOFF GP_BA+0x144 R/W |P5 Digital Input Path Disable Control 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
DINOFF
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:24] Reserved Reserved.
Port 0-5 Pin[N] Digital Input Path Disable Control
Each of these bits is used to control if the digital input path of corresponding Px.n pin is
disabled. If input is analog signal, users can disable Px.n digital input path to avoid input
current leakage.
0 = Px.n digital input path Enabled.
1 = Px.n digital input path Disabled (digital input tied to low).
n+16 .
[n+16] DINOFF(n] Note:
n=0,1..7 Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3 are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
[15:0] Reserved Reserved.

Jun. 18, 2015 Page 165 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Port 0-5 Data Output Value (Px _DOUT)

Register Offset R/W  |Description Reset Value
PO_DOUT GP_BA+0x008 R/W  |PO Data Output Value 0x0000_00F3
P1_DOUT GP_BA+0x048 R/W  |P1 Data Output Value 0x0000_007D
P2_DOUT GP_BA+0x088 R/W  |P2 Data Output Value 0x0000_00FC
P3_DOUT GP_BA+0x0C8 R/W  |P3 Data Output Value 0x0000_00F7
P4_DOUT GP_BA+0x108 R/W  |P4 Data Output Value 0x0000_00CO0
P5_DOUT GP_BA+0x148 R/W  |P5 Data Output Value 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
DOUT
Bits Description
[31:8] Reserved Reserved.
Port 0-5 Pin[N] Output Value
Each of these bits controls the status of a Px.n pin when the Px.n is configured as Push-
pull output, Open-drain output or Quasi-bidirectional mode.
0 = Px.n will drive Low if the Px.n pin is configured as Push-pull output, Open-drain output
or Quasi-bidirectional mode.
1 = Px.n will drive High if the Px.n pin is configured as Push-pull output or Quasi-
[n] bidirectional mode.
DOUT[n] Note:
n=0,1..7
Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Data Output Write Mask (Px DATMSK)

Register Offset R/W |Description Reset Value
PO_DATMSK GP_BA+0x00C |R/W [P0 Data Output Write Mask 0x0000_0000
P1_DATMSK GP_BA+0x04C |R/W [P1 Data Output Write Mask 0x0000_0000
P2_DATMSK GP_BA+0x08C |R/W [P2 Data Output Write Mask 0x0000_0000
P3_DATMSK GP_BA+0x0CC |R/W |P3 Data Output Write Mask 0x0000_0000
P4_DATMSK GP_BA+0x10C |R/W [P4 Data Output Write Mask 0x0000_0000
P5_DATMSK GP_BA+0x14C |R/W [P5 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
Reserved
7 6 5 4 3 2 1 0
DATMSK
Bits Description
[31:8] Reserved Reserved.
Port 0-5 Pin[N] Data Output Write Mask
These bits are used to protect the corresponding DOUT (Px_DOUT[n]) bit. When the
DATMSK (Px_DATMSK]n]) bit is set to 1, the corresponding DOUT (Px_DOUTI[n]) bit is
protected. If the write signal is masked, writing data to the protect bit is ignored.
0 = Corresponding DOUT (Px_DOUT][n]) bit can be updated.
1 = Corresponding DOUT (Px_DOUTI[n]) bit protected.
Notel: This function only protects the corresponding DOUT (Px_DOUT[n]) bit, and will
[n] not protect the corresponding PDIO (Pxn_PDIO[0]) bit.
DATMSK[n]
n=0,1..7 Note2:
Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Pin Value (Px_PIN)

Register Offset R/W  |Description Reset Value
PO_PIN GP_BA+0x010 R PO Pin Value 0x0000_00XX
P1_PIN GP_BA+0x050 R P1 Pin Value 0x0000_00XX
P2_PIN GP_BA+0x090 R P2 Pin Value 0x0000_00XX
P3_PIN GP_BA+0x0D0 R P3 Pin Value 0x0000_00XX
P4_PIN GP_BA+0x110 R P4 Pin Value 0x0000_00XX
P5_PIN GP_BA+0x150 R P5 Pin Value 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
PIN
Bits Description
[31:8] Reserved Reserved.
Port 0-5 Pin[N] Pin Value
Each bit of the register reflects the actual status of the respective Px.n pin. If the bit is 1, it
indicates the corresponding pin status is high; else the pin status is low.
Note:
[n] Max. n=7 for port 0, n=2, n=3 are reserved.
n=0,1..7 PIN[n] Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 De-bounce Enable Control (Px DBEN)

Register Offset R/W  |Description Reset Value
PO_DBEN GP_BA+0x014 R/W  |PO De-bounce Enable Control 0x0000_0000
P1_DBEN GP_BA+0x054 R/W  |P1 De-bounce Enable Control 0x0000_0000
P2_DBEN GP_BA+0x094 R/W  |P2 De-bounce Enable Control 0x0000_0000
P3_DBEN GP_BA+0x0D4 R/W  |P3 De-bounce Enable Control 0x0000_0000
P4_DBEN GP_BA+0x114 R/W  |P4 De-bounce Enable Control 0x0000_0000
P5_DBEN GP_BA+0x154 R/W  |P5 De-bounce Enable 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
Reserved
7 6 5 4 3 2 1 0
DBEN
Bits Description
[31:8] Reserved Reserved.

Port 0-5 Pin[N] Input Signal De-Bounce Enable Bit

The DBENI[N] bit 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 DBCLKSRC (GPIO_DBCTL [4]),
one de-bounce sample cycle period is controlled by DBCLKSEL (GPIO_DBCTL [3:0]).

0 = Px.n de-bounce function Disabled.
1 = Px.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.

(n]

=017 DBENIN] Notel: If Px.n pin is chosen as Power-down wake-up source, user should be disable the

de-bounce function before entering Power-down mode to avoid the second interrupt event
occurred after system waken up which caused by Px.n de-bounce function.

Note2:

Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Interrupt Mode Control (Px INTTYPE)
Register Offset R/W |Description Reset Value
PO_INTTYPE GP_BA+0x018 R/W  |PO Interrupt Mode Control 0x0000_0000
P1_INTTYPE GP_BA+0x058 R/W |P1 Interrupt Mode Control 0x0000_0000
P2_INTTYPE GP_BA+0x098 R/W  |P2 Interrupt Mode Control 0x0000_0000
P3_INTTYPE GP_BA+0x0D8 R/W  |P3 Interrupt Mode Control 0x0000_0000
P4_INTTYPE GP_BA+0x118 R/W  |P4 Interrupt Mode Control 0x0000_0000
P5_INTTYPE GP_BA+0x158 R/W  |P5 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
Reserved
7 6 5 4 3 2 1 0
INTTYPE
Bits Description
[31:8] Reserved Reserved.
Port 0-5 Pin[N] Edge Or Level Detection Interrupt Trigger Type Control
TYPE (Px_INTTYPE[n]) bit is used to control the triggered 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.
1 = Level trigger interrupt.
If the pin is set as the level trigger interrupt, only one level can be set on the registers
RHIEN (Px_INTEN[n+16])/FLIEN (Px_INTENI[n]). If both levels to trigger interrupt are set,
[n] the setting is ignored and no interrupt will occur.
INTTYPE[n] L . . . . .
n=0,1..7 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=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Interrupt Enable Control (Px INTEN)

Register Offset R/W  |Description Reset Value
PO_INTEN GP_BA+0x01C R/W  |PO Interrupt Enable Control 0x0000_0000
P1_INTEN GP_BA+0x05C R/W  |P1 Interrupt Enable Control 0x0000_0000
P2_INTEN GP_BA+0x09C R/W  |P2 Interrupt Enable Control 0x0000_0000
P3_INTEN GP_BA+0x0DC R/W  |P3 Interrupt Enable Control 0x0000_0000
P4_INTEN GP_BA+0x11C R/W  |P4 Interrupt Enable Control 0x0000_0000
P5_INTEN GP_BA+0x15C R/W  |P5 Interrupt Enable Control 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
RHIEN
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
FLIEN
Bits Description
[31:24] Reserved Reserved.

Port 0-5 Pin[N] Rising Edge Or High Level Interrupt Trigger Type Enable Bit

The RHIEN (Px_INTEN[n+16]) bit is used to enable the interrupt for each of the
corresponding input Px.n pin. Set bit to 1 also enable the pin wake-up function.

When setting the RHIEN (Px_INTEN[n+16]) bit to 1:

If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n pin
will generate the interrupt while this pin state is at high level.

If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n pin
will generate the interrupt while this pin state changed from low to high.

[n+16] RHIEN[N] 0 = Px.n level high or low to high interrupt Disabled.
n=0,1..7 1 = Px.n level high or low to high interrupt Enabled.
Note:

Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.

Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.

[15:8] Reserved Reserved.
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Port 0-5 Pin[N] Falling Edge Or Low Level Interrupt Trigger Type Enable Bit

The FLIEN (Px_INTENI[n]) bit is used to enable the interrupt for each of the corresponding
input Px.n pin. Set bit to 1 also enable the pin wake-up function.

When setting the FLIEN (Px_INTENI[n]) bit to 1:

If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n pin
will generate the interrupt while this pin state is at low level.

If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n pin
will generate the interrupt while this pin state changed from high to low.

[n] FLIEN[N] 0 = Px.n level low or high to low interrupt Disabled.
n=0,1..7 1 = Px.n level low or high to low interrupt Enabled.
Note:

Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.

Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Port 0-5 Interrupt Source Flag (Px INTSRC)

Register Offset R/W  [Description Reset Value
PO_INTSRC GP_BA+0x020 R/W  |PO Interrupt Source Flag 0x0000_0000
P1_INTSRC GP_BA+0x060 R/W P1 Interrupt Source Flag 0x0000_0000
P2_INTSRC GP_BA+0x0A0 R/W P2 Interrupt Source Flag 0x0000_0000
P3_INTSRC GP_BA+0x0EQ R/W  |P3 Interrupt Source Flag 0x0000_0000
P4_INTSRC GP_BA+0x120 R/W P4 Interrupt Source Flag 0x0000_0000
P5_INTSRC GP_BA+0x160 R/W  |P5 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
Reserved
7 6 5 4 3 2 1 0
INTSRC
Bits Description
[31:8] Reserved Reserved.
Port 0-5 Pin[N] Interrupt Source Flag
Write Operation:
0 = No action.
1 = Clear the corresponding pending interrupt.
Read Operation:
0 = No interrupt at Px.n.
[n] 1 = Px.n generates an interrupt.
INTSRC[n]
n=0,1..15 Note:
Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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Interrupt De-bounce Cycle Control (GPIO DBNCECON)

Register Offset R/W [Description Reset Value
GPIO_DBNCECON GP_BA+0x180 |R/W |De-bounce Cycle 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 ICLKON DBCLKSRC DBCLKSEL
Bits Description
[31:6] Reserved Reserved.

Interrupt Clock On Mode

0 = Edge detection circuit is active only if I/O pin corresponding RHIEN

5] ICLKON (Px_INTEN[n+16])/FLIEN (Px_INTEN[n]) bit is set to 1.
1 = All I/O pins edge detection circuit is always active after reset.

Note: It is recommended to disable 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 HCLK.
1 = De-bounce counter clock source is 10 kHz internal low speed RC oscillator (LIRC).

De-Bounce Sampling Cycle Selection

0000 = Sample interrupt input once per 1 clock.

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 interrupt input 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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Register Offset R/W [Description Reset Value
P0OO_PDIO GP_BA+0x200 R/W |GPIO P0.0 Pin Data Input/Output 0x0000_0001
PO1_PDIO GP_BA+0x204 R/W |GPIO PO0.1 Pin Data Input/Output 0x0000_0001
P04_PDIO GP_BA+0x210 R/W |GPIO P0.4 Pin Data Input/Output 0x0000_0001
P0O5_PDIO GP_BA+0x214 R/W |GPIO PO0.5 Pin Data Input/Output 0x0000_0001
P06_PDIO GP_BA+0x218 R/W |GPIO P0.6 Pin Data Input/Output 0x0000_0001
P0O7_PDIO GP_BA+0x21C R/W |GPIO P0.7 Pin Data Input/Output 0x0000_0001
P10_PDIO GP_BA+0x220 R/W |GPIO P1.0 Pin Data Input/Output 0x0000_0001
P12_PDIO GP_BA+0x228 R/W |GPIO P1.2 Pin Data Input/Output 0x0000_0001
P13_PDIO GP_BA+0x22C R/W |GPIO P1.3 Pin Data Input/Output 0x0000_0001
P14 _PDIO GP_BA+0x230 R/W |GPIO P1.4 Pin Data Input/Output 0x0000_0001
P15 PDIO GP_BA+0x234 R/W |GPIO P1.5 Pin Data Input/Output 0x0000_0001
P16_PDIO GP_BA+0x238 R/W |GPIO P1.6 Pin Data Input/Output 0x0000_0001
P22_PDIO GP_BA+0x248 R/W |GPIO P2.2 Pin Data Input/Output 0x0000_0001
P23_PDIO GP_BA+0x24C R/W |GPIO P2.3 Pin Data Input/Output 0x0000_0001
P24_PDIO GP_BA+0x250 R/W |GPIO P2.4 Pin Data Input/Output 0x0000_0001
P25_PDIO GP_BA+0x254 R/W |GPIO P2.5 Pin Data Input/Output 0x0000_0001
P26_PDIO GP_BA+0x258 R/W |GPIO P2.6 Pin Data Input/Output 0x0000_0001
P27_PDIO GP_BA+0x25C R/W |GPIO P2.7 Pin Data Input/Output 0x0000_0001
P30_PDIO GP_BA+0x260 R/W |GPIO P3.0 Pin Data Input/Output 0x0000_0001
P31_PDIO GP_BA+0x264 R/W |GPIO P3.1 Pin Data Input/Output 0x0000_0001
P32_PDIO GP_BA+0x268 R/W |GPIO P3.2 Pin Data Input/Output 0x0000_0001
P34_PDIO GP_BA+0x270 R/W |GPIO P3.4 Pin Data Input/Output 0x0000_0001
P35_PDIO GP_BA+0x274 R/W |GPIO P3.5 Pin Data Input/Output 0x0000_0001
P36_PDIO GP_BA+0x278 R/W |GPIO P3.6 Pin Data Input/Output 0x0000_0001
P37_PDIO GP_BA+0x27C R/W |GPIO P3.7 Pin Data Input/Output 0x0000_0001
P46_PDIO GP_BA+0x298 R/W |GPIO P4.6 Pin Data Input/Output 0x0000_0001
P47_PDIO GP_BA+0x29C R/W |GPIO P4.7 Pin Data Input/Output 0x0000_0001
P50_PDIO GP_BA+0x2A0 R/W |GPIO P5.0 Pin Data Input/Output 0x0000_0001
P51_PDIO GP_BA+0x2A4 R/W |GPIO P5.1 Pin Data Input/Output 0x0000_0001
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P52_PDIO GP_BA+0x2A8 R/W |GPIO P5.2 Pin Data Input/Output 0x0000_0001
P53 _PDIO GP_BA+0x2AC R/W |GPIO P5.3 Pin Data Input/Output 0x0000_0001
P54_PDIO GP_BA+0x2B0 R/W |GPIO P5.4 Pin Data Input/Output 0x0000_0001
P55 _PDIO GP_BA+0x2B4 R/W |GPIO P5.5 Pin Data Input/Output 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 PDIO
Bits Description
[31:1] Reserved Reserved.
GPIO Px.N Pin Data Input/Output
Writing this bit can control one GPIO pin output value.
0 = Corresponding GPIO pin set to low.
1 = Corresponding GPIO pin set to high.
Read this register to get GPIO pin status.
For example, writing PO0_PDIO will reflect the written value to bit DOUT (PO_DOUT[0]),
reading POO_PDIO will return the value of PIN (PO_PIN[O0]).
[0] PDIO Notel: The writing operation will not be affected by register DATMSK (Px_DATMSK]|n]).
Note2:
Max. n=7 for port 0, n=2, n=3 are reserved.
Max. n=7 for port 1, n=1, n=7 are reserved.
Max. n=7 for port 2, n=0, n=1 are reserved.
Max. n=7 for port 3, n=3, are reserved.
Max. n=7 for port 4, n=0,1..5 are reserved.
Max. n=7 for port 5, n=6, n=7 are reserved.
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6.6 Timer Controller (TMR)
6.6.1 Overview

The Timer Controller includes two 32-bit timers, TMRO and TMR1, allowing user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, delay timing, clock generation, event counting by external input pins, and interval
measurement by external capture pins.

6.6.2 Features

Two sets of 32-bit timer with 24-bit up counter and one 8-bit prescale counter
Independent clock source for each timer

Provides one-shot, periodic, toggle-output and continuous counting operation modes
24-bit up counter value is readable through CNT (TIMRTx_CNT[23:0])

Supports event counting function

24-bit capture value is readable through CAPDAT (TIMERXx_CAP[23:0])

Supports external capture pin event for interval measurement

Supports external capture pin event to reset 24-bit up counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is
generated

®  Supports internal capture triggered while internal ACMP output signal transition
6.6.3 Block Diagram

The timer controller block diagram and clock control are shown in Figure 6.6-1 and Figure 6.6-2.

(TIMERx_CTL[23])

| WKEN

Timer

[ RSTCNT (TIMERx_CTLI26)) | CMPDAT
Wakeup

(TIMERx_CMP[23:0]) TWKF

(TIMERX_INTSTS[1])

Reset counter

¥
| CNTEN (TIMERx_CTL[30]) |

8-bit 24-bit
prescale up counter
Timer
Interrupt

TIF
(TIMERx_INTSTS[0])

EXTCNTEN CNTDATEN
(TIMERx_CTL[24]) | |(TIMERx_CTL[16])

CNTPHASE
(TIMERX_EXTCTL0])

CAPEN CAPFUNCS
(TIMERx_EXTCTL[3])|  [(TIMERx_EXTCTL[4])
INTEN
CAPIF
TMO_EXT/ (TIMERx_EINT (TIMERx_CTL[29])
TM1_EXT STS[0]) ey

(TIMERx_CAP[23:0])

1
[CAPIEN(TIMERX_EXTCTL5]) }—D_

Figure 6.6-1 Timer Controller Block Diagram

o)
\

CAPEDGE
(TIMERx_EXTCTL[2:1])
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TMROSEL (CLK_CLKSEL1[10:8])
TMR1SEL (CLK_CLKSEL1[14:12])

HIRC {

111 I TMROCKEN (CLK_APBCLK[2])
TMRICKEN (CLK_APBCLK([3])

T™MO ~ TM1
011 TMRO_CLK
. TMR1_CLK
HCLK 010 _
10 kHz (LIRC) >

001

4~24 MHz (HXT) /
32.768 kHz (LXT)

S Legend

/ HXT = High Speed External clock signal

LXT = Low Speed External clock signal
HIRC= High Speed Internal clock signal
LIRC = Low Speed Internal clock signal

Figure 6.6-2 Clock Source of Timer Controller

6.6.4 Basic Configuration

The peripheral clock source of TMRO and TMR1 can be enabled in TMRxCKEN

(CLK_APBCLK]3:2]) and selected as clock source in TMROSEL (CLK_CLKSEL1[10:8]) for TMRO,
TMRI1SEL (CLK_CLKSEL1[14:12]) for TMR1.

6.6.5 Functional Description

6.6.5.1 Timer Interrupt Flag

The timer controller supports two interrupt flags; one is TIF (TIMERX_INTSTS[0]) which is set
while timer counter value CNT (TIMERx_CNT[23:0]) matches the timer compared value CMPDAT
(TIMERXx_CMP[23:0]), and the other is CAPIF (TIMERX_EINTSTS[0]) which is set when the
transition on the TMx_EXT pin associated CAPEDGE (TIMERx_EXTCTL[2:1]) setting.

6.6.5.2 Timer Counting Operation Mode

The Timer controller provides four timer counting modes: One-shot, Periodic, Toggle-output and
Continuous Counting operation modes as described below.

6.6.5.3 One-shot Mode

If the timer controller is configured at one-shot mode (TIMERx_CTL[28:27] is 2’b00) and CNTEN
(TIMERx_CTL[30]) is set, the timer counter starts up counting. Once the CNT
(TIMERx_CNT[23:0]) value reaches CMPDAT (TIMERx_CMP[23:0]) value, the TIF
(TIMERX_INTSTS[0]) will be setto 1, CNT value and CNTEN bit is cleared automatically by timer
controller then timer counting operation stops. In the meantime, if the INTEN (TIMERx_CTL[29])
is enabled, the timer interrupt signal is generated and sent to NVIC to inform CPU also.

Jun. 18, 2015 Page 178 of 403 Rev.1.01



NUVOTON NM1200/NM1100

I

6.6.5.4 Periodic Mode

If the timer controller is configured at periodic mode (TIMERX_CTL[28:27] is 2’b01) and CNTEN
(TIMERx_CTL[30]) is set, the timer counter starts up counting. Once the CNT
(TIMERx_CNT[23:0]) value reaches CMPDAT (TIMERx_CMP[23:0]) value, the TIF
(TIMERX_INTSTS|O]) will be setto 1, CNT value will be cleared automatically by timer controller
and timer counter operates counting again. In the meantime, if the INTEN (TIMERX_CTL[29]) bit
is enabled, the timer interrupt signal is generated and sent to NVIC to inform CPU also. In this
mode, the timer controller operates counting and compares with CMPDAT value periodically until
the CNTEN bit is cleared by user.

6.6.5.5 Toggle-output Mode

If the timer controller is configured at toggle-output mode (TIMERx_CTL[28:27] is 2’b10) and
CNTEN (TIMERx_CTL][30]) is set, the timer counter starts up counting. The counting operation of
toggle-output mode is almost the same as periodic mode, except toggle-output mode has
associated TMO ~ TM1 pin to output signal while specify TIF (TIMERX_INTSTSIO0]) is set. Thus,
the toggle-output signal on TMO ~ TM1 pin is high and changing back and forth with 50% duty
cycle. The output pin could be either TMO ~ TM1 or TMO_EXT ~ TM1_EXT depending on the
TGLPINSEL (TIMERx_CTL[18]).

6.6.5.6 Continuous Counting Mode

If the timer controller is configured at continuous counting mode (TIMERx_CTL[28:27] is 2'b11)
and CNTEN (TIMERx_CTL][30]) is set, the timer counter starts up counting. Once the CNT
(TIMERx_CNTJ[23:0]) value reaches the CMPDAT (TIMERx_CMP[23:0]) value, the TIF
(TIMERX_INTSTS[0]) will be setto 1 and the CNT value keeps up counting. In the meantime, if
the INTEN (TIMERx_CTL[29]) is enabled, the timer interrupt signal is generated and sent to NVIC
to inform CPU. User can change different CMPDAT value immediately without disabling timer
counting and restarting timer counting in this mode.

For example, CMPDAT value is set as 80, first. The TIF will set to 1 when CNT value is equal to
80, the timer counter is kept counting and CNT value will not go back to 0, it continues to count
81,82,83, t02**-1,0, 1, 2,3, """ to 2** -1 again and again. Next, if user programs the
CMPDAT value as 200 and clears TIF, the TIF will be set to 1 again when CNT value reaches
200. At last, user programs CMPDAT as 500 and clears TIF, the TIF will set to 1 again when CNT
value reaches to 500. In this mode, the timer counting is continuous.
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Figure 6.6-3 Continuous Counting Mode

6.6.5.7 Event Counting Mode

The timer controller also provides an application which can count the input event from TMx (x=
0~1) pin and the number of event will reflect to CNT (TIMERx_CNT/[23:0]) value. It is also called
as event counting function. In this function, EXTCNTEN (TIMERx_CTL[24]) should be set and the
timer peripheral clock source should be set as HCLK.

User can enable or disable TMx pin de-bounce circuit by setting CNTDBEN
(TIMERX_EXTCTL][7]). The input event frequency should be less than 1/3 HCLK if TMx pin de-
bounce disabled or less than 1/8 HCLK if TMx pin de-bounce enabled to assure the returned CNT
value is correct, and user can also select edge detection phase of TMx pin by setting CNTPHASE
(TIMERX_EXTCTL][Q]) bit.

In event counting mode, the timer counting operation mode can be selected as one-shot, periodic
and continuous counting mode to counts the counter value CNT (TIMERx_CNT[23:0]) from TMx
pin.

6.6.5.8 Input Capture Function

The input capture or reset function is provided to capture or reset timer counter value. The
capture function with free-counting capture mode and trigger-counting capture mode are
configured by CAPSEL (TIMERx_EXTCTL][8]). The free-counting capture mode, reset mode,
trigger-counting capture mode are described as follows.

6.6.5.9 Free-Counting Capture Mode

The event capture function is used to load CNT (TIMERXx_CNT[23:0]) value to CAPDAT
(TIMERx_CAP[23:0]) value while edge transition detected on TMx_EXT (x= 0~1) pin. In this
mode, CAPSEL (TIMERx_EXTCTL[8]) and CAPFUNCS (TIMERX_EXTCTL[4]) should be as 0 for
select TMx_EXT transition is using to trigger event capture function and the timer peripheral clock
source should be set as HCLK.
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User can enable or disable TMx_EXT pin de-bounce circuit by setting CAPDBEN
(TIMERX_EXTCTL][6]). The transition frequency of TMx_EXT pin should be less than 1/3 HCLK if
TMx_EXT pin de-bounce disabled or less than 1/8 HCLK if TMx_EXT pin de-bounce enabled to
assure the capture function can be work normally, and user can also select edge transition
detection of TMx_EXT pin by setting CAPEDGE (TIMERx_EXTCTL[2:1]).

In event capture mode, user does not consider what timer counting operation mode is selected,
the capture event occurred only if edge transition on TMx_EXT pin is detected.

Users must consider the Timer will keep register TIMERx_CAP unchanged and drop the new
capture value, if the CPU does not clear the CAPIF (TIMERX_EINTSTSJO0]) status. The operation
method is described in Table 6.6-1.

mmercent 5 ) 6 ) 7 X 8 ) 9 }(10 11 X 12 X 13 }( 14 (15

TMx_EXT
(CAPEDGE=0x02)

Clear by software

e TN ]

TIMERX_CAP XX >< 6 >< 10 13

Figure 6.6-4 Free-Counting Capture Mode

6.6.5.10 External Reset Counter Mode

The timer controller also provides reset counter function to reset CNT (TIMERx_CNT[23:0]) value
while edge transition detected on TMx_EXT (x= 0~1). In this mode, most the settings are the
same as event capture mode except CAPFUNCS (TIMERx_EXTCTL[4]) should be as 1 for select
TMx_EXT transition is using to trigger reset counter value. The operation method is also
described in Table 6.6-1.

mmverxcent 5 (6 X 0 )1 X 2 X3 o)X 1)X2)3Xo
/”

TMx_EXT
(CAPEDGE=0x02)

Clear by software

CAPIF ‘/

Figure 6.6-5 External Reset Counter Mode

6.6.5.11 Trigger-Counting Capture Mode

If CAPSEL (TIMERx_EXTCTL][8]) is set to 1, CAPEN (TIMERx_EXTCTL[3)) is set to 1 and
CAPFUNCS (TIMERx_EXTCTL[4]) is set to 0, the CNT will be reset to 0 then captured into
CAPDAT register when TMx_EXT (x= 0~1) pin trigger condition occurred. The TMx_EXT trigger
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edge can be chosen by CAPEDGE (TIMERx_EXTCTL[2:1]). The detailed operation method is
described in Table 6.6-1. When TMx_EXT trigger occurred, CAPIF (TIMERx_EINTSTS|0]) is set
to 1, and the interrupt signal is generated, then sent to NVIC to inform CPU if CAPIEN
(TIMERx_EXTCTL[5]) is 1. And, the TMx_EXT source operating frequency should be less than
1/3 HCLK frequency if disable TMx_EXT de-bounce or less than 1/8 HCLK frequency if enabling
TMx_EXT de-bounce. It also provides TMx_EXT enabled or disabled capture de-bounce function
by CAPDBEN (TIMERx_EXTCTL[6]).

CAPSEL CAPFUNCS CAPEDGE
Function (TIMERX_EXTCT| TIMERX_EXTCT | TIMERX_EXTCTL[2: Operation Description
L8l L[4D) 1))
0 0 00 A 1 to 0 transition on TMx_EXT (x= 0~1) pin is
detected. CNT is captured to CAPDAT.
0 0 o1 A 0 to 1 transition on TMx_EXT (x= 0~1) pin is
Free-counting detected. CNT is captured to CAPDAT.
Capture Mode Either 1 to 0 or O to 1 transition on TMx_EXT
0 0 10 (x= 0~1) pin is detected. CNT is captured to
CAPDAT.
0 0 11 Reserved
0 1 00 An 1 to 0 transition on TMx_EXT (x= 0~1) pin
is detected. CNT is reset to 0.
0 1 01 A 0 to 1 transition on TMx_EXT (x= 0~1) pin is
External Reset detected. CNT is reset to 0.
Counter Mode
0 1 10 Either 1 to 0 or O to 1 transition on TMx_EXT
(x=0~1) pin is detected. CNT is reset to O.
0 1 11 Reserved

Falling Edge Trigger:

The 1st 1 to O transition on TMx_EXT (x= 0~1)
1 0 00 pin is detected to reset CNT as 0 and then
starts counting, while the 2nd 1 to O transition
stops counting.

Rising Edge Trigger:

The 1st 0 to 1 transition to on TMx_EXT (x=
1 0 01 0~1) pin is detected to reset CNT as 0 and
then starts counting, while the 2nd 0 to 1

Trigger-Counting transition stops counting.

Capture Mode

Level Change Trigger:

1 0 10 An 1 to 0 transition on TMx_EXT (x= 0~1) pin
is detected to reset CNT as 0 and then starts
counting, while 0 to 1 transition stops counting.

Level Change Trigger:

1 0 11 A 0 to 1 transition on TMx_EXT (x= 0~1) pin is
detected to reset CNT as 0 and then starts
counting, while 1 to 0 transition stops counting.

Table 6.6-1 Input Capture Mode Operation

6.6.5.12 Continuous Capture Mode

TimerO0/1 provide Continuous Capture mode to obtain timer counter value automatically when
edges occurs on input capture signal.
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When CCAPEN (TIMER_CCAPCTL[0]) set to high, the Continuous Capture mode will be
enabled. TMRSEL (TIMER_CCAPCTL][2]) is 0, means timer0 counter value will be latched when
edge of input capture signal changed. TMRSEL is 1 means timerl counter value will be latched.

After CCAPEN enabled, if edge of input capture signal changed, the first rising edge will latch the
timer counter value to TIMER_CCAPO then set CAPR1F (TIMER_CCAPCTL[8]) to high. When
CAPRIF is high, first falling edge will latch the timer counter value to TIMER_CCAP1 then set
CAPF1F (TIMER_CCAPCTLI[9]) to high. When CAPFL1F is high, second rising edge will latch
timer counter value to TIMER_CCAP2 then set CAPR2F (TIMER_CCAPCTL[10]) to high.

When CAPR2F is high and TMRSEL is low, second falling edge will latch the timer O counter to
TIMERO_CAP then set CAPF2F (TIMER_CCAPCTL[11]) to high. If TMRSEL is high, second
falling edge will latch the timer 1 counter to TIMER1_CAP then set CAPF2F to high.

24-bit TMO/TM
TMRSEL Counter
CCAPEN Latch timer
counter
0 P0.0 v
T L
) _ 1 input |_|_TIMER CCAPO | > CAPRIF |
i | Capture
3 506 o P | TIMER_ICCAP1 | > cAPFiF |
4 P0.7 | Mux. | TMER_ccAP2 | > cAPRoF |
; I
S P52 : TIMERO_CAP/ CAPF2F
6 P3.0 ‘ TIMER1_CAP
7 P3.1 J—
CAPCHSEL[2:0]
Figure 6.6-6 Continuous Capture Mode Block
CCAPEN
A A
A A :
|
|
Input Signal Y Y !
|
|
I

A
I
I
} H/W clears 'CCAPEN' bit

H/W loads TimerQ's counter value into 'TIMERO_CAP' register
when TMRSEL = 0, or loads Timer1's counter value into
"TIMER1_CAP"' register when TMRSEL =1,

at the 2nd falling edge and set CAPF2F to 1.

H/W loads Timer0/1's counter value into TIMER_CCAP2'

register

| at the 2nd rising-edge and set CAPR2F to 1.

H/W loads Timer0/1's counter value into 'TIMER_CCAP1' register

at the 1st falling edge and set CAPF1F to 1.

S/W sets 'CCAPEN' bit

e

A A
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| I
| |
|
|
|
|

H/W loads Timer0/1's counter value into 'TIMER_CCAPO'
register
at the 1st rising-edge and set CAPR1F to 1.
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Figure 6.6-7 Continuous Capture Mode Behavior
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6.6.6 Register Map

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

Register Offset R/W |Description Reset Value
TMR Base Address

TMR_BA = 0x4001_0000

TIMERO_CTL |TMR_BA+0x00 R/W |Timer0 Control and Status Register 0x0000_0005
TIMERO_CMP |TMR_BA+0x04 R/W |Timer0 Compare Register 0x0000_0000
PSMERO—INTS TMR_BA+0x08 R/W |TimerO Interrupt Status Register 0x0000_0000
TIMERO_CNT |TMR_BA+0x0C R Timer0 Data Register 0x0000_0000
TIMERO_CAP |TMR_BA+0x10 R TimerO Capture Data Register 0x0000_0000
E_MERO—EXTC TMR_BA+0x14 RMW  |Timer0 External Control Register 0x0000_0000
-S”TMSERO—EINT TMR_BA+0x18 R/W |Timer0 External Interrupt Status Register 0x0000_0000
TIMER1_CTL |TMR_BA+0x20 R/W |Timerl Control and Status Register 0x0000_0005
TIMER1_CMP |TMR_BA+0x24 R/W |Timerl Compare Register 0x0000_0000
PSMERl—INTS TMR_BA+0x28 R/W |Timerl Interrupt Status Register 0x0000_0000
TIMER1_CNT [TMR_BA+0x2C R Timerl Data Register 0x0000_0000
TIMER1_CAP |TMR_BA+0x30 R Timerl Capture Data Register 0x0000_0000
E_MER:L—EXTC TMR_BA+0x34 R/W |Timerl External Control Register 0x0000_0000
;%ERl_EINT TMR_BA+0x38 R/W |Timerl External Interrupt Status Register 0x0000_0000
ETNII_ER—CCAP TMR_BA+0x40 R/W |Timer Continuous Capture Control Register 0x0000_0000
-(I;IMER—CCAP TMR_BA+0x44 R Timer Continuous Capture Data Register 0 0x0000_0000
IIMER—CCAP TMR_BA+0x48 R Timer Continuous Capture Data Register 1 0x0000_0000
'2FIMER_CCAP TMR_BA+0x4C R Timer Continuous Capture Data Register 2 0x0000_0000
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6.6.7 Register Description

Timer Control Reqgister (TIMERx CTL)

Register

Offset

R/W |Description Reset Value

TIMERO_CTL

TMR_BA+0x00

R/W |TimerO Control and Status Register 0x0000_0005

TIMER1_CTL

TMR_BA+0x20

R/W |Timerl Control and Status Register 0x0000_0005

31

30

29 28 27 26 25 24

ICEDEBUG

CNTEN

INTEN OPMODE RSTCNT ACTSTS EXTCNTEN

23

22

21 20 19 18 17 16

WKEN

Reserved

CAPPINSEL | TGLPINSEL CMPCTL CNTDATEN

15

14

13 12 11 10 © 8

Reserved

PSC

Bits

Description

(31]

ICEDEBUG

ICE Debug Mode Acknowledge Disable Bit (Write Protect)

0 = ICE debug mode acknowledgement effects TIMER counting.
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.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

(30]

CNTEN

Timer Counting Enable Bit
0 = Stops/Suspends counting.
1 = Starts counting.

Notel: In stop status, and then setting CNTEN 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 (TIMERx_CTL[28:27] =
2’b00) when the timer interrupt flag TIF (TIMERX_INTSTS|O]) is generated.

(29]

INTEN

Timer Interrupt Enable Bit
0 = Timer Interrupt Disabled.
1 = Timer Interrupt Enabled.

Note: If this bit is enabled, when the timer interrupt flag TIF is set to 1, the timer interrupt
signal will be generated and inform CPU.

[28:27]

OPMODE

Timer Counting Mode Selection

00 = The Timer controller is operated in one-shot mode.

01 = The Timer controller is operated in periodic mode.

10 = The Timer controller is operated in toggle-output mode.

11 = The Timer controller is operated in continuous counting mode.

(26]

RSTCNT

Timer Counter Reset
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Bits Description

Setting this bit will reset the 24-bit up counter value CNT (TIMERx_CNT[23:0]) and also
force CNTEN (TIMERx_CTL[30]) to 0 if ACTSTS (TIMERx_CTL[25]) is 1.

0 = No effect.
1 = Reset internal 8-bit prescale counter, 24-bit up counter value and CNTEN bit.

Timer Active Status (Read Only)

This bit indicates the 24-bit up counter status.
[25] ACTSTS ) ] )
0 = 24-bit up counter is not active.

1 = 24-bit up counter is active.

Event Counter Mode Enable Bit
This bit is for external counting pin function enabled.
[24] EXTCNTEN 0 = Event counter mode Disabled.
1 = Event counter mode Enabled.

Note: When timer is used as an event counter, this bit should be set to 1 and select
HCLK as timer clock source.

Wake-up Function Enable Bit

If this bit is set to 1, while the timer interrupt flag TIF (TIMERx_INTSTSJ[0]) is 1 and
INTEN (TIMERx_CTL[29]) is enabled, the timer interrupt signal will generate a wake-up
(23] WKEN trigger event to CPU.

0 = Wake-up function Disabled if timer interrupt signal generated.
1 = Wake-up function Enabled if timer interrupt signal generated.

[22:20] Reserved Reserved.

Capture Pin Source Select Bit

0 = Capture Function source is from TMx_EXT (x= 0~1) pin.

(19] CAPPINSEL 1 = Capture Function source is from internal ACMP output signal. User can set

CAPSRCMP (TIMERx_EXTCTL[9]) to decide which ACMP output signal as timer capture
source.

Toggle-Output Pin Select Bit
[18] TGLPINSEL 0 = Toggle mode output to TMx (Timer Event Counter Pin).
1 = Toggle mode output to TMx_EXT (Timer External Capture Pin).

Timer Compared Mode Select Bit

0 = The behavior selection in one-shot or periodic mode Disabled.

When user updates CMPDAT while timer is running in one-shot or periodic mode,
CNT will be reset to default value.

1 = The behavior selection in one-shot or periodic mode Enabled.

(7] CMPCTL When user updates CMPDAT while timer is running in one-shot or periodic mode, the
limitations as bellows list,

If updated CMPDAT value > CNT, CMPDAT will be updated and CNT keep running
continually.

If updated CMPDAT value = CNT, timer time-out interrupt will be asserted immediately.
If updated CMPDAT value < CNT, CNT will be reset to default value.

Data Load Enable Control

When CNTDATEN is set, CNT (TIMERx_CNT[23:0]) (Timer Data Register) will be
[16] CNTDATEN updated continuously with the 24-bit up-timer value as the timer is counting.

0 = Timer Data Register update Disabled.
1 = Timer Data Register update Enabled while Timer counter is active.

[15:8] Reserved Reserved.

[7:0] PSC Prescale Counter
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Bits Description

Timer input clock or event source is divided by (PSC+1) before it is fed to the timer up
counter. If this field is 0 (PSC = 0), then there is no scaling.
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Timer Compare Register (TIMERXx CMP)

Register Offset R/W |Description Reset Value
TIMERO_CMP |TMR_BA+0x04 R/W |TimerO Compare Register 0x0000_0000
TIMER1_CMP |TMR_BA+0x24 R/W |Timerl Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CMPDAT
15 14 13 12 11 10 9 8
CMPDAT
7 6 5 4 3 2 1 0
CMPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Compared Value
CMPDAT is a 24-bit compared value register. When the internal 24-bit up counter value
is equal to CMPDAT value, the TIF (TIMERX_INTSTS[0] Timer Interrupt Flag) will set to
1.
Time-out period = (Period of timer clock input) * (8-bit PSC + 1) * (24-bit CMPDAT).
(23:0] CMPDAT Notel: Never write 0x0 or Ox1 in CMPDAT 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 user writes a new value into CMPDAT field. But if
timer is operating at other modes, the 24-bit up counter will restart counting from 0 and
using newest CMPDAT value to be the timer compared value while user writes a new
value into the CMPDAT field.
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Timer Interrupt Status Register (TIMERXx INTSTS)

Register Offset R/W |Description Reset Value
pSMERO—INTS TMR_BA+0x08 R/W |TimerO Interrupt Status Register 0x0000_0000
pSMERl—INTS TMR_BA+0x28 R/W |Timerl 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 TWKF TIF
Bits Description
[31:2] Reserved Reserved.
Timer Wake-up Flag
This bit indicates the interrupt wake-up flag status of timer.
[1] TWKE 0 = Timer does not cause CPU wake-up.
1 = CPU wake-up from Idle or Power-down mode if timer time-out 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 while 24-bit timer up counter CNT
(TIMERx_CNT[23:0]) value reaches to CMPDAT (TIMERx_CMP[23:0]) value.
[l TIF 0 = No effect.
1 = CNT value matches the CMPDAT value.
Note: This bit is cleared by writing 1 to it.

Jun. 18, 2015 Page 190 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Timer Data Register (TIMERXx CNT)

Register Offset R/W |Description Reset Value
TIMERO_CNT |TMR_BA+0x0C R TimerO Data Register 0x0000_0000
TIMER1_CNT |TMR_BA+0x2C R Timerl Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
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
[31:24] Reserved Reserved.
Timer Data Register
This field can be reflected the internal 24-bit timer counter value or external event input
counter value from TMx (x=0~1) pin.
[23:0] CNT If EXTCNTEN (TIMERx_CTL[24]) is 0, user can read CNT value for getting current 24- bit
counter value.
If EXTCNTEN (TIMERX_CTL[24]) is 1, user can read CNT value for getting current 24- bit
event input counter value.
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Timer Capture Data Register (TIMERXx CAP)

Register Offset R/W |Description Reset Value
TIMERO_CAP |TMR_BA+0x10 R Timer0 Capture Data Register 0x0000_0000
TIMER1_CAP |TMR_BA+0x30 R Timerl Capture Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CAPDAT
15 14 13 12 11 10 9 8
CAPDAT
7 6 5 4 3 2 1 0
CAPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Capture Data Register
When CAPEN (TIMERX_EXTCTL[3]) bit is set, CAPFUNCS (TIMERx_EXTCTL[4]) bit is
[23:0] CAPDAT 0, and a transition on TMx_EXT pin matched the CAPEDGE (TIMERx_EXTCTL[2:1])
setting, CAPIF (TIMERx_EINTSTSJO0]) will set to 1 and the current timer counter value
CNT (TIMERx_CNT[23:0]) will be auto-loaded into this CAPDAT field.
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Timer External Control Reqister (TIMERx EXTCTL)

Register Offset R/W |Description Reset Value
E_MERO—EXTC TMR_BA+0x14 R/W |Timer0 External Control Register 0x0000_0000
E_MER]'—EXTC TMR_BA+0x34 R/W |Timerl 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 CAPMODE
7 6 5 4 3 2 1 0
ECNTDBEN CAPDBEN CAPIEN CAPFUNCS CAPEN CAPEDGE CNTPHASE
Bits Description
[31:9] Reserved Reserved.

Capture Mode Select Bit
[8] CAPMODE 0 = Timer counter reset function or free-counting mode of timer capture function.
1 = Trigger-counting mode of timer capture function.

Timer Counter Pin De-Bounce Enable Bit
0 = TMx (x= 0~1) pin de-bounce Disabled.
[7] ECNTDBEN 1 = TMx (x= 0~1) 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 = TMx_EXT (x= 0~1) pin de-bounce Disabled.
1 = TMx_EXT (x= 0~1) pin de-bounce Enabled.

Notel: If this bit is enabled, the edge detection of TMx_EXT pin is detected with de-
bounce circuit.

6] CAPDBEN

Note2: The de-bounce circuit doesn’t support ACMP output.

Timer External Capture Interrupt Enable Bit
0 = TMx_EXT (x= 0~1) pin detection Interrupt Disabled.
1 = TMx_EXT (x= 0~1) pin detection Interrupt Enabled.

[5] CAPIEN Note: CAPIEN is used to enable timer external interrupt. If CAPIEN enabled, timer will
generate an interrupt when CAPIF (TIMERx_EINTSTS[0]) is 1.

For example, while CAPIEN = 1, CAPEN =1, and CAPEDGE = 00, an 1 to O transition on
the TMx_EXT pin will cause the CAPIF to be set then the interrupt signal is generated
and sent to NVIC to inform CPU.

Capture Function Select Bit
[4] CAPFUNCS
0 = External Capture Mode Enabled.

Jun. 18, 2015 Page 193 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Bits Description

1 = External Reset Mode Enabled.

Notel: When CAPFUNCS is 0, transition on TMx_EXT (x= 0~1) pin is using to save the
24-bit timer counter value to CAPDAT register.

Note2: When CAPFUNCS is 1, transition on TMx_EXT (x= 0~1) pin is using to reset the
24-bit timer counter value.

Timer External Capture Pin Enable Bit
This bit enables the TMx_EXT pin.

0 = TMx_EXT (x= 0~1) pin Disabled.

1 = TMx_EXT (x= 0~1) pin Enabled.

3] CAPEN

Timer External Capture Pin Edge Detection

00 = A falling edge on TMx_EXT (x= 0~1) pin will be detected.

[2:1] CAPEDGE 01 = Arising edge on TMx_EXT (x= 0~1) pin will be detected.

10 = Either rising or falling edge on TMx_EXT (x= 0~1) pin will be detected.
11 = Reserved.

Timer External Count Phase

This bit indicates the detection phase of external counting pin TMx (x= 0~1).
[0] CNTPHASE , T

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 Reqgister (TIMERx EINTSTS)

Register Offset R/W |Description Reset Value
'SFI_II:/ISERO_EINT TMR_BA+0x18 R/W |Timer0 External Interrupt Status Register 0x0000_0000
'SFI_II:/ISERl_EINT TMR_BA+0x38 R/W |Timerl 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 CAPIF
Bits Description
[31:1] Reserved Reserved.
Timer External Capture Interrupt Flag
This bit indicates the timer external capture interrupt flag status.
0 = TMx_EXT (x= 0~1) pin interrupt did not occur.
1 = TMx_EXT (x= 0~1) pin interrupt occurred.
(0] CAPIF Notel: This bit is cleared by writing 1 to it.
Note2: When CAPEN (TIMERx_EXTCTL[3]) bit is set, CAPFUNCS
(TIMERx_EXTCTL[4]) bit is 0, and a transition on TMx_EXT (x= 0~1) pin matched the
CAPEDGE (TIMERx_EXTCTL[2:1]) setting, this bit will set to 1 by hardware.
Note3: There is a new incoming capture event detected before CPU clearing the CAPIF
status. If the above condition occurred, the Timer will keep register TIMERx_CAP
unchanged and drop the new capture value.
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Timer Continuous Capture Control Register (TIMER CCAPCTL)

Register Offset R/W |Description Reset Value
TIMER_CCAPCTL |TMR_BA+0x40 R/W |Timer Continuous Capture 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 CAPF2F CAPR2F CAPF1F CAPR1F
7 6 5 4 3 2 1 0
Reserved CAPCHSEL TMRSEL INV CCAPEN
Bits Description
[31:12] Reserved Reserved.

Capture Falling Edge 2 Flag

Second falling edge already captured, this bit will be set to 1.
0 = None.

[11] CAPF2F 1 = TIMERO_CAP or TIMER1_CAP data is ready for read.

When TMRSEL=0, TIMERO_CAP store the timer 0 counter value. TMRSEL=1,
TIMER1_CAP store the timer 1 counter value.

Note: This bit is cleared by H/W automatically when write CCAPEN to 1 or writing 1 to it

Capture Rising Edge 2 Flag

Second rising edge already captured, this bit will be set to 1.

[10] CAPR2F 0 = None.

1 =TIMER_CCAP?2 data is ready for read.

Note: This bit is cleared by H/W automatically when write CCAPEN to 1 or writing 1 to it

Capture Falling Edge 1 Flag

First falling edge already captured, this bit will be set to 1.

[9] CAPF1F 0 = None.

1 =TIMER_CCAPL1 data is ready for read.

Note: This bit is cleared by H/W automatically when write CCAPEN to 1 or writing 1 to it

Capture Rising Edge 1 Flag

First rising edge already captured, this bit will be set to 1.

[8] CAPR1F 0 = None.

1 =TIMER_CCAPO data is ready for read.

Note: This bit is cleared by H/W automatically when write CCAPEN to 1 or writing 1 to it

[7:6] Reserved Reserved.

Capture Channel Selection
[5:3] CAPCHSEL Select the input channel to be captured.
000 = PO0.0.
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001 = PO.4.
010 = PO.5.
011 = PO.6.
100 = PO.7.
101 = P5.2.
110 = P3.0.
111 =P3.1.

Capture Timer Selection

Select the timer to capture the input signal.
0 = Timer 0.

1 =Timer 1.

2] TMRSEL

Input Signal Inverse

Invert the input signal which be captured.
[1] INV

0 = None.

1 = Inverse.

Continuous Capture Enable

This bit enables the Continuous Capture function.
0 = Disable.

1 = Enable.

Note: This bit is cleared by H/W automatically when capture operation finish or writing 0
to it

[0] CCAPEN
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Timer Continuous Capture Reqgister (TIMER CCAPXx)

Register Offset R/W |Description Reset Value
TIMER_CCAPO |TMR_BA+0x44 R Timer Continuous Capture Data Register 0 0x0000_0000
TIMER_CCAP1 |TMR_BA+0x48 R Timer Continuous Capture Data Register 1 0x0000_0000
TIMER_CCAP2 |TMR_BA+0x4C R Timer Continuous Capture Data Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CAPDAT
15 14 13 12 11 10 9 8
CAPDAT
7 6 5 4 3 2 1 0
CAPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Continuous Capture Data Register X
[23:0] CAPDAT TIMER_CCAPO store the t?mer count value of ffrst risihg edge.
TIMER_CCAP1 store the timer count value of first falling edge.
TIMER_CCAP2 store the timer count value of second rising edge.

Jun. 18, 2015 Page 198 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

6.7 Enhanced PWM Generator
6.7.1 Overview

The NuMicro® NM1200/NM1100 series has built in one PWM unit (PWMO) which is specially
designed for motor driving control applications. The PWMO supports six PWM generators which
can be configured as six independent PWM outputs, PWMO0_CHO~PWMO_CHS5, or as three
complementary PWM pairs, (PWMO0_CHO, PWMO_CH1), (PWMO0_CH2, PWMO_CH3) and
(PWMO_CH4, PWMO_CHD5) with three programmable dead-time generators.

Every complementary PWM pairs share one 8-bit prescaler. There are six clock dividers providing
five divided frequencies (1, 1/2, 1/4, 1/8, 1/16) for each channel. Each PWM output has
independent 16-bit counter for PWM period control, and 16-bit comparators for PWM duty control.
The six PWM generators provide twelve independent PWM interrupt flags which are set by
hardware when the corresponding PWM period counter comparison matched period and duty.
Each PWM interrupt source with its corresponding enable bit can 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.

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 loaded into the 16-bit down
counter/ comparator at the end of current period. The double buffering feature avoids glitch at
PWM outputs.

Besides PWM, Motor controlling also need Timer, ACMP and ADC to work together. In order to
control motor more precisely, we provide some registers that not only configure PWM but also
Timer, ADC and ACMP, by doing so, it can save more CPU time and control motor with ease
especially in BLDC.

6.7.2 Features

The PWMO supports the following features:
®  Six independent 16-bit PWM duty control units with maximum six port pins:

B Six independent PWM outputs — PWMO_CHO, PWMO_CH1, PWMO_CH2,
PWMO_CH3, PWMO_CH4, and PWMO_CH5

B Three complementary PWM pairs, with each pin in a pair mutually complement
to each other and capable of programmable dead-time insertion — (PWMO0_CHO,
PWMO_CH1), (PWMO_CH2, PWMO_CH3) and (PWMO0_CH4, PWMO0_CH?5)

B Three synchronous PWM pairs, with each pin in a pair in-phase — (PWMO_CHO,
PWMO_CH1), (PWMO_CH2, PWMO_CH3) and (PWMO0_CH4, PWMO_CHD5)

®  Group control bit - PWMO_CH2 and PWMO_CH4 are synchronized with PWMO_CHO,
PWMO_CH3 and PWMO_CHS5 are synchronized with PWMO0_CH1

One-shot (only support edge-aligned type) or Auto-reload mode PWM
Up to 16-bit resolution

Supports edge-aligned and center-aligned mode

Supports asymmetric PWM generating in center-aligned mode

Supports center loading in center-aligned mode

Programmable dead-time insertion between complementary paired PWMs
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Each pin of PWMO_CHO to PWMO_CHS5 has independent polarity setting control
Hardware fault brake protections

B Supports software trigger

®  Two Interrupt source types:

B Synchronously requested at PWM frequency when down counter
comparison matched (edge- and center-aligned type) or underflow (edge-
aligned type)

B Requested when external fault brake asserted
4 BKPO: EINTO or CPO1
4 BKP1: EINT1 or CPOO

® The PWM signals before polarity control stage are defined in the view of positive logic.
The PWM ports is active high or active low are controlled by polarity control register

Supports mask aligned function

Supports independently rising CMP matching, PERIOD matching, falling CMP
matching (in Center-aligned type), period matching to trigger ADC conversion

®  Timer comparing matching event trigger PWM to do phase change in BLDC
application

®  Supports ACMP output event trigger PWM to force PWM output at most one period
low, this feature is usually for step motor control

®  Provides interrupt accumulation function
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6.7.3 Block Diagram

MSKDATO~  ACMPOTEN,
MSKDAT7 ACMPITEN
Trigger ADC
pCLK PWMO_CHOL f
signals
PRESETn
ECK[2:0] K[0] P\Alshi/\gorT;D‘:ZS
DFT_Test_Mode I
- PWMO_CHO1 PIVMO_CHas| Output Data Mux [————m PRDATA
Function Signals
— gnas 1
RegAddr
*~——»|
oLk . RegAddrEn > PWMO_CHO1
PRESETn ——»] RegwrcLk K; — outputs . PWMO_CHO/CHL
= t BwMo CriZ3| Force one ™1
PADDR ————»- _
PWDATA —— Reuwibae PWMO_CH23 outputs | period zero MAsK Ll pwwmooutpuT [PWMO_CH2/CH3
APB_Biu Register Decode Function ™ trol
PWRITE ——» RegAddr || control MUX PWMO_CH4/CHS
PSEL ———— [l e
PENABLE —— = RegDataEn
DFT_Test_Mode ————— —/
P — PWMO_CH45
outputs
o o e
— - Interrupt
PWMO_CH45 PWMO_CHOL_INT
Function PWMO_CH1 INT.
PWMO_CH23_INT PWMO_INT
PWMO_CH45_INT /
BRKCTL
T Signals
e
Brake ESRKCITL
BK.COMP — Function \gnals
SWBRK, BRKIFO/L
BK_INTO ——————»
INT
BK_INTL BRKIE BRAKE

Figure 6.7-2 PWM Block Diagram

Figure 6.7-3 shows the architecture of PWM in pair (e.g. PWM Counter 0/1 are in one pair and
PWM Counter 2/3 are in another one, and so on).

DTIO1 (PWM_DTCTL[7:0])—™ Dead-Time
»| Generator0 ||
PWM_PERIODO
PWM Generator CLKDIVO PWM_CMPDATO
in PWMA group (PWM_CLKDIV[2:0]) PWM_CTL POENO
1 ‘ (PWM_POENI[0])
| 100 |
1/2 |
s PWM G
1 001 > CounterQ >~ PWMO_CHO
Clock 118, 010 Logic
Divider 11 ol 011
- —— PINVO
e PWM_INTSTS (PWM_CTL2))
HCLK a-bit L 12 e PWM_INTEN
- E DTCNTO1
——®» Prescaler —>: 1:74:_ :—P PWM_PERIOD1 (PWM_CTL[24]) |
CLKPSCO1 18 1 PWM_CMPDAT1
S PWM_CTL
| YIS 1 POEN1
»| 100 (PWM_POENT[1])
1/ |
»{ 000 !
1/4 PWM
»{ 001 —m  Counterl
18,1 010 Logic PWMO_CH1
11
> 011
CLKDIV1 PWM_INTSTS PINV1
(PWM_CLKDIV[6:4]) PWM_INTEN (PWM_CTL[6])

Figure 6.7-3 PWM Generator O Architecture Diagram
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DTI23 (PWM_DTCTL[15:8])—#| Dead-Time |
» Generator 1
PWM_PERIOD2 A
PWM Generator CLKDIV2 PWM_CMPDAT2
in PWMB group | (PWM_CLKDIV[10:8]) PWM_CTL POEN2
’ (PWM_ POEN[2])
= 100 *
12
| PWM
| 001 »  Counter2 PWMO0_CH2
Clock 1/8, 010 Logic
Divider 7 S| 011 #
B PWM_INTSTS (PWM_CTL[10])
HCLK 8-bit - E’g 1™ PAWMLINTEN DTCNT23
— »| Prescaler || 1/4 | »| PWM_PERIOD3 (PWM_CTL[25]) |
CLKPSC23 C78 1 » PWM_CMPDAT3
C1716 ] » PYM-CTL POENS
LI i (PWM_POEN[3])
1/2 i
| PWM ‘
P 001  |—p Counter3
1/87 . Logic PWMO_CH3
17 -
PWM_INTSTS PINV3
CLKDIVS (PWM_CTL[14))
(PWM_CLKDIV[14:12]) PWM_INTEN
Figure 6.7-4 PWM Generator 2 Architecture Diagram
DTI45 (PWM_DTCTL[23:16]) —#| Dead-Time |
» Generator 2
PWM_PERIOD4 A
PWM Generator CLKDIV4 PWM_CMPDAT4
in PWMC group | (PWM_CLKDIV[18:16]) PWM_CTL POEN4
‘ (PWM_POEN[4])
12| |
| PWM
| 001 »  Counter4 PWMO0_CH4
Clock 1/8, 010 Logic
Divider mnef #
Fo-1, PINV4
- ;,2: b PWM_INTSTS (PWM_CTL[18])
HCLK 8-bit i g PAWMLINTEN DTCNT45
— | Prescaler (| 1/4 | » PWM_PERIOD5 (PWM_CTL[26]) |
CLKPSC45 C T8 1wl PWM_CMPDAT5
L1116 ]—»] P CTL POENS5
LN i (PWM_POEN(5])
1/2 i
| PWM ‘
»| 001 [—m  Counter5 P
18| Logic PWMO_CHS5
17 -
PWM_INTSTS PINV5
CLKDIVS (PWM_CTL[22))
(PWM_CLKDIV[22:20]) PWM_INTEN

Figure 6.7-5 PWM Generator 4 Architecture Diagram

6.7.4 Basic Configuration
The PWMO pin functions are configured in SYS_PO_MFP and SYS_P2_MFP registers.

The PWMO clock can be enabled in CLK_APBCLK][22:20]. The PWMO clock source is HCLK.
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6.7.5 Functional Description

6.7.5.1 PWM Counter Operation
This device supports three operation types: Edge-aligned and Center-aligned type.

Following equations show the formula for period and duty for each PWM counter operation type:

Edge-aligned (Down counter)

Duty ratio = (CMP + 1) / (PERIOD + 1)
Duty = (CMP + 1) * (clock period)
Period = (PERIOD + 1) * (clock period)

Center-aligned (Up and Down Counter):

Duty ratio = (PERIOD - CMP) / (PERIOD + 1)
Duty = (PERIOD - CMP) * 2 * (clock period)
Period = (PERIOD + 1) * 2 * (clock period)

Edge-aligned PWM (Down-counter)

In Edge-aligned PWM Output type, the 16-bit PWM counter will start counting-down from
PERIODnN to match with the value of the duty cycle CMPn (old); when this happens it will toggle
the PWMO_CHn output to high and set up CMPDIF compare down match interrupt flag. The
counter will continue counting-down to zero; at this moment, it toggles the PWMO_CHn output to
low and CMPn (new) and PERIODnN (new) are updated with CNTMODEN=1 and set PIF period
interrupt flag.

Figure 6.7-6, Figure 6.7-7 and Figure 6.7-9 show the Edge-aligned PWM timing and operation

flow.
If 16-bit down counter underflow
1. Update new duty cycle register (CMPn) if CNTMODEnN =1
2. Update new period cycle register (PERIODn) if CNTMODEnN =1
PERIODn (new) rFr----—-—-—------ * ——————————————
| | ;
PERIODN (old) 16-bit PWM
counter
CMPnN (new)
CMPn (old)
|
|
|
: ' New Duty Cycle
PWMO_CHn |
output !
| . | | ) |
|<¢—— PWM period ——prt— —m— New PWM period ~ — |
New CMPn is New PERIODn is
written written
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Figure 6.7-6 Edge-aligned Type PWM

PERIODN (7FF) F=—=—=——C==—==—=== === === ————mm g mmmm—m K ————————

CMRN(3FF) KO~~~ 7~~~ ~ "R~~~ oW oW
| | | |
: | | | |
| | | | |
| [ [ [ [
| | | |
| | | | | |
I I : I : I : I : I
| J softwareI J softwareI softwareI 1 softwareI |
PIFn | | clear | i clear ! clear | ! clear | !
| H | H | H | H | H
| | | | | |
I I : I : I : I : I
. software: . software: . software: software' . software:
CMPDIFn \ Clear | !_: clear !_: clear | !_: clear , !_:___c_:l_ear
| | | | |
I I : I : I : | : I
| |
PWMO_CHn | |
output | - ala alw ale o

il :
. PWM Period

Figure 6.7-7 PWM Edge-aligned Waveform Timing Diagram

e 1
I I 16-bit
| | PWM counter

l |
PWM_CMPDATN — —— — — — — — —>g— —— — — — ;/1/

|

|

|

I )

ﬂi PWM, period 4”
|

PWM_PERIODN

PWM |
generator ouput |
————
| A
Rising Period
Interrupt Interrupt

Figure 6.7-8 PWM Edge-aligned Interrupt diagram
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Set PWM_CTL[31] =0

Set PERIODn, CMPn, PWM_CLKPSC,
PWM_CLKDIV

Set PWM_POEN, CNTMODERN

Set MODE=2'b00

Y

Start:
Set CNTENn =1
Set CNTCLR =1

Y

Hardware will load CMPn and PERIODN to working registers.
Down-counting start from PERIODNnN.

Y
PWMO_ CHn output:
0 if counter > CMPn
1 if counter < CMPn
1 if counter = 0

Counter down counting -

Counter =

PWMO_CHn output toggle
CMPDIFn flag set

Counter continue down -
counting

No

Yes

| PWMO_CHn output toggle |

v

| PIFn flag set |

END

Yes

Hardware willl load in new PERIODNn/CMPn
value to working registers.

Figure 6.7-9 Edge-aligned Flow Diagram

The PWM period and duty control are decided by PWM down-counter period register (PERIODn)
and PWM comparator register (CMPn). The PWM counter timing operation is shown in Figure
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6.7-11. The pulse width modulation follows the formula below and the legend of PWM counter
Comparator is shown in Figure 6.7-10. Note that the corresponding GPIO pins must be configured
as PWM function (enable PWM_POEN) for the corresponding PWM channel.

PWM frequency = HCLK / ((CLKPSCnm + 1) * (clock divider)) / (PERIOD + 1); where nm, could
be 01, 23 or 45 depending on the selected PWM channel

Duty ratio = (CMP + 1) / (PERIOD + 1)

CMP >= PERIOD: PWM output is always high

CMP < PERIOD: PWM low width = (PERIOD - CMP) unit[1]; PWM high width = (CMP+1) unit
CMP = 0: PWM low width = (PERIOD) unit; PWM high width = 1 unit

Note: 1. Unit = one PWM clock cycle.

Start Update
Initializei new CMPn
PWM
PWM-
CMPn+1 counter CMPn |
PERIODN Comparator PERIODNn — |
Output
PWMO_CHn |
output |
PERIODn+1 CMPn+1 I
Note: n=0~5.

Figure 6.7-10 Legend of Internal Comparator Output of PWM Counter

Comparator
(CMPn) 1 1 0
| | | | |
PWMO |
down-counter 3 | 4
| |
| |

| | |

| | |

PWMO_CHn : : | :
output I I I I
| | | |

PERIODN = 3 | | :
Auto reload = 1 PERIODn =4
(CNTMODER =1) (Software write new
(Write initial setting) value)
Auto-load Auto-load
Set CNTENNn=1 (Hardware update value) (PIFn is set by hardware)
(PWM-Timer starts running) (PIFn is set by H/W)

Figure 6.7-11 PWM Counter Operation Timing
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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 type. The PWM counter will start counting-up from 0 to match
the value of CMPn (old); this will cause the toggling of the PWMO_CHn generator output to high
and set up CMPUIF compare up match interrupt flag. The counter will continue counting to match
with the PERIODnN (old). Upon reaching this state counter is configured automatically to down
counting and set up PIF period interrupt flag, when PWM counter matches the CMPn (old) value
again the PWMO_CHn generator output toggles to low and set up CMPDIF compare down match
interrupt flag. Once the PWM counter underflows it will update the PWM period register PERIODn
(new) and duty cycle register CMPn (new) with CNTMODERN = 1.

In Center-aligned type, the PWM period interrupt can also be requested at down-counter
underflow if PINTTYPE (PWM_INTEN[17]) =0, i.e. at start (end) of each PWM cycle or at up-
counter matching with PERIODn if PINTTYPE (PWM_INTENJ[17]) =1, i.e. at center point of PWM
cycle.

PWM frequency = HCLK / ((CLKPSCnm + 1) * (clock divider)) / (2*(PERIOD + 1)); where nm,
could be 01, 23 or 45 depending on the selected PWM channel

Duty ratio = (PERIOD - CMP) / (PERIOD + 1)
CMP >= PERIOD: PWM output is always low

CMP < PERIOD: PWM low width = (CMP + 1) * 2 units; PWM high width= (PERIOD - CMP) * 2
units[1]

CMP = 0: PWM low width = 2 units; PWM high width = PERIOD * 2 units
Note: 1. Unit = one PWM clock cycle.

Figure 6.7-12 ~ Figure 6.7-14 and Figure 6.7-16 show the Center-aligned PWM timing and
operation flow.

If 16-bit PWM up/down counter underflows
1. Update new duty cycle register (CMPn) if CNTMODEN = 1
2. Update new period cycle register (PERIODn) if CNTMODERN = 1

PERIODn (new) rF-—-—-—-—-——————- —+ ————————————— * ——————————————————— 1

|
1 16-bit PWM
counter

PERIODn (old) -

|
CMPn (new) [ |
CMPn (old) '

New Duty
Cycle

————emq—-T-—

1

I

) | ) | |
{«¢——PWM period —pwi¢— PWM period —p-«¢——— New PWM period ———»

f !

New CMPn is New PERIODn is
written written

PWMO_CHn output

Figure 6.7-12 Center-aligned Type PWM
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Initialize Update Update
PWM  start PERIODn CMPn
PWMO_CHn
counter ‘ ‘ ‘
PERIODN w 3 X w 6 w w
| | | |
CMPnN 1 2 X 4 !
| | | |
PWMO_CHn \ \
—— T —
B [
(2 x (PERIODN+1)) 2 x (PERIODnN - CMPn)

Figure 6.7-13 Center-aligned Type Operation Timing

PERIODN (7FF) == === = = — R === === — = - — e ———— = — ==

CMPn (3FF)

| |
| |
| |
| |
| |
| |
| software| | | software| | | software|
zIEn | iclear : : |_Eclear : : |_Eclear :
| ! software, : : ! software : : ! software,
CMPUIEn ! I_iclear I I I I_iclear I I I I_iclear I
L | I | ) | | I — } 1 | ]
I software! : [ I software! : | I softwarel :
PIFn (PINTYPE=0) I_iclear : | : :clear : | : Eclear : |
----- L L 1
| : | software: | : | software: | : |
PIFn (PINTYPE=1) ! ! r clear | ! I r clear | ! ! !
| | (IR | 1 [ | I |
: ! | software! | | software! | '
| | | = | | |
CMPDIFn | | iclear | | iclear | | |
| , by , RN , |
| | | |
PWMO_CHn | | | 1
output | | | |
pu | | |
- >l >l !
| | [

PWM Period PWM Period

Figure 6.7-14 PWM Center-aligned Waveform Timing Diagram
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PWM_PERIODnN | 16-bit

I PWM counter

PWM_CMPDATN — —: - — =

|

|

|

| |
B I T

| |

| |

|

|
,4——|— PWM period —-|—>|
PWM :
|

|
|
generator ouput |
T T |
|

Rising Central Falling  Period
Interrupt  Interrupt  Interrupt Interrupt

Figure 6.7-15 PWM Center-aligned Interrupt Diagram
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Set PWM_CTL[31] = 1

Set PERIODN, CMPn, PWM_CLKPSC,
PWM_CLKDIV

Set PWM_POEN, CNTMODER

Set MODE=2'000

Start:
Set CNTENn =1
Set CNTCLR =1

Hardware will load CMPn and PERIODN to working registers.
up-counting start from zero.

|1
&

PWMO_CHn output:
1 if counter > CMPn
0 if counter < CMPn

[ Counter up counting [

| CMPUIFnN interrupt flag set |
| Counter continue up counting |<—

PIFn interrupt
flag set

PWMO_CHn output toggle
and
CMPDIFn interrupt flag set

| Counter confinue
down counting

PIFn interrupt
flag set

Y
Hardware willl load in new PERIODn/CMPn value to
working registers and set ZIFn interrupt flag.

Figure 6.7-16 Center-aligned Flow Diagram
6.7.5.2 PWM Center Loading Operation

In center-aligned type, PWM also supports loading new PERIODn, CMPn. If operating in
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asymmetric mode, CMPDn will also supports center loading operation. When counter counting to
center of PWM period. By setting HCUPDT (PWM_CTL][5]) to enable this function. Figure 6.7-17
shows an example of center loading operation, when counter counts to original center 4; it
updates its value to PERIODn 6 then continues counting down.

Initialize Update Update
PWM start PERIODnN CMPn
PWMO_CHn
counter : | ‘ | |
I | | | |
PERIODnN '3 X ; 6 | ! }
| | | | | |
CMPn 1 % i X 4 l 1
| |
PWMO_CHn i i i i '—‘_
output ; ;
| |

Figure 6.7-17 PWM Center Loading Timing Diagram

6.7.5.3 PWM Double Buffering, Auto-reload and One-shot Operation

The NuMicro® NM1200/NM1100 series PWM have double buffering function, the reload value is
updated at the start of next period without affecting current counter operation. The PWM counter
value can be written into PERIODnN.

PWMO_CHO will operate in One-shot mode if CNTMODERQO bit is set to 0, and operate in Auto-
reload mode if CNTMODEDO bit is set to 1. It is recommended that switch PWMO_CHO operating
mode before set CNTENO bit to 1 to enable PWMO_CHO counter to start running because the
content of PERIODO and CMPO will be cleared to 0 to reset the PWMO_CHO period and duty
setting when PWMO_CHO operating mode is changed. As PWMO0_CHO operates in One-shot
mode, CMPO and PERIODO should be written first and then the CNTENO bit set to 1 to enable
PWMO_CHO counter to start running. After the PWMO_CHO counter down counts from PERIODO
value to 0, PERIODO and CMPO will be cleared to 0 by hardware and counter will be held. New
CMPO and PERIODO value needs to be written by software to set the next one-shot period and
duty. When re-starting next one-shot operation, the CMPO should be written first because
PWMO_CHO counter will automatically re-start counting when PERIODO is written a non-zero
value. As PWMO_CHO operates at auto-reload mode, CMP0 and PERIODO should be written first
and then set CNTENO bit to 1 to enable PWMO0_CHO counter to start running. The PERIODO
value will be reloaded to PWMO_CHO counter when the down counting reaches 0. If the
PERIODO is set to 0, PWMO_CHO counter will be held. PWMO0_CH1~PWMO_CHS5 performs the
same function as PWMO0_CHO

Note: One-shot operation only supports edge-aligned type.
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Write Write Write Write
PERIODNn =150 PERIODnN =199 PERIODnN =99 PERIODnN =0
CMPn =50 CMPn =49 CMPn =0 CMPn =XX
Start Stop
PWM
Waveform
Y
51 50 1
< » < » l >
write @ nonzero number g

to prescaler & setup 151 200 100

clock dividor < o o >

Figure 6.7-18 PWM Double Buffering lllustration

6.7.5.4 Modulate Duty Ratio

The double buffering function allows CMPn to be written at any point in the current cycle. The
loaded value will take effect from the next cycle.

101 51 1

f

Write CMPn = Write CMPn = 50 Write CMPn =0
100

\
\
\ 4

1 PWM cycle = 151 1 PWM cycle = 151 1 PWM cycle = 151

Modulate PWMO controller ouput duty ratio (PERIODn = 150)

Figure 6.7-19 PWM Controller Output Duty Ratio

6.7.5.5 PWM Operation Modes

This powerful PWM unit supports independent mode which may be applied to DC or BLDC motor
system, Complementary mode with dead-time insertion which may be used in the application of
AC induction motor and synchronous motor, and Synchronous mode that makes both pins of
each pair are in phase. Besides, the Group mode, which forces the PWMO_CH2 and PWMO_CH4
synchronous with PWMO_CHO generator, may simplify updating duty control in DC and BLDC
motor applications and Asymmetric mode, to generate asymmetric PWM waveform and interrupt
timing.

6.7.5.6 Independent Mode
Independent mode is enabled when MODE (PWM_CTL[29:28]) = 00.

By default, the PWM is operated in independent mode, with six PWM channels outputs. Each
channel is running off its own duty-cycle generator module.

Jun. 18, 2015 Page 213 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

6.7.5.7 Complementary Mode
Complementary mode is enabled when MODE (PWM_CTL[29:28]) = 01.

In this module there are three duty-cycle generators utilized for complementary mode, with total of
three PWM output pair pins in this module. The total six PWM outputs are grouped into output
pairs of even and odd numbered outputs. In complimentary modes, the internal odd PWM signal
PWMO_CHn, always be the complement of the corresponding even PWM signal. For example,
PWMO_CH1 will be the complement of PWMO_CHO. PWMO_CH3 will be the complement of
PWMO_CH2 and PWMO_CHS5 will be the complement of PWMO_CH4. The time base for the
PWM module is provided by its own 16-bit counter, which also incorporates selectable pre-scalar
options.

6.7.5.8 Dead-time Insertion

The dead-time generator inserts an “off” period called “dead-time” between the turnings off of one
pin to the turning on of the complementary pin of the paired pins. This is to prevent damage to the
power switching devices that will be connected to the PWM output pins. The complementary
output pair mode has an 8-bit down counter used to produce the dead-time insertion. The
complementary outputs are delayed until the counter counts down to zero.

The dead-time can be calculated from the following formula:
dead-time = PWM_CLK * (DTInm+1). where nm, could be 01, 23, 45

Notel: if CLKDIVn = 101 (Clock input), dead zone clock source = HCLK / 2. (where n, could be
0~5)

Note2: The CLKDIVn other setting, dead zone clock source is same as PWM_CLK.

The timing diagram as shown below indicates the dead-time insertion for one pair of PWM

signals.
[ [ [ I
PWMOQ_CHO without
dead-time ' i N
' / B
PWMO_CH1 without : I |
dead-time ™\ | yd !
—_ | / u(/
PWMO_CHO with | \' ]
. [ . [
dead-time | / ' \ '
pwmo_cHiwitn | 1% |
dead-time -
|

Dead-time Interval

Effect of dead-time for complementary pairs

Figure 6.7-20 Dead-time Insertion

In Power inverter applications, a dead-time insertion avoids the upper and lower switches of the
half bridge from being active at the same time. Hence the dead-time control is crucial to proper

operation of a system. Some amount of time must be provided between turning off of one PWM
output in a complementary pair and turning on the other transistor as the power output devices

cannot switch instantaneously.

6.7.5.9 Synchronous Mode
Synchronous mode is enabled when MODE (PWM_CTL[29:28]) = 10.
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In the synchronization mode the PWM pair signals from PWM Generator are in-phase.
PWMO_CH1=PWMO0_CHO0, PWMO0_CH3=PWMO0_CH2 and PWMO0_CH5=PWMO0_CHA4.

6.7.5.10 Group Mode
Group mode is enabled when GROUPEN (PWM_CTL[30]) = 1.

This device supports Group mode control which allows all even PWM channels output to be duty
controllable by PWMO_CHO duty register.

If GROUPEN = 1, both (PWMO_CH2, PWMO_CH3) and (PWMO_CH4, PWMO0_CH5) pairs will
follow (PWMO_CHO, PWMO_CH1), which imply;

PWMO_CH4 = PWMO_CH2 = PWMO_CHO;

PWMOQ_CH5 = PWMO_CH3 = PWMO0_CH1 = invert (PWMO0_CHO) if Complementary mode is
enabled when MODE (PWM_CTL[29:28]) = 01.

Note: For applications, please do not use Group and Synchronous mode simultaneously because
the Synchronous mode will be inactive.

6.7.5.11 Asymmetric Mode

Asymmetric mode only works under Center-aligned type. Asymmetric mode is enabled when
ASYMEN (PWM_CTL[21]) = 1. In this mode PWM counter will compare with another compared
value CMPDn (PWM_CMPDATN[31:16]) when counting down. If CMRDn is not equal to the
CMRn, the PWM will generate asymmetric waveform and set CMPDIFn (PWM_INTSTS[13:8]) of
the corresponding channel n.

PERIODNn (7TFF) - ————————
|

| |
| | |
CMRDN (554) t — — — — — /£ — — e\ -+
| |
| |

|
|
CMRn(ZAA):——— ————— B e e e A e e e T L P |
|
|
|
|

! I

' |

| I

| I
| : [~ software : : [ software :
CMPDIFnN | ! L__Clear | | i__clear |
| | | | |
| 1 | 1 |
PWMO_CHn | | | [ |
output | : i : —
I PWM Period T PWM Period o

Figure 6.7-21 Asymmetric Mode Timing Diagram

6.7.5.12 Polarity Control

Each PWM port from PWMO_CHO to PWMO_CHS5 has independent polarity control to configure
the polarity of active state of PWM output. By default, the PWM output is active high.

Figure 6.7-22 shows the initial state before PWM starts with different polarity settings.
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| Original waveform without |
Initial State | PWM Starts | Dead-time and ploarity |
| | control |
PWMO_CHO |
J— ‘—|
PWMO_CH1 |
I 1 I 1 |
r | | | I
on on |

PWMO_CHO | off (PNP.0=0)
| | —

| on |

PWMO_CH1 off | off } off } | (PNP.1=0)
| i .
| : | : |
I | | | |

PWMO_CHO on on -

off | off | (PNP.0=0)
| | | |

pwmo cH1 O | off o off | (PNP.1=1)
| : o

| |
| : | : |
| | | | |
NPx: Negative Polarity control bits; It controls the PWM output initial state and polarity
Dead-time insertion; It is only effective in complementary mode

Figure 6.7-22 Initial State and Polarity Control with Rising Edge Dead-time Insertion

6.7.5.13 PWM for Motor Control Interrupt Architecture

There are seven interrupt sources for PWM unit, which are ZIFn (PWM_INTSTS[5:0]) PWM
counter count to zero interrupt flag; CMPUIFn (PWM_INTSTS[29:24]) PWM counter up-counts to
CMPn (PWM_CMPDATN[15:0]) interrupt flag; PIFn (PWM_INTSTS[23:18]) PWM counter counts
to period of edge-aligned type or counts to center of center-aligned type interrupt flag; CMPDIFn
(PWM_INTSTS[13:8]) PWM counter down-counts to CMPn (PWM_CMPDATN[15:0]) interrupt
flag, if operating in asymmetric type it down count to CMPDn (PWM_CMPDATN[31:16]); BRKIFO
(PWM_INTSTS[16]) BrakeO interrupt flag, BRKIF1 (PWM_INTSTS[17]) Brakel interrupt flag
(BRKIF1) and SWBRK (PWM_BRKCTL[9]) software trigger brake interrupt.

The bit BRKIEN (PWM_INTEN[16]) controls the brake interrupt enable; the bits ZIENn
(PWM_INTENTI5:0]) control the ZIFn interrupt enable; the bits CMPUIENN (PWM_INTEN[29:24])
control the CMPUIFn interrupt enable; the bits PIENn (PWM_INTEN[23:18]) control the PIFn
interrupt enable; and the bits CMPDIENn (PWM_INTEN][13:8]) control the CMPDIFn interrupt
enable. Note that all the interrupt flags are set by hardware and must be cleared by software.

Figure 6.7-23 shows the architecture of Motor Control PWM interrupts.

Jun. 18, 2015 Page 216 of 403 Rev.1.01



NUVOTON NM1200/NM1100

SWBRK (PWM_BRKCTL[9])
BRKIFO (PWM_INTSTS[16]) %D—L
BRKIF1 (PWM_INTSTS[17])

BRKIE (PWM_INTENI[16]) —_)—> BRAKE_INT

ZIFO (PWM_INTSTS[0]) -
ZIENO (PWM_INTEN[O])

ZIF5 (PWM_INTSTS[5])
ZIEN5 (PWM_INTEN[5])

CMPDIFO (PWM_INTSTSI[8]) —
CMPDIENO (PWM_INTEN[8]) —

CMPDIF5 (PWM_INTSTS[13])
CMPDIENS (PWM_INTEN[13])
PWMO_INT
PIFO (PWM_INTSTS[18])

PIENO (PWM_INTEN[18])

PIF5 (PWM_INTSTS[23]) -
PIEN5 (PWM_INTEN[23]) -

CMPUIFO (PWM_INTSTS[24])
CMPUIENO (PWM_INTEN([24])

CMPUIF5 (PWM_INTSTS[29]) -
CMPUIENS (PWM_INTEN[29])

Figure 6.7-23 Motor Control PWM Interrupt Architecture

6.7.5.14 PWM Brake Function

PWM supports fault brake function to control PWM’s 6 channels to output level of BKODn
(PWM_BRKCTL[29:24]); channel 7 (GPIO P0.0) and channel 6 (GPIO PO0.1) to output level of
D7BKOD and D6BKOD while brake condition occurs.

This device supports two external brake pins as brake condition: BKPO and BKP1 pins. It also
supports software to trigger the brake function. Brake function is controlled by the contents of the
PWM_BRKCTL registers.

Since both the brake conditions being asserted will automatically raise the BRKSTS flag, user
program can poll these brake flag bits or enable PWM'’s brake interrupt to determine which
condition causes a brake to occur.

Note: When a brake happens, the PWMO_CHO ~ PWMO_CHS5 enable bits will be disabled by
hardware. User program must clear fault brake event flag (BRKSTS) first, then write the
PWMO_CHn enable bits again to release PWMO_CHn Brake state.

6.7.5.15 PWM Phase Change Function

The phase change function can be used to trigger PWM by TIMER module with ACMP by
enabled TMROTEN and TMR1TEN (PWM_PHCHG[30] and PWM_PHCHG[22]) registers. To use
Timer trigger PWM, by configuring both PWM_PHCHG and PWM_PHCHGNXT register. Each
time when time-out event coming, PWM_PHCHG’s value will be updated by
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PWM_PHCHG_NXT’s value automatically, PWM_PHCHG’s bit field is identical with
PWM_PHCHGNXT’s, each time when PWM_PHCHG updated, the related function will also
change, It includes enable ACMP trigger PWM enable, ACMPOTEN and ACMP1TEN
(PWM_PHCHG]J31] and PWM_PHCHG[23)).

There are two steps to select source of ACMP. First, set POSCTL[1:0] (PWM_PHCHGMSK|9:8])
to select ACMP input control source. If control source is PWM_PHCHG register (POSCTL[1:0] =
11), then setting AOPOSSEL (PWM_PHCHG[29:28]) and A1POSSEL (PWM_PHCHG[21:20]) to
select input source of ACMPO and ACMP1. As long as ACMPO or ACMP1 trigger PWM, setting
AOFFENNO (PWM_PHCHG[27:24]) corresponding to ACMPO or AOFFENN1
(PWM_PHCHG[19:16]) corresponding to ACMP1 will force PWMO_CHn (n denotes PWM channel
0~3) to output low lasting for a period cycle; it is useful in step motor application.

Besides trigger PWM, phase change register also with mask control bits to change the phase of
PWM output. By setting 0 to corresponding channel’s MSKENn (PWM_PHCHG[13:8]) to enable
channel’s mask function, then corresponding channel will output level of MSKDATNn
(PWM_PHCHG[5:0]). MSKDAT7 and MSKDAT6 (PWM_PHCHG[7:6]) are independent output
data to GPIO P0.0 and P0.1 when setting 1 to MASKEND7 and MASKEND®G
(PWM_PHCHGMSK]7:6]).

6.7.5.16 PWM Counter Start Procedure
The following procedure is recommended for PWM counter start
1. Configure prescaler register (PWM_CLKPSC) for setting clock prescaler (CLKPSCnm).
2. Configure clock select register (PWM_CLKDIV) for setting clock source select (CLKDIVn).

3. Configure PWM control register (PWM_CTL) for setting auto-reload mode (CNTMODEN =
1), PWM counter aligned type (CNTTYPE) and DISABLE PWM counter (CNTENnN = 0).

4.  Configure PWM control register (PWM_CTL) for setting inverter on/off (PINVn), and Dead-
time generator on/off (DTCNTnm). (Optional)

5.  Configure PWM_DTCTL register to set dead-time interval. (Optional)
6. Configure comparator register (PWM_CMPDATN) for setting PWM duty (CMPn).

7.  Configure PWM counter register (PWM_PERIODN) for setting PWM counter loaded value
(PERIODN).

8.  Configure PWM interrupt enable register (PWM_INTEN) for setting PWM period interrupt
type (INTTYPE), PWM zero interrupt enable bit (ZIENn), PWM compare up match interrupt
enable bit (CMPUIENN), PWM period interrupt enable bit (PIENNn), PWM compare down
match interrupt enable bit (CMPDIENnN). (Optional)

9. Configure PWM output enable register (PWM_POEN) to enable PWM output channel
10. Configure PWM control register (PWM_CTL) to enable PWM counter (CNTENn = 1)

6.7.5.17 PWM Counter Stop Procedure
Method 1:

Set 16-bit counter register (PERIODn) to 0. When interrupt request happened, disable PWM
counter (CNTENnN in PWM_CTL). (Recommended)

Method 2:
Disable PWM Counter directly (CNTENn in PWM_CTL) (Not recommended)

The reason why this method is not recommended is that disabling CNTENnN will immediately stop
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PWM output signal and lead to change the duty of the PWM output, this may cause damage to
the motor control circuit.
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6.7.6 Register Map

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

NM1200/NM1100

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

PWMO_BA = 0x4004_0000

PWM_CLKPSC |PWMO0O_BA+0x00 |R/W |PWM Clock Pre-scale Register 0x0000_0000

PWM_CLKDIV

PWMO_BA+0x04

R/W

PWM Clock Select Register

0x0000_0000

PWM_CTL PWMO_BA+0x08 |RIW  [PWM Control Register 0x0000_0000
SWM—PERIOD PWMO_BA+0x0C [RIW |PWM Counter Period Register 0 0x0000_0000
EWM—PERIOD PWMO_BA+0x10 [R/IW [PWM Counter Period Register 1 0x0000_0000
;WM—PERIOD PWMO_BA+0x14 [R/IW [PWM Counter Period Register 2 0x0000_0000
EWM—PERIOD PWMO_BA+0x18 |R/W |[PWM Counter Period Register 3 0x0000_0000
ZWM—PERIOD PWMO_BA+0x1C [R/W [PWM Counter Period Register 4 0x0000_0000
EWM—PERIOD PWMO_BA+0x20 [R/W |PWM Counter Period Register 5 0x0000_0000
(F;WM—CMPDAT PWMO_BA+0x24 [R/W |PWM Comparator Register 0 0x0000_0000
EWM—CMPDAT PWMO_BA+0x28 [R/W |PWM Comparator Register 1 0x0000_0000
PWM_CMPDAT | pymo_ga+ox2C [RAW  [PWM Comparator Register 2 0x0000_0000
SWM—CMPDAT PWMO_BA+0x30 |RW  |PWM Comparator Register 3 0x0000_0000
L WMCMPDAT bwivo_BA+0x34 |RW  [PWM Comparator Register 4 0x0000_0000
EWM—CMPDAT PWMO_BA+0x38 [R/W [PWM Comparator Register 5 0x0000_0000
PWM_INTEN PWMO_BA+0x54 |R/W |PWM Interrupt Enable Register 0x0000_0000
PWM_INTSTS |PWMO_BA+0x58 |[R/W |PWM Interrupt Status Register 0x0000_0000
PWM_POEN PWMO_BA+0x5C |R/W  [PWM Output Enable Register 0x0000_0000
PWM_BRKCTL |PWMO_BA+0x60 |R/W |PWM Fault Brake Control Register 0x0000_0000
PWM_DTCTL |PWMO_BA+0x64 |R/W |PWM Dead-time Control Register 0x0000_0000
EXVM—ADCTCT PWMO0_BA+0x68 |R/W [PWM Trigger Control Register 0 0x0000_0000
E\l’VM—ADCTCT PWMO0_BA+0x6C |R/W  [PWM Trigger Control Register 1 0x0000_0000
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EXVM—ADCTST PWMO_BA+0x70 |R/W |PWM Trigger Status Register O 0x0000_0000
g\{VM—ADCTST PWMO_BA+0x74 |R/W |PWM Trigger Status Register 1 0x0000_0000
PWM_PHCHG |PWMO0_BA+0x78 |R/W |PWM Phase Changed Register 0x0000_3F00
)P(\.II.VM—PHCHGN PWMO0_BA+0x7C |[R/W [PWM Next Phase Change Register 0x0000_3F00
l\P/IVSV&A _PHCHG PWMO_BA+0x80 |R/W [PWM Phase Change Mask Register 0x0000_0000
PWM_IFA PWMO0_BA+0x84 [R/W [PWM Period Interrupt Accumulation Control Register 0x0000_00F0
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6.7.7 Register Description

PWM Pre-Scale Register (PWM CLKPSC)

Register Offset R/W |Description Reset Value
(P:WM—CLKPS PWMO_BA+0x00 |R/W |PWM Clock Pre-scale Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CLKPSC45
15 14 13 12 11 10 9 8
CLKPSC23
7 6 5 4 3 2 1 0
CLKPSCO1
Bits Description
[31:24] Reserved Reserved.

Clock Prescaler 4 For PWM Counter 4 And 5

Clock input is divided by (CLKPSC45 + 1) before it is fed to the corresponding PWM
[23:16] CLKPSC45 counter.

If CLKPSC45 = 0, the clock prescaler 4 output clock will be stopped. So the corresponding
PWM counter will also be stopped.

Clock Prescaler 2 For PWM Counter 2 And 3

Clock input is divided by (CLKPSC23 + 1) before it is fed to the corresponding PWM
[15:8] CLKPSC23 counter.

If CLKPSC23 =0, the clock prescaler 2 output clock will be stopped. So the corresponding
PWM counter will also be stopped.

Clock Prescaler 0 For PWM Counter 0 And 1

Clock input is divided by (CLKPSCO1 + 1) before it is fed to the corresponding PWM
[7:0] CLKPSCO1 counter.

If CLKPSCO01 = 0, the clock prescaler 0 output clock will be stopped. So the corresponding
PWM counter will also be stopped.

Jun. 18, 2015 Page 222 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

PWM Clock Selector Reqgister (PWM CLKDIV)

Register Offset R/W [Description Reset Value
PWM_CLKDIV|PWMO0_BA+0x04 |R/W |PWM Clock Select Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved CLKDIV5 Reserved CLKDIV4
15 14 13 12 11 10 9 8
Reserved CLKDIV3 Reserved CLKDIV2
7 6 5 4 3 2 1 0
Reserved CLKDIV1 Reserved CLKDIVO
Bits Description
[31:23] Reserved Reserved.

Counter 5 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC45/2).
001 = Clock input / (CLKPSC45/4).
[22:20] CLKDIV5 010 = Clock input / (CLKPSC45/8).
011 = Clock input / (CLKPSC45/16).
100 = Clock input / CLKPSC45.

101 = Clock input /1

Others = Clock input.

[19] Reserved Reserved.

Counter 4 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC45/2).
001 = Clock input / (CLKPSC45/4).
[18:16] CLKDIV4 010 = Clock input / (CLKPSC45/8).
011 = Clock input / (CLKPSC45/16).
100 = Clock input / CLKPSC45.

101 = Clock input /1

Others = Clock input.

[15] Reserved Reserved.
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Bits Description

Counter 3 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC23/2).
001 = Clock input / (CLKPSC23/4).
[14:12] CLKDIV3 010 = Clock input / (CLKPSC23/8).
011 = Clock input / (CLKPSC23/16).
100 = Clock input / CLKPSC23.

101 = Clock input /1

Others = Clock input.

[11] Reserved Reserved.

Counter 2 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSC23/2).
001 = Clock input / (CLKPSC23/4).
[10:8] CLKDIV2 010 = Clock input / (CLKPSC23/8).
011 = Clock input / (CLKPSC23/16).
100 = Clock input / CLKPSC23.

101 = Clock input /1

Others = Clock input.

[7] Reserved Reserved.

Counter 1 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSCO01/2).
001 = Clock input / (CLKPSCO01/4).
[6:4] CLKDIV1 010 = Clock input / (CLKPSCO01/8).
011 = Clock input / (CLKPSCO01/16).
100 = Clock input / CLKPSCO1.

101 = Clock input /1

Others = Clock input.

[3] Reserved Reserved.

Counter 0 Clock Divider Selection
Select clock input for PWM counter.
000 = Clock input / (CLKPSCO01/2).
001 = Clock input / (CLKPSCO01/4).
[2:0] CLKDIVO 010 = Clock input / (CLKPSCO01/8).
011 = Clock input / (CLKPSCO01/16).
100 = Clock input / CLKPSCO1.

101 = Clock input /1

Others = Clock input.
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PWM Control Register (PWM _CTL)

Register Offset R/W |Description Reset Value
PWM_CTL PWMO_BA+0x08 |R/W |PWM Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CNTTYPE GROUPEN MODE CNTCLR DTCNT45 DTCNT23 DTCNTO1
23 22 21 20 19 18 17 16
CNTMODE5 PINV5 ASYMEN CNTEN5 CNTMODE4 PINV4 Reserved CNTEN4
15 14 13 12 11 10 9 8
CNTMODE3 PINV3 Reserved CNTEN3 CNTMODE2 PINV2 Reserved CNTEN2
7 6 5 4 3 2 1 0
CNTMODE1 PINV1 HCUPDT CNTEN1 CNTMODEO PINVO DBGTRIOFF CNTENO
Bits Description
PWM Counter-aligned Type Select Bit
[31] CNTTYPE 0 = Edge-aligned type.
1 = Center-aligned type.
Group Function Enable Bit
0 = The signals timing of all PWM channels are independent.
[30] GROUPEN i : L :
1 = Unify the signals timing of PWMO0_CHO, PWMO_CH2 and PWMO0_CH4 in the same
phase which is controlled by PWMO0_CHO and also unify the signals timing of PWMO_CH1,
PWMO_CH3 and PWMO0_CHS5 in the same phase which is controlled by PWMO0_CH1.
PWM Operating Mode Select Bit
00 = Independent mode.
[29:28] MODE 01 = Complementary mode.
10 = Synchronized mode.
11 = Reserved.
Clear PWM Counter Control Bit
0 = Do not clear PWM counter.
[27] CNTCLR .
1 = All 16-bit PWM counters cleared to 0x0000.
Note: It is automatically cleared by hardware.
Dead-Time 45 Counter Enable Bit (PWMO0_CH4 And PWMO_CH5 Pair For PWMC
Group)
0 = Dead-time 45 generator Disabled.
[26] DTCNT45 .
1 = Dead-time 45 generator Enabled.
Note: When the dead-time generator is enabled, the pair of PWMO0_CH4 and PWMO_CH5
becomes a complementary pair for PWMC group.
Dead-Time 23 Counter Enable Bit (PWMO_CH2 And PWMO_CH3 Pair For PWMB
Group)
0 = Dead-time 23 generator Disabled.
[25] DTCNT23 .
1 = Dead-time 23 generator Enabled.
Note: When the dead-time generator is enabled, the pair of PWMO0_CH2 and PWMO_CH3
becomes a complementary pair for PWMB group.
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Bits Description

Dead-Time 01 Counter Enable Bit (PWMO_CHO And PWMO_CH1 Pair For PWMA
Group)

0 = Dead-time 01 generator Disabled.
[24] DTCNTO1 .
1 = Dead-time 01 generator Enabled.

Note: When the dead-time generator is enabled, the pair of PWMO_CHO and PWMO_CH1
becomes a complementary pair for PWMA group.

PWM Counter 5 Auto-Reload/One-Shot Mode
0 = One-shot mode.

[23] CNTMODES
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIOD5 and CMP5 cleared.

PWMO_CHS5 Output Inverter Enable Bit
[22] PINV5 0 = PWMO_CHS5 output inverter Disabled.
1 = PWMO_CHS5 output inverter Enabled.

Asymmetric Mode In Center-aligned Type
[21] ASYMEN 0 = Symmetric mode in center-aligned type.
1 = Asymmetric mode in center-aligned type.

PWM Counter 5 Enable Start Run
[20] CNTENS 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.

PWM Counter 4 Auto-Reload/One-Shot Mode
0 = One-shot mode.

[19] CNTMODE4
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIOD4 and CMP4 cleared.

PWMO_CH4 Output Inverter Enable Bit
[18] PINV4 0 = PWMO_CH4 output inverter Disabled.
1 = PWMO_CH4 output inverter Enabled.

[17] Reserved Reserved.

PWM Counter 4 Enable Start Run
[16] CNTEN4 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.

PWM Counter 3 Auto-Reload/One-Shot Mode
0 = One-shot mode.

[15] CNTMODE3
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIOD3 and CMP3 cleared.

PWMO_CH 3 Output Inverter Enable Bit
[14] PINV3 0 = PWMO_CH3 output inverter Disabled.
1 = PWMO_CHS3 output inverter Enabled.

[13] Reserved Reserved.

PWM Counter 3 Enable Start Run
[12] CNTEN3 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.
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Bits Description

PWM Counter 2 Auto-Reload/One-Shot Mode
0 = One-shot mode.

[11] CNTMODE2
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIOD2 and CMP?2 cleared.

PWMO_CH2 Output Inverter Enable Bit
[10] PINV2 0 = PWMO_CH2 output inverter Disabled.
1 = PWMO_CH2 output inverter Enabled.

[9] Reserved Reserved.

PWM Counter 2 Enable Start Run
[8] CNTEN2 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.

PWM Counter 1 Auto-Reload/One-Shot Mode
0 = One-shot mode.

(71 CNTMODE1
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIOD1 and CMP1 cleared.

PWMO_CH1 Output Inverter Enable Bit
[6] PINV1 0 = PWMO_CH1 output inverter Disable.
1 = PWMO_CH1 output inverter Enable.

Half Cycle Update Enable for Center-aligned Type
[5] HCUPDT 0 = Disable half cycle update PERIOD & CMP.
1 = Enable half cycle update PERIOD & CMP.

PWM Counter 1 Enable/Disable Start Run
[4] CNTEN1 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.

PWM Counter 0 Auto-Reload/One-Shot Mode
0 = One-shot mode.

[3] CNTMODEOQ
1 = Auto-reload mode.

Note: If there is a rising transition at this bit, it will cause PERIODO and CMPO cleared.

PWMO_CHO Output Inverter Enable Bit
[2] PINVO 0 = PWMO_CHO output inverter Disabled.
1 = PWMO_CHO output inverter Enabled.

Disable PWM Output Tri-State Under Debug Mode (Available In DEBUG Mode Only)

0 = Safe mode: The counter is frozen and PWM outputs are shut down Safe state for the
1] DBGTRIOFF inverter. The counter can still be re-started from where it stops.

1 = Normal mode: The counter continues to operate normally May be dangerous in some
cases since a constant duty cycle is applied to the inverter (no more interrupts serviced).

PWM Counter 0 Enable Start Run
[0] CNTENO 0 = Corresponding PWM counter running Stopped.
1 = Corresponding PWM counter start run Enabled.
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PWM Counter Reqgister 0-5 (PWM _PERIODO0-5)

Register Offset R/W |Description Reset Value
E\(/)VM—PERIO PWMO_BA+0x0C |R/W |PWM Counter Period Register 0 0x0000_0000
E!VM—PERIO PWMO_BA+0x10 |R/W |PWM Counter Period Register 1 0x0000_0000
E\QVM—PERIO PWMO_BA+0x14 |R/W |PWM Counter Period Register 2 0x0000_0000
g\éVM—PERIO PWMO_BA+0x18 |R/W |PWM Counter Period Register 3 0x0000_0000
EZVM—PER'O PWMO_BA+0xIC [RAW |PWM Counter Period Register 4 0x0000_0000
E\éVM_PERIO PWMO_BA+0x20 |R/W |PWM Counter Period Register 5 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
PERIODnN
7 6 5 4 3 2 1 0
PERIODN
Bits Description
[31:16] Reserved Reserved.
PWM Counter Period Value
PERIODnN determines the PWM counter period.
Edge-aligned type:
PWM frequency = HCLK/((prescale+1)*(clock divider))/( PERIODn+1); where xy, could be
01, 23, 45 depending on the selected PWM channel.
Duty ratio = (CMPn+1)/( PERIODn+1).
CMPn >= PERIODnN: PWM output is always high.
CMPn < PERIODN: PWM low width = (PERIODNn-CMPn) unit; PWM high width = (CMP+1)
[15:0] unit.
PERIODn . . . . .
n=0,1..5 CMPn = 0: PWM low width = (PERIODN) unit; PWM high width = 1 unit.
Center-aligned type:
PWM frequency = HCLK/((prescale+1)*(clock divider))/ (2*(PERIODnN+1)); where xy, could
be 01, 23, 45 depending on the selected PWM channel.
Duty ratio = (PERIODn - CMPn)/( PERIODn+1).
CMPn >= PERIODnN: PWM output is always low.
CMPn < PERIODN: PWM low width = (CMPn + 1) * 2 unit; PWM high width = (PERIODn -
CMPn) * 2 unit.
CMPn = 0: PWM low width = 2 unit; PWM high width = (PERIODn) * 2 unit.
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Bits Description

(Unit = One PWM clock cycle).
Note: Any write to PERIODn will take effect in the next PWM cycle.
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PWM Comparator Register 0-5 (PWM CMPDATO0-5)

Register Offset R/W |Description Reset Value
$2)/VM_CMPDA PWMO_BA+0x24 |R/W |PWM Comparator Register O 0x0000_0000
$¥VM—CMPDA PWMO_BA+0x28 |R/W |PWM Comparator Register 1 0x0000_0000
$\2/VM—CMPDA PWMO_BA+0x2C |R/W |PWM Comparator Register 2 0x0000_0000
.li\gNM—CMPDA PWMO_BA+0x30 |R/W |PWM Comparator Register 3 0x0000_0000
PVM_CMPDA bwio_BA+0x34  [RW  [PWM Comparator Register 4 0x0000_0000
?\5NM_CMPDA PWMO_BA+0x38 |R/W |PWM Comparator Register 5 0x0000_0000
31 30 29 28 27 26 25 24
CMPDn
23 22 21 20 19 18 17 16
CMPDn
15 14 13 12 11 10 9 8
CMPn
7 6 5 4 3 2 1 0
CMPn
Bits Description
PWM Comparator Register For Down Counter In Asymmetric Mode
[31:16] CMPD CMPn >= PERIODnN: up counter PWM output is always low.
n
n=0,1..5 CMPDn >= PERIODnN: down counter PWM output is always low.
Others: PWM output is always high.
PWM Comparator Register
CMP determines the PWM duty.
Edge-aligned type:
PWM frequency = HCLK/((CLKPSCnm+1)*(clock divider))/( PERIODn+1); where nm,
could be 01, 23, 45 depending on the selected PWM channel.
Duty ratio = (CMPn+1)/(PERIODn+1).
[15:0] CMPR CMPn >= PERIODn: PWM output is always high.
n=0,1..5 CMPn < PERIODnN: PWM low width = (PERIODN-CMPn) unit; PWM high width = (CMP+1)
unit.
CMPn = 0: PWM low width = (PERIODN) unit; PWM high width = 1 unit.
Center-aligned type:
PWM frequency = HCLK/((CLKPSCnm+1)*(clock divider)) /(2*(PERIODn+1)); where nm,
could be 01, 23, 45 depending on the selected PWM channel.
Duty ratio = (PERIODn - CMPn)/(PERIODN+1).
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Bits Description

CMPn >= PERIODnN: PWM output is always low.

CMPn < PERIODn: PWM low width = (CMPn + 1) * 2 unit; PWM high width = (PERIODn -
CMPnR) * 2 unit.

CMPn = 0: PWM low width = 2 unit; PWM high width = (PERIODn) * 2 unit.
(Unit = One PWM clock cycle).
Note: Any write to CMPn will take effect in the next PWM cycle.
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PWM Interrupt Enable Register (PWM INTEN)

Register Offset R/W  |Description Reset Value
PWM_INTEN [PWMO_BA+0x54 |R/W |PWM Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CMPUIEN5 | CMPUIEN4 CMPUIEN3 CMPUIEN2 CMPUIEN1 CMPUIENO
23 22 21 20 19 18 17 16
PIENS PIEN4 PIEN3 PIEN2 PIEN1 PIENO PINTTYPE BRKIEN
15 14 13 12 11 10 9 8
Reserved CMPDIEN5 CMPDIEN4 CMPDIEN3 CMPDIEN2 CMPDIEN1 CMPDIENO
7 6 5 4 3 2 1 0
Reserved ZIENS ZIEN4 ZIEN3 ZIEN2 ZIEN1 ZIENO
Bits Description
[31:30] Reserved Reserved.
[20:24] PWM Compare Up Interrupt Enable Bit
6 15 CMPUIENN 0 = PWMO_CHn compare up interrupt Disabled.
n=0,1.. .
1 = PWMO_CHn compare up interrupt Enabled.
[23:18] PWM Period Interrupt Enable Bit
6 15 PIENN 0 = PWMO_CHn period interrupt Disabled.
n=0,1..
1 = PWMO_CHn period interrupt Enabled.
PWM Interrupt Type Selection
0 = ZIFn will be set if PWM counter underflows.
[17] PINTTYPE ) ) )
1 = ZIFn will be set if PWM counter matches PERIODn register.
Note: This bit is effective when PWM is in center-aligned type only.
Fault BrakeO And Fault Brakel Interrupt Enable Bit
[16] BRKIEN 0 = BRKIFO and BRKIF1 trigger PWM interrupt Disabled.
1 = BRKIFO and BRKIFL1 trigger PWM interrupt Enabled.
[15:14] Reserved Reserved.
[13:8] PWM Compare Down Interrupt Enable Bit
6 15 CMPDIENN 0 = PWMO_CHn compare down interrupt Disabled.
n=0,1..
1 = PWMO_CHn compare down interrupt Enabled.
[7:6] Reserved Reserved.
[5:0] PWM Zero Point Interrupt Enable Bit
'0 1 ZIENn 0 = PWMO_CHn zero point interrupt Disabled.
n=0,1..
1 = PWMO_CHn zero point interrupt Enabled.
Jun. 18, 2015 Page 232 of 403 Rev.1.01




NUVOTON NM1200/NM1100
=

PWM Interrupt Indication Reqgister (PWM _INTSTS)

Register Offset R/W |Description Reset Value
PWM_INTSTS [PWMO_BA+0x58 |R/W |PWM Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CMPUIF5 CMPUIF4 CMPUIF3 CMPUIF2 CMPUIF1 CMPUIFO
23 22 21 20 19 18 17 16
PIF5 PIF4 PIF3 PIF2 PIF1 PIFO BRKIF1 BRKIFO
15 14 13 12 11 10 9 8
Reserved CMPDIF5 CMPDIF4 CMPDIF3 CMPDIF2 CMPDIF1 CMPDIFO
7 6 5 4 3 2 1 0
Reserved ZIF5 ZIF4 ZIF3 ZIF2 ZIF1 ZIFO
Bits Description
[31:30] Reserved Reserved.
[20:24] PWM Compare Up Interrupt Flag
6 15 CMPUIFN Flag is set by hardware when PWMO_CHn counter up count reaches CMPn.
n=0,1.. L -
Note: This bit can be cleared by software writing 1.
[23:18] PWM Period Interrupt Flag
6 15 PIFn Flag is set by hardware when PWMO_CHn counter reaches PERIODn.
n=0,1.. L -
Note: This bit can be cleared by software writing 1.
PWM Brakel Flag
0 = PWM Brake does not recognize a falling signal at BKP1.
[17] BRKIF1 . . . . . .
1 = When PWM Brake detects a falling signal at pin BKP1; this flag will be set to high.
Note: This bit can be cleared by software writing 1.
PWM Brake0O Flag
0 = PWM Brake does not recognize a falling signal at BKPO.
[16] BRKIFO . . . . ; .
1 =When PWM Brake detects a falling signal at pin BKPO; this flag will be set to high.
Note: This bit can be cleared by software writing 1.
[15:14] Reserved Reserved.
[13:8] PWM Compare Down Interrupt Flag
6 15 CMPDIFNn Flag is set by hardware when PWMn counter downcount reaches CMPn.
n=0,1.. o .
Note: This bit can be cleared by software writing 1.
[7:6] Reserved Reserved.
[5:0] PWM Zero Point Interrupt Flag
'0 15 ZIFn Flag is set by hardware when PWMn counter downcount reaches zero point.
n=0,1..
Note: This bit can be cleared by software writing 1.

Note: User can clear each interrupt flag by writing 1 to the corresponding bit in PWM_INTSTS.
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PWM Output Control Reqgister (PWM_ POEN)

Register Offset R/W [Description Reset Value
PWM_POEN [PWMO_BA+0x5C |R/W |PWM Output 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 POENS5 POEN4 POEN3 POEN2 POEN1 POENO
Bits Description
[31:6] Reserved Reserved.
PWM Output Enable Bits
[5:0] 0 = PWM channel n output to pin Disabled.
n=0,1..5 POENN 1 = PWM channel n output to pin Enabled.
Note: The corresponding GPIO pin must be switched to PWM function.
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PWM Fault Brake Control Register (PWM BRKCTL)

Register Offset R/W |Description Reset Value
EWM—BRKCT PWMO_BA+0x60 |R/W |PWM Fault Brake Control Register 0x0000_0000
31 30 29 28 27 26 25 24
D7BKOD D6BKOD BKODD5 BKOD4 BKOD3 BKOD2 BKOD1 BKODO
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved SWBRK BRKACT
7 6 5 4 3 2 1 0
BRKSTS Reserved BRK1SEL BRKOSEL BRK1EN BRKOEN
Bits Description
Channel 7 Brake Output Data Select Bit
[31] D7BKOD 0 = Channel 7 output low when fault brake conditions asserted.
1 = Channel 7 output high when fault brake conditions asserted.
Channel 6 Brake Output Data Select Bit
[30] D6BKOD 0 = Channel 6 output low when fault brake conditions asserted.
1 = Channel 6 output high when fault brake conditions asserted.
[20:24] PWM Brake Output Data Select Bits
(; 15 BKODnN 0 = PWM channel n output low when fault brake conditions asserted.
n=0,1.. . "
1 = PWM channel n output high when fault brake conditions asserted.
[23:10] Reserved Reserved.
Software Brake
[9] SWBRK 0 = Disable PWM Software brake and back to normal PWM function.
1 = Assert PWM Brake immediately.
PWM Brake Action Type
[8] BRKACT 0 = PWM counter stop when brake is asserted.
1 = PWM counter keep going when brake is asserted.
PWM Fault Brake Event Status Flag
0 = PWM output initial state when fault brake conditions asserted.
[7] BRKSTS 1 = PWM output fault brake state when fault brake conditions asserted.
Note: This bit can be cleared by software writing 1 and must be cleared before restarting
the PWM counter.
[6:4] Reserved Reserved.
BKPO Fault Brake Function Source Select Bit
[3] BRK1SEL 0 = EINTO as one brake source in BKPO.
1 = CPOL1 as one brake source in BKPO.
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Bits Description

BKP1 Fault Brake Function Source Select Bit
[2] BRKOSEL 0 = EINT1 as one brake source in BKP1.
1 = CPOO as one brake source in BKP1.

Enable BKP1 Pin Trigger Fault Brake Function 1
[1] BRK1EN 0 = Disabling BKP1 pin can trigger brake function 1 (EINT1 or CPOO).
1 = Enabling a falling at BKP1 pin can trigger brake function 1.

Enable BKPO Pin Trigger Fault Brake Function 0
[0] BRKOEN 0 = Disabling BKPO pin can trigger brake function 0 (EINTO or CPO1).
1 = Enabling a falling at BKPO pin can trigger brake function 0.
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PWM Dead-time Interval Reqgister (PWM DTCTL)

Register Offset R/W [Description Reset Value
PWM_DTCTL [PWMO_BA+0x64 |R/W |PWM Dead-time Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
DTCNT45
15 14 13 12 11 10 9 8
DTCNT23
7 6 5 4 3 2 1 0
DTCNTO1
Bits Description
[31:24] Reserved Reserved.

Dead-Time Interval Register For Pair Of Channel4 And Channel5 (PWM0_CH4 And
PWMO_CHS Pair)

These 8 bits determine dead-time length.

[23:16] DTCNTA45 The unit time of dead-time length is received from corresponding PWM_CLKDIV bits.
Notel: if CLKDIVn = 101 (Clock input), dead zone clock source = HCLK / 2. (where n,
could be 0~5)

Note2:The CLKDIVn other setting, dead zone clock source is same as PWM_CLK.

Dead-Time Interval Register For Pair Of Channel2 And Channel3 (PWM0_CH2 And
PWMO_CH3 Pair)

These 8 bits determine dead-time length.

[15:8] DTCNT23 The unit time of dead-time length is received from corresponding PWM_CLKDIV bits.
Notel: if CLKDIVn = 101 (Clock input), dead zone clock source = HCLK / 2. (where n,
could be 0~5)

Note2:The CLKDIVn other setting, dead zone clock source is same as PWM_CLK.

Dead-Time Interval Register For Pair Of Channel0 And Channell (PWMO_CHO And
PWMO_CH1 Pair)

These 8 bits determine dead-time length.

[7:0] DTCNTO1 The unit time of dead-time length is received from corresponding PWM_CLKDIV bits.
Notel: if CLKDIVn = 101 (Clock input), dead zone clock source = HCLK / 2. (where n,
could be 0~5)

Note2:The CLKDIVn other setting, dead zone clock source is same as PWM_CLK.
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PWM Trigger ADC Control Register (PWM_ADCTCTLO)

Register Offset R/W  [Description Reset Value
EWM—ADCTCTL PWMO0_BA+0x68 |R/W  [PWM Trigger Control Register 0 0x0000_0000
31 30 29 28 27 26 25 24
Reserved ZPTRGEN3 | CDTRGEN3 | CPTRGEN3 | CUTRGEN3
23 22 21 20 19 18 17 16
Reserved ZPTRGEN2 | CDTRGEN2 | CPTRGEN2 | CUTRGEN2
15 14 13 12 11 10 9 8
Reserved ZPTRGEN1 | CDTRGEN1 | CPTRGEN1 | CUTRGEN1
7 6 5 4 3 2 1 0
Reserved ZPTRGENO | CDTRGENO | CPTRGENO | CUTRGENO
Bits Description
[31:28] Reserved Reserved.
Channel 3 Zero Point Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel3’s counter matching O
[27] ZPTRGEN3 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged aligned type.
Channel 3 Compare Down Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel3’s counter matching CMP3 in down-
count direction
[26] CDTRGEN3 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged aligned type.
Channel 3 Center Point Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel3’s counter matching PERIOD3
[25] CPTRGEN3 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged aligned
type, setting this bit is meaningless and will not take any effect.
Channel 3 Compare Up Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel3’s counter matching CMP3 in up-count
direction
[24] CUTRGEN3 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged aligned
type, setting this bit is meaningless and will not take any effect.
[23:20] Reserved Reserved.
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Bits Description

Channel 2 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2’s counter matching 0
[19] ZPTRGEN2 0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

Channel 2 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2’s counter matching CMP2 in down-
count direction

0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

[18] CDTRGEN2

Channel 2 Center Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2’s counter matching PERIOD2
0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

[17] CPTRGEN?2

Channel 2 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel2’s counter matching CMP2 in up-count
direction

[16] CUTRGEN2 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

[15:12] Reserved Reserved.

Channel 1 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function While channel1’s Counter Matching 0
[11] ZPTRGEN1 0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

Channel 1 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell’s counter matching CMP1 in down-
count direction

0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

[10] CDTRGEN1

Channel 1 Center Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell’s counter matching PERIOD1
0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

[9] CPTRGEN1
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Bits Description

Channel 1 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channell’s counter matching CMP1 in up-count
direction

[8] CUTRGEN1 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

[7:4] Reserved Reserved.

Channel 0 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channelO’s counter matching O
[3] ZPTRGENO 0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

Channel 0 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channelQ’s counter matching CMPO in down-
count direction

0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

2] CDTRGENO

Channel 0 Center Point Trigger ADC Enable Bit

Enable PWM Trigger ADC Function While channel0’s Counter Matching PERIODO
0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

1] CPTRGENO

Channel 0 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channelQ’s counter matching CMPO in up-count
direction

[0] CUTRGENO 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.
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PWM Trigger ADC Control Register (PWM_ADCTCTL1)

Register Offset R/W  [Description Reset Value
EWM—ADCTCTL PWMO0_BA+0x6C |[R/W  [PWM Trigger 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 ZPTRGEN5 | CDTRGEN5 | CPTRGEN5 | CUTRGENS
7 6 5 4 3 2 1 0
Reserved ZPTRGEN4 | CDTRGEN4 | CPTRGEN4 | CUTRGEN4
Bits Description
[31:12] Reserved Reserved.
Channel 5 Zero Point Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel5’s counter matching O
[11] ZPTRGEN5S 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.
Channel 5 Compare Down Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel5’s counter matching CMP5 in down-
count direction
[10] CDTRGENS 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.
Channel 5 Center Point Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel5’s counter matching PERIOD5
9] CPTRGENS 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.
Channel 5 Compare Up Trigger ADC Enable Bit
Enable PWM trigger ADC function while channel5’s counter matching CMP5 in up-count
direction
[8] CUTRGENS5 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.
[7:4] Reserved Reserved.
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Bits Description

Channel 4 Zero Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4’s counter matching 0
[3] ZPTRGEN4 0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is valid for both center-aligned type and edged-aligned type.

Channel 4 Compare Down Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4’s counter matching CMP4 in down-
count direction

0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.
Note: This bit is valid for both center-aligned type and edged-aligned type.

2] CDTRGEN4

Channel 4 Center Point Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4’s counter matching PERIOD4
0 = PWM condition trigger ADC function Disabled.

1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.

1 CPTRGEN4

Channel 4 Compare Up Trigger ADC Enable Bit

Enable PWM trigger ADC function while channel4’s counter matching CMP4 in up-count
direction

[0] CUTRGEN4 0 = PWM condition trigger ADC function Disabled.
1 = PWM condition trigger ADC function Enabled.

Note: This bit is only valid for PWM in center-aligned type. When PWM is in edged-aligned
type, setting this bit is meaningless and will not take any effect.
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PWM Trigger Status Register (PWM_ADCTSTSO0)

Register Offset R/W |Description Reset Value
.I'?g\gM—ADCTS PWMO_BA+0x70 |R/W |PWM Trigger Status Register O 0x0000_0000
31 30 29 28 27 26 25 24
Reserved ZPTRGF3 CDTRGF3 CPTRGF3 CUTRGF3
23 22 21 20 19 18 17 16
Reserved ZPTRGF2 CDTRGF2 CPTRGF2 CUTRGF2
15 14 13 12 11 10 9 8
Reserved ZPTRGF1 CDTRGF1 CPTRGF1 CUTRGF1
7 6 5 4 3 2 1 0
Reserved ZPTRGFO CDTRGFO CPTRGFO CUTRGFO
Bits Description
[31:28] Reserved Reserved.

Channel 3 Zero Point Trigger ADC Flag
[27] ZPTRGF3 When the channel3’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 3 Compare Down Trigger ADC Flag

When the channel3’s counter is counting down to CMP3, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

[26] CDTRGF3

Channel 3 Center Point Trigger ADC Flag
[25] CPTRGF3 When the channel3’s counter is counting to PERIOD3, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 3 Compare Up Trigger ADC Flag
[24] CUTRGF3 When the channel3’s counter is counting up to CMP3, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[23:20] Reserved Reserved.

Channel 2 Zero Point Trigger ADC Enable Bit
[19] ZPTRGF2 When the channel2’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 2 Compare Down Trigger ADC Flag

When the channel2’s counter is counting down to CMP2, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

[18] CDTRGF2

Channel 2 Center Point Trigger ADC Flag

[17] CPTRGF2 When the channel2’s counter is counting to PERIOD2, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.
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Bits Description

Channel 2 Compare Up Trigger ADC Flag
[16] CUTRGF2 When the channel2’s counter is counting up to CMP2, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[15:12] Reserved Reserved.

Channel 1 Zero Point Trigger ADC Flag
[11] ZPTRGF1 When the channell’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 1 Compare Down Trigger ADC Flag

When the channell’s counter is counting down to CMP1, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

[10] CDTRGF1

Channel 1 Center Point Trigger ADC Flag
[9] CPTRGF1 When the channell’s counter is counting to PERIOD1, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 1 Compare Up Trigger ADC Flag
[8] CUTRGF1 When the channell’s counter is counting up to CMP1, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[7:4] Reserved Reserved.

Channel 0 Zero Point Trigger ADC Flag
[3] ZPTRGFO When the channelQ’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 0 Compare Down Trigger ADC Flag

When the channelQ’s counter is counting down to CMPO, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

2] CDTRGFO

Channel 0 Center Point Trigger ADC Flag
[1] CPTRGFO When the channel0’s counter is counting to PERIODO, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 0 Compare Up Trigger ADC Flag
[0] CUTRGFO When the channel0’s counter is counting up to CMPO, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.
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PWM Trigger Status Register (PWM_ ADCTSTS1)

Register Offset R/W |Description Reset Value
.I'?gle—ADCTS PWMO_BA+0x74 |R/W |PWM Trigger Status 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 ZPTRGF5 CDTRGF5 CPTRGF5 CUTRGF5
7 6 5 4 3 2 1 0
Reserved ZPTRGF4 CDTRGF4 CPTRGF4 CUTRGF4
Bits Description
[31:12] Reserved Reserved.

Channel 5 Zero Point Trigger ADC Flag
[11] ZPTRGF5 When the channel5’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 5 Compare Down Trigger ADC Flag

When the channel5’s counter is counting down to CMP5, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

[10] CDTRGF5

Channel 5 Center Point Trigger ADC Flag
[9] CPTRGF5 When the channel5’s counter is counting to PERIODDS, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 5 Compare Up Trigger ADC Flag
[8] CUTRGF5 When the channel5’s counter is counting up to CMP5, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

[7:4] Reserved Reserved.

Channel 4 Zero Point Trigger ADC Flag
[3] ZPTRGF4 When the channel4’s counter is counting to zero point, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.

Channel 4 Compare Down Trigger ADC Flag

When the channel4’s counter is counting down to CMP4, this bit will be set for trigger
ADC.

Note: This bit can be cleared by software writing 1.

2] CDTRGF4

Channel 4 Center Point Trigger ADC Flag
1] CPTRGF4 When the channel4’s counter is counting to PERIODA4, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.
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Bits Description

Channel 4 Compare Up Trigger ADC Flag

[ CUTRGF4 When the channel4’s counter is counting up to CMP4, this bit will be set for trigger ADC.
Note: This bit can be cleared by software writing 1.
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Phase Change Reqgister (PWM PHCHG)

Register Offset R/W [Description Reset Value
PWM_PHCHG [PWMO0_BA+0x78 |R/W |PWM Phase Changed Register 0x0000_3F00
31 30 29 28 27 26 25 24
ACMPOTEN TMROTEN AOPOSSEL OFFEN30 OFFEN20 OFFEN10 OFFENOO
23 22 21 20 19 18 17 16
ACMPI1TEN TMR1TEN A1POSSEL OFFEN31 OFFEN21 OFFEN11 OFFENO1
15 14 13 12 11 10 9 8
AUTOCLR1 | AUTOCLRO MSKEN5 MSKEN4 MSKEN3 MSKEN2 MSKEN1 MSKENO
7 6 5 4 3 2 1 0
MSKDAT7 MSKDAT6 MSKDAT5 MSKDAT4 MSKDAT3 MSKDAT2 MSKDAT1 MSKDATO

Bits Description

ACMPO Trigger PWM Function Enable Bit

0 = ACMPO trigger PWM function Disabled.

1 = ACMPO trigger PWM function Enabled.

Note: This bit will be auto cleared when ACMPO trigger PWM if AUTOCLRO is set.

[31] ACMPOTEN

TIMERO Trigger PWM Function Enable Bit

When this bit is set, TIMERO time-out event will update PWM_PHCHG with PHCHG_NXT
[30] TMROTEN register.
0 = TIMERO trigger PWM function Disabled.

1 = TIMERO trigger PWM function Enabled.

ACMPO Positive Input Source Select Bits
00 = Select P1.5 as the input of ACMPO.
[29:28] AOPOSSEL 01 = Select P1.0 as the input of ACMPO.
10 = Select P1.2 as the input of ACMPO.
11 = Select P1.3 as the input of ACMPO.

ACMPO Trigger Channel 3 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 3 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

(271 OFFEN30 0 = PWMO_CHS3 one period cycle output low Disabled.
1 = PWMO_CHS3 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~ PWMO_CHS3.

ACMPO Trigger Channel 2 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 2 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

(26] OFFEN20 0 = PWMO_CH2 one period cycle output low Disabled.
1 = PWMO_CH2 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO0_CH3.
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Bits Description

ACMPO Trigger Channel 1 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 1 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

[25] OFFEN10 0 = PWMO_CH1 one period cycle output low Disabled.
1 = PWMO_CH1 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMPO Trigger Channel 0 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 0 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

[24] OFFEN0O 0 = PWMO_CHO one period cycle output low Disabled.
1 = PWMO_CHO one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMP1 Trigger Function Enable Bit

0 = ACMP1 trigger PWM function Disabled.

1 = ACMP1 trigger PWM function Enabled.

Note: This bit will be auto cleared when ACMP1 trigger PWM if AUTOCLRL1 is set.

[23] ACMPITEN

TIMERL1 Trigger PWM Function Enable Bit

When this bit is set, TIMER1 time-out event will update PWM_PHCHG with PHCHG_NXT
[22] TMRITEN register.
0 = TIMERZ1 trigger PWM function Disabled.

1 = TIMER1 trigger PWM function Enabled.

ACMP1 Positive Input Source Select Bits
00 = Select P3.1 as the input of ACMP1.
[21:20] A1POSSEL 01 = Select P3.2 as the input of ACMP1.
10 = Select P3.3 as the input of ACMPL1.
11 = Select P3.4 as the input of ACMPL1.

ACMP1 Trigger Channel 3 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 3 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

[19] OFFEN31 0 = PWMO_CHS3 one period cycle output low Disabled.
1 = PWMO_CHS3 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMP1 Trigger Channel 2 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 2 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

(18] OFFEN21 0 = PWMO_CH2 one period cycle output low Disabled.
1 = PWMO_CH2 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH 3.

ACMP1 Trigger Channel 1 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 1 to output low lasting for at most one period cycle

as long as ACMPL1 trigger It; This feature is usually in step motor application.

[17] OFFEN11 _ . )
0 = PWMO_CH1 one period cycle output low Disabled.

1 = PWMO_CHJ1 one period cycle output low Enabled.

Note: This function is only available for PWMO0_CHO~PWMO_CH3.
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Bits Description
ACMPL1 Trigger Channel 0 One Cycle Output Off Enable Bit
Setting this bit will force PWM channel 0 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

[16] OFFENO1

0 = PWMO_CHO one period cycle output low Disabled.
1 = PWMO_CHO one period cycle output low Enabled.
Note: This function is only available for PWM0_CHO~PWMO_CH3.

Hardware Auto Clear ACMP1TEN
[15] AUTOCLR1 0 = Hardware will auto clear ACMP1TEN when ACMP1 trigger PWM.
1 = Hardware will not auto clear ACMP1TEN when ACMPL1 trigger PWM.

Hardware Auto Clear ACMPOTEN
[14] AUTOCLRO 0 = Hardware will auto clear ACMPOTEN when ACMPO trigger PWM.
1 = Hardware will not auto clear ACMPOTEN when ACMPO trigger PWM.

PWMn Output Mask Enable Bits

13:8
! 0 ]]_ . MSKENnN 0 = Output MSKDATN specified in bit n of PWM_PHCHG register.
n=0,1..

1 = Output the original channel n waveform.

PWMO_CH7 (GPIO P0.0) Mask Data

When MASKEND?7 Is 1, channel 7’s output level is MSKDAT?7.
7 MSKDAT7

0 = PWMO_CH?7 output low level.

1 = PWMO_CH?7 output high level.

PWMO_CHS6 (GPIO P0.1) Mask Data

When MASKENDS Is 1, channel 6’s output level is MSKDAT®6.
[6] MSKDAT6

0 = PWMO_CHS6 output low level.

1 = PWMO_CHS6 output high level.

PWMO_CHn Mask Data
[5:0] When MSKENRN is 0, channel n’s output level is MSKDATN.

MSKDATN

n=0,1..5 0 = PWMO_CHn output low level.

1 = PWMO_CHn output high level.
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Phase Change Reqgister (PWM_ PHCHGNXT)

Register Offset R/W |Description Reset Value
Z\)/(V'IM _PHCHG PWMO_BA+0x7C |R/W |PWM Next Phase Change Register 0x0000_3F00
31 30 29 28 27 26 25 24
ACMPOTEN TMROTEN AOPOSSEL OFFEN30 OFFEN20 OFFEN10 OFFENOO
23 22 21 20 19 18 17 16
ACMPI1TEN TMR1TEN A1POSSEL OFFEN31 OFFEN21 OFFEN11 OFFENO1
15 14 13 12 11 10 9 8
AUTOCLR1 | AUTOCLRO MSKEN5 MSKEN4 MSKEN3 MSKEN2 MSKEN1 MSKENO
7 6 5 4 3 2 1 0
MSKDAT7 MSKDATG6 MSKDAT5 MSKDAT4 MSKDAT3 MSKDAT?2 MSKDAT1 MSKDATO

Bits Description

ACMPO Trigger Function Enable Bit

0 = ACMPO trigger PWM function Disabled.

1 = ACMPO trigger PWM function Enabled.

Note: This bit will be auto cleared when ACMPO trigger PWM if AUTOCLRO is set.

[31] ACMPOTEN

TMRO Trigger PWM Function Enable Bit

When this bit is set, TMRO time-out event will update PWM_PHCHG with PHCHG_NXT
[30] TMROTEN register.
0 = TMRO trigger PWM function Disabled.

1 = TMRO trigger PWM function Enabled.

ACMPO Positive Input Source Select Bits
00 = Select P1.5 as the input of ACMPO.
[29:28] AOPOSSEL 01 = Select P1.0 as the input of ACMPO.
10 = Select P1.2 as the input of ACMPO.
11 = Select P1.3 as the input of ACMPO.

ACMPO Trigger Channel 3 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 3 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

(271 OFFEN30 0 = PWMO_CHS3 one period cycle output low Disabled.
1 = PWMO_CHS3 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO0_CH3.

ACMPO Trigger Channel 2 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 2 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

[26] OFFEN20 0 = PWMO_CH2 one period cycle output low Disabled.
1 = PWMO_CH2 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO0_CH3.
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Bits Description

ACMPO Trigger Channel 1 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 1 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

[25] OFFEN10 0 = PWMO_CH1 one period cycle output low Disabled.
1 = PWMO_CH1 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMPO Trigger Channel 0 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 0 to output low lasting for at most one period cycle
as long as ACMPO trigger It; This feature is usually in step motor application.

[24] OFFEN0O 0 = PWMO_CHO one period cycle output low Disabled.
1 = PWMO_CHO one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMP1 Trigger Function Enable Bit

0 = ACMP1 trigger PWM function Disabled.

1 = ACMP1 trigger PWM function Enabled.

Note: This bit will be auto cleared when ACMP1 trigger PWM if AUTOCLRL1 is set.

[23] ACMPITEN

TMR1 Trigger PWM Function Enable Bit

When this bit is set, TMR1 time-out event will update PWM_PHCHG with PHCHG_NXT
[22] TMRITEN register.
0 = TMR1 trigger PWM function Disabled.

1 =TMRL1 trigger PWM function Enabled.

ACMP1 Positive Input Source Select Bits
00 = Select P3.1 as the input of ACMP1.
[21:20] A1POSSEL 01 = Select P3.2 as the input of ACMP1.
10 = Select P3.3 as the input of ACMPL1.
11 = Select P3.4 as the input of ACMPL1.

ACMP1 Trigger Channel 3 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 3 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

[19] OFFEN31 0 = PWMO_CHS3 one period cycle output low Disabled.
1 = PWMO_CHS3 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO_CH3.

ACMP1 Trigger Channel 2 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 2 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

(18] OFFEN21 0 = PWMO_CH2 one period cycle output low Disabled.
1 = PWMO_CH2 one period cycle output low Enabled.

Note: This function is only available for PWM0_CHO~PWMO0_CH3.

ACMPL1 Trigger Channel 1 One Cycle Output Off Enable Bit

Setting this bit will force PWM channel 1 to output low lasting for at most one period cycle

as long as ACMPL1 trigger It; This feature is usually in step motor application.

[17] OFFEN11 _ . )
0 = PWMO_CH1 one period cycle output low Disabled.

1 = PWMO_CHJ1 one period cycle output low Enabled.

Note: This function is only available for PWMO0_CHO~PWMO_CH3.
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Bits Description
ACMPL1 Trigger Channel 0 One Cycle Output Off Enable Bit
Setting this bit will force PWM channel 0 to output low lasting for at most one period cycle
as long as ACMPL1 trigger It; This feature is usually in step motor application.

[16] OFFENO1

0 = PWMO_CHO one period cycle output low Disabled.
1 = PWMO_CHO one period cycle output low Enabled.
Note: This function is only available for PWM0_CHO~PWMO_CH3.

Hardware Auto Clear ACMP1TEN
[15] AUTOCLR1 0 = Hardware will auto clear ACMP1TEN when ACMP1 trigger PWM.
1 = Hardware will not auto clear ACMP1TEN when ACMPL1 trigger PWM.

Hardware Auto Clear ACMPOTEN
[14] AUTOCLRO 0 = Hardware will auto clear ACMPOTEN when ACMPO trigger PWM.
1 = Hardware will not auto clear ACMPOTEN when ACMPO trigger PWM.

PWM Output Mask Enable Bits

13:8
! 0 ]]_ . MSKENnN 0 = Output MSKDATN specified in bit n of PWM_PHCHG register.
n=0,1..

1 = Output the original channel n waveform.

PWMO_CH7 (GPIO P0.0) Mask Data

When MASKEND?7 Is 1, channel 7’s output level is MSKDAT?7.
7 MSKDAT7

0 = PWMO_CH?7 output low level.

1 = PWMO_CH?7 output high level.

PWMO_CHS6 (GPIO P0.1) Mask Data

When MASKENDS Is 1, channel 6’s output level is MSKDAT®6.
[6] MSKDAT6

0 = PWMO_CHS6 output low level.

1 = PWMO_CHS6 output high level.

PWMO_CHn Mask Data
[5:0] When MSKENRN is 0, channel n’s output level is MSKDATN.

MSKDATN

n=0,1..5 0 = PWMO_CHn output low level.

1 = PWMO_CHn output high level.

Jun. 18, 2015 Page 252 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Phase Change Mask Register (PWM PHCHGMSK)

Register Offset R/W |Description Reset Value
EWM—PHCHGMS PWMO0_BA+0x80 |R/W |PWM Phase Change Mask 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 POSCTL
7 6 5 4 3 2 1 0
MASKEND7 | MASKEND6 Reserved
Bits Description
[31:10] Reserved Reserved.
Positive Input Control For ACMP1
0 = The input of ACMP is controlled by CMP1CR.
[9] POSCTL[1] . . .
1 = The input of ACMP is controlled by CMP1SEL of PWM_PHCHG register.
Note: Register CMP1CR is described in Comparator Controller chapter.
Positive Input Control For ACMPO
0 = The input of ACMP is controlled by CMPOCR.
[8] POSCTLI[0] . . .
1 = The input of ACMP is controlled by CMPOSEL of PWM_PHCHG register.
Note: Register CMPOCR is described in Comparator Controller chapter.
PWMO_CH7 (GPIO P0.0) Output Mask Enable Bit
[71 MASKEND7 0 = Output the original GPIO P0.0.
1 = Output MSKDAT?7 specified in bit 7 of PWM_PHCHG register.
PWMO_CHS6 (GPIO P0.1) Output Mask Enable Bit
[6] MASKENDG6 0 = Output the original GPIO P0.1.
1 = Output MSKDAT®6 specified in bit 6 of PWM_PHCHG register.
[5:0] Reserved Reserved.
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Interrupt Accumulation Control Register (PWM [FA)

Register Offset R/W |Description Reset Value
PWM_IFA PWMO_BA+0x84 |R/W |PWM Period Interrupt Accumulation Control Register 0x0000_00F0
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
IFCNT Reserved IFAEN
Bits Description
[31:8] Reserved Reserved.
Interrupt Accumulation Counter
[7:4] IFCNT When IFAEN is set, IFCNT will decrease when every ZIFn flag is set and when IFCNT
reach to zero, the PWMn interrupt will occurred and IFCNT will reload itself.
[3:1] Reserved Reserved.
Interrupt Accumulation Function Enable Bit
[0] IFAEN 0 = Interrupt accumulation function Disabled.
1 = Interrupt accumulation function Enabled.
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6.8 Watchdog Timer (WDT)
6.8.1 Overview

The Watchdog Timer is used to perform a system reset when system runs into an unknown state.
This prevents system from hanging for an infinite period of time. Besides, the Watchdog Timer
supports the function to wake-up system from ldle/Power-down mode.

6.8.2 Features

18-bit free running up counter for WDT time-out interval

Selectable time-out interval (24 ~ 218) WDT_CLK cycles and the time-out interval is 1.6 ms ~
26.214s if WDT_CLK = 10 kHz

System kept in reset state for a period of (1 / WDT_CLK) * 63

Supports WDT time-out wake-up function only if WDT clock source is selected as LIRC or
LXT

6.8.3 Block Diagram

The WDT block diagram is shown in Figure 6.8-1.

| RSTCNT(WDT_CTL[0]) |
Reset WDT IF
Watchdog
Counter 18-bit WDT Counter o ZUWDT.CTLE) Interrupt
INTEN
T Lo Lo =[]
- . DT _CTL[6
Mooo) Time- Reset (WDT. [6D
1oy I o I | Delay Watchdog
1 -y [Interval Period Reset
4'%%"! Period Select  E——
=—-3> select e RSTEN
WDT_ CLK ? (WDT_CTL[1]) L,| RsTF
WDTEN ‘ TOUTSEL (WDT_CTL[2])
(WDT_CTL[7]) (WDT_CTL[10:8]) Wakeup CPU from
Power - down mode
>
WKEN
(WDT_CTL[4]) WKF
(WDT_CTL[5))

Notel: WDT resets CPU and lasts 63 WDT_CLK.
Note2: The WDT reset delay period can be selected as 3/18/130/1026 WDT_CLK.

Figure 6.8-1 Watchdog Timer Block Diagram
6.8.4 Clock Control

The WDT clock control is shown in Figure 6.8-2.

Jun. 18, 2015 Page 255 of 403 Rev.1.01



NUVOTON NM1200/NM1100
—

WDTSEL (CLK_CLKSEL1[1:0])
WDTCKEN (CLK_APBCLKI0])
10 kHz (LIRC)

— Ty
11 L» WDT_CLK
HCLK/2048 |

32768 kHz (LXT) |
—

Figure 6.8-2 Watchdog Timer Clock Control
6.8.5 Basic Configuration

The WDT peripheral clock is enabled in WDTCKEN (CLK_APBCLK][0]) and clock source can be
selected in WDTSEL (CLK_CLKSEL1[1:0]).

6.8.6 Functional Description

The WDT includes an 18-bit free running up counter with programmable time-out intervals. Table
6.8-1 shows the WDT time-out interval period selection and Figure 6.8-3 shows the WDT time-out
interval and reset period timing.

6.8.6.1 WDT Time-out Interrupt

Setting WDTEN (WDT_CTL[7]) to 1 will enable the WDT function and the WDT counter to start
counting up. There are eight time-out interval period can be selected by setting TOUTSEL
(WDT_CTL[10:8]). When the WDT up counter reaches the TOUTSEL (WDT_CTL[10:8]) setting,
the WDT time-out interrupt will occur and then WDT time-out interrupt flag IF (WDT_CTL][3]) will
be set to 1 immediately.

6.8.6.2 WNDT Reset Delay Period and Reset System

A specified Trstp reset delay period occurs when the IF (WDT_CTLJ[3]) is set to 1. User should
set RSTCNT (WDT_CTL][Q]) to reset the 18-bit WDT up counter value to avoid generating the
WDT time-out reset signal before the Trstp reset delay period expires. Moreover, user should set
RSTDSEL (WDT_ALTCTL [1:0]) to select reset delay period to clear WDT counter. If the WDT up
counter value has not been cleared after the specified Trstp delay period expires, the WDT
control will set RSTF (WDT_CTL[2]) to 1 if RSTEN (WDT_CTL[1]) bit is enabled, and then chip
enters reset state immediately. Refer to Figure 6.8-3 Watchdog Timer Time-out Interval and
Reset Period Timing. The Trst reset period will keep the last 63 WDT clocks and then chip restart
executing program from reset vector (0x0000_0000). The RSTF (WDT_CTL[2]) will keep 1 after
WDT time-out resets the chip. User can check RSTF (WDT_CTL][2]) via software to recognize if
the system has been reset by WDT time-out reset or not.

Time-out Interval Period Reset Delay Period
TOUTSEL
Tris TrsD
000 2** Twor 1024 * Twor
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001 2°* Twor 1024 * Twor
010 2% * Twor 1024 * Twor
011 2" * Tyor 1024 * Twor
100 2" * Tyor 1024 * Twor
101 2 * Twor 1024 * Twor
110 2" * Tyor 1024 * Twor
111 2" * Tyor 1024 * Twor

Table 6.8-1 Watchdog Timer Time-out Interval Period Selection

RSTF=1
IF=1 (if RSTEN = 1)
TMT A ‘
worcue [[[ITUUUSUTTUUUUIUUTUUULT UL
: |
F <« Tns NP Trso )]
RSTF
WDT reset Toer

(low reset) ¢ ~RST__ »l

e Twpr : Watchdog Clock Time Period
e Tns :Watchdog Time-out Interval Period ( (2* ~ 2'%) * Twor )

e Tgrsto : Watchdog Reset Delay Period
- Selectable 1024 * T\pt delay period controlled

e Trst :Watchdog Reset Period (63 * Twor )

Figure 6.8-3 Watchdog Timer Time-out Interval and Reset Period Timing

6.8.6.3 WDT Wake-up

If WDT clock source is selected to LIRC or LXT, system can be woken up from Power-down
mode while WDT time-out interrupt signal is generated and WKEN (WDT_CTL[4]) enabled. In the
meanwhile, the WKF (WDT_CTL[5]) will be set to 1 automatically. User can check WKF
(WDT_CTL[5]) status via software to recognize if the system has been woken up by WDT time-
out interrupt or not.

Jun. 18, 2015 Page 257 of 403 Rev.1.01



NUVOTON NM1200/NM1100

I

6.8.7 Registers 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

WDT_CTL WDT_BA+0x00 R/W  |WDT Control Register 0x0000_0700
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6.8.8 Registers Description

WDT Control Register (WDT CTL)

Register Offset R/W |Description Reset Value
WDT_CTL WDT_BA+0x00 R/W |WDT Control Register 0x0000_0700

31 30 29 28 27 26 25 24

ICEDEBUG Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved TOUTSEL
7 6 5 4 3 2 1 0
WDTEN INTEN WKF WKEN IF RSTF RSTEN RSTCNT

Bits Description

ICE Debug Mode Acknowledge Disable Bit (Write Protect)
0 = ICE debug mode acknowledgement affects WDT counting.
WDT up counter will be held while CPU is held by ICE.

[31] ICEDEBUG }
1 = ICE debug mode acknowledgement Disabled.
WDT up counter will keep going no matter CPU is held by ICE or not.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
[30:11] Reserved Reserved.

WDT Time-out Interval Selection (Write Protect)

These three bits select the time-out interval period for the WDT.
000 = 2* * WDT_CLK.

001 = 2° *WDT_CLK.

010 = 2° *WDT_CLK.

[10:8] TOUTSEL 011 = 2" * WDT_CLK.

100 = 22 * WDT_CLK.

101 = 2" * WDT_CLK.

110 = 2'° *WDT_CLK.

111 = 2" *WDT_CLK.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

WDT Enable Bit (Write Protect)

0 = WDT Disabled (This action will reset the internal up counter value).
1 =WDT Enabled.

Notel: This bit is write protected. Refer to the SYS_REGLCTL register.

Note2: If CWDTEN][2:0] (combined by Config0[31] and Config0[4:3]) bits is not configure
to 111, this bit is forced as 1 and user cannot change this bit to 0.

[7] WDTEN
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Bits Description

WDT Time-out Interrupt Enable Bit (Write Protect)

If this bit is enabled, the WDT time-out interrupt signal is generated and inform to CPU.
[6] INTEN 0 = WDT time-out interrupt Disabled.

1 =WDT time-out interrupt Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

WDT Time-out Wake-up Flag (Write Protect)
This bit indicates the interrupt wake-up flag status of WDT
0 = WDT does not cause chip wake-up.

(5] WKF 1 = Chip wake-up from Idle or Power-down mode if WDT time-out interrupt signal
generated.

Notel: This bit is write protected. Refer to the SYS_REGLCTL register.
Note2: This bit is cleared by writing 1 to it.

WDT Time-out Wake-up Function Control (Write Protect)

If this bit is set to 1, while WDT time-out interrupt flag IF (WDT_CTL[3]) is generated to 1
and interrupt enable bit INTEN (WDT_CTL[6]) is enabled, the WDT time-out interrupt
signal will generate a wake-up trigger event to chip.

[4] WKEN 0 = 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.
Notel: This bit is write protected. Refer to the SYS_REGLCTL register.

Note2: Chip can be woken-up by WDT time-out interrupt signal generated only if WDT
clock source is selected to LIRC or LXT.

WDT Time-out Interrupt Flag

This bit will be set to 1 while WDT up counter value reaches the selected WDT time-out

interval

[3] IF _ . . .
0 = WDT time-out interrupt did not occur.

1 =WDT time-out interrupt occurred.

Note: This bit is cleared by writing 1 to it.

WDT Time-out Reset Flag

This bit indicates the system has been reset by WDT time-out reset or not.
[2] RSTF 0 = WDT time-out reset did not occur.

1 =WDT time-out reset occurred.

Note: This bit is cleared by writing 1 to it.

WDT Time-out Reset Enable Bit (Write Protect)

Setting this bit will enable the WDT time-out reset function If the WDT up counter value
has not been cleared after the specific WDT reset delay period expires.

(1] RSTEN 0 = WDT time-out reset function Disabled.
1 = WDT time-out reset function Enabled.

Note: This bit is write-protected. Refer to the SYS_REGLCTL register.

Reset WDT Up Counter (Write Protect)

0 = No effect.

[0] RSTCNT 1 = Reset the internal 18-bit WDT up counter value.

Notel: This bit is write protected. Refer to the SYS_REGLCTL register.
Note2: This bit will be automatically cleared by hardware.
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6.9 UART Controller (UART)
6.9.1 Overview

The NuMicro® NM1200/NM1100 series provides two channels of Universal Asynchronous
Receiver/Transmitters (UART). The UARTO performs supports flow control function. The UARTO
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 UARTO controller also supports IrDA
SIR Function, and RS-485 function mode. The UARTO channel supports six types of interrupts.
The UARTL1 channel supports five types of interrupts. The UARTL1 only 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 UARTO has 16 bytes Receiver/Transmitter FIFO. The UART1
has 4 bytes Receiver/Transmitter FIFO.

6.9.2 Features

Full duplex, asynchronous communications

Separates receive/transmit 16/16 bytes entry FIFO for data payloads (Only Available in
UARTO)

Separates receive/transmit 4/4 byte buffer for data payloads (Only Available in UART1)

Supports hardware auto flow control/flow control function (CTS, RTS) and programmable
RTS flow control trigger level (Only Available in UARTO)

Programmable receiver buffer trigger level
Supports programmable baud-rate generator for each channel individually
Supports CTS wake-up function (Only Available in UARTO)

Supports 8-bit receiver buffer time-out detection function

Programmable transmitting data delay time between the last stop and the next start bit by
setting UART_TOUT[15:8] register

®  Supports break error, frame error, parity error and receive/transmit buffer overflow detection
function

®  Fully programmable serial-interface characteristics
B Programmable number of data bit, 5, 6, 7, 8 character

B Programmable parity bit, even, odd, no parity or stick parity bit generation and
detection

B Programmable stop bit, 1, 1.5, or 2 stop bit generation
®  Supports IrDA SIR function mode (Only Available in UARTO)
B Supports 3/16-bit duration for normal mode
®  Supports RS-485 function mode (Only Available in UARTO)
B Supports RS-485 9-bit mode

B Supports hardware or software enable to program RTS pin to control RS-485
transmission direction directly
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6.9.3 Block Diagram

The UARTO clock control and block diagram are shown in Figure 6.9-1 and Figure 6.9-3. The
UART1 clock control and block diagram are shown in Figure 6.9-2 and Figure 6.9-4.

UARTOSEL(CLK_CLKSEL1[25:24]) ‘
‘ UARTOCKEN(CLK_APBCLK16]) ‘
48 MHz HIRC 11
> \ UARTO_CLK
10 >
1/(UARTODIV + 1) }—o—> /
Reserved 01
S EEEEE— UARTODIV(CLK_CLKDIV[11:8])
24 MHz HXT
00
Legend:
HXT = High-Speed External clock signal
HIRC = High-Speed Internal clock signal
Figure 6.9-1 UARTO Controller Clock Control
UART1SEL(CLK_CLKSEL1[27:26]) ‘
‘ UART1CKEN(CLK_APBCLK17]) ‘
48 MHz HIRC 11
> \ UART1_CLK
10 >
1/(UART1DIV + 1) }—o—> /
Reserved 01
UART1DIV(CLK_CLKDIV[15:12])
24 MHz HXT 00

Legend:
HXT = High-Speed External clock signal
HIRC = High-Speed Internal clock signal

Figure 6.9-2 UART1 Controller Clock Control
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APB_BUS
-t} A/ y -
/V UART Interrupt
Y Status& Control Status& Control ¥
L FIFO & Line - Interrupt
RX_FIFO - Control and Status [——— TX_FIFO Control
-t Register > & status
Baud Out Baud Out
[
Y I ¥
RX Shift Register MODEM TX Shift Register
Control and Status
Register -
UARTO_nCTS E g - E QUARTO nRT§
Y
- Baud Rate I
IrDA Decode Generator IrDA Encode
/' UART_CLK f
UARTO_RXD X A 5@ UARTO Txg

Figure 6.9-3 UARTO Controller Block Diagram

< APB_BUS -
I'% 3
N UART Interrupt
A Status& Control Status& Control Y
> FIFO & Line »- Interrupt
RX_FITO - Control and Status | — TX_FIFO Control
-t Register - & status
Baud Out Baud Out
I
\ y
RX Shift Register TX Shift Register
Control and Status
A Register L
- Baud Rate -
Generator
UART_CLK f
UART1_RXD Eg v UART1_TXI
Figure 6.9-4 UART1 Controller Block Diagram
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Each block is described in detail as follows:

TX_FIFO/TX_BUF

The UARTO transmitter is buffered with a 16-byte FIFO to reduce the number of interrupts
presented to the CPU. The UART1 transmitter is buffered with only a 4-byte FIFO.
RX_FIFO/RX_BUF

The UARTO receiver is buffered with a 16-byte FIFO (plus three error bits per byte) to reduce the
number of interrupts presented to the CPU. The UART1 receiver is buffered with a 4-byte FIFO
(plus three error bits per byte)

TX shift Register

This block is shifting the transmitting data out serial control block.

RX Shift Register

This block is shifting the receiving data in serial control block.

Baud Rate Generator

Divide the external clock by the divisor to get the desired baud rate clock. Refer to baud rate
equation.

IrDA Encode

This block is IrDA encoding control block. (Only Available in UARTO)

IrDA Decode
This block is IrDA decoding control block. (Only Available in UARTO)

FIFO & Line Control and Status Register

This field is register set that including the FIFO control registers (UART_FIFO), FIFO status
registers (UART_FIFOSTS), and line control register (UART_LINE) for transmitter and receiver.
The time-out control register (UART_TOUT) identifies the condition of time-out interrupt.

Interrupt Control and Status Register

There are six types of interrupts, transmitter FIFO empty interrupt (THERIF), receiver data
available interrupt (RDAIF), receive line status interrupt (parity error or framing error or break
interrupt) (RLSIF), time-out interrupt (RXTOINT), Buffer error interrupt (BUFERRINT), nCTS
wake-up interrupt (Only available in UARTO). Interrupt enabling register (UART_INTEN) enable or
disable the responding interrupt and interrupt status register (UART_INTSTS) identifying the
occurrence of the responding interrupt.
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APB BUS

- !
A l
RX FIFO TX FIFO
A A
Flow Control
UART nCTS Eﬂ > Eﬂ UART nRTé
Y

UART_RX UART T
E{ > Serial to Parallel Serial to Parallel Ez b

Figure 6.9-5 Auto Flow Control Block Diagram

6.9.4 Basic Configuration

The UART Controller function pins are configured in SYS_P0_MFP/SYS_P1_MFP registers for
UARTO and configured in SYS_P1 _MFP/ SYS_P2 _MFP/ SYS_P4 MFP registers for UART1.

The UART Controller clock are enabled in UART_EN (CLK_APBCLK]J16]) for UART.
The UART Controller clock source is selected by UARTSEL (CLKSEL[25:24]).
The UART Controller clock pre-scale is determined by UARTDIV (CLK_CLKDIV[11:8]).

6.9.5 Functional Description

The UARTO Controller supports three function modes including UART, IrDA, and RS-485 mode.
User can select a function by setting the UART_FUNSEL register. The UART1 Controller only
supports UART data transmit and receive mode.

6.9.5.1 UART Controller Baud Rate Generator

The UART Controller includes a programmable baud rate generator 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 (UART_BAUD). Figure 6.9-6 lists the UART baud rate equations in the
various conditions and UART baud rate parameter settings. There is no error for the baud rate
results calculated through the baud rate parameter and register setting below. In IrDA function
mode, the baud rate generator must be set in Mode 0. (Only Available in UARTO)

Mode BAUDM1 BAUDMO Divider X | BRD M |Baud Rate Equation

Mode 0 0 0 B A 16 |UART_CLK/[16 * (A+2)]
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Mode 1 1 0 B A B+1 [UART_CLK/[(B+1) * (A+2)], B must >=8
Mode 2 1 1 Don't care A 1 |UART_CLK/ (A+2), A must >=8
Figure 6.9-6 Controller Baud Rate Equation Table
UART Peripheral Clock = 22.1184 MHz
Baud Rate Mode O Mode 1 Mode 2
921600 Not support A=0, B=11 A=22
_ A=1, B=15 _
460800 A=1 A=z B-11 A=46
_ A=4, B=15 _
230400 A=4 A6, B-11 A=94
_ A=10, B=15 _
115200 A=10 A=14 B=11 A=190
_ A=22, B=15 _
57600 A=22 A=30 B=11 A=382
A=62, B=8
38400 A=34 A=46, B=11 A=574
A=34, B=15
A=126, B=8
19200 A=70 A=94, B=11 A=1150
A=70, B=15
A=254, B=8
9600 A=142 A=190, B=11 A=2302
A=142, B=15
A=510, B=8
4800 A=286 A=382, B=11 A=4606
A=286, B=15
Figure 6.9-7 Controller Baud Rate Parameter Setting Table
UART Peripheral Clock = 22.1184 MHz
Baud Rate Mode 0 Mode 1 Mode 2
921600 Not support 0x2B00_0000 0x3000_0016
0x2F00_0001
460800 0x0000_0001 0x3000_002E
- 0x2B00_0002 -
0x2F00_0004
230400 0x0000_0004 0x3000_005E
- 0x2B00_0006 -
0x2F00_000A
115200 0x0000_000A . 0x3000_00BE
0x2B00_000E
0x2F00_0016
57600 0x0000_0016 - 0x3000_017E
0x2B00_001E
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0x2800_003E
38400 0x0000_0022 0x2B00_002E 0x3000_023E
0x2F00_0022

0x2800_007E
19200 0x0000_0046 0x2B00_005E 0x3000_047E
0x2F00_0046

0x2800_00FE
9600 0x0000_008E 0x2B00_00BE 0x3000_08FE
0x2F00_008E

0x2800_01FE
4800 0x0000_011E 0x2B00_017E 0x3000_11FE
0x2F00_O011E

Figure 6.9-8 Controller Baud Rate Register Setting Table

6.9.5.2 UART Controller FIFO Control and Status

The UARTO Controller is built-in with a 16 bytes transmitter FIFO (TX_FIFO) and a 16 bytes
receiver FIFO (RX_FIFO) that reduces the number of interrupts presented to the CPU. The CPU
can read the status of the UARTO at any time during operation. The reported status information
includes the type and condition of the transfer operations being performed by the UARTO, as well
as 3 error conditions (parity error, framing error, break interrupt) probably occur while receiving
data. This FIFO control and status also support all of UART data transmit, receive, IrDA, and RS-
485 function mode.

The UART1 Controller is built-in with a 4 byte transmitter FIFO and a 4 byte receiver FIFO. The
CPU can read the status of the UART1 at any time during operation. The reported status
information includes the type and condition of the transfer operations being performed by the
UART1, as well as 3 error conditions (parity error, framing error, break interrupt) probably occur
while receiving data.

6.9.5.3 UART Controller Wake-up Function

Only UARTO support CTS Wakeup function. When the chip is in Power-down mode, an external
CTS change will wake-up chip from Power-down mode. This wake-up function is available in
every function mode. User must enable the WKCTSIEN (Wake-up CPU Interrupt Function Enable
Control) to use the wake-up function. If WKCTSIEN (UART_INTEN]6]) is enabled and CTS is
activate, chip can be wake-up from Power-down mode.

6.9.5.4 UART Controller Interrupt and Status

UARTO Controller supports 6 types of interrupts and UART1 Controller supports 5 types of
interrupts. The interrupts are listed as following:

Receiver threshold level reached interrupt (RDAINT)

®  Transmitter FIFO empty interrupt (THREINT)
® Line status interrupt (parity error, frame error or break interrupt) (RLSINT)
® MODEM/Wake-up status interrupt (MODEMINT) (Only Available in UARTO)
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®  Receiver buffer time-out interrupt (RXTOINT)
®  Buffer error interrupt (BUFERRINT)

NM1200/NM1100

Figure 6.9-9 describes the interrupt sources and flags. The interrupt is generated when the
interrupt flag is generated and the interrupt enable bit is set. User must clear the interrupt flag after
the interrupt is generated.

Interrupt Source Interrupt Indicator :;itterrupt Szl Interrupt Flag Flag Cleared By
Receive Data RDAINT RDAIEN RDAIF Read UART_DAT
Available Interrupt -
Transmit Holding
Register Empty THREINT THREIEN THREIF Write UART_DAT
Interrupt
RLSIF = (BIF or FEF or o,
. . Writing ‘1’ to BIF/FEF/ PEF
Receive Line Status RLSINT RLSIEN PEF)
Interrupt
RLSIF = ADDRDETF Writing ‘1’ to ADDRDETF
Modem Status
Interrupt (Only MODEMINT MODEMIEN MODEMIF = CTSDETF Write ‘1’ to CTSDETF
Available in UARTO)
RX Time-out Interrupt |RXTOINT RXTOIEN RXTOIF Read UART_DAT
BUFERRIF = Writing ‘1’ to
Buffer Error Interrupt [BUFERRINT BUFERRIEN
(TXOVIF or RXOVIF) TXOVIF / RXOVIF

Figure 6.9-9 Controller Interrupt Source and Flag

6.9.5.5 UART Function Mode

The UARTO/UART1 Controller provides UART function (user must set UART_FUNSEL [1:0]
to '00’ to enable UART function mode). The UART baud rate is up to 1 Mbps.

The UART provides full-duplex and asynchronous communications. The UARTO transmitter and
receiver contain 16 bytes FIFO for payloads (Only Available in UARTO). User can program
receiver buffer trigger level and receiver buffer time-out detection for receiver (Only Available in
UARTO). The transmitting data delay time between the last stop and the next start bit can be
programed by setting DLY (UART_TOUT [15:8]) register (Available in UARTO/UART1). The
UARTO supports hardware auto-flow control and flow control function (CTS, RTS), programmable
RTS flow control trigger level and fully programmable serial-interface characteristics. (Only
Available in UARTO)

UART Line Control Function

The UART Controller supports fully programmable serial-interface characteristics by setting the
UART_LINE register. Software can use the UART_LINE register to program the word length, stop
bit and parity bit. Figure 6.9-10 lists the UART word and stop bit length settings and the UART
parity bit settings.

NSB
(UART_LINE[2])

WLS

(UART_LINE[1:0])

Word Length (Bit)

Stop Length (Bit)
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0 00 5 1
0 01 6 1
0 10 7 1
0 11 8 1
1 00 5 15
1 01 6 2
1 10 7 2
1 11 8 2

Figure 6.9-10 Line Control of Word and Stop Length Setting

Parity SPE EPE PBE Descrintion
Type [(UART_LINE[5])[(UART_LINE[4])|(UART_LINE[3]) P
No Parity X X 0 No parity bit output.

Odd Parity is calculated by adding all the “1’s” in a data
Odd Parity 0 0 1 stream and adding a parity bit to the total bits, to make the
total count an odd number.

Even Parity is calculated by adding all the “1’s” in a data
Even Parity 0 1 1 stream and adding a parity bit to the total bits, to make the
count an even number.

Parity bit always logic 1.

Forced 1 0 1 T ] . e

Mask Parity Parity bit on the serial byte is set to “1” regardless of total
number of “1’s” (even or odd counts).

Forced Parity bit always logic 0.

Space 1 1 1 Parity bit on the serial byte is set to “0” regardless of total

Parity number of “1’s” (even or odd counts).

Figure 6.9-11 Line Control of Parity Bit Setting

UART Auto-Flow Control Function (Only Available in UARTO)

The UARTO supports auto-flow control function that uses two signals, CTS (clear-to-send) and
RTS (request-to-send), to control the flow of data transfer between the UART 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 RTSTRGLV (UART_FIFO [19:16]), the RTS is de-asserted. The UARTO sends data out
when UARTO detects CTS is asserted from external device. If the valid asserted CTS is not
detected, the UARTO will not send data out.

Figure 6.9-12 demonstrates the CTS auto flow control of UARTO function mode. User must set
ATOCTSEN (UART _INTEN [13]) to enable CTS auto flow control function. The CTSACTLV
(UART_MODEM [8]) can set CTS pin input active state. The CTSDETF (UART_MODEMSTS [0])
is set when any state change of CTS pin input has occurred, and then TX data will be
automatically transmitted from TX FIFO.
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CTSSTS LEV_CTS=0
(UART_MODEMSTS[4]), Y Y= —
CTS pin input LEV CTS =1
(de?ault)
MODEM_INT interrupt Ny MODEM_INT interrupt N\
CTSDETF
i ‘ Clear by softwave 1 Clear by softwave
I I
TX pin output Idle | S;?trt Do |D1|D2|D3|D4|D5|D6|D7| P Sttfthp Idle
I
I I
4>‘: :Ai
I I
I I
I I

Figure 6.9-12 CTS Auto Flow Control Enabled

As shown in Figure 6.9-13, in UARTO RTS Auto Flow control mode
(ATORTSEN(UART _INTEN[12])=1), the nRTS internal signal is controlled by UARTO FIFO
controller with RTS_RTI_LEV(UART_FIFO[19:16]) trigger level.

Setting RTSACTLV(UART_MODEM[9]) can control the RTS pin output is inverse or hon-inverse
from nRTS signal. User can read the RTSSTS(UART_MODEM[13]) bit to get real RTS pin output
voltage logic status.

RTS pin output status of UARTO function mode (RTS auto-flow control enabled)
RX_POINTER . RISTRLLEV RX_POINTER _ RTS_TRLLEV
(UART_FIFOSTS[13:18]) © (UART_FIFO[19:16)) ~ (UART_FIFOSTS[13:18]) ~  (UART_FIFO[19:16])
nRTS Signal ‘-/ Active \-'
(internal signal) «
D)
| ’ |
RTSSTS LEV_RTS =0 ‘
(UART_MODEMSTS[13)),
RTS pin output LEV RTS =1
(default) ! ; !
l } L } i
RX pin input T |Start . R Start] . !
(from external) || bit Byte () bit | BYte (+n) |
e s
External RTS inactive
delay delay

Figure 6.9-13 RTS Auto Flow Control Enabled

As shown in Figure 6.9-14, in software mode (ATORTSEN(UART _INTEN[12])=0) the RTS flow is
directly controlled by software programming of RTS(UART_MODEM][1]) control bit.

Setting RTSACTLV(UART_MODEM][9]) can control the RTS pin output is inverse or non-inverse
from RTS(UART_MODEM][1]) control bit. User can read the RTSSTS(UART_MODEM][13]) bit to
get real RTS pin output voltage logic status.

|
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Set UART_MODEM[1] = 0 by softwave Set UART_MODEM][1] = 1 by softwave /—\'

RTS control bit Active
(UART_MODEM[1])

i
RTS._ST LEV_RTS =0 |

(UART_MODEM[13]);
RTS pin output LEV_RTS=1

Figure 6.9-14 RTS Flow with Software Control

6.9.5.6 IrDA Function (Only Available in UARTO)

The UARTO controller also provides Serial IrDA (SIR, Serial Infrared) function (user must set
IrDA_EN (UART_FUNSEL[1:0]) to ‘10’ to enable IrDA function). The SIR specification defines a
short-range infrared asynchronous serial transmission mode with one start bit, 8 data bits, and 1
stop bit. The maximum data rate is 115.2 Kbps (half duplex). The IrDA SIR block contains an IrDA
SIR Protocol encoder/decoder. The IrDA SIR protocol is half-duplex only. Thus 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. This delay feature must be implemented by
software.

In IrDA mode, the BAUDM1 (UART_BAUD [29]) register must be disabled.
Baud Rate = Clock / (16 * BRD), where BRD is Baud Rate Divider in UART_BAUD register.

Figure 6.9-15 demonstrates the IrDA control block diagram.

APB Bus

A
A\

A

A 4

UART
IRCR ™ Controller RX

IrDA Function

nable
\ &
SOUT IR_SOUT E{'—» IrDA Transmitter

IrDA
SIR

'Y Y

IrDA Receiver E< »R_SIN

Figure 6.9-15 IrDA Control Block Diagram

IrDA SIR Transmit Encoder

The IrDA SIR Transmit Encoder modulate Non-Return-to Zero (NRZ) transmit bit stream output
from UARTO. The IrDA SIR physical layer specifies use of Return-to-Zero, Inverted (RZI)
modulation scheme which represent logic 0 as an infra light pulse. The modulated output pulse
stream is transmitted to an external output driver and infrared light emitting diode.
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In Normal mode, the transmitted pulse width is specified as 3/16 period of baud rate.

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 UARTO received data input. The decoder
input is normally high in the idle state. (Because of this, RXINV (UART_IRCR[6]) should be set as
1 by default.)

A start bit is detected when the decoder input is LOW.

IrDA SIR Operation

The IrDA SIR Encoder/decoder provides functionality which converts between UART data stream
and half duplex serial SIR interface. Figure 6.9-16 is IrDA encoder/decoder waveform:

START BIT STOP BIT
SOuUT
(from UART TX) 1 0 0 1 0 1 1 1 0 0 1
IrDA
TX Timing
IR_SOUT
(encoder output)
3/16 bit width
3/16 bit width
IR_SIN
decorder input
IrDA ( put) — -
RX Timing
SIN
[~ B o B [~ ~
(to UART RX) 1 0 1 0 0 1 0 1 0 0 1
T T
Bit cycle width
START BIT STOP BIT

Figure 6.9-16 IrDA TX/RX Timing Diagram

6.9.5.7 RS-485 Function Mode (Only Available in UARTO)

Another alternate function of UART Controller is RS-485 function (user must set UART_FUNSEL
[1:0] to ’11’ to enable RS-485 function), and direction control provided by RTS pin or can program
GPIO (P0.3 for RTS0 and P0.1 for RTS1) to implement the function by software. The RS-485
transceiver control is implemented by using the RTS control signal from an asynchronous serial
port to enable the RS-485 driver. Many characteristics of the RX and TX are same as UART in
RS-485 mode

The controller can configuration of it as an RS-485 addressable slave and the RS-485 master
transmitter will identify an address character by setting the parity (9-th bit) to 1. For data
characters, the parity is set to 0. Software can use UART_LINE 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 Multi-drop 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 the
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UART_ALTCTL register, and drive the transfer delay time between the last stop bit leaving the TX
FIFO and the de-assertion of by setting DLY (UART_TOUT [15:8]) register.

RS-485 Normal Multi-drop Operation Mode (NMM)

In RS-485 Normal Multi-drop Operation Mode, at first, software must decide the data which before
the address byte be detected will be stored in RX FIFO or not. If software wants to ignore any
data before address byte detected, the flow is set RXOFF (UART_FIFO [8]) then enable

RS485 NMM (UART_ALTCTL [8]) and the receiver will ignore any data until an address byte is
detected (bit 9 = 1) and the address byte data will be stored in the RX FIFO. If software wants to
receive any data before address byte detected, the flow is disables RXOFF (UART_FIFO [8]) then
enable RS485 NMM (UART_ALTCTL [8]) and the receiver will received any data.

If an address byte is detected (bit 9 = 1), it will generate an interrupt to CPU and RXOFF
(UART_FIFO [8]) can decide whether accepting the following data bytes are stored in the RX
FIFO. If software disables receiver by setting RXOFF (UART_FIFO [8]) register, when a next
address byte is detected, the controller will clear the RXOFF (UART_FIFO [8]) 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 (bit 9 = 1) and the address byte data matches the ADDRMV
(UART_ALTCTL[31:24]) value. The address byte data will be stored in the RX FIFO. The all
received byte data will be accepted and stored in the RX FIFO until and address byte data not
match the ADDRMV (UART_ALTCTL[31:24]) value.

RS-485 Auto Direction Mode (AUD)

Another option function of RS-485 controllers is RS-485 auto direction control function. User must
set RS485_AUD(UART_ALTCTL[10]) to 1 to enabled RS-485 auto direction mode. 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 disabled. User can set RTSACTLV in UART_MODEM
register to change the RTS driving level.

Figure 6.9-17 demonstrates the RS-485 RTS driving level in AUD mode. The RTS pin will be
automatically driven during TX data transmission.

Setting RTSACTLV(UART_MODEM][9]) can control RTS pin output driving level. User can read
the RTSSTS(UART_MODEM]J[13]) bit to get real RTS pin output voltage logic status.
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RTS pin output status of RS-485 function mode (RS-485 AUD mode enabled)

TX pin output* Stt)?t” po|Dp1|D2|D3|Da|D5| D6 |[D7| P Stt)‘i’tp

RTSSTS RTSACTLV =0

(UART_MODEM[13]
RTS pin output

Driver Enable —_—

A
h 4

RTSACTLV =1
(default)

Note: RS485_AUD(UART_ALTCTL[10]) = 1, the RTS pin output by hardware control only.

Figure 6.9-17 RS-485 RTS Driving Level in Auto Direction Mode

Figure 6.9-18 demonstrates the RS-485 RTS driving level in software control
(RS485_AUD(UART_ALTCTL[10])=0). The RTS driving level is controlled by programing the
RTS(UART_MODEM][1]) control bit.

Setting RTSACTLV(UART_MODEM][9]) can control the RTS pin output is inverse or non-inverse
from RTS(UART_MODEM][1]) control bit. User can read the RTSSTS(UART_MODEM[13]) bit to
get real RTS pin output voltage logic status.

Set UA_MCR([1] = 0 by softwave Set UA_MCR([1] =1 by soﬁ\;\'c\‘
RTS control bit* < Active >
(UART_MODEMI[1])
| |
I I
I I
RTSACLV =0
RTSSTS Driver Enable '
(UART_MODEM[13]), R ¢ >
RTS pin output RTSACLV = 1
(default)

Note: RS485 AUD(UART_ALTCTL[10]) = 0, support RTS control bit by software control only.

Figure 6.9-18 RS-485 RTS Driving Level with Software Control

Program Sequence Example:

1. Program UART_FUNSEL (UART_FUNSEL [1:0]) to select RS-485 function.

2. Program the RXOFF (UART_FIFOI[8]) bit to determine enable or disable RS-485 receiver.

3. Program the RS-485_NMM (UART_ALTCTL][8])or RS-485_ AAD mode.

4. |If the RS-485 AAD (UART_ALTCTL[9]) mode is selected, the
ADDRMV(UART_ALTCTL[31:24]) is programmed for auto address match value.

5. Determine auto direction control by programming RS-485_AUD (UART_ALTCTL[10]).
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> Differential Bus
nRTS
UART/RS- 485 Controller RS- 485 Transceiver
TX pin output Sé?trt po| Di| D2| D3| Da| D5| D6 | D7| P Sé‘i)tp
RTSSTS .
Driver Enable
(UART_MODEM][13])

Figure 6.9-19 Structure of RS-485 Frame
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6.9.6 Register Map

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

Register Offset R/W |Description Reset Value
UART Base Address:
UARTO_BA = 0x4005_0000
UART1_BA = 0x4015_0000
UART_DAT

0 1 UARTx_BA+0x00 R/W |UART Receive/Transmit Buffer Register Undefined
x =0,
UART_INTEN )

0.1 UARTx_BA+0x04 R/W |UART Interrupt Enable Register 0x0000_0000
x =0,
UART_FIFO )

01 UARTx_BA+0x08 R/W |UART FIFO Control Register 0x0000_0101
x =0,
UART_LINE . .

- UARTx_BA+0x0C R/W |UART Line Control Register 0x0000_0000
x =0,
UART_MODE
M UARTx_BA+0x10 R/W |UART Modem Control Register 0x0000_0200
x=0
UART_MODE
MSTS UARTX_BA+0x14 RW |UART Modem Status Register 0x0000_0110
x=0
UART_FIFOST
S UARTx_BA+0x18 R/W |UART FIFO Status Register 0x1040_4000
x=0,1
UART_INTSTS _

01 UARTx_BA+0x1C R/W |UART Interrupt Status Register 0x0000_0002
x =0,
UART_TOUT ] )

0.1 UARTx_BA+0x20 R/W |UART Time-out Register 0x0000_0000
x =0,
UART_BAUD o )

0 1 UARTx_BA+0x24 R/W |UART Baud Rate Divisor Register 0xOF00_0000
x =0,
UART_IRDA .

0 - UARTx_BA+0x28 R/W |UART IrDA Control Register 0x0000_0040
X =
UART_ALTCT
L UARTXx_BA+0x2C R/W |UART Alternate Control/Status Register 0x0000_0000
x=0
UART_FUNCS
EL UARTX_BA+0x30 RMW |UART Function Select Register 0x0000_0000
x=0,1
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6.9.7 Register Description

Receive/Transmit Buffer Register (UART DAT)

Register Offset R/W |Description Reset Value
UART_DAT . . . .
01 UARTx_BA+0x00 R/W |UART Receive/Transmit Buffer Register Undefined
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
7 6 5 4 3 2 1 0
DAT
Bits Description
[31:8] Reserved Reserved.
Receiving/Transmit Buffer
Write Operation:
By writing one byte to this register, the data byte will be stored in transmitter FIFO. The
[7:0] DAT UART Controller will send out the data stored in transmitter FIFO top location through the
UART_TXD.
Read Operation:
By reading this register, the UART will return an 8-bit data received from receiving FIFO.

Jun. 18, 2015 Page 277 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

Interrupt Enable Reqgister (UART INTEN)

Register Offset R/W |Description Reset Value
UART_INTEN .
0 1 UARTx_BA+0x04 R/W |UART Interrupt Enable Register 0x0000_0000
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 ATOCTSEN | ATORTSEN TOCNTEN Reserved
7 6 5 4 3 2 1 0
Reserved WKCTSIEN | BUFERRIEN RXTOIEN MODEMIEN RLSIEN THREIEN RDAIEN
Bits Description
[31:14] Reserved Reserved.
CTS Auto Flow Control Enable Bit (Only Available In UARTO)
0 = CTS auto flow control Disabled.
[13] ATOCTSEN 1 = CTS auto flow control Enabled.
Note: 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 (Only Available In UARTO)
0 = RTS auto flow control Disabled.
[12] ATORTSEN 1 = RTS auto flow control Enabled.
Note: When RTS auto-flow is enabled, if the number of bytes in the RX FIFO equals the
RTSTRGLV (UART_FIFO [19:16]), the UART will de-assert RTS signal.
Time-out Counter Enable Bit
[11] TOCNTEN 0 = Time-out counter Disabled.
1 = Time-out counter Enabled.
[10:7] Reserved Reserved.
Wake-up CPU Function Interrupt Enable Bit (Only Available In UARTO)
0 = UART wake-up function Disabled.
(6] WKCTSIEN 1 = UART Wake-up function Enabled.
Note: When the chip is in Power-down mode, an external CTS change will wake-up chip
from Power-down mode.
Buffer Error Interrupt Enable Bit
[5] BUFERRIEN 0 = Buffer Error Interrupt Masked Disabled.
1 = Buffer Error Interrupt Masked Enabled.
RX Time-out Interrupt Enable Bit
[4] RXTOIEN 0 = RXTOINT Masked off.
1 = RXTOINT Enabled.
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Bits Description

Modem Status Interrupt Enable Bit
[3] MODEMIEN 0 = MODEMINT Masked off.
1 = MODEMINT Enabled.

Receive Line Status Interrupt Enable Bit
[2] RLSIEN 0 = RLSINT Masked off.
1 = RLSINT Enabled.

Transmit Holding Register Empty Interrupt Enable Bit
[1] THREIEN 0 = THREINT Masked off.
1 = THREINT Enabled.

Receive Data Available Interrupt Enable Bit
[0] RDAIEN 0 = RDAINT Masked off.
1 = RDAINT Enabled.
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FIFO Control Register (UART FIFO)

Register Offset R/W |Description Reset Value
UART_FIFO
= 0’1 UARTx_BA+0x08 R/W |UART FIFO Control Register 0x0000_0101
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved RTSTRGLV
15 14 13 12 11 10 9 8
Reserved RXOFF
7 6 5 4 3 2 1 0
RFITL Reserved TXRST RXRST Reserved
Bits Description
[31:20] Reserved Reserved.

RTS Trigger Level (For Auto-Flow Control Use) (Only Available In UARTO)
0000 = RTS Trigger Level is 1 byte.

0001 = RTS Trigger Level is 4 bytes.

[19:16] RTSTRGLV 0010 = RTS Trigger Level is 8 bytes.

0011 = RTS Trigger Level is 14 bytes.

Other = Reserved.

Note: This field is used for RTS auto-flow control.

[15:9] Reserved Reserved.

Receiver Disable Register (Only Available In UARTO)

The receiver is disabled or not (setting 1 to disable the receiver).
(8] RXOEE 0 = Receiver Enabled.

1 = Receiver Disabled.

Note: This field is used for RS-485 Normal Multi-drop mode. It should be programmed
before RS-485_NMM (UART_ALTCTL [8]) is programmed.

RX FIFO Interrupt (RDAINT) Trigger Level (Only Available In UARTO)

When the number of bytes in the receive FIFO equals the RFITL then the RDAIF will be
set (if RDAIEN in UART_INTEN register is enable, an interrupt will generated).

0000 = RX FIFO Interrupt Trigger Level is 1 byte.
0001 = RX FIFO Interrupt Trigger Level is 4 bytes.
0010 = RX FIFO Interrupt Trigger Level is 8 bytes.
0011 = RX FIFO Interrupt Trigger Level is 14 bytes.
Other = Reserved.

[7:4] RFITL

[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

2] TXRST
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Bits Description

cleared.

0 = No effect.

1 = Reset TX internal state machine and pointers reset.

Note: This bit will auto clear needs at least 3 UART Controller peripheral clock cycles.

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 RX internal state machine and pointers reset.

1 RXRST

Note: This bit will auto clear needs at least 3 UART Controller peripheral clock cycles.

[0] Reserved Reserved.
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Line Control Register (UART LINE)

Register Offset R/W |Description Reset Value
UART_LINE
= 0’1 UARTx_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

When this bit is set to logic 1, the serial data output (TX) is forced to the Spacing State
[6] BCB (logic 0). This bit acts only on TX and has no effect on the transmitter logic.

0 = Break control Disabled.
1 = Break control Enabled.

Stick Parity Enable Bit
0 = Stick parity Disabled.

5] SPE 1= If PBE (UART_LINE[3]) and EPE (UART_LINE[4]) are logic 1, the parity bit is
transmitted and checked as logic O. If PBE (UART_LINE[3]) is 1 and EPE
(UART_LINE[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 (UART_LINE[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.
2] NSB 1 = When select 5-bit word length, 1.5 “STOP bit” is generated in the transmitted data.

When select 6-, 7- and 8-bit word length, 2 “STOP bit” is generated in the transmitted
data.

Word Length Select Bit
[1:0] WLS 00 = Word length is 5-bit.
01 = Word length is 6-bit.
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Bits Description

10 = Word length is 7-bit.
11 = Word length is 8-bit.
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MODEM Control Register (UART MODEM) (Only Available in UARTO)

Register Offset R/W |Description Reset Value
UART_MODE
M 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 RTSSTS Reserved RTSACTLV Reserved
7 6 5 4 3 2 1 0
Reserved RTS Reserved
Bits Description
[31:14] Reserved Reserved.

RTS Pin State (Read Only)

This bit mirror from RTS pin output of voltage logic status.
[13] RTSSTS . . .
0 = RTS pin output is low level voltage logic state.

1 = RTS pin output is high level voltage logic state.

[12:10] Reserved Reserved.

RTS Pin Active Level

This bit defines the active level state of RTS pin output.
0 = RTS pin output is high level active.

[9] RTSACTLV _ _ _
1 = RTS pin output is low level active. (Default)

Notel: Refer to Figure 6.9-13 and Figure 6.9-14 UART function mode.

Note2: Refer to Figure 6.9-17 and Figure 6.9-18 for RS-485 function mode.

[8:2] Reserved Reserved.

RTS (Request-To-Send) Signal Control

This bit is direct control internal RTS signal active or not, and then drive the RTS pin
output with RTSACTLYV bit configuration.

0 = RTS signal is active.
[1] RTS 1 = RTS signal is inactive.

Notel: This RTS signal control bit is not effective when RTS auto-flow control is enabled
in UART function mode.

Note2: This RTS signal control bit is not effective when RS-485 auto direction mode
(AUD) is enabled in RS-485 function mode.

[0] Reserved Reserved.
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Modem Status Register (UART MODEMSTS) (Only Available in UARTO)

Register Offset R/W |Description Reset Value
UART_MODE
MSTS UARTX_BA+0x14 RMW |UART Modem Status Register 0x0000_0110
Xx=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 CTSACTLV
7 6 5 4 3 2 1 0
Reserved CTSSTS Reserved CTSDETF
Bits Description
[31:9] Reserved Reserved.
CTS Pin Active Level
This bit defines the active level state of CTS pin input.
[8] CTSACTLV L L .
0 = CTS pin input is high level active.
1 = CTS pin input is low level active. (Default)
[7:5] Reserved Reserved.
CTS Pin Status (Read Only)
This bit mirror from CTS pin input of voltage logic status.
[4] CTSSTS 0 = CTS pin input is low level voltage logic state.
1 = CTS pin input is high level voltage logic state.
Note: This bit echoes when UART Controller peripheral clock is enabled, and CTS multi-
function port is selected.
[3:1] Reserved Reserved.
Detect CTS State Change Flag
This bit is set whenever CTS input has change state, and it will generate Modem interrupt
to CPU when MODEMIEN (UART_INTEN [3]) is set to 1.
[0l CTSDETF 0 = CTS input has not change state.
1 = CTS input has change state.
Note: This bit is cleared by writing 1 to it.
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FIFO Status Register (UART FIFOSTS)

Register Offset R/W |Description Reset Value
UART_FIFOST
S UARTx_BA+0x18 R/W |UART FIFO Status Register 0x1040_4000
x=0,1
31 30 29 28 27 26 25 24
Reserved TXEMPTYF Reserved TXOVIF
23 22 21 20 19 18 17 16
TXFULL TXEMPTY TXPTR
15 14 13 12 11 10 9 8
RXFULL RXEMPTY RXPTR
7 6 5 4 3 2 1 0
Reserved BIF FEF PEF ADDRDETF Reserved RXOVIF
Bits Description
[31:29] Reserved Reserved.

Transmitter Empty Flag (Read Only)

This bit is set by hardware when TX FIFO (UART_DAT) is empty and the STOP bit of the
last byte has been transmitted.

[28] TXEMPTYF 0 = TX FIFO is not empty.
1 =TXFIFO is empty.

Note: This 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

If TX FIFO (UART_DAT) is full, an additional write to UART_DAT will cause this bit to
logic 1.

0 = TX FIFO did not overflow.
1 = TX FIFO overflowed.
Note: This bit is cleared by writing 1 to it.

[24] TXOVIF

Transmitter FIFO Full (Read Only)
This bit indicates TX FIFO full or not.
0 = TX FIFO is not full.

1 =TXFIFO s full.

Note: This bit is set when the number of usage in TX FIFO Buffer is equal to 16,
otherwise is cleared by hardware.

[23] TXFULL

Transmitter FIFO Empty (Read Only)
This bit indicates TX FIFO empty or not.
[22] TXEMPTY 0 = TX FIFO is not empty.

1 =TXFIFO is empty.

Note: 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
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Bits Description

empty).

TX FIFO Pointer (Read Only)

This field indicates the TX FIFO Buffer Pointer. When CPU writes one byte into
UART_DAT, TXPTR increases one. When one byte of TX FIFO is transferred to
Transmitter Shift Register, TXPTR decreases one.

The Maximum value shown in TXPTR is 15. When the using level of TX FIFO Buffer
equal to 16, the TXFULL bit is set to 1 and TXPTR will show 0. As one byte of TX FIFO is
transferred to Transmitter Shift Register, the TXFULL bit is cleared to 0 and TXPTR will
show 15.

[21:16] TXPTR

Receiver FIFO Full (Read Only)
This bit initiates RX FIFO full or not.
0 = RX FIFO is not full.
1=RXFIFO is full.

Note: This bit is set when the number of usage in RX FIFO Buffer is equal to 16,
otherwise is cleared by hardware.

[15] RXFULL

Receiver FIFO Empty (Read Only)
This bit initiate RX FIFO empty or not.
0 = RX FIFO is not empty.

1 = RX FIFO is empty.

Note: 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.

[14] RXEMPTY

RX FIFO Pointer (Read Only)

This field indicates the RX FIFO Buffer Pointer. When UART receives one byte from
external device, RXPTR increases one. When one byte of RX FIFO is read by CPU,
[13:8] RXPTR RXPTR decreases one.

The Maximum value shown in RXPTR is 15. When the using level of RX FIFO Buffer
equal to 16, the RXFULL bit is set to 1 and RXPTR will show 0. As one byte of RX FIFO
is read by CPU, the RXFULL bit is cleared to 0 and RXPTR will show 15.

[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
state” (logic 0) for longer than a full word transmission time (that is, the total time of “start
[6] BIF bit” + data bits + parity + stop bits).

0 = No Break interrupt is generated.
1 = Break interrupt is generated.
Note: This bit is read only, but software can write 1 to clear it.

Framing Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “stop bit”
(that is, the stop bit follows the last data bit or parity bit is detected as logic 0).

5] FEF 0 = No framing error is generated.
1 = Framing error is generated.

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 bit”.
[4] PEF 0 = No parity error is generated.

1 = Parity error is generated..

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

RS-485 Address Byte Detection Flag (Only Available In UARTO)
This bit is set to 1 while ADDRDEN (UART ALTCTL[15]) is set to 1 to enable Address
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Bits Description
detection mode and receive detect a data with an address bit (bit 9 = 1).
Notel: This field is used for RS-485 function mode.
Note2: This bit is cleared by writing 1 to it.

[2:1] Reserved Reserved.

RX Overflow Error Interrupt Flag
This bit is set when RX FIFO overflow.

If the number of bytes of received data is greater than RX_FIFO (UART_DAT) size, 16
[0] RXOVIE bytes this bit will be set.

0 = RX FIFO did not overflow.
1 = RX FIFO overflowed.
Note: This bit is cleared by writing 1 to it.
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Interrupt Status Control Register (UART INTSTS)

Register Offset R/W |Description Reset Value
UART_INTSTS
= 0’1 UARTX_BA+0x1C R/W |UART 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
Reserved BUFERRINT RXTOINT MODEMINT RLSINT THREINT RDAINT
7 6 5 4 3 2 1 0
Reserved BUFERRIF RXTOIF MODEMIF RLSIF THREIF RDAIF
Bits Description
[31:14] Reserved Reserved.

Buffer Error Interrupt Indicator (Read Only)

This bit is set if BUFERRIEN (UART_INTEN[5]) and BUFERRIF (UART_INTSTS[5]) are
[13] BUFERRINT both set to 1.
0 = No buffer error interrupt is generated.

1 = buffer error interrupt is generated.

Time-out Interrupt Indicator (Read Only)

This bit is set if RXTOIEN (UART_INTEN[4]) and RXTOIF (UART_INTSTS[4]) are both
[12] RXTOINT setto 1.
0 = No Time-out interrupt is generated.

1 = Time-out interrupt is generated.

MODEM Status Interrupt Indicator (Read Only)

This bit is set if MODEMIEN (UART_INTEN[3]) and MODENIF (UART_INTSTSI[3]) are
[11] MODEMINT both set to 1.
0 = No Modem interrupt is generated.

1 = Modem interrupt is generated.

Receive Line Status Interrupt (Read Only)

This bit is set if RLSIEN (UART_INTEN][2]) and RLSIF (UART_INTSTS[2]) are both set to
[10] RLSINT 1
0 = No RLS interrupt is generated.

1 = RLS interrupt is generated.

Transmit Holding Register Empty Interrupt Indicator (Read Only)

This bit is set if THREIEN (UART_INTEN[1]) and THREIF (UART_INTSTS[1]) are both
[9] THREINT setto 1.
0 = No THRE interrupt is generated.

1 = THRE interrupt is generated.

[8] RDAINT Receive Data Available Interrupt Indicator (Read Only)
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Bits Description

This bit is set if RDAIEN (UART_INTENJ[0]) and RDAIF (UART_INTSTSJO0]) are both set
to 1.

0 = No RDA interrupt is generated.
1 = RDA interrupt is generated.

[7:6] Reserved Reserved.

Buffer Error Interrupt Flag (Read Only)

This bit is set when the TX/RX FIFO overflow flag (TXOVIF (UART_FIFOSTS[24] or
RXOVIF(UART_FIFOSTS[0])) is set.

When BUFERRIF (UART_INTSTSI5]) is set, the transfer is not correct. If BUFERRIEN
[5] BUFERRIE (UART_INTEN[5]) is enabled, the buffer error interrupt will be generated.

0 = No buffer error interrupt flag is generated.
1 = Buffer error interrupt flag is generated.

Note: This bit is read only and reset to 0 when all bits of TXOVIF (UART_FIFOSTS[24])
and RXOVIF (UART_FIFOSTSIO]) are cleared.

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 TOIC (UARTTOUTI[7:0]). If RXTOIEN (UART_INTEN
4] RXTOIF [4]) is enabled, the Tout interrupt will be generated.

0 = No Time-out interrupt flag is generated.
1 = Time-out interrupt flag is generated.
Note: This bit is read only and user can read UART_DAT (RX is in active) to clear it.

MODEM Interrupt Flag (Read Only) (Only Available In UARTO)

This bit is set when the CTS pin has state change (CTSDETF (UART_MODEMSTSJ[0]) =
1). If MODEMIEN (UART_INTEN[3]) is enabled, the Modem interrupt will be generated.

[3] MODEMIF 0 = No Modem interrupt flag is generated.
1 = Modem interrupt flag is generated.

Note: This bit is read only and reset to O when bit CTSDETF (UART_MODEMSTS|0]) is
cleared by a write 1 on CTSDETF (UART_MODEMSTS[0]).

Receive Line Interrupt Flag (Read Only)

This bit is set when the RX receive data have parity error, framing error or break error (at
least one of 3 bits, BIF, FEF and PEF, is set). If RLSIEN (UART_INTEN [2]) is enabled,
the RLS interrupt will be generated.

0 = No RLS interrupt flag is generated.
2] RLSIF 1 =RLS interrupt flag is generated.

Notel: In RS-485 function mode, this field is set including “receiver detects and receives
address byte character (bit 9 = 1) bit". At the same time, the bit of ADDRDETF
(UART_FIFOSTS[3]) is also set. (Only Available in UARTO)

Note2: This bit is read only and reset to 0 when all bits of BIF (UART_FIFOSTS[6]), FEF
(UART_FIFOSTS[5]), PEF (UART_FIFOSTS[4]) and ADDRDETF (UART_FIFOSTS[3])
are cleared. (Only Available in UARTO)

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. If
THREIEN (UART_INTEN [1]) is enabled, the THRE interrupt will be generated.

[1] THREIF 0 = No THRE interrupt flag is generated.
1 = THRE interrupt flag is generated.

Note: This bit is read only and it will be cleared when writing data into UART_DAT (TX
FIFO not empty).

Receive Data Available Interrupt Flag (Read Only)

When the number of bytes in the RX FIFO equals the RFITL(UART_FIFO[7:4]) then the
RDAIF(UART _INTSTS[0]) will be set. If RDAIEN (UART _INTEN [0]) is enabled, the RDA

[o] RDAIF
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Bits Description

interrupt will be generated.
0 = No RDA interrupt flag is generated.
1 = RDA interrupt flag is 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_FIFO[7:4])).
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Time-out Register (UART _TOUT)

Register Offset R/W |Description Reset Value
UART_TOUT
= 0’1 UARTx_BA+0x20 R/W |UART 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
DLY
7 6 5 4 3 2 1 0
TOIC
Bits Description
[31:16] Reserved Reserved.

TX Delay Time Value

This field is used to program the transfer delay time between the last stop bit and next
start bit. The Unit is bit time.

X |Star|t Byte (i) - Wstait Byte (i+1)

Stop DLY

[15:8] DLY

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 (RXTOINT) is generated if RXTOIEN (UART_INTENI[4]) is enabled. A new
incoming data word or RX FIFO empty clears RXTOINT. 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 Register (UART BAUD)

Register Offset R/W |Description Reset Value
UART_BAUD o )
0 1 UARTX_BA+0x24 R/W |UART Baud Rate Divisor Register 0x0F00_0000
x =0,
31 30 29 28 27 26 25 24
Reserved BAUDM1 BAUDMO EDIVM1
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] BAUDM1 0 = Divider X Disabled (the equation of M = 16).
1 = Divider X Enabled (the equation of M = X+1, but EDIVM1 [27:24] must >= 8).
Note: In IrDA mode, this bit must be disabled.
Divider X Equal 1
0 = Divider M = X (the equation of M = X+1, but EDIVM1[27:24] must >= 8).
28 BAUDMO L .
[28] 1 = Divider M = 1 (the equation of M = 1, but BRD [15:0] must >= 8).
Note: Refer to section “UART Controller Baud Rate Generator” for more information.
Divider X
[27:24] EDIVM1 o
The baud rate divider M = X+1.
[23:16] Reserved Reserved.
Baud Rate Divider
[15:0] BRD L .
The field indicates the baud rate divider.
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IrDA Control Register (UART IRDA) (Only Available in UARTO)

Register Offset R/W |Description Reset Value
UART_IRDA
x=0 - UARTx_BA+0x28 R/W |UART IrDA Control Register 0x0000_0040
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 RXINV TXINV Reserved TXEN Reserved
Bits Description
[31:7] Reserved Reserved.

IrDA Inverse Receive Input Signal
[6] RXINV 0 = None inverse receiving input signal.
1 = Inverse receiving input signal. (Default)

IrDA Inverse Transmitting Output Signal
[5] TXINV 0 = None inverse transmitting signal. (Default)
1 = Inverse transmitting output signal.

[4:2] Reserved Reserved.

IrDA Receiver/Transmitter Selection Enable Bit
[1] TXEN 0 = IrDA Transmitter Disabled and Receiver Enabled. (Default)
1 = IrDA Transmitter Enabled and Receiver Disabled.

[0] Reserved Reserved.

Note: In IrDA mode, the BAUDM1 (UART_BAUD[29]) egister must be disabled, the baud equation must be Clock/16*(BRD+2).
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UART Alternate Control/Status Register (UART ALTCTL) (Only Available in UARTO)

Register Offset R/W |Description Reset Value
UART_ALTCT
L UARTx_BA+0x2C R/W |UART Alternate Control/Status Register 0x0000_0000
Xx=0
31 30 29 28 27 26 25 24
ADDRMV
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ADDRDEN Reserved RS485_AUD | RS485_AAD | RS485_NMM
7 6 5 4 3 2 1 0
Reserved
Bits Description
Address Match Values
[31:24] ADDRMV 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] ADDRDEN 0 = RS-485 address detection mode Disabled.
1 = RS-485 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) Control
0 = RS-485 Auto Direction Function Mode (AUD) Disabled.
[10] RS485_AUD o ,
1 = RS-485 Auto Direction Function Mode (AUD) Enabled.
Note: It cannot be active with RS485_NMM operation mode.
RS-485 Auto Address Detection Operation Mode (AAD)
0 = RS-485 Auto Address Detection Operation Mode (AAD) Disabled.
[9] RS485_AAD i ]
1 = RS-485 Auto Address Detection Operation Mode (AAD) Enabled.
Note: It cannot be active with RS485_NMM operation mode.
RS-485 Normal Multi-Drop Operation Mode (NMM) Control
0 = RS-485 Normal Multi-drop Operation Mode (NMM) Disabled.
[8] RS485_NMM _ .
1 = RS-485 Normal Multi-drop Operation Mode (NMM) Enabled.
Note: It cannot be active with RS485_AAD operation mode.
[7:0] Reserved Reserved.
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UART Function Select Register (UART FUNCSEL)

Register Offset R/W |Description Reset Value
UART_FUNCS
EL 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 FUNCSEL
Bits Description
[31:2] Reserved Reserved.
Function Selection
00 = UART function mode.
[1:0] FUNCSEL 01 = Reserved.
10 = IrDA function mode. (Only Available in UARTO)
11 = RS-485 function mode. (Only Available in UARTO)
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6.10 1°C Serial Interface Controller (1°C)
6.10.1 Overview

I°C is a two-wire, bi-directional serial bus that provides a simple and efficient method for data
exchange between devices. The I°C standard is a true multi-master bus including collision detection
and arbitration that prevents data corruption if two or more masters attempt to control the bus
simultaneously.

6.10.2 Features

The I°C bus uses two wires (SDA and SCL) to transfer information between devices connected to
the bus. The main features of the bus include:

Master/Slave mode

) Bi-directional data transfer between masters and slaves
) Multi-master bus
®  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 can be used as a handshake mechanism to suspend and
resume serial transfer

®  Built-in 14-bit time-out counter that requests the 1°C interrupt if the I°C bus hangs up
and timer-out counter overflows

Programmable clocks allowing for versatile rate control
Supports 7-bit addressing mode
Supports multiple address recognition (four slave address registers with mask option)

Supports Power-down wake-up function

Supports two-level buffer function

6.10.3 Basic Configuration
The basic configurations of I°C are as follows:

m I°C pins are configured on SYS_P3_MFP [13:12]/[5:4] register.
B Enable I°C clock (I2CCKEN) on CLK_APBCLK [8] register.
B Reset I°C controller (I2CRST) on SYS_IPRST1 [8] register.

6.10.4 Block Diagram

The block diagram of 1°C controller is shown in Figure 6.10-1.
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APB Interface

Wakeup Control

A
v

Bus Protocol
> Interface Control <

Control Register

Bus Clock Control

Figure 6.10-1 I°C Controller Block Diagram

6.10.5 Functional Description

On I°C bus, data is transferred between a Master and a Slave. Data bits transfer on the SCL and
SDA lines are synchronous on a byte-by-byte basis. Each data byte is 8-bit long. There is one
SCL clock pulse for each data bit with the MSB being transmitted first, and an acknowledge bit
follows each transferred byte. Each bit is sampled during the high period of SCL; therefore, the
SDA line may be changed only during the low period of SCL and must be held stable during the
high period of SCL. A transition on the SDA line while SCL is high is interpreted as a command
(START or STOP). Please refer to Figure 6.10-2 for more detailed I°C Bus Timing.

Repeated
STOP START START STOP

tsuisto

Figure 6.10-2 I°C Bus Timing

The device’s on-chip I°C provides the serial interface that meets the 1°C bus standard mode
specification. The I°Cc port handles byte transfers autonomously. To enable this port, the bit
I2CEN in 12C_CTL should be set to '1'. The I°C hardware interfaces to the I°C bus via two pins:
SDA and SCL. When I/O pins are used as 1’c ports, user must set the pins function to 1°C in
advance.
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There is a two-level buffer to improve the performance of I°C bus. In two-level buffer mode, the
next transmitted or the last received data can be active even if the current data is transmitted or
the last received isn’t read back yet.

The I°C SCL bus is stretched low when there is Sl event. The NSTRETCH control bit is used to
force the 1°C SCL bus is no stretched under the Sl event.

There are under run or overrun interrupt when the two-level buffer mode is enabled and the
interrupt event enable is set.

Note: A pull-up resistor is needed for 1°c operation as the SDA and SCL are open-drain pins.

6.10.5.1 I°C Protocol

Figure 6.10-3 shows the typical 1°C protocol. Normally, a standard communication consists of four
parts:

1) START or Repeated START signal generation
2) Slave address and R/W bit transfer
3) Data transfer

4) STOP signal generation

Figure 6.10-3 1°C Protocol

6.10.5.1.1 START or Repeated START signal

When the bus is free/idle, which means that no master device is engaging the bus (both SCL and
SDA lines are high), a master can initiate a transfer by sending a START signal. A START signal,
usually referred as the S-bit, is defined as a HIGH to LOW transition on the SDA line while SCL is
HIGH. The START signal denotes the beginning of a new data transfer.

A Repeated START is not a STOP signal between two START signals and usually referred to as
the “Sr” bit. The master uses this method to communicate with another slave or the same slave in
a different transfer direction (e.g. from writing to a device to reading from a device) without
releasing the bus.

6.10.5.1.2 STOP signal

The master can terminate the communication by generating a STOP signal. A STOP signal,
usually referred to as the “P” bit, is defined as a LOW to HIGH transition on the SDA line while
SCL is HIGH.
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Repeated
START STOP START START STOP

Figure 6.10-4 START and STOP Condition

6.10.5.1.3 Slave Address Transfer

The first byte of data transferred by the master immediately after the START signal is the Slave
address (SLA). This is a 7-bit calling address followed by a Read/Write (RW) bit. The R/W bit
signals of the slave indicate the data transfer direction. No two slaves in the system can have the
same address. Only the slave with an address that matches the one transmitted by the master will
respond by returning an acknowledge bit by pulling the SDA low at the 9™ SCL clock cycle.

6.10.5.1.4 Data Transfer

When a slave receives a correct address with an R/W bit, the data will follow R/W bit specified to
transfer. Each transferred byte is followed by an acknowledge bit on the 9™ SCL clock cycle. If the
slave signals a Not Acknowledge (NACK), the master can generate a STOP signal to abort the
data transfer or generate a Repeated START signal and start a new transfer cycle.

If the master, as the receiving device, does Not Acknowledge (NACK) the slave, the slave
releases the SDA line for the master to generate a STOP or Repeated START signal.

w | i/__\
X \

Data line stable;
data valid

Change of data
allowed

Figure 6.10-5 Bit Transfer on I°C Bus
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Clock pulse for
acknowledgement

== #

SCL ! 1 2 8 9
from master :
|
data output I
by transmitter |

not acknowlegde\

data output \ /

|
|
|
!
|
by receiver :
|

S
-—= acknowlegde
START
condition

\

Figure 6.10-6 Acknowledge on I°C Bus

6.10.5.1.5 Data transfer on I°C bus

Figure 6.10-7 shows a master transmits data to slave. A master addresses a slave with a 7-bit
address and 1-bit write index to denote that the master wants to transmit data to the slave. The
master keeps transmitting data after the slave returns acknowledge to the master.

‘ s ‘ SLAVE ADDRESS ‘ RIW. ‘ A ‘ DATA ‘ A DATA ‘ AA ‘ ) ‘
‘ — data transfer  —
‘0’ - write (n bytes + acknowlegde)
from master to slave A = acknowledge (SDA low)

A = not acknowledge (SDA high)
S = START condition
P = STOP condition

from slave to master

Figure 6.10-7 Master Transmits Data to Slave

Figure 6.10-8 shows a master read data from slave. A master addresses a slave with a 7-bit
address and 1-bit read index to denote that the master wants to read data from the slave. The
slave will start transmitting data after the slave returns acknowledge to the master.

S | SLAVE ADDRESS .| RIW.| A DATA A DATA AA [P
 — data transfer —
‘1’ : read (n bytes + acknowlegde)

Figure 6.10-8 Master Reads Data from Slave

6.10.5.1.6 Two-level Buffer Mode on I°C bus

Set to enable the two-level buffer for I°C transmitted or received buffer. It is used to improve the
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performance of the 1°C bus. If this TWOFF_EN bit is set = 1, the control bit of STA for repeat start
or STO bit should be set after the current Sl is clear.

For example if there are 4 data shall be transmitted and then stop it. The STO bit shall be set
after the 3" data s Sl event is cleared. In this time, the 4™ data can be transmitted and the I°C
stop after the 4™ data transmission done.

Write
Write STA Data0/Datal Write Data2 Write Data3 Write STO
User Command into FIFO into FIFO into FIFO Command
( command) Clear STA Clear Data0 Clear Datal Clear Data2 Clear Data3
Interrupt flag Interrupt flag Interrupt flag Interrupt flag Interrupt flag
e S et S ;-—-—-—-— ——te——e e e -
STASI : Data0 Datal Data2 H Data3 |
Interrupt Interrupt Interrupt Interrupt i Interrupt
(HW Event) ata ata Data3 p H i
| | D i)
| I | I | I I
(Time Sequence) T1 T2 T3 T4 T5 T6 T7 z T3 T4

Figure 6.10-9 Timing of Two-level Buffer Transmission in Master Write

For example, if there are 4 data shaII be received in Slave mode. The controller can receives the
2" data in the I°C bus after the 1* data had been loaded into the received buffer and the user can
read the 1* data after the 1% interrupt status is cleared.

Read Data0 Read Datal Read Data2 Read Data3
u from FIFO from FIFO from FIFO from FIFO
ser
( command) Clear Data0 Clear Datal Clear Data2 Clear Data3 Clear STO
Interrupt flag Interrupt flag Interru pt flag Interrupt flag Interrupt flag
———— ______i____ e

Data0 i DatalSl : STOSI

Interrupt Interrupt Interrupt ataZ Data3 Interrupt
(HW Event) : g ?
| DataO | (Gata3) : sTO
1 ' '

(Time Sequence)Tl T2 T3 T4 TS5 T6 T7 T12 T13 T4 T15

Figure 6.10-10 Timing of Two-level Buffer Transmission in Slave Read

If the buffer is not empty after the bus stop (STO), the user can set the TWOFF_EN bit to ‘0’ to
make the buffer control state machine enter idle state and the buffer status will be set to the
default value.

6.10.5.2 Operation Modes

The on-chip 1°Cc ports support three operation modes, Master, Slave, and General Call Mode.

In a given application, an I°c port may operate as a master or as a slave. In Slave mode, the 1°C
port hardware looks for its own slave address and the general call address. If one of these
addresses is detected, and if the slave is willing to receive or transmit data from/to master(by
setting the AA bit), acknowledge pulse will be transmitted out on the 9™ clock, hence an interrupt
is requested on both master and slave devices if interrupt is enabled. When the microcontroller
wishes to become the bus master, hardware waits until the bus is free before entering Master
mode so that a possible slave action is not be interrupted. If bus arbitration is lost in Master mode,
I°C port switches to Slave mode immediately and can detect its own slave address in the same
serial transfer.

To control the 1°C bus transfer in each mode, user needs to set I2C_CTL, 12C_DAT registers
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according to current status code of 12C_STATUS register. In other words, for each 1°C bus action,
user needs to check current status by I2C_STATUS register, and then set 12C_CTL, [12C_DAT
registers to take bus action. Finally, check the response status by 12C_STATUS.

The bits, STA, STO and AA in I2C_CTL register are used to control the next state of the 1°C
hardware after the Sl flag of I2C_CTL [3] register is cleared. Upon completion of the new action, a
new status code will be updated in 12C_STATUS register and the Sl flag of I2C_CTL register will
be set. If the I°C interrupt control bit INTEN (I2C_CTL [7]) is set, appropriate action or software
branch of the new status code can be performed in the Interrupt service routine.

Figure 6.10-11 shows the current I°C status code is 0x08, and then set 12C_DATA=SLA+W and
(STA,STO,SI,AA) = (0,0,1,x) to send the address to 1°C bus. If a slave on the bus matches the
address and response ACK, the 12C_STATUS will be updated by status code 0x18.

ast Status Updated Status
STATUS=0x08 STATUS=0x18 v
I2CDAT
S eeceocee * (SLA+W) ACK

L Reaqister Control
I2CDAT=SLA+W

[ ] Master to Slave
(STA,STO,SI,AA)=(0,0,1,X)

|:| Slave to Master

Figure 6.10-11 Control I°C Bus according to Current I1°C Status

6.10.5.2.1 Master Mode

All possible protocols for I°C master are shown in Figure 6.10-15 and Figure 6.10-13. User needs
to follow proper path of the flow to implement required 1°C protocol.

In other words, user can send a START signal to bus and 12C will be in Master Transmitter mode
(as shown in Figure 6.10-15) or Master receiver mode (as shown in Figure 6.10-13) after START
signal has been sent successfully and new status code would be 0x08. Followed by START
signal, user can send slave address, read/write bit, data and Repeat START, STOP to perform
I°C protocol.
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'
_ o ACK STATUS=0x18 CK S S=0x28 H
STATUS=0x08 NAK STATUS=0x20 SAE slﬁlgs:oiao E
.
s I2CDAT ACK/| Y 12CDAT ACK/ ______:
: (SLA+W) NAK [ (Data) NAK
A ' A
(STASTO,SLAR)=(1,0,1) H L 12CDAT=SLA+W L 12cDAT=Data
STO,S!, 0:L, : (STA,STO,S1,AA)=(0,0,1,x) (STA,STO,SI,AA)=(0,0,1,x) STATUS=0x38
H y
' I2CDAT ACK/
' re- .
. ! (Data) NAK
[ 12CDAT=Data
(STA,STO,SI,AA)=(0,0,1,x)
—— STATUS=0x10
Y
<<P| Sr reccccccce--, )
'
A '
(STA,STO,S1,AA)=(1,0,1,X) STATUS=0xF8}
1
1
. r=-p P !
H H '
' A '
(STASTO,SLAA)=(0,L1%) —4——] H
V  STATUS=0x08 '
: v
.
. .
e B )
'
(STA,STO,SILAA)=(1,1,1,X) 4f E
'
1
feeeeececcacacanad
H 1
.
(Arbitration Lost) STATUS:OxSB: 1°C bus will be release;
v H *7 Not addressed SLV mode will be enterd
12CDAT ‘ ACK/ bes)
et el Rl TSR R R r ... —» Enter not addressed SLV mode
(SLA+W) NAK E
12CDAT=SLA+W ’ ' L] =
— - (Arbitration Lost) ACK (STA,STO,S1,AA)=(0,0,1,X)
[C] Master to Slave (STA,STO,SI,AA)=(0,0,1,X) [ STATUS= Ox68, OX78, OXBO E ) )
[] Slave to Master Y H A START will be transmitted
[ Arbitration Lost : I2CDAT H when the bus becomes free
S| == (SLAW) ACK ' Send a START when bus
i woeT > becomes free
12CDAT=SLA+W
T (STASTO,S1,AA)=(0,0,1,1) t (STASTO,SI,AA)=(1,0,1,X)

Figure 6.10-12 Master Transmitter Mode Control Flow
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STATUS=0x08 7‘
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(STA,STO,SI,AA)=(1,0,1,x) —

I2CDAT=SLA+R
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|2CDAT
> (SLA+R) oS

STATUS=0x40 7‘

STATUS=0x50 7'

I2CDAT

(Data) el

A
L— (STASTO,SI,AA)=(0,0,1,1)
(Arbitration Lost) ACK

STATUS=0x38 ~ §
I2CDAT
(Data) Acx
t— (STA,STO,SI,AA)=(0,0,1,0)
STATUS=0x58 —

.

12CDAT
(Data)

A
L (STASTO,S1,AA)=(0,0,1,0)

NAK

v

STATUS=0x48 — STATUS=0x08
v \ B

,EE ........

(Arbitration Lost) { (STA,STO,SI,AA)=(1,1,1,)

iy SR S

[]
.
.
.
1
STATUS=0x38  y — STATUS=0xF8 1
Y [2CDAT ACKI| ____ Y :
(SLA+R) NAK - p :
12CDAT=SLA+R .
(STA,STO,S1,AA)=(0,0,1,X) H
(Arbitration Lost) ACK
STATUS= 0x68, 0x78, 0xBO ‘*
I2CDAT
NN ELATR) ACK ‘
A 12CDAT=SLA+R

(STA,STO,S1,AA)=(0,0,1,1)

12C bus will be release;
Not addressed SLV mode will be enterd

Enter not addressed SLV

fPoeesmeccccccoone » .. —>
] Master to Slave E P mode
[] Slave to Master H (STA,STO,S1,AA)=(0,0,1,X)
[ Arbitration Lost E A START will be transmitted
! I when the bus becomes free
H Send a START when bus becomes
tososssemeseeeetd » - free
L

(STA,STO,S1,AA)=(1,0,1,X)

Figure 6.10-13 Master Receiver Mode Control Flow

If the I°C is in Master mode and gets arbitration lost, the status code will be 0x38. In status 0x38,
user may set (STA, STO, SI, AA) =(1, 0, 1, X) to send START to re-start Master operation when
bus becomes free. Otherwise, user may set (STA, STO, SI, AA) = (0, 0, 1, X) to release 1°C bus
and enter not addressed Slave mode.

6.10.5.2.2 Slave Mode

When reset as default, I°C is not addressed and will not recognize the address on | ’c bus User
can set slave address by 12C_ADDRXx and set (STA, STO, SI, AA) =(0,0, 1, 1) to Ietl ’c
recognize the address sent by master. Figure 6.10-15 shows all the possible flow for | ’Cin Slave
mode. Users need to follow a proper flow (as shown in Figure 6.10-15) to implement their own | ’c
protocol.
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If bus arbitration is lost in Master mode, the 1°C port switches to Slave mode immediately and can
detect its own slave address in the same serial transfer. If the detected address is SLA+W
(Master want to write data to Slave) after arbitration lost, the status code is 0x68. If the detected
address is SLA+R (Master want to read data from Slave) after arbitration lost, the status code is
0xBO.

Note: During I°C communication, the SCL clock will be released when writing ‘1’ to clear the SI
flag in Slave mode.

. 1]
. .
. H [
Switch to not addressed mode STATUS=0x60 — . = —
Own SLA will be recognized T ) v H STATUS=0:80 y E
. .
I2CDAT \ 4 [2CDAT ‘ACK leceeaad
(SLA+W) h" ﬁ e ™ " (Data)
H A
' HE L - — STATUS=0x88
(STA,STO,51,AA)=(0,0,1,1) J 3 (Arbitration Lost) HE (STASTOSIAN(00.1.1) )
! STATUS=0x68 ' Vo y
) ) [}
H ' I2CDAT
EETTS NAK pe=cec--
Leee P NAK foee- : !' » (Data) ‘ :
' '
H STA,STO,SI,AA)=(0,0,1,0} H
STATUS=0xA8 — : ( ST/iT(US*O /io :
/ : v - :
12CDAT ' H
.- ACK peoe=- ] '
(SLA+R) F 'ﬁ c DdeessBl P peseeescccooiniieiiaaes 3
] ] H
E(Arbitration Lost) E E (STA,STO,SI.AA)=(0,0.1.X) H
1 STATUS=0xBO H » STATUS=0xA0 .
: Yoo [ ;
' H ] H
ce==PACK F===% 1o... H
.
(meeeeeccececececececccaceocacacananacanan ' Iy 'y :
H (STA,STO,SI,AA)=(0,0,1,X) —— (STA,STO,SI1,AA)=(0,0,1,1) '
: e cecccccccccccccccccccccccccccccccanaan '
Y '
---------------------------------- .
' : :
H STATUS=0xB8 — ' '
: A : : Switch to not addressed mode
. ' ' Own SLA will be recognized
r-> [2CDAT ACK +===== g ' Send START when bus free
' (Data) |7 gy 2
' v s Become I°C
H ‘7 12CDAT=Data ' Master
' (STA,STO,SI,AA)=(0,0,1,1) H
H STATUS=0xC8 ¥ H (STA.STO,SI,AA)=(L,0,1,1)
[ .
.
E- D 2CDAY ‘ ACK pecccccccca- - Switch to not addressed mode
H (Data) H Own SLA will not be recognized
H ! 12CcDAT=Data H Send START when bus free
H (STA,STO,SI,AA)=(0,0,1,0) H Become I°C
' STATUS=0xCO — Lecocaee
: 12CDAT :
i=- NAK pe=ececccca- STA,STO,SI,AA)=(1,0,1,0
i ) 2 (Data) ‘ -E ( )=( )
E ‘L 12CDAT=Data H Switch to not addressed mode
E (STA'STO'SI'SA‘QE(L(J)'SO:%S? o E Own SLA will be recugnizzed
Yy H Become I°C
E | iy | S Slave
I : +—
- - t
] Master to Slave H 12CDAT=Data H (STA,STO,S1,AA)=(0,0,1,1)
: (STA,STO,SI,AA)=(0,0,1,X) H
[] Slave to Master H STATUS=0xA0 ! Switch to not addressed mode
[7] Arbitration Lost E v : i Own SLA will not be recognized
‘--P Sr e — L > . Bus
12CDAT=Data A Free

(STA,STO,S1,AA)=(0,0,1,X) L (STA,STO,S1,AA)=(0,0,1,1) {
(STA,STO,S1,AA)=(0,0,1,0)

Figure 6.10-14 Slave Mode Control Flow

If 1°C is still receiving data in addressed Slave mode but got a STOP or Repeat START, the status
code will be OxAQ. User could follow the action for status code 0x88 as shown in Figure 6.10-15
when getting OxAO status.

If 1°C is still transmitting data in addressed Slave mode but got a STOP or Repeat START, the
status code will be 0xAO0. User could follow the action for status code 0xC8 as shown in Figure
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6.10-15 when getting OXAO status.

Note: After slave gets status of 0x88, 0xC8, OxCO and 0xAQ, slave can switch to not address
mode and own SLA will not be recognized. If entering this status, slave will not receive any 1’C
signal or address from master. At this status, I°C should be reset to leave this status.

6.10.5.2.3 General Call (GC) Mode

If the GC bit (I2C_ADDRX [0]) is set, the I°C port hardware will respond to General Call address
(O0H). User can clear GC bit to disable general call function. When the GC bit is set and the I°C is
in Slave mode, it can receive the general call address by 0x00 after master send general call
address to I°C bus, then it will follow status of GC mode.
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Switch to not addressed mode
Own SLA will be recognized
£ Send START when bus free

——> Become I°C Master

v
(0]

L (STA,STO,S1,AA)=(1,0,1,1)

Switch to not addressed mode
Own SLA will not be recognized
£ Send START when bus free

ce- S .. —»  Become I°C Master
»

L (STA,STO,SI,AA)=(1,0,1,0)

Switch to not addressed mode

Own SLA will be recognized

-<<)» .. ——P» Become I°C Slave

E (STA,STO,SI1,AA)=(0,0,1,1)
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Own SLA will not be recognized
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L (STA,STO,S1,AA)=(0,0,1,0)

[] Master to Slave
[] Slave to Master
7] Arbitraion Lost

("eccccccccccoeqeccccccccscegeccccccccecccepecsacscanne

Figure 6.10-15 GC Mode

If 1°C is still receiving data in GC mode but got a STOP or Repeat START, the status code will be
0xAO0. User could follow the action for status code 0x98 in Figure 6.10-15 when getting 0xAQ
status.

Note: After slave gets status of 0x98 and OxAO, slave can switch to not address mode and own

SLA will not be recognized. If entering this status, slave will not receive any 1°C signal or address
from master. At this time, the I°C controller should be reset to exit this status.
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6.10.5.2.4 Multi-Master

In some applications, there are two or more masters on the same I°C bus to access slaves, and
the masters may transmit data simultaneously. The I’c supports multi-master by including
collision detection and arbitration to prevent data corruption.

® When I2C_STATUS = 0x38, an “Arbitration Lost” is received. Arbitration lost event
maybe occur during the send START bit, data bits or STOP bit. User could set (STA,
STO, SI, AA) = (1, 0, 1, X) to send START again when bus free, or set (STA, STO, S,
AA) = (0, 0, 1, X) to send STOP to back to not addressed Slave mode.

® When I2C_STATUS = 0x00, a “Bus Error” is received. To recover I°C bus from a bus
error, STO should be set and Sl should be cleared, and then STO is cleared to release
bus.

- Set (STA, STO, SI, AA) = (0, 1, 1, X) to stop current transfer
- Set (STA, STO, SI, AA) = (0, 0, 1, X) to release bus

6.10.5.3 I°C Protocol Registers

To control the I°C port through the following fifteen special function registers: 12C_CTL (control
register), 1I2C_STATUS (status register), 12C_DAT (data register), 12C_ADDRnN (address registers,
n=0~3), I2C_ADDRMSKn (address mask registers, n=0~3), 12C_CLKDIV (clock rate register) and
[2C_TOCTL (time-out counter register), 12C_CTL1 (control register 1) and I2C_STATUS1 (status
register 1).

6.10.5.3.1 Address Registers (12C_ADDR)

The I°C port is equipped with four slave address registers 12C_ADDRnN (n=0~3). The contents of
the register are irrelevant when I°C is in Master mode. In Slave mode, the bit field
12C_ADDRN[7:1] must be loaded with the chip’s own slave address. The I°C hardware will react if
the contents of I2C_ADDRN are matched with the received slave address.

The I°’C ports support the “General Call” function. If the GC bit (I2C_ADDRnN[0]) is set, the I°’c port
hardware will respond to General Call address (O0H). Clearing GC bit will disable general call
function.

When GC bit is set and the I°C is in Slave mode, it can receive the general call address by 00H
after Master send general call address to I°C bus, then it will follow status of GC mode.

6.10.5.3.2 Slave Address Mask Registers (12C_ADDRMSK)

The I°C bus controller supports multiple address recognition with four address mask registers
[2C_ADDRMSKXx (x=0~3). When the bit in the address mask register is set to 1, it means the
received corresponding address bit is "Don’t care". If the bit is set to 0, it means the received

corresponding register bit should be exactly the same as address register.

6.10.5.3.3 Data Register (I2C_DAT)

This register contains a byte of serial data to be transmitted or a byte which just has been
received. The CPU can read from or write to this 8-bit (I2C_DAT[7:0]) directly while it is not in the
process of shifting a byte. When I°C is in a defined state and the serial interrupt flag (SI) is set,
data in 12C_DAT[7:0] remains stable. While data is being shifted out, data on the bus is
simultaneously being shifted in; 12C_DAT[7:0] always contains the last data byte present on the
bus.
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The acknowledge bit is controlled by the 1°C hardware and cannot be accessed by the CPU.
Serial data is shifted through into 12C_DAT[7:0] on the rising edges of serial clock pulses on the
SCL line. When a byte has been shifted into I2C_DAT[7:0], the serial data is available in
I2C_DAT][7:0], and the acknowledge bit (ACK or NACK) is returned by the control logic during the
ninth clock pulse. In order to monitor bus status while sending data, the bus date will be shifted to
I2C_DATA[7:0] when sending I2C_DATA[7:0] to bus. In the case of sending data, serial data bits
are shifted out from 12C_DAT [7:0] on the falling edge of SCL clocks, and is shifted to 12C_DAT
[7:0] on the rising edge of SCL clocks.

I2C Data Register:

12CDAT[7] | 12CDAT[6] | 12CDAT[S] | 12CDAT[4] | 12CDAT[3] | 12CDAT[2] | 12CDAT[1] | 12CDATIO]

- shifting direction D I—

Figure 6.10-16 1°C Data Shifting Direction

6.10.5.3.4 Control Register (12C_CTL)

The CPU can read from and write to 12C_CTL[7:0] directly. When the I°C port is enabled by
setting I2CEN (12C_CTL [6]) to high, the internal states will be controlled by 12C_CTL and 1°C
logic hardware.

There are two bits are affected by hardware: the Sl bit is set when the I°C hardware requests a
serial interrupt, and the STO bit is cleared when a STOP condition is present on the bus. The
STO bit is also cleared when I2CEN = 0.

Once a new status code is generated and stored in 12C_STATUS, the I°C Interrupt Flag bit SI
(I2C_CTL [3]) will be set automatically. If the Enable Interrupt bit INTEN (I2C_CTL [7]) is set at
this time, the 1°C interrupt will be generated. The bit field 12C_STATUSJ[7:0] stores the internal
state code, the content keeps stable until Sl is cleared by software.

6.10.5.3.5 Status Register (I2C_STATUS)

12C_STATUS[7:0] is an 8-bit read-only register. The bit field I2C_STATUS[7:0] contain the status
code. There are 26 possible status codes. All states are listed in section Table 6.10-1. When
I2C_STATUSJ7:0] is F8H, no serial interrupt is requested. All other 12C_STATUS[7:0] values
correspond to defined I°C states. When each of these states is entered, a status interrupt is
requested (SI = 1). A valid status code is present in 1I2C_STATUSJ[7:0] one cycle after Sl is set by
hardware and is still present one cycle after SI has been reset by software.

In addition, the state O0H stands for a Bus Error, which occurs when a START or STOP condition
is present at an incorrect position in the I°C format frame. A Bus Error may occur during the serial
transfer of an address byte, a data byte or an acknowledge bit. To recover 1°C from bus error,
STO should be set and S| should be cleared to enter Not Addressed Slave mode. Then STO is
cleared to release bus and to wait for a new communication. I°C bus cannot recognize stop
condition during this action when bus error occurs.

Master Mode Slave Mode

STATUS Description STATUS Description

0x08 Start 0xA0 Slave Transmit Repeat Start or Stop
0x10 Master Repeat Start 0xA8 Slave Transmit Address ACK
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0x18 Master Transmit Address ACK 0xBO Slave Transmit Arbitration Lost
0x20 Master Transmit Address NACK 0xB8 Slave Transmit Data ACK
0x28 Master Transmit Data ACK 0xCO0 Slave Transmit Data NACK
0x30 Master Transmit Data NACK 0xC8 Slave Transmit Last Data ACK
0x38 Master Arbitration Lost 0x60 Slave Receive Address ACK
0x40 Master Receive Address ACK 0x68 Slave Receive Arbitration Lost
0x48 Master Receive Address NACK 0x80 Slave Receive Data ACK
0x50 Master Receive Data ACK 0x88 Slave Receive Data NACK
0x58 Master Receive Data NACK 0x70 GC mode Address ACK
0x00 Bus error 0x78 GC mode Arbitration Lost
0x90 GC mode Data ACK
0x98 GC mode Data NACK
O0xF8 Bus Released
Note: The status “OxF8” exists in both master/slave modes, and it won'’t raise interrupt.

Table 6.10-1 I°C Status Code Description

6.10.5.3.6 1°C Clock Baud Rate Bits (I2C_CLKDIV)

The data baud rate of 1°C is determined by the I2C_CLKDIVJ7:O] register when I°C is in Master
mode. It is not necessary in a Slave mode. In Slave mode, I1°C will automatically synchronize with
any clock frequency from master I°C device.

The data baud rate of 1°C setting is Data Baud Rate of I°C = (system clock) / (4 *
(12C_CLKDIV[7:0] +1). If system clock = 16 MHz, the 12C_CLKDIV[7:0] = 40 (28H), the data
baud rate of I°C = 16 MHz / (4 * (40 +1)) = 97.5K bits/sec.

6.10.5.3.7 I°C Time-out Counter Register (12C_TOCTL)

There is a 14-bit time-out counter which can be used to deal with the 1°C bus hang-up. If the time-
out counter is enabled, the counter starts up counting until it overflows (TOIF=1) and generates
I°C interrupt to CPU or stops counting by clearing I2CEN to 0. When time-out counter is enabled,
setting flag Sl to high will reset counter and re-start up counting after Sl is cleared. If I°C bus is
hung up, it causes the I2C_STATUS and flag Sl are not updated for a period, the 14-bit time-out
counter may overflow and acknowledge CPU the I°C interrupt. Refer to Figure 6.10-17 for the 14-
bit time-out counter. User may write 1 to clear TOIF to 0.
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Pclk
14-bits Counter —— TOIF
14 To I12C Interrupt
Clear Counter
DIV4 S|
I2CEN —
TOCEN ——
Sl

Figure 6.10-17 I°C Time-out Count Block Diagram

6.10.5.3.8 I°C Control Register 1 (1I2C_CTL1)
The NSTRETCH (12C_CTL1[2]) bit is used to no stretch the bus clock when this bit is set to 1.

For the TWOLVFIFO (12C_CTL1[1]) bit, it is used to enable the two-level buffer for I°Cc
transmitted or received buffer. It is used to improve the performance of the 12C bus. If this bit is set
to 1, the control bit of START (12C_CTL[5]) for repeat start or STOP (12C_CTL[4]) bit should be
set after the current interrupt is cleared. For example, if there are 4 data to be transmitted and
then stopped. The STOP bit shall be set after the 3rd data’s interrupt event is cleared. At this
time, the 4™ data can be transmitted and the 1°C stops after the 4™ data transmission done.

The two-level buffer status interrupt enable can be enabled by 12C_CTL1[4:3] to generate the
under run or overrun event.

When entering Power-down mode, other I°C master can wake-up the chip by addressing the I°Cc
device, and user must configure the related setting before entering Sleep mode. When the chip is
woken-up by address match with one of the four address register, the following data will be
abandoned at this time. Note that only I°CO channel supports wake-up function.

6.10.5.3.9 1°C Status Register 1 (I2C_STATUS1)

The two-level buffer status, busy free information, buffer empty, buffer full and overrun or under
run are also listed in this register.

When system is woken up by other IC master device, WKIF is set to indicate this event. User
needs to write “1” to clear this bit. The other status bits are used to indicate the current buffer
status when the TWOLVFIFO (I12C_CTL1[1]) is set. Note that only I°CO channel supports wake-
up function.

6.10.5.4 Example of Random Read on EEPROM

The following steps are used to configure the 1°C related registers when using I°C to read data
from EEPROM.

1.  Set the multi-function pin in the “SYS_P3_MFP” registers as SCL and SDA pins.
Enable I°C APB clock, I2CCKEN=1 in the “CLK_APBCLK” register.

3. Setl2C_RST=1 to reset I°C controller then set I°C controller to normal operation,
I2CRST=0 in the “SYS_IPRST1” register.
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Set I2CEN=L1 to enable I°C controller in the “I2C_CTL” register.

Give I°C clock a divided register value for 1°C clock rate in the “I2C_CLKDIV”.
Set SETENA=0x00040000 in the “NVIC_ISER” register to set 1’c IRQ.
Set EI=1 to enable I°C Interrupt in the “I2C_CTL” register.

© N o o &

Set I°C address registers which are “12C_ADDRO~I2C_ADDR3".

Random read operation is one of the methods toaccess EEPROM. The method allows the master

to access any address of EEPROM space. Figure 6.10-18 shows the EEPROM random read
operation.

ROM ADDRRSS ROM ADDRRSS
SLA+W

HIGH BYTE LOW BYTE SLA+R DATA BYTE -

S A A A A
soA Imomg;\wcxxx g s gaomange TTTT AH
A O O O O A B KHHH\EO

Figure 6.10-18 EEPROM Random Read

Figure 6.10-19 shows how to use I°C controller to implement the protocol of EEPROM random

read.
—— STATUS=0x08 STATUS=0x18 ——
Y y
. = 12CDAT > ack o I2CDAT
' (SLA+W) g "1 (ROM Address High Byte)
[ 12CDAT=SLA+W ‘L 12CDAT=ROM Address High Byte
T (STA,STO,SI,AA)=(0,0,1,x) STATUS=0x20 —— STATUS=0xf8 — (STA,STO,S1,AA)=(0,0,1,X)
L (sTA,STO,SI,AA)=(1,0,1,X) y 4
P NAK —» P
A
(STA,STO,SI,AA)=(0,1,1,X) —
STATUS=0x28 — STATUS=0x28 —
Yy
12CDAT
P» ACK > » ACK
4 d (ROM Address Low Byte) ”
‘L 12CDAT=ROM Address Low Byte
(STA,STO,S1,AA)=(0,0,1,x) STATUS=0x30 — STATUS=0xf8 ——
v
4 » NAK » P
4
(STA,STO,SI,AA)=(0,1,1,x) —
— STATUS=0x10 _ _ STATUS=0x58 STATUS=0xf8
v STATUS=040 —g Read I2CDAT to Get Data  y r
12CDAT 12CDAT
g » (SLA*R) P AK P (Data) » P
A A \ A
12CDAT=SLA+R -
) L (STA,STO,S1,AA)=(0,0,1,0) L (STA,STO,S1,AA)=(0,1,1,%)
(STA,STO,SLAA)=(0,0,1,%) STATUS=0x48 — STATUS=0xf8 —
- Y
—— (STA,STO,S1,AA)=(1,0,1,x) l:lMaster to Slave
P NAK » P
[ ISlave to Master
4
(STA,STO,SI,AA)=(0,1,1,X) —

Figure 6.10-19 Protocol of EEPROM Random Read
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The I°C controller sends START to bus to be a master. Then it sends a SLA+W (Slave address +
Write bit) to EERPOM followed by two bytes data address to set the EEPROM address to read.
Finally, a Repeat START followed by SLA+R is sent to read the data from EEPROM.
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6.10.6 Register Map

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

Register Offset R/W [Description Reset Value
I°C Base Address:

12C0_BA = 0x4002_0000

12C_CTL I2Cx_BA+0x00 |[R/W  |I*C Control Register 0x0000_0000
I2C_DAT I2Cx_BA+0x08 |R/W [I°C DATA Register 0x0000_0000
I2C_STATUS 12Cx_BA+0x0C |R I°C Status Register 0x0000_00F8
12C_CLKDIV I2Cx_BA+0x10 |R/W  |I*C Clock Divided Register 0x0000_0000
12C_TOCTL I2Cx_BA+0x14 |RMW |I’C Time-out Control Register 0x0000_0000
12C_ADDRO I12Cx_BA+0x04 |RMW |I’)C Slave Address Register 0 0x0000_0000
12C_ADDR1 I2Cx_BA+0x18 |RMW |I°C Slave Address Register 1 0x0000_0000
12C_ADDR2 I12Cx_BA+0x1C |RMW |I’C Slave Address Register 2 0x0000_0000
12C_ADDR3 I2Cx_BA+0x20 |R/W  |I’)C Slave Address Register 3 0x0000_0000
12C_ADDRMSKO I2Cx_BA+0x24 |RMW  |I’C Slave Address Mask Register 0 0x0000_0000
12C_ADDRMSK1 I2Cx_BA+0x28 |RMW  |I°C Slave Address Mask Register 1 0x0000_0000
I2C_ADDRMSK2 |I2Cx_BA+0x2C |R/W  |I°C Slave Address Mask Register 2 0x0000_0000
I2C_ADDRMSK3  |I2Cx _BA+0x30 [R/W |I°C Slave Address Mask Register 3 0x0000_0000
12C_CTL1 I2Cx_BA+0x3C |R/W  |I°C Control Register 1 0x0000_0000
I2C_STATUS1 I2Cx_BA+0x40 |R/W  |I’C Status Register 1 0x0000_0000
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6.10.7 Register Description

I>’C Control Register (12C CTL)

Register Offset R/W |Description Reset Value
12C_CTL 12Cx_BA+0x00 RW  [I’C 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
INTEN I2CEN STA STO Sl AA Reserved
Bits Description
[31:8] Reserved Reserved.

Interrupt Enable Bit
[7] INTEN 0 = I°C interrupt Disabled.
1 = I°C interrupt Enabled.

I°’C Controller Enable Bit
0 = I°C Controller Disabled.
[6] I2CEN 1 = I°C Controller Enabled.

Set to enable 1°C serial function controller. When 12CEN=1 the I°C serial function enables.
The function of multi-function pin must be set to I°C first.

I’C START Control Bit

[5] STA Set STA to logic 1 to enter Master mode. I°C hardware sends a START or repeats the
START condition to bus when the bus is free.

I’C STOP Control Bit

In Master mode, setting STO to transmit a STOP condition to bus then 1°C hardware will
[4] sTO check the bus condition if a STOP condition is detected this bit will be cleared by hardware
automatically. In Slave mode, setting STO resets I°C hardware to the defined “not
addressed” Slave mode. This means it is NO LONGER in the Slave receiver mode to
receive data from the master transmit device.

I°C Interrupt Flag

13] S| When a new I°C state is present in the 12C_STATUS register, the Sl flag is set by
hardware, and if bit INTEN (12C_CTL[7]) is set, the I°C interrupt is requested. SI must be
cleared by software. This bit can be cleared by software writing ‘1.

Assert Acknowledge Control Bit

When AA=1 is prior to address or data received, an acknowledged (low level to SDA) will
be returned during the acknowledge clock pulse on the SCL line when 1.) A slave is

[2 AA acknowledging the address sent from master, 2.) The receiver devices are acknowledging
the data sent by transmitter. When AA=0 prior to address or data received, a Not
acknowledged (high level to SDA) will be returned during the acknowledge clock pulse on
the SCL line.
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Bits Description

[1:0] Reserved Reserved.
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I°’C Data Register (1I2C_DAT)

Register Offset R/W [Description Reset Value
I2C_DAT [2Cx_BA+0x08 RW |I’*C DATA 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
DAT
Bits Description
[31:8] Reserved Reserved.
70l DAT IéC Data. Register | | 2 |
Bit [7:0] is located with the 8-bit transferred data of the I°C serial port.
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I°’C Status Register (I2C_STATUS)

Register Offset R/W |Description Reset Value
I2C_STATUS [I2Cx_BA+0x0C R I°C Status Register 0x0000_00F8
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
STATUS
Bits Description
[31:8] Reserved Reserved.
I°C Status Register
The three least significant bits are always 0. The five most significant bits contain the
status code. There are 26 possible status codes. When 12C_STATUS contains F8H, no
serial interrupt is requested. All the other 1I2C_STATUS values correspond to defined I1°C
[7:0] STATUS states. When each of these states is entered, a status interrupt is requested (SI = 1). A
valid status code is present in I2C_STATUS one cycle after Sl is set by hardware and is
still present one cycle after S| has been reset by software. In addition, the states O0H
stands for a Bus Error. A Bus Error occurs when a START or STOP condition is present at
an illegal position in the formation frame. Examples of illegal position are during the serial
transfer of an address byte, a data byte or an acknowledge bit.
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I°’C Clock Divided Register (1I2C_CLKDIV)

Register Offset R/W [Description Reset Value
I2C_CLKDIV [I2Cx_BA+0x10 RW  [I’C Clock Divided 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
DIVIDER
Bits Description
[31:8] Reserved Reserved.
I°C Clock Divided Register
[7:0] DIVIDER The I1°C clock rate bits: Data Baud Rate of 1°C = (system clock) / (4 * (1I2C_CLKDIV+1)).
Note: The minimum value of I2C_CLKDIV is 4.
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I°’C Time-out Control Register (12C TOCTL)

Register Offset R/W [Description Reset Value
I2C_TOCTL [I2Cx_BA+0x14 RW  [I’C Time-out Counter 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 TOCEN TOCDIV4 TOIF
Bits Description
[31:3] Reserved Reserved.

Time-out Counter Enable Bit
0 = Time-out counter Disabled.
[2] TOCEN 1 = Time-out counter Enabled.

Note: When the 14-bit time-out counter is enabled, it will start counting when Sl is cleared.
Setting 1 to the Sl flag will reset counter and re-start up counting after Sl is cleared.

Time-out Counter Input Clock Divided By 4
0 = Time-out counter input clock divided by 4 Disabled.

[1] TOCDIV4 i i o
1 = Time-out counter input clock divided by 4 Enabled.
Note: When enabled, the time-out period is extended 4 times.
Time-out Flag
0] TOIF This bit is set by hardware when I1°C time-out happened and it can interrupt CPU if I°C

interrupt enable bit (INTEN) is set to 1.
Note: This bit can be cleared by software writing ‘1’
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I°’C Slave Address Register (12C_ADDRX)

Register Offset R/W |Description Reset Value
I2C_ADDRO [I2Cx_BA+0x04 RW [I’C Slave Address Register 0 0x0000_0000
I2C_ADDR1 [I2Cx_BA+0x18 RW [I’C Slave Address Register 1 0x0000_0000
I2C_ADDR2 [I2Cx_BA+0x1C RW [I’C Slave Address Register 2 0x0000_0000
I2C_ADDR3 [I2Cx_BA+0x20 RW [I’C Slave Address 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
ADDR GC
Bits Description
[31:8] Reserved Reserved.
I°C Address
[7:1] ADDR The content of this register is irrelevant when I’Cisin Me}ster mode. In Slave rr;ode, the
seven most significant bits must be loaded with the MCU’s own address. The 1°C hardware
will react if either of the address is matched.
General Call Function Control
[0] GC 0 = General Call Function Disabled.
1 = General Call Function Enabled.
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I°’C Slave Address Mask Register (12C_ADDRMSKX)

Register Offset R/W |Description Reset Value
IKZ((): _ADDRMS 12Cx_BA+0x24 RW [I’C Slave Address Mask Register 0 0x0000_0000
IKZf _ADDRMS 12Cx_BA+0x28 RW [I’C Slave Address Mask Register 1 0x0000_0000
IKZS —ADDRMS 12Cx_BA+0x2C RW [I’C Slave Address Mask Register 2 0x0000_0000
:33(,: —ADDRMS 12Cx_BA+0x30 RW [I’C Slave Address Mask 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
ADDRMSK Reserved
Bits Description
[31:8] Reserved Reserved.
I°C Address Mask Bits
2 . . . . .
(7:1] ADDRMSK 0 = I°C address mask Dls_abled (the received corresponding register bit should be exactly
the same as address register).
1 = I°C address mask Enabled (the received corresponding address bit is “Don’t care”).
[0] Reserved Reserved.
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I°’C Control Register 1 (I2C CTL1)

Register Offset R/W  |Description Reset Value
12C_CTL1 12Cx_BA+0x3C R/W |I°C 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 URIEN OVIEN NSTRETCH FIFOEN WKEN
Bits Description
[31:5] Reserved Reserved.
I°C Under Run Interrupt Control
Setting URIEN to 1 will send a interrupt to system when the TWOLVFF bit is enabled and
[4] URIEN there is under run event happened in transmitted buffer.
0 = Under run Interrupt Disabled.
1 = Under run Interrupt Enabled.
I°C Overrun Interrupt Control
Setting OVIEN to 1 will send a interrupt to system when the TWOLVFF bit is enabled and
[3] OVIEN there is overrun event in received buffer.
0 = Overrun Interrupt Disabled.
1 = Overrun Interrupt Enabled.
No Stretch On The I°C Bus
[2] NSTRETCH 0 = The I°C SCL bus is stretched by hardware if the Sl is not cleared in master mode.
1 = The I°C SCL bus is not stretched by hardware if the Sl is not cleared in master mode.
Two-Level Buffer Enable Bit
0 = Two-level buffer Disabled.
1 = Two-level buffer Enabled.

1 FIFOEN Set to enable the two-level buffer for I°C transmitted or received buffer. It is used to
improve the performance of the I°C bus. If this bit is set = 1, the control bit of STA for
repeat start or STO bit should be set after the current Sl is clear. For example: if there are
4 data shall be transmitted and then stop it. The STO bit shall be set after the 3" data’s SI
event being clear. In this time, the 4" data can be transmitted and the 1°C stop after the 4"
data transmission done.

Wake-up Enable Bit
0 = I°C wake-up function Disabled.

[0] WKEN 1 = I°C wake-up function Enabled.

The system can be woken up by I°C bus when the system is set into Power mode and the
received data matched one of the addresses in Address Register.
Note: Only 1CO channel supports wake-up function. This bit is not valid on 1°C1 channel.
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I>’C Status Registerl (12C STATUS 1)

Register Offset R/W [Description Reset Value
12C_STATUS1 2 .
01 12Cx_BA+0x40 R/W |I°C Status Register 1 0x0000_0000
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
7 6 5 4 3 2 1 0
Reserved URIF OVIF EMPTY FULL WKIF
Bits Description
[31:5] Reserved Reserved.
I’C Under Run Status
[4] URIF o . )
This bit indicates the transmitted buffer is under run when the TWOLVFIFO = 1.
I’C Overrun Status
[3] OVIF o . )
This bit indicates the received buffer is overrun when the TWOLVFIFO = 1.
I°C Two-Level Buffer Empty
[2] EMPTY o ) )
This bit indicates if the RX buffer is empty or not when the TWOLVFIFO = 1.
I°C Two-Level Buffer Full
(1] FULL o ) )
This bit indicates if the TX buffer is full or not when the TWOLVFIFO = 1.
I°C Wake-up Interrupt Flag
When chip is woken up from Power-down mode by I°C, this bit is set to 1. This bit can be
[0] WKIF L
cleared by software writing “1”.
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6.11 Serial Peripheral Interface (SPI)
6.11.1 Overview

The Serial Peripheral Interface (SPI) applies to synchronous serial data communication and
allows full duplex transfer. Devices communicate in Master/Slave mode with 4-wire bi-direction
interface. The SPI controller performing a serial-to-parallel conversion on data received from a
peripheral device, and a parallel-to-serial conversion on data transmitted to a peripheral device.
SPI controller can be configured as a master or a slave device.

6.11.2 Features

. Supports Master or Slave mode operation
. Configurable transfer bit length

o Provides four 32-bit FIFO buffers

. Supports MSB first or LSB first transfer

. Supports byte reorder function

. Supports byte or word suspend mode

. Supports Slave 3-wire mode

6.11.3 Block Diagram

—— | Clock Generator > <« |SPl cLk

| I

PR Status/Control <+—»| |SPISS
| Register

¥ <—»| |spi_mosi

APB I | o

Interface Core Logic -4—» Pad MUX _
—» I/0 > SPI_MISO

Control L
LN

1 TX Buffer

> R — RX Buffer

Figure 6.11-1 SPI Block Diagram
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6.11.4 Basic Configuration

The SPI pin functions are configured in SYS_P0_MFP register. The SPI peripheral clock can be
enabled in CLK_APBCLK[12] and its source can be selected in CLK_CLKSEL1[4].

6.11.5 Functional Description

6.11.5.1 Terminology
SPI Peripheral Clock and Serial Bus Clock

The SPI controller needs the SPI peripheral clock to drive the SPI logic unit to perform the data
transfer. The SPI bus clock is the clock presented on SPI_CLK pin. The SPI peripheral clock
frequency is determined by the settings of clock source, DIVMOD (SPI_SLVCTL[31]) option and
clock divisor (SPI_CLKDIV[7:0]). The SPISEL bit of CLK_CLKSEL1 register determines the clock
source of the SPI peripheral clock. Set the DIVMOD bit to 0 for the compatible SPI clock
frequency calculation of previous products. The DIVIDER setting of SPI_CLKDIV register
determines the divisor of the clock rate calculation.

In SPI Master mode, the SPI peripheral clock is equal to the SPI bus clock.

In SPI Slave mode, the SPI bus clock is provided by an off-chip master device. The SPI
peripheral clock frequency of slave device must be faster than the bus clock frequency of the
master device connected together. The frequency of SPI peripheral clock cannot be faster than
the APB clock frequency regardless of Master mode or Slave mode

Master/Slave Mode

The SPI controller can be set as Master or Slave mode by setting the SLAVE bit (SP1_CTL[18]) to
communicate with the off-chip SPI slave or master device. The application block diagrams in
Master and Slave mode are shown in Figure 6.11-2.

SPI_CLK » SCLK
SPI_MISO |« MISO
SPI Slave
Controller SPI_MOSI » MOSI
Master
SPI_SS » SS

Figure 6.11-2 SPI Master Mode Application Block Diagram
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SPI_CLK [= SCLK
SPI_MISO » MISO
SPI Master
Controller SPI_MOSI = MOSI
Slave
SPI_SS = SS

Figure 6.11-3 SPI Slave Mode Application Block Diagram

Clock Polarity

The CLKPOL bit (SPI_CTL[11]) defines the bus clock idle state. If CLKPOL = 1, the output
SPI_CLK is high at idle state; otherwise it is at low if CLKPOL = 0.

Transmit/Receive Bit Length

The bit length of a transaction word is defined in DWIDTH bit field (SPI_CTL][7:3]). It can be
configured up to 32-bit length in a transaction word to transmitting and receiving.

SPLSS /
Y AYAVAVAVAVAVAYAS

SPI_CLK

SPI_MISO X T“)"([Sfl] TX[30] >G\ X TX[16] X TX[lS]X TX[14] >G\ X TLf[g]

SPI_MOSI X R“;'([S?’Bl] RX[30] ><] X RX[16] X RX[15] X RX[14] ><] >< é)f[%]

Figure 6.11-4 32-Bit in One Transaction

LSB/MSB First

The LSB bit (SPI_CTL[10]) defines the data transmission either from LSB or MSB firstly to start to
transmit/receive data.

Transmit Edge

The TXNEG bit (SPI_CTL][2]) defines the data transmitted out either on negative-edge or on
positive-edge of serial clock SPI_CLK.
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Receive Edge

The RXNEG bit (SPI_CTL[1]) defines the data received in either on negative-edge or on positive-
edge of serial clock SPI_CLK.

Note: the settings of TXNEG and RXNEG are mutual exclusive. In other words, do not transmit
and receive data on the same clock edge.

Word Suspend

The four bits field of SUSPITV (SPI_CTL[15:12]) provide a configurable suspend interval between
two successive transaction words in Master mode. The definition of the suspend interval is the
interval between the last clock edge of the preceding transaction word and the first clock edge of
the following transaction word. The default value of SUSPITV is 0x3 (3.5 serial clock cycles). This
SUSPITV setting will not take effect to the word suspend interval if the software disables the FIFO
mode.

Slave Selection

In Master mode, the SPI controller can drive one off-chip slave device through the slave select
output pin SPI_SS. In Slave mode, the off-chip master device drives the slave select signal from
the SPI_SS input pin to the SPI controller. In Master/Slave mode, the active state of slave
selected signal can be programmed to low active or high active in SSACTPOL bit
(SP1_SSCTLJ[2]), and the SSLTEN bit (SPI_SSCTL][4]) defines the slave select signal SPI_SS is
level-trigger or edge-trigger. The selection of trigger condition depends on what type of peripheral
slave/master device is connected.

In Slave mode, if the SSLTEN bit (SPI_SSCTL[4]) is configured as level trigger, the LTF bit
(SPI1_SSCTLI5]) is used to indicate if both the number of received data and the number of
received bits meet the requirement which defined in DWIDTH (SPI_CTL[7:3]) among one
transaction done (the transaction done means the unit transfer interrupt flag is set to 1 when the
slave select signal is inactivated or the SPI controller finishes one data transfer).

Level-trigger / Edge-trigger

In Slave mode, the slave select signal can be configured as level-trigger or edge-trigger. In edge-
trigger, the data transfer starts from an active edge of the slave select signal and ends on an
inactive edge of the slave select signal. The unit-transfer interrupt flag UNITIF (SP1_CTL[16]) will
be set to 1 as an inactive edge is detected. If master does not send an inactive edge to slave, the
transfer procedure will not be completed and the unit-transfer interrupt flag of slave will not be set.
In level-trigger, the unit-transfer interrupt flag of slave will be set when one of the following two
conditions occurs. The first condition is that if the number of transferred bit matches the settings
of DWIDTH (SPI_CTL[7:3]), the unit-transfer interrupt flag of slave will be set. The second
condition, if master set the slave select pin to inactive level during the transfer in progress, it will
force slave device to terminate the current transfer no matter how many bits have been
transferred and the unit-transfer interrupt flag will be set. User can read the status of LTF bit to
check if the data has been completely transferred.

6.11.5.2 Automatic Slave Select

In Master mode, if the bit AUTOSS (SPI_SSCTLJ3]) is set, the slave select signal will be
generated automatically and output to SPI_SS pin according to SS (SPI_SSCTL[0]) whether
enabled or not. It means that the slave select signal, which is enabled in SS (SPI_SSCTL]0], is
asserted by the SPI controller when transmit/receive is started by setting the SPIEN bit
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(SPI_CTL[0Q]) and is de-asserted after the data transfer is finished. If the AUTOSS bit is cleared,
the slave select output signal will be asserted and de-asserted by manual setting and clearing the
related bit in SS (SPI_SSCTL[0]). The active level of the slave select output signal is specified in
SSACTPOL bit (SPI_SSCTL][2)).

6.11.5.3 Byte Reorder Function

When the transfer is set as MSB first (LSB bit (SPI_CTL[10]) = 0) and the byte reorder function is
enabled, the data stored in the TX buffer and RX buffer will be rearranged in the order as [ByteO,
Bytel, Byte2, Byte3] when the bit length is configured as 32-bit (DWIDTH (SPI_CTL[7:3]) = 0).
The sequence of transmitted/received data will be Byte0, Bytel, Byte2, and then Byte3. If the
DWIDTH (SPI_CTLJ[7:3])) is set to 24-bit, the data in TX buffer and RX buffer will be rearranged
as [unknown byte, ByteO, Bytel, Byte2]. The SPI controller will transmit/receive data with the
sequence of Byte0, Bytel and then Byte2. Each byte will be transmitted/received with MSB first.
The rule of 16-bit mode is the same as above. Byte reorder function is only available when
DWIDTH (SPI_CTLJ[7:3]) is configured as 16, 24, or 32 bits.

SPI_TX/SPI_RX TX/RX Buffer
LS MSB first LSB =0 (MSB first) LS MSB first
& REORDER =1
Byte3 | Byte2 | Bytel | Byte0 - ByteO | Bytel | Byte2 | Byte3

DWIDTH = 32 bits

—> MSB first
nn | ByteO | Bytel | Byte2

DWIDTH = 24 bits

—> MSB first
nn nn ByteO | Bytel

DWIDTH = 16 bits

nn = unknown byte

Figure 6.11-5 Byte Reorder

6.11.5.4 Byte Suspend Function

Both settings of byte suspend interval and word suspend interval are configured in SUSPITV
(SPI_CTL[15:12)]). In Master mode, if byte reorder function is enabled by setting REORDER
(SPI_CTL[19]) to 1, the hardware will insert a suspend interval of 0.5 ~ 15.5 serial clock periods
between two successive bytes in a transaction word. The setting of DWIDTH (SPI_CTL[7:3]) can
be configured as 16, 24 or 32 bits.
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Suspend Suspend
|<_ Interval Interval
ckpol=0 [\ \J_\I\—M/ \ /)
§

SPI_CLK

VAV VAVA VAU
SPI_MISO X T’\QEBI] TX[30] >G\ >< TX[24] X TX[23] X TX[22] X:\B X TX[16] X

SPI_MOSI >< R'\Qfs'i] RX[30] X}B >< RX[24] >< RX[23] >< RX[22] X:\B >< RX[16] ><
}47 1st Transaction Byte 4>| }47 2nd Transaction Byte 4>|

I‘ Transfer Word &— — — — — —— _ _ __

Figure 6.11-6 Timing Waveform for Byte Suspend

6.11.5.5 Slave 3-Wire Mode

When the SLV3WIRE bit (SPI_SLVCTL[8]) is set by software to enable the Slave 3-wire mode,
the SPI controller can work with no slave select signal in Slave mode. The SLV3WIRE bit only
takes effect in Slave mode. Only three pins, SPI_CLK, SPI_MISO, and SPI_MOSI, are required to
communicate with a SPI master. The SPI_SS pin can be configured as a GPIO. When the
SLV3WIRE bit is set to 1, the SPI slave will be ready to transmit/receive data after the SPIEN bit
is set to 1. As the number of received bits meets the requirement which defined in DWIDTH
(SPI1_CTL][7:3]), the unit-transfer interrupt flag UNITIF (SPI1_CTL[16]) will be set to 1.

Note: In Slave 3-wire mode, the SSLTEN bit (SPI_SSCTL[4]) should be set as 1.

6.11.5.6 FIFO Mode

The SPI controller supports FIFO mode when the FIFOEN bit, SPI_CTL[21], is set as 1. The SPI
controller equips with four 32-bit wide transmit and receive FIFO buffers.

The transmit FIFO buffer is a 4-layer depth, 32-bit wide, first-in and first-out register buffer. The
software can write data to the transmit FIFO buffer by writing the SPI_TX register. The data
stored in the transmit FIFO buffer will be read and sent out by the transmission control logic. If the
4-layer transmit FIFO buffer is full, the TXFULL (SPI_CTL[27]) bit will be setto 1. When the SPI
transmission logic unit draws out the last datum of the transmit FIFO buffer, so that the 4-layer
transmit FIFO buffer is empty, the TXEMPTY (SPI_CTL[26]) bit will be set to 1. Notice that the
TXEMPTY flag (SPI_CTL[26]) is set to 1 while the last transaction is still in progress.

The received FIFO buffer is also a 4-layer depth, 32-bit wide, first-in and first-out register buffer.
The receive control logic will store the received data to this buffer. The software can read the
FIFO buffer data from SPI_RX register. There are FIFO related status bits, like RXEMPTY
(SPI_CTL[24]) and RXFULL (SPI_CTL[25]), to indicate the current status of received FIFO buffer.

In FIFO mode, the software can set the transmitting and receiving threshold by setting the TXTH
(SPI_FIFOCTL[29:28]) and RXTH (SPI_FIFOCTL[25:24]) settings. When the count of valid data
stored in transmit FIFO buffer is less than or equal to TXTH setting, the TXTHIF bit
(SPI_STATUSI4]) will be set to 1. When the count of valid data stored in receive FIFO buffer is
larger than RXTH setting, the RXTHIF bit (SPI_STATUS|O0]) will be set to 1.

In FIFO mode, the software can write 4 datum to the SPI transmit FIFO buffer in advance. When
the SPI controller operates with FIFO mode, the SPIEN bit of SPI_CTL register will be controlled
by hardware, software should not modify the content of SPI_CTL register unless clearing the
FIFOEN bit to disable the FIFO mode.
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Write
SPI_TX Register
MOSI pin in Master mode
or - Transmit Buffer 0 i
MISO pin in Slave mode = 3
APB
o ! 3
MISO pin in Master mode :
or - Receive Buffer 0 i
MOSI pin in Slave mode ‘ ‘
Read
SPI_RX Register

Figure 6.11-7 FIFO Mode Block Diagram

SPI Master mode and FIFO mode Enabled

In Master mode transmission operation, the TXEMPTY (SPI_CTL[26]) flag will be cleared to O
when the FIFOEN bit (SPI_CTL[21]) is set to 1 and the software writes the first data to the
SPI_TX register. The transmission starts immediately as long as the transmit FIFO buffer is not
empty. User can write the next data into SPI1_TX register immediately. The SPI controller will
insert a suspend interval between two successive transactions in FIFO mode and the period of
suspend interval is decided by the setting of SUSPITV (SPI_CTL [15:12]). User can write data
into SPI_TX register as long as the TXFULL (SPI_CTL[27]) flag is O.

The subsequent transactions will be triggered automatically if the transmitted data are updated in
time. If the SPI_TX register does not be updated after all data transfer are done, the transfer will
stop.

In Master mode reception operation, the serial data are received from SPI_MISO pin and stored
to the receive FIFO buffer. The RXEMPTY (SPI_CTL[24]) flag will be cleared to 0 while the
receive FIFO buffer contain unread data. The software can read the received data from SPI_RX
register as long as the RXEMPTY (SPI_CTL[24]) flag is 0. If the receive FIFO buffer contain 4
unread data, the RXFULL (SPI_CTL[25]) flag will be set to 1. The SPI controller will stop receiving
data until the software read the SPI_RX register.

SPI Slave mode and FIFO mode Enabled

In Slave mode, when the FIFOEN bit (SPI_CTL[21]) is set as 1, the SPIEN bit (SPI_CTL[O]) will
be set as 1 by hardware automatically. If user wants to stop the slave mode SPI data transfer,
both the FIFOEN bit and SPIEN bit must be cleared to 0 by software.
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In Slave mode transmission operation, when the software writes data to SPI_TX register, the data
will be loaded into transmit FIFO buffer and the TXEMPTY flag (SPI_CTL[26]) will be set to 0.
The transmission will start when the slave device receives clock signal from master. The software
can write data to SPI_TX register as long as TXFULL flag (SPI_CTL[27]) is O. After all data have
been drawn out by the SPI transmission logic unit and the software does not update the SPI_TX
register, the TXEMPTY flag (SPI_CTL[26]) will be set to 1.

In Slave mode reception operation, the serial data is received from SPI_MOSI pin and stored to
receive FIFO buffer. The reception mechanism is similar to master mode reception operation.

6.11.5.7 Interrupt
SPI unit-transfer interrupt

As the SPI controller finishes a unit transfer, the unit transfer interrupt flag UNITIF (SP1_CTL[16])
will be set to 1. The unit transfer interrupt event will generate an interrupt to CPU if the unit
transfer interrupt enable bit UNITIEN (SPI1_CTL[17]) is set. The unit transfer interrupt flag can be
cleared only by writing 1 to it.

SPI slave 3-wire mode start interrupt

In 3-wire mode, the Slave 3-wire mode start interrupt flag, SLVSTIF (SPI_SLVCTL[11]), will be set
to 1 when the slave senses the SPI bus clock signal. The SPI controller will issue an interrupt if
the SLVSTIEN (SPI_SLVCTL[10]) is set to 1. If the count of the received bits is less than the
setting of DWIDTH (SPI_CTL[7:3]) and there is no more SPI bus clock input over the expected
time period which is defined by the user, the user can set the SLVABT bit (SPI_SLVCTL][9]) to
abort the current transfer. The unit-transfer interrupt flag, UNITIF, will be set to 1 if the SLVABT bit
is set to 1 by software.

Receive FIFO time-out interrupt

In FIFO mode, there is time-out function to inform user. If there is a received data in the FIFO and
it does not be read by software over 64 SPI peripheral clock periods in Master mode or over 576
SPI peripheral clock periods in Slave mode, it will send a time-out interrupt to the system if the
time-out interrupt enable bit RXTOIEN (SPI_FIFOCTL[21]) is set to 1.

Transmit FIFO interrupt

In FIFO mode, if the valid data count of the transmit FIFO buffer is less than or equal to the
setting value of TXTH (SPI_FIFOCTL[29:28]), the transmit FIFO interrupt flag will be setto 1. The
SPI controller will generate a transmit FIFO interrupt to the system if the transmit FIFO interrupt
enable bit, TXTHIEN (SPI_FIFOCTL[3]), is set to 1.

Receive FIFO interrupt

In FIFO mode, if the valid data count of the receive FIFO buffer is larger than the setting value of
RXTH (SPI_FIFOCTL[25:24]), the receive FIFO interrupt flag will be set to 1. The SPI controller
will generate a receive FIFO interrupt to the system if the receive FIFO interrupt enable bit,
RXTHIEN (SPI_FIFOCTL[2)]), is set to 1.

6.11.6 Timing Diagram

The active state of slave select signal can be defined by the settings of SSACTPOL bit
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(SPI_SSCTL[2]) and SSLTEN bit (SPI_SSCTL[4]). The serial clock (SPI_CLK) idle state can be
configured as high state or low state by setting the CLKPOL bit (SPI_CTL[11]). It also provides
the bit length of a transaction word in DWIDTH (SPI_CTL[7:3]), and transmit/receive data from
MSB or LSB first in LSB bit (SPI_CTL[10]). User also can select which edge of bus clock to
transmit/receive data in TXNEG/RXNEG (SPI_CTL[2:1]). Four SPI timing diagrams for
master/slave operations and the related settings are shown below.

SSACTPOL=1 / \

SPI_SS

SSACTPOL=0 \ /

SPI_CLK
) = \ /_\\_/—\\_/_\\_/_\ X 7\ J
CLKPOL=1 /_\_/ \_/ \_/ \_/
SPI_MOS| S ES RS TR
SPI_MISO >< ,2")?[% RX(6] X RX(5] X RX[4] X RX[3] X RX[2] >< RX[1] >< RLE[%]

Master Mode: SPI_CTL[SLAVE]=0, SPI_CTL[LSB]=0, SPI_CTL[DWIDTH]=0x08

1. SPI_CTL[CLKPOL]=0, SPI_CTL[TXNEG]=1, SPI_CTL[RXNEG]=0 or
2. SPI_CTL[CLKPOL]=1, SPI_CTL[TXNEG]=0, SPI_CTL[RXNEG]=1

Figure 6.11-8 SPI Timing in Master Mode

SSACTPOL=1 / \

SPI_SS
SSACTPOL=0 \ /7

K—/

CLKPOL=1 \ /_\_/_\_/—\\_/_\\_/_\_/_\_/_\_/—

SPI_MOSI >< T")f’[g] TX[1] >< TX[2] >< TX[3] >< TX[4] >< TX[5] X TX[6] X TMXS[7B]

LSB MSB
SPI_MISO X RX[0] X RX[1] X RX[2] X RX[3] X RX[4] X RX[5] X RX[6] X RX[7]

Master Mode: SPI_CTL[SLAVE]=0, SPI_CTL[LSB]=1, SPI_CTL[DWIDTH]=0x08

1. SPI_CTL[CLKPOL]=0, SPI_CTL[TXNEG]=0, SPI_CTL[RXNEG]=1 or
2. SPI_CTL[CLKPOL]=1, SPI_CTL[TXNEG]=1, SPI_CTL[RXNEG]=0

SPI_CL

Figure 6.11-9 SPI Timing in Master Mode (Alternate Phase of SPI_CLK)
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SSACTPOL=1 / \

SPI_SS

SSACTPOL=0 \ /
CLKPOL=0 ( ) ( ) ( \ ( \ ( \ 4 h ( h ( *

SPI_CLK N e T e T e B e B e T e B A
CLKPOL=1 | | | | | | | | | | | | | | | |
i S i L ¢
SPI_MISO >< #4?(3[73] X T%([G] X T%([S] X TX[4] X TD([3] X TX[Z] >< TX[l] >< TX[OI
v v
SPI_MOSI >< R | RX6) X RX[S] X RX[4] X RX(3] X RX[Z >< Rxlll >< RLE[%]

Master Mode: SPI_CTL[SLAVE]=1, SPI_CTL[LSB]=0, SPI_CTL[DWIDTH]=0x08

1. SPI_CTL[CLKPOL]=0, SPI_CTL[TXNEG]=1, SPI_CTL[RXNEG]=0 or
2. SPI_CTL[CLKPOL]=1, SPI_CTL[TXNEG]=0, SPI_CTL[RXNEG]=1

Figure 6.11-10 SPI Timing in Slave Mode

SPI_SS
SSACTPOL=0 \

SPI_CL I b T et T e T ke A et AR ft I A IR

SSACTPOL=1 / \

CLKPOL=1
S JERHEE N SR SR SRR R N
SPI_MISO X TLf[E] >< () >< ™) X ™ >< T >< rigs) | el ) oo
A 4
SPI_MOSI >< F;f[%] RX[l] >< RX[2] X RX[3] >< RX[4] X Rx[5] X RX[G] X F';")fﬁ]

Master Mode: SPI_CTL[SLAVE]=1, SPI_CTL[LSB]=1, SPI_CTL[DWIDTH]=0x08

1. SPI_CTL[CLKPOL]=0, SPI_CTL[TXNEG]=0, SPI_CTL[RXNEG]=1 or
2. SPI_CTL[CLKPOL]=1, SPI_CTL[TXNEG]=1, SPI_CTL[RXNEG]=0

Figure 6.11-11 SPI Timing in Slave Mode (Alternate Phase of SPI_CLK)

6.11.7 Programming Examples

Example 1: SPI controller is set as a master to access an off-chip slave device with following
specifications:

Data bit is latched at positive-edge of bus clock

® Data bit is driven at negative-edge of bus clock
® Data bit is transferred from MSB first
® Data width is 8 bits
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® SPI CLKis low at idle state
® Only one byte data is transmitted/received in a transaction

®  Connect with an off-chip slave device. Slave select signal is active low

The operation flow is described follows.
1) Setthe DIVIDER (SPI_CLKDIV[7:0]) to determine the output frequency of bus clock.
2) Write the related settings into the SPI_CTL register to control this SPI master actions
1. Setthis SPI controller as master device in SLAVE bit (SPI_CTL[18] = 0)
Force the serial clock low at idle state in CLKPOL bit (SPI_CTL[11] = 0)
Select data transmitted at negative edge of bus clock in TXNEG bit (SPI_CTL[2] = 1)
Select data latched at positive edge of bus clock in RXNEG bit (SPI_CTL[1] = 0)
Set the bit length of word transfer as 8-bit in DWIDTH bit field (SPI_CTL[7:3] = 0x08)

Set MSB transfer first in LSB bit (SPI_CTL[10] = 0), and does not need to care the
SUSPITV bit field (SP1_CTL[15:12]) due to it is not in FIFO mode in this case.

3) Write the SPI_SSCTL register a proper value for the related settings of Master mode.
1. Clear the Automatic Slave Select bit AUTOSS(SPI_SSCTL[3] =0).

Select low level trigger output of slave select signal in the Slave Select Active Level
control bit, SSACTPOL (SPI_SSCTL[2] = 0).

2. Setthe slave select signal to be active by setting the Slave Select control bit SS
(SPI_SSCTL[0]) to active the off-chip slave device.

4) If this SPI master attempts to transmit (write) one byte data to the off-chip slave device, write
the byte data that will be transmitted into the SPI_TX register.

o g s w N

5) If this SPI master just only attempts to receive (read) one byte data from the off-chip slave
device and does not care what data will be transmitted, the software does not need to update
the SPI_TX register.

6) Setthe SPIEN bit (SPI_CTL[0] = 1) to start the data transfer on the SPI interface.

7) Waiting for SPI interrupt (if the Unit-Transfer Interrupt Enable UNITIEN bit (SPI_CTL[17]) is
set) or just polling the SPIEN bit (SP1_CTLJ[0]) till it is cleared to O by hardware automatically.

8) Read out the received one byte data from SPI_RX[7:0].

9) Go to 4) to continue another data transfer or set SS bit (SPI_SSCTL [0]) to O to inactivate the
off-chip slave device.

Example 2: The SPI controller is set as a slave device that is connected by an off-chip master
device. The off-chip master device communicates with the on-chip SPI slave controller through
the SPI interface with the following specifications:

Data bit is latched at positive-edge of bus clock
Data bit is driven at negative-edge of bus clock
Data bit is transferred from LSB first

Data width is 8 bits

SPI_CLK is high at idles state

Only one byte data is transmitted/received in a transaction
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®  Slave select signal is high level trigger

The operation flow is as follows.

1) Setthe DIVIDER (SPI_CLKDIV[7:0]) to determine the slave peripheral clock frequency. The
slave peripheral clock frequency must be larger than the SPI bus clock frequency.

2) Write the SPI_SSCTL register a proper value for the related settings of Slave mode.

Select high level and level trigger for the input of slave select signal by setting the Slave
Select Active Level control bit SSACTPOL (SPI_SSCTL[2] = 1) and the Slave Select Level
Trigger Enable bit SSLTEN (SPI_SSCTL[4] = 1).

3) Write the related settings into the SPI_CTL register to control this SPI slave actions
1. Setthis SPI controller as slave device in SLAVE bit (SPI_CTL[18] = 1)
2. Select the serial clock as high at idle state in CLKPOL bit (SPI_CTL[11] = 1)
3. Select data transmitted at negative-edge of serial clock in TXNEG bit (SPI_CTL[2] = 1)
4. Select data latched at positive-edge of serial clock in RXNEG bit (SPI_CTL[1] =0)
5. Set the bit length of word transfer as 8 bits in DWIDTH bit field (SP1_CTL[7:3] = 0x08)
6. Set LSB transfer first in LSB bit (SPI_CTL[10] = 1)

4) If this SPI slave attempts to transmit (be read) one byte data to the off-chip master device,
write the byte data that will be transmitted into the SPI_TX register.

5) If this SPI slave just only attempts to receive (be written) one byte data from the off-chip
master device and does not care what data will be transmitted, the SPI_TX does not need to
be updated by software.

6) Setthe SPIEN bit (SPI_CTL[0] = 1) to walit for the slave select trigger input and bus clock
input from the off-chip master device to start the data transfer on the SPI interface.

7) Waiting for SPI interrupt (if the Unit-Transfer Interrupt Enable UNITIEN bit (SPI_CTL[17]) is
set) or just polling the SPIEN bit (SPI_CTL[OQ]) until it is cleared to 0 by hardware
automatically.

8) Read out the received one byte data from SPI_RX[7:0].

9) Go to 4) to continue another data transfer or clear the SPIEN bit (SPI_CTL][0]) to stop data
transfer.
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6.11.8 Register Map

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

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

SPI_BA = 0x4003_0000

SPI_CTL SPI_BA+0x00 R/W |SPI Control and Status Register 0x0500_3004
SPI_CLKDIV SPI_BA+0x04 R/W |SPI Clock Divider Register 0x0000_0000
SPI_SSCTL SPI_BA+0x08 R/W |SPI Slave Select Register 0x0000_0000
SPI_RX SPI_BA+0x10 R SPI Data Receive Register 0x0000_0000
SPI_TX SPI_BA+0x20 W SPI Data Transmit Register 0x0000_0000
SPI_SLVCTL |SPI_BA+0x3C R/W |SPI Slave Control and Status Register 0x0000_0000
SPI_FIFOCTL |SPI_BA+0x40 R/W |SPI FIFO Control Register 0x2200_0000
SPI_STATUS |SPI_BA+0x44 R/W |SPI Status Register 0x0500_0000
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6.11.9 Register Description

SPI Control and Status Reqister (SPI CTL)

Register Offset R/W  [Description Reset Value
SPI_CTL SPI_BA+0x00 R/W  |SPI Control and Status Register 0x0500_3004
31 30 29 28 27 26 25 24
Reserved TXFULL TXEMPTY RXFULL RXEMPTY
23 22 21 20 19 18 17 16
Reserved FIFOEN Reserved REORDER SLAVE UNITIEN UNITIF
15 14 13 12 11 10 9 8
SUSPITV CLKPOL LSB Reserved
7 6 5 4 3 2 1 0
DWIDTH TXNEG RXNEG SPIEN
Bits Description
[31:28] Reserved Reserved.
Transmit FIFO Buffer Full Indicator (Read Only)
0 = The transmit FIFO buffer is not full.
[27] TXFULL ) )
1 = The transmit FIFO buffer is full.
Note: It's a mutual mirror bit of SPI_STATUS[27].
Transmit FIFO Buffer Empty Indicator (Read Only)
0 = The transmit FIFO buffer is not empty.
[26] TXEMPTY ) .
1 = The transmit FIFO buffer is empty.
Note: It's a mutual mirror bit of SPI_STAUTS[26].
Receive FIFO Buffer Full Indicator (Read Only)
0 = The receive FIFO buffer is not full.
[25] RXFULL . .
1 = The receive FIFO buffer is full.
Note: It's a mutual mirror bit of SPI_STATUS[25]
Receive FIFO Buffer Empty Indicator (Read Only)
0 = The receive FIFO buffer is not empty.
[24] RXEMPTY . .
1 = The receive FIFO buffer is empty.
Note: It's a mutual mirror bit of SPI_STATUS[24].
[23:22] Reserved Reserved.
FIFO Mode Enable Bit
0 = FIFO Mode Disabled.
[21] FIFOEN 1 = FIFO Mode Enabled.
Note 1: Before enabling FIFO mode, the other related settings should be set in advance.
Note 2: In Master mode, if the FIFO mode is enabled, the SPIEN bit will be set to 1
automatically after writing data into the 4-layer depth transmit FIFO. When all data stored
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in transmit FIFO buffer are transferred, the SPIEN bit will back to 0.

[20] Reserved Reserved.

Byte Reorder Function

0 = Byte reorder function Disabled.
[19] REORDER .
1 = Byte reorder function Enabled.

Note: This setting is only available if DWIDTH is defined as 16, 24, or 32 bits.

Slave Mode Control
[18] SLAVE 0 = Master mode.
1 = Slave mode.

Unit-Transfer Interrupt Enable Bit
[17] UNITIEN 0 = SPI unit-transfer interrupt Disabled.
1 = SPI unit-transfer interrupt Enabled.

Unit-Transfer Interrupt Flag

0 = The transfer does not finish yet.

[16] UNITIF 1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.

Note 2: It's a mutual mirror bit of SPI_STATUS[16].

Suspend Interval (Master Only)

The four bits provide configurable suspend interval between two successive transactions
in a transfer. The definition of the suspend interval is the interval between the last clock
edge of the preceding transaction word and the first clock edge of the following transaction
word. The default value is 0x3. The period of the suspend interval is obtained according to
the following equation:

(SUSPITV[3:0] + 0.5) * period of SPI_CLK clock cycle
Example:

SUSPITV = 0x0 .... 0.5 SPI_CLK clock cycle.
SUSPITV = 0x1 .... 1.5 SPI_CLK clock cycle.

[15:12] SUSPITV

SUSPITV = 0xE .... 14.5 SPI_CLK clock cycle.
SUSPITV = 0xF .... 15.5 SPI_CLK clock cycle.

Clock Polarity
[11] CLKPOL 0 = SPI_CLK idle low.
1 = SPI_CLK idle high.

LSB First
[10] LSB 0 = The MSB is transmitted/received first.
1 = The LSB is transmitted/received first.

[9:8] Reserved Reserved.

Transmit Bit Length

This field specifies how many bits are transmitted in one transmit/receive. The minimum bit
length is 8 bits and can up to 32 bits.

DWIDTH = 0x01~0x07 .... reserved (can't use).
[7:3] DWIDTH DWIDTH = 0x08 .... 8 bits.

DWIDTH = 0x09 .... 9 bits.

DWIDTH = 0x1F .... 31 bits.

DWIDTH = 0x00 .... 32 bits.
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Transmit On Negative Edge
[2] TXNEG 0 = The transmitted data output signal is driven on the rising-edge of SPI_CLK.
1 = The transmitted data output signal is driven on the falling-edge of SPI_CLK.

Receive On Negative Edge
[1] RXNEG 0 = The received data input signal latched on the rising-edge of SPI_CLK.
1 = The received data input signal latched on the falling-edge of SPI_CLK.

SPI Transfer Control Bit And Busy Status
If FIFO mode is enabled, this bit will be controlled by hardware and it’s read only.

If FIFO mode is disabled, during the data transfer, this bit keeps the value of 1. As the
transfer is finished, this bit will be cleared automatically.

0 = Writing 0 to this bit to stop data transfer if SPI is transferring.

[0] SPIEN 1 = In Master mode, writing 1 to this bit to start the SPI data transfer; in Slave mode,
writing 1 to this bit indicates that the slave is ready to communicate with a master.

Note 1: When FIFO mode is disabled, all configurations should be ready before writing 1
to the SPIEN bit.

Note 2: In SPI Slave mode, if FIFO mode is disabled and the SPI bus clock is kept at idle
state during a data transfer, the SPIEN bit will not be cleared to 0 when slave select signal
goes to inactive state.

Jun. 18, 2015 Page 342 of 403 Rev.1.01



NUVOTON NM1200/NM1100
=

SPI Clock Divider Register (SPI_CLKDIV)

Register Offset R/W  |Description Reset Value
SPI_CLKDIV |SPI_BA+0x04 R/W  |SPI Clock Divider 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
DIVIDER
Bits Description
[31:8] Reserved Reserved.

Clock Divider Register (Master Only)

The value in this field is the frequency divider to determine the SPI peripheral clock
frequency fs, and the SPI master’s bus clock frequency on the SPI_CLK output pin. The
frequency is obtained according to the following equation:

If the bit of DIVMOD, SPI_SLVCTL[31], is set to O.

f SPI _clock_src

i (DIVIDER +1)*2

[7:0] DIVIDER else if DIVMOD is set to 1,

f SPI _clock _src

s (DIVIDER +1)

where

f is the SPI peripheral clock source which is defined in the CLK_CLKSEL1
SPI _clock _src

register.
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SPI Slave Select Register (SPI_SSCTL)

Register Offset R/W  |Description Reset Value
SPI_SSCTL |SPI_BA+0x08 R/W  |SPI Slave Select 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 LTF SSLTEN AUTOSS SSACTPOL Reserved SS
Bits Description
[31:6] Reserved Reserved.

Level Trigger Flag (Read Only, Slave Only)

When the SSLTEN bit is set in Slave mode, this bit can be read to indicate the received bit
number is met the requirement or not.

[5] LTF 0 = The transaction number or the transferred bit length of one transaction does not meet

the specified requirements.
1 = The transaction number and the transferred bit length meet the specified requirements
which defined in DWIDTH.
Slave Select Level Trigger Enable Bit (Slave Only)
[4] SSLTEN 0 = The input slave select signal is edge-trigger.
1 = The input slave select signal is level-trigger.
Automatic Slave Selection Function Enable Bit (Master Only)
0 = SPI_SS pin signal will be asserted/de-asserted by setting /clearing SS bit.

(3] AUTOSS 1 = SPI_SS pin signal will be generated automatically by hardware, which means that
slave select signal will be asserted by the SPI controller when transmit/receive is started
by setting SPIEN, and will be de-asserted after each transmit/receive is finished.

Slave Select Active Level (Slave Only)

It defines the active status of slave select signal (SPI_SS).
If SSLTEN bit is 1:

0 = The slave select signal SPI_SS is active at low-level.

[2] SSACTPOL . . . .

1 = The slave select signal SPI_SS is active at high-level.
If SSLTEN bit is 0:
0 = The slave select signal SPI_SS is active at falling-edge.
1 = The slave select signal SPI_SS is active at rising-edge.
[1] Reserved Reserved.
Slave Select Control Bits (Master Only)
[0] SS If AUTOSS bit is 0,

0 = Set the SPI_SS line to inactive state.
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1 = Set the SPI_SS line to active state.
If AUTOSS bit is 1,
0 = Keep the SPI_SS line at inactive state.

1 = Select the SPI_SS line to be automatically driven to active state for the duration of
transmission/reception, and will be driven to inactive state for the rest of the time. The
active state of SPI_SS is specified in SSACTPOL bit.
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SPI Data Receive Register (SPI RX)

Register Offset R/W  [Description Reset Value
SPI_RX SPI_BA+0x10 R SPI Data Receive Register 0x0000_0000
31 30 29 28 27 26 25 24
RX
23 22 21 20 19 18 17 16
RX
15 14 13 12 11 10 9 8
RX
7 6 5 4 3 2 1 0
RX
Bits Description
Data Receive Register (Read Only)
The Data Receive Register holds the value of received data of the last executed transfer.
[31:0] RX Valid bits depend on the transmit bit length field DWIDTH in the SPI_CTL register.
For example, if DWIDTH is set to 0x08, the bit field RX[7:0] holds the received data. The
values of the other bits are unknown. The Data Receive Register is read-only register.
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SPI Data Transmit Register (SPI_TX)

Register Offset R/W  [Description Reset Value
SPI_TX SPI_BA+0x20 W SPI Data Transmit Register 0x0000_0000
31 30 29 28 27 26 25 24
X
23 22 21 20 19 18 17 16
X
15 14 13 12 11 10 9 8
X
7 6 5 4 3 2 1 0
X
Bits Description
Data Transmit Register
The Data Transmit Register holds the data to be transmitted in the next transfer. Valid bits
[31:0] X depend on the transmit bit length field DWIDTH in the SPI_CTL register.
For e]z(ample, if DWIDTH is set to 0x08, the bit filed TX[7:0] will be transmitted in next
transfer.
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SPI Slave Control and Status Register (SPI SLVCTL)

Register Offset R/W  [Description Reset Value
SPI_SLVCTL SPI_BA+0x3C R/W  |SPI Slave Control and Status Register 0x0000_0000
31 30 29 28 27 26 25 24
DIVMOD Reserved
23 22 21 20 19 18 17 16
Reserved SSINAIEN
15 14 13 12 11 10 9 8
Reserved SLVSTIF SLVSTIEN SLVABT SLV3WIRE
7 6 5 4 3 2 1 0
Reserved
Bits Description
Clock Configuration Backward Compatible Option
0 = The clock configuration is backward compatible.
[31] DIVMOD ] o )
1 = The clock configuration is not backward compatible.
Note: Refer to the description of SPI_CLKDIV register for details.
[30:17] Reserved Reserved.
Slave Select Inactive Interrupt Option (Slave Only)
0 = As the slave select signal goes to inactive level, the IF bit will NOT be set to 1.
[16] SSINAIEN 1 = As the slave select signal goes to inactive level, the IF bit will be set to 1.
Note: This setting is only available if the SPI controller is configured as level
trigger in slave device.
[15:12] Reserved Reserved.
Slave 3-Wire Mode Start Interrupt Status (Slave Only)
This bit dedicates if a transaction has started in Slave 3-wire mode.
0 = Slave does not detect any SPI bus clock transfer since the SLVSTIEN bit was
setto 1.
[11] SLVSTIF ] ]
1 = The transfer has started in Slave 3-wire mode.
Note 1: It will be cleared automatically when a transaction is done or by writing 1
to this bit.
Note 2: It is a mutual mirror bit of SPI_STATUS[11].
Slave 3-Wire Mode Start Interrupt Enable (Slave Only)
It is used to enable interrupt when the transfer has started in Slave 3-wire mode. If
there is no transfer done interrupt over the time period which is defined by user
after the transfer start, user can set the SLVABT bit to force the transfer done.
(10] SLVSTIEN 0 = Transaction start interrupt Disabled.
1 = Transaction start interrupt Enabled.
Note: It will be cleared to 0 as the current transfer is done or the SLVSTIF bit is
cleared to O.
[9] SLVABT Slave 3-Wire Mode Abort Control Bit (Slave Only)
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In normal operation, there is an interrupt event when the number of received bits
meets the requirement which defined in DWIDTH.

If the number of received bits is less than the requirement and there is no more
bus clock input over one transfer time in Slave 3-wire mode, user can set this bit
to force the current transfer done and then user can get a unit transfer interrupt
event.

0 = No force the transfer done when the SLV3WIRE bit is set to 1.
1 = Force the transfer done when the SLV3WIRE bit is set to 1.

Note: This bit will be cleared to 0 automatically by hardware after it is set to 1 by
software.

Slave 3-Wire Mode Enable Bit (Slave Only)

The SPI controller work with 3-wire interface including SPI_CLK, SPI_MISO, and
SPI_MOSI.

[8] SLV3WIRE 0 = The controller is 4-wire bi-direction interface in Slave mode.

1 = The controller is 3-wire bi-direction interface in Slave mode. The controller will
be ready to transmit/receive data after the SPIEN bit is set to 1.

Note: In Slave 3-wire mode, the SSLTEN bit (SPI_SSCTL[4]) shall be set as 1.

[7:0] Reserved Reserved.
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SPI FIFO Control Register (SPI FIFOCTL)

Register Offset R/W |Description Reset Value
SPI_FIFOCTL SPI_BA+0x40 R/W |SPI FIFO Control Register 0x2200_0000
31 30 29 28 27 26 25 24
Reserved TXTH Reserved RXTH
23 22 21 20 19 18 17 16
Reserved RXTOIEN Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved RXOVIEN Reserved TXTHIEN RXTHIEN TXRST RXRST
Bits Description
[31:30] Reserved Reserved.

Transmit FIFO Threshold

[29:28] TXTH If the valid data count of the transmit FIFO buffer is less than or equal to the TXTH
setting, the TXTHIF bit will be set to 1, else the TXTHIF bit will be cleared to 0.

[27:26] Reserved Reserved.

Receive FIFO Threshold

[25:24] RXTH If the valid data count of the receive FIFO buffer is larger than the RXTH setting, the
RXTHIF bit will be set to 1, else the RXTHIF bit will be cleared to 0.

[23:22] Reserved Reserved.

Receive FIFO Time-out Interrupt Enable Bit
[21] RXTOIEN 0 = Time-out interrupt Disabled.
1 = Time-out interrupt Enabled.

[20:7] Reserved Reserved.

Receive FIFO Overrun Interrupt Enable Bit
[6] RXOVIEN 0 = Receive FIFO overrun interrupt Disabled.
1 = Receive FIFO overrun interrupt Enabled.

[5:4] Reserved Reserved.

Transmit Threshold Interrupt Enable Bit
[3] TXTHIEN 0 = Transmit threshold interrupt Disabled.
1 = Transmit threshold interrupt Enabled.

Receive Threshold Interrupt Enable Bit
[2] RXTHIEN 0 = Receive threshold interrupt Disabled.
1 = Receive threshold interrupt Enabled.

Clear Transmit FIFO Buffer

[1] TXRST
0 = No effect.
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1 = Clear transmit FIFO buffer.

Note: This bit will be cleared to 0 by hardware after software sets it to 1 and the
transmit FIFO is cleared.

Clear Receive FIFO Buffer
0 = No effect.
[0] RXRST 1 = Clear receive FIFO buffer.

Note: This bit will be cleared to 0 by hardware after software sets it to 1 and the
receive FIFO is cleared.
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SPI Status Register (SPI STATUS)

Register Offset R/W |Description Reset Value
SPI_STATUS |SPI_BA+0x44 R/W |SPI Status Register 0x0500_0000
31 30 29 28 27 26 25 24
TXCNT TXFULL TXEMPTY RXFULL RXEMPTY
23 22 21 20 19 18 17 16
Reserved SLVTOIF Reserved UNITIF
15 14 13 12 11 10 9 8
RXCNT SLVSTIF Reserved
7 6 5 4 3 2 1 0
Reserved TXTHIF Reserved RXOVIF Reserved RXTHIF

Bits Description
Transmit FIFO Data Count (Read Only)

[31:28] TXCNT . . .
Indicates the valid data count of transmit FIFO buffer.
Transmit FIFO Buffer Full Indicator (Read Only)
0 = The transmit FIFO buffer is not full.

[27] TXFULL . .
1 = The transmit FIFO buffer is full.
Note: It's a mutual mirror bit of SPI_CTL[27].
Transmit FIFO Buffer Empty Indicator (Read Only)
0 = The transmit FIFO buffer is not empty.

[26] TXEMPTY . .
1 = The transmit FIFO buffer is empty.
Note: It's a mutual mirror bit of SPI_CTL[26].
Receive FIFO Buffer Full Indicator (Read Only)
0 = The receive FIFO buffer is not full.

[25] RXFULL . .
1 = The receive FIFO buffer is full.
Note: It's a mutual mirror bit of SPI_CTL[25].
Receive FIFO Buffer Empty Indicator (Read Only)
0 = The receive FIFO buffer is not empty.

[24] RXEMPTY . .
1 = The receive FIFO buffer is empty.
Note: It's a mutual mirror bit of SPI_CTL[24].

[23:21] Reserved Reserved.
Time-out Interrupt Flag
0 = No receive FIFO time-out event.

[20] SLVTOIF 1 = The receive FIFO buffer is not empty and it does not be read over 64 SPI clock periods
in Master mode or over 576 SPI peripheral clock periods in Slave mode. When the
received FIFO buffer is read by software, the time-out status will be cleared automatically.
Note: This bit will be cleared by writing 1 to itself.

[19:17] Reserved Reserved.
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SPI Unit-Transfer Interrupt Flag

0 = The transfer does not finish yet.

[16] UNITIF 1 = The SPI controller has finished one unit transfer.
Note 1: This bit will be cleared by writing 1 to itself.
Note 2: It's a mutual mirror bit of SPI_CTL[16].

Receive FIFO Data Count (Read Only)

[15:12] RXCNT . . .
Indicates the valid data count of receive FIFO buffer.

Slave Start Interrupt Status (Slave Only)
It is used to dedicate that the transfer has started in slave 3-wire mode.

0 = Slave does not detect any SPI bus clock transfer since the SLVSTIEN bit was set to 1.
[11] SLVSTIE The transfer is not started.

1 = The transfer has started in Slave 3-wire mode.
Note 1: It will be cleared as transfer done or by writing one to this bit.
Note 2: It's a mutual mirror bit of SPI_SLVCTL[11].

[10:5] Reserved Reserved.

Transmit FIFO Threshold Interrupt Status (Read Only)

0 = The valid data count within the transmit FIFO buffer is larger than the setting value of
TXTH.

[4] TXTHIF 1 = The valid data count within the transmit FIFO buffer is less than or equal to the setting
value of TXTH.

Note: If TXTHIEN = 1 and TXTHIF = 1, the SPI controller will generate a SPI interrupt
request.

[3] Reserved Reserved.

Receive FIFO Overrun Status

When the receive FIFO buffer is full, the follow-up data will be dropped and this bit will be
setto 1.

2l RXOVIF 0 = No overrun in receive FIFO.
1 = Overrun in receive FIFO.

Note: This bit will be cleared by writing 1 to itself.

[1] Reserved Reserved.

Receive FIFO Threshold Interrupt Status (Read Only)

0 = The valid data count within the receive FIFO buffer is less than or equal to the setting
value of RXTH.

[0] RXTHIF 1 = The valid data count within the receive FIFO buffer is larger than the setting value of
RXTH.

Note: If RXTHIEN = 1 and RXTHIF = 1, the SPI controller will generate a SPI interrupt
request.
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6.12 Analog-to-Digital Converter (ADC)
6.12.1 Overview

The NM1200/NM1100 series contains one 10-bit successive approximation analog-to-digital
converters (SAR A/D converter) with 12 input channels. The A/D converters can be started by
software, external pin (STADC/P3.2) or PWM trigger.

6.12.2 Features

Analog input voltage range: 0 ~ Analog Supply Voltage from AVpp
10-bit resolution and 8-bit accuracy is guaranteed
Up to 12 single-end analog input channels

Maximum ADC clock frequency is 8 MHz, and 16 ADC clocks per sample

Two operating modes
€4 Single mode: A/D conversion is performed one time on a specified channel

€ PWM sequence mode: When PWM trigger, two of three ADC channels from 0 to 2
will automatically convert analog data in the sequence of channel [0,1] or
channel[1,2] or channel[0,2] defined by MODESEL (ADC_SEQCTL][3:2])

® An A/D conversion can be started by:
¢  Software write 1 to SWTRG bit
¢ External pin STADC
€ PWNM trigger with optional start delay period
Each Conversion result is held in data register with valid and overrun indicators

Conversion results can be compared with specified value and user can select whether
to generate an interrupt when conversion result matches the compare register setting

® Channel 0 supports 2 input sources: External analog voltage and ADC input internal
fixed band-gap voltage

® Channel 7 supports 2 input sources: internal fixed band-gap voltage and ADC input
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6.12.3 Block Diagram
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Figure 6.12-1 AD Controller Block Diagram

6.12.4 Basic Configuration

The ADC pin functions are configured in SYS_P1_MFP, SYS_P3_MFP and SYS_P5_ MFP
register. It is recommended to disable the digital input path of the analog input pins to avoid the
leakage current. User can disable the digital input path by configuring P1_DINOFF, P3_DINOFF
and P5_DINOFF register.

The ADC peripheral clock can be enabled in ADCCKEN (CLK_APBCLK][28]). The ADC peripheral
clock source is selected by ADCSEL (CLK_CLKSEL1[3:2]). The clock prescalar is determined by
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ADCDIN (CLK_CLKDIV[23:16]).

6.12.5 Functional Description

The A/D converter operates by successive approximation with 10-bit resolution. When changing
the analog input channel is enabled, in order to prevent incorrect operation, software must clear
SWTRG bit to 0 in the ADC_CTL register. The A/D converter discards the current conversion
immediately and enters idle state while SWTRG bit is cleared.

6.12.5.1 ADC Peripheral Clock Generator

The ADC engine has four clock sources selected by ADCSEL (CLK_CLKSEL1[3:2]), and selected
between HXT and LXT by XTLEN (CLK_PWRCTL[1:0]). The ADC clock peripheral frequency is
divided by an 8-bit prescaler with the following formula:

ADC peripheral clock frequency = (ADC peripheral clock source frequency) / (ADCDIV+1);
where the 8-bit ADCDIV is located in register CLK_CLKDIV[23:16].

In general, software can set ADCSEL and ADCDIV to get 8 MHz or slightly less.

——| ADCSEL (CLK_CLKSEL1[3:2])|

‘ADCCKEN (CLK_APBCLK[28]) \

> ADC_CLK
L MoK g O mcox
Reserved *ﬁ 1(ADCDIV+ 1) }—>J
E—

o1 ADCDIV (CLK CLKDIV[23:16])

00 Legend:
HXT =4724 MHz external high speed crystal oscillator
LXT =32.768 kHz external low speed crystal oscillator
HIRC =48 MHz internal high speed RC oscillator

R /
11

HIRC

HXT or LXT
>

Figure 6.12-2 ADC Peripheral Clock Control
6.12.5.2 ADC Operation

A/D conversion is performed only once on the specified single channel. The operation is as
follows:

1. A/D conversion will be started when the SWTRG bit of ADC_CTL is set to 1 by software or
external trigger input.

2. When A/D conversion is finished, the result is stored in the A/D data register.

3. The ADIF bit of ADC_STATUS register will be set to 1. If the ADCIEN bit of ADC_CTL
register is set to 1, the ADC interrupt will be asserted.

4.  The SWTRG bit remains 1 during A/D conversion. When A/D conversion ends, the SWTRG
bit is automatically cleared to 0 and the A/D converter enters idle state.

5.  Figure 6.12-3 shows an example timing diagram for Single mode.

Note: If software enables more than one channel, the channel with the smallest number will be
selected and the other enabled channels will be ignored.
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Figure 6.12-3 Single Mode Conversion Timing Diagram

6.12.5.3 External Trigger Input Sampling and A/D Conversion Time

A/D conversion can be triggered by external pin request. When the HWTRGEN (ADC_CTL[8]) bit
is set to 1 to enable ADC external trigger function, setting the HWTRGSEL (ADC_CTL[5:4]) bits to
00b is to select external trigger input from the STADC pin. Software can set HWTRGCOND to
select trigger condition between falling or rising edge. An 8-bit sampling counter is used to
deglitch. If edge trigger condition is selected, the high and low state must be kept at least 4
PCLKs. Pulse that is shorter than this specification will be ignored.

6.12.5.4 PWM Trigger

A/D conversion can also be triggered by PWM request. When the HWTRGEN is set to high to
enable ADC external hardware trigger function, setting the HWTRGSEL (ADC_CTL][5:4]) bits to
11b is to select external hardware trigger input source from PWM trigger. When PWM trigger is

enabled, setting DELAY (ADC_TRGDLY][7:0]) bits can insert a delay time between PWM trigger
condition and ADC start conversion.

HWTRGCOND
(ADC_CTL[6]) HWTRGSEL
(ADC_CTL[5:4])

1 HWTRGEN
STADC deglitch& | | 00 (ADC_CTL[8])
trigger gen
Reserved | 01
Reserved | 10 1
PWM trigger
— 11
SWTRG )
(ADC_CTL[11]) 0 ADC start to conversion

Figure 6.12-4 ADC Start Conversion Conditions
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6.12.5.5 Conversion Result Monitor by Compare Mode Function

The NM1200/NM1100 series ADC controller provides two compare registers, ADC_CMPO and
ADC_CMP1, to monitor maximum two specified channels. Software can select which channel to
be monitored by setting CMPCH (ADC_CMPx[5:0]). CMPCOND bit is used to determine the
compare condition. If CMPCOND bit is cleared to 0, the internal match counter will increase one
when the conversion result is less than the value specified in CMPDAT (ADC_CMPx[25:16]) ; if
CMPCOND bit is set to 1, the internal match counter will increase one when the conversion result
is greater than or equal to the value specified in CMPDAT[9:0]. When the conversion of the
channel specified by CMPCH is completed, the comparing action will be triggered one time
automatically. When the compare result meets the setting, compare match counter will increase
1, otherwise, the compare match counter will be clear to 0. When the match counter reaches the
setting of (CMPMCNT+1) then ADCMPF bit will be set to 1, if ADCMPIE bit is set then an
ADC_INT interrupt request is generated. Software can use it to monitor the external analog input
pin voltage transition in scan mode without imposing a load on software. Figure 6.12-5 show
detailed logic diagram.

CMPCOND(ADC_CMPx[2])

‘CMPCH(ADC_CMPX[5:3])’—> chanmel
Azr;ne > CMPMCNT
‘ CHANNEL(ADC_STATUS[6:4]) ’—» " (ADC_CMPx[11:8])
+ RESULT < CMPDAT
» 0 ADCMPFx
ADC_DATIZ:0]  4q.pit Match | (ADC_STATUS[2:1])
CHO > Comparator > Counter >
AD RESULT >= CMPDAT
1
analog
macro o
CH11 - o Note:
CMPDAT=ADC_CMPx[25:16]
RESULT=ADC_DATI[9:0]

CMPDAT(ADC_CMPx[25:16)) ’7

Figure 6.12-5 A/D Conversion Result Monitor Logics Diagram

6.12.5.6 Interrupt Sources

There are three interrupt sources of ADC interrupt. When an ADC operation mode finishes its
conversion, the A/D conversion end flag, ADIF, will be setto 1. The ADCMPFO0 and ADCMPF1
are the compare flags of compare function. When the conversion result meets the settings of
ADC_CMPO0/1, the corresponding flag will be set to 1. When one of the flags, ADIF, ADCMPFO
and ADCMPF1, is set to 1 and the corresponding interrupt enable bit, ADCIEN of ADC_CTL and
ADCMPIE of ADC_CMPO/1, is set to 1, the ADC interrupt will be asserted. Software can clear
these flags to revoke the interrupt request.
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Figure 6.12-6 A/D Controller Interrupt

6.12.5.7 Conversion Result

ADC resultin )
RESULT[920] Note: Vref voltage comes from VREF(AVpp)

.

1LSB = Vref/1024

>

11_1111_1111 -
11_1111_1110 -
11_1111_1101

00_0000_0010 -}
00_0000_0001 -}

00_0000_0000 c
1LSB Vref- 1 LSB

Single-end Input Voltage
Vin (V)

Figure 6.12-7 Conversion Result Mapping Diagram of ADC Single-end Input

6.12.5.8 PWM Sequential

Support sequential mode for 2 channels to reduce half interrupt frequency. When the SEQEN
(ADC_SEQCTLJO0)) is set to high to enable A/D PWM sequential function, setting the TRG1CTL
(ADC_SEQCTL[11:8]) and TRG2CTL (ADC_SEQCTL[19:16]) are to select external trigger input from
the PWM channel 0/2/4, type can be rising/center/falling/period, When ADC sequential mode is
enabled, two of three ADC channels from 0 to 2 will automatically convert analog data in the sequence
of channel [0, 1] or channel[1,2] or channel[0,2] defined by MODESEL (ADC_SEQCTL][3:2]). By the
way, if SEQTYPE (ADC_SEQCTL[1]) is set to low, ADC delay time is only inserted before the first
conversion. The second conversion starts immediately after the first conversion is completed. (for 2/3-
shunt type), if SEQTYPE (ADC_SEQCTL[1]) is set to high, ADC delay time is inserted before each
conversion. (for 1-shunt type), By the way, Valid ADC channel are CHO~2 in 2/3-shunt type, Valid
ADC channel are CHO~7 in 1-shunt type, Figure 6.12-8 and Figure 6.12-9 show the function diagram.

For 2-shunt Mode (SEQTYPE=1), ADC uses 2 channels among channel 0, 1 and 2, selected by
MODESEL and 1 PWM trigger sources are selected TRG1SRC. then ADC start to convert and save
data to ADC_SEQDATO. Then, immediately start next conversion without delay and store data to
ADC_SEQDATL. It also supports trigger delay timer DELAY (ADC_TRGDLY[7:0]).
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Figure 6.12-8 ADC Sequential Mode Type is 2/3-shunt

For 1-shunt Mode (SEQTYPE=0), ADC uses 1 channel and 2 PWM trigger sources are selected
TRG1SRC and TRG2SRC. It’s first-come-first-service strategy if TRG2 triggers first, then ADC start to
convert and save data to ADC_SEQDATO. Then, wait for TRG1 for next conversion and store data to
ADC_SEQDATL. It also supports trigger delay timer DELAY (ADC_TRGDLY[7:0]).

1 shunt ;
j
I
I

PWMO

PWM2 | v
I

PWM4 Tv

shunt current —M
2 ADC triggers without delay

T T to avoid transient value

CHx ADC

77

Figure 6.12-9 ADC Sequential Mode Type is 1-shunt
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6.12.6 Register Map

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

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

ADC_BA = 0x400E_0000

ADC_DAT ADC_BA+0x00 |R A/D Data Register 0x0000_0000
ADC_CTL ADC_BA+0x20 |R/W |A/D Control Register 0x0000_0000
ADC_CHEN ADC_BA+0x24 |R/W |A/D Channel Enable Register 0x0000_0000
ADC_CMPO ADC_BA+0x28 |R/W |A/D Compare Register O 0x0000_0000
ADC_CMP1 ADC_BA+0x2C |R/W |A/D Compare Register 1 0x0000_0000
ADC_STATUS |ADC_BA+0x30 [R/W |A/D Status Register 0x0000_0000
ADC_TRGDLY |ADC_BA+0x44 |R/W |A/D Trigger Delay Control Register 0x0000_0000
ADC_EXTSMPT |ADC_BA+0x48 [R/W |A/D Sampling Time Counter Register 0x0000_0000
ADC_SEQCTL |ADC_BA+0x4C |R/W |A/D PWM Sequential Mode Control Register 0x0000_0000
ADC_SEQDATO [ADC_BA+0x50 [R A/D PWM Sequential Mode First Result Register 0x0000_0000
ADC_SEQDAT1 |[ADC_BA+0x54 [R A/D PWM Sequential Mode Second Result Register 0x0000_0000
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6.12.7 Register Description

ADC Data Reqgister (ADC DAT)

Register Offset R/W |Description Reset Value
ADC_DAT ADC_BA+0x00 R A/D Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved VALID ov
15 14 13 12 11 10 9 8
Reserved RESULT
7 6 5 4 3 2 1 0
RESULT
Bits Description
[31:18] Reserved Reserved.
Valid Flag
This bit is set to 1 when ADC conversion is completed and cleared by hardware after the
[17] VALID ADC_DAT register is read.
0 = Data in RESULT[9:0] bits not valid.
1 = Data in RESULT[9:0] bits valid.
Over Run Flag
If converted data in RESULT[9:0] has not been read before the new conversion result is loaded
[16] oV to this register, OV is set to 1. It is cleared by hardware after the ADC_DAT register is read.
0 = Data in RESULT[9:0] is recent conversion result.
1 = Data in RESULT[9:0] overwrote.
[15:10] Reserved Reserved.
A/D Conversion Result
[9:0] RESULT o i )
This field contains conversion result of ADC.
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ADC Control Reqgister (ADC CTL)

Register Offset R/W [Description Reset Value
ADC_CTL ADC_BA+0x20 R/W  |A/D 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 VREFSEL SWTRG Reserved HWTRGEN
7 6 5 4 3 2 1 0
Reserved |HWTRGCOND HWTRGSEL Reserved ADCIEN ADCEN
Bits Description
[31:13] Reserved Reserved.

Reference Voltage Selection Signal
[12] VREFSEL 0 = Connect VDD5V to internal reference.
1 = Connect VREF (ADC_CHO) pin to internal reference.

Software Trigger A/D Conversion Start

SWTRG bit can be set to 1 from two sources: software and external pin STADC. SWTRG will
[11] SWTRG be cleared to 0 by hardware automatically after conversion complete.

0 = Conversion stopped and A/D converter entered idle state.
1 = Conversion start.

[10:9] Reserved Reserved.

Hardware External Trigger Enable Bit

Enable or disable triggering of A/D conversion by external STADC pin. If external trigger is
[8] HWTRGEN enabled, the SWTRG bit can be set to 1 by the selected hardware trigger source.

0= External trigger Disabled.
1= External trigger Enabled.

[7] Reserved Reserved.

Hardware External Trigger Condition

This bit decides whether the external pin STADC trigger event is falling or raising edge. The
[6] HWTRGCOND |signal must be kept at stable state at least 4 PCLKs at high and low state for edge trigger.

0 = Falling edge.
1 = Raising edge.

Hardware Trigger Source Select Bit

00 = A/D conversion is started by external STADC pin.

[5:4] HWTRGSEL |11 = A/D conversion is started by PWM trigger.

Others = Reserved.

Note: Software should disable HWTRGEN and SWTRG before change HWTRGSEL.
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Bits Description
[3:2] Reserved Reserved.

A/D Interrupt Enable Bit

A/D conversion end interrupt request is generated if ADCIEN bit is set to 1.
[1] ADCIEN

0 = A/D interrupt function Disabled.
1 = A/D interrupt function Enabled.

A/D Converter Enable Bit
0 = A/D Converter Disabled.
[0] ADCEN 1 = A/D Converter Enabled.

Note: Before starting A/D conversion function, this bit should be set to 1. Clear it to O to disable
A/D converter analog circuit to save power consumption.
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ADC Channel Enable Reqgister (ADC CHEN)

Register Offset R/W [Description Reset Value
ADC_CHEN |ADC_BA+0x24 R/W | A/D Channel 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 BGEN CHEN11 CHEN10 CHEN9 CHENS8 CH7SEL
7 6 5 4 3 2 1 0
CHEN7 CHENG6 CHENS CHEN4 CHEN3 CHEN2 CHEN1 CHENO
Bits Description
[31:14] Reserved Reserved.

Band-Gap Voltage Measurement
0 = Disabled.
[13] BGEN 1 = Enabled.

Note: User can set BGEN high to use ADC to measure Band-Gap voltage directly to instead of
enabling CH7SEL and CHEN?7.

Analog Input Channel 11 Enable Bit
[12] CHEN11 0 = Channel 11 Disabled.
1 = Channel 11 Enabled.

Analog Input Channel 10 Enable Bit
[11] CHEN10 0 = Channel 10 Disabled.
1 = Channel 10 Enabled.

Analog Input Channel 9 Enable Bit
[10] CHEN9 0 = Channel 9 Disabled.
1 = Channel 9 Enabled.

Analog Input Channel 8 Enable Bit
9] CHENS8 0 = Channel 8 Disabled.
1 = Channel 8 Enabled.

Analog Input Channel 7 Selection
0 = External analog input.
[8l CH7SEL 1 = Internal band-gap voltage (VBG).

Note: When software selects the band-gap voltage as the analog input source of ADC channel
7, the ADC clock rate needs to be limited to lower than 300 kHz.

Analog Input Channel 7 Enable Bit
[71 CHEN7 0 = Channel 7 Disabled.
1 = Channel 7 Enabled.
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Bits Description

Analog Input Channel 6 Enable Bit
[6] CHENG6 0 = Channel 6 Disabled.
1 = Channel 6 Enabled.

Analog Input Channel 5 Enable Bit
[5] CHENS5 0 = Channel 5 Disabled.
1 = Channel 5 Enabled.

Analog Input Channel 4 Enable Bit
[4] CHEN4 0 = Channel 4 Disabled.
1 = Channel 4 Enabled.

Analog Input Channel 3 Enable Bit
[3] CHEN3 0 = Channel 3 Disabled.
1 = Channel 3 Enabled.

Analog Input Channel 2 Enable Bit
[2] CHEN2 0 = Channel 2 Disabled.
1 = Channel 2 Enabled.

Analog Input Channel 1 Enable Bit
[1] CHEN1 0 = Channel 1 Disabled.
1 = Channel 1 Enabled.

Analog Input Channel 0 Enable Bit
0 = Channel 0 Disabled.
[ CHENO 1 = Channel 0 Enabled.

Note: If software enables more than one channel, the channel with the smallest number will be
selected and the other enabled channels will be ignored.
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A/D Compare Register 0/1 (ADC CMP0/1)
Register Offset R/W [Description Reset Value
ADC_CMPO |ADC_BA+0x28 R/W |A/D Compare Register O 0x0000_0000
ADC_CMP1 |ADC_BA+0x2C R/W |A/D Compare Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CMPDAT
23 22 21 20 19 18 17 16
CMPDAT
15 14 13 12 11 10 9 8
Reserved CMPMCNT
7 6 5 4 3 2 1 0
Reserved CMPCH CMPCOND ADCMPIE ADCMPEN
Bits Description
[31:26] Reserved Reserved.
Comparison Data
[25:16] CMPDAT ) , _ ) -
The 10-bit data is used to compare with conversion result of specified channel.
[15:12] Reserved Reserved.
Compare Match Count
[11:8] CMPMCNT When the specified A/D channel analog conversion result matches the compare condition
defined by CMPCOND][2], the internal match counter will increase 1. When the internal counter
reaches the value to (CMPMCNT+1), the ADCMPFx bit will be set.
[7:6] Reserved Reserved.
Compare Channel Selection
[5:3] CMPCH Set this field to select which channel’s result to be compared.
Note: Valid setting of this field is channel 0~7.
Compare Condition
0 = Set the compare condition as that when a 10-bit A/D conversion result is less than the 10-bit
CMPDAT (ADC_CMPx[25:16]), the internal match counter will increase one.
[2 CMPCOND |1 = set the compare condition as that when a 10-bit A/D conversion result is greater or equal to
the 10-bit CMPDAT (ADC_CMPx[25:16]), the internal match counter will increase one.
Note: When the internal counter reaches the value to (CMPMCNT+1), the ADCMPFx bit will be
set.
A/D Compare Interrupt Enable Bit
If the compare function is enabled and the compare condition matches the setting of
CMPCOND and CMPMCNT, ADCMPIE bit will be asserted, in the meanwhile, if ADCMPIE is
(1] ADCMPIE set to 1, a compare interrupt request is generated.
0 = Compare function interrupt Disabled.
1 = Compare function interrupt Enabled.
[0] ADCMPEN A/D Compare Enable Bit
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Bits Description

Set 1 to this bit to enable comparing CMPDAT (ADC_CMPx[25:16]) with specified channel
conversion results when converted data is loaded into the ADC_DAT register.

0 = Compare function Disabled.

1 = Compare function Enabled.
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A/D Status Register (ADC STATUS)

Register Offset R/W [Description Reset Value
ADC_STATUS [ADC_BA+0x30 [R/W |A/D Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved ov
15 14 13 12 11 10 9 8
Reserved VALID
7 6 5 4 3 2 1 0
Reserved CHANNEL BUSY ADCMPF1 ADCMPFO ADIF
Bits Description
[31:17] Reserved Reserved.
Overrun Flag (Read Onl
[16] ov It is a mirror 3)(OV bit in AyI;C_DAT register.
[15:9] Reserved Reserved.
i8] VALID Déta Va.lid Flag (Read .O.nly) .
It is a mirror of VALID bit in ADC_DAT register.
[71 Reserved Reserved.

Current Conversion Channel (Read Only)

[6:4] CHANNEL This filed reflects the current conversion channel when BUSY=1. When BUSY=0, it shows the
number of the next converted channel.

BUSY/IDLE (Read Only)

This bit is mirror of as SWTRG bit in ADC_CTL
[3] BUSY .
0 = A/D converter is in idle state.

1 = A/D converter is busy at conversion.

A/D Compare Flag 1

When the selected channel A/D conversion result meets the setting condition in ADC_CMP1,
this bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC_CMP1 setting.
1 = Conversion result in ADC_DAT meets the ADC_CMP1 setting.
Note: This bit can be cleared to 0 by software writing 1.

2] ADCMPF1

A/D Compare Flag 0

When the selected channel A/D conversion result meets the setting condition in ADC_CMPO,
this bit is set to 1.

0 = Conversion result in ADC_DAT does not meet the ADC_CMPO setting.
1 = Conversion result in ADC_DAT meets the ADC_CMPO setting.
Note: This bit can be cleared to 0 by software writing 1.

[1] ADCMPFO
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Bits Description
A/D Conversion End Flag

0] ADIF A status flag that indicates the end of A/D conversion. ADIF is set to 1 When A/D conversion
ends.
Note: This bit can be cleared to 0 by software writing 1.
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A/D Trigger Delay Controller Register (ADC TRGDLY)

Register Offset R/W |Description Reset Value
ADC_TRGDLY |ADC_BA+0x44 R/W |A/D Trigger Delay 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
DELAY
Bits Description
[31:8] Reserved Reserved.
PWM Trigger Delay Timer
[7:0] DELAY Set this field will delay ADC start conversion time after PWM trigger.
PWM trigger delay time is (4 * DELAY) * system clock.
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A/D Sampling Register (ADC EXTSMPT)

Register Offset R/W |Description Reset Value
';.? C_EXTSM ADC_BA+0x48 R/W |A/D Sampling Time Counter 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 EXTSMPT
Bits Description
[31:4] Reserved Reserved.

Additional ADC Sample Clock

If the ADC input is unstable, user can set this register to increase the sampling time to get a
stable ADC input signal. The default sampling time is 1 ADC clocks. The additional clock
number will be inserted to lengthen the sampling clock.

0 = Number of additional clock cycles is 6.

1 = Number of additional clock cycles is 7.

2 = Number of additional clock cycles is 8.

3 = Number of additional clock cycles is 10.

4 = Number of additional clock cycles is 14.

5 = Number of additional clock cycles is 22.
(3:0] EXTSMPT 6 = Number of additional clock cycles is 38.

7 = Number of additional clock cycles is 70.

8 = Number of additional clock cycles is 134.

9 = Number of additional clock cycles is 262.
10 = Number of additional clock cycles is 518.
11 = Number of additional clock cycles is 1030.
12 = Number of additional clock cycles is 1030.
13 = Number of additional clock cycles is 1030.
14 = Number of additional clock cycles is 1030.
15 = Number of additional clock cycles is 1030.
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A/D PWM Sequential Reqgister (ADC _SEQCTL)

Register Offset R/W |Description Reset Value

ADC_SEQCT

L ADC_BA+0x4C R/W |A/D PWM Sequential Mode Control Register 0x0000_0000

31 30 29 28 27 26 25 24

Reserved

23 22 21 20 19 18 17 16

Reserved TRG2SRC TRG2TYPE

15 14 13 12 11 10 9 8

Reserved TRG1SRC TRGI1TYPE

7 6 5 4 3 2 1 0

Reserved MODESEL SEQTYPE SEQEN

Bits Description

[31:20] Reserved Reserved.

PWM Trigger Source Selection
00 = PWM Trigger source is PWMO.
01 = PWM Trigger source is PWM2.
10 = PWM Trigger source is PWM4.
11 = Reserved.

[19:18] TRG2SRC

Note: PWM trigger source is valid for 1-shunt type.

PWM Trigger Type Selection

00 = Rising of the selected PWM.

01 = Center of the selected PWM.

10 = Falling of the selected PWM.

11 = Period of the selected PWM.

Note: PWM trigger source is valid for 1-shunt type.

[17:16] TRG2TYPE

[15:12] Reserved Reserved.

PWM Trigger Source Selection
00 = PWM Trigger source is PWMO.
01 = PWM Trigger source is PWM2.
10 = PWM Trigger source is PWM4.
11 = Reserved.

[11:70] TRG1SRC

Note: PWM trigger source is valid for 1-shunt and 2/3-shunt type.

PWM Trigger Type Selection

00 = Rising of the selected PWM.

01 = Center of the selected PWM.

10 = Falling of the selected PWM.

11 = Period of the selected PWM.

Note: PWM trigger source is valid for 1-shunt and 2/3-shunt type.

[9:8] TRG1TYPE
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Bits Description

[7:4] Reserved Reserved.

ADC Sequential Mode Selection

00 = Issue ADC_INT after Channel 0 then Channel 1 conversion finishes when SEQEN =1.
[3:2] MODESEL 01 = Issue ADC_INT after Channel 1 then Channel 2 conversion finishes when SEQEN =1.
10 = Issue ADC_INT after Channel 0 then Channel 2 conversion finishes when SEQEN =1.
11 = Reserved.

ADC Sequential Mode Type

0 = ADC delay time is only inserted before the first conversion. The second conversion starts

(1] SEQTYPE immediately after the first conversion is completed. (for 2/3-shunt type)

1 = ADC delay time is inserted before each conversion. (for 1-shunt type)

ADC Sequential Mode Enable Bit

When ADC sequential mode is enabled, two of three ADC channels from 0 to 2 will
automatically convert analog data in the sequence of channel [0, 1] or channel[1, 2] or
[0] SEQEN channel[0, 2] defined by MODESEL (ADC_SEQCTL[3:2]).

0 = ADC sequential mode Disabled.
1 = ADC sequential mode Enabled.
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A/D PWM Sequential Mode Result Reqgister (ADC _SEQDATO0/1)

Register Offset R/W |Description Reset Value
_%3 C_SEQDA ADC_BA+0x50 R A/D PWM Sequential Mode First Result Register 0x0000_0000
¢1D C_SEQDA ADC_BA+0x54 R A/D PWM Sequential Mode Second Result Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved VALID ov
15 14 13 12 11 10 9 8
Reserved RESULT
7 6 5 4 3 2 1 0
RESULT
Bits Description
[31:18] Reserved Reserved.
Valid Flag
This bit is set to 1 when ADC conversion is completed and cleared by hardware after the
[17] VALID ADC_DAT register is read.
0 = Data in RESULT[9:0] bits not valid.
1 = Data in RESULT[9:0] bits valid.
Over Run Flag
If converted data in RESULT[9:0] has not been read before the new conversion result is loaded
[16] oV to this register, OV is set to 1. It is cleared by hardware after the ADC_DAT register is read.
0 = Data in RESULT[9:0] is recent conversion result.
1 = Data in RESULT[9:0] overwritten.
[15:10] Reserved Reserved.
A/D PWM Sequential Mode Conversion Result
[9:0] RESULT o _ ,
This field contains conversion result of ADC.
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6.13 Analog Comparator (ACMP)
6.13.1 Overview

The NuMicro® NM1200/NM1100 series contains two comparators which can be used in a number
of different configurations. The comparator output is logic 1 when positive input is greater than
negative input, otherwise the output is 0. Each comparator can be configured to generate interrupt
when the comparator output value changes.

6.13.2 Features

Analog input voltage range: 0 ~ AVpp
Supports Hysteresis function
Optional internal reference voltage source for each comparator negative input
ACMPO supports:
B Four positive sources
] P1.5, P1.0, P1.2, or P1.3
B Three negative sources
| P1.4

B Internal Comparator Reference Voltage (CRV)
B Internal band-gap voltage (Vig)
® ACMP1 supports:

B Four positive sources
] P3.1, P3.2, P3.4, or P3.5

B Three negative sources
] P3.0
B Internal Comparator Reference Voltage (CRV)

B Internal band-gap voltage (Vgg)
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6.13.3 Block Diagram

APB Bus

Comparator Control Registers Comparator Status Register

(ACMP_CTLO, ACMP_CTL1) (ACMP_STATUS)
l ACMPIF0, ACMPIF1,
ACMPOO0, ACMPOT
ACMPO1_INT
Digital Control Logic >
g
g
NEGSEL
HYSEN
ACMPEN
ACMPO_Px
(P1.5/P1.0/
P1.2/P1.3)§§ Comparator 0
ACMP_CTLO[4] + ACMP0_O
ACMPO_N Y x(P&G) >
P1.4 | ! -
(P14) X »—0 0 : ACMP_STATUS[2]
ACMP1_Px :
(P3.1/P3.2/ ——»—01 |
P3.4/P3.5) 5 - Comparator 1
ACMP_CTL1[4] >+ ACMP1_0
ACMP1_N N 4 (P2.6)
(P3.0) | ' .
)t > | °o0 ACMP_STATUS[3]
101 |
— e o — — I
Analog Input Switch

| 0 O——=— Internal Band-gap Voltage
L1 o I
|
1 O—+—— Internal Comparator Reference Voltage

|
|
I_____I

OUT_SEL
(ACMP_VREF[7])

Figure 6.13-1 Analog Comparator Block Diagram

6.13.4 Basic Configuration

The ACMP pin functions are configured in SYS_P1 MFP, SYS P2 MFP and SYS_P3 MFP
registers. It is recommended to disable the digital input path of the analog input pins to avoid the
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leakage current. The digital input path can be disabled by configuring the P1_OFFD and
P3_OFFD registers. If a GPIO pin is configured as an ACMP input pin, this pin should not be set
as Push-pull Output mode in the Px_PMD register. Input mode is the safest configuration. If
Open-drain, Output mode or Quasi-bidirectional mode is selected, do not output O on this GPIO
pin. The default GPIO output value is 1. The default Px_PMD setting is determined by user
configuration. It could be configured as Input mode or Quasi-bidirectional mode in user
configuration.

The ACMP peripheral clocks can be enabled by setting ACMPCKEN (CLK_APBCLK][30]) to 1.

6.13.5 Functional Description

6.13.5.1 Interrupt Sources

The output of comparators are sampled by PCLK and reflected at ACMPOx (ACMP_STATUSJ[3]
and ACMP_STATUS[2)). If ACMPIE (ACMP_CRXx[1]) is set to 1, the comparator interrupt will be
enabled. As the output state of comparator is changed, the comparator interrupt will be asserted
and the corresponding flag, ACMPFx (ACMP_STATUS[1] and ACMP_STATUSIO0]), will be set.
This flag can be cleared by software writing 1.

ACMPIFO

ACMPIE
(ACMP_CTLO[1])

ACMPIF1

ACMPOL_INT

ACMPIE
(ACMP_CTL1[1])

Figure 6.13-2 Analog Comparator Controller Interrupt Sources

6.13.5.2 Hysteresis Function

The analog comparator provides hysteresis function to make the comparator output transition
more stable. If comparator output is 0, it will not change to 1 until the positive input voltage
exceeds the negative input voltage by a positive hysteresis voltage. Similarly, if comparator output
is 1, it will not change to 0 until the positive input voltage drops below the negative input voltage
by a negative hysteresis voltage.
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Negative hysteresis voltage

: i
Positive input voltage J | :\—

Comparator output

Figure 6.13-3 Comparator Hysteresis Function

6.13.6 Comparator Reference Voltage (CRV)

6.13.6.1 Introduction

The comparator reference voltage (CRV) module is responsible for generating reference voltage
for comparators. The CRV module consists of resisters ladder and analog switch, and user can
set the CRV output voltage using CRVCTL (ACMP_VREF[3:0]) and select the reference voltage
to ACMP by setting OUT_SEL (ACMP_VREF[7]).

6.13.6.2 Features
®  User selectable references voltage by setting CRVCTL (ACMP_VREF[3:0])

® Automatic disable resisters ladder for reducing power consumption when setting
OUT_SEL (ACMP_VREF[7]) = 0 (selecting Band-gap source voltage)
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The block diagram of the CRV module is shown below:

Band-gap Reference
Voltage
AVpp
4R
R T ACMPx_P
1111 OUT_SEL
R (ACMP_VREF[7]) & L s
1110 { ACMPx_ N _______ . > -
R | 1 | g I—»—o: 0 |
1101 —P—:—O 0 : | | .
HE H . o——~-}»~L8 | omparator
0010 oo o 1o, I
»—]0 , | [ |
R | | L - o
o0t} T TTr-- —?
R NEGSEL
0000 (ACMP_CTLx[4])
4R
CRVCTL
(ACMP_VREF[3:0])
J7 )
AVss
CRV (Comparator Reference Voltage) Module

Figure 6.13-4 Comparator Reference Voltage Block Diagram
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6.13.7 Register Map

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

Register Offset R/W |Description Reset Value

ACMP Base Address:
ACMP_BA = 0x400D_0000

ACMP_CTLO |ACMP_BA+0x00 |R/W [Analog Comparator O Control Register 0x0000_0000
ACMP_CTL1 |ACMP_BA+0x04 |R/W |Analog Comparator 1 Control Register 0x0000_0000
G(S:MP—STAT ACMP_BA+0x08 |R/W |Analog Comparator 0/1 Status Register 0x0000_0000
ACMP_VREF |ACMP_BA+0x0C |R/W [Analog Comparator Reference Voltage Control Register 0x0000_0000
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6.13.8 Register Description

Analog Comparator 0 Control Reqister (ACMP_CTLO)

Register Offset R/W |Description Reset Value
ACMP_CTLO |ACMP_BA+0x00 [R/W |Analog Comparator O Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved POSSEL Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved SMPTSEL Reserved FTRGEN RTRGEN
7 6 5 4 3 2 1 0
Reserved NEGSEL HYSSEL ACMPIE ACMPEN
Bits Description
[31] Reserved Reserved.
Analog Comparator 0 Positive Input Selection
00 = ACMPO_Px is from ACMPO_PO (P1.5) pin.
[30:29] POSSEL 01 = ACMPO_Px is from ACMPO_P1 (P1.0) pin.
10 = ACMPO_Px is from ACMPO_P2 (P1.2) pin.
11 = ACMPO_Px is from ACMPO_P3 (P1.3) pin.
[28:13] Reserved Reserved.
Analog Comparator 0 Speed Mode Selection
[12] SMPTSEL 0 = Slow mode.
1= Fast mode.
[11:10] Reserved Reserved.
Analog Comparator 0 Falling Edge Trigger Enable
0 = Analog comparator 0 falling edge trigger PWM or Timer enabled.
[9] FTRGEN . . .
1 = Analog comparator O falling edge trigger disabled.
Note: The bit is only effective while analog comparator 0 triggers PWM or Timer.
Analog Comparator 0 Rising Edge Trigger Enable Bit
0 = Analog comparator O rising edge trigger PWM or Timer enabled.
[8] RTRGEN » . .
1 = Analog comparator O rising edge trigger disabled.
Note: The bit is only effective while analog comparator O triggers PWM or Timer.
[7:5] Reserved Reserved.
Analog Comparator O Negative Input Select Bit
[4] NEGSEL 0 = The source of the negative comparator input is from CPNO pin.
1 = The source of the negative comparator input is from internal band-gap voltage or
comparator reference voltage.
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Bits Description

Analog Comparator O Hysteresis Select Bit
00 = Hysteresis function Disabled.

[3:2] HYSSEL 01 = Hysteresis typical range is 15mV.

10 = Hysteresis typical range is 90mV.

11 = Same as 00.

Analog Comparator O Interrupt Enable Bit
[1] ACMPIE 0 = Interrupt function Disabled.
1 = Interrupt function Enabled.

Analog Comparator 0 Enable Bit
0 = Analog Comparator 0 Disabled.
[0] ACMPEN

1 = Analog Comparator 0 Enabled.

Note: Analog comparator output needs to wait 2 us stable time after this bit is set.
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Analog Comparator 1 Control Reqgister (ACMP _CTL1)

Register Offset R/W [Description Reset Value
ACMP_CTL1 |ACMP_BA+0x04 [R/W |Analog Comparator 1 Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved POSSEL Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved SMPTSEL Reserved FTRGEN RTRGEN
7 6 5 4 3 2 1 0
Reserved NEGSEL HYSSEL ACMPIE ACMPEN
Bits Description
[31] Reserved Reserved.
Analog Comparator 1 Positive Input Selection
00 = ACMP1_Px is from ACMP1_P0 (P3.1) pin.
[30:29] POSSEL 01 = ACMP1_Px is from ACMP1_P1 (P3.2) pin.
10 = ACMP1_Px is from ACMP1_P2 (P3.4) pin.
11 = ACMP1_Px is from ACMP1_P3 (P3.5) pin.
[28:13] Reserved Reserved.
Analog Comparator 1 Speed Mode Selection
[12] SMPTSEL 0 = Slow mode.
1= Fast mode.
[11:10] Reserved Reserved.
Analog Comparator 1 Falling Edge Trigger Enable Bit
0 = Analog comparator 1 falling edge trigger PWM or Timer Enabled.
[9] FTRGEN ) ) )
1 = Analog comparator 1 falling edge trigger Disabled.
Note: The bit is only effective while analog comparator 1 triggers PWM or Timer.
Analog Comparator 1 Rising Edge Trigger Enable Bit
0 = Analog comparator 1 rising edge trigger PWM or Timer Enabled.
[8] RTRGEN » . .
1 = Analog comparator 1 rising edge trigger Disabled.
Note: The bit is only effective while analog comparator 1 triggers PWM or Timer.
[7:5] Reserved Reserved.
Analog Comparator 1 Negative Input Select Bit
4] NEGSEL 0 = The source of the negative comparator input is from CPN1 pin.
1 = The source of the negative comparator input is from internal band-gap voltage or
comparator reference voltage.
[3:2] HYSSEL Analog Comparator 1 Hysteresis Select Bit
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Bits Description

00 = Hysteresis function Disabled.

01 = Hysteresis typical range is 15mV.
10 = Hysteresis typical range is 90mV.
11 = Same as 00.

Analog Comparator 1 Interrupt Enable Bit
[1] ACMPIE 0 = Interrupt function Disabled.
1 = Interrupt function Enabled.

Analog Comparator 1 Enable Bit
0 = Analog Comparator 1 Disabled.
[0] ACMPEN
1 = Analog Comparator 1 Enabled.

Note: Analog comparator output needs to wait 2 us stable time after this bit is set.
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Analog Comparator 0/1 Status Register (ACMP_STATUS)

Register Offset R/W |Description Reset Value
'S(S:MP—STAT ACMP_BA+0x08 |R/W |Analog Comparator 0/1 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 ACMPO1 ACMPOO ACMPIF1 ACMPIFO
Bits Description
[31:4] Reserved Reserved.

Analog Comparator 1 Output

Synchronized to the APB clock to allow reading by software. Cleared when the
[3] ACMPO1 comparator 1 is disabled ACMPEN (ACMP_CTL1[0]) = 0.

0 = Analog comparator 1 outputs O.
1 = Analog comparator 1 outputs 1.

Analog Comparator 0 Output

Synchronized to the APB clock to allow reading by software. Cleared when the
[2] ACMPOO comparator O is disabled ACMPEN (ACMP_CTLO[0]) = 0.

0 = Analog comparator O outputs O.
1 = Analog comparator 0 outputs 1.

Analog Comparator 1 Flag

This bit is set by hardware whenever the comparator 1 output changes state. This will
generate an interrupt if ACMPIE (ACMP_CTL1[1]) = 1.

(1l ACMPIFL 0 = Analog comparator 1 output does not change.
1 = Analog comparator 1 output changed.
Note: This bit can be cleared to 0 by software writing 1.
Analog Comparator O Flag
This bit is set by hardware whenever the comparator 0 output changes state. This will
generate an interrupt if ACMPIE (ACMP_CTLO[1]) = 1.
[0] ACMPIFO

0 = Analog comparator 0 output does not change.
1 = Analog comparator 0 output changed.

Note: This bit can be cleared to 0 by software writing 1.
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Analog Comparator Reference Voltage Control Register (ACMP_VREF)

Register Offset R/W |Description Reset Value
ACMP_VREF |ACMP_BA+0x0C [R/W |Analog Comparator Reference Voltage 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
IREFSEL Reserved CRVCTL
Bits Description
[31:8] Reserved Reserved.
CRYV Internal Reference Selection
[7] IREFSEL 0 = Band-gap voltage.
1 = Internal comparator reference voltage.
[6:4] Reserved Reserved.
[3:0] CRVCTL Comparator Reference Voltage Control
Comparator reference voltage = AVpp * (1/ 6 + CRVCTL(ACMP_VREF[3:0]) / 24).
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6.14 Hardware Divider (HDIV)
6.14.1 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.

6.14.2 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

6.14.3 Basic Configuration

Before using the hardware divider, the clock of hardware divider must be enabled. To enable
hardware divider, it needs to set HDIVEN on CLK_AHBCLK[4] to 1.
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6.14.4 Functional Description

To use hardware divider, it needs to set dividend first. Then set divisor and the hardware divider
will trigger calculation automatically after divisor written. The calculation results including the
guotient and remainder could be got by reading HDIV_QUOTIENT and HDIV_REM register. If
CPU reads HDIV_QUOTIENT or HDIV_REM before hardware divider calculation finishing, CPU
will be held until hardware divider finishing the calculation. Therefore, CPU can always get valid
results after trigger one hardware divider calculation without software delay.

DIVBYZERO flag of HDIV_STATUS will be set if divisor is 0.

The dividend is 32-bit signed integer and divisor is 16-bit signed integer. The quotient is 32-bit
signed integer and the remainder is 16-bit signed integer.

The following figure shows the operation flow of hardware divider. To calculation X /Y, CPU
needs to write X to HDIV_DIVIDEND register, and then write Y to HDIV_DIVISOR. CPU can read
HDIV_QUOTIENT and HDIV_REM registers to get calculation results after HDIV_DIVISOR has
been written.

Calculate when DIVISOR written

J
\ HDIV_REM = X mod Y
Ha_‘“?'c‘j"’af HDIV_DIVIDEND  HDIV_DIVSOR
MH X — Y | HDIV_QUOTIENT = X / Y
U U ! 1!
cPU Write X ’—»{ Write Y ’—»{ Read Quotient ’—»{ Read Remainder ’—>
U

CPU can read results without
waiting for ready

Figure 6.14-1 Hardware Divider Operation Flow
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6.14.5 Register Map

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

NM1200/NM1100

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

HDIV_BA = 0x5001_4000

HDIV_DIVIDEND|HDIV_BA+0x00 |R/W |Dividend Source Register 0x0000_0000
HDIV_DIVISOR |HDIV_BA+0x04 |R/W |Divisor Source Resister 0x0000_FFFF
?DIV—QUOTIEN HDIV_BA+0x08 |R/W |Quotient Result Resister 0x0000_0000
HDIV_REM HDIV_BA+0x0C |R/W |Remainder Result Register 0x0000_0000
HDIV_STATUS [HDIV_BA+0x10 |R Divider Status Register 0x0000_0001
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6.14.6 Register Description

Dividend Source Register (HDIV_DIVIDEND)

Register Offset R/W |Description Reset Value
HBIV—DIVIDE HDIV_BA+0x00 R/W |Dividend Source Register 0x0000_0000
31 30 29 28 27 26 25 24
DIVIDEND
23 22 21 20 19 18 17 16
DIVIDEND
15 14 13 12 11 10 9 8
DIVIDEND
7 6 5 4 8 2 1 0
DIVIDEND
Bits Description
[31:0] DIVIDEND Di\./iden.d So.urc.e . . . .
This register is given the dividend of divider before calculation starting.
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Divisor Source Register (HDIV_DIVISOR)

Register Offset R/W Description Reset Value
HDIV_DIVISOR [HDIV_BA+0x04 R/W Divisor Source Resister 0x0000_FFFF
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
DIVISOR
7 6 5 4 3 2 1 0
DIVISOR
Bits Description
[31:16] Reserved Reserved.
Divisor Source
[15:0] DIVISOR This register is given the divisor of divider before calculation starts.
Note: When this register is written, hardware divider will start calculate.
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Quotient Result Reqgister (HDIV _QUOTIENT)

Register Offset R/W | Description Reset Value
HDIV_QUOTIENT | HDIV_BA+0x08 R/W | Quotient Result Resister 0x0000_0000
31 30 29 28 27 26 25 24
QUOTIENT
23 22 21 20 19 18 17 16
QUOTIENT
15 14 13 12 11 10 9 8
QUOTIENT
7 6 5 4 8 2 1 0
QUOTIENT
Bits Description
[31.0] QUOTIENT Qu.otien.t Result . : .
This register holds the quotient result of divider after calculation complete.
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Remainder Result Register (HDIV_REM)

Register Offset R/W | Description Reset Value
HDIV_REM | HDIV_BA+0x0C R/W Remainder Result Register 0x0000_0000
31 30 29 28 27 26 25 24
REM
23 22 21 20 19 18 17 16
REM
15 14 13 12 11 10 9 8
REM
7 6 5 4 3 2 1 0
REM
Bits Description
Remainder Result
[31:0] REM The remainder of hardware divider is 16-bit sign integer (REM[15:0]) with sign
extension (REM[31:16]) to 32-bit integer.
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Divider Status Register (HDIV_STATUS)

Register Offset R/W Description Reset Value
HDIV_STATUS | HDIV_BA+0x10 R Divider Status 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 DIVBYZERO Reserved
Bits Description
[31:2] Reserved Reserved.
Divisor Zero Warning
0 = The divisor is not 0.
(1 DIVBYZERO 1 = The divisor is 0.
Note: The DIVBYZERO flag is used to indicate divide-by-zero situation and updated
whenever HDIV_DIVISOR is written. This register is read only.
[0] Reserved Reserved.
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7 APPLICATION CIRCUIT

pvcec
1
AvVCC
AVop SPI_SS cs Voo .
SPI_CLK LK SPI Device
pvcc 3FB SPI_MISO MISO
Power Voo SPI_MOSI MOSI Vss 1
Vss =
AVss
Voo pvee pvce
SWD ICE_CLK
ICE_DAT O
Interface nRESET
VSS
4.7K; 4.7K
2 CLK
}T XT1_IN NM1200/ 12Cx_SCL Voo 2C Devi
- evice
4724 MHz NM1100 12Cx_SDA DIO vl
C s 768 kiiz 9
Crystal cn,sw.
XTLOUT LQFP48 -
DvccC
Reset 10K
: : RS232 Transceiver PC COM Port
Circuit nRESET
[ @
EI 10uFl25V*< UARTx_RXD ——ROUT RIN
UART
UARTx_TXD — TIN  TOUT
i LDO_CAP
F Note 1: For the SPI device, the Mini58 chip
LDO supply voltage must be equal to SPI device
working voltage. For example, when the SPI
Flash working voltage is 3.3 V, the Mini58 chip
supply voltage must also be 3.3V.
= Note 2: x denotes 0 or 1.
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8 ELECTRICAL CHARACTERISTICS

For information on the NM1200/NM1100 series electrical characteristics, please refer to NuMicro®
NM1200/NM1100 Series Datasheet.
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9 PACKAGE DIMENSIONS

9.1 48-pin LQFP
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9.2 33-pin QFN (4 mm x 4 mm)

| D2 C0.35%45"
1
| 32
UUUUUUI
| N £
1 _ _ N " g o ]
o ] | ]
! B _ _ S
) (- w
- | (-
1 o -
177 _€|1
nonnang
D L s K
'
L
'
i
Symbol Min Mom Max
Total Thickness A 0.7 0.75 0.8
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Lead Width b 0.15 0.20 0.25 A
iy e D .00 85C 9
ey E 4.00 BSC ==
Lead Pitch e 0.40 BSC = =
Lead Length L 0.35 0.4 0.45 a =
K 0.2 - ]
Dimension in mm
Symbol FSIZE
ymbo o MIN. NOR. MAX.
D2 2.6 2.7 275
114X114
£2 mM—s 27 275

Jun. 18, 2015 Page 399 of 403 Rev.1.01



NUVOTON NM1200/NM1100

9.3 20-pin QFN (4 mm x 4 mm)
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9.4 20-pin TSSOP
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I

10 REVISION HISTORY

Date Revision Description

2015.07.14 1.00 Preliminary version.

1. add Z:QFN 33 5x5mm of package type of Figure 4.1-1.
2. modify HIRC to 48Mhz from 22.1184MHz of Table 4.2-1.
3. modify P32CTL bit field number of P3_MFP.

4. MFP reset value.

2015.08.10 1.01
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all
types of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the
damages and liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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