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Timer_A Registers

Timer_A Interrupt Vector Register (TAxIV)

15 14 13 12 11 10 9 8
\ 0 | 0 \ 0 0 \ 0 0 0 | |
r0 ro r0 ro r0 ro r0 ro
7 6 5 3 2 1 0
] 0 [ \ 0 0 \ TAIV [ 0 \
r0 r0 r0 r0 r-(0) r-(0) r-(0) r0
TAIV Bits 15-0  Timer_A interrupt vector value

TAIV Contents

Interrupt Source

Interrupt Flag

Interrupt Priority

00h No interrupt pending
02h Capture/compare 1 TAXCCR1 CCIFG Highest
04h Capture/compare 2 TAXCCR2 CCIFG
06h Capture/compare 3 TAXCCR3 CCIFG
08h Capture/compare 4 TAXCCR4 CCIFG
0Ah Capture/compare 5 TAXCCRS5 CCIFG
0Ch Capture/compare 6 TAXCCR6 CCIFG
OEh Timer overflow TAXCTL TAIFG Lowest
Timer_A Expansion 0 Register (TAXEXO0)
15 14 13 12 11 10 9 8
\ Unused | Unused \ Unused Unused \ Unused | Unused Unused Unused \
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
’ Unused | Unused ‘ Unused Unused ‘ Unused | IDEX ‘
r0 ro r0 ro r0 rw-(0) rw-(0) rw-(0)
Unused Bits 15-3  Unused. Read only. Always read as 0.
IDEX Bits 2-0 Input divider expansion. These bits along with the ID bits select the divider for the input clock.
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27.3.11 IIDX (Offset = 1020h) [Reset = 00000000h]
[IDX is shown in Figure 27-51 and described in Table 27-38.

Return to the Summary Table.

This register provides the highest priority enabled interrupt index. Value 0x00 means no event pending. Interrupt
1 is the highest priority, IIDX next highest, 4, 8, ... IDX*31 is the least priority. That is, the least bit position that is
set to 1 denotes the highest priority pending interrupt. The priority order is fixed. However, users can implement
their own prioritization schemes using other registers that expose the full set of interrupts that have occurred.

On each read, only one interrupt is indicated. On a read, the current interrupt (highest priority) is automatically
cleared by the hardware and the corresponding interrupt flag in [RIS] and [MIS] are cleared as well. After a read
from the CPU (not from the debug interface), the register is updated with the next highest priority interrupt, if
none are pending, then it should display 0x0.

Figure 27-51. 1IDX
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED STAT
R-Oh R-Oh

Table 27-38. IIDX Field Descriptions

Bit Field Type Reset Description
31-8 RESERVED R Oh
7-0 STAT R Oh Interrupt index status

00h = No interrupt pending

01h = Interrupt Source: Zero event (Z) |

02h = Interrupt Source: Load event (L)

05h = Interrupt Source: Capture or compare down event (CCDO0)
06h = Interrupt Source: Capture or compare down event (CCD1)
07h = Interrupt Source: Capture or compare down event (CCD2)
08h = Interrupt Source: Capture or compare down event (CCD3)
09h = Interrupt Source: Capture or compare up event (CCUO)
OAh = Interrupt Source: Capture or compare up event (CCU1)
0Bh = Interrupt Source: Capture or compare up event (CCU2)
0Ch = Interrupt Source: Capture or compare up event (CCU3)
0Dh = Interrupt Source: Compare down event (CCD4)

OEh = Interrupt Source: Compare down event (CCD5)

OFh = Interrupt Source: Compare down event (CCU4)

10h = Interrupt Source: Compare down event (CCU5)

19h = Interrupt Source: Fault Event generated an interrupt. (F)
1Ah = Interrupt Source: Trigger overflow (TOV)

1Bh = Interrupt Source: Repeat Counter Zero (REPC)

1Ch = Interrupt Source: Direction Change (DC)

1Dh = Interrupt Source:QEI Incorrect state transition error (QEIERR)

2062 MSPMO G-Series 80MHz Microcontrollers SLAUB846B — JUNE 2023 — REVISED NOVEMBER 2024

Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLAU846
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU846B&partnum=
stanl
矩形


	Table of Contents
	Preface
	1 System Resets, Interrupts, and Operating Modes, System Control Module (SYS)
	1.1 System Control Module (SYS) Introduction
	1.2 System Reset and Initialization
	1.2.1 Device Initial Conditions After System Reset

	1.3 Interrupts
	1.3.1 (Non)Maskable Interrupts (NMIs)
	1.3.2 SNMI Timing
	1.3.3 Maskable Interrupts
	1.3.4 Interrupt Processing
	1.3.4.1 Interrupt Acceptance
	1.3.4.2 Return From Interrupt

	1.3.5 Interrupt Nesting
	1.3.6 Interrupt Vectors
	1.3.6.1 Alternate Interrupt Vectors

	1.3.7 SYS Interrupt Vector Generators
	1.3.7.1 SYSSNIV Software Example
	1.3.7.2 SYSBERRIV Bus Error Interrupt Vector Generator


	1.4 Operating Modes
	1.4.1 Entering and Exiting Low-Power Modes LPM0 Through LPM4
	1.4.2 Entering and Exiting Low-Power Modes LPMx.5
	1.4.3 Extended Time in Low-Power Modes

	1.5 Principles for Low-Power Applications
	1.6 Connection of Unused Pins
	1.7 Reset Pin (RST/NMI) Configuration
	1.8 Configuring JTAG pins
	1.9 Boot Code
	1.10 Bootstrap Loader (BSL)
	1.11 Memory Map – Uses and Abilities
	1.11.1 Vacant Memory Space
	1.11.2 JTAG Lock Mechanism via the Electronic Fuse

	1.12 JTAG Mailbox (JMB) System
	1.12.1 JMB Configuration
	1.12.2 JMBOUT0 and JMBOUT1 Outgoing Mailbox
	1.12.3 JMBIN0 and JMBIN1 Incoming Mailbox
	1.12.4 JMB NMI Usage

	1.13 Device Descriptor Table
	1.13.1 Identifying Device Type
	1.13.2 TLV Descriptors
	1.13.3 Peripheral Discovery Descriptor
	1.13.4 Calibration Values
	1.13.4.1 REF Calibration
	1.13.4.2 ADC Offset and Gain Calibration
	1.13.4.3 Temperature Sensor Calibration


	1.14 Special Function Registers (SFRs)
	1.15 SYS Configuration Registers

	2 Power Management Module and Supply Voltage Supervisor
	2.1 Power Management Module (PMM) Introduction
	2.2 PMM Operation
	2.2.1 VCORE and the Regulator
	2.2.2 Supply Voltage Supervisor and Monitor
	2.2.2.1 SVS/SVM Thresholds
	Recommended SVSL Settings

	2.2.2.2 High Side Supervisor/Monitor (SVSH/SVMH)
	2.2.2.3 Low-Side Supervisor/Monitor (SVSL/SVML)

	2.2.3 Supply Voltage Supervisor and Monitor - Power-Up
	2.2.4 Increasing VCORE to Support Higher MCLK Frequencies
	2.2.5 Decreasing VCORE for Power Optimization
	2.2.6 LPM3.5, LPM4.5
	2.2.7 Brownout Reset (BOR), Software BOR, Software POR
	2.2.8 SVS/SVM Performance Modes and Wakeup Times
	2.2.8.1 Wakeup Times in Debug Mode

	2.2.9 PMM Interrupts
	2.2.10 Port I/O Control
	2.2.11 Supply Voltage Monitor Output (SVMOUT, Optional)

	2.3 PMM Registers

	3 Battery Backup System
	3.1 Battery Backup Introduction
	3.2 Battery Backup Operation
	3.2.1 Battery Backup Switch Control
	3.2.2 LPMx.5 and Backup Operation
	3.2.3 Resistive Charger

	3.3 Battery Backup Registers

	4 Unified Clock System (UCS)
	4.1 Unified Clock System (UCS) Introduction
	4.2 UCS Operation
	4.2.1 UCS Module Features for Low-Power Applications
	4.2.2 Internal Very-Low-Power Low-Frequency Oscillator (VLO)
	4.2.3 Internal Trimmed Low-Frequency Reference Oscillator (REFO)
	4.2.4 XT1 Oscillator
	4.2.5 XT2 Oscillator
	4.2.6 Digitally-Controlled Oscillator (DCO)
	4.2.6.1 Adjusting DCO Frequency

	4.2.7 Frequency Locked Loop (FLL)
	4.2.8 DCO Modulator
	4.2.9 Disabling FLL Hardware and Modulator
	4.2.10 FLL Operation From Low-Power Modes
	4.2.11 Operation From Low-Power Modes, Requested by Peripheral Modules
	4.2.12 UCS Module Fail-Safe Operation
	4.2.13 Synchronization of Clock Signals

	4.3 Module Oscillator (MODOSC)
	4.3.1 MODOSC Operation

	4.4 UCS Module Registers

	5 CPUX
	5.1 MSP430X CPU (CPUX) Introduction
	5.2 Interrupts
	5.3 CPU Registers
	5.3.1 Program Counter (PC)
	5.3.2 Stack Pointer (SP)
	5.3.3 Status Register (SR)
	5.3.4 Constant Generator Registers (CG1 and CG2)
	5.3.4.1 Constant Generator – Expanded Instruction Set

	5.3.5 General-Purpose Registers (R4 –R15)

	5.4 Addressing Modes
	5.4.1 Register Mode
	5.4.2 Indexed Mode
	5.4.2.1 Indexed Mode in Lower 64-KB Memory
	5.4.2.2 MSP430 Instruction With Indexed Mode in Upper Memory
	5.4.2.3 MSP430X Instruction With Indexed Mode

	5.4.3 Symbolic Mode
	5.4.3.1 Symbolic Mode in Lower 64 KB
	5.4.3.2 MSP430 Instruction With Symbolic Mode in Upper Memory
	5.4.3.3 MSP430X Instruction With Symbolic Mode

	5.4.4 Absolute Mode
	5.4.4.1 Absolute Mode in Lower 64 KB
	5.4.4.2 MSP430X Instruction With Absolute Mode

	5.4.5 Indirect Register Mode
	5.4.6 Indirect Autoincrement Mode
	5.4.7 Immediate Mode
	5.4.7.1 MSP430 Instructions With Immediate Mode
	5.4.7.2 MSP430X Instructions With Immediate Mode


	5.5 MSP430 and MSP430X Instructions
	5.5.1 MSP430 Instructions
	5.5.1.1 MSP430 Double-Operand (Format I) Instructions
	5.5.1.2 MSP430 Single-Operand (Format II) Instructions
	5.5.1.3 Jump Instructions
	5.5.1.4 Emulated Instructions
	5.5.1.5 MSP430 Instruction Execution
	Instruction Cycles and Length for Interrupt, Reset, and Subroutines
	Format II (Single-Operand) Instruction Cycles and Lengths
	Jump Instructions Cycles and Lengths
	Format I (Double-Operand) Instruction Cycles and Lengths


	5.5.2 MSP430X Extended Instructions
	5.5.2.1 Register Mode Extension Word
	5.5.2.2 Non-Register Mode Extension Word
	5.5.2.3 Extended Double-Operand (Format I) Instructions
	5.5.2.4 Extended Single-Operand (Format II) Instructions
	Extended Format II Instruction Format Exceptions

	5.5.2.5 Extended Emulated Instructions
	5.5.2.6 MSP430X Address Instructions
	5.5.2.7 MSP430X Instruction Execution
	MSP430X Format II (Single-Operand) Instruction Cycles and Lengths
	MSP430X Format I (Double-Operand) Instruction Cycles and Lengths
	MSP430X Address Instruction Cycles and Lengths



	5.6 Instruction Set Description
	5.6.1 Extended Instruction Binary Descriptions
	5.6.2 MSP430 Instructions
	5.6.3 Extended Instructions
	5.6.4 Address Instructions


	6 Flash Memory Controller
	6.1 Flash Memory Introduction
	6.2 Flash Memory Segmentation
	6.2.1 Segment A

	6.3 Flash Memory Operation
	6.3.1 Erasing Flash Memory
	6.3.1.1 Erase Cycle
	6.3.1.2 Erasing Main Memory
	6.3.1.3 Erasing Information Memory or BSL Flash Segments
	6.3.1.4 Initiating Erase From Flash
	6.3.1.5 Initiating Erase From RAM

	6.3.2 Writing Flash Memory
	6.3.2.1 Byte/Word Write
	6.3.2.2 Initiating Byte/Word Write From Flash
	6.3.2.3 Initiating Byte/Word Write From RAM
	6.3.2.4 Long-Word Write
	6.3.2.5 Initiating Long-Word Write From Flash
	6.3.2.6 Initiating Long-Word Write From RAM
	6.3.2.7 Block Write
	6.3.2.8 Block Write Flow and Example

	6.3.3 Flash Memory Access During Write or Erase
	6.3.4 Stopping Write or Erase Cycle
	6.3.4.1 EMEX with Single Bank Flash Memory

	6.3.5 EMEX with Multiple Bank Flash Memory
	6.3.6 Checking Flash Memory
	6.3.7 Configuring and Accessing the Flash Memory Controller
	6.3.8 Flash Memory Controller Interrupts
	6.3.9 Programming Flash Memory Devices
	6.3.9.1 Programming Flash Memory Via JTAG
	6.3.9.2 Programming Flash Memory Via Bootstrap Loader (BSL)
	6.3.9.3 Programming Flash Memory Via Custom Solution


	6.4 Flash Memory Registers

	7 RAM Controller
	7.1 Ram Controller (RAMCTL) Introduction
	7.2 RAMCTL Operation
	7.3 RAMCTL Module Registers

	8 Backup RAM
	8.1 Backup RAM Introduction and Operation
	8.2 Battery Backup Registers

	9 DMA Controller
	9.1 Direct Memory Access (DMA) Introduction
	9.2 DMA Operation
	9.2.1 DMA Addressing Modes
	9.2.2 DMA Transfer Modes
	9.2.2.1 Single Transfer
	9.2.2.2 Block Transfer
	9.2.2.3 Burst-Block Transfer

	9.2.3 Initiating DMA Transfers
	9.2.3.1 Edge-Sensitive Triggers
	9.2.3.2 Level-Sensitive Triggers

	9.2.4 Halting Executing Instructions for DMA Transfers
	9.2.5 Stopping DMA Transfers
	9.2.6 DMA Channel Priorities
	9.2.7 DMA Transfer Cycle Time
	9.2.8 Using DMA With System Interrupts
	9.2.9 DMA Controller Interrupts
	9.2.9.1 DMAIV Software Example

	9.2.10 Using the USCI_B I2C Module With the DMA Controller
	9.2.11 Using ADC12 With the DMA Controller
	9.2.12 Using DAC12 With the DMA Controller

	9.3 DMA Registers

	10 Digital I/O
	10.1 Digital I/O Introduction
	10.2 Digital I/O Operation
	10.2.1 Input Registers PxIN
	10.2.2 Output Registers PxOUT
	10.2.3 Direction Registers PxDIR
	10.2.4 Pullup/Pulldown Resistor Enable Registers PxREN
	10.2.5 Output Drive Strength Registers PxDS
	10.2.6 Function Select Registers PxSEL
	10.2.7 P1 and P2 Interrupts, Port Interrupts
	10.2.7.1 P1IV, P2IV Software Example
	10.2.7.2 Interrupt Edge Select Registers P1IES, P2IES
	10.2.7.3 Interrupt Enable P1IE, P2IE

	10.2.8 Configuring Unused Port Pins

	10.3 I/O Configuration and LPMx.5 Low-Power Modes
	10.4 Digital I/O Registers

	11 Port Mapping Controller
	11.1 Port Mapping Controller Introduction
	11.2 Port Mapping Controller Operation
	11.2.1 Access
	11.2.2 Mapping

	11.3 Port Mapping Controller Registers

	12 Cyclic Redundancy Check (CRC) Module
	12.1 Cyclic Redundancy Check (CRC) Module Introduction
	12.2 CRC Checksum Generation
	12.2.1 CRC Implementation
	12.2.2 Assembler Examples
	12.2.2.1 General Assembler Example
	12.2.2.2 Reference Data Sequence


	12.3 CRC Module Registers

	13 Watchdog Timer (WDT_A)
	13.1 WDT_A Introduction
	13.2 WDT_A Operation
	13.2.1 Watchdog Timer Counter (WDTCNT)
	13.2.2 Watchdog Mode
	13.2.3 Interval Timer Mode
	13.2.4 Watchdog Timer Interrupts
	13.2.5 Clock Fail-Safe Feature
	13.2.6 Operation in Low-Power Modes
	13.2.7 Software Examples

	13.3 WDT_A Registers

	14 Timer_A
	14.1 Timer_A Introduction
	14.2 Timer_A Operation
	14.2.1 16-Bit Timer Counter
	14.2.1.1 Clock Source Select and Divider

	14.2.2 Starting the Timer
	14.2.3 Timer Mode Control
	14.2.3.1 Up Mode
	Changing Period Register TAxCCR0

	14.2.3.2 Continuous Mode
	14.2.3.3 Use of Continuous Mode
	14.2.3.4 Up/Down Mode
	Changing Period Register TAxCCR0

	14.2.3.5 Use of Up/Down Mode

	14.2.4 Capture/Compare Blocks
	14.2.4.1 Capture Mode
	Capture Initiated by Software

	14.2.4.2 Compare Mode

	14.2.5 Output Unit
	14.2.5.1 Output Modes
	Output Example—Timer in Up Mode
	Output Example – Timer in Continuous Mode
	Output Example – Timer in Up/Down Mode


	14.2.6 Timer_A Interrupts
	14.2.6.1 TAxCCR0 Interrupt
	14.2.6.2 TAxIV, Interrupt Vector Generator
	TAxIV Software Example



	14.3 Timer_A Registers

	15 Timer_B
	15.1 Timer_B Introduction
	15.1.1 Similarities and Differences From Timer_A

	15.2 Timer_B Operation
	15.2.1 16-Bit Timer Counter
	15.2.1.1 TBxR Length
	15.2.1.2 Clock Source Select and Divider

	15.2.2 Starting the Timer
	15.2.3 Timer Mode Control
	15.2.3.1 Up Mode
	Changing Period Register TBxCL0

	15.2.3.2 Continuous Mode
	15.2.3.3 Use of Continuous Mode
	15.2.3.4 Up/Down Mode
	Changing the Value of Period Register TBxCL0

	15.2.3.5 Use of Up/Down Mode

	15.2.4 Capture/Compare Blocks
	15.2.4.1 Capture Mode
	Capture Initiated by Software

	15.2.4.2 Compare Mode
	Compare Latch TBxCLn
	Grouping Compare Latches


	15.2.5 Output Unit
	15.2.5.1 Output Modes
	Output Example – Timer in Up Mode
	Output Example – Timer in Continuous Mode
	Output Example – Timer in Up/Down Mode


	15.2.6 Timer_B Interrupts
	15.2.6.1 TBxCCR0 Interrupt Vector
	15.2.6.2 TBxIV, Interrupt Vector Generator
	15.2.6.3 TBxIV, Interrupt Handler Examples


	15.3 Timer_B Registers

	16 Real-Time Clock (RTC) Overview
	16.1 RTC Overview

	17 Real-Time Clock (RTC_A)
	17.1 RTC_A Introduction
	17.2 RTC_A Operation
	17.2.1 Counter Mode
	17.2.2 Calendar Mode
	17.2.2.1  Real-Time Clock and Prescale Dividers
	17.2.2.2  Real-Time Clock Alarm Function
	17.2.2.3  Reading or Writing Real-Time Clock Registers in Calendar Mode

	17.2.3 Real-Time Clock Interrupts
	17.2.3.1  Real-Time Clock Interrupts in Calendar Mode
	17.2.3.2 Real-Time Clock Interrupts in Counter Mode
	RTCIV Software Example


	17.2.4 Real-Time Clock Calibration

	17.3 Real-Time Clock Registers

	18 Real-Time Clock B (RTC_B)
	18.1 Real-Time Clock RTC_B Introduction
	18.2 RTC_B Operation
	18.2.1 Real-Time Clock and Prescale Dividers
	18.2.2 Real-Time Clock Alarm Function
	18.2.3 Reading or Writing Real-Time Clock Registers
	18.2.4 Real-Time Clock Interrupts
	
	RTCIV Software Example


	18.2.5 Real-Time Clock Calibration
	18.2.6 Real-Time Clock Operation in LPMx.5 Low Power Mode

	18.3 Real-Time Clock Registers

	19 32-Bit Hardware Multiplier (MPY32)
	19.1 32-Bit Hardware Multiplier (MPY32) Introduction
	19.2 MPY32 Operation
	19.2.1 Operand Registers
	19.2.2 Result Registers
	19.2.2.1 MACS Underflow and Overflow

	19.2.3 Software Examples
	19.2.4 Fractional Numbers
	19.2.4.1 Fractional Number Mode
	19.2.4.2 Saturation Mode

	19.2.5 Putting It All Together
	19.2.6 Indirect Addressing of Result Registers
	19.2.7 Using Interrupts
	19.2.7.1 Save and Restore

	19.2.8 Using DMA

	19.3 MPY32 Registers

	20 REF
	20.1 REF Introduction
	20.2 Principle of Operation
	20.2.1 Low-Power Operation
	20.2.2 REFCTL
	20.2.3 Reference System Requests
	20.2.3.1 REFBGACT, REFGENACT, REFGENBUSY
	20.2.3.2 ADC10_A
	20.2.3.3 ADC12_A
	20.2.3.4 DAC12_A
	20.2.3.5 LCD_B


	20.3 REF Registers

	21 ADC10_A
	21.1 ADC10_A Introduction
	21.2 ADC10_A Operation
	21.2.1 10-Bit ADC Core
	21.2.1.1 Conversion Clock Selection

	21.2.2 ADC10_A Inputs and Multiplexer
	21.2.2.1 Analog Port Selection

	21.2.3 Voltage Reference Generator
	21.2.3.1 Internal Reference Low-Power Features

	21.2.4 Auto Power Down
	21.2.5 Sample and Conversion Timing
	21.2.5.1 Extended Sample Mode
	21.2.5.2 Pulse Sample Mode
	21.2.5.3 Sample Timing Considerations

	21.2.6 Conversion Result
	21.2.7 ADC10_A Conversion Modes
	21.2.7.1 Single-Channel Single-Conversion Mode
	21.2.7.2 Sequence-of-Channels Mode (Autoscan Mode)
	21.2.7.3 Repeat-Single-Channel Mode
	21.2.7.4 Repeat-Sequence-of-Channels Mode (Repeated Autoscan Mode)
	21.2.7.5 Using the Multiple Sample and Convert (ADC10MSC) Bit
	21.2.7.6 Stopping Conversions

	21.2.8 Window Comparator
	21.2.9 Using the Integrated Temperature Sensor
	21.2.10 ADC10_A Grounding and Noise Considerations
	21.2.11 ADC10_A Interrupts
	21.2.11.1 ADC10IV, Interrupt Vector Generator
	21.2.11.2 ADC10_A Interrupt Handling Software Example


	21.3 ADC10_A Registers

	22 ADC12_A
	22.1 ADC12_A Introduction
	22.2 ADC12_A Operation
	22.2.1 12-Bit ADC Core
	22.2.1.1 Conversion Clock Selection

	22.2.2 ADC12_A Inputs and Multiplexer
	22.2.2.1 Analog Port Selection

	22.2.3 Voltage Reference Generator
	22.2.3.1 Internal Reference Low-Power Features

	22.2.4 Auto Power Down
	22.2.5 Sample and Conversion Timing
	22.2.5.1 Extended Sample Mode
	22.2.5.2 Pulse Sample Mode
	22.2.5.3 Sample Timing Considerations

	22.2.6 Conversion Memory
	22.2.7 ADC12_A Conversion Modes
	22.2.7.1 Single-Channel Single-Conversion Mode
	22.2.7.2 Sequence-of-Channels Mode (Autoscan Mode)
	22.2.7.3 Repeat-Single-Channel Mode
	22.2.7.4 Repeat-Sequence-of-Channels Mode (Repeated Autoscan Mode)
	22.2.7.5 Using the Multiple Sample and Convert (ADC12MSC) Bit
	22.2.7.6 Stopping Conversions

	22.2.8 Using the Integrated Temperature Sensor
	22.2.9 ADC12_A Grounding and Noise Considerations
	22.2.10 ADC12_A Interrupts
	22.2.10.1 ADC12IV, Interrupt Vector Generator
	22.2.10.2 ADC12_A Interrupt Handling Software Example


	22.3 ADC12_A Registers

	23 DAC12_A
	23.1 DAC12_A Introduction
	23.2 DAC12_A Operation
	23.2.1 DAC12_A Core
	23.2.2 DAC12_A Port Selection
	23.2.3 DAC12_A Reference
	23.2.3.1 DAC12_A Reference Input and Voltage Output Buffers

	23.2.4 Updating the DAC12_A Voltage Output
	23.2.5 DAC12_xDAT Data Formats
	23.2.6 DAC12_A Output Amplifier Offset Calibration
	23.2.7 Grouping Multiple DAC12_A Modules
	23.2.8 DAC12_A Interrupts
	23.2.8.1 DAC12IV, Interrupt Vector Generator
	DAC12IV Software Example



	23.3 DAC Outputs
	23.4 DAC12_A Registers

	24 Comp_B
	24.1 Comp_B Introduction
	24.2 Comp_B Operation
	24.2.1 Comparator
	24.2.2 Analog Input Switches
	24.2.3 Port Logic
	24.2.4 Input Short Switch
	24.2.5 Output Filter
	24.2.6 Reference Voltage Generator
	24.2.7 Comp_B, Port Disable Register CBPD
	24.2.8 Comp_B Interrupts
	24.2.9 Comp_B Used to Measure Resistive Elements

	24.3 Comp_B Registers

	25 LCD_B Controller
	25.1 LCD_B Controller Introduction
	25.2 LCD_B Controller Operation
	25.2.1 LCD Memory
	25.2.2 LCD Timing Generation
	25.2.3 Blanking the LCD
	25.2.4 LCD Blinking
	25.2.4.1 Blinking Memory
	25.2.4.2 Blinking Frequency
	25.2.4.3 Dual Display Memory

	25.2.5 LCD_B Voltage And Bias Generation
	25.2.5.1 LCD Voltage Selection
	25.2.5.2 LCD Bias Generation
	25.2.5.3 LCD Contrast Control

	25.2.6 LCD Outputs
	25.2.7 LCD_B Interrupts
	25.2.7.1 LCDBIV Software Example

	25.2.8 Static Mode
	25.2.8.1 Static Mode Software Example

	25.2.9 2-Mux Mode
	25.2.9.1 2-Mux Mode Software Example

	25.2.10 3-Mux Mode
	25.2.10.1 3-Mux Mode Software Example

	25.2.11 4-Mux Mode
	25.2.11.1 4-Mux Mode Software Example


	25.3 LCD Controller Registers

	26 Universal Serial Communication Interface – UART Mode
	26.1 Universal Serial Communication Interface (USCI) Overview
	26.2 USCI Introduction – UART Mode
	26.3 USCI Operation – UART Mode
	26.3.1 USCI Initialization and Reset
	26.3.2 Character Format
	26.3.3 Asynchronous Communication Format
	26.3.3.1 Idle-Line Multiprocessor Format
	Transmitting an Idle Frame

	26.3.3.2 Address-Bit Multiprocessor Format
	Break Reception and Generation


	26.3.4 Automatic Baud-Rate Detection
	26.3.4.1 Transmitting a Break/Synch Field

	26.3.5 IrDA Encoding and Decoding
	26.3.5.1 IrDA Encoding
	26.3.5.2 IrDA Decoding

	26.3.6 Automatic Error Detection
	26.3.7 USCI Receive Enable
	26.3.7.1 Receive Data Glitch Suppression

	26.3.8 USCI Transmit Enable
	26.3.9 UART Baud-Rate Generation
	26.3.9.1 Low-Frequency Baud-Rate Generation
	26.3.9.2 Oversampling Baud-Rate Generation

	26.3.10 Setting a Baud Rate
	26.3.10.1 Low-Frequency Baud-Rate Mode Setting
	26.3.10.2 Oversampling Baud-Rate Mode Setting

	26.3.11 Transmit Bit Timing
	26.3.11.1 Low-Frequency Baud-Rate Mode Bit Timing
	26.3.11.2 Oversampling Baud-Rate Mode Bit Timing

	26.3.12 Receive Bit Timing
	26.3.13 Typical Baud Rates and Errors
	26.3.14 Using the USCI Module in UART Mode With Low-Power Modes
	26.3.15 USCI Interrupts
	26.3.15.1 USCI Transmit Interrupt Operation
	26.3.15.2 USCI Receive Interrupt Operation
	26.3.15.3 UCAxIV, Interrupt Vector Generator
	UCAxIV Software Example



	26.4 USCI Registers – UART Mode

	27 Universal Serial Communication Interface – SPI Mode
	27.1 Universal Serial Communication Interface (USCI) Overview
	27.2 USCI Introduction – SPI Mode
	27.3 USCI Operation – SPI Mode
	27.3.1 USCI Initialization and Reset
	27.3.2 Character Format
	27.3.3 Master Mode
	27.3.3.1 4-Pin SPI Master Mode

	27.3.4 Slave Mode
	27.3.4.1 4-Pin SPI Slave Mode

	27.3.5 SPI Enable
	27.3.5.1 Transmit Enable
	27.3.5.2 Receive Enable

	27.3.6 Serial Clock Control
	27.3.6.1 Serial Clock Polarity and Phase

	27.3.7 Using the SPI Mode With Low-Power Modes
	27.3.8 SPI Interrupts
	27.3.8.1 SPI Transmit Interrupt Operation
	27.3.8.2 SPI Receive Interrupt Operation
	27.3.8.3 UCxIV, Interrupt Vector Generator
	UCxIV Software Example



	27.4 USCI Registers – SPI Mode

	28 Universal Serial Communication Interface – I2C Mode
	28.1 Universal Serial Communication Interface (USCI) Overview
	28.2 USCI Introduction – I2C Mode
	28.3 USCI Operation – I2C Mode
	28.3.1 USCI Initialization and Reset
	28.3.2 I2C Serial Data
	28.3.3 I2C Addressing Modes
	28.3.3.1 7-Bit Addressing
	28.3.3.2 10-Bit Addressing
	28.3.3.3 Repeated Start Conditions

	28.3.4 I2C Module Operating Modes
	28.3.4.1 Slave Mode
	I2C Slave Transmitter Mode
	I2C Slave Receiver Mode
	I2C Slave 10-Bit Addressing Mode

	28.3.4.2 Master Mode
	I2C Master Transmitter Mode
	I2C Master Receiver Mode
	I2C Master 10-Bit Addressing Mode

	28.3.4.3 Arbitration

	28.3.5 I2C Clock Generation and Synchronization
	28.3.5.1 Clock Stretching

	28.3.6 Using the USCI Module in I2C Mode With Low-Power Modes
	28.3.7 USCI Interrupts in I2C Mode
	28.3.7.1 I2C Transmit Interrupt Operation
	28.3.7.2 I2C Receive Interrupt Operation
	28.3.7.3 I2C State Change Interrupt Operation
	28.3.7.4 UCBxIV, Interrupt Vector Generator
	UCBxIV Software Example



	28.4 USCI Registers– I2C Mode

	29 USB Module
	29.1 USB Introduction
	29.2 USB Operation
	29.2.1 USB Transceiver (PHY)
	29.2.1.1 D+ Pullup Via PUR Pin
	29.2.1.2 Shorts on Damaged Cables and Clamping
	29.2.1.3 Port U Control

	29.2.2 USB Power System
	29.2.2.1 Enabling/Disabling
	29.2.2.2 Powering the Rest of the MSP430 From USB Bus Power via VUSB
	29.2.2.3 Powering Other Components in the System from VUSB
	29.2.2.4 Self-Powered Devices
	29.2.2.5 Current Limitation / Overload Protection

	29.2.3 USB Phase-Locked Loop (PLL)
	29.2.3.1 Modifying the Divider Values
	29.2.3.2 PLL Error Indicators
	29.2.3.3 PLL Startup Sequence

	29.2.4 USB Controller Engine
	29.2.4.1 USB Serial Interface Engine (SIE)
	29.2.4.2 USB Buffer Manager (UBM)
	29.2.4.3 USB Buffer Memory
	29.2.4.4 USB Fine Timestamp
	29.2.4.5 Suspend/Resume Logic
	29.2.4.6 Reset Logic

	29.2.5 USB Vector Interrupts
	29.2.6 Power Consumption
	29.2.7 Suspend and Resume
	29.2.7.1 Entering Suspend
	29.2.7.2 Entering Resume Mode


	29.3 USB Transfers
	29.3.1 Control Transfers
	29.3.1.1 Control Write Transfer
	29.3.1.2 Control Write Transfer with No Data Stage Transfer
	29.3.1.3 Control Read Transfer

	29.3.2 Interrupt Transfers
	29.3.2.1 Interrupt OUT Transfer
	29.3.2.2 Interrupt IN Transfer

	29.3.3 Bulk Transfers
	29.3.3.1 Bulk OUT Transfer
	29.3.3.2 Bulk IN Transfer


	29.4 Registers
	29.4.1 USB Configuration Registers
	29.4.2 USB Control Registers
	29.4.3 USB Buffer Registers and Memory


	30 LDO-PWR Module
	30.1 LDO-PWR Introduction
	30.2 LDO-PWR Operation
	30.2.1 Enabling/Disabling
	30.2.2 Powering the Rest of the MSP430 from the LDO-PWR
	30.2.3 Powering Other Components in the System from LDO-PWR
	30.2.4 Applications Not Requiring LDO-PWR
	30.2.5 Current Limitation / Overload Protection
	30.2.6 LDO-PWR Interrupts
	30.2.7 Port U Control

	30.3 Registers
	30.3.1 LDO-PWR Configuration Registers


	31 Embedded Emulation Module (EEM)
	31.1 Embedded Emulation Module (EEM) Introduction
	31.2 EEM Building Blocks
	31.2.1 Triggers
	31.2.2 Trigger Sequencer
	31.2.3 State Storage (Internal Trace Buffer)
	31.2.4 Cycle Counter
	31.2.5 Clock Control

	31.3 EEM Configurations

	Table of Contents
	Read This First
	About This Manual
	Notational Conventions
	Glossary
	Support Resources
	Trademarks

	1 Architecture
	1.1 Architecture Overview
	1.2 Bus Organization
	1.3 Platform Memory Map
	1.3.1 Code Region
	1.3.2 SRAM Region
	1.3.3 Peripheral Region
	1.3.4 Subsystem Region
	1.3.5 System PPB Region

	1.4 Boot Configuration
	1.4.1 Configuration Memory (NONMAIN)
	1.4.1.1 CRC-Backed Configuration Data
	1.4.1.2 16-bit Pattern Match for Critical Fields

	1.4.2 Boot Configuration Routine (BCR)
	1.4.2.1 Serial Wire Debug Related Policies
	1.4.2.1.1 SWD Security Level 0
	1.4.2.1.2 SWD Security Level 1
	1.4.2.1.3 SWD Security Level 2

	1.4.2.2 SWD Mass Erase and Factory Reset Commands
	1.4.2.3 Flash Memory Protection and Integrity Related Policies
	1.4.2.3.1 Locking the Application (MAIN) Flash Memory
	1.4.2.3.2 Locking the Configuration (NONMAIN) Flash Memory
	1.4.2.3.3 Static Write Protection NONMAIN Fields

	1.4.2.4 Application CRC Verification
	1.4.2.5 Fast Boot
	1.4.2.6 Bootstrap Loader (BSL) Enable/Disable Policy
	1.4.2.6.1 BSL Enable


	1.4.3 Bootstrap Loader (BSL)
	1.4.3.1 GPIO Invoke
	1.4.3.2 Bootstrap Loader (BSL) Security Policies
	1.4.3.2.1 BSL Access Password
	1.4.3.2.2 BSL Read-out Policy
	1.4.3.2.3 BSL Security Alert Policy

	1.4.3.3 Application Version
	1.4.3.4 BSL Triggered Mass Erase and Factory Reset


	1.5 NONMAIN_G350x_G310x_G150x_G110x Registers
	1.6 NONMAIN_G351x_G151x Registers
	1.7 Factory Constants
	1.7.1 FACTORYREGION Registers


	2 PMCU
	2.1 PMCU Overview
	2.1.1 Power Domains
	2.1.2 Operating Modes
	2.1.2.1 RUN Mode
	2.1.2.2 SLEEP Mode
	2.1.2.3 STOP Mode
	2.1.2.4 STANDBY Mode
	2.1.2.5 SHUTDOWN Mode
	2.1.2.6 Supported Functionality by Operating Mode
	2.1.2.7 Suspended Low-Power Mode Operation


	2.2 Power Management (PMU)
	2.2.1 Power Supply
	2.2.2 Core Regulator
	2.2.3 Supply Supervisors
	2.2.3.1 Power-on Reset (POR) Supervisor
	2.2.3.2 Brownout Reset (BOR) Supervisor
	2.2.3.3 POR and BOR Behavior During Supply Changes

	2.2.4 Bandgap Reference
	2.2.5 Temperature Sensor
	2.2.6 VBOOST for Analog Muxes
	2.2.7 Peripheral Power Enable Control
	2.2.7.1 Automatic Peripheral Disable in Low Power Modes


	2.3 Clock Module (CKM)
	2.3.1 Oscillators
	2.3.1.1 Internal Low-Frequency Oscillator (LFOSC)
	2.3.1.2 Internal System Oscillator (SYSOSC)
	2.3.1.2.1 SYSOSC Gear Shift
	2.3.1.2.2 SYSOSC Frequency and User Trims
	2.3.1.2.3 SYSOSC Frequency Correction Loop
	2.3.1.2.3.1 SYSOSC FCL in External Resistor Mode (ROSC)
	2.3.1.2.3.2 SYSOSC FCL in Internal Resistor Mode

	2.3.1.2.4 SYSOSC User Trim Procedure
	2.3.1.2.5 Disabling SYSOSC

	2.3.1.3 System Phase-Locked Loop (SYSPLL)
	2.3.1.3.1 Configuring SYSPLL Output Frequencies
	2.3.1.3.2 Loading SYSPLL Lookup Parameters
	2.3.1.3.3 SYSPLL Startup Time

	2.3.1.4 Low Frequency Crystal Oscillator (LFXT)
	2.3.1.5 LFCLK_IN (Digital Clock)
	2.3.1.6 High Frequency Crystal Oscillator (HFXT)
	2.3.1.7 HFCLK_IN (Digital clock)

	2.3.2 Clocks
	2.3.2.1 MCLK (Main Clock) Tree
	2.3.2.2 CPUCLK (Processor Clock)
	2.3.2.3 ULPCLK (Low-Power Clock)
	2.3.2.4 MFCLK (Middle Frequency Clock)
	2.3.2.5 MFPCLK (Middle Frequency Precision Clock)
	2.3.2.6 LFCLK (Low-Frequency Clock)
	2.3.2.7 HFCLK (High-Frequency External Clock)
	2.3.2.8 HSCLK (High Speed Clock)
	2.3.2.9 ADCCLK (ADC Sample Period Clock)
	2.3.2.10 CANCLK (CAN-FD Functional Clock)
	2.3.2.11 RTCCLK (RTC Clock)
	2.3.2.12 External Clock Output (CLK_OUT)
	2.3.2.13 Direct Clock Connections for Infrastructure

	2.3.3 Clock Tree
	2.3.3.1 Peripheral Clock Source Selection

	2.3.4 Clock Monitors
	2.3.4.1 LFCLK Monitor
	2.3.4.2 MCLK Monitor
	2.3.4.3 Startup Monitors
	2.3.4.3.1 LFOSC Startup Monitor
	2.3.4.3.2 LFXT Startup Monitor
	2.3.4.3.3 HFCLK Startup Monitor
	2.3.4.3.4 SYSPLL Startup Monitor
	2.3.4.3.5 HSCLK Status


	2.3.5 Frequency Clock Counter (FCC)
	2.3.5.1 Using the FCC
	2.3.5.2 FCC Frequency Computation and Accuracy


	2.4 System Controller (SYSCTL)
	2.4.1 Resets and Device Initialization
	2.4.1.1 Reset Levels
	2.4.1.1.1 Power-on Reset (POR) Reset Level
	2.4.1.1.2 Brownout Reset (BOR) Reset Level
	2.4.1.1.3 Boot Reset (BOOTRST) Reset Level
	2.4.1.1.4 System Reset (SYSRST) Reset Level
	2.4.1.1.5 CPU-only Reset (CPURST) Reset Level

	2.4.1.2 Initial Conditions After POR
	2.4.1.3 NRST Pin
	2.4.1.4 SWD Pins
	2.4.1.5 Generating Resets in Software
	2.4.1.6 Reset Cause
	2.4.1.7 Peripheral Reset Control
	2.4.1.8 Boot Fail Handling

	2.4.2 Operating Mode Selection
	2.4.3 Asynchronous Fast Clock Requests
	2.4.4 SRAM Write Protection
	2.4.5 Flash Wait States
	2.4.6 Flash Bank Address Swap
	2.4.7 Shutdown Mode Handling (if present)
	2.4.8 Configuration Lockout
	2.4.9 System Status
	2.4.10 Error Handling
	2.4.11 SYSCTL Events
	2.4.11.1 CPU Interrupt Event (CPU_INT)
	2.4.11.2 Nonmaskable Interrupt Event (NMI)


	2.5 Quick Start Reference
	2.5.1 Default Device Configuration
	2.5.2 Leveraging MFCLK
	2.5.3 Optimizing Power Consumption in STOP Mode
	2.5.4 Optimizing Power Consumption in STANDBY Mode
	2.5.5 Increasing MCLK and ULPCLK Precision
	2.5.6 Configuring MCLK for Maximum Speed
	2.5.7 High Speed Clock (SYSPLL, HFCLK) Handling in Low-Power Modes
	2.5.8 Optimizing for Lowest Wakeup Latency
	2.5.9 Optimizing for Lowest Peak Current in RUN/SLEEP Mode

	2.6 SYSCTL_G350x_G310x_G150x_G110x Registers
	2.7 SYSCTL_G351x_G151x Registers

	3 CPU
	3.1 Overview
	3.2 Arm Cortex-M0+ CPU
	3.2.1 CPU Register File
	3.2.2 Stack Behavior
	3.2.3 Execution Modes and Privilege Levels
	3.2.4 Address Space and Supported Data Sizes

	3.3 Interrupts and Exceptions
	3.3.1 Peripheral Interrupts (IRQs)
	3.3.1.1 Nested Vectored Interrupt Controller (NVIC)
	3.3.1.2 Interrupt Groups
	3.3.1.3 Wake Up Controller (WUC)

	3.3.2 Interrupt and Exception Table
	3.3.3 Processor Lockup Scenario

	3.4 CPU Peripherals
	3.4.1 System Control Block (SCB)
	3.4.2 System Tick Timer (SysTick)
	3.4.3 Memory Protection Unit (MPU)

	3.5 Read-Only Memory (ROM)
	3.6 CPUSS Registers
	3.7 WUC Registers

	4 SECURITY
	4.1 Overview
	4.1.1 Secure Boot
	4.1.2 Customer Secure Code (CSC)

	4.2 Boot and Startup Sequence
	4.2.1 CSC Programming Overview

	4.3 Secure Key Storage
	4.4 Flash Memory Protection
	4.4.1 Bank Swapping
	4.4.2 Write Protection
	4.4.3 Read-Execute Protection
	4.4.4 IP Protection
	4.4.5 Data Bank Protection
	4.4.6 Hardware Monotonic Counter

	4.5 SRAM Protection
	4.6 SECURITY Registers

	5 DMA
	5.1 DMA Overview
	5.2 DMA Operation
	5.2.1 Addressing Modes
	5.2.2 Channel Types
	5.2.3 Transfer Modes
	5.2.3.1 Single Transfer
	5.2.3.2 Block Transfer
	5.2.3.3 Repeated Single Transfer
	5.2.3.4 Repeated Block Transfer
	5.2.3.5 Stride Mode

	5.2.4 Extended Modes
	5.2.4.1 Fill Mode
	5.2.4.2 Table Mode

	5.2.5 Initiating DMA Transfers
	5.2.6 Stopping DMA Transfers
	5.2.7 Channel Priorities
	5.2.8 Burst Block Mode
	5.2.9 Using DMA with System Interrupts
	5.2.10 DMA Controller Interrupts
	5.2.11 DMA Trigger Event Status
	5.2.12 DMA Operating Mode Support
	5.2.12.1 Transfer in RUN Mode
	5.2.12.2 Transfer in SLEEP Mode
	5.2.12.3 Transfer in STOP Mode
	5.2.12.4 Transfers in STANDBY Mode

	5.2.13 DMA Address and Data Errors
	5.2.14 Interrupt and Event Support

	5.3 DMA Registers

	6 MATHACL
	6.1 Overview
	6.2 Data Format
	6.2.1 Unsigned 32-bit integers
	6.2.2 Signed 32-bit integers
	6.2.3 Unsigned 32-bit numbers
	6.2.4 Signed 32-bit numbers

	6.3 Basic Operation
	6.4 Configuration Details with Examples
	6.4.1 Sine and Cosine (SINCOS)
	6.4.2 Arc Tangent (ATAN2)
	6.4.3 Square Root (SQRT)
	6.4.4 Division (DIV)
	6.4.5 Multiplication
	6.4.5.1 Multiply32 (MPY32)
	6.4.5.2 Square32 (SQUARE32)
	6.4.5.3 Multiply64 (MPY64)
	6.4.5.4 Square64 (SQUARE64)

	6.4.6 Multiply-Accumulate (MAC)
	6.4.7 Square Accumulate (SAC)

	6.5 MATHACL Registers
	6.6 DMA Support for Accumulation Functions

	7 NVM (Flash)
	7.1 NVM Overview
	7.1.1 Key Features
	7.1.2 System Components
	7.1.3 Terminology

	7.2 Flash Memory Bank Organization
	7.2.1 Banks
	7.2.2 Flash Memory Regions
	7.2.3 Addressing
	7.2.3.1 Flash Memory Map

	7.2.4 Memory Organization Examples

	7.3 Flash Controller
	7.3.1 Overview of Flash Controller Commands
	7.3.2 NOOP Command
	7.3.3 PROGRAM Command
	7.3.3.1 Program Bit Masking Behavior
	7.3.3.2 Programming Less Than One Flash Word
	7.3.3.3 Target Data Alignment (Devices with Single Flash Word Programming Only)
	7.3.3.4 Target Data Alignment (Devices With Multiword Programming)
	7.3.3.5 Executing a PROGRAM Operation

	7.3.4 ERASE Command
	7.3.4.1 Erase Sector Masking Behavior
	7.3.4.2 Executing an ERASE Operation

	7.3.5 READVERIFY Command
	7.3.5.1 Executing a READVERIFY Operation

	7.3.6 BLANKVERIFY Command
	7.3.6.1 Executing a BLANKVERIFY Operation

	7.3.7 Command Diagnostics
	7.3.7.1 Command Status
	7.3.7.2 Address Translation
	7.3.7.3 Pulse Counts

	7.3.8 Overriding the System Address With a Bank ID, Region ID, and Bank Address
	7.3.9 FLASHCTL Events
	7.3.9.1 CPU Interrupt Event Publisher


	7.4 Write Protection
	7.4.1 Write Protection Resolution
	7.4.2 Static Write Protection
	7.4.3 Dynamic Write Protection
	7.4.3.1 Configuring Protection for the MAIN Region
	7.4.3.2 Configuring Protection for the NONMAIN Region


	7.5 Read Interface
	7.5.1 Bank Address Swapping
	7.5.2 ECC Error Handling
	7.5.2.1 Single bit (correctable) errors
	7.5.2.2 Dual bit (uncorrectable) errors


	7.6 FLASHCTL_G350x_G310x_G150x_G110x Registers
	7.7 FLASHCTL_G351x_G151x Registers

	8 Events
	8.1 Events Overview
	8.1.1 Event Publisher
	8.1.2 Event Subscriber
	8.1.3 Event Fabric Routing
	8.1.3.1 CPU Interrupt Event Route (CPU_INT)
	8.1.3.2 DMA Trigger Event Route (DMA_TRIGx)
	8.1.3.3 Generic Event Route (GEN_EVENTx)

	8.1.4 Event Routing Map
	8.1.5 Event Propagation Latency

	8.2 Events Operation
	8.2.1 CPU Interrupt
	8.2.2 DMA Trigger
	8.2.3 Peripheral to Peripheral Event
	8.2.4 Extended Module Description Register
	8.2.5 Using Event Registers
	8.2.5.1 Event Registers
	8.2.5.2 Configuring Events
	8.2.5.3 Responding to CPU Interrupts in Application Software
	8.2.5.4 Hardware Event Handling



	9 Low Frequency Subsystem (LFSS)
	9.1 Overview
	9.2 Clock System
	9.3 LFSS Reset
	9.4 Real Time Counter (RTC_x)
	9.5 Independent Watchdog Timer (IWDT)
	9.6 Scratchpad Memory
	9.7 Lock Function of RTC and WDT
	9.8 LFSS Registers

	10 IOMUX
	10.1 IOMUX Overview
	10.1.1 IO Types and Analog Sharing

	10.2 IOMUX Operation
	10.2.1 Peripheral Function (PF) Assignment
	10.2.2 Logic High to Hi-Z Conversion
	10.2.3 Logic Inversion
	10.2.4 SHUTDOWN Mode Wakeup Logic
	10.2.5 Pullup/Pulldown Resistors
	10.2.6 Drive Strength Control
	10.2.7 Hysteresis and Logic Level Control

	10.3 IOMUX Registers

	11 GPIO
	11.1 GPIO Overview
	11.2 GPIO Operation
	11.2.1 GPIO Ports
	11.2.2 GPIO Read/Write Interface
	11.2.3 GPIO Input Glitch Filtering and Synchronization
	11.2.4 GPIO Fast Wake
	11.2.5 GPIO DMA Interface
	11.2.6 Event Publishers and Subscribers

	11.3 GPIO Registers

	12 ADC
	12.1 ADC Overview
	12.2 ADC Operation
	12.2.1 ADC Core
	12.2.2 Voltage Reference Options
	12.2.3 Generic Resolution Modes
	12.2.4 Hardware Averaging
	12.2.5 ADC Clocking
	12.2.6 Common ADC Use Cases
	12.2.7 Power Down Behavior
	12.2.8 Sampling Trigger Sources and Sampling Modes
	12.2.8.1 AUTO Sampling Mode
	12.2.8.2 MANUAL Sampling Mode

	12.2.9 Sampling Period
	12.2.10 Conversion Modes
	12.2.11 Data Format
	12.2.12 Advanced Features
	12.2.12.1 Simultaneous Sampling
	12.2.12.2 Window Comparator
	12.2.12.3 DMA and FIFO Operation
	12.2.12.4 Analog Peripheral Interconnection

	12.2.13 Status Register
	12.2.14 ADC Events
	12.2.14.1 CPU Interrupt Event Publisher (CPU_INT)
	12.2.14.2 Generic Event Publisher (GEN_EVENT)
	12.2.14.3 DMA Trigger Event Publisher (DMA_TRIG)
	12.2.14.4 Generic Event Subscriber (FSUB_0)


	12.3 ADC12 Registers

	13 COMP
	13.1 Comparator Overview
	13.2 Comparator Operation
	13.2.1 Comparator Configuration
	13.2.2 Comparator Channels Selection
	13.2.3 Comparator Output
	13.2.4 Output Filter
	13.2.5 Sampled Output Mode
	13.2.6 Blanking Mode
	13.2.7 Reference Voltage Generator
	13.2.8 Window Comparator Mode
	13.2.9 Comparator Hysteresis
	13.2.10 Input SHORT Switch
	13.2.11 Interrupt and Events Support
	13.2.11.1 CPU Interrupt Event Publisher (CPU_INT)
	13.2.11.2 Generic Event Publisher (GEN_EVENT)
	13.2.11.3 Generic Event Subscribers


	13.3 COMP Registers

	14 OPA
	14.1 OPA Overview
	14.2 OPA Operation
	14.2.1 Analog Core
	14.2.2 Power Up Behavior
	14.2.3 Inputs
	14.2.4 Output
	14.2.5 Clock Requirements
	14.2.6 Chopping
	14.2.7 OPA Amplifier Modes
	14.2.7.1 General-Purpose Mode
	14.2.7.2 Buffer Mode
	14.2.7.3 OPA PGA Mode
	14.2.7.3.1 Inverting PGA Mode
	14.2.7.3.2 Non-inverting PGA Mode

	14.2.7.4 Difference Amplifier Mode
	14.2.7.5 Cascade Amplifier Mode

	14.2.8 OPA Configuration Selection
	14.2.9 Burnout Current Source

	14.3 OA Registers

	15 GPAMP
	15.1 GPAMP Overview
	15.2 GPAMP Operation
	15.2.1 Analog Core
	15.2.2 Power Up Behavior
	15.2.3 Inputs
	15.2.4 Output
	15.2.5 GPAMP Amplifier Modes
	15.2.5.1 General-Purpose Mode
	15.2.5.2 ADC Buffer Mode
	15.2.5.3 Unity Gain Mode

	15.2.6 Chopping

	15.3 GPAMP Registers

	16 DAC
	16.1 DAC Introduction
	16.2 DAC Operation
	16.2.1 DAC Core
	16.2.2 DAC Output
	16.2.3 DAC Voltage Reference
	16.2.4 DAC Output Buffers
	16.2.5 DAC Data Formats
	16.2.6 Sample Time Generator
	16.2.7 DAC FIFO Structure
	16.2.7.1 Loading Data From FIFO to Internal DAC Data Register

	16.2.8 DAC Operation With DMA Controller
	16.2.8.1 DMA Trigger Interface
	16.2.8.2 DMA Status Interface
	16.2.8.3 DMA Trigger Generation Scheme

	16.2.9 DAC Operation With CPU
	16.2.9.1 Interrupt conditions for DAC operation with CPU

	16.2.10 Data Register Format
	16.2.11 DAC Output Amplifier Offset Calibration
	16.2.12 Interrupt and Event Support
	16.2.12.1 CPU Interrupt Event Publisher (CPU_INT)
	16.2.12.2 Generic Event Publisher (GEN_EVENT)
	16.2.12.3 DMA Trigger Event Publisher
	16.2.12.4 Generic Event Subscriber (FSUB_0)


	16.3 DAC12 Registers

	17 VREF
	17.1 VREF Overview
	17.2 VREF Operation
	17.2.1 Internal Reference Generation
	17.2.2 External Reference Input
	17.2.3 Analog Peripheral Interface

	17.3 VREF Registers

	18 UART
	18.1 UART Overview
	18.1.1 Purpose of the Peripheral
	18.1.2 Features
	18.1.3 Functional Block Diagram

	18.2 UART Operation
	18.2.1 Clock Control
	18.2.2 Signal Descriptions
	18.2.3 General Architecture and Protocol
	18.2.3.1 Transmit Receive Logic
	18.2.3.2 Bit Sampling
	18.2.3.3 Majority Voting Feature
	18.2.3.4 Baud Rate Generation
	18.2.3.5 Data Transmission
	18.2.3.6 Error and Status
	18.2.3.7 Local Interconnect Network (LIN) Support
	18.2.3.7.1 LIN Responder Transmission Delay

	18.2.3.8 Flow Control
	18.2.3.9 Idle-Line Multiprocessor
	18.2.3.10 9-Bit UART Mode
	18.2.3.11 RS485 Support
	18.2.3.12 DALI Protocol
	18.2.3.13 Manchester Encoding and Decoding
	18.2.3.14 IrDA Encoding and Decoding
	18.2.3.15 ISO7816 Smart Card Support
	18.2.3.16 Address Detection
	18.2.3.17 FIFO Operation
	18.2.3.18 Loopback Operation
	18.2.3.19 Glitch Suppression

	18.2.4 Low Power Operation
	18.2.5 Reset Considerations
	18.2.6 Initialization
	18.2.7 Interrupt and Events Support
	18.2.7.1 CPU Interrupt Event Publisher (CPU_INT)
	18.2.7.2 DMA Trigger Publisher (DMA_TRIG_RX, DMA_TRIG_TX)

	18.2.8 Emulation Modes

	18.3 UART Registers

	19 SPI
	19.1 SPI Overview
	19.1.1 Purpose of the Peripheral
	19.1.2 Features
	19.1.3 Functional Block Diagram
	19.1.4 External Connections and Signal Descriptions

	19.2 SPI Operation
	19.2.1 Clock Control
	19.2.2 General Architecture
	19.2.2.1 Chip Select and Command Handling
	19.2.2.1.1 Chip Select Control
	19.2.2.1.2 Command Data Control

	19.2.2.2 Data Format
	19.2.2.3 Delayed data sampling
	19.2.2.4 Clock Generation
	19.2.2.5 FIFO Operation
	19.2.2.6 Loopback mode
	19.2.2.7 DMA Operation
	19.2.2.8 Repeat Transfer mode
	19.2.2.9 Low Power Mode

	19.2.3 Protocol Descriptions
	19.2.3.1 Motorola SPI Frame Format
	19.2.3.2 Texas Instruments Synchronous Serial Frame Format

	19.2.4 Reset Considerations
	19.2.5 Initialization
	19.2.6 Interrupt and Events Support
	19.2.6.1 CPU Interrupt Event Publisher (CPU_INT)
	19.2.6.2 DMA Trigger Publisher (DMA_TRIG_RX, DMA_TRIG_TX)

	19.2.7 Emulation Modes

	19.3 SPI Registers

	20 I2C
	20.1 I2C Overview
	20.1.1 Purpose of the Peripheral
	20.1.2 Features
	20.1.3 Functional Block Diagram
	20.1.4 Environment and External Connections

	20.2 I2C Operation
	20.2.1 Clock Control
	20.2.1.1 Clock Select and I2C Speed
	20.2.1.2 Clock Startup

	20.2.2 Signal Descriptions
	20.2.3 General Architecture
	20.2.3.1 I2C Bus Functional Overview
	20.2.3.2 START and STOP Conditions
	20.2.3.3 Data Format with 7-Bit Address
	20.2.3.4 Acknowledge
	20.2.3.5 Repeated Start
	20.2.3.6 SCL Clock Low Timeout
	20.2.3.7 Clock Stretching
	20.2.3.8 Dual Address
	20.2.3.9 Arbitration
	20.2.3.10 Multiple Controller Mode
	20.2.3.11 Glitch Suppression
	20.2.3.12 FIFO operation
	20.2.3.12.1 Flushing Stale Tx Data in Target Mode

	20.2.3.13 Loopback mode
	20.2.3.14 Burst Mode
	20.2.3.15 DMA Operation
	20.2.3.16 Low-Power Operation

	20.2.4 Protocol Descriptions
	20.2.4.1 I2C Controller Mode
	20.2.4.1.1 Controller Configuration
	20.2.4.1.2 Controller Mode Operation
	20.2.4.1.3 Read On TX Empty

	20.2.4.2 I2C Target Mode
	20.2.4.2.1 Target Mode Operation


	20.2.5 Reset Considerations
	20.2.6 Initialization
	20.2.7 Interrupt and Events Support
	20.2.7.1 CPU Interrupt Event Publisher (CPU_INT)
	20.2.7.2 DMA Trigger Publisher (DMA_TRIG1, DMA_TRIG0)

	20.2.8 Emulation Modes

	20.3 I2C Registers

	21 CAN-FD
	21.1 MCAN Overview
	21.1.1 MCAN Features

	21.2 MCAN Environment
	21.3 CAN Network Basics
	21.4 MCAN Functional Description
	21.4.1 Clock Set up
	21.4.2 Module Clocking Requirements
	21.4.3 Interrupt Requests
	21.4.4 Operating Modes
	21.4.4.1 Normal Operation
	21.4.4.2 CAN Classic
	21.4.4.3 CAN FD Operation

	21.4.5 Software Initialization
	21.4.6 Transmitter Delay Compensation
	21.4.6.1 Description
	21.4.6.2 Transmitter Delay Compensation Measurement

	21.4.7 Restricted Operation Mode
	21.4.8 Bus Monitoring Mode
	21.4.9 Disabled Automatic Retransmission (DAR) Mode
	21.4.9.1 Frame Transmission in DAR Mode

	21.4.10 Clock Stop Mode
	21.4.10.1 Suspend Mode
	21.4.10.2 Wakeup Request

	21.4.11 Test Modes
	21.4.11.1 External Loop Back Mode
	21.4.11.2 Internal Loop Back Mode

	21.4.12 Timestamp Generation
	21.4.12.1 External Timestamp Counter

	21.4.13 Timeout Counter
	21.4.14 Safety
	21.4.14.1 ECC Wrapper
	21.4.14.2 ECC Aggregator
	21.4.14.2.1 ECC Aggregator Overview
	21.4.14.2.2 ECC Aggregator Registers

	21.4.14.3 Reads to ECC Control and Status Registers
	21.4.14.4 ECC Interrupts

	21.4.15 Tx Handling
	21.4.15.1 Transmit Pause
	21.4.15.2 Dedicated Tx Buffers
	21.4.15.3 Tx FIFO
	21.4.15.4 Tx Queue
	21.4.15.5 Mixed Dedicated Tx Buffers/Tx FIFO
	21.4.15.6 Mixed Dedicated Tx Buffers/Tx Queue
	21.4.15.7 Transmit Cancellation
	21.4.15.8 Tx Event Handling
	21.4.15.9 FIFO Acknowledge Handling

	21.4.16 Rx Handling
	21.4.16.1 Acceptance Filtering
	21.4.16.1.1 Range Filter
	21.4.16.1.2 Filter for Specific IDs
	21.4.16.1.3 Classic Bit Mask Filter
	21.4.16.1.4 Standard Message ID Filtering
	21.4.16.1.5 Extended Message ID Filtering


	21.4.17 Rx FIFOs
	21.4.17.1 Rx FIFO Blocking Mode
	21.4.17.2 Rx FIFO Overwrite Mode

	21.4.18 Dedicated Rx Buffers
	21.4.18.1 Rx Buffer Handling

	21.4.19 Message RAM
	21.4.19.1 Message RAM Configuration
	21.4.19.2 Rx Buffer and FIFO Element
	21.4.19.3 Tx Buffer Element
	21.4.19.4 Tx Event FIFO Element
	21.4.19.5 Standard Message ID Filter Element
	21.4.19.6 Extended Message ID Filter Element


	21.5 MCAN Integration
	21.6 Interrupt and Event Support
	21.6.1 CPU Interrupt Event Publisher (CPU_INT)

	21.7 MCAN Registers

	22 CRC
	22.1 CRC Overview
	22.1.1 CRC16-CCITT
	22.1.2 CRC32-ISO3309

	22.2 CRC Operation
	22.2.1 CRC Generator Implementation
	22.2.2 Configuration
	22.2.2.1 Polynomial Selection
	22.2.2.2 Bit Order
	22.2.2.3 Byte Swap
	22.2.2.4 Byte Order
	22.2.2.5 CRC C Library Compatibility


	22.3 CRCP0 Registers

	23 AES
	23.1 AES Overview
	23.1.1 AES Performance

	23.2 AES Operation
	23.2.1 AES Register Access Rules
	23.2.2 Loading the Key
	23.2.3 Loading Data
	23.2.4 Reading Data
	23.2.5 Triggering an Encryption or Decryption
	23.2.6 Single Block Operations
	23.2.6.1 Encryption
	23.2.6.2 Decryption
	23.2.6.2.1 Pregenerating a Decryption Key


	23.2.7 Block Cipher Mode Operations
	23.2.7.1 Electronic Codebook (ECB) Mode
	23.2.7.1.1 ECB Encryption
	23.2.7.1.2 ECB Decryption

	23.2.7.2 Cipher Block Chaining (CBC) Mode
	23.2.7.2.1 CBC Encryption
	23.2.7.2.2 CBC Decryption

	23.2.7.3 Output Feedback (OFB) Mode
	23.2.7.3.1 OFB Encryption
	23.2.7.3.2 OFB Decryption

	23.2.7.4 Cipher Feedback (CFB) Mode
	23.2.7.4.1 CFB Encryption
	23.2.7.4.2 CFB Decryption

	23.2.7.5 Counter (CTR) Mode
	23.2.7.5.1 CTR Encryption
	23.2.7.5.2 CTR Decryption


	23.2.8 AES Events
	23.2.8.1 CPU Interrupt Event Publisher (CPU_EVENT)
	23.2.8.2 DMA Trigger Event Publisher (DMA_TRIG0)
	23.2.8.3 DMA Trigger Event Publisher (DMA_TRIG1)
	23.2.8.4 DMA Trigger Event Publisher (DMA_TRIG2)


	23.3 AES Registers

	24 AESADV
	24.1 AESADV Overview
	24.1.1 AESADV Performance

	24.2 AESADV Operation
	24.2.1 Loading the Key
	24.2.2 Writing Input Data
	24.2.3 Reading Output Data
	24.2.4 Operation Descriptions
	24.2.4.1 Single Block Operation
	24.2.4.2 Electronic Codebook (ECB) Mode
	24.2.4.2.1 ECB Encryption
	24.2.4.2.2 ECB Decryption

	24.2.4.3 Cipher Block Chaining (CBC) Mode
	24.2.4.3.1 CBC Encryption
	24.2.4.3.2 CBC Decryption

	24.2.4.4 Output Feedback (OFB) Mode
	24.2.4.4.1 OFB Encryption
	24.2.4.4.2 OFB Decryption

	24.2.4.5 Cipher Feedback (CFB) Mode
	24.2.4.5.1 CFB Encryption
	24.2.4.5.2 CFB Decryption

	24.2.4.6 Counter (CTR) Mode
	24.2.4.6.1 CTR Encryption
	24.2.4.6.2 CTR Decryption

	24.2.4.7 Galois Counter (GCM) Mode
	24.2.4.7.1 GHASH Operation
	24.2.4.7.2 GCM Operating Modes
	24.2.4.7.2.1 Autonomous GCM Operation
	24.2.4.7.2.1.1 GMAC

	24.2.4.7.2.2 GCM With Pre-Calculations
	24.2.4.7.2.3 GCM Operation With Precalculated H- and Y0-Encrypted Forced to Zero


	24.2.4.8 Counter With Cipher Block Chaining Message Authentication Code (CCM)
	24.2.4.8.1 CCM Operation


	24.2.5 AES Events
	24.2.5.1 CPU Interrupt Event Publisher (CPU_EVENT)
	24.2.5.2 DMA Trigger Event Publisher (DMA_TRIG_DATAIN)
	24.2.5.3 DMA Trigger Event Publisher (DMA_TRIG_DATAOUT)


	24.3 AESADV Registers

	25 Keystore
	25.1 Overview
	25.2 Detailed Description
	25.3 KEYSTORECTL Registers

	26 TRNG
	26.1 TRNG Overview
	26.2 TRNG Operation
	26.2.1 TRNG Generation Data Path
	26.2.2 Clock Configuration and Output Rate
	26.2.3 Behavior in Low Power Modes
	26.2.4 Health Tests
	26.2.4.1 Digital Block Startup Self-Test
	26.2.4.2 Analog Block Startup Self-Test
	26.2.4.3 Runtime Health Test
	26.2.4.3.1 Repetition Count Test
	26.2.4.3.2 Adaptive Proportion Test
	26.2.4.3.3 Handling Runtime Health Test Failures


	26.2.5 Configuration
	26.2.5.1 TRNG State Machine
	26.2.5.1.1 Changing TRNG States

	26.2.5.2 Using the TRNG
	26.2.5.3 TRNG Events
	26.2.5.3.1 CPU Interrupt Event Publisher (CPU_INT)



	26.3 TRNG Registers

	27 Timers (TIMx)
	27.1 TIMx Overview
	27.1.1 TIMG Overview
	27.1.1.1 TIMG Features
	27.1.1.2 Functional Block Diagram

	27.1.2 TIMA Overview
	27.1.2.1 TIMA Features
	27.1.2.2 Functional Block Diagram

	27.1.3 TIMx Instance Configuration

	27.2 TIMx Operation
	27.2.1 Timer Counter
	27.2.1.1 Clock Source Select and Prescaler
	27.2.1.1.1 Internal Clock and Prescaler
	27.2.1.1.2 External Signal Trigger

	27.2.1.2 Repeat Counter (TIMA only)

	27.2.2 Counting Mode Control
	27.2.2.1 One-shot and Periodic Modes
	27.2.2.2 Down Counting Mode
	27.2.2.3 Up/Down Counting Mode
	27.2.2.4 Up Counting Mode
	27.2.2.5 Phase Load (TIMA only)

	27.2.3 Capture/Compare Module
	27.2.3.1 Capture Mode
	27.2.3.1.1 Input Selection, Counter Conditions, and Inversion
	27.2.3.1.1.1 CCP Input Edge Synchronization
	27.2.3.1.1.2 CCP Input Pulse Conditions
	27.2.3.1.1.3 Counter Control Operation
	27.2.3.1.1.4 CCP Input Filtering
	27.2.3.1.1.5 Input Selection

	27.2.3.1.2 Use Cases
	27.2.3.1.2.1 Edge Time Capture
	27.2.3.1.2.2 Period Capture
	27.2.3.1.2.3 Pulse Width Capture
	27.2.3.1.2.4 Combined Pulse Width and Period Time

	27.2.3.1.3 QEI Mode (TIMG with QEI support only)
	27.2.3.1.3.1 QEI With 2-Signal
	27.2.3.1.3.2 QEI With Index Input
	27.2.3.1.3.3 QEI Error Detection

	27.2.3.1.4 Hall Input Mode (TIMG with QEI support only)

	27.2.3.2 Compare Mode
	27.2.3.2.1 Edge Count


	27.2.4 Shadow Load and Shadow Compare
	27.2.4.1 Shadow Load (TIMG4-7, TIMA only)
	27.2.4.2 Shadow Compare (TIMG4-7, TIMG12-13, TIMA only)

	27.2.5 Output Generator
	27.2.5.1 Configuration
	27.2.5.2 Use Cases
	27.2.5.2.1 Edge-Aligned PWM
	27.2.5.2.2 Center-Aligned PWM
	27.2.5.2.3 Asymmetric PWM (TIMA only)
	27.2.5.2.4 Complementary PWM With Deadband Insertion (TIMA only)

	27.2.5.3 Forced Output

	27.2.6 Fault Handler (TIMA only)
	27.2.6.1 Fault Input Conditioning
	27.2.6.2 Fault Input Sources
	27.2.6.3 Counter Behavior With Fault Conditions
	27.2.6.4 Output Behavior With Fault Conditions

	27.2.7 Synchronization With Cross Trigger
	27.2.7.1 Main Timer Cross Trigger Configuration
	27.2.7.2 Secondary Timer Cross Trigger Configuration

	27.2.8 Low Power Operation
	27.2.9 Interrupt and Event Support
	27.2.9.1 CPU Interrupt Event Publisher (CPU_INT)
	27.2.9.2 Generic Event Publisher and Subscriber (GEN_EVENT0 and GEN_EVENT1)
	27.2.9.3 Generic Subscriber Event Example (COMP to TIMx)

	27.2.10 Debug Handler (TIMA Only)

	27.3 TIMx Registers

	28 RTC
	28.1 Overview
	28.1.1 RTC Instances

	28.2 Basic Operation
	28.3 Configuration
	28.3.1 Clocking
	28.3.2 Reading and Writing to RTC Peripheral Registers
	28.3.3 Binary vs. BCD
	28.3.4 Leap Year Handling
	28.3.5 Calendar Alarm Configuration
	28.3.6 Interval Alarm Configuration
	28.3.7 Periodic Alarm Configuration
	28.3.8 Calibration
	28.3.8.1 Crystal Offset Error
	28.3.8.1.1 Offset Error Correction Mechanism

	28.3.8.2 Crystal Temperature Error
	28.3.8.2.1 Temperature Drift Correction Mechanism


	28.3.9 RTC Prescaler Extension
	28.3.10 RTC Timestamp Capture
	28.3.11 RTC Events
	28.3.11.1 CPU Interrupt Event Publisher (CPU_INT)
	28.3.11.2 Generic Event Publisher (GEN_EVENT)


	28.4 RTC Registers

	29 IWDT
	29.2 IWDT Clock Configuration
	29.3 IWDT Period Selection
	29.4 Debug Behavior of the IWDT
	29.5 IWDT Registers

	30 WWDT
	30.1 WWDT Overview
	30.1.1 Watchdog Mode
	30.1.2 Interval Timer Mode

	30.2 WWDT Operation
	30.2.1 Mode Selection
	30.2.2 Clock Configuration
	30.2.3 Low-Power Mode Behavior
	30.2.4 Debug Behavior
	30.2.5 WWDT Events
	30.2.5.1 CPU Interrupt Event Publisher (CPU_INT)


	30.3 WWDT Registers

	31 Debug
	31.1 DEBUGSS Overview
	31.1.1 Debug Interconnect
	31.1.2 Physical Interface
	31.1.3 Debug Access Ports

	31.2 DEBUGSS Operation
	31.2.1 Debug Features
	31.2.1.1 Processor Debug
	31.2.1.1.1 Breakpoint Unit (BPU)
	31.2.1.1.2 Data Watchpoint and Trace Unit (DWT)
	31.2.1.1.3 Processor Trace (MTB)

	31.2.1.2 Peripheral Debug
	31.2.1.3 EnergyTrace Technology

	31.2.2 Behavior in Low Power Modes
	31.2.3 Restricting Debug Access
	31.2.4 Mailbox (DSSM)
	31.2.4.1 DSSM Events
	31.2.4.1.1 CPU Interrupt Event (CPU_INT)



	31.3 DEBUGSS Registers

	32 Revision History

