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Preface

Read This First

i3 TEXAS INSTRUMENTS

About This Manual

This Technical Reference Manual (TRM) details the integration, the environment, the functional description, and
the programming models for each peripheral and subsystem in the device.

The TRM should not be considered a substitute for the data sheet, rather a companion guide that can be used
alongside the device-specific data sheet to understand the details to program the device. The primary purpose
of the TRM is to abstract the programming details of the device from the data sheet. This allows the data sheet
to outline the high-level features of the device without unnecessary information about register descriptions or
programming models.

Note
Texas Instruments is transitioning to use more inclusive terminology. Some language may be different
than what you would expect to see for certain technology areas.

Notational Conventions

This document uses the following conventions.
» Hexadecimal numbers can be shown with the suffix h or the prefix Ox. For example, the following number is

40 hexadecimal (decimal 64): 40h or 0x40.

» Registers in this document are shown in figures and described in tables.

— Each register figure shows a rectangle divided into fields that represent the fields of the register. Each field
is labeled with its bit name, its beginning and ending bit numbers above, and its read/write properties with
default reset value below. A legend explains the notation used for the properties.

— Reserved bits in a register figure can have one of multiple meanings:

» Not implemented on the device
» Reserved for future device expansion
* Reserved for Tl testing
» Reserved configurations of the device that are not supported
— Writing nondefault values to the Reserved bits could cause unexpected behavior and should be avoided.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
Related Documentation From Texas Instruments

For a complete listing of related documentation and development-support tools for these devices, visit the Texas
Instruments website at www.ti.com.

Additionally, the TMS320C28x DSP CPU and Instruction Set Reference Guide and the TMS320C28x Floating
Point Unit and Instruction Set Reference Guide must be used in conjunction with this TRM.

Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.
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Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

Trademarks
TIE2E™, C2000™, Code Composer Studio™, and Texas Instruments™ are trademarks of Texas Instruments.

USB Specification Revision 2.0™ is a trademark of Compag Computer Corp.
All trademarks are the property of their respective owners.
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Chapter 1
C2000™ Microcontrollers Software Support

i3 TEXAS INSTRUMENTS

This chapter discusses the C2000Ware for the C2000™ microcontrollers. The C2000Ware can be downloaded
from: www.ti.com/tool/C2000WARE.
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1.1 Introduction

C2000Ware for the C2000™ microcontrollers is a cohesive set of development software and documentation
designed to minimize software development time. From device-specific drivers and libraries to device peripheral
examples, C2000Ware provides a solid foundation to begin development and evaluation of your product.

C2000Ware can be downloaded from: www.ti.com/tool/C2000WARE

1.2 C2000Ware Structure

The C2000Ware software package is organized into the following directory structure as shown in Table 1-1.
Table 1-1. C2000Ware Root Directories

Directory Name Description

boards Contains the hardware design schematics, BOM, Gerber files, and documentation for C2000 control CARDS.
device_support Contains all device-specific support files, bit field headers and device development user's guides.

docs Contains the C2000Ware package user's guides and the HTML index page of all package documentation.
driverlib Contains the device-specific driver library and driver-based peripheral examples.

libraries Contains the device-specific and core libraries.

1.3 Documentation

Within C2000Ware, there is an extensive amount of development documentation ranging from board design
documentation, to library user's guides, to driver APl documentation. The "boards" directory contains all the
hardware design, BOM, Gerber files, and more for controlCARDs. To assist with locating the necessary
documentation, an HTML page is provided that contains a full list of all the documents in the C2000Ware
package. Locate this page in the "docs" directory.

1.4 Devices

C2000Ware contains the necessary software and documentation to jumpstart development for C2000™
microcontrollers. Each device includes device-specific common source files, peripheral example projects, bit
field headers, and if available, a device peripheral driver library. Additionally, documentation is provided for each
device on how to set up a CCS project, as well as give an overview of all the included example projects and
assist with troubleshooting. For devices with a driver library, documentation is also included that details all the
peripheral APls available.

To learn more about C2000™ microcontrollers, visit: www.ti.com/c2000.

1.5 Libraries

The libraries included in C2000Ware range from fixed-point and floating-point math libraries, to specialized DSP
libraries, as well as calibration libraries. Each library includes documentation and examples, where applicable.
Additionally, the Flash API files and boot ROM source code are located in the "libraries" directory.

1.6 Code Composer Studio™ Integrated Development Environment (IDE)

Code Composer Studio™ is an integrated development environment (IDE) that supports TI's microcontroller and
embedded processors portfolio. The Code Composer Studio™ IDE comprises a suite of tools used to develop
and debug embedded applications. The latest version of Code Composer Studio™ IDE can be obtained at:
www.ti.com/ccstudio

All projects and examples in C2000Ware are built for and tested with the Code Composer Studio™ IDE.
Although the Code Composer Studio™ IDE is not included with the C2000Ware installer, Code Composer
Studio™ IDE is easily obtainable in a variety of versions.
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1.7 SysConfig and PinMUX Tool

To help simplify configuration challenges and accelerate software development, Texas Instruments™ created
SysConfig, an intuitive and comprehensive collection of graphical utilities for configuring pins, peripherals,
subsystems, and other components. SysConfig helps you manage, expose, and resolve conflicts visually so that
you have more time to create differentiated applications.

The tool's output includes C header and code files that can be used with C2000Ware examples or used to
configure custom software.

The SysConfig tool automatically selects the pinmux settings that satisfy the entered requirements. The
SysConfig tool is delivered integrated in the Code Composer Studio™ IDE, in the C2000Ware GPIO example,
as a standalone installer, or can be used by way of the cloud tools portal at: dev.ti.com
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Chapter 2
C28x Processor

i3 TEXAS INSTRUMENTS

This chapter contains a short description of the C28x processor and extended instruction sets.
Further information can be found in the following documents:

« TMS320C28x CPU and Instruction Set Reference Guide

« TMS320C28x Extended Instruction Sets Technical Reference Manual

» Accelerators: Enhancing the Capabilities of the C2000 MCU Family Technical Brief
* TMS320C28x FPU Primer Application Report
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2.1 Introduction

The C28x CPU is a 32-bit fixed-point processor. This device draws from the best features of digital signal
processing, reduced instruction set computing (RISC), microcontroller architectures, firmware, and tool sets.

For more information on CPU architecture and instruction set, see the TMS320C28x CPU and Instruction Set
Reference Guide.

2.2 C28X Related Collateral

Foundational Materials

+ (C2000 Academy - C28x

» C2000 C28x Migration from COFF to EABI

* C2000 C28x Optimization Guide

» C2000 Performance Tips and Tricks

» C2000 Software Guide

* CGT Data Blocking C2000

* Enhancing the Computational Performance of the C2000™ Microcontroller Family Application Report

Getting Started Materials

» C2000 Multicore Development User Guide

» C2000 VCU, Viterbi, Complex Math, and CRC (Video)
* C2000Ware - CLAMath

* (C2000Ware - FPU Fast RTS

* C2000Ware - FPU Library

« C2000Ware - Fast Integer Division

» C2000Ware - Fixed Point Library

+ C2000Ware - IQMath

« C2000Ware - VCU Library

* (C28x Context Save and Restore

* CRC Engines in C2000 Devices Application Report

* TMS320C28x Extended Instruction Sets Application Report
e TMS320C28x FPU Primer Application Report

Expert Materials
* Fast Integer Division - A Differentiated Offering From C2000 Product Family Application Report

2.3 Features

The CPU features include a modified Harvard architecture and circular addressing. The RISC features

are single-cycle instruction execution, register-to-register operations, and modified Harvard architecture. The
microcontroller features include ease of use through an intuitive instruction set, byte packing and unpacking,
and bit manipulation. The modified Harvard architecture of the CPU enables instruction and data fetches to be
performed in parallel. The CPU can read instructions and data while the CPU writes data simultaneously to
maintain the single-cycle instruction operation across the pipeline.
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2.4 Floating-Point Unit (FPU)

The C28x plus floating-point (C28x+FPU) processor extends the capabilities of the C28x fixed-point CPU by
adding registers and instructions to support IEEE single-precision floating point operations.

Devices with the C28x+FPU include the standard C28x register set plus an additional set of floating-point unit
registers. The additional floating-point unit registers are the following:

» Eight floating-point result registers, RnH (where n = 0-7)

* Floating-point Status Register (STF)

* Repeat Block Register (RB)

All of the floating-point registers, except the repeat block register, are shadowed. This shadowing can be used in
high-priority interrupts for fast context save and restore of the floating-point registers.

For more information, see the TMS320C28x Extended Instruction Sets Technical Reference Manual.

2.5 Trigonometric Math Unit (TMU)

The trigonometric math unit (TMU) extends the capabilities of a C28x+FPU by adding instructions and
leveraging existing FPU instructions to speed up the execution of common trigonometric and arithmetic

operations listed in Table 2-1.

Table 2-1. TMU Supported Instructions

Instructions C Equivalent Operation Pipeline Cycles
MPY2PIF32 RaH,RbH a=b*2pi 2/3
DIV2PIF32 RaH,RbH a=b/2pi 2/3
DIVF32 RaH,RbH,RcH a=blc 5
SQRTF32 RaH,RbH a = sqrt(b) 5
SINPUF32 RaH,RbH a = sin(b*2pi) 4
COSPUF32 RaH,RbH a = cos(b*2pi) 4
ATANPUF32 RaH,RbH a = atan(b)/2pi 4
QUADF32 RaH,RbH,RcH,RdH Operation to assist in calculating ATANPU2 5

Exponent instruction IEXP2F32 and logarithmic instruction LOG2F32 have been added to support computation
of floating-point power function for the nonlinear proportional integral derivative control (NLPID) component of
the C2000 Digital Control Library. These two added instructions reduce the power function calculations from a
typical of 300 cycles using library emulation to less than 10 cycles.

No changes have been made to existing instructions, pipeline, or memory bus architecture. All TMU instructions
use the existing FPU register set (ROH to R7H) to carry out the operations.

For more information, see the TMS320C28x Extended Instruction Sets Technical Reference Manual.
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2.6 VCRC Unit

Cyclic redundancy check (CRC) algorithms provide a straightforward method for verifying data integrity over
large data blocks, communication packets, or code sections. The C28x+VCRC can perform 8-bit, 16-bit, 24-bit,
and 32-bit CRCs. A CRC result register contains the current CRC, which is updated whenever a CRC instruction
is executed.

The following are the CRC polynomials used by the CRC calculation logic of VCRC:
* CRCS polynomial = 0x07

* CRC16 polynomial1 = 0x8005

* CRC16 polynomial2 = 0x1021

* CRC24 polynomial = 0x5D 6DCB

* CRC32 polynomial1 = 0x04C1 1DB7

* CRC32 polynomial2 = 0x1EDC 6F41

This module can calculate CRCs for a byte of data in a single cycle. The CRC calculation for CRC8, CRC16,
CRC24 and CRC32 is done byte-wise (instead of computing on a complete 16-bit or 32-bit data read by the
C28x core) to match the byte-wise computation requirement mandated by various standards.

The VCRC Unit also allows the user to provide the size (1b-32b) and value of any polynomial to fit custom CRC
requirements. The CRC execution time increases to 3 cycles when using a custom polynomial.

For more information, see the TMS320C28x Extended Instruction Sets Technical Reference Manual.
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Chapter 3
System Control and Interrupts

i3 TEXAS INSTRUMENTS

The system-level functionality of this microcontroller configures the clocking, resets, and interrupts of the CPU
and peripherals, as well as the operation of the on-chip memories, timers, and security features.
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3.1 Introduction

System-level configuration is controlled by a group of submodules that are collectively referred to as the system
control module. The system control module provides the following capabilities:

» System-level resets, including power-on and brownout resets
» Clock source selection and PLL configuration

* Missing clock detection

* Clock-gating low-power modes

* Peripheral interrupt handling

* Non-maskable interrupts for certain fault conditions

* Three 32-bit timers

* Windowed watchdog timer, which can generate an interrupt or a reset
* RAM initialization, write protection, and controller control

» Flash memory ECC, wait state, and cache configuration

* Dual-zone code security module

3.1.1 SYSCTL Related Collateral

Foundational Materials
* (C2000 MCU JTAG Connectivity Debug Application Report

Getting Started Materials

« C2000™ SysConfig: ClockTree tool (Video)

* C28x Interrupt Nesting

* Debugging JTAG

* Enhancing Device Security by Using JTAGLOCK Feature Application Report
* Interrupt FAQ for C2000

» XDS Target Connection Guide

Expert Materials

* C2000 CPU Memory Built-In Self-Test Application Report

* Live Firmware Update Without Device Reset on C2000 MCUs Application Report

* Programming of External Nonvolatile Memory Using SDFlash for TMS320C28x Devices Application Report
» Software Phased-Locked Loop (PLL) Design Using C2000 Microcontrollers Application Report

3.1.2 LOCK Protection on System Configuration Registers

Several system configuration registers are protected from spurious CPU writes by LOCK registers. Once these
associated LOCK register bits are set, the respective locked registers can no longer be modified by software.
See the register descriptions for details.

3.1.3 EALLOW Protection

Some registers in the system are protected from spurious CPU writes by the EALLOW protection mechanism.
This uses the special CPU instructions EALLOW and EDIS to enable and disable access to protected registers.
The current protection state is given by the EALLOW bit in the CPU ST1 register, as shown in Table 3-1.

Register protection is enabled by default at startup. While protected, all writes to protected registers by the CPU
are ignored. Only CPU reads, JTAG reads, and JTAG writes are allowed. If protection is disabled by executing
the EALLOW instruction, the CPU is allowed to write freely to protected registers. After modifying registers, the
registers can once again be protected by executing the EDIS instruction to clear the EALLOW bit.

Writes to the clock configuration and peripheral clock enable registers can be disabled until the next reset by
writing to special lock registers.
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Table 3-1. Access to EALLOW-Protected Registers
EALLOW Bit CPU Writes CPU Reads JTAG Writes JTAG Reads
0 Ignored Allowed(") Allowed Allowed
1 Allowed Allowed Allowed Allowed

(1) The EALLOW bit is overridden by way of the JTAG port, allowing full access of protected registers during debug from the Code
Composer Studio™ IDE interface.

3.2 Power Management

The TMS320F28P55x MCU supports both internal generation of the 1.2V rail for single-supply operation or
externally supplied 1.2V into the device. The internal VREG is controlled using the VREGENZ pin: if enabled,
the 1.2V rail is generated by the device; if disabled, the 1.2V rail is supplied from an external source. For more
details, see TMS320F28P55x Real-Time Microcontrollers.

3.3 Device Identification and Configuration Registers

The device identification registers and configuration registers provide information on the part number, product
family, revision, pin count, qualification status, and feature availability of the device.

All of the device information is part of the DEV_CFG_REGS space. The identification registers are PARTIDL,
PARTIDH, and REVID.

A 256-bit Unique ID (UID) is available in UID_REGS. The 256 bits are separated into these registers:

» UID_PSRANDO0-4: 160 bits of pseudo-random data

+ UID_UNIQUE: 64-bit unique data; the value in this register is unique across all devices in the same PARTIDH

» UID_CHECKSUM: 32-bit Fletcher checksum of UID_PSRANDO0-4 and UID_UNIQUE and calculated as either
little-endian or big-endian during factory testing

3.4 Resets

This section explains the types and effects of the different resets on this device.

3.4.1 Reset Sources

Table 3-2 summarizes the various reset signals and the effect on the device.
Table 3-2. Reset Signals

Reset Source CPU Core Reset Peripherals JTAG / Debug 10s XRS Output
(C28x, FPU, VCU) Reset Logic Reset

POR Yes Yes Yes Hi-Z Yes
BOR Yes Yes Yes Hi-Z Yes
XRS Pin Yes Yes No Hi-Z -

WDRS Yes Yes No Hi-Z Yes
NMIWDRS Yes Yes No Hi-Z Yes
SYSRS (Debugger Reset) Yes Yes No Hi-Z No
SCCRESET Yes Yes No Hi-Z No
SIMRESET.XRS Yes Yes No Hi-Z Yes
SIMRESET.CPUTRS Yes Yes No Hi-Z No
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The resets can be divided into two groups:

+ Chip-level resets (XRS, POR, BOR, WDRS, SIMRESET.XRS, and NMIWDRS), which reset all or almost all
of the device.

» System resets (SYSRS, SIMRESET.CPU1RS, and SCCRESET), which reset a large subset of the device but
maintain some system-level configuration.

After a reset, the reset cause register (RESC) is updated with the reset cause. The bits in this register maintain
the state across multiple resets. The bits can only be cleared by a power-on reset (POR) or by writing ones to
the RESCCLR register. Some are cleared by the boot ROM as part of the start-up routines.

Many peripheral modules have individual resets accessible through the SOFTPRESX registers. For information
about a module's reset state, refer to the appropriate chapter for that module.

After any reset, the CPU begins execution from address Ox3FFFCO (the reset vector), which is in the boot ROM.
After running the boot ROM code, the CPU typically branches to the start of the Flash memory at address
0x80000. For more information on controlling the boot process, see Chapter 4 .

Note
After a POR, the boot ROMs clear the MO/M1, LSx, GSx, and message RAMs to make sure that the
memories contain valid ECC or parity.

3.4.2 External Reset (XRS)

The external reset (XRS) is the main chip-level reset for the device and resets the CPU, all peripherals and 1/0
pin configurations, and most of the system control registers. There is a dedicated open-drain pin for XRS. This
pin can be used to drive reset pins for other ICs in the application, and can be driven by an external source. The
XRS is driven internally during watchdog, NMI, and power-on resets.

The XRSn bit in the RESC register is set whenever XRS is driven low for any reason. This bit is then cleared by
the boot ROM.

3.4.3 Simulate External Reset (SIMRESET.XRS)

In some cases, the user can need to simulate the external reset (XRS) in software. This can be done using
software by setting XRSn bit to 1 in SIMRESET register. This toggles the XRS pin and resets the full device (just
like an external reset).

After this reset, the SIMRESET_XRSn and XRSn bits in the RESC register are set. Software can read these bits
to know the cause of reset and clear the status by writing a 1 into corresponding bits in RESCCLR register.

3.4.4 Power-On Reset (POR)

The power-on reset (POR) circuit creates a clean reset throughout the device during power-up, suppressing
glitches on the GPIOs. The XRS pin is held low for the duration of the POR. In most applications, XRS is held
low long enough to reset other system ICs, but some applications can require a longer pulse. In these cases,
the XRS pin can be driven low externally to provide the correct reset duration. A POR resets everything that
XRS does, along with a few other registers — the reset cause register (RESC), the NMI shadow flag register
(NMISHDFLG), and the X1 clock counter register (X1CNT). A POR also resets the debug logic used by the
JTAG port.

After a POR, the POR and XRSn bits in RESC are set. These bits are then cleared by the boot ROM.
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3.4.5 Brown-Out Reset (BOR)

The brown-out reset (BOR) is an internal supply voltage supervisor (SVS) circuit that monitors the VDDIO
supply for glitches or supply interruptions. If the VDDIO supply voltage drops below operational voltage range,
this circuit forces the XRSn pin low until the fault is removed and the supply voltage returns to the minimum
operational voltage. A BOR resets everything in the same manner as a POR reset.

The BOR circuit is enabled by default and is always active during power up or after any type of reset. To disable
the BOR circuit, set the BORLVMONDIS bit in the VMONCTL register.

3.4.6 Debugger Reset (SYSRS)

During development, it is sometimes necessary to reset the CPU and the peripherals without disconnecting the
debugger or disrupting the system-level configuration. To facilitate this, the CPU has a subsystem reset, which
can be triggered by a debugger using Code Composer Studio™ IDE. This reset (SYSRS) resets the CPU, the
peripherals, many system control registers (including the clock gating and LPM configuration), and all 1/0 pin
configurations.

The SYSRS does not reset the ICEPick debug module, the device capability registers, the clock source and PLL
configurations, the missing clock detection state, the PIE vector fetch error handler address, the NMI flags, the
analog trims, or anything reset only by a POR (see Section 3.4.4).

3.4.7 Simulate CPU Reset (SIMRESET)

In some cases, you can simulate the CPU reset (SYSRS) in software. This can be done by setting the CPU1RSn
bit to 1 in the SIMRESET register by CPU1 software. This toggles CPU1.SYSRS signals, resetting the CPU (just
like the debugger reset).

After this reset, the SIMRESET _CPU1RSn bit in the RESC register is set. Software can read this bit to know the
cause of the reset and clear the status by writing a 1 into the corresponding bit in the RESCCLR register.

3.4.8 Watchdog Reset (WDRS)

The device has a watchdog timer that can optionally trigger a reset if it is not serviced by the CPU within a
user-specified amount of time. This watchdog reset (WDRS) produces an XRS that lasts for 512 INTOSC1
cycles.

After a watchdog reset, the WDRSn and XRSn bits in RESC are set.
3.4.9 NMI Watchdog Reset (NMIWDRS)

The device has a non-maskable interrupt (NMI) module that detects hardware errors in the system. The NMI
module has a watchdog timer that triggers a reset if the CPU does not respond to an error within a user-specified
amount of time. This NMI watchdog reset (NMIWDRS) produces an XRS that lasts for 512 INTOSC1 cycles.

After an NMI watchdog reset, the NMIWDRSnN and XRSn bits in RESC are set.
3.4.10 DCSM Safe Code Copy Reset (SCCRESET)

The device has a dual-zone code security module (DCSM) that blocks read access to certain areas of the

Flash memory. To facilitate CRC checks and copying of CLA code, Tl provides ROM functions to securely
access those memory areas. To prevent security breaches, interrupts must be disabled before calling these
functions. If a vector fetch occurs in a safe copy or CRC function, the DCSM triggers a reset. This security reset
(SCCRESET) is similar to a SYSRS. However, the security reset also resets the debug logic to deny access to a
potential attacker.

After a security reset, the SCCRESETN bit in RESC is set.
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3.5 Peripheral Interrupts

This section explains the peripheral interrupt handling on the device. Non-maskable interrupts are covered in
Section 3.6. Software interrupts and emulation interrupts are not covered in this chapter (see the TMS320C28x
CPU and Instruction Set Reference Guide).

3.5.1 Interrupt Concepts

An interrupt is a signal that causes the CPU to pause the current execution and branch to a different piece of
code known as an interrupt service routine (ISR). This is a useful mechanism for handling peripheral events,
and involves less CPU overhead or program complexity than register polling. However, because interrupts are
asynchronous to the program flow, care must be taken to avoid conflicts over resources that are accessed both
in interrupts and in the main program code.

Interrupts propagate to the CPU through a series of flag and enable registers. The flag registers store the
interrupt until the interrupt is processed. The enable registers block the propagation of the interrupt. When an
interrupt signal reaches the CPU, the CPU fetches the appropriate ISR address from a list called the vector
table.

3.5.2 Interrupt Architecture

The C28x CPU has 14 peripheral interrupt lines. Two of the interrupts (INT13 and INT14) are connected directly
to CPU timers 1 and 2, respectively. The remaining 12 interrupts are connected to peripheral interrupt signals
through the enhanced Peripheral Interrupt Expansion module (ePIE, or PIE as a shortened version). The PIE
multiplexes up to 16 peripheral interrupts into each CPU interrupt line and also expands the vector table to allow
each interrupt to have an ISR. This allows the CPU to support a large number of peripherals.

An interrupt path is divided into three stages: the peripheral, the PIE, and the CPU. Each stage has enable
and flag registers. This system allows the CPU to handle one interrupt while others are pending, implement and
prioritize nested interrupts in software, and disable interrupts during certain critical tasks.

Figure 3-1 shows the interrupt architecture for this device.

TINTO
TIMERO
LPM Logic LPMINT \ WAKEINT
NMI module NMI
oT J
INPUTXBAR4 »  XINT1 Control > CPU
GPioo \|, INPUTXBARS5 »  XINT2 Control oPIE .
to P INPUTXBARG »  XINT3 Control
apiox [|XBAR o
INPUTXBAR13 »  XINT4 Control » INT12
INPUTXBAR14 »  XINT5 Control >
TIMER1 INT13
Peripherals . -—bTIMERZ INT14
See ePIE Table g
Figure 3-1. Device Interrupt Architecture
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3.5.2.1 Peripheral Stage

Each peripheral has a unique interrupt configuration, which is described in that peripheral's chapter. Some
peripherals allow multiple events to trigger the same interrupt signal. For example, a communications peripheral
can use the same interrupt to indicate that data has been received or that there has been a transmission error.
The cause of the interrupt can be determined by reading the peripheral's status register. Often, the bits in the
status register must be cleared manually before another interrupt is generated.

3.5.2.2 PIE Stage

The PIE provides individual flag and enable register bits for each of the peripheral interrupt signals, which are
sometimes called PIE channels. These channels are grouped according to the associated CPU interrupt. Each
PIE group has one 16-bit enable register (PIEIERX), one 16-bit flag register (PIEIFRx) , and one bit in the PIE
acknowledge register (PIEACK). The PIEACK register bit acts as a common interrupt mask for the entire PIE
group.

When the CPU receives an interrupt, the CPU fetches the address of the ISR from the PIE. The PIE returns
the vector for the lowest-numbered channel in the group that is both flagged and enabled. This gives lower-
numbered interrupts a higher priority when multiple interrupts are pending.

If no interrupt is both flagged and enabled, the PIE returns the vector for channel 1. This condition does not
happen unless software changes the state of the PIE while an interrupt is propagating. Section 3.5.4 contains
procedures for safely modifying the PIE configuration once interrupts have been enabled.

3.5.2.3 CPU Stage

Like the PIE, the CPU provides flag and enable register bits for each of the interrupts. There is one enable
register (IER) and one flag register (IFR), both of which are internal CPU registers. There is also a global
interrupt mask, which is controlled by the INTM bit in the ST1 register. This mask can be set and cleared using
the CPU's SETC and CLRC instructions. In C code, C2000Ware's DINT and EINT macros can be used for this
purpose.

Writes to IER and INTM are atomic operations. In particular, if INTM is set, the next instruction in the pipeline
runs with interrupts disabled. No software delays are needed.
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3.5.3 Interrupt Entry Sequence

Figure 3-2 shows how peripheral interrupts propagate to the CPU.

Peripheral
PIEIFRx.1 49//
Interrupt —H X .

Peripheral 7o b\ oy 2 L o ot 591 (LErRx ) (STLINTM)

Interrupt —¥

Peripheral
Interrupt —» PIEIFRxy —e/e—l

PIEIERx.1

L1]

A Latch

PIEIERx.2

1]

Latch 1 a 1 CPU
B
0/00 IFR.x o/ol O/(}0 M Interrupt

Latch Logk:

PIEIERxy

0

Latch

P

Figure 3-2. Interrupt Propagation Path

When a peripheral generates an interrupt (on PIE group x, channel y), the interrupt triggers the following
sequence of events:

Noakrwdb=

8.
9.
10.
11.

The interrupt is latched in PIEIFRx.y.

If PIEIERX.y is set, the interrupt propagates.

If PIEACK.x is clear, the interrupt propagates and PIEACK x is set.
The interrupt is latched in IFR.x.

If IER.x is set, the interrupt propagates.

If INTM is clear, the CPU receives the interrupt.

Any instructions in the D2 or later stage of the pipeline are run to completion. Instructions in earlier stages
are flushed.

The CPU saves the context on the stack.

IFR.x and IER.x are cleared. INTM is set. EALLOW is cleared.

The CPU fetches the ISR vector from the PIE. PIEIFRXx.y is cleared.
The CPU branches to the ISR.

The interrupt latency is the time between PIEIFRx.y latching the interrupt and the first ISR instruction entering
the execution stage of the CPU pipeline. The minimum interrupt latency is 14 SYSCLK cycles. Wait states on the
ISR or stack memories add to the latency. External interrupts add a minimum of two SYSCLK cycles for GPIO
synchronization plus extra time for input qualification (if used). Loops created using the C28x RPT instruction
cannot be interrupted.
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3.5.4 Configuring and Using Interrupts

At power-up, no interrupts are enabled by default. The PIEIER and IER registers are cleared and INTM is set.
The application code is responsible for configuring and enabling all peripheral interrupts.

3.5.4.1 Enabling Interrupts
To enable a peripheral interrupt, perform the following steps:

1. Disable interrupts globally (DINT or SETC INTM).

2. Enable the PIE by setting the ENPIE bit of the PIECTRL register.

3. Write the ISR vector for each interrupt to the appropriate location in the PIE vector table, which can be found
in Section 3.5.8. Note that the vector table is EALLOW-protected.

4. Set the appropriate PIEIERX bit for each interrupt. The PIE group and channel assignments can be found in
Section 3.5.8.

5. Set the CPU IER bit for any PIE group containing enabled interrupts.

6. Enable the interrupt in the peripheral.

7. Enable interrupts globally (EINT or CLRC INTM).

Step 4 does not apply to the Timer1 and Timer2 interrupts, which connect directly to the CPU.
3.5.4.2 Handling Interrupts
I