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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 manual, rather a companion guide that should be
used alongside the device-specific data manual 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 manual. This allows
the data manual to outline the high-level features of the device without unnecessary information about register
descriptions or programming models.

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.

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

e I 1T Yo 10T 1 o o DS 62
1.2 C2000WWArE SEIUCTUIE..........oiiiiiiiiitei ittt e e ettt oottt e e b et eaa bt e e eas e e e e hs e e e aa b et e e as b e e e eh bt e e ea b e e e nnteeennneeeenbneennee 62
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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

* 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

* Migrating Software From 8-Bit (Byte) Addressable CPU's to C28x CPU Application Report
* TMS320C28x Extended Instruction Sets Application Report
e TMS320C28x FPU Primer 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 it writes data simultaneously to maintain the
single-cycle instruction operation across the pipeline.
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2.4 Floating-Point Unit

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

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.

66 TMS320F280015x Real-Time Microcontrollers

Copyright © 2024 Texas Instruments Incorporated

SPRUIY4B — FEBRUARY 2023 — REVISED MAY 2024
Submit Document Feedback


https://www.ti.com/lit/pdf/spruhs1
https://www.ti.com/lit/pdf/spruhs1
https://www.ti.com
https://www.ti.com/lit/pdf/SPRUIY4
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUIY4B&partnum=F280015X

13 TEXAS
INSTRUMENTS

www.ti.com C28x Processor

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
Lockstep Compare Module (LCM)

i3 TEXAS INSTRUMENTS

This chapter describes the Lockstep Compare Module (LCM).
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3.1 Introduction

Hardware module integrity during run-time is a critical functional safety requirement. Hardware Redundancy
implemented by the lockstep CPU architecture (two CPUs executing the same function and the output of

the CPUs are continuously compared) is a proven method for achieving high diagnostic coverage for both
permanent and transient faults. The Lockstep Comparator Module (LCM) is implemented to compare output from
the CPU to detect permanent and transient faults.

3.1.1 Features

The LCM implements the following features:

Pipelined architecture

Redundant comparison

Self-test capability

— Match and mismatch test

— Error forcing capability

Temporal redundancy: The operation of the two modules is skewed by two cycles to address the issue of
common cause failures like failure of clock, power, and so on. This makes sure of temporal redundancy.
Spatial redundancy: In the lockstep architecture, module instances are redundantly instantiated and the
outputs are compared. Redundant instantiation provides spatial redundancy.

Non-delayed functional output path to provide non-delayed CPU execution for the system (while still having
temporal redundancy).

Register protection of critical memory mapped registers of the module, using a parity scheme.

3.1.2 Block Diagram

Figure 3-1 shows the LCM block diagram.

Functional Output

Functional Input

Primary Module

{ LCM_CONTROL.CMPEN |
Lockstep Delay Lockstep Delay . l
Compare Error
Secondary/ Comparator
Redundant Module
Clock Enable
Comparator

(Redundant)

Figure 3-1. LCM Block Diagram

Note
The Module described in this block diagram can be either a CPU (for example, CPU1) or a peripheral
depending on availability for the device.
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3.2 Enabling LCM Comparators

Note
The redundant module is automatically enabled at boot.

To enable the LCM comparators upon device startup or after reset, perform the following steps at the beginning
of the user application code:

1. Lock the LSEN configuration using the following bit:
+ CPU_SYS_REGS[CPUSYSLOCK2.LSEN = 1]

2. Enable the comparator for the desired modules using the following bit:
* LCM_REGS[LCM_CONTROL.CMPEN = 1]
* Lockstep compare begins the immediate next cycle.

Note: The lockstep comparison is enabled by this write and cannot be disabled again without a reset.

3.3 Disabling LCM Redundant Module

In systems that do not require the redundant module for functional safety requirements, the LCM redundant
module can be disabled for additional power savings. To disable the LCM comparators upon device startup or
after reset, the following steps must be taken at the beginning of the user application code:

1. Disable the redundant module using the following bit:
+ CPU_SYS_REGS|LSEN.Enable = 0]

Note: The redundant lockstep module is disabled by this write and cannot be re-enabled without a reset.
2. (Optional) Lock the LSEN configuration using the following bit:

+ CPU_SYS_REGS[CPUSYSLOCK2.LSEN = 1]

3.4 LCM Error Handling

Upon an error generated by the LCM module, a system-level NMl is triggered. The LCM error can be triggered
by any of the following:

« Functional failure: LCM detecting an error (functional failure between the two modules).
« Self-test failure: LCM self-test failure detected (functional failure on one or both of the modules).
* Force Compare Error Request: Running LCM_CONTROL.CMPx_ERR_FORCE to force a compare error.

— If the force compare error test passes, the LCM module generates an NMI. Inside the NMI routine, to
differentiate between a functional failure of the device and a "force compare error test" induced failure, the
LCM_STATUS.CMPx_ERR_FORCE_DONE flag can be read. This bit determines if the error-force test
completed successfully (bit = 1, test complete) or never ran (bit = 0, test not completed). If the test never
ran, then the NMI was triggered by an actual functional failure.

To determine the specific cause of the LCM error-induced NMI, the LCM_STATUS register bits can be read.
Particularly:

- CMP_FAIL
. STPASS

- CMPx_ERR_FORCE_PASS
- CMPx_ERR_FORCE_DONE

For details on system-level NMlis vector locations and interrupt-handling, see the System Control and Interrupts
chapter.
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3.5 LCM Error Flags

SYS STATUS_REGS[LCM_ERR_FLG] register contains individual LCM module error flags as well as global
error event flag indicating lockstep compare error status.

On occurrence of a lockstep module compare error :

1. Sets the individual compare module flag in LCM_ERR_FLG register
2. Sets the Global error (GERR) event flag in LCM_ERR_FLG register
3. NMIlis generated, no further NMI's are fired until GERR flag is cleared

For clearing the status flags user writes to SYS_STATUS_REGS[LCM_ERR_FLG_CLR] register. When
GERR(Global Error) flag is cleared with the source flags still set, another NMI is generated, therefore user
is recommended to clear the source flags before clearing GERR flag.

Optionally user can set the individual module LCM flags in SYS_STATUS_REGS[LCM_ERR_FLG] register by
writing key and respective bits in SYS_STATUS_REGS[LCM_ERR_FLG_SET] register simultaneously.

Note
Only a 32-bit write to the LCM_ERR_FLG_SET register succeeds in updating the fields of this register
provided the correct value is written to KEY field simultaneously.

3.6 Debug Mode with LCM

Lockstep comparison is disabled automatically during debug/emulation mode of the device. However, some
items are still available when a debugger is connected:

» Code can continue to be debugged even though lockstep compare is disabled with a debugger connection.

» Self-test logic (match test and mismatch test) is still accessible with debugger connected.

» Clock and inputs to the secondary module are not impacted, and continue to get delayed clock and delayed
inputs.

The status of the debugger connection is readable from the status register, specifically the
LCM_REGS[LCM_STATUS.DBGCON] bit.

To re-initialize the lockstep compare module (after debugger is disconnected), a reset is required. This reset is
called using a system reset requested from the debugger which in turn generates an XRSn in the device.

3.7 Register Parity Error Protection

The following critical LCM registers are protected by a parity scheme:
+ LCM_CONTROL

+ LCM_STATUS

+ LCM_LOCK

+ LCM_COMMIT

The parity scheme provides one parity bit per byte of data in the corresponding registers. Updates to any of the
constantly-monitored registers causes an update to the parity bit. A single bit fault can therefore immediately flag
an error. If the parity check determines a parity error has occurred, a dedicated error output line from the LCM
module flags an error to the system.

All register parity errors (from the LCM) are combined into a single NMI to the NMIWD module as
REGPARITYERR. The status of the register parity error specific to the LCM can also be viewed in the
SYS_STATUS_REGS[REGPARITY_ERR_FLG.LCMx] bits.

Upon a parity error detection, SYSRSN must be asserted and the LCM_REGS[LCM_STATUS_CLEAR] register
must then be cleared using the a write of 1 to all appropriate bits in the register.

Details on the self-test capability of the register parity error test are explained in Section 3.8.3.
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3.8 Functional Logic

This section describes the various logical blocks within the LCM that contribute to the goal of improved
diagnostic coverage.

3.8.1 Comparator Logic

To implement lockstep scheme, a comparator block is needed. The comparator block compares the delayed
version of relevant outputs of the primary module and the equivalent outputs of the secondary (redundant)
module. This provides immunity towards the common cause failures like loss of power, clock failures, etc.

The LCM has two instantiations of the comparator block to provide redundancy of the comparator block. This
enables availability of one comparator block during self-test of the other comparator block and also provides
additional failure protection capability for the comparator logic.

Although the lockstep secondary (redundant) module is enabled upon startup, lockstep comparison must be
enabled in software.

Once lockstep compare is enabled in software, the comparison is performed continuously every cycle, from the
immediate next cycle. Any difference between the primary and secondary modules generates an error signal
from the LCM to the SoC. The corresponding register bit is also set (LCM_STATUS.CMP_FAIL).

CPU reset (or any higher-level resets) disables the lockstep comparators, requiring re-enabling of the
comparator in software.

3.8.2 Self-Test Logic

The self-test of the comparator has two different modes:
* Match Test
¢ Mismatch Test

These two tests are run together. Self-test is initiated by setting the appropriate register bit
(LCM_CONTROL.STEN). When the self-test is initiated, the two different modes are executed on the two
comparators one after the other. A self-test error triggers error aggregator logic at the SoC. A failed self-test also
generates an NMI.

Redundant instantiation of the comparator block allows for one instantiation to be conducting a self-test while the
other instantiation is active and performing the comparison check.

Self-test can also be performed before the comparator block is enabled in software.

Execution of the self-test is stopped immediately on failure. If either comparator fails the self-test, a status bit
(LCM_STATUS.STPASS) is 0 instead of being set to 1.

During self-test, the LCM_STATUS.STACTIVE bit has a value of 1. Another self-test or compare error force must
not be started until completion of the self-test, as indicated by LCM_STATUS.STDONE = 1.

The following subsections describe functionality of each of the individual test modes, Mismatch Test and Match
Test.
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3.8.2.1 Match Test Mode

The match test mode checks to make sure identical inputs on each comparator provide passing outputs. This
makes sure that the comparator inputs and comparators themselves are working correctly and that a fault is

successfully propagated to the module output.

This test is executed using two different patterns fed to the two inputs of each comparator (bit) in the comparator
block: {0,0} and {1,1}. Both inputs can provide a passing output to the comparator since both patterns are

providing identical inputs to both inputs of the comparator. This tests output-stuck-at-one, input-stuck-at-one,

and input-stuck-at-zero issues. Table 3-1 shows the test execution sequence for a single comparator in the

comparator block.

Table 3-1. Match Test Simplified Example

Clock Cycle A Input (Primary Module) of Comparator | B Input (Secondary Module) of Comparator Output
0 0 0 0
1 1 1 0
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3.8.2.2 Mismatch Test Mode

The mismatch test mode creates an error output of 1 on each individual comparator (bit) within the comparator
block, one at a time. This makes sure that all comparators in the block are working correctly and that a fault is
successfully propagated to the module output.

This test is executed using a walking 1s pattern to test for output-stuck-at-zero issues. The walking 1s pattern is
where all comparators in the comparator block are zero except for one of the comparators.

For example, the primary module has a 1 at the spot that the secondary module has a 0. This can force an
intentional error.

This is repeated for every comparator in the block, with the 1 being set on both modules. The passing scenario
for this is that all comparators see a mismatch, flagging a mismatch each iteration. See Figure 3-2 for a
simplified illustration of how this is implemented for a comparator block with 8 comparators (not the number used
in the actual design).

Secondary Module Signal Primary Module Signal

Cycle#|7 (n)| 6 5 4 3 2 1 0 |7 (n)| 6 | 5 4 3 2 1 0 | Output
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

15 (2n) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 3-2. Mismatch Test Simplified Example
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3.8.3 Error Injection Tests
There are two error injection tests available for the LCM:

» Comparator Error Force Test
* Register Parity Error Injection Test

Each error injection test is run individually, as described in the following subsections.
3.8.3.1 Comparator Error Force Test

The LCM has the capability to force a fault to check the error signaling path between the LCM and error
aggregation logic at the device level (for example, NMIWD). This test is executed separately from the self-test,
and is executed on the primary and redundant comparators individually through separate calls.

Note
* The lockstep comparator must be enabled to execute this test.

* Once this self-test is triggered, another self-test or compare error force request must not be
triggered again until the current test is completed, as indicated by LCM_STATUS.STDONE==1.

Execution of this self-test is started by setting the appropriate bit: LCM_CONTROL.CMPx_ERR_FORCE, where
x is the number designator of the redundant comparator to be tested.

Upon execution of this one-cycle-long test, the LCM asserts a lockstep comparison error signal to the device.
The normal functional compare fail flag (LCM_STATUS.CMP_FAIL) is not set by this test mode.

The following bits are set by the test:

» LCM_STATUS register:
— CMPx_ERR_FORCE_DONE bit - 1 when the test is completed.

» This bit must be cleared before running the test again for comparator "x".
— CMPx_ERR_FORCE_PASS bit - 1 when the test passes.

» This bit must be cleared before running the test again for comparator "x".

Because the test triggers an NMI on a test pass, the "DONE" flag allows the cause to be determined by either a
functional fail or an error forcing test fail.

3.8.3.2 Register Parity Error Test

An error can be injected into the register parity error protection that exists for critical LCM registers, to test for
latent faults. This error is inserted by forcing a particular byte to output a failing parity state to the system. This
then triggers an NMI to the NMIWD, and also set the SYS_STATUS_REGS[REGPARITY_ERR_FLG] bits.

The test can be executed by running setting the LCM_REGS[PARITY_TEST.TESTEN] bits to the appropriate
value.

Once the TESTEN register bits are set, the actual registers are no longer accessible in the memory map.
Instead, the one bit parity error status values are accessible for every byte in the registers. Parity is computed for
every byte, and the corresponding parity pass/fail value is available at the bit O location of every byte, in-place. A
0 in the bit 0 location corresponds to a pass; a 1 in the bit 0 location corresponds to a fail.

To actually inject an error, the value 1 can then be written to the bit O location of any byte. This inverts the stored
parity value, and therefore inject an error into the parity test mechanism. Note that this propagates as an NMI
like an actual parity error, and must therefore be handled within the parity error NMI.
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3.9 LCM Registers

The following sections are register descriptions for the LCM.
3.9.1 LCM Base Address Table

Table 3-2. LCM Base Address Table

Bit Field Name
DriverLib Name Base Address Pipeline Protected
Instance Structure
LCMCPU1Regs LCM_REGS LCM_CPU1_BASE 0x0004_C000 YES
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3.9.2 LCM_REGS Registers

Table 3-3 lists the memory-mapped registers for the LCM_REGS registers. All register offset addresses not
listed in Table 3-3 should be considered as reserved locations and the register contents should not be modified.

Table 3-3. LCM_REGS Registers

Offset Acronym Register Name Write Protection Section
Oh REVISION IP Revision tie-off value Go
8h LCM_CONTROL LCM Control configuration PARITY Go
20h LCM_STATUS LCM status register PARITY Go
28h LCM_STATUS_CLEAR LCM Status clear register Go
68h PARITY_TEST Enabling the parity test feature Go
70h LCM_LOCK LCM lock configuration PARITY Go
78h LCM_COMMIT LCM commit configuration PARITY Go

Complex bit access types are encoded to fit into small table cells. Table 3-4 shows the codes that are used for
access types in this section.

Table 3-4. LCM_REGS Access Type Codes

Access Type Code Description
Read Type
R R Read
R-0 R Read
-0 Returns Os
Write Type
w W Write
w1C W Write
1C 1 to clear
WSonce W Write
Sonce Set once

Reset or Default Value

-n

Value after reset or the default value

Register Array Variables

i,j,k,l,m,n

When these variables are used in a register name,
an offset, or an address, they refer to the value of a
register array where the register is part of a group
of repeating registers. The register groups form a
hierarchical structure and the array is represented
with a formula.

When this variable is used in a register name, an
offset, or an address it refers to the value of a
register array.
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3.9.2.1 REVISION Register (Offset = 0h) [Reset = 40000000h]
REVISION is shown in Figure 3-3 and described in Table 3-5.
Return to the Summary Table.
IP Revision tie-off value
Figure 3-3. REVISION Register
31 30 29 28 27 26 25 24
SCHEME RESERVED FUNC
R-1h R-0-0h R-0h
23 22 21 20 19 18 17 16
FUNC
R-0h
15 14 13 12 11 10 9 8
RESERVED MAJOR
R-0h R-0h
7 6 5 4 3 2 1 0
CUSTOM MINOR
R-0h R-0h
Table 3-5. REVISION Register Field Descriptions
Bit Field Type Reset Description
31-30 SCHEME R 1h This identifies the scheme revision ID register type implemented for
this module
Reset type: SYSRSn
29-28 RESERVED R-0 Oh Reserved
27-16 FUNC R Oh Functional Release Number

Reflects software-compatability. If there is no software compatability,
a unique func number is assigned

for compatible modules, the same number is maintained.

Reset type: SYSRSn

15-11 RESERVED R Oh Reserved

10-8 MAJOR R Oh Major Revision Number

Represents major changes to the module (e.g. entirely new features
are added/changed). The major revision number for this module.
Reset type: SYSRSn

7-6 CUSTOM R Oh Custom Module Number
Indicates a special version of the module. May not be supported by
standard software.

Reset type: SYSRSn

5-0 MINOR R Oh Minor Revision Number

Represents minor changes to the module (e.g. enhancements to
existing features). The minor revision number for this module.
Reset type: SYSRSn

78 TMS320F280015x Real-Time Microcontrollers SPRUIY4B — FEBRUARY 2023 — REVISED MAY 2024
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SPRUIY4
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRUIY4B&partnum=F280015X

13 TEXAS
INSTRUMENTS

www.ti.com

Lockstep Compare Module (LCM)

3.9.2.2 LCM_CONTROL Register (Offset = 8h) [Reset = 00000000h]

LCM_CONTROL is shown in Figure 3-4 and described in Table 3-6.

Return to the Summary Table.

LCM Control configuration

Figure 3-4. LCM_CONTROL Register

31 30 29 28 27 26 25 24
RESERVED
R-0h
23 22 21 20 19 18 17 16
RESERVED CMP2_ERR_F | RESERVED | CMP1_ERR_F RESERVED STEN
ORCE ORCE
R-0h R-0/W-0h R-0h R-0/W-0h R-0h R-0/W-0h
15 14 13 12 1 10 9 8
RESERVED
R-0/W-0h
7 6 5 4 3 2 1 0
RESERVED CMPEN
R-0/W-0h R/W-0h
Table 3-6. LCM_CONTROL Register Field Descriptions
Bit Field Type Reset Description
31-22 RESERVED R Oh Reserved
21 CMP2_ERR_FORCE R-0/W Oh 0: configuration is ignored
1: comparator-2 lockstep compare error is forced
(i) Once the bit is configured, comprator-2 compare error output
will be asserted for one cycle. This feature is used to check the
error propagation path from comparator2 compare error output to the
observation point defined in system control
(i) The test shall be triggered only after enabling the lockstep
feature.
(iii) It is not possible to execute this test with debugger connected.
(iv) The test cannot be executed if there is pending functional
failure or test failure (i.e. test cannot be executed when
LCM_STATUS.cmp_fail = 1 or (LCM_STATUS.stpass = 0 and
LCM_STATUS.stdone = 1) or (LCM_STATUS.cmp1_err_force_pass
=0 and LCM_STATUS.cmp1_err_force_done = 1)
or (LCM_STATUS.cmp2_err_force_pass = 0 and
LCM_STATUS.cmp2_err_force_done = 1)
(v) LCM_STATUS.cmp2_err_force_done and
LCM_STATUS.cmp2_err_force_pass flags need to be cleared before
initiating the test a 2nd time.
Reset type: SYSRSn
20 RESERVED R Oh Reserved
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Table 3-6. LCM_CONTROL Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

19

CMP1_ERR_FORCE

R-0/W

Oh

0: configuration is ignored

1: comparator-1 lockstep compare error is forced

(i) Once the bit is configured, comprator-1 compare error output

will be asserted for one cycle. This feature is used to check the

error propagation path from comparator1 compare error output to the
observation point defined in system control.

(i) The test shall be triggered only after enabling the lockstep
feature.

(iii) It is not possible to execute this test with debugger connected.
(iv) The test cannot be executed if there is pending functional

failure or test failure (i.e. test cannot be executed when
LCM_STATUS.cmp_fail = 1 or (LCM_STATUS.stpass = 0 and
LCM_STATUS.stdone = 1) or (LCM_STATUS.cmp1_err_force_pass
=0 and LCM_STATUS.cmp1_err_force_done = 1)

or (LCM_STATUS.cmp2_err_force_pass = 0 and
LCM_STATUS.cmp?2_err_force_done = 1)

(v) LCM_STATUS.cmp1_err_force_done and
LCM_STATUS.cmp1_err_force_pass flags need to be cleared before
initiating the test a 2nd time.

Reset type: SYSRSn

18-17

RESERVED

Reserved

16

STEN

R-0/W

Oh

0: configuration is ignored

1: self-test enabled

(i) Self-test sequence will start when the bit is configured to a value
of 1. The test shall be triggered only after enabling the lockstep
feature. Lockstep feature shall not be disabled when the test is in
progress.

(i) Once the test is initiated, both the comparators will be tested
one after the other. It should be possible to execute this test with
debugger connected

(iii) The test can be triggered only after the previous execution of
self-test is complete (i.e. ensuring by checking LCM_STATUS.stdone
= 1)

(iv) The test cannot be executed if there is pending functional
failure or test failure (i.e. test cannot be executed when
LCM_STATUS.cmp_fail = 1 or (LCM_STATUS.stpass = 0 and
LCM_STATUS.stdone = 1) or (LCM_STATUS.cmp1_err_force_pass
=0 and LCM_STATUS.cmp1_err_force_done = 1)

or (LCM_STATUS.cmp2_err_force_pass = 0 and
LCM_STATUS.cmp2_err_force_done = 1)

(v) LCM_STATUS.stdone and LCM_STATUS .stpass flags need to be
cleared before initiating the test a 2nd time.

(vi) Device shouldn't enter any low power modes when self-test is in
progress

Reset type: SYSRSn

15-1

RESERVED

R-0/W

Oh

Reserved
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Table 3-6. LCM_CONTROL Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

CMPEN

R/W

Oh

0: Lockstep compare disabled

1: Lockstep compare enabled

Note:

(1) Mentions of 'dual module' below are only applicable to systems
that support dual modules. Datasheet will explicitly state this
functionality if it exists.

(2) The configuration to decide whether IP is in lockstep
configuration, dual module configuration or single module
configuration comes from system control.

(3) This bit will have impact only when the IP is configured in
lockstep mode (i.e. not in single module or dual module mode)

(4) Device is expected to work in either lockstep mode or dual
module mode. Switching between modes is not supported except
the one time switching from lockstep mode to dual-core mode.

(5) User must ensure that LCM_STATUS register should not indicate
a failure (i.e. cmp_fail = 1, stpass = 0, cmp1_err_force_pass =

0, cmp2_err_force_pass = 0) at the time of enabling the lockstep
compare.

Reset type: SYSRSn
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3.9.2.3 LCM_STATUS Register (Offset = 20h) [Reset = 00000001h]
LCM_STATUS is shown in Figure 3-5 and described in Table 3-7.
Return to the Summary Table.
LCM status register
Figure 3-5. LCM_STATUS Register
31 30 29 28 27 26 25 24
RESERVED
R-0h
23 22 21 20 19 18 17 16
RESERVED | CMP2_ERR_F | CMP2_ERR_F | CMP1_ERR_F | CMP1_ERR_F STACTIVE STDONE STPASS
ORCE_DONE | ORCE_PASS | ORCE_DONE | ORCE_PASS
R-0h R-0Oh R-0h R-0h R-0h R-0h R-0h R-0h
15 14 13 12 11 10 9 8
RESERVED | DBGCON
R-Oh R-Oh
7 6 5 4 3 2 1 0
RESERVED CMP_FAIL ‘ LSEN
R-0Oh R-0h R-1h
Table 3-7. LCM_STATUS Register Field Descriptions
Bit Field Type Reset Description
31-23 RESERVED R Oh Reserved
22 CMP2_ERR_FORCE_DO |R Oh 0: 'comparator2 compare error forcing test' in progress or not
NE completed
1: 'comparator2 compare error forcing test' complete
Note: If the bit is set, it need to be cleared before invoking the test
2nd time.
Reset type: PORESETn
21 CMP2_ERR_FORCE_PA |R Oh 0: 'comparator2 compare error forcing test' fail
SS 1: 'comparator2 compare error forcing test' pass (comparator2
compare error output getting asserted during test is deemed as
pass)
Invoking this test will trigger an NMI on a test pass.
Note: If the bit is set, it need to be cleared before invoking the test
2nd time.
Reset type: PORESETn
20 CMP1_ERR_FORCE_DO |R Oh 0: 'comparator1 compare error forcing test' in progress or not
NE completed
1: 'comparator1 compare error forcing test' complete
Note: If the bit is set, it need to be cleared before invoking the test
2nd time.
Reset type: PORESETn
19 CMP1_ERR_FORCE_PA |R Oh 0: 'comparator1 compare error forcing test' fail
SS 1: 'comparator1 compare error forcing test' pass (comparator1
compare error output getting asserted during test is deemed as
pass)
Invoking this test will trigger an NMI on a test pass.
Note: If the bit is set, it need to be cleared before invoking the test
2nd time.
Reset type: PORESETn
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Table 3-7. LCM_STATUS Register Field Descriptions (continued)
Bit Field Type Reset Description

18 STACTIVE R Oh 0: Self-test is not active

1: Self-test is active (in progress)

The bit will be set in the next cycle of LCM_CONTROL.sten = 1
configuration and reset along with LCM_STATUS.stdone becoming
1.

Reset type: PORESETn

17 STDONE R Oh 0: self-test in progress or not completed

1: self-test complete

The bit will be zero by default and will become one once the self-test
is completed. The test is deemed complete when the test sequence
is complete or the test exits due to a failure.

Note: If the bit is set, it need to be cleared before invoking the test
2nd time.

Reset type: PORESETn

16 STPASS R Oh 0: self-test fail

1: self-test pass

The bit will be zero by default and will become one once the self-test
is complete and status is pass

Note: If the bit is set, it need to be cleared before invoking the
self-test 2nd time.

Reset type: PORESETn
15-9 RESERVED R Oh Reserved

8 DBGCON R Oh 0: debugger is not connected

1: debugger is connected

Note: The status is latched when debugger is connected. This can
be cleared only by XRSn

(a) When debugger is connected, lockstep comparison of the CPU is
disabled.

(b) Self-test can still be performed with debugger connected.

(c) Error forcing mode cannot be checked with debugger connected
Reset type: XRSn

7-2 RESERVED R Oh Reserved
1 CMP_FAIL R Oh 0: Lockstep compare pass
1: Lockstep compare failed
Note:

(i) When the peripheral is configured to be in lockstep mode, the bit
indicates whether lockstep comparison has failed.

(i) Once the comparison is failed, Lockstep_compare_fail_status gets
latched. It can be cleared only by a PORESETn or by writing to the
status clear configuration.

(iii) The bit will not get set during self-test mode or error forcing mode
(iv) Self-test and compare error forcing check cannot be initiated
when the cmp_fail flag value is 1'b1

Reset type: PORESETn

0 LSEN R 1h 1: Peripheral is in lockstep configuration

0: peripheral is not in lockstep configuration.

This configuration comes from system control.

Note: lockstep_status is independent of the debugger connection.
In order to check whether lockstep compare is disabled due to
debugger connection, check LCM_STATUS.dbgcon

Reset type: PORESETn
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3.9.2.4 LCM_STATUS_CLEAR Register (Offset = 28h) [Reset = 00000000h]
LCM_STATUS_CLEAR is shown in Figure 3-6 and described in Table 3-8.
Return to the Summary Table.
LCM Status clear register
Figure 3-6. LCM_STATUS_CLEAR Register
31 30 29 28 27 26 25 24
RESERVED
R-0h
23 22 21 20 19 18 17 16
RESERVED | CMP2_ERR_F | CMP2_ERR_F | CMP1_ERR_F | CMP1_ERR_F | RESERVED STDONE STPASS
ORCE_DONE | ORCE_PASS | ORCE_DONE | ORCE_PASS
R-0h R-0/W1C-0h R-0/W1C-0h R-0/W1C-0h R-0/W1C-0h R-0h R-0/W1C-0h R-0/W1C-0h
15 14 13 12 1 10 9 8
RESERVED
R-0h
7 6 5 4 3 2 1 0
RESERVED CMP_FAIL RESERVED
R-0h R-0/W1C-0h R-0h
Table 3-8. LCM_STATUS_CLEAR Register Field Descriptions
Bit Field Type Reset Description
31-23 RESERVED R Oh Reserved
22 CMP2_ERR_FORCE_DO |R-0/W1C Oh 0: No impact
NE 1: LCM_STATUS.cmp2_err_force_done is reset to zero
(If hardware is trying to set the flag and software is trying to clear the
same flag in the same cycle, software clear is given higher priority)
Reset type: PORESETn
21 CMP2_ERR_FORCE_PA |R-0/W1C Oh 0: No impact
SS 1: LCM_STATUS.cmp2_err_force_pass is reset to zero
(If hardware is trying to set the flag and software is trying to clear the
same flag in the same cycle, software clear is given higher priority)
Reset type: PORESETn
20 CMP1_ERR_FORCE_DO |R-0/W1C Oh 0: No impact
NE 1: LCM_STATUS.cmp1_err_force_done is reset to zero
(If hardware is trying to set the flag and software is trying to clear the
same flag in the same cycle, software clear is given higher priority)
Reset type: PORESETn
19 CMP1_ERR_FORCE_PA |R-0/W1C Oh 0: No impact
SS 1: LCM_STATUS.cmp1_err_force_pass is reset to zero
(If hardware is trying to set the flag and software is trying to clear the
same flag in the same cycle, software clear is given higher priority)
Reset type: PORESETn
18 RESERVED R Oh Reset type: N/A
17 STDONE R-0/W1C Oh 0: No impact
1: LCM_STATUS.stdone is reset to zero
(If hardware is trying