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ABSTRACT

Performance, efficiency, flexibility and protection — these are the attributes paramount to power electronics
technologies, such as motor control, digital power, renewable energies, lighting, and electrical vehicles. Backed
by over 20 years of working with customers developing real-time control applications, the C2000™ real-time
Microcontroller (MCU) platform enables developers to cost-efficiently meet all of the above criteria while also
differentiating their designs. This application report is intended to provide a deeper look into the components
providing differentiation to Real-Time Control Systems and give the next steps for evaluation.
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1 C2000 and Real-Time Control

Starting in 1997, Texas Instruments integrated flash memory, an Analog-to-Digital Converter (ADC), a Digital
Signal Processor (DSP) , and Pulse Width Modulation (PWM) units on a single device. The first C2000 real-time
control MCU was born.

Over more than two decades, this device family grew and now millions of C2000's can be found in numerous
applications in industrial and automotive applications like Motor Control, Solar Inverters, Digital Power, Electrical
Vehicles and more (see Figure 1-1). There is one tie that binds all the above applications; their real-time nature
and the need for a real-time controller.

C2000 Key Applications

HEVI/EV, Body & Motor Drives Grid and Power
Lighting Delivery
e On-board charger/DC-DC * AC, servo, BLDC, linear & stepper drives * Solar energy
o Traction Inverter  Industrial & collaborative robots « Energy storage systems
« Auto small motors :pumps, blowers, fans o Industrial mobile robots « EV charging infrastructure
 HVAC:eCompressor, heaters e Service robots o Telecom rectifier
 Lighting:headlight, rear light » Air conditioners & major appliances * Network & server PSU
o Auxiliary Inverter (DC/AC Inverter) e Garden & power tools * UPS
4
L AN
= (= 4

Figure 1-1. Common C2000 Real-Time Control Applications

A real-time control system is typically composed of four main elements: see Figure 1-2:

» Sensing: or feedback acquisition. The application needs to measure several key parameters (voltage,
current, motor speed, temperature) in an accurate manner and at a very precise moment in time.

* Processing: Use the sensing information to apply control algorithms to the incoming data and calculate the
next output command.

* Control: The command is applied to the system, typically via a PWM unit driving the power electronics
system, for example, the motor turns faster, the current to the solar installed system is reduced, the car is
accelerating.

* Interface: The ability of the device to communicate to other external components. While not necessarily
involved in the control of the system, communications to other system components also has to co-exist with
the main control loop.

C2000 Real-Time MCU

Highly accurate sensing:

* 12-/16-bit ADCs, up to 24 channels

* Full analog comparators with built-in DACs
+ Quadrature Encoder and Capture Logic

e High performance processing:
] Floating-point DSP C28x™ core + parallel multi-
Sense /1f"}r__ core architecture + instructions set optimized for
control math, up to 925 MIPS

Highly flexible, High-resolution PWMs:
» Up to 32 outputs Integrated communications:
+ Tightly coupled with Sensing domain for fast Control : : CAN, CAN-FD, LIN, UART, SPI, 12C, PMBus, USB,

response time 10/100 Ethernet MAC, EtherCAT®, XEMIF
+ Buffered Output DACs

Leading innovation:

Configurable Logic Block for peripheral

. - customization, Fast Serial Interface for high-speed
25 years exPertlse In communication, ERAD for enhanced diagnostics
real-time control systems and profiling

Expertise and support:
Software libraries, reference designs, and
functional safety-compliant devices.

Functional Safety Support
Built-in HW features for safety
SW library and device drivers
Safety certification documentation

Functional Safety:
All Safety integrity levels for Automotive and
Industrial

Functional Safety Compliant

Figure 1-2. C2000 Real-Time MCU Components
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The key to real-time control is to minimize the time between Sensing, Processing and Control: this time is
defined as the Real-Time Signal Chain. Figure 1-3 illustrates how the entire process is critical to understand the
overall system performance of a real-time controller, vs simply looking at the time it takes the main processing
unit to complete the control algorithm (step 4).

Figure 1-3. Real-Time Signal Chain Components

Many benchmarks, only focus on the time is takes to complete the step 4, typically expressed in Millions
Instructions Per Second (MIPS) while the real-time challenge for designers is to minimize the time between
Sample to Output: the real-time MCU architecture choice is critical.

The C2000 real-time MCU is a scalable, ultra-low latency, real-time controller platform designed for efficiency

in power electronics, such as high power density, high switching frequencies, GaN and SiC technologies and
was designed with the best Real-Time Signal Chain performance in mind and can deliver 2-times more real-time
signal chain performance than an Arm®-based architecture.

The following sections showcase these advantages in terms of CPU cycle counts for easy comparison:

« Section 3.1
e Section 3.7

For more detailed information on the advantages C2000 brings to the real-time signal chain, including SW
benchmarks, see Signal Chain Benchmarking - A Demonstration of Optimized Real-time Performance of
C2000™ MCU.

The next sections will zoom in each key elements that enables C2000 MCUs to deliver the best real-time signal
performance in the market. Backed up with 25 years of expertise, which has translated in the largest reference
design offering for power conversion in the industry, coming with robust production ready software and open
source hardware documentation, designers can now innovate to and build energy system of the future. The
C2000 real-time MCU continues to expand with a platform of software compatible device from the low-end to
the high-end. Check the home page on Tl.com and register for the Tl newsletter to stay up to date on new
innovations from C2000 real-time MCUs.
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1.1 Getting Started Resources

+ Select Part
— Device Selection Guide
— Peripheral Reference Guide
» Pick a C2000 EVM
— Launchpads: Low cost evaluation
board
— controlCARDs: Full-featured
development board
— Buy an EVM to get started
* Reference Designs

1.2 Processing

+  SW Overview
* Tool-Chain
— Code Composer Studio
+ Standalone Download
* Cloud Based
— SysConfig and PinMux Support

T8 traning

*  Getting Started
» C2000 Academy
*  Motor Control Workshop Series
» Digital Power Training Series
* EV Training Modules
Safety Overview

* (C2000ware SDK - Low-level drivers and

highly optimized libraries

— Digital Power SDK

— Motor Control SDKw/ InstaSpin
* Model-Based Evaluation

— MathWorks Embedded Coder

As seen in Figure 1-4, the C2000 real-time MCU uses the C28x DSP(Digital Signal Processor) core as the

main processing unit. Capable of both 32-bit float or fixed point operations with dedicated instructions tailored to
real-time control applications. Additional components of this sub-system are outlined below:

» Section 3.4: A state machine based 32-bit floating point co-processor capable of independent code execution

from the main C28x DSP core
« (C28x Extended Instructions:

— Floating Point Unit (FPU): Supporting 32-bit floating point operations and on select devices supports

Section 3.3

— Section 3.1: Provides intrinsic instructions to support common trigonometric math functions commonly
found in transfroms and torque loop calculations.
— Viterbi and CRC Unit(VCU): Reducing cycle count for both Viterbi and Cyclical Redundancy Check(CRC)
operations found in complex math equations.

* High determinism

* Fast interrupt response

C28x™ R CLA
Core(s) 0 3 . Core(s
ROM RAM Flash RAM

+ Deterministic pre-fetch

+ Zero wait-state linear code

| FPU32/FPU64 | T™U | VCU/VCRC |

* Atomic ALU
= Linear memory space

Figure 1-4. C2000 Processing

)

ROM

+ Zero wait-state RAM, ROM
* Shared RAM between cores
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1.3 Control

The control sub-system includes modules that will stimulate the system under control. Typically, this is done with
Pulse Width Modulation (PWM) outputs. This could also be the output of the on-chip Digital-to-Analog Converter
(DAC) or just a General-Purpose Input/Output (GPIO) pin.

*  PWM - Principle actuation module on the C2000 real-time MCU. Responsible for driving the external Field
Effect Transistors (FETs) that exist in most power electronics systems. Supports both standard and high
resolution modes for duty-cycle, period, and dead-band control of the waveform
— All PWMs on a given C2000 have global load capability, ensuring synchronous updates across multiple

switch controls

— High resolution (~150ps) edge placement helps reduce limit cycling in control systems. Available for duty
cycle, phase, and deadband placement.

— Tightly coupled with the analog comparators to provide over voltage/current protectionCPU independent
duty control for systems like Peak Current Mode Control as well as CPU independent duty control for
systems like Peak Current Mode Control.

« Buffered DAC - 12-bit DAC capable of driving a defined external load. Typically used to create a bias voltage
in the analog domain.

» Configurable Logic Block (CLB) — Group of look up tables and state machine logic that operates on internal
signal nodes in the hardware domain. Can be an endpoint or intermediary step to realize increased system

performance.
c
h
SYNC IN Action ® Dead Trip
v Qualifier f, band | zone
16-Bit <
=
Counter
Compare L
0 Logic Digital
SYNC OUT Start of Compare
Conversion
and
Interrupt CPUINT
Gen ADC SOC
ADC sSOC
Time-base sync on:
« Period Event/ Zero Event/ +Comparelogic C and D for
SYNCIN Event/ S/IW Sync Event finer positioning of ADC SOC,
interrupts or for resetting
Shadowloadsync on: ZA filters
« Period Event/ Zero Event/ + X preconfiguredlogical
S/W Sync Event operation options in digital
+ Simultaneous registerupdate compareto qualify tripping
across modules
Figure 1-5. PWM Block Diagram
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1.4 Sensing

The sensing sub-system includes modules that translate the state of the external system under control (analog
domain) into data usable by the C2000 real-time controller (digital domain). Often this is the work of the
Analog-to-Digital Converters (ADCs) on the MCU, but could also be handled by comparators or demodulators for
external ADCs. Other unit converters are included in this domain, such as quadrature encoders and time pulse
measurement devices.

» ADC - Multiple 12 or 16-bit ADCs that are used primarily to convert the voltage or current (through a
shunt) of the controlled system into the digital domain. Both an internal reference or external references
are supported, with sample rates of 3.5MSPS (12-bit) and 1MSPS (16-bit) to quickly translate the system
conditions to information that the control system can act upon.

» Comparator (COMP) — Multiple on-chip comparators provide system protection as well as cycle by cycle
PWM control by comparing a system voltage to an internal reference point(generated by the internal 12-bit
DACs). Direct connection to the ePWM modules exist to change the output state as quickly as possible
without need for CPU intervention.

» Sigma Delta Demodulator — On-chip logic used to decode the serial bit stream output from external sigma
delta ADCs. Often used to cross the isolation boundary of high power systems. Includes hardware threshold
detection.

* Quadrature Encoder Pulse Measurement (eQEP) — Counts pulses from a variety of encoders to determine
motor shaft position. Can be coupled with the CLB module for customer encoder solutions in HW.

» Time Capture (eCAP) — Measures the time duration between external pulse events, useful for evaluating Hall
Sensors. Both standard and high resolution modes are available.

GPIO
Trip
GPIO
Trip
» 2one

GPIO
Trip
D
. Interrupt
S0C tngge* I_' Interrupt

ADC
Samplehold #1
— CPU/CLA
Samplehold #2

Figure 1-6. C2000 Analog Integration
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HRPWM —l |—| |—

—____Trip
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1.5 Interface

An additional block that, while not typically associated with the real-time control loop of the system, is almost
always needed from a system integration point of view. Good integration of the interface block with the CPU is
essential to avoid high overhead that could impact the control loop. From serial data streams to multi-channel
inputs, as well as industry standard options to proprietary formats, the interface sub-system supports a wide
array of communications options.

» Controller Area Network (CAN) — The CAN module supports the Bosch™ CAN protocol standard.

» External Memory InterFace (EMIF) — Parallel data bus typically used to support connections to SDRAM as
well as wide bus peripherals.

» EtherCAT Slave Controller (EtherCAT) — This module allows for the C2000 MCU to act as a slave node in an
EtherCAT network.

» Ethernet — 10/100 Mbps Ethernet controller and physical interface for external communications across this
bus.

» Fast Serial Interface (FSI) — 2 or 3 line simplex serial data transmit or receive. Designed to meet both the
high speed (100Mbps) as well as the variable latency introduced when crossing an isolation boundary.

* Host Interface Controller (HIC) - Grants ability for other devices to control/interact with the C2000 peripherals

* Inter-Integrated Circuit (12C) — Interface/controller for an 12C bus

» Serial Peripheral Interface (SPI) — Interface/controller for a standard Serial Peripheral Interface bus.

* Universal Asynchronous Receiver/Transmitter (UART) — Interface/controller for Universal Asynchronous
Receiver Transmitter bus

* Universal Serial Bus (USB) — USB 2.0 MAC and PHY used to interface to standard USB network.

C2000™

Real-Time Control

Microcontrollers

UART

EtherCAT

Len | [ (it

Figure 1-7. C2000 MCU Supported Interfaces

Note
Peripheral counts, as well as features, may vary from device to device. For a complete listing of the
number of a peripherals on a device, see the data sheets referenced at the end of each section.
For the feature sets supported on a given device, see the C2000 Real-Time Control Peripherals
Reference Guide.
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1.6 Functional Safety

According to the International Electrotechnical Commission (IEC), safety is defined as freedom from
unacceptable risk of physical injury or damage to thehealth of people, either directly or indirectly, as a resultof
damage to property or to the environment. The IEC defines functional safety as the part of overall safetythat
depends on a system or equipment operating correctly in response to its inputs.

With over 300 safety mechanisms defined and independently assessed by TUV SUD for its effectiveness, C2000
MCUs provide the required diagnostic coverage to meet a random hardware capability of SIL 2/ASIL B ata
component level. Functional safety manuals provide detailed information on the safety mechanisms, techniques
for achieving non-interference between elements and avoiding dependent failures, to aid customers in the
development of compliant systems up to SIL 3/ASIL D.

Examples of functional safety enablers across the C2000 device can be seen in Functional Safety Enablers.

C2000 SafeTl Mechanisms
Sensing

Redundant peripherals for sensing

Actuation

ePWM Safe State Assertion
using trip mechanism

Processing

Reciprocal comparison with
heterogeneous processing units

ADC to DAC loopback check

Hardware built-in self-test Redundant peripherals for
Online monitoring of temperature control and actuation
Software test of CLA
Common Cause &
Communications Memory bulti-in self-test Dependent Failures

100 Mbps Fast Serial Interface (FSI)
with built in diagnostics

ECC/Parity for all SRAM and Flash Dual oscillators for missing clock detect

Lock mechanism for
critical control registers

Windowed Watchdog (WWD)
Redundant communications peripherals

Dedicated ERRORSTS Pin
Background CRC for
CLA-ROM (CLAPROMCRC)

Dual Code Security Module (DCSM)

Embedded Real-time
Analysis and Diagnostics (ERAD)

Access protection mechanism
for memories

ePIE double SRAM hardware comparison

Figure 1-8. Functional Safety Enablers

For more detailed information please see the following technical documents:

» Industrial Functional Safety forC2000™ Real-Time Microcontrollers
* Automotive Functional Safety forC2000™ Real-Time Microcontrollers
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2 Sensing Key Technologies
2.1 Accurate Digital Domain Representation of Analog Signals
2.1.1 Value Proposition

Many MCUs have integrated ADCs as part of their sensing subsystem. The ability of the ADC to accurately
convert the analog domain to the digital space is one of the most crucial aspects of the MCU in order to realize
a proper control system. The data sheet specifications for a C2000 MCU ADC are such that performance in the
system can be properly evaluated prior to system implementation.

2.1.2 In Depth

The first step when selecting an MCU for a real-time control system is relatively straightforward process;
comparing the components of the MCU to the system needs. There are questions of memory size, CPU speed,
communications standards used, analog content, number of I/Os, and so forth. When looking at the fit for an
analog module like the ADC, it can appear straightforward to base the decision on sampling rate, number of
inputs, and bit level. In practice, however, there is much more to this decision.

Too often ADC selection is based solely on the top level specifications, only to realize during development there
are limitations to the system performance due to the ADC itself:

» Wil the system be using the analog inputs for frequency analysis? Then, AC specifications like SNR and

THD become important to consider when picking an MCU with an on-chip ADC.

» |s overall accuracy a key care about? Looking at the DC specifications like INL, Gain, and Offset are key
parameters to consider.

A quick summary of ADC specifications and their relevance to the system:

— AC Specifications: Parameters related to how accurately the converter can resolve the fundamental
frequency tone of a signal from other noise sources. Includes SNR, SINAD, THD, and SFDR all expressed
in dB. Also includes ENOB, which is the SINAD translated into number of bits. Typically SINAD and ENOB
based on SINAD are considered when choosing an ADC, the importance will vary depending on the end
application.

— DC Specifications: Parameters related to the accuracy of the converter as it applies to representing an
analog input in the digital domain. Includes Gain, Offset, DNL, and INL. The weighted summation of the
Gain, Offset, and INL are often referred to as "Total Unadjusted Error" (Equation 1). This equation is
typically used to determine the real-world impact of these parameters on the accuracy of a conversion.

Z \/(EI“I“gain)2 + (Effoffset)z + (Ernnc )2

(1)
where

Errgain is the maximum gain error of the ADC in LSBs
*  Errgfset is the maximum offset error ADC in LSBs
* Erm is the maximum INL error of the ADC in LSBs

An example of how the C2000 ADC is specified and the parameters can be seen in Table 2-1, a dynamic link to
this same table in the data sheet is located here.

One final aspect of all the parameters that C2000 devices list in the data sheet is what is implied by the inclusion
of the parameter itself. For parameters that have a MIN/MAX, these are assured specs over the full operational
range and lifetime of the device. The typical (TYP) column is also significant for all parameters, as it represents
the mean performance of a parameter across its operational range.
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Table 2-1. TMS320F28379D 16-Bit ADC Specifications
Parameter Test Conditions Min Typ Max Unit
ADC conversion cycles 29.6 31| ADCCLKs
Power-up time (a_fter setting _ 500 us
ADCPWDNZ to first conversion)
Gain error -64 +9 64 LSBs
Offset error -16 +9 16 LSBs
Channel-to-channel gain error +6 LSBs
Channel-to-channel offset error +3 LSBs
ADC-to-ADC gain error Identical Vgrern @and VRerLo for all ADCs +6 LSBs
ADC-to-ADC offset error Identical VgrerH @and VrerLo for all ADCs +3 LSBs
DNL > -1 10.5 1 LSBs
INL -3 1.5 3 LSBs
SNR VRrerHi = 2.5V, fi; = 10 kHz 87.6 dB
THD VRrerHi = 2.5V, fi; = 10 kHz -93.5 dB
SFDR VRerHi = 2.5V, fi; = 10 kHz 95.4 dB
SINAD VRepHi = 2.5V, fi, = 10 kHz 86.6 dB
V_REFH| =25V, fi, =10 kHz, 14.1
single ADC
VRrepHi = 2.5V, fip = 10 kHz, Not
asynchronous ADCs supported
L G s 7 ds
o S r ds
CMRR DC to 1 MHz 60 dB
VRern! input current 190 MA
VRerH = 2.5V, synchronous ADCs -2 2
ADC-to-ADC isolation Vegrw = 2.5 V, asynchronous ADCs Not LSBs
’ supported

2.1.3 Device List

+ TMS320F2838xD/S
+ TMS320F2837xD/S
+ TMS320F2807x

+ TMS320F28004x

+ TMS320F28003x

+ TMS320F28002x

+ TMS320F280013x
+ TMS320F280015x

2.1.4 Hardware Platforms and Software Examples

All controlCARDs for their specific C2000 MCU have been verified to reproduce the DS specifications for the
on-chip ADC

+ TMDSCNCD28388D
« TMDSCNCD28379D
+ TMDSCNCD280049C
+ TMDSCNCD280025
+ TMDSCNCD2800137
« TMDSCNCD2800157
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2.1.5 Documentation

» Texas Instruments: TMS320F2838x Real-Time Microcontrollers With Connectivity Manager Data Sheet (see

the C28x Analog Peripherals section)
» Texas Instruments: TMS320F2837xD Dual-Core Microcontrollers Data Sheet (see the Analog Peripherals
section)
* Texas Instruments:
* Texas Instruments:
* Texas Instruments:
* Texas Instruments:
* Texas Instruments:

TMS320F28004x Microcontrollers Data Sheet (see the Analog Peripherals section)
TMS320F28003x Microcontrollers Data Sheet (see the Analog Peripherals section)
TMS320F28002x Microcontrollers Data Sheet (see the Analog Peripherals section)
TMS320F280013x Microcontrollers Data Sheet(see the Analog Peripherals section)
TMS320F280015x Microcontrollers Data Sheet (see the Analog Peripherals section)

2.2 Optimizing Acquisition Time vs Circuit Complexity for Analog Inputs
2.2.1 Value Proposition

Control systems have the need to interface with a variety of feedback and monitoring sources. Signal sources
in these systems differ in their ability to drive a capacitive input circuit like those typically found in the sample-
and-hold (S+H) input circuit of an analog-to-digital converter (ADC). The ADCs on C2000 devices allow the
acquisition time of the S+H to be individually configured for each input channel over a wide range. This allows
the system to simultaneously interface with a mix of high-performance and low-cost signal sources.

2.2.2 In Depth

The inputs of an ADC are typically modeled as a switched capacitor circuit where the hold capacitor inside
the ADC, C;, needs to be charged from an unknown voltage to a value close to the input voltage during the
acquisition time. An example, taken from the TMS320F2837xD device, is shown in Figure 2-1.

ADC
_ ADCINX

Rs o
Switch Ry,

AC Cp Ch

. I I
%VREFLO

Figure 2-1. Single-Ended Input Model

The required acquisition time for charging Cy, is determined by the external impedance of passive components,
bandwidth of any buffers or sensors, the internal ADC input parasitics, and the resolution of the ADC.

The system designer can make a variety of trade-offs with respect to external circuit cost and complexity vs
settling speed, for example:

* Adding/upgrading the op-amp buffer driving the ADC inputs: Lowering acquisition time through better
charge transfer to the sample and hold capacitor inside the ADC

* Increasing the amount of resistance and/or capacitance seen by the ADC input: Helps reduce noise by

adding additional low-pass filtering at the expense of a longer acquisition time
» Tolerating less accuracy: Alternatively, using a smaller acquisition window to decrease the sampling time,
at the expense of accuracy/resolution.

With all the above possible trade-offs, it is difficult to select a single acquisition time that is appropriate for all

analog inputs in the system. C2000 ADCs allow a separate acquisition window to be selected for each channel,

giving the system designer a great deal of flexibility to make whatever speed vs signal conditioning circuit cost vs

accuracy trade-offs they would like.
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The acquisition window (controlled by the ACQPS field of the ADC SOC configuration register) can also be

configured over a wide range of values and with a small step size as shown in Table 2-2.

Table 2-2. Range of Acquisition Time Configuration (per Channel)

Device Maximum S+H S+H Time Configuration

C2000 MCU SYSCLK Minimum S+H Time Time Resolution
TMS320F28004x and
TMS320F28002x 100 MHz 80 ns 5.1 ps 10.00 ns
TMS320F2807x, TMS320F28003
X
,TMS320F280013x, 120 MHz 75 ns 4.3 s 8.33 ns
TMS320F280015x
TMS320F2837xD and
TMS320F2837xS 200 MHz 75ns 2.6 ps 5.00 ns

There are a variety of ways to model the ADC input, Texas Instruments offers free tools to help design the ADC
input driver circuit as well as instructional videos on proper front end component selection.

2.2.3 Device List

+ TMS320F2838xD/S
+ TMS320F2837xD/S
+ TMS320F2807x

+ TMS320F28004x

+ TMS320F28003x

+ TMS320F28002x

+ TMS320F280013x
» TMS320F280015x

2.2.4 Hardware Platforms and Software Examples

+ TMDSCNCDF28388D
+ TMDSCNCDF28379D
+ TMDSCNCDF280049C
+ TMDSCNCD280039C
+ TMDSCNCD280025

+ TMDSCNCD2800137
« TMDSCNCD2800157

F2838xD ADC SW Example
F2837xD ADC SW Example
F28004x ADC SW Example
F28002x ADC SW Example
F280013x ADC SW Example
F280015x ADC SW Example

.2.5 Documentation

Charge-Sharing Driving Circuits for C2000 ADCs
ADC Input Circuit Evaluation for C2000 MCUs

SAR ADC Input Driver Design
Tl Precision Labs - ADCs: Introduction to SAR ADC Front-End Component Selection

TMS320F2838xD Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)
TMS320F2837xD Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)
TMS320F28004x Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)
TMS320F28003x Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)
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* TMS320F28002x Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)

* TMS320F280013x Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)

* TMS320F280015x Real-Time Microcontrollers Technical Reference Manual (for more information, see the
Choosing an Acquisition Window Duration section)

2.3 Hardware Based Monitoring of Dual-Thresholds Using a Single Pin Reference
2.3.1 Value Proposition

C2000 MCUs help to mitigate the cost and complexity of using multiple comparators to monitor a feedback
signal by providing single pin access to two embedded voltage comparators per each Comparator Subsystem
(CMPSS) module.

2.3.2 In Depth

Control systems commonly use voltage comparators to monitor feedback signals for threshold crossing events.
These crossing events can represent a variety of states that range from nominal to critical conditions. A single
feedback signal may sometimes be monitored by multiple comparators in order to trigger a custom response for
each state.

Consider a simple hysteresis controller (Figure 2-2) that uses two threshold levels to define the actuation on-off
behavior:

Turn Off Level

Feedback
Signal

Turn On Level

Figure 2-2. Threshold Levels in a Hysteresis Controller

1. Alow-level "floor" threshold defines when the actuation should turn on, and
2. A high-level "ceiling" threshold defines when the actuation should turn off

A comparator-based monitoring and triggering scheme for this hysteresis controller can be implemented using
a single CMPSS pin as shown in Figure 2-3. Similarly, a second CMPSS pin can be used to detect both
over-voltage and under-voltage fault conditions for system protection.

DACH Level

Feedback
Signal

TRIPH

COMPL
- TRIPL

Figure 2-3. CMPSS Block Diagram

Each CMPSS comparator is provided with its own voltage reference DAC, output conditioning logic, and unique
trip signals for independent operation. Additionally, each CMPSS pin is also assigned to an ADC channel that
can sample the pin voltage in parallel with comparator monitoring. These ADC samples can be used to influence
sophisticated system behaviors, and to serve as a redundant form of voltage monitoring.
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The multi-function capability of the CMPSS pin demonstrates a significant advantage in resource optimization
over other embedded solutions with dedicated pin functionality; the optimization advantage is even greater when
compared to discrete solutions that require localized resources like power supplies and reference voltages.
System cost and complexity can be reduced by utilizing the full resources available from each C2000 MCU pin.

2.3.3 Device List

+ TMS320F2838xD/S
+ TMS320F2837xD/S
+ TMS320F2807x

+ TMS320F28004x

+ TMS320F28003x

+ TMS320F28002x

+ TMS320F280013x
+ TMS320F280015x

2.3.4 Hardware Platforms and Software Examples

« TIDM-DC-DC-BUCK

+ TIDM-DC-DC-BUCK Example SW

+ TIDM-02002

« TIDM-02002 Example SW

+ TIDM-1022

+ TIDM-1022 Software Example

+ TMDXIDDK379D

+ TMDXIDDK379D Software Examples

2.3.5 Documentation

* TMS320F2838x Real-Time Microcontrollers With Connectivity Manager Data Sheet (for more information,
see the Comparator Subsystem (CMPSS) chapter)

*  TMS320F2837xD Dual-Core Microcontrollers Data Sheet (for more information, see the Comparator
Subsystem (CMPSS) section)

*  TMS320F28004x Microcontrollers Data Sheet (for more information, see the Comparator Subsystem
(CMPSS) section)

*  TMS320F28003x Microcontrollers Data Sheet (for more information, see the Comparator Subsystem
(CMPSS) section)

* TMS320F28002x Real-Time Microcontrollers Data Sheet (for more information, see the Comparator
Subsystem (CMPSS) section)

* TMS320F280013x Real-Time Microcontrollers Data Sheet (for more information, see the Comparator
Subsystem (CMPSS) sec