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ABSTRACT
High-performance control peripherals are an integral component for all digital control systems. The
hallmark of the Piccolo™ TMS320F28004x and TMS320F2807x, and Delfino™ TMS320F2837xS and
TMS320F2837xD devices are the control peripherals including the flexible, powerful, industry-proven
PWM timers. Each of the PWM modules is enhanced to support high resolution capabilities on both A and
B channels. These high-resolution channels extend 150ps PWM step resolution to enable high-frequency
PWM modulation techniques and advanced control topologies. The 12 pulse width modulator pairs enable
single-chip multi-axis controllers and single-chip multi-level inverters controllers.
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1 Enhanced Pulse Width Modulator (ePWM) Module
Power switching devices can be difficult to control when operating in the proportional region, but are easy
to control in the saturation and cutoff regions. Since PWM is a digital signal by nature and easy for an
MCU to generate, it is ideal for use with power switching devices. Essentially, PWM performs a DAC
function, where the duty cycle is equivalent to the DAC analog amplitude value. The ePWM modules are
highly programmable, extremely flexible, and easy to use, while being capable of generating complex
pulse width waveforms with minimal CPU overhead or intervention. Each ePWM module is identical with
two PWM outputs, EPWMxA and EPWMxB, and multiple modules can synchronized to operate together
as required by the system application design. The ePWM module consists of eight submodules: time-
base, counter-compare, action-qualifier, dead-band generator, PWM chopper, trip-zone, digital-compare,
and event-trigger.
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Figure 1. Enhanced Pulse Width Modulator (ePWM) Module Block Diagram

The time-base submodule consists of a dedicated 16-bit counter, along with built-in synchronization logic
to allow multiple ePWM modules to work together as a single system. A clock pre-scaler divides the
EPWM clock to the counter and a period register is used to control the frequency and period of the
generated waveform. The period register has a shadow register, which acts like a buffer to allow the
register updates to be synchronized with the counter, thus avoiding corruption or spurious operation from
the register being modified asynchronously by the software. The time-base counter operates in three
modes: up-count, down-count, and up-down-count. In up-count mode the time-base counter starts
counting from zero and increments until it reaches the period register value, then the time-base counter
resets to zero and the count sequence starts again. Likewise, in down-count mode the time-base counter
starts counting from the period register value and decrements until it reaches zero, then the time-base
counter is loaded with the period value and the count sequence starts again. In up-down-count mode the
time-base counter starts counting from zero and increments until it reaches the period register value, then
the time-base counter decrements until it reaches zero and the count sequence repeats. The up-count
and down-count modes are used to generate asymmetrical waveforms, and the up-down-count mode is
used to generate symmetrical waveforms.

The counter-compare submodule continuously compares the time-base count value to four Counter
Compare Registers (CMPA, CMPB, CMPC, and CMPD) and generates four independent compare events
(that is, time-base counter equals a compare register value) which are fed to the action-qualifier and
event-trigger submodules. The counter compare registers are shadowed to prevent corruption or glitches
during the active PWM cycle. Typically CMPA and CMPB are used to control the duty cycle of the
generated PWM waveform, and all four compare registers can be used to start an ADC conversion or
generate an ePWM interrupt. For the up-count and down-count modes, a counter match occurs only once
per cycle, however for the up-down-count mode a counter match occurs twice per cycle since there is a
match on the up count and down count.
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The action-qualifier submodule is the key element in the ePWM module which is responsible for
constructing and generating the switched PWM waveforms. It utilizes match events from the time-base
and counter-compare submodules for performing actions on the EPWMxA and EPWMxB output pins.
These actions are setting the pin high, clearing the pin low, toggling the pin, or do nothing to the pin,
based independently on count-up and count-down time-base match event. The match events are when
the time-base counter equals the period register value, the time-base counter is zero, the time-base
counter equals CMPA, the time-base counter equals CMPB, or a Trigger event (T1 and T2) based on a
comparator, trip, or sync signal. Note that zero and period actions are fixed in time, whereas CMPA and
CMPB actions are moveable in time by programming their respective registers. Actions are configured
independently for each output using shadowed registers, and any or all events can be configured to
generate actions on either output.

The dead-band submodule provides a classical approach for delaying the switching action of a power
device. Since power switching devices turn on faster than they turn off, a delay is needed to prevent
having a momentary short circuit path from the supply rail to ground. This submodule supports
independently programmable rising-edge and falling-edge delays with various options for generating the
appropriate signal outputs on EPWMxA and EPWMxB.

The PWM chopper submodule is used with pulse transformer-based gate drives to control the power
switching devices. This submodule modulates a high-frequency carrier signal with the PWM waveform that
is generated by the action-qualifier and dead-band submodules. Programmable options are available to
support the magnetic properties and characteristics of the transformer and associated circuitry.

The trip-zone submodule utilizes a fast clock independent logic mechanism to quickly handle fault
conditions by forcing the EPWMxA and EPWMxB outputs to a safe state, such as high, low, or high-
impedance, thus avoiding any interrupt latency that may not protect the hardware when responding to
over current conditions or short circuits through ISR software. It supports one-shot trips for major short
circuits or over current conditions, and cycle-by-cycle trips for current limiting operation. The trip-zone
signals can be generated externally from any GPIO pin which is mapped through the Input X-Bar (TZ1 –
TZ3), internally from an inverted eQEP error signal (TZ4), system clock failure (TZ5), or from an emulation
stop output from the CPU (TZ6). Additionally, numerous trip-zone source signals can be generated from
the digital-compare subsystem.

The digital-compare subsystem compares signals external to the ePWM module, such as a signal from
the CMPSS analog comparators, to directly generate PWM events or actions which are then used by the
trip-zone, time-base, and event-trigger submodules. These ‘compare’ events can trip the ePWM module,
generate a trip interrupt, sync the ePWM module, or generate an ADC start of conversion. A compare
event is generated when one or more of its selected inputs are either high or low. The signals can
originate from any external GPIO pin which is mapped through the Input X-Bar and from various internal
peripherals which are mapped through the ePWM X-Bar. Additionally, an optional ‘blanking’ function can
be used to temporarily disable the compare action in alignment with PWM switching to eliminate noise
effects.

The event-trigger submodule manages the events generated by the time-base, counter-compare, and
digital-compare submodules for generating an interrupt to the CPU and/or a start of conversion pulse to
the ADC when a selected event occurs. These event triggers can occur when the time-base counter
equals zero, period, zero or period, the up or down count match of a compare register (that is, CMPA,
CMPB, CMPC, or CMPD). Recall that digital-compare subsystem can also generate an ADC start of
conversion based on one or more compare events. The event-trigger submodule incorporates pre-scaling
logic to issue an interrupt request or ADC start of conversion at every event or up to every fifteenth event.

The ePWM module is capable of significantly increase its time resolution capabilities over the standard
conventionally derived digital PWM. This is accomplished by adding 8-bit extensions to the High-
Resolution Compare Register (CMPxHR), Time Base Period High Resolution Register (TBPRDHR), and
High-Resolution Phase Register (TBPHSHR), providing a finer time granularity for edge positioning
control. This is known as high-resolution PWM (HRPWM) and it is based on micro edge positioner (MEP)
technology.
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The MEP logic is capable of positioning an edge very finely by sub-dividing one coarse system clock of
the conventional PWM generator with time step accuracy on the order of 150 ps. A self-checking software
diagnostics mode is used to determine if the MEP logic is running optimally, under all operating conditions
such as for variations caused by temperature, voltage, and process. HRPWM is typically used when the
PWM resolution falls below approximately 9 or 10 bits which occurs at frequencies greater than
approximately 200 kHz with an EPWMCLK of 100 MHz.

2 For More Information
• To learn more about DesignDRIVE software, tools and kits for industrial drives and servo control

development, visit www.ti.com/tool/DesignDRIVE
• To learn even more on the sensing circuits included on the Delfino F2837x microcontrollers, see the

device-specific product group and data sheet at: www.ti.com/delfino, the TMS320F2837xD Dual-Core
Delfino Microcontrollers Technical Reference Manual (SPRUHM8) or the TMS320F2837xS Delfino
Microcontrollers Technical Reference Manual (SPRUHX5).

• To view online training on how to use DesignDRIVE solutions, see DesignDRIVE training portal.
• For an introduction and general overview to the TMS320F2837xD microcontroller, see The

TMS320F2837xD Architecture: Achieving a New Level of High Performance Technical Brief
(SPRT720)

• For an introduction and general overview to the TMS320F28004x microcontroller, see A Technical
Introduction to the TMS320F28004x Microcontroller Technical Brief (SPRT727)

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRT723A
http://www.ti.com/tool/DesignDRIVE
http://www.ti.com/delfino
http://www.ti.com/lit/pdf/SPRUHM8
http://www.ti.com/lit/pdf/SPRUHX5
https://training.ti.com/c2000%E2%84%A2-designdrive-solution-industrial-drives-and-motor-control-one-place-many-industrial-drives
http://www.ti.com/lit/pdf/SPRT720
http://www.ti.com/lit/pdf/SPRT727


www.ti.com Revision History

5SPRT723A–May 2016–Revised October 2017
Submit Documentation Feedback

Copyright © 2016–2017, Texas Instruments Incorporated

Revision History

Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (May 2016) to A Revision ........................................................................................................... Page

• Update was made in the Abstract. ...................................................................................................... 1
• Update was made in Section 1. ......................................................................................................... 1
• Update was made in Section 2 .......................................................................................................... 4

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRT723A


IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	Flexible PWMs Enable Multi-Axis Drives, Multi-Level Inverters
	1 Enhanced Pulse Width Modulator (ePWM) Module
	2 For More Information

	Revision History
	Important Notice

