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Interfacing Quadrature Encoders Using the High-End
Timer on Hercules MCUs

SunilOak

ABSTRACT

The next-generation high-end timer module (HET) on Hercules MCUs is an intelligent timer that provides
sophisticated timing functions for real-time applications. The timer is an independent coprocessor, using
its own reduced instruction set, with a specialized timer micromachine and an attached I/O port. The HET
can be used for generating pulse-width-modulated outputs, for capturing or comparing inputs, or for
general-purpose /O (GPIO). The programmable nature of the HET allows it to be used to implement
several kinds of interfaces. This application report describes an implementation of a quadrature decoder
using the HET module. This allows you the flexibility to interface to one or more quadrature encoders,
thereby, allowing you to design a closed-loop sensored motor-control algorithm wusing a
position/direction/speed sensor.
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1 Introduction
Quadrature encoders are a type of incremental encoders. These provide cyclical outputs when the
encoder is rotated. They can be mechanical, optical or magnetic. Optical quadrature encoders are used
when higher speeds are required or a higher degree of precision is required.
Quadrature encoders have two main outputs: QEPA and QEPB. These are 90° out of phase, therefore,
the name quadrature outputs.
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Figure 1. Optical Encoder Disk
The two outputs QEPA and QEPB are decoded to count up or down depending on the direction of
movement. Some encoders have an additional output, named QEPI. This is an "index" marker that occurs
once every rotation. This marker is used as an accurate reference point.
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Figure 2. Encoder Output Signals for Forward and Reverse Movement
The encoder wheel typically makes one revolution for every revolution of the motor, or the wheel may be
at a geared rotation ratio with respect to the motor. Therefore, the frequency of the digital signal coming
from the QEPA and QEPB outputs varies proportionally with the speed of rotation of the motor. For
example, a 2000-line encoder directly coupled to a motor running at 5000 revolutions per minute (rpm)
results in a QEPA/QEPB signal frequency of 166.67 kHz. So by measuring the frequency of either QEPA
or QEPB, the MCU can determine the velocity of the motor.
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2 HET Implementation of Quadrature Decoding

This document describes the implementation of a quadrature decoder using the high-end timer (HET)
module on Hercules MCUs.

2.1 Quadrature Decoder State Diagram
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Figure 3. Quadrature Decoder State Machine

Figure 3 shows the quadrature decoder state machine implemented using the HET. The HET program
determines which one of the inputs, QEPA or QEPB, is leading and accordingly increments or decrements
a counter. The QEPI (index) pulse is used to reset the counter to zero on each rotation of the encoder.

SPNA228—-0October 2015 Interfacing Quadrature Encoders Using the High-End Timer on Hercules 3

Submit Documentation Feedback MCUs
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNA228

13 TEXAS

INSTRUMENTS

HET Implementation of Quadrature Decoding www.ti.com
2.2 HET Program for Implementing Quadrature Decoder State Machine

Pin_A .equ O ; Signal A from QEP encoder

Pin_B .equ 1 ; Signal B from QEP encoder

INDEX .equ 2 ; Index from QEP encoder

e INDEX-CLR Counter ---———————-———————— - —————

START ECNT { next = AFE, cond_addr = CLRCNT, event = Fall, pin = INDEX, reg = NONE, data =

0}

CLRCNT MOV32 { next = AFE, remote = FOR, type = IMTOREG&REM, reg = A, Data = 0}

ittt check: aFbL / aFbH ———-——————

AFE BR { next = ARE, cond_addr = AFL, event = Fall, pin = Pin_A}

AFL BR { next = FOR, cond_addr = BAC, event = Low, pin = Pin_B}

ittt check: aRbL / aRbH -

ARE BR { next = BFE, cond_addr = ARL, event = rise, pin = Pin_A}

ARL BR { next = FOR, cond_addr = BAC, event = high, pin = Pin_B}

ittt check: bFaL / bFaH -—--——————

BFE BR { next = BRE, cond_addr = BFL, event = Fall, pin = Pin_B}

BFL BR { next = FOR, cond_addr = BAC, event = high, pin = Pin_A}

ittt check: bRaL / bRaH ----————————

BRE BR { next = START, cond_addr = BRL, event = rise, pin = Pin_B}

BRL BR { next = FOR, cond_addr = BAC, event = low, pin = Pin_A}

FOR CNT { next = START, reg = NONE, max = OxOFAOQ}

BAC MOV32 { next = LIM, remote = FOR, type = REMTOREG, reg = A}

LIM ECMP { next = SSUB, cond_addr= HIL, hr_Ir=LOW, en_pin_action=off, pin=CCO, reg= A,

data=0}

HIL ADM32 { next = START, remote = FOR, type = IM<REGTOREM, reg = A, data = OxOOOOFAOQO}

SSuB ADM32 { next = START, remote = FOR, type = IM<REGTOREM, reg = A, data = Ox1FFFFFF}
221 Accessing Position Counter Information

The data field of the HET instruction labeled FOR can be read to determine the current count and

therefore the current position of the rotor position with respect to the last index pulse. Refer to the high-

end-time module chapter of the part's technical reference manual for more details.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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