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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
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ARM, Cortex-M4 are registered trademarks of ARM Limited.
All other trademarks are the property of their respective owners.
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1 System Description
This system example shows how to control a stepper motor with the TM4C123 high-performance MCU
and DRV8833 motor driver. The direction, speed, starting, and stopping of stepper motor can be
controlled by buttons on the EK-TM4C123GXL LaunchPad. This example uses a general-purpose timer to
control 4 GPIO pins to generate the PWM signals for driving the motor.
1.1 TM4C123GH6PM MCU

The TM4C123GH6PM microcontroller is targeted for industrial applications including the following: remote
monitoring, electronic point-of-sale machines, test equipment, measurement equipment, network
appliances, switches, factory automation, HVAC, building control, gaming equipment, motion control,
transportation, and security.

The TM4C123GH6PM MCU has up to 43 GPIOs with programmable control for GPIO interrupts, pad
configuration, and pin muxing. The MCU is integrated with six 32-bit general-purpose timers (up to twelve
16-bit), eight UARTSs, four synchronous serial interface (SSI) modules, four inter-integrated circuit (12C)
modules, two 12-bit analog-to-digital converters (ADC) with 12 analog input channels and a sample rate of
one million samples per second, eight pulse width modulation (PWM) generator blocks, and two
guadrature encoder interface (QEI) modules. The universal serial bus (USB) controller supports the USB
OTG/Host/Device modes. The ARM® PrimeCell 32-channel configurable uDMA controller is also
integrated to provide a method to offload data transfer tasks from the Cortex-M4® processor and to more
efficiently use the processor and the bus bandwidth.

See Figure 1 for a high-level overview of the TM4C123GH6PM MCU.
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Figure 1. TMAC123GH6PM MCU High-Level Block Diagram
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1.2 DRV8833 Stepper Motor Driver
The DRV8833 device has two H-bridge drivers to drive a bipolar stepper motor, two DC brush motors, or
other inductive loads. Aimed at driving 3.3-V and 5-V motors, this stepper driver has integrated field-effect
transistors (FETSs) to support up to 1.5 A (rms) with a low-power sleep mode to conserve power for
battery-powered applications. This device offers internal shutdown functions with a fault output pin that
provide for overcurrent protection, short-circuit protection, undervoltage lockout, and overtemperature. See
Figure 2 for an overview of the block diagram of the DRV8833 stepper motor drive.
2.7Vto108V
+
PWM 15A
DRV8833 3
Controller NSLEEP,, Stepper or ;
brushed DC B
FAYULT motor driver
15A
Figure 2. DRV833 Functional Block Diagram
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2 Getting Started Hardware

The hardware used in this example is the EK-TM4C123GXL LaunchPad and the DRV8833 motor driver.
The EK-TM4C123GXL LaunchPad board is connected to the DRV8833 motor driver EVM board through
the connectors on the EK-TM4C123GXL. Table 1 lists the signal mapping.

Table 1. TM4C123/DRV833 Interface Signals

TM4C123GXL-Connected LaunchPad DRV8833
PC4 AIN1
PC5 AIN2
PC6 BIN2
PC7 BIN1
GND GND

The block diagram in Figure 3 shows the TM4C123/DRV8833 interface. TM4C123 controls the output of
DRV8833.

4% Tivar C Sarles

LaunchPad o o7 ©

Figure 3. General Setup for Stepper Motor Drive

The following TM4C123 peripherals are also enabled in the system.
e Timer 0O interrupt to drive motor

e Timer 1 interrupt to sample button states

e GPIO input pins PFO and PF4 to sample the button states

* GPIO input pin PB5 to enable full or half step mode
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Getting Started Software

Figure 4 shows the architecture of the TM4C123 software. The Tl TivaWare™ library controls the
hardware on TM4C123. This design has two timers. One timer drives the motor and interrupts the CPU at
predetermined intervals. In the timer interrupt service routine (ISR), the CPU changes the states of the

four GPIO pins to drive the motor.

The second timer reads the status of the buttons on the LaunchPad at regular intervals. The CPU checks
how long the button is pressed. If SW1 is pressed briefly, this command starts or stops the motor. If SW1
is held down, this command increases the rotation speed. If SW2 is pressed briefly, this command
changes the direction of the rotation. If SW2 is held down, this command decreases the rotation speed.
Changing the period of the timer that drives the motor controls the rotation speed.

Timer 0

>

f

GPIOs

>

Processing

Motor

!

f

Full or
half steps

Timer 1

>

Buttons

Figure 4. TM4C123 Software Architecture Block Diagram

TI developed the software as an extension of TivaWare examples. The demonstration has additional files
(buttons.c) containing APIs for controlling the peripherals. The stepper_motor.c file contains the stepper
motor control. The software is provided in a zip file.
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4 Installing the Demo

To rebuild the demo, install the following Tl tools and software packages.
* Code Composer Studio™ (CCS) v6.0.1 or above

+ TivaWare v2.1.0.12573 or above

» Stepper motor control software provided in the zip file

Figure 5 shows where to place the extracted directory.

—
e e ———— =
v| L. « OSDisk (C:) » ti » TivaWare_C Series-21171 » examples » boards ¥ ek-tmdcl23gxl ¢ stepper_motor » - motor
Organize Include in library = Share with ~ Burn Mew folder
.-
; Favorites Name Date modified Type Size
B Desktap | Jaunches 6/30/2015 3:26 PM
/4 Downlozads | settings 6/30/2015 3:26 PM
~» Recent Places | Debug 6/30/2015 3:26 PM
| targetConfigs 6/30/2015 3:26 PM
wu Libraries ccsproject 6/16/2015 3:08 PM KB
% Documents cproject 6/24/2015 4:06 PM 29KB
& Music project 6/24/2015 406 PM 2KB
% Pictures buttons.c 7/6/2015 3:39 PM 8 KB
B videos buttons.h 6/29/2015 10:09 A.. 4KB
macros.ini_initial /72014 5:52 PM 1KB
& Computer startup_ccs.c 6/25/2015 1:25 P 15KB
& O5Disk (C) | stepper_motor.c 7/6/2015 4:1 C File 11 KB
- stepper_motor_ccs.cmd 5/14/2015 2:40 PM Windows Comma... 3KB
@ Network
Figure 5. Placement of the Extracted Directories
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Figure 6 shows the project directory.
~« Properties for stepper_motor = =
type filter text Linked Resources Gy
4 Resource - -
Tyt e et Path Variables | Linked Resources
| Resource Filters Path variables specify locations in the file system, including other path variables with the syntax "${VAR}".
General The locations of linked resources may be specified relative to these path variables.
4 Build Defined path variables for resource 'stepper_motor”:

4 ARM Compiler Name Value New...
Processor Options (> CCS_BASE_ROOT Ci\ti\cesvé\ces_base o
Optimization (= CCS_INSTALL_ROOT Citi\cesvé e
Include Options = CG_TOOL_ROOT CA\ti\ccsv6\tools\compiler\ti-cgt-arm_5.2.2 Remove
Eﬁl::\d{_'mm = ECLIPSE_HOME Chti\cosvb\eclipsel,

viser (= EXTERNAL_BUILD_ARTIFACT
» Advanced Options ~ o .
ARM Linker = ORIGINAL_PROJECT_ROOT  CAti\TivaWare_C_Series-2.1.1.71\examples\boards\ek-tm...
>
ARM Hex Utility [Disablec _LA; PARENT_LOC Ch\Users\a0226305\workspace_ve_1
Debug =PROJECT_LOC Ch\Users\a0226305\workspace_v6_1\stepper_motor
=SW_ROOT CAtizTivaWare_C_Series-2.1.1.71
= WORKSPACE_LOC Ch\Users\a0226305\workspace_ve_1
< | 1 | »
® Show advanced settings [ OK ] l Cancel

Figure 6. The Content

of stepper_motor Directory
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Figure 7 shows the linked path for compiling the project. Install the software in the default location to
ensure the paths match Figure 7. If you fail to install the software in the default location, the linked paths
must be modified to match the actual installation.

'« Properties for stepper_motor = PY
type filter text Linked Resources Boo 2
4 Resource - -

Linked Resources Path Variables | Linked Resources
Resource Filters Path variables specify locations in the file system, including other path variables with the syntax "${VAR}".
General The locations of linked resources may be specified relative to these path variables.
4 Build Defined path variables for resource 'stepper_motor”:

4 ARM Compiler Name Value New...
Processor Options (> CCS_BASE_ROOT Ci\ti\cesvé\ces_base o
Optimization £ CCS_INSTALL_ROOT Citi\cesvé —
Include Options = CG_TOOL_ROOT CA\ti\ccsv6\tools\compiler\ti-cgt-arm_5.2.2 Remove
SEER‘;:C_QDM = ECLIPSE_HOME Chti\cosvb\eclipsel,

U
viser (= EXTERNAL_BUILD_ARTIFACT
» Advanced Options i o .
ARM Linker (= ORIGINAL_PROJECT_ROOT  CAti\TivaWare_C_Series-2.1.1.71\examples\boards\ek-tm...
ARM Hex Utility [Disablec =PARENT_LOC Ch\Users\a0226305\workspace_ve_1
Debug =PROJECT_LOC C\Users\a0226305\workspace_v6_1\stepper_motor
=SW_ROOT CAtizTivaWare_C_Series-2.1.1.71
= WORKSPACE_LOC C\Users\a0226305\workspace_v6_1
< | 1 | »
@ Show advanced settings OK ] l Cancel
Figure 7. The Linked Paths of the Project.
TIDUAH5-September 2015 Driving a Stepper Motor With a TM4C123 Microcontroller 9

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAH5

13 TEXAS

INSTRUMENTS
Executing the Demonstration www.ti.com
5 Executing the Demonstration
The LaunchPad buttons control the state and speed of the motor. Pressing button SW1 once turns the
motor on or off. Pressing and holding SW1 increases the speed of the motor until SW1 is released or until
the motor reaches the maximum speed. Pressing button SW2 changes the direction of the motor.
Pressing and holding SW2 decreases the speed of the motor until SW2 is released or until minimum
speed is reached.
The CPU loading increases with higher rotation speed because the timer interrupts are generated more
frequently at a higher rotation speed. This is a fraction of CPU capability. The real minimum and maximum
rotation speed is determined by the characteristics of the motor. The developers chose the minimum and
maximum rotation speed limit to demonstrate the change in the rotation speed.
6 Resources
To download the software files and resource files for this reference design, visit the following website:
http://www.ti.com/tool/TIDM-TM4C123StepperMotor.
7 References
1. TivaWare for C Series
2. EK-TM4C1293GXL LaunchPad
3. DRV8833C Stepper Motor Driver
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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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