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Unipolar Stepper Motor Driver using a Bipolar Stepper
Motor Controller Reference Design

Design Overview

Design Features

The TIDA-00872 reference design is a 15 to 60 V
stepper motor controller for unipolar stepper
applications. It uses the Texas Instrument’s
DRV8711 Bipolar Stepper Motor Controller gate
driver, CSD19534Q5A 100V, N-Channel NexFET
Power MOSFET s, CSD17483F4 30V, N-Channel
FemtoFET™ MOSFET, MSP430G2553 MCU, and
LM5009 12 V buck converter. This design is focused
on demonstrating a unique configuration of the
DRV8711.
Design Resources







15 to 60 V input voltage range
3.5 A RMS, 5 A peak output current
capability
Designed to use Launchpad and BoostDRV8711 software
Board size is 2.3 inches by 2.25 inches
Onboard 12V, 0.15 A buck converter
Wide array of system protection features
including MOSFET VDS overcurrent and
supply undervoltage protection
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1

System Description

TIDA-00872 configures the DRV8711 to control a unipolar stepper motor. This is possible using slow
decay, and using the high side gate control to control the low side FETs. This type of motor control
can be used for currency counter and cash machines, where a unipolar stepper motor application is
desired.
The motor controller is composed of two main components. The first component is the MCU, which
decodes the commands from the GUI, and sends the appropriate signals to the DRV8711 controller.
The second component is the power stage which consists of the DRV8711 gate driver and power
MOSFETs. The power stage amplifies the control signals from the MCU to the motor, and regulates
the current in the windings using slow decay.
Power is supplied to the power MOSFETs from the main power input. Power to the DRV8711 is
supplied through a switching buck converter.

1.1

DRV8711 Stepper Motor Controller

The DRV8711 stepper motor controller controls the external N-channel power MOSFETs. The
MOSFETs are connected in a unique arrangement to allow the DRV8711 to control a unipolar stepper.
The configuration requires some of the protection features to be disabled.
Each output of the DRV8711 controls a CSD17438F4 FemtoFET. These FETs are configured to provide
the proper Vgs to the CSD19543Q5A FETs when the high side is enabled, and to provide the proper
voltage at the xOUT pins for correct operation.
The stall detection feature is also disabled for this application. Stalls will be indicated, but the
information is not valid.

1.2

MSP430G2553 Microcontroller

The MSP430G2553 is the brain of the system. It provides the signals required to enable the DRV8711,
select the settings required via the SPI interface, and to control the current and direction. Once the
DRV8711 registers have been initialized, the MSP430G2553 sends the command to move the stepper.
The MCU430G255, a value line microcontroller, has a SPI interface to configure the DRV8711 and an
internal timer used to provide the step input. The step input begins at a low step per second rate and
accelerates to the final speed using an acceleration profile set by the GUI.

LM5009MM/NOPB Step-Down Buck Converter
The LM5009MM/NOPB provides an efficient, regulated 12 V power supply from the higher VM
voltage. This 12V is used to power the DRV8711, and to provide the proper gate voltages to the
CSD19534Q5A NexFETTM N-Channel Power MOSFET.
A minimum load of approximately 4mA is used to minimize discontinuous conduction mode. This
prevents the 12V required by the DRV8711 from dropping when an increase of current is required.

1.3

CSD19534Q5A NexFETTM N-Channel Power MOSFET
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The motor controller uses four CSD19534Q5A to control the current of the unipolar stepper motor.
This power MOSFET is an ultra-low RDS(on) device designed to minimize losses in power conversion,
switching applications. It comes in a compact, 8 pin SON 5 x 6 mm package with an RDS(on) of 12.6 mΩ
at a VGS of 10 V to minimize board space required and limit thermal dissipation.

Figure 1: CSD19534Q5A Summary

2

Block Diagram

Shown below is the block diagram of the system.

Figure 2: TIDA-00872 Block Diagram

2.1

Highlighted Products
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The critical devices to this design are outlined below.


DRV8711: Stepper Motor Controller IC



MSP430G2553: Mixed Signal Microcontroller

2.1.1 DRV8711
The DRV8711 device is a stepper motor controller that uses external N-channel MOSFETs to drive a
bipolar stepper motor or two brushed DC motors. A microstepping indexer is integrated, which is
capable of step modes from full step to 1/256-step.
An ultra-smooth motion profile can be achieved using adaptive blanking time and various current
decay modes, including an auto-mixed decay mode. Motor stall is reported with an optional backEMF output.
A simple step/direction or PWM interface allows easy interfacing to controller circuits. A SPI serial
interface is used to program the device operation. Output current (torque), step mode, decay mode,
and stall detection functions are all programmable through a SPI serial interface.
Internal shutdown functions are provided for overcurrent protection, short-circuit protection,
undervoltage lockout, and overtemperature. Fault conditions are indicated through a FAULTn pin,
and each fault condition is reported through a dedicated bit through SPI.
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A block diagram for the DRV8711 is shown below.

Figure 3: DRV8711 Block Diagram

2.1.2 MSP430G2553
The Texas Instruments MSP430 family of ultra-low-power microcontrollers consists of several devices
featuring different sets of peripherals targeted for various applications. The architecture, combined
with five low-power modes, is optimized to achieve extended battery life in portable measurement
applications. The device features a powerful 16-bit RISC CPU, 16-bit registers, and constant
generators that contribute to maximum code efficiency. The digitally controlled oscillator (DCO)
allows wake-up from low-power modes to active mode in less than 1 µs.
The MSP430G2x13 and MSP430G2x53 series are ultra-low-power mixed signal microcontrollers with
built-in 16- bit timers, up to 24 I/O capacitive-touch enabled pins, a versatile analog comparator, and
built-in communication capability using the universal serial communication interface. In addition the
MSP430G2x53 family members have a 10-bit analog-to-digital (A/D) converter.
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Typical applications include low-cost sensor systems that capture analog signals, convert them to
digital values, and then process the data for display or for transmission to a host system.

Figure 4: MSP430G2553 Block Diagram

3

System Design Theory

The 15 to 60 V, 3 A, Unipolar Stepper Controller Reference Design demonstrates operation of a
bipolar stepper control in a unipolar environment. To achieve this operation, some of the protection
features have been disabled.
Overcurrent protection (OCP) and predriver fault are monitoring the translation femtoFETs instead of
the low side FET.
Thermal shutdown (TSD) protection works as designed. Undervoltage lockout (UVLO) is now
monitoring the 12V buck instead of VM
The DRV8711 stepper motor controller receives control and speed commands from the BOOSTDRV8711 GUI via a MSP430G2 LaunchPad. The commands are received via USB and converted into
DRV8711 settings.
Section 3.1 describes the hardware design theory and section 3.2 will describe the software theory of
the reference design.

TIDUBB3 – December 2015

6
Copyright © 2015, Texas Instruments Incorporated

www.ti.com

3.1

Hardware System Design Theory

The MSP430G2 LaunchPad, containing a MSP430G2553, has been configured to act as the interface
between the BOOST-DRV8711 GUI and the DRV8711. The 3.3 V power supply is supplied from the
computer via the USB connector.

Figure 5: DRV8711 Block

The DRV8711 is a stepper motor controller that uses external N-channel MOSFETs to drive a bipolar
stepper motor or two brushed DC motors. A microstepping indexer is integrated, which is capable of
step modes from full step to 1/256-step.
The internal current shunt amplifiers are referenced to the internal reference voltage, and adjusted
using the TORQUE setting, gain, and indexer table. The OUTx pins then control the low side power
FETs to regulate the current. The STEP and DIR pins control the indexer table. As the STEP pin
transitions from a logic low to high, the indexer changes to the next state. The nSLEEP pin is used to
wake the device from its low power sleep mode.
The DRV8711 provides configurations for managing the MOSFET slew rate and switching performance
along with protection features such as automatic switching handshaking, overcurrent, undervoltage,
and overtemperature protection.
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Figure 6: Power FETs Block

Four CSD19534Q5A N-channel power MOSFETs are used to control the current of unipolar stepper.
The DRV8711 controls the low side FETs using two CSD17483 femtoFETs. When driving current into
the low side FETs, the HS output controls the low side FET and provide the proper voltage to the
xOUTn pin.
The DRV8711 is set for slow decay for this application. Slow decay uses the high side output and
opposite low side output to drive current into the motor winding. When the desired current level is
reached, both high side outputs are turned off and both low side outputs are turned on. This turns off
both low side power FETs.
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When entering current regulation mode, the power FETs avalanche for a brief period (~1us) as the
current decreases. The power FETs block allows the driver to control the current in each of the
stepper motor windings.
Any combination of fast or mixed decay cannot be used in this configuration. When fast or mixed
decay is activated, the opposite low side FET turns on, eventually causing the current direction to
change.
To improve the efficiency the design, the MOSFET are driven with the configurable DRV8711 gate
drivers. This allows for minimal conduction and switching losses. To understand more about motor
gate drivers and MOSFETs see this app note.

Figure 7: 12 V Regulator Block

The LM5009 is used to create a 12V supply. It is a regulated buck converter that takes the VM input
voltage and steps it down to 12 V to provide power to the DRV8711. The DRV8711 is set to operate at
12V; providing 12V gate to source voltage (Vgs) on the low side FETs.
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Figure 8: Power Input Block

The power supply is connected directly to the board and filtered with a 100 µF bulk electrolytic
capacitor.

3.2

Software System Design Theory

The motor controller uses the BOOST-DRV8711 GUI and firmware. This code can be loaded and
control the stepper when configured as shown in the document.
Refer to the BOOOST-DRV8711 User’s Guide for instructions on loading the firmware into the
LaunchPad. Once loaded, refer to the user guide for instructions on how to install and open the GUI.
After the GUI is open, use the instructions below to control the stepper. The GUI will set the decay
mode, max current, gate drive timing, microstep mode, and other key parameters to operate the
stepper motor.

4
4.1

Getting Started Hardware
Connections

The TIDA-00872 reference design can be powered from a 15V to 60V power supply. The supply is
connected to the PCB through the VM and GND connections on the J4 connector. The motor is
connected to the PCB through the J3 connector. The PCB is connected to the LaunchPad via
connectors J1 and J2.
The speed, microstep mode, chopping current, and other key parameters are controlled by the GUI.
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Motor Connections

Power
Connections

LaunchPad Connections

Figure 9: Connections

For this design, a Moons Stepper motor with the following parameters was used.
Voltage
Current
Resistance
Inductance

36V nominal
2.9A
3.0 Ohms
1.5 mH @ 10kHz

The PCB is configured to use the avalanche of the CSD19534Q5A NexFETs.
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4.2

Procedure

Refer to the steps below to get started with the reference design hardware.
1.
2.
3.
4.
5.

Connect the power supply to the design through the J4 connector.
Connect the motor to the design through the J3 connector.
Program the LaunchPad with the BOOST-DRV8711 firmware.
Attach the LaunchPad, enable the power supply, and open the GUI.
Set the GUI controls as shown below.
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6. Start the motor as described in the BOOST-DRV8711 User Guide.
7. Experiment with the settings if desired.

5

Getting Started Firmware

TIDA-00872 uses the BOOST-DRV8711 GUI to control the unipolar stepper motor. The firmware and
GUI, along with installation instructions is located in the BOOST-DRV8711 tool folder.
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6

Test Setup

Equipment
DC Power Supply
Multimeter
Oscilloscope

Name
Chroma 620012P-100-50
Tektronix DMM 4040
Tektronix DPO 7054

Figure 10: Test Setup
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7
7.1

Test Data
Functional Tests

7.1.1 Winding Current
The current in the stepper motor was captured when running at 1150 steps per second in half step
mode. VM voltage was 36V, and the current was capture at 1A, 2A, and 3A.
Current at 1A in A1 and A2:
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Current at 1A in A1 and B1:

Current at 2A in A1 and A2.
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Current at 2A in A1 and B1.

Current at 3A in A1 and A2.
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Current at 3A in A1 and B1.

7.1.2 Board Temperature
Thermal images of the PCB were captured with currents of 1A, 2A, and 3A in the windings. The
maximum temperature is highlighted.
VM is 36V. The motor is spinning at 1150 steps per second at ½ microstep. The DRV8711 setting are
those shown in the GUI images.
Thermal image at 1A:
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Thermal image at 2A:

Thermal image at 3A:
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8

Design Files

The complete design files can be downloaded at the reference design home page at TIDA-00872.

9

Software Files

The BOOST-DRV8711 software files were used for this reference design. The files can be downloaded at
TIDA-00872.
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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
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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 TI under the patents or other intellectual property of TI.
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deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
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