Tl Designs

Drive a Single Phase Brushless DC (BLDC) with a Brushed

Motor Driver Reference Design

Design Overview

The TIDA-00875 reference design demonstrates
how to configure a brushed motor driver as a single
phase brushless motor driver. It uses the Texas
Instrument’s DRV8801A-Q1 and DRV8701E to
demonstrate this capability. The DRV8801EVM and
the DRV8701EVMs are modified to demonstrate
operation of both a brushed motor driver with
integrated FETS (DRV8801A-Q1) and a brushed gate
driver (DRV8701E with CSD18532Q5B 60V, N-
Channel NexFET Power MOSFET s. This design is
focused on demonstrating the configuration of the
motor driver section. Additional circuitry, such as
reverse voltage protection and EMI/EMC filters, can
be added to complete the system.

Design Resources

TIDA-00875
DRV8801A-Q1

Design Folder

Product Folder

DRV8701E Product Folder
CSD18532Q5B Product Folder
DRV5013ADQ Product Folder
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Design Features

e 12to 24 Vinputvoltage range

e 2.8 A peak output capability (DRV8801A-Q1
based system)

e 20 A peak (DRV8701E based system)

e Wide array of system protection features
including overcurrent and supply
undervoltage protection

Featured Applications

e Fans
e Industrial Pumps
e Robotics

e Vacuum Cleaners
e Power Tools

Board Images
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1 System Description

TIDA-00875 configures theDRV8801EVM and the DRV8701EVM to demonstrate single phase
brushless dc (BLDC) operation with a brushed motor driver. The concepts for both the DRV8801EVM
and the DRV8701EVM are similar. The procedure to modify the EVMs is provided to allow quick
evaluation without requiring the fabrication of a PCB.

The motor controller is composed of two main components. The first component is the motor driver,
either the DRV8801A-Q1 with integrated FETS or the DRV8701E plus external CSD18532Q5B power
MOSFETSs. Both devices have a phase/enable (PH/EN) interface that allows the hall effect sensor to
control current direction. The second component, the DRV5013ADQ Hall effect sensor, controls the
direction of the current using the PH input pin.

Two schematics are provided. The DRV8801A-Q1 schematic demonstrates a basic operation. When
the device is powered, the motor is operated at 100% duty cycle. The DRV8701E schematic
demonstrates use of a PWM input to control the EN pin, allowing the motor speed to be adjusted
using the duty cycle of the PWM signal.

Both schematics show the components required to control a BLDC motor using the brushed motor
driver. Additional circuitry, such as reverse voltage protection and EMI/EMC filters, can be added as
desired.

1.1 DRV8801A-Q1 Brushed Motor Driver / DRV8701E Brushed Motor Gate Driver

The DRV8801A-Q1 motor driver, or DRV8701E brushed motor gate driver in conjunction with 4
CSD18532Q5B Power MOSFETSs, controls the current through the motor. The DRV8801A-Q1 is a single
device rated to 2.8A peak and operating voltages to 36V. The combination of the DRV8701E and
external power FETs allow the current to be increased to the desired level.

Both the DRV8801A-Q1 and DRV8701E provide system protection such as overcurrent, thermal
shutdown, undervoltage, and short circuit protection.

1.2 CSD18532Q5B NexFET™ N-Channel Power MOSFET

The DRV8701E motor controller uses four CSD18532Q5B to complete the H-bridge. This power
MOSFET is an ultra-low Rps(on) device designed to minimize losses in power conversion and switching
applications. It comes in a compact, 8 pin SON 5 x 6 mm package with an Rps(on) Of 2.5 mQ at a Vgs of
10 V to minimize board space required and limit thermal dissipation.
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Product Summary
Ta = 25°C TYPICAL VALUE UNIT
Vps Drain-to-Source Voltage 60 \'
Qq Gate Charge Total (10 V) 44 nC
Qg Gate Charge Gate-to-Drain 6.9 nC

VGS =45V 3.3 mQ
Vegs =10V 2.5 mQ
Vgs@hy | Threshold Voltage 1.8 V

Rps(on) | Drain-to-Source On Resistance

Figure 1 CSD18532Q5B Summary

1.3 DRV5013ADQ Digital-Latch Hall Effect Sensor

The DRV5013 device is a chopper-stabilized Hall Effect Sensor that offers a magnetic sensing solution
with superior sensitivity stability over temperature and integrated protection features.

The magnetic field is indicated via a digital bipolar latch output. The IC has an open drain output stage
with 30-mA current sink capability. A wide operating voltage range from 2.5 to 38 V with reverse
polarity protection up to —22 V makes the device suitable for a wide range of industrial applications.
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2 Block Diagram
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Figure 2 TIDA-00875 Block Diagram

2.1 Highlighted Products

The critical devices to this design are outlined below.

e DRV8801A-Q1: DMOS Full-Bridge Motor Drivers

e DRV8701E: Brushed DC Motor Full-Bridge Gate Drivers

e (CSD18532Q5B: 60-V N-Channel NexFET™ Power MOSFETs
e DRV5013ADAQ: Digital-Latch Hall Effect Sensor

2.1.1 DRV8801A-Q1

The DRV8801A-Q1 device provides a versatile motor-driver solution with a full H-bridge driver. The
device can drive a brushed DC motor or one winding of a stepper motor, as well as other devices like
solenoids. A simple PHASE and ENABLE interface allows easy interfacing to controller circuits.
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The output stages use N-channel power MOSFETs configured as an H-bridge. The DRV8801A-Q1
device is capable of peak output currents up to £2.8 A and operating voltages up to 36 V. An internal
charge pump generates required gate drive voltages.

A low-power sleep mode is provided which shuts down internal circuitry to achieve very low
quiescent current draw. This sleep mode can be set using a dedicated nSLEEP pin.

Internal protection functions are provided undervoltage lockout, overcurrent protection, short-to-
supply protection, short-to-ground protection, overtemperature warning, and overtemperature
shutdown. Overcurrent (including short-to-ground and short-to-supply) and overtemperature fault
conditions are indicated via a nFAULT pin.

A block diagram for the DRV8801A-Q1 is shown below.
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Figure 3 DRV8801A-Q1 Block Diagram

2.1.2 DRV8701E and CSD18532Q5B

The DRV8701 is a single H-bridge gate driver that uses four external N-channel MOSFETSs targeted to
drive a 12-V to 24-V bidirectional brushed DC motor.

A PH/EN (DRV8701E) or PWM (DRV8701P) interface allows simple interfacing to controller circuits. An
internal sense amplifier allows for adjustable current control. The gate driver includes circuitry to
regulate the winding current using fixed off-time PWM current chopping.
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DRV8701 drives both high- and low-side FETs with 9.5-V Vg gate drive. The gate drive current for all
external FETs is configurable with a single external resistor on the IDRIVE pin.

A low-power sleep mode is provided which shuts down internal circuitry to achieve very-low
quiescent current draw. This sleep mode can be set by taking the nSLEEP pin low.

Internal protection functions are provided: undervoltage lockout, charge pump faults, overcurrent

shutdown, short-circuit protection, predriver faults, and overtemperature. Fault conditions are
indicated on the nFAULT pin.

VM

VM ID,1 uF I10 HF minimum
;‘t = = VM
VM L[ +
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Figure 4 DRV8701E Block Diagram

The CSD18532Q5B 60-V N-Channel NexFET Power MOSFETs are used with the DRV8701E to control
the current in the motor. This 2.5 mQ, 60 V SON 5 mm x 6 mm NexFET™ power MOSFET is designed
to minimize losses in power conversion applications.

2.1.3 DRVS5013ADQ

The DRV5013 device is a chopper-stabilized Hall Effect Sensor that offers a magnetic
sensing solution with superior sensitivity stability over temperature and integrated protection
features.
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The magnetic field is indicated via a digital bipolar latch output. The IC has an open drain
output stage with 30-mA current sink capability. A wide operating voltage range from 2.5 to
38 V with reverse polarity protection up to —22 V makes the device suitable for a wide range
of industrial applications.

Internal protection functions are provided for reverse supply conditions, load dump, and
output short circuit or over current

3 System Design Theory

A brushed motor driver can be used to drive single phase brushless DC (BLDC) motors with a few
minor modifications. In brushed motors, the brushes perform the commutation, physically changing
the direction of the current as the motor rotates. In a BLDC system, the current direction is changed
through the use of electronics. This is typically a hall effect sensor, which changes as the magnets
pass by. The motor current is electrically reversed at the commutation points. This provides an
advantage in environments where carbon dust or spark caused by the brushes could be detrimental.

Another advantage of using single phase BLDC is there are no brushes to wear out, allowing the
motor to last longer.

3.1 Hardware System Design Theory
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Figure 5 DRV8801A-Q1

The DRV8801A-Q1 can be connected as shown in Figure 7 above to drive a single phase BLDC motor.
The DRV8801EVM has been modified to create these connections. Using the DRV8801EVM allows
proof of concept.

The DRV8801EVM modifications allow for the motor to spin at 100% duty cycle upon power up. There
is no adjustment for this version. If speed adjustment is desired, the connection to pin 4 (EN) can be
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modified. A PWM input of approximately 20kHz with a 3.3V level can be used to control the motor.
This PWM signal will alternate between drive and brake, minimizing the current ripple in the motor.
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Figure 6 DRV8701 Device connections
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Figure 7 DRV8701 Power Stage

TIDUBB1 — December 2015 8

Copyright © 2015, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
www.ti.com

Four CSD18532Q5B N-channel power MOSFETs are used to control the current in the single phase
brushless DC motor. The DRV8701 PH input controls the direction of the current

To improve the efficiency the design, the MOSFET are driven with the DRV8701 gate drivers. This
allows for minimal conduction and switching losses. To understand more about motor gate drivers
and MOSFETSs see this app note.

Optional connection to DVDD

LR16
200 R22 nSLEEP
¢ AN—

0
D5
!;"-'37 CMDZ5L1 TR
J: 5.1y
+ .
GND

Wakeup circuit

Figure 8 Wake Up Circuit

The wake up circuit is used to wake the motor driver when power is applied. As VM rises above the
nSLEEP VIH voltage, the device will automatically awaken. The voltage is held to a safe voltage by
clamping it with a Zener diode. It is recommended to use a Zener that will activate only when the VM
voltage rises above the expected range

4 Getting Started Hardware

4.1 Connections

The TIDA-00875 reference design uses the DRV8801EVM and DRV8701EVM to control a single phase
brushed dc (BLDC) motor. Instructions to modify the EVMs are provided below.

4.1.1 DRV8801EVM Connections
The procedure to modify the DRV8801EVM is described below:
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1) Remove resistor pack R2 to isolate signhals from mcu
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3) Short pins 11,12, and 13 of resistor pack R2. Short Diode D3. This connects MODE1 and MODE2 to
GND
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4) Connect a 15kOhm resistor from R1 to pin 16 of resistor pack R2 as shown. Connect a 5.1V Zener
diode to GND to prevent excessive voltage.
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5) Connect a 10kOhm resistor from the cathode of the Zener diode to pin 15 of resistor pack R2. This
creates a pullup resistor for the hall effect sensor.
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4.1.2 DRV8701EVM Connections
The procedure to modify the DRV8701EVM is described below:
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1) Remove resistors R10, R12, R14, R16, R20, R21, R22, and R29 to isolate signhals from mcu
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3) Connect H12 pin 1 (3.3V to DVCC) Recommend soldering a wire from C16 to H12 pin 1 to make the
connection.
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4) Create the wake circuit as shown below. The LED is optional.

Optional connection to DVDD
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5) For the DRV8701EVM Connect the PWM input (<5V) to the IN2/EN pin (H12 pin 7).
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7) Connect the motor windings such that the hall sensor output drives the motor in the proper

direction.
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8) Connect the PWM input to the EN pin. PWM input is a 3.3V input at 20kHz and varying duty cycle.

For this design, a generic single phase brushless motor with the following specifications was used:

Voltage 14.4V nominal
Current 0.5A
Resistance 3.8 Ohms

Inductance 6.9 mH @ 10kHz

4.2 Procedure

Refer to the steps below to get started with the reference design hardware.

1. Connect the power supply to the PCB
a. Forthe DRV8801EVM, connect to the J2 connector.
b. Forthe DRV8701EVM, connect to the H10 connector

2. Connect the motor to the PCB
a. For the DRV8801EVM, connect to the J3 connector.
b. Forthe DRV8701EVM, connect to the H11 connector

3. Connect the hall sensor
a. Forthe DRV8801EVM, connect to the PHASE pin (pin 15 of R2 or TS11)
b. For the DRV8701EVM, connect to the PH/IN1 pin on header H12 (pin 8)
4. Connect the EN/IN2 pin on header H12 to a PWM input to control the speed (DRV8701EVM
only)
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5 Test Setup

Equipment Name

DC Power Supply Chroma 620012P-100-50
Multimeter Tektronix DMM 4040
Oscilloscope Tektronix DPO 7054

Figure 9 DRV8801 Test Setup

Figure 10 DRV8701E Test Setup
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6 Test Data

6.1 Functional Tests

6.1.1 Startup of DRV8801

VBB was increased from 0 to 12VDC. The outputs follow the PH input, switching current direction as
the hall effect sensor changes.

Motor startup showing VBB (labeled VM), OUT+,0UT-,and Motor Current on OUT +
(v] ok (=)
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Motor startup showing VBB (labeled VM) and Motor Current on OUT +
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Motor startup showing VBB (labeled VM), OUT+,0UT-,and Motor Current on OUT +
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Motor startup showing VBB (labeled VM) and Motor Current on OuUT +
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Motor startup showing VBB (labeled VM) and Motor Current on OUT +
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6.1.2 Startup of DRV8801

VBB was increased from 0 to 12VDC at 100% duty cycle. The outputs follow the PH input, switching
current direction as the hall effect sensor changes.
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Motor startup showing VM, OUT+,0UT-,and Motor Current on OUT +
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Motor startup showing VM, OUT+,0UT-,and Motor Current on OUT +
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Motor startup showing VM, OUT+,0UT-,and Motor Current on OUT +
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Motor startup at 20% duty cycle showing VM, OUT+,0UT-,and Motor Current on OUT +
e ()
————

=t rryrrrrrorrrro Lo —

File

Edit

Yertical

Mask

Wath ‘ My Soope

Ltilties

Horizitcq | Trig | Display | Cursors | hessure Analyze Help

EN_PWM .

j I I j j I
(el 10.0vidiv 1MQ By:20.0M Ay /S 2.04v 10.0ms/div 200kS/s 5.0psipt
- 10.0Vidiv 1MQ By:20.0m Stopped Single Seq
-3."\!1’5“‘ 1MQ By:20.0M 1acgs RL:20.0k
-Z.IJA.‘div 1MQ B:20.0M Auto  November 21, 2015 12:21:19

TIDUBB1 — December 2015 24

Copyright © 2015, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
www.ti.com

Motor startup at 40% duty cycle showing VM, OUT+,0UT-,and Motor Current on OUT +
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Motor startup at 60% duty cycle showing VM, OUT+,0UT-,and Motor Current on OUT +
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Motor startup at 80% duty cycle showing VM, OUT+,0UT-,and Motor Current on OUT +
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7 Design Files
The complete design files can be downloaded at the reference design home page at TIDA-00875.

8 References

1. http://www.ti.com/Isds/ti/analog/motordrivers/overview.page

Texas Instruments E2E Community, http://e2e.ti.com/

3. Texas Instruments DRV8801A-Q1 Brushed Motor Gate Driver,
http://www.ti.com/product/drv8801a-ql

4. Texas Instruments DRV8701E Brushed Motor Gate Driver, http://www.ti.com/product/drv8701

5. Texas Instruments CSD18532Q5B 60V, N-Channel NexFET Power MOSFET,
http://www.ti.com/product/csd18532g5b

6. Texas Instruments DRV5013ADQ Hall Effect Sensor, http://www.ti.com/product/drv5013adqg

7. Texas Instruments DRV8801EVM, http://www.ti.com/tool/drv8801evm

8. Texas Instruments DRV8701EVM, http://www.ti.com/tool/drv8701levm
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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 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
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Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
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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
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