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1 System Overview

1.1 System Description

The TIDA-01389 is a small-footprint power sunroof module designed to show the board space savings
and integrated feature set of several Tl automotive-qualified devices. This design includes TI's DRV8703-
Q1 gate driver, DRV5013-Q1 latching hall sensors, and TPS7B6933QDBVR-Q1 3.3-V low-dropout (LDO)
regulator. The key characteristics and reasons for design selection are outlined in the following sections.

1.2 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS
Input voltage 55t045V
Maximum motor current 15A
Encoder type 2-bit Hall sensor rotary encoder
Logic voltage 33V
Reverse battery protection -60 V
Device qualification AEC-Q100 and AEC-Q101
Anti-pinch Integrated current shunt amplifier
Sleep current 2.729 mA
Operating current (no motor) 10.215 mA

1.3 Block Diagram
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Figure 1. TIDA-01389 Block Diagram
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1.4

14.1

Highlighted Products

DRV8703-Q1

The DRV8703-QL1 is an H-bridge gate driver IC that controls four external MOSFETs arranged in an H-
bridge configuration in this design. This device offers a high level of integration, which is used in this
design for anti-pinch detection, overcurrent protection (OCP), undervoltage protection (UVP), and
overtemperature protection (OTP). The integration of these features into the motor driver provides a high
level of safety without the added discrete logic or various sensors.

The DRV870x-Q1 family of devices is a single H-bridge gate driver that uses four external N-channel
MOSFETSs targeted to drive a bidirectional, brushed DC motor. A phase / enable (PH/EN), independent H-
bridge, or PWM interface allows simple interfacing to controller circuits. An internal-sense amplifier
provides adjustable current control. The gate driver includes circuitry to regulate the winding current using
fixed off-time PWM current chopping. The DRV870x-Q1 family of devices drives both high-side and low-
side FETs with a 10.5-V VGS gate drive. The gate-drive current for all external FETs is configurable with a
single external resistor or through the serial peripheral interface (SPI). A low-power sleep mode is
provided, which shuts down internal circuitry to achieve a very-low quiescent-current draw.

Figure 2 shows the functional diagram of the DRV8703-QL1.
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Figure 2. DRV8703-Q1 Functional Diagram
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1.4.2

143

DRV5013-Q1

The DRV5013-Q1 device is a chopper-stabilized Hall effect sensor that offers a magnetic-sensing solution
with superior sensitivity-stability overtemperature and integrated protection features. Two of these devices
are used in this design to encode the speed and direction of the motor used for opening and closing a
sunroof.

The magnetic field is indicated through 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 2.7 to 38 V with reverse
polarity protection up to —22 V makes the device suitable for a wide range of automotive applications.
Internal protection functions are provided for reverse supply conditions, load dump, and output short circuit
or over current.

Figure 3 shows the functional diagram of the DRV5013-QL1.
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Figure 3. DRV5013-Q1 Functional Diagram

TPS7B6933QDBVR-Q1

The TPS7B69xx-Q1 device is an LDO linear regulator designed for up to 40-V operation. With only 15-pA
(typical) quiescent current at light load, the device is suitable for standby microcontrol-unit systems,
especially in automotive applications. The devices feature an integrated short-circuit and load current
overcurrent protection. The TPS7B69xx-Q1 operates over a —40°C to 125°C temperature range. Because
of these features, the TPS7B6925-Q1, TPS7B6933-Q1, and TPS7B6950-Q1 devices are well-suited in
power supplies for various automotive options applications.

The TPS7B6933QDBVR-QL1 is used to create a 3.3-V rail that powers the Hall sensors and other logic
devices in this design.

Figure 4 shows the functional diagram of the TPSB6933QDBVR-Q1.
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Figure 4. TPS7B6933QDBVR-Q1 Functional Diagram
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2 System Design Theory

2.1 Gate Drive and Power Stage

The first component of this design is the DRV8703-Q1 gate driver. This device is used to control the four
MOSFETSs connected in an H-bridge configuration for bidirectional motor control. Using a gate driver for
this application allows for a high-level integration and supervisor protection of the external MOSFETSs. The
DRV8703-Q1 has an integrated current-shunt amplifier, which is connected to the sense resistor R1 as
shown in Figure 5. In this design the output of the current-shunt amplifier is connected to the
LaunchPad™ headers to allow for external monitoring of the current flowing through the motor.
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Figure 5. Gate Drive and Power Stage

While the DRV8703-Q1 offers the output of the shunt amplifier, the device also has an internal current
supervisor that can be adjusted to set an automatic current limiting level. When the device detects that the
current in the system is above this level, the device will turn off the external MOSFETSs until the beginning
of the next PWM frame.
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2.2 Reverse Battery Protection and Electromagnetic Compatibility (EMC) Filter
To protect the circuits connected to the positive battery terminal from reverse voltage, this design includes
a high-side MOSFET switch, which is shown in Figure 6. This circuit will stop Q5 from conducting when
the battery terminals are reversed, which prevents any devices on the PCB from being damaged.
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23[§[78"
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R6 VCP
10k
L1
+V_SWITCH o ~ o PVYDD
_L 10pH .
C3 C15
IsgouF 39uF
oo oo
Copyright © 2017, Texas Instruments Incorporated
Figure 6. Reverse Battery Protection and EMC Filter
This circuit also includes a process integration (PI) filter designed to limit the conducted emissions that
could interfere with other devices sharing the battery rail. This filter was designed to meet the current
specification of up to 15-A maximum current through the inductor and up to 40 V across the capacitors.
2.3 Hall Sensor Encoder
In order to determine the number of rotations the motor has turned, two DRV5013-Q1 Hall sensors are
used to encode a barrel magnet attached to the motor. Both hall sensor ICs can be laid out as shown
Figure 7.
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Figure 7. Hall Encoder
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2.4 LaunchPad™ Connections

To allow for simple evaluation of the motor driver and power stage, the LaunchPad headers J1 and J2 are
included for connections be made quickly using different types of microcontroller (MCU) platforms. All of

the connections needed for the DRV8703-Q1 SPI and motor control are included on these connections, as
well as ground, 3.3 V, and both Hall sensors. The pin out of these two LaunchPad connections is shown in

Figure 8.
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Figure 8. LaunchPad ™ Headers
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3 Relay Comparison

Low side MOSFET
. DRV8703-Q1 Motor Driver

Dual Package SPDT Relay Sense Resistor

Dual Package N-Channel

MOSFETs
Recirculation Diodes

Relay Solution Motor Driver Solution

Figure 9. Relay Versus Motor Driver IC Solutions

In the past, many automotive motor applications used relays to control the direction of current through the
motor. This reference design illustrates the size and component-count savings that can be found by using
a gate driver and MOSFET solution instead of the traditional relay solution, as shown in Figure 9.

Table 2. Relay Versus Motor Driver IC Comparison

DUAL SPDT RELAY DRV8703-Q1 GATE DRIVER
Limited mechanical switching lifetime Unlimited switching lifetime
External diodes required for current recirculation Brake or coast motor with no extra components
Discrete components required for digital interface Simple digital interface for MCU control
External shunt amplifier required for anti-pinch current monitoring Integrated shunt amplifier for current monitoring
Protection implemented with external circuits Integrated temperature and over current protection

Table 2 lists the layout comparisons of the DRV8703-Q1 and a typical relay solution. By integrating
protection features as well as a current-shunt amplifier, the DRV8703-Q1 saves a large amount of board
space in comparison to relay solution requiring different external circuits for protection and current
monitoring. The MOSFETSs selected for this design are dual-package, N-channel MOSFET devices rated
for 40-V, 15-A continuous automotive applications. The relay shown in Figure 9 above has a similar
specification, however, is significantly larger in size. By using these small footprint MOSFETs and the
DRV8703-QL1 in this designs power stage, the total solution size is approximately the same area as the
relay in Figure 9.
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4

4.1

4.2

Getting Started Hardware

12-V Supply

This design is intended to run on a 5-V rail and will require 1.3 A when all LEDs are active. A capable
power supply should be connected to J2.

Motor Module

To test this reference design, a typical motor and worm wheel gear were used to test the encoder and
motor driver solution. The different components required to test this design are outlined in Figure 10.

Barrel Magnet Motor Terminals

Worm Wheel Gear

Figure 10. Motor Module Labels

The barrel magnet (as seen in Figure 10) is constructed so that the different pole segments are out of
phase with the two Hall sensors placed on the PCB in Figure 11. The outputs of the two Hall sensors are
approximately 90° out of phase with each other, which creates a simple quadrature encoder. This
encoding type is outlined in Section 5.1.

This motor module also includes a worm wheel assembly. The brushed DC (BDC) motor is attached to a
worm screw, which translates the high-speed, low-torque of the BDC to a low-speed, high-torque on the
worm wheel gear. This worm wheel gear can then be attached to a window assembly to provide a
significant amount of lifting torque without requiring a large motor or large currents flowing in the controller
circuit.
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4.3 LaunchPad™ Mounting

In order to evaluate the motor drive stage in this design, the board can be mounted to any variation of Tl
LaunchPad to test with different MCUs. In Figure 11, TIDA-01165 is mounted to an MSP430G2553
LaunchPad. Any MCU variant or LaunchPad could be used, but the G2553 was selected for simplicity in
this brief evaluation.

To mount the reference design with a LaunchPad, simply connect the headers J1 and J2 on the TIDA-
01165 PCB to the control pin headers of the LaunchPad variant selected. Be sure to note polarity of the
3.3-V and GND connections.

P2 TP4 TDS TPE 1p2

i3 TEXAS
INSTRUMENTS

TIDA-xxxxx E1 ®

DRV8703-Q1 €% ol DRV5013-Q1
e, ( =

[4}
.’si
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Once a LaunchPad is mounted to the reference design, the two PCBs can be connected to the motor
module. TIDA-01165 is mounted to the terminal clips and can then be evaluated, as shown in Figure 12.

LGl COCOGCGLGGE

Motor GOCCGEEEG§

CLEECCCEL L

5 \
"R

Call il o o o B v Bl ol ol 4]

Figure 12. TIDA-01165 Mounted to Motor Module
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5 Testing and Results

5.1 DRV5013-Q1 Hall Encoder

Two Hall sensors are used in this design to encode the rotation of the BDC motor shaft. Both Hall sensors
are spaced on the PCB so that the encoder bits are separated by approximately 90°. If the direction of
motor rotation is changed, the pattern of Hall edges will be reversed. This pattern can be measured
detecting the Hall transitions as shown in Figure 13 and Figure 14.

o

Hall

acqs Y
Auto December 15,2016 14:23:34

Figure 13. Hall Encoder Forward Direction

ssss

D [3.124ms
W 5.048ms.

€D 109.027Hz

a.172ms

Figure 14. Hall Encoder Reverse Direction

In this design, the two Hall sensor outputs are tied to pins 6 and 7 of the LaunchPad header J2. These
two pins can be monitored to determine:

¢ Number of rotations

e Speed of rotation

» Direction of rotation

o Stall detection

5.2 Motion Profiling

By using the DRV8703-Q1 and the external N-channel MOSFETS, different motor speed profiles can be
achieved for starting and stop motions. The DRV8703-Q1 can be configured to use a PH/EN interface
where the device will take one PWM signal and a single GPIO bit to control the direction of rotation.

Table 3. Phase and Enabled Truth Table

NSLEEP | IN1/PH | IN2/EN | GH1 GL1 SH1 GH2 GL2 SH2 AVDD/DVDD DESCRIPTION
0 X X X X | Hz | X X | Hiz | Disabled | S'eeP m°deb;"£ir_igge disabled
1 X L L Enabled Brake low-side slow decay
1 0 L H Enabled Reverse (current SH2 — SH1)
1 1 H L Enabled Forward (current SH1 — SH2)

By using this simple interface, the MCU used to supply the drive signals to the DRV8703-Q1 only needs to
supply a single PWM signal and one GPIO bit, which means the MCU used for motor control can be

relatively simple.

By using the single PWM signal, the motor speed can be tightly controlled to ramp the speed of the motor
up or down as it begins or ends its range of travel. For applications like sunroof modules, the speed of the
glass can be adjusted to provide a smooth start and stop

12 Small-Footprint Sunroof Motor Module Reference Design

Copyright © 2017, Texas Instruments Incorporated

TIDUCQ9A—-March 2017 —Revised July 2017

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUCQ9A

13 TEXAS

INSTRUMENTS
www.ti.com Testing and Results
5.3 Shunt Amplifier Anti-Pinch Implementation
In this design, the DRV8703-Q1 monitors the voltage across the sense resistor R1. The current at which
the DRV8703-Q1 begins limiting current in the motor can be calculated using Equation 1.
| B (VREF - VIO)
CHOP = 7, o5
(Av x Rgens) @
Once the Iyop threshold is exceeded, the DRV8703-Q1 disables the MOSFETSs in the external H-bridge
for the remainder of the PWM frame. At the start of the next PWM frame, the DRV8703-Q1 begins driving
current through the motor terminals until the I,0p threshold is again exceeded.
While the DRV8703-Q1 will limit current at this limit, the output of the integrated-shunt amplifier can still be
monitored to determine how much current is flowing through the system. An example of the DRV8703-Q1
operating in current chopping mode is shown in Figure 15.
IMOTOR
) ; . I )
Figure 15. DRV8703-Q1 Current Chopping
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6 Design Files
6.1 Schematics

To download the schematics, see the design files at TIDA-01389.

6.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01389.

6.3 Altium Project
To download the Altium project files, see the design files at TIDA-01389.

6.4 Gerber Files
To download the Gerber files, see the design files at TIDA-01389.

6.5 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01389.

7 Related Documentation

7.1 Trademarks
All trademarks are the property of their respective owners.

8 About the Author
PHIL BEARD is an Applications Engineer at Texas Instruments, where he is responsible for developing
reference design solutions for automotive and industrial motor drives. Phil brings to this role his
experience in analog circuit theory, power stage, and motor drive hardware-level design expertise. Phil
earned his Bachelors of Science in Electrical Engineering (BSEE) from Michigan State University in East
Lansing, MI.

14 Small-Footprint Sunroof Motor Module Reference Design TIDUCQ9A—March 2017 -Revised July 2017

Copyright © 2017, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUCQ9A
http://www.ti.com/tool/TIDA-01389
http://www.ti.com/tool/TIDA-01389
http://www.ti.com/tool/TIDA-01389
http://www.ti.com/tool/TIDA-01389
http://www.ti.com/tool/TIDA-01389

13 TEXAS
INSTRUMENTS

www.ti.com Revision History

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

Changes from Original (March 2017) to A Revision Page
¢ Added missing V¢ s LDO in the Power block and updated the LS driver signals in the DRV8703-Q1 Functional Diagram 3
¢ Deleted the extra op-amp from the DRV5013-Q1 Functional Diagram ......uueeieeeiiiiuiesiiiineiiiinrssransssssiinrssaainnes 4
¢ Changed the Relay Versus Motor Driver IC SOIUtIONS fIgUIE ...uueireiiiiiie it s s ranes 8
e Changed the Motor Module Labels figUIe. .. ... e et e s s s e s s n e e ss e e e asann e s ananneeannns 9
e Changed the TIDA-01165 Mounted to LAuNChPad™ fiQUIe ....uuueeiiiiieeiiiiesiiitssisasts s saisne s ssansrsssannsssaanness 10
¢ Changed the TIDA-01165 Mounted to Motor MOAUIE fIQUIE ...uueeiieiieeiiiri i i eaes 11
TIDUCQ9A—-March 2017 —-Revised July 2017 Revision History 15

Submit Documentation Feedback
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUCQ9A

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, “Tl 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 Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl 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 Tl products as used in such applications. Tl 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 Tl 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 TlI 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 I1S” 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 Tl 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, Tl 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

	Small-Footprint Sunroof Motor Module Reference Design
	1 System Overview
	1.1 System Description
	1.2 Key System Specifications
	1.3 Block Diagram
	1.4 Highlighted Products
	1.4.1 DRV8703-Q1
	1.4.2 DRV5013-Q1
	1.4.3 TPS7B6933QDBVR-Q1


	2 System Design Theory
	2.1 Gate Drive and Power Stage
	2.2 Reverse Battery Protection and Electromagnetic Compatibility (EMC) Filter
	2.3 Hall Sensor Encoder
	2.4 LaunchPad™ Connections

	3 Relay Comparison
	4 Getting Started Hardware
	4.1 12-V Supply
	4.2 Motor Module
	4.3 LaunchPad™ Mounting

	5 Testing and Results
	5.1 DRV5013-Q1 Hall Encoder
	5.2 Motion Profiling
	5.3 Shunt Amplifier Anti-Pinch Implementation

	6 Design Files
	6.1 Schematics
	6.2 Bill of Materials
	6.3 Altium Project
	6.4 Gerber Files
	6.5 Assembly Drawings

	7 Related Documentation
	7.1 Trademarks

	8 About the Author

	Revision History
	Important Notice

