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Description
This design provides the drive and control circuits for
motor-driven applications, such as automotive power
seats, using both bidirectional and unidirectional motor
drives. It demonstrates how to drive brushed DC
motors with a small board footprint, with a high degree
of robustness and full diagnostic features. The design
illustrates solutions for adding motor-driven comfort
and convenience options, as well as replacing relaybased circuits with smarter full-featured devices.
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System Description
The TIDA-020008 reference design implements drive, control, and diagnostic circuits applicable to several
features found in automotive power seats. Three different drive topologies demonstrate how to design for
a variety of system requirements with a high degree of adjustability to match the wide range of automotive
body features found in a power seat (or similar applications).
• High-current (up to 30-A peak) bidirectional brushed DC (BDC) motor drive
• Medium-current (up to 10-A peak) bidirectional brushed DC motor drive
• Dual single-direction drive for actuators such as solenoids or unidirectional pumps or fans
The design also implements the ancillary functions needed for a power seat module, such as power
conditioning, network communications, and illumination control.
The design includes an example of a high-current bidirectional motor drive using a solid-state full-bridge
circuit. Based around the DRV8703-Q1 motor driver, this circuit includes all the components needed for
driving motors up to around 300 W of peak power (30 A at typical automotive battery voltages). It also
includes smart drive features IDRIVE and TDRIVE to facilitate tuning the motor operation for improved
efficiency and EMC performance. Diagnostic features monitor the motor current and state of the final drive
FETs to provide real-time feedback of the critical drive conditions. This high-current bidirectional drive is
intended for and tested with typical power seat motorized features such as seat positioning for forward
and back, up and down, and seat tilt.
The medium-current drive includes all the components needed for driving motors with up to 10 A of peak
current, using the single-chip DRV8873-Q1 motor driver. It includes register-programmable features to
adjust the off-time and slew rate of the drive stage to improve efficiency and EMC performance.
Diagnostic features monitor the motor current and state of the drive FETs to provide real-time feedback of
the critical drive conditions, including detection of faults such as supply undervoltage, charge pump
undervoltage, motor overcurrent, open load, and high-temperature thermal faults. This circuit is intended
for and tested with power seat features such as motorized headrest adjust or similar bidirectional
adjustments.
A dual-channel smart high-side switch implements the control and drive circuits for single-directional
motorized applications such as lumbar support inflation pumps and the associated solenoid valves with
spring return. The features of this circuit include an adjustable current limit to protect against short-toground load faults, thermal shutdown, and protection against negative voltage spikes caused by inductive
loads.
An eight-channel multiplexer allows selecting any of several different signals to monitor with a single
microcontroller analog-to-digital converter (ADC), simplifying the MCU requirements while still providing
full diagnostic capabilities. A low-power mode is implemented to allow reducing the overall current from
the battery to a very low level during periods when adjustment of the seat is not active.
A thermally-protected load switch provides a simple LED drive circuit for turning on an onboard LED to
illuminate under the seat; alternately an off-board LED can be driven by the same circuit. A standard
LaunchPad™ interface to an off-board microcontroller provides common signals for monitoring and control
of the drives. The entire design is protected against reverse-battery conditions and load-dump conditions,
and includes a LIN transceiver for communication with a central Body Control Module (BCM).
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1.1

Key System Specifications
Table 1. Key System Specifications
PARAMETER

SPECIFICATIONS

DETAILS

Drive A motor type

Bidirectional brushed DC motor

Drive A peak current

30 A

Drive B motor type

Bidirectional brushed DC motor

Drive B peak current

10 A

Drive C motor type

Unidirectional brushed DC motor

Drive C peak current

4A

Drive D motor type

DC solenoid valve

Operating supply voltage range

6 V to 18 V

Survivable supply voltage range

–20 V to 40 V

Peak total drive current

40 A

Sleep-mode quiescent current

< 100 µA

Position feedback compatibility

Hall effect sensor inputs or ripple count

Current sense

Selectable by multiplexer

Microcontroller interface

LaunchPad 2 × 20-pin connectors

Section 2.4.8

Network connectivity

LIN Transceiver

Section 2.3.5

Illumination circuit

Thermally-protected LED switch
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System Overview

2.1

Block Diagram
Figure 1. TIDA-020008 Block Diagram
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Design Considerations
To simplify this reference design and make the design more adaptable to a variety of microcontroller units
(MCUs), the board is implemented in the BoosterPack™ format. This board format has a simple connector
interface to the external LaunchPad MCU board, which allows this reference design to be evaluated with a
wide selection of MCUs. The LaunchPad plus BoosterPack implementation also has the advantage that
code development and design testing are facilitated with existing tools such as Code Composer Studio™
or Energia, thus speeding up optimization of the design for any specific operating conditions. While the
BoosterPack format does allow flexibility in using different MCU boards, the format also creates
constraints on the size and layout of the board. In a production version of this design, the MCU would
likely be installed on the same board with the chips and other components with a significant reduction in
board size.
For ease of testing, the board includes five control switches that would not be present in a production
power seat module design. These switches provide for user inputs without the need for an external
network or computer.
Another consideration is selecting the passive components. In general, components are selected based
on the performance requirements of the expected applications. Where practical, components with
automotive ratings are selected. For active components, the components selected are AEC-Q100 qualified
to either temperature grade 0 or temperature grade 1.
Capacitors are generally X7R grade (−55°C to +125°C) or higher with size and value selected for the
expected extremes of operation conditions. The voltage rating of the capacitors must be greater than the
maximum voltage they could experience and two times the typical operating voltage to avoid DC bias
effects. The amount of output capacitance used depends on output ripple and transient response
requirements, and many equations and tools are available online to help estimate these values.
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2.3
2.3.1

Highlighted Products
DRV8703-Q1 Automotive H-Bridge Gate Driver
The DRV8703-Q1 is a single H-bridge gate drivers that use four external N-channel MOSFETs targeted to
drive a bidirectional brushed-DC motor.
A PH/EN, independent H-Bridge, or PWM interface allows simple interfacing to controller circuits. An
internal sense amplifier provides adjustable current control. Integrated Charge-Pump allows for 100% duty
cycle support and can be used to drive external reverse battery switch.
Independent half-bridge mode allows sharing of half bridges to control multiple DC motors sequentially in
a cost-efficient way. The gate driver includes circuitry to regulate the winding current using fixed off-time
PWM current chopping.
The DRV8703-Q1 includes Smart Gate Drive technology to remove the need for any external gate
components (resistors and Zener diodes) while fully protecting the external FETs. The Smart Gate Drive
architecture optimizes dead time to avoid any shoot-through conditions, provides flexibility in reducing
electromagnetic interference (EMI) with programmable slew-rate control and protects against any gateshort conditions. Additionally, active and passive pulldowns are included to prevent any dv/dt gate turnon.
A low-power sleep mode is provided which shuts down internal circuitry to achieve a very-low quiescentcurrent draw. The device can be used in a very compact design because of its small 5 mm × 5 mm
package with few external components.

2.3.2

DRV8873-Q1 Automotive H-Bridge Motor Driver
The DRV8873-Q1 device is an integrated driver IC for driving a brushed DC motor in automotive
applications. Two logic inputs control the H-bridge driver, which consists of four N-channel MOSFETs that
drive motors bidirectionally with up to 10-A peak current. The device operates from a single power supply
and supports a wide input supply range from 4.5 V to 38 V.
A PH/EN or PWM interface allows simple interfacing to controller circuits. Alternatively, independent halfbridge control is available to drive two solenoid loads.
A current mirror allows the controller to monitor the load current. This mirror approximates the current
through the high-side FETs, and does not require a high-power resistor for sensing the current.
A low-power sleep mode is provided to achieve very-low quiescent current draw by shutting down much of
the internal circuitry. Internal protection functions are provided for undervoltage lockout, charge pump
faults, overcurrent protection, short-circuit protection, open-load detection, and overtemperature. Fault
conditions are indicated on an nFAULT pin and through the SPI registers.

2.3.3

TPS2H160-Q1 Dual-channel Smart High-side Switch
The TPS2H160-Q1 is a fully-protected dual-channel smart high-side switch, with integrated 160-mΩ
NMOS power FETs.
Full diagnostics and high-accuracy current-sense features enable intelligent control of the load.
An external adjustable current limit improves reliability of the whole system by limiting the inrush or
overload current.

2.3.4

TPS22810-Q1 Load Switch
The TPS22810-Q1 is a one channel load switch with configurable rise time and integrated quick output
discharge (QOD). The device features thermal shutdown to protect the device against high junction
temperature and thereby ensure safe operating area of the device inherently. The device features a Nchannel MOSFET that can operate over an input voltage range of 2.7 V to 18 V. The device can support a
maximum current of 2 A. The switch is controlled by an on and off input that can interface directly with
low-voltage control signals.
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The configurable rise time of the device greatly reduces inrush current caused by large bulk load
capacitances, thereby reducing or eliminating power supply droop. Undervoltage lock-out is used to turn
off the device if the VIN voltage drops below a threshold value, ensuring that the downstream circuitry is
not damaged from being supplied by a voltage lower than intended. The configurable QOD pin controls
the fall time of the device to allow design flexibility for power down.
2.3.5

TLIN1029-Q1 LIN Transceiver
The TLIN1029-Q1 is a Local Interconnect Network (LIN) physical layer transceiver with integrated wakeup and protection features, compliant to LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A and ISO/DIS 17987–4.2
standards. LIN is a single wire bidirectional bus typically used for low speed in-vehicle networks using data
rates up to 20 kbps. The TLIN1029-Q1 is designed to support 12-V applications with wider operating
voltage and additional bus-fault protection. The LIN receiver supports data rates up to 100 kbps for in-line
programming. The TLIN1029-Q1 converts the LIN protocol data stream on the TXD input into a LIN bus
signal using a current-limited wave-shaping driver which reduces electromagnetic emissions (EME). The
receiver converts the data stream to logic level signals that are sent to the microprocessor through the
open-drain RXD pin. Ultra-low current consumption is possible using the sleep mode which allows wakeup via LIN bus or pin. The integrated resistor, ESD and fault protection allows designers to save board
space in their applications.

2.3.6

TPS7B69-Q1 Linear Voltage Regulator
The TPS7B69xx-Q1 device is a low-dropout linear regulator designed for up to 40-V VI operations. With
only 15-µA (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 overcurrent protection. The TPS7B69xx-Q1 device
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
applications.

2.3.7

SN74LV4051A-Q1 Eight-channel Multiplexer
This 8-channel CMOS analog multiplexer and demultiplexer is designed for 2-V to 5.5-V VCC operation.
The SN74LV4051A handles analog and digital signals. Each channel permits signals with amplitudes up
to 5.5 V (peak) to be transmitted in either direction.
Applications include signal gating, chopping, modulation or demodulation (modem), and signal
multiplexing for analog-to-digital and digital-to-analog conversion systems.

2.4

System Design Theory
The overall TIDA-020008 design consists of several circuits which operate effectively as independent
functions. Each functional circuit is discussed in this section, and test results are presented in Section 3.2.

2.4.1

High-Current Motor Drive A
In automotive power seat applications, it is common to have relatively powerful motors, with continuous
operating current of several amps, and stall current of 10 A or more. For these motors, a smart gate driver
and external FETs is a desirable design choice. Figure 2 shows the complete electrical schematic for the
high-current motor drive circuit, based on the DRV8703-Q1.
The drive stage transistors Q3 and Q7 are dual N-channel enhancement-mode MOSFETs. The
BUK9K6R2-40E is rated for up to 40 V across the drain to source connections, to survive overvoltage
conditions which may be caused by a load-dump fault. The drain to source on resistance is specified as
typically 5.27 mΩ and a maximum of 6.2 mΩ.
The arrangement of the transistors in the full-bridge (or H-bridge) is such that when applying a drive
voltage to the motor, only one transistor in each package (Q3, Q7) is in the on state. This serves to
spread out the thermal power being dissipated when the motor is active.
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Figure 2. Motor Drive A Schematic, up to 30-A Peak Current
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The large bulk capacitor C6 serves as a local reservoir for the current to the motor, supplying the initial
transient when the drive stage is activated. The tuning components across the drain to source of each
transistor (C9, C10, C15, C16, R3, R4, R6, R7) are not needed due to the ability to adjust the DRV8703Q1 gate drive currents for both source and sink levels. These components are included for designers who
may want to compare the performance using discrete components to shape the transistor waveform with
the performance using the smart gate drive capabilities.
The resistor R13 serves as a current sense resistor; whenever the motor is driven, current through the
low-side of the H-bridge returns to ground through this resistor. With a value of 3 mΩ, the scale factor is 3
millivolts per amp of motor current. The power rating of 1 W allows continuous motor currents of more
than 15 A. If higher currents need be monitored, a lower value of resistance can be selected.
The net-ties NT1 and NT2 are used to keep the schematic editor from routing the low-side sense line S_N
directly to the ground plane. That is, NT2 allows the definition of a new electrical node S_N which is tied to
the ground plane, but which can be routed, along with S_P, as a Kelvin connection for accurate sensing of
the voltage across R13.
The signals S_P and S_N are connected to SP and SN pins of the DRV8703-Q1. Internally a differential
current sense amplifier (CSA) increases the magnitude of the voltage across R13. The resulting signal on
the Sense Output (SO) pin is connected to a resistor divider network formed by R5 and R10, with filter
capacitance C1. The value of these components gives ISense8703 a scale factor of about 43 mV per amp
of motor current, with an RC time constant of 10 microseconds. Depending on the specific requirements of
the application, designers may want to adjust these parameters.
2.4.2

Medium Current Motor Drive B
For lower-current applications, such as headrest height or position adjustment, a full-bridge driver with
integrated FETs is a good design choice. Figure 3 shows the complete schematic for a full-bridge driver
with 10-A peak current capability using the DRV8873-Q1. This device integrates the pre-drive circuits, final
drive stages, current sense, as well as diagnostic and control circuits into a single compact package.
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Figure 3. Motor Drive B Schematic, up to 10 Amp Peak Current
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2.4.3

Drive Circuits C and D
Some power seat applications do not require the bidirectional drive capabilities of a full-bridge (H-bridge)
drive stage. For example, lumbar support features often use a single-direction pump to inflate a pneumatic
bladder, with a spring-return solenoid valve to hold the bladder pressure when neither inflating nor
deflating the support. Both the pump and the valve can be driven independently using a dual smart highside switch such as the TPS2H160-Q1, as Figure 4 shows.
Resistor R22 sets the scale factor of the current sense output CS. The current-sense ratio of the
TPS1H160-Q1 is specified as typically 290 A/A. So the value of 294 Ω of R22 gives a current sense scale
factor of about 1 V per Amp of drive current. For the 3.3-V microcontroller used for this design (MSP430),
this gives a total range of 3.3 Amps of output current. The linear range of output current is specified for the
TPS2H160-Q1 as 0 to 2.5 A, which gives considerable margin beyond the expected operating currents for
the typical test loads.
Resistor R23 sets the current limit for both channels of the TPS2H160-Q1. The typical scale factor for the
CL pin current is 2500 times smaller than the output current, and the typical current limit threshold is 0.8
V. So a CL pin current of 0.8 V / 294 Ω = 2.7 mA reaches the current limit threshold; this corresponds to
an output current of 2500 × 2.7 mA = 6.8 A.
Figure 4. Drive C and D Schematic Diagram
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The arrangement of the lumbar pump and valve used for testing allowed use of the Pump_ON signal to
select between monitoring the Lumbar Pump or the Lumbar Valve, in terms of current sense and current
limit. When inflating the lumbar bladder, the lumbar pump supplies compressed air through the activelyopened lumbar valve, so both output channels are active, and a logic-high Pump_ON signal selects OUT2
(Lumbar_Pump) to be monitored. When deflating the lumbar bladder, the lumbar valve is open, but the
lumbar pump is off, and a logic-low Pump_ON signal selects OUT1 (Lumbar_Valve) to be monitored.
When the bladder is holding pressure, not being inflated nor deflated, both output are off, and the springreturn solenoid valve is closed.
8

Automotive Power Seat Reference Design
Copyright © 2018, Texas Instruments Incorporated

TIDUED3 – November 2018
Submit Documentation Feedback

System Overview

www.ti.com

The TPS2H160-Q1 is specified for inductive load switch-off energy up to 40 mJ. This is the energy stored
in the active motor coil, or solenoid coil, that must be dissipated when the load is switched off; sometimes
called the "inductive kick". For the test loads used to demonstrate the performance of this circuit, the
inductive turn-off energy did not exceed this level, so no external protection is needed. However, clamping
diodes D5 and D6 are included in the board layout to accommodate loads with inductive loads that do
exceed 40 mJ.
2.4.4

Power Supply
The power supply circuit in Figure 5 includes a linear low-drop out (LDO) voltage regulator U1, reverse
battery protection, as well as an LED used for testing to indicated the 3.3-V supply is active.
Figure 5. Power Supply Schematic
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2.4.4.1

Reverse Battery Protection

When the polarity of the applied battery voltage (VBATT) is positive with respect to GND, current can pass
through the body diode of transistor Q1 to VIN+, supplying U2, the DRV8703-Q1, with sufficient supply to
operate, see Section 2.4.1. If the nSLEEP signal is asserted (logic high), then the U2 charge pump voltage
VCPF is several volts higher than VIN+. As VCPF is applied to the gate of Q1, the transistor is turned on,
reducing the voltage drop from VBATT to VIN+ and allowing the design board to be fully powered. If the
nSLEEP signal is not asserted (logic low), the U2 charge pump is inactive, and Q1 will not be on.
Therefore, when nSLEEP is not asserted, there is a voltage drop from VBATT to VIN+ due to the body
diode of Q1. This drop will not cause any significant power dissipation issues because the current when
nSLEEP is logic low should be very small. During normal (positive) VBATT polarity, the base of Q2 is at
GND, and Q2 is off, having no effect on the circuit.
When the polarity of the applied battery voltage VBATT is negative with respect to GND, the body diode of
Q1 blocks any current flow from VBATT to VIN+. To ensure that Q1 is off, the bipolar NPN transistor Q2 is
turned on by a base current flowing from GND through R2. Whenever the voltage at VBATT is more
negative with respect to GND than two diode drops (VBE of Q2 plus the forward drop of D1), then Q2 is
on and pulls the gate of Q1 to a negative value.
2.4.4.2

Linear Voltage Regulator

The power supply converts the 12-V automotive battery voltage to the 3.3-V supply needed by the
microcontroller and the other components. The requirements for the power supply circuit are to produce a
stable 3.3-V supply capable of at least 35 mA, while surviving electrical conditions such as reverse-battery
and load-dump. The TPS7B8233-Q1 provides regulation of a fixed 3.3-V supply and has a wide survivable
input voltage range up to 45 V. The TPS7B8233-Q1 device is stable with ceramic output capacitors, which
is preferred for automotive applications.
The input capacitor C4 has a capacitance value of 10 µF in accordance with the guidance in TPS7B82-Q1
High-Voltage Ultralow-Iq Low-Dropout Regulator. The voltage rating of C4 is 50 V to allow overvoltage
conditions such as load dump without damage to the capacitor. The output capacitor C3 has a
capacitance value of 4.7 µF in accordance with the guidance in the TPS7B82-Q1 data sheet. The lightemitting diode (LED) D2 is a visual indicator that the 3.3-V supply is operating
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Analog Multiplexer Circuit
Figure 6 shows the analog multiplexer circuit. This circuit allows a single microcontroller ADC channel to
monitor several current and voltage feedback signals throughout the power seat drive. The
SN74LV4051A-Q1 has 8 selectable input channels multiplexed to one output channel. The switch
resistance for these channels is less than 600 Ω under all conditions, and channel-to-channel matching is
better than 40 Ω. These low resistance values allow for consistent performance with the RC low-pass filter
formed by R24 and C27, without significant variation due to switch resistance.
The values of R24 and C27 give an RC time constant of 10 milliseconds; designers should consider the
frequencies of interest for their particular feedback control and diagnostic requirements.
Figure 6. Analog Multiplexer Schematic
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1
5
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7
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MOTOR_CHECK_B
R24
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C27
6.3V
1uF

GND
R20

MOTOR_OUT_1

120k

R21
10k

SN74LV4051AQPWRQ1
GND
GND

In this design, only five of the eight channels are used; in a full power seat design, additional channels
would be used to monitor the signals associated with additional motor drives. By setting the MUXA,
MUXB, and MUXC signals, the microcontroller ADC can monitor:
• ISenseHSS - the current sense signal from the dual-channel smart high-side switch. In this design,
when the lumbar pump is inflating the lumbar support, ISenseHSS is a scaled version of the lumbar
pump motor current. When the lumbar support is being deflated, ISenseHSS is a scaled version of the
lumbar valve solenoid current.
• ISense8873 - the current sense signal from the DRV8873-Q1, which in our testing was used to drive
the headrest height adjustment motor.
• Isense8703 - the current sense signal from the DRV8703-Q1, which in our testing was driving the
motors which adjusted the power seat height, forward and back position, or seat tilt.
• MOTOR_CHECK_A - the voltage to the high-current motor connected to Motor Drive A. Resistors R18
and R19 scale the expected voltage range on SH1 to the 3.3-V range of the LaunchPad ADC.
• MOTOR_CHECK_B - the voltage to the medium-current motor connected to Motor Drive B. Resistors
R20 and R21 scale the expected voltage range on MOTOR_OUT_1 to the 3.3-V range of the
LaunchPad ADC.
Depending on the requirements and diagnostic features designed in any specific design, designers can
connect the various channels to
2.4.6

LIN Transceiver Circuit
Figure 7 shows the LIN transceiver circuit. The TLIN1029-Q1 is a stand-alone LIN transceiver, converting
the signals on the LIN physical layer bus to logic-level signals. The power seat module is typically a slave
node on the LIN bus; a remote LIN master node such as the Body Control Module typically includes a 1kΩ pullup resistor on the LIN bus line. The TLIN1029-Q1 enable pin (EN) is connected to the nSLEEP
signal, which puts the devices on the TIDA-020008 board into a low-power sleep mode when nSLEEP is
at a logic-low level.
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Figure 7. LIN Transceiver Schematic
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2.4.7

LED Output and Hall Effect Inputs
Figure 8 shows the LED control circuit and the interface connector for the LIN communication bus, as well
as input signals to allow Hall effect sensors (such as the DRV5xxx-Q1 family) to be added for position
feedback.
Figure 8. LED Output and Hall Effect Input Schematic
J1
GND
3p3V
Hall1
Hall2
Hall3
Hall4
GND
LIN
GND
LED_HI

U6
3p3V
C24
10V
1uF
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3

EN/UVLO
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5

R15
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1
2
3
4
5
6
7
8
9
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2

2

LW QH8G-Q2S2-3K5L-1

TPS22810DBVR
GND

GND

The LED D3 is selected to have a relatively low turn-on voltage, allowing current-limiting resistor R15 to be
used in series with the LED.
The four Hall effect inputs provide signals which can be monitored by the microcontroller as part of the
motion control loop for each axis. One example of an application using the Hall effect signal is discussed
in Section 3.2.2.3.
2.4.8

Microcontroller Interface
Figure 9 shows the connectors which interface the TIDA-020008 board to the LaunchPad microcontroller
board. For the testing described in Section 3.2, an MSP430 LaunchPad based on the MSP430F5529
microcontroller provided the interpretation of inputs and control of outputs described in Section 3.1.2.
Figure 9. Microcontroller Interface Schematic
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If designers want to evaluate this design with a different microcontroller, the same input, output, and
power connections can be used, keeping in mind the TIDA-020008 board was designed for a 3.3-V
microcontroller. The analog-to-digital scaling and general-purpose I/O (GPIO) signals can be modified to
work with a 5-V microcontroller, if that is desired.
2.4.9

Test Switch Inputs
Figure 10 shows the push-button switches that were included in the board design to facilitate testing.
Depressing each switch creates a signal path to ground on the corresponding Switch signal. When not
depressed, the switches present an open-circuit to the corresponding Switch signal. A programmable
pullup resistor was assigned to each of the switch signal inputs on the GPIO pins on the microcontroller.
Figure 10. Switch Input Schematic
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In a production seat module, the switches controlling the seat functions are likely to be located on a
separate panel, or implemented as programmable switches on a display screen.
2.4.10

Quiescent Current
For automotive body electronics applications, quiescent current is of interest, because the modules which
control the functions such as seat adjustments are idle for a large percentage of the time. Low current
consumption is necessary so the automotive battery is not drained during long periods of idleness.
Table 2 shows the specifications for the devices used in this design. Each device has a low-power mode,
with very low quiescent current.
Table 2. Quiescent Current (mA)
DEVICE

TYPICAL

DRV8703-Q1
DRV8873-Q1

15

TPS7B82-Q1

2.7

TPS2H160-Q1
TPS22810-Q1

0.5

SN74LV4051-Q1
TLIN1029-Q1

8

Total

12

MAX Iq @ 25°C

MAX Iq @ 125°C

SUPPLY

14

25

VIN+ (12 V)

30

VIN+ (12 V)

5

5

0.5

5

VIN+ (12 V)

2.3

3.8

3p3V (3.3 V)

20

40

3p3V (3.3 V)

12

VIN+ (12 V)

VIN+ (12 V)

83.8
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The VIN+ supply is originated from the VBATT input, coming from the 12-V nominal automotive battery
system. The VIN+ is the electrical node after the VBATT supply has gone through the Q1 reverse-battery
protection FET, as Figure 5 shows.
While two of the devices are supplied by the TPS7B82-Q1 linear voltage regulator, this current still
originates as current provided by the VBATT. The total quiescent current for the TIDA-02008 board is less
than 100 µA, if the LED is disabled by removing resistor R9. The LaunchPad microcontroller board
requires additional current from the 3.3-V supply.

3

Hardware, Software, Testing Requirements, and Test Results

3.1

Required Hardware and Software

3.1.1

Hardware
This design is intended for use in automotive power seats, with applications such as (but not limited to):
• Seat forward and back motion
• Seat up and down motion
• Seat cushion tilt
• Seat back tilt
• Headrest up and down position
• Lumbar support inflate and deflate
The motors and mechanical assemblies for these functions vary across different car models, so a variety
of motors was used for testing the design. While being in no way a comprehensive survey of these
motors, the test results presented here are intended to give the design insight into performance with a
broad range of brushed DC motors.
The motors listed in Table 3 are representative of motors commonly found in automotive power seats.
Table 3. Motor Hardware Used for Testing
STALL
CURRENT (A)

TYPICAL
OPERATING
CURRENT (A)

3.82

3.5

0.3

1.1

743

10.7

2.5

0.66

1.07

992

11.2

2.9

0.93

1.5

0.88

8

2

0.59

Lumbar pump

1.24

1.47

9.7

1.0

1.2

Lumbar valve

43

48

0.28

0.27

1.1

Window lifter

0.82

0.33

14.6

4

0.4

Windshield wiper

0.68

0.36

18

6

0.53

WINDING
RESISTANCE (Ω)

WINDING
INDUCTANCE (mH)

Headrest up or down

3.4

Seat up or down

1.12

Seat forward or back
Seat tilt

MOTOR
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Software
For testing and demonstration purposes, a relatively simple software loop is implemented by the MSP430
LaunchPad. This is illustrated in Figure 11. After initializing the microcontroller and setting the GPIOs, the
software loops while monitoring for a button push.
Figure 11. Software Flow Diagram
Initialize

No

Sleep

No

Wake Up?

Yes

Enabled

Button
Push?

Yes

Motor(s)
Driving

Fault
Condition?

No

Yes

No
Time to
Sleep?

Turn Off
Faulty Motor

Yes

When a button is pushed, the microcontroller sets the corresponding GPIO pins to control the actuator
associated with the desired action. At this point the analog multiplexer (MUX) is also set to connect the
active drive circuit to the ADC of the microcontroller. In testing mode, the actuator is active as long as the
button is pushed, unless a fault condition occurs.
If, for example, the motor current exceeds the programmable threshold set by the software, the actuator
can be disabled. At this point either the faulted motor can be idle, or reversed, depending on the system
requirements.
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3.2

Testing and Results

3.2.1

Test Setup
Unless otherwise noted, the following tests were performed at room temperature, with VBATT set to a 12V nominal supply. Various automotive mechanisms are used as test loads for the power seat position
adjustment, headrest position adjustment, and lumbar support drive as described in the sections for each
type of testing.

3.2.2

Test Results
The test results discussed in the following subsections are representative of the performance with the
specific hardware used for testing. When designing, consider the system requirements and expected
performance of their specific equipment and test conditions

3.2.2.1

Power Supply Testing

The power supply tests include testing to measure the variation of the 3.3-V supply when the input voltage
(VBATT) varies, and measuring the input current when VBATT is negative with respect to GND, which
mimics a reverse battery condition.
Figure 12 shows that the 3.3-V supply is active and well regulated for input voltages on VBATT in the
range of 4 V to 16 V. These measurements are recorded with no external load on the reference design
board.
Figure 12. Measured 3.3-V Supply vs. Applied VBATT Voltage
3.5

Measured 3p3V Voltage (V)

3
2.5
2
1.5
1
0.5
0
0

2
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6
8
10
12
Applied VBATT Voltage (V)

14

16
D001

Figure 13 shows the input current under conditions of negative voltages applied to VBATT (TB1-2) with
respect to GND (TB1-1). For applied voltages more negative than –2 V, the current increases linearly,
primarily due to the resistor R2 in Figure 5.
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Input Current (PA)

Figure 13. Input Current vs. Applied Negative VBATT Voltage
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For positive (normal polarity) applied VBATT voltages, Figure 14 shows the input current at TB1-2
(VBATT) versus the applied VBATT voltage. For a nominal 12-V VBATT level, the TIDA-020008 design
has an input current of around 39 mA, including the LaunchPad microcontroller board. This represents the
idle current when no motor is actively being driven, the LIN transceiver is idle, and the illumination LED is
off. As the applied voltage is increased to 40 V, there is a slight increase in the input current, but no
significant increase. This indicates there is no breakdown of any of the components connected to VBATT,
thus the design is not damaged by steady-state VBATT voltages up to 40 V. Thus the design is robust to
load-dump conditions that may occur on the battery system.
Figure 14. Input Current vs. Positive Applied VBATT
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Motor Drive A Testing

The Drive A circuit uses the DRV8703-Q1 to implement a relatively high-current motor drive. This circuit
was tested with the windshield wiper motor described in Table 3. Further functional testing was performed
using the power seat tilt motor.
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Figure 15. DRV8703-Q1 Motor Start Delay

Channel 1 is the pushbutton signal, channel 2 is the voltage applied to the motor. The delay between
button push and application of motor voltage is about 20 ms. The motor voltage increases rapidly to about
12 V, with a small ringing on the rising edge. The motor voltage of approximately 12 V indicates there is
not a significant voltage drop across the active full-bridge MOSFETs, due to the low RDS(ON) of the
MOSFETs selected.
Figure 16. DRV8703-Q1 Motor Start Detail

The bench supply is limited to 10 A, so that when the motor voltage is first applied, the current exceeds
the supply. The motor in this case has a DC resistance of 0.68 Ω, so the motor voltage drops to about 6.8
V before the motor begins to turn. As the motor begins to turn, the back EMF increases, and the motor
voltage increases to a steady level at about 11.3 V with some observable ripple. The motor used for this
test has a steady-state current of about 5 A. Losses in the test cables between the supply and the TIDA020008 board account for most of the difference between the nominal 12-V supply level and the observed
steady-state motor voltage.
This power supply droop is illustrated in Figure 17, where the supply to the TIDA-020008 board has been
added on Channel 3. The voltage losses on the board (between the supply VBATT and the motor voltage)
are due to the reverse-battery protection FET and the high-side driver FET.
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Figure 17. DRV8703-Q1 Motor Start Showing Supply Droop

The current feedback accuracy of the DRV8703-Q1 is especially important if this signal is used to
determine when the motor has encountered a high-current state, for example a stall condition. The
combination of scale factor accuracy and offset determine the overall accuracy of the motor current sense
signal. Figure 18 shows the linearity of the Isense signal. This plot shows the Isense signal for two
different boards. In both cases the slope of the line is about 0.434 V per amp. The offset value varies
between the two boards. In normal operation, designer may choose to sample the Isense signal during the
system initialization, to determine the zero-current offset of the Isense signal. During normal operation, this
offset value can be subtracted from all subsequent Isense measurements to determine the motor current
with high accuracy.
Figure 18. Drive A Isense Signal Voltage vs. Current
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D004

Figure 19 shows the motor current when Drive A is activated. Channel 1 is the switch input signal which
transitions when the button is pressed. Channel 2 is the voltage across the current sense resistor.
Channel 3 is the voltage on I_SENSE reported back to the microcontroller. After accounting for offset, the
amplified (gain = 10) I_SENSE signal has the same amplitude and shape as the voltage on the resistor.
The initial high current is when the voltage is first applied to the stationary motor, and thus no back EMF is
available to reduce the current.
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Figure 19. DRV8703-Q1 Motor Start Current Signals

Figure 20 shows an expanded view of the current signals during motor start. The ripple in the current is
more easily seen on channel 3, the I_Sense signal, which is an amplified version of the signal on Channel
2, the voltage across the current sense resistor.
Figure 20. DRV8703-Q1 Current Sense Fidelity

Comparing the current sense signal directly on sense resistor to the current sense signal after the
DRV8703-Q1 current sense amplifier shows the amplified I_SENSE signal (Channel 3) does not exhibit
any significant time delay compared to the voltage across the motor current sense resistor (Channel 2).
The signal on the current sense resistor exhibits a high degree of noise because the oscilloscope setting
is at 20 mV per division, the lowest available range.
3.2.2.3

Motor Drive B Testing

One application for the Drive B design, based on the DRV8873-Q1, is to control the height of a motorized
headrest. Figure 21 shows an example of a power headrest assembly. In this assembly, a 12-V brushed
DC motor is connected through a gear system which drives a slider rack up and down. The gear system
changes the axis of rotation by 90 degrees, allowing the motor to be mounted horizontally. The gears also
reduce the speed of rotation by a factor of about 20, with a corresponding increase in applied torque of
about 20. A small circuit board in the power headrest assembly includes a Hall effect sensor which senses
the magnetic field produced by a rotating permanent magnet. This provides a feedback signal related to
the rotational position of the motor shaft.
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Figure 21. Headrest Mechanism

Figure 22 shows the output from the Hall effect sensor mounted in the power headrest assembly. Each
transition indicates the motor shaft has rotated to a bring the magnet to a position such that the magnetic
field has changed polarity. So the frequency of the Hall effect sensor signal is directly related to the motor
speed.
Figure 22. Headrest Hall Effect Signal
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The frequency of the Hall effect sensor signal is used to measure the motor speed for various levels of
applied supply voltage VBATT. Figure 23 shows the results of this testing. As expected, the speed
increases as the applied VBATT voltage level increases. The relationship is relatively linear across the
expected range of operation, with some variation due to mechanical factors such as the friction of the
gears.

Headrest Hall-Effect Signal Frequency (Hz)

Figure 23. Headrest Hall Effect Signal Frequency vs. Applied VBATT Voltage
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Figure 24 shows oscilloscope traces of the Drive B circuit when the headrest motor begins motion as
commanded by the microcontroller in response to a user button push. Channel 1 is the signal from Switch
5, Channel 2 is the high-side of the motor voltage, and Channel 3 is the current sense signal to the MCU
on connector pin J4-16.
The value of 1 kΩ for R14 (in this case) and scale factor of 1125 A/A on the IPROP signal gives a scale
factor of 1.125 A of motor current per Volt of signal on ISense8873. The measured maximum value of 920
mV of ISENSE (after the MUX) indicates the maximum motor current is:
0.920 V × 1.125 A / V = 1.04 A of motor current
Figure 24. Headrest Motion Start Using DRV8873-Q1

As the motor accelerates, the back EMF produced by the motor increases, reducing the current through
the motor. This is seen in the current trace (Channel 3) when the ISENSE signal amplitude reduces below
the maximum value.
Another case of interest is to observe these signals when the headrest mechanism reaches a mechanical
stop at the end of its travel, causing the headrest motor to stall. Figure 25 illustrates this. Channel 1 is the
signal from Switch 5, Channel 2 is the high-side of the motor voltage, and Channel 3 is the current sense
signal to the MCU on connector pin J4-16.
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Figure 25. DRV8873-Q1 Motor Driving Headrest Lift Showing Motor Stall

After the initial motor acceleration, the motor current signal drops to about 250 mV, indicating the typical
running current of about 280 mA. When the end of travel is reached, the motor stalls, and the current
signal increases to about 2.7 V, corresponding to a stall current of 3.04 A. Since this stall current is less
than the default current limit of 6.5 A, the DRV8873-Q1 does not limit the current. If designers want to set
a lower current limit for this drive, it is adjustable as a DRV8873-Q1 register setting.
To see how the DRV8873-Q1 design performs with a higher-current motor, a window lifter motor is
connected to the Drive B circuit. This motor has a winding resistance of 1.2 Ω, so that the stall current is
about 10 A with a 12-V supply. The operation of the DRV8873-Q1 current limit can be observed at a
default setting of 6.5 A.
Figure 26. DRV8873-Q1 Motor Start Current Limiting

The DRV8873-Q1 current limit threshold is set to 6.5 A ±1 A when ITRIP_LVL is set to 10b. The value of
330 Ω for R14 (in this case) and scale factor of 1125 A/A on the IPROP signal gives a scale factor of 3.4
A of motor current per volt of signal on ISense8873. The measured maximum value of 1.95 V of ISENSE
(after the MUX) indicates the current is limiting at a value of:
1.95 V × 3.4 A / V = 6.63 A of motor current
As the motor accelerates, the back EMF produced by the motor increases, reducing the current through
the motor. This is seen in the current trace (Channel 3) when the ISENSE signal amplitude reduces below
the limiting value.
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Figure 27 shows a detail of the window lifter motor start-up using the DRV8873-Q1 design. The switch
input is on Channel 1. The motor voltage on Channel 2 responds after about 50 microseconds, increasing
to about 12 V. The motor current signal on channel 3 (ISense8873) begins to increase when the motor
voltage is applied, increasing according to the motor electrical time constant Lm/Rm. When the current
limit value is reached, the full-bridge drive is put into slow-decay by enabling both high-side drivers. The
motor current reduces during this period, the duration of which is set by the TOFF bits. In this example,
the TOFF bits are set to the default value of 01b, giving an off time of 40 microseconds, as indicated by
the cursors.
Figure 27. DRV8873-Q1 Motor Start Current Limiting Detail

The motor voltage reduces as the current increases, so that when the current limit of 6.63 A is reached,
the motor voltage has dropped to about 10.5 V. The drop of 1.5 V indicates a resistance of about 225 mΩ.
The DRV8873-Q1 specifies a typical on-resistance of 75 mΩ for the high-side FET and the low-side FET.
This resistance accounts for the drop between the supply voltage VBATT shown on Channel 4 and the
voltage on the high-side of the motor on Channel 2. The drop in VBATT is due to the test bench cable
resistance between the bench power supply and the TIDA-020008 board TB1-2 VBATT input.
In the test in Figure 28, the current limit for the bench power supply was set to slightly less than the
average running current for the motor, thus causing the voltage at VBATT to droop when the motor current
exceeds the current limit. Channel 2 shows the VBATT signal drooping to about 4.9 V and then
increasing, as the headrest adjustment travels through a range of higher-than-average friction.
Figure 28. Drooping VBATT Causes OK_8873 Signal to Go Low

Channel 4 shows the reaction of the OK_8873 signal to the drooping VBATT. When the motor current first
droops to about 4.9 V, the DRV8873-Q1 FAULT open-drain output signal activates, pulling the OK_8873
signal to a logic low level.
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Drive C Testing

The Drive C circuit uses one channel of the U8 smart high-side switch TPS2H160-Q1 to implement a
unidirectional motor drive, as Figure 4 shows. For testing this circuit, a lumbar support pump is used as
the load; this pump motor is described in Table 3. Figure 29 shows an oscilloscope plot of the signals
during start up of the lumbar pump motor.
Figure 29. Lumbar Pump Start Up

Channel 1 shows the signal on SWITCH1 going low when the button is pushed. Channel 2 shows the
motor voltage; Channel 3 shows the ISense_HSS signal which corresponds to the current through the
high-side switch to the pump motor.
Initially the motor current reaches a peak when the motor is turning slowly, and thus has only a small back
EMF. After the motor accelerates to a constant speed, the motor current signal is steady at a level of
about 1.6 V.
The scale factor for the ISense_HSS signal is about 1 V/A of output current, so this signal indicates the
steady-state pump current is about 1.6 A.
Figure 30 shows an oscilloscope plot of the signals when the lumbar pump motor is turned off.
Figure 30. Lumbar Pump Turn Off
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When the signal on Channel 1 indicates the Lumbar Inflate function has turned off, the TPS2H160A-Q1
OUT2 channel turns off, disconnecting the lumbar pump motor from the 12-V supply. The motor voltage
on Channel 2 reduces and the motor current begins to reduce. Due to the inductance of the pump motor
winding, the motor current does not immediately drop to zero, but decays as the energy stored in the
windings dissipates. The motor voltage exhibits a sharp negative transition, and then shows the effects of
the motor generating voltage as it continues to turn. The ripples in the motor voltage indicate the motor
turning, obviously slowing until coming to a halt at the end of this plot.
Figure 31 shows an expanded view of the pump motor turn off signals.
Figure 31. Detail of Lumbar Pump Turn Off

A detail of the motor voltage transition on lumbar pump turn off shows the amplitude and duration of the
inductive kick caused by turning off the motor. The duration of the negative pulse is about 100
microseconds. The negative pulse is clamped at about 23 V. Zener diode D5 has a nominal breakdown
point of 21 V; the remainder of the voltage drop is due to the blocking diode D6.
To determine if the clamping circuit formed by D5 and D6 is necessary, the diodes were removed, and
Figure 32 shows the signals during solenoid turn-off. In this oscilloscope plot, Channel 1 is the VBATT
supply voltage at a nominal 12-V level. Channel 2 is the voltage across the solenoid windings. Channel 4
is the current through the solenoid windings, measured using a current probe. The fourth channel (M) is a
calculated power on the TPS2H160-Q1 circuit, found by taking the voltage difference between the supply
and the winding, multiplied by the current.
As expected, with no external clamping diode, the voltage across the motor winding transitions to a
negative voltage, reaching about –32 V. During this time, the current through the motor coil is decaying
towards zero. The power which must be dissipated by the TPS2H160-Q1 internal circuits peaks at about
19 W, with a duration of about 1 ms. Approximating the power signal as a triangle with height 19 W and
base 1 ms, the integration of the power signal gives an energy of 9.5 mJ.
Figure 32. Motor Demagnetization for the Lumbar Pump
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The TPS2H160-Q1 specifies an absolute maximum of 40 mJ for "Inductive load switch-off energy
dissipation, single pulse, single channel", so this energy that must be dissipated each time the lumbar
pump motor is turned off is significantly less than the specified value. Designers can use the TPS2H160Q1 for this application without the need for protection diodes D5 and D6, unless the motor is significantly
larger than the model used for testing.
3.2.2.5

Drive D Testing

The Drive D circuit is based on a unidirectional high-side switch as Figure 4 shows. This circuit was tested
using the lumbar valve as a load. This valve includes a solenoid with spring return, and a diode to clamp
the inductive spike caused by turning off the current to the solenoid coil.
Figure 33. Lumbar Valve Turn On

Channel 1 is the button which switches to a low state when depressed. Channel 2 is the voltage to the
solenoid windings, quickly reaching a value of 12 V after the button is depressed. Channel 3 is the current
sense signal which originates in the TPS2H160-Q1 current mirror, is selected through the SN74LV4051AQ1 analog MUX, and is filtered by the RC low-pass formed by R24 and C27. With an R24 value of 10 kΩ
and a C27 value of 1 µF, the RC time constant is 10 ms, which is reflected in the response of the current
signal. The amplitude of the stead-state current signal is about 270 mV. As discussed in Section 2.4.3, the
scale factor is about 1 V/A, so this represents a steady-state current of 270 mA to activate the lumbar
valve solenoid.
Figure 34 shows the waveforms as the lumbar valve is turned off.
Figure 34. Lumbar Valve Turn Off
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Figure 35 shows an expanded view of the signal waveforms during lumbar valve solenoid turn off. The
solenoid voltage on Channel 2 transitions to a negative value due to the inductive energy stored in the
solenoid windings. The negative voltage level is clamped to about –0.7 V by the external diode supplied
with the lumbar valve.
Figure 35. Detail of Lumbar Valve Turn Off

To determine if the external diode supplied with the solenoid valve is necessary, the external diode was
removed, and Figure 36 shows the signals during solenoid turn-off. In this oscilloscope plot, Channel 1 is
the VBATT supply voltage at a nominal 12-V level. Channel 2 is the voltage across the solenoid windings.
Channel 4 is the current through the solenoid windings, measured using a current probe. The fourth
channel (M) is a calculated power on the TPS2H160-Q1 circuit, found by taking the voltage difference
between the supply and the winding, multiplied by the current.
As expected, with no external clamping diode, the voltage across the solenoid winding transitions to a
negative voltage, reaching about –48 V where it is clamped by the internal protection circuits of the
TPS2H160-Q1. During this time, the current through the solenoid coil is decaying towards zero. The
power which must be dissipated by the internal protection circuits peaks at about 12 W, with a duration of
about 1 ms. Approximating the power signal as a right triangle with height 12 W and base 1 ms, the
integration of the power signal gives an energy of 6 mJ.
Figure 36. Solenoid Demagnetization During Lumbar Valve Turn Off

The TPS2H160-Q1 specifies an absolute maximum of 40 mJ for "Inductive load switch-off energy
dissipation, single pulse, single channel", so this energy that must be dissipated each time the solenoid
valve is turned off is significantly less than the specified value. Designers can therefore use the
TPS2H160-Q1 for this application without the need for external protection diodes.
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LIN Transceiver Operation

Figure 37 shows the signals during LIN transmitter operation. Channel 1 is the input to the transceiver on
the TXD signal, changing state with a bit width of about 100 microseconds. Channel 2 is the LIN bus
signal which responds to the TXD signal.
Figure 37. LIN Transceiver Operation Signals

At this scale, there is no observable time delay between transitions on the TXD pin and transitions on the
LIN pin. The controlled slope of the LIN bus signals is also apparent. For this measurement, a 1-kΩ
resistor to VBATT was applied to the LIN bus line, as would normally occur when connected to a master
node. See also
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4

Design Files

4.1

Schematics
To download the schematics, see the design files at TIDA-020008.

4.2

Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-020008.

4.3

PCB Layout Recommendations

4.3.1

Layout Prints
To download the layer plots, see the design files at TIDA-020008.

4.4

Altium Project
To download the Altium Designer® project files, see the design files at TIDA-020008.

4.5

Gerber Files
To download the Gerber files, see the design files at TIDA-020008.

4.6

Assembly Drawings
To download the assembly drawings, see the design files at TIDA-020008.

5

Software Files
To download the software files, see the design files at TIDA-020008.
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