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System Description

The TIDA-060030 is an example of a system used to drive independent loads for automotive applications
such as solenoids, relays, and unidirectional BDC motors. The intent is to drive loads that are found in
Engine Control Units (ECUSs). Internal Combustion Engines (ICE) will be the largest market for ECUs until
the emergence of Hybrid Electric Vehicles, and engine platforms can require up to as many as 60 general-
purpose outputs. Some examples of possible output loads are starter relays, canister purge valves, and
wastegate solenoids. These outputs are often driven thousands of times per second to maintain engine
efficiency and performance. The DRV8343-Q1 device is a motor gate driver that can independently drive
loads by individually driving the high-side and low-side MOSFETS, allowing up to 6 independent loads
(high-side and low-side from each phase) to be driven. The TIDA-060030 is designed so that a variety of
engine loads can be driven from the DRV8343-Q1: phase A drives a unidirectional BDC motor, phase B
drives a solenoid with high- and low-side drivers, and phase C separates the high-side and low-side loads
to drive two independent solenoids. The reference design is powered from an automotive 12-V or 24-V
battery and supports a wide input voltage range of 5.5 V-40 V.

1. TIDA-060030 Top View
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System Description

1.1 Key System Specifications

#k 1. Key System Specifications

PARAMETER COMMENTS | MIN ‘ TYP MAX UNIT
System Input
Vin Input voltage VBAT input 5.5 12 or 24 40 \%
Vour Phase output VM 55 12 or 24 40 \%
voltage
In Input current VBAT input current - 20 A
lour Output current Should be less than - 20 A
IIN
fowm PWM frequency 15 - 50 kHz
Vguck Buck converter LMR36006-Q1 - 6 - \%
output voltage output voltage
lsuck Buck output current | LMR36006-Q1 - 600 - mA
output current
Vipo LDO output voltage | TPS7B81-Q1 output - 3.3 - \%
voltage
I oo LDO output current | TPS7B81-Q1 output - 150 - mA
current
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2 System Overview
2.1 Block Diagram
2. TIDA-060030 Block Diagram
12V-24V
. Battery
DC/DC Buck M Reverse Polarity
Converter h Protection
12/24Vto 6V
3.3-V LDO
y
JTAG > : —>| Output Load A |
” Power —>| Output Load B |
Push . > MOSFET
Buttons i’ > Stages —>| Output Load CH |
MCU q Motor Driver _’l Output Load CL |
Status
LEDs > i’ Y v v
Current Sense Current Shunt
. Amplifiers Resistors
2.2 Design Considerations
This design is created with the following considerations in mind:
« Hardware demonstration of the capabilities of the DRV8343S-Q1 device to actuate engine loads using
independent MOSFET mode
» 5.5-V to 40-V operating range for 12-V or 24-V automotive systems
e Components rated at least 10-A current to support typical solenoid loads
* IC components with AEC-Q100 temperature grade 1 (—40°C < T, £ 125°C)
» Protection circuits, diagnostics, and fault reporting
» Small size complete gate driver and MCU solution (less than 16 sq. in.)
2.3 Highlighted Products
This design uses the following Tl products:
 The DRV8343-Q1 is an automotive 3-phase half-bridge gate driver with independent MOSFET control
that drives loads of up to 50-V continuous and 60-V transient. In this design, the DRV8343S-Q1 device
is used to communicate with the MCU using SPI. It also includes three internal Current Shunt
Amplifiers (CSASs) for solenoid current measurement.
* The LMR36006-Q1 is an automotive 4.2-V to 60-V, 0.6-A synchronous step-down buck converter with
4 JRERE 12V F 24V PR FEOSERIT ZHCU738—April 2020
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23.1

2.3.2

2.3.3

234

adjustable output voltage.
» The TPS7B81-Q1 is an automotive 3.3-V, 150-mA LDO that serves as input voltage for the MCU.

 The TMS320F28035 is a TI C2000 real-time high-efficiency, 32-bit CPU optimized for processing,
sensing, and actuation to improve closed-loop performance. It runs up to 60 MHz and has up to 45
programmable GPIO pins, SPI modules, ePWM modules, and ADC modules that are beneficial to this
reference design.

DRV8343S-Q1

The DRV8343S-Q1 is an independent half-bridge gate driver with dedicated source (SHx) and drain (DLx)
pins to support independent MOSFET control. It supports 5.5-V to 60-V continuous input supply and is
intended for 12-V or 24-V automotive systems. It is featured in the TIDA-060030 to demonstrate
independent MOSFET mode and actuate up to 6 solenoid loads quickly and independently. The
DRV8343S-Q1 incorporates an integrated charge pump output to drive reverse polarity detection, includes
protection and diagnostic features, and is AEC-Q100 temperature Grade 1 qualified. Ideally this design is
to target ECUs to control relays, valves, brushed-DC motors, and solenoids found inside of gasoline and
diesel engines.

LMR36006-Q1

The LMR36006-Q1 is a synchronous, step-down DC/DC converter intended for automotive applications. It
supports a wide input voltage range of 4.2-V to 60-V and up to 600 mA of output current, includes
protection features such as thermal shutdown, input undervoltage lockout, and short-circuit protection, and
is AEC-Q100 temperature Grade 1 qualified. Passive components are selected using TI's WEBENCH®
Power Designer to step supply voltage down to 6-V and give extra headroom voltage to increase LDO
efficiency.

TPS7B81-Q1

The TPS7B81-Q1 is an automotive low-dropout linear regulator with a wide input voltage range of 3-V to
40-V and maximum output current of 150 mA. It steps the 6-V input voltage into a fixed 3.3-V output
voltage for the TMS320F28035 C2000 MCU. It includes integrated fault protections such as thermal
shutdown, short-circuit, and overcurrent protection. It is also AEC-Q100 temperature Grade 1 qualified.

TMS320F28035

The TMS320F28035 is a high-efficiency 32-bit CPU that is part of TI's C2000 family. It comes in a 56-pin
RSH VQFN package and is AEC-Q100 temperature Grade 1 qualified for automotive applications. The
TMS320F28035 requires a single 3.3-V supply powered from the LDO and has up to 45 individually
programmable, multiplexed GPIO pins. It supports control peripherals such as ePWM, ADC, an on-chip
temperature sensor, and comparators suitable for motor drive applications. It also incorporates serial port
communication peripherals, including:

» One Serial Communications Interface (SCI) Universal Asynchronous Receiver, and Transmitter
(UART) Module

» Two Serial Peripheral Interface (SPI) Modules

* One Inter-Integrated-Circuit (I2C) Module

e One Local Interconnect Network (LIN) Module

* One Enhanced Controller Area Network (eCAN) Module
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2.4 System Design Theory
3. TIDA-060030 Detailed Block Diagram
Power Management
12vV-24V
Battery
LMR -Q1 .
Reverse Polarity
S Dl Protection
DC/DC Converter >
12-24V/6V
TPS7B81-Q1
Low-Dropout VM
3.3-V Linear
Regulator
?
VM
¥
SQJB50EP-T1
Phase A High
Side FET Output Load
vcP P Unidirectional
JTAG N 1 Brushed-DC
Interface bvbD SQJB50EP-T1 Motor
- Phase A Low
Side FET
INHA GND
Push Button A » INLA
SQJB50EP-T1
INHB Phase B High >
Push Button B > INLB Side FET Output Load
Phase B
INHC Solenoid with
Push Button CH > INLC SQJS50EP-T1 HS-/LS- Drivers
Phase B Low |«
Side FET
Push Button CL > gzl\gggzgﬂlsgﬂ ENABLE RS ET
eal-Time A
MCU Independent Half-Bridge SQUS50EP-T1 Output Load
Push Button Open Ce T iaEA Phase C High  |=1— Zﬁﬁﬁ:
Lead Detect g SDI Side FET with HS- driver l GND
SDO VM
User Control Inputs SOLK SQUS50EP-T1 O;’:z:teLg;d
Phase C Low [ Solenoid ——J
nSCS Side FET with HS-Driver
A
Output Load LED A — SOA Current
© SOB Sel/;se v
[ Current
Output Load LED B f&}— | SOC Sense
B Current
Current Sense Sense
Output Load LED C — Amplifiers (CSAs) C
Output Load LED D &} W GND W7 GND ‘ GND
Output Status LEDs External MCU Gate Driver Powerstage & Current Sense

24.1 Printed Circuit Board (PCB) and Form Factor
e Compatible with C2000 MCU, programmable with JTAG interface
* Optimized size for potential in-application use
» Sufficient size for high current and thermal dissipation

» Organized layout to demonstrate PCB flow
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4. TIDA-060030 PCB Render
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2.4.2 Overall Considerations for Component Selection

Components selected are based on the performance requirements of the expected applications. The main
priority for component selection is automotive qualification using AEC-Q100 active components, AEC-
Q101 discrete components, and AEC-Q200 passive components.

Capacitors are 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 should be greater than the
maximum voltage they could experience, and 2 x 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.

For improved accuracy, feedback resistor dividers should use components with 1% or better tolerance.
Resistance tolerance in this design was selected to reduce the total amount of BOM line items. In the
design considerations, it is noted where 5% or 10% precision resistors can be used to reduce the cost of a
specific individual resistor. Using less precise resistors for cost reasons should be weighed against
reducing the amount of BOM line items and ordering in higher volumes to reduce total BOM cost.

Zero-Ohm (0-Q) resistors are used at the input and output of several of the circuit sections for testing
purposes only, and could be removed, if needed, in a production board design.
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2.5

251

25.2

Power Management

VBAT Input Protection and Pi Filter

Reverse battery protection is required in nearly every electronic subsystem of a vehicle, both by OEM
standards, as well as ISO 16750-2, an international standard pertaining to supply quality.

This implementation uses a power NMOS and an NPN bipolar junction transistor (BJT) to achieve reverse
battery protection. If the battery is connected in reverse, the body diode of the NMOS will not conduct
current nor turn the NMOS on, thereby protecting the system from the reverse polarity condition. When the
battery is connected correctly, the circuit permits current to flow with very little power lost because of the
low Rpson Of the NMOS.

This technique is particularly well-suited for motor drive applications. The DRV8343S-Q1 includes
integrated charge pump devices, which can support the required overdrive voltage for the NMOS gate
without the need for additional external circuitry. For more background information on reverse polarity
protection, see the Protecting automotive motor-drive systems from reverse polarity conditions application
report.

After passing the reverse polarity circuit, the power supply uses a set of capacitors and inductors to form a
“pi” filter. This removes unwanted AC components on the supply line. Due to the bidirectional format of the
pi filter, incoming transients are blocked from entering the board, and any switching noise or clock noise
generated on the board is blocked from propagating into the rest of the voltage.

5. Reverse Polarity Protection for VBAT and Pi Filter

D12
2 %8 3 Ra3  wvep

10k

CD0603-S0180

L2 1uH

i
i s ~

VM
1] : T
' S TR ! L]
@: C45 ——=C46 ——C48 ——=C49 R31 €33 =—=C32 —=C31 —=C29

*+c37
330uF
1uF 0.1uF 0.01uF [ 1000pF 93.1k 1000pF| 0.01uF | 0.1uF 1uF

VSEN VM
1 GRD R32
= 499k ==C42 =

GND 0.1uF  GND

GND

Buck Converter

The TIDA-060030 uses an LMR36006-Q1 synchronous, step-down buck converter to step down the input
supply voltage to a 6-V signal. This buck converter is designed for automotive applications and is AEC-
Q100 temperate Grade 1 qualified. After stepping down the input supply voltage, that signal is input into
the LDO stage to provide high efficiency and minimal power losses.
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6. LMR36006-Q1 Automotive Buck Converter to Step 24-V Down to 6-V

VM U2 C20
'l' 25V
2 lyn BsT |4 BST 100pF 6V_BUCK

VIN

12SW.

EN sw
——c28 ——=Cz ——c21 1 [ A7uH
100V 220F 220F T bono ot R18
470F 100V 100v 100k —c17
vee s 7 FB 16V
vee FB iy
= Ine AGND |8 R17

20.0k

=—=C19  LMR36006AQRNXRQ1
100V
1uF

@
2

For buck external component selection, Texas Instruments' WEBENCH® Power Designer specifies the
correct values based on user input specifications. The tool is found on the LMR36006-Q1 product page on
Tl.com. A WEBENCH simulation was run for the maximum input voltage the tool allowed (8 V-40 V), 0.6-
A max current, and ambient temperature.

7. WEBENCH® Power Designer Tool for LMR36006-Q1

& Power Designer - Google Chrome

= (m] X
@ https://webench.ticom/power-designer/switching-regulator/customize/5?AppType: 1 nedba:
= WEBENCH® POWER DESIGNER NEWDESIGN ~ MYDESIGNS (@)
Customize LMR36006AQRNXRQ1 - 8V-40V to 6.00V @ 0.6A .
SELECT CUSTOMIZE SIMULATE EXPORT n :
Input: DCBV-40V  Output: 6Vat0.6A  Temp: 30°C  Change -
Summary SCHEMATIC PCB LAYOUT BILL OF MATERIALS
Efficiency 89.2% Click a component to find out more information or select an alternate part. e I a *
BOMCost:  $2.70
Footprint: 239 mm?
R T
v = u
-, o
Configuration Options e [ o — o
¢ re = osd

M cff Enable

.|).‘

| T .

S

253 3.3-V Linear Dropout Regulator

The 6-V signal is fed into the TPS7B81-Q1 to provide the 3.3-V supply needed to bias the TMS320F28035
MCU and logic-level components. The TPS7B81-Q1 is a small, efficient solution intended for automotive
applications. It has a maximum output current of 150 mA and operates over a wide junction temperature
range of —40°C to 150°C. It also has low quiescent current |, of 300 nA to conserve energy and extend
battery lifetime. TI recommends using a low-equivalent series resistance (ESR) ceramic capacitor with an
X5R- or X7R-type dielectric. In the TIDA-060030, 22-pF ceramic capacitors are used for the input and

output to counteract reactive input sources and improve transient response, input ripple rejection, and
PSRR.
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2.6

8. TPS7B81-Q1 3.3-V Automotive LDO

6V_BUCKI 2 33V_LDO
“' ) U1
1N out &
l S Jone GND 3
c15 2 |en v c18
220F 220F
TPS7B8133QDRVRQI 1
= GND =
GND GND

Microcontroller

The TMS320F28035 serves as the external MCU for the TIDA-060030 design to receive pushbutton
inputs, send input signals to the gate driver, set fault configurations, diagnose faults, and calculate voltage
and current feedback from the phase nodes. An SPI is used to set configurations and receive fault
diagnostics with the DRV8343S-Q1. ePWM modules are used to receive control signals from the
pushbutton inputs, and general purpose I/O pins send the logic-level signals to the motor driver and status
LEDs. The ADC modules convert voltages from the phase nodes and SOx pins to respectively translate
voltages and currents from the system.

9. TMS320F28035 Automotive C2000 Microcontroller

U4A
ADCINAO/VREFHI
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2.7 Motor Driver
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TUS MCU1
|

STATUS _MCU2
TDI
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TDO
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TMS320F28035RSHS

The DRV8343S-Q1 is an SPI-configurable motor driver that can drive independent loads using
independent MOSFET mode. The device has dedicated source (SHx), drain (DLx), and gate driver pins
(GHx/GLX) that can independently drive a variety of output loads such as unidirectional BDC motors,
solenoids, BDC motors, or 3-phase BLDC motors. Unlike other 3-phase gate drivers, the DRV8343x-Q1
device includes dedicated drain pins (DLx) that supports independent solenoid drive.

In the TIDA-060030 design, the system is designed to drive four distinct outputs to show device capability.
Phase A drives a unidirectional BDC motor by connecting one output to phase A and connecting the other
motor output to VM or GND, depending on the direction of the motor. Phase B drives a solenoid using
both high-side and low-side FETs for added protection such as short-to-battery or short-to-ground
detection. Phase C separates the high-side and low-side FETs to drive two separate solenoid loads, CH
and CL. The DRV8343S-Q1 device also includes a charge pump output used to drive the reverse polarity

protection MOSFET.

10
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To control the driver outputs, the DRV8343S-Q1 uses SPI bits PWM_MODE to support various system
configuration of output loads. The TIDA-060030 design uses independent half bridges for phases A and B
and independent MOSFET mode for phase C (100b in PWM_MODE) to control the four output loads. For
more information of the register map and fault information, see the DRV8343-Q1 12-V / 24-V Automotive
Gate Driver Unit (GDU) with Independent Half Bridge Control and Three Integrated Current Sense
Amplifiers Data Sheet.

10. DRV8343S-Q1 Independent Half-Bridge Gate Driver

6V_BUCK
D16

™M RESDIV
T— DNP
u3
Y]
4 5 VDRAIN RESDIV
VM VDRAN j————
C35
i 6 GH A
C38 C36 CP_3 vCP € DB RESDIV
47uF | 100nF sialel__ SHA
e
100:’,_& cPH A NP
= c39 GLA DNP.
GND 4TnFCPL 1 | oy olale8  DLA
L DNP
3.3V LDO DVDD 39 19 _GHB GND
DVDD GHB RESDIV
18 _SHB =
SHB N
C40  ENABLE 36 GND
ENABLE 36 ]
1WF ENABLE o 16 GLB DNP
63V INH A 41| na
16v = INL A 42 | \NLA oLeld7 DL B
GND "
L DNP
= INHB 43 |, 0
GND INL B 44 INLB GHC 20 GH C RESDIV
INH C 45 21 SH C =
INHC 45 =
INLC 6] e SHC = DB, GND
NT17 Glep-2 GLC
VSDO 40 {yspo
- 2 _DLC ok
Net-Tie  spo 2 {sp0 DL RESDIV
spcla2s_ SPC
SDIL___ 33 fepy DNP -4
sncle26 SN C =
SCK 34 | soik ! GND
" sicle2e sLc
33y _LDO nscs 3 |scs = o8B
" spalet4 SPB
R28 = e sNBl13___SNB
10k GND =
nFAULT 2 31 FAULT SLB 15 SL B GND
SPA 1 SP_A
30
VRER snAlei2 SN A
ISEN C R24 27 10 __SLA
33V 1DO =S soc StA
T __ o ISEN B 28 {50 AGND |28
56
R27
ISEN A 29 SOA PGND 47
C34 —— l % 48 49
0.1uF —=c23 =—=c2 c30 —Ne PAD
2200pF | 2200pF | 2200pF
DRV8343SPHPQ1
GND GND GND

2.8 Power MOSFETs and Output Stage

External Vishay SQJ850EP power MOSFETs and Fairchild FSV20100V recirculation diodes are used for
the power output stage. The external MOSFETSs are rated for 60-V absolute maximum and peak current of
24-A. For phases B, C high-side, and C low-side, recirculation diodes are implemented to recirculate and
dissipate current through the solenoid load when FETSs are turned off. The recirculation diodes are rated
for 20-A, 100-V as extra headroom for any transient voltages in the system.
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Unidirectional BDC ol - HS /LS Loads ,
Motor w ecirculation diode w Recirculation diodes w
needex it needed on each load

The output stage is designed for four different load configurations. Phase A uses both the high-side and
low-side driver in a push-pull configuration for the load. One end is connected to the half-bridge and the
other end is connected to VM or GND to recirculate current. This configuration provides short-to-battery or
short-to-ground detection and is suited for high-speed operations. Phase B uses the high-side and low-
side driver in an half-bridge configuration. This allows for both short-to-battery and short-to-ground
protection but requires a recirculation diode in the scenario that both drivers are turned off. Phase C splits
the half-bridge into a high-side and low-side driver to drive two solenoid loads. Each driver requires a
recirculation diode and provides limited protection when driven independently.

To explain how loads are connected to each output phase, see 7 3.1.1.3.

11. TIDA-060030 Power Stage for Phases A, B, C High-Side, and C Low-Side
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Current Feedback

External shunt resistors are used to measure the current going through the phase node. The SPx and SNx
pins measure the high- and low-side voltages of the resistor. Those voltages are fed to the Current Sense
Amplifiers (CSAs) integrated in the DRV8343S-Q1 to calculate the sense current of that phase through the
shunt resistor. That current is sent as a voltage through its respective SOx pin back to the TMS320F28035
device, which is read by an ADC pin.

Because the large currents in the power stage flow through the sense resistor, the selected resistor value
must be small to keep the power dissipation at a minimum. For high current systems, the resistor value is
usually in mQ. In the TIDA-060030 design, up to 20 A of current can sink through the 5-mQ sense resistor
R11. This dissipates 2 W of power through that resistor. Increasing the resistor value can improve the
signal-to-noise ratio but will also increase the power dissipation.

One important factor to consider is that current cannot be measured through the high-side FET of phase
C. This is because shunt resistors need to be placed near ground, and CH does not have any connections
to ground.

12
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System Overview

DRV8343-Q1 to the MCU

12. Current Sense Voltages From the SOx Pins of the

13. Voltages SPx and SNx Across the Current Shunt

Resistor are fed to the Internal Current Sense Amplifier (CSA)
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2.10 Voltage Feedback

A resistor divider is used to step down the output and supply voltages to logic-level voltages read by the
ADC module of the TMS320F28035. The same voltage divider circuit is used on all output loads: phase A,
B, C high-side, and C low-side. In the TIDA-060030, the resistor values used for the voltage divider are
93.1 kQ for the high resistor and 4.99 kQ for the low resistor. These values are specifically chosen to step
down a full-load output voltage signal to a full-scale ADC logic-level signal.

It is imperative that these resistors are precise with 1% or better tolerance to obtain accurate
measurements of feedback voltage.

14. Voltage Feedback for VM, Phase A, Phase B, Phase CH, and Phase CL
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

3.11

Hardware

To demonstrate the TIDA-060030 design, the following materials are used:
TIDA-060030 reference design

XDS110 JTAG Debug Probeon F280049 LaunchPad™

Automotive 12-V or 24-V solenoid loads, such as:

3.11.1

Starter relay
Throttle control
EGR valve

Fuel pump relay

12-V or 24-V power supply or battery
TIDA-060030 software on Code Composer Studio

To power supply
TR Py :

JTAG

Open load

detect 5
]ﬁl o —
/, o dp <
._

Pushbutton Inputs

Install JTAG Connections

Connect the XDS110 JTAG cable to header J1 (14-pin JTAG connector) at the top of the board.

3.11.2

Power Connections

Connect the 12-V or 24-V power supply or battery to the 2-pin screw terminal header H6 at the top of the
board. The positive of the supply connects to VBAT and the negative of the supply connects to GND.
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3.1.1.3 Load Connections
For phase A, connect a solenoid or brushed-DC motor to H5 (3-pin header) in the following manner:
« Connect the positive or high-side terminal of the motor to the OUT_A screw terminal

» Connect the negative or low-side terminal of the motor to the GND or VM screw terminal, depending
on the push-pull configuration of the solenoid or direction of the brushed-DC motor

For Phase B, connect a solenoid to H1 (2-pin header) to the OUT_BH and OUT_BL screw terminals.

For phase C, connect a solenoid load using one of the following high- or low-side drivers:

» C high-side: Connect one end of the solenoid to the OUT_CH screw terminal, and the other end of the
solenoid to GND

* C low-side: Connect one end of the solenoid to VM and connect the other end of the solenoid to the
OUT_CL screw terminal.

3.1.2 Software

3.1.2.1 Download and Install Code Composer Studio™

Code Composer Studio is an integrated development environment (IDE) for Texas Instruments (TI)
embedded processor families. Code Composer Studio comprises a suite of tools used to develop and
debug embedded applications. It includes compilers for each of Tl's device families, source code editor,
project build environment, debugger, profiler, simulators, real-time operating system and many other
features. The intuitive IDE provides a single user interface taking you through each step of the application
development flow. Familiar tools and interfaces allow users to get started faster than ever before and add
functionality to their application thanks to sophisticated productivity tools. See the Code Composer Studio
web page at for information on downloading the integrated development environment for the C2000 code.

Software examples for SPI communication, ePWM peripheral setup, I/0O setup, ADC module setup, and
more are found in C2000Ware to minimize development time. It includes device-specific drivers, libraries,
and peripheral examples for the TMS320F28035.
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3.2 Testing and Results

321

3.2.2

Test Setup

In the following test setup, the four output loads connected to phases A, B, C high-side, and C low-side
are a brushed-DC motor, canister purge valve, wastegate solenoid, and fuel pump relay. All of these
solenoids are rated for 12-V and are typically found as driver outputs in a 12-V gasoline or diesel engine
system.

Specifically, the Brushed-DC motor is connected to OUT_A and VM, the canister purge valve connected
to OUT_BH and OUT_BL, wastegate solenoid connected to OUT_CH and GND, and fuel pump relay
connected to OUT_CL and VM. When their respective push button is pressed down, each output load will
actuate independently and its corresponding LED will light up in the "Status LEDs" section of the PCB.

B 15 is an illustration of the TIDA-060030 test setup with a brushed-DC motor connected to OUT_A and
VM, canister purge valve connected to OUT_BH and OUT_BL, wastegate solenoid connected to OUT_CH
and GND, and fuel pump relay connected to OUT_CL and VM.

15. TIDA-060030 Test Setup

Test Results

3.2.2.1 Solenoid Operation

When the TIDA-060030 is powered through VBAT and launched with software, the solenoid loads
connected to OUT_A, OUT_B, OUT_CH, and OUT_CL can be controlled with pushbuttons OUT_A,
OUT_B, OUT_CH, and OUT_CL. LEDs D8-D11 (labeled A, B, CH, and CL) will also light up when buttons
are pressed.

The oscilloscope screenshot in B 16 shows the output of PB_A and OUT_A once pushbutton A is
pressed.

16
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16. Plot of PB_A and OUT_A (Brushed-DC Motor) 17. LED for Phase A is on When PB_A is Pressed (Brushed-

DC Motor)

pre-# WWW

(@ 200V € 200V © 0.
Value Mean Min Max Std Dev

€& Max 3.6V 31.2 30.8 31.6 566m
4.2 23.4 2 24.2 |

° @ @)
[ x

\ A

20.0ms
i+~ 62,0800

Impedance Invert
1me Fsee | Son | off

Coupling
oc| AC 4

Bandwidth

1 Jlabel
Full PE_A

3.2.2.2  Power Supplies

Each solenoid load can be controlled independently and simultaneously, resulting in a summation of
output currents for each phase. ¥ 2 shows the progression of output current summation by driving output
loads A, B, C, and CH on top of each other and driving with fixed duty cycles for each phase.

Fk 2. TIDA-060030 Output Load Current Summation Testing

OUTPUT PHASES LOAD TOTAL OUTPUT
CURRENT (A)

A Brushed-DC motor 0.214

CL 12-V fuel pump relay 0.121

B 12-V canister purge valve 0.363

CH 12-V waste gate solenoid 0.169

A+B Brushed-DC motor, 12-V fuel pump relay 0.341

A+B+CH Brushed-DC motor, 12-V fuel pump relay, 12-V canister 0.710
purge valve

A+B+CH+CL Brushed-DC motor, 12-V fuel pump relay, 12-V canister 0.878
purge valve, 12-V waste gate solenoid

3.2.2.3 Diagnostics and Protection

If a fault is generated during device operation, the nFAULT red LED will turn on as well as set the bit of
the generated fault. & 3 lists the register map corresponding to the FAULT Status Register. Each fault bit
can be read directly from the "Expressions" window during run-time on Code Composer Studio by address
of the fault bit according to the register map.

5% 3. SPI Register Map for Faults and Diagnostics of DRV8343S-Q1

REGISTER 7 6 5 4 3 2 1 0 Address
NAME
FAULT FAULT GDF CPUV UVLO OoCP oTW OTSD OL_SHT 0x00
Status
DIAG SA_OC | SHT_GND | SHT_BAT_| OL_PH_A | VGS_LA | VGS_HA | VDS_LA | VDS_HA 0x01
Status A A A
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#k 3. SPI Register Map for Faults and Diagnostics of DRV8343S-Q1 (continued)

REGISTER 7 6 5 4 3 2 1 0 Address
NAME

DIAG SB_OC SHT_GND | SHT_BAT_| OL_PH_B | VGS_LB VGS_HB VDS_LB VDS_HB 0x02
Status B _B B

DIAG SC_OC | SHT_GND | SHT_BAT_| OL_PH_C | VGS_LC VGS_HC VDS_LC VDS_HC 0x03
Status C C C

An Open Load Passive (OLP) detection test is initiated by pressing the "Open Load Detect" pushbutton.
Software is programmed to run an OLP test by writing a "1" to the EN_OLP bit in address 0x05. If an open
load is detected on a phase, the nFAULT LED will light up and the correct fault can be read by reading the
DIAG Status A, DIAG Status B, or DIAG Status C registers. Likewise, a short-to-battery or short-to-ground
test is initiated by writing a "1" to the EN_SHT_TST bit in address 0x05. If an short-to-battery or short-to-
ground is detected on a phase, the nFAULT LED will light up and the correct fault can be read by reading
the DIAG Status A, DIAG Status B, or DIAG Status C registers.

Many other faults such as gate driver faults (GDF), overcurrent protection (OCP), undervoltage (UVLO),
and overtemperature (OTW / OTSD) can be monitored through SPI configuration. For more information of
the SPI register map and fault information, see the DRV8343-Q1 12-V / 24-V Automotive Gate Driver Unit
(GDU) with Independent Half Bridge Control and Three Integrated Current Sense Amplifiers Data Sheet.

#= 4 shows the protection features and diagnostics tested on the TIDA-060030 design.

Fz 4. TIDA-060030 Protection Features and Diagnostics Responses

DIAGNOSTIC TEST CONDITIONS VM (V) RESPONSE
Undervoltage - <6 UVLO =1, nFAULT on
Open load on phase A Phase A disconnected 12 OL_PH_A =1, OL_SHT =1, nFAULT on
24
Open load on phase B Phase B disconnected 12 OL_PH_B =1, OL_SHT =1, nFAULT on
24
Open load on phase C Phase C disconnected 12 OL_PH_C =1, OL_SHT =1, nFAULT on
24
Short to ground on phase A OUT_A connected to GND 12 SHT_GND_A =1, OL_SHT = 1, nFAULT
on
24
Short to ground on phase B OUT_B connected to GND 12 SHT_GND_B =1, OL_SHT = 1, nFAULT
on
24
Short to ground on phase C OUT_C connected to GND 12 SHT_GND_C =1, OL_SHT =1, nFAULT
on
24
Short to battery on phase A OUT_A connected to VM 12 SHT_BAT_A =1, OL_SHT =1, nFAULT on
24
Short to battery on phase B OUT_B connected to VM 12 SHT_BAT_B =1, OL_SHT =1, nFAULT on
24
Short to battery on phase C OUT_C connected to VM 12 SHT_BAT_C =1, OL_SHT =1, nFAULT
on
24
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4 Design Files
4.1 Altium Files
To download the Altium Designer® project files, see the design files at TIDA-060030.
4.1.1 Schematics
To download the schematics, see the design files at TIDA-060030.
41.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-060030.
4.1.3 PCB Layout Recommendations

The PCB design of motor drive systems is non-trivial and requires special considerations and techniques
to achieve the best performance. Power efficiency, high-speed switching frequency, low-noise jitter, and
compact board design are a few primary factors that designers must consider when laying out a motor
drive system. Texas Instruments' DRV devices are ideal for such type of systems because they are highly
integrated and well-equipped with protection circuitry. A major goal of this layout is to highlight the primary
factors of a motor drive layout when using a DRV device and provide a best practice guideline for a high-
performance solution that reduces thermal stress, optimizes efficiency, and minimizes noise in a motor
drive application. The TIDA-060030 is a 4-layer board with TOP, POWER, GND, BOTTOM layers.

4.1.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-060030.

4.1.3.2 Grounding Optimization

A ground plane is used to provide a strong ground return path. Having a continuous ground plane allows
signals to have the shortest return path and decrease coupling and interference. It is imperative to
minimize ground discontinuity by carefully routing traces and placing vias in such a manner that it does not
cause breaks on the GND plane.

ZHCU738—April 2020 JREE 12V F 24V RSB EOSERIT 19

TIDUEW6 — http://lwww-s.ti.com/sc/techlit TIDUEW6
MriX © 2020, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEW6.pdf
http://www.ti.com/tool/TIDA-060030
http://www.ti.com/tool/TIDA-060030
http://www.ti.com/tool/TIDA-060030
http://www.ti.com/tool/TIDA-060030

13 TEXAS
INSTRUMENTS

Design Files www.ti.com.cn

18. GND Plane of TIDA-060030

4,1.3.3 Thermal Overview

A thermal pad allows for efficient heat dissipation over a larger area away from important signals and
components. The thermal pad should be directly underneath any devices that build up large amounts of

heat, current, or both. In the TIDA-060030 design, vias are placed on the thermal pads of the following
devices:

* DRV8343S-Q1
* Vishay external FETs
« TMS320F28035
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19. Vias Placed on Thermal Pads on Power MOSFETs

20. Vias Placed on Thermal Pads on DRV8343S-Q1

Another good technique to implement in order to dissipate heat to all layers of the board is thermal vias to
ground. Thermal relief connections should not be used for the thermal vias because the path for heat to
flow from the top plane through the via to the bottom plane is constricted. This constricted path for heat
flow results in an increased temperature on the remaining part of the top plane around the via. Directly
connecting vias allows for the lowest possible thermal resistance between the via and copper layers. The
thermal vias should make their connection to the internal ground plane with a complete connection around
the entire circumference of the plated through hole. Do not cover the vias with solder mask which causes

excessive voiding.

21. Thermal Vias Stitched on the GND Plane

ZHCU738-April 2020
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4,134 Vias

Vias are holes in a PCB that are electrically connected together. Many vias are used in TIDA-060030 to
connect power and ground layers to signal layers (power tracks), or to transfer the signal to the top or
bottom layer to allow continuity (signal tracks). There are also multi-vias, or “via stitching”, that is added to
the GND pour of the top layer to electrically connect to the GND layer of the board. This allows for low
impedance connections that maintain short current paths to ground and dissipate heat.

%% 5 lists the current capacity for different via diameters per IPC-2152 standards.

# 5. Via Current Capacity

VIA DIAMETER CURRENT CAPACITY
6 mil 0.2A
8 mil 0.55 A
10 mil 0.81 A
12 mil 0.84 A
16 mil 11A

22. Vias Used to Dissipate Current From Bulk VM Capacitor
to VM Plane of Power Layer

23. Vias Used to Dissipate Current Through Shunt Resistor
to GND Layer

4

.1.3.5 General Routing Techniques

Typically, PCBs utilize extensive routing techniques for logic level, low-current designs and applications. In
the TIDA-060030, currents of up to 20 A can be driven to drive various automotive loads for engine
management, therefore, wider traces need to be implemented to effective circulate current.

Make gate drive, source high, and drain low traces wide and as short in length as possible. Start with a

trace width of 20 mils for at least 1 oz of copper, more if required by high currents.

22
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24. NetQ4_4, Which is Tied to GH_B by a 0-Q Resistor, has a Width of 20 Mils After the Resistor

ingle)
pot Snap: 20mil

Properties X

Track

Q, Search

Start (X/Y)

Width

o~

NetQ5_4

2
NetQ8_4

» Do not use right-angle traces because it can cause the current to reflect and act as an impedance.
Sharp bends can cause electromagnetic interference (EMI) issues when motor phases are switching.
The best practice is to use obtuse angles as B 25 shows.

25. Parallel Gate Traces, Routed Using Obtuse Angles

» Transition vias to pads, especially from thin to thick traces on output pins. This technique is called
teardrops — these allow for thermal stress to decrease on signal transitions and avoid cracking of
traces.
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26. Teardrops Used on Transitions From Vias to Pads
-

31 nFAULT nFAULT
nFAULT

30:3.3V_LDO 3.3V_LDO

29 : NetR26_2 NetR26_2

28 : NetR25_2 NetR25_2

27 : NetR24_2 NetR24_2

26 SN_C

For high-current nets, polygon pours are implemented to create wide current paths for phase currents,
power nodes on signal layers, and power rails on the POWER layer.

In the TIDA-060030 design, polygon pours are implemented using the following system diagram by layer:

POWER
1. VBAT - battery net

2. VM — large net that connects to VM of the power management circuitry, bypass caps of the
DRV8343S-Q1, and VM nodes of the power stage bulk capacitances

3. 6V_BUCK - net that runs to or from the 6-V buck converter
4. 3.3V_LDO - net that powers all logic-level circuitry, including C2000, LEDs, and input controls

GND - Large GND pour over entire layer

BOTTOM

1. VM — pour that connects to the recirculation diode on the BOTTOM layer and VM on the POWER
layer

2. OUT_C1 - connects to OUT_C1 on top layer
3. OUT_C2 - connects to OUT_C2 on top layer
4. GND pour everywhere else

TOP

1. Similar nets (typically in power management and power stage circuitry) are connected together
where possible such as VM, 6V_BUCK, output nets, and VBAT

2. GND pour everywhere else

24
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4.1.3.6 Bulk and Bypass Capacitor Placement

4.1.3.6.1 Bulk Capacitor Placement

In a motor drive system design, a bulk capacitor minimizes the effects of low-frequency current transient
and stores charge to supply large currents required by the motor driver when it switches. When selecting a
bulk capacitor, consider the highest current required by the motor system, supply voltage ripple, and type
of motor.

Use bulk electrolytic capacitance to help source the low-frequency, high-value currents from the current
that is driven through the motor winding. These capacitors usually are greater than 10 uF, depending on
the application requirements.

Place all bulk capacitors near the power supply module or power entry point of the board. TlI recommends
that each bulk capacitor have multiple vias connecting the pad to the respective power plane. Tl also
recommends that all bulk capacitors have low equivalent series resistance (ESR).

27. Bulk Capacitor Placed Near Power Supply of TIDA-060030

1
NetC15_1

4.1.3.6.2 Charge Pump Capacitor

Many of TI's motor drivers use charge pump or bootstrap capacitors to fully switch the gate of the high-
side N-channel MOSFET. Place these capacitors as close to the motor drive device as possible.
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28. Charge Pump Capacitor Placement

4.1.3.6.3 Bypass and Decoupling Capacitors

4.1.3.6.3.1 Near Power Supply

A bypass capacitor is used to minimize high-frequency noise into the supply pin of the DRV device. Tl
recommends placing capacitors as close as possible to the power input pins of the device and ground
pins. If the trace lengths between the bypass capacitor and the device are not minimized, they can be
inductive at the high frequencies that the bypass capacitor is meant to filter. The added impedance from
trace inductance can cause ringing in the voltage or current at the supply pin which contributes to EMI and
affects the performance of digital or analog circuits. A best practice is to place the capacitor with the lesser
value as close as possible to the device to minimize the influence of the inductance of the trace.
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29. Decoupling Capacitors Placed Near 3.3-V LDO Power Supply

C4Ls—e
? 0 % C40

« Do not use vias between the bypass capacitors and the active device. Visualize the high-frequency
current flow and reduce loops of high-frequency current as much as possible.

» Make sure bypass capacitors are on the same layer as active components for best results. Do not
place a via between the bypass capacitor pin and the IC supply or ground pin.

4.1.3.6.3.2 Near Power Stage

For bypass capacitance on the power stage, use small ceramic capacitors to attenuate high-frequency
currents caused by switching from the MOSFETSs and other parasitic capacitances. These capacitors
typically have values of capacitance less than 10 pF, depending on the application requirements.

4.1.3.6.3.3 Near Switch Current Source

Correct layout and placement of these capacitors is critical to make sure they are effective. Any additional
parasitic inductance between the capacitance and the source of the switching current decreases their
effect. Ideally, place the capacitors as close as possible to the source of the switching currents, in this
case, the motor and MOSFETSs.
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30. Bulk Capacitor Placed Near Switching Current Source in the Same VM Pour

4.1.3.6.3.4 Near Current Sense Amplifiers

For devices with integrated current sense amplifiers (CSA), Tl recommends placing additional decoupling
capacitors as close to the sensing pins as possible and using values of approximately 1 nF.
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31. Decoupling Capacitors Placed Near SNx and SPx Pins

4.1.3.6.3.5 Near Voltage Regulators

For devices with voltage regulators, place the capacitor as close as possible to the pin. Minimize the
ground return loop to the ground pin.

32. Decoupling Capacitor Placed Near DVDD Pin

4.1.3.7 MOSFET Placement and Powerstage Routing

Placement of the gate driver and power MOSFETSs is critical for correct functionality and optimal
performance in pre-driver motor drive solutions. In the TIDA-060030 design, the bottom half of the board is
specifically dedicated to the power stage routing for optimal current dissipation, eliminating switch-node
ringing, and efficient switching of current to the output loads.
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Each output phase of TIDA-060030 has a unique layout optimized for its configuration. Phases have two
external FETSs for the GHx and GLx signals, but only phases B, C high, and C low have recirculation
diodes to dissipate current and protect the load in the case both FETs are turned off independently. Each
phase also is optimized in consideration of high-current loop paths to minimize overall loop inductance,
voltage ripple, noise, and the need for extra bypass capacitance.

4.1.3.7.1 Phase A: Unidirectional BDC Motor

Phase A supports a unidirectional brushed-DC motor or solenoid load. One end of the load is connected
to OUT_A1, and the other end is connected to either GND or VM. If the load is a brushed-DC motor, then
the motor will spin in only one direction depending on the motor configuration. Likewise, a solenoid load
will push or pull depending on the load configuration.

The system is rated for up to 15 A of current, so it recommended to have traces at least 150 mil wide to
efficiently sink high current. Outputs of the powerstage use polygon pours to support high current flow and
protect the board and components from any cracks in traces.

All phase A gate drive signals use 20-mil traces, and VSEN_A uses a 10-mil trace because they are low-
current signals.

33. Power Stage Layout for Phase A

3\0_2_______)

° B
Qur 2
o

o

4.1.3.7.2 Phase B: Solenoid With Half-bridge

Phase B supports a solenoid output using a half-bridge configuration that provides short-to-battery and
short-to-ground protection. The solenoid load is connected to OUT_BH and OUT_BL. A recirculation diode
is placed in parallel with the load to dissipate current in the case the drivers are switched off. Likewise with
phase A, power stage signals that can detect the full solenoid load current are to be 10 mil wide for every

1A
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All phase B gate drive signals use 20-mil traces, and VSEN_B uses a 10-mil trace because they are low-
current signals.

34. Power Stage Layout for Phase B

!‘# - - -

4.1.3.7.3 Phase C: Independent Loads Using Split Half-Bridge

Phase C supports two solenoid outputs using a split half-bridge configuration, a capability provided by the
DRV8343S-Q1 device using independent FET mode. In this mode, the high-side and low-side drivers can
independently drive two separate loads such as solenoids and unidirectional brushed-DC motors. In the
layout, there exists two separate current paths to drive the output loads independently. Each topology
requires a recirculation diode in parallel with the output load to dissipate current when the driver is off.

The solenoid load for the high side of phase C (CH) is connected to OUT_CH, and the low side is
connected to GND. Likewise, the solenoid load for the low side of phase C (CL) is connected to OUT_CL,
and the high side is connected to VM.

All phase C gate drive signals use 20-mil traces, and VSEN_CH and VSEN_CL use a 10-mil trace
because they are low-current signals.

ZHCU738—April 2020 JREE 12V F 24V RSB EOSERIT 31

TIDUEW6 — http://www-s.ti.com/sc/techlit/ TIDUEW6
WriX © 2020, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEW6.pdf

13 TEXAS
INSTRUMENTS

Design Files www.ti.com.cn

35. Power Stage Layout for Phase C High-Side and C Low-Side

4.1.3.8 Current Sense Amplifier Routing

Many of TI's motor drivers include built-in current sensing, most of which use an external shunt resistor as
the measurement source. Including the current sense amplifier with the driver provides an all-in-one
solution for the motor interface and allows higher-quality current sensing at a lower cost.

Two-phase and three-phase CSAs are a benefit to board layout because they have low common-mode
voltage requirements. They also let each channel be measured individually, and therefore can be used in
more complex control schemes such as field-oriented control (FOC).

The tradeoffs of using two-phase and three-phase CSAs in board layout include:

» Higher susceptibility to ground noise

» Cannot detect ground shorts

» Could require more software to realize the total system current

For placement, the shunt resistor should be in line with the components of the power stage to minimize
trace impedance. The shunt resistor should also be placed close to the connection to the CSA to decrease

the possibility of coupling on other traces on the board. The shunt resistor should be placed between the
source of the respective low-side MOSFET and the ground connection.

Use the copper pours from the source of the low side to tie to the high side of the CSA. The sense signals
of the shunt resistors should be a differential pair and traces must run in parallel to the input of the IC.
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36. Shunt Resistor Placement Between Low-Side MOSFET and Ground

2 - NelC50_2

1: GND

®0.:.0
o O

4.1.3.9 Net Ties

When routing a PCB during the initial stages, the guides that help show which component routes can be
deceptive in the case of the sense resistor routing. In the case of the low-side shunt resistor, the negative
input could direct straight to ground, and the positive input could direct to the low-side source pin. To
avoid these situations, place a Net Tie between the device and the shunt resistor so that the designer can
place the route restriction during placement instead of during routing.
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37. Net Ties in Layout 38. Net Ties in Layout, Zoomed in

Y
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4.2

4.3

Gerber Files

To download the Gerber files, see the design files at TIDA-060030.

Assembly Drawings

To download the assembly drawings, see the design files at TIDA-060030.

Related Documentation

1.
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Texas Instruments, DRV8343-Q1 12-V / 24-V Automotive Gate Driver Unit (GDU) with Independent
Half Bridge Control and Three Integrated Current Sense Amplifiers Data Sheet

Texas Instruments, LMR36006-Q1 4.2-V to 60-V, 0.6-A Ultra-Small Synchronous Step-Down
Converter Data Sheet

Texas Instruments, TPS7B81-Q1 150-mA, Off-Battery, Ultra-low-1, (3-1A), Low-Dropout Regulator
Data Sheet

SQJB850EP Automotive N-Channel 60 V (D-S) 175 °C MOSFET Vishay Siliconix www.vishay.com

FSV20100V Ultra-Low VF Schottky Rectifier, 20 A, 100 V Data Sheet ON Semiconductor
WWW.onsemi.com

Texas Instruments, TMS320F2803x Piccolo™ Microcontrollers Data Sheet
Texas Instruments, TMS320F2803x Piccolo™ Technical Reference Manual
Texas Instruments, Best Practices for Board Layout of Motor Drivers Application Report

Texas Instruments, Using DRV to Drive Solenoids - DRV8876/DRV8702-Q1/DRV8343-Q1 Application
Report
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E2E, LaunchPad, Code Composer Studio, Piccolo are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.

Altium Designer is a registered trademark of Altium LLC or its affiliated companies.

All other trademarks are the property of their respective owners.

5.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

6 Terminology

ADC - analog-to-digital converter

BOM - bill of materials

Buck - step-down switching-mode voltage converter
C2000 - real-time control microcontroller unit, 16-, 32-bit
CCS - Code Composer Studio

CSA - current shunt amplifier

DL - drain low

FET - field effect transistor

GND - ground

GH - gate high

ICE - internal combustion engine

LDO - linear dropout voltage regulator

MCU - microcontroller unit

MOSFET - metal oxide semiconductor field effect transistor
OEM - original equipment manufacturer

PB - push button

PCB - printed circuit board

TIRD - Tl Reference Design

VBAT - battery voltage

VM - motor driver voltage, same as VBAT after filter

7 About the Author

AARON BARRERA is an Applications Engineer at Texas Instruments. He graduated from the University
of Florida in December 2019 with a Bachelor of Science in Electrical Engineering. Aaron works with the

BLDC Motor Driver team, and previously was a Product Marketing Intern for BLDC Motor Drivers. In his
free time, he enjoys arranging and producing music, playing basketball, and watching sports.

ZHCU738—April 2020 VAR 12V & 24V KEIPLGEEZE O SFH Bt 35

TIDUEW6 — http://lwww-s.ti.com/sc/techlit TIDUEW6
AL © 2020, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEW6.pdf

ERFRNRREH
THERHFRUEEARNTREMERE (@FRER ) . RUTAR (8F3E)1) . MAREMRTEN, RETE, R2EENAEMER ,
gﬁiﬁiﬁﬁiﬁmﬂﬂzﬁ&ﬂ-ﬂﬂﬂ FAHEETWER  SEETRTEHE. ERHEARAEHNERESTRILEMSE =77 FR~ RN ETE
REFRARER T FRBTRITORETRAREH, BFATREUT2HIRME : (1) HNEHEARRESEN TIFR , (2) Rit. B
EHNREHNEA |, (3) BRENNABEEMREUREAR MRS, FERE, UERHEMER,
XERFNARE , BFSTEA, T RUEXAFXLERRATHARREMRN TI ~RONA. mENXEFRETEEEFHNRER.
BEREREMEM TI HIRFRNREFME=ZF MR~ ENEFBRZREXEHFHEATY TI REARERNEARE, BE. K
A, BEMHES , TI HHBRAZE,
TIREN™RZ T HEERRD ticom LEHMEARRT ~REHHEMERARRNAR. T REXEFRATLT BIURMEFNER
THEX TIFRAFHERNERIIBRETFH.
Tl R3S F B4R AT REIR MV R T R AR R

Bt : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022 , EM{YEE (TI) A7


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	汽车类 12V 至 24V 发动机负载接口参考设计
	1 System Description
	1.1 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Design Considerations
	2.3 Highlighted Products
	2.3.1 DRV8343S-Q1
	2.3.2 LMR36006-Q1
	2.3.3 TPS7B81-Q1
	2.3.4 TMS320F28035

	2.4 System Design Theory
	2.4.1 Printed Circuit Board (PCB) and Form Factor
	2.4.2 Overall Considerations for Component Selection

	2.5 Power Management
	2.5.1 VBAT Input Protection and Pi Filter
	2.5.2 Buck Converter
	2.5.3 3.3-V Linear Dropout Regulator

	2.6 Microcontroller
	2.7 Motor Driver
	2.8 Power MOSFETs and Output Stage
	2.9 Current Feedback
	2.10 Voltage Feedback

	3 Hardware, Software, Testing Requirements, and Test Results
	3.1 Required Hardware and Software
	3.1.1 Hardware
	3.1.1.1 Install JTAG Connections
	3.1.1.2 Power Connections
	3.1.1.3 Load Connections

	3.1.2 Software
	3.1.2.1 Download and Install Code Composer Studio


	3.2 Testing and Results
	3.2.1 Test Setup
	3.2.2 Test Results
	3.2.2.1 Solenoid Operation
	3.2.2.2 Power Supplies
	3.2.2.3 Diagnostics and Protection



	4 Design Files
	4.1 Altium Files
	4.1.1 Schematics
	4.1.2 Bill of Materials
	4.1.3 PCB Layout Recommendations
	4.1.3.1 Layout Prints
	4.1.3.2 Grounding Optimization
	4.1.3.3 Thermal Overview
	4.1.3.4 Vias
	4.1.3.5 General Routing Techniques
	4.1.3.6 Bulk and Bypass Capacitor Placement
	4.1.3.7 MOSFET Placement and Powerstage Routing
	4.1.3.8 Current Sense Amplifier Routing
	4.1.3.9 Net Ties


	4.2 Gerber Files
	4.3 Assembly Drawings

	5 Related Documentation
	5.1 商标
	5.2 Third-Party Products Disclaimer

	6 Terminology
	7 About the Author

	Important Notice

