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Introduction
This reference design aims to provide an efficient, highly 
integrated, and cost-effective solution for local interconnect 
network (LIN) based motor control systems in automotive 
applications. The document details how to build a LIN-
based motor control system using the Allegro A89224 high-
performance 48 V SoC in conjunction with the APM81815 
DC-DC voltage conversion chip.

The document covers the complete system architecture of 
the LIN reference design, including functional descriptions 

of each module on the demonstration board, hardware 
schematics and bill of materials, PCB layout, example code, 
debugging procedures, and waveform analysis. Additionally, 
it introduces how to use the Allegro graphical user interface 
(GUI) motor control tuning tool for parameter adjustment, 
enabling fast startup and precise control.

The document also describes how to perform key operations 
such as motor start/stop, direction control, speed setting, and 
sleep/wake-up via the LIN bus interface tool, helping users 
quickly complete functional verification, system debugging, 
and prototype design.

Figure 1: A89224 48 V Motor Control Reference Design  
Demo Board Based on LIN Communication
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Key Features
•	 Input Voltage: DC 12 V to 48 V, compatible with various 

automotive power supply systems.
•	 Maximum Output Power: Up to 800 W.
•	 Maximum Continuous (RMS) Current: Up to 15 A.
•	 Motor Control Method: Uses sensorless single-shunt field-

oriented control (FOC) technology for high-efficiency and 
precision motor control.

•	 Startup and Protection Mechanisms: Supports AC alignment, 
IPD, and windmilling startup, with integrated stall protection to 
enhance system robustness and reliability.

•	 LIN Communication: The A89224 features an integrated LIN 
communication data link layer with hardware-based automatic 
baud rate detection and frame synchronization, simplifying 
system configuration and reducing software overhead.

•	 Fault Diagnosis and Protection: Incorporates comprehensive 
fault detection and protection mechanisms, including 
power-on reset, overcurrent, overtemperature, undervoltage, 
etc.

•	 Debugging and Expansion Interfaces: Supports universal 
asynchronous receiver-transmitter (UART) and serial 
wire debug (SWD) interfaces for convenient firmware 
programming and debugging.

•	 Graphical Tuning Tool: Fully compatible with the Allegro 
GUI motor control tuning tool, enabling rapid and intuitive 
parameter adjustment for optimized performance.

Recommended Reading
A review of the related reference documents is recommended 
prior to reading this document. This preliminary step will facili-
tate a better understanding of the technical content and applica-
tion background presented. All these documents can be found 
in the Allegro customer portal (https://registration.allegromicro.
com/#/parts/A89224).
•	 A89224 datasheet
•	 A89224 hardware manuals
•	 A89211_12_24_Motor control quick starter guide
•	 A892xx_MotorControlAPI
•	 A892xx_Application Note_LIN Example

https://registration.allegromicro.com/#/parts/A89224
https://registration.allegromicro.com/#/parts/A89224
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HARDWARE
System Architecture Overview
This reference design is compatible with DC power supply 
systems ranging from 12 V to 48 V. The main controller is the 
Allegro A89224 high-performance system-on-chip (SoC). This 
highly integrated device features an embedded ARM Cortex-
M4 microcontroller (MCU), a three-phase gate driver for motor 
control, and a precision differential current sensing amplifier. All 
these features enable sensorless single-shunt FOC motor control 
technology, delivering efficient and accurate motor operation 
with minimal external components. Its integration significantly 
reduces system complexity and footprint, making it ideal for 
compact automotive applications.
The A89224 integrates a back electromotive force (BEMF) 
detection module, which provides robust support for windmilling 
startup functionality. The GPIO0 to GPIO7 pins can be flexibly 
configured as LIN communication interfaces for both transmis-
sion and reception. The WAKE pin is connected to the INH pin 
of the LIN transceiver, enabling wake-up control via the LIN bus. 
If no message frames are transmitted on the LIN bus within the 
maximum predefined idle timeout period, then the A89224 enters 

sleep mode and all internal LDOs are automatically shut down, 
achieving true low-power consumption operation.
In addition, the GPIO0 to GPIO7 pins of the A89224 can also be 
flexibly configured as UART interfaces for data transmission and 
reception.
Through the UART interface, users can establish an interaction 
with the Allegro graphical user interface (GUI) tool, enabling 
real-time tuning and optimization of motor control parameters. 
This feature provides an efficient and intuitive method for system 
debugging and performance calibration, significantly enhancing 
development productivity and the overall debugging experience.
The A89224 also supports programming and debugging via the 
SWD interface using a J-Link debugger. This interface provides 
a reliable and efficient method for downloading firmware and 
performing real-time debugging.
In terms of power management, this reference design uses the 
Allegro APM81815 DC-DC conversion chip to supply a stable 
12 V DC output. It powers all internal LDO modules of the 
A89224 as well as the LIN transceiver, ensuring reliable and con-
sistent system operation under various operating conditions.
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Functional Description of LIN Reference Design Demo Board

Figure 3: Hardware Sections

Table 1: Description of Hardware Sections
Section Description

1 48 V DC bus CLC filter circuit

2 Reverse-polarity protection circuit

3 Three-phase inverter bridge circuit, connects to motor windings 
via SA, SB, and SC terminals

4 Shunt resistor for sensing bus current

5 Allegro APM81815 DC-DC 48 V to 12 V conversion circuit

6 LIN transceiver circuit

7 Allegro A89224 SoC (MCU + gate driver)

8 LIN communication interface

9 J-Link SWD interface

10 UART communication interface
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Hardware Schematic and Bill-of-Materials
Table 2: Description of the Hardware Schematic

Schematic Drawing Number Description

Schematic 1 A89224 interconnections. The overall circuit architecture includes DC bus filter circuit, reverse-polarity protection 
module, three-phase inverter module, DC-DC voltage conversion module, and LIN transceiver module.

Schematic 2 Three-phase inverter circuit.

Schematic 3 A89224 GPIO pin configuration, including SWD interface circuit, UART interface circuit, LIN communication interface 
circuit, etc.

Schematic 4 LIN transceiver circuit.

Schematic 5 APM81815 DC-DC voltage conversion circuit.

Schematic 6 Reverse polarity protection circuit.
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Table 3: BOM of LIN Reference Design Demo Board
Designator Description Quantity Part Number Manufacturer

C1, C2, C3, C4, C10, C11 Polarized, 100 V, 20%, 47 µF, Surface Mount, 4141 6 UUX2A470MNL1GS Nichicon
C5, C6, C7, C8, C9, C21, C22, C23 Ceramic Capacitor, 100 V,10%, X7R, 100 nF, 0805 8 08051C104KAT2A Kyocera AVX

C12 Ceramic Capacitor, 6.3 V, 10%, X7R, 4.7 µF, 0603 1 GCJ188C70J475KE02D Murata
C13, C35 Ceramic Capacitor, 25 V, 10%, X7R, 2.2 µF, 0805 2 GCM21BR71E225KA73L Murata

C14, C16, C17 Ceramic Capacitor, 6.3 V, 10%, X7R, 4.7 µF, 0805 3 C0805C475K9RACTU KEMET
C15 Ceramic Capacitor, 25 V, 10%, X7R, 22 µF, 1210 1 GRM32ER71E226KE15L Murata

C18, C19, C20, C27, C28, C29 Ceramic Capacitor, 200 V, 10%, X7R, 4.7 nF, 0603 6 C0603C472K2RACAUTO KEMET
C24, C25, C26 Ceramic Capacitor, 50 V, 10%, X7R, 330 nF, 0805 3 GRM219R71H334KA88D Murata

C30, C32 Ceramic Capacitor, 35 V, 2%, C0G, 0.01 µF, 0402 2 GRM1555CYA103GE01D Murata
C31 Ceramic Capacitor, 50 V, 2%, C0G, 0.0047 µF, 0402 1 GRM1555C1H472GE01D Murata
C33 Ceramic Capacitor, 250 V, 5%, C0G, 0.00003 µF, 0603 1 VJ0603D300JXPAJ Vishay
C34 Ceramic Capacitor, 50 V, 10%, X7R, 0.1 µF,0603 1 C0603R104K5RACTU KEMET
C36 Ceramic Capacitor, 50 V, 10%, X7R, 100 nF, 0402 1 GRM155R71H104KE14J Murata
C37 Ceramic Capacitor, 100 V, 10%, X7R, 0.00022 µF, 0402 1 GCM155R72A221KA37D Murata
C38 Ceramic Capacitor, 100 V, 10%, X7R, 4.7 µF, 1210 1 12101C475K4Z2A Kyocera AVX
C39 Ceramic Capacitor, 25 V, 10%, X7R, 10 µF, 1206 1 GRM31CR71E106KA12L Murata
C40 Ceramic Capacitor, 16 V, 10%, X5R, 4.7 µF,0603 1 GRT188R61C475KE13D Murata
C44 Ceramic Capacitor, 100 V,10%, X7R, 47 nF, 0805 1 08051C473KAT2A Kyocera AVX

CR1, CR2 Zener Diode, 12 V, 500 mW, SOD-123 1 MMSZ4699-E3-08 Vishay
D1 Diode: Schottky, 30 V, 0.2 A, SOT-23-3 1 BAT54,215 Nexperia

FTDI_GND, FTDI_Rx, FTDI_Tx, 
LIN, LIN-G, SWD_VCC, SWDCLK, 

SWDGND, SWDIO
PAD, TipNBarrel, 1.5 mm Pad, 0.75 mm Hole 9 NC –

L1 Inductor, 2.2 µH, 20%, SMD, 5349 1 SRP1265A-2R2M Bourns
L2 Inductor, 6.8 µH, 20 %, 3.12 Asat, 43.5 mΩ DCR, SMD 1 DR73-6R8-R Eaton Electronics

M1, M2, M3, M4, M5, M6, M7 MOSFET, 70 A I(D), 120 V, 0.0111 Ω, N-Channel, TO-252-3 7 IPD70N12S311ATMA1 Infineon
NT1 PCB : Net-Tie, 0.4 mm 1 NC –

PGND, SA, SB, SC, VBAT Plated through mounting hole, size M3 5 NC –
R1, R2, R38, R39, R40, R41, R42, 

R43, R44, R46, R47, R48 Resistor, 0 Ω, 1%, 0.1 W, 0603 12 0603WAF0000T5E UNI-ROYAL

R3, R26, R27, R28, R31, R33, R35, 
R36, R37 Resistor, 0 Ω, 1%, 0.0625 W, 0402 9 RMCF0402ZT0R00 SEI Stackpole

R4 Resistor, 24.9 kΩ, 0.1%, 0.1 W, 0603 1 RT0603BRE0724K9L YAGEO
R5, R6, R7, R17, R18, R19 Resistor, 2.2 Ω, 1%, 0.25 W, 0603 6 ESR03EZPF2R20 ROHM

R8, R12, R13, R14, R15, R16, R30, 
R34 Resistor, 100 Ω, 1%, 0.25 W, 0603 8 ESR03EZPF1000 ROHM

R9, R10, R11, R20, R21, R22 Resistor, 100 kΩ, 1%, 0.25 W, 0603 6 ERJ-PA3F1003V Panasonic
R23, R25 Resistor, 4.99 Ω, 0.1%, 0.0625 W, 0402 2 CPF0402B4R99E1 TE

R24 Resistor, 0.001 Ω, 1%, 3 W, 2512 1 WSLP25121L000FEA Vishay

Continued on next page...
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Table 3: BOM of LIN Reference Design Demo Board
Designator Description Quantity Part Number Manufacturer

R29 Resistor, 10 kΩ, 1%, 0.1 W, 0603 1 ERJ-3EKF1002V Panasonic
R32 Resistor, 39 kΩ, 1%, 0.125 W, 0805 1 0805W8F3902T5E UNI-ROYAL
R45 Resistor, 100 kΩ, 1%, 0.1 W, 0603 1 RMCF0603FT100K SEI Stackpole
R49 Resistor, 20 kΩ, 1%, 0.1 W, 0603 1 RMCF0603FT20K0 SEI Stackpole
R50 Resistor, 1 kΩ, 1%, 0.1 W, 0402 1 ERJ-2RKF1001X Panasonic
R52 Resistor, 1.2 MΩ, 1%, 0.1 W, 0603 1 0603WAF1204T5E UNI-ROYAL
R53 Resistor, 620 kΩ, 1%, 0.1 W, 0603 1 0603WAF6203T5E UNI-ROYAL

STRN1, STRN2, STRN3 Test Point, SMT Pad, 1 mm 3 NC –
STRN4 Test Point, SMT Pad, 2 mm 1 NC

TC1 Track Cut, 3 mm 1 NC
U1 A89224EV, QFN-48 1 – Allegro

U2 60 V abs max LIN Transceiver, TLIN2021ADRBRQ1, 
PDSON8 1 TLIN2021ADRBRQ1 TI

U3 APM81815 in MIS package 1 – Allegro
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FIRMWARE

LIN Reference Design Example Code Main.c
The LIN reference design example code allows users to control a 
motor either through the Allegro GUI or via LIN communication 
for direct command-based control.

When selecting motor control via the Allegro GUI, UART com-
munication function must be enabled. Refer to the example code 
in Figure 10.

Figure 10: Enable UART Communication Function

Figure 11: Flowchart of Allegro GUI Motor Control Main.c
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Figure 12: Code Description of Allegro GUI Motor Control Main.c

Continued on next page...
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Figure 12: Code Description of Allegro GUI Motor Control Main.c (continued)

When selecting LIN-based motor control, LIN communication function must be enabled. Refer to the example code in Figure 13.

Figure 13: Enable LIN Communication Function
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Figure 14: Flowchart of LIN-based Motor Control Main.c
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Figure 15: Code Description of LIN-based Motor Control Main.c
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LIN Peripheral Module Initialization
The GPIO0 to GPIO7 pins of the A89224 can be configured as 
LIN communication interfaces for both receive (Rx) and transmit 
(Tx) functions. In this reference design:

•	 GPIO5 is configured as the LIN Rx pin.
•	 GPIO4 is configured as the LIN Tx pin.
•	 GPIO1 is used as the Enable pin for the LIN transceiver.

In addition, the example code enables multiple LIN-related inter-
ruption service routines (ISRs), including:

•	 Header Received ISR: Triggered upon reception of a LIN 
frame header.

•	 Response Received ISR: Triggered when a frame response is 
received.

•	 Response Transmitted ISR: Triggered after a frame response is 
successfully sent.

•	 Go-to-Sleep ISR: Triggered when the LIN bus remains idle for 
a predefined duration, the A89224 device enters sleep mode.

Figure 16: Flowchart of LIN Peripheral Module Initialization
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Figure 17: Code Description of LIN Peripheral Module Initialization
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LIN Interrupt Service Routine
Upon successful reception of the LIN frame header transmitted by the master, the A89224 device decodes the ID field within the 
header. Based on the predefinition of the received ID, it generates the corresponding frame response to execute the designated task.

Figure 18: Flowchart of LIN ISR
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Figure 19: Code Description of LIN ISR

Continued on next page...



48 V Motor Control Reference Design  
Based on LIN Communication User GuideA89224

20
Allegro MicroSystems 
955 Perimeter Road 
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

Figure 19: Code Description of LIN ISR (continued)

Continued on next page...
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Figure 19: Code Description of LIN ISR (continued)

Continued on next page...
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Figure 19: Code Description of LIN ISR (continued)
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TUNING STEPS
1.	 Connect the three-phase motor to the demo board using SA, 

SB, and SC connectors.

Figure 20: LIN Reference Design Demo Board  
SA, SB, and SC Connectors

2.	 Before powering on the demo board, ensure that the output 
of the DC power supply is turned off. Connect the positive 
terminal of the power supply to VBAT, and the negative ter-
minal to PGND. Select an appropriate input voltage between 
12 V to 48 V.

Figure 21: Power Supply Connectors on Demo Board
3.	 Connect the SWD interface of the J-Link debugger to the 

corresponding SWDGND, SWD_VCC, SWDIO, and SWD-
CLK pins on the demo board. Then, connect the J-Link to 
the computer via USB to enable firmware programming and 
online debugging.

Figure 22: SWD Interface on Demo Board
4.	 After verifying all connections, switch on the DC power sup-

ply for the demo board.
5.	 Next, program and download the LIN reference design exam-

ple code to the A89224 chip. Launch the Keil V5.28 develop-
ment environment. The versions of various Keil components 
are as follows:

Figure 23: Version Information
6.	 Load the LIN reference design example code in the Keil. 

Open the project file named “FieldOrientedControl.uvprojx”, 
located in the folder A89211_12_24_MotorControl_FOC_
v1.1.0_Lin&UartInterface.
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Figure 24: Load LIN Reference Design Example Code
7.	 Before using the Allegro GUI to tune motor control param-

eters, UART communication function must be enabled. Modi-
fy the configuration according to the following example code.

Figure 25: Enable UART Communication Function
8.	 After completing the code modifications, click the “Build” 

button in the Keil toolbar to compile the project.

Figure 26: “Build” button in the Keil toolbar

9.	 Once the example code is successfully compiled, the follow-
ing message will be displayed in the Keil:

Figure 27: Successful Compilation Message
10.	Next, click the “Download” button in the Keil toolbar to 

download the example code into the A89224.

Figure 28: “Download” button in the Keil toolbar
11.	 The following message will be displayed once the code is 

successfully downloaded.

Figure 29: Successfully Download Message
12.	Turn off the output of the DC power supply and wait until the 

bus capacitors are fully discharged. Then, connect the Rx, Tx, 
and GND pins of the FTDI USB-to-UART debugging tool 
to the corresponding FTDI_Rx, FTDI_Tx, and FTDI_GND 
interfaces on the demo board. Finally, connect the UART tool 
to the computer via USB.

Figure 30: UART Interface on the Demo Board
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13.	Launch the Allegro GUI to tune the motor control param-
eters. The interaction interface is shown in Figure 31.

Figure 31: Allegro GUI Waiting for Connecting Interface
14.	Turn on the output of the DC power supply. Once powered 

on, the GUI will automatically switch to the interface shown 
in Figure 32.

Figure 32: Allegro GUI Motor Control Tuning Interface
15.	Details on how to tune motor control parameters using the 

Allegro GUI are not covered in this document. For com-
prehensive guidance, refer to the application manual titled 
A89211_12_24_Motor Control Quick Starter Guide. This 
document provides step-by-step instructions and detailed pa-
rameter configuration procedures, which are helpful for rapid 
system debugging and performance optimization.

16.	Upon completing the above steps, the user will have suc-
cessfully initiated motor operation and obtained a reasonably 

optimized set of control parameters. Then, these configured 
parameters should be saved as an XML file. This stage marks 
the completion of basic system functionality debugging and 
establishes a stable foundation for subsequent LIN communi-
cation control and feature expansion.

Figure 33: Allegro GUI XML File
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17.	The following section describes how to control the motor 
using the LIN bus interface tool. To begin, the LIN commu-
nication function must be enabled. Refer to the example code 
in Figure 34.

Figure 34: Enable LIN Communication Function

18.	Rescale the control parameters from the GUI configuration 
file (as shown in Figure 33), and manually input them into the 
example code, as shown in Figure 35.

Figure 35: Manually Input Control Parameters into 
Example Code
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Table 4: Mapping Between the GUI Control Parameters and Example Code Control Parameters
Number GUI Motor Control Parameters Example Code Motor Parameters

1 SenseDifferentialAmplifierGain MotorControlSettings_SAG = SenseDifferentialAmplifierGain;

2 MotorDirection MotorControlInterface_SetDirection(MotorDirection);

3 CurrentLoopIntegralGain MotorControlInterface_SetPiCurrKi(CurrentLoopIntegralGain);

4 CurrentLoopProportionalGain MotorControlInterface_SetPiCurrKp(CurrentLoopProportionalGain);

5 ObserverIntegralGain MotorControlInterface_SetPiPositionKi(ObserverIntegralGain);

6 ObserverProportionalGain MotorControlInterface_SetPiPositionKp(ObserverProportionalGain);

7 SpeedLoopIntegralGain MotorControlInterface_SetPiSpeedKi(SpeedLoopIntegralGain);

8 Km MotorControlInterface_SetBemfConstant(Km *4591/8345);

9 MotorPhaseInductance MotorControlInterface_SetPhaseInductance(MotorPhaseInductance *9030)/16148);

10 MotorPhaseResistance MotorControlInterface_SetPhaseResistance(*3442)/6827);

12 PWPeriod MotorControlInterface_SetPwmPeriod(3200 + PWPeriod * 40);

13 DeadTime MotorControlInterface_SetDeadTime((DeadTime + 2 ) * 4);

14 IPDEnable MotorControlInterface_SetIpdEnable(IPDEnable);

15 InductorSaturationPulseWidth MotorControlInterface_SetIpdInductorSaturationPulseWidth(1600 + ( 
InductorSaturationPulseWidth * 480 ) );

16 RampPeakFinalDuty MotorControlInterface_SetRampPeakDuty(RampPeakFinalDuty * 3);

17 RampUpEndFrequency MotorControlInterface_SetRampEndFrequency(RampUpEndFrequency * 32);

18 RampUpTime MotorControlInterface_SetRampDuration((RampUpTime + 1 ) * 100);

19 PeakDuty MotorControlInterface_SetAcAlignPeakDuty(PeakDuty * 3);

20 Frequency MotorControlInterface_SetAcAlignFrequency(Frequency * 8);

21 HoldTime MotorControlInterface_SetAcAlignDuration((HoldTime + 1 ) * 100);

22 StallThresholdHigh MotorControlInterface_SetStallDetHighThresh(StallThresholdHigh);

23 StallThresholdLow MotorControlInterface_SetStallDetLowThresh(StallThresholdLow);

24 StallFilterTime MotorControlInterface_SetStallDetFiltTime(StallFilterTime * 80);

25 PeakPhaseCurrentLimit MotorControlInterface_SetClosedLoopSpeedCurrLim(( PeakPhaseCurrentLimit * 3 + 7) 
* 5459 / 100);

26 AccelerationFactor MotorControlInterface_SetClosedLoopSpeedAccelatorFactor(1308000/( 
AccelerationFactor +1) );

27 DecelerationFactor MotorControlInterface_SetClosedLoopSpeedDecelatorFactor(1308000/( 
DecelerationFactor+1) );

28 VoltageCompensation MotorControlInterface_SetVoltComp(VoltageCompensation);
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19.	After completing steps 8 through 11, turn off the output of 
the DC power supply and wait until the bus capacitor is fully 
discharged. Next, connect the communication port of the LIN 
bus interface tool to the LIN connector on the demo board. 
Additionally, connect the GND port of the bus tool to the 
SWDGND connector on the demo board. The LIN bus inter-
face tool used in this document is the Tongxing TC1012P.

Figure 36: LIN Interface on the Demo Board
20.	Launch the LIN bus design tool (this reference design uses 

Tongxing TSMaster), and configure the basic LIN commu-
nication parameters. The A89224 supports LIN transmission 
rates ranging from 1 Kbps to 20 Kbps. In this example, the 
selected baud rate is 20 Kbps.

Figure 37: LIN Baud Rate Configuration

21.	Next, configure the LIN bus communication protocol. In this 
example, LIN Protocol Version 2.1 is selected.

Figure 38: LIN Bus Protocol Configuration
22.	 In the LIN reference design example code, locate the code 

related to LIN frame header ID definitions within the 
LinCommunication.h header file, as shown in Figure 39.

Figure 39: LIN Frame Header ID Definitions Code
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23.	Based on the LIN frame header ID definitions described 
above, create the corresponding message frames within the 
LIN bus design tool. This step ensures that the communica-
tion structure aligns with the firmware implementation and 
enables proper data exchange between the LIN master and 
the A89224.

Figure 40: Created LIN Message Frame
24.	After completing the LIN bus configuration, turn on the DC 

power supply for the demo board.
25.	After each power cycle, it is necessary to send the “Fault-

Clear” LIN message frame with a data payload of 0x01 to 
clear all faults. This ensures the system is ready for normal 
operation.

26.	 To start the motor, send the “Run/Stop” message frame with a 
data payload of 0x01. Simultaneously, send the “SpeedRef” and 
“Direction” message frames. The motor will begin rotating in the 

specified direction and gradually accelerate to the target speed. 
Eventually, the motor speed will stabilize near the target speed.

27.	Continuous transmission of the “SpeedMeas” message frame 
allows real-time reception of the current motor speed data 
from the A89224.

28.	To obtain the current fault statuses, send the “FaultStatus” 
message frame.

29.	To stop the motor, send the “Run/Stop” message frame with a 
data payload of 0x00. Once A89224 receives this command, 
the motor will begin to decelerate and eventually come to a 
complete stop.

30.	The A89224 will automatically enter sleep mode, when no 
LIN message frames are transmitted within the configured 
maximum idle timeout period. In sleep mode, all internal 
power modules of the A89224 are disabled, enabling low-
power consumption operation.

31.	Once the A89224 enters sleep mode, any subsequent LIN 
message frame transmitted on the bus will automatically 
trigger the LIN transceiver to wake up. In rapid sequence, the 
A89224 will be immediately awakened. All its internal power 
modules will resume output. Then, the firmware will re-enter 
the power-on initialization sequence.

Table 5: Description of LIN Frame header ID Definitions

ID Function Description Receive/
Transmit

Length of 
Data (Byte) Comment

0x11 Run/Stop Transmit 1 0: Stop
1: Run

0x13 Direction Transmit 1 0: Forward
1: Reverse

0x15 Speed Reference
Command Transmit 2

In the LIN reference design example code, the speed reference command is 
represented as a 16-bit hexadecimal value. The high byte (upper 8 bits) is assigned 
from the first byte of the frame response, denoted as D0. The low byte (lower 8 bits) is 
assigned from the second byte of the frame response, denoted as D1.

0x17 Clear Fault Statuses Transmit 1 0: No Action
1: Clear Fault Statuses

0x12 Current Motor Speed Receive 8 Data structure same as speed reference command.

0x14 Reading Fault Statuses Receive 8

D0: Power-on Reset 
D1: System Fault (communication, memory, watchdog, etc.)
D2: Stall Fault
D3: Overtemperature Fault 
D4: Bootstrap Undervoltage 
D5: VDS Fault
D6: LDO Undervoltage
D7: Reserved

0x3C Diagnostic Frame, 
No Definition Receive 8 Reserved

0x3D Diagnostic Frame, 
No Definition Transmit 8 Reserved



48 V Motor Control Reference Design  
Based on LIN Communication User GuideA89224

30
Allegro MicroSystems 
955 Perimeter Road 
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

TEST WAVEFORM
Test Condition
•	 LIN Master Device: Tongxing TC1012P

•	 LIN Slave Device: Allegro A89224 LIN Reference Design Demo Board

•	 LIN Bus Design Tool: Tongxing TSMaster

•	 Motor Control Firmware: Allegro LIN Reference Design Example Code

•	 Prerequisites: Motor control parameters have been successfully tuned and imported into the example code. The LIN message 
frames have also been created.

Figure 41: Created LIN Message Frames in TSMaster

Waveform
After the demo board is powered on again, the LIN master transmits a frame with ID 0x14 named “FaultStatus”, which allows reading 
the current fault statuses, as shown in Figure 42.

Figure 42: LIN Message Frame Structure (Frame Header and Frame Response) at 20 Kbps Baud Rate
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Figure 43: Received Frame Response on LIN Bus During Fault Conditions

Open the LIN Trace window in TSMaster to view the received fault statuses data, as shown in Figure 44.

Figure 44: View Received Fault Statuses Data in LIN Trace Window

Table 6: Description of the Fault Codes
Datax Fault Description
Data0 POR Power-on reset

Data1 SE System error (communication issue, memory issue, watchdog, etc.)

Data2 MF Motor fault (stall condition)

Data3 TF Overtemperature fault

Data4 BU Bootstrap undervoltage

Data5 VO Overcurrent fault

Data6 RF Regulator fault

Data7 –
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The LIN master transmits a frame with ID 0x17 named “FaultClear” (data payload 0x01) to clear the current fault statuses.

Figure 45: LIN Frame: Fault Clear

The transmitted “FaultClear” frame data can be viewed in the LIN Trace window, as shown in Figure 46.

Figure 46: Transmitted “FaultClear” Frame Data
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If the “FaultStatus” frame is transmitted again at this point, the frame response will confirm that all fault status have been successfully 
cleared.

Figure 47: Received Frame Response on LIN Bus without Fault Conditions

All fault status data displayed in the LIN Trace window have been reset to zero, indicating that the fault status have been successfully 
cleared and the system has resumed normal operation.

Figure 48: Received Fault Status Data without Fault Conditions
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The LIN master transmits a frame with ID 0x11 named “Run/Stop” (data payload 0x01), when the system is in a non-fault idle state, 
indicating a start command. Upon receiving this command, the A89224 controller will start up the motor and transit into normal oper-
ating mode.

Figure 49: Motor Start-up Process via LIN Communication

Figure 49 illustrates the motor start-up process controlled via LIN communication.

In the figure, the blue waveform represents the LIN bus message frames, while the red waveform corresponds to the phase current of 
the motor.

The LIN master transmits a frame with ID 0x11 named “Run/Stop” (data payload 0x00), when the system is in normal operating 
mode, indicating a stop command. Upon receiving this command, the A89224 controller will decelerate the motor until it comes to a 
complete stop.
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Figure 50: Motor Stop Process via LIN Communication
Figure 50 illustrates the motor stop process controlled via LIN communication. In the figure, the blue waveform represents the LIN 
bus message frames, while the red waveform corresponds to the phase current of the motor.

When the LIN master simultaneously transmits the following three LIN message frames:

1.	 A “Run/Stop” frame with ID 0x11 and a data payload of 0x01.
2.	 A “SpeedRef” frame with ID 0x15 and a data payload of 0x04 and 0xD0.
3.	 A “SpeedMeas” frame with ID 0x12.
The A89224 controller will start up the motor and gradually accelerate to the target speed. Eventually, the motor speed stabilizes near 
the configured value of 0x04D0. At this stage, opening the LIN Trace window reveals three key data sets:

1.	 Real-time feedback of the motor speed.
2.	 Run/Stop command value.
3.	 Current target speed reference.

Figure 51: Spin Motor to Target Speed via LIN Communication
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If no message frames are transmitted on the LIN bus within the predefined maximum idle timeout (10 seconds in this example), the 
A89224 controller automatically transitions into sleep mode. In this state, all internal LDO power modules—including VLR, VREG, 
and VD33—are disabled, enabling the system to enter a low-power consumption operation.

Figure 52: Triggering A89224 Sleep Mode via LIN Bus Idle State
As shown in Figure 52, the blue waveform represents the LIN bus message frame, the yellow waveform represents VLR, the red 
waveform represents VREG, and the green waveform represents VD33.

When the A89224 controller enters sleep mode, all internal power modules will be shut down. As a result, the GPIO1 pin—used to 
control the ENABLE pin of the LIN transceiver—is automatically pulled low due to power-off conditions. This causes the LIN trans-
ceiver to immediately enter sleep mode as well.



48 V Motor Control Reference Design  
Based on LIN Communication User GuideA89224

37
Allegro MicroSystems 
955 Perimeter Road 
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

At this point, the INH (Inhibit) pin output of the LIN transceiver transitions from high level to low level, indicating that the entire 
system has entered a low-power state.

Figure 53: Triggering LIN Transceiver Sleep Mode via LIN Bus Idle
As shown in Figure 533, the blue waveform represents the LIN bus message frame, the yellow waveform represents VLR, the red 
waveform represents INH (Inhibit) pin output of the LIN transceiver, and the green waveform represents VD33.

When the LIN bus transitions from an idle state and begins transmitting message frames again, the LIN transceiver automatically 
wakes up from sleep mode. At this moment, its output of INH (Inhibit) pin switches from low to high level.

Since the INH (Inhibit) pin of the LIN transceiver is connected to the WAKE pin of the A89224, the A89224 is immediately awakened 
when the output of INH pin transitions to high level. Upon wake-up, all internal LDO power modules of the A89224—such as VLR, 
VREG, and VD33—resume output, and the system returns to normal operating mode.
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Figure 54: LIN Bus Wake-Up LIN Transceiver and A89224 Controller
As shown in Figure 54, the blue waveform represents the LIN bus message frame, the yellow waveform represents VLR, the red 
waveform represents the INH (Inhibit) pin output of the LIN transceiver, and the green waveform represents VD33.

Figure 55: Internal Power Module Recovery After A89224 Wake-Up
As shown in Figure 55, the blue waveform represents the LIN bus message frame, the yellow waveform represents VLR, the red 
waveform represents VREG, and the green waveform represents VD33.
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