
 

© 2012 Fairchild Semiconductor Corporation  FEBFCM8531_B01H300A  •  Rev. 1.0.1 

 

 

 

 

User Guide for 

FEBFCM8531_B01H300A 
Evaluation Board 

 
 

PMSM/BLDC  
Motor Control Board 

 
 

Featured Fairchild Product: 
FCM8531 

 
 

Direct questions or comments  
about this evaluation board to: 

“Worldwide Direct Support” 
 
 

Fairchild Semiconductor.com 
 

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6591447/FEBFCM8531_B01H300A.html


 

© 2012 Fairchild Semiconductor Corporation 2 FEBFCM8531_B01H300A  •  Rev. 1.0.1 

Table of Contents  
1. Introduction ............................................................................................................................... 4 

1.1. Overview ....................................................................................................................... 4 
1.2. Features ......................................................................................................................... 6 
1.3. Applications .................................................................................................................. 6 

2. Specifications ............................................................................................................................ 6 

3. Photographs............................................................................................................................... 7 

4. Usage Procedures ...................................................................................................................... 9 

4.1. Contents of FCM8531 Evaluation Board ..................................................................... 9 
4.2. FCM8531 Evaluation Board Installation ...................................................................... 9 

5. Introduction of Functions ........................................................................................................ 10 

5.1. Power Supply .............................................................................................................. 10 
5.2. Motor Driving and Current Sensing ........................................................................... 10 
5.3. Applicable Power Range ............................................................................................. 11 
5.4. Firmware Programming .............................................................................................. 11 

6. Operation................................................................................................................................. 12 

6.1. Parameter Setting for Sensorless ................................................................................ 12 
6.2. Run / Stop ................................................................................................................... 12 
6.3. Forward Rotation / Reverse Rotation ......................................................................... 12 
6.4. Speed Control.............................................................................................................. 12 
6.5. Troubleshooting .......................................................................................................... 13 

7. Function Test Report............................................................................................................... 14 

7.1. Specifications .............................................................................................................. 14 
7.2. DC Characteristics Test .............................................................................................. 14 
7.3. AC Characteristics Test .............................................................................................. 15 
7.3.1. PWM Frequency ......................................................................................................... 15 
7.3.2. PWM Dead Time ........................................................................................................ 15 
7.3.3. Falling Edge of U-Phase ............................................................................................. 16 
7.3.4. Rising Edge of U-Phase .............................................................................................. 17 
7.3.5. U-Phase Current .......................................................................................................... 17 
7.3.6. V-Phase Current .......................................................................................................... 18 
7.3.7. W-Phase Current ......................................................................................................... 18 
7.4. Protection Functions Tests .......................................................................................... 19 
7.4.1. Over-Voltage Protection Triggered ............................................................................ 19 
7.4.2. Over-Voltage Protection Released .............................................................................. 19 
7.4.3. Short-Circuit Protection .............................................................................................. 20 
7.4.4. Cycle-by-Cycle Current Protection ............................................................................. 20 
7.4.5. SPM Over-Temperature Protection ............................................................................ 21 
7.5. Startup Function (Waveform Sample) ........................................................................ 21 

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6591447/FEBFCM8531_B01H300A.html


 

© 2012 Fairchild Semiconductor Corporation 3 FEBFCM8531_B01H300A  •  Rev. 1.0.1 

7.5.1. Static Startup ............................................................................................................... 21 
7.6. Thermal Test ............................................................................................................... 22 
7.7. Electromagnetic Interference Test (Conduction Only) ............................................... 22 

8. Appendix ................................................................................................................................. 23 

8.1. Circuit Diagrams ......................................................................................................... 23 
8.2. PCB Layout ................................................................................................................. 25 
8.3. Bill of Materials .......................................................................................................... 26 

9. Component Specification ........................................................................................................ 28 

10. Revision History ..................................................................................................................... 37 
  

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6591447/FEBFCM8531_B01H300A.html


 

© 2012 Fairchild Semiconductor Corporation 4 FEBFCM8531_B01H300A  •  Rev. 1.0.1 

CAUTION! 
Before using the FCM8531evaluation board, remove the earth line from the AC 
power cable of all electrical devices connected to the board. In addition, the 
evaluation board printed circuit board is exposed. This means there is a danger of 
electric shocks if high voltage parts are touched. 

1. Introduction 
This user’s manual describes how to use the evaluation board for the FCM8531 It should 
be used in conjunction with the FCM8531 datasheet as well as Fairchild’s application 
notes and technical support team. Visit Fairchild’s website at www.fairchildsemi.com. 

The evaluation board features the FCM8531 brushless DC motor controller and integrates 
the necessary peripheral circuits, drivers, and power supply. This makes the development 
and verificataion of a three-phase brushless DC motor application faster and easier. The 
purpose of this manual is to provide instructions on how to operate and test the evaluation 
board. For more information regarding the FCM8531, the MCDS IDE, and the MCDS 
Programming kit, please visit: http://www.fairchildsemi.com/applications/motor-
control/bldc-pmsm-controller.html. 

1.1. Overview 
The evaluation board includes the FCM8531 (a brushless DC motor controller), AC-DC 
rectifier stage, DC-DC converter, control interface, debugging interface, and motor drive 
circuits, as shown in Figure 1.  

 
Figure 1. Block Diagram 

VM 

+15V 

+5V 

Operating interface 

Debugging Interface 

Motor Drive and Current Sensing 
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Power Input 

An AC-DC rectifier converts the 220 VAC residential electricity to a DC voltage that 
powers the motor drive and the system DC-DC converter. The evaluation board can also 
accommodate an alternate input source through the PFC+ and PFC_GND connectors. For 
example, if Power Factor Correction (PFC) or a specific regulated DC input voltage is 
required, connect the output of an external power supply directly to the PFC+ and 
PFC_GND inputs on the board. When one these alternative powering methods is utilized, 
the on-board AC-DC rectifier circuits are not used. Nevertheless, it is still galvanically 
connected to the high-voltage portion of the evaluation board; thus the components of the 
AC-DC recifier circuit can cause dangerous high-voltage electric shock. It is important to 
physically remove the AC input cord of the evaluation board when the AC-DC bridge 
rectifier is not used. 

The DC-DC converter provides the +15 V and +5 V supply voltages for the control and 
gate drive circuits of the evaluation board. The operation of the bias power supply is 
indepenent of the input source and can accommodate the input from the AC-DC rectifier 
or from an external power source. 

Motor Drive and Current Sensing 

The evaluation board uses a Fairchild Smart Power Module (SPM®), which simplifies 
the PCB layout and manufacturing by integrating all the motor drive components; e.g. 
IGBTs/FRFETs, HVICs, LVIC, bootstrap diodes, and NTC thermistor. Note that various 
SPM modules can meet the requirements of different motor applications; e.g. SPM Series 
5, SPM Series 45 H, SPM Series 3, and SPM Series 2. Please visit the Fairchild website 
for more information; http://www.fairchildsemi.com/applications/motor-control/bldc-
pmsm-controller.html. 

The FCM8531 has three dedicated current-sensing pins and users may connect those pins 
to three shunt resistors. The current-sense information can be used for over-current 
protection and for sensorless algorithms. 

Operating Interface 

Operation of the evaluation board is controlled by three commands: forward / reverse 
rotation (CW/CCW), run / stop, and speed. The first two commands (FWD/REV and 
RUN/STOP) are implemented by switches connected to digital I/O pins of the FCM8531. 
The speed command uses a variable resistor (potentiometer) for adjusting a voltage level 
connected to the ADC0 input of the FCM8531. Inside the FCM8531, this voltage level is 
converted to a speed command.  

Debugging Interface 

The Motor Control Development System (MCDS) programming kit is needed to load the 
developed firmware into the FCM8531 through the In System Programming (ISP) 
interface. Verification and debugging are performed with the MCDS programming kit. 
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1.2. Features  
 Bulit-in AC-DC Rectifier 
 Bulit-in DC-DC Converter 
 Integrated OCDS and ISP Interface  
 Sensorless Control Technology 
 Sinusoidal Drive 
 Programmable Over-Current Protection (OCP) 
 Programmable Short-Circuit Protection (SCP) 
 Programmable Over-Voltage Protection (OVP) 
 Programmable Over-Temperature Protection (OTP) 
 A Complete Firmware Example  

1.3. Applications 
This evaluation board was designed for general-purpose motor applications. It can be 
used to develop indoor fans, pedestal fans, ceiling fans, bladeless fans, outdoor fans, 
pumps, oil pumps, refrigerators, e-bikes, range hoods, etc.  

This evaluation board reduces the time required for prototyping development boards.  

For applications requiring higher output power, the SPM module of this evaluation board 
can to be replaced. In this case, it might also be necessary to connect an external power 
supply to match the desired power demand or if different input voltage is required.  

2. Specifications 
All data in this table was measured at an ambient temperature of TA=25°C. 

Table 1. Evaluation board Specification Table 

Symbol Description Value Comments 

ACIN AC Input Voltage 220 V±10% 50~60 Hz 

PFCIN PFC Connector Input Voltage 180~400 V  

DC15V 15 V Voltage 14~16 V  

DC5V 5 V Voltage 5 V  

PWMFreq PWM Frequency 15 kHz Programmable 

SPMOTP SPM Over-temperature Protection 100°C Programmable  

MotorOVP Motor Drive Over-Voltage Protection 440 V Programmable  

OCPSHORT Short-Circuit Current Protection 2 A Programmable  

OCPCYCLE Cycle-by-Cycle Current Protection 1 A Programmable  

CMDRUN Motor Run Command Voltage 3.3 V~VDD VDD = +5 V 

CMDSTOP Motor Stop Command Voltage 0~1.8 V  

DIRCW Motor CW Command Voltage 3.3 V~VDD VDD = +5 V 

DIRCCW Motor CCW Command Voltage 0~1.8 V  

VSP Motor Speed Command Voltage Range 0.2~4 V  

 AO Input Voltage 0~VDD 0.2~4 V Readable 

 AO Output Voltage 0~VDD 0.2~4 V Output 

 Maximum Output Power 300 W  
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3. Photographs 

 
Figure 2. Top (Component Side) View of FCM8531 Evaluation Board 

 
Figure 3. Bottom View of FCM8531 Evaluation Board 
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Figure 4. FCM8531 Evaluation Board Silk Screen Plot 

 

Table 2. Connectors/Switches Descriptions 

Connectors / Switches Description 

CN6 AC line input (220 VAC) 

CN1 Connector for MCDS programming kit 

U,V,W Connectors for 3-phase blushless DC motor 

SW1 Switch for RUN/STOP command 

SW2 Switch for Motor direction CW/CCW command 

VR1 Variable resistance for motor speed command 

SW3 Reset button to reset the FCM8531 

PFC+, PFC_GND 
External DC input voltage (CAUTION: CN6 must be unused and 
line cord must be removed!) 

JP3-1 P10 / UART RX 

JP3-2 P11 / UART TX 

JP3-3 P12 

JP3-4 P13 

JP2 P11, P10 

JP1 UART TX, UART RX 

CN2-1 
Reserved for Hall signal measurement, Hall A input pin with a 
4.7 kΩ pull-up to 5 V on evaluation board. 

CN2-2 
Reserved for Hall signal measurement, Hall B input pin with a 
4.7 kΩ pull-up to 5 V on evaluation board. 

CN2-3 
Reserved for Hall signal measurement, Hall input pin with a 4.7 kΩ 
pull-up to 5 V on evaluation board. 

CN2-4 Reserved for Hall signal measurements, DC15V output. 

CN2-5 Reserved for Hall signal measurements, GND. 
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4. Usage Procedures 
4.1. Contents of FCM8531 Evaluation Board 

 
Figure 5. Evaluation Board 

The actual package content may be different from the pictured original version. Fairchild 
reserves the right to make changes. 

4.2. FCM8531 Evaluation Board Installation 

 

 

 
 

Figure 6. Interface Set-up for Testing the FCM8531 Development System 
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5. Introduction of Functions 
5.1. Power Supply 

Three DC voltages are generated from the AC input: 

1. Supply voltage of the brushless DC motor, VM +310 VDC; 

2. System voltage +15 V; 

3. System voltage +5 V. 

The supply voltage for the motor, VM, is provided from a residential AC outlet by 
rectifying the AC line voltage using the full-bridge rectifier circuits. An EMI filter circuit 
is included on the board to minimize EMI noise. The PFC+ and PFC_GND terminals 
enable connection to an external power source when the power requirements exceed the 
rating of the board’s input rectifier. In this case, it is possible to use an external voltage 
source according to power requirements. 

The board DC-DC converter is the FSL206MR, a Green Mode Fairchild Power Switch 
(FPS™), to convert the VM voltage to 15 V for the SPM module on the evaluation board. 
An additional regulator is used to generate the 5 V bias source for the FCM8531 and 
other control circuits. The power delivery block diagram is shown in Figure 7. 

 
Figure 7. Block Diagram 

5.2. Motor Driving and Current Sensing 
The FCM8531 is a configurable three-phase PMSP/BLDC motor controller with an 
embedded MicroController Unit (MCU) with parallel processing cores and a configurable 
Advanced Motor Controller (AMC). The AMC is specifically designed for motor control 
and can be configured to perform sensorless motor control using the sensorless AMC 
libraries. The controller senses the current from the three shunt resistors through the IA, 
IB, and IC pins and performs the calculations to obtain the rotor position. It then outputs 
the required PWM signals to the SPM control inputs to drive the motor. Beside the 
sensorless calculations, the current signals also provide current information to the 
current-protection circuits, such as the OCH, OCL, and short-circuit protections. Visit 
http://www.fairchildsemi.com/applications/motor-control/bldc-pmsm-controller.html. 
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5.3. Applicable Power Range 
The evaluation board and pre-programmed firmware are designed for a specific power 
range. If different power rating is needed, a few components and the firmware may need 
to be changed. In addition, the power capabilities of the AC-DC rectifier (including the 
EMI filter), the SPM module, and the motor need to be reconsidered. 

AC-DC: The maximum power this evaluation board can deliver for the motor is 300 W 
at 220 VAC input (measured at the three-phase output terminals of the evaluation board). 
This evaluation board is applicable for implementations below 300 W. For higher power, 
use of an external power source must be considered to avoid damage to the on-board AC-
DC rectifier.  

SPM®: The default SPM on this evaluation board is the FNB41060. In conjunction with 
the example source code delivered with the evaluation board, it is able to drive a 
brushless DC motor with power consumption below 300 W at 310 VDC. If higher power 
is needed, the SPM, RSHUNT, and the firmware may need to be changed to meet the power 
rating. Two SPM packages are compatible with the FCM8531 evaluation board: the 
SPM26L and SPM27L. Follow the link below for more information on applicable SPM 
modules: http://www.fairchildsemi.com/applications/motor-control/integrated-motor-
driver-devices.html. 

The following link may be useful to simulate and determine which SPM module meets 
specific power requirements: 

http://www.fairchildsemi.com/design_tools/motion_control_design_tool/index.html 

Motor: The power rating of the motor in the evaluation board kit is about 70 W at 
310 VDC. If a smaller motor is conncected to the board, pay attention to whether the 
starting current or stall current may damage the motor windings. If necessary, the 
parameters of current protections should be revised to fit the requirements.  

5.4. Firmware Programming 
To program the firmware into the FCM8531, users must have the Motor Control 
Development System (MCDS) Integrated Development Environment (IDE) and the 
MCDS programming kit. For more detailed information about programming, please 
refer to the AN-8207 — User Guide for MCDS IDE. 
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6. Operation 
6.1. Parameter Setting for Sensorless 

The firmware matching the properties of the motor included in the evaluation kit have 
been programmed into the FCM8531 on the board. In the following two situations, the 
motor parameters or MCU programs must be re-written or changed. 

 When different motors are used 
 When using the incuded motor but with a different load 

This evaluation board with pre-programmed firmware provides the following 
functionality: run/stop, forward/reverse rotation, speed control, and current protections. If 
additional functions are required, the corresponding program (code) can be developed 
based on the included firmware example. 

For the details of parameters and AMC libraries, please visit the Fairchild website for 
more information: http://www.fairchildsemi.com/applications/motor-control/bldc-pmsm-
controller.html. 

6.2. Run / Stop 
The SW1 switch controls whether the voltage level is HIGH or LOW at the input P24 
(pin 24) of the FCM8531. When SW1 is in ON position, the motor is started. The rotation 
speed is controlled by the VR1 variable resistor. When SW1 is in OFF position, all three 
phases of the motor drive circuit are disabled, the high- and low-side drivers are turned 
off, and the motor is not driven. Note that the rotor might continue to rotate for a while 
based on its inertia, depending on its state at the assertion of the OFF command. 

6.3. Forward Rotation / Reverse Rotation 
The SW2 switch controls whether the voltage level is HIGH or LOW at the P25 input pin 
of the FCM8531. A HIGH voltage level at P25 sets clockwise (CW) rotation, while a 
LOW voltage level causes the rotor to spin in a counterclockwise (CCW) direction. The 
direction of the rotation is related to the order in which the motor’s three-phase wires 
connect to the board’s connector. In forward (CW) rotation mode, the evaluation board 
drives the PWM signals following the order of U, V, W. In reverse (CCW) rotation 
mode, the evaluation board drives the PWM signals following the order of W, V, U. The 
actual direction of the motor’s rotation depends on the motor winding and the connection 
to the evaluation board. 

6.4. Speed Control 
The VR1 variable resistor is used to adjust the voltage level connected to the ADC0 input 
of the FCM8531. The internal ADC of the FCM8351 converts this voltage into a speed 
command and controls the duty ratio. Turning VR1 clockwise; the voltage is increased 
and the duty ratio become larger, causing the motor speed to increase. Turning VR1 
counterclockwise; the voltage is decreased, the duty ratio become smaller, and the 
coresponding motor speed is slower. 
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6.5. Troubleshooting 

Q: The motor doesn’t rotate when it is connected to the evaluation board. 

A: Check the input voltage, SW1 (CMD), VR1 (VSP), and the motor connection. 

  

Q: 
When using Speed Integral library, the rotation speed is too high or the rotor stops turning 
after the speed is further increased. 

A: 
It may be caused by the AS angle not being adjusted properly. Refer to the application note 
AN-8204 − FCM8531 AMC Library, Speed Integral to adjust AS. 
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7. Function Test Report 

7.1. Specifications 

Parameter Specifications/Conditions 

Input Voltage 176 ~ 264 VAC, 50/60 Hz 

Maximum Output Power 300 W at 220 VAC 

VSP Input Voltage 0 ~ 4.0 V, 

DIR Input Voltage 
Toggle Switch Input Level: 

HIGH = Phase Order: U→V→W 
LOW = Phase Order: W→V→U 

Threshold Voltage of OVP > 440 VDC Typical 

Release Voltage of OVP < 380 V Typical 

Threshold Current of Short-Circuit Protection 2.0 A Typical 

Threshold Current of Cycle-by-Cycle Current Protection 1.5 A Typical 

SPM Over-Temperature Protection 100°C 

7.2. DC Characteristics Test 
Input Voltage = 220 VAC / 60 Hz and TA = 25°C unless otherwise noted. 

Parameter Test Condition Specification Value Unit 

Input Power of System Standby System Standby  0.8 W 

VM RMS Voltage Load = 150 W 290 ~ 310 306 V 

VM Ripple Voltage Load = 150 W < 30 12 V 

+15 V Voltage Load = 150 W 13 ~ 15 14.5 V 

+5 V Voltage Load = 150 W 4.5 ~ 5.5 5.1 V 

VSEN Voltage System Standby  2.83 V 

RT Voltage System Standby  1.2 V 

Motor Run Threshold Voltage of VSP   0.4 V 

DIR Input High Voltage   5 V 

DIR Input Low Voltage   0 V 
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7.3. AC Characteristics Test 

7.3.1. PWM Frequency 
 Test Condition: Input Voltage = 220 VAC 
 Test Condition: 15 ~ 16 kHz 

CH1: Theta CH2: SU CH3: SV CH4: SW 

 
Figure 8. PWM Frequency 

7.3.2. PWM Dead Time 
 Test Condition: Input Voltage = 220 VAC, Speed = 1500 rpm 
 Specification: 2 µs +/- 0.5 µs 

CH1: Output of  
U-Phase  

CH2: Gate of SPM  
High Side 

CH3: Gate of SPM  
Low Side 

 

Figure 9. PWM Dead Time Falling Edge of U-Phase; from High-Side Off to Low-Side On 

 

 

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6591447/FEBFCM8531_B01H300A.html


 

© 2012 Fairchild Semiconductor Corporation 16 FEBFCM8531_B01H300A  •  Rev. 1.0.1 

CH1: Output of  
U-Phase 

CH2: Gate of SPM  
High Side 

CH3: Gate of SPM  
Low Side 

 
Figure 10. PWM Dead Time Rising Edge of U-Phase; from Low-Side Off to High-Side On 

 

7.3.3. Falling Edge of U-Phase 
 Test Condition: Input Voltage = 220 VAC, Speed = 1500 rpm 

CH1: Output of  
U-Phase 

CH2: Gate of SPM  
High Side 

CH3: Gate of SPM  
Low Side 

 

Figure 11. Falling Edge of U-Phase 
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7.3.4. Rising Edge of U-Phase 

CH1: Output of  
U-Phase 

CH2: Gate of SPM  
High Side 

CH3: Gate of SPM  
Low Side 

 
Figure 12. Rising Edge of U-Phase 

7.3.5. U-Phase Current 
 Test Condition: Input Voltage = 220 VAC, Speed = 1500 rpm 

CH1: Theta CH2: SU CH3: HA 
CH4: U-Phase 

Current 

 
Figure 13. U-Phase Current 
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7.3.6. V-Phase Current 

CH1: Theta CH2: SV CH3: HB CH4: V-Phase Current

 
Figure 14. V-Phase Current 

7.3.7. W-Phase Current 

CH1: Theta CH2: SW CH3: HC 
CH4: W-Phase 

Current 

 
Figure 15. W-Phase Current 
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7.4. Protection Functions Tests 
 Test Condition: Input Voltage = 220 VAC, 60 Hz 
 Specification: Over-voltage protection threshold is 440 VDC; reset is at 380 VDC 

7.4.1. Over-Voltage Protection Triggered 

CH1: VDC CH2: SU CH3: VSENSE CH4: Fault 

 
Figure 16. Over-Voltage Protection Triggered 

7.4.2. Over-Voltage Protection Released 

CH1: VDC CH2: SU CH3: VSENSE CH4: Fault 

 
Figure 17. Over-Voltage Protection Released 
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7.4.3. Short-Circuit Protection 
 Test Condition: Input Voltage = 220 VAC, 60 Hz 

CH1: Fault CH2: SU CH3: SV CH4: IC 

 
Figure 18. Short-Circuit Protection 

7.4.4. Cycle-by-Cycle Current Protection 
 Test Condition: Input Voltage = 220 VAC, 50 Hz 

CH1: SU CH2: SV CH3: SW CH4: I_IN 

 
Figure 19. Cycle-by-Cycle Current Protection 
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7.4.5. SPM Over-Temperature Protection  
 Test Condition: Input Voltage = 220 VAC, 60 Hz 

CH1: SU CH2: SV CH3: SW CH4: I_IN 

 
Figure 20. SPM Over-Temperature Protection 

7.5. Startup Function (Waveform Sample) 

7.5.1. Static Startup 

CH1: Theta CH2: HA CH3: SX CH4: HB 

 
Figure 21. Static Startup 
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7.6. Thermal Test 
 Test Condition: Input Voltage = 220 VAC ±20% / 50 Hz 

 Result: 100°C protection without heat sink 

 
Figure 22. SPM Thermal Image 

7.7. Electromagnetic Interference Test (Conduction Only) 
 Test Condition: 220 VAC/60Hz, 300 rpm  

 
 

Figure 23. Line Mode 

1 PK

MAXH

2 AV

MAXH TDF

6DB

dBµV

 

dBµV

 

150 kHz 30 MHz

RBW  9 kHz

MT  10 ms

PREAMP OFFAtt 10 dB

PRN

1 MHz 10 MHz

0

10

20

30

40

50

60

70

80

90

100

1

Marker 1 [T1 ]

          50.88 dBµV

   150.000000000 kHz

EN55022Q

EN55022A

Date:      30.MAR.2012  19:33:48

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6591447/FEBFCM8531_B01H300A.html


 

© 2012 Fairchild Semiconductor Corporation 23 FEBFCM8531_B01H300A  •  Rev. 1.0.1 

8. Appendix 

8.1. Circuit Diagrams 

 
Figure 24. Top Level Schematic 

 
Figure 25. Controller Schematic Diagram 
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Figure 26. Detailed Driver Circuit Schematic 

 
Figure 27. AC-DC Rectifier and System DC-DC Converter Schematic Diagrams 
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8.2. PCB Layout 

 
Figure 28. Printed Circuit Board, Top Layer, Component Side 

 
Figure 29. Printed Circuit Board, Bottom Layer, Solder Side 
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8.3. Bill of Materials 

Item Description Vendor Part # Package Qty. Designator

1 Chip Resistor, 113 Ω ±1%, 1/10 W   0603 1 ER15 

2 Chip Resistor, 220 Ω ±5%, 1/10 W   0603 1 R24 

3 Chip Resistor, 1 kΩ ±5%, 1/10 W   0603 4 
R27 ,R28, R29, 

R30 

4 Chip Resistor, 4.7 kΩ ±5%, 1/10 W   0603 3 R31, R32, R33

5 Chip Resistor, 8.45 kΩ ±1%, 1/10 W   0603 1 ER5 

6 Chip Resistor, 10 kΩ ±5%, 1/10 W   0603 1 R20 

7 Chip Resistor, 40.2 kΩ ±1%, 1/10 W   0603 3 ER11~13 

8 Chip Resistor, 3.3 Ω ±5%, 1/8 W   0805 2 R13, R19 

9 Chip Resistor, 10 Ω ±5%, 1/8 W   0805 3 R3~5 

10 Chip Resistor, 62 Ω ±5%, 1/8 W   0805 3 R7~9 

11 Chip Resistor, 100 Ω ±5%, 1/8 W   0805 3 R10~11, R16 

12 Chip Resistor, 560 Ω ±5%, 1/8 W   0805 1 R23 

13 Chip Resistor, 4.7 kΩ ±5%, 1/8 W   0805 1 R25 

14 Chip Resistor, 5.1 kΩ ±1%, 1/8 W   0805 1 ER1 

15 Chip Resistor, 10 kΩ +/-1%, 1/8W   0805 3 R1~2,R6 

16 Chip Resistor, 24 kΩ ±1%, 1/8 W   0805 2 ER6~7 

17 Chip Resistor, 47 kΩ ±%, 1/8 W   0805 1 R26 

18 Chip Resistor, 1 kΩ ±5%, 1/4 W   1206 1 R12 

19 Chip Resistor, 330 kΩ ±1%, 1/4 W   1206 3 ER2~4 

20 Chip Resistor, 1 MΩ±5%, 1/4 W   1206 2 R21~22 

21 Chip Resistor, 1 Ω ±1%, 1 W   2512 3 ER8~10 

22 Variable Resistor 50 kΩ   VR9 1 VR1 

23 
SMD Resistor Networks YC16 8-PIN 

100 Ω ±5% 
  RN-YC16 2 RN1~2 

24 Chip Capacitor X7R ±10% 20 pF 50 V   0603 3 C10~12 

25 Chip Capacitor X7R ±10% 1 nF 50 V   0603 6 
C35~C37, C44, 

C45, C46 

26 Chip Capacitor X7R ±10% 0.1 µF 50 V   0603 5 
C13~14, C38, 

C40, C43 

27 Chip Capacitor NP0 ±5% 100 pF 50 V   0805 1 C33 

28 Chip Capacitor X7R ±10% 1 nF 50 V   0805 2 C31, C42 

       

29 Chip Capacitor X7R ±10% 33 nF 50 V   0805 1 C24 

30 Chip Capacitor X5R ±10% 100 nFP 50 V   0805 8 
C1~6, C15, 

C41 

31 Chip Capacitor X5R ±10% 1 µF 50 V   0805 3 C30, C32, C34

32 Chip Capacitor X5R ± 10% 2.2 µF 10 V   0805 1 C23 

33 Y1 Capacitor 3.3 nF 250 V ±20%    3 YC1~3 

34 Electrolytic Capacitor 10 µF 50 V 105°C   EC5D 2 C28, C39 

35 
Radial Lead Aluminum Electrolytic 
Capacitor, 47 µF 50 V ±20% 105°C 

  EC6D3 1 C22 

36 Electrolytic Capacitor 100 µF 35 V 105°C   CEA8 2 C25, C29 

37 Electrolytic Capacitor 220 µF / 450 V   CEA30A 2 C26~27 

38 
Radial Lead Aluminum Electrolytic 

Capacitor, 2.2 µF 450 V ±20% 105°C 
  EC12D5 1 C21 
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Item Description Vendor Part # Package Qty. Designator

39 Chip Capacitor X5R 3.3 µF / 25 V   1210 3 C7~9 

40 X2 Capacitor 0.68 µF 275 V ±10%   
11.5*19.5*17.
5P:15HQX684

KS27I 
2 XC1~2 

41 MPE Capacitor 0.1 µF 630 V ±10%   
W18*H13.5*T
7 P=15 mm 

1 C47 

42 SMD Switching Diode  1N4148 LL-34 4 D1~4 

43 600 V, 3 A, Rectifier  1N5406 DIODE-0.5 1 D5 

44 18 V Zener Diode  1N4746 DO-41 1 D13 

45 600 V, 4 A, Bridge Rectifiers  KBU4J 4 A / 600 V 1 BD1 

46 600 V, 1 A, Fast Switching Rectifiers  RS1J DO-214AC 3 D10~12 

47 600 V, 1 A, General-Purpose Rectifiers  S1J DO-214AC 1 D6 

48 600V, 1 A, Fast Rectifiers  ES1J DO-214AC 1 D8 

49 SMD 13 V Zener  BZX84C13 SOT-23 1 D7 

50 Inductance 15 mH YUJING 
VFOTC2105001

500A 
OTC21 

14*18 mm 
1 L2 

51 Radial Choke Inductors, 1 mH GANG SONG 
GSRB0605-

102M 
6.5 x 5.5 mm 1 L3 

52 NTC Thermal Resistor 10ψ 8 Ω  SCK083 SCK10083MSY 1 TR1 

53 Tact Switch   see following 1 SW3 

54 Miniature Toggle Switch Dailywell 1MS1T1B2M2QES  2 SW1,SW2 

55 PMSM Motor Controller 
Fairchild 

Semiconductor 
FCM8531 LQFP32 1 U5 

56 Power Switch 
Fairchild 

Semiconductor 
FSL206MRN DIP8 1 U2 

57 600 V, 10 A Motion SPM 
Fairchild 

Semiconductor 
FNB41060 SPM26 1 U6 

58 FUSE MICRO 250 V / 3.15 A SLOW   
3.6*10 mm 

36ESR 
(NONE LEAD) 

1 F1 

59 FUSE CLIP 3.6ψ   Type SL001 2 F1 

60 AC INLET 3P 90°   AC-IN7 1 CN6 

61 Header 2X2, pitch 2.54 mm    2 JP1~2 

62 Header 1*4, Header 2.54 mm    1 JP3 

63 
3 Terminal, 0.1 A, 5 V Positive Voltage 

Regulator 
Fairchild 

Semiconductor 
MC78L05A 

TO-92 
(DGS)W 

1 U3 

64 2.54 mm Box Header 2X7P 180 DIP Most Well  CON7X2A 1 CN1 

65 Wafer Connector, 5P 2.5 mm 180°    1 CN2 

66 SMD NPN Swtiching Transistor 
Fairchild 

Semiconductor 
MMBT2222A SOT-23 (EBC) 1 Q1 

67 LED   5 mm 1 LED1 

68 LED   5 mm 1 LED2 

69 10 kΩ NTC Thermal Resistor  
TTF3A103H34D

3AY 
W2.5 1 

RT1(with 
SPM3 pkg) 

70 
600 V, 1.0 A Ultra-Fast Recovery 

Rectifiers 
 UF4005 DO-214AC 1 D9 

70 VDR 14ψ470 V    1 MOV1 

71 
PCB 176*115 mm, 2-Layer, 1.6 T,  

Copper 2 oz 
 PC-M0168B    

72 Male Terminal    5 CN1~3,CN8~9
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9. Component Specification 

 
Figure 30. Tact Switch 
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Figure 31. AC Inlet 
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10. Revision History  
Rev. Date Description 

1.0.0 Dec 2012 Initial Release 

1.0.1 Mar 2013 Change photo of EVB contents and motor description in Figure 6. 

   

   

 

 

 

 

 

 

WARNING AND DISCLAIMER 

Replace components on the Evaluation Board only with those parts shown on the parts list (or Bill of Materials) in the Users’ Guide. Contact an 
authorized Fairchild representative with any questions. 

This board is intended to be used by certified professionals, in a lab environment, following proper safety procedures. Use at your own risk. The 
Evaluation board (or kit) is for demonstration purposes only and neither the Board nor this User’s Guide constitute a sales contract or create any kind 
of warranty, whether express or implied, as to the applications or products involved. Fairchild warrantees that its products meet Fairchild’s published 
specifications, but does not guarantee that its products work in any specific application. Fairchild reserves the right to make changes without notice to 
any products described herein to improve reliability, function, or design. Either the applicable sales contract signed by Fairchild and Buyer or, if no 
contract exists, Fairchild’s standard Terms and Conditions on the back of Fairchild invoices, govern the terms of sale of the products described herein.  

DISCLAIMER  

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO 
IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR 
USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR 
THE RIGHTS OF OTHERS. 

LIFE SUPPORT POLICY  

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS 
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.  

As used herein: 

1. Life support devices or systems are devices or systems which, (a) 
are intended for surgical implant into the body, or (b) support or 
sustain life, or (c) whose failure to perform when properly used in 
accordance with instructions for use provided in the labeling, can be 
reasonably expected to result in significant injury to the user. 

2. A critical component is any component of a life support device or 
system whose failure to perform can be reasonably expected to 
cause the failure of the life support device or system, or to affect its 
safety or effectiveness. 

ANTI-COUNTERFEITING POLICY 

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, 
www.fairchildsemi.com, under Sales Support.  

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing 
counterfeiting of their parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, 
substandard performance, failed applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to 
protect ourselves and our customers from the proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts 
either directly from Fairchild or from Authorized Fairchild Distributors who are listed by country on our web page cited above. Products customers buy 
either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have full traceability, meet Fairchild's quality standards for 
handling and storage and provide access to Fairchild's full range of up-to-date technical and product information. Fairchild and our Authorized 
Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise. Fairchild will not provide any warranty 
coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global problem and encourage our 
customers to do their part in stopping this practice by buying direct or from authorized distributors. 

EXPORT COMPLIANCE STATEMENT 

These commodities, technology, or software were exported from the United States in accordance with the Export Administration Regulations for the 
ultimate destination listed on the commercial invoice. Diversion contrary to U.S. law is prohibited. 

U.S. origin products and products made with U.S. origin technology are subject to U.S Re-export laws. In the event of re-export, the user will be 
responsible to ensure the appropriate U.S. export regulations are followed. 
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