
MDSF40

Sample Code Sensorless

Introduce



MDSF block diagram

MDSF



MOC block diagram



Program flowchart

Main()

I/O Setting

Pwm Setting

Adc Setting

Timer Setting

Ocp Setting

MOC Setting

Interrupt Setting

While Loop

Motor_Control();

PowerControl_Fun();

Or

PowerLimit_Fun();

Uart_Read_Handle();

IPDCount += Timer1ms;

TimerCount += Timer1ms;

UartCount += Timer1ms;

End

Timer0 Interrupt

Uart code

motor control code

PowerControl code

Vsp_Fun();

End

Timer1 Interrupt

FaultLock_Fun();

Vbus_Protect_Fun();

Temperture_Protect_Fun();

Phase_OCP_Protect_Fun();
all protect code

Vsp code



Program flowchart

TailWindDetect();

Uart_ReadPackage_Build();

Uart_Package_Build();

End

While Loop

Uart code

Tailwind headwind

judgment code

End

OCP Interrupt

AOCP_Protect_Fun();

AOCP protect



I/O Initiation settingI/O Setting

Gpio Initiation setting

I/O Input、Output 

option

I/O Pull Up、No Pull 

option



Pwm Initiation settingPwm Setting

Pwm Initiation setting

PWM SWAP option

PWM frequency

PWM Dead Time

Notice PWM SWAP option , need to be 
correct

MDSF40

BASE_RPM : represent PLL_OUT 32767 the actual speed 
corresponding to the unit value



Adc Initiation settingAdc Setting

Adc Initiation setting

AdcCKS、 SHCKS option



Timer Initiation settingTimer Setting

Timer Initiation setting
Timer Interrupt frequency setting



OCP Initiation settingOCP Setting

OCP Initiation setting
OCP I_SHORT (unit : V)
I_SHORT(A) = Over current voltage setting / sense resistance
For example: Over current voltage setting 0.4V , sense resistance 0.1Ω
I_SHORT(A) = 0.4 / 0.1 = 4A , Detectable via by OCPCONT[7] (OCPST) , 
Or enable interrupt IEN1[0](OCPSIE),When interrupt vector 8  occurs, 
the hardware will set the pre-protection MOSFET according to OCPCONT[0] (OCPMS) , 
and then Corresponding processing by the code

OCP option



MOC settingMOC Setting

MOC setting



Interrupt settingInterrupt 
Setting

Interrupt setting



Motor Control adjustment process (1)Motor

Motor.h
Motor & SMO

•Motor parameters：Pole、Rs、Ls

•SMO parameters：G、F、Ksidle、
Kslf

Shunt & OPA

•Shunt parameters

•OPA gain

Adjustment process

•LEVEL1：Open loop start

•LEVEL2：Close loop start

IQ、ID、PI parameters

•Starting current parameters

•PI parameters

Motor subroutine

•Control : current, speed, power, 
power control

•Application side: Forward and 
reverse control, initial position 
detection, forward and reverse 
wind judgment, braking force 
control, FG signal

Motor protection

•OVP、OTP、blocking run 

protection



Motor Control adjustment process (2)Motor

Set the motor poles (required).

If you are not familiar with the motor parameters, 

the recommended initial setting of the SMO 

parameters is as follows:

SMO_G：16000

SMO_F：32000

SMO_Kslf：8000

SMO_ZCorr：32767

SMO_Kslide： 32767

SMO_MaxSmcError：32767

SMO_SMOGain：327677



Motor Control adjustment process (3)Motor

Fill in the Shunt resistor, and the amplifier magnification

Pay attention to the voltage difference of the Shunt 

resistance in the design, and it must not exceed：± 0.5V



Motor Control adjustment process (4)Motor

• SmoPLL Forced angle start, need 
to manually connect the close-
loop

OpenLoop

• When the close loop is 
connected, the system runs 
stably, which means that the 
motor parameters are correct, 
and can be set LEVEL2

CloseLoop



Motor Control adjustment process (5)Motor

PLL_PI_OUT

PLL_Final

Smo_Ramp
MotorState == M_START

PLL_Start

1. Setup Adjustment Process OpenLoop

2. Set open loop "start-end" speed

3. Set open loop "start-end" current2.

3.

1.



Motor Control adjustment process (6)Motor

IQ_PI_OUT

Setup Openloop Starting current

positioning time Starting current end current
Tailwind and 

headwind starting 
current



Motor Control adjustment process (7)Motor

MotorState == M_RUN

PLL_PI_OUT SPD_PI_OUT

ID_PI_OUT

IQ_PI_OUT

1. Open loop operation is completed

2. Setup Adjustment Process CloseLoop

3. Enter the closed-loop stage, and the machine adjustment is completed



Motor Control adjustment process (8)Motor

All PI controller parameters, fine-tuning according to different 

motor parameters

In automatic control theory, system responses are classified as 

follows:

1. overdamping：PI controller adjust direction，Kp ↑、Ki ↓。
2. Underdamping ： PI controller adjust direction，Kp ↓、Ki ↑。
3. critically damped ：Kp、Ki is ideal value 。
Kt is the end parameter for inverse integration , default is 32767.



Motor Control adjustment process (9)Motor

2.Adjust the correct 
magnification

3. Adjust OVP

1. choose OVP_CHVsp_Fun();

End

Timer1 Interrupt

FaultLock_Fun();

Vbus_Protect_Fun();

Temperture_Protect_Fun();

Phase_OCP_Protect_Fun();
All protect code

Vsp code

Motor protection functions



Motor Control adjustment process (10)Motor

2. Adjust the correct 
magnification

3. Adjust OVP

1.choose OVP_CH
Motor protection functions

Calculate the Vbus magnification parameter, Vcc=36V, AD_Val=669

Ex1. Vbus magnification parameter=669/36=18.5833

Ex2. Vbus magnification parameter=((R22/(R21+R22))/5)*1023=18.6



Motor Control Program Flow (1)Motor

Motor Driver Process

MotorControl

MotorStart

MotorErrorMotorStop

Motor Driver Process
// Forward and reverse control

// Start



Motor start code flow (1)Motor

Motor start code 

MotorStart_Flow

M_INIT

M_TAILWIND

M_IPD

M_START

M_RUN

MotorStart_Flow End

// Forward and reverse control



Tailwind and headwind start (1)Motor

Accomplish tailwind and headwind start method :

1. Judgment (Two BEMF divided voltage)

2. Judgment (Diode BEMF divided voltage)

Accomplish tailwind start method :

1. Judgment (One BEMF divided voltage)

Need at least two phase BEMF can judgment 

tailwind and headwind , and judgment tailwind 

need one phase

Each block has a planning tailwind and headwind

adjustment process :
LEVEL_1 : code stop to M_TAILWIND

LEVEL_2 : code run to M_START、M_RUN



Tailwind and headwind start (2)Motor

anyone two phase BEMF feedback method

positive edge (value A) < negative edge (value B)
defined as CW , anyone one phase BEMF calculate speed 

BmfV + BmfW waveform

BmfV + BmfW waveform

positive edge over zero crossing

negative edge over zero crossing

get value A

get value B



Tailwind and headwind start (3)Motor

anyone two phase BEMF feedback method

positive edge (value A) < negative edge (value B)
defined as CCW , anyone one phase BEMF calculate speed 

get value A

get value B

BmfV + BmfW waveform

BmfV + BmfW waveform

positive edge over zero crossing

negative edge over zero crossing



Tailwind and headwind start (4)Motor

anyone one phase BEMF feedback method

one phase BEMF judge 
tailwind calculate speed 



Tailwind and headwind start (5)Motor

BEMF feedback circuit

Diode divider resistor ：circuit needs lower 

arm to use PWM brakes , can readable each 

phase BEMF .

Divider resistor : Readable each phase BEMF , but pay 

attention to the matching of divider resistor , avoid 

BEMF is too high , cause damage to the ADC pin .



Tailwind and headwind start (6)Motor

Brake feedback circuit method

Angle value SMO_ANG

1. event 1 > event 2 > event 3 > defined as CW
2. event 3 > event 2 > event 1 > defined as CCW

event 1
less than -170 degree

event 2
-10 ~ 10 degree

event 3
more than -170 degree

event 1
less than -170 degree

event 2
-10 ~ 10 degree

event 3
more than -170 degree



LookUpTableMotor

LookUpTable_Fun

y = -118.2x2 + 1420.3x - 125.26
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Vsp to Speed Table

Speed

多項式(Speed)

Create table using differencing , Vsp – Speed Table

completely construct the corresponding curve and display

“proclaim LookUpTable[5]” >> fill in”5”“6 records” , proclaim LookUpTable[5]

Vsp to Speed Table

Vsp(V) I(mA) Speed

0.51 40 590 

1 70 1153 

1.2 100 1417 

1.4 130 1613 

1.6 170 1835 

1.8 220 2071 

2 280 2258 

2.2 340 2433 

2.4 410 2638 

2.6 460 2728 

2.8 550 2908 

3 620 3040 

3.2 720 3201 

3.4 800 3321 

3.6 890 3433 

3.8 1010 3594 

4 1070 3640 

4.2 1230 3834 

4.4 1290 3886 

4.6 1360 3949 

4.8 1360 3949 

5 1360 3949 

Polynomial

(Speed)



PowerControl (1)Motor

PowerControl_Fun

Sampling Vbus、Ibus

Independent 

differential 

routing , 

thin wire 

connection

difference amplifier  (V1-V2)*(R2/R1)=Vo



PowerControl (2)Motor

LEVEL_1 : Not run PowerControl_Fun

LEVEL_2 : run PowerControl_Fun

PowerControl_Fun

Only in CURRENT_CONTROL , can use POWER_CNOTROL .

#error Wrong setting POWER_CONTROL and CURRENT_CONTROL !!!



IPD code flow (1)Motor

When the motor current slope is too slow , IPD_CYC need to lower ：
1. current slope time < 1.3ms  ：IPD_CYC set 48MHz 
2. current slope time < 2.6ms ：IPD_CYC set 24MHz 
3. current slope time < 5.2ms ：IPD_CYC set 12MHz 
4. current slope time < 10.4ms：IPD_CYC set 6MHz 

choose IPD path

設定 AOCPCONT：IPD_LEVEL

slope 680us



IPD code flow (2)Motor

P+N、N+N Gate Driver need lower arm pre-charge 20 ~ 30ms

AOCPCONT：IPD_LEVEL
Need to pre-set

IPD code flow recommended 
to implement step by step

LatestTheta initial angle , can be fine-tuned for different motor 
The current parameters are preset suggested values .
IPDAdvanceAng as phase advance adjustment .

// When used as IPD , N+N Gate Driver need lower arm pre-charge 

// When used as IPD , it will trigger WatchDog Reset , Disable WatchDog

When enabled IPD , need WatchDog Disable first , 
avoid triggering WatchDog during IPD



IPD code flow (3)Motor

24V

12V

current goes Body Diode route

Use Tri-State current 
slope 680us
IPD_LEVEL 0.15V



IPD code flow (4)Motor

IPD_LEVEL 0.15V



MDRFD0 application code support itemMotor

item MDRFxx MDSFxx Note

Vsp control ○ ○

current control ○ ○

rotating speed control ○ ○

power control ○ ○ Pay attention Code Size to use MDRFD0

power limit ○ ○ Pay attention Code Size to use MDRFD0

forward and reverse control ○ ○

initial position detection ○ ○

Tailwind and headwind detection ○ ○ MDSF40 use Cap calculation speed

MDRFD0 use Pwm interrupt calculation speed

IR Decoder ╳ ○ MDRFD0 need use Cap calculation decoding

Power off memory ╳ ○ MDRFD0 need external EEPROM


