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Abstract—The paper describes the design and implementation of PFC boost converter working in discontinuous conduction mode (DCM) and using a digital control based on Digital Signal Controller (DSC) dsPIC30F2010. For the design of control loop we have used the facilities of Matlab tools. The DCM boost rectifier is simulated and the results of the simulation are verified by practical tests. The performance of the DSC dsPic30F2010 control was verified on a 40KHz, constant frequency control, 200W unity power factor rectifier prototype.  

Index Terms—Boost PFC Converter, Digital Control, Control loop, THD.

I. INTRODUCTION

By using an analog control we have some disadvantages like: a great number of components, high cost of maintenance, inflexibility, complexity of control system. Using the digital control in switching mode power supply becomes widespread through the low cost of the microcontrollers or the digital signal processor (DSP), the performances and the flexibility of these. It also reduces the size of the power supply using the complexity of control system within the software [1-2]. For medium and high power applications, the PFC converters are used to work in CCM [3-5], and for low power applications they are designed in DCM or in critical conduction mode (CrCM).

As opposite to CCM mode, where there are two loops to regulate (according to the inductor current and the output voltage), in DCM mode we have only one loop that is output voltage. That leads to the simplity of the implementation and also to a good immunity at noise (do not need to detect the current – the source of noise). Also, the converter working in DCM mode, the inductor current has the zero value (theoretically) when the switching element is on, the turn-on switching losses  will be lower. The value of inductor will be lower than that in CCM mode.

This paper describes step by step the design of a boost PFC converter working in DCM using a digital control based on the properties of  dsPIC30F2010. The converter will have a 200W output power and will work at 40kHz constant switching frequency. The DCM boost rectifier is designed to work in universal line range (90
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260Vrms).

The control loop is designed for worst case (minimum line input voltage and maximum load) by using the facilities of Matlab tools. The PFC boost rectifier is simulated by using the PSIM program and afterwards the results are verified by practical test.

II. DCM BOOST PFC CONVERTER

Figure 1 shows the boost PFC converter circuit working in DCM and the digital control implemented with the dsPIC30F2010 digital controller. As one can see, we need one feedback loop. The output voltage (Vout) is brought to a low voltage level at the analogical input (A/D) of the digital controller. The A/D converter will transform this low voltage level in a digital signal and this value is compared with a Vref value. The controller of the voltage loop makes the digital voltage of the output voltage follow the Vref value and, at the same time, have a dynamical response as good as possible. According to the output signal U, we have the signal drive “d” to the MOSFET M. The Gp from Figure 1 is the power circuit of the boost PFC converter.
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Fig. 1. Boost PFC converter circuit working in DCM using the dsPIC30F2010.

The goal of this paper is the implementation and the performance evaluation of the PFC boost converter working in DCM using DSC dsPIC30F2010. The input data for this converter are: Vin=90
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260Vrms (line range voltage); fin=50Hz (input frequency); Vout=375V (output voltage); Pout=200W (output power); Fs=40KHz (switching frequency). For this input data will result an inductance L=220uH, and the output capacitance will be Cout=470uF.

III. CONTROL LOOP

For implementing the loop control we used the “digital redesign” method. We will design an analog controller in continuous time, ignoring the effects of sampling and hold of the analog converter A/D and of the PWM circuit. The controller is passed in discrete domain using techniques like: „ZOH”, „bilinear”, „match” or  „tustin” [6]. The bloc circuit of the boost PFC converter working in DCM and with digital control is shown in Figure 2.
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Fig. 2. Bloc circuit of control loop in s-domain for boost PFC converter.

Where:
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is the factor of the output loop voltage. In our case, the A/D converter of dsPIC30F2010 has the voltage reference about 2V and the maximal output voltage being 
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 is the gain of the modulator bloc PWM and is equal with 1 in our case; 
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 is the transfer function of small signal of the boost PFC converter working in DCM mode and is given by [7]:
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where: 
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  -  is the peak value of the input line voltage;
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 -  is the output voltage;

D – is the duty cycle and is given by the equation:
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where:  Re – the emulated resistance: 
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By using the equations (2)
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(6) in (1) and the input data, one will have:
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Also as we can see from fig.1 the loop gain 
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 being known, we can design the compensator of the voltage loop 
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 by using the MATLAB program, more exactly the tools offered by the “sisotool” from MATLAB.  

In the output voltage, we have the 100Hz ripple (the double of the input frequency), and this one has to be eliminated from the voltage loop. In order to do this, the bandwidth of the voltage loop must be much lower than the 100Hz frequency, that is 5
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20Hz. For a good stability we suppose the phase margin to be of minimum 45 degrees.

By using a PI controller, the controller 
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The bode diagram of the loop control of the boost PFC converter 
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 is given in Figure 3, where we see that the bandwidth of the voltage loop is 9.39Hz and the phase margin is of 72 degrees.
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Fig. 3. Bode diagram of loop control of boost PFC converter
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The controller of the voltage loop 
[image: image33.wmf])

(

s

G

C

 will result from the sisotool program from MATLAB by placing the poles and zeros so that we have the desired bandwidth and phase margin. That will have the form:


[image: image34.wmf]s

s

s

G

C

)

28

(

6

.

1

)

(

+

=

 


(10)                Knowing the analogical controller 
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, we can apply the method of discretisation “ZOH”[6] to obtain the digital controller 
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where the sample time is TS=1/fS=0.000025s.

In discrete form, 
[image: image38.wmf])

(

z

G

C

 can be written as:
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              (12)
This equation can be easily implemented in the digital signal controller dsPIC30F2010.

IV. SIMULATION

For the simulation of DCM boost PFC converter we used the PSIM program. The simulation was made for maximum output voltage (200W) and for two different input voltages. In Figure 4 the line input voltage is 115Vrms. We can see that the input current (Iin) is almost sinusoidal and in phase with the input voltage. The power factor in these conditions is about 0.994 and the total harmonic distortion (THD) is about 9.7%.  We can also see the inductor current (I_L) and the ripple of the output voltage (Vout). 
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Fig. 4. The simulation waveforms for Boost PFC converter working in DCM for Vin=115Vrms at 200W: input voltage (Vin), input current (Iin), inductor current (I_L) and output voltage (Vout).
By using the same coefficients for the voltage loop controller 
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and for maximum output power, but for an input line voltage of 220Vrms, we can see from Figure 5 that the input current (Iin) has low distortions. In this case, the power factor is about 0.97 and the THD is about 23%. We specificate that these simulations was made with ideal components. A first conclusion we can express is that if we design the voltage controller for the worst case (minimum input line voltage and maximum load),the power factor decreases about 3% for minimum input line to maximum input line.
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Fig. 5. The simulation waveforms for Boost PFC converter working in DCM for Vin=220Vrms at 200W: input voltage (Vin), input current (Iin), inductor current (I_L) and output voltage (Vout).

V. PRACTICAL IMPLEMENTATION

For the practical implementation one used the Digital Signal Controller dsPIC30F2010. The program has an initialization part for DSC (interrupt vectors, variables/registers define subroutines and peripherals) that is executed at the reset of the program. After the initialization, the program goes into an infinite loop, waiting for an interruption.


Fig. 6. a) Software initialization diagram; b) Voltage controller          

software flow diagram.

In Figure 6.a is described the software initialization diagram, and in Fig.6.b is described the voltage controller software flow diagram. One uses timer interrupt 1 which has the same frequency of interruption than the switching frequency. When an interruption occurs, the value of the output voltage is read from A/D converter. This value is converted into 2’s complement representation (Q15) with values range from –1 to 1. The reference voltage is also represented in Q15 format. The proportional gain (Kp) of the voltage controller is represented in Q12 format and the integral part of the constant is represented in Q15 format. The output of the voltage controller will set the duty cycle of the PWM module.           

 In Figure 7.a are shown the practical waveforms for 115Vrms of the input line voltage and the input current; from Figure 7.b we can see the inductor current waveform. For the measurement of the input line voltage we use a voltage transducer and the output of this one gives 1V for 200V at input, and for the current we use a current transducer and the output of this one gives 0.4V for each 1A, which flows from it. For practical implementation the power factor is about 0.968 and the THD is about 25.2%.
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Fig. 7. The practical waveforms for Boost PFC converter working in DCM for Vin=115Vrms at 200W: a) input voltage (Vin), input current (Iin); b) inductor current (I_L).

In Figure 8 the input line is 220V rms. The power factor in this case is about 0.947 and the THD is 32.1%.

As we can see from the simulations, the power factor decreases about 3% for the maximum input line voltage in comparison with the minimum input line voltage. Using this kind of control (constant frequency switching) and the same parameters (Kp and Ki) for the voltage controller 
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 for input line voltage range, the power factor will not be greater than 0.95 for an input voltage greater than 220V rms. This method requires an overvoltage protection implemented with analog  components, because of the low response of the system.
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Fig. 8. The practical waveforms for Boost PFC converter working in DCM for Vin=115Vrms at 200W: a) input voltage (Vin), input current (Iin); b) inductor current (I_L).

VI. CONCLUSIONS

The digital control of the DCM boost rectifier using a DSC dsPIC30F2010 requires a minimum number of external hardware components and the algorithm software is easy to implement and in the same time is flexible to be optimized. In applications where the power factor in not a restrictive parameter, we can use this method (constant frequency control) and we will obtain a power factor until 0.95 for European norm (around 220Vrms); for the input line voltage around 115Vrms the power factor can grow until 0.99. The simulation comes to help us and in the same time the practical implementation verifies this one.
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