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ABSTRACT 
This paper defines a combined Pulse Width Modulation (PWM)-Pulse modulation (PFM) technique 

enforced in an exceedingly Field Programmable Gate Array (FPGA) to regulate DC-DC converters. This system 

amendments the mode of operation from PWM to PFM with the change within the load condition. The potency of 

the planned technique is set by implementing a DC-DC device and scheming the conductivity losses, change 

losses, and ripple voltages at totally different load values. Moreover, the potency of the device supported the 

planned technique is compared to the potency of processor-based implementation. The results show that the 

potency of the device with the FPGA-based technique is on top of the potency of the device with processor based 

mostly technique. 

KEY WORDS: DC-DC converters, FPGA, Pulse Width Modulation, Pulse Frequency Modulation, VHDL 

language. 

1. INTRODUCTION 

DC-DC converters, corresponding to boost and buck converters are aunitun remarkably utilized in 

transportable devices to proportion and down the output DC voltages. In these converters, the switches area unit 

accustomed transmit the suitable power to the load. The length of the ON time (duty cycle) of the switch is 

achieved through an effect pulse so as to take care of the output voltage constant with the modification within the 

load conditions. 

Modulation techniques reminiscent of Pulse breadth Modulation (PWM) are accustomed generate these 

management pulses. However, PWM cannot maintain the specified voltage at wide load ranges. In boost 

converters, at low load conditions, once the duty cycle of the management pulse goes on top of a threshold, Dmax, 

the physical phenomenon losses increase and, hence, the needed voltage is not achieved.  

Similarly, in buck converters, at high load conditions if the duty cycle is below a minimum price, Dmin, 

the effective current through the inductance goes below zero and the needed voltage is not achieved. Therefore, 

PWM technique will solely be used at restricted load values. To extend the potency of DC-DC converters at wide 

load ranges, a replacement technique, Pulse modulation (PFM), was introduced. During this technique, the shift 

frequency of the management pulse is modulated to manage the output voltage at totally different load conditions. 

However, thanks to the high shift frequency, the shift losses area unit high within the PFM technique  

This paper proposes a voltage sensing methodology to regulate switches in DC-DC converters. This 

modulation technique doesn't need any external sensing electronic equipment. The technique is tested at wide load 

ranges (40Ω to 550Ω) during which the convertor must operate on the far side duty cycle limitations. The logic of 

the PWM-PFM is enforced in a Field Programmable Gate Array (FPGA) chip that uses less power, therefore 

reducing the ability dissipation thanks to the employment of analog parts and processors. 

2. METHODOLOGY 

The diagram of the projected technique is delineating in Fig.1. The output voltage of the DC-DC device is 

reborn to a digital signal mistreatment associate degree Analog to Digital device (ADC). The choice between 

PWM and PFM modes is achieved through a block Selector Mode. This block measures the duty cycle (D), and if 

D is within the vary [Dmin, Dmax], PWM is employed to get the management pulse. Otherwise, the PFM 

technique is employed. A 2-to-1 electronic device is employed to pick the management pulse from either PWM or 

PFM, relying on the modify signal, E. mutually will see in Fig. 1, this modify signal activates either the PWM or 

PFM block counting on the duty cycle worth. The choose signal (Sel) is employed to pick the management pulse 

between Vcon1 through PWM or Vcon2 through PFM. 

  
Figure.1. Block diagram of the proposed technique Figure.2. Flow-chart of the proposed technique 

Fig.2 shows the flow chart used to implement the above block diagram in FPGA through VHDL language. 
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Figure.3. Generation of the PWM control pulses 

In this figure, a triangular signal, Vtp, and a slip-up voltage, Verr, square measure wont to generate the 

management pulse. The error voltage (Verr) is calculated because the distinction between the output voltage (Vout) 

and a reference voltage (Vref). As will be seen, the management pulse (Vcon) is high once Vtp>Verr and low once 

Vtp<Verr. The generated management pulses have constant switch frequency (1/T) and variable duty cycle. The 

flow-chart to implement the PWM generation method is delineated in Fig.4. During this figure, the triangular 

pulses square measure generated with the most price Vlim. These pulses square measure compared with the Verr to 

get the management pulse (Vcon1) to regulate the switch within the DC-DC convertor. 

 
Figure.4. Flow-chart of the PWM technique 

PFM technique: The PFM strategy is utilized to produce the control beats when the obligation cycle is under 

Dmin or higher than Dmax. As represented in Fig. 5, the time of the triangular heartbeats is diminished to 

expand the exchanging recurrence of the control beat while the obligation cycle is kept consistent.  The signal 
Vtp is compared to a reference signal Vref to generateVcon2. 

 
Figure.5. Generation of the PFM control pulses. 
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The implementation in FPGA of the methodology corresponding to the PFM mode is described in the 

flow- chart of Fig.6. 

 
Figure.6. Flow-chart of the PFM technique 

As can be watched, PFM method is utilized when the Enable sign is low. The exchanging recurrence is 

expanded utilizing the variable Temp. The sign Vtp is contrasted with the reference voltage to deliver a control 

beat Vcon2 with variable exchanging recurrence and consistent obligation cycle. 

3. RESULTS 

Contrasted with ordinary strategies, in which the adjustment system is executed utilizing outside ICs and 

different simple segments, the proposed strategy is actualized utilizing a FPGA chip as a part of request to wipe out 

misfortunes connected with these outer simple segments. The buck converter, appeared in Fig. 7, is utilized to test 

the proposed approach. 

 
Figure.7. Circuitused to implement and test the proposed technique 

The following are the parameters of the buck converter used to test the proposed technique: 

Inductance=150μH Capacitance=100μF Input Supply=5V 

Inductive Resistance=0.7Ω Capacitive Resistance=0.5Ω Load=40Ω-560Ω 

Switch=SCR2N6397 

Switch Gate Capacitance=0.4pF 

Case of results are appeared in Figs. 8 however 14. Fig. 8 indicates how the obligation cycle of the control 

beat changes with the change of the heap conditions. As can be seen, with the expansion in the heap esteem the 

obligation cycle is diminished and at a 220ω burden relating to a base obligation cycle the mode shifts from PWM 

to PFM. The obligation cycle is then kept steady. 
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Figure.8. Duty cycle at different load values 

Fig.9 demonstrates how the exchanging recurrence changes with the progressions of the heap conditions. 

This exchanging recurrence is kept consistent amid the PWM mode and expanded in the PFM mode over the limit 

load esteem (220ω) comparing to the base obligation cycle Dmin. This increment of the exchanging recurrence 

keeps the obligation cycle over the Dmin worth and, along these lines, keeps the yield current from entering the 

spasmodic mode. 

 
Figure.9. Switching Frequency at different load values 

One essential rule for evaluating the proposed strategy is ascertaining the productivity of the DC-DC 

converter controlled by this method. This effectiveness is evaluated by ascertaining the different misfortunes at 

wide load ranges. It is given as 

Efficiency (μ) =   (1) 

Where, PLis the inductive losses, PC is the capacitive losses, and P sw is the switching losses. 

The inductive and cap active losses are given as 

PL=   (2) 

PC=   (3) 

Where, RL is the inductive resistance, RC is the capacitive resistance, Iout is the load current, F is the 

switching frequency, L is the inductance, Vout is the output voltage, and Vin is the input voltage. 

  
Figure.10. Inductive Losses at different load values Figure.11. Capacitive Losses at different load 

values 

As can be watched, these misfortunes are higher for low load values and reduction with the expansion of 

the heap esteem. 

This decline is because of the way that Iout turns out to be low at high load values. In spite of the fact 

that the distinction in misfortunes computed for one second is little, this distinction can be generous for a more 

drawn out timeframe. 

The switching losses are given as 

Presistive = 
𝐼𝑜𝑢𝑡
2 𝑋𝑅𝑠𝑤𝑖𝑡𝑐ℎ𝑋𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
    (4) 
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Pswitching = 
𝐶𝑠𝑤𝑖𝑡𝑐ℎ𝑋𝑉𝑖𝑛

2 𝑋𝐼𝑜𝑢𝑡

𝐼𝑔𝑎𝑡𝑒
   (5) 

Where, R switch is the resistance of the switch, C switch is the capacitance of the switch, Igate is the gate 

current through the switch, I out is the current through the load, V out is the output voltage, and V in is the input 

supply voltage. 

 
Figure.12. Switching Losses at different load values 

Fig.12, demonstrates these exchanging misfortunes at various burden values for the joined PWM-PFM 

system. 

As talked about before, when the obligation cycle crosses as far as possible, Dmin, the proposed method 

changes the mode from PWM to PFM. In the PFM mode, the recurrence is expanded while the obligation cycle is 

kept steady, which builds the changing misfortunes as indicated by the Equation 5. 

 
Figure.13. Efficiency (%) comparison of the proposed and conventional technique 

 As one can see, the efficiency of the DC-DC converter with the proposed technique ranges between 86% -

94%, which is higher than the efficiency of the DC-DC converter with the processor or analog based 

implementations ranging between 70%-92%. This improvement is mainly due to the fact that FPGA- based 

implementations require less power for operation, and, thus, increase the efficiency of the DC-DC converters 

compared to the processor and analog components-based implementations. 

Another important parameter of consideration is the output ripple voltage, given as 

               

 

 
Where, Vout / Vout is the output ripple voltage, D is the duty cycle of the control pulse, and C is the 

capacitance.      

One approach to evaluate the viability of the proposed method is to figure the effectiveness of the DC-DC 

converter controlled with the proposed strategy and to contrast it with the productivity of the DC-DC converter 

controlled with the processor-based procedure. Fig.13, demonstrates the aftereffects of this examination. Not 

surprisingly, the proficiency of the converter controlled with the proposed system is higher contrasted with the 

converter controlled with the ordinary method utilizing a processor and simple segments. 

From this equation, one can see that if D is kept constant the output ripple voltage decreases with the 

increase of the switching frequency. Fig.14, shows the comparison between the output ripple voltage for PWM and 

the one for the combined PWM-PFM. As expected, the output ripple voltage decrease switch the increase of the 

switching frequency and it is significantly reduced in the proposed technique compared to the ripple voltage in the 

conventional   technique, PWM, at high load conditions. This reduction in the output ripple voltage leads to a more 

stable DC-DC conversion process. 

 
Figure.14. Output ripples voltage at different load values 
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4. CONCLUSION 

This paper talks about a FPGA-based consolidated PWM-PFM balance system to control DC-DC 

converters. This procedure changes the method of operation from PWM to PFM with the adjustment in the heap 

condition by detecting the yield voltage and measuring the obligation cycle. The outcomes show that this system 

adequately diminishes the yield swell voltage and the conduction misfortunes. In spite of the fact that the 

exchanging misfortunes are predominant at high exchanging recurrence, general influence misfortunes in the DC-

DC converter with the proposed procedure are lower contrasted with the influence misfortunes of the DC-DC 

converter with simple gadgets and processor-based applications. Accordingly, a converter taking into account the 

proposed method has higher proficiency under an extensive variety of burden conditions. 
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