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1.Introduction 
Most electronic devices nowadays are equipped with 

switched-mode power supplies (SMPS) to power up 

the devices. SMPS is a type of power supply that 

converts its input from Alternating current (AC) or 

Direct current (DC) to required output voltage using 

semiconductor switching technique. Previously, most 

DC power supplies used linear regulators composed 

of a substantial step-down transformer, filter circuit 

to remove ripple, and some voltage regulator. The 

linear regulator's advantage is its simple design that 

only needs an input capacitor, output capacitor and 

some feedback resistors. Although it is cost-efficient, 

the continuous conducting transistor dissipates power 

in heat, resulting in low efficiency, wasted power and 

constant heat generation. 

 

Nowadays, the application of green technology has 

been increasingly popular as it is pollution-free and 

environmentally friendly.  

 

 
*Author for correspondence 

Due to environmental concerns and technology 

advancement, renewable sources have been one of 

the popular choices [1–4].  

 

One of the components in green technology is an 

electronic power conversion. The DC-DC converter 

is one type of power conversion used to convert the 

renewable source into the desired load. It changes the 

output voltage from one level to another level [5]. 

The boost converter is a type of Switch Mode Power 

Supplies (SMPS) that increases the input DC voltage 

into a higher output voltage by switching technique. 

It has better performance, a wide conversion range 

reduced components, lower cost, smaller size, and 

higher reliability. Its advantageous features were used 

extensively in electronic applications such as 

computers, phones, and battery chargers [6, 7]. The 

increasing use of power conversion in electronic 

components required the engineer to design a 

converter that could excel in conversion efficiency, 

less cost, and noise intervention. The switching 

power is highly controllable and can monitor the 
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system improvement in energy management 

performance [8]. 

 

Conventional boost converter uses analog to control 

the output voltage. Analog controller is inexpensive 

and straightforward to used. It is also very robust and 

has a dynamic range which means it is easier to avoid 

being limited by self-noise. Analog has been used for 

a long time and has been a tried and true method. It 

can produce stable power supplies and less tendency 

toward glitches. However, it comes with its 

downside. Analog has limited flexibility compare to 

digital. The parameter is fixed during design and 

cannot be changed accordingly with the application. 

The control usually restricts to one feasible reaction 

per parameter. 

 

This project is done to overcome the problem of 

analog control as discussed. It is achieved by 

applying digital controls using Verilog HDL. The 

boost converter was designed using 

MATLAB/Simulink and a control algorithm for the 

boost converter was developed using Verilog HDL. 

Then the control algorithm was implemented into 

boost converter design and the result was compared. 

Simulation result verifies the effectiveness of the 

designed digital controlled boost converter over the 

analog controller. However, this project is limited to 

open-loop systems only. The system is only used to 

obtain the desired output voltage but the output 

voltage cannot be controlled if there is a change or 

interruption to the system. 

 

2.Literature review 
Traditionally, DC-DC converter used analog 

controller to control the desired output value. Analog 

controller is cheaper and easier to use. It is also very 

robust and has a dynamic range which means it is 

easier to avoid being limited by self-noise. However, 

analog controller has several disadvantages that can 

be solved by the digital controller. One of these is 

that it has a slow development process, which means 

it is difficult to do an accurate design. It is also very 

sensitive toward external influences. Besides, the 

implementation of advanced analog control is 

complicated. Thus, the digital controller was 

introduced into the DC-DC converter and has been 

preferred for several years. The digital controller is 

better than the analog controller as it can execute 

complicated control algorithms such as adaptive 

control and non-linear control at eased [9]. The 

digital controller is used extensively in the smart grid. 

The smart grid technology makes use of digital and 

analog information, as well as communication 

techniques, to come up with several technological 

features [10]. 

 

Certain shortcomings of analog controller seized by 

the digital controller and it offers certain advantages 

such as faster design process, the facility for 

integration with other digital systems, low power 

consumption compared to the analog controller, low 

sensitivity to external influence, better performance, 

less sensitive in environmental variations, better 

noise tolerance, improves process performance and is 

versatile in making changes to fulfill the required 

needs [11]. Advanced power management technology 

is based on the integration of power control and 

electronic system conversion functions with the 

digital controller. Conversion and control function 

which is complicated to solve by analog approach 

can be easily implemented digitally. Inherently, 

digital controllers have a lower tolerance to system 

changes in parameters and therefore control schemes 

that are impractical for analog consideration can be 

introduced. The main advantages of the digital 

approach from the digital device design point of view 

are that well-established and automated design tools 

can be used to shorten the design process [12]. 

 

Different hardware was introduced to allow the 

implementation of the digital control algorithm. 

Some of these are digital signal processing (DSP), 

Field Programmable array (FPGA) and Logic 

Controller (PLC) [13]. PLC is very expensive, and it 

may not respond toward time constraints, thus not 

suitable for power converters [14]. It is more 

appropriate to be applied in automation proposes 

such as electro-mechanical duty in industries.  DSP 

offers reprogramming ability and multiple functions 

that vastly outweighed its speed and cost. DSP 

executes the instruction sequentially using the 

Central Processing Unit (CPU) [15].  It often used 

with 2-level inverter topologies, using a single 

carrier-based PWM strategy [16]. 

 

Implementation based on Field Programmable Gate 

Array (FPGA) offers different advantages in 

flexibility, low power consumption, speed, smaller 

devices, and significant parallelism. Using VHDL 

script, the control algorithm and coding is performed 

and implemented using Altera FPGA Board. The 

FPGA regulates the whole process and determines 

whether to increase or decrease the voltage according 

to the demand [17]. FPGAs can exceed the 

performance of general-purpose CPUs by several 

orders of magnitude and offer dramatically lower 

costs and time to market than ASICs [18]. The model 
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can then be easily moved to another operation, 

incorporated with other digital systems, or adjusted to 

meet new requirements [19]. FPGA is a 

reconfigurable gate array logic circuitry matrix that 

can be modified as required by the user. Such logic 

blocks build a hardware implementation of a software 

application once designed and attached. 

 

On the other hand, FPGA offers high flexibility as 

they can be upgraded by reprogramming the Verilog 

hardware description language (HDL) code 

parameter and offering low-cost implementation. 

FPGA supports parallel execution as well as a multi-

carrier strategy [20].  DSP is only suitable for 

sequential operation, and however, in reality, 

parallelism is more required. Thus FPGA becomes 

preferable [21]. 

 

In this paper, a digital system controlled for boost 

converter was implemented by using Verilog HDL. 

The boost converter was designed using 

MATLAB/Simulink, and a control algorithm for 

boost converter was developed using HDL. Then the 

control algorithm was implemented into boost 

converter design, and the result was compared. 

Simulation result verifies the effectiveness of the 

designed digital controlled boost converter over the 

analog controller. 

 

3.Methodology 
This project consists of designing and testing the 

digital controller of the boost converter. 

 

3.1Boost converter configuration 

Figure 1 depicts the converter block diagram. The 

process function is as follows. A 24V DC serves as 

the power source. The converter circuit will step up 

or boost up the input voltage into a desired output 

value. The digital system will transmit the control 

signal to the converter the desired value. For the 

simulation, the boost converter circuit will be 

implemented in MATLAB Simulink. The digital 

system will be synthesized with ModelSim PE 

Student Edition 10.4a. 

 

Figure 2 shows the boost converter has two modes of 

operation, consist of Mode 1 and Mode 2 depending 

on the switch ‘ON’ and ‘OFF’ time. In Mode 1, the 

switch is turned ON, and the inductor current rises, 

and the diode becomes reverse-biased at o<t<DTs. In 

Mode 2, the switch is turned OFF, and the diode 

becomes forward biased at DTs<t<Ts, where ‘D’ is 

the duty ratio of the switch and Ts is the switching 

time. 

By applying KVL, the following expression can be 

derived. When the transistor is switched ON in    

Mode 1:  

 

   
(          )   

 
    (1) 

When the transistor is switched OFF in Mode 2, the 

current as followed: 

   
(           )    

 
    (2) 

By equating    in equation (1) and (2),      can be 

solved: 
(          )   

 
 
(           )    

 
  

            (       )(   )  
      

     
           

(   )
     

If the voltage drops across the transistor and diode 

were neglected, then: 

     
   

   
     (3) 

 

 

 
Figure 1 Simplified block diagram of a converter 

 

Source Converter Circuit Output 

Digital System 
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Figure 2 Boost converter circuit diagram with 2 modes of operation 

 

All parameter can be derived from equation (3).  

Input voltage and duty cycle were determined to get 

the output voltage: 

                 
  

  
    (4) 

From equation (4), the value of current output (  ) 

was assumed to be 1.7 A to get the load resistance. 

  
    

      
      (5) 

The value of the capacitor was determined in 

equation (5). 

  
    

      
     (6) 

Equation (6) was used to determine the value of the 

inductor. Table 1 tabulated the boost converter 

parameters used in this project. All the parameter 

values are derived from equations (1) to (6). 

 

The switching controller used for analog is DC-DC 

PWM generator block from Simulink. The working 

principle for the generator is monitored by comparing 

the carrier counter ramp and input for the duty cycle 

to create the PWM output. The PWM generator block 

outputs either 1 when the duty cycle is greater than 

the carrier counter value, or 0 otherwise. 

 

 

Table 1 Boost converter design parameters and values 

Parameter Nomenclature Value 

Input Voltage    24V 

Output Voltage     48V 

Duty Cycle D 50% 

Capacitor C 200e-6F 

Inductor L 220e-6H 

Load Resistor R 3Ω 

Switching Frequency Hz 20kHz 

 

3.2MATLAB/Simulink implementation  

To verify that the design meets functional 

requirements, the boost converter is modelled in 

MATLAB/Simulink. The Simulink model of boost 

converter was created, as shown in Figure 3, with the 

design parameters tabulated in Table 1. 

 

The system consists of two submodules: a calculation 

submodule in Figure 4 and a boost submodule in 

Figure 5. The user can choose the desired output 

voltage, and the calculation submodule will 

automatically calculate the required duty cycle. The 

duty cycle value will be the input to the Pulse Width 

Modulator (PWM), and the PWM signal will be 

injected into the power MOSFET. Then, the boost 

converter will change the output voltage based on the 

PWM signal's duty cycle. 
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Figure 3 The boost converter block diagram constructed in Simulink 

 

 
Figure 4 Calculation submodule  

                

 
Figure 5 Boost converter submodule 
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3.3Digital controller implementation  

The digital controller was designed using ModelSim 

PE Student Edition 10.4a. ModelSim was chosen 

because the software is compatible and can be 

integrated with MATLAB/Simulink. The language 

used is Verilog HDL, where the architecture of the 

digital controller was generated. Figure 6 (a) shows 

the top module for the system. 

 

The top module consists of several submodules, as 

shown in Figure 6(b). It consists of a counter, 

LESSCONSTANT and GREATEROREQUAL. The 

counter will always count plus one until it reaches 

LESSCONSTANT set by design. Before it reaches 

the LESSCONSTANT, the output will always be 

one, and after that, it will remain zero until the next 

cycle. However, if there is any signal from duty, the 

GREATEROREQUAL will be used instead of 

LESSCONSTANT. For example, if the duty is 50, 

the counter will count plus one until it reaches 50 and 

then it turns to 0. 

 

 

 
                                                                                            (a) 

 
                                              (b) 

Figure 6 Digital controller (a) top module (b) submodule 

 

3.4System configuration for digital controller 

The process for designing Verilog code model is 

shown in Figure 7. The first step is design entry. 

Design entry is when source file represent for the 

design is created. Next is design synthesis where the 

process development of functional architecture is 

taken in the functional analysis and allocation step. 

Both Register-Transfer Level (RTL) and test bench 

were designed and synthesised in this process. The 

implementation is done when the simulation result is 

obtained. 
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Figure 7 Configuration of digital controller 

 

3.5Verilog implementation into simulink using 

cosimulation  

After verifying the digital controller code in 

Modelsim, the design was tested with the boost 

converter system using Simulink co-simulation 

applications. Co-simulation is a method to integrate 

data and control flow at the system specification 

level. Figure 8 shows the overall system with the 

digital controller designed with the Verilog code. The 

PWM generator was developed by Modelsim block 

simulator. 

 

 

 
Figure 8 The overall system with digital control 

 

4.Results  
MATLAB/Simulink was used to simulate the system 

designed. The results of the output voltage and duty 

cycle were observed and analyzed. The results were 

verified based on system performance responses 

which are rise time (Tr), settling time (Ts) and 

percent overshoot (%OS) resulting in under 70% of 

the duty cycle. 

 

 

Design Entry 

Design Synthesis 

Std Cell Library 

RTL Test Bench 

HDL Simulation 

Design 

Implementation 
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4.170% Duty Cycle- analog controller 

Figure 9 shows that the pulse generated by the PWM 

generator when 70% of the duty cycle is applied. The 

frequency used is 20kHz, thus the period cycle will 

be 50 us. For the 70% duty cycle, the switch will turn 

ON for 35 us and turn OFF for 15 us. 

 

Figure 10 shows the input and output voltage when 

70% of the duty cycle is used. From equation (3), the 

expected output voltage will be 80V. It is shown that 

the input voltage is increased from 24 V to 77.8 V. 

The graph shows that when 70% of the duty cycle is 

applied, the response for voltage and current almost 

reaches a critically damped response. 

 

 
Figure 9 Switching pulse for 70% of Duty cycle 

 

 
Figure 10 Voltage and current response 
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4.270% of duty cycle- digital controller  

Figure 11 shows the pulse generated in ModelSim 

when 70% of the duty cycle is used. The turn-on 

mode will be 700 ns and the turn off mode will be 

300 ns. 

 

Figure 12 shows the input and output voltage when 

70% of the duty cycle is used. The expected output 

voltage will be 80 V. The input voltage has been 

stepped-up from 24 V to 79.74 V. From the graph 

when using 70% of duty cycle, the boost converter 

will generate the output signal with nearly critical 

damping response. 

 

 

 
Figure 11 Switching pulse of 70% duty cycle 

 

 
Figure 12 Voltage and current response 
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5.Discussion  
Digital controllers are implemented in a 

microcontroller or a digital signal processor, while 

analog control systems are implemented with analog 

electronics or, eventually, with mechanical parts. 

Besides that, digital circuits and systems are usually 

much more robust to noise and inference than the 

analog circuit. Digital control systems are easily 

realizable using logic programs and use limited 

storage space. Also, it takes considerable effort and 

cost to edit the analog control algorithms, with the 

change of components. However, digital controllers 

are easily reprogrammed at no additional cost. 

 

The development of the boost converter based on the 

mathematical model is constructed using parameters 

from Table 1. The design was tested and confirmed 

during the simulation. The simulation for boost 

converter is done by using MATLAB/Simulink. As 

depicted in Figure 8, the design is divided into 

several subsystems to simplify the process flow. The 

first subsystem will be the calculation process. The 

sub-system calculation will be received user input for 

the desired output voltage and automatically 

calculated the required duty cycle based on equation 

(3). The duty cycle will be the input for the PWM 

generator, where it will be produced a pulse signal 

and injected into the switching device, which is the 

MOSFET. From here, the boost converter will 

produce the desired output voltage. 

 

70% of the duty cycle is chosen to compare analog 

and digital controller because both systems show 

almost critically damped response. Figure 11 shows 

the digital system's pulse when 70% of the duty cycle 

is applied. The Simulink has a function where the 

time Relate Simulink sample times to the HDL 

simulation time by specifying a scale factor. A 'tick' 

is the HDL simulator time resolution. The Simulink 

sample time multiplied by the scale factor must be a 

whole number of HDL ticks. Thus, the full period in 

ModelSim was 1 us. For a 70% duty cycle, the switch 

was turned ON for 710 ns and turned OFF for 300 ns. 

Noticed that there were 10 ns different when the 

switch was turned ON. The digital system needs to 

consider the timing simulation, where the delay is 

considered in the process. A 5 ns of delay is added 

into the system, thus 10 ns for both edges at turn ON. 

 

The expected output voltage for the boost converter 

is 80 V. As shown in Figure 10, the output voltage 

for the analog controller is 77.8 V, while for the 

digital controller as shown in Figure 12, the output 

voltage is 79.74 V. The graph shows that when 70% 

of duty cycle is applied, the response for voltage 

almost reaches critically damped response. 

 

Table 2 tabulated the comparison between analog and 

digital controllers of the system. The duty cycle used 

is 70%, and from equation (3), the expected voltage 

for both systems is 80 V. For the digital system, the 

output generated was 79.74 V with only 0.325% 

error. In comparison, the analog system produced an 

output voltage of 81.7V, which has a 2.125% of 

error. For rise time, Tr, both systems had the same 

time taken at 0.0013s. However, for settling time, Ts, 

the digital system has taken half of the time used by 

analog at    0.0042s. Digital system also has lower 

overshoot than analog, which is 10.1228%.  For 

voltage ripple, the digital system also has a lower 

value at 0.1093% compared to analog at 5.822%. 

Digital system also has lower overshoot than analog, 

which is 10.1228%.  For voltage ripple, the digital 

system also has a lower value at 0.1093% compared 

to analog at 5.822%. The result shows that the digital 

controller gives a better performance of boost 

converter than the analog controller. 

 

 

Table 2 Data comparison between analog and digital system 

 Analog Digital 

Vout (expected) 80V 80V 

Vout (actual) 81.7V 79.74V 

%error (%) 2.125 0.325 

Tr(s) 0.0013 0.0013 

Ts(s) 0.0100 0.0042 

Overshoot (%) 10.2738 10.1228 

Voltage Ripple (%) 5.822 0.1093 

 

6.Conclusion and future work  
Among these two systems, digital control was 

producing good performance compared to the analog 

system. The duty cycle that produces the best 

response is 70%, resulting in a near-critical damping 

response. The result shows that with the same circuit 

configuration for boost converter, the digital system 

can produce more precise output compared to the 
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analog system with under 1% of error. The digital 

system can also reach settling time faster and has a 

lower ripple factor at a result. In the future, the digital 

controller design can be modified with better 

performance and accuracy. The design should be able 

to implement in the closed-loop system, therefore 

increasing the accuracy. 
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