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There are two most commonly used topologies in buck converter 

applications, asynchronous and synchronous buck converter. These 

two topologies have its own advantages and disadvantages from a 

performance point of view. The difference in performance, especially 

in the aspect of efficiency need to be addressed further, knowing the 

efficiency is a crucial aspect of buck converter application. In this 

study, the comparison of asynchronous and synchronous topology in 

terms of its efficiency will be analyzed using software simulation and 

hardware prototypes. Software simulation will be used to validate the 

workings of buck converter prototypes by comparing its 

characteristics against the hardware prototypes. Furthermore, the 

performance between both topologies will be analyzed under various 

operating conditions. Based on the results obtained in this study, when 

the applied duty cycle is low, for instance in 30% duty cycle and both 

converters operate at the lowest current, the asynchronous topology 

have a better efficiency of 19.15% against the synchronous topology, 

however, when both converters operate at the highest current, the 

synchronous topology shows its efficiency advantage of 6.56% against 

the asynchronous topology. On the other hand, in a higher duty cycle 

operation, for example in 80% duty cycle, both converters have an 

insignificant difference of efficiency. 
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1.  INTRODUCTION 

Electronics based technology is increasing in terms of its quantity and can be found in many aspects of 

our lives. Over the last few years, we can see the rapid development of portable electronics devices used by 

our society in terms of its performance or the number of its users. Those devices include smartphones, smart 

watches, tablets, notebooks, or even a very portable devices such as wireless earphones[1], [2]. All those 

devices require electrical power either directly or in the form of a battery. Power requirements will lead to a 

power conversion system or converter to regulate the amount of voltage applied to those devices from our 

electrical sources[3]–[5] Power conversion system is a crucial part of portable electronic device operation and 

can impact positively on device efficiency, allowing smaller form factor and longer battery life[6]–[9].  

An efficient power conversion system can be achieved using the application of switched mode DC-DC 

converter[10]–[12]. With its switching methods, the switched mode DC-DC converter can be considered as a 

Switch Mode Power Supply (SMPS), specifically a type of power supply that uses a high frequency square 

wave or a pulse width modulation signal for driving an electronic switch[13]. The use of this method can 

achieve a range of efficiencies higher than a simpler linear power supply[14]. One kind of DC-DC converter 

is a buck converter that can lower a voltage source to a desired level of regulated voltage output using the 

adjustment of Pulse Width Modulation duty cycle applied to the switching transistor[15]–[21].  

To achieve the aforementioned switching method for buck converter, there are two kinds of switches in 

the converter, a high side switch and a low side switch. Both switches conduct alternately with each other in 

its operation. For an asynchronous buck converter, to achieve alternate conduction, a MOSFET as a high side 

switch and a diode as a low side switch were used, whereas a synchronous buck converter will use a MOSFET 

for both switches[22]. One of the advantages of using MOSFET as a low side switch is its low on resistance 

and a MOSFET does not have a forward voltage drop as in a diode[23]–[25] Besides the advantages of using 

MOSFET for both switches, a more complex switching mechanism is required for the synchronous buck 

converter. The asynchronous topology only needs one PWM signal to drive the high-side MOSFET, whereas 

the synchronous topology needs two PWM signals that alternate with each other to drive both the high-side 

and low-side MOSFETs[26]. 

An efficiency comparison between the asynchronous and synchronous topologies is needed to further 

analyze each topology advantage under various operating conditions. Previous research of the two topologies 

has been conducted with various forms of analysis in different aspects. There has been research that compares 

the efficiency of asynchronous and synchronous topologies[27]–[29] and also research that analyzed the effect 

of resistive load[30], [31]. 

This study will be conducted by not only designing the software simulation model but also designing the 

hardware prototypes of asynchronous and synchronous buck converter. The converters will be experimented 

under various operating conditions by varying the duty cycle and the load resistance. In each operating 

condition, the conversion efficiency of both converters in both software simulation and hardware prototypes 

will be acquired. The efficiency of software simulation and hardware prototypes will be compared as a means 

to validate the workings of the designed buck converters. Furthermore, the main contribution of this study is 

comparative efficiency analysis between the asynchronous and synchronous topologies prototypes to analyze 

the performance of the proposed buck converters under various operating conditions. 

 

2.  BUCK CONVERTER TOPOLOGY 

Buck Converters has a lesser average voltage output than its input voltage[32]. This drop in voltage was 

the result of an inductor component in a buck converter when it was operated in two states, the off state and 

the on state[33]. These two states of the buck converter can occur because of the presence of two switches, a 

low-side switch and a high-side switch. These two switches will also differentiate between the topologies of 

buck converters that will present in this research, an asynchronous buck converter and a synchronous buck 

converter. The two topologies will use a MOSFET for the high side switch application, but for the low side 

switch, the asynchronous buck converter uses a flyback diode, whereas the synchronous buck converter uses a 

MOSFET[34]. This difference in the choice of component will results in a different switching mechanism, 

where an asynchronous buck only needs one PWM signal to drive the high-side MOSFET, while a synchronous 

buck will need two PWM signals to drive both switches.  

Besides the switching mechanism, the differences in power loss will also occurs due to the different use 

of components. Diodes generally tend to have a relatively high power loss, while MOSFETs will have a lower 

power loss compared to diodes when in conduction[35]. This power loss will impact the efficiency of the buck 

converter as a whole. Figure 1 will show a simplified version of both buck converter topologies. 
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Figure 1. Simplified Version of Buck Converter: (a) Asynchronous Buck Converter (b) Synchronous Buck 

Converter 

 

The two states of buck converter operation will define the working principle of the buck converter. Firstly, 

the on state of the buck converter will be represented in Figure 2, where the high-side switch is currently closed 

while the low side switch is open, so that there will be a current passing through the inductor, capacitor, and 

the load[36]. This condition is where the inductor will be connected to the source voltage and because of the 

voltage difference between the input and the output voltage, the current in the inductor is increasing[37]. The 

inductor current will pass through the output capacitor and the load[37]. Because of the current flow, the 

inductor will store energy in the form of magnetic field. In the asynchronous buck converter where a flyback 

diode is used as a low side switch, the diode will operate in reverse bias and will not accommodate the flow of 

current[38], [39]. 

 

 
Figure 2. Buck Converter On State 

 

When the buck converter is in the off state as in Figure 3, the high-side switch will open so that the voltage 

source is disconnected from the inductor. The low side switch is closed and will accommodate the flow of 

current from the inductor for transferring the energy stored by the inductor to the load[38]. In other words, in 

the off state, the inductor acts as a source and supply the current through the load resistor[20], [40]. The energy 

stored in the inductor and the current across it will decrease[40]. 
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Figure 3. Buck Converter Off State 

 

Based on the two state of buck converter operation, the synchronous buck converter, the two PWM signals 

that drive the MOSFET must be alternate to one another. When driving both MOSFETs alternately, because 

there is a rise and fall time of both MOSFETs, there is a possibility in which the high-side MOSFET and the 

low-side MOSFET active or conduct at the same time, or can be called as shoot-through[41], [42]. This will 

lead to the condition where current from the source voltage to flow through the ground with only a little 

resistance that exists on the two MOSFETs. Because of this condition, the rise and fall time of MOSFETs in 

use must be taken into consideration when driving both MOSFETs alternately. In this paper, a control system 

for PWM signals with built-in dead-time will be used for conquering this problem. 

 

3.  DESIGN PARAMETERS 

The operational buck converter specification in this research is as seen in Table 1. 

 

Table 1. Specification of the Buck Converter 
Parameters Value 

Source Voltage 12 V 

Maximum Current 5 A 

Minimum Current 100 mA 
Maximum Output Voltage 10.8 V 

Duty Cycle Range 10% – 90% 
Frequency 23 kHz 

Voltage Ripple 5% 

Current Ripple 20% 

 

The components of buck converters such as: inductor, capacitor, MOSFET, and driver will be referred to 

the above specification. The two topologies of buck converters will have the same specification parameters, 

which leads to an identical values of components, such as inductance and capacitance. The difference between 

the two topologies is the use of MOSFET as a low side switch on the synchronous buck converter, whereas the 

asynchronous buck converter uses a Schottky diode and because of the different switching mechanism, there 

will be a different driver that controls the PWM signal of the MOSFET gate. 

 

3.1. Input Capacitor 

The input capacitance will be calculated according to the formula shown in the Equation (1), Equation (2), 

Equation (3). 

 𝐶𝑚𝑖𝑛 >
(𝐼𝑜𝑢𝑡 + 𝐼𝑚𝑖𝑛𝑖𝑚𝑢𝑚)

8 ×  𝑓𝑠 ×  𝑉𝑖𝑛𝑝𝑢𝑡_𝑟𝑖𝑝𝑝𝑙𝑒

 (1) 

 𝐶𝑚𝑖𝑛 >
(5 + 0.1)

23 ×  10−3 ×  8 ×  0.6
 (2) 

 𝐶𝑚𝑖𝑛 > 46.1 𝜇𝐹 (3) 

The capacitance used will be set at 470 μF to further reduce ESR. 

 

3.2. Output Capacitor 

The output capacitor value will rely on the 20% current ripple value and the 5% ripple voltage value. The 

minimum output capacitor will be calculated as Equation (4), Equation (5) and Equation (6). 
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 𝐶𝑚𝑖𝑛 >
𝛥𝐼𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟

8 ×  𝑓𝑠  ×  𝛥𝑉𝑂𝑢𝑡𝑝𝑢𝑡

 (4) 

 𝐶𝑚𝑖𝑛 >
0.2 × 5

8 × 23 × 103 × 0.01 × 10.8
 (5) 

 𝐶𝑚𝑖𝑛 > 50.322 𝜇𝐹 (6) 

To further reduce ESR, the output capacitance value of both converters is set at 470 μF. 

 

3.3. Inductor 

The inductance in the two topologies of buck converters will be set in 330 μH. Based on this value, the 

asynchronous buck converter will operate in Discontinuous Conduction Mode when a low current is given to 

the converter. Whereas the synchronous buck converter will always operate with Continuous Conduction Mode 

at any current because of its low side switch MOSFET. 

 

3.4. MOSFET 

IRFB3077PBF will be used for both topologies of the converter. To drive the floating high side switch, a 

single channel IR2117 driver is used for the asynchronous buck converter and a half-bridge driver IR2184 is 

used for the synchronous buck converter. In addition, IR2184 will also regulate the switching mechanism for 

driving the two MOSFETs alternately. To integrate both MOSFET drivers (IR2184 and IR2117) into the buck 

converter topology, a bootstrap circuit will be arranged so that both drivers can deliver a higher PWM signal 

(relative to the input PWM signal) for the high side switch MOSFETS of asynchronous and synchronous 

topology. The list of components used is shown in Table 2. 

 

Table 2. List of Components 
Component Specification 

Inductor 330 uH 

Input Capacitor 470 μF 

Output Capacitor 470 μF 

MOSFET IRFB3077PBF 

Flyback Diode 1N5822 

 

4.  METHODS 

The simulation model of the converters will be arranged in LTspice to validate and evaluate the workings 

of both topologies. Afterwards, the hardware prototype is assembled according to the simulation model. 

Mainly, the simulation model consists of 5 major parts, the buck converter itself, the voltage source, bootstrap 

and switching mechanism, PWM input as the switching signal, and the load resistance. The PWM input duty 

cycle and the load resistance will be varied within the LTspice program along with the measurement of input-

output voltage and current in the varied condition. Efficiency results of both converters will also be calculated 

from the measured input-output voltage and current, also within the LTspice software. Figure 4 and Figure 5 

will show the simulation model of asynchronous buck converter and synchronous buck converter, respectively. 

 

 
Figure 4. Simulation Model of Asynchronous Buck Converter 
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Figure 5. Simulation Model of Synchronous Buck Converter 

 

 The simulation model will be implemented into hardware prototypes for both converter topologies. The 

hardware protypes were a Printed Circuit Board as shown in the Figure 6 dan Figure 7 with the exact 

components and specification than that of the simulation model with the addition of some components for 

measurement and calculation of converter efficiency in various operating conditions. Same as the simulation 

model, the collected data in each experiment is in the form of input-output voltage and current. The 

measurement of voltage and current will be performed by two INA219 sensors, in which it will be placed 

between the input and output of both converters as done in previous research[43]. INA219 sensor will be 

integrated with Arduino microcontroller for collecting the measured data. The microcontroller will also 

calculate the efficiency measured in each measurement and display it in the LCD. Such method of using 

INA219 sensor for measuring voltage and current for both input and output terminal also found in previous 

research[44], in which INA 219 was used for measuring voltage and current in a solar cell application. The 

block diagram used for measurement in this study is shown in Figure 8. 

 

 
Figure 6. Asynchronous Buck Converters PCB Prototype 

 



47 Buletin Ilmiah Sarjana Teknik Elektro  ISSN: 2685-9572 

 

 

Efficiency Comparison of Asynchronous and Synchronous Buck Converter with Variation in Duty Cycle and 

Output Current (Ralfi Wibowo Rachmad) 

 
Figure 7. Synchronous Buck Converter PCB Prototype 

 

 
Figure 8. Block Diagram for Measurement 

 

As for the data, firstly the switching mechanism of both converters will be analyzed by collecting voltage 

waveform data taken at its switch nodes using GW INSTEK GDS-2074E oscilloscope. Both converters will 

be experimented under varying current and duty cycles in each experiment. First stage of experiment aims to 

discover the effect of varying duty cycle by PWM generators in both converters, in which the converters will 

be connected to 33 Ω load resistance while the duty cycle is varied between 10 – 90% with 10% increment 

with each data retrieval. The second stage of experiment is more advanced with both converters experimented 

under varying duty cycle and the operation current. This stage of experiment will be divided under a low duty 

cycle application with 30% and 40% duty cycle applied to both converters and a high duty cycle application 

with 70% and 80% duty cycle. Thus, there will be 4 types of duty cycle variations applied to both converters 

and in each of the current variations will be varied with load resistance values between 56 Ω, 47 Ω, 33 Ω, 22 

Ω,10 Ω, 8.2 Ω, 6.8 Ω, 5.6 Ω, 4.7 Ω, 3.3 Ω, and 2.2 Ω.  

From this data, the efficiency can be acquired with firstly calculating the input and output power (𝑃𝐼𝑛𝑝𝑢𝑡 

and 𝑃𝑂𝑢𝑡𝑝𝑢𝑡) using the Equation (7) an Equation (8). 

 𝑃𝐼𝑛𝑝𝑢𝑡 = 𝑉𝐼𝑛𝑝𝑢𝑡 × 𝐼𝐼𝑛𝑝𝑢𝑡  (7) 

 𝑃𝑂𝑢𝑡𝑝𝑢𝑡 = 𝑉𝑂𝑢𝑡𝑝𝑢𝑡 × 𝐼𝑂𝑢𝑡𝑝𝑢𝑡   (8) 

After acquiring the input and output power, the efficiency will be calculated with a simple calculation as 

Equation (9). 

 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝑃𝑂𝑢𝑡𝑝𝑢𝑡

𝑃𝐼𝑛𝑝𝑢𝑡

 × 100% (9) 
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5.  RESULTS AND DISCUSSION 

5.1. Switching Mechanism 

Switching mechanism is a crucial factor in buck converter operation, either for synchronous topology or 

asynchronous topology. Figure 9 will show the voltage at the MOSFET gate of the asynchronous buck 

converter prototype during its operation. The figure was taken using GDS-2074E oscilloscope with 33 Ω 

connected to the load. 

 

 
Figure 9. Asynchronous Buck Converter MOSFET Gate Voltage vs PWM input 

 

Figure 9 shows the capability of the bootstrap circuit in the asynchronous buck converter for increasing 

the peak voltage from PWM input. The 12 V input will increase to around 24 V driving the MOSFET gate. 

The high on voltage is important in the buck converter operation because of the n-type MOSFET floating 

configuration. 

Figure 10 shows the switching mechanism of the synchronous buck converter prototype connected to a 

33 Ω load. Differ from the switching mechanism of asynchronous buck, the synchronous buck is more complex 

because of the low-side MOSFET existence. The two MOSFETs need to be conducted alternately so that there 

is a switchover from the on state to the off state as represented in Figure 10 (a). Figure 10 (b) shows the 

increased PWM input to around 22 V due to the bootstrap circuit mechanism for driving the high-side 

MOSFET.  

 

  
Figure 10. Synchronous Buck Converter Switching Mechanism: (a) High Side MOSFET Gate vs Low Side 

MOSFET Gate (b) High Side MOSFET Gate vs PWM Input 

 

5.2. Efficiency Comparison of Simulation Model and Prototypes 
The efficiency measurement for both buck converter topologies was conducted with the variation of duty 

cycle and load resistance. This research will acquire efficiency data from both simulation models and hardware 

prototypes. Efficiency results from the the simulation model can be used as a performance characteristic 

validation of the designed prototypes by analyzing the similarities and dissimilarities of characteristics between 

the simulation model and a real-life prototype. The simulations that has been conducted in LTspice software 

which does not factor in the dissipation that inevitably will happen in the wire and traces of prototypes. 

Comparison will be done for both duty cycle variation and load variation. The load variations will be divided 

into a low duty cycle application, and a high duty cycle application. 

Figure 11 shows the comparison of efficiency results for both converter topologies with varying duty 

cycles. The figure shows a similar characteristic of efficiency between the simulation model and prototype. 
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However, the simulation models in both topologies have a higher efficiency value compared to those of the 

prototypes. This happens due to the effect of dissipation that was not calculated in the simulation models.  

 

  
Figure 11. Efficiency Comparison Between Simulation and Prototype with Varying Duty Cycle:  

(a) Asynchronous Buck Converter (b) Synchronous Buck Converter 

 

 In a load variaton experiment with low duty cycle application also shows a similar characteristics in 

efficiency results for simulation model and prototype as shown in Figure 12. Higher efficiency value for 

simulation experiment is also shown in Figure 12. 

 

   

   
Figure 12. Efficiency Comparison Between Simulation and Prototype with Varying Load Resistance on a 

Low Duty Cycle Range: (a) Asynchronous Buck Converter with 30% Duty Cycle (b) Asynchronous Buck 

Converter with 40% Duty Cycle (c) Synchronous Buck Converter with 30% Duty Cycle (d) Synchronous 

Buck Converter with 40% Duty Cycle 
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 For a higher duty cycle range, similar characteristics for efficiency were also occured as shown in Figure 

13. Figure 13 also shows that in a high duty cycle range, the dissipation effect of the prototype is more 

prominent when the load resistance is small or a higher current operation, in which there is a more significant 

difference between the simulation and design simulation efficiency results. Despite the difference in overall 

efficiency value between the simulation model and prototype, the resemblance of efficiency results in terms of 

characteristics in a varying operating condition for both topologies concludes that the design prototypes 

successfully represent the conditions and characteristics of buck converters simulation model. 

 

   

   
Figure 13. Efficiency Comparison Between Simulation and Prototype with Varying Load Resistance on a 

High Duty Cycle Range: (a) Asynchronous Buck Converter with 70% Duty Cycle (b) Asynchronous Buck 

Converter with 80% Duty Cycle (c) Synchronous Buck Converter with 70% Duty Cycle (d) Synchronous 

Buck Converter with 80% Duty Cycle 

 

 The major part of this research is analyzing the difference in efficiency results between an asynchronous 

buck converter and a synchronous buck converter. In this section, the performance in terms of power 

conversion efficiency for both topologies in various operating conditions will be discussed.  

 Figure 14 shows the efficiency results of both topologies with respect to duty cycle variation, in which 

the experiment was performed by connecting a constant 10 Ω resistance to the load. From Figure 14, it can be 

found that the efficiency value tends to increase along with the duty cycle. It can be analyzed that the quiescent 

current will have a significant impact on a lower duty cycle than a higher duty cycle because of the low input 

current. Besides that, the duty cycle determines the duration of conduction in the buck converter, a lower duty 

cycle value will cause the conduction time of low side switch to become longer than the high side switch, and 

vice versa for a higher duty cycle value. This difference in conduction time will have affected when comparing 

the two topologies. With a lower duty cycle value, the use of n-type MOSFETs for low-side switch in 

asynchronous topology compared to the use of Schottky diode in synchronous topology will have a significant 

impact on efficiency, the use of MOSFETs will make the converter more efficient because of the lower voltage 

drop than the diode. 
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Figure 14. Duty Cycle Variation vs Converter Efficiency 

 

 To examine the efficiency comparison of the two topologies, further, the variation of load resistance is 

conducted, and due to the effect of duty cycle towards the conduction time, when conducting load variation 

experiment, this research will divide the fixed variable into a low duty cycle range which will be represented 

with 30% and 40% duty cycle and a high duty cycle range will be represented with 70% and 80% duty cycle. 

The load variation will represent the operating current of the buck converter. The higher load resistance values 

indicates the higher operating current and vice versa. An illustration of this result is shown in Figure 15. 

 

  
Figure 15. Load Resistance Variations on a Low Duty Cycle Range: (a) Prototype Experiment 30% Duty 

Cycle (b) Prototype Experiment 40% Duty Cycle 

 

 Generally, Figure 15 shows that both topologies have a low efficiency when the load resistance is high or 

in a low current operation. In a low current operation, the effect of quiescent current is more prominent because 

the difference between the quiescent current and input current is not significant. Besides that, the impact of 

conduction mode is also shown when the load is in the range of 22 Ω – 56 Ω. The synchronous topology that 

is conducted with CCM in that range of load resistance or low current operation will have a lower efficiency 

than that of the asynchronous topology that will conduct with DCM at low current operation. On the other 

hand, in the hardware experiment there is a slight decrease at higher current operation due to the more 

prominent dissipation. This dissipation can be seen when comparing between the two stages of experiment, 

with the simulation model showing no signs of dissipation.   

 As explained earlier, the lower duty cycle range also means that the low side switch conduction time will 

be longer than that of the high-side switch and can be seen in Figure 15, that the efficiency of synchronous 

buck converter is better at a load resistance that smaller than 22 Ω. This because the lower voltage drop of the 

n-type MSOFET on asynchronous topology compared to the voltage drop of Schottky diode on asynchronous 

topology has a significant impact on efficiency. 
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Figure 16 shows the load variations with a higher duty cycle range. In this range of duty cycles, the 

operational current for both topologies is higher than that of the lower duty cycle range because of the longer 

on-state condition for buck converters. It can be seen that both topologies have a good efficiency for all current 

operation because in this range of duty cycles, the input current of the converter is much higher compared to 

the quiescent current, so that the quiescent current impact on the efficiency is less prominent.  

 

  
Figure 16. Load Resistance Variations on a High Duty Cycle Range: (a) Prototype Experiment 70% Duty 

Cycle (b) Prototype Experiment 80% Duty Cycle 

 

Higher duty cycle range leads to a longer conduction time for the high side switch compared to the low 

side switch. As discussed earlier, the voltage drop of MOSFET in a low side switch for the synchronous buck 

converter is lower than that of the diode for the asynchronous buck converter. But because the shorter time that 

the low side switch conducts, the difference in voltage drop in the two topologies will become less prominent. 

As shown in Figure 14, the efficiency value of the synchronous topology is still higher than the asynchronous 

topology when the load resistance is below 22 Ω, but the differences becomes less significant. 

The results of this research resembles the previous research regarding the efficiency of the synchronous 

and nonsynchronous buck converters for Texas Instruments converters[45]. The research shows a better 

efficiency of a nonsynchronous buck converter against the synchronous buck converter in lighter loads. In a 

higher load, the research also shows the efficiency advantage of synchronous buck converter against the 

nonsynchronous buck. In addition, the research also shows when the conduction time of diode is less often or 

can be said in a higher duty cycle range, the efficiencies of buck converters in full load were nearly the same. 

 

6.  CONCLUSIONS 

The result of the experiment shows a similar characteristic of efficiency graph between the simulation 

model and the hardware prototypes. Nevertheless, the overall efficiency value for the simulation model is 

higher because the simulation does not factor in the dissipation caused by traces and wires which exists in the 

hardware prototypes. Furthermore, results of the proposed converter prototype showed that due to the 

asynchronous buck converter characteristics to operate in Discontinuous Conduction Mode, in a low current 

operation with the load resistance varied between 56 Ω, 47 Ω, 33 Ω, 22 Ω, it will show a higher efficiency than 

the synchronous buck converter in which the asynchronous buck reach overall efficiency of 83.71% against 

the asynchronous buck converter with overall efficiency of  78.92% for all variations of duty cycle value. 

Whereas in a higher current operation with the load resistance varied between 10 Ω, 8.2 Ω, 6.8 Ω, 5.6 Ω, 4.7 

Ω, 3.3 Ω, and 2.2 Ω, the use of low-side switch MOSFET favors the synchronous buck converter resulting 

higher conversion efficiency with 87.47% efficiency against that of the asynchronous buck with 84.85% 

efficiency. Furthermore, in higher current operation, the synchronous buck efficiency advantage over 

asynchronous buck is more prominent in a low duty cycle range with 85.46% against that of the asynchronous 

buck with 81.32% because a longer conduction time for the low side switch, while in a higher duty cycle range, 

the synchronous buck converter still shows efficiency advantages but the efficiency difference is less 

significant with 89.48% for synchronous topology and 88.37% for asynchronous topology. Future research on 

asynchronous and synchronous buck converter should further investigate the efficiency comparison of both 

converters in real-life application, especially when the converters connected to a battery because of how crucial 

conversion efficiency in most of electronics devices.  
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