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Abstract. The research investigates the power losses and conversion efficiency in a DC-DC buck
converter using three different types of MOSFETs: Silicon Carbide (SiC) MOSFET, Gallium Ni-
tride (GaN) MOSFET, and Silicon CoolMOS. The analysis focuses on power losses (switching and
conduction losses) and overall converter efficiency under varying load conditions. The first results
are the total power losses of different MOSFETSs with different current loads. The results show that
a greater current load will produce greater power losses. The largest power losses occur in Cool-
MOS SPP11N60C3 at about 30.67 W, SiC MOSFET (C3M0075120D) at about 17.1 W, and Gal-
lium Nitride (GaN GS66508B) at about 6.85 W in the current load 10 A. The second result is the
total output power and efficiency of the buck converter which uses three different types of
MOSFETs as switches with different loads (202, 15Q, 10Q) respectively. So, of these three types
of MOSFETs, the GaN MOS GS66508B has the smallest power losses and produces high output
power, as well as keeping the efficiency above 99%.
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1 Introduction

With the advances in power electronic technology, there is a growing need for high-power electronic
devices that provide enhanced power density and efficiency. The push for high power density and effi-
ciency in power electronic devices is driven by the need to improve battery life, reduce power consump-
tion, and minimize heat generation[1], [2]. Power MOSFETSs are widely used in power converters for
both DC-DC and AC-DC conversion applications. The efficiency of these converters is essential and
largely determined by the characteristics of the power MOSFETs, such as the drain-source voltage
(Vps), drain-source current (ips), on-state resistance (Rpscon)), and switching frequency. The effi-
ciency of DC-DC and AC-DC converters heavily depends on the performance characteristics of the
power MOSFETSs, which directly influence the ability of these converters to supply accurate and effi-
cient power to electronic devices, particularly when voltage levels must be adjusted in dynamic envi-
ronments[3], [4]

The growing need for high-efficiency power converters and the development of new materials and
components drive ongoing research in this area. Higher efficiency is particularly important in reducing
power losses and improving the overall performance of electronic systems[5]. Fast switching in
MOSFETs is crucial for improving efficiency, reducing component size, and increasing power density
in power electronics. The use of Wide Band-Gap (WBG) materials like SiC and GaN further enhances
these advantages and making MOSFETs even more effective in demanding applications, providing a
significant edge over traditional transistor technologies. However, selecting the optimal switching fre-
quency is a delicate balance between minimizing power losses and reducing the size of passive compo-
nents, requiring careful design based on the specific needs of the application [6], [7].

The crucial aspect of power electronics is obtaining the desired output voltage, particularly in DC-
DC converters. With the intention that no power losses occur in the circuit and obtain high efficiency.
These power losses occur primarily at the switch. It was necessary to choose a switch with fast switching
and low power losses to minimize power losses due to imperfections in electronic circuit[8], [9]. DC-
DC converters play a crucial role in electronic systems where different components or devices require
different voltage levels for optimal operation[10], [11].

The main goal of the research is to design a buck converter that is highly efficient and has minimum
power losses in the switching. The buck converter plays a crucial role in energy conversion as it regu-
lates the output voltage to match the load requirements. The main power losses primarily stem from the
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conduction and switching losses of the power MOSFETs. Hence, to minimize total power loss and
enhance power efficiency, it's essential to optimize the sizing of the power MOSFETS to mitigate both
conduction and switching losses [12], [13], [14].. The three MOSFET candidates (SiC, GaN, and Cool-
MOS) have been selected for their fast switching and low switching losses, making them ideal for
achieving minimal power loss and maximizing the efficiency of the converter. The process of designing
converter components can be supported by simulation using LTspice[15], [16].

2 Circuit Design and Power Loss Calculation

2.1 The Design of DC-DC Buck Converter

The primary objective of a buck converter circuit is to generate a lower output voltage than the input
voltage while minimizing any power losses [17]. By carefully designing and calculating the right com-
ponents for the circuit, because this aims to reduce power loss and achieve high efficiency. In this study,
a buck converter is desiLgned using a MOSFET as switch.
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Fig. 1. The DC-DC buck converter circuit

The DC-DC buck converter circuit in Fig. 1. includes essential components like a MOSFET, inductor,
capacitor, and diode. The MOSFET operates as the primary switching device, and it is identified as the
main source of power loss within the circuit due to switching losses and conduction losses. This research
aims to improve the overall efficiency of the buck converter by analyzing and optimizing these
MOSFET related losses. The output voltage is controlled by adjusting the duty cycle of the switching
transistor and selecting an appropriate inductor value. These two factors work together to produce a
stable, regulated output voltage that is lower than the input. To design a DC-DC buck converter, several
key parameters are necessary, including converter specifications. Table 1. shows the specifications of
DC-DC buck converter.

Table 1. The specifications of DC-DC buck converter

Voltage source (V5) = 200V

Output voltage (V) = 100 V

Resistor (R) = 100,150, 20Q
Frequency (f) = 50 kHz

Output Voltage Ripple (Avﬁ) =<0.5%
[

The table above mentions that there are three load resistors used in the test (100, 150, 20Q) into the
DC-DC buck converter with the three different MOSFETs. From the use of three different load resistors
and MOSFETS in this circuit, then the amount of the total power losses produced will be analyzed.
1. Determine the duty cycle (D)
1

T 1 DT
V, =3[, V,(0)de =2 [7TVde = V;D

D=2 1)

Vs

2. Determine the inductor value
Before determining the inductor value, the minimum inductor value must be calculated. To
make sure that it’s can work in continuous current mode. the minimum inductor value can be
calculated.
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(1-D)R
Linin = 25 (@)

Actually, the inductance value must be greater than L,,;,. Increase the inductor size by 25%
compared to the minimum required value to guarantee continuous inductor current. So, the in-
ductor value can be determined as follow.

L =125 Ly, 3)

This is the minimum inductor value, due to ensure the safety of the component, a large inductor
must be selected. So, with these considerations, an inductor value of 2 mH was taken. The
average and the rate of change of inductor current will different value according to the load
resistors used. Here are used loads (10 €, 15 Q, 20 Q) respectively.

i, =ig=7 4)
ai, = (%22) pr )

From the i, and Ai;, the maximum and minimum inductor currents can be calculated for the
load resistors (10€, 150, 20Q) respectively.

. Al
e = iy + 2 ©)

Iin =1, — - @

3. Determine the capacitor value
Determining the capacitor value must be done, so that voltage ripple can be minimized. This

capacitor functions as a filter in the DC-DC buck converter. The following is a calculation to

obtain the capacitor value, with an estimated voltage ripple (%) of 0.5%.
o

1-D
C=—""_ 8
8(AVo/Vo)f? ®)
4. Selection of Diode and MOSFETs
Choosing a MOSFET based on predetermined specifications is something that must be done in
order to minimize power losses.

Vswiten = Vaiode = Vs ©)

IL—max (10)

Table 2. shows the specifications of three different types of MOSFETs and table 3. shows the specifi-
cation of Diode.

Io—max

Table 2. The specifications of three different types of MOSFETs

Type of MOSFET Vps Vgs RDS(On) ips
SiC MOSFET (C3M0075120D) 1200 V -8 to +20 75 mQ 30A
Gallium Nitride (GaN GS66508B) 650 V -10 to +7 50 mQ 30A
CooIMOS SPP11N60C3 650 V +20 380 mQ 11A

Table 3. The specification of diode
Type of Diode Vg Ip Ve
RF200INS2D 200V 204 093V
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2.2 Calculate the Power Losses of MOSFET

It is known that the main power losses occur in the switching MOSFET (ON/OFF state)[18], [19].
Therefore, three MOSFETs are used which have different specifications with different current loads.
Fig. 2. shows the design circuit of Double Pulse Test (DPT).

The DPT design circuit employs three distinct MOSFETSs with varying current loads, enabling the
calculation of total power losses incurred by the MOSFETS, including both switching and conduction

losses.
Lioop
MijK Load

vDC

~

Fig. 2. The design circuit of Double Pulse Test.

2.2.1 The Switching loss

Switching loss in MOSFETS refer to the energy dissipated as heat during the transition between the on
and off-state of the transistor[20], [21], [22]. Turn-on loss (switching on) occurs when the MOSFET
transitions from the off-state to the on-state. While turn-off loss occurs when the MOSFET transitions
from the on-state to the off-state. Fig. 3. shows the estimating turn-on transient voltages Vg, Vps, and
current ipg of the MOSFET.

Vplateau . Vplateau
Vra |-, i
—— Toxn —— L R e — Tors
UV,,S P [P T(ns) vos [ te t; itg t(ns)
o :

ToRps(on)

[ 1
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I, ‘ ;

ty b ia 1‘4 t(ns) ts te 1‘7 !‘B t(ns)
(@) (b)
Fig. 3. The transient behavior of vgg, Vs, and current ips during MOSFET (a) Turn-on (b) Turn-off.

The associated instantaneous power curve will exhibit a triangular shape, as depicted in Fig. 4.
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Fig. 4. The instantaneous (a) Turn-on switching power loss (Psy ony) (b) Turn-off switching power
loss (PSW(OFF))'

The total switching loss in a MOSFET comprises the sum of the turn-on and turn-off losses. Switch-
ing loss Pgy, can be calculated using the following formula.

1 . 1 s
7 tsw(on)X VDsX ips 42 tsw(off)X YDsX iDs
T T

1 .
Psw =5 vps X ips X (tswion) + Lswor)) X f (11)

Poy =

2.2.2 The Conduction loss

The conduction loss is a term given to the power loss or power dissipation that is due to the drain-current
and the on-state resistance (Rps_oy) While the MOSFET is in on-state. Therefore, conduction loss can
be roughly approximated by the product of Rps_oy, duty cycle (D) and the average MOSFET current
(I35(ony) When the switch on-period.

Peon = ilz)S(ON) X Rps—on XD (12)

Note that I,%S(ON) is the ouput current, Rps_oy is the on-resistance of MOSFET and D is the duty
cycle. So, the total power losses in DC-DC Buck converter are,

Pioss = Psw + Peon (13)

2.3 Calculate the Output Power of DC-DC Buck Converter

After obtaining and knowing the total power losses on the MOSFET (switching and conduction loss),
then these three MOSFETs are used or applied to the buck converter circuit to analyze output power
and efficiency. These three types of MOSFETs are used as switches in the buck converter, then analyzed
and calculated the total power produced in this circuit. Fig. 5. shows the design circuit of DC-DC buck
converter on LTspice using three different of MOSFETs and three different loads (2042, 1542, 1002)
respectively.
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Fig. 5. The design circuit of buck converter using three different MOSFETs as a switch.
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From the circuit design of buck converter, the output power and efficiency are calculated and analyzed.
Based on the three MOSFETs and three different loads, it produces different output power and effi-
ciency.

P, =V, x1, (14)

Il
)

ideal
= P, + Pjysses NON-ideal

So, the total efficiency of the buck converter can be calculated using the following equation,

n=—20_x100% (15)

Po+Pioss

3 Results and Discussion

The power losses simulation results of three different MOSFETs and three different loads
(20Q,15Q,10Q2) have been applied to DC-DC buck converter systems. The total power losses (switching
and conduction) in these three MOSFETS and three different loads have been simulated and calculated
using LTspice. These MOSFETs are used as switching in the DC-DC buck converter circuit. From the
circuit design of buck converter, the output power and efficiency are calculated and analyzed. Based on
the three MOSFETs and three different loads, it produces different output power and efficiency.

3.1 The Simulation Results of Power Losses in the MOSFETs

&
3
) wazms

Fan

Conductionloss 4 ow { } e Turm—0FF,,

20y 20.40y 2
" Time () " 0 Time (s)

(a) (b)
Fig. 6. The simulation result of CooIMOS SPP11N60C3 with current load 5 A. (a) Turn-on
(b) Turn-off

20,400

All simulation results are done with three different MOSFETs and different loads. Table 4. shows all
the power losses calculation and simulation result from comparing the three MOSFETs with different
loads.

Table 4. The comparison power losses result of three MOSFETs with different current loads.

No  Type of MOSFET Current loads P, (W) P.on (W) Piorar (W)
1 Si CoolMOS 5A 3.95 4.1 8.05
SPA11N60C3 6.67 A 6.87 8.05 14.92
10 A 1231 18.36 30.67
2 SiC MOSFET 5A 3.9 0.8 4.7
C3M0075120D 6.67 A 7.05 1.6 8.65
10 A 13.4 3.7 17.1
3 GaN MOS 5A 1.6 0.6 2.2
GS66508B 6.67 A 2.8 1.1 3.9

10 A 4.4 2.45 6.85
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3.2  The Simulation Results of DC-DC Buck Converter

In this simulation results using three different types of MOSFETs as a switch and three different loads (2092,
15Q, 10Q), produces different output power and efficiency due to power losses caused by the MOSFET.

V(VGSN0O2

L Vgs

Gate-Source

Output

Inductor
£

500W

Output
Power (W) Cumrent (A) Current (A) Voltage (V) Voltage (V)
P~
)

Output

ms 4989ms  4990ms  4991ms  4992ms  49.93ms  49.94ms  4995ms  4996ms  4997ms  4998ms  49.99ms

Time (s)

Fig. 7. The simulation result of CooIMOS SPP11N60C3 as switch on DC-DC buck converter with the
load 20Q2.

From all the simulation results of the three different MOSFETSs with different loads used, the average
output power and efficiency are different.

Table 5. The comparison results of the three MOSFETSs applied on DC-DC buck converter with

No Type of MOSFET Loads v, (V) I, (A) P,(W) n Efficiency (%)
1 Si CoolMOS 20Q 98.871 4.894 483.87 98.36
SPA11N60C3 15Q 98.563 6.571 647.65 97.74
10Q 97.933 9.792 959 96.9
2 SiC MOSFET 20Q 99.11 4.975 49291 99.05
C3M0075120D 15Q 98.798 6.586 650.67 98.68
10Q 98.165 9.816 963.55 98.25
3 GaN MOS 20Q 99.891 4.976 497.06 99.55
GS66508B 15Q 99.693 6.64 662 99.41
10Q 99.394 9.938 987.81 99.31

4 Conclusion

This research offers a valuable comparison of MOSFETs for DC-DC buck converters, emphasizing the
superior performance of GaN MOSFETs in reducing power losses and achieving high efficiency. It is
clear that GaN MOSFET (GS66508B) offers the best performance in terms of low power losses and
high efficiency for the DC-DC buck converter, consistently achieving efficiency levels above 99%.
While all three MOSFETSs show that power losses increase with higher current loads, the GaN MOSFET
exhibits the lowest losses across all conditions. Additionally, the design and operation of the converter
should carefully consider both switching frequency and conduction losses to optimize overall perfor-
mance.
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