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Article history: This paper presents the design of a buck converter circuit with different input

switching frequency by using Matlab Simulink software. This study focuses on
defining the suitable value of the inductor and capacitor to be used in the buck
converter with 100VDC supply input, where the input switching frequency is
use S5kHz and 25kHz. This is because the input switching frequency of a buck
converter affects many aspects of circuit functionality. This design of the circuit
used 20% of the duty cycle, and inductor value is 25% of Lmin to ensure the
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operation is in continuous current mode. The evaluation of inductor current

Keyword: and switching frequency used in the circuit and parameters for this analysis
Buck Converter based on the output voltage, inductor voltage and inductor current waveform.
Switching Frequency The design of the circuit verified by simulation and results compared with the
Inductor Current theoretical. In addition, the appropriate input switching frequency between
MATLAB Simulink 5kHz and 25kHz has been determined in order to use in the buck converter

circuit for 100Q resistive load.
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Introduction

The DC to DC converter is a static device that used to obtain a variable DC output voltage from a constant
DC power supply (Hannon et al., 2007). It can be classified into two types is a buck converter and a boost
converter. The DC converter widely used in many applications like for photovoltaic, battery supply in a
laptop, computer, motor drives, trolling car, and communications (Lopa et al., 2016). A buck converter is the
most popular application in the industry to convert a higher input DC voltage into a lower DC output voltage
(Espacios et al., 2019). The average output voltage is changed by changing the during time switched on which
output voltage is connected to the input. This conversion process can be achieved with a combination of an
inductor, capacitor, semiconductor switching devices in a high-frequency switching mode (Xiao et al., 2017).

This paper is study focuses on the design of a buck converter with a different input switching frequency by
using fixed a resistive load. Most of buck converter circuit is designing with continuous current mode
operation. Due to choice, the best switching frequency can depend on the value of the inductor and capacitor.
The switching frequency of a DC converter affects many aspects of circuit functionality The trade-off for
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higher switching frequency, audio noise is more comfortable to control and should be adjusted according to
the requirement of the system (Robert, 2018).

In design the buck converter circuit, several parameters can be followed, such as switching frequency, duty
cycle, inductance and capacitor values, output voltage ripple, inductor current and output voltage. The
purpose of this study is to verify by simulation and the results are compared with the theoretical of output
voltage, inductor current and an inductor voltage waveform of the circuit. It can determine the suitable
switching frequency for the buck converter circuit.

Operation of Buck Converter Circuit

In design and build the buck converter circuit, the analysis is beginning by making this assumption the circuit
is operating in the steady-state, the inductor current is continuous current mode operation and the output
voltage is kept constant at voltage Vo (Rashid,2017).

Buck converter circuit is known as a step-down converter because the output voltage is less than the input
voltage. The circuit diagram of a buck converter shown in Figure 1.
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Figure 1 <Buck Converter Circuit>

The operation of buck converter can divide into two modes, mode 1 when switch closed and mode 2 when
switch opened. A BJT, MOSFET or IGBT can implement the switch. When the switch is closed, the current
will flow from the DC supply, Vs through inductor and resistor load, as shown in Figure 2(a). The current
through the inductor increase and the energy stored in the inductor increase until the switch is turned off
(Gupta et al., 2014). At this time, the diode is reversed bias and blocking the path for current, so it produces Vi
=VS-Vo.
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Figure 2 <(a) When the Switch is Closed, (b) When the Switch is Opened>

When the switch is opened, the diode becomes forward biased and the inductor act as a source to
maintains the current flows to a resistor load, as shown in Figure 2 (b). The purpose of the diode is to provide
a path for the load current when the switch is opened. The current will flow from the inductor, resistor load
and diode so it produces Vi, = — Vo. The energy stored in the inductor decreases and its current falls until
switched on again in the next cycle (Gupta et al., 2014).

The voltage output Vo is, Vo = Vs D --- Equation 1

In the steady-state operation, the average capacitor current must be zero, so the average inductor current is
the same as the average current in the load resistor,

Vo
"R --- Equation 2

I, =lo

The inductor current can be discontinuous or continuous mode depending on the values of the inductor,
capacitor and switching frequency (Izwan, 2013). If the continuous current mode operation, the inductor
current is considered to differ between minimum inductor current, I;, and maximum inductor current, ...
and that the inductor current increases and decreases linearly (Rashid,2017). The inductor voltage, inductor
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current and output voltage waveforms as shown in Figure 3. The minimum and maximum values of the
inductor current are computed as

Loin = Vu:J[i — QJ and L — Vo[i + QJ --- Equation 3
R 2If R 2Lf
By using Eqgs 6, peak to peak inductor current ripple is, AiL = I, — Lnin - If the desired switching
frequency is established, the minimum inductance, L., is required for the continuous current mode. In
practice, a value of inductance higher than L., is desirable to ensure continuous current. Some designers select
the value of the inductor is 25 percent to 40 percent larger than L,,;, (Rashid,2017).

L min= (1;?)R for continuous current, I mjn =0 --- Equation 4

From the analysis for output voltage ripple, the capacitor is considered very large to ensure the output
voltage is constant (Rashid,2017). In design, an equation to express required capacitance in terms of specified
voltage ripple is

1-D
~BL@AVoIVO) % -~ Equation 5
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Figure 3 <Buck Converter Waveform (a) Inductor Voltage (VL), (b) Inductor Current (IL) and (c) Output
Voltage (Vo)>

Design Buck Converter Circuit

A buck converter can be designed and a good design makes high performances of the circuit. In the first stage
of design, we present the operation of the buck converter circuit. Then we calculate the values of the inductor
and capacitor based on the different switching frequency 5kHz and 25kHz. In the third stage, from the value of
an inductor, capacitor, a resistor obtained from the analysis, the buck converter circuit is designing using
MATLAB Simulink software. Finally, in the fourth stage, the results and discussion of the differences between
simulations and theories are presented.

For the starting the study, the buck converter circuit is designed with switching frequency 5kHz, the input
voltage is 100V, the duty cycle is 20% operation, and with a fixed 100Q resistive load. The minimum inductor
size is determined to obtain the value of the inductor because the value of the inductor should be more
significant than L, to ensure the operation of the circuit is the continuous current mode (Rashid, 2017). The
minimum inductor size is determined by using Equation 4.

] @1-D)R (1-0.2)100
Lmin = = =8mH
2f 2(5000)
The design used a value of inductance is 25 % larger than L ;.

L=(%x Lmin) + Lmin = (0.25x8mH) + 8mH =10mH
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To provide a peak to peak inductor current in continuous mode using Equation 2,
Vo 20
I =lg=—=—-=0.2A
L=0" R T100 ==
The maximum and minimum values of the inductor current are determined by using Equation 3:
1 1-0.2 1 1-0.2
| =20 —+—F———— Imin =20\ —————
max [100 2 x10m x5ooo} . min (100 2 x10m xsoooj
= 20(0.01+0.008) = 0.36A = 20(0.01-0.008) = 0.04A

In design, it is used the output voltage ripple must not exceed 1 percent. Since the output voltage ripple is

small, a constant output voltage was reasonable. The value of the capacitor is selected by using Equation 5;
C= 1-0.2 5 = 40uF
8 x10mH x (1/100) x (5000)¢ ——

Then, buck converter circuit is designed with switching frequency 25kHz with the same voltage output is
100V, the duty cycle is 20% operation, the output voltage is 20V, the inductor current is 0.2A and 100Q
resistive load. The minimum inductor size is determined,

_ (1-D)R _ (1-0.2)100

Lmin = =1.6mH
min 2f 2(25000)

The design used a value of inductance is 25 % larger than L ;.

Lz(%x Lmin) + Lmin =(0.25x1.6mH)+1.6mH=2mH

Maximum and minimum values and peak to peak of inductor current with switching frequency 25kHz is
equal to 5kHz because the change of switching frequency value does not affect in inductor current, I;and
output current, lIo. Last, in design the circuit it is used the output voltage ripple must not exceed 1 percent to
find the value of a capacitor by using Equation 5.

co 1-0.2

- 5 = 84F
8 x 2mH x (1/100) X (25000)° =——

Result and Discussion

In the first step, the buck converter was designed with switching frequency 5kH, resistive load is 100Q and
IGBT as a switching device by using MATLAB Simulink as in Figure 4. From the calculation, the value of
inductor is 10mH and a capacitor is 80uF.

Continuous

powergui

-
— Inducto\;L\foltage
Generstor i J_ ’_l "
g -
E| o I of+ !
CTZ_HE' ST g
Inductor Current
|GETDinde 10mH - nou DIrL ren
A
100VDC = L=
Diode d00F 100chm
Cutput Voltage

Vo Scoped

Figure 4 <Buck Converter Circuit with 5KHz Switching Frequency>
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Figure #5 Buck converter waveform for Inductor voltage (VL),
Inductor current (IL) and Output Voltage (Vo)

Table 1 <Comparison the Parameter between Calculation and Simulation>

Parameter Calculation Simulation Relative Error Accuracy
VLon 80V 79.75V 0.0031 0.9969
VLogr 20V -23.589V 0.179 0.821
IL 0.2A 0.14A 0.3 0.7
AIL 0.32A 0.327A 0.022 0.978
Toax 0.36A 0.316A 0.122 0.878

) 0.04A -0.01A 1.25 0.25
Vo 20V 21.647V 0.082 0.918
AVo/Vo 1% 15.01% 14.01 13.01

Based on Table 1, the accuracy for all result is nearest to 1 expect the reading for IL. and AVo/Vo. This
happens because the switching frequency is below 20KHz. When the switching frequency below 20Khz, the
audio noise was appearing (Rashid,2017). By referring to output voltage ripple from the simulation result, the
low-frequency oscillation is natural to occur when the switching frequency is low. This was happening because
the switching frequency is affected by low-frequency oscillation (Wang et al., 2011). The buck converter
waveform for inductor voltage, inductor current, and output voltage, as shown in Figure 5.

In the second step, the buck converter was designed with switching frequency 25kH, resistive load is 100Q
and IGBT as a switching device by using MATLAB Simulink. From the calculation, the value of inductor is
2mH and a capacitor is 8uF.

Il
| — —
L | | VL
o _
Ity Ll
| . “ IL
\\\ [ PN S AN
-. / . ™ .
N S / SN, ™ AN _
1 ™ \ \\\ ™ AN ;' \\\ f
“ J N
Ot
| o | p
n. - A 4 / A
\ P 7 \ \ e p
AN / / \ y Vo\ _
/ \ / \ \ / \ \
s ', Y N, N\ / .
/ 5 X / N \ - A
AN \ N\ \ / N\ / N\
V-, — — RN AN— —

Figure #7 Buck converter waveform for Inductor voltage (VL), Inductor current (IL) and Output Voltage
(Vo)
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Table 2 <Comparison the Parameter between Calculation and Simulation>

Based on Table 2, the accuracy for all result is nearest to 1 means simulation result is the same with the

Parameter Calculation Simulation Relative Error Accuracy
VLon 80V 80.132V 0.0017 0.9983
VLogr 20V -20.089V 0.00445 0.99555
L 0.2A 0.221A 0.105 0.895
AIL 0.32A 0.32A 0 1

Loax 0.36A 0.356A 0.011 0.999
Luin 0.04A 0.039A 0.025 0.975
Vo 20V 19.893V 0.00535 0.99465
AVo/Vo 1% 0.8% 0.2 0.8

calculation. This happens because the switching frequency is used 25kHz. Besides, the buck converter
waveform for inductor voltage, inductor current and output voltage, as shown in Figure 5 same with the buck
converter waveform as a theory in Figure 3.

Conclusion

Based on the buck converter circuit design, the influence of switching frequency on the output voltage ripple is
analyzed in this paper. The simulation results described that the switching frequency could be effected to the
output voltage ripple in the buck converter circuit, in which the 5kHz switching frequency is not suitable to use
for the buck converter circuit by using IGBT as a switch. If using higher frequencies, the voltage output ripple
is lower (Robert,2018). The most suitable value for this design circuit is used the switching frequency more
than 20kHz to avoid the noise occur during the switching process (Rashid, 2017). Besides that, the higher
switching frequencies can have affected the value of the inductor and capacitor (Xie et al., 2019). The lower
value of the inductor makes the better continuous current mode operation, and the lower value of the capacitor
can reduce the ripple at the output voltage. Finally, the switching frequency above 20kHz suitable to use in
design the buck converter circuit for 100Q resistive load.
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