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Abstract- In this paper, design techniques and 
simulation of the series loaded resonant converter 
operating above resonance are presented. The 
half-bridge series loaded resonant topology is 
considered in this paper. This converter had been 
designed based on 100 kHz switching frequency 
with variation of input voltage of 50K ± 20%. 

Vo 
From the voltage conversion ratio, — curve, the 
desired natural frequency, a>0 can be determined 
by approximate the value of o>„ which is 1.1. The 
value of resonant frequency /„ can be determined. 
The result shows that the tank circuit (L and Q is 
maintained in the continuous conduction mode 
which gives sinusoidal waveform. Detailed circuit 
simulation is carried out using PSIM simulation 
package to verify the circuit operation. 

I. INTRODUCTION 

Resonant conversion techniques may be 
employed to achieve either DC to DC conversion for 
power supply applications or DC to high frequency 
AC power conversion, most commonly for induction 
heating [1]. Resonant converters (RCs) feature zero-
voltage switching (ZVS), high frequency operation, 
high efficiency, small size, and lower 
electromagnetic interference [2]. 

Therefore, many new soft switching techniques 
such as zero voltage switching (ZVS) have been 
developed to reduce the component stresses of 
voltage and current and switching losses in the 
traditional Pulse-Width- Modulation converters.[3-7] 

Among them, the partial series resonant DC/DC 
converters with low cost and suitable application in 
the kilowatt range have been studied by many 
researchers and designers [8-10]. 

A resonant converter is a power supply topology 
that enables improved efficiency by introducing 
sinusoidal switching waveforms instead of the more 
commonly used square waveforms [11]. This causes 
the provision of Zero Voltage Switching (ZVS) 
modes. With this mode, the switch in the converter is 

turned on or off when the voltage across it is zero, 
thus the switching losses are minimized [12]. 

The central part of a converter is an L-C circuit, 
known as a tank circuit, which is maintained in 
continuous oscillation close to its natural frequency 
by the switching action of semiconductor devices; 
half and full-bridge configurations being most 
common. A DC output may be obtained by rectifying 
and smoothing either the resonant voltage or current. 
In this paper, the half bridge configuration had been 
used in the design and simulation [1]. 
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Fig 1. Half-bridge, series loaded resonant converter 

The sine-wave approximation is based on the 
fact that the resonant tank current is approximately a 
sine wave for operation around the tank natural 
resonant frequency [13]. 

To produce the sinusoidal waveforms, the 
resonant converter utilizes an LC resonant tank 
circuit [14]. The proposed circuit can be operated 
above or below the resonant frequency of the 
resonant circuit. In order to avoid harmonics from 
occurs at the current of tank element the proposed 
circuit had been chosen to operate just above the 
resonant frequency [15]. 

In figure 2 waveforms are shown for a resonant 
converter operating above resonance. The fact that, 
the circuit is operating above resonance can be 
deduced from the fact that the current delivered to the 
resonant circuit (current in L) is lagging the voltage 
applied to the resonant circuit [3]. 
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Fig 2. Ideal resonant converter waveforms. 

II. THEORITICAL BACKGROUND OF 
SERIES LOADED RESONANT 

CONVERTER (SLR) 

To examine the device currents and switching 
conditions in a resonant converter, the simplified 
circuit of figure is considered. A half-bridge network 
is shown driving a series L-C-R circuit. The 
transistors are operated at frequencies which close to 
the natural frequency of the L-C network. The 
resultant half-bridge output voltage, Vxy, is a square 

The current in the L-C-R network is calculated 
by considering the square wave voltage impressed 
across the network as a Fourier series. The current 
flow due to each voltage component is obtained using 
the circuit impedance at the appropriate frequency, 
and the total current may be determined by 
superposition. 

ZLCR =L + C + R 

= R+j\a>L+±] 

Where 
Quality factor, Q Resonant factor, co0 

n = — 
v R 

(on = VLC 

(1) 

(2) 

(3) 

In this converter the resonant current rather than 
the voltage, is rectified and smoothed to form the DC 
output and it is assumed that the MOSFET body 
diodes form the half-bridge anti-parallel diodes. 
Since the rectifier current is rectified, the output filter 
only consists of a shunt-connected capacitor [1,3]. 

A fundamental frequency equivalent circuit may 
be used to analyze the steady-state operating 
conditions of this converter. The converter voltage 
conversion ratio may then be determined: 

—I 
h=H 2a 

(4) 

wave switching between , Via. 
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Q is again defined such that a low Q corresponds 
to heavy damping of the resonant tank. However, 
since the load is effectively in series with tank, a high 
value of load resistance corresponds to a heavy 
damping condition. 

The voltage conversion ratio of the converter has 
been plotted against COS/OJO that includes the 
magnitude of equation (4) with Q as parameter. The 
voltage conversion ratio is highly load dependent, but 
always less than 0.5. 

Fig. 3. Half-bridge and series L-C-R network. 
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Fig. 4. Voltage conversion ratio for series-loaded 
resonant converter with Q = 1,2,3,4,5. 

Small frequency variation in region of resonance 
may be used to control the converter; however, for 
low loads that are small values of Q, the conversion 
characteristics become insensitive to frequency 
changes. This suggests that the converter is unable to 
operate down to operate down to zero loads [1]. 

III. METHODOLOGY 

A. First SLR Design 

Figure 5 illustrates the design of SLR converter 
presented in this paper. The main parameter such as 
resonant frequency, component of tank circuit and 
switching frequency of 100kHz were each considered 
in the design. In the design, output power 
(24<Po<240W), output current (2 <10< 20A) and 
output voltage (12V) ratings were chosen to be low 
enough, such that no transformer would be needed 
for the converter. 

The switching devices, which are MOSFETs Ql 
and Q2, had been chosen based on their fast 
switching capability such that they can be switched 
up to 11 MHz. The design was based on the quality 
factor, Q of 5 and 50 V ±20% of input voltage which 
gives 40V and 60V respectively. The output voltage 
was to be design as 12V. The voltage gain, M can be 
calculated by using equation (5). The maximum and 
minimum voltage gain can be determined. 

w 'O 

~ \vin\ 

121 Mmax ~ hd = °-3, 401 

121 
Mmin = E l = 0.2 

IDUI 

(5) 

(6) 

(7) 

From the voltage conversion ratio curve obtained 
using MATLAB software, the point of Mmax = 
0.3 was at a>„ = 1.114 and Mm(n = 0.2 was at 
0)n =1.203 can be observed. 
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Fig. 6. Voltage conversion ratio curve at Q = 5. 

In the first design, output current, /„ = 2A and Q 
= 5 had been used. The load resistor , Rt is 6ii. By 
using 100 kHz as the switching frequency, fs, 
resonant frequency, f0 can be calculated. 

co„ = 6 > 0 

Fig. 5. Design circuit of SLR a)0 = 2nf0 

(8) 

(9) 
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From equation (6) and (7), the calculated value 
of 0)o is 564020.1975 and f0 is 89766.6Hz. This 
value was found at Mmax = 0.3 was and con = 
1.114. To find the value of tank circuit component, L 
and C, the natural frequency of tank circuit, co0 at 
Mmin m u s t be same as a>0 at Mmax which is 
564020.1975. 

Since the value of 0)o had been retained, new 
switching frequency must be obtained. At Mmin = 0.2 
and <on =1.203, new <os is 107989 Hz. Then, the 
value of L and C can be determined by using 
equation (2) and (3). 

FindL 

Q = 

L = 

L 

0>oL 

R ' 

- SI 

(5)(6) 

564020.1975 

= 53.2 fiH 

FindC 
(00 • 

c -. 

c -. 

I 

~ Vic' 

(-)2 

L 

( 1 ^ _ 1564020.1975J 
53.2 fiH 

= 59.088nF 

(10) 

B. Second SLR Design 

In the second design, it focused on the output 
current of 20 A but the some parameter such as input 
voltage, Vin, 50V ±20% and output voltage, V0, 12V 
remain the same. The natural frequency of tank 
circuit, o)0, the tank circuit element which is inductor, 
L and capacitor, C must fixed as the obtained value 
from the first design. 

Parameter / Element 
Natural frequency of 
tank circuit, a)0, 
Inductor, L 

Value 
564020.1975 

53.2 nH 
Capacitor, C [ 59.088nF~ 
Table 2 : Value of remain parameter and element. 

In this stage, the quality factor, Q was no longer 
equal to 5. Since the output current was changed, the 
value of load resistor, Rt = 0.6 Q. The value of new 
Q can be obtained from equation (2). And a curve of 
new Q had been plotted. 

New Quality Factor, Q 

Q = 
u>nL 

(564020.1975)(53.2/i) 

0.6 

= 50 (12) 

From the voltage conversion ratio curve obtained 
using MATLAB software, the point of Mmax = 
0.3 was at a>n = 1.011 and Mmin = 0.2 was at 

(11) wn =1.019 can be observed. 

After these values had being obtained, the 
charging capacitor, CI and C2 had been set to 10/iF 
and CF was set to be 100/iF. These values had been 
plug in the design circuit shows in figure 5. 
Simulations by p-sim supersede this action. 

Input voltage, 
Vin 
40 V 
60 V 

Switching 
frequency, fs 

100 kHz 
107.989 kHz 

Table 1 : Switching frequency base on input voltage 
at Q =5. 
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Fig. 7. Voltage conversion ratio curve at Q = 50. 
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In this stage, new switching frequency must 
obtained for both input voltage, Vin, 40V and 60V. 
This can be performed by using equation (6). At 
Mmax = 0.3 was and con = 1.011, the new cos is : 

cos = (OnC00 

= (1.011)(564020.1975) 
= 570224.4197 

Switching frequency, fs 

, _ Ws 
fs~ 2TT 

570224.4197 

~ 2n 
= 90754.035 Hz 

(13) 

(14) 

At Mmln = 0.2 was and a>n = 1.019, the new 
cos\s: 

0)S = (OnW0 

= (1.019)(564020.1975) 
= 574736.581 

Switching frequency, fs 

f ST — 

574736.5813 

(15) 

2TT 
= 91472.16788 Hz (16) 

Input voltage, 
Vin 
40 V 
60 V 

Switching 
frequency, fs 

90754.035 Hz 
91472.16788Hz 

Table 3 : Switching frequency base on input voltage 
at Q = 50. 

IV. SIMULATION RESULTS 

The design described in the previous section, the 
SLR converter was simulated using PSIM. The 
complete schematic used in the PSIM was 
incorporating those values calculated from the 
design. The current and voltage waveform had been 
analyzed using time domain analysis. Basically, there 
are two designed circuit had been simulate. The 
difference between these two circuits is the output 
current which is 2A and 20A but the other parameter 
such as input voltage, Vln, 50V ±20% and output 
voltage, V0, 12V remain the same. The switching 
frequency for circuit varies based on the operating 
band of the curve. (At Q = 5 and 50). 
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Fig. 8. Ideal resonant waveform of inductor current, 
drain current and switching voltage at frequency of 

100 kHz from PSIM simulation. 
Figure 8 shows that the waveforms of the 

inductor current drain current and switching voltage 
verify the theoretical parts of ideal resonant converter 
waveform. 

A. Result for first SLR design 

Basically, to simulate the first design circuit, the 
frequency was set to 100 kHz for Vin = 40V and 
107.989 kHz at Vin = 60V. The objective of this 
simulation was to observe that the design circuit 
produced a sinusoidal waveform at the tank circuit 
element and also to achieve the desired output 
voltage and output current, which is 12V and 2A 
respectively. 

Normalized 
switching 
frequency, 

6>n 

a>n = 1.114 
o)n = 1.203 

Theoretical 
value of 

switching 
frequency 

100 kHz 
107.989 kHz 

Output 
voltage, 

v„ 

11.16V 
11.40V 

Output 
current, 

lo 

1.859A 
1.900 A 

Table 4 : Theoretical value of switching frequency 
with the produced output.. 

AtVin = 40V,/s=100kHz; 
lout Vout 

99970.00 99980.00 

Time (us) 

Fig. 9. Output voltage and output current at switching 
frequency of 100 kHz. 
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From figure 9, it can be clearly seen that, at the 
theoritical value of switching frequency, which is 100 
kHz, did not achieved the desired ouput voltage and 
output current which is 12V and 2A respectivley. 

In order to achieve the desired output, variations 
on the switching frequency had been done trough 
PSIM. The simulation value is 98550 Hz. This value 
produced the desired output. 

Normalized 
switching 

frequency, a>n 

a)n = 1.114 

Theoretical 
value 

switching 
frequency 

100 kHz 

Simulation 
value 

switching 
frequency 

98550 Hz 
Table 5 : Theoretical and simulation value of 

switching frequency. 
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Fig. 10. Output voltage and output current at 
switching frequency of 98550 kHz. 

Since, both output waveform in figure 9 and 10, 
were in a straight line and ripple less, it can be 
assumed that the operation is stable. 
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4.00 
\ 
t2 = 0.0999708 
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Fig. 11. Waveform of the voltage and current at the 
tank circuit element. 

From the figure 11, the waveform of the Vxy 
equal to 20V. This verifies the theory that it is a 

Vin 

square wave switching which resulting into ' 
waveform of the current also shows 

2 

that, 
The 

it is 

sinusoidal waveform due to the switching above the 
resonant frequency. 

The switching angle or phase angle can be 
calculated using equation 17. From the observation, 
the total time taken for one cycle is 1.02 X 10~5s. 

angle for figure 11, From calculation switching 
&DC-DC 

0° 

360° 

9° 

= 45.88°. 

AT 

T 

= - X360° 
T 

(17) 

Where: 

8° is a switching angle or phase angle 
AT = tl — tl Is a Time difference between point tl 
andt2 
T is a time taken for complete 1 cycle 

At Vin = 60 V, /s= 107.989 kHz, 
lout Vout 
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Fig. 12. Output voltage and output current at 
switching frequency of 107989 Hz. 

In figure 12, it reflects the same thing as figure 9 
in which the theoretical value of the switching 
frequency did not achieve the desired output. 

In order to achieve the desired output, variations 
on the switching frequency had been done trough 
PSIM. The simulation value is 106800 Hz. This value 
produced the desired output. 

Normalized 
switching 

frequency, o>n 

o)n =1.203 

Theoretical 
value 

switching 
frequency 

107.989 kHz 

Simulation 
value 

switching 
frequency 

106800 Hz 
Table 6 : Theoretical and simulation value of 

switching frequency. 
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Fig. 13. Output voltage and output current at 
switching frequency of 106800 Hz. 

Waveform in figure 13 also shows that the 
outputs is in a straight line and ripple less. Thus, it is 
in at stable condition. 
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Fig. 14. Waveform of the voltage and current at the 
tank circuit element. 

The straight line at figure 13, shows that the 
operation is stable. Figure 14 verify the theory at 

Vin 

which the Vxy is equal to ± — which is 30V. The 
sinusoidal waveform of the current shows that it is 
operating above the resonant frequency. 

The total time taken for one cycle is 
9.4X10_6s. From calculation using equation 17 
switching angle for figure 11, 9DC-DC = 61.28°. 

B. Results for second SLR design 

In this stage, the frequency was set to 
90754.03507 Hz for Vin = 40V and 91472.16788 kHz 
at Vln = 60V to achieve 20A output current and 12V 
output voltage. 

Normalized 
switching 
frequency, 

w„ = 1.011 
a>n = 1.019 

Theoretical 
value of 

switching 
frequency 

90754.03507Hz 
91472.16788Hz 

Output 
voltage, 

Vo 

11.63 V 
11.96 V 

Output 
current, 

lo 

19.38A 
19.94 A 

Table 7 : Theoretical value of switching frequency 
with the produced output. 

1B.00 
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12.00 
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Vo B 11.63V 

Fig. 15. Output voltage and output current at 
switching frequency of 90754.03507 Hz. 

From figure 15, it can be clearly seen that the 
desired output was not achieve theoretical switching 
frequency. The theoretical value resulting in slightly 
lower from the desired output. From figure 15, the 
results is no longer in a straight line. The output had 
become more ripples. 

% of ripple voltage = — x 100% 

= | ^ x l 0 0 % 

= 3.083% 

(18) 

From equation 18, it shows that the percentage of 
the ripple voltage is 3.083% from the desired output. 
When compared to the previous designed which had 
0%, this indicate that, the operation is not stable. 

In order to achieve the desired output, variations 
on the switching frequency had been done trough 
PSIM. The simulation value is 90690 Hz. This value 
produced the desired output. 

Normalized 
switching 

frequency, <w„ 

a)n = 1.011 

Theoretical 
value 

switching 
frequency 

90754.03507Hz 

Simulation 
value 

switching 
frequency 

90690 Hz 

Table 8 : Theoretical and simulation value of 
switching frequency. 

Fig. 16. Output voltage and output current at 
switching frequency of 90690 Hz. 
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From figure 16, it can be clearly seen that the 
desired output achieved by using switching frequency 
of 90690 Hz. The result is no longer in a straight line. 
The output had become more ripples. 

% of ripple voltage = — x 100% 

= % x l 0 0 % 

= 0.3333% 

(19) 
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Fig. 17. Waveform of the voltage and current at the 
tank circuit element. 

Figure 17 shows that the voltage waveform is in 
square wave and the current waveform is sinusoidal. 
This verifies the theory of square wave switching and 
switching above resonant frequency. 

This verifies the theory at which the Vxy is equal 
Yin 

to ± — which is 22.74V. Vxy is slightly changed 
from the pure square waveform. This is because of 
this design produced high current compared to the 
previous design. 

From the observation, the total time taken for 
one cycle is l . l l J f 10_5s. From calculation using 
equation 17, the switching angle for figure 17, 
8DC-DC

 = 42.55°. 

At Vin = 60V, fs= 91472.16788 Hz; 

From equation 19, in can be seen that the 
percentage of the ripple voltage is higher than at the 
input voltage is 40V, which have 0.3333% ripple, this 
indicate the operation are not stable. 

In order to achieve the desired output, variations 
on the switching frequency had been done trough P-
Sims. The simulation value is 91450 Hz. This value 
produced the desired output 

Normalized 
switching 

frequency, 0)„ 

con = 1.011 

Theoretical 
value 

switching 
frequency 

91472.1688 Hz 

Simulation 
value 

switching 
frequency 

91450 Hz 

Table 9 : Theoretical and simulation value of 
switching frequency 

lout Vout 

Fig. 19. Output voltage and output current at 
switching frequency of 91450 Hz. 

Fig. 18. Output voltage and output current at 
switching frequency of 91472.1688 Hz. 

Figure 18, the simulation using the theoretical 
value of switching frequency did not achieve the 
desired output. The result is no longer in a straight 
line. The output had become more ripples. 
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20.00 

•20.00 

40.00 

t1= 0.0999672 J/xy = 32.6V 
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40.00 

20.00 
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-20.00 

40.00 

\ A \ / 
(2 = 0.099969 

/ 

Fig. 20. Waveform of the voltage and current at the 
tank circuit element. 

In figure 20, the voltage waveform is in square 
wave and the current waveform is sinusoidal. This 
verifies the theory of square wave switching and 
switching above resonant frequency. 
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This verifies the theory at which the Vxy is equal 
Viti 

to ± — which is 32.6V. Vxy is slightly changed from 
the pure square waveform. This may because of this 
design produced high current compared to the 
previous design. From the observation, the total time 
taken for one cycle is 1.1 X 10_5s. From calculation 
using equation 17, the switching angle for figure 20 
0DC-DC — 58.9°. 

V. FLOW CHART 

The flow of methodology used in this project is 
shown as below: 

^ S t a r t ^ 

Review on the analysis of Series Loaded Resonant 
(SLR) converter system. 

Obtained the voltage conversion ratio curve to 
determined the value of con. 

Design on the first SLR to produce the desired 
output. 

Design on the second SLR to produce the desired 
output. 

Simulation of both designed circuit using PSIM. 

Analyzed the output waveform from the PSIM 
simulation and compare with the theoretical part. 

END 

VI. FUTURE WORK 

Generally, there were a few problems in getting 
the simulation to start. The initial condition such as 
the value of a>n when voltage gain, M is equal to 0.2 
and 0.3 must be found. In order to find these values, 

Vo 

the voltage conversion ratio curve, — must be 
Vln 

obtained. Next problem deals with the design of the 
SLR itself. Instead of having an 12V of output 
voltage, the SLR were design to have a several range 
of the output current which is from 2 A to 20 A. 

Future work on this SLR design and simulation 
could be include the method on how to control the 
output current range which can best describe as the 
closed loop system. The configuration of the full 
bridge SLR is the best way used to replace the half 
bridge configuration to increase the performance of 
the designed circuit. 

VII. CONCLUSIONS 

The design of series loaded resonant converter 
operating above resonant frequency had been 
presented. From the simulation, it shows that the 
current varies in proportion to the load current. This 
SLR in not suitable for high current applications due 
to the large output current related filter capacitor. 

The theoretical calculation value was not tally 
with the simulation because, in the theoretical part, 
sine wave approximation was considered. 

But in the simulation, the waveforms produced 
are slightly different from the sine wave 
approximation. This will also affect the switching 
angle, 0DC-DC as well. This is because, in practical, 
the switching angle 0DC-DC ' S in a range of 20° < 
9DC-DC < 30°. That is why the switching angle 
9DC-DC a t t n e output waveform was out of range. 

Besides that the theoretical calculation had 
helped much in doing the simulation. The 
comparison between theoretical results and 
simulation results had been showed. 
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