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Abstract— Resonant converter equipped with single switch 
and resonant bank is the simplest converter to generate 
alternating higher voltage at high frequency. This topology is 
suitable to convert a considerable lower voltage such as battery 
or photovoltaic to higher voltage in order of kilo Volt, so that it 
crucial to estimate the power consumption inside the resonant 
converter. Most of previous records revealed only the work 
mechanism of the resonant converter, but explicit records 
present their power consumption. This paper describes the 
power consumption for single switch resonant converters as 
direct to alternating current converter. The converter is 
combined with parallel bank converter, piezoelectric 
transformer and ferrite transformer. As the results of 
formulation the power consumption of resonant converters 
with three variation of bank, the efficiency of three kind of 
converter is obtained.  

Keywords—resonant converter, dc to ac converter, 
piezoelectric transformer, ferrite transformer. 

I. INTRODUCTION  

 
Among several topologies in power electronics 

dedicated to generate higher voltage than its input, the 
resonance converter power supply is the most interesting to 
investigate. Previous resonance topologies used more than 
one switch to generate the desired output, such as half 
bridge and full bridge topology [1, 2]. Resonant converter 
equipped with only one switch is more interesting to study 
because of its simplicity and low part count [3, 4]. It also 
has a small footprint, and consumes very low power, which 
is suitable to convert portable power supply in which the 
main source is battery or photovoltaic [5, 6]. In previous 
records [3, 7-9] the work mechanism of the resonant 
converter become the main focus of work, but explicit 
records present the power consumption is few. As the 
topology of converter using only one switch, it crucial to 
estimate the power consumption inside resonant converter. 
In this paper, power consumption of a resonant converter 
using one switch as direct to alternating current converter is 
studied. The converter is investigated by combine the circuit 
with parallel bank converter, piezoelectric transformer and 
ferrite. Three circuits are studied in detail calculation and 
implemented using hardware to verify the power 
formulation.  

 

II. POWER COMPUTATION FOR RESONANT CONVERTER WITH 

PARALLEL BANK 

Resonant converter with parallel bank consists of direct 
current side (dc side) and alternating current side (ac side) as 
it is described in Fig. 1 and this topology is called circuit-1.  

The single switch M1 plays the main role to convert dc 
voltage to pulse voltage. The inductor Lf as a choke 
provides electrical energy as it is charged during switch M1 
is off. The internal resistance of Lf is named as rLf. The ac 
side consist of several passive i.e. inductor, capacitor and 
resistor as a load. The passive element acts as parallel bank 
to create alternating current during resonant mode.   

pC pR

 
Fig. 1. Schematic circuit for resonant converter with parallel bank.  

 
The total active power (Ptot) consumed by the SSRC 

with PLR circuit (based on Figure 5.1) can be estimated 
using the following expression: 

1 2Lf DS C L Catot out r r r r rP P P P P P P= + + + + +
 (1) 

where 

LfrP is power losses at inductor fL ,  

DSrP is power losses at switching device,  

1Cr
P is power losses at shunt capacitor 1C ,  

2Lr
P is power losses at inductor 2L , and  

CarP is power losses at aC . 

Its efficiency is given by 

( )1 2Lf DS C L Ca

out out

tot out r r r r r

P P

P P P P P P P
η = =

+ + + + +                (2)
 

where Pout is the ac power measured at the input of the load. 
At the ac side during resonant mode, the sinusoidal voltage 
(vo) appears across Cp at the parallel bank and Ca. 
Consequently, the sinusoidal resonant current flows through 
the parallel bank can be written in phasor form as 

sin( )
2 2

chm chm
ch ch ch

I I
i tω θ θ= + = ∠

                                 (3) 
If CamI is the maximum current flowing through Ca., the 

power dissipated by the internal at resistance of Ca can be 
formulated as: 

2

2
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C aa
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r C

I
P r=

                                                                     (4) 
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As IL2m is the maximum current flowing through L2, the 
dissipated power at internal resistance of the resonant 

inductor (
2Lr ) can be expressed as: 

22

2
2

2L

L m
r L

I
P r=

                                                                     (5)
 

At the dc side, the effective current flowing through the 
switch is defined as [8, 10]:  

( ) ( ) ( )( )
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2 1
4

2

2 1 sin 2 sin 4 2
2

cos 2 cos
rmssw in

D D D
i i D

D

π π ϕ π ϕ

π ϕ ϕ

  − + − +  = − +
 + − 

   (6)
 

then , the dissipated power at the switching device due to the 
presence of rDS is written as : 

2

DS rmsr DS swP r i=
                                                                     (7)

 

If the effective current flowing through C1 is [8] : 

( ) ( ) ( ) ( )( )
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     (8)
 

the dissipated power at 1Cr can be computed as 

1 1 1 

2

C C rmsr C rP r i=
                                                                     (9)

 

When iin flows through Lf ; consequently, the dissipated 
power rLf  is 

2

L ff
r L inP r i=

                                                                       (10)
 

Later, the equivalent series resistance values of 
fLr , 

1Cr , 

2Lr , and 
aCr are determined by LCR meter, while rDS is 

found in manufacturer’s data sheet. 
 
 

 

III. POWER COMPUTATION FOR RESONANT CONVERTER WITH 

PIEZOELECTRIC TRANSFORMER 

Resonant converter with piezoelectric transformer also 
consists of direct current side (dc side) and alternating 
current side (ac side) as it is described in Fig. 2 and this 
topology is called circuit-2. The dc side circuit is similar 
with topology at Fig. 1. The ac side consist of several 
parasitic passive element model namely inductor, coupling 
inductor as model of step up voltage, capacitor and resistor 
as a load. Overall the model of piezoelectric transformer 
acts as as parallel bank to create alternating current at 
resonant operation. 

pC
pRoCi

 Fig. 2. Model circuit for resonant converter with piezoelectric 
transformer. 

The total power loss is the sum of the inductor loss 

(
L  frP ), switching device loss (

DSrP ) and the mechanical 

resistance of the PT loss (PRm). Considering these factors, 
the efficiency can be written as: 

( )L DS mf

out

out r r R

P

P P P P
η =

+ + +
                                             (11)

 
where outP  is power consumed at resistive load Rp 

At dc side, the formulation for of the inductor loss (
L  frP ), 

switching device loss (
DSrP ) are similar with Eq. (7) and  

(10). At the ac side, the resonant current flowing through the 
chamber, ihv, then if ihv is transformed to current at the 
primary side ilv through the turn ratio of the PT (a) as 
follows: 

lvm hvmi a i= ´                                                                 (12) 

where hvmi is maximum current of ilv. It is noted that ilv 

becomes a total current flowing to the ac side and flows 
through Rm. The losses at mechanical branch resistance can 
be written as: 

2

2m

lvm
r m

i
P R=

                                                                 (13)
 

The relation between ilvm, iin and the duty cycle (D) can be 
formulated as: 

( ) ( )
( )

cos 2 cos

2 1in lvm

D
i i

D

π ϕ ϕ
π

 + −
=  −                                  (14)

 
 

The resistance of 
fLr is measured directly by LCR meter. 

The values of  rDS and Rm are obtained from the 
manufacturer’s data sheet of piezoelectric.  
 
 

IV. POWER COMPUTATION FOR RESONANT CONVERTER WITH 

FERRITE TRANSFORMER 

Resonant converter with ferrite transformer is set up by 
direct current side (dc side) and alternating current side (AC 
side) as it is described in Fig. 3 and this topology is called 
circuit-3. The dc side circuit is similar with topology at Fig. 
1. The ac side has several passive element such as coupling 
inductor as model of step up ferrite transformer, capacitor 
and resistor as a load. Combination model ferrite 
transformer, capacitor and resistive behave as a bank to 
create sinusoidal output voltage at resonant frequency. 

pC pR

er
i

 
Fig. 2. Schematic circuit for resonant converter with ferrite 
transformer. 
Based on these loss components, the efficiency can be 
calculated as:  
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                     (15)

 

 
At dc side Eq. 6 and 8 are used to calculate current at 

switch M1and parallel capacitor C1. Furthermore, the 

formulation for of switching device loss (
DSrP ), dissipated 

power at 1Cr (PrC1) and a choke loss (
L  frP ) can be 

computed by using Eq. (7) , (9) and (10). 
At the high voltage side, the resonant current flowing 

through the output at load side (ich) is sinusoidal. If ich is the 
total current flowing in the secondary side, the loss at the 
secondary winding of the transformer is written as: 

22

2
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r L
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P r=

                                                                  (16)
 

where Ichm is maximum current of ich. The voltage at the 
high voltage side (vhv) can be found as the summation of 
output voltage (vo) and voltage drop in secondary winding 
(vL2) and it follows: 

2hv L ov v v= +
                                                              (17)

 

2hv ch L ov i r v= +
                                                           (18)

 

The total current at the high voltage side is 

hv ch re
i i i= +  

The current flowing through er  
is obtained from 

e

hv
r

e

v
i

r
=                                                                       (19)

 

By knowing the value of er  
 from ferrite’s data sheet, then   

2

2e

rem
r e

i
P r=  

                                                            (20)
 

where Irem is maximum current of ire. 
 

V. EXPERIMENTAL RESULTS AND DISCUSSION 

Table 1 until 3 show the values of internal resistance for 
each topology.  

TABLE I.  THE VALUES OF INTERNAL RESISTANCE IN CIRCUIT-1 

Component Value 

fLr  168.00 mΩ 

DSr  180.00 mΩ 

1Cr  75.30 mΩ 

2Lr  4.55 Ω 

aCr  1.32 Ω 

TABLE II.  THE VALUES OF INTERNAL RESISTANCE IN CIRCUIT-2 

Component Value 

fLr  10.0 mΩ 

DSr  180.0 mΩ 

mR    83.0 mΩ 

TABLE III.  THE VALUES OF INTERNAL RESISTANCE IN CIRCUIT-3 

Component Value 

2Lr  244.00 Ω 

er    5.40 MΩ 

Lfr  10.00 mΩ 

DSr  180.00 mΩ 

rC1  89.40 mΩ 

 
Figure 4 shows the calculated and measured total output 

power of circuit-1. As can be seen, the calculated power is 
in very close agreement with the measurement. At high 

frequency, the 2Lr contribution to losses is very significant 

due to the fact that the ac resistance value of inductor (RAC) 
is much greater than dc resistance value (RDC). This is due to 
the skin depth and proximity effect at high frequency 
operation.  

Figure 6 shows the calculated and measured total output 
power of circuit-1. As can be seen, the calculated power is 
in very close with the measurement. The similar agreement 
between measurement and calculation is also shown in Fig. 
7 for efficiency for circuit-2. The efficiency of circuit-2 is 
high due the absence of windings. The absence of internal 
resistance Rm  in the piezoelectric transformer minimize the 
power losses. 

Figure 8 depicts the calculated and measured input 
versus output power for circuit-3. As can be seen, they are 
in very close agreement. Figure 9 shows the efficiency of 
for circuit-3. Since the measured values are close to the 
theoretical values, it can be resumed that the efficiency 
analysis carried out is justified. 

Pin  (Watt)

P
o 
 (W

at
t)

Measurement
Calculation

 
Fig.4. Input and output power of Circuit-1 

 
Fig.5. Efficiency of Circuit-1 
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Fig.6. Input and output power of Circuit-2 

 
Fig.7. Efficiency of Circuit-2 

 
Fig.8. Input and output power of Circuit-3 

 
Fig.9. Efficiency of Circuit-3 

. 

VI. CONCLUSION 

The work to investigate the power consumption of 
resonant converter with one switch has been carried out for 
three variations of circuit i.e. parallel bank, piezoelectric 
transformer and ferrite transformer. The formulation for 
power consumption inside the converter also leads to the 
determination of efficiency for each resonant circuit. Circuit-
2 containing piezoelectric transformer has the most efficient 
power consumption due to the absence of winding inside the 
piezoelectric transformer. Based on the experimental results, 
it is shown that the measured values are close to the 

theoretical values, it can be resumed that the efficiency 
analysis carried out is justified. 
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