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Abstract: �This paper proposes a transformerless dual half-bridge converter (TLDAHB). By eliminating the transformer and harnessing the possibility 
of using a low inductor value, it is possible to minimise the size of the converter. A phase-shift pulse width modulation will result in a wide 
controlled voltage gain of the converter and operation as buck and boost. The theoretical topology analysis, simulation, and experimental results 
are presented. Theoretical analysis consists of analysis of power transfer and design. In case of experimental research, particular attention was 
paid to power transfer and efficiency analysis. Near zero switching transient of voltage in the half-bridge topology results with high efficiency.
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1.	 Introduction
The cascade connection of the buck and boost topology is a simple one that is used in applications where voltage 
reduction, as well as voltage increase, is required. An example may be the application of such a system to 
photovoltaics (PV) panels that have been oversized; and at the peak of the generated energy, there is a need to limit 
the voltage of the inverter (Chang et al., 2018). Another example is the power factor correction (PFC) system, which 
also has a buck-boost system for voltage regulation on the DC side (Badawy et al., 2016). The topologies (Badawy et 
al., 2016; Chang et al., 2017) are simply a combination of buck and boost circuits. Control is achieved by modulating 
the pulse width. There are studies looking for other topologies with higher efficiency by using zero current switching 
(ZCS) and zero voltage switching (ZVS) as well as control methods of systems (Alonso et al., 2011; Fernão Pires et 
al., 2018). Such systems can be one-way or two-way and multi-phase, as in Bereš et al. (2017). The availability of 
multiple phases makes it possible to reduce passive elements and output voltage fluctuations (Bereš et al., 2017). 
Systems for targeted applications allow, for example, to reduce the number of power switches and optimise the 
entire device (Alonso et al., 2011; Fernão Pires et al., 2018). The circuits (Alonso et al., 2011; Chang et al., 2017, 
2018; Fernão Pires et al., 2018) do not have galvanic isolation, which can be provided by the dual active bridge 
(DAB) (Tong et al., 2018). The DAB circuit achieves high efficiency and can achieve soft switching (Everts et al., 
2014; Karshenas et al., 2011; Tong et al., 2018) within the appropriate range. The DAB system differs from other 
systems (Alonso et al., 2011; Chang et al., 2017, 2018; Fernão Pires et al., 2018) in that it controls the phase shift 
of pulse-width modulation (PWM) signals (Tong et al., 2018; Wu et al., 2016). The circuit shown in Amin et al. (2015) 
is called a transformerless DAB circuit. Shift control is possible by using a capacitor to block the DC component. It 
also has a bidirectional seven energy capability, such as DAB (Everts et al., 2014) or a buck-boost circuit (Zhu and 
Maksimović, 2021). The arrangement also allows for a soft rebate and creates a loss (Kasper et al., 2016).

The article contains an extended analytical description and simulation results of a prototype converter from 
the system (Amin et al., 2015). Laboratory tests were carried out with about 15 times greater power and 50 times 
higher output voltage than in Amin et al. (2015). The converter power has been drastically increased to meet the 
power needs of the electronic application. Theoretical formulas describing the TLDAHB system were analysed and 
confirmed by the experimental setup.
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The remainder of this paper is organised as follows. Section 2 presents the theoretical aspects of the TLDAHB 
DC-DC converter. Section 3 contains the results of the laboratory tests of the proposed system. The waveforms of 
the voltages and the input current are presented in Section 4. An efficiency test for a variable phase-shift control has 
been included. Moreover, the possibilities of the output voltage control and power transfer have been tested and 
compared with the theoretical equations. Section 5 concludes the article.

2.	 Topology Analysis
The proposed converter of the TLDAHB converter is presented in Figure 1. The converter does not provide isolation 
(no transformer), but there is one common ground – the input and output ground are connected together.

The topology has two half-bridge converters and an LC branch. The capacitor C is used only as a DC isolation 
capacitor and the converter operating frequency Sf  far above resonant frequency 0f :

	 0
1

2p
=Sf f

LC
	 (1)

The symmetrical topology allows the transfer of energy to both sides with variable voltage gain, which is an 
advance of the converter.

2.1.  Power transfer of the TLDAHB
Phase shift enables an easy power transfer to take place in the converter, and the theoretical operation for the same 
has been presented in Figure 2. The PWM signal for input and output half bridges are shifted by the angle j. The 
different voltage levels corresponding to the shift cause the current to flow through the choke and transfer the power 
(Figure 2). The shift value can be determined in time domain:

	

1  
2j j
p

= ∧ =S
S
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TT T
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	 (2)

where ST  is the switching period.
The voltage of LC branch ( ) ( ) ( ))( = +LC L Cut t tu u  in stage I is equal to the input voltage. In stage II, ( )LCu t  is equal 

to the difference between input and output voltages. In stage III, ( )LCu t  is equal to minus output voltage, while in stage 
IV, it is equal to zero. The mean value of ( )LCu t  is equal to half of the difference between input and output voltages.

For the properly selected capacitor, ( )Cu t  is almost constant and equal to the mean value of ( )LCu t . The variable 
component of ( )LCu t  is approximately equal to voltage of inductor ( ( ))Lu t .

As a consequence, if the input voltage is smaller than the output voltage (buck operation), this implies that the 
current in stage II is decreasing; and if the input voltage is greater than the output voltage (boost operation), this 
implies that the current in stage II is increasing.

The averaged output current for a resistive load R is described by:

	
( )2  

8
j p j

p
= = −out in

out
S

U UI
R Lf

	 (3)

Fig. 1. The general concept of TLDAHB. TLDAHB, transformerless dual half-bridge converter.
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The identical shape of the current of the described system and the DAB system produces the result that the 
output method is the same as for the commonly known DAB converter (Alonso et al., 2011; Chang et al., 2017, 
2018; Fernão Pires et al., 2018). Power transfer of the converter is (Amin et al., 2015):

	
( )2  

8
j p j

p
= = −in out

TLDAB out out
S

U UP I U
Lf

	 (4)

where inU  and outU  are DC input and output voltages, respectively, and L is an induction of main inductor. Eq. (4) 
is maximal, when:
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and
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Therefore, when 
2
p

j = ± , the power is:

	 2
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A normalised power transfer may be defined as:
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The power transfer function has a part that is similar to dual active bridge ( )j p j−  (Tong et al., 2018). The 
advantage of a dual active bridge is that the transformer turns ratio, which can be useful for example in high 
boosting application.

The voltage gain G is given by:

	
( )

2
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j p j
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where R represents the resistance of the load.

Fig. 2. The general concept of phase-shift control – TLDAHB operation. TLDAHB, transformerless dual half-bridge converter.
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2.2.  Design of the TLDAHB
During the design process, the induction L value needed to transfer the maximum power maxP  (for averaged voltage 
levels inU  and outU  and switching frequency Sf ) is given as:

	
1
32

= in out

max S

U UL
P f

	 (10)

The theoretical voltage stress for the transistor in the input half bridge is:

	 1 2= =S S inU U U 	 (11)

And for the output bridge:

	 1' 2'= =S S outU U U 	 (12)

Isolating capacitor voltage is almost constant (only small ripple during operation) and can be calculated by:

	
( )1

2
= −C in outU U U 	 (13)

The soft switching in the first half-bridge with transistors S1 and S2 is ensured when the following formula stands 
satisfied:
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For the second half bridge it is necessary to satisfy (Amin et al., 2015):
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To obtain soft switching, it is also required to allow time to recharge the output capacitance of the transistor Coss 

and the minimum dead time value can be calculated by:

	 4
p

≈dead osst LC
	 (16)

Selecting the inductor and transistors require determining root mean square (RMS) values of currents. The 
choke current is described by:
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To determine 1I  It can be used to determine the mean value of the input current, which is described by:
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Using Eq. (2), the following formula can be obtained:
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Using Eqs (20) and (21), the following equation can be obtained:
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Transforming Eq. (22), the following formula can be obtained:
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The RMS value of the choke current is described by:
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Using Eq. (17), the value of component A is described by:
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Using Eq. (2), the following formula can be obtained:

	 ( )2 2
1 1 0 06

j

p
= + +sTA I I I I � (26)

Using Eq. (17), the value of component B is described by:
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Using Eq. (2), the following equation can be obtained:
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Based on Eq. (17), the values of components C and D are described by:
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Using Eqs (26)–(30), the RMS value of the choke current is described by:
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The RMS value of the transistor current is described by:
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2.3.  Simulation results
The results in Figure 3 show only the steady state operation simulation of the TLDAHB system (simulation 
parameters are listed in Table 1). The simulation results confirmed (Figure 3) that all transistors have a similar RMS 

Fig. 3. Waveforms of voltages (input, output, inductor, and capacitor) and currents (inductor and transistors) of proposed converter operation.
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current value, the voltage across the transistors T1 and T2 is equal to the input voltage, and the voltage across the 
transistors T1´ and T2´ is equal to the output voltage. The simulation results obtained are approximately consistent 
with the theoretical runs. The current waveforms differ to some extent from the expected ones because of the 
inconsistency of the elements (e.g. the conduction resistance of transistors).

3.	 Experimental Results
3.1.  Practical circuit realisation of the TLDAHB
The experimental TLDAHB system was developed to test the converter operation and confirm the theoretical 
considerations discussed in Section 2. The circuit was tested in order to check the principle of operation, the 
concept of achieving voltage control over the outputs by shifting between bridges, voltage gain, and efficiency. 
Table  2 lists important parameters of the converter and control modulation. Transistors and DC capacitors are 
mounted on two printed circuit boards (PCBs). The configuration is optimised not to demonstrate volumetric power 
density but to obtain reliable performance and enable system verification.

3.2.  Operation of the TLDAHB
To verify the basic concept of the converter (Figure 1), the open loop phase-shift control has been tested. The 
laboratory setup is presented in Figure 4.

The experimental waveforms presented in Figures 5–8 confirm that the converter operates according to the 
discussed theoretical pattern. Figures 5–7 show operation with voltage gain lower than G  < 1 (buck operation). 
The voltages on the inductor and DC blocking capacitor are shown in Figure 5. The voltage ripple (the peak-to-
peak value) on the DC blocking capacitor is <4.5 V. Further increasing the capacity will reduce the fluctuations. 
Additionally, in Figure 6, the overshoot during transient voltage is clearly seen. In Figure 7, with slightly higher power 
transfer, the transistor soft switching occurs (ZVS). The converter can also operate as boosting topology, which is 
confirmed in Figure 8 (G  > 1).

Parameter Value

Input voltage inU 100 V

Angle φϕ 25º

Load resistance loadR 68 Ω

Output capacitor outC 200 mF

Resonant and operating frequency f0 = 29.35 kHz, fs = 120 kHz 

DC blocking capacitor  C 3.2 mF 

Inductor L L = 9.19 mH, RESR = 118.81 mW
Transistors 1, 2, 1 , 2'′S S S S  RDS(on) = 60 mW
Dead time 100 ns

Table 1.  Simulation parameters.

Parameter Value

Input voltage inU  and power   maxP 100 V and 400 W

Input capacitor inC 2 × 4.7 mF ± 10% + 1. mF ± 5%

Output capacitor outC 2 × 100 mF ± 10% + 1. mF ± 5%

Resonant and operating frequency f0 = 29.35 kHz, fs = 120 kHz 

DC blocking capacitor  C 3.2 mF ± 10% (~650 V)

Inductor L  SENDUS (MS-226060)
8 turns, (L = 9.19 mH, RESR = 118.81 mW for 120 kHz) 

Transistors 1, 2, 1 , 2S S S S′ ′
SiCMOSFET – C3M0060065D
(VDS(on) = 650 V, RDS(on) = 60 mW, ID = 29 A) 

Dead time 100 ns

Table 2.  Experimental setup.
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3.3.  Comparison of the experimental results with simulation results and theoretical analysis
The parameters of the experimental setup for Figure 5 are approximately the same as for the simulation (Figure 3).

The gain value for experimental results is designated based on the ( )Cu t  waveform. Theoretical values are those 
determined by Eqs (9), (13), (18), and (23) (Table 3).

The obtained results can be considered consistent with each other. Differences between obtained values are 
relatively small. One of the main reasons for these differences is the assumption of 100% efficiency for theoretical 
analysis. Another reason is variability of elements’ parameters, e.g. inductance of inductor L.

3.4.  Efficiency and power transfer of the converter
The efficiency and power transfer function have been measured using a Yokogawa WT 1500 power 
analyser, which, for DC power measurements, has an accuracy equal to the sum of 0.1% of the reading and 

Fig. 4. Experimental setup of the voltage, current, and power metre – power transfer, efficiency, and voltage gain measurement.

Fig. 5. Experimental waveforms of TLDAHB. CH1, inductor voltage uL; CH2, capacitor voltage uC; CH4, iL inductor current; TLDAHB, transformerless 
dual half-bridge converter.
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0.1% of the range values (YOKOGAWA, 2019). The power transfer has been visualised in Figure 9, with 
theoretical transferred power based on Eq. (2). The phase-shift angle has been reduced to 50° (which 
corresponds to 350  W). The voltage gain is presented in Figure 10, with a fitted theoretical function based  
on Eq. (6).

The maximal achieved value of the efficiency (Figure 11) is given by h = 98.5% (for R = 94 W, P ≈ 90 W, and 
fs = 120 kHz). Based on the gain and efficiency curves, it can be stated that the system can be especially applied 
when there is a need to change the voltage in a relational small range (0.8 < G  < 1.2).

Fig. 6. Experimental waveforms of TLDAHB. CH2, drain-source transistor u_S2´ voltage; CH3, drain-source transistor u_S2 voltage; CH4, iL inductor; 
blocking capacitor current, Pin ≈ 110 W; output voltage, Uout ≈ 86 V; no ZVS, the overshoot in u_S2´ transistor voltage during turn off; TLDAHB, transformerless 
dual half-bridge converter.

Fig. 7. Experimental waveforms of TLDAHB. CH2, drain-source transistor u_S2´ voltage; CH3, drain-source transistor u_S2 voltage; CH4, iL inductor; 
blocking capacitor current, Pin ≈ 115 W; output voltage, Uout ≈ 88 V with ZVS for second half-bridge; TLDAHB, transformerless dual half-bridge 
converter.
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Parameter Experimental (Figure 5) Simulation (Figure 3) Theoretical (Eqs (9), (13), (18), and (23))

G [-] 0.96 0.96 0.92

UC [V] 2 2 4

I0 [A] −3.5 −3.3 −3.8

I1 [A] 2.7 3.0 2.3

Table 3.  Results of the comparison: experimental, simulation, and theoretical.

Fig. 8. Experimental waveforms of TLDAHB. CH2, drain-source transistor u_S2´ voltage; CH3, drain-source transistor uS2 voltage; CH4, iL inductor; 
blocking capacitor current, operation in the boosting mode Uin < Uout; TLDAHB, transformerless dual half-bridge converter.

Fig. 9. Measured power transfer (with theoretical curve based on Eq. [4]) of the converter versus shift angle at constant frequency fS = 120 kHz.
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4.	 Conclusions
This paper presents a concept of the topology and confirmed practical results of the DC-DC converter. The 
most important topology advantage is transformerless and low inductor value needed. These features enable 
minimalization of the overall size of the converter.

The paper (Subsection 3.3) presents a comparison of parameters determined experimentally, using simulation 
and based on theoretical equations. The results obtained using these methods are approximately equal.

Fig. 10. Measured voltage gain (with theoretical curve based on Eq. [9]) of the converter versus shift angle at constant frequency fS = 120 kHz.

Fig. 11. Measured efficiency (with approximation curve) of the converter versus input power at operating frequency fS = 120 kHz without an external airflow.
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Moreover, the paper presents the measured and theoretical power transfer and voltage gain curves (versus shift 
angle at constant frequency). The measured and theoretical values can be considered consistent with each other 
(Subsection 3.4). The confirmation of the theoretical power transfer is considered a novel aspect.

The presented results confirm also the possibility of buck-boost operation with the continuous output voltage 
regulation with phase shift (like classic isolated dual active bridge).

Furthermore, this paper confirms the possibility of ZVS operation (Figure 7) in a specific phase-shift range, 
which improves the efficiency. The highest obtained efficiency value (using SiC MOSFETs) is 98.5%.
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