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Abstract—Bidirectional dc-dc converters (BDC) have recently 

received a lot of attention due to the increasing need to systems 

with the capability of bidirectional energy transfer between two 

dc buses. This paper introduces an improved non-isolated 

bidirectional DC–DC converter. The proposed converter have 

wide voltage gain than the conventional and coupled inductor 

type bidirectional converters in both step-up as well as step-down 

modes. Therefore the proposed converter can be operated in 

wide-voltage-conversion range. The voltage stresses on the 

switches of the proposed converter are a half of the high voltage 

side. In addition, the operating principle and steady-state 

analyses are explained. Simulations were carried out in 

MATLAB/SIMULINK. 
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I. INTRODUCTION 

The bidirectional DC-DC converters are involved in power 

flow between two dc sources. They allow power flow in both 

the direction without change in polarity of voltage. They have 

been widely used in various areas, such as appliances, general 

industries, and aerospace [1], which include uninterruptible 

power supplies [2], solar power supplies for satellites, hybrid 

electric vehicles (EVs) [3], intelligent battery chargers, and 

power converters for fuel-cell vehicles [4]. 

The fluctuation nature of most renewable energy 

resources, like wind and solar, makesthem unsuitable for 

standalone operation as the sole source of power. A common 

solutionto overcome this problem is to use an energy storage 

device besides the renewable energyresource to compensate 

for these fluctuations and maintain a smooth and 

continuouspower flow to the load. As the most common and 

economical energy storage devices inmedium-power range are 

batteries and super-capacitors, a dc-dc converter is 

alwaysrequired to allow energy exchange between storage 

device and the rest of system. Such aconverter must have 

bidirectional power flow capability with flexible control in 

alloperating modes [5]. 

 

Bidirectional dc-dc converters can be classified into 

isolated versions and non-isolated versions. It depends on the 

applications. The big advantage of an isolated bidirectional 

dc–dc converter is galvanic isolation which is an effective 

method for breaking a ground loop. However, this converter 

requires an isolated transformer and more than four switches 

for galvanic isolation so that its efficiency is lower than that of 

a non-isolated-type converter.The isolated types includes the 

flyback type [6], forward-flyback type [7], half-bridge type [4] 

and full-bridge type [1].On the other hand, the advantages of a 

non-isolated bidirectional dc–dc converter are simple 

structure, fundamentally including an inductor and two 

switches, and higher efficiency than an isolated-type 

converter. This paper focuses on the non-isolated bidirectional 

dc-dc converter. The non-isolated types include the multi-level 

type [8], switched-capacitor type, cuk/cuk type, sepic/zeta 

type, buck-boost type, coupled-inductor type [9], three-level 

type and conventional buck/boost type [9], [10]. In these, the 

circuit structure of the buck-boost type is very simple and can 

easily implemented. Fig.1 shows the conventional 

bidirectional buck/boost converter. However, this converter 

has low step-up and step-down voltage gain and hence it is not 

suitable for wide voltage-conversion applications. 

 
Fig. 1 Conventional bidirectional buck/boost converter 

Another conventional type of bidirectional buck/boost 
converter is the coupled inductor type bidirectional converter 
which is shown in fig.2. This converter can achieve large 
voltage gain by adjusting the turn ratio of the coupled inductor. 
However, the circuit configurations are complicated. Also, this 
converter does not have wide voltage gain as that of the 
proposed converter.  

An improved non-isolated bidirectional buck/boost 
converter is shown in fig.3. This converter offers wide voltage 
gain than the above mentioned conventional topologies. Also, 
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the proposed topology has low voltage stresses across the 
switches as compared to other two topologies. 

 

Fig 2. Coupled inductor type bidirectional converter 

 

Fig 3. Proposed bidirectional buck/boost converter 

The operating principles and steady state analysis in both 
step-down and step-up modes is described below. The major 
assumptions to be taken for the analysis are: (i) The ON-state 
resistance RDS(ON) of the switches and the ESR of the capacitors 
are ignored. (ii) The capacitors CH1, CH2 and CL are large 
enough, and voltage across the capacitors can be treated as 
constant. (iii) The capacitance of the capacitors CH1 and CH2 are 
equal. Thus VH1 = VH2 =VH/2 

II. STEP-DOWN MODE 

The equivalent circuit of the proposed converter in step-

down mode is shown in Fig. 4. In this mode the switches S1 

and S4 are controlled and switches S2 and S3 are used as 

synchronous rectifiers. The typical waveforms in continuous 

conduction mode (CCM) is shown in Fig 7. The different 

operational modes are explained as follows: 

 
1. Mode 1[t0 – t1]: The switches S1 and S3 are turned on and the 
switches S2 and S4 are turned off. The switch S3 is used for the 
synchronous rectifier. The direction of current flow is shown in 
fig 5. Here, the energy in the high voltage side is transferred to 
the inductor L1, capacitor CL, and load RL. 

Thus, the voltage across the inductor L1 is given by 

                𝑣1
𝐿1 = 

𝑣𝐻

2
− 𝑣𝐿(1) 

The current through the inductor L1 is obtained as 

𝑖1
𝐿1 𝑡 = 𝑖𝐿1 𝑡0 +

1

𝐿1
 
𝑉𝐻

2
− 𝑉𝐿  𝑡 − 𝑡0                      (2) 

 

Fig 4. Equivalent circuit of the proposed converter in step-down mode 

 
Fig 5. Current flow path of the proposed converter in mode 1 

 

2. Mode 2[t1 – t2]:The switches S2 and S3 are turned on and 

the switches S1 and S4 are turned off.  The switches S2 and S3 

are used for the synchronous rectifiers. The path of current-

flow of the converter is shown in fig 6. The stored energy in 

the inductor L1 is released to the capacitor CL and load RL. 

 
Fig 6. Current flow path of the proposed converter in mode 2 

 

Thus, the voltage across the inductor L1 is found to be 

 

                       𝑣11
𝐿1 = −𝑣𝐿(3) 

The current through the inductor L1 is derived as 
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    𝑖11
𝐿1 𝑡 = 𝑖𝐿1 𝑡1 −

𝑉𝐿

𝐿1
 𝑡 − 𝑡1                                      (4) 

 

 
Fig. 7 Typical waveforms of the proposed converter with CCM operation 

in the step-down mode 

 

3. Mode 3[t2 – t3]:The switches S2 and S4 are turned on and 

the switches S1 and S3 are turned off. And, the switch S2 is 

used for the synchronous rectifier. The direction of current-

flow of the proposed converter is shown in fig.4.6.  

 

Fig 8.  Current flow path of the proposed converter in mode 3 

 

The energy of the high-voltage side VH2 is transferred to the 

inductor L1, capacitor CL, and load RL. 
 

Thus, the voltage across the inductor L1 is obtained as 

     𝑣111
𝐿1 = 

𝑣𝐻

2
− 𝑣𝐿(5) 

The current through the inductor L1 is given as 

𝑖111
𝐿1 𝑡 = 𝑖𝐿1(𝑡2) +

1

𝐿1
 
𝑉𝐻

2
− 𝑉𝐿  𝑡 − 𝑡2                       (6) 

 
 

4. Mode 4[t3 – t4]:This operation principle in this mode is the 

same as the mode 2. Thus, the voltage across the inductor L1 is 

determined as follows 

𝑣1𝑉
𝐿1 = −𝑣𝐿(7) 

The current through the inductor L1 is derived as 

𝑖1𝑉
𝐿1 𝑡 = 𝑖𝐿1 𝑡3 −

𝑉𝐿

𝐿1
 𝑡 − 𝑡3 (8) 

 
By using the volt-sec balance principle on the inductor L1, it 

can obtain 

 

 𝑉1
𝐿1𝑑𝑡     +       𝑉11

𝐿1𝑑𝑡    +
 
 1−𝐷 𝑇𝑆

2
 

0

𝐷𝑇𝑆
2 

0

 

 𝑉111
𝐿1𝑑𝑡  +    𝑉1𝑉

𝐿1𝑑𝑡
  1−𝐷 𝑇𝑆/2 

0

𝐷𝑇𝑆
2 

0

= 0          (9) 

 

Solving the above integral, the voltage gain obtained is given 

by 

                         𝑀𝑠𝑡𝑒𝑝−𝑑𝑜𝑤𝑛 =
𝑉𝐿

𝑉𝐻
=

𝐷

2
(10) 

 
From the boundary-conduction mode (BCM), the following 

equations can be derived 

The normalized inductor time constant 𝜏𝐿𝐿  is defined as 

𝜏𝐿𝐿 =
𝐿1

𝑅𝐿𝑇𝑆
=

𝐿1𝑓𝑆

𝑅𝐿
(11) 

Also. The boundary of  𝜏𝐿𝐿  is given by 

 

𝜏𝐿𝐿𝐵 =
1−𝐷

4
(12) 

 

III. STEP-UP MODE 

The equivalent circuit of the proposed converter in the step-up 

mode is shown in fig.9. Here, the switches S2 and S3are 

controlled and the switches S1 and S4 are used for the 

synchronous rectifiers. The typical waveform in CCM is 

shown in the Fig 12. The operating principles and steady-state 

analyses are described as follows: 

 

1.Mode 1[t0 – t1]:The switches S2 and S3 are turned on and the 

switches S1 and S4 are turned off. The current-flow path of the 

proposed converter is shown in fig.10. The energy of the low-

voltage side VL is transferred to the inductor L1. The 
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capacitors CH1 and CH2 are stacked to discharge for the load 

RL. 

Thus, the voltage across the inductor L1 is given by 

                𝑣1
𝐿1 = 𝑣𝐿(13) 

The current through the inductor L1 is derived as 

    𝑖1
𝐿1 𝑡 = 𝑖𝐿1 𝑡0 +

𝑉𝐿

𝐿1
 𝑡 − 𝑡0    (14) 

 

 

Fig 9. Equivalent circuit of the proposed converter in step-up mode 

 

Fig 10. Current flow path of the proposed converter in mode 1 

 

2. Mode 2[t1 – t2]:The switches S1 and S3 are turned on and 

the switches S2 and S4 are turned off. And, the switch S1 is 

used for the synchronous rectifier. The path of current-flow of 

the proposed converter is shown in fig.11. The energies of the 

low-voltage side VL and inductor L1 are series to release their 

energies to the capacitor CH1. The capacitors CH1 and CH2 are 

stacked to discharge for the load RH. 
Thus, the voltage across the inductor L1 is found to be 

 

𝑣11
𝐿1 = −

𝑣𝐻
2

+ 𝑣𝐿(15) 

The current through the inductor L1 is given as 

𝑖11
𝐿1 𝑡 = 𝑖𝐿1 𝑡1 +

1

𝐿1
 −

𝑉𝐻

2
+ 𝑉𝐿  𝑡 − 𝑡1 (16) 

 
Fig 11. Current flow path of the proposed converter in mode 2 

 

 

Fig 12.Typical waveforms of the proposed converter with CCM operation in 

the step-down mode 
 

3. Mode 3[t2 – t3]:The operation principle in this mode is the 

same as the mode 1. Thus, the voltage across the inductor L1 is 

derived as 

𝑣111
𝐿1 = 𝑣𝐿(17) 

The current through the inductor L1 is derived as 

𝑖111
𝐿1 𝑡 = 𝑖𝐿1 𝑡2 +

𝑉𝐿

𝐿1
 𝑡 − 𝑡2 (18) 
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4. Mode 4[t3 – t4]:The switches S2 and S4 are turned on and 

the switches S1 and S3 are turned off. The switch S4 is used for 

the synchronous rectifier. The current-flow path of the 

proposed converter is shown in fig.13. The energies of the 

low-voltage side VL and inductor L1 are series to release their 

energies to the capacitor CH2. The capacitors CH1 and CH2 are 

stacked to discharge for the load RH.  

 

Thus, the voltage across the inductor L1 is found to be 

𝑣1𝑉
𝐿1 = −

𝑣𝐻

2
+ 𝑣𝐿(19) 

The current through the inductor L1 is given as 

𝑖1𝑉
𝐿1 𝑡 = 𝑖𝐿1(𝑡3) +

1

𝐿1
 −

𝑉𝐻

2
+ 𝑉𝐿  𝑡 − 𝑡3 (20) 

 

Fig 13. Current flow path of the proposed converter in mode 4 

 

By using the volt-sec balance principle on the inductor L1, it 

can obtain 

 

 𝑉1
𝐿1𝑑𝑡   +    𝑉11

𝐿1𝑑𝑡  +
 
 1−𝐷 𝑇𝑆

2
 

0

𝐷𝑇𝑆
2 

0

 

 𝑉111
𝐿1𝑑𝑡 +  𝑉1𝑉

𝐿1𝑑𝑡
  1−𝐷 𝑇𝑆/2 

0

𝐷𝑇𝑆
2 

0
= 0       (21) 

 

Solving the above integral, the voltage gain obtained is given 

by 

  𝑀𝑠𝑡𝑒𝑝 −𝑈𝑃 =
𝑉𝐻
𝑉𝐿

=
2

1 − 𝐷
                                                         (22) 

 

From the boundary-conduction mode (BCM), the following 

equations can be found out 

The normalized inductor time constant 𝜏𝐿𝐻  is defined as 

𝜏𝐿𝐻 =
𝐿1

𝑅𝐻𝑇𝑆
=

𝐿1𝑓𝑆

𝑅𝐻
(23) 

Also, the boundary of  𝜏𝐿𝐻  is given by 

 

𝜏𝐿𝐻𝐵 =
𝐷 1−𝐷 2

16
(24) 

IV. SIMULATION RESULTS 

The circuit model of the proposed bidirectional converter 

can be implemented and simulated using Matlab/Simulink 

both in step-down as well as in step-up mode. Figure shows 

the simulation results of both buck and boost modes. The 

parameters are chosen as VH = 200V, VL = 24V, switching 

frequency Fs = 50KHz, Po = 200W, capacitors CH1 = CH2 = CL 

= 100µF, inductor L1 = 140µH. For the step-down mode the 

duty cycle can be derived as 0.24 and in step-up mode it is 

0.76 

 

(a) 

 

(b) 

Fig 15. Simulation waveforms of the proposed converter in the step-down 
mode 

Fig 15 and 16 shows the simulation waveforms of the proposed 
converter in step-down and step-up mode respectively.The 
operation of this converter is verified here. From fig 15(a), it 
can be seen that the low voltage side VL is well regulated at 24 
V and the converter is operated in step-down mode. The 
waveform of the output current is also shown. From Figs.15 (b) 
and 16 (b), it is found that the voltage stresses on the switches 
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S1 and S2 are equal to VH/2. Also, it is seen from Fig 16 (a) that 
the high voltage side VH is well regulated at 200 V and the 
converter is operated in step-up mode. 

 

(a) 

 

(b) 

Fig 16. Simulation waveforms of the proposed converter in the step-up 
mode 

 

V. CONCLUSION 

This paper presents an improved non-isolated bidirectional 

buck/boost converter. The circuit configuration of the 

proposed converter is very simple and it is modified from the 

conventional buck/boost converter. The proposed converter 

have wider step-up and step-down voltage gain than the 

conventional and coupled inductor type buck/boost converter. 

Also, the voltage stresses on the switches are a half of the 

high-voltage side. The theoretical analysis and simulation 

results are provided. 
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