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ABSTRACT 
 

One Stage inverters perform DC-DC conversion and DC-AC conversion of DC output of Solar Photovoltaic (SPV) modules in 

one stage. A new One Stage Transformer-less Buck-Boost Inverter (OSTBBI) for SPV systems is presented in this paper. 

Comprehensive review of single stage inverters is described. A detailed design and analysis of the proposed inverter under 

continuous conduction mode is presented and discussed. One stage inverter designed for CCM operation has higher output-input 

voltage gain compared to DCM operating inverter for a particular power rating.  Simulation of the SPV system with proposed 

Inverter and Maximum Power Point Tracking (MPPT) controller is developed in MATLAB/Simulink. To validate the performance 

of the proposed OSTBBI, meticulous simulation studies are carried out under different input conditions; the obtained results are 

presented and analyzed. 
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1. INTRODUCTION 
 

Power output by SPV modules varies with respect to changes in 

irradiation level and temperature of light falling on the PV cell. 

Hence, the power generated by SPV modules is intermittent in 

nature. The low voltage, varying DC output of SPV modules are 

converted into AC by using conversion methods such as Single 

Stage Conversion and two stage conversion. The conventional 

two stage conversion method has DC-DC converter with MPPT 

controller and a DC-AC converter wherein the Single Stage 

Converters (SSC)  perform DC-DC conversion with MPPT and 

DC-AC conversion together in one stage. The single stage 

converters are compact in size and more efficient since the 

number of switches and components used in SSC are 

comparatively less than two stage converters.   Various 

topologies of these conversion circuits are found in literature.   

 

Inverters configured in an isolated form are extensively used 

commercially. But, either high frequency or low frequency 

transformers are employed in inverter circuits become a 

disadvantage due to many reasons. A low frequency line 

transformer creates issues in inverter such as huge size and 

weight. Likewise, these are costly to implement whereas high 

frequency transformers questions the complexity of the inverter 

configuration. Comparatively, transformer-less topology 

increases the efficiency of these configurations as the reduction 

in winding losses, core losses, etc. 

A voltage source inverter (VSI) conventionally exhibits a buck 

nature since output ac requirements are less than dc input. This 

problem can be unraveled by a supplementary boosting stage at 

the front end, thus leading it to a two stage topology. The first 

stage may be conventional VSI [1] or low THD multilevel 

inverters [2]  Nevertheless, these types of two stage topologies 

have huge size and drop the efficiency of power transformation 

due to two power stages.[3]-[4]. In literature, in addition of this 

type of straight two stage converters, various converters have 

been proposed. Z-source inverters are one among them which 

utilise the shoot through mode of operation to boost the input 

voltage level. In Z-source inverter proposed in [5] and quasi Z-

source inverter [6], the circuit   consists of a LC impedance 

network is contained in the inverter itself instead of an additional 

dc-dc boost converter. Disadvantage of Z source inverters are 

complexity of inverter configuration, control scheme for shoot 

through added gate signal used and voltage gain constraints. In 

[7], many single stage H-bridge configuration inverters are 

studied. H5 inverter proposed in [8] consists of a full bridge 

inverter structure and an additional switch which operates at high 

frequency. One stage inverters are preferred than the other 

topologies because of its conversion efficiency. A buck boost 

inverter with capability of doubly grounding is proposed in [9] 

and in [10] the inverter is having twice boosting ability enabled 

[10]. Some other buck boost inverter topologies with coupled 

inductor, buck-boost and cuk integrated inverters are described in 

[11]-[13]. An inverter topology having six switches term as H6 

inverter is proposed in [14]. Another five switch boost inverter 

proposed in [15] has better performance but operates in DCM 

mode only. 

 

A new single stage inverter for solar PV applications based on 

buck-boost principle operating in CCM is proposed in this paper, 

which needs only one solar PV source and a single buck boost 

inductor. Fig.1 demonstrations the circuit diagram of the proposed 

inverter topology. 

Proposed topology has the following features: 

1) Proposed topology extracts solar energy with a better 

efficiency. 

mailto:1kshafeeq007@gmail.com
mailto:2ssheikmd@yahoo.co.in


 

 

 

 

 

©2012-21 International Journal of Information Technology and Electrical Engineering  

 
ITEE, 10 (2), pp. 12-18, APR 2021                            Int. j. inf. technol. electr. eng. 

13  

ITEE Journal 
Information Technology & Electrical Engineering 

 
 

ISSN: - 2306-708X 

 
 

Volume 10, Issue 2 
April 2021 

2) It operates supported buck boost principle and may be used if 

either ac output voltage is higher or lesser that the input SPV 

voltage. 

3) It uses a single buck-boost inductor and single PV source for 

both halves of ac output which ensures symmetrical ac voltage. 

4) Proposed circuit is having less number of components 

resulting compactness and reduction in size and cost. 

 

 
Fig.1 Circuit diagram of proposed OSTTBI 

 

2. PROPOSED ONE STAGE TRANSFORMER 

LESS BUCK BOOST INVRTER 

2.1 Circuit Diagram of Proposed OSTBBI 
The proposed OSTBBI is derived from conventional buck boost 

DC-DC converter which consists of total five controlled 

switches S1 through S5 and three diodes D1 through D3as 

shown in Fig.1. The input can be a solar photovoltaic panel with 

DC voltage and it is having a buck boost inductor, L. A LC filter 

at output eliminates switching components to produce a pure AC 

at output. Since the proposed inverter is buck boost derived, the 

inverter facilitates boosting and inversion roles in the same 

structure. Similar to conventional buck boost DC-DC converter 

operates in two modes of operation; firstly, discontinuous 

conduction mode (DCM) and secondly, continuous-

continuous-discontinuous mode (CCM), the proposed inverter 

also operates in CCM & DCM. In DCM operation of the buck 

boost inductor current attains zero value after every switching 

time. But in case of CCM operation, the inductor current will 

not cease to zero at every switching cycle which reduces the 

ripple current to be handled by inductor and since this change 

in current reduction reduces the energy storage requirement of 

buck boost inductor and thus inductor size gets reduced 

considerably at higher power ratings. Hence, if the OSTBBI 

can be designed to operate in complete CCM, it will lead 

following advantages: 

1) Increase higher gain at higher power rating. 

2) Maximum ripple inductor current will be reduced, thus 

enabling better efficiency 

3) Size can be reduced as inductor energy storage requirement 

is lesser. 

CCM operation of OSTBBI is pictorially illustrated in Fig. 2. 

Waveform, VO represents the AC output voltage of the 

OSTBBI. The inductor current remains a non-zero value in the 

entire half cycle as shown. 

2.2 Operation of OTSBI in CCM 

 

The OTSBI has four modes for operation in continuous 

conduction mode. The waveforms in Fig.3 waveforms explain 

these modes and are discussed here. 

Mode 1 & 2 corresponds to positive half and mode 3&4 

corresponds to negative half of AC output voltage. 

In positive half cycle, switch S2 and S4 are kept ON; S1 and S3 

are operated with high frequency PWM signals. 

Mode 1[𝑡𝑝0 − 𝑡𝑝1]: This mode begins when S1 and S3 gets 

turned ON at 𝑡 = 𝑡𝑝0. Then input SPV voltage appears across 

inductor, L and it starts storing energy increasing the inductor  

 
Fig.2 Waveform of inductor current under CCM operation 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.3 Modes of operation of OSTTBI: (a) Mode 1 (b) Mode 2 

(c) Mode 3 (d) Mode4 
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current linearly. All diodes, D1 to D3, will be under reverse 

bias state and refuse to conduct. Since inductor is storing 

energy, inductor current increases from 𝑖𝐿(𝑡𝑝0) to 𝑖𝐿(𝑡𝑝1). 

Output capacitor handles the load in this mode. Current path 

corresponding to this mode  is  shown in Fig. 3(a). This  mode  

 
Fig.4 Waveform of inductor in different modes 

 

ends when S1 and S3 is turned OFF at  𝑡 = 𝑡𝑝1. 

Mode 2[𝑡𝑝1 − 𝑡𝑝2]: This mode begins when S1 and S3 gets 

turned OFF at  𝑡 = 𝑡𝑝1. Then diodes D1& D2 gets forward 

biased and starts conducting. Now, energy stored in inductor, 

L charges the output capacitor and handles load through D1, 

S2, D2 and S4 such that inductor current decreases linearly 

from 𝑖𝐿(𝑡𝑝1) to 𝑖𝐿(𝑡𝑝2) and the modes end at 𝑡 = 𝑡𝑝2. Current 

path corresponding to this mode obtain positive voltage at 

output as shown in Fig. 3(b).  

In negative half cycle, switch S3 and S5 are kept ON; S1 is 

operated with high frequency PWM signal. 

Mode 3[𝑡𝑛0 − 𝑡𝑛1]: This mode begins when S1 gets turned ON 

at 𝑡 = 𝑡𝑛0. Then input SPV voltage appears across inductor, L 

and it starts storing energy increasing the inductor current 

linearly. Diode, D3, will be under reverse bias state and refuse 

to conduct. Since inductor is storing energy, inductor current 

increases from 𝑖𝐿(𝑡𝑛0) to 𝑖𝐿(𝑡𝑛1). Output capacitor handles the 

load in this mode. Current path corresponding to this mode is 

shown in Fig. 3(c). This modes ends when S1 is turned OFF at  

𝑡 = 𝑡𝑛1. 

Mode 4[𝑡𝑛1 − 𝑡𝑛2]: This mode begins when S1 gets turned 

OFF at 𝑡 = 𝑡𝑛1. Then diode D3 gets forward biased and starts 

conducting. Energy stored in inductor, L charges the output 

capacitor and handles load through S5, D3 and S3 such that 

inductor current decreases linearly from 𝑖𝐿(𝑡𝑛1) to 𝑖𝐿(𝑡𝑛2) and 

the modes end at 𝑡 = 𝑡𝑛2.  Current path corresponding to this 

mode obtain negative voltage at output as shown in Fig. 3(d). 

2.3 PWM Signal Generation for Switching  
 

Switching signals to switches are generated by modifying the 

PWM continuously after every switching cycle. This can be 

done by creating a variable duty cycle which will be obtained as 

a function of time. With reference to Fig.5, following conditions 

is to be considered while designing the switching  

 
Fig.5 Switching signals for proposed OSTBBI  

 

 
Fig.6 Control scheme proposed for OSTBBI 

 

signal control. 

1) Signal to S1 can be created by a variable duty cycle PWM 

generator for both halves of AC output. 

2) Signal to S3 is of variable duty cycle PWM signal in 

positive half of AC output while it remains ON in negative 
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half of AC. 

3) Signal to S2 & S4 can be obtained by a negative level 

detector while signal to S5 by a positive level detector. 

 

Fig.6 shows the scheme recommended for switching signal 

generation in which the reference signal  𝑣𝑚𝑝𝑟𝑒𝑓  is fed to PWM 

generator and positive & negative level detectors in order to 

obtain the switching signals. 

 

If 𝐺 represents the converter gain, then peak value of output 

AC voltage expressed as 𝑉𝑜𝑝𝑒𝑎𝑘 = 𝐺𝑉𝑃𝑉 and output voltage, 

𝑣0(𝜔𝑡) can be expressed as 

 

𝑣0(𝜔𝑡) = 𝐺𝑉𝑃𝑉 sin 𝜔𝑡   (1) 

 

 where 𝑉𝑃𝑉 is the PV voltage and 𝜔 is the frequency in 𝑟𝑎𝑑 𝑠⁄ . 

Since the proposed converter is a buck boost based topology 

operating under CCM, output voltage, 𝑣0(𝜔𝑡) can be 

expressed as 

 

𝑣0(𝜔𝑡) =
𝑑(𝑡)

1−𝑑(𝑡)
𝑉𝑃𝑉   (2) 

 

where 𝑑(𝑡) represents duty cycle of high frequency switch at 

𝑛𝑡ℎ switching cycle. 

Let sin  (𝜔𝑡, 𝑛) is the reference signal, which is the sampled 

signal of sin 𝜔𝑡, sampled at switching frequency. Then 

modulating signal for high frequency pulse generation, 

ensuring sinusoidal AC output voltage without a current 

control loop, can be obtained from (1) & (2) as 

 

𝑑(𝑡) =
𝐺|sin  (𝜔𝑡,𝑛)|

1+𝐺|sin  (𝜔𝑡,𝑛)|
   (3) 

 

2.4 MPPT Control Implemented in OSTBBI  
 

P&O algorithm based MPPT is in co-operated with switching 

generation control in OSTBBI in order to ensure that maximum 

power is extracted from solar panel at particular irradiance and 

temperature. Since the value of gain 𝐺 determines the power 

extracted from solar, MPPT controller output value of 𝐺 by 

perturbing 𝐺 and observing whether maximum power is 

achieved from 𝑣𝑃𝑉 and  𝑖𝑃𝑉 values. P&O algorithm used is as 

follows: 

1) Read 𝑣𝑃𝑉(𝑘) and  𝑖𝑃𝑉(𝑘) values. 

2) Compute solar power, 𝑃𝑃𝑉(𝑘) from 𝑣𝑃𝑉(𝑘) and  𝑖𝑃𝑉(𝑘) 

3) Compute change in power, 𝑑𝑃𝑃𝑉 = 𝑃𝑃𝑉(𝑘) − 𝑃𝑃𝑉(𝑘 − 1) 

4) Compute change in voltage, 𝑑𝑉𝑃𝑉 = 𝑣𝑃𝑉(𝑘) − 𝑣𝑃𝑉(𝑘 −
1). 

5) Check 𝑑𝑃𝑃𝑉 and 𝑑𝑉𝑃𝑉:  

(i) If  𝑑𝑃𝑃𝑉 > 0 & 𝑑𝑉𝑃𝑉 > 0,  𝐺 is decremented by ∆𝐺 

(ii) If  𝑑𝑃𝑃𝑉 > 0 & 𝑑𝑉𝑃𝑉 < 0,  𝐺 is incremented by ∆𝐺 

(iii) If  𝑑𝑃𝑃𝑉 < 0 & 𝑑𝑉𝑃𝑉 > 0,  𝐺 is incremented by ∆𝐺 

(iv) If  𝑑𝑃𝑃𝑉 < 0 & 𝑑𝑉𝑃𝑉 > 0,  𝐺 is decremented by ∆𝐺 

6) Loop through steps 1 to 5. 

 

Fig.4 shows the in co-operation of MPPT control which 

generates gain value and 𝑣𝑚𝑝𝑟𝑒𝑓 is obtained. 

 

3.  STEADY STATE ANALYSIS OF OSTBBI 

3.1 Analysis of OSTBBI with CCM Operation 
 

 In order to take part the steady state analysis of OSTBBI, 

subsequent assumptions are made: 

1) The switching frequency is very much higher than the AC 

output voltage frequency. 

2) Considering to a particular switching cycle, the output 

voltage value remains a constant. 

3) Considering to a particular switching cycle, the duty cycle 

value remains a constant. 

 

 
Fig.7 MPPT control implementation for OSTTBI 

 

Consider the nth switching cycle as in Fig. While ON time, 

𝑑(𝑡)𝑇𝑠𝑤 , as inductor voltage is VPV, inductor current, 𝑖𝐿(𝜔𝑡) as 

well as input current, ii(ωt)  increases with a current ripple of  

∆𝐼𝐿(𝜔𝑡, 𝑛). 

Since during ON time inductor voltage, 𝑣𝐿 = 𝑉𝑃𝑉, 

 

𝐿
∆𝐼𝐿(𝜔𝑡,𝑛)

𝑑(𝜔𝑡,𝑛)𝑇𝑠𝑤
= 𝑉𝑃𝑉   (4) 

Using (3) & (4), expression for inductor ripple current at nth 

switching cycle can be written as 

 

∆𝐼𝐿(𝜔𝑡, 𝑛) =
𝑉𝑃𝑉𝑇𝑠𝑤

𝐿

𝐺|sin  (𝜔𝑡,𝑛)|

1+𝐺|sin  (𝜔𝑡,𝑛)|
  ( 5 )  

 

3.2  Design of OSTBBI with CCM Operation 
 

Design of Buck-boost Inductor (L): 

For a particular converter design, as 
𝑉𝑃𝑉

𝐿𝑇𝑠𝑤
  is independent of 

(𝜔𝑡, 𝑛) and 1 + 𝐺|sin  (𝜔𝑡, 𝑛)|  never vanishes in the interval 

[0,𝜋 ], ∆𝐼𝐿(𝜔𝑡, 𝑛) is continuous and guarantees a maximum in 

the interval [0,𝜋]. By second derivative test, the maximum 

value occurs at 𝜔𝑡 =
𝜋

2
. As inductor ripple current is inversely 

proportional to inductance value, minimum value of buck 

boost inductance can be designed from  

 

𝐿𝑚𝑖𝑛 =
𝑉𝑃𝑉𝑇𝑠𝑤

∆𝐼𝐿𝑚𝑎𝑥

(
𝐺

1+𝐺
)   (6) 

 

Design of Output Capacitor: 

Output capacitance can be designed considering the fact that 

maximum energy transferred from inductor to capacitor occurs 

at 𝜔𝑡 =
𝜋

2
  when buck boost inductor ripple current is 

maximum. At this instant capacitor voltage will be at 

maximum. Equating energy change of inductor and output 
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capacitor at this switching cycle , 

 
1

2
𝐶 [ (𝑉𝐶𝑝𝑘 + ∆𝑉𝐶𝑚𝑎𝑥)

2
−  (𝑉𝐶𝑝𝑘 − ∆𝑉𝐶𝑚𝑎𝑥)

2
] =

1

2
𝐿 [ (𝐼𝐿𝑝𝑘 + ∆𝐼𝐿𝑚𝑎𝑥

)
2

−

 (𝐼𝐿𝑝𝑘 − ∆𝐼𝐿𝑚𝑎𝑥
)

2
]     (7) 

 

From this, design value of output capacitor can be obtained 

as, 

 

𝐶 =
𝐿𝐼𝐿𝑝𝑘∆𝐼𝐿𝑚𝑎𝑥

𝑉𝐶𝑝𝑘∆𝑉𝐶𝑚𝑎𝑥
    (8) 

 

Where ∆𝑉𝐶𝑚𝑎𝑥  is the maximum allowed capacitor voltage 

ripple and 𝑉𝐶𝑝𝑘 is peak capacitor voltage. 

 

Design of Filter Inductor: 

Filter inductor is used to eliminate the high frequency switch-  

 
Fig.8 Simulation waveforms of switching signals 

 

 
 

Fig.9 Simulation waveform of load voltage and current 

 

 
Fig.10 Simulation waveform of inductor current  

 

ing component from output. Hence design of filter inductance 

depends on cut off frequency, 𝑓𝑐𝑢𝑡, such that it will be less 

than switching frequency and by the low pass filter design 

equation as 

𝐿𝑓 =
1

(2𝜋𝑓𝑐𝑢𝑡)2𝐶
    (9) 

 

Design of Input Capacitor: 

Design of Input capacitor depends on the ripple content in PV 

voltage and the output voltage frequency. If 𝑃𝑀𝑃𝑃  is the 

maximum PV power and  𝑉𝑃𝑉 is the PV voltage with a 

maximum ripple of ∆𝑉𝑃𝑉𝑚𝑎𝑥
, input capacitor can be given by 

[11] 

𝐶𝑃𝑉 =
2𝑃𝑀𝑃𝑃 

8𝜋𝑓𝑜𝑉𝑃𝑉∆𝑉𝑃𝑉𝑚𝑎𝑥

   (10) 

 

where 𝑓𝑜 is the output voltage frequency. 

 

4. SIMULATION RESULTS 
 

Simulink environment of MATLAB software is employed for the 

validation of operation of proposed OSTBBI. A 500W, 240V 

OSTBI is designed and simulated. A solar panel with 

specifications, 𝑃𝑚𝑝𝑝 = 500𝑊, 𝑉𝑂𝐶 = 97𝑉 and 𝐼𝑆𝐶 = 10𝐴 is 

used for simulation studies. At a switching frequency of 

50kHz, simulations parameters are designed and obtained as: 

buck boost inductor, 𝐿 = 1𝑚𝐻, output capacitor,𝐶 = 0.5𝜇𝐹, 

filter inductor, 𝐿𝑓 = 20𝑚𝐻, input capacitor, 𝐶𝑃𝑉 = 520𝜇𝐹 

and load of 500W.  

 
Fig.11 Simulation waveform of input current 

 

 
Fig.12 THD of proposed inverter 

 

 
Fig.13 Simulation validation of MPPT controller 

 

 
Fig14. PV curve showing maximum power points at 

different irradiances 

 

Realization of CCM control logic proposed yields the 

simulation waveforms of witching signals obtained in Fig.8. 
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From Fig. 9, it’s clear that an AC voltage rms value 240V is 

obtained which validates the one stage operation of proposed 

OSTBBI.  

 

Waveform of buck-boost inductor current 𝑖𝐿 in Fig. 10 

validates the CCM operation theory since the current is 

maintaining a non-zero value in an entire AC voltage half 

cycle. The time scaled waveform shows that inductor current 

is linearly increased and decreased in turn ON and turn OFF 

state of high frequency switch respectively supporting the 

analysis conveyed.  

 

Input current waveform obtained in simulation is also 

presented in Fig.11 THD of proposed OSTBBI is obtained as 

43.5% as shown in Fig.12 which is within acceptable limit. 

MPPT control is realized as depicted in Fig.13 by providing 

different irradiances and as the MPPT controller is acted to 

operate under corresponding maximum power points shown 

in PV curve shown in Fig.14. 

 

5. CONCLUSION 
 

A new OSTBBI is proposed and presented in this paper. CCM 

operation of proposed which else cannot be accomplished is 

implemented using new control strategy. One stage inverter 

topology with greater voltage gain, less inductor current 

ripple, less number of passive components; only five 

switching devices, controlled using modified PWM 

technique, and three diodes is presented. Reduced cost and 

reduced size lead as additional benefits. Operation and 

analysis of OSTBBI is validated using results and findings 

obtained from MATLAB/Simulink software and are 

presented. 
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