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Abstract Multiport converters play a significant role in portable electronic and electric vehicle (EV) applications. In 

literature, different configurations of single-input multi-output (SIMO) converters are presented. Most of the SIMO 

converters generate the outputs with operating constraints on the duty ratio and charging of inductors. The cross-

regulation problem is still a challenge in SIMO converters design. A SIMO topology is proposed in this study to 

overcome the limitations mentioned earlier. It can generate three different output voltages without constraint on the 

duty cycle and inductor currents (like iL1 > iL2 > iL3 or iL1 < iL2 < iL3). Cross regulation problems do not exist 

in the proposed topology, so the load voltage V01 (V02) (V03) is not affected by the variation of output current i03 

(i02) (i01). The loads are isolated from each other during control. In the laboratory, a 200 W prototype circuit is 

developed; simulation and experimental results are validated. 
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1. Introduction 

Electric vehicles (EVs) are being seen as a crucial 

technology for lowering pollution levels in the 

transportation industry. In addition, initiatives aimed 

at promoting the use of EVs across the globe are 

leading to an exponential growth in the percentage of 

EVs. Due to their short driving range, electric 

vehicles require regular recharging while on the road, 

making this a major worry. Moreover, one of the 

major concerns about EV use is the accompanying 

high cost and the limitation in terms of battery life. 

Therefore, in order to establish sufficient charging 

stations for electric vehicles, there is a great deal of 

study into the use of renewable energy for this 

purpose. Here, electric vehicle charging stations are 

making use of sources such as solar photovoltaic 

arrays, wind turbines, and fuel cell stacks. 

Consequently, it is crucial to use dispersed energy 

resources in a hybrid manner that complements the 

unpredictability of each in order to meet the power 

demand while also improving environmental 

circumstances. Additionally, a big issue presently is 

the charging of electric vehicles using appropriate 

control algorithms. 

Furthermore, a concentrate by the EU observed that 

street transportation was liable for over 70% of CO2 

discharges in the transportation area, and that the 

business in general was liable for roughly 28% of all 

emanations. To relieve the development of CO2 and 

other ozone harming substances in the air, authorities 

in most of industrialized countries are pushing for the 

reception of EVs. Specifically, they advocate for 

proficient and harmless to the ecosystem 

transportation by means of different projects, 

generally as tax cuts, purchasing appropriations, or 

other interesting arrangements, such free open 

stopping or roadway utilization. 

2. Electrical vehicles 

On a worldwide scale, the vehicle business has 

developed into a force to be reckoned with as far as 

both financial result and Research and development 

spending. To an ever increasing extent, cars are 

equipped with innovation includes that intend to 

improve the security of the two people on foot and 

travelers. Even better, we can go in relative solace 

and speed since there are more vehicles out and 

about. 

Tragically, this has brought about a huge ascent in 

degrees of air toxins in metropolitan regions, 
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including particulate matter (PM), sulfur dioxide 

(SO2), nitrogen oxides (NOx), and carbon monoxide 

(CO). Besides, more than 70% of CO2 emanations 

from transportation are owing to street transport, and 

the area in general is liable for around 28% of all 

discharges, as per an EU examination. 

To mitigate the buildup of CO2 and other greenhouse 

gases in the air, officials in the majority of 

industrialized nations are pushing for the adoption of 

EVs. In particular, they advocate for efficient and 

environmentally friendly transportation via a variety 

of programs, mostly in the form of tax breaks, buying 

subsidies, or other unique policies, such free public 

parking or highway usage. 

3. PROPOSED SIMO CONFIGURATION AND 

MODES OF OPERATION 

The proposed single input three-output DC-DC 

configuration is depicted in Figure 2(a). In this 

configuration the components are as follows, input 

voltage VDC, switches (S1-S3), diodes (D1-D3), and 

passive elements (L1-C1, L2-C2, and L3-C3). It can 

generate three different output voltages, i.e., boost 

(V01), buck-boost (V02) with positive voltage 

polarity, and buck (V03). The proposed converter is 

suitable for independently regulating the output 

voltages by the duty cycles D1, D2, and D3, 

respectively. The theoretical waveforms of circuit 

elements are depicted in Figure 2(b).  

The proposed configuration is different from the 

conventional parallel combination of buck, boost, and 

buck-boost configuration. In the proposed circuit 

configuration, the loads are isolated during the 

simultaneous control. From the following figures, 

one may observe that during mode-1operation, load 

R3 alone through S3 is connected to the input power 

supply, but the other loads are isolated, as shown in 

Figure 3(a). Similarly, during mode-2 only load R1 

alone through D1 is connected to the input supply, 

but other loads are isolated, as depicted in Figure 

3(b). In the proposed control strategy, all the loads 

are isolated from each other during their control in 

any mode of operation. However, this feature is 

impossible in the conventional parallel combination 

of buck, boost, and buck-boost converters. This 

circuit configuration looks very simple, but it is novel 

and valuable. A comparison in terms of the number 

of components, modes of operation, and working 

conditions between the conventional and proposed 

SIMO converter is presented in Table 1, as given 

below 

 
Proposed configuration: (a) SIMO configuration 

Table 1: Parameter specification comparison between 

the conventional and proposed SIMO converter 

 
In the conventional approach shown in Figure1, the 

main drawback is the cross-regulation problem, and 

the loads are not isolated from each other during their 

operation. Further, the circuit complexity will 

increase to convert the negative polarity of output 

voltages in the buck-boost mode of operation.  

The proposed structure has the following advantages: 

 a) It is a simple structure and no assumptions on 

operating duty ratio (D1 > D2 > D3 or D3 < D2 < D1 

or D1 = D2 = D3)  

b) It can generate three different output voltages, i.e., 

boost, buck, buck-boost()  

c) No constraints on inductor currents (like iL1 > iL2 

> iL3 or iL1 < iL2 < iL3 or iL1 = iL2 = iL3)  

d) Loads are isolated from each other during control 

and the cross-regulation problem is successfully 

eliminated e) It gives the positive buck-boost output 

voltage. 

A. MODES OF OPERATION  

1) SWITCHING STATE 1  

Switches S1, S2, and S3 are turned ON. The current 

flow path is depicted in Figure 3(a), and the energy 

port VDC magnetizes L1, L2, and L3. Consequently, 

the C1 and C2 are discharged to the loads (R1) and 

(R2), respectively, whereas (C3) is charged. The 

inductor currents and capacitor voltages are 

represented in Eq. (1)-(4).  
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2) SWITCHING STATE 2 In this state, L1, L2, and 

L3 are de-magnetized and deliver their energy to the 

load through D1, D2, and D3, respectively. 

It is observed that during switching state-1operation, 

load (R3) alone through S4 is connected to the 

ground but the other loads are isolated even when the 

ground is involved during charging the battery, as 

shown in Figure 3(a). Similarly, during switching 

state-2 only load (R1) alone through D1 is connected 

to the ground, but other loads are isolated from the 

ground and the load (R1) as well as depicted in 

Figure 3(b). In the proposed control strategy, all the 

loads are isolated from each other during their control 

during any mode of operation. Moreover, the 

configuration of the circuit is such that energy stored 

in the inductor is confined to one output only and is 

not shared with the other outputs during the control 

and also, which allows controlling the output 

voltages with independent duty-cycles. As a result, 

the load voltage V01 (V02) (V03) is not influenced 

by the variation of load current i03 (i02) (i01). Hence 

the proposed configuration with this control approach 

avoids all the issues about crossregulation problems 

even when the ground is involved during battery 

charging. More importantly, the configuration is 

simple and it can generate three independent outputs 

without any assumptions on inductor currents (iL1 > 

iL2 > iL3 or iL1 < iL2 < iL3 or iL1 = iL2 = iL3) 

and/or operating duty cycle. 

B. SEMICONDUCTOR STRESS ANALYSIS  

Semiconductor stresses of the proposed configuration 

are presented Eq. 

 
III. SMALL-SIGNAL MODELING  

The transfer function of the proposed topology is 

derived from small signal analysis as [26]. The state-

space equations (16)-(25) are as follows 

 

 

 

 

 

 

4. Simulation model and results 

Simulation results 

 

 
VB1 
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VB2 

 
VB3 

 
IL1 

 
IL2 

 
IL3 

 

 
Performance of closed-loop control for a sudden 

variation in input voltage (VDC) at 0.5 sec. 

Extenction simulation model 

 

 
VO1, IL2, IL2,VO3, VO2,IL3 

 
Performance of closed-loop control for a sudden 

variation in input voltage (VDC) at 0.5 sec. 

5. Conclusion 

The structure of the SIMO converter is proposed in 

this paper. The operating principle and modes of 

operation have been explained in detail. The 

proposed configuration is simple and without 

assumptions on the charging of inductors and 

operating duty cycle. It can generate the buck, boost, 

and buck-boost output voltages with independent 

regulated voltages. Cross regulation problems do not 
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exist in the proposed topology, so the sudden change 

in inductor and load currents does not affect the 

output voltages. Finally, simulation and experimental 

results validate the proposed converter operation and 

performance. 
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