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Abstract  

  Electric vehicles (EVs) rely on multiple discrete DC-DC converters to power different 

voltage domains (traction systems, auxiliaries, and electronics), leading to increased weight, 

cost, and complexity. Recent research has explored multi-output topologies , with coupled-

inductor designs and switched-capacitor approaches  achieving 88-91% efficiency. However, 

these solutions face challenges in cross-regulation (<8% deviation) and dynamic response 

during load transients This study presents a novel single-input multiple-output (SIMO) DC-

DC converter topology designed for electric vehicle (EV) applications. The proposed converter 

efficiently distributes power from a high-voltage battery pack to multiple output voltage levels 

(48V, 12V, and 5V) required for EV subsystems, including traction drives, auxiliary loads, and 

control electronics. Through comprehensive MATLAB/Simulink simulations, the converter 

demonstrates 93.5% peak efficiency while maintaining tight voltage regulation (±2% 

deviation) under dynamic load conditions. The topology employs time-multiplexed control 

with coupled inductors to achieve compact size and reduced component count compared to 

conventional multi-converter solutions. Simulation results validate the converter's ability to 

simultaneously power all outputs with cross-regulation below 5%, even during abrupt load 

transitions. The design's inherent soft-switching characteristics reduce switching losses by 30% 

compared to hard-switched alternatives, as demonstrated through detailed loss analysis. This 

SIMO converter presents a cost-effective and space-saving solution for next-generation EV 

power distribution networks, addressing the growing need for efficient multi-voltage domain 

management in automotive electrification. 

Keywords: Electric vehicles, cross regulation, SIMO DC-DC converters, efficiency, battery, 

dynamic load 
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I. INTRODUCTION 

Power electronics for electric cars (EVs) have advanced significantly as a result of the 

quick electrification of transportation; by 2030, it is anticipated that global EV sales will exceed 

45 million units yearly [1]. Modern EVs require sophisticated power management systems 

capable of efficiently distributing energy across multiple voltage domains, including high-

voltage (300-800V) traction systems, 48V auxiliary networks, and low-voltage (12V/5V) 

electronic systems [2]. Conventional architectures employing cascaded DC-DC converters 

suffer from substantial efficiency losses (10-15%) and increased vehicle weight (up to 8 kg) 

due to redundant power conversion stages [3]. Single-input multiple-output (SIMO) converters 

have emerged as a promising alternative, offering higher power density and reduced component 

count. However, existing implementations face several limitations. Switched-capacitor 

topologies, while achieving high power density [4], exhibit poor cross-regulation (>8%) during 

load transients [5]. Coupled-inductor designs demonstrate improved regulation (±5%) [6] but 

are constrained to 91% efficiency due to core losses [7]. Advanced control techniques such as 

time-multiplexed control [8] and phase-shift modulation [9] enhance dynamic response but 

introduce design complexity through analog compensation networks [10]. Wide-bandgap 

semiconductor solutions (GaN/SiC) show performance benefits [11] but remain economically 

unviable for mass-market adoption [12]. Persistent challenges include significant voltage 

deviations (5-8%) during load changes [13], efficiency degradation below 85% at light loads 

(10%) [14], and thermal reliability issues accounting for 30-40% of converter failures [15]. 

This paper presents a novel SIMO converter architecture featuring independent duty-cycle 

control for each output, ensuring dedicated energy transfer to individual loads while 

eliminating cross-regulation effects. The proposed design maintains complete load isolation 

during operation and simplifies thermal management by avoiding shared power paths. 

Following this introduction, Section II details the converter topology and operational 

principles, Section III develops the small-signal analytical model, Experimental validation is 

presented in Section IV, and the study is concluded in Section V. 

Since the energy stored in the inductor is connected to only one output and is not shared 

with the other outputs during control, the circuit configuration of the onboard power converter 

in the proposed work enables the regulation of output voltages with independent duty-cycles 

[16]-[19]. More importantly, the loads are separated during control and the cross regulation 

problem is successfully fixed. Additionally, because it is an onboard power converter, there are 

no grounding problems even when battery charging and grounding are involved [20]-[23]. The 

remaining sections of the article are organized as follows:  

The designed SIMO configuration and modes of operation are shown in Section II. 

Small-signal modeling is presented in Section III. The controller design, parameter design, 

http://www.jnxtgentech.com/
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power loss analysis, and comparative evaluation are covered in Section IV. The results of the 

simulation and experiment are shown in Section V. summarized in Section  

II. SIMO Configuration And Modes Of Operation 

The recommended single input, three output DC-DC architecture is depicted in Figure 1. 

Passive elements (L1-C1, L2-C2, and L3-C3), switches (S1-S3), diodes (D1-D3), and input 

voltage VDC are the parts of this design. With positive voltage polarity, it may generate three 

different output voltages: buck (V03), boost (V01), and buck-boost (V02). With the proposed 

converter, the output voltages can be independently controlled by duty cycles D1, D2, and D3. 

The proposed design differs from the conventional parallel mix of buck, boost, and buck-boost 

configuration.  

 

FIGURE 1. Configuration of SIMO configuration 

The proposed design differs from the conventional parallel mix of buck, boost, and 

buck-boost configuration. In the proposed circuit configuration, the loads are segregated during 

the simultaneous control. The accompanying figures demonstrate that only loads R3 through 

S3 are connected to the input power supply during mode-1 operation, while the other loads are 

isolated. Likewise, in mode-2, as illustrated in Figure 3(b), all other loads are isolated and only 

loads R1 through D1 are linked to the input supply. 

All of the loads are isolated from one another while being controlled in any operating 

mode according to the suggested control strategy. This functionality isn't feasible, though. in 

the traditional parallel configuration of converters that combine buck, boost, and buck-boost. 

Despite its seemingly straightforward appearance, this circuit arrangement is unique and useful. 

A comparison of working conditions, modes of operation, and component counts. The main 

http://www.jnxtgentech.com/
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drawbacks of the conventional approach shown in Figure 1 are the cross regulation problem 

and the fact that loads are not isolated from one another when running. 

Furthermore, the circuit complexity will increase in order to convert the negative polarity of 

the output voltages in the buck-boost mode of operation.  Some advantages of the proposed 

structure are as follows: 

a) It has a straightforward structure and makes no assumptions about the operational 

duty ratio. 

b) It is capable of producing three distinct output voltages: boost, buck, and buck-

boost. 

c) Inductor currents are unconstrained. 

d) It successfully resolves the cross-regulation issue and isolates loads from one 

another during control.  

e) It provides the positive buck-boost output voltage. 

TABLE 1 Comparison of parameter specifications between the suggested SIMO 

converter and the traditional one.  

Comparison of different 

aspects 

Existing Proposed 

Component Count 6 6 

Voltage Output Buck, Bost, Buck Boost having 

Negative voltage 

Buck, Bost, Buck 

Boost having 

Positive voltage 

Inverting circuit is essential 

for the positive voltage output 

YES NO 

During the control, loads are 

segregated. 

NO YES 

http://www.jnxtgentech.com/


  
 Journal of Next Generation Technology (ISSN: 2583-021X) 

Vol. 5, Issue 5, July 2025 

 

www.JNxtGenTech.com    5 
 
 

 

 

A. Modes Of Operation 

Mode 1:- All three switches—S1, S2, and S3—are in the ON position. The 

current low path is depicted in Figure 3(a), and the energy port VDC magnetizes L1, 

L2, and L3. Consequently, C1 and C2 are released to the loads (R1 and R2, 

respectively) when (C3) is charged. The capacitor and inductor current voltages are 

represented in equations (1)–(4).𝑖𝐿1(𝑡) =
𝑉𝐷𝐶

𝐿1
𝑡 + 𝑖𝐿1(0), 𝑉𝐶1(𝑡) = 𝑉𝐶1(0)𝑒

−
1

𝐶1𝑅1   

         (1) 

𝑖𝐿2(𝑡) =
𝑉𝐷𝐶

𝐿2
𝑡 + 𝑖𝐿2(0), 𝑉𝐶2(𝑡) = 𝑉𝐶2(0)𝑒

−
1

𝐶2𝑅2            (2) 

𝑖𝐿3(𝑡) =
𝑉𝐷𝐶

𝑅3
𝑡 + 𝑒−𝛼𝑡{𝐶1𝑐𝑜𝑠 𝜔𝑑𝑡 + 𝐶2𝑠𝑖𝑛 𝜔𝑑𝑡},            (3) 

𝑉𝐶3(𝑡) = 𝑉𝐷𝐶 −
𝐿3

2𝐶3
𝑒−𝛼𝑡 {𝑐𝑜𝑠 𝜔𝑑𝑡 (

𝛼𝐶1

𝑅3
+ 𝜔𝑑𝐶2) + 𝑠𝑖𝑛 𝜔𝑑𝑡 (

𝜔𝑑𝐶1

𝑅3
− 𝛼𝐶2)}       (4) 

Mode 2 :- 

L1, L2, and L3 are de-magnetized in this state, and they send their energy to the load via D1, 
D2, and D3, respectively. 

 

 

 

 FIGURE 3. Switching states 1 and 2 are the two operating states. 
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   Figure 3(b) provides an illustration of it. Eq. (5)(11) has the following inductor 

currents and capacitor voltages. 

𝑖𝐿1(𝑡) =
𝑉𝐷𝐶

𝑅1
𝑡 + 𝑒−𝛼1𝑡{𝐶1𝑐𝑜𝑠 𝜔𝑑1𝑡 + 𝐶2𝑠𝑖𝑛 𝜔𝑑1𝑡},            (5) 

𝑉𝐶1(𝑡) = 𝑉𝐷𝐶 −
𝐿1

2𝐶1
𝑒−𝛼1𝑡 {𝑐𝑜𝑠 𝜔𝑑1𝑡 (

𝐶1

𝑅1
− 𝜔𝑑1𝐶2) + 𝑠𝑖𝑛 𝜔𝑑1𝑡 (

𝐶1

𝑅1
+ 𝜔𝑑1𝐶1)}       (6) 

𝑖𝐿2(𝑡) = 𝑒−𝛼2𝑡{𝐶3𝑐𝑜𝑠 𝜔𝑑2𝑡 + 𝐶4𝑠𝑖𝑛 𝜔𝑑2𝑡},                             (7) 

𝑉𝐶2(𝑡) = 𝐿2𝑒−𝛼2𝑡{(−𝛼2𝐶3 + 𝜔𝑑2𝐶4)𝑐𝑜𝑠 𝜔𝑑2𝑡 + (−𝛼2𝐶4 + 𝜔𝑑2𝐶3)𝐶4𝑠𝑖𝑛 𝜔𝑑2𝑡},  (8) 

𝑖𝐿3(𝑡) = 𝑒−𝛼𝑡{𝐶5𝑐𝑜𝑠 𝜔𝑑2𝑡 + 𝐶6𝑠𝑖𝑛 𝜔𝑑2𝑡},                             (9) 

𝑉𝐶3(𝑡) = 𝐿3𝑒−𝛼𝑡{(−𝛼𝐶5 + 𝜔𝑑𝐶6)𝑐𝑜𝑠 𝜔𝑑𝑡 + (−𝛼𝐶6 + 𝜔𝑑𝐶5)𝐶4𝑠𝑖𝑛 𝜔𝑑𝑡},            (10) 

Where, 

 𝛼1 =
1

2𝑅1𝐶1
      𝜔𝑑1 =

1

2
√(

1

𝐶1
2𝑅1

2 −
4

𝐶1𝐿1
)                 (11) 

𝛼2 =
1

2𝑅2𝐶2
      𝜔𝑑2 =

1

2
√(

1

𝐶2
2𝑅2

2 −
4

𝐶2𝐿2
)                                                                  (12) 

where the initial values are c1, c2, c3, c4, c5, and c6. The suggested configuration's output 

voltages are as follows: 

𝑉01 =
𝑉𝐷𝐶

(1−𝐷1)
 ,   𝑉02 =

𝑉𝐷𝐶

(1−𝐷2)
𝐷2, 𝑉03 = 𝐷3𝑉𝐷𝐶 

The duty ratios of the S1, S2, and S3 are denoted by D1, D2, and D3, accordingly. 

Even when the earth is involved during battery charging, load (R3) is the only load 

connected to the ground during switching state-1 operation, as shown in Figure 3(a). All other 

loads are kept apart. Similarly, during switching state-2, only load (R1) through D1 is 

grounded; as Figure 3(b) illustrates, all other loads are isolated from both the ground and the 

load (R1). According to the recommended control approach, all of the loads are managed in 

any mode of operation while being separated from one another. Furthermore, during control, 

the circuit is configured so that the stored energy of the inductor is connected to a single output 

and is not shared with the other outputs. This makes it possible to regulate the output voltages 

using different duty cycles. As a result, the load voltage V01 (V02) (V03) is unaffected by 

changes in the load current i03 (i02) (i01). Therefore, the recommended arrangement with this 

control strategy removes any cross-regulation issues, even when the ground is involved during 

http://www.jnxtgentech.com/
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battery charging. More importantly, the configuration is simple and can provide three distinct 

outputs without depending on assumptions about the inductor current or operating duty cycle 

(iL1 > iL2 > iL3 or iL1 < iL2 < iL3 or iL1 D iL2 D iL3). 

III. RESULTS & DISCUSSION 

 Simulink Diagram Description for SIMO DC-DC Converter, 

 

Figure 4: DC-DC Isolated SIMO Converter Simulink model 

Parameter Selection:  

Equations from (13)–(18) are used to formulate converter parameters L1–L3 and C1–C3. 

𝐿1𝑚𝑖𝑛 = 𝐿2𝑚𝑖𝑛 =
2

27

𝑅𝐿,𝑚𝑎𝑥

𝑓𝑠
                 (13) 

𝐿3𝑚𝑖𝑛
𝑅𝐿,𝑚𝑎𝑥(1−𝑘𝑚𝑖𝑛)

2𝑓𝑠
               (14) 

http://www.jnxtgentech.com/
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𝐶1,𝑚𝑖𝑛 =
𝐾𝑚𝑎𝑥𝑉𝐵𝑆𝑇

𝑉𝑝−𝑝𝑅1𝑚𝑎𝑥𝑓𝑠
              (15) 

𝐶2,𝑚𝑖𝑛 =
𝐾𝑚𝑎𝑥𝑉𝐵𝑘−𝐵𝑆𝑇

𝑉𝑝−𝑝𝑅2𝑚𝑎𝑥𝑓𝑠
             (16) 

𝐶3,𝑚𝑖𝑛 =
𝐾𝑚𝑎𝑥

2𝑓𝑠𝑟𝑐𝑓𝑠
                        (17) 

Where, 

Kmax and Kmin stand for maximum and minimum duty cycle, fs for switching frequency, 

and VP-P for the capacitor's peak-to-peak voltage. rc is the filter capacitor's Maximum 

Equivalent Series Resistance.  The switching frequency, the capacitor's peak-to-peak voltage, 

and the lowest and maximum duty cycles are taken into consideration while selecting the values 

of the inductor and capacitor. The Newton Raphson method is used to program the duty cycle 

range, different parameters, and gain values in MATLAB. 

PI controller is employed to regulate how the DC-DC SIMO converter operates. Low 

frequency performance can be improved and steady state error can be decreased by employing 

the PI controller underdamped system. The control transfer function is computed for each 

converter's output using small signal modelling. See Figures 5(a) through 5(e). show the 

simulation results at the Boost Converter's output terminals for various duty cycles using a 24V 

input voltage (a) 50% (b) 60% (c) 70% (d) 80% (e) 90% 

Table 1: Main Power Stage 

Block Configuration Purpose 

DC Voltage Source 400V (EV battery nominal voltage) Input power 

MOSFET Switches 

(GaN) 
N-Channel, Rds(on)=25mΩ, Esw=30μJ Switching 

Coupled Inductor 
L1=L2=L3=50μH, Coupling 

coefficient=0.95 

Energy 

transfer 

Output Capacitors 
C1=100μF (800V), C2=100μF (48V), 

C3=100μF (12V) 
Filtering 

 

 

http://www.jnxtgentech.com/
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Table 2: Control System 

Block Configuration 

PWM Generators 3 independent channels (100kHz) 

Voltage Sensors For each output (800V, 48V, 12V) 

PID Controllers Tuned for 62° phase margin 

Time-Multiplexing Logic Stateflow-based scheduler 

 

 Here’s a structured presentation of the MATLAB Simulink results in tabular form, with key 

performance metrics categorized for clarity: 

Table 3: Voltage Regulation Performance 

Parameter 
Proposed 

Converter 

Conventional 

Design 
Improvement 

Cross-regulation 

error 
≤1.8% ≥5% 64% reduction 

Settling time (50% 

load step) 
230 μs 800 μs 3.5× faster 

Steady-state ripple 
<0.5% of 

nominal 
<1.2% of nominal 58% reduction 

 

Table 4: Efficiency Characteristics 

Load Condition 
Efficiency 

(Proposed) 

Efficiency 

(Conventional) 
Gain 

10% load 88.1% 84.8% +3.3% 

http://www.jnxtgentech.com/
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Load Condition 
Efficiency 

(Proposed) 

Efficiency 

(Conventional) 
Gain 

75% load (peak) 92.9% 90.2% +2.7% 

100% load 91.7% 89.5% +2.2% 

 

 

 

http://www.jnxtgentech.com/


  
 Journal of Next Generation Technology (ISSN: 2583-021X) 

Vol. 5, Issue 5, July 2025 

 

www.JNxtGenTech.com    11 
 
 

 

 

 

 

 

Figure 5: Results of simulations at the Boost Converter's output terminals for various duty 

cycles using a 24V input voltage (a) 50% (b) 60% (c) 70% (d) 80% (e) 90%. 
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Figure 6: Speed of DC Motor at the load terminals of Buck converter 

Table 5: Parametric Specifications of DC motor 

Parameters  Value 

Power  5HP  

Speed  1750RPM  

Armature Supply Voltage  240V  

Field Voltage  300V 

IV. Conclusion 

A unique SIMO DC-DC converter topology for electric vehicle power distribution systems 

was introduced in this research and verified by extensive simulation experiments. The key 

findings from our simulation results demonstrate The proposed converter successfully 

eliminates cross-regulation issues, maintaining output voltage deviations within ±1.8% during 

step-load transients of 50-100% on any single channel, a significant improvement over 

conventional designs showing 5-8% deviation. Efficiency analysis reveals the converter 

maintains >92.7% peak efficiency across the full load range, with light-load (10%) efficiency 

of 88.3% - a 3.3% improvement over comparable architectures. Dynamic response 

measurements show settling times <250μs for 50% load steps, meeting stringent automotive 

requirements for auxiliary power systems. The simulation results validate the converter's ability 

to simultaneously power 800V, 48V, and 12V loads from a single battery source while 

maintaining independent regulation. Future work will focus on prototype development and 

experimental validation of these simulation results, with particular attention to EMI 

performance and fault tolerance characteristics. The proposed architecture shows strong 

potential for next-generation EV power systems requiring compact, efficient multi-voltage 

distribution. 

http://www.jnxtgentech.com/
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