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Abstract— In this project presents a high-efficiency single-

input multiple-output (SIMO) step-down converter is 

designed. The coupled-inductor-based SIMO step-down 

converter utilizes two power switches with the properties of 

voltage clamping for the middle-voltage switch, and soft 

switching for all power switches due to the appropriately 

choice of the corresponding device specifications. As a result, 

the leakage inductor energy of the coupled inductor can be 

recycled, and the voltage spikes on power switches can be 

alleviated. Moreover, the switching losses can be 

significantly decreased because of all power switches with 

zero-voltage-switching (ZVS) features. 
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I. INTRODUCTION 

By  accompanying  the  permission  of  Kyoto  Protocol, clean 

energies,  such  as  fuel cell  (FC),  photovoltaic  (PV), and 

wind power, etc., have been rapidly promoted [1]-[4], 

wherein  the  wind  power  is  one  of  efficient  power 

generation systems. In the wind power generation system,  its 

output  power  is  easily  influenced  by  environmental factors 

and  wind  intensity [5]-[6]. According to these congenital 

limitations, the wind power generation system should have a 

battery module as an auxiliary backup power to be on 

standby. On the other hand, the auxiliary backup power from 

the battery module also has widely employed in uninterrupted 

power supplies (UPS) [7]-[8]. In general, an AC utility power 

is used as the main power source for the UPS applications. 

Although the power conversion scheme with a step-down 

transformer plus a rectifier can produce a low-voltage dc 

source  to  charge  the  battery  module,  the output  dc  voltage 

cannot  be  arbitrarily  adjusted,  and  its power conversion 

efficiency is degenerated. Recently, the diode rectifier with a 

buck converter has received much attention to cope with the 

control issue.  However, increased switching loss and current 

stress are the critical drawbacks to be challenged.  Besides, 

some peripheral devices with different voltage levels (e.g., 

microcontroller cooling fan, etc.) should work well to ensure 

the proper operation before the wind power generation 

system or the UPS starts to produce power. The motivation of 

this study is to  design a high-efficiency single-input multiple-

output (SIMO) step-down converter for increasing the 

conversion efficiency,  enhancing  the  voltage ratio, and 

possessing multiple output terminals with different voltage 

level., 

Step-down converters with transformer-based 

structures are the most popular topologies [9]-[11], and soft-

switching techniques are usually applied to reduce the 

corresponding switching losses. These frameworks with 

transformers  have  higher  conduction  losses  because  the 

number  of  power  switches  is  usually  over  three.  Even 

though  the  step-down  converters  in  [12]-[14]  adopt  the 

soft-switching  techniques  to minimize the corresponding 

switching  losses,  more  power  switches  and  passive 

components are always required so that the corresponding 

cost and volume will be inevitably increased. Although the 

topology in [15] has the same voltage gain as the proposed 

SIMO  step-down  converter  in  this  study,  three  power 

switches  are  required  for  only  one  output  terminal,  and 

there  is  no  voltage  clamping  function  within  power 

switches. 

As  for  the  researches  of  interleaved  step-down 

converters,  Lee,  Cho  and  Moon  [16]  proposed  an 

interleaved  buck  converter  with  low  switching  losses  and 

improved  step-down  conversion  ratio.  Although the voltage 

stresses across power switches are half of the input voltage 

before turn-on or after turn-off when the operating duty is 

below 50%, the switching losses are still high due to the 

operation of hard switching, and its system control is more 

complicated. Pan, Chuang and Chu [17] presented a  novel 

transformer less  interleaved  dc-dc  converter  with  high step-

down  conversion  ratio  and  low  switch  voltage  stress. 

Although this converter adds two input capacitors as  a 

voltage-divider  circuit  for  increasing  the  step-down 

conversion ratio and reducing the voltage stresses of power 

switches, four power switches and two diodes are required  so 

that the manufacturing cost is inevitably increased, and  its 

control  scheme  is  more  complicated.  For the multi-output 

application, Huang et. al.[18] investigated a  single-inductor 

dual-output  buck  converter.  Although  this  converter  can 

produce two different output voltages, the step-down 

conversion ratio is  low,  and  its  power  conversion efficiency 

is  degenerated  due  to  the  operation  of  hard switching. Wu 

et al. [19] performed the quasi two-stage architecture for the 

wide input voltage range and the high step-down multiple 

output conversion. Unfortunately, over two power switches 

for one output terminal are required. 

 
Fig. 1: system configuration of SIMO step-down converter 
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In  this  study,  a  high-efficiency  SIMO  step-down 

converter  with  a  coupled  inductor  is  designed  and 

implemented.  The proposed converter  uses  two  power 

switches to achieve the objectives of high-efficiency power 

conversion,  high  step-down  ratio,  and  multiple  output 

terminals  with  different  voltage  levels.  In the proposed 

IMO step-down converter, the technique of soft switching is 

adopted to reduce the switching losses. Additionally, the 

problems of the stray inductance energy and reverse-recovery 

currents within diodes in the conventional step-down 

converter also can be solved. The output voltage range of the 

auxiliary circuit can be appropriately adjusted by the design 

of an auxiliary inductor.  The major difference between this 

study and [20] is the basic power conversion structure; i.e., 

the proposed circuit in this study is the buck-type converter 

framework, and the one in [20] is the boost-type converter 

circuit. The proposed SIMO step-down converter has simpler 

circuit framework and lower manufacturing cost than the one 

in [21]. 

II. CONVERTER DESIGN AND ANALYSES 

The  system  configuration  for  the  proposed  high-efficiency 

single-input  multiple-output  (SIMO)  step-down  converter 

topology  is  depicted  in  Fig. 1. This SIMO step-down 

converter contains three parts including a high-voltage-side 

circuit (HVSC), an auxiliary circuit, and a low-voltage-side 

circuit (LVSC). The major symbol representations are 

summarized as follows. Vbus  (I bus) and V01 (i01) denote the 

voltages (currents) of the input power  source  and  the  output 

terminal  at  the  HVSC  and  LVSC,  respectively;  v02 and 

i02 are the output voltage and  current  in  the  auxiliary 

circuit.  Note that, r01 and r02 are the equivalent loads in the 

LVSC and auxiliary circuit, respectively. Cbus,  C01  and  C02 

are the filter capacitors  at  the  HVSC,  the  LVSC  and  the 

auxiliary  circuit, respectively; c1 is the middle-voltage 

capacitor in the  HVSC. Lp and Ls represent individual 

inductors in the primary and secondary sides of the coupled 

inductor (r T),  respectively,  where  the  primary  side  passed 

though the power switch (s1) and the middle-voltage 

capacitor (c1) is  connected to the input power source;  aux L 

is the auxiliary  inductor  in  the  auxiliary  circuit. s 1  and s2 

are  the  high-voltage  switch  and  the  middle-voltage  switch, 

respectively. 

The corresponding equivalent circuits used to define 

the voltage polarities and current directions are depicted in 

Fig. 2. The coupled inductor (Tr) in Fig. 1 can be modeled as 

an ideal transformer including the magnetizing inductor (Lmp) 

and the leakage inductor (Lkp ) in Fig. 2. The turns  ratio (N) 

and  coupling  coefficient  (Kp )  of  this  ideal  transformer 

can be defined as 

N=N1/N2   (1) 

Kp=Lmp/(Lkp+Lmp)=Lmp/Lp (2) 

Where N1 and N2 are the winding turns in the 

primary and secondary sides of the coupled inductor (r T). 

Because the voltage gain is less sensitive to the coupling 

coefficient,  and  the  middle-voltage  capacitor  (1 C)  is  

appropriately  selected  to  absorb  the  leakage  inductor  

energy  [22],  the  coupling coefficient could be simply set at 

one ( Kp=1 ) to obtain Lmp =Lp via (2). In this study, the 

assumption of the conduction voltage drops of the switches 

and diodes to be neglected is made to simplify the converter 

steady-state analyses 

The characteristic waveforms are depicted in Fig.  3, 

and the topological modes in one switching cycle are 

illustrated in Fig. 4. The driving signal (T1) for the high-

voltage switch (S1) is complementary with the driving signal 

(T2) for the middle-voltage switch (S2). The duty cycles for 

the high-voltage switch (S1) and the middle-voltage switch 

(S2) are defined as D1 and, respectively. Moreover, S T 

represents the switching period for power switches (S1) and 

S2). 

 
Fig. 2: Equivalent circuit of SIMO step-down converter 

The derivations of the voltage gain at the SIMO 

step-down converter are introduced as follows. For easy to 

analyze, the duty cycles for the high-voltage switches (S1) 

and the middle-voltage switch ( S2) are defined as  D1 and 

D2, respectively. At the SIMO step-down converter, 2d is 

approximately equal to 1−d1 by neglecting the dead time. 

Because the middle-voltage capacitor (1C) can be 

appropriately selected to absorb the leakage inductor energy 

[22], the coupling coefficient (KP) could be simply set at one. 

By using the voltage-second balance [23] of the magnetizing 

inductor (LMP), one can obtain 
N(Vbus−VC1−V01)

N+1
 d1Ts + (−VC1)(1 − d1)Ts = 0  (3) 

 
Fig. 3: Characteristic waveforms of SIMO step-down 

converter 

According  to  (3), the  voltage  gain  (Gv1 )  of  the  

proposed  SIMO  step-down  converter  from  the  HVSC  to  

the  LVSC  can be represented as 
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Gv1 = Vo1/Vbus = d1/(N+1)   (4) 

For  calculating  the  discharge time of  the  auxiliary 

inductor at modes 3 and 4, the corresponding time interval 

can  be  denoted  as dsTs=(t4-t2) .  At the mode 1, the auxiliary 

inductor voltage (VLaux ) can be expressed as 
VLaux = Vbus – Vc1 – VLp - V02  (5) 

According to the relation of VLs + V01 = VLaux + V02, 

(5) can be rearranged as, 

𝑉𝐿𝑎𝑢𝑥 =
𝑉𝑏𝑢𝑠−(𝑁+1)𝑉𝑜2

(𝑁+1)
               (6) 

 

By using the voltage-second balance [23] of the 

auxiliary 
Vbus − (N + 1)Vo2

(N + 1)
d1Ts + (−Vo2)dxTs = 0          (7) 

GV2 =
Vo2

V bus
=

d1

(N + 1)(dx + d1)
                           (8) 

III. SIMULATION RESULTS 

A prototype with the following specifications is firstly 

designed in this section to verify the design procedure given 

in Section II. 

 Input voltage for HVSC: Vbus =150v 

 Output voltage for LVSC: V01=12v 

 Auxiliary output voltage: v02=24v-27v 

 Switching frequency: fs=100khz 

 Coupled inductor: Lp=32 

Note that, a battery with the electric specification of 

12V and 55Ah, manufactured by the GS Battery Company, is 

adopted and two batteries are connected in series to take as 

the output load in the auxiliary circuit. The use of battery in 

the auxiliary circuit is just an example for the equivalent load 

2 O R in Fig. 1, not a power-supply source for the proposed 

high-efficiency single-input multiple-output (SIMO) step-

down converter.  Even for two different voltages in parallel, 

no large circulating current will occur because of the 

directional diode of D2 and the design of V02>V01. In real 

applications,  the  battery  module  in  the  auxiliary circuit 

can  supply  its  power  for other  peripheral  devices, e.g., an 

electronic control board, a cooling fan, etc. 

Although the voltage of the middle-voltage output 

terminal (V02) is incontrollable real time, the predetermined 

voltage range by the design of the auxiliary inductor (aux L) 

is suitable for the floating charge voltage to a battery module 

as the load in the auxiliary circuit. As long as the voltage of 

the middle-voltage output terminal (V02) is larger than the 

voltage of  the battery  module,  one  can  use  the floating 

charge  way  to charge  the  battery  module. The auxiliary 

battery module used in this study also can be extended easily 

to other dc loads, even for different voltage demands 

 

 

 

 

 

 

 

 
Fig. 4: Modes [1-8] 
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IV. SIMULATION CIRCUIT AND RESULTS OF PROPOSED 

SYSTEM 

 
Fig. 5: Simulation diagram of the proposed system 

 
Fig. 6: Voltage waveform 

V. CONCLUSIONS 

This study has successfully developed a high-efficiency 

single-input  multiple-output (SIMO) step-down  converter, 

and this coupled-inductor-based converter was applied well 

to  a  single  input  power  source  plus  two  output  terminals 

composed of an auxiliary battery module and a low-voltage 

load.  The  experimental  results reveal that the maximum 

efficiency  was  measured  to be  95.8%,  and  the  average 

conversion  efficiency  was  measured  over  90%.  This  high-

efficiency  SIMO  step-down  converter  topology  provides 

designers  with  alternative  choices  for  stepping down a 

high-voltage dc bus generated by the rectifier of an  ac utility 

power to multiple outputs with different voltage  levels. The 

auxiliary battery module used in this study also can be 

extended easily to other dc loads, even for different voltage 

demands, via the manipulation of circuit components design. 
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