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Abstract 

 
In the conventional dc-dc converter, a pair of additional diode and the adjacent passive component capacitor/inductor can be 

added to the circuit with an X-shape connection, which generates a family of new topologies. The novel circuits, also called 
diode-assisted dc-dc converter, enhance the voltage boost/buck capability and have a great potential for high step-up/step-down 
power conversions. This paper mainly investigates and compares conventional dc-dc converter and diode-assisted dc-dc converter in 
wide range power conversion from the aspects of silicon devices, passive components requirements, electro-magnetic interference 
(EMI) and efficiency. Then, a comprehensive comparison example of a high step-up power conversion system was carried out. The 
two kinds of boost dc-dc converters operate under the same operation conditions. Mathematical analysis and experiment results 
verify that diode-assisted dc-dc converters are very promising for simultaneous high efficiency and high step-up/step-down power 
conversion in distributed power supply systems. 
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I. INTRODUCTION 
Renewable energy sources such as photovoltaic (PV) arrays 

and fuel cells have been increasing at a fast pace and 
demonstrate great potential in advanced distributed power 
supply systems. The obvious characteristic of these primary 
sources is low dc voltage supply with wide range voltage drop 
[1]-[3]. With regard to this property, numerous applications 
including PV generation systems, fuel cells back-up 
uninterruptible power supply system (UPS) and electric 
vehicles, have to employ a high step-up/step-down dc-dc 
converter to integrate the renewable energy source with the 
utility equipment [4]-[26]. In addition, considering that the 
overall cost of renewable energy systems is high, the use of 
low cost, high efficiency power electronic converters is 
necessary. 

The previously mentioned applications require high 
step-up/step-down power conversions. The conventional 

dc-dc converter can theoretically boost/buck the output 
voltage to any desired value without the upper/lower 
limitation. However, in practical cases, the duty ratio cannot 
tends to be the extreme value unity/zero due to the parasitic 
parameters of the main circuit and the maximum/minimum 
adjustable on-time interval of the pulse-width modulation 
(PWM) controllers [5], [8]. Furthermore, the high-frequency 
EMI issue and efficiency are unfavorable since the switching 
devices suffer from high voltage and current stress when the 
conventional dc-dc converter operates under the extreme duty 
ratio [12], [13]. Typical solutions include the use of 
high-frequency power transformers to adjust the voltage 
gain. Unfortunately, this may result in an increased size and 
weight when compared with non-isolated dc-dc converters. 
Cascading one or more conventional dc-dc converters may be 
applied to obtain high step-up/step-down power conversions. 
Even though an additional power processing stage exists, the 
operation in the continuous conduction mode (CCM) may 
still lead to high efficiency [5]. The main drawbacks in this 
case are increased complexity and the need for two sets of 
active switches, magnetic cores and control circuits. In 
addition, the control must be synchronized and stability is a 
matter of great concern [5]. 
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Switched-capacitor/inductor network provides another 
solution to achieve high step-up/step-down power 
conversions [11]-[13]. The capacitor/inductor can be taken as 
an additional voltage/current source, which is switched 

and recombined by the power devices. Based upon the 

above principles, another pair of diode and the adjacent 
passive component capacitor/inductor is added into the 
conventional dc-dc circuit with an X-shape connection, which 
generates a family of novel topologies. The new circuits, also 
named diode-assisted dc-dc converters [21]-[23], enhance the 
voltage boost/buck capability and avoid the extreme duty ratio. 
It is also beneficial to alleviate the reverse-recovery current 
issue of power diode. Furthermore, diode-assisted dc-dc 
converters, as the single stage converters, do not increase 
control complexity. Thus, they demonstrate great potential 
advantages for wide range power conversion in renewable 
energy applications. 

In order to quantify the improvement of the new topologies, 
this paper provides the mathematical analysis and makes fair 
comparisons of conventional dc-dc converters and diode- 
assisted dc-dc converters in terms of voltage gain, power 
rating of the total switching devices, passive component 
requirements, EMI and efficiency. The advantages and 

suitable operating conditions of each dc-dc converter in 
practical applications are discussed in detail. 

II. DC-DC CONVERTER TOPOLOGIES 
As previously mentioned, three sets of conventional dc-dc 

converters and diode-assisted dc-dc converters have been 
investigated [10]-[13]. The corresponding topologies of the 
main circuits are shown in Fig. 1 (a)-(f): conventional boost 
converter and diode-assisted boost converter; conventional 
buck converter and diode-assisted buck converter; 
conventional buck-boost converter and diode-assisted 
buck-boost converter. The new circuits introduce another pair 
of diode and capacitor/inductor based on the conventional 
dc-dc circuits. It is assumed that the capacitors/inductors in 
diode-assisted network have the same capacitance/inductance 
respectively due to the symmetrical X-shape connection. 
Furthermore, an LC filter is available at the output side to 
attenuate voltage ripples. Since only one controlled switching 
device exists in these circuits, each of diode-assisted dc-dc 
converters has two operation modes according to the 
switching state of S. 

As for diode-assisted boost dc-dc converter, two diodes are 
reverse biased when S is turned on. During this interval, the 
inductor (L) absorbs energy from the dc source by increasing 

                           
(a) Conventional boost converter.                                      (b) Diode-assisted boost converter. 

                            
(c) Conventional buck converter.                                      (d) Diode-assisted buck converter. 

                           
(e) Conventional buck-boost converter.                                (f) Diode-assisted buck-boost converter. 

Fig. 1. Conventional dc-dc converters and diode-assisted dc-dc converters. 
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the charging current, and two identical capacitors (C1 and C2) 
are connected in series to supply the output terminal (Vi=2VC). 
When S is turned off, two diodes are forward biased. The 
energy accumulated in L is transferred to C1 and C2. Both of 
the capacitors are connected in parallel to supply the output 
terminal (Vi=2VC). With regard to the chopped intermediate 
dc link voltage (Vi), an additional LC filter is introduced at 
the output side to obtain a relatively constant output voltage. 
Since D1 and D2 are naturally conducting to perform parallel 
capacitive charging and are reverse-biased in the next interval 
to realize series capacitive discharging, a relatively high 
voltage can be easily achieved with the suitable boost duty 
ratio. The average voltage across the inductors L1 and Lf over 
one switching time period should be zero in the steady state. 

1

( )
0on s in off s in C

L
s

k T V k T V V
V

T
+ -

= =          (1) 

(2 ) ( )
0f f

f

on s C C off s C C
L

s

k T V V k T V V
V

T

- + -
= =   (2) 

From (1) and (2), the voltage gain of diode-assisted boost 
dc-dc converter can be expressed as [11]: 
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Evidently, GD_boost is larger than that of conventional boost 
dc-dc circuit under the same boost duty ratio (kon). 

Diode-assisted buck converter employs an X-shape 
diode-inductor network between S and the output capacitor. 
When S is turned on, both inductors (L1 and L2) and the 
output capacitor (C) store energy in series. When S is turned 
off, the two diodes are conducting. During this interval, L1 
and L2 are connected in parallel to charge C. Using the 
aforementioned derivation approach, the average voltage 
across each inductor in the steady state meets: 
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Solving (4), the voltage gain of this topology is: 
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Evidently, the voltage gain is much smaller than that of 
conventional buck dc-dc circuit under the same duty ratio. 

Diode-assisted buck-boost converter introduces the  
diode-capacitor network, which is the same as that of  
diode-assisted boost converter. When S is turned on, L 
absorbs energy from the dc source. Both capacitors (C1 and 
C2) and the dc source are reversely connected to supply the 
output terminal. When S is turned off, the energy stored in L 
is transferred to C1, C2 and both of the capacitors are 
connected in parallel to supply the output terminal. With a 
similar derivation approach, the voltage across the inductors 
L and Lf in the steady state meets: 
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Solving (6) and (7), the voltage gain of this topology is: 
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Evidently, the voltage gain is larger than that of the 
conventional buck-boost converter under the same duty ratio. 

Fig. 2 shows the relationship of voltage gain versus the 
duty ratio for conventional dc-dc converters and 
diode-assisted dc-dc converters. Based on the conventional 
dc-dc circuits, diode-assisted dc-dc circuits introduce a slight 
modification to enhance the voltage regulation capability 
without increasing the control complexity. Furthermore, the 
new topologies avoid the extreme duty ratio in high 
step-up/step-down voltage regulations. 
 

  Conventional dc-dc converter Diode-assisted dc-dc converter
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(a) Boost converters.                     (b) Buck converters.                 (c) Buck-boost. converters.  

Fig. 2. Voltage gain versus duty ratio for conventional dc-dc converter and diode-assisted dc-dc converter. 
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III. COMPARISON ITEMS, EQUATIONS AND 
RESULTS 

Efficiency and cost are important criteria for designing a 
power converter in renewable energy applications. In order to 
make a comparison of conventional dc-dc circuits and 
diode-assisted dc-dc circuits with no partiality, two related 
converters with the identical function are assumed to operate 
under the same conditions: input dc source voltage (Vin), 
voltage gain (G), output power (Po) and switching time 
period (Ts). 

A. Requirement Comparison of Switching Devices  

The key parameters for the selection of each of the silicon 
power devices in dc-dc converter are the voltage stress (VS): 
the maximum blocking voltage across the device when it is 
turned off and the average current stress (IS): the average 
current flowing through the device in one switching time 
period. As described in [24]-[26], the switching device power 
rating (SDP) as the product of the voltage stress (VS) and 
average current stress (IS) is introduced as a cost indicator for 
the power device. The switching device power rating of all 
the semiconductor devices used in the circuit can be a rough 
cost estimation of the converter system. Furthermore, it is 
also an indicator of the thermal requirements and conversion 
efficiency. 

1
( )

N

Sum Si Si
i

SDP V I
=

= ×å             (9) 

where N is the number of power devices used, VSi is the voltage 
stress induced on the device, and ISi is the average current 
through the device. 

According to the aforementioned operation principle, the 

expressions of the voltage stress, current stress and total power 
rating of the switching devices can be obtained and listed in 
Table I. The detailed derivation process for the boost converter 
as a reference is in Appendix I. 

For direct viewing, Fig. 3 shows the switching device 
comparison results between conventional dc-dc converters 
and diode-assisted dc-dc converters. As illustrated in Fig. 3 (a), 
the voltage stress across the switching device in diode-assisted 
boost converter is much smaller than that in conventional boost 
converter. In addition, the gap expands quickly with an 
increase in the voltage gain. In the meantime, the switching 
devices including S and the diodes in the two converters can 
withstand the same current stress under the given voltage gain, 
respectively. As a result, diode-assisted boost converter retains 
the smaller (SDP)SUM, especially in high voltage gain 
applications. 

Fig. 3 (b) shows the comparison results of the two kinds of 
buck converters. The voltage stress of S in diode-assisted buck 
converter is a little larger than that in conventional buck 
converter. However, the difference is reduced with a decrease 
in the voltage gain. The voltage stress of each diode in 
diode-assisted buck converter is smaller than that in 
conventional buck converter. As for the current stress, S in both 
converters suffer by the same value. In addition, the current 
stress of each diode in diode-assisted buck converter retains the 
smaller value. Therefore, diode-assisted buck converter 
exhibits the relatively smaller (SDP)SUM, especially under low 
voltage gain applications. 

Fig. 3 (c) shows the comparison results of the two kinds of 
buck-boost converters. This case is very similar to the 
comparison results of the boost converters. The voltage stress 
of each of the switching devices in diode-assisted buck-boost 
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Iin denotes the average input current; Pin denotes the input power. 
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converter are much smaller than that in conventional converter, 
while the current stress of the corresponding devices in both 
converters has the same value. As a result, diode-assisted 
buck-boost converter retains the smaller (SDP)SUM, especially 
in high voltage gain applications. 

B. Requirements Comparison of Passive Components  

The passive components including the inductor and 
capacitor are also important parts in determining the cost and 
volume of power converters. In general, the volume of a 
passive component is proportional to the available energy 
stored in it. The inductor core and winding are designed on the 
basis of the inductance requirement (L) and average current 

level (IL) under normal operation conditions. The inductance is 
selected by limiting the current ripple to a certain range. If the 
current ripple or the current level is small, the volume of the 
inductor can be reduced. The capacitor is designed based on 
the current capacity, capacitance requirement and terminal 
voltage [27]. The current capacity usually refers to the root 
mean square (RMS) value of the current ripple. The capacitance 
is selected according to the limitations of the voltage ripple. 
According to the operation principles of the different 
converters, the key parameters for inductor and capacitor 
selection in each circuit are obtained and listed in Table II. The 
detailed derivation process for boost converters as a reference 
is provided in Appendix II. 

  S in diode-assisted dc-dc converter D1,D2 in diode-assisted dc-dc converter (SDP)SUM for diode-assisted dc-dc converter

  S in diode-assisted dc-dc converter D1,D2 in diode-assisted dc-dc converter (SDP)SUM for diode-assisted dc-dc converter
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(a) Switching device comparison between conventional boost converter and diode-assisted boost converter. 
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(b) Switching device comparison between conventional buck converter and diode-assisted buck converter. 
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(c) Switching device comparison between conventional buck-boost converter and diode-assisted buck-boost converter. 

Fig. 3.  Switching device comparison between conventional dc-dc converters and diode-assisted dc-dc converters 
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The current/voltage ripples of the passive components 
inductor/capacitor are defined as: 

L L LI IdD = ×                (10) 

C C CV VdD = ×                (11) 
where δL and δC are the ripple coefficients, which are preset 
based on the performance indices of the converter. 

Based on the equations listed in Table II and the 
aforementioned definitions, the relationship of passive 
components requirements versus the voltage gain for the 
different kinds of dc-dc converters are shown in Fig. 4. The 
parameters KL, KC, and KIc are defined as: 
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where KL reflects the inductance requirement; and KC and KIc 
reflect the capacitance requirement and current ripple of 
capacitor. 

As is illustrated in Fig. 4.(a), the inductance of the boost 
inductor for diode-assisted boost converter is reduced under the 
same input current ripple, when compared with conventional 
boost converter. The capacitance of diode-assisted boost 
converter is a little larger under high voltage gain applications. 
However, the RMS current ripple and the terminal voltage of 

each capacitor (C1 and C2) are decreased to a large extent, 
which contributes to the volume reduction. Furthermore, 
diode-assisted boost converter employs an LC filter at the 
output side. Fortunately, the volume of the additional LC filter 
does not enlarge the size of power converter too much. When 
compared with the main storage components, the boost 
inductor (L) and the intermediate capacitors (C1 and C2), the 
volume of the LC filter is relatively minor because of the small 
values of ILf and Cf. Therefore, the total volume of the passive 
components may be reduced in high voltage gain applications, 
even though diode-assisted boost converter increases the 
number of passive components.  

As for the passive components requirement comparison for 
the two kinds of buck dc-dc circuits shown in Fig. 4.(b), the 
inductance of each inductor (L1, L2) in diode-assisted buck 
converter is a little larger than that in conventional buck 
converter under the same current ripple limitations. However, 
the average current level (IL) in the new circuit is much smaller. 
The volume of the inductor is proportional to the inductance 
and the square of the current level (L·IL

2). As a result, 
diode-assisted buck converter also has potential in the volume 
reduction of inductors. In the conventional buck circuit, the 
output current is continuous and almost constant. However, in 
diode-assisted buck circuit, the charging current across the 
capacitor changes between once and twice the inductor current 
in one switching time period. Therefore, the capacitance and 
volume of the output capacitor in conventional buck converter 
are relatively small. 

TABLE II 
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As for the two buck-boost circuits, the comparison results of 
the passive components are fairly similar to those of the boost 
circuits in high voltage gain applications. The inductance of L 
in diode-assisted buck-boost converter can be reduced under 
the same current ripple, when compared with the conventional 
one. The capacitance of each capacitor in diode-assisted 
buck-boost converter is a little larger. However, the RMS 
current ripple of each one is reduced to a large extent, which 
contributes to volume reduction. 

C. EMI Comparison  

In power electronic converters, EMI mainly refers to 
switching noise and common-mode noise. High values for the 
dv/dt and di/dt during the switching instant are the major 

source of high frequency EMI. For conventional dc-dc 
converter operating under high step-up/step-down applications, 
the large voltage/current stress of switching devices will 
introduce the severe reverse recovery current of the power 
diode and serious high-frequency switching noise as the duty 
ratio (kon) approaches the extreme value. From the switching 
device comparison, the enhanced dc-dc converters based on  
diode-capacitor/inductor network with decreased voltage/ 
current stress are beneficial for reducing the slope of dv/dt, 
di/dt, which alleviates the reverse-recovery current problem of 
the power diode, as well as suppressing the high-frequency 
switching noise [12], [13]. 

As is illustrated in Fig. 1, there is no common ground 
between the input and output side for diode-assisted dc-dc 
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(a) Inductance, capacitor voltage ripple and current ripple comparison between two kinds of boost converters. 
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(b) Inductance, capacitor voltage ripple and current ripple comparison between two kinds of buck converters. 
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(c) Inductance, capacitor voltage ripple and current ripple comparison between two kinds of buck-boost converters. 

Fig. 4.  Passive components comparison between conventional dc-dc converters and diode-assisted dc-dc converters. 
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converters. Therefore, the common-mode voltage (VON), as 
another important EMI source, is worth analysis in the novel 
circuits. As for diode-assisted boost converter, the maximum 
common-mode voltage takes place during S=ON interval 
according to the operation principle. And it is the intermediate 
capacitor voltage which can be expressed as: 

( _ )
1 1

1 2ON D boost in in
on

GV V V
k

+
= =

- .      (15) 

For diode-assisted buck converter, the inductor L2 is 
connected between the input and output ground. Therefore, the 
corresponding maximum common-mode voltage is the 
absolute value of the charging and discharging voltage of L2 
during S=ON and S=OFF intervals. 

( _ )
1max( , )

2ON D buck in in
GV V GV-

= .      (16) 

For diode-assisted buck-boost converter, the maximum 
common-mode voltage between the input and output ground 
takes place during S=ON interval. And it is the blocking 
voltage across D2. 

( _ )
1 2

1 2ON D buckboost in in
on

GV V V
k

+
= =

- .    (17) 

Evidently, diode-assisted dc-dc converters have the potential 
to reduce the cost of silicon devices, the volume of passive 
components and the high-frequency switching noise, when 
compared with conventional dc-dc converters. However, the 
common-mode voltage does exist and needs necessary 
consideration in some applications. Anyway, diode-assisted 
dc-dc converters are the promising topologies in high 
step-up/step-down power conversion.  

 

IV. COMPARISON EXAMPLE AND EXPERIMENTAL 
VERIFICATION 

To verify the advantages of diode-assisted dc-dc circuits, a 
comparison example, taking the boost conversion system as a 
reference, will be conducted with the following parameters: 
Vin=120V, Vo=540V, Po=2kW and fs=10kHz. This application 
requires high step-up voltage regulation. According to the 
equations listed in Tables I and II. The key parameters for the 
switching devices and passive components selection can be 
calculated and shown in Table III. The current/voltage ripple  

 
Fig. 5. Diode-assisted dc-dc converter test platform. 

TABLE IV 

THE SPECIFICATIONS FOR THE EXPERIMENTAL PROTOTYPE 

Power devices 
S IGBT (IGW40T120) 

D, D1 and D2 DIODE (IDP30E120) 

Passive components 
L 2.5mH 

C, C1 and C2 330uF 

LC filer 
Lf 7mH 
Cf 47uF 

Resistance load R 40Ω~1000Ω 
Switching time period Ts 100us 

 
coefficients of each inductor/capacitor for two boost converters 
are preset as: δL = 0.2, δLf = 0.3, δC = 0.002 and δCf = 0.002. 
Evidently, (SDP)SUM of diode-assisted boost circuit is much 
smaller than that of conventional circuit. Usually, (SDP)SUM is 
also a measurement of the thermal requirements. Therefore, a 
small value of (SDP)SUM contributes to reducing the cost of the 
switching devices and the size of the heatsink. As for passive 
component requirements listed in Table III, diode-assisted 
boost circuit reduces the inductance of the boost inductor (L), 
the terminal voltage and the RMS current of the intermediate 
capacitor (C1), which promotes volume minimization. Even 
though the new topology employs an LC filter at the output 
side, the additional circuit may not increase the total volume of 
the converter greatly due to the relatively small output current 
across Lf, and the small capacitance and RMS current of Cf. 

TABLE III 

COMPARISON EXAMPLE OF TWO BOOST CONVERTERS 

Boost 
converter 

Switching devices Passive components  
Voltage 

stress (VS) 
Current 

stress (IS) (SDP)sum Inductance 
(uH) 

Average inductor 
current (A) Capacitance Capacitor RMS 

current (A) 
Capacitor 

voltage rating 
Conventional 

circuit 
_ 540S SV V=  
_ 540S DV V=  

_ 13S SI A=  
_ 3.7S DI A=  9000VA  2.8L mH=  16.7LI A=  266.7C uF=  _ 6.9C RMSI A=  540CV V=  

Diode-assisted 
circuit 

_ 330S SV V=  
_ 330S DV V=  

_ 13S SI A=  
_ 3.7S DI A=  

6722VA  
2.3L mH=  
6.9fL mH=  

16.7LI A=  
3.7

fLI A=  
357.1C uF=  
12.8fC uF=  

_ 4.9C RMSI A=  
_ 0.3

fC RMSI A=  
330CV V=  
540

fCV V=  
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(a) Waveforms of drive signal, intermediate dc-link voltage, 

output voltage and input current. 

 
(b) Switching waveforms of power devices. 

 
(c) Current waveforms of passive components. 

Fig. 6. Experiment waveforms of diode-assisted boost converter. 

 
A laboratory prototype rated at 2kW was built to confirm the 

previous theoretical analysis with Infineon power devices. 
Conventional boost dc-dc converter is also set up as a 
counterpart for comparison. The main control board is 
designed based on DSP28335. Fig. 5 shows a photograph of 
the test platform. 

 
(a) Waveforms of drive signal, switching voltage, output voltage 

and input current. 

 
(b) Switching waveforms of power devices. 

 
(c) Current waveforms of passive components. 

Fig. 7.  Experiment waveforms of conventional boost converter. 

 
Figs.6 and 7 show the measured experimental waveforms 

of diode-assisted boost converter and the conventional boost 
converter, respectively. Both converters operate under the 
preset conditions: Vin=120V, Vo=540V, fs=10kHz, R=150Ω 
and the voltage gain is about G=4.5. As is illustrated in Figs. 
6(a) and 7(a), the duty ratio of S in diode-assisted boost 
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converter is reduced to a large extent under the same voltage 
gain. The current ripple also decreases at the same time. 
Under normal operation, all of the power devices in 
diode-assisted boost converter withstand the intermediate 
capacitor voltage, while all of the power devices in the 
conventional boost converter bear a high output voltage. The 
on-state current of the power devices in conventional boost 
converter is the boost inductor current. Meanwhile, the 
on-state current of S in diode-assisted boost converter is the 
sum of the input and output current. As for the switching 
waveforms shown in Figs. 6(b) and 7(b), the measured 
blocking voltage and on-state current of the power devices 
are: 336V, 20.5A for diode-assisted boost converter and 
538V, 16.9A for conventional boost converter. All of these 
measured value are almost consistent with the theoretical 
values of 330V, 19.8A and 540V, 16.2A, respectively. Figs. 
6(c) and 7(c) show the captured current waveforms of the 
passive components (iL, iC ,iCf), which accord well with the 
aforementioned mathematical analysis results. The current 
ripple of L in diode-assisted boost converter is a little smaller 
than that of conventional boost converter with the same boost 
inductance. The relatively obvious oscillatory current of the 
capacitor appears at the instant of the switching commutation 
and reflects the switching current across the power devices. 
Diode-assisted boost converter is beneficial for reducing the 
current ripple across the capacitors. 

Efficiency is an important criterion for power converter. 
High efficiency can reduce both the thermal requirements and 
cost. The losses of power converter comprise the 
semiconductor devices losses, passive devices losses, controller 
and driver losses, etc. in which the semiconductor device losses 
are the dominant part. The semiconductor device losses mainly 
include switching loss and conduction loss. For the fully 
controllable IGBT, there are turn-on and turn-off switching 
losses in addition to the conduction loss, while for the power 
diode only the reverse recovery loss and conduction loss are 
considered because the turn-on loss of diode is small enough to 
be negligible. The switching loss model of semiconductor 
devices can be expressed as a function of the switched current 
and blocking voltage as [28]-[30]: 

2
( , ) ( ) sw

sw on off sw sw
ref

V
E i i

V
a b g= + × + ×      (18) 

( )sw sw swon swoffP f E E= × +              (19) 

where Vsw is the blocking voltage; isw is the switched current; 
and α, β, γ are the device parameters from the manufacturer 
datasheet. Vref is the reference voltage under which the device 
parameters are derived. 

The conduction losses for the power devices IGBT and 
DIODE in the dc-dc converter (Pcon_dc) can be calculated as: 

_
0

1 ( ) ( ) ( ) ( )
sT

con dc con con con con con
s

P v t i t dt d v t i t
T

= × » × ×ò    (20) 

where vcon(t)=von+ricon(t) is the on-state voltage drop; von is the 

threshold voltage; and r is the on-state resistor. icon is the 
conduction current, and dcon is the conduction duration. 

As indicated in (15) and (16), the switching loss of power 
converter depends on the switching frequency (fsw), switched 
current (isw) and blocking voltage (Vsw). The key parameters 
for the conduction loss calculation of power device expressed 
in (17) are the conduction duration (dcon) and the on-state 
current (icon). For conventional dc-dc boost converter, the 
blocking voltage of the power devices is the high output 
voltage. The switched current (isw) and on-state current (icon) 
of power devices are the large input current. Therefore, the 
efficiency of conventional boost converter is not good, 
especially in high voltage gain applications. 

As for diode-assisted boost converter, the voltage stress of 
the switching devices is reduced to the intermediate capacitor 
voltage (VC), which is almost half of the output voltage when 
the voltage gain is high. Therefore, the switching loss can be 
reduced to a large extent while the conduction loss difference 
is not distinct since the on-state currents of the switching 
devices are almost the same under high voltage gain 
applications when compared with conventional boost 
converter. Furthermore, the advantage in terms of switching 
losses becomes more obvious with an increase in the 
switching frequency. 

In order to quantify the improvement, the main circuit 
efficiency of the two boost converters is measured under 
different voltage gains by adjusting the input voltage (Vin) 
and regulating the output power (Vo) with the change of load 
resistance. Figs. 8 and 9 show the corresponding efficiency 
comparison results respectively. Evidently, diode-assisted 
boost converter demonstrates higher efficiency than that of 
conventional converter under wide range voltage regulation, 
especially in high step-up applications. As illustrated in Fig. 8, 
when both converters operate under the relatively low voltage 
gain, the conventional boost converter exhibits better 
performance due to the small number of switching devices. 
However, in high step-up applications, the large input current 
and high output voltage increase the switching loss and 
conduction loss of the power devices and quickly lower the 
efficiency. Under the same conditions, for diode-assisted 
boost converter, the relatively small voltage stress of the 
power devices illustrated in Fig. 3(a) helps to reduce the 
switching loss to a large extent. Thus, the discrepancy in the 
efficiency between both converters becomes obvious with the 
decreasing input voltage. As illustrated in Fig. 9, 
diode-assisted boost converter shows higher efficiency than 
that of conventional boost converter in high step-up 
applications under the full range of output power. Therefore, 
diode-assisted converter provides a potential both high 
efficiency and high power-density design approach in 
renewable energy applications. Furthermore, the new 
topology reduces (SDP)SUM, which means less silicon device 
requirements for the power converter. 
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Fig. 8. Main circuit efficiency of two boost converters with the 
changing of input voltage (Vin = 60V~250V, Vo = 540V, R = 250Ω, 
fs = 10kHz). 
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Fig. 9. Main circuit efficiency of two boost converters under 
different output power (Vin = 120V, Vo = 540V, Po = 250W~ 2kW, 
fs = 10kHz). 

 
V. CONCLUSIONS 

In this paper, three sets of dc-dc converters were compared 
comprehensively. The requirements for the switching devices 
and passive components were discussed in detail and shown 
as curves. Mathematical analysis results showed that diode- 
assisted dc-dc converters have many advantages such as low 
requirements for both the silicon devices and passive 
components, as well as high efficiency in high 
step-up/step-down power conversions. In general, 
conventional dc-dc converters are very competitive in the 
relatively low boost/buck ratio range. Numerical experiment 
results are included to verify the theoretic analysis. From the 
comparison results, it can be seen that diode-assisted dc-dc 
converters are very promising in the renewable energy 
applications where high step-up/step-down capability is 
regarded as a very important characteristic. 

 

APPENDIX 
A. Switching Device Voltage Stress, Current Stress and 
Power Rating Derivation: 
1) Conventional Boost Converter: For conventional boost 
converter, the voltage stress of each switching device is the 
maximum output voltage. 

_ _S S S D inV V G V= = ×            (21) 

The on-state current of S and D is the inductor current in 
the steady state. The average current stress of S and D is: 

       _
1

S S on L in
GI k i I

G
-

= × = ×         (22) 

       _
1(1 )S D on L inI k i I
G

= - × = × .       (23) 

The switching device power rating (SDP) is defined as the 
product of the voltage stress and current stress. This is 
introduced to indicate the silicon device requirements. The 
total switching device power rating of conventional boost 
converters can be expressed as: 

_ _ _ _( )sum S S S S S D S D inSDP V I V I G P= × + × = × .  (24) 

2) Diode-assisted Boost Converter: For diode-assisted boost 
converter, there are two operation modes according to the 
switching state of S. Fig. 10 shows the corresponding 
equivalent circuits. 

As is illustrated in Fig. 10, the blocking voltage of each 
switching device is the intermediate capacitor voltage. 

       1
1

1 2
i

S c in
V GV V V

D
+

= = =
-

 .      (25) 

The on-state current of S, shown in Fig. 10 (a), is the sum 
of the current across L and Lf. The average current values of L 
and Lf are equal to the input and output currents, respectively. 

1
fS L L in o in

Gi i i I I I
G
+

= + = + = × .    (26) 

The on-state current of D1 or D2, shown in Fig. 10 (b), 
meets: 

f

L C D

D C L

i i i
i i i
= +ìï

í = +ïî
             (27) 

Solving the above equation, iD is: 

1
2 2

fL L
D in

i i Gi I
G

+ +
= = × .         (28) 

The average current stresses of S and D are: 

       _
1

S S on S in
GI k i I

G
-

= × = ×         (29) 

       _
1(1 )S D on D inI k i I
G

= - × = ×        (30) 

The total switching device power rating of diode-assisted 
boost converter can be expressed as: 

 
2

_ _ _ _
( 1)( ) 2

2sum S S S S S D S D in
GSDP V I V I P

G
+

= × + × × = × .(31) 
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(a) During S=ON interval. 

 

(c) During S=OFF inerval. 

Fig. 10. Equivalent circuit of diode-assisted boost converter. 
 
B. Passive Components Requirements Derivation  
1) Conventional Boost Converter: For conventional boost 
converter, the inductor current increases during S=ON 
interval and the corresponding charging voltage is Vin. Thus, 
the current ripple meets: 

1on s in
L in

s

k T VGI V
L G L f

-
D = × = ×

× .      (32) 

By substituting (29) and (10) into (12), KL for conventional 
boost converter is obtained as: 

( )
1

L Boost
GK

G
-

= .             (33) 

As for the output capacitor, the charging current during 
S=OFF interval and the discharging current during S=ON 
interval are: 

_
1

C ON o ini I I
G

= - = - ×            (34) 

_
1

C OFF in o in
Gi I I I

G
-

= - = × .       (35) 

The voltage ripples of the output capacitor in the steady 
state is: 

_
2

1(1 ) C OFF in
C on

s s

i IGV k
C f C fG

-
D = - × = ×

× × .  (36) 

In one switching time period, the RMS value of the 
capacitor current ripple meets: 

2 2 2 2
_ _ _ 2

1 1( )
on s s

on

k T T

C rms C ON C OFF in
o k T

GI i dt i dt I
T G

×

×

-
= + = ×ò ò .  (37) 

By substituting (33), (34) and (11) into (13) and (14), KC 
and KIC for conventional boost converter are obtained as: 

( ) 3

1
C Boost

GK
G
-

=              (38) 

( ) 2

1
IC Boost

GK
G
-

= .            (39) 

2) Diode-assisted Boost Converter: For diode-assisted boost 
converter, the current of L and Lf increase during S=ON 
interval. The charging voltage of L and Lf are Vin and Vi-Vo, 
respectively. Thus, the current ripples of L and Lf meet: 

1
1

on s in
L in

s

k T VGI V
L G L f

-
D = × = ×

+ ×
          (40) 

1(2 )
1f

on s in
L C o

f f s

k T VGI V V
L G L f

-
D = × - = ×

+ × .    (41) 

By substituting (37) and (10) into (12), KL for 
diode-assisted boost converter is obtained as: 

( _ )
1
1L D Boost

GK
G
-

=
+ .           (42) 

As is illustrated in Fig.10, the current across the 
intermediate capacitor during S=ON interval and S=OFF 
interval are as follows: 

_
1

fC ON L ini i I
G

= - = - ×          (43) 

_
1

2 2
fL L

C OFF in

i i Gi I
G

- -
= = × .      (44) 

The voltage ripple of the intermediate capacitor in the 
steady state is: 

_ 1(1 )
( 1)

C OFF in
C on

s s

i IGV k
C f G G C f

-
D = - × = ×

× × + × .   (45) 

In one switching time period, the RMS value of the 
capacitor current ripple meets: 

2 2 2 2
_ _ _ 2

1 1( )
2

on s s

on

k T T

C rms C ON C OFF in
o k T

GI i dt i dt I
T G

×

×

-
= + = ×ò ò . (46) 

By substituting (42), (43) and (11) into (13) and (14), KC 
and KIC for diode-assisted boost converter are obtained as: 

( _ ) 2

2( 1)
( 1)C D Boost
GK

G G
-

=
+

         (47) 

( _ ) 2

1
2IC D Boost
GK

G
-

=              (48) 

As for the output capacitor Cf, the voltage and current 
ripple derivation approach is similar to that of the typical LC 
filter design in conventional buck dc-dc converter [10]. Fig. 
11 shows the typical waveforms of the inductor current (iLf) 
and capacitor voltage (vCf) for the output LC filter in 
diode-assisted boost converter. 

For the capacitor in conventional buck converter, the te
rminal voltage is the output voltage (VC=Vo). As is illustra
ted in Fig. 11, the charge stored in Cf in one switching ti
me period (Ts) is ΔQCf, which can be obtained as: 
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Fig. 11. Typical waveforms of iLf and vCf for the output LC filter of 
diode-assisted boost converter. 
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2 2 2 8

f f
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I IT
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f

D D
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Then, the corresponding voltage ripple is: 

8
f f

f

C L
C

f f s

Q I
V

C C f

D D
D = = .        (50) 

According to the principles of plane geometry, the RMS 
current ripple is: 

2
2 2 2

_ _ _
1 ( )

12

on s s
f

f f f

on s

k T T
L

C rms C ON C OFF
s o k T
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