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Voltage Gain Enhancement for Step-Up Converter 
Constructed by KY and Buck-Boost Converters 

K. I. Hwu, Member, IEEE, and W. Z. Jiang, Student Member, IEEE 

Abstract—In this paper, a novel voltage-boosting converter is 
presented, which combines one charge pump and one coupled 
inductor with the turns ratio. The corresponding voltage gain is 
greater than that of the existing step-up converter combining KY 
and buck-boost converters. Since the proposed converter 
possesses an output inductor, the output current is non-pulsating. 
After some mathematical deductions, an experimental set-up 
with 12V input voltage, 72V output voltage, and 60W output 
power is used to verify the effectiveness of the proposed converter. 

Keywords—KY converter, charge pump, coupled inductor. 

I.    INTRODUCTION 
Because of the global warming, the demand of the green 

power has been increasing for decades. These kinds of green 
power facilities include solar cells, fuel cells, etc. In many 
applications, high voltage conversion converters play an 
important role in boosting the low output voltages of green 
power facilities to the high voltages which the loads need. 
Regarding the traditional non-isolated voltage-boosting 
converters [1], [2], such as the traditional boost converter and 
buck-boost converter, their voltage gains are not high enough. 
Up to now, many kinds of voltage-boosting techniques have 
been presented, including several inductors which are 
magnetized and then pump the stored energy into the output 
with all inductors connected in series [3], coupled inductors 
with turns ratios [4]-[8], [10], [11], [15], voltage superposition 
based on switching capacitors [9], [13]-[18], auxiliary 
transformers with turns ratios [12], etc. In [8] and [10], the 
output terminal is floating, thereby increasing application 
complexity. In [4]-[11], [16] and [17] these converters contain 
too many components, thereby making the converters 
relatively complicated. In [3]-[11], [15], [16] and [17], the 
output currents are pulsating, therefore causing the output 
voltage ripples to tend to be large. In [12], [13], [14] and [18] 
even though the output currents are non-pulsating, their 
voltage gains are not high enough. As described in the 
appendix, Table III makes a comparison between the 
converters shown in the references, in terms of voltage gain, 
component number, switch voltage stress, output inductor and 
floating output. 

Based on the mentioned above, a novel step-up converter is 
presented. This converter combines one KY converter [12], 
one traditional synchronously rectified (SR) buck-boost 
converter, and one coupled inductor with the turns ratio, which 
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is used to improve the voltage gain. Therefore, the voltage 
gain is higher than that of the converter in [14] and can be 
determined by adjusting both the duty cycle and the turns ratio. 
Besides, the duty cycle and the turns ratio are independent, 
which means that tuning the duty cycle does not affect the 
turns ratio and vice versa. In addition, the proposed step-up 
converter has no floating output, and has an output inductor so 
the output current is non-pulsating. Furthermore, part of the 
leakage inductance energy can be recycled to the output 
capacitor of the SR buck-boost converter. In this paper, a 
detailed description along with some experimental results is 
given to provide the effectiveness of the proposed converter. 

II.    OVERALL SYSTEM CONFIGURATION 
Fig. 1 shows the proposed converter, which contains two 

MOSFET switches S1 and S2, one coupled inductor composed 
of the primary winding with Np turns and the secondary 
winding with Ns turns, one energy-transferring capacitor C1, 
one charge pump capacitor C2, one diode D1, one output 
inductor Lo, and one output capacitor Co. In addition, the input 
voltage is denoted by Vi, the output voltage is signified by Vo, 
and the output resistor is represented by Ro. 
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Fig. 1. Proposed step-up converter. 

III.    BASIC OPERATING PRINCIPLES 
Before taking up this section, there are some assumptions to 

be made as follows. 
(1)      The coupled inductor is modeled as an ideal transformer 

except that one magnetizing inductor Lm is connected in 
parallel with the primary winding and one leakage 
inductor Ll1 is connected in series with the primary 
winding. Therefore, the coupling coefficient k is defined 
as )/( 1lmm LLL + . 

(2) The proposed converter operates in the positive current 
mode. That is, the currents flowing through the 
magnetizing inductor Lm and the output inductor Lo are 
always positive. 

(3) The dead times between the two MOSFET switches are 
omitted. 
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(4) The MOSFET switches and the diodes are assumed to 
be ideal components. 

(5) The values of all the capacitors are large enough such 
that the voltages across them are kept constant at some 
values. 

(6) The magnitude of the switching ripple is negligible. 
Therefore, the small ripple approximation will be 
adopted herein in analysis. 

 

The following analysis contains the explanation of the 
power flow path for each mode, along with the corresponding 
equations and voltage gain. Inherently, there are two operating 
modes in the proposed converter. And, the gate driving signals 
vgs1 and vgs2 of the two switches S1 and S2 have the duty cycles 
of ( D−1 ) and D, respectively, where D is the dc quiescent 
duty cycle created from the controller. In addition, the input 
current is denoted by ii, the current through the Np winding is 
signified by iNp, the current through the Ns winding is 
represented by iNs, the current through Lm is denoted by iLm, the 
current through Lo is indicated by iLo, and the current through 
Ro is signified by Io. On the other hand, the voltage across Lm 
or the voltage across the Np winding is signified by vNp, the 
voltage across the Ns winding is represented by vNs, the voltage 
across C1 is indicated by VC1, the voltage across C2 is denoted 
by VC2, and the voltage across Lo is described by vLo.  
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Fig. 2. Key waveforms of the proposed converter. 

 
A. Voltage Gain Considering Coupling Coefficient Equal to 

One 
In this case, the coupling coefficient k is equal to one, that is, 

the leakage inductor is omitted. Besides, the key waveforms of 

the proposed converter with two operating modes are shown in 
Fig. 2. 

1) Mode 1: During this interval, as shown in Fig. 3, S1 is 
turned off, but S2 is turned on. Therefore, the input voltage Vi 
is imposed on Np, thus causing Lm to be magnetized and the 
voltage across Ns to be induced, equal to psi NNV /× . In 
addition, D1 becomes forward-biased, C2 is charged to 

psiCi NNVVV /1 ×++ , and the voltage across Lo, vLo, is a 
negative value, equal to oC VV −2 , thus making Lo 
demagnetized. As a consequence, the input voltage Vi, 
together with the voltage across C1, VC1, plus the induced 
voltage on Ns, vNs, plus the voltage across Lo, vLo, provides the 
energy to the load. Also, the associated equations are shown 
below:  

                                    iNp Vv =                                          (1) 

 

                                   oCLo VVv −= 2                                 (2) 
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Fig. 3. Power flow in mode 1 with coupling coefficient equal to one. 

 
2) Mode 2: During this interval, as shown in Fig. 4, S1 is 

turned on, but S2 is turned off. Therefore, the voltage 1CV−  is 
imposed on Np, thereby causing the magnetizing inductor Lm 
to be demagnetized, and the voltage across Ns to be induced, 
equal to psC NNV /1 ×− . In addition, D1 becomes reverse-
biased, the voltage on Lo is a positive value, equal to 

oCCi VVVV −++ 21 , thus causing Lo to be magnetized. As a 
result, the input voltage Vi, together with the voltage across Lm, 
vNp, plus the voltage across C2, VC2, provides the energy to Lo 
and the load. Also, the corresponding equations are shown 
below:  

 

                               1CNp Vv −=                                     (3) 
                                    oCCiLo VVVVv −++= 21                         (4) 

 

By applying the voltage-second balance principle to Lm over 
one switching period, the following equation can be obtained: 

 

                      0)1()( 1 =−×−+× DVDV Ci                       (5) 

 

Also, by rearranging the above equation, the voltage across C1, 
VC1, can be obtained as follows: 

 

                                     iC V
D

DV ×
−

=
11                               (6) 

 

Likewise, by applying the voltage-second balance principle to 
Lo over one switching period, the following equation can be 
obtained: 
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  0)1()()( 212 =−×−+++×− DVVVVDVV oCCioC         (7) 

 

The voltage across C2, VC2, can be represented by 

 

                            
p

s
iCiC N

NVVVV ×++= 12                        (8) 

 

Next, based on (6), (7) and (8), the corresponding voltage gain 
can be expressed to be 
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From (9), it can be seen that 10 << D . 
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Fig. 4. Power flow in mode 2 with coupling coefficient equal to one. 
 

B. Voltage Gain Considering Coupling Coefficient Not Equal 
to One 

In this case, the coupling coefficient k is not equal to one, 
that is, the leakage inductor Ll1 is taken into account. 
Moreover, the operating modes are also the same as those 
mentioned in section III.A. 

1) Mode 1: During this interval, as shown in Fig. 5, the 
following equations, containing the coupling coefficient k, can 
be obtained. At the same time, both Lm and Ll1 are magnetized 
simultaneously. Hence, the corresponding equations are shown 
below:  

                       ii
lm

m
Np kVV

LL
Lv =×
+

=
1

                           (10) 
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N
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In addition, the voltages on C2 and Lo can be depicted as 
follows: 

             
p

s
iCiNsCiC N

NkVVVvVVV ×++=++= 112            (12) 

                                   oCLo VVv −= 2                                 (13) 
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Fig. 5. Power flow in mode 1 with coupling coefficient smaller than one. 
 

2) Mode 2: During this interval, as shown in Fig. 6, the 
voltages across Lo and C1 is to be expressed as follows. Above 
all, part of the energy stored in Lm and Ll1 can be transferred to 
C1. Hence, the corresponding equations are shown below:  

                                    1CNp kVv −=                                  (14)  

oCCiLo VVVVv −++= 21                    (15) 
By applying the voltage-second balance to both Lm and Ll1 
over one switching period, one can get 

 

                       0)1()( 1 =−×−+× DVDV Ci                        (16) 

 

Sequentially, by rearranging the above equation, the voltage 
across C1, VC1, can be obtained to be 

 

                                 iC V
D

DV ×
−

=
11                                  (17) 

 

Likewise, by applying the voltage-second balance principle to 
Lo over one switching period, the following equation can be 
obtained to be 

 

0)1()()( 212 =−×−+++×− DVVVVDVV oCCioC       (18) 

 

Next, substituting (12) and (17) into (18) yields the voltage 
gain: 

 

                               
p

s

i

o

N
Nk

D
D

V
V

+
−
−

=
1
2                             (19) 

 

Fig. 6. Power flow in mode 2. 
 

Fig. 7 shows the curves of voltage gain versus duty cycle of 
the proposed converter, considering different values of 
coupling coefficient k with the same turns ratio n (=Ns/Np) set 
to three. Fig. 8 depicts the curves of voltage gain versus duty 
cycle of the proposed converter, considering different turns 
ratios with the same coupling coefficient set to one. Fig. 9 
illustrates the voltage gain of the proposed converter versus 
duty cycle of the proposed converter without any negative 
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magnetizing inductor current and any negative output inductor 
current, as compared with the traditional boost converter in [1] 
and the converter in [14].  
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Fig. 7. Curves of voltage gain versus duty cycle for the proposed converter 
with different values of coupling coefficient k but the same turns ratio n. 
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Fig. 8. Curves of voltage gain versus duty cycle for the proposed converter 
with different values of turns ratio n but the same coupling coefficient k. 
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Fig. 9. Comparison of voltage gain versus duty cycle for three types of 

converters. 
 
C. Boundary Condition for Magnetizing Inductor  

The condition for the magnetizing inductor Lm operating in 
what region will be described as follows: 

⎩
⎨
⎧

Δ<
Δ≥

regioncurrent  negative in the luescurrent va ofpart for  ,2
regioncurrent  positive in the luescurrent va allfor ,2

LmLm

LmLm
iI
iI  (20) 

where LmI  and LmiΔ  are the dc and ac components of iLm, 
respectively. 

The expression of ILm can be obtained from (21) to (24). 
For analysis convenience, it is assumed that the input power 
is equal to the output power. According to the voltage-second 
balance for the inductor and the ampere-second balance for 
the capacitor, the dc component of the inductor voltage and 
the dc component of the capacitor current are zero. Therefore, 
as shown in Fig. 10, from the dc component of iNs, INs, is 
equal to the output current Io; likewise, as shown in Figs. 10 
and 11, the current Ii, entering into the primary side of the 
coupled inductor, is the dc component of ii, and is equal to 
the dc component of iNp, INp, plus the dc component of iLm, ILm. 
Therefore, 
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Fig. 10. Marked area in the proposed converter used to explain INp and ILm. 
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Fig. 11. Equivalent model for the dc analysis of the coupled inductor. 

 
In Fig. 11, Io can be expressed as Vo/Ro. Substituting Vo/Ro 

for Io in (23) yields the following equation: 

                                
o

o
Lm R

V
D
DI ×

−
−

=
1
2                                                                      (24) 

Also, LmiΔ  can be represented by 

                           
m

si

m

Np
Lm L

DTV
L

tv
i =

Δ
=Δ                           (25) 

As LmLm iI Δ≥2 , Lm operates in the positive current region. 
Moreover, the further deduction is shown as follows:  

LmLm iI Δ≥2  
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)(11 DKK crit≥⇒  

where 
so

m

TR
LK 2

1 =  and 
)2)(2(

)1(
)(

2

1 DnDDn
DD

DK crit −−−+
−

= . 

From (26), the relationship between )(1 DKcrit and D is 
shown in Fig. 12 under the condition that n is set at three. 
From Fig. 12, it can be seen that if )(1 DKcrit is larger than K1, 
Lm will operate in the positive current region; otherwise, part 
of iLm will enter into the negative current region. 
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Fig. 12. Boundary condition for magnetizing inductor  Lm. 

 
D. Boundary Condition for Output Inductor  

The conditions for the output inductor oL  operating in what 
region will be described as follows: 

⎩
⎨
⎧

Δ<
Δ≥

regioncurrent  negative in the luescurrent va ofpart for  ,2
regioncurrent  positive in the luescurrent va allfor ,2

LoLo

LoLo
iI
iI  (27) 

where LoI  and LoiΔ  are the dc and ac components of iLo, 
respectively.  

Since ILo is equal to Io, replacing Io with Vo/Ro yields the 
following equation: 

                                            
o

o
Lo R

VI =                                (28) 

Also, LoiΔ  can be expressed by 

    
o

soCCi
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Lo L
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L
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Δ
=Δ           (29) 

Inserting equations (4), (6) and (7) into (29) yields the 
following equation: 

                                    
o

si
Lo L

DTVi =Δ                                  (30) 

As LoLo iI Δ≥2 , Lo operates in the positive current region. In 
addition, the more deduction is shown as following: 

LoLo iI Δ≥2  
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)1()(2 . 

From (31), the relationship between )(2 DKcrit and D is 
shown in Fig. 13. From Fig. 13, it can be seen that if 

)(2 DKcrit  is larger than K2, Lo will operate in the positive 
current region; otherwise, part of iLo will enter into the 
negative current region. 
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Fig. 13. Boundary condition for output inductor Lo. 

 

IV.    CONTROL METHOD APPLIED WITH DESIGN 
CONSIDERATIONS  

Fig. 14 shows the overall system block diagram. First of all, 
the voltage divider transfers the output voltage to a desired 
lower value, which is fed to the analog-to-digital converter 
(ADC) to create a corresponding digital signal. After this, this 
digital signal is sent to the filed programmable gate array 
(FPGA), which is the control kernel, containing one serial 
peripheral interface (SPI), one proportional-integral (PI) 
controller, and one digital pulse-width modulation (DPWM) 
generator. Eventually, the FPGA processes this digital signal, 
and accordingly produces two gate driving signals to drive the 
MOSFET switches. The system specifications and used 
component names of the proposed converter are shown in 
Tables I and II, respectively. Besides, the PI controller design 
method is referred to page 95 of the technical report [19]. 
There are two steps to tune the parameters of the proportional 
gain kp and the integral gain ki in the PI controller as follows. 

(1) Step 1: Starting with 0≠pk  and 0=ik , and trimming 
kp until a small residual error is received. 

(2) Step 2: Increasing ki until the system reaches an almost 
zero final error. 
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Fig. 14. Proposed overall system block diagram. 
Table I System specifications of the proposed converter 

System parameters Specifications 
Input voltage (Vi) 12V 
Rated output voltage (Vo) 72V 
Rated output current (Io,rated)/power 
(Po,rated) 

0.833A/60W 

Minimum output current 
(Io,min)/power (Po,min) 

0.1A/7.2W 

Switching frequency (fs) 100kHz 
 

Table II Components used in the proposed converter 
Components Specifications 

MOSFET switches  S1, 
S2 

STP120NF, VDS=100V, 
ID=120A, Ron=10.5mΩ 

Diode D1 V20120C, VR=120V, IF(AV)=20A,
VF=0.54V @ IF=5A 

Energy-transferring 
capacitor C1 

Two 470μF/50V Rubycon 
capacitors with positive 

terminals connected in series 
Charge pump capacitor 
C2 

Two 47μF/100V MIEC 
capacitors connected in parallel

Output capacitor  Co Two 220μF/100V MIEC 
capacitors connected in parallel

Coupled inductor Core: PTS40/27/I 3C92, 
Np:Ns=1:3, Lm=148.7μH, 

Ll1=0.3μH, k≒0.997 
Output inductor Lo Core: ER40/20/13, 

N=20, air-gap of 0.35mm, 
Lo=188μH 

FPGA EP1C3T100 
Half-bridge gate driver IR2011 
ADC ADC7476 

 
How to design the magnetizing inductor Lm, the energy-

transferring capacitor C1, the charge pump capacitor C2, the 
output capacitor Co and the output inductor Lo is shown as 
follows. 
A) Inductor Design 

1) Magnetizing inductor design: To make sure that Lm 
always operates in the positive region, the required equation is 
as follows.  

   μH100
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μ105.012
2 ,
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si
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si
m I
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i
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where ILm,min is the minimum dc current in Lm. And finally, the 
value of Lm is set at 148.7μH. 

2) Output inductor design: From the industrial viewpoint, 
the output inductor is generally designed to have no negative 

current when the output current is above 20%~30% of the 
rated output current [20]. Therefore, in this paper, the 
boundary between the positive current and the negative current 
is assumed to be at 20% of the rated output current. Hence, the 
value of Lo can be obtained as follows:   
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Eventually, the value of Lo is set at 188μH. 
 
B) Capacitor Design 

1) Energy-transferring capacitor design: Assuming the 
peak-to-peak value of the capacitor voltage during the charge 
period, 1CvΔ , is set to 1% of 1CV  or less, that is, 1CvΔ  is 
smaller than 120mV, the value of C1 can be obtained as 
follows: 
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                 (34) 

where Ii,rated is the dc input current Ii under rated conditions. 
And eventually, two 470μF capacitors with positive terminals 
connected in series are selected for C1 [21]. 

2) Charge pump capacitor design: Assuming the variation 
in capacitor voltage during the discharge period, 2CvΔ , is set 
to 0.1% of 2CV  or less, that is, 2CvΔ  is smaller than 60mV, 
the value of C2 can be obtained as follows: 
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tiC

C

sratedo

C
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C
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     (35) 

where ILo,rated is the dc current in Lo under rated conditions. 
And finally, two 47μF capacitors connected in parallel are 
chosen for C2 [21]. 

3) Output capacitor design: As generally known, the output 
filter is used to filter out the output current ripple as much as 
possible. Prior to designing oC , the output voltage ripple ovΔ  
is assumed to be smaller than 0.1% of the rated output voltage, 
that is, ovΔ  is smaller than 72mV. Therefore, the equivalent 
series resistance of the output capacitor, ESR, can be 
represented by  

     Ω≈
×

=
Δ

×
=

Δ
Δ

≤ 216.0

3
1

72001.0001.0

Lo

o

Lo

o

i
V

i
v

ESR                  (36) 

Besides, a rule of thumb for the electrolytic capacitor [2] is 
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                               μ65=× ESRCo                                   (37) 
Therefore, based on (36) and (37), the value of Co can be 
represented by 

                      μF300
216.0
μ65μ65

≈=≥
ESR

Co                         (38) 

Eventually, two 220μF capacitors connected in parallel are 
selected for Co [21].  

V.   EXPERIMENTAL RESULTS 

Figs. 15 to 17 show the measured waveforms at light load, 
namely, Io=0.1A. Fig. 15 shows the gate driving signal for S1, 
vgs1, the gate driving signal for S2, vgs2, the current passing 
through the primary side of the coupled inductor, iNp+iLm, and 
the current passing through the secondary side of the coupled 
inductor, iNs. Fig. 16 shows the gate driving signal for S1, vgs1, 
the gate driving signal for S2, vgs2, the voltage across Lo, vLo, 
and the current through Lo, iLo. Fig. 17 shows the gate driving 
signal for S1, vgs1, the gate driving signal for S2, vgs2, the 
voltage across C1, VC1, and the voltage across C2, VC2. On the 
other hand, Figs. 18 to 20 show the same measured waveform 
items as those for Figs. 15 to 17, except for half load, namely, 
Io=0.4A, whereas Figs. 21 to 23 show the same waveform 
items as those for Figs. 15 to 17, except for rated load, namely, 
Io=0.833A. 

From the waveforms mentioned above, the proposed 
converter can stably operate all over the load range. Moreover, 
from Fig. 16, it can be seen that there is a negative current in 
Lo. Furthermore, the heavier the load is, the higher the 
voltages across C1 and C2. This is because the voltages across 
C1 and C2 are functions of the duty cycle D. That is, as the 
output current increases, the output voltage will decrease. 
Therefore, in order to maintain the output voltage at the 
constant value, the feedback control system will increase D. 
Consequently, the voltages across C1 and C2 will increase as 
well.  

On the other hand, Figs. 24 and 25 show the currents 
through S1 and S2 and the voltages across S1 and S2 at rated 
load. Without the voltage spikes considered, the measured 
voltage stresses of S1 and S2 are both about 27V, which is 
somewhat different from the idea value of 24V. This is 
because the voltage drops due to parasitic impedance makes 
the duty cycle bigger than the ideal value. Without the currents 
spikes considered, the measured current stresses of S1 and S2 
are about 3A and 10A, respectively. Furthermore, Figs. 26 and 
27 show the waveforms of output voltage and current in the 
steady state at rated load, and in the transients from light/rated 
load to rated/light load, respectively. From Fig. 27, it can be 
seen that the output voltage undershoot due to the load change 
from light load to rated load is about 4.7V with the 
corresponding recovery time of about 225ms, whereas the 
output voltage overshoot due to the load change from rated 
load to light load is about 4.3V with the resulting recovery 
time of about 240ms. 

Aside from these, Fig. 28 shows the curve of efficiency 
versus load current. From Fig. 28, it can be seen that the 
efficiency all over the load range is above 88%, and the 
maximum efficiency can be up to 95%. 

20V

1A

1gsv

2gsv

LmNp ii +

2.5A

Nsi

s5μ

20V

    Fig. 15. Waveforms at light load: (1) vgs1; (2) vgs2; (3) iNp+iLm; (4) iNs. 

20V

250mA

1gsv

2gsv

Lov

20V

Loi

s5μ

20V

    Fig. 16. Waveforms at light load: (1) vgs1; (2) vgs2; (3) vLo; (4) iLo. 
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1gsv

2gsv

1CV
20V

2CV

s5μ

20V

    Fig. 17. Waveforms at light load: (1) vgs1; (2) vgs2; (3) VC1; (4) VC2. 
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20V

2.5A

1gsv

2gsv

LmNp ii +

5A

Nsi

s5μ

20V

   Fig. 18. Waveforms at half load: (1) vgs1; (2) vgs2; (3) iNp+iLm; (4) iNs. 
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20V

Loi

s5μ
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Fig. 19. Waveforms at half load: (1) vgs1; (2) vgs2; (3) vLo; (4) iLo. 

20V

100V

1gsv

2gsv

1CV
20V

2CV

s5μ

20V

   Fig. 20. Waveforms at half load: (1) vgs1; (2) vgs2; (3) VC1; (4) VC2. 
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LmNp ii +

10A

Nsi

s5μ  
Fig. 21. Waveforms at rated load: (1) vgs1; (2) vgs2; (3) iNp+iLm; (4) iNs. 
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20V
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Fig. 22. Waveforms at rated load: (1) vgs1; (2) vgs2; (3) vLo; (4) iLo. 
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1CV
20V
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s5μ  
Fig. 23. Waveforms at rated load: (1) vgs1; (2) vgs2; (3) VC1; (4) VC2. 
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20V
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A10
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1dsi

10A

2dsi

s5μ  
Fig. 24. Waveforms at rated load: (1) vgs1; (2) vgs2; (3) ids1; (4) ids2. 
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Fig. 25. Waveforms at rated load: (1) vds1; (2) vds2. 
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50V
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s5μ
 Fig. 26. Waveforms in the steady state at rated load: 

(1) vgs1; (2) vgs2; (3) vo; (4) io. 
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50ms

72V
10V

 
 
 

Fig. 27. Waveforms of load transient responses from light/rated load to 
rated/light load: (1) vo; (2) io. 
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Fig. 28.  Efficiency versus load current. 

 

VI.    CONCLUSION 

A novel high step-up converter is presented herein. By 
combining the coupled inductor with the turns ratio, and the 
switched capacitor, the corresponding voltage gain is higher 
than that of the existing step-up converter combining KY and 
buck-boost converters. Furthermore, the proposed converter 
has no floating output, and has one output inductor so the 
output current is non-pulsating. Moreover, the structure of the 
proposed converter is quite simple and very suitable for 
industrial applications. 

APPENDIX 
Table III makes a comparison between the converters 

shown in the References, in terms of voltage gain, component 
number, switch voltage stress, output inductor and floating 
output.
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Table III Comparison between the converters shown in the References, 
in terms of voltage gain, component number, switch voltage stress, output inductor and floating output 

Ref. Voltage gain Component  
number 

Switch voltage stress Output 
inductor  

Floating 
output 

[3] 
2)1(

1
D−

 
8 

D
V

V i
ds −

=
11 , 232 )1( D

VVV i
dsds −

==  
No No 

[4] 
D
n

−
+

1
1  

10 
ids nVV =1 , ids V

D
nDV
−

=
12   

No No 

[5] 
D
n

−
+

1
2  

10 
D

V
V i

ds −
=

11  
No No 

[6] 
D
n

−
+

1
1  

15 
D

V
V i

ds −
=

11  
No No 

[7] 
nD

D
+

−1
2  

13 
2221

io
ss

nDVV
VV −==  

No No 

[8]  
 D

nDD
−
++

1
1  

9 
D

V
V i

ds −
=

11  
No Yes 

[9] n

D
D )

1
2(
−
−  

n: stage number 

12, n=2 
18, n=3 i

nn V
D
D

D
D ])

1
2()

1
2[( 1−

−
−

−
−
−  

No No 

[10] 
 D

nD
−
+

1
)1(2  

10 
ids V

D
nDV
−
+

=
1

)1(
1  

No Yes 

[11] 
D
nD

−
+

1
2  

14 
)1(221 D

nDVVV io
ds −

−=  
No No 

[12] D+1  6 ids VV 21 = , ids VV =2  Yes No 
[13] 

D
D

−
−

1
2  

8 
D

V
VV i

dsds −
==

121  
Yes No 

[14] 
D
D

−
−

1
2  

8 
D

V
VV i

dsds −
==

121  
Yes No 

[15] 
n

D
+

−1
2  

8 
D

V
VV i

dsds −
==

121  
No No 

[16] 
Type 1: 

D
D

−
−

1
3  

Type 2: 
D−1

2  

Type 3: 
D
D

−
−

1
23  

10 Type 1: idsds VVV == 21  

iods VVV 23 −=  
Type 2: idsds VVV == 21  

iods VVV −=3  
Type 3: idsds VVV == 21  

iods VVV −=3  

No No 

[17] 
1

1
2

+
− D
nD  

11 ids VV =1 , ids VV =2  

ids V
D

DV )
1

13(3 −
−

=  

No No 

[18] Type 1: 2D 
Type 2: 2D 

8 Type 1: ids VV =1 , ids VV =2  

ids VV =3 , ids VV =4  
Type 2: ids VV =1 , ids VV =2  

ids VV =3 , ids VV =4  

Yes No 



Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

 11

REFERENCES 
[1] R. W. Erickson and D. Maksimovic, Fundamentals of Power Electronics, 

2nd ed., Norwell: KLuwer Academic Publishers, 2001. 
[2] Abrahan I. Pressman, Switching Power Supply Design, 2nd ed., New York: 

McGraw-Hill, 1998. 
[3] B. R. Lin, F. Y. Hsieh and J. J. Chen, “Analysis and implementation of a 

bidirectional converter with high converter ratio,” IEEE ICIT’08, pp.1-6, 
2008. 

 [4] K. B. Park, G. W. Moon and M. J. Youn, “Nonisolated high step-up 
stacked converter based on boost-integrated isolated converter,” IEEE 
Transactions on Power Electronics, vol. 26, no. 2, pp. 577-587, 2011. 

[5] Y. Deng, Q. Rong, Y. Zhao, J. Shi and X. He, “ Single switch high step-
up converters with built-in transformer voltage multiplier cell,” IEEE 
Transactions on Power Electronics, vol. 27, no. 8, pp. 3557-3567, 2012. 

[6] Wuhua Li, Weichen Li, Xiangning He, D. Xu and Bin Wu, “General 
derivation law of nonisolated high-step-up interleaved converters with 
built-in transformer,” IEEE Transactions on Industrial Electronics, vol. 
59, no. 3, pp. 1650-1661, 2012. 

[7] C. M. Lai, C. T. Pan and M. C. Cheng, “High-efficiency modular high 
step-up interleaved boost converter for dc-microgrid applications,” IEEE 
Transactions on Industrial Electronics, vol. 48, no. 1, pp.161-171, 2012. 

[8] R. J. Wai and R. Y. Duan, “High-efficiency power conversion for low 
power fuel cell generation system,” IEEE Transactions on Power 
Electronics, vol. 20, no. 4, pp. 847-856, 2005. 

[9] F. L. Luo, “Analysis of super-lift luo-converters with capacitor voltage 
drop,” IEEE ICIEA’ 08, pp. 417-422, 2008. 

[10] L. S. Yang, T. J. Liang, H. C. Lee, and J. F. Chen, “Novel high step-up 
DC-DC converter with coupled-inductor and voltage-doubler circuits,” 
IEEE Transactions on Industrial Electronics, vol. 58, no. 9, pp. 4196-
4206, 2011. 

[11] C. T. Pan and C. M. Lai, “A high-efficiency high step-up converter with 
low switch voltage stress for fuel-cell system applications,” IEEE 
Transactions on Industrial Electronics, vol. 57, no. 6, pp. 1998-2006, 
2010. 

[12] K. I. Hwu and Y. T. Yau, “KY converter and its derivatives,” IEEE 
Transactions on Power Electronics, vol. 57, no. 6, pp. 128-137, 2009. 

[13] K. I. Hwu and Y. T. Yau, “A KY boost converter,” IEEE Transactions 
on Power Electronics, vol. 25, no. 11, pp. 2699-2703, 2010. 

[14] K. I. Hwu, K. W. Huang and W. C. Tu, “Step-up converter combining 
KY and buck-boost converters,” IET Electronics Letters, vol. 47, no. 12, 
pp. 722-724, 2011. 

[15] K. I. Hwu and Y. T. Yau, “Inductor-coupled KY boost converter,” IET 
Electronics Letters, vol. 46, no. 24, pp. 1624-1626, 2010. 

[16] K. I. Hwu and W. C. Tu, “Voltage-boosting converters with energy 
pumping,” IET Power Electronics, vol. 5, no. 2, pp. 185-195, 2012. 

[17] K. I. Hwu, Y. T. Yau and Y. H. Chen, “A novel voltage-boosting 
converter with passive voltage clamping,” IEEE ICSET’08, pp. 351-354, 
2008. 

[18] K. I. Hwu and Y. T. Yau, “Two types of KY buck-boost converters,” 
IEEE Transactions on Industrial Electronics, vol. 56, no. 8, pp. 2970-
2980, 2009. 

[19] Antonio Bersani, “AN1207 switch mode power supply (SMPS) 
topologies ([Part II),” Microchip Technology Corp., Tech. Rep., Jun. 
2012. 

[20] Suresh Kariyadan, “Reverse-current phenomenon in synchronous 
rectifiers,” How2Power Today, pp. 1-7, February 2010. 

[21] B. W. Williams, Power Electronics: Devices, Drivers, Applications and 
Passive Components, 2nd ed., Macmillian Inc., 1992. 

 
 

K. I. Hwu (M’06) was born in Taichung, Taiwan, on 
August 24, 1965. He received the B.S. and Ph.D. degrees 
in electrical engineering from National Tsing Hua 
University, Hsinchu, Taiwan, in 1995 and 2001, 
respectively. 

From 2001 to 2002, he was the Team Leader of the 
Voltage-Regulated Module (VRM) at AcBel Company. 
From 2002 to 2004, he was a Researcher at the Energy 
and Resources Laboratories, Industrial Technology 
Research Institute. He is currently an Associate 

Professor at the Institute of Electrical Engineering, National Taipei University 
of Technology, Taipei, Taiwan, where he was the Chairman of the Center for 
Power Electronics Technology from 2005 to 2006. His current research 
interests include power electronics, converter topology, and digital control. 

Dr. Hwu has been a member of the Program Committee of the IEEE 
Applied Power Electronics Conference and Exposition since 2005. He has 
also been a member of the Technical Review Committee of the Bureau of 
Standards, Metrology, and Inspection since 2005. Since 2008, he has been a 
member of the IET. 

 
 

 
W. Z. Jiang (S’12) was born in Changhua, Taiwan, 
on May 09, 1989. He received the B.S. degrees in 
electrical engineering from National Taipei 
University of Technology, Taipei, Taiwan, in 2010. 
Currently, he is working toward the M.S.E.E. 
degree at the same university. His fields of research 
interests include power electronics and digital 
control. 

 
 


