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WIWO Topology Analysis for
Tapped-Inductor Converters with
Consideration of Parasitic Elements

Siyang Li K.W.E.Cheng  Yuanmao Ye  Z.H. Shi

Abstract —In this paper, a new circuit topology of tapped-inductor DC-DC converter
has been introduced, considering the impacts of parasitic elements. The converter is able
to provide wide input and wide output voltage (WIWO) range with high efficiency,
including Buck, Boost and Buck-Boost modes. First, the principle and algorithm of the
new converter has been investigated in detail. Then, the power conversion efficiency has
been examined under different duty ratios. The voltage gain and efficiency have
simultaneously been analyzed with various loads. Finally, the experimental results show
that the efficiencies of the new topology are high in most ranges, thus verified the
correctness of theory and the effectiveness of the proposed topology.

Index Terms—DC-DC converter, Boost, Buck, Buck-Boost, Tapped inductor, Power
supply, wide step-down, wide step- up, wide-input-wide-output (WIWO)

I. INTRODUCTION

Conventional topologies of DC-DC converter include buck, boost and buck-boost modes
with a single inductor. Theoretically, the boost circuit can provide high voltage conversion of
input to output with a relatively large duty ratio. However, for boost circuit, the higher the
voltage gain is, the bigger the duty ratio is and thus the lower efficiency will be produced.
Similarly, the efficiency of the buck converter will also be poor when the duty ratio is small [1].
The poor efficiency is mainly due to the energy storage in the magnetic components that is not
efficiently processed under extreme value of large or small duty ratio. The consequence is that
high pulsation current will be generated, deteriorating the performance in semiconductor power
processing. Also, the poor efficiency limits the applications of converters in the industry and
this limitation is investigated in [2-3]. Recently, most researches usually focus on studying
suitable topologies of Buck, Boost and Buck-Boost converters which can provide a simple and
non-isolation method for power conversion with high efficiency, because in the industry,
converters need to operate in a wider range of duty ratio when the isolation is negligible. A
conventional bidirectional integrated configuration of the converter with a single inductor is
proposed in [4] as shown in Fig.1 (a). It not only controls the MOSFETSs 1 to 4, and can realize
the function of converter without diode, but also the converter can transfer energy

bidirectionally under the Buck, Boost and Buck-boost modes.
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(a) A Conventional bidirectional Buck/Boost DC-DC Converter
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(c) Tapped-inductor with parasitic components

Fig 1: Circuit topology of various formats of Buck-Boost converters

For the conventional DC-DC converter with a single inductor under the pulse width
modulation (PWM) control, the voltage gain v /v, is determined by the duty ratio, however,
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the range of voltage gain are so strikingly limited by the turns of the single inductor that limits
the actual conversion achievement as compared with the non-isolation counterpart [5].
Therefore, in theory, tapped inductor converter is employed and its turns can be controlled for
the adjustment of the range of duty ratio. The range of voltage gain, the high conversion
efficiency and reliability can be extended finally [6]. The concept is similar to the 50/60Hz
auto-transformer design.

In order to achieve prominently high/low voltage gain with high efficiency, various
topologies tapped inductor DC-DC converters have been explored recently. Grant et al.
proposed and categorized the topologies of tapped-inductor converter based on the static
performance [7-12]. Significantly, tapped inductor buck converter has been proposed for
simple configuration and low cost, and that to change the duty ratio and to maintain the high
efficiency [13]. Moreover, a higher efficiency is the ultimate goal of research achievement to
the tapped inductor techniques [14-18]. The application to AC-DC [19] using a tapped inductor
is reported to be successful.

The comparisons of the voltage gain, efficiency and component stress between the
traditional and tapped-inductor converters with parasitic components have been explored.
Analysis of the tapped-inductor boost converter with parasitic parameters shows that under the
same duty ratio, not only the voltage gain but also the conversion efficiency of tapped-inductor
converter are always higher than the traditional converter. Therefore, the range of voltage
conversion of the tapped-inductor converter has been extended further than that of
conventional converter [20-21]. However, only has boost circuit been analyzed in the previous
researches. The buck and buck-boost modes have not been studied yet.

This paper presents a new tapped-inductor converter topology, which focuses on wide input
and wide output voltage conversion range (WIWO). Especially, on the static performance, the
new converter is applied with an appropriate control method to the three active switching
devices without diode and with existence of parasitic parameters that has never been discussed.
At the same time, there are three modes for basic principle of operation to be described,
including Buck, Boost and Buck-Boost.

In Section I, the basic circuit configuration and theoretical derivation have been elaborated
in detail. Section Ill shows the analysis of the comparisons between the voltage conversion
ratio and power conversion efficiency, and the relationship of voltage conversion ratio and
power conversion efficiency with different loads to three modes of operation in Buck, Boost
and Buck-Boost of proposed converter. Then, the experimental results are shown in Section V.
Finally, conclusions are made in section V.



Il. CiIrcuUIT DESCRIPTION

The basic tapped inductor DC-DC converter consists of two active switches, a
tapped-inductor, a diode and a capacitive output filter. Although the modified tapped-inductor
converters are prominently similar, there are three active switches without diode, thus
providing the potential wider input and wider output voltage conversion range (WIWO) with
higher efficiency. Therefore, the new tapped inductor converter topology consists of three
actives switches, a tapped-inductor and two output filter capacitors as shown in Fig.1 (b). It is
significant to note that the tapped-inductor converter is bidirectional for both the conventional
topology and the proposed topology.

Fig.1 (c) shows this converter with consideration of parasitic components. In the circuit
topology, Riiand Rysis the Equivalent Series Resistance (ESR) of primary N; and secondary
N windings, respectively. Rus1, 2,3 is the on-state resistance of active switching devices Si, S,
and Ss, respectively. R¢ is the ESR of capacitor, R is the load resistance, and C is the
capacitance of capacitor. Vin and V. are the input voltage and output voltage, respectively. In
particular, N is equal to N> and all represented by N, then L is a quarter of the inductance of
total tapped inductor, and the insurance of each side of the tapped-inductor is proportional to
the number of turns N1 or N2. Assume Ru1=Ris=Ri, Rasi=Ras2=Ras3 in this paper. Table 1 shows
the parameters used in the simulation of voltage gain and efficiency.

Table.1 Parameters used in the simulation of voltage gain and efficiency

Resistance RL (mQ) Rc (mQ) Rgs (MQ) R (Q)

Values 50 70 55 10, 20,50, 100, 200

The analysis in the following sections (A) to (C) is using the following expression for
simplification and neatness:
1) The equation of the series connection of parasitic resistances two Ry, two Rgs, Rc

R-Re

parallel with load R is (szs+2RL+R R-R:

+Re

J or [ZRdS+RL+ )in different conditions of

+ Re

the switches, which as defined as X1 and Xz, respectively.

1
(R+R:)

2) The equation of is defined as Y;.

A. Buck Converter

Fig.2 shows the modified converter that is controlled by the PWM in Buck mode. Active
switches Sz is always maintained at on-state, and S; and S, are complementary conducting.
When S; is maintained at on-state; S, is maintained at off-state, the input voltage Vin - Vo is
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developed across the tapped inductor causing an increase in current, and the capacitance C is
being charged. However, when the S; is maintained at on-state; S; is maintained at off-state,
the current will be reduced through the inductor L in the N2 side. It is significant to note that S;
and S are never turned on or off at the same time.
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Fig.2 A tapped-inductor Buck converter with parasitic components

Formulas (1) to (6) describe the state of proposed buck converter with parasitic resistors. In
all formula, ¢is the flux of magnetic core, v.is the voltage of capacitor, and which are

identified as state variables. The duty ratio is represented by u .
Sz is on-state, during Sion, @and Syt

. N-¢p
lLon = — 1
on = (1)
f Vi 1 R
= Xp e e —— Ve - Yi 2
TV TR R TV )
N-R Ve
o= Yy, 3
R TITCIAAA a )

Ss is on-state, during Sion, and Saoft

. N-¢p
lLoff = ——— 4
ot == (4)
. 1 R
{ ¢——X2-E-(p——N Ve Y1 (5)
Ve :%:R.w.%_i\(/:c Y1 (6)

The average state-space formula is (7), (8)

Vi 1 R 1 R
P=U-| X1 —p— Ve - —u) | =Xo-=p— Ve - 7
p=u (ZN X1 L 1) N V Y1j+(1 u)( X2 L 1) N V Yl] ( )
N-R 1 N-R 1
Ve =U-| ——p—Ve |-—- ) /e | = 8
v U(ZL gDV)CY1+(1 u)(L vchl (8)



At steady-state

¢=0 )
Ve =0 (10)
The average output voltage
Vo = \70 = \7(: (11)

Combining the formulas (7) (8) with (9) (10), respectively, (12) (13) are obtained to
represent the Vi and ve

2 02
V|n=NZL¢)X1+(2_u) ‘R N¢Yl+2(l—U)N¢

X 12
2L-u L-u ’ (12)
VC:W (13)

The voltage conversion ratio and flux with steady-state can be obtained as (14) and (15)
Vo

Ho)= e e (14)
T Xi-(1/R)+4(1-T) X2+(1/R)+(2-0) -R-Yx
2L
e NR " (15)

And thein is obtained as (16), (17) and (18)

T N?

ILon = > (16)

M:% (17)

- — _OU-N a

in:_'Lon:—'_Z 18

R Ry (18)
So the efficiency is (19)

Ve /R _ (2-u)’ 19
n(0) Vin-in  T-Xi-(1/R)+4(1-T)-X2-(1/R)+(2-0)*-R-%a 19)

Fig.3 (a), (b) and (c) exhibit the voltage gain against duty ratio, the conversion efficiency

with duty ratio and the relationship between voltage gain and conversion efficiency of buck
converter, respectively.
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B. Boost Converter

Fig.4 shows a tapped-inductor Boost converter version. The switches S;, S; and Sg work in
the similar pattern. S; is always maintained at on-state, when the S, is maintained at on-state,
Ss is off, the input voltage Vin-Vo is developed across the inductor L in the N; side that causes
the inductor current to increase, the load current is supplied by the capacitor C. When Sz is
maintained at on-state; S, is at off-state, the Vin-Vo is developed across the tapped inductor
causing an increase in current, i.e. capacitance C is under charging.
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Fig.4 A new tapped-inductor Boost converter with parasitic components

Formulas (20) to (25) describe the model state of tapped-inductor buck converter with

consideration of all parasitic resistors.

S; is in on-state, during Szon, and Szosr

. N-¢@
llon =——
f . Vi R.+2Rs
4 N L 4
Ve Z—E'Yl
C

S; is in on-state, during Sson, and Saosr
N-¢@

lLoff =———

1 R
p=—Xo-—-——-Ve - Yi
® 2 L (4 N 1

G NR ey
L-C C

The voltage conversion ratio is then obtained as (26)

(20)

(21)

(22)

(23)

(24)

(25)



Vo (1-1)-(1+0)
§)=y, © 47-((2Rss +R)/R)+(1-u)-X:-(1/R)+(1-T)° -R-Ya (29)
So the efficiency is then
VIR (-)
”(u)_vm-ﬁn ~47-((2Rs +RU)/R)+(L-u)- Xi-(1/R)+(1-T)° RV @0

Fig.5 (a), (b) and (c) describe the voltage gain with duty ratio, the conversion efficiency
with duty ratio and the relationship between voltage gain and conversion efficiency of boost
converter, respectively.

18

R=10 Ohm
——R=20 Ohm
16| —— R=50 Ohm
—— R=100 Ohm
—— R=200 Ohm

14

-
N
T

8
= i
10}~ sabass :
o :
Ey i
o0 i
g 8} .
S i
- i
7\ N i
2//
0 I N N N SRR
0 0.1 02 03 04 05 06 07 08 09 1

Duty Ratio

(a) Voltage gain with duty ratio of tapped-inductor boost converter

1

e
0.9 <
0.8
L 4 T S S OO CTTTRTUPIY SOUT: CUTTRY SO TR T 8 SLER .

—_

206

=

>

>

P11 | IS S— i

<

<)

5

=041 -

-

&

= 031

=
0.2 R=10 Ohm |-~ eeeeeed SRS (S S ST . s § I 1§ © B

——R=20 Ohm
0.1/|——R=50 Ohm |
—— R=100 Ohm
—— R=200 Ohm i
0 T T i i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Duty Ratio

(b) Conversion efficiency with duty ratio of tapped-inductor boost converter



R=10 Ohm
——R=20 Ohm
reeesfurcriness| —— R=50 Ohm |
—— R=100 Ohm
\—R=200 Ohm
0.7} \ oo
3 \
S \
\
S 0.6fwoens \ =
=
=
e | R A =
g |
)
-
2 il | J
£ o ;
= |
0.3 ofoed 4
L I N SR (N - G Y A / ....................... §
o —— il //// ................................... J
0 2 4 6 8 10 12 14 16 18

Voltage Gain

(c) Comparison of the relationship between voltage gain and conversion efficiency

Fig.5. Characteristics of the Boost Converter

C. Buck-Boost Converter

Fig.6 shows a tapped-inductor Buck-Boost converter version. S; is always maintained at
on-state, and the operation for S;, Ss and the inductor current are similar to Section A and B

above.

o

Slo_f_f.'Sjon

Fig. 6 A new tapped-inductor Buck-Boost converter with parasitic components

Formulas (28) to (33) again describe the model state of proposed buck-boost converter with

parasitic resistors.

S, maintains on-state, during Sion, and Ssoft

N-@

ILOH =

. Vi R + 2Rus
Vo _(R+2R)

N 7

\70 :—_'Yl
C

10

(28)

(29)

(30)



S, maintains on-state, during Sson, and Sioff

ot =2 (31)
{ 1 R
p=-Xo-=-p——-Vc V1 (32)
N-R Vi
= Y=Y, 33
Ve = o -V c \% (33)

Vin  (2Rss + RL) (0]4_(1_”).(_)(2.%.¢—%-V0'Ylj (34)

¢:“'(W‘f'
|

vc:—“(':i-vl+(1—u)-(%-¢-vl—‘(’:—c-vlj (35)
In steady-state

»=0 (36)

Vc = O (37)
The average output voltage

Vo = \70 = \70 (38)

Integrating the formulas (34) (35) with (36) (37), respectively, we can get (39) (40) to

represent Vin andve

Vo W REN g (AU Nop  (2Re tR)-N g (39)
u-L u-L L
VR o
The voltage conversion ratio can be obtained as (41)
Vo o-(1-0) a

g(U):\K:U-((ZRds+RL)/R)+(1—U)-(1/R)~X2+(1—U)2'R'Y1

So the efficiency is (19)
VIR a-(1-u)’
(=Y IR ) _ @)
nbn T-((2Rs +R)/R)+(1-0)-(1/R)- X2 +(1-T) -R-Y2

Fig.7 (a), (b) and (c) shows the voltage gain with duty ratio, the conversion efficiency with

duty ratio and the relationship of voltage gain and conversion efficiency of tapped-inductor

buck-boost converter, respectively.

11



:
R=10 Ohm
——R=20 Ohm /\
16|-| ——R=50 Ohm
——R=100 Ohm
——R=200 Ohm
14 /

S
//_,_.—-‘—/'/_,_—

Voltage Gain

] /N
.

2
J L i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 7
Duty Ratio

(a) Voltage gain with duty ratio of tapped-inductor boost converter

1 ; T
R=10 Ohm
0.9].|—R=20 ohm
——R=50 Ohm
——R=100 Ohm
08— R=200 Ohm
N \
07
- //_ \\
X 06
>
S
T os
2]
5 oa
&
= 03
=
0.2 RELE
0.1
o
(] 0.1 02 03 04 05 06 07 o8 0.9 1

Duty Ratio

(b) Conversion efficiency with duty ratio of tapped-inductor boost converter

1

R=‘!10 Ohm
——R=20 Ohm
0.9 ——R=50 Ohm ||
——R=100 Ohm
08 /_<\ —— R=200 Ohm |
- / / _\ \
N //'\
> o6
2 /0N \ %
=
s 05
<
2./ L ) )
2 04
3
Ml ) /
= o3
Nl [/
0.1 /
K ;é/
) 2 4 6 8 10 12 14 16 18
Voltage Gain

(c) Comparison of the relationship between voltage gain and conversion efficiency

Fig.7. Characteristics of the Buck-Boost Converter

12



D. Switching loss and Magnetic loss

Except the conduction loss, there is two significant factors in the total power loss for
tapped-inductor converter that cannot be ignored: switching loss and magnetic loss.

The size of passive components will be increased to reduce by the switching frequencies in
the circuit of the converter. Therefore, the switching loss of MOSFET is a dominant parameter
for the tapped-inductor converter. As we know, the junction temperatures and the efficiencies
of converter could be predicted by the estimated MOSFET switching loss from the device
datasheet. However, for the non-linear of MOSFET parasitic capacitance and traditional
inductive load converters, the switching loss is too complex and difficult to analysis and
estimate [22].

In the tapped-inductor converter, the switching loss will be calculated based on the
processes of the charging and discharging of the capacitance of switched [23]. A commonly
used equation for calculating the switching loss Py, | is given by,

Pw 1=f GuV¥ (43)
where f,,C,, v *are the switching frequency of the MOSFET, the output capacitance of the
MOSFET and the voltage of the MOSFET increases from zero tov,?, respectively. However,

f,,andC, can be estimated form the datasheet of the MOSFET. Accordingly,y_zis an only

parameter need be calculated.

In the buck and boost mode, theV, , is equal toV, ., so the relationships of thev, ., .V, ,
andv, _,are given by,
VD_swl :VD_SWS =V, +Vi,) (44)
Vo o = (C22) 5)
- 2
Vb :VD_swl +VD_5W2 or Vg, :VD_SWS +VD_SW2 (46)
So the switching loss Py, ., of the buck and boost converter is equal and which is given by,
PSW_Ioss :% fswcsw (Vo +Vin)2 (47)

From the above, we can see clearly that v +V, is an only influence factor on the
switching loss in the converter. In other words, the parasitic elements have no relationships
with switching loss. Therefore, firstly the parasitic elements of the tapped-inductor converter
as the core have be explored and analyzed as in this paper, which is no impact on the power
switching loss. Secondly, the all analyses and calculations of this paper are invented in the
general condition, but only in the specific situation, according to the actual requirements of
various converters, then the switching loss of MOSFET should be focused and calculated by
the exactV, andV,, .

The magnetic loss is also a complicated factor in the power electronics converter,

13



according to the turns of inductance coil winding, thickness of inductance coil winding, and
the size of the inductive iron core, etc. As above discussed, in the different converters with
actual requirements, the magnetic loss is also varied. Therefor in the general situation, the
magnetic loss also does not need to be considered.

1. CoMPARISON OF VOLTAGE CONVERSION RATIO AND POWER CONVERSION
EFFICIENCY

A. Comparison of the Voltage Conversion Ratio and power conversion efficiency of
tapped-inductor Buck, Boost and Buck-Boost converters

The voltage conversion ratio and power efficiency with different loads of the
tapped-inductor buck, boost and buck-boost converters obtained above in Fig 3, 5 and 7 are
analyzed. In the case of the voltage conversion ratio, it is obvious to see that the efficiency
increases with the increase of the loads. However, In the case of the load, there are different
variations in three modes. In the buck mode, with the increase of the voltage conversion ratio,
the efficiency is decreased, and then increased. In the boost mode, the efficiency decreases
with the increase of the voltage conversion ratio. In the buck-boost mode, with the increase of
the voltage conversion ratio, the efficiency is increased, and then decreased.

B. Power conversion comparison with different loads in buck, boost and buck-boost modes

This simulation is conducted to analyze the proposed circuits in terms of the relationship
between conversion efficiency and voltage gain. Five sets of resistances are used for the loads.
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Fig.8. Power conversion comparison with different loads in buck, boost and buck-boost modes

(2) 10 Q, (b) 20 2, (c) 50 &, (d) 100 €, (¢) 200

Fig.8 shows the conversion efficiency comparisons among buck, boost and buck-boost

modes in different loads. Firstly, no matter how the resistance and voltage gain change, buck
mode maintains higher efficiency than 95%, also the range of voltage gain covers the whole
range from 0 tol. Secondly, in boost mode, voltage gain and conversion efficiency becomes

larger and higher respectively as the resistance increases, similar to the trend of change of the

buck mode mentioned above. Lastly, buck-boost mode is not recommended due to its low
conversion efficiency.

Consequently, the results review that the performance of buck mode and boost mode
outweigh the buck-boost mode, in terms of the efficiency and the range of voltage gain.
Therefore, the proposed converter is a promised candidate for its simple structure, also the
integration of buck and boost converter shows splendid improvements in conversion efficiency.
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IVV. EXPERIMENTAL RESULTS

A bidirectional WIWO tapped-inductor DC-DC converter has been built for the
experimental verification. The parameters of experiment are shown in Table.3.

Table.3 Parameters of experimental setup

Duty Ratio 0.2-1
Load R 5 Q (buck) and 50 Q (boost)
Switching Frequency 50 kHz
Total Inductance 509uH
Transistor Side Inductance 128uH
Secondary Side Inductance 128uH
Input Voltage of Converter 5-24V

Firstly, in buck mode, the input voltage is constant at 24V controlled by three IRF541
MOSFETSs, and one of them is kept to be open states, the waveforms of experiment are shown
in Fig.9 (a), (b) and (c).

PreYu 811 Noise Filter Off

f r \L r
i, , "

L Vs
» , —y, — —
il
100V A A0V = . - - - -
00w -108540s|@m 7 -400my  50.0000kHz[13:53:50

(a) Top trace: gating voltage of S1 switch (10us/15V/div); middle trace: drain voltage of Si1switch (10us/25V/div);
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(b) Top trace: gating voltage of Sz switch (10us/12V/div); middle trace: drain voltage of Sz switch (10us/18V/div);

bottom trace: current of Sz switch (10us/2.2A/div)
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Fig.9. Measured waveforms of experimental of buck converter (a) S1 switch, (b) Sz switch, (c) Vo, Vin, IL

Fig.9 (a) is the measured waveforms of MOSFET Si, Vs is the gating voltage, Vs is
drain voltage and | 4 is the current. The waveforms of MOSFET S; are similar to MOSFET S;
above as shown in (b), and (c) that are input voltage, output voltage, and current of
tapped-inductor. Significantly, keeping the input voltage to be 24V and output voltage to be 5V,
the measured waveforms of buck converter are shown in Fig.10 (a), (b) and (c). When the load
is 5 Q, the duty ratio is then varied to maintain the output voltage to be 5V.
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(a) Top trace: gating voltage of S1 switch (10us/15V/div); middle trace: drain voltage of Si1switch (10us/24V/div);

bottom trace: current of Si switch (10ps/0.8A/div)
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(b) Top trace: gating voltage of Sz switch (10ps/12V/div); middle trace: drain voltage of Sz switch (10us/28V/div);

bottom trace: current of Sz switch (10ps/1.8A/div)
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(c) Top trace: input voltage (10ps/24V/div); middle trace: output voltage (10ps/5V/div); bottom trace: current of

inductor L (10ps/1.5A/div)
Fig.10. Measured waveforms of experimental results of 24-input and 5V-output voltage buck converter. (a) S1

switch, (b) S2 switch, (c) Vin, VO, IL

And then the relationship of conversion efficiency and output power is shown is Fig.11 (a).

The relationship of duty ratio, conversion efficiency and voltage gain is shown in Fig.11 (b).
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(b) Relationship of duty ratio, conversion efficiency and voltage gain
Fig.11. Experimental results of the Buck mode
As it is shown in Fig.11 (a) (b) and Fig.3 (a) (b), the conversion efficiency is increased with
the duty ratio and voltage gain increase. Therefore, the trend and direction of the analysis
are similar to the results of experiment approximately, so the characteristics of the preferred
WIWO buck converter have been verified.
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Secondly, in boost mode, the input voltage is kept at 5V and the output voltage is then 24V,
with the load to be 50 Q, the duty ratio is adjusted to keep the output voltage to be 24V. The
corresponding measured relationship between conversion efficiency and output power is
shown is Fig.12 (a). The corresponding relationships of duty ratio, conversion efficiency and

voltage gain are shown in Fig.12 (b).

Voltage 5V-24V

0.98
0.96
0.94
0.92
0.9
0.88 . . ; . .
0.86 : : : : :
0 5 10 15 20 25
Power (W)

Efficiency
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(b) Measured the relationship of duty ratio, conversion efficiency and voltage gain
Fig.12 Measured result of the Boost mode

Comparing the Fig.12 (a) (b) with Fig.5 (a) (b), the conversion efficiency improves as the
duty ratio decreases whereas as voltage gain increases with the duty ratio increases. Therefore,
the trend and direction experimental results agree with the analysis mainly. The boost mode
operation of the proposed converter gives superior topology variation structure, and advantages
of characteristics have been confirmed with experiment.

The achievements of experiment have shown that the converter has higher conversion
efficiency than classical converter. Even the duty ratio reduces to 0.2 or increases to 0.8.
Therefore a wide range of the voltage conversion is now feasible. However, the experimental
error is difficult to avoid, because of the precision of the inductance coil winding or the
losses of the circuit connection, etc. So the direction and trend of the results of analysis
and experiment should be compared as the key.
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V. CONCLUSIONS

This paper has proposed a new wide-input-wide-output converter topology, which is
integrated with buck and boost modes with a tapped-inductor. The circuit development started
with a synchronous MOSFET to reduce the losses of conduction effectively and reduce the
voltage spike. The modified topology is then accomplished, which consists of three
MOSFETSs and a tapped-inductor to realize a unified topology that is able to work under buck,
boost and buck-boost modes. Two MOSFETSs are activated to operate complementary to
realize the directional power flow.

The analysis in both theoretical and simulation has been conducted to study correlation
among the ratio, conversion efficiency and voltage gain. The comparisons between duty ratio
and conversion efficiency, and the other are about conversion efficiency under load variation.
In boost mode, the conversion efficiency is increased as output power reduces, but the
conversion efficiency and voltage gain are increased with increasing duty ratio. The preferred
range of duty ratio is from 0.2 to 0.8. In buck mode, the conversion efficiency is similar to the
boost above, but the conversion efficiency increases with the duty ratio increasing and the
preferred range of duty ratio is from 0.2 to 1. Compared with conventional converter, the
conversion efficiency of the proposed converter is higher, especially when the duty ratio is less
than 0.2 or greater than 0.8.

Finally, the correctness of theory and the effectiveness of new circuit topology have been
verified by experiment. The improvements of proposed WIWO converter are the wider
conversion range of voltage and higher power conversion efficiency up to 95%. Application of
the converter can be used in the charging for super-capacitor due to its wide range of operation.
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The Fig.3 (a) has described the relationship of the voltage gain with duty ratio of
tapped-inductor buck converter. There is not the efficiency. However, the Fig.3 (b) and
(c) have shown the relationships of the efficiency with duty ratio and voltage gain. We
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