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Abstract�In this paper, a voltage-boosting converter, named KY
converter (i.e., 1-plus-D converter), is presented. Unlike the tra-
ditional nonisolated boost converter, this converter possesses fast
load transient responses, which is similar to the buck converter
with synchronous recti�cation. In addition, it possesses nonpulsat-
ing output current, thereby not only decreasing the current stress
on the output capacitor but also reducing the output voltage ripple.
Besides, 1-plus-2D and 2-plus-D converters, derived from the KY
converter, are presented based on the same structure but differ-
ent pulsewidth-modulation control strategies. Above all, the main
difference between the KY converter and its derivatives is that
the latter ones possess higher output voltages than the former one
under the same duty cycle. A detailed description of the KY con-
verter and its derivatives is presented along with some simulated
and experimental results.

Index Terms�1-plus-D converter, 1-plus-2D converter,
2-plus-D converter, KY converter, voltage-boosting converter.

I. INTRODUCTION

FOR the applications of the power supply using the low-
voltage battery, analog circuits, such as RF amplifier, audio

amplifier, etc., often need high voltage to obtain enough output
power and voltage amplitude. This is achieved by boosting the
low voltage to the required high voltage. Therefore, in many 3C
(consumer, communications, computer) electronics, some con-
verters are needed to supply one boosted voltage or more under
a given low voltage, especially for portable communications
systems, such as MPEG-3 (MP3) players, bluetooth devices,
personal digital assistant, etc. For such applications, the output
voltage ripple must be taken into account seriously. Regarding
the conventional nonisolated voltage-boosting converter [1]–[3],
such as the boost converter and the buck–boost converter, their
output currents are pulsating, thereby causing the corresponding
output voltage ripples to tend to be large. As generally acknowl-
edged, to overcome this problem, one way is to use the capac-
itor with large capacitance and low equivalent series resistance
(ESR), another way is to add an inductance–capacitance (LC)
filter, and the other way is to increase the switching frequency.
Recently, some voltage-boosting converter topologies [4]–[12]
with low output voltage ripples have been presented. In [4],
the coupling inductor is used in the boost/buck–boost converter.
Concerning [5], the interleaved control scheme is employed in
the dual buck–boost converter. As for [6]–[12], the voltage-lift
technique is utilized to boost the output voltage along with the
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small output voltage ripple taken into account. However, each of
the literatures [4]–[12] has one right-half plane zero in the con-
tinuous conduction mode (CCM) [13]–[16], i.e., bilinear charac-
teristics, thereby making good performance of the load transient
response not easy to achieve, as compared with the buck con-
verter. Consequently, there are some literatures [17]–[20] on
control techniques to overcome this problem. As for [17], it
adds a robust control technique to sliding-mode current con-
trol. Regarding [18], it utilizes a robust technique. As to [19], it
takes a loop-bandwidth control technique. Concerning [20], it
adopts a state strategy prediction control technique. But, from
the results shown in [17]–[20], it is obvious that improvements
in load transient responses are limited to some extent via control
techniques.

Based on the mentioned data, a voltage-boosting converter is
proposed herein, named KY converter, which always operates
in CCM. Besides, the output current is nonpulsating, thereby
causing the low output voltage ripple. Above all, its behav-
ior is similar to that of the buck converter with synchronous
rectification (SR), and hence, this converter possesses good
load transient response. However, its ratio of the output voltage
to the input voltage is one plus D, where D is the duty cycle of
the pulsewidth-modulation (PWM) control signal for the main
switch. As a consequence, to further enlarge the output voltage
under the same duty cycle, second-order-derived KY convert-
ers, 1-plus-2D and 2-plus-D converters, are presented herein
under the same structure but different PWM control strategies
used. In this paper, a detailed description of the KY converter
and its derivatives is presented along with some simulated and
experimental results.

II. PROPOSED CONVERTER STRUCTURE

As shown in Fig. 1(a), the proposed converter, named KY
converter, consists of two MOSFET switches S1 and S2 along
with body diodes D1 and D2 , respectively, one output induc-
tor L, one output capacitor C, one diode Db , and one energy-
transferring capacitor Cb that is large enough to keep the voltage
across itself constant at some value. On the other hand, Fig. 1(b)
shows the structure of the proposed second-order-derived KY
converters, 1-plus-2D and 2-plus-D converters, consisting of
four MOSFET switches S11 ,S12 ,S21 , and S22 along with four
body diodes D11 ,D12 ,D21 , and D22 , respectively, one output
inductor L, one output capacitor C, two diodes Db1 and Db2 ,
and two energy-transferring capacitors Cb1 and Cb2 that are
large enough to keep the voltages across themselves constant at
some values. This structure is derived from the KY converter
shown in Fig. 1(a). Then, by applying two different PWM con-
trol techniques to the proposed second-order-derived KY con-
verter structure shown in Fig. 1(b), the 1-plus-2D and 2-plus-D
converters are obtained. As seen from Fig. 1(a), two switches
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Fig. 1. Structure. (a) KY converter. (b) Second-order-derived KY converters.

S1 and S2 along with two body diodes D1 and D2 , respec-
tively, one diode Db , and one energy-transferring capacitor Cb
can be regarded as one cell. Accordingly, there are two cells in
Fig. 1(b). In theory, N – 1 cells connected in parallel with the
KY converter can create two types of N th-order-derived KY
converter. Although the two N th-order-derived KY converters
can be used to enlarge the output voltage greatly, in practice, the
more the cells are, the more the voltage drops across the diodes
are, thereby causing the actual duty cycle required to deviate
remarkably from the ideal duty cycle. Consequently, the KY
converter and the second-order-derived KY converters, 1-plus-
2D and 2-plus-D converters, are presented herein and described
in detail as follows. Besides, the output load for each converter
is represented by one output resistor R.

III. BASIC OPERATING PRINCIPLES

As stated previously, the KY converter and the second-order-
derived KY converters always operate in CCM. As shown in
Fig. 1(a), there is only one cell in the structure of the KY con-
verter containing two MOSFET switches S1 and S2 along with
body diodes D1 and D2 , respectively, one diode Db , and one
energy-transferring capacitor Cb ; so the corresponding operat-
ing principle rule is that the turn-on type of these two switches
is (D, 1 – D), where D and 1 – D are for S1 and S2 , re-
spectively, and D is the duty cycle of the PWM control signal
for S1 .

On the other hand, as shown in Fig. 1(b), there are two cells
in the structure of the second-order-derived KY converters. The
first cell contains two MOSFET switches S11 and S12 along
with body diodes D11 and D12 , respectively, one diode Db1 ,
and one energy-transferring capacitor Cb1 , whereas the second
cell contains two MOSFET switches S21 and S22 along with
body diodes D21 and D22 , respectively, one diode Db2 , and one
energy-transferring capacitor Cb2 . And, there are two operating
principle rules for the second-order-derived KY converters, to
be mentioned shortly.

A. Rule 1

If the turn-on type of two switches is (D, 1 – D) for the fist
cell, where D and 1 – D are for S11 and S12 , respectively, and
D is the duty cycle of the PWM control signal for S11 , then the
turn-on type of two switches is also (D, 1 – D) for the second
cell, where D and 1 – D are for S21 and S22 , respectively. Based
on this rule, the 1-plus-2D converter is created.

B. Rule 2

If the turn-on type of two switches is (1 – D, D) for the first
cell, where 1 – D and D are for S11 and S12 , respectively, and
D is the duty cycle of the PWM control signal for S12 , then the
turn-on type of two switches is (D, 1 – D) for the second cell,
where D and 1 – D are for S21 and S22 , respectively. According
to this rule, the 2-plus-D converter is generated.

Besides, it is noted that there exist only two types of the N th-
order-derived KY converter based on the two basic operating
principle rules mentioned earlier.

IV. OPERATING MODE DESCRIPTION

Prior to taking up this section, for the convenience of anal-
ysis, the input voltage is vi , the input current is ii , the out-
put voltage is vo , the currents flowing through L, Cb,Cb1 , and
Cb2 are i, ib , ib1 , and ib2 , respectively, and the voltages across
switches and diodes during the turn-on period and the blanking
times between two MOSFET switches are zero. Besides, since
the energy-transferring capacitors Cb,Cb1 , and Cb2 , operating
based on the charge pump principle, are abruptly charged to
some voltages within a very short time, which is much less than
the switching period Ts , and the values of Cb,Cb1 , and Cb2 ,
designed in Section VI-A, are large enough to keep the volt-
ages across themselves constant at some values, described at
the beginning of Section II, it is reasonably assumed that the
voltage across the capacitor Cb is equal to vi for the KY con-
verter, the voltage across the capacitor Cb1 is equal to vi for the
1-plus-2D converter and also for the 2-plus-D converter, and
the voltage across the capacitor Cb2 is equal to vi for the 1-plus-
2D converter and 2vi for the 2-plus-D converter. Since these
three converters always operate in CCM, there are two operating
modes in individual converters. Therefore, for each converter to
be considered, the following analyses contain the explanation
of the power flow direction in each mode, the description of the
corresponding differential equations, the resulting relationship
between dc input voltage Vi and dc output voltage Vo , and the
corresponding small-signal equations and model.

A. KY Converter

Mode 1: In Fig. 2(a), as soon as S1 is turned on and S2 is
turned off, the voltage across L is the input voltage vi plus
the voltage vi across Cb minus the output voltage vo , thereby
causing L to be magnetized. Also, the current flowing through
C is equal to the current i flowing through L minus the current
flowing through R. Besides, in this mode, Cb is discharged. And
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Fig. 2. Power flow of the KY converter. (a) Mode 1. (b) Mode 2.

hence, the corresponding differential equations are
�
�����

�����

L
�i
�t

= 2vi � vo

C
�vo

�t
= i �

vo

R
ii = i.

(1)

Mode 2: In Fig. 2(b), as soon as S1 is turned off and S2 is
turned on, the voltage across L is the input voltage vi minus the
output voltage vo , thereby causing L to be demagnetized. Also,
the current flowing through C is equal to the current i flowing
through L minus the current flowing through R. Besides, in
this mode, Cb is abruptly charged to vi within a very short
time, which is much less than Ts . And hence, the corresponding
differential equations are

�
�����

�����

L
�i
�t

= vi � vo

C
�vo

�t
= i �

vo

R
ii = i + ib .

(2)

Prior to obtaining the averaged equations from (1) and (2),
there is a symbol �x� that is used to represent the average value
of a variable x, where x indicates voltage or current, as follows:

�x� =
1
Ts

� Ts

0
x d�. (3)

According to (1)–(3), the averaged equations can be obtained
to be

�
�����

�����

L
� �i�
�t

= (1 + d) �vi� � �vo�

C
� �vo�

�t
= �i� �

�vo�
R

�ii� = �i� + (1 � d) �ib�

(4)

where d is a variable denoting the duty cycle of the PWM control
signal.

Based on the ampere–second balance, �ib� can be expressed
as a function of �i� to be

�ib� =
d

1 � d
�i� . (5)

And hence, by substituting (5) into (4), (4) can be rewritten
as

�
�����

�����

L
� �i�
�t

= (1 + d) �vi� � �vo�

C
� �vo�

�t
= �i� �

�vo�
R

�ii� = (1 + d) �i� .

(6)

Prior to obtaining the small-signal model from (6), the per-
turbation and linearization of (6) are indispensable. First of all,
�x� is represented by the corresponding dc quiescent value X
plus the superimposed small ac variation �x, with the assumption
that the ac variation is small in magnitude compared to the dc
quiescent value. Let

�
�������

�������

�vi� = Vi + �vi

d = D + �d
�i� = I +�i
�vo� = Vo + �vo

�ii� = Ii +�ii

with

�
������

������

�vi � |Vi |
�d � D
�i � I
�vo � Vo
�ii � Ii.

(7)

Next, by substituting (7) into (6), the following equations are
obtained:

�
������

������

L
�(I +�i)

�t
= (1 + D + �d)(Vi + �vi) � (Vo + �vo)

C
�(Vo + �vo)

�t
= (I +�i) �

(Vo + �vo)
R

Ii +�ii = (1 + D + �d)(I +�i).

(8)

Consequently, the quiescent equations can be obtained from
(8)

�
���

���

0 = (1 + D)Vi � Vo

0 = I �
Vo

R
Ii = (1 + D)I.

(9)

And hence, the corresponding voltage conversion ratio of the
KY converter from (9) can be obtained to be

Vo

Vi
= 1 + D. (10)

On the other hand, with the second-order ac terms neglected,
the small-signal equations can be obtained from (8)

�
������

������

L
��i
�t

= (1 + D)�vi + Vi �d � �vo

C
��vo

�t
= �i �

�vo

R
�ii = (1 + D)�i + I �d.

(11)
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Fig. 3. Small-signal model for the KY converter.

Fig. 4. Power flow of the 1-plus-2D converter. (a) Mode 1. (b) Mode 2.

And hence, the resulting small-signal model of the KY con-
verter is shown in Fig. 3 according to (11), where T is the ideal
transformer with the turns ratio of 1:1+D.

B. 1-Plus-2D Converter

Mode 1: In Fig. 4(a), as soon as S11 and S21 are turned on and
S12 and S22 are turned off, the voltage across L is equal to the
input voltage vi plus the voltage vi across Cb1 plus the voltage
vi across Cb2 minus the output voltage vo , thereby causing L
to be magnetized. Also, the current flowing through C is equal
to the current i flowing through L minus the current flowing
through R. Besides, in this mode, Cb1 and Cb2 are discharged.
And hence, the corresponding differential equations are

�
�����

�����

L
�i
�t

= 3vi � vo

C
�vo

�t
= i �

vo

R
ii = i.

(12)

Mode 2: In Fig. 4(b), as soon as S11 and S21 are turned off and
S12 and S22 are turned on, the voltage across L is equal to the
input voltage vi minus the output voltage vo , thereby causing L
to be demagnetized. Also, the current flowing through C is equal
to the current i flowing through L minus the current flowing
through R. Besides, in this mode, Cb1 and Cb2 are abruptly
charged to vi within a very short time, which is much less than

Fig. 5. Small-signal model for the 1-plus-2D converter.

Fig. 6. Power flow of the 2-plus-D converter. (a) Mode 1. (b) Mode 2.

Ts . And hence, the corresponding differential equations are
�
�����

�����

L
�i
�t

= vi � vo

C
�vo

�t
= i �

vo

R
ii = i + ib1 + ib2 .

(13)

By a similar method applied to the KY converter, the voltage
conversion ratio of the 1-plus-2D converter can be obtained as

Vo

Vi
= 1 + 2D. (14)

Also, the small-signal equations can be obtained as
�
������

������

L
��i
�t

= (1 + 2D)�vi + 2Vi �d � �vo

C
��vo

�t
= �i �

�vo

R
�ii = (1 + 2D)�i + 2I �d.

(15)

And hence, the resulting small-signal model of the 1-plus-2D
converter is shown in Fig. 5 according to (15), where T is the
ideal transformer with the turns ratio of 1:1+2D.

C. 2-Plus-D Converter

Mode 1: In Fig. 6(a), as soon as S12 and S21 are turned on
and S11 and S22 are turned off, the voltage across L is equal to
the input voltage vi plus the voltage 2vi across Cb2 minus the
output voltage vo , thereby causing L to be magnetized. Also,
the current flowing through C is equal to the current i flowing
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Fig. 7. Small-signal model for the 2-plus-D converter.

through L minus the current flowing through R. Besides, in this
mode, Cb1 is abruptly charged to vi within a very short time,
which is much less than Ts , but Cb2 is discharged. And hence,
the corresponding differential equations are

�
�����

�����

L
�i
�t

= 3vi � vo

C
�vo

�t
= i �

vo

R
ii = i + ib1 .

(16)

Mode 2: In Fig. 6(b), as soon as S12 and S21 are turned off
and S11 and S22 are turned on, the voltage across L is equal to
the input voltage vi plus the voltage vi across Cb1 minus the
output voltage vo , thereby causing L to be demagnetized. Also,
the current flowing through C is equal to the current i flowing
through L minus the current flowing through R. Besides, in this
mode, Cb1 is discharged, but Cb2 is abruptly charged to 2vi
within a very short time, which is less than Ts . And hence, the
corresponding differential equations are

�
�����

�����

L
�i
�t

= 2vi � vo

C
�vo

�t
= i �

vo

R
ii = i + ib2 .

(17)

By a similar method applied to the KY converter, the voltage
conversion ratio of the 2-plus-D converter can be obtained as

Vo

Vi
= 2 + D. (18)

Also, the small-signal equations can be obtained to be
�
������

������

L
��i
�t

= (2 + D)�vi + Vi �d � �vo

C
��vo

�t
= �i �

�vo

R
�ii = (2 + D)�i + I �d.

(19)

And hence, the corresponding small-signal model of the 2-
plus-D converter is shown in Fig. 7 according to (19), where T
is the ideal transformer with the turns ratio of 1:2+D.

D. Effect of Diode on Voltage Ratio

Since the energy-transferring capacitor is charged via the
diode, the forward voltage drop of the diode affects the volt-
age ratio to some extent. And hence, according to the voltage–
second balance, the voltage ratios of the individual converters
are rewritten as follows, with the forward voltage drops of all
the diodes set to Vf .

For the KY converter to be considered
Vo + Vf

Vi
= 1 + D. (20)

For example, if Vi, Vo , and Vf are 12, 18, and 0.7 V, respec-
tively, then D is calculated to be 0.56, which is larger than the
ideal value of 0.5.

For the 1-plus-2D converter to be considered

Vo + 1.5Vf

Vi � 0.5Vf
= 1 + 2D. (21)

For example, if Vi, Vo , and Vf are 12, 28, and 0.7 V, respec-
tively, then D is figured out to be 0.75, which is larger than the
ideal value of 0.67.

For the 2-plus-D converter to be considered

Vo

Vi � Vf
= 2 + D. (22)

For example, if Vi, Vo , and Vf are 12, 28, and 0.7 V, respec-
tively, then D is figured out to be 0.48, which is larger than the
ideal value of 0.33.

As stated previously, under the condition that Vi and Vo are
kept constant, it is obvious that the duty cycle with the forward
voltage drop considered is larger than that without the forward
voltage drop considered. And basically, if Vf is zero, then (20),
(21), and (22) are traced back to (10), (14), and (18), respectively.
Practically, if the diode is replaced with the Schottky diode or
the synchronous rectifier with relatively small turn-on voltage
drop, then the effect of the turn-on voltage drop on the voltage
ratio can be reduced greatly.

V. CONTROL METHOD APPLIED

Fig. 8(a) and (b) shows the proposed overall system block
diagrams for the KY converter and the second-order-derived
KY converters, respectively. The one-comparator counter-based
PWM control without any analog-to-digital converter (ADC)
based on the field-programmable gate array (FPGA) [21] is
employed herein, and the parameters of the PID controller are
tuned according to the load transient responses from no load to
rated load and from rated load to no load. The output voltage
information after the voltage divider is obtained through the
comparator, and then sent to FPGA having a system clock of
100 MHz to create the desired PWM control signals to drive the
MOSFET switches after the gate drives.

VI. SIMULATED AND EXPERIMENTAL RESULTS

Prior to taking up this section, there are some specifications
given as follows.

1) Rated input voltage Vi is set to 12 V.
2) Rated output voltages Vo are set to 18 V and 28 V for the

KY converter and the second-order-derived KY convert-
ers, respectively.

3) Rated output powers Po-rated are 50 W and 70 W for the
KY converter and the second-order-derived KY convert-
ers, respectively.

4) Switching frequency fs is set to 195 kHz.
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Fig. 8. Proposed overall system block diagram. (a) KY converter. (b) Second-
order-derived KY converters.

5) Value of the output inductor L is chosen to be 2.5 µH and
5 µH for the KY converter and the second-order-derived
KY converters, respectively.

6) One 1000 µF RUBYCON capacitor connected in parallel
with one 100 µF MLCC capacitor used to further reduce
ESR is chosen for C.

7) Product names for other components used herein are
IRFZ44NS for S1 , S11 , and S21 ; FDB6676 for S2 ,S12 ,
and S22 ; DSS16-0045B for Db ; MBR2045 for Db1 and
Db2 ; MIC4420 for gate drives; EP1C3T100 for FPGAs;
and LT1719 for high-speed comparators.

8) Parameters for the PID controllers are kp = 0.25, ki =
0.03125, and kd = 0.25 for the KY converter; kp =
1.25, ki = 0.25, and kd = 9 for the 1-plus-2D converter;
and kp = 0.5, ki = 0.125, and kd = 4 for the 2-plus-D
converter.

A. Design of Energy-Transferring Capacitors

The values of the energy-transferring capacitors Cb,Cb1 , and
Cb2 play important roles in the proposed converters; so the
following focuses on how to design Cb,Cb1 , and Cb2 so as
to make sure that the voltages across themselves are kept as
constant as possible at some values.

For the KY converter to be considered, there are some as-
sumptions used to obtain the value of Cb as follows: 1) Cb is
abruptly charged to Vi in mode 2; 2) percentage � of decreased
variation in voltage on Cb during the discharge period is set to

0.1% in mode 1; 3) input voltage is an infinite bus, i.e., the input
voltage is always kept constant and possesses infinite capaci-
tance that is much larger than the value of Cb ; and 4) converter
efficiency � is set to 90% at rated load.

Therefore, in mode 1, the energy Ee is extracted from Vi and
Cb , and can be expressed to be

Ee =
1
2
Cb{(2Vi)2 � [(2 � �)Vi ]2}

=
1
2
(4� � �2)CbV 2

i . (23)

Also, in mode 1, the energy Es is sent to the load, and can be
represented as

Es =
Po-ratedD

�fs
. (24)

According to the energy conservation, Ee is equal to Es , and
hence, the value of Cb can be expressed as

Cb =
2Po-ratedD

(4� � �2)V 2
i �fs

. (25)

Based on the given specifications and assumptions, and (10)
and (25), the value of Cb is calculated to be about 495 µF, and
finally, two paralleled 270 µF OSCON capacitors, connected in
parallel with one 100 µF MLCC capacitor used to further reduce
ESR, are selected for Cb .

For the 1-plus-2D converter to be considered, there are also
some assumptions for obtaining the values of Cb1 and Cb2 as
follows: 1) Cb1 and Cb2 are abruptly charged to Vi in mode 2;
2) percentage � of decreased variation in voltage on either of
Cb1 or Cb2 during the discharge period in mode 1 is set to
0.1%; 3) input voltage is an infinite bus, i.e., the input voltage
is always kept constant and possesses infinite capacitance that
is much larger than the values of Cb1 and Cb2 ; and 4) converter
efficiency � is set to 90% at rated load.

Since the voltages across Cb1 and Cb2 are the same, let the
values of Cb1 and Cb2 be the same, and hence

Cb3 = Cb1//Cb2 and Cb1 = Cb2 = 2Cb3 . (26)

Therefore, in mode 1, the energy Ee is extracted from Vi and
Cb3 , and can be expressed to be

Ee =
1
2
Cb3{(3Vi)2 � [(3 � 2�)Vi ]2}

= (6� � 2�2)Cb3V 2
i . (27)

Also, in mode 1, the energy Es is sent to the load, and can be
represented as

Es =
Po-ratedD

�fs
. (28)

According to energy conservation, Ee is equal to Es , and
hence, the value of Cb3 can be expressed to be

Cb3 =
Po-ratedD

(6� � 2�2)V 2
i �fs

. (29)

Based on the given specifications and assumptions, and (14)
and (29), the value of Cb3 is figured out to be about 308 µF, and
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hence, the values of Cb1 and Cb2 are both 616 µF, and finally,
one 680 µF OSCON capacitor, connected in parallel with one
100 µF MLCC capacitor used to further reduce ESR, is selected
for Cb1 and also for Cb2 .

For the 2-plus-D converter to be considered, since Cb1 is
abruptly charged to Vi but Cb2 is discharged in mode 1 whereas
Cb2 is abruptly charged to 2Vi but Cb1 is discharged in mode 2,
the obtained values of Cb1 and Cb2 in the 1-plus-2D converter
are used herein to check the percentages of decreased variation
in voltage on Cb1 and Cb2 . Therefore, based on the similar
mathematical derivation method described earlier, the voltage
variations �V1 and �V2 for Cb1 and Cb2 , respectively, during
the discharge period can be expressed as

�V1 =
Po-rated(1 � D)

2Cb1Vi�fs
(30)

�V2 =
Po-ratedD
3Cb2Vi�fs

. (31)

Based on the given specifications and assumptions, and (18),
(30), and (31), �V1 and �V2 are figured out to be 14.2 and
28.4 mV, respectively, and hence, the corresponding percentages
of decreased variation in voltage on Cb1 and Cb2 are both about
0.1%, within the designed specifications.

B. Simulated Results

Prior to observing some experimental results, some simulated
results based on PSIM for these converters operating under the
open loop are provided to verify the feasibility of the proposed
converters, and after this, some experimental results under the
closed loop are utilized to demonstrate the performance of these
converters. For each simulated figure, the PWM control signal is
put at the top, the output inductor current is located in the middle,
and the output voltage stays at the bottom. For the KY converter
to be considered, Fig. 9(a) and (b) depicts the simulated results
at 100% and 0% of the rated load, respectively; for the 1-plus-
2D converter to be considered, Fig. 10(a) and (b) shows the
simulated results at 100% and 0% of the rated load, respectively;
for the 2-plus-D converter to be considered, Fig. 11(a) and (b)
also displays the simulated results at 100% and 0% of the rated
load, respectively. As per the mentioned data, it is obvious that
these converters can stably operate and always work in CCM due
to the output inductance current that may flow in the opposite
direction at light loads.

C. Experimental Results

Sequentially, Figs. 12 and 13 depict the experimental results
due to various load transient responses under closed-loop con-
trol. For the KY converter to be considered, Fig. 12(a) and (b)
shows the measured load transient responses due to load change
from 0% to 100% and 100% to 0% of rated load, respectively;
for the 1-plus-2D converter to be considered, Fig. 13(a) and
(b) describes the measured load transient responses due to load
change from 0% to 100% and 100% to 0% of rated load, respec-
tively; for the 2-plus-D converter to be considered, Fig. 14(a)
and (b) also illustrates the measured load transient responses
due to load change from 0% to 100% and 100% to 0% of rated

Fig. 9. Simulated waveforms of PWM control signal at the top, output inductor
current in the middle, and output voltage at the bottom under open loop for the
KY converter. (a) Rated load. (b) No load.

Fig. 10. Simulated waveforms of PWM control signal at the top, output in-
ductor current in the middle, and output voltage at the bottom under open loop
for the 1-plus-2D converter. (a) Rated load. (b) No load.
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Fig. 11. Simulated waveforms of PWM control signal at the top, output in-
ductor current in the middle, and output voltage at the bottom under open loop
for the 2-plus-D converter. (a) Rated load. (b) No load.

Fig. 12. Measured load transient response due to load change for the KY
converter. (a) From no load to rated load. (b) From rated load to no load.

Fig. 13. Measured load transient response due to load change for the 1-plus-
2D converter. (a) From no load to rated load. (b) From rated load to no load.

Fig. 14. Measured load transient response due to load change for the 2-plus-D
converter. (a) From no load to rated load. (b) From rated load to no load.
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