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Abstract—In this paper, a step-down and step-up Dc-Dc
converter, i.e., a buck-boost converter, with a positive
output voltage, is presented, which combines the KY
converter and the traditional synchronously rectified (SR)
buck converter. By doing so, the problem in voltage
bucking of the KY converter can be solved, thereby
increasing the application capability of the KY converter.
Since such a converter operates in continuous conduction
mode inherently, it possesses the non-pulsating output
current, thereby not only decreasing the current stress on
the output capacitor but also reducing the output voltage
ripple. Above all, both the KY converter and the SR buck
converter, combined into a buck-boost converter with no
right-half plane zero, use the same power switches,
thereby causing the required circuit to be compact and
the corresponding cost to be down. Furthermore, during
the energization period, the input voltage of the KY
converter comes from the input voltage source, whereas
during the de-energization period, the input voltage of the
KY converter comes from the output voltage of the SR
buck converter.

Index Terms—Buck-boost converter, KY converter,
right-half plane zero, synchronously rectified (SR) buck
converter.

1.INTRODUCTION

/ \S generally recognized, many applications require

voltage-bucking/boosting converters, such as portable
devices, car electronic devices, etc. This is because the
battery has quite large variations in output voltage, and
hence, the additional switching power supply is
indispensable for processing the varied input voltage so
as to generate the stabilized output voltage. There are
several types of non-isolated voltage buck/ boosting
converter [1]-[9], such as buck-boost converter, single-
ended primary-inductor converter (SEPIC), Cuk
converter, Zeta converter, Luo converter and its
derivatives, etc. However, these converters, operating in
the continuous conduction mode (CCM), possess right-
half plane zeros, thus causing system stability to be
low. Consequently, a KY buck-boost converter [10]
has been presented to conquer the aforementioned
problems, but it has a serious problem in four power
switches used, thereby causing the corresponding cost
to be up.

In order to reduce the number of power switches
in [10], the KY converter and the SR buck converter,
combined into a buck-boost converter, i.e., 2D
converter, both use the same power switches. Aside
from this, the proposed converter has no right-half
plane zero due to the input connected to the output
during the turn-on period, and this converter always
operates in CCM due to the positive and negative
inductor currents existing at light load simultaneously.
As compared with the converters previously stated, this
converter has the nonpulsating output inductor current,
thereby causing the current stress on the output
capacitor to be decreased, and hence, the corresponding
output voltage ripple to be small. Moreover, such a
converter has the positive output voltage different from
the negative output voltage of the traditional buck-
boost converter. In this letter, the detailed illustration of
the operation of this converter is given, along with
some experimental results provided to verify the
effectiveness of the proposed topology.

Prior to the end of this section, there is a
comparison between the converters presented in [11]
and the proposed converter. Since the proposed
converter is used to buck/boost voltage, the voltage
boosting range is not so high, that is, the voltages across
two energy-transferring capacitors C1and Cz are both D
times the input voltage, where D is the duty cycle of the
gate driving signal for the main switch. Regarding the
converters shown in [11], the voltages across two
energy-transferring capacitors Cia and Cib for the
hybrid Cuk converter, the hybrid Zeta converter, and

the hybrid SEPIC converter are 1/(1-D), D/(1-D),

and 1/(1-D) times the input voltage, respectively.

Therefore, the converters shown in [11] have higher
voltage  conversion ratios than that of the proposed
converter. Therefore, from an industrial point of view,
the converters shown in [11] are suitable for sustainable
energy applications, whereas the proposed converter is
suitable for portable products.

Furthermore, since the proposed converter comes
from the KY converter, the detailed comparisons
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between the proposed buck—boost converter and the KY
converter are described as follows.

1)Both converters always operate in CCM. That is, the
negative current can be allowed at light load, but the
corresponding average current must be positive.

2)Both converters have individual output inductors,
thereby causing the output currents to be
nonpulsating.

3)The proposed converter has one additional inductor
and one additional capacitor so as to execute voltage
bucking/ boosting as compared with the KY
converter. Therefore, the proposed converter has the
voltage conversion ratio of 2D, and hence possesses
voltage bucking with the duty cycle locating between
0 and 0.5 and voltage boosting with the duty cycle
locating between 0.5 and 1. On the other hand, the
KY converter has the voltage conversion ratio of 1 +
D, and hence only possesses voltage boosting with
the duty cycle locating between 0 and 1. In addition,
the maximum voltage conversion ratios for both are
identical, equal to 2.

4)Both these converters can operate bidirectionally.
The proposed converter works with the backward

voltage conversion ratio of 0.5/(1-D), whereas the
KY converter works with the backward voltage

conversion ratio of 1/(2-D).

Fig. 1. Proposed buck—boost converter.

2.PROPOSED CONVERTER
STRUCTURE

Fig. 1 shows a novel buck—boost converter, which
combines two converters using the same power
switches. One is the SR buck converter, which is built
up by two power switches S1 and Sz, one inductor L1,
one energy transferring capacitor C1, whereas the other
is the KY converter, which is constructed by two power
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switches S1 and S2 , one power diode D1 which is
disconnected from the input voltage source and
connected to the output of the SR buck converter, one
energy-transferring capacitor C2 , one output inductor
L2, and one output capacitor Co. The output load is
signified by Ro . Furthermore, during the magnetization
period, the input voltage of the KY converter comes
from the input voltage source, whereas during the
demagnetization period, the input voltage of the KY
converter comes from the output voltage of the SR buck
converter.

In addition, during the startup periodwith Si1
beingONand S2 being OFF, Li and L2 are both
magnetized. At the same time, Cz is charged, and hence,
the voltage across C1 is positive, whereas Cz2 is reverse
charged, and hence, the voltage across Cz is negative.
Sequentially, during the startup period with S1 being
OFF and S2 being ON, L1and L2are both demagnetized.
At the same time, Ci is discharged. Since C:2 is
connected in parallel with C1, C2 is reverse charged
with the voltage across C2 being from negative to
positive, and finally, the voltage across C2 is the same
as the voltage across Ci1 . After this time onward, the
working behavior of this converter will follow the
timing sequence shown in Fig. 2.

3.BASIC OPERATING PRINCIPLES

Before this section is taken up, there are some
assumptions and symbols that are given as follows: 1)
all the components are ideal; 2) the blanking times
between Si1 and S2 are omitted; 3) the voltage drops
across the switches and diode during the turn-on period
are negligible; 4) the values of C1 and C2 are large
enough to keep Vc 1 and Vc 2 almost constant, that is,
variations in Vc 1 and Vc 1 are quite small during the
charging and discharging period; 5) the dc input voltage
is signified by Vi, the dc output voltage is represented
by Vo, the dc output current is expressed by lo, the gate
driving signals for S1and S2 are indicated byM1 andMz,
respectively, the voltages on S1 and S2 are represented
by vs1 and vs2, respectively, the voltages on L1 and L2
are denoted by vi1and vi 2, respectively, the currents in
L1and L2 are signified by iL 1and i 2, respectively, and
the input current is expressed by ii ; and 6) the currents
flowing through L1 and L2 are both positive. Since this
converter always operates in CCM inherently, the turn-

on type is (D, 1-D), where D is the duty cycle of the

gate driving signal for S1 and 1-D is the duty cycle of
the
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Fig. 2. Key waveforms of the proposed converter

gate driving signal for S2 . Fig. 2 shows the key
waveforms of the proposed converter with a switching
period of Ts under iL 1 and iL 2 being positive for any
time. It is noted that from Fig. 2, the voltage stresses for
S1 and S2 are both identical and equal to the input
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voltage, and the input current waveform is pulsating. In
the following, there are two operating states to be
described.
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Fig. 4. Current flow in state 2.

State 1: As shown in Fig. 3, S1is turned ON but Sz is
turned OFF. During this state, the input voltage
provides energy for L1 and Ci . Hence, the voltage
across L1 is Vi minus Vc 1, thereby causing L1 to be
magnetized, and Ci is charged. At the same time, the
input voltage, together with C2, provides the energy for
L2 and the output. Hence, the voltage across L2 is Vi plus
Vc 2 minus Vo , thereby causing L2 to be magnetized,
and C: is discharged. Therefore, the related equations
are depicted as follows:

vi1=Vi -Vci ()]

vi2=Vi+Vc2 —Vo. ()
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State 2: As shown in Fig. 4, S1is turned OFF but Sz is
turned ON. During this state, the energy stored in L1
and Ci1 is released to C2 and the output via L2 .
Hence, the voltage across L1 is minus Vc 1, thereby
causing L1 to be demagnetized, and Cu1 is discharged. At
the same time, the voltage across L2 is Vc 2 minus Vo,
thereby causing L2 to be demagnetized, and C2 is
charged. Therefore, the associated equations are
described as follows:

vii= Vel ?3)
viz2=Ve2— Vo 4)
Vecz2=Vcei (5)

By applying the voltage-second balance to (1) and (3),
the following equation can be obtained as

(Vi-VC1)DTs +(-VC1) (1-D)Ts = 0 (6)

Therefore, by simplifying (6), the following equation
can be obtained as

VC1=D.Vi. @

Consecutively, by applying the voltage-second balance
to (2) and (4), the following equation can be obtained as

(Vi+Vc2 =Vo) D Ts+ (Vc2 = Vo)(1 - D) Ts=0.
8

Hence, by substituting (5) and (7) into (8), the voltage
conversion ratio of the proposed converter can be
obtained as

el

Therefore, such a converter can operate in the buck
mode as the duty cycle D is smaller than 0.5, whereas it
can operate in the boost mode as D is larger than 0.5. In
addition, based on (5), (7), and (9), the dc voltages
across C1and Cz can be expressed to be

VC1 =VC2=05V0. (10)

KEY DESIGN PARAMETER
CONSIDERATIONS

Www.ijcns.com

In this section, the design of inductors and
capacitors are mainly taken into account.

A. Inductor Design

From an industrial point of view, the inductor
is designed under the condition that no negative current
in the inductor exists above 25% of the rated dc load
current. Therefore, in this letter, the critical point
between positive current and negative current in the
inductor is assumed at 25% of the rated dc load current.
Therefore, the peak-to-peak values of iL 1 and iL 2 are
expressed by AiL1 and Air2, respectively, and can be
obtained according to the following equation:

AIL1 = AIL2 =0.510_rateq . 11)

Therefore, AiL1and Airz are 1.5 A. Since the high input
voltage makes the inductor not easier to escape from
the negative current than the low input voltage, the
inductor design is mainly determined by the high input
voltage, namely, 16V. Hence, the corresponding
minimum duty cycle Dmin is 0.375. Moreover, based on
(20), Vc 1 and Vc 2 are both 0.5 Vo, namely, 6V. Also,
the values of L1 and L2 can be obtained according to the
following equations:

. . Vi=e1)
L1 = Dmin.——

(ALLLf=)

(12)

(13)

FAILT F50
et .

Therefore, the values of L1 and L2 both are calculated to
be not less than 12.5 pH, and finally, L1 and L2 have
individual PC47RM5Z ferrite cores with turns of 10.5,
corresponding to 14 pH.

B. Capacitor Design

1) Output Capacitor Design:

Prior to designing Co, it is assumed
that the output voltage ripple Avo is smaller than 1% of
the dc output voltage, that is, Avo is smaller than 120
mV. Hence, the equivalent series resistance of the
output capacitor.ESR can be represented by

AVe

ESR =

(14)

AT

b

For that reason, ESR is calculated to be smaller than 80
mQ, and finally, one Nippon Chemi-Con (NCC) KY
series capacitor of 470 puF with ESR equal to 46 mQ is
chosen for Co.

2) Energy-Transferring Capacitor Design:
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Prior to designing the energy-transferring
capacitors C1and Cz, it is assumed that the values of C1
and C:z are large enough to keep Vciand Vcz, almost at
6V, and hence, variations in Vc1 and Vc2 are somewhat
small and are defined to be AVci and AVee,

respectively. Based on this assumption, AVc1 and AVc2
are both set to smaller than 1% of Vc 1 and Vc 2,
respectively, namely, both are smaller than 60 mV.
Also, in State 1, C1is charged whereas C2 is discharged.
Therefore, the values of Ci1 and C2 must satisfy the
following equations:

(15)

(16)

Since the maximum duty cycle Dmax occurs at the input
voltage of 10V, namely, 0.6, both the values of C1 and
C2 are not less than 150 pF. Finally, C1 and C2 have
individual NCC KY series capacitors of 470 pF.

4. SIMULATION RESULTS

The simulation result for the proposed step-up
and step-down dc-dc converter is explained below. In
this, fig.6 shows the simulation circuit for proposed
converter in open loop condition under a resistive load.
Here, by taking 50V as the input voltage, with 60
percent duty cycle in boost mode, then the output
voltage obtained here is nearly equal to 60V. By
varying the duty cycle voltage bucking and voltage
boosting operation can be performed. Thus the,
simulation waveform for proposed converter in open
loop condition under a load is shown in fig.7.
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Fig.6. Open loop simulation circuit.
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Fig.7. Simulation waveform for open loop proposed

converter.

Fig.8 shows the closed loop simulation circuit for
proposed converter. The controller which is used in this
circuit is PID integral controller. In closed loop circuit,
with respect to the reference voltage, the voltage step-
up and step-down operation can be performed. Here the
pulse width modulation block is used to provide a
proper pulse to the switches. The PID integral
controller produces control signal based on the voltage
error signal (difference between output load voltage
and reference voltage) and thus the change in error
signal is obtained from comparator output. Usually the
PID controller is used to convert the non-steady state
response signal into steady state response signal.
According to the reference voltage the duty ratio of the
pulse width modulation can be changed with the help of
PID integral controller.

The PWM signal is fed as a switching signal to
the MOSFET switches of the proposed converter and
the output of converter can be varied by varying the
duty cycle of the switching signal. Instead of PID
controller, the Adapter Neuro Fuzzy controller can also
be used for the closed loop proposed converter.
According to the reference paper [18] i.e., Two stage
KY converter the ANFIS acts as a controller circuit for
robust control of converter.
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Fig. 8. Closed loop simulation circuit

Fig. 9 and fig. 10 shows the current waveform for
inductive parameter i.e., iL1 & iL2 and the voltage
waveform for capacitive parameter i.e., Vcl1 & Vc2 in a
proposed converter. At the end of the simulation result,
the output current and voltage waveform with respect to
time in seconds for closed loop proposed converter by
using the PID integral controller are shown in fig.11.
the voltage bucking and boosting operation of closed
loop proposed converter can be modified by changing
the reference voltage. Hence the duty cycle of the
PWM block may automatically changed according to
the reference voltage.
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Fig . 10. Waveform for inductive current L2 and
voltage across capacitor C2.
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Fig .9 .Waveform for current through inductance L, and
voltage across capacitor C;.
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Fig.11.Waveform for output current for closed loop
proposed converter.

5. CONCLUSION

The proposed step-down and step-up dc-dc
converter, combining the KY converter and the
established SR buck by using the same power switches,
has a positive output voltage and no right-half plane
zero. Additionally, this converter always operates in
CCM essentially ,thus causing variations in duty cycle
all over the load range not to be so much, and hence,
the control of the converter to be uncomplicated. Above
all, such a converter possesses the non-pulsating output
current, in this manner, not only decreasing the current
stress on the output capacitor but also reducing the
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output voltage ripple. By means of both open-loop and
closed-loop simulation results, it can be seen that for
any dc input voltage, the proposed converter can stably
work for both voltage bucking and voltage boosting
efficiently. Hence, the proposed dc-dc KY boost and
SR buck converter can be used for portable applications
such as car electronic devices.
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