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Abstract— This research describes a new configuration for the
step-up DC-DC converter. Distributed generation (DG)
components such as solar PV arrays, micro-turbines fuel cells,
and ultra-capacitors are part of a DC micro-grid; the output
voltage in DC micro-grids heavily relies on the DC-DC
converter. Increasing the output voltage of a DC-DC converter
is required due to the low output voltage of DG sources. Since
the voltage stress would be a significant drawback of
conventional boost converters, this suggested configuration was
designed with quadratic voltage gain and lower voltage stress
which reduced the voltage stress across the switch. Structure we
compared our configuration with the different designs like
positive super lift Luo throughout the paper. The validation of
theoretical findings demonstrates simulation and experimental
results.

Keywords— new step-up boost converter, quadratic boost
converter (QBC), PV system, high DC gain ratio.

I. INTRODUCTION

In recent years, DC-DC converters have played an integral
role in renewable energy power systems. The DC-DC
converter assists the maximum power point tracking (MPPT)
reach the whole PowerPoint and keeps the DC-link constant
[1]. Also, the function of a transducer is to process and control
the flow of electrical energy by providing voltages and
currents that are best suited to the user's loads. Generally,
DC/DC converters are labeled into isolated and non-isolated
power converters classes. Boost, Buck-Boost, Cuk, and
SEPIC converters are Non-isolated (DC-DC) converters
characterized by inexpensive, tiny, low switching losses and
are more efficient. DC-DC converts DC power from one
voltage level to another. Modern electronic power systems
demand a power source with high reliability, efficiency, and
less input ripple [2, 3]. Parasitic components limit the voltage
and efficiency of all DC-DC converters. The LUO converter
is a DC-DC converter developed from a boost converter to
overcome the aforementioned effects. LUO converters power
several technologies to improve the voltage, such as Voltage
Lift (VL) and Super lift (SL) technology. The positive output
super-lift LUO (POSL) converter is the most commonly used
in the Luo converters family; the family types include
elementary, re—lift, and triple circuits [4-6]. Several
researchers have addressed the low voltage gain in DC-DC
converters by adding components to the elementary circuit;
many ways have been developed to increase profit while
lowering costs and increasing efficiency [7-11]. The authors
presented an enhanced DC-DC Boost converter in PV
applications [12]. The usage of single-switch and switched
inductors to design a high-gain DC-DC converter [13]. The
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Modified quadratic boost base converters of several types are
suggested, which have disadvantages such as low voltage gain
ratio and high ripple input current [14, 15].

This paper proposes a new quadratic converter
configuration to produce a high DC gain ratio to boost the low
voltage from the PV system or any other clean sources. Single
switch control would be important of the new converter.
Furthermore, one circuit control controlled our suggested
converter which is designed in a continuous condition mode
(CCM).

II. PROPOSED NEW CONFIGURATION STEP-UP DC-DC
CONVERTER

The traditional boost converter is shown in “Fig. (1. a)”,
voltage gain (G) of the conventional converter as indicated in
the “equation (1)”, “Fig. (1. b)” depicts the proposed new
converter. The new proposed converter consists of two
inductors (L1, L2), four diodes (D1, D2, D3, Do), three
capacitors (C1, C2, Co), and one switching (S). The new
converter has a higher gain ratio with a simple structure than
the literature review mentioned in the introduction section.
The analysis of the proposed converter is described in the
below sections.
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Fig.1. a. The elementary circuit of (POSL) converter [4].
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The transfer ratio of voltage (G) of the elementary (POSL)
converter as follows:

—Yo _27D
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D: is the duty cycle of the power switch.
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Fig. 1.b. Circuit configuration of a proposed new converter

A. The analysis of the new proposed configuration.

The Proposed Converter's structure is shown in “Fig. (1.b)”;
the principle of the converter is to charge the passive element
during the switch and discharge the energy during the off
switch depending on the control signal. The operation has two
switch mode ON and OFF as shown in “Fig. (2.a)” and “Fig.
(2.b)”. In this paper, the analysis equations are driving in
continuous conduction mode (CCM). The operational modes
can be explained as follows:

Mode 1: during the switch (S) is turned ON, the first inductor
(L1) and capacitor (C2) are charged in parallel while the
capacitor (C1) and inductor (L2) charge in series. The diodes
D1 and Do are reverse-biased, and D2 and D3 are forward-
biased, as demonstrated in “Fig. (2.a)”. Both Inductors stored
energy while flowing of the current through them grows
linearly.

According to the KVL principle, the voltage equation in this
mode can be expressed as:

VL1 = Vin )
VL2 = Vin + VC1 (3)
VC2 = Vin @

it can be obvious from equations “(1)”’and “(2)”, the inductor
L, is storage energy large than input voltage as compared
with the inductor L;.

Mode 2: during the switch (S) is turned OFF, the first inductor
(L1) and capacitor (C1) are parallel discharged. In contrast,
the capacitor (C2) and inductor (L2) discharge in series to
load. The diodes D1 and Do are forward biased, D2 and D3
are reverse-biased, as depicted in “Fig. (2.b)”. The voltage
equations of inductors can be demonstrated as follows:

VL1 = VC1 5)
Vin + VC1 — VL2 + VC2 — VO =0 (6)
VL2 = VO — 2Vin — VC1 (7)
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Fig. 2. The Equivalent Circuit of the proposed new converter at (a) Switch -
ON, (b) Switch - OFF
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Fig .3. Characteristics of the waveform in CCM

The steady-state of inductors L1 and L2 is calculated by using
the voltage second law, the voltage across capacitor C1 can
be written as functions of duty cycle and input voltage after
substitute equations” (2)” and “(5)”, we get:

VL1 Ton = VL1 Topr ®)
Where N TON = DT and TOFF = (1 - D)T
D Vip
VCl = 1-D (9)
VL, Ton = VL, Topr (10)

To extract the final gain ratio of the proposed converter, the
equations “(3)”, “(7)”, and “(9)” are substituted in “equation
(10)”, and we get:

(Vin + Ve1) DT = (Vo = 2Vip — Ve) 1=D)T (11

As a result, the relationship for the voltage transfer ratio can

be expressed:

. .. Vo  (1-D)*+1
Gainratiois G=— = >
Vin (1-D)

(12)
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The output voltage would be as follows:
(1-D)%+1
0= (1_[))2 in

(13)

From “equation (13)”, the voltage gain for our converter is
quadratic. To show the step-up ratio against the duty cycle
and compare it with the traditional boost converter described
in “equation (1)”, “Fig. 4” demonstrates that the proposed
converter is outstanding in step-up input for multi-times of
inputs. From this Figure, the proposed converter's behavior is
quadratic and jumps considerably with each varied value of

the duty cycle.
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Fig. 4. The voltage gains ratio (G) of the elementary (POSL) converter and
the proposed converter are Compared.

B. Current equations
During ON switch

Io = Ico (14)
Ici =12 (15)
With ideal passive elements (no losses), we conclude:
Pin="P, (16)
lin Vin =10 Vo (17)

As aresult, the input current can be written as:
Lin _ Vo _ (1-D)*+1

lo  Vin _(1-D)?2 (18)
(1-D)%+1
ln = g o (19)

Where Io is the output current passing through the resistive.
According to the balance charge principle in a steady-state
Qco+ = Qco- and we can be defined the charge during off
and on the state as:
Qco+ = IoDT (20)
Qco- = leo(1 = D)T 1)

As a result of equations “(20)” and “(21)”, we get the
following:

D
ICOOFF = E IO (22)
IdoOFF = ICOOFF + IO (23)
1
IdoOFF = EIO (24)
I

Iz = Icz = ldogrr = 55 (25)

Also, for capacitor C,

Qci+ = Qci-
1-D Io Io

lcimon= 5 X 5= 73 (26)
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Ic1i-oFF §IIL2 =l 27)
Where I, = ﬁ (28)
I, Io
le1-orF = a-py  ° a-bye 29)
As a result, the capacitor current during the off-state is:
1-2D
Ic1-orF = 1-py? lo (30)

C. Voltage stress across switches

The voltage stress across diodes and the MOSFET switch are
given by equations “(31)” to “(44)”.

During the ON switch, the output diode can be defined by the
equations as:

Vin = Vao = Vo =0 (31
Vao = —(Vo — Vin) (32)
During the OFF switch, the voltage stress across D3 is:
Vin=Vazs = Vo =0 (33)
Vi = _(VO - Vin) = Vo (34)
Also, the voltage stress across the D1 during the ON switch
is:
Vin + VCl + le =0 (35)
Var = _V(Vin + Ver) (36)
Vor = o (37)

According to the KVL law, the voltage stress across the
MOSFET switch and D2 during the OFF switch are:

VS + VCZ + VO = 0 (38)
Vs = Vo — Ve 39
Vs = Vo — Vi (40)
Vin+ Vi1 — Vg2 —Vs =0 (41)
Vaz = Vip + Vi1 — Vs (42)
Vaz = = Vin = Vo 43)
Vaz = o5 Vin (44)

D. Design of passive elements.
1) Inductors L1, L2
When the first mode of operation's equation is re-written in

differential form, the driven design equation of the inductor
can be described in the following equations:

AL

Vin =Viy = Ly (45)

VinAt
Ly = AL, (46)

_ VinD
17 Fsaily (47)

Similarly, for L2, during the OFF switch, we get:
Viz = Vin + VDc1 (48)
= Vin(1+5) (50)
1 Vin AiL

= Vo Ve = =12 (51
L, = —n__ (52)

2 7 FsAiL,(1-D)

2) Design of capacitors (C;, Cs, Co)
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To operate the proposed converter, it should design the
capacitor value according to the minimal permitted ripple.
The output capacitor Co can be designed according to the

storage energy principle (AQ = CAV, , AQ = [,DT,
AQ = 122 as:
RFs ’
_ VoD
CAVy = RF. (53)
_ VoD
Co = RFsAVo 54

According to the relationship of current and voltage across
of capacitor, the value of capacitor C; can be calculated as:

AVeq

i = G 52 = G = S (55)
G = vaiy RO mwaGors 09
Similarly, for Capacitor C, we get:

ica = C; A‘A/SZ - L= IA(i,ZCAZt (57)

C, = —fmQ-D? (58)

((1-D)2+1)Fs AV,

III. CONTROL STRATEGY

The PI controller represents one of the commonly
used control methods for the DC-DC converters, which is used
in many industrial fields. The PI controller is the best choice
for a converter that may be used as a band filter [16]. The
control signal from the PI controller is based on the error
function as in “equation (59)”.

u(t) = Kp e(t) + [ K; e(t)dt (59)
“Fig. 5” depicts the converter with a PI controller's general

block diagram. The error signal is fed into the PI controller to
generate the switching signal.
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Fig.5. PWM DC-DC Controller based on PI controller [16].

IV. COMPARISON RESULTS

The suggested converter compares with the converters
mentioned in this section. The proposed converter is a DC-
DC high step-up converter derived from a (POSL) converter.
A proposed converter has been compared with other adapters,
it has been shown in Table 1. The taken specifications for the
comparison are mentioned in Table 1. As displayed, the
derived topology has a small number of components, also it
is distinguished by a single switch and a simple circuit, which
increases reliability and reduces the cost of the proposed
converter [17-25].
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TABLE 1. Components comparison between the new proposed converter
with other converters

Converter No. of Components Voltage
Topology Switch inductor | capacitor | Diode Total gain in
CCM

Presented 2 3 3 4 12 2

in [17] D(-D)
Presented 2 2 2 4 10 (1+D)

in [18] b(1-D)
Presented 2 2 2 3 9 1

in [19] b(-D)
Presented 1 2 4 5 12 1

in [20] 3a-D)
Presented 1 2 2 3 8 2

in [21] (1-D)
Presented 2 3 5 4 14 (2-D)(a+D)

in [22] b2
Presented 1 2 3 4 10 B-D)

in [23] (-0)
Presented 1 4 5 4 14 _20

in [24] -py?
Presented 1 2 4 5 12 _2

in [25] (-p)?
Proposed 1 2 3 4 10 (1-D)*+1
Converter (1-D)?

V. SIMULATION AND EXPERIMENTAL RESULTS

To prove our theoretical analysis of the proposed converter
and comparison the results related to the elementary
converter, a new prototype has been established, the
performance of the elemental converter and comparison with
our converter which is implemented in
MATLAB/SIMULINK. Whereby testing of hardware
prototypes which are displayed in “Fig. 8”. Moreover, the
proposed converter test parameters are designed according to
the above equations. The design component value as shown
in Table (2). The proposed converter designed for dc
applications that are based on solar PV. To evaluate the
converter performance through the simulation and
experiment, the duty ratio as maintained would be 0.5 and the
applied voltage is 18.5 V for those two converters. The output
voltage has approximately value of (55.5) V for the
elementary converter which would be (92) V for the proposed
converter. Each device consists of a converter, ARDUINO
controller, voltage source, and a load. The converter
frequency is 50 kHz. The proposed converter operated at
CCM. In order to control the voltage and the current for the
proposed converter across the power MOSFET we used
ARDUINO microcontroller. The simulation results for the
elementary and the proposed converter have been displayed
in the “Fig. 6” and “Fig. 7” respectively. “Fig. 8” presents the
practical implementation Hardware prototype of the (POSL)
converter elementary and proposed converter circuit. The
figures from “(9)” to “(10)” displayed the comparison
between the practical and experimental with related to the
following properties input and output voltages, duty cycle
waves, the voltage across inductors and each diode. We also
notice in “Fig. 10” that the experimental results of each
element of the new proposed converter have fulfilled the
above equations and that the output voltage is identical to the
“equation (13)”. The following table (3) shows the
comparison between the theoretical, simulation, and practical
work.
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TABLE 2. Design value of parameters

Parameter Value
Input voltage (Vin) 18.5V
Output voltage (Vo) 92V
Maximum output power (Po) 150 W
Switching frequency (fs) 50 kHz
Duty cycle (D) 0.5
capacitors C;=C,=Co 100 pF ,400 V
Inductors L1=12 0.67 pH , 5SA
Diodes D;,D,,D3,Dy (RURG 5060) 50 A, 600 V
Switch MOSFET (IRFP 4060) 40A , 600V
TLP 350 drive 1.5A, 30V
Load Resistance 680 Q

output & input voltages of converter
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Fig. 6. Simulation results of elementary (POSL) converter (a) Output and
input voltage, (b) Output current
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Fig.7. Simulation results of proposed new converter (a) Output and input

5
Q
3§
=
o
=1
1
i)
£

voltage, (b) Output current.

@)

miicro controlfér

(d)

Fig. 8. Hardware prototype of (a) Elementary (POSL) converter, (b)

Proposed new converter.
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(a) Duty cycle

[t}
(b) Voltage across the diode (D1)

(e) Voltage across the inductor (L1) (¢) Input & output voltage
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(f) Voltage across diodes (DO & D1)
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(g) Voltage across the diode (Do) (e) Voltage across inductors (L1 & L2)

Fig. 9. The experimental waves form of elementary (POSL) converter.
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(g) Voltage across the diode (D2)
Fig. 10. The experimental waves form of proposed new converter.

TABLE 3. Experimental results and simulation verification

Parameters Theoretical | Simulation Hardware
results results results
Output voltage 925V 923V 918V
Output current 0.29 A 0.28 A 0.28 A
Duty cycle 0.5 0.5 0.5

VI. CONCLUSION

Analyzed and proposed a new high-gain converter to achieve
significant quadratic voltage gain; the suggested converter
only used ten components. Typically, quadratic voltage gain
converters use more than one inductor and many diodes. The
converter's key characteristic is a constant input current,
which extends the lifespan of solar PV panels. In the lab, a
150 W hardware prototype was created. Converter
performance and functionality have been proven in
experiments. The proposed converter has superior DC gain
and switches voltage stress than other high-gain converters
like conventional boost and traditional Luo converter. For
Vin = 18.5 V, the converter's peak efficiency was 97.3 %. In
order to improve our proposed converter performance, we
can use other control techniques that are extending another
work based on [26-30].
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