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1. INTRODUCTION

Boost converters are widely applied in facilities that adopt a stand-alone system, a grid-connected
system, and an integrated system for generating electricity. The converter has a simple structure consisting of
few devices, and it has the ability to convert direct current electricity from low voltage (12-50 Voc) to high
voltage (320-400 Vpc) [1]-[6]. In general, the factors important to improve a booster converter usually
include increasing the voltage gain rate and reducing the number of devices to control the cost. Furthermore,
the merits of the devices within the converters are also considered to relieve the load and stress of the electric
current that originates from the power switch. Normally, to address these problems, strategies such as
decreasing the amount of voltage loss and creating structures for new circuits are considered. Additionally,
increasing the operating range of the duty cycle indicators will affect the rate of reverse recovery of diodes
and electromag-netic interference by creating voltage stress and voltage loss, and will decrease efficiency
[71-[10]. Nonetheless, there are several other measures such as using the cascaded state (CS), switched
capacitor/switched inductor (SC/SI), voltage multipliers (VMs), and voltage-lift techniques (VLs) to
consider. Therefore, convertors that have high voltage gain and high voltage density will also have high
incoming voltage accordingly. In addition, the voltage stress in each converter will be inversely proportional
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to the output voltage of the circuit, and the current stress within the inductor will be directly proportional to
the main switch [11]-[25].

In [11]-[13] cascaded state (CS) base on DC-DC converter with high conversion ratio voltage were
obtained employing passive lossless clamped circuit composed of capacitors and diode is proposed circuit or
cascaded state with the high step-up output voltage. As a result, the efficiency is low because the voltage
stresses on the main switch and output diode of the boost converter cannot be reduced. Because their voltage
gain has a quadratic topology, these converters can easily achieve a large voltage gain and greater
performance. These converters may not only successfully recycle leakage energy but also effectively enhance
their efficiency by utilizing the passive lossless clamped circuit. However, the switch and output diode
voltage stresses keep rising, resulting in reduced efficiency and including the heat generated at each module
and the amount of current in each part that disseminates electromagnetic interference. Many, switched
capacitor (SC) converter basic adding several capacitors to switching-mode DC-DC converters are the
topologies. The inductor's energy is utilized to charge the capacitors in series or parallel while the switch is
turned off, but when the switch is turned on, the capacitors are combined in series to supply the load.
However, in high-step-up applications, the component count could be quite high [14], [15].

In [16]-[18] switched inductor (SI) is a topologies similarity to proposed techniques. Sl versatility
allows it to be utilized in a wide range of DC-DC converters, which allows it to combine the beneficial
qualities of various voltage raising techniques, as well as its simple topologies and ease of integration into
any converter. By inserting a connected inductor into a non-isolated converter and selecting a suitable
coupled inductor turns ratio, a non-isolated converter may be made more efficient, the voltage gain can be
efficiently increased. Nevertheless, drawback these techniques by using a passive regenerative snubber
circuit, on the other extreme, absorbs the energy stored in the leakage inductor, inhibits the switch voltage
spike, and transmits the energy contained in the leakage inductor to the load. A dc-dc converter including
combination voltage multipliers (VMs) was used to expand device or element such as active clamp switch,
fast recovery diode, capacitors, and inductor tried to introduce in general backside main switch are able to
give high voltage gain and recycle the leakage energy. VMs are used to bump up voltage gain, add positive
traits, or help alleviate the limitations of other voltage level enhancing techniques. Nevertheless, increased
power loss, voltage stress on diodes and capacitors, and circuit size may all be conse-quences of high-order
multiplication and the conversion ratio is not large enough [19]-[22]. The voltage-lift methods (VLs) are an
effective approach for increasing the output voltage level in high step-up converters. This procedure requires
charging a capacitor to a different voltage and then stepping up the output voltage to matching the charged
capacitor's voltage level or a multiple-lift circuit employing an n-stage basic diode capacitor VLs circuit was
described in [23]-[25] to further rise the VLs. Furthermore, the elimination of magnetic components causes
significant current spikes in switching transients. The current spikes can be decreased by increasing the
parasitic electrical series resistance's (ESR) time constant and the circuit's equivalent capacitance, but this
technique necessitates large capacitance values, which is the method's drawback.

In order to overcome the aforementioned drawbacks the study begins with the formulation of a new
basic concept. This paper proposed topology with simplicity and a new one state provide from low voltage to
high step-up output voltage, high efficiency, auxiliary technique for the integration of inductive coil
connectors (AIIC) within a single switched dc converter. This paper is structured in five parts: i) concepts
and techniques of the circuit as shown Figure 1; ii) concise explanation and the operating conditions; iii)
design of the integration of inductive coil connector (AIIC); iv) which consists of the magnetic circuit and
important parameters of the circuit explanation; and v) discuss the experimental results and the summary of
the presented circuit, respectively.
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Figure 1. Guidelines conceptual circuit for high step-up conversion based on boost converter topologies
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2. CIRCUIT DESCRIPTION

The auxiliary technique for the integration of inductive coil connectors in single switched converters
is depicted in Figure 1. MOSFET, which is a power circuit, was used as the main switch. The connectors of
inductive coils (AlIC) include two inductive coils L, L, that are products of the magnetizing inductance and
the leakage inductance of each coil. For the connector between the mutual inductance M and coupling
coefficient inductance ratio K, the fast-recovery diode prevents the reflux of voltage between the input and
output, while the external capacitor filters the output voltage and stabilizes it, to supply the voltage to the
output resistance load that connected as the front circuit of the inverter. The operating conditions of the
power circuit will be separated into two modes for the following analyses and assumption.
— The power switch circuit and active/passive elements in turn on and turn off states must have ideal attributes.
— The input/output voltage must be a stable direct current.
— All inductive devices and capacitors must be large with no fluctuation of voltage and current.
— The output capacitor is large enough to maintain a consistent output voltage.

3. OPERATION MODES CIRCUIT

When the power circuit is fully operating, the shape of the time period must be consistent with the
change of status in each mode, as depicted in Figures 2(a)-2(d). Operating mode I, the initial condition of the
power switch is depicted in Figure 2(c). There is a supply of incoming current that goes through the first
inductive coil L1 and proceeds to the switch until it completes a cycle. Meanwhile, the first inductive coil will
accumulate energy and transfer it to the second inductive coil L, by going through the ratio operator of both
inductive coils. The amount of current that flows across the energy accumulated within the first inductive coil
v will increase linearly, and the voltage drop of the second inductive coil vio will flow out of the electrode
of the inductor, passing the capacitor that was connected perpendicularly to the outgoing voltage load. Next,
for this operating mode, diodes D1 and D will not induce currents. The settings of the current that flows
through the inductors i.1 can be referred from (1).

. VsDT.
1 = SLl > 1)

Operating mode I, in this operating mode, the power switch turn-off the current as depicted in
Figure 2(d). The energy accumulated within the inductive coils L1 and L, are released via the diodes D; and
D, inducing a current. However, the energy from the first inductive coil does not flow through D; and D;
because the second inductive coil has more energy than the first. Meanwhile, the second inductive coil
releases energy to the capacitor connected perpendicularly to the outgoing voltage load. The main factor is
that the current of the second inductive coil must be higher than the first inductive coil. Therefore, the voltage
within the circuit of L, will be the parameter that decides the coordinates of the outgoing voltage of the
circuit. Ly will act as a parameter that decides the operating conditions of the circuit. The settings of the
current that flows through the inductors i, can be referred from (2).

. Vs—Vo(1-D)T
lyp = # 2

As N is the ratio operator of both inductive coils for the duration of the switching time period, the equation
for the current of inductors 1 and 2 will be equal to zero, which can be represented as (3), for which, the
output will be the rate of voltage conversion gain, represented as (4).

VDT | Vs—Vo(1-D)T _

N2L, NL, =0 ®)
Vo_ D

Vs N(1-D) +1 4)

The minimum inductance of the AIIC technique can be observed and calculated from the current
that flows through the minimum inductance by using the power balanced theory. The loss of passiveelements
must be zero, and the magnetizing inductances that were designed based on the incoming current can be
calculated from (5).

N2R,D(1-D)?

Lm(min) ~ 2fs(N24+2ND(1-D)+N?(1-D)?) ©
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Figure 3(a) (see Appendix) shows the relationship between the input voltage Vs and the output
voltage V, for various duty cycles D, and it can be seen that the voltage gain grows correspondingly as the
duty cycle increases. When substitute input voltage Vs and the output voltage V, are 36 Vpc and 325 Vi,
duty cycles D is about obtained 0.367. The relationship will be given in (19) and the voltage gain will be
verified using the calculate method. Furthermore, the suggested converter has a large voltage gain while
maintaining a low duty cycle. From Figure 3(b) (see Appendix), the maximum current design of main power
switch to replase duty cycles D and switching frequency, then maximum current inductor is iLm =13.336 A.
With reference Figure 3(c) (see Appendix), when duty cycles D is about 0.367 at fix switching frequency 80
kHz. The boundary normalized minimun inductor is obtained as 12.723 uH by (5).

Low input DCDC high |—o— )
valta step-up DC-AC = =
renewag;le cotwerter or irwerter and @ 9 qg I
en sources conceptual low pass filter e L Ifﬂsr
= circut part [—O—— = —1
P N /f
- R I
- N S
P - . (0
o \ | N
- \
-~ 4 [
I
.--"-- ’_;-' -
| * IS'I'JSI
|
1
» O
WALA G i[.2
A

& <
o+

(d)

Figure 2. The proposed power converter state and operating concept (a) proposed AlIC converter,
(b) key waveforms, (c) operating mode |, and (d) operating mode |1

4. DESIGN MAGNETIC AND POWER STATE CIRCUIT
The design process begins by first designing the magnetic circuit to assess the power circuit

depicted in Figure 4(a). The steps in the process are mentioned:

— Choose the size and type of the iron core and set the magnetic resistance of each part 9R1- Ro

— Find the equivalent magnetizing resistance ‘R.

— Find are both magnetizing inductance L and L.

— Find the coupling coefficient inductance ratio of each coil K3, K, and all performance coefficient factor K.

— Find the turn ratio a from AIIC technique.

— Assess the subparts of the power circuit by deciding the output voltage V, and the output power P, to
determine the DC side load resistance.

— Find are maximum current of power switch imax the value of the output capacitor C, and choose the
ripple output to be less than 1%.

— Finally, calculate the loss of each part such as power switch Pgs, the power loss in each diode Pp1, Ppy,
the conduction loss in both inductors Py 1 and Pro.

4.1. Magnetic design AIIC technique

The assessment of each magnetizing resistance is very important to the power circuit because the
parameters that were calculated can be used to find the value of the inductor of each coil L;, L. The coupling
coefficient inductance ratio K and the number of rounds of the inductor will be calculated from the length and
area depicted in Figures 4(a)-4(c). The magnetizing resistance can be separated into (6) and (7). The
magnetizing resistance air gap are calculation divided as (8) and (9).
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The constant of the special attribute of ferrite cores EE42/N87 consists of the relative permittivity of
the material, which equals to 1690, and the permeability of a vacuum, which equals to 4mx10-7 H/m.

According to the calculation, the value of the external rim of the core of the magnetizing res

istance equals to

R1=R,=Rs=Ro, value of the central area within the magnetizing resistance equals to $Rz=%Ry7, values of the
sides of the magnetizing resistance that was the vacuum equals to $Rs=Rs, and internal values of the
magnetizing resistance of the air gap Rs. Therefore, the magnetizing resistance can be calculated as (10). The

value of both coils can be explained by (11) and (12).

R, = (R3 + R, + Re) = (0.0039 x 106 x 0.0039 x 10° x 2.829 x 10)
= 2.907 x 105AT/Wb

L= _o3416uH
17 %, 7 2097x106 ~ " H
2 2
Ly="=_" __—7092mH

Ry | 2.097x106

(10)

(11)

(12)

The next step is to evaluate the measurement of the leakage inductor from the test stand by using the
short circuit test, for which the value of the leakage inductor Ly, Lz is equal to 1.348 pH and 118.027 pH.
Retest the magnetizing inductance of both coils from the design. This can be explained by (13) and (14).

Next, the ability of each coupling coefficient inductance Ki, Kz is assessed by (15) and

(16). For easier

understanding, the ability of the coupling coefficient inductance ratio of all coils K can be calculated by

substituting (15) and (16) in (17).
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Ly =Ly — Ly = (12.383 X 107%) — (1.348 x 107°) = 11.035 uH (13)

Ly =Ly — Ly, = (3.957 x 1073) — (118.027 X 107¢) = 1.973 mH (14)
_ Lmy _ 11.035x107¢ _

K = L,  12.383x10~6 0.891 (15)
_ Lma _ 1973x1073 _

K, = L, 2002x103 0.943 (16)

K= \/KlKZ =+/0.891 X 0.943 = 0.956 an

In conclusion, for the ratio operator of the connector of the inductor of the AIIC technique, the magnetic
circuit can confirm that (18).

N = /Ky /Ky x4/l / L, =+/0.891/0.943 x \/(12.383x10*6) /(2.092x1073) =0.0723 (18)

4.2. Power state design

The power state design can be separated into to two parts: designing the circuit’s parameters and
calculating the subparts of electric power loss of each device, as well as the aggregate loss. The calculation
will be based on the analysis of the steady state at the switch frequency of 80 kHz, incoming voltage of 36
Vpe, and outgoing voltage of 325 Vpc at 125 W of electric power, for which the outgoing electrical
resistance is Ro=Vo?/P, = 845 Q at full electric power. Therefore, the duty cycle will be (19).

D =_ YoV 325-36

Cv(3-1)+v - 36(———1)+325

=0.367 (19)

According to (5), the minimum inductance will be 12.723 pH to place the circuit into the continues
conduction mode. For practicality, the smaller inductor will be L, =13.6 pH, and the outgoing capacitor used
to stabilize the voltage with a ripple voltage ratio that is less than 1% can be obtained from the equation
Co=(1-D)/8L1(AVd/ Vo)f?>=47 uF. Based on the calculation, the size of the outgoing capacitor will be a
standard size of 100 uF/400 V, for which the parameters were plotted on a relativity graph as depicted in
Figures 3(a)-3(c).

4.3. Power loss design

This important calculation is used to find the amount of loss from the power conduction of each
circuit, which could occur in the auxiliary device for the AlIC technique and the active/passive element of the
circuit. This study uses MOSFET No. IRFP4332PBF with an inductive resistance value of rg=29 mQ, along
with the MUR 840 and MUR 8100, which are fast recovery diodes that have a forward voltage drop when the
current inductance equals to 1.28 and 1.8 V, respectively. The current that runs through the switch im is
calculated using the equation from maximum current inductor i.m1. Therefore, the loss of each part can be
calculated separately as

Pras = (iy)?rds/2 = (13.332)? x 29 x 1073/2 = 2.577W (20)
Ppy = 72T = 2202 — 0.492W (21)
Ppy = “P22e = 2 — 0.692W (22)

The electrical parasitic series resistance rp, rs of both coils will be equal to 0.038 Q and 4.18 Q,
which were derived from the LCR meter, which is a measurement tool that measures loss in inductors by
calculating the maximum current of the magnetizing inductor, which can be explained by iLm = VsD/fsLmmin) =
13.332 A. Therefore, the loss of each part can be calculated by (23) and (24).

Priy = (ipm)?r1 = (13.332)% x 0.038 = 6.754W (23)

Pz = (I,VZ) 15 = (0.537)% x 418 = 1.205W (24)
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Finally, the loss of each part can be combined to find the overall performance value of the circuit as (25). The
extent of the equivalent circuit and the relationship between breakdown power loss are depicted in Figures 5(a)
and 5(b).

Po

n= = 0914 (25)

Po+(Prds+Pp1+Pp2+PrL1+PrL2)

i Power Loss (W) . I l?ﬂ
6 : : : :
= Separate Power Loss
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Figure 5. Analysis and relationship of proposed circuit (a) equivalent circuit for the conduction loss and
(b) relationship bar graph breakdown of the overall conduction loss

5. SIMULATION AND EXPERIMENTAL RESULTS

A prototype of the AIIC was simulated and implemented within a single switched dc converter with
significant voltage gain. The topology parameters presented in Table 1 were used in the simulation and
implementation. The switching frequency was set to be around 80 kHz. The overall simulation results are
shown in Figures 6(a)-6(d). The 36 Vpc input voltage was supplied from a series-parallel battery pack with
the constant voltage. Figure 6(a) depicts the simulated voltage, current, and power input waveforms. The
waveform drain—source voltage across vgs, current pass of main power switch Iy and current pass inductor i1
and then power switch was operated under zero turn-on, as shown in Figure 6(b), The investigates operation
continuous conduction mode CCM of an auxiliary coupling technique from voltage and current both
inductors as shown in Figure 6(c). The last simulated of the output voltage, current, and output power
waveforms are shown in Figure 6(d).

Table 1. Utilized component and parameter of prototype

Parameter Symbol Value/part number Type
Input voltage Vi 36 Vpc -
Output voltage Vo 325 Vpc
Output power P 125 W -
Output capacitor C, 0.33 pF Electrolyte/400 V
Switching frequency fs 80 kHz SG3525 Gate Driven
Power MOSFETS M IRFP4332PBF N-Chanel MOSFETS, Vpss=250 V, 15=57 A, Rps (on=29 mQ
Fast recovery diode D, MUR 840 Fast-recovery diode, Vrrm=400 V, Ira)=8 A, VF=1.28 V
Fast recovery diode D, MUR 8100 Fast-recovery diode, Vrrm=1000 V, Iran=8 A, V=18 V
Inductance Ly, Lo 13.6 pH, 3.920 mH EE42/13/7 N87-EPCOS, L;= (6 Turn), L= (72 Turn)
Leakage inductance Lia, L 1.348 pH, 118.027 pH EE42/13/7 N87-EPCOS
Magnetizing inductance  Lpg, Lz 11.305 pH, 1.973 mH EE42/13/7 N87-EPCOS

Electrical parasitic

X i I, Is 0.146 Q,9.18 Q EE42/13/7 N87-EPCOS
Series resistance
Switching frequency fs 80 kHz -
Operating mode - CCM Continuous conduction mode

The discussion results of the experiment are shown in Figures 7(a)-7(d). At a power input of 137 W,
the voltage, current, and power input were measured, as shown in Figure 7(a). The voltage and current
waveforms of MOSFET M is shown in Figure 7(b). The switches indicating that they operated under zero
turn-on condition. High-frequency square-wave voltage is represented by the voltage across the waveform on
both inductors, whereas current pass inductors has operated continuous conduction mode are shown in Figure
6(c). The voltage, current, and power waveforms measured at the output side have a highest value of 125 W,
as shown in Figure 7(c). The investigate route power loss of voltage across vi1 and current waveform iy, of
the inductor in the path of loss because of auxiliary component in the prototype are shown Figures 8(a) and
8(b). The power loss is also low because auxiliary technique for the integration of inductive coil, which it non
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absorbs energy in during turn-on and turn off. In this section discussion comparison of previously proposed
high step-up converters and their relevant publications. is shown Tables 2.
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Figure 6. Simulation result of the proposed circuit (a) voltage Vs, current |5, and power Ps waveforms at the
input side; (b) voltage gate driven vgs, drain—source voltage across vgs, current power switch iy and current on
inductor iL1; () voltage across vi1, viz and current of a both high frequency inductors i 1, iL2; and
(d) voltage Vo, current I, and power P, waveforms at the output side
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Figure 7. Experimental result of the proposed circuit (a) voltage Vs, current Is, and power Ps waveforms at the
input side; (b) voltage gate driven vgs, drain—source voltage across vgs, current power switch im and current on
inductor ii1; () voltage across vi1, vi2 and current of a both high frequency inductors i.1, iL2; and (d) voltage
Vo, current lo, and power P, waveforms at the output side

Last, discussion power loss each in Figures 5 (a) and (b), equivalent circuit for the conduction loss
analysis and overall breakdown of the AIIC with dc converter circuit is given as follows. The most
significant lose are those that occur on inductor L; and main power switch eques of 6.754 and 2.577 W. the
losses, which amount to 4.92 and 1.88 % in this section, can be calculation 6.80 %. The loss inductor L, and
both fast recovery power diode eques were 1.205, 0.492, and 0.692 W, with losses from component of 0.87,
0.35, and 0.50 %, respectively. Table 3 summarizes the outcomes of the simulations and experiments. The
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output voltage of the simulation result case is 355 Vpc, which is more than the implement result equal to 325
Vpc and overall measure values of the proposed circuit as shown Table 3. In addition, Figure 9(a) shows the
regulation of the output voltage when the output power was 50 to 150 W. The minimum and maximum
output voltage are eques to 325-350 Vpc, when change output power at 50-125 W following stand MIC
condition (320<V0<400 Vpc). The measured efficiency of the AIIC dc converter was approximately 92% at
the full load condition, and the maximum efficiency was 94% at approximately 140 W. The overall
efficiency, output voltage, and output power relationship parameters, as well as the prototype circuit are
shown in Figures 9(a) and 9(b).

X: Current Inductor: iz X: Current Inductor: iz

Y: Voltage aaoss Inductor: vz

Y: Voltage aaross Inductor: v

(@) (b)

Figure 8. Experimental result of power loss (a) relationship power loss of route inductor L; voltage across
vi1v and current waveform iy and (b) relationship power loss of route inductor L, voltage across v v and
current waveform i,

Table 2. Performance comparison between the proposed converter and high step-up converter topologies

No. of ref No. of component Range Conversion ratio Minimum inductance Operati_on
) Sw D L C Core l/Ovoltage (Vo/Vi) (Liin) mode/size
Ref.[12] 1 5 4 4 3 38/400 V 1+ ND VinD ccMm/
(1-D)? (1= D)Al . f; Middle
Ref.[15] 2 2 3 4 4 40-400 V 1+N Vin (Vo — (N + 2)V;) ccm/
(1-D)? 0.251,f.V, Middle
Ref.[18] 1 4 2 4 1 20/400 V 1+(1 4+ D)N Vin DTs cCcm/
1-D Iimp Large
Ref.[19] 1 3 2 3 2 12/100 V 2 VinD ccMm/
1-D TLfS Large
Ref.[20] 1 4 2 4 1 40/400 V 2+N + ND DViy, ccm/
1-D Loofs Large
Ref.[21] 1 3 3 4 1 36/380 V N+2 VinD cCcm/
1-D Al f; Large
Ref.[23] 2 4 4 4 2 40/380 V 2N +2 5VinD ccwm/
1-D Al fs Large
Ref.[25] 2 7 3 7 1 32/800 V 2(N+2) DV, ccMm/
1-D fsAl Large
Proposed 1 2 2 1 1 36/325 V D N2R,D(1— D)? CCM

Na-py ! 2f.(D> + 2ND(1 = D) + N2(1—=D)?) _ /Small

Table 3. Comparison of the prototype's parameter simulation and experimental results

Section Parameter Symbol Simulation Experimental Detail
Input side input voltage Vin 36V 36V average value
input current lin 3.80 A 3.82A average value
input power Pin 136 W 137 W average value
High frequency and  gate driven signal Vgs 15V 15V peak value
equipment semi- voltage across power switch Vs 1573V 156.0 V peak value
conductor device current of power switch im 14 A 14.8 A peak value
voltage across both inductors Vi1, Vi2 36V, 323V 36V,325V rms value

current on both inductors

I, 12

voltage across both power diode  vps, Vp2

current on both power diode

Ipg, Ip2

14 A, 152 A 14 A, 167A peak value
335V,1.27kv 335V, 1.31kV peak value
0.15A,1.7A 0.15A,192A peak value

Output side output voltage Vo 330V 325V average value
output current lo 378 mA 385 mA average value
output power Vo 125 W 125 W average value
efficiency n 91.72 91.33 percentage
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Figure 9. Experimental results of the relationship graph and photograph (a) relationship between the
efficiency and output power P, and output voltage V, and (b) prototype photograph of the proposed circuit

6. CONCLUSION

This paper presented by using the auxiliary technique for the integration of inductive coil connectors
in single switched dc converters to increase voltage gain ratio, the circuit receives an input voltage of 36 Vpc
for the conversion of direct current on the high side output at 325 Vpc and 125 W. Once it operates at 80
kHz, the overall performance is 91.5% at full load. The operating range of the duty cycle did not exceed 0.5
(D<0.5) when the voltage gain ratio was high, which is consistent with the objective of this study. The
advantages of using this method are as follows: high voltage gain conversion ratio, less components and low
cost in the system, easily simplify design parameter in the circuit provide equivalent magnetic circuit and
main idea concept proposed can be inductive coil connectors (AIIC) within applied to non-isolated
conversional dc to dc converter topologies. Nonetheless, a problem was found that there was a voltage drop
across diode D,. The technique still produces high voltage that could be reduced by using an active
semiconductor power switch. According to the assessment and overall calculation, the proposed circuit is

suitable to by applied for stand-alone, grid-connected, and hybrid micro renewable systems and used for high
voltage gain converters.
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APPENDIX
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Figure 3. Relationships graphs parameter: (a) relationships between input voltage Vs and duty cycle D and
output voltage Vo and (b) relationships between switching frequency fs and maximum current magnetizing
inductor iLmax and duty cycle D
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