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Abstract – This paper presents different optimum 
designs of DC/DC boost converters applied to photovoltaic 
systems. Boost converter is employed as a maximum power 
point tracker. The main goal of this work is to select an 
operation point for this converter (current ripple @ 
switching frequency), the magnetic core and conductor 
diameter, which provide better efficiency in all load range. 
The losses in capacitors, semiconductors and magnetics are 
evaluated for all load range. After that, it is obtained the 
efficiency in 5%, 10%, 25%, 50%, 75% and 100% of 
nominal power in order to calculate the weighted average 
efficiency, as determined by standard IEC 61683. From 
this evaluation, the operation point and the magnetic 
material that will result in the best efficiency are selected. 
The volume and cost are not considered in this work. 
Experimental results are presented to validate the 
simulated results, as well as the total efficiency results of 
the boost converter. Four different configurations are 
presented to prove that the operating point and the 
magnetic core selected are the best among them. A 
discussion of the results is presented, where alternatives to 
improve efficiency are analyzed. 

1
Keywords - Boost Converter, Magnetic Core, Operation 
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I. INTRODUCTION 

In recent years, concern about the environment is 
becoming more popular, and rightly so. Media, governments 
and society seem to have woken up to the problem, perhaps 
because the recent natural events started with the tsunami in 
Asia, and continue succeeding with an impressive frequency. 
Solutions - or rather, measures – aimed at all levels are 
consistent: the pollution reduction. Today, according to the 
report published in 2012 by the International Energy Agency 
[1], electricity and heat generation were responsible for 41% 
of the world CO2 emissions. Worldwide, this sector relies 
heavily on coal, the most carbon-intensive of fossil fuels, 
amplifying its share in global emissions.  

As shown in [1], countries such as Australia, China, India, 
Poland and South Africa produce between 68% and 94% of 
their electricity and heat through the combustion of coal. 
Future development of the emissions intensity of this sector 
depends strongly on the fuels used to generate electricity and 
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on the share of non-emitting sources, such as renewable and 
nuclear as well as fossil-fuel plants equipped with carbon 
capture and storage technologies.  

By 2035, the World Energy Outlook 2012 [2] projects that 
demand for electricity will be more than 70% higher than 
current demand. Therefore, the expansion of renewable energy 
sources will have a decisive influence on the ability to conduct 
the planet for way more safe, reliable and sustainable.  

Among renewable energy sources, solar photovoltaic (PV) 
energy is one of the most plentiful throughout the Earth’s 
surface and is endless in the human timescale. Therefore, it is 
one of the most promising alternatives for the composition of 
a new energy matrix worldwide [3]. It is expected that until 
2040 this source will be the most important and significant 
renewable energy source for the world [4], [5]. 

However, the low conversion efficiency of solar cells and 
high installation costs are still major obstacles of this type of 
power generation. For example, crystalline silicon cells have 
efficiency in the range of 13% to 17% [3]. Therefore, it is of 
fundamental importance to extract the maximum power 
generated by the photovoltaic panels and ensure that the 
system operates as long as possible on the maximum power 
point. For this task, tracking systems are employed in order 
to track the maximum power point (MPPT). These systems 
vary dynamically the input impedance of the converters so 
that maximum power transfer is achieved.  

Traditionally, a tracking system can be divided into two 
parts: a tracking algorithm, which receive information from 
the PV system (like voltage, current and temperature, etc.), 
performs the calculations and defines the best operating 
point; and one power stage, power converter, which ensures 
that the photovoltaic system operates at the point defined by 
algorithm [6]. Nowadays, the efficiency of these algorithms 
is usually above 99% [7]. So, the greatest impact on 
efficiency of a PV system is under responsibility of power 
converters, which are subject to constant variations in its 
operation point. For this reason, this work studies the design 
and efficiency optimization of a DC/DC boost converter, 
connected to a photovoltaic system, as shown in Figure 1.  

Fig. 1.  Boost converter connected to the module performing as MPPT. 
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Several studies investigate the optimization of converters 
with respect to volume, cost and efficiency [8]-[11]. Kolar et. 
al [8] say by 2030 will have an increase in electricity use by 
50%, whereas the generation will only increase to 38%. A 
large fraction of this energy will subsequently be converted 
and conditioned by power electronics systems. Thus, in view 
of the low generation efficiency, the energy efficiency of the 
power electronics converters will get eminent importance. 

However, the authors affirm that the reduction of the 
initial costs or increase of power density have been of 
primary concern. Efficiency increase was only indirectly 
required, since a lower system volume provides a smaller 
surface for power loss dissipation. Thinking about it, the 
compromise between maximum efficiency and maximum 
power density by choosing the switching frequency of the 
converter is investigated [8], [9]. The design selects the 
optimum operation point to the rated power. 

On the other hand, in others works [10], [11], the volume 
optimization of the boost converter operating as power factor 
correction (PFC) is achieved through the choice of the 
operating point ( i @ fs) and selection of core type. Again, 
the design is performed at rated power. 

Thus, this paper proposes the efficiency optimization of 
boost DC/DC converter through the operating point selection 
and core type. The converter design will select the optimum 
operation point according to solar irradiation curve for the 
annual occurrence in the region of São Martinho da Serra, 
RS, Brazil, using the weighted average efficiency presented 
in [5]. The volume and cost are not considered in this work. 

Thus, firstly, the paper introduces the concept of 
weighted average efficiency. Then, the work investigates the 
losses in all elements of the boost converter using equations 
already established in the literature, with experimental 
validation of these calculations. After that, it is shown, step 
by step, the magnetic and operating point selection, that 
results in the best weighted average efficiency. Experimental 
results are obtained to prove the operating point selected is 
the best among the considered points.  

II. WEIGHTED AVERAGE EFFICIENCY 

As stated previously, some works design the converter to 
have a maximum efficiency at 100% load. In the case of an 
application where the converter will always operate at 100% 
load, this operating point may be optimum. However, if this 
converter is connected to photovoltaic panels, few times in 
the year this converter will operate at 100% load. 

Figure 2 presents data from the meteorological station of 
São Martinho da Serra irradiation, where the maximum and 
average values can be viewed over a year [5]. 

So, which is the point of load the converter shall have a 
maximum efficiency? Figure 3, also presented in [5], can 
answer this question. This figure shows the energy available, 
by year, for each irradiation and percentage hours of annual 
occurrence of this irradiation in São Martinho da Serra. 
Through Figure 3, it is possible to conclude the higher 
occurrence of irradiation, over a year, occurs between 400 
W/m² and 600 W/m². It is interesting that a converter applied 
to this PV system presents maximum efficiency in this range. 
That will result in a better utilization of the available energy. 

Fig. 2.  Average and maximum daily values of global irradiation to 
the São Martinho da Serra station [5]. 

Fig. 3.  Energy available, over year, for each irradiation range and 
the hours percentage of annual occurrence in São Martinho da 
Serra/RS. 

Then, the present work has as goal to select an operation 
point resulting in better efficiency, in all power operating 
range of the photovoltaic panel. The design will be realized 
with use of the weighted average efficiency concept, which is 
established by IEC 61683 [12]. 

Weighted average efficiency is a figure of merit that 
represent the power converter efficiency for different 
operation points in function of time that it operates at each 
point. The standard IEC 61683 establishes the basic 
procedures for evaluating the weighted average efficiency or 
power converters connected to PV modules, taking into 
account the characteristics of the variability in operating point 
depending on meteorological conditions.  

Thus, from the analysis of statistical data of the weather 
conditions in certain regions of the world, irradiation profiles 
over a year, and taking into account the concept of weighted 
average efficiency, efficiency from every region are obtained. 
Thinking about it, Dupont [5] proposes the weighted average 
efficiency for annual average irradiation condition for the 
region of the São Martinho da Serra station, RS, given by: 

5% 10% 25% 50%

75% 100%

0.01 0.15 0.37 0.33 ...

0.13 0.01

η η η η η
η η

= + + + +
+

. (1) 

The IEC 61683 standard requires the converters should be 
evaluated operating at 5%, 10%, 25%, 50%, 75% and 100% 
of full power and the values shown in (1) are weighting 
constants that represent the portion of time in which the 
converter operates in a given power.  

Therefore, it can be concluded that in São Martinho da 
Serra, one converter connected to a PV panel will operate 
approximately 70% of the time with a power ranging 
between 25% and 50% of full load.  
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III. LOSSES CALCULATION 

To obtain the theoretical efficiency of the boost converter 
coupled to the PV panel, the following losses were 
considered.  

A. Capacitor Losses 
Output capacitor losses are mainly caused by ohmic losses 

in the equivalent series resistance (RESR). This resistance is 
depending on temperature ( ) and switching frequency (fs), 
and the capacitor losses are obtained by: 

( )
2

2

0

( ) ,
2cap cap ESR sP i t R f dt

π
ωω θ

π
=  (2) 

where icap is the capacitor current.

B. Magnetic Losses 
Magnetic losses of the boost inductor are divided in core 

losses and cooper losses. 

1) Core losses - The core losses are usually estimated 
through curves provided by the manufacturer [13]. These 
losses are generated by magnetic flux variation within the 
material. Such losses are dependent on the magnetic flux 
density (Bpk), core volume (Vcore), switching frequency (fs) 
and constants (a, b, c), provided in the datasheet of the 
magnetic core, as follow: 

b c
core core pk sP V aB f= . (3) 

2) Copper losses - Copper losses depend mainly on three 
factors: losses caused by material resistivity (DC resistance), 
by the skin effect and by the proximity effect (AC resistance) 
[14], [15]. The DC resistance is defined by the electrical 
resistivity ( ), the conductor length (wl) and cross-section 
area of the conductor (Aw), being calculated by: 

l
dc

w

w
R

A

ρ
= . (4) 

On the other hand, the AC resistance depends on the 
amplitude and frequency of the current flowing through the 
conductor, and can be approximate by (5) [14], which apply 
only to toroidal cores. 

1
2

4 2( 1)4
( ) 1

3
l

ac esp
d

Nf
R f Nl

dt

ρμπ
π

−
= +  (5) 

where: 

N - Turns number; 
lesp  - Average length of turns (m); 
  - Material resistivity ( .m); 

µ   - Copper relative permeability (H/m); 
f  - Harmonic frequency (Hz); 
d  - Conductor diameter (mm); 
td  - Distance between adjacent conductors centers (mm); 
Nl - Number of winding layers. 

Thus, the cooper losses are calculated by the sum of DC 
and AC losses as: 

2 2
( )

0

( ( ) ( ) )copper dc L rms ac L
f

P R i R f i f
∞

=

= +  (6) 

being iL(rms) is the rms current and iL(f) the harmonic current. 

C. Semiconductor Losses 
The method used for semiconductor losses consists in 

performing the estimation of conduction and switching losses 
based on the datasheet information from semiconductor 
devices. The conduction losses are calculated as a function of 
the voltage drop that occurs while the semiconductor device 
is conducting. This voltage drop is dependent on the current 
and temperature, and it is obtained from the charts available 
on semiconductor datasheets [16]. 

Usually, the datasheets have three sets of these charts, one 
for each junction temperature (generally 25, 150 and 175°C) 
for the power semiconductor. Thus, if the current is known, 
one can employ numerical methods to interpolate these 
curves and estimate the power dissipated by the component 
for any junction temperature. From these values, conduction 
losses of the power diode can be determined by: 

0

1
( , ) ( )

sT

cond f f f
s

P V I I t dt
T

θ=  (7) 

where Vf is the semiconductor voltage drop and If is the 
forward current. In the MOSFET case, the conduction losses 
can be determined based on its conduction resistance. 
However, the resistance curves, provided by the 
manufacturers, are usually given for a single operating point. 
Therefore, in this paper the method proposed in [17] is used, 
which employs the charts of drain-source current and voltage 
to estimate the conduction losses. This method may provide 
better results, since manufacturers generally provide two sets 
of these charts, one for each junction temperature (typically 
25°C and 150°C).  

On the other hand, switching losses are obtained by 
identification of each switching transition and calculated as 
shown in [17] by means of: 

21 1

2 2on dev o r s oss o sP i V t f C V f= +  (8) 

for turn-on, and 
1

2off dev o f sP i V t f=  (9) 

for turn-off, where: 

idev - Current in the semiconductor at the switching instant (A);  
Vo - Voltage over the semiconductor device (V);
tr - Rise time (s);
tf - Fall time (s); 
Coss - Output capacitance of the switch (F). 

In the diode case, switching losses are calculated 
according to diode reverse recovery current, Irr, defined by: 

Eletrôn. Potên., Campo Grande, v. 19, n. 3, p. 295-302, jun./ago. 2014



298

2 rr
rr

rr

Q
I

t
= . (10) 

This current depends on stored reverse recovery charge (Qrr), 
and the reverse recovery time (trr). Both Qrr and trr are obtained 
in the semiconductor datasheet, and also require the 
interpolation charts, since most manufacturers present the charts 
junction temperatures of 25°C and 125°C. The Qrr value is 
directly proportional to the diode forward current, and the diode 
junction temperature. So, with these values, it is possible to 
calculate the power dissipated during the diode reverse recovery 
as demonstrated by [18] by means of:

_ ( , )off diode rr f o sP Q I V fθ= . (11) 

So, with the losses defined, it is interesting to find out the 
exact temperature that the semiconductor will operate, so it is 
necessary to find the temperature rise of each device. 

For semiconductors, the temperature rise is determined as 
shown in [19], by analyzing the thermal equivalent circuit 
depicted by Figure 4. In this case, the switch and diode are 
mounted on the same heatsink. Thus, the heatsink 
temperature is considered the same for each semiconductor 
[18], and is obtained by: 

Heatsink ( )
DAA S dT T R P Pθ= + + . (12) 

The case temperature of the power transistor is obtained 
by: 

_S S JCC J S ST T P R θ= −  (13) 

while the case temperature of the diode is estimated by: 

_d d JCC J d dT T P R θ= −  (14) 

where: 

TJS  – Junction temperature of switch (°C); 
TJd  – Junction temperature of diode (°C); 
TA  – Ambient temperature (°C); 
Rs_ JC - Junction to case thermal resistance of switch (°C/W); 
Rd_ JC - Junction to case thermal resistance of diode (°C/W); 
R DA  - Heatsink thermal resistance (°C/W); 
PS  - Dissipation losses by switch (W); 
Pd  - Dissipation losses by diode (W). 

For the magnetic, the temperature rise is established by 
manufacturer [13] through the empirical equation:  

0.833

core copper
Magnetic

ext

P P
T

A

+
Δ =  (15) 

knowing the external area (Aext) of the magnetic core.  

Fig. 4.  Equivalent thermal circuit for two semiconductor devices 
mounted on the same heatsink. 

IV. EXPERIMENTAL VALIDATION 

Experimental results were obtained in order to validate the 
losses calculation. Then, a boost converter was implemented 
using the specifications shown in Table I. A single heatsink 
for both semiconductor devices has been used, and no 
insulation was introduced between the semiconductors and 
the heatsink to avoid an unmodeled thermal resistance. The 
toroidal inductor was designed to obtain single layer and the 
gate resistance is 10 . 

The experimental validation of the calculation losses was 
performed obtaining the converter efficiency, the magnetic 
and heatsink temperature. Efficiency has been measured by a 
Yokogawa WT1800, while temperature by thermal camera 
Fluke Ti 20 – Thermal Imager. The temperature of magnetic 
and heatsink were observed until they became stable, for 14 
operating points. Load power, switching frequency, input 
voltage and duty cycle were changed. 

Table II presents a comparison of the obtained efficiencies 
between the experimental and simulation results. The 
average error between experimental and simulation results is 
about 0.2%.  

On the other hand, the magnetic temperature are showed 
in Table III, for the same 14 test points. The average error 
between the simulated and experimental results for the 
inductor was around 3.73%. This difference between the 
results can be attributed to the approximations that are made 
in the simulation calculations. Moreover, the calculation of 
the temperature rise is accomplished by an empirical 
equation that uses a simplified model.  

TABLE I  
Prototype Specifications 

Boost inductor 122 µH 
Core type Kool Mµ 

Part Number of core 1 x 77908 
Turns number 50 turns (single layer)

Conductor number 27 conductors 
Conductors type AWG 27 
Output Capacitor 4 x 220 µH (B43504-A5227-M) 

MOSFET IRFP 460A 
Diode 15ETH06 

Heatsink type HS 10425 
Heatsink length 13 cm 
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TABLE II  
Converter Efficiency - Simulated and Experimental Results 

Efficiency (%) Error Load - frequency (Hz) - 

duty-cycle Simulated Experimental % 

300W - 75k - 0.7 97.11 97.00 0.11 

400W - 75k - 0.7 96.79 96.76 0.03 

500W - 75k - 0.7 96.70 96.61 0.09 

600W - 75k - 0.7 96.60 95.90 0.72 

700W - 75k - 0.7 96.00 95.30 0.73 

500W - 75k - 0.5 97.71 97.76 0.05 

600W - 75k - 0.5 97.76 97.79 0.03 

800W - 75k - 0.5 97.78 97.72 0.06 

500W - 75k - 0.25 98.60 98.72 0.13 

700W - 75k - 0.25 98.68 98.77 0.09 

400W - 50k - 0.7 96.71 96.73 0.02 

600W - 50k - 0.7 96.61 96.71 0.10 

500W - 50k - 0.5 97.39 97.46 0.07 

400W - 50k - 0.25 98.43 98.58 0.15 

TABLE III 
Magnetic Temperature – Simulated and Experimental Results 

Temperature (ºC) Error Load - frequency 

(Hz) - duty-cycle Simulated Experimental ºC % 

300W - 75k - 0.7 37.40 37.1 0.30 0.80 

400W - 75k - 0.7 38.40 36.5 1.90 4.95 

500W - 75k - 0.7 39.20 38.4 0.80 2.04 

600W - 75k - 0.7 41.00 38.8 2.20 5.37 

700W - 75k - 0.7 41.80 40.6 1.20 2.87 

500W - 75k - 0.5 38.00 35.8 2.20 5.79 

600W - 75k - 0.5 40.70 40.5 0.20 0.49 

800W - 75k - 0.5 44.10 41.7 2.40 5.44 

500W - 75k - 0.25 32.00 30 2.00 6.25 

700W - 75k - 0.25 34.60 33.1 1.50 4.34 

400W - 50k - 0.7 41.63 42.7 1.07 2.57 

600W - 50k - 0.7 49.20 47.7 1.50 3.05 

500W - 50k - 0.5 39.20 38.7 0.50 1.28 

400W - 50k - 0.25 33.20 30.9 2.30 6.93 

TABLE IV 
Heatsink Temperature - Simulated and Experimental Results 

Temperature (ºC) Error Load - frequency 

(Hz) - duty-cycle Simulated Experimental ºC % 

300W - 75k - 0.7 37 36.8 0.18 0.49 

400W - 75k - 0.7 43 42.8 0.21 0.49 

500W - 75k - 0.7 48 48.9 0.90 1.88 

600W - 75k - 0.7 58 60.2 2.20 3.80 

700W - 75k - 0.7 68 72.6 4.57 6.71 

500W - 75k - 0.5 43 41.9 1.09 2.54 

600W - 75k - 0.5 45 43.6 1.41 3.13 

800W - 75k - 0.5 50 48.9 1.06 2.12 

500W - 75k - 0.25 37 34.9 2.14 5.79 

700W - 75k - 0.25 40 38.5 1.47 3.68 

400W - 50k - 0.7 44 44.9 0.86 1.95 

600W - 50k - 0.7 54 54.7 0.73 1.35 

500W - 50k - 0.5 48 48.6 0.57 1.20 

400W - 50k - 0.25 38 37.9 0.12 0.32 

Following the analysis, Table IV presents the results of 
the heatsink temperature. The average error between the 
simulated and experimental results for the heatsink is about 
2.4%. Again, this difference between the results is attributed 
to considered simplifications. Moreover, it is not possible to 
ensure the perfect contact between the semiconductor and the 
heatsink, and the use of thermal grease inserts a thermal 
resistance between them. Such resistance is difficult to be 
quantified, since it is hard to measure the thickness of the 
grease layer. Also, it is worth to notice the warning of the 
heatsink manufacturer [20], which states: 

“Warning: All information contained in this catalog is 
only qualitative indicators of the heatsinks and it should not 
be considered absolute truths. The thermal resistance values 
depend on the heatsink position and external environment. 
Physical measurements (dimensions) may vary and they are 
also subject to change without previously warning.”

Therefore, it can be said that the results obtained by 
simulation are close to reality, since several details are not 
possible to be considered. 

V. CHOICE OF THE OPTIMAL OPERATION POINT 

After the validation of the losses estimation procedure, a 
computer program for selection of the optimal operation 
point has been developed. By means of simulation of various 
operating points, it is possible to find the optimal one that 
minimizes losses and to improve the overall efficiency of the 
converter. Thus, it was developed an algorithm that tracks 
the operating points of the boost converter and selects the 
frequency, ripple and magnetic core that result the low 
losses.  

The semiconductors presented in Table I and seven 
toroidal cores of type Kool M  have been considered. For 
the input stage, three photovoltaic panels model KD210GX-
LPD of Kyocera are connected in series, which results in an 
output of 600W at Standard Test Conditions (STC). The 
output voltage at the maximum power point for this panel 
configuration is around 75 V which in turn requires an output 
voltage of 340 V. 

The developed algorithm selects the magnetic material, 
the conductors and number of conductors (considering the 
skin effect). At the end of the process, it is selected the 
operating point which results in better efficiency, by 
analyzing the weighted average efficiency. 

The following step-by-step procedure describes how the 
operating point selection occurs:  

1st Step: Sets the range of switching frequency and current 
ripple that the program will track the operating point. 

2nd Step: Define the number of stacked cores that are 
considered, as well as the initial temperature of magnetic and 
semiconductors. 

3rd Step: For each pair ( i @ fs), it is calculated the 
inductance of the boost inductor using (16). After that, it is 
obtained the energy stored in this inductor according to (17), 
for the choice of the all possible magnetic cores that will be 
used. This magnetic selection follows the procedures 
reported by [13] on the Core Selector Chart. For each 
operation point, more than one magnetic core is tested. 
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( )

2
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s

V d t
L

if
=

Δ
 (16) 

2

projLE LI=  (17) 

where: 

Vin - Input voltage (V); 
d(t) - Duty-cycle of boost converter; 
ILproj - Design current (A). 

4th Step: Turns number is calculated for all cores selected 
for each operating point. 

5th Step: Determine the conductor type (AWG) and the 
conductors number, taking into account skin effect and 
proximity effect. It is selected the conductor which results in 
the smaller resistance.  

6th Step: Magnetic losses are estimated, considering the 
stipulated initial temperature. At the end of this step, it is 
calculated the temperature rise of the magnetic. If this 
temperature is different from the stipulated initial 
temperature, recalculates the losses using this new 
temperature. This step finishes when the real temperature is 
found. 

7th Step: Calculate the weighted average efficiency 
considering only the magnetic losses, for each operation 
point, and for all cores selected. 

8th Step: It is selected the core that results in the higher 
weighted average efficiency for each operation point. 

9th Step: Semiconductors losses are calculated. As shown 
earlier, the semiconductors losses are directly proportional to 
temperature. Therefore, the losses are calculated considering 
the stipulated initial temperature. At the end of this 
calculation, the temperature in each semiconductor is 
calculated. If this temperature is different from the stipulated 
initial temperature, recalculate the losses until the real 
temperature be found. 

10th Step: The output capacitor losses are calculated. 
11st Step: With the capacitor losses, semiconductors 

losses and the magnetic losses (from the core selected), 
theoretical efficiency is estimated in the load points defined 
by weighted average efficiency equation (5%, 10%, 25%, 
50%, 75% and 100% of load). 

12nd Step: For each operation point the weighted average 
efficiency is obtained. 

13rd Step: It is plotted a figure where it is possible to 
analyze the weighted average efficiency behavior in the 
considered points. 

14th Step: To end, it is selected the operating point which 
results in the best efficiency among the analyzed points and 
with the semiconductors and cores considered. 

Figure 5 illustrates the weighted average efficiency 
behavior considering 5% to 35% for current ripple and the 
switching frequency range of 5 kHz to 95 kHz. It is 
highlighted in Figure 5 the operation point 20% @ 15 kHz. 
This point was selected as being the optimum point to the 
materials used and the intervals of frequency and current 
ripple considered.  

Fig. 5.  Weighted average efficiency considering Kool M  core. 

It was considered only seven core of Kool M  type, the 
cores available at the laboratory, and the semiconductors and 
capacitors presented in Table I. If others semiconductors and 
cores types were used, the weighted average efficiency could 
be improved, and other operation point could be selected.  

VI. EXPERIMENTAL RESULTS 

The validation of the algorithm presented in the previous 
section is conducted experimentally. The better operating 
point is illustrated in Table V, together with the magnetic 
core and conductor selected. Three other operating points, 
around the selected point, were also evaluated in order to 
prove that the selected operation point provides the best 
result indeed.  

These four experimental results were obtained using a 
DC/DC source, and Table VI shows the experimental results 
obtained. A comparison between experimental and simulated 
result is presented. The experimental results were very 
satisfactory, since the percentage error between the simulated 
and experimental values were low. Furthermore, it can be 
noticed by Table VI that the selected operation point is the 
best among them. 

Figure 6 illustrates the efficiency curve of the first 
operation point selected, for experimental and simulation 
results, where it is possible to check the values are close and 
the experimental curve follows the behavior of the simulated 
curve. 

TABLE V 
Data from Operation Point Evaluated 

1st Point 2nd Point 3rd Point 4thPoint 
Weighted average 

efficiency 
97.48 % 97.38 % 97.23 % 97.12% 

Switching Frequency 15 kHz 15 kHz 25 kHz 25 kHz 

Current Ripple 20% 25% 20% 30% 

Inductance 2.5 mH 2 mH 1.5 mH 1 mH 

Part Number Core 77908 77908 77908 77908 

Cores 3 3 3 3 

Turns number 167 147 125 101 

Conductor number 3 3 4 4 

Conductors (AWG) 18 18 20 20 
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TABLE VI 
Comparison Results 

Operation Point Simulated Experimental Error 

(20%@15 kHz) 97.48 % 96.87 % 0.61 % 

(25%@15 kHz) 97.38 % 96.84 % 0.55 % 

(20%@25 kHz) 97.23 % 96.7 % 0.53 % 
(30%@25 kHz) 97.12 % 96.69 % 0.43 % 

Fig. 6.  Comparison of efficiency curve for experimental and 
simulated results at the 20 % @ 15 kHz. 

Now, from detailed losses analysis of the best operation 
point selected, some conclusions can be obtained to increase 
the efficiency of this converter. The values present in Figure 
7 to Figure 10 are simulated results and the percentage values 
illustrated in figures are the weighting constants from (1).  

Figure 7 illustrates the percentage losses of this operation 
point, and it can be noticed the magnetic material losses are 
most significant in five load points (30 W, 60 W, 150 W, 300 
W and 450 W). These load points represent a huge part of 
final result.  

Analyzing Figure 8, it can be seen that these magnetic 
losses are mainly copper losses. The simple solution would 
be to decrease the wire length or put more wires in parallel. 
Increasing the number of wires is not a very satisfactory 
solution, since this will affect the volume of the inductor. On 
the other hand, the decrease in wire length is possible by 
using another magnetic material, which has high magnetic 
permeability, such as high flux material. With high 
permeability is possible to get the same magnetic, with 
desired inductance, using a reduced number of turns. 

For the semiconductors case, from Figure 7, it can be 
checked that they have the highest losses, especially for load 
situations that have more contribution in the weighted 
average efficiency (150 W, 300 W and 450 W). In Figures 9 
and 10, it can be observed the behavior of the semiconductor 
losses by conduction and switching. A significant efficiency 
improvement could be obtained if others semiconductors 
were used, especially, with low conduction losses. 

VII. CONCLUSION 

This work presented a design of boost converter applied to 
photovoltaic system based on weighted average efficiency. 
Optimum weighted average efficiency of the boost converter 
has been possible to be achieved by the selections of 
operation point (current ripple @ switching frequency) and 
magnetic core.  

The operation point selected has been (20% @ 15 kHz) 
with a weighted average efficiency about 97.48%. 
Experimental results were presented to validate the losses 
models, as well as to prove the weighted average efficiency 
of the selected operation point. The volume and cost were 
not considered in this work. 

Finally, it was discussed, with an appropriate replacement 
of the devices part number (power switch and diode, 
magnetic materials, heatsink, capacitor and others 
components/dimensions as wire sections) could improve the 
weighted average efficiency of the designed converter. 
Furthermore, if other criteria are considered, in addition to 
efficiency, other operating points could be obtained. 
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