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SUMMARY
Introduction

Nowadays, solar power generation is gaining more and more importance in terms of
participation of the energy mix of countries all around the world. Despite being a sustainable
and renewable source of energy, it is not growing at its maximum pace. This is caused by the
problem of efficiency; solar panels have a very low efficiency which makes this kind of
generation more expensive than other sources (in addition with high manufacturing costs).
However, each year innovative technologies rise to higher than efficiency or to make solar panel
costs cheaper making solar power more feasible to invest in so as to swap the energy mix
towards a greener one reducing greenhouse effect gasses emissions.

One key component of solar panels that makes them suitable for grid implementation and plays
a very important role in efficiency performance, is the power electronics present in solar
systems. Not only in terms of losses management but also with control techniques, this
technology can make those panels extract more energy from solar irradiance as we are going to
address in this project. There are so many options speaking of types of converters to harvest
solar energy but the one found to be specially interesting for this application is the DC-DC flyback
converter as its unique features satisfy some shortcomings of those solar panels.

Objectives

The main goal of this project is to address effectively the efficiency and performance issues
explained in the introduction. The project will be an important part of a more ambitious one as
it complements the effort of two other students designing an entire solar power system with a
DC-DC converter (this project), a DC-AC converter and a storage system to address the
intermittency characteristic of renewable resources.

The flyback converter will be attached directly to the solar panel managing its operation as it
can control the characteristic I-V curve of solar panels to extract the most quantity of power
possible. This converter is crucial in the solar system designed as it improves the efficiency but
also because it will be controlling the voltage in the DC bus which is the common point with
which every part of the system will be working.

Speaking more specifically of my project with the flyback converter as the main character,
throughout this thesis we will be addressing the electric and electronic features of this power
electronics element. Due to constraints regarding time and budget, the control part of this
project could not be addressed, and it is delegated to future students willing to fulfill the
objective of the whole project as it can work on the flyback converter control but also with the



control ruling the interconnection of the three systems present in the solar power system
project.

Methodology

Firstly, we conducted an exhaustive research to find out which was the best option to solve the
efficiency issue in solar panels. After choosing the flyback converter due to its reduced losses
features and voltage transformation capability, we started the simulation analysis to better
understand its operation and how it can fit in the solar power systems. Once the nature of the
converter is fully understood, we started to analyze the equations ruling the functioning so as
to address the components design.

Secondly, reaching that components design phase, some focus in core components was needed.
We decided to start sizing the characteristic transformer of this type of converter as it would fix
the voltage level of the DC bus needed to calculate the parameters of the other components.
Following, we decided which active component we will be using (MOSFET), and last, we chose
the passive components that would complete the proper operation of the device.

Thirdly, we started to build the prototype of the converter in protoboards taking the
components from the University depot and from external suppliers. The converter was tested
in a low charge point of operation for security reasons. It fulfilled the expectations held but it
did not achieve a perfect performance as efficiency could be improved with better quality and
customized components. This is another task that can be attained also by future students as
time did not run in our favor.

Lastly, the results were presented to our project advisor to show the progress and receive
approval for the project closure.

Results

As shown in the correspondent part of the thesis, the results were satisfactory as the converter
could increase the voltage levels to reasonable values changing the duty ratio of the converter.
With a turns ratio of 1:20 in the transformer present in the converter and an input voltage of 1.5
Volts DC, we obtained a 20 Volts DC signal steady enough.

To make the test, we used a resistor in order to avoid failures in the other converters made by
my partners. This means that as we increased the duty ratio, the voltage level increased too and
so the power did. With that we know that it can perform well with solar panels in terms of
efficiency improvement, but we chose not to test the converter with real solar panels due to
safety reasons. Solar panels produce a specific current with a specific irradiance so if we made a
mistake we could have burned the circuitry.

Overall, we saw that the converter performed well enough to be a first prototype, but it
produced a lower voltage than expected (due to efficiency issues) so some improvements can
be implemented.

Conclusion

To sum up, the project demonstrated the premises we thought while conducting the research.
This type of converter can increase the voltage to grid levels making it suitable for some solar
system configurations as explained in this project (it focuses specifically on microinverters).



This type of converter could end up being an innovative way to improve solar power efficiency
making utilities produce more energy. This would result in an increase of solar energy generation
as it would be feasible to invest in. It also improves safety for workers (galvanic isolation) and its
implementation could result in money saved as it reduces maintenance costs.
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RESUMEN
Introduccion

Hoy en dia, la energia solar estd ganando mds y mds importancia en cuestion de participacion
en el mix de energia de muchos paises alrededor de todo el mundo. Aun siendo una fuente de
energia sostenible y renovable, no esta creciendo al ritmo que podria. Esto es causado por el
problema de la eficiencia, los paneles solares tienen una muy baja eficiencia haciendo que este
tipo de generacidon sea mds cara que otras fuentes de energia (anadido a los altos costes de
produccién de paneles). Sin embargo, cada afio aparecen nuevas tecnologias y materiales para
mejorar la eficiencia de estos paneles o para hacerlos mas econémicos consiguiendo que la
energia solar sea mas factible para invertir en ella. Esto lograria mover el mix de energia hacia
uno mas verde reduciendo la emision de gases de efecto invernadero.

Uno de los componentes clave de los paneles solares que los hacen adecuados para la conexion
alaredyalavezjuegaun rolimportante en la mejora de eficiencia es la electrénica de potencia
presente en estos sistemas de energia solar. No solo en temas de manejo de pérdidas sino
también con técnicas de control, esta tecnologia puede hacer que los paneles solares extraigan
mas energia de la irradiacion solar tal y como vamos a abordar en este proyecto. Hay muchas
opciones hablando de tipos de convertidores para extraer energia solar pero el que hemos
encontrado especialmente interesante para esta aplicacidn es el convertidor “flyback” ya que
sus caracteristicas Unicas satisfacen algunas carencias de los paneles solares.

Objetivos

El principal objetivo de este proyecto es abordar de manera efectiva la eficiencia y problemas
de funcionamiento explicados en la introduccién. El proyecto va a ser una parte importante de
uno mas ambicioso ya que complementa el trabajo de otros dos estudiantes disefiando un
sistema solar completo con un convertidor DC-DC (este proyecto), un convertidor DC-AC y un
sistema de almacenamiento de energia para solucionar el problema de la intermitencia
caracteristica de las fuentes de energia renovables.

El convertidor “flyback” sera conectado directamente al panel solar controlando su operacion
debido a que controla la curva I-V caracteristica de los paneles solares para extraer la maxima
energia posible. Este convertidor es crucial en el sistema de energia solar disefiada debido a que
mejora la eficiencia, pero también porque estara controlando la tension en el bus de continua,
el punto comun de todas y cada una de las partes que componen el sistema.

Hablando mdas especificamente de mi proyecto con el convertidor “flyback” como el
protagonista, a lo largo de esta tesis abordaremos y trataremos con la parte eléctrica y



electrénica de este dispositivo de electrdnica de potencia. Debido a limitaciones en tiempo y
presupuesto de nuestro sistema, el control del sistema no podra ser estudiado y se deja este
trabajo a futuros estudiantes con la voluntad de conseguir el objetivo del sistema completo ya
gue puede controlar el convertidor “flyback” pero también la interconexién de todos los
subsistemas presentes en el proyecto del sistema de generacidn solar.

Metodologia

Primero, llevamos a cabo un andlisis exhaustivo para ver cual era la mejor opcién en términos
de tipo de convertidor para resolver los problemas de ineficiencia en paneles solares. Después
de escoger el convertidor “flyback” por sus reducidas pérdidas y su capacidad de transformar la
tension, empezamos la simulacién para entender mejor su operacidon y cémo podria encajar en
sistemas de energia solar. Una vez la naturaleza del convertidor fue totalmente comprendida,
empezamos a analizar las ecuaciones que rigen el funcionamiento con motivo de abordar el
disefio de componentes.

Segundo, alcanzando esta fase de disefio de componentes, era necesario hacer énfasis en los
componentes centrales. Decidimos empezar a disefiar el transformador caracteristico de este
convertidor ya que esto fijaria la tension del bus de continua necesario para el calculo de otros
componentes. A continuacion, decidimos qué componente activo usariamos (MOSFET) y, por
ultimo, escogimos los valores de los componentes pasivos que completarian la correcta
operacion del convertidor.

Tercero, empezamos el montaje del prototipo del convertidor en una protoboard escogiendo
los componentes del almacén de la Universidad, pero también de proveedores externos. Este
convertidor fue probado en un punto de operacion de baja carga por motivos de seguridad. Este
test cumplié las expectativas que se tenian previamente pero no consiguié un perfecto
funcionamiento ya que la eficiencia podia ser mejorada con componentes de mayor calidad o
personalizados para nuestro proyecto en especifico. Esta también es una tarea pendiente que
puede ser llevada a cabo por futuros estudiantes debido a que el tiempo no corria a nuestro
favor.

Por ultimo, los resultados fueron presentados al director del proyecto para ensefiar el progreso
y recibir la aprobacidn para concluir el proyecto.

Resultados

Como se muestra en la correspondiente parte de la tesis, los resultados fueron satisfactorios ya
que el convertidor pudo incrementar el valor de la tension de salida con valores razonables
cambiando el “duty ratio” del convertidor. Con una relaciéon de transformacién de 1:20 en el
transformador y una tension de entrada de 1,5 Voltios de corriente continua, obtuvimos 20
Voltios de corriente continua suficientemente constante.

Para hacer la prueba, usamos una resistencia arrollada al convertidor para evitar fallos en caso
de interconectar otros convertidores de compafieros. Esto significa que al aumentar el “duty
ratio” se aumentaba la tensidén y con ello la potencia disipada en la resistencia. Con esto sabemos
que puede operar bien con paneles solares en términos de mejora de eficiencia, pero decidimos
no probar el convertidor con paneles solares reales por motivos de seguridad. Los paneles
solares producen una corriente especifica con una irradiacion daday por ello si se cometiese un
fallo, se podrian quemar los circuitos.



Resumiendo, vimos que el convertidor funciond suficientemente bien para ser un primer
prototipo, pero produjo un voltaje menor al esperado (por problemas de eficiencia) y por ello
las mejoras mencionadas previamente podrian ser implementadas.

Conclusion

En resumidas cuentas, el proyecto demostré las premisas que se nos vinieron en mente mientras
que desarrollabamos el proyecto. Este tipo de convertidor puede aumentar el voltaje hasta
niveles de la red haciéndolo deseable para algunas configuraciones en sistemas de energia solar
como se explica a lo largo del proyecto (se centra especificamente en microinversores).

Este tipo de convertidor podria acabar siendo una manera innovativa de mejorar la eficiencia en
generacion de energia solar haciendo que las compaiiias de generacién produzcan una mayor
cantidad de energia. Esto resultaria en un mayor incremento en generacion solar ya que seria
mas factible su extraccién. El convertidor también mejora la seguridad para operarios
(aislamiento galvanico) y su implementacidn podria resultar en un ahorro econémico ya que
también reduce costes de mantenimiento.
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Abstract

The project will consist on the design and building of a DC-DC Flyback converter to increase efficiency in
solar panels by tracking the maximum power point given a specific insolation and solar panel temperature.
This subsystem, in addition to two othes designed by two other students, will represent the functioning
of a solar facility with storage and an inverter to connect the panel to the grid. The DC-DC converter
project will involve the study, construction, and results analysis of the electrical part (circuitry and
magnetic components) excluding the control of the converter. This work can be carried by another student
in future year. The project will include a brief explanation of the background where is located the desired

converter, component calculation, simulation, and result analysis from the real circuit constructed.

Subject Keywords: DC-DC, converter, MPPT, solar systems, solar PV.
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1. Introduction

1.1. Statement of purpose

Now days, we are witnessing a big transition from fossil fuel energy generation towards a greener and
more sustainable one involving resources such as wind or solar light. These cleaner energy resources
present undeniable benefits like the low cost of operation (free fuel), their module feature giving the

possibility to increase capacity easily, or the fact that they are carbon-free power generation resources.

Climate change and global warming are threats that have entered the global scene in the last decade in
terms of energy production. Our world is sustained by traditional means of energy production involving
fuel burning such as carbon, oil or natural gas, which have produced an appreciable increase of global
temperature leading to events such as natural life extinction or ice melting in the poles. Scientists noticing
those changes in our world have raised awareness of the current situation, encouraging governments and

companies to boost other ways to supply energy conserving the environment.

Efficiency is a key point to address so as to make sustainable resources suitable to invest in and develop
to produce energy. This is the main objective of this project: approach the photovoltaic power generation
to give a different way of power extraction optimization in solar panels. Maximum Power Point Tracking
(MTTP) technology is already implemented in utility-scale facilities but also in behind-the-meter grid-
connected systems supplying energy to the customer's side of the meter. This shows that DC-DC
conversion in solar power has become important for efficient and economical energy generation, because
one can harness the maximum solar power possible at every moment, increasing profits and

sustainability.

This project, as a part of a bigger one, also tries to address the storage issue that is preventing renewable

generation to fully substitute fossil fuel energy production. One of the main problems for renewable



generation is the variability in the resources from which energy is harvested. A system able to redistribute
energy delivery to the grid during peak demand hours would be very advantageous in terms of economics
due to the time-of-use rates applied, because the facility could deliver the energy during peak demand
periods when energy price is higher; it would be also favorable to meet the demand at every time, storing
energy at low demand periods and releasing it in the opposing case, making it possible to lower frequency

restoration techniques applied to fossil fuels.

These issues encouraged me, and the other two students involved in the solar facility project, to conduct
this project. | found attractive the subsystem that | am in charge in particular since flyback converters are
used in appliances or electronic devices. They have a great potential in other fields such as solar power...

it has several advantages, which are presented next.

This project will involve the design and construction of a DC-DC flyback converter aimed to be used in
maximum power point tracking (MPPT) techniques so as to extract maximum power from a solar panel
given specific conditions of operation. | will be in charge of the electrical part regarding the circuit design
and hardware construction, but regrettably | will not be working on the control system ruling the
converter to meet the maximum power point (MPP) automatically due to the limited time and the fact
that the control would require a lot of time and effort to develop, as | am a power engineer with less
knowledge in that field. This project also aims to give purpose to this subsystem, being a part of a bigger
generation system, but we will not be implementing a control for the whole system making, each
subsystem interact with each other in multiple conditions of operation (i.e. irradiance, demand, or storage
charge levels). Those control systems could be studied and developed by future students with enough

ambition and concern to achieve that difficult and demanding task.



1.2. Project scheme

Figure 1 shows a global scheme of the entire solar system project, and highlighted in red the main scope

for this project in particular:

Specific project scope

DC-AC inverter

Grid

OO0OO0000000
0000000000
OO00000000
0000000000

0000000000
1 o o o o

Storage system

DC-DC Dual Active Bridge converter

Fig. 1. Entire system diagram.

1.3. Goals and benefits

There are some main objectives and benefits to this project:

e Optimization of power generation in PV systems.
e Stability in operation when suffering big irradiance changes.
e Adjustment of the turns ratio allow to have every possible output voltage no matter what the
input voltage is.
o The utility can save money that would be spent in a big and expensive transformer placed

in the output of the inverter in order to higher the voltage to AC-grid levels.



o The converter chosen is suitable for the rising trend of microinverters (explained in next
sections).
Galvanic isolation between the PV panel and the AC-grid.
o This will produce the disappearance of common mode currents. [1].
Safer for workers to manipulate the panel in maintenance periods for instance.
Possibility to operate as a buck-boost converter with a wider range of voltages in a lower duty
ratio operation, due to the transformer’s presence.
Bring new points of view of configurations in DC-DC MPPT converters to keep the good work on

reducing the human carbon footprint.



2. State of the art

2.1. Principles of solar energy extraction

To understand the actual technology regarding solar power generation, we must first understand to its
principles. Solar panels generate energy producing DC current and voltage; this phenomenon happens
due to the most basic structure that drives the process of energy extraction. As kidneys have nephrons as
their functional unit, solar panels have the p-n junction as the simplest structure driving the process of
solar light harnessing. The most used semiconductor in solar cells is silicon. It is composed of two parts;
the upper part is made of type n doped silicon. This means that it has more free electrons than normal
silicon. The lower part is made of p-type doped silicon, which has less free electrons than the pure silicon.
When coupling those two parts, free electrons in the n layer enter the vacancies present in the p layer.
They create a potential difference that remains like that the whole life of the cell. Figure 2 extracted from

[2] shows that phenomenon.
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Fig. 2. Phenomenon occurring when coupling the p-n junction [2].

The electric field created when coupling the junction makes the intermediate zone become a diode,
allowing only the flow of electrons from the region p to region n. That changes when photons hit the solar
cell and extract electrons from the matrix, as the opposite event happens, electrons stacks in the n region
(becoming a negative pole) while vacancies appear in the p region (creating a positive pole). At that point,

one can connect a light bulb to the cell for instance and make it work like a power source. This is more



effective near the depletion region, which is very thin, and because of that solar cells are built very thin.

In other words, a solar cell is an energy generator with a diode inside.

It is obvious that solar cells themselves cannot supply a considerable amount of energy as they are very
small. To generate a more reasonable amount of power, these solar cells are grouped in modules and

those modules in arrays as shown in Figure 3.

|

Cell Moduls Armray

e EEEEE |

Fig. 3. Photovoltaic cells, modules, and arrays [2].

Solar modules, as a combination of photovoltaic cells, are ruled by the characteristic |-V curve. That means
that given a specific irradiance and panel temperature, the module works with a specific curve showing
the current it supplies depending on the voltage in its terminals. MPPT technology harnesses that

characteristic by changing the equivalent impedance seen by the panel and with that, move the point of
operation of the I-V curve. In the end, as Ohm’s law states, R = ; so changing that resistance value we
can obtain different values of voltage and current.

Figure 4 can be an example of I-V curve for a 100 W PV panel:

Example of |-V curve measured in STC
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Fig. 4. I-V curve for a generic solar panel in STC.



This theoretical curve is measured under standard test conditions (STC), which means that the
measurements were taken with the solar panel at 25 °C and receiving 1 kW/m?2. The readings that can be
extracted from that curve in Figure 4 regarding the consequences of changing the equivalent impedance

connected to the panel are the following:
Open — circuit > Rgg =0 >V =V, =25V; I=0A->P=0W

Short — circuit » Rog =0Q >V =0V; =1, =534->P=0W

Vipp =20V 20
MPP - Rpg=—=40Q > Pypp =100 W

MPP%{IMPPZSA ¢ 5

These readings shows the potential that a MPPT has in terms of optimization of power generation in solar
panels. Changing the equivalent resistance in every moment, given any operating conditions gives an

extraordinary advantage in terms of efficiency. This will be addressed later in the next section.

Another feature regarding the I-V curve of the panels is that it changes with the irradiance and with the
panel temperature. The more irradiance the panel receives, the grater it will be the current and voltage
generated by the panel. With temperature, the opposite will happen but only with voltage. The higher the

temperature of the panel, the lower the voltage the panel is able to give. This is shown in Figure 5:

I-V curve at various insolation values
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Fig. 5. I-V curves changing panel temperature or irradiance and
maintaining the other parameter constant.



Last, we have the array structure characteristic feature. It is related to the positioning of modules that
form that array. The arrangement of modules in an array is not arbitrary as depending on how modules
are connected, the output of the array will change. Connecting modules in series make the voltage of the
output be the sum of voltages of the modules and when connecting them in parallel, the current is the
one summing in this case. One can control the expected output of the array by making a configuration of
modaules in series and in parallel as both strategies can be mixed. Figure 6 shows how the I-V curves change

depending on the connection of the arrays.

3 modules
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Voltage
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Current
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Fig. 6. In-series, parallel and mixed configuration of modules with their equivalent I-V curves [2].

Figure 6 shows how the parameters are stacked depending on the arrangement chosen for the array. This
feature is very important in solar facilities design because depending on how the connection of the
modules is, or to say in other words, how arrays will be, the power conditioning unit (PCU) that is
composed by the DC-DC converter plus the inverter will need to have different characteristics. That PCU

is the component driving the maximum power point tracking technique addressed in this project.



2.2. MPPT DC-DC converters today

The heart of those MPPT controllers is indeed DC-DC converters, which are quite simple circuits capable
of higher or lower the voltage supplied by the solar panel. That task was very difficult to execute before
the creation of high-power, field-effect transistors (FETs) in the 1980s and insulated-gate bipolar
transistors (IGBTs) in the 1990s. Those transistors make it possible to change the output voltage by
controlling the duty ratio of the switch. Most common DC-DC converters are the buck and the boost
converter. A buck converter operates to lower the voltage with respect the input and boost converter

does the opposite task. These are simple representations of those converters:

+ H Vout

s
'
L
1T
y L
71

Fig. 7. Design of a boost converter.

Figure 7 represents the circuit of a boost converter. It has a MOSFET transistor as mentioned before. That
transistor will be the one regulating how much we want the output current to be higher. The transfer

function of this specific converter shown in Equation 2.1:

_ (2.1)

With D being the duty ratio that we are applying to the transistor. It can take values from 0 to 1, which
will alter the time the diode is turned on. Watching that transfer function, we can deduce that the higher

the duty ratio, the higher our voltage will be.



Figure 8 shows the circuit design for a buck converter.

T U + Vout

Load

/1

Fig. 8. Design of a buck converter.

In this case the transfer function relating the output with the input is given by Equation 2.2:

=D (2.2)

Noticing that D can take values from 0 to 1, starting in the maximum value where the input is equal to the

output, as soon as we reduce that duty ratio, the output voltage will drop to the point it can be zero.

These two converters are the simplest ones as they are only able to higher or lower the voltage separately,
none of both converters can do those two tasks together. This is a constraint when implementing them in
solar MPPT controlling because a solar array can have a wide variety of input voltages depending on its
arrangement or even the light and panel conditions. For that reason, the most frequently and more
popular used converter is the buck-boost. As its name hints, that DC-DC converter is able to higher and

lower the output voltage with respect the input one.
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The design for a buck-boost converter is represented in Figure 9:

T H VL= H Vout

| s

Load

y LT+

/1

Fig. 9. Design of a buck-boost converter.

This design is still very simple, having the same components, but it has a larger range of operation. We
will fully derive the expression of this converter, but in the end, this work could be applied to the other
two DC-DC converters showed in Figures 7 and 8. The only consideration we have to take into account is
that average voltage in an inductor in the periodic steady state is zero. With that in mind, we proceed to

make the calculations:

When FET is ON -V, =V,

When FET is OFF =V, = Vyy;

Then:

Vout D
(v, =Vip D+ V- (1 =D) = 0; ‘2” =_(1_D) (2.3)

The negative sign only indicates that the polarity in the output is reversed. With the rest of the expression

we can notice that now this converter can operate increasing and decreasing the voltage.

V
D=0 out -0
Vin
D=1 Vout _ _
Vin



D=05->Vy ==V

When we increase the duty ratio, the output voltage increases (with negative sign) noting that with a duty

ratio of 0.5 the value of the voltage in the input is the same as in the output (with different polarity).

Any kind of DC-DC controller modifying the output voltage can be used as an MPPT. The principle is simple,
modify the duty ratio so as to change the equivalent impedance connected to the solar panel and with
that, force the panel to supply its maximum possible power. To analyze the power extracted from a solar
panel we can study its P-V curve. It is basically extracted by remaining the abscises axis the same and then
multiple values of current and voltage in the |-V curve to obtain the ordinates axis representing the power

extracted. Those curves have the shape showed in Figure 10:
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Fig. 10. Example of P-V curve at different value of irradiance.

Figure 10 gives an example of different MPP depending on the irradiance received by the panel at a
constant temperature. If temperature increases, the maximum power extracted would decrease with the
MPP voltage doing the same. In the case of different irradiance, we do not have a simple tendency like
with temperature. When decreasing the irradiance receiving, it is obvious that we will extract less power,
but the MPP voltage will follow a parabolic shape finding its maximum voltage value when we reach an

irradiance value of 0.5 kW/m?.
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2.3. Alternative solutions for solar MPPT

In the last decade, a different way of MPPT technology has become trendier and it is increasing its use in
solar power facilities all over the world. This is the case of the microinverters. Conventionally, solar
modules were connected with different configurations forming arrays with the characteristics explained
above. Microinverter technology focuses on using a power conversion unit with less rated power in each
modaule trying to increase efficiency to the maximum. Each panel has its own inverter meaning that the
operation of one module will not condition the power extracted from other, in addition, the inverter
would have to work with a lower input voltage and current stress. Microinverters give an exceptional
solution for panel shading as they extract power from each module separately. First, let us see which are

the conventional solutions that we can avoid by using this alternative MPPT technology. The first one is

depicted in Figure 11:

45—
. a0l - I
= q\ swW
: 35 With diodes, 130W %, 188W ™,
i} 204 A6 A 'lI
z _— W/Y |
z 251 ey, "
I A= - Py, .
£ 20 oy ue |
:3 ‘}.*?q, | Shadad
1.5 e, | array
— v 1.0 4 W""-Ihh Vo
- : ‘.rr '
= 0.5 o ;
- v o 0 ; ; . — ——
a i0 aq an 40 1) &0 70
oy Voltage (V)

Fig. 11. Capability of bypass diodes to mitigate panel shading [2].

The module shading happens because of a cloud passing above the panel or dust retained in the surface
of the panel having consequences in the array operation. As modules in series share the same current
flowing through them, when a module is shaded, it will not produce energy operating as a short-circuit.
This would prevent the modules in series with him to produce energy as the current cannot flow in that
branch. This problem is solved using bypass diodes. Those diodes are connected in parallel with each panel

giving a secondary path for the current when a module is blocking the current.
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Another problem solved using microinverters is the presence of reverse current as a consequence of
defective or shaded panels in one branch. If an array suffers from reverse current, this means that current
generated by other modules is not going to the converter but to another branch of the array. This is usually
solved using blocking diodes that would prevent the current from flowing in that direction maintaining

the current in a zero value. The second example of alternatives for panel shading is given by Figure 12.

I=h+l-1y

J_ | 1 =+ ray -’L_ ?i.‘_
T 1
U0 e 2[4 [
T T L
: ]
L : 3
I — = = E
el 3
1 ;L ;
(&) Without blocking diodes (b} With blocking dicdes

Fig. 12. Potential of using blocking diodes in every branch of an array [2].

For these two examples where the panel shading affects the operation of a solar array, we can understand
the impact of solving those issues by using microinverters instead of conventional PCUs. Adding diodes to
the arrays increases the probability of component failure as we have implemented another element

susceptible of breaking in the medium/long term.

Microinverters have a big importance in this project as flyback converters fit perfectly in the operation
conditions of those microinverters. Flyback converters are suitable to be used in devices of around 200
Watts and because of that they are used in electronic devices (i.e. phone chargers or power supply in PCs)
but have a big potential in solar energy applications. As microinverters work with modules separately, our
type of converter is perfect managing with low power input. It has also the advantage of modules alone
not supplying high voltages so when trying to equalize the output voltage of the inverter to the grid
voltage, the Flyback converter can easily complete that task without high duty ratios in the transistors
thanks to its transformer, that gives more margin of operation for our converter.
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The schematics shown in Figure 13 give us an example of how a central inverter arrangement looks, in

comparison with a microinverter.
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Fig. 13. Comparison between microinverters and central inverters in
solar power systems [2].

In the case of extracting solar energy in behind-the-meter systems such as domestic or business
applications, it makes more sense to implement those microinverters. In solar energy extraction for
subsistence purposes, the output power is not as high as in utility-scale facilities due to the smaller size of
the panels used. It is not the same using panels in deserts than in the rooftop of your company, here the
space availability comes to play. When trying to obtain energy to supply your daily need, you need those
panels to be the most efficient as possible because the place you are living may not be ideal in terms of

solar irradiance.

Speaking with numbers, microinverters give a lot of advantages in comparison with central inverters which
are the conventional mean of power conversion regarding solar energy extraction. Due to the reasons
explained above of microinverters avoiding the usage of diodes (bypass or blocking), they can higher the
power output from 5% to 25% meaning a great increase in efficiency and savings for homeowners or big

energy sellers. To give an example of why this happens, shading only a 9% of a solar system with a central
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inverter can lead to a decrease in the energy output of at most 54%. This is a huge power loss showing

why microinverters are gaining market power in these last years.

In terms of costs, it is logical to think that microinverters are more expensive because you have to use
more of them depending on the number of modules you are operating with. In average, central inverters
cost around $0.40/W-p (dollars per W-peak) while microinverters cost more or less $0.52/W-p. This
information does not mean that inverters are overall more expensive. We have to take into account the
warranty of each inverter and the installation costs. In terms of the warranty, microinverters are much
better because as they deal with less power, they suffer less stress during its operation lasting for around
20 to 25 years while central inverters last for 10 to 15 years meaning that they will have to be replaced
more frequently increasing costs. Addressing the installation costs, microinverters are simpler and less
time-consuming cutting installation costs by a 15% more or less. These figures show the tremendous

advantages of microinverters in comparison with conventional central inverters.

To reduce the initial cost of the microinverters, since 2011 dual-microinverters have been released to the
market. Its functioning is as simple as their name indicate, they do the same things as microinverters but
with two modules. This reduces the initial costs but sacrificing performance. These kind of microinverters
are suitable depending on the type of solar system as in some cases they should be taken into

consideration.

More additional advantages of microinverters could be the increased safety they give because they
operate with single modules with lower voltage in their terminals. Besides, owing to the fact that they
operate at lower output power, they will dissipate less heat meaning that they do not need ventilation
systems to cool down the components. That will result in a suppression of noise in their operation. One
last important feature they give is their ease to expand the solar systems, as they are managing modules

separately you can add capacity to your system by adding new module-microinverter units.
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2.4. Solar MPPT control techniques

As said in the introduction, this project will not cover the control programming and implementation to
drive nor the subsystem nor the whole interconnected system. However, it is important to address the
most common MPPT control techniques to help future students executing that task when seeking for

information in this project.

In solar applications, MPPT controllers work all with the same reading procedure but they differ from each
other in the algorithm that they follow in order to attain the MPP. Every DC-DC converter with MPPT has
sensors in the terminals of the module or array reading the value of the voltage and current. When
obtaining those values, they enter in the algorithm giving a command that will change the duty ratio of
the converter trying to move the point of operation towards the MPP. Next, those different algorithms
making each type of control unique learned from [3] will be addressed. Figure 14 shows how these control

systems work.

Converter
oc ]
Load
Moduls Do |
or aray ..
! V. "(L\a Y
Controllsr

Fig. 14. Basis of an MPPT controller for solar power
systems [2].

First, a very simple and straightforward method called “Perturb and observe” or “Hill climbing” is
introduced. That consists on making small changes in the duty ratio and see if the power obtained is higher
or not. If the move made the power decrease, then the duty ratio will be changed in opposition to the
previous iteration. This method is commonly used because of its ease of programming and
implementation but its disadvantage is that it will produce oscillations in the output power as it is always
changing to verify that the panel is operating at the MPP. The logic algorithm of “Hill Climbing” is

represented in Figure 15.
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Fig. 15. Algorithm for Perturb and observe control technique.

The next control technique important to mention is called “Constant voltage” but some authors call it the
“Open voltage” technique due to its nature. In this type of control, the controller first changes the duty
ratio to obtain a very high equivalent impedance (with a duty ratio value of zero) and then it measures
the open-circuit voltage value of the module. After this, the duty ratio is changed to obtain a value of the
input voltage near the open-circuit voltage multiplied by a factor of 0.72. This factor has been extracted
empirically as it is usually the value of the MPP voltage. Then, the controller makes slight changes in the
duty ratio to try to maintain that value of voltage constant. The algorithm for the “Constant voltage”

control technique is addressed in Figure 16.
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Fig. 16. Algorithm for Constant voltage control technique.
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Last, there is another control algorithm called “Incremental conductance” which is more based in
mathematical principles and tries to be more precise with less iterations. Basically, the control manages
to find the maximum power point in the P-V curve by differential methods. The basis is the following

showed in Equation 2.4:
dP
MPP »—=0-P=V-I (2.4)
AT

Deriving the power expression in Equation 2.4 returns:

dP_V d1+1 dV_H_V dl
av - dv av dv

We can make an approximation by changing the derivatives for increments:

dpP 4V Al 0 I Al
— = —=0> ——==—
av AV V AV

That expression will be the core of the algorithm. The control will always be reading the voltage in the
terminals of the panel and it suffers a variation due to irradiance changes, the controller will start to
compute analysis. The controller will be driven by comparing the expression extracted above and make
changes in the circuit if the incremental conductance changes. The algorithm of this type of control is

represented in Figure 17.
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Fig. 17. Algorithm for Incremental conductance control
technique.

This type of control requires more computation in the controller due to its algorithm being more
complicated. However, it can track the MPP faster than other techniques as each perturbance is corrected
at once with the algorithm. As the operation point is dynamic it will also cause oscillations in the output
power but smaller than in the Perturb and observe technique. It will also need another requirement; the
operation point must be placed in the MPP at the start of the algorithm so as to make corrections and
return to that point again. If this is not accomplished, the controller will be moving the operating point

towards one that does not maximize the power extraction.
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2.5. Solar power evolution

In these two last decades, the solar power capacity of countries all over the world has increased
exponentially. This has been caused by the development in solar technology together with the increment
in panel manufacturing. This led to an increase in reliability and efficiency in the functioning of solar
modules (shown in Figure 18), and a reduction of the price of kWh of energy generated. In addition, other
factors that have boosted the solar energy generation are net metering and incentives given by
governments encouraging investors to begin solar generation projects supporting solar PV installations in

many countries.
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Fig. 18. Increase of solar panel efficiency over the years.

Analyzing Figure 18, we can distinguish each type of solar panel in terms of material and technique used
in its manufacturing due to the range of efficiency levels they present. Green lines represent thin-film
technology panels made of amorphous silicon, CIGS (copper indium gallium), CdTe (selenide and cadmium
telluride), and polymer organic, for instance. These types of solar panels present a low price of

manufacturing but also a low level of efficiency (around 5%).

Another type of technology used is Bulked-type or Wafer-based (blue curve), panels made of mono-

crystalline silicon, poly-crystalline silicon or poly-crystalline band. This technology has opposite features
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than the other mentioned, those panels can perform with high efficiency (from 20% to 25%) but they have

higher manufacturing costs due to the shortage of silicon supply during the last years.

The purple curve shows the evolution of the cutting-edge manufacturing technologies speaking of
efficiency. That technology is called multijunction cells, whose name is self-explanatory. These kinds of
solar panels perform the best but a very high cost. Their efficiency can almost reach the 50% which in
comparison with the previously mentioned 5% in thin-film technologies shows the enormous
development that has been achieved. That technology needs years of research and improvement of
manufacturing techniques to reduce its costs and become economically feasible to be used in real solar

systems.

Last, the orange curve shows emerging PV technologies that as expected, they have low efficiency for the
moment. More research and development will be needed to know if those technologies can flourish and

become reasonable and innovative ways to generate solar PV energy.

Over the years, solar power capacity has been increasing as more and more countries are joining the cause
of increasing their solar energy generation share. At the moment, more than a hundred countries are
producing solar energy within their borders. Talking about history, Japan was the leading country in terms
of solar PV capacity when this type of energy generation started growing from the bottom. Then, around
2000, Germany and Europe, in general, took that leading place due to big government funding, boosting
their solar production at an impressive pace. This hegemony changed with the emerging economy of
China, the industrial development that the country is conducting needs a vast amount of energy to be
carried. For that reason, they are investing in cheap energy resources such as coal but also in solar PV
systems as they possess a big amount of land to place those solar parks and concern about the

environment is rising. China has been established as the first world power in terms of solar PV capacity.
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The significant amount of money that has been injected into solar projects has led to this situation with

almost one third of energy share possessed by Chinese companies.

China has become a big solar panels producer due to its low manufacturing costs and economies of scale.
This has helped this country reach the capacity numbers it has nowadays. Germany has also been
established as one of the leading countries in term of panels manufacturing despite being much smaller
as a country having less land to be filled with panels. Other two powerful countries with respect solar

panels manufacturing are the USA and Japan. One characteristic of the production of Japan is that it is

— Suntech Power (China) 5.8%
' Yingli Green Energy (China) 4.8%
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Fig. 19. Energy production share by companies.

leading the development of solar PV technology developing cutting-edge solar panels but a higher cost.
Each country has its characteristics when producing the infrastructures driving solar energy extraction,
but the big efforts and money invested make them be the top four solar energy producers in the world.

Nowadays, China is the leader in solar energy capacity share followed by Germany, Japan, and the USA.
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Addressing the situation of the USA in solar PV capacity it is surprising that they are not producing that
much quantity of energy despite being the first world economic power. It is simple, they are relying more
in wind power generation instead of solar power, however, big companies in the USA have the potential

to grow fast making this country one of the fastest growing markets.

Solar, 0.4 Wind, 4.4 Other, 3.2
Hydropower, \
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Fig. 20. US electricity generation by 2014.

As shown in Figure 20, renewable energy generation share is hold by hydropower and wind power.
Nuclear power has maintained constant representing a 20% of the energy share over the years by
increasing capacity factors of the nuclear plants without a significant number of plants being
commissioned. Conventional and polluting energy generation is shifting towards greener resources, but
with the actual issue of storage in the horizon. This outlook shows how important is to study solar power
possibilities as right now it is not exploited at its maximum potential and have an enormous perspective

of growth.
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3. Principles of Flyback DC-DC converter.

Flyback converters are a type of DC-DC converters with a special feature, they possess galvanic isolation.
This is achieved with a transformer in the middle of the circuit storing energy to then release it to the
load. The special design of this converter makes the Flyback an indirect converter as it does not have a
direct path between the input and the load in any moment of the operation. Its design is showed in the

Figure 21:
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Fig. 21. Flyback circuit design.

The special characteristic that makes this converter different from other isolated ones is the connection
of the transformer’s secondary windings, as shown above the dot in those windings is reversed. This is the
reason why the Flyback operation is indirect. Now, let use derive the transfer function of our converter.
The key point to make the calculations is using the inductor voltage or the capacitor current to calculate
that transfer function. This is caused because the average current in a capacitor or the average voltage

across an inductor must be equal to zero in periodic steady state. We decide to use the inductor’s voltage.
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First, we analyze the circuit when the FET is conducting with the circuit showed in Figure 22.
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Fig. 22. Converter's state when the FET is turned on.
Lm
V, = Vip  —2—
L in Lm+le (3-1)

This section, we will assume that the transformer is ideal, and the leakage inductance is negligible. The

real case will be addressed in the simulations section. With that in mind:
VL ~ Vin

Now, analyzing the second phase of the converter’s operation in which the FET is turned off and the

rectifying diode is conducting. This will be studied with Figure 23.
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Fig. 23. Converter's state when the FET is turned off.
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VL _ Vout (3_2)

Following the average voltage across the inductor rule stated before, the transfer function for an ideal

Flyback converter is calculated as showed next:

Vour ~ Vout o n: D
_)

Viw (1-D) 3.3)

V,=D V- (1-D)-

With D being the duty ratio of the FET or in other words, the time when it is turned on during a switching

period.

Once we have deduced the most basic characteristic of the converter, the transfer function, we can
explain more about the functioning. In the first state, when the rectifying diode is blocking, the
magnetizing inductance starts storing energy but without the transformer inducing current in the
secondary windings due to the reversed connection. When the transistor turns off and the rectifying diode
starts conducting, the magnetizing inductor maintains the current flowing throw it and starts to deliver

energy to the load. This is the transition making the converter indirect.

In the first state, the leakage inductance is also charging, and as an inductor it will not allow the current
to drop to zero instantaneously. That will force us to implement a clamping circuit to avoid overvoltage in
the FET as the leakage current needs a way out. Figure 24 specifies where that clamping circuit is placed.

il lx 1:n

re == 3= Ty

1 | Cclamp

clamp |

vintl 1T |+ § |
T Cln b

J_t+ '

Fig. 24. Flyback converter with the clamping circuit highlighted.

lp = ly Cout . Rout<Tyout
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This clamping circuit is needed to redirect the leakage current and dissipate the energy stored in the
leakage inductor. As expected, this would lead to a loss of efficiency but obtaining in exchange better
safety for our transistor. To further understand the behavior of this circuit, we analyze the currents flowing

in each state of the converter.

Following the current notation showed in the last figure, we start deriving the graphs displaying the
behavior of each of those currents. As explained before, in the state when the FET is turned on, the current
coming from the input is the same as the magnetizing current but when the state changes, the input
current goes to zero and the magnetizing current starts to induce in the secondary windings. As the
leakage current has special effects and ideally it does not affect the operation of our converter, we will
address it in the simulation section where those effects are visible. The rest of currents flowing through

the converter are the following showed in Figure 25.

q(t)

oN OFF oN OFF oN

im

i
Mmax

iy
MM

Fig. 25. Currents flowing in the primary side of the transformer.
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As depicted in Figure 25, when the FET is turned on, the magnetizing inductor receives a positive voltage
and consequently, the current flowing through it increases. When the FET is off the opposite event
happens resulting in that triangular waveform. The current coming from the source i; shares the same
value with i,,; when the FET is on but drops to zero in the next state because the switch turns off and
blocks the current completely. Now let us address with Figure 26 what happens in the secondary side of

the transformer with its induced currents.

q(t)

oN OFF oN OFF oN

ip

Fig. 26. Current flowing in the secondary side of the transformer.

When the transistor is in its on state, the rectifying diode is blocking the current and because of that it has
a value of zero. That changes when the switch turns off and the diode starts conducting. In this situation,

the magnetizing current is equal to i, meaning that it will induce the current i,, in the secondary side of

the transformer.
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With the signs of the currents showed in the previous figure, the transformer’s currents follow that
equation. Doing a KCL in the output node we deduce that I, will be equal to I,,; or in other words, the

current flowing to the load.
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4. Component design

4.1. Switching frequency

The first parameter that will determine the others is the switching frequency. Increasing these parameters
is not always good. Despite the fact that it would reduce the ripple in the inductors and capacitors
(meaning a smaller size of those components), a high switching frequency increases the switching losses
of the converter, which is not good in this low power converter. In addition, a higher switching frequency

would negatively affect the clamping circuit as it would make the losses in it bigger.

For those reasons, we chose a big switching frequency but not one big enough to lower the efficiency to
unacceptable levels. We will apply a 100 kHz switching frequency to the MOSFET and with that number,

we will obtain the other components values.

4.2. Transformer turns ratio

To obtain the relationship between the winding in the primary and the secondary of the transformer, we

will use the transfer function of the flyback transformer:

The case with the higher duty ratio, and with that, the highest output voltage will be when receiving low
irradiance. Our upper limit irradiance is 1 kW/m?, this is the value of irradiance with what we are going to
measure the parameters. As it is always wanted to track the MPP, we deduce the values of voltage and

current with that irradiance for our solar panel showed in the solar panel curves of Figure 27:
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Solar panel I-V and P-V curves
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Fig. 27. Characteristic curves of our solar panel.

Vo =95V
10.1 = 23 A

Using a value of 10 V to obtain the turns ratio, 200 V in the output are attained. This oversize will protect

our components in case of need. For that value of input voltage, | will fix a duty ratio of 0.5.

Voue 1-D 200 1-05 _ a0
= . . = . = - =1:
"V, "D '"TT10 05 n

(4.1)
In the next section, the components values will be calculated with an irradiance of 1kW/m? in order to

give safety and stability to our converter.

4.3. Output resistor

Having the turns ratio and the duty ratio fixed for the value of 1 kW/m? we will proceed to obtain the

value of the output resistor to calculate the equivalent resistance of the converter with that irradiance
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and work with that when the irradiance changes, also we have to alter that equivalent resistance. First,

we start working with the following equation:

As extracted from [4]:

1 1
Req = (_ - 1) ’ nz “Rout (4.2)

We measure that value of Royt in the case of 1 kW/m?, duty ratio of 0.5, and turns ratio of 1:20 as calculated
before. Now, we have to acquire that value of Reqwith the I-V curve with 1 kw/m? of irradiance. As showed

in the turns ratio section, the MPP voltage will be 9.5 Volts and the current 2.3 Amps.

(4.3)

Now we combine (4.3) and (4.2) to obtain:

2

1 1
413 = (ﬁ— 1) 557" Rout = Rou = 16520

We made that calculation in the case of 1 kW/m? because our solar panel will suffer variations in the
irradiance due to the shading of the clouds or even because of dust retained in the surface as it happens

in the deserts easily. With that in mind, | will explain that selection for the irradiance.
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At 1 kW/m? the equivalent resistance is 4.13 ), and as that irradiance decreases, the Req that our converter

has to follow in order to reach the MPP will increase. Figure 28 shows that statement:

Solar panel |-V and P-V curves
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Fig. 28. Solar panel curves with MPP values highlighted.

With the values of voltage and current in the MPP for different irradiance numbers, we calculate the

equivalent resistance that the converter must meet in order to extract maximum power:

R; = 4.13 Q - Obtained before

_9.645 8340
0571156

Ry, = 9-278 = 40.04 Q
01 70,2317

With that, we deduced that when we decrease the irradiance received, the equivalent resistance raises
for that MPP. Now we will assume that in a very sunny day a cloud is shading our solar panel and because

of that the irradiance changes from 1 kW/m? to 0.1 kW/m?. When the cloud starts shading, the solar panel
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receives 0.1 kW/m? of irradiance and our converter has to change the duty ratio in order to meet the MPP.

Our new duty ratio will be, using equation (4.2) and Ro.:

Y Y Y —
0.1 — D n2 out» - RO.I.n2+1
Rout
1
D= = 0.243

40.04 - 202
V1652 T1

With that duty ratio at the MPP together with an input voltage of 9.278 Volts, we have the following

output voltage:

0.243 - 20

Vout = 9,278 m = 5967 V

As we see, when a huge change of irradiance happens, our components will be safe because of the
modeling with the upper limit irradiance. When operating at 0.1 kW/m? and the cloud disappears
returning to the value of 1 kW/m?, the contrary will happen. The converter will be operating at an
equivalent resistance of 40.04 () making the solar panel give an input voltage near the open-circuit voltage
of the panel rated at 12 Volts. However, the converter was operating at a duty ratio of 0.243 so the output

voltage in the worst case would be:

0.243 - 20

Vour =

As we can notice, with that configuration our converter operation presents a great stability and safety for

the components as huge variations will not produce big output voltage.
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4.4. Magnetizing inductance

This is a crucial component of our device because here is where the converter will store energy and then
release it to the secondary of the transformer when the MOSFET turns off. This value of the inductance
will determine the percentage of ripple current flowing through the magnetizing inductance or Lm. We
cannot take an enormous value to eliminate the ripple because we need a reasonable value to build the

transformer, and also, because of the leakage inductance or Lk present in every real transformer.

As the value of Lk cannot be measured before the construction of the converter, we will assume that it
has a value of the 3% of the Ln. It is true that in a real transformer, the higher the L., the higher it will be
the L. The problem with that leakage inductance is that the bigger it is, we will have bigger commutation
time between phases of the MOSFET, reducing the pulses of voltage in the Ly, thus that will lower the

duty ratio, and with it, the desired output voltage.

With that in mind, we will sacrifice some percentage of the ripple current in order to avoid that. We also
have to consider that Lm has to be sufficiently big to store the energy in it so very low values are

unacceptable. We will analyze one state of the MOSFET to deduce the ripple current equation:

The state with FET turned on is represented in Figure 29:

1:n
md 3 L
—0 O +
Cclamp:-“, +
Vin+ + — Rclamp Cout Rout Vout
- == +

Cin leé

o— —

L

Fig. 29. State of the Flyback converter with the switch turned on.
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With the voltage in the magnetizing inductor in one of the states (let us take the one with the MOSFET
on) we will calculate the ripple current in that inductor. It does not matter which state we choose because
as the average value of an inductor voltage is zero, we will obtain the same value for the ripple current

but with different sign.

di
Vim = Vin = L -d—:‘ (4.4)
As Vinis constant, we can change the derivatives by increments.

V' = L ._; . ) - .
! moaAr ™ Aiy, T Al fow

To make the calculus, we will limit the ripple current to the 50% of the average value of current that will
flow through the Ly. The less favorable case will happen with 1 kW/m? of irradiance with the solar panel
supplying 2.3 Amps at the MPP. The percentage chosen is quite big but is necessary to lower the leakage
inductance to the maximum, that ripple will be addressed by the output capacitor to rectify it and have a

lower percentage of ripple voltage in the output.
Aip, =05-2-1,

We multiply it by a factor of 2 because we are doing the percentage of ripple respect the average value,

so the total increment will be the double.

Vout 190
b = lin +la -1 = lin + 3251 = 23+ 720520 = 4.6 4 (4.6)
9.5-0.5

L

_ = 10.33 uH
05-2-4.6-100- 103 K
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4.5. MOSFET

The important parameters that should be taken into consideration when choosing the MOSFET are the
current and the voltage that that switch will withstand. We will start with the maximum voltage that

obviously will appear when the MOSFET is turned off:

Vout 190 (
= . — — 4.7)
Vigr = Vin + 2 = 95+ — = =19V

However, for safety issues we will oversize it to the double at least, depending on the MOSFETs that we

will find when choosing the components.

Vegr > 38V

For the rated current flowing through our switch when it is turned on, we have Equation 4.8:

Ai
Ippr = im,, = Im + Tm =Ln+%RIP I, =46+ 05-46=694 (4.8)

To select a proper MOSFET for our converter it is also important to take into account the conduction and
switching losses because a switch with big power dissipation is unacceptable. This issue will be addressed

when choosing the components in later sections.

The MOSFET selected for our operation is a IRF520 with a voltage rating of 100 Volts and a maximum

power dissipated of 60 Watts. The power losses will be addressed in the efficiency subsection.

4.6. Rectifying diode.

The diode just like the MOSFET will be chosen depending on the blocking voltage that must suffer and the
maximum current flowing through it when it is conducting. In addition, we have to choose a diode with a
recovery time low enough to follow our switching frequency. We will start measuring the maximum

blocking voltage that will suffer with our parameters:
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Vp =Vip - n+ Ve =9.5-20+ 180 =370V (4.9)

Second, the maximum current flowing through it will be:

Aiyy,
linpay = 234> —7=50% I, = 0.5 - 4.6 = 234

Mmax

Ip Ay 1 Vo Aip, 1 190

1
L= + = pom +23-—=345mA
max 1DV 2 m Ry (1-D) ' 2 n_ 1652-05 20 ma (4.10)

Finally, for the recovery time we have to observe which is the minimum time the diode will be turned off
to account for the time it needs to take to recover after switching it state. Figure 30 shows the behavior

of a diode when changing its state:

Forward Current, /¢

s

Reverse Voltage, Vg

25% Of lpp =i = =\ = Forward Voltage, V¢

) S

Reverse Current, Iy

Fig. 20. Behavior of a diode when it turns off.

Then, the reverse recovery time of the diode should be lower than the time it should remain turned down

before turning off the MOSFET again.

trr < (1= Diax) - Tsws trr < (1 —0.5) - 10us — trr <5 pus (4.11)

We choose MUR460 diode which is an ultrafast rectifier with a rating of 4A/600V and a recovery time of
25-35 nanoseconds.
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4.7. Resistor-capacitor-diode (RCD) clamp
To design this circuit, first, we will fix the value of the voltage in the clamp. The higher the voltage in this
clamping circuit, the better efficiency our converter will have. To design and fix this clamping voltage we

use the maximum voltage in the MOSFET as the Figure 31:

4 i"r:'n.‘l' Vc!amp

Vow b _| ..................................
v, Vour

n

Fig. 31. Voltage across the transistor with a clamping circuit.

Our maximum clamping voltage will occur at the minimum input voltage, then, to protect our switch we
will make the calculations with the maximum voltage that can withstand our switch and the maximum

input voltage to make that clamp voltage lower:
Vclamp = Vsw — Vinmax =38—-95=285V (4.12)

Having, that clamping voltage selected, now we have to fix it with component values that we can handle.
That will be done selecting the proper clamping resistance. The next step is calculating the dissipation

losses in that resistor, that energy dissipated will be the one stored in the leakage inductance:
First, we deduce doing a KCL that:

lin = Iix (4.13)
And the average energy stored in the leakage inductor is the following:

1 1
Estorea = 2 Ly - Ilzk = 2 "Ly - Iizn (4.14)

The power loss in the clamping resistor follows Equation 4.15:
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Pioss = Estorea * fsw (4.15)
1
Pioss = 50.03-10.33 - 107%-2.32-100- 103 = 0.082 W = 82 mW

Now with that power loss, we calculate the value of the clamping resistor to fix the clamping voltage to a

value of 30 V:

2 2
Vclamp 28.5
Ploss = —R ; Rclamp = m =9909.3 0 - Rclamp =99 k.Q (4.16)

clamp

Now, the only step remaining is the calculation of the clamping capacitor. For that, we have to select a
capacitor large enough to make the clamping voltage reasonably smooth. Voltage ripple for clamping

circuits are typically limited to 5%-10% of the clamping voltage. This will be achieved with equation 4.17:
Rclamp ' Cclamp > TSW - Rclamp ' Cclamp >10- TSW (4.17)
This way we will have a very big time constant in the RC circuit of the clamp limiting the voltage ripple.

10
Cetamp > 7607103 - 9900

Cetamp > 101 nF

Then, we select a slightly smaller capacitor of 0.1 uF to round the capacitance to a value feasible for the

commercial capacitors. This will not change the ripple voltage percentage a lot.

To select the clamping diode, we have to think that the clamp should activate fast because that will avoid
stresses in the MOSFET, but it also has to deactivate as soon as possible to interfere to the least extent
with the effective duty ratio of the converter when commuting. For that reasons we will choose an ultra-

fast diode with a reverse recovery time near 25 ns to improve the working conditions of the converter.
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For the capacitors, we get to choose some ceramic-type ones to decrease the ESR the maximum as
possible and in addition we will place some of them in parallel. We use 33 nF capacitors with three of

them connected in parallel.

For the diode, we will use a MUR120 which is an ultrafast recovery one with a voltage rating of 200 Volts

and a recovery time of 25-35 ns.

4.8. Output capacitor

This component will be the one limiting our ripple voltage in the output of our converter. The inductor
could help with this task, but due to the presence of the leakage inductance that is not possible. Because
of that, our capacitor will have a higher value than it could have but that will not cause troubles anyways.

First, let us deduce the equations ruling that ripple in the capacitor voltage:

We will assume that our capacitor is big enough to take all the ripple current letting the load drain constant
current at every moment. We will need the current flowing through the capacitor but first let us do a KCL

to deduce that current:

ip = lout +ic (4.18)

With 4.18 we also deduce that:

Ip = Ioye +1¢
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We assumed that all the ripple current goes across the capacitor, those currents have the following

waveform represented in Figure 32:

ip
IDﬂiﬂX

Ip

out

Ious =Ip

(4

IDyee — lout

out

Fig. 32. Currents in the output node.

We know that the average current flowing through a capacitor must be zero as it cannot keep storing
charge forever. That way we know that the area above and below the abscises axis in a time period is the

same. With that in mind:

DT
Q = Ave - Couts f ic-dt = Ave - Coyes — loue - DT = Avg - Coye (4.19)
0

Now we fix the voltage ripple we want in the output. To ensure a smooth DC signal supplied by our
capacitor we will state a 2% voltage ripple respect the average value (ramp value of a 4% of the DC value).

This will result in:
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Iout -D

—loyt - DT = —0.04 - Vot - Couts Cour = W
sw " Y. out

190
1657 0-°

Cop >
°ut 100 - 103 - 0.04 - 190

- Coyr > 76 1F

Extracting that value, we will use a 0.1 uF capacitor to improve even further the ripple as it is not a huge

capacitance.

For the capacitor, we also have to calculate the RMS current that is has to withstand. That is done with

Equation 4.20 showed in [5]:

Dimax 190
1—Dpax 1652

Icorms = Iy - (4.20)

Another reason to make the voltage ripple that tight is because the ESR of the capacitor used. That ESR is
the internal resistance of the capacitor that is accounted to be in series with it. That parasitic resistor will
increase our voltage ripple so using a security factor when calculating the output capacitor is always good.
We will not evaluate that resistance as we will try to use ceramic capacitors making that ESR negligible. In
addition, we will place capacitors in parallel reducing the value of the resistance while stacking

capacitance.

For these capacitors we choose the same as in the clamping capacitor, ceramic capacitors of 33 nF with

three of them connected in parallel to reduce the ESR even more.

4.9. Input capacitor
Following the same work as the one done in section 4.8, firstly we will analyze the currents touching the

capacitor node:

With that scheme in mind, we deduce the following KCL in Figure 33:
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Fig. 33. Schematics of the
input node.

I3 =iy T iin (4.21)

L=l +Ilin = 1y = Iy (4.22)

We also know that:
iin = Ij, & Pure DC current
qt) =1 - i =iy

q(t)=0—>iin=0
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With that deductions, it is easier to explain the importance of the input capacitor. As we can see, i;; is not
constant and when changing the switch state, it drops to zero abruptly. In real voltage sources there are
internal inductances that do not allow the current to do this, so a capacitor is needed to provide that

ripple current. This will be explained better with Figure 34:

in

iy

lein

Fig. 33. Currents in the input node.

As seen here, the capacitor will supply the ripple current produced by the inductors in the transformer
while i;;, remains constant. To calculate the input capacitance, we will repeat the work done with the

output capacitor:

i=c, e (4.23)

As said above, the average current though a capacitor is zero, so it does not matter which current section
we analyze. We choose the flat one (switch off) to ease the calculations, and with that we can change the

derivatives with increments:
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1 C Ale
mn — m At
We want a ripple of less than a 5% with respect the average value, so this evolves to:

I Q=D . 23-(1-05)
n= g 01-Vy, ™7 100-103-0.1-9.5

=12.1puF

We also have to size the RMS current that will flow through that capacitor with Equation 4.24, also

extracted from [5]:

Dmax

_ (4.24)
1- Dmax

Ieyrms =1y, -

In this case, we need a higher value of capacitance, so we decide to choose ceramic capacitors to reduce
the ESR and with that the losses, with a value of 4.7 uF. Just like before we connect three of them in

parallel to obtain the desired capacitance.

4.10. Transformer construction.

The most important part to take into consideration is the core that is going to be used. We have to check
if we do not enter in saturation zone, if the core can store enough energy for our converter and if our wire
will fit in that core. Other things to analyze are the transformer losses including the conduction and core
ones. First, we select the core we want to use in the wide selection available. We get to choose the P42/49-
3C81-E400, its datasheet is attached in the appendixes. The calculations will be made with the following

relevant characteristics showed in Table 1:
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Magnetic Core
P36/22-3F3-E400
A Specific Inductance 400+3% nH
Ae Effective Area 202 mm?
Ve Effective Volume 10700 mm?
le Effective Length 53.2 mm
g Air Gap 430 um
Ue Relative Magnetic 2000
Permeability of the Core

Bsat Saturation Magnetic Field 450 mT

Table 1. Characteristics of the core used.

For the calculations we will use the next simplified transformer scheme in Figure 35 as we will work with

effective magnitudes:

MR

Fig. 34. Simple schematic of a transformer.
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We start writing the magnetic circulation equation:

Hy-g+H; lc=Ny-i;+Ny-ip (4.25)
We also know that:
# B - dS = 0 - Continuity of flux (4.26)
Then, we deduce that:
O, =Dy >B.-A, =By Ay > p.-He-Ac=po-Hy-Ag =@ (4.27)
H. = CD H, = ®
CoHeMorAc Y oAy

Now with (4.25) and (4.27), we can substitute the magnetic circulation equation:

il l. + il Ny-ip +N;-i
. .g: -1l -l
He * Mo - Ac ¢ #O'Ag e 2

We can transform it into a magnetic circuit equation with the magnetic flux, reluctance and excitation

currents:

- [Re+Ry| =Ny -iy+ Ny - iy
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Shown in Figure 36 is the equivalent circuit:

Rg
AW\ ‘l‘b

Ny iy T - N,-i,
+

AN
R¢

Fig. 35. Equivalent magnetic circuit.

Now, to calculate the value of the inductance with respect to the primary side of the transformer we have

to passive the source of the secondary windings resulting in:

Ny -i

@ [Re+Ry)] =Ny iy > @ = 1R !
A=N-® (4.28)
di _d®d N{ di (4.29)

V=—=—= .
dt dt R dt
2
Relating that equation with the one ruling an inductor we extract that L,,, = % with respect to the primary
windings.

1 . . .
We also know that 4; = = SO the number of turns we need in the primary to obtain the value calculated

in the magnetizing inductance section:

.10-6
10.33-10 (4.30)

Ln,=N?-A, >N, = 200 10 = 5.08 > N; = 6 turns

Ly, =400-107%-62 = 14.4 uH
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We round to the bigger number because we do not want the ripple to surpass the percentage calculated.

As we obtained a 1:20 ratio, the number of turns in the secondary will be 120 turns.
Now we will start proving whether the core chosen is valid for our converter or not.

1. Saturation

In the datasheet of this core, which is made of soft ferrite, it is stated that the saturation magnetic field is

0.45 Tesla. With our converter parameters we will check if we are working out the saturation zone:

®-[Re+Ry| =Ny iy +Ny-ip; B-Ag-R=Ny i3+ Ny - iy

1
B'Ae'A—L:Nl'i1+N2'i2

In our converter these are the maximum primary and secondary currents, the worst case would happen
when only the primary windings is conducting because there is no induced current in the secondary of the

transformer opposing to the flux, according to the Bentz’'s Law. Then, our peak magnetic field value is:

=694 - N, =6turns

51 max lmmax
Then:

69-6+0-120
Bmax = 5057 70¢

- 400 -107° = 0.08198 T = 81.98 mT — Byyax < Bsar

2. Energy storage

Having an indirect converter means that our core must store enough energy in the core to release it the

second phase of the converter operation. Our energy stored in the leakage inductance would be:

1
Estored = = L - I3 = 7 144 107%-6.92 =3.42-107*) (4.31)

N[ =
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The energy stored in a core is calculated as showed next:

W=ﬂ;fﬁ-HdV=ﬂfB_C-H_CdV+ﬂfB_g-H_ng (4.32)

vol vol

BZ B:
W:M/C-l'w(g :_'(Ac'lc)-l'_'(Ag'g)
U Ho
We know that yy < ., so the major part of the energy will be stored in the gap. That is the reason why

we chose a gapped core. Knowing that we can consider the following assumption:

BZ
g
W, » W, > W =W, =2 (4, g)
Ho
Now it is time to calculate the average magnetic field going across the gap, the storage time is the one in
which the current is only flowing in the primary while the current in the secondary windings is zero. This

is be the real case when the magnetizing inductance will store energy:
®=i,-N-A, =1, -N,-A, =69-6-400-10"° = 16.56-10"° Wb

B =2 o a, ~a, o5, = 1050100 o og
= — - ~ - = = )
9=, " "9 e T % = 2021076 m

8.198 - 1072)2
o )

g Ho

-(202-107%-430-107°) = 4.645-107*]

With those equations we obtain that Wy > Et4eq SO the core will be able to store enough energy in our

converter.
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3. Space to wind the wire

Before winding the wires, we have to make sure they fit inside the core. First of all, we need to know the
cross-sectional area of the primary and secondary windings. According to the maximum current flowing
through them (i, . and ip, . respectively) and anincrease of temperature of 20°C chosen for security

reasons, we obtain with Figure 37 the wires needed in each side of the transformer:
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Fig. 36. Current-Temperature correlation for wire selection [6].

For the windings of the primary, as shown in the graph, we will have a maximum current of 6.9 Amps, so
we choose a 22 AWG (American Wire Gauge); for the windings in the secondary, we will have a very small
current not even reaching the 0.5 Amps, so a 28 AWG should be fine. Converting those units into the

International System we get:

22 AWG = 0.3255 mm?

28 AWG = 0.0810 mm?

With that areas and assuming the spaces between the wires, we will consider that there is enough space

if the packing factor K is less than 50%:

A =120-0.0810+ 6-0.3255 = 11.67 mm? (4.33)

53



The area of the core’s window can be obtained with the dimensions of it attached in the correspondent

annex:

29.6 — 16.5
w = #

- 14.4 = 94.32 mm? (4.34)

A4 K> K 11.67 0.124 < 0.5 - Constraint satisfied (4.35)
A, f f = 9432 onstraint satisfie

4, Core losses

Having low losses in the core is a crucial aspect of our transformer as we want the best possible efficiency
for our converter. Iron has higher saturation values than the ferrite and could have been a good option to
have lower constraints in that aspect, however, the way ferrite is made makes this material optimal to

reduce core losses.

First of all, we need to understand what the Eddy or Foucault currents are. These are currents flowing in
a loop inside the core, induced by changing magnetic fields [7]. We will reduce losses coming from that
currents by selecting a 3C81 core material, a kind of ferrite. Ferrite is a ceramic material composed of
Fe30,, and mixed with other metallic elements [8], that has a state of powder and it is adhered with an
agglutinant. Its powder nature avoids the creation of those Eddie currents decreasing the losses within

the core.

Losses will come from Eddie currents formations and the hysteresis, which is the empiric formula

measuring that losses is showed in equation 4.36:

P, =K. f. BB [%] (4.36)
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As the constants for that formula are hard to find, we will use a datasheet obtained from [9] to measure

our core losses with a regression graph in Figure 38.
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Fig. 37. Regression curve for the core losses [9].

With a peak magnetic field in our core of around 82 mT, and a switching frequency of 100 kHz we obtain

kw
a power loss of 40 pooer then our net losses are:

P.ore = Py -V, =40-10700-107° = 428 mW (4.37)

With the resources available and the operating switching frequency, this was the best option for our
transformer design despite the high core losses in comparison to the input power. However, this core

does not have huge loses and will be suitable to be used in our converter.

5. Conduction losses

The last point to take into account in our transformer is the power loss due to the internal resistance of
the wires. Our wires are made of copper as usual and with their resistivity, length, cross-sectional area

and current flowing we can compute the power loss in that copper:

peu =1.71-1078 Q- m — At 25°C
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Apyi = 03255 mm?; Age, = 0.0810 mm?

l..=N, - 2tR=6-2 165 =0.311
pri = N1t 4R =02 o700~ 20 ™

16.5
lsec _NZ - 2R = 1202ﬂm— 6.22m

Ipri = Iy = 4.6; Igec = Ip = 0.115
Then the calculated losses are:

,1.71- 1078.0.311

P._.=4. = 34 (4.38)
pri = 46— ee 1076 345 mW

1.71-1078.6.22
Pooe = 0.1152 - =17.36 mW (4.39)

0.0810-10-°

Peona = Ppri + Fsec = 36236 mW

We obtain a notable power loss in the copper due to the high current flowing through the primary

windings.

Fig. 38. Measurements of the inductances of the transformer.

The transformer built was tested to ensure that it satisfy our needs for the converter, and these are the

readings of the measurement devices shown in Figure 39.
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These inductance readings for the primary and secondary side of the transformer (lower value
corresponds to the primary side), can show us if the turns ratio is the one desired of if we winded the

transformer incorrectly.

(4.40)

The expected value for the turns ratio is 1:20 so this transformer is suitable for building our design. To
check the behavior of the core with the transformer, we did another test with sinusoidal waves. This is

shown in figure 40.

Fig. 40. Transformer input and output sinusoidal waveforms.

With the scales chosen (20 V/div and 1 V/div) for each side of the transformer and the size of the

waveforms we check that one sine is twenty times bigger than the other one, which is satisfactory.

4.11. Efficiency analysis

Here, we are going to make a first estimation of the quantity of our losses due to component dissipation.
We have calculated some of them, but others are missing yet. First, we will deal with the diodes

conduction losses.
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We know that the characteristic losses of the diodes come from its forward voltage times the
current that flows through them. From our datasheets and points of operation we get those values. On

average, both diodes have an induced forward voltage of 1 V.

Pgiodes = Vfw : Iclamp + Vfw Ip = Vfw “Ip (4.41)

We can ignore the losses in the clamping diode as the current flowing there is almost a pulse in a small

period of time, making the average current almost negligible.

190
Pdiodes =1- ﬁ =115mWw

The last missing element dissipating power in our converter is the MOSFET, not only due to conduction

issues, but because the switching frequency.

Peona =12y - D * Rpa,, = 2.3%-0.5-0.27 = 714 mW (4.42)

For the case of the switching losses we have the following equation:

1
Py, = E Vew  Lsw - (tf + tr) 'fsw (4.43)

According to our datasheets we have a t; of 30 nanoseconds and a tf of 20 nanoseconds. In addition, with

the other parameters we obtain:
1
P, = 5 19-2.3-(30+20)-107°-100-10% = 109 mW

The sum of conduction and switching losses is lower than the maximum dissipated power that can

withstand the MOSFET of 60 Watts, this means that it will not overheat, and it is safe to operate with it.
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The total losses in our circuit will be:

PlOSS = Pcoretransformer + Pcutransformer + Pconddiode + PSW + Pcondsw + Pclamp (444)
Pioss = 428 +362.36 + 1154+ 109 + 714 + 82 = 1.81 Watts
The efficiency of our converter in the maximum load operation will be:

_Pout_Pin_PLOSS_21.85—1.81
"~ Pn  Pn, 2185

=0.917 > n =91.7%

This gives a reasonable value meaning that our converter is feasible to be constructed and implemented.
We have to take into consideration that this efficiency is given at a maximum load point and if we operate

at a lower current condition those losses percentage will increase.
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5. Simulation

For this section, we decided to write the code and design the simulation model with Matlab and more

specifically, one of its extensions called Simulink. This model is shown in Figure 41.

The left part of the model represents the PV panel, and has the functionality of calculating the equivalent
resistance, and with that, produce the current and voltage expected. The voltage will be read by the
Simscape blocks (Matlab circuitry library) and will simulate the rest of the parameters. Continuing with
the analysis of the circuit, we can notice there are several scopes that will show us the behaviors of our
components and another special thing is the blocks in the top right that are used to measure power in the
output of our converter. They receive the voltage and current data in arrays and multiply them to obtain
the power vector, then in our Matlab code, we calculate the median of that vector to know the power

drained by the load.
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The PV array block placed on the left of the model runs the simulation imitating the characteristics of the
panel that will be used to test the real converter. Those characteristics are also shown in the graphs used

to calculate the components’ parameters are:
Voe =12V ;1. =254
VMPP = 95 V;IMPP =23A- PMPP = 2185 w

Now, addressing the simulation of our converter, we have to take into account that it will be under
Standard Test Conditions which means we will assume that the solar panel would be receiving an
irradiation of 1 kW/m?and with a panel temperature of 25°C. This forces the panel to operate at the MPP

at 9.5 Volts and around 2.3 Amps. The graphs representing those parameters are showed in Figure 42.

Fig. 42. Input voltage in the simulation.

Figure 43 showing the current flowing towards the transformer is not as smooth as the input voltage, but

more detail will be given to notice its waveform.



It has the waveform expected showed in figure 33 with the name of i;. We can extract the average value
with the help of cursors that are showed in Figure 43. This is achieved by calculating the area of one half-

wave and dividing it by the switching period.

2l | 7 ¥ Cursor Measurements

Fig. 43. Input current in the simulation.

With the values obtained with the cursors, we can deduce the average value of the current shown. That

value should be near the input current of the solar panel of 2.3 A.

4963 -2.43+40.5-4.963-2.87 (5.1)
= n =1924

1

As we see, that value is very close to the 2.3 A expected, but not an exact value due to a commutation
period (showed in the pulse width different from 5 us) that will be explained when analyzing the leakage

inductor current, and in addition, the dissipation losses occurred in the diodes and the transistor as they

are included in the simulation.
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Now let us take a look at the magnetizing current as one of the core parameters driving our converter in

Figure 44.

Fig. 44. Ripple current in the magnetizing inductor.

It follows the scheme deducted when calculating the magnetizing inductance but with different values
because as now we have real parameters instead of ideal conditions we should not expect to receive the

values desired. Calculating the average value and the percentage of ripple is an example of that.

Using the values showed with the cursors of figure 44:

2.87

I, =53— — = 3.865 A (5.2)

5.3 — 3.865 53

%ripple = W =0.371 - 37.1% ( . )

Both I,,, and the percentage of ripple are going to be lower than expected, the average magnetizing
current is normal to be reduced because all currents will decrease due to power losses in our components.
In the case of the percentage of ripple, it is smaller because of the slight drop in the duty ratio due to
commutation times and the increase of the magnetizing inductance because after building the

transformer we obtained a higher value as showed in its section. Even though they are not our expected
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values, the percentage of ripple is favorable to be lower being beneficial to our output voltage ripple as it

will decrease because of that.

Now taking a look at the leakage current, we can understand anomalies in our simulation with respect to
the ideal conditions. Our expected leakage current in comparison with the magnetizing one is as

represented in Figure 45:

q(t)

oN OFF oN OFF ON

ik

i
Mmax

Fig. 45. Theoretical leakage current compared to the magnetizing
current and the duty ratio.

As shown, the leakage inductor needs to charge and discharge when the FET changes its state. The
increasing ramp happens when the transistor turns on and the leakage current increases until it reaches
the value of i}, at this point both inductors share the same current. When the FET turns off, the leakage
current is discharged with the clamping circuit until it reaches zero, and the current in the secondary

windings of the transformer reaches its normal value. The value of the charging and discharging times is
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calculated with the voltage seen by the leakage inductor at every moment, and the maximum current that

the ramps will produce:

Ly i
At, = VZ”‘—G (5.4)
(F+m)
Ly i
At, = —K Tmax (5.5)

(Vclamp - %)

The commutation time in which both the rectifying diode and the FET are turned on is At; because the
leakage inductor does not let the current increase to reach the value of the magnetizing current
instantaneously making the diode in the secondary conduct until it charges completely. In the case of At,,
The FET turns off as we decide to do so, and the current goes to the clamping circuit, not presenting a
commutation period. That commutation time makes the effective duty ratio decrease as the rectifying
diode blocks the output voltage less time increasing the period in which the magnetizing inductor sees
that output voltage. This pulse reduction will affect our output as this converter is very sensible to small

changes in the duty ratio. Figures 46 and 47 show the analysis of this event.

Fig. 46. Simulated current through the leakage inductance.
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A slight slope in the beginning and ending of the waveform can be seen. The times are very small, and the
maximum step applied for the simulation is small, but we would need a smaller one to see that slope
correctly. However, this would result in very high simulation times and the important thing is to notice

that ramp.

Fig. 47. Simulated voltage across the magnetizing inductance.

In Figure 47 we see how the pulse is reduced to a duty ratio of 0.4895 instead of 0.5, this could appear to
be negligible but in practice that makes the output voltage change a lot. In addition, we will consider the
effect of the leakage inductor in the transfer function to derive which is the expected output voltage

without the losses taken into account.

Vour n'D Ly

7 =177 . I+ - Derived in section 3

With our parameters:

Voue _ n-D L, n-D 1

Vo 1-D L, +003-L, 1-D 1.03

. 20-0.4895 1
1-0.4895 1.03

Vout = =176.88V
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Ideally, we expect to have 190 Volt in the output of our converter, so this makes a big difference in terms

of voltage drop. Our simulated converter output with losses is depicted in Figure 48.

Fig. 48. Simulated output voltage.

We obtain a value of around 160 Volts which means a voltage drop of 30 Volts with respect the ideal
conditions. Addressing the voltage ripple, we take a look to that waveform with more detail. The decrease
from the 177 Volts to the 160 Volts is mainly caused by the dissipation losses in the components.

| ¥ ¥ Cursor Measurements

Fig. 49. Simulated output voltage ripple in more detail.
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6.34

__2 _ _
Yoripple = 160 0.0198 = 1.98% (5.6)

We designed it to be a 2%, the change in the output voltage making it smaller would negatively affect the
ripple but together with the decrease in the magnetizing ripple current we have improved the percentage

of output voltage ripple.

That waveform follows two tendencies, when the capacitor charges it is parabolic and when it discharges
itis aramp. This is caused because in the time when the capacitor charges, the current entering the output
node comes from the inductor and it has a ramp, and as the capacitor voltage is ruled with the derivative
of that signal, it creates a parabolic waveform. On the other hand, when the capacitor discharges, the

rectifying diode is turned off and the capacitor discharges with an approximate constant current.

Another waveform to consider is the clamping voltage as the safety of our MOSFET depends on it, shown

in Figure 50.

Fig. 50. Simulated clamping voltage.

We obtain the expected value of around 28 V with low ripple as designed in section 4. This means that

the voltages peaks in the MOSFET will be as calculated and it will work properly.



If we take our converter as ideal without leakage inductance and without power losses in the components,

we obtain the desired values as showed in Figure 51.

Fig. 51. Simulated output voltage with ideal components.

In Figure 51 is shown that the output voltage would be the 190 Volts expected so this means our
simulation is running correctly. The problem with the drop in the output voltage due to real components
could be solved by increasing the duty ratio, meaning that the effective value of it reaches the required

value reestablishing the equivalent resistance value with the maximum power extracted.



6. Results.

We made the simulations at a low load condition to maintain a level of safety and avoid failures in the

components. We tried to pack the whole circuit in order to reduce losses and parasitic inductances in it.

The clamp circuit is placed as close as possible to the MOSFET to try to avoid parasitic inductances in the

clamp circuit, which would be very bad for the functioning of the transistor and the converter. The

connection of the circuit is the one showed in figure 52:

Ground

MOSFET driver

Input voltage

voltage supply

Transformer

samas smmaw
S aeans wmmas

MOSFET circuit

‘@ maman afsus

Clamp circuit

Load side

sa anRas GBS
& essse .n-nn nnu-n assus smes
haas =me

.
as
.
-

'ﬁlulw'

as sasss enssif
“e sssss sess

Input capacitors

e

Fig. 52. Circuit design with each part described.
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We did a test with 1.5 Volts in the input and a duty ratio of 0.5, this would lead to 30 Volts in the output

theoretically, but in our case the output voltage obtained is the following represented in Figure 53.

@& 100V

[ value Mean Min Max std Dev
@D Frequency 2.306MHz Low sighal amplitude

| @ Mean 7.372my 7.038m  1.53dm  12.84m  2.952m |

Fig. 53. Output voltage obtained in the test.

We obtained 20 Volts in the output and we have to consider another thing. It seems that the voltage
discharges when the FET is on because the blue signal shows the input signal of the gate driver, this would
be contrary to what we deduced before in this project. The reality is that the MOSFET driver that we chose
has the input signal negated so when the blue signal is up, the driver would be down. This makes our

output voltage make sense.

Despite the fact that our converter gives a reasonable output voltage, the operation is not as good as it
seems (despite having 10 Volts less than expected). If we analyze the other parameters in the circuit, we
notice that the MOSFET is not operating as it should. This is the most important component of the
converter with the transformer. If the transistor cannot block the voltage completely, we would have a

voltage drop in the magnetizing inductance reducing our output voltage.
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Fig. 54. Showed in purple the input signal of the drive, in blue the gate driver output
signal and in yellow the voltage across the FET.

It is depicted in Figure 54 what is mentioned above, the input signal of the gate driver is the
complementary of the output signal of that component. Now looking at the voltage across the FET, we
realize that it is not blocking the current and voltage properly and at every moment it has some kind of
voltage drop less than the input voltage of the circuit. Another strange operation of the driver-MOSFET
pair is that when we increase the logic supply, the gate voltage increases until a point in which it seems

to saturate.

This phenomenon changes a little when modifying some parameters of the driver such as the gate resistor
or the load in some cases but overall that voltage limit in which it saturates does not vary so much. We
tried to change the driver to others and even to ones designed for low level switches, but we did not
manage to solve the problem. As shown in the driver’s datasheet, this device can work with a logic supply
of 20 Volts and a logic input voltage of 5 Volts. Applying the values recommended for the logic input supply

but only around 15 Volts in the logic supply we obtained the waveforms shown in figure 55.
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Fig. 55. Loss of pulse issue when the logic supply surpasses a voltage level despite being
below its maximum value.

We tried to drive the FET alone with a resistor, but the same issue happens, it seems to fail when trying
to open the gate and close. As the gate voltage follows a reasonable waveform to open and close the gate
the problem should be the connection of the MOSFET proposed. The passives of our converter work
properly as tested and shown in the transformer operation for example. When fixing the FET problem,
the converter is expected to work properly. More work in this component will be done to drive it correctly
permitting the voltage pulses in the transformer windings. The tight deadlines did not allow the problem

to be solved but it will be addressed despite not being included in this thesis.
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7. Conclusion.

Throughout the project, we have seen the benefits of using these types of converters to increase efficiency
in solar panels. Nowadays, with the great increase in renewable generation and the solar PV potential, it
is crucial to find new ways to improve our energy systems to compete with conventional energy resources
such as coal, that are polluting at dangerous levels. Despite not managing to drive our converter properly
in the tests, this converter proved to operate well as we use it in domestic electronic devices every day,

but it would need more work to be fully developed to be used in other fields.

Next steps in this project are vital to making it feasible to be implemented in PV solar systems. They would

include:

e Error fixing regarding the MOSFET drive to make the converter transfer energy properly in order
to transform voltage in the desired levels.

e Study which type of control improves response times in this converter and would perform better
in real applications.

e Development of the control of the Flyback converter.

e Development of the subsystems’ interconnection control that would drive the system as a whole.
Knowing the points of operation of each converter at every time, and their components, fixing
parameters would improve even more efficiency.

e More in-depth research to reduce losses in our device. This would be done with an optimal
component selection such as the transformer whose core had limited availability for us.

e Build a higher power Flyback converter to be attached to utility-level PV modules.

o Test the converter with a real PV panel at different points of operation to fix errors and prepare

it for its real implementation.
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Appendix A. Recommended abbreviations.

Unit or Term

Symbol or Unit or Term Symbol or
Abbreviation Abbreviation
MPPT Maximum Power Vout

Point Tracking
MPP Maximum Power Veiamp
Point
\Y Volt o
A Amp B
Q Ohm R,
F Farads Ry
H Henry D
Wb Webber Ip
T Tesla ip
AWG American Wire I,
Gauge
Ly, Average i
magnetizing
current
im Instantaneous Vin
magnetizing
current
I Average leakage
current
1k Instantaneous
leakage current
Iin Average input
current
lin Instantaneous
input current
Loue Average output
current
lout Instantaneous

Average output
voltage
Average voltage in
the clamp
Magnetic flux
Magnetic field
density
Reluctance of the
core
Reluctance of the
gap
Duty ratio
Average current
in the rectifying
diode
Instantaneous
current in the
rectifying diode
Average current
in the output
capacitor
Instantaneous
current in the
output capacitor
Average input
voltage

output current
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Appendix B. Datasheets.

In this appendix we will attach the datasheets of the components used in this project for the converter’s

design.
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XEA DielecTic, 4 — 50 Wi [Commerdial Ciade]

e P T T |

HEFGETC

Packaging C-Spec Ordering Options Tahle

Packaging Type' Packaging/Grade
Drdering Code (C-Spec)
Bielk Basg /UIr e Mot requines [Blank)
T R lUrmarked o
FE11 (218 0607 ant smalker case sloeg]
T et e 7210 {ELS (05 and |anger case sizes)
T Rt Ml ™
70411 (E1A 0BE and smaler case slees)
el 7215 |ELA D305 ard larger case sizes)
T Rt Lnmarked A3 pic TEl
15" R lLiremiarioesd 2 pics s

! Dedasit packiging is "Bull Sag”. An ovdening code C-Spe ks nod reguined for “Bal Bag” paskaging.
' The ferms Wevkes and "Ly ke perads o ienar maddng oodion of cagectiors. Al paskaging apnons [abaked & “Unmanisd” sl corsain sl

i bame nol been Bser markes. Fease coniact VEMET ' pov regeire a lasey manbed opdon. For imane nfarmaiion see "Casector Markisg®
I The 2 mm piich apton sllows foy doubes the ssckaging puaodTy of capac@ors oo & gives meod sioe. This apdion is limted do E14 D503 [1R3E meiriz] case
S JEVACES. R mone st reparsing 2 mo piRch apdion e "Tape B Ree Peckaging Infarmanioa

Dimensions — Millimeters (Inches)

ELA Size Metric Size L W T B . Mounting
Code Coede Lengih Width Thickness | Bandwidil II“. i Technigue
0s0[0me) | eapEm?) 015 [0.006)
e g +0.03 R.o01) | =003 j9.001) #0105 [0.002) A Soider Refow
100 [B.040) | 0.50 (0020 0,50 (0.012) el
sl W $0.05 00007 | =005 o0z smpooy | 05002
1500083 | 0.80(0032) 0,55 (0.014)
g e #115[0005) | #0195 10.008) | SeeTable2for | spsinoogy | 00 003
2000079 | 1350045 Thickness .50 [0.03) Boler Wave o
—_— e $0.70 [DOOE) | =020 008 sozspmpy | CTEOON | e Retow
- - T2 | 150{005%) 150 (005
$0.70 [B00E) | =020 j0.008) +0.75 (0070 .
— -~ TH0I%E | LM nd 150 (005 - Soider Refiow
$0.70 [DOOE) | =020 0008 +0.75 (0070 Ol
! Fr capastasce salses > 4 7 F add 0,15 {0, 006) o the width 4nd feogth fsierance dineosions
* Fior capastance values = 27 oF 800 0 10 (0.004) fo e positve bendewich fkarance dimessise,
1 Fior capastance values = 32 oF add I 10 [0.004) fo e fength and width folerance dicvansion and ad 0,15 /0.008] o dhe posithes Bandwidth fnferance

e s

& KENET Bleonanics Cofpusation - 0. Soi SELE - Sreemilie, S0 30606 - 3680535300 - woas miet.oom
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[ e T TR ]

Burface keouri bt lpsn Ceramic Chip Capachons (SN WLCCE)
W5A DiglecTic, 4 — 51 WG [Commendal Grade| 0T ivs

Qualification/ Certification

Commercisl Grade products sre sabjest 1o internal qualification. Details reganding 1est methods snd conditions are
referenced in Table 4, Perlormance & Reliability.

Environmental Compliance
Lead (Phi-free, FoHS, and REACH complan withoul exempSans.

Electrical Parameters/ Characteristics

I Parameters/Characteristics
Dperadng Temperatore Range -55"C to +ES'C

Capacitancs Change Wit Reksenot 10 5%
#25°C andl D 'Wic Applied [TCC)

'4ging Amte [(Makimem % Capachancs LossDecade Hour) 50y

M 250% of rated vol
Wislectric Wiikstaading Yokape (V) | {521 ssconds m‘:ﬁummmtm gcteding SRAY

*Dissipation Factor (DF ) Madmum Limit o 35T Sap Do el pari o Faszior Linit Tabdie

Aresslation Resistance (IF) Minimum Limit at 35°C mﬂmﬂﬁ et somersds ut 25°C]

'Reganding Aging Bae: Capactascs Misinemnais (inckding isfrasos) an:nsered & & referes thme of 48.or 1000 bosrs. Please re'er 40 a pam
rTib §perifc Sedashoe fov ratenee fime demils
TOWV IS e WORTEgE J CAeOITOn DN SIS TR (S ureivs) for @ sbarT sovvod of dime. B ercssss the somingl e cordinoses movking roliage of e
CEaTEN.
* CapaniTan e A dsSinatinn factor (F] meassreT oder e bedng conditars
Il 50 Rir and 1,003 Wrms if copaciianse 1 00 uF
IAT Mr 00 Hr and 0.5 2000 Vi iF cagecfmnce » 1 pF
"o obdaln IR BT, divighe Sl F vadue By the ol pacBance end compane &0 Bt Sedecd it Awor of e nes finks
Wode Hen meassming copdoimance T & AT orisor 72 et ure She ST voXege v /s Sold consiacd The RPE3ES ans' Aghent B4 58T Aave a feature Jnosm
a3 Amizmadic Leved Comirod (ALCL The ALD feanwe shoak] be swliched iz "ON."

& KEMET Blecnanics Corpsaton - 0. Box FT2E - Crosriie, SCoT0E - JE4-953-5 300 - woaw limat.com CIODE X5 _BMD - 1S/ 2
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FJH‘II:-I Iebcayri el uitilrper Ceramic CHp Capachors (S0 WLCCE
X5RA Hetecaric, 4 — 5] WiDC |Comimens ol Crade)

bt R

Post Environmental Limits
High Temperature Life, Biased Humidity, Moisture Resistance
— Raned DC Capachance |Dissipation Factor| Capachance Insalation
Wahage Walue [Masimum %) Shifs Bialsaras
< L0pF 75
» 25
& 1.DpF 214
3T F 75 )
- - - 1% of Infilal
£13pF 1 Lk
= [L5E& pF TE
<75
& 056 pF 2.4
Dissipation Factor Limit Table
Rabed Dissipation Facior
OC Woltage e (Maximum &)
« L0 pF 54
-
+ LD pF 1]
<22pF 5il
25
22uF 1]
« 156 F i
<75
v 1156 |F 1]
Insulation Resistance Limit Table
EIA Cae Sire 1,006 Blbeptiors 500 Megohim 100 Megshm
Micrefarads or 100 G0 | Microfarads or 10 GO Microfarads
0l KA AL Mi
D403 « 012 JF ¢ 013 JF < L0 pF ¢ 1LOF
n5 03 < (47 pF & 47 pd < 1 pF & 1LBpF
AEDS « WIS pF £ 015 pF « LOpF = 1LBpF
1205 < 4T F ¢ 04T PF< LOgF ¢ 1BpF
1210 < .39 pF ¢ 039 PF< 1.0 F & 1L0GF
1217 <23 pF 1T F Mi

& EEMET Becronics Corpsotaion + PO, Boer SE2E - Grasreille, 520 T00E - 358-057 5 300 - weanw kst oom
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[earface: Moot Wuftilrser Consmic Chip Capachons (SMD0 WLCCY) Hm"

SR Delecric, 4 - 5] WG |Commercal Grade|

Table 1 - Capacitance Range/Selection Waterfall (0201 - 0805 Case Sizes)

= iFig e (=Ll CO&EC CRBDSC
Beries
wﬂﬂlﬂﬂlﬂ Veitign Dude DD EE alalsfz]a]ua]a K N
| P — P £ Py Py P -y Py P P Y ey 7y ey e Y Py ey g
b Prceuct vailakiy and Ui hicksans Coden - Ses Tabds 2 h21 Chip Thickme Dimenionn
T3 13 3 M | AN AN | A3 | A58 |08 | EE|EE
11,000 12 K u o | | om | mm
12000 1£2 K u |||
T 18 K u o |un | mn | B8
3T o K u o |on | o B
T m K u o2 |on | mn | oo
T m K " ma | ee | e | 0
Rl ™ K u ma | oo | o0 | B
T m E u o | oo || e
s ar P K u 2e | oo | o | o
i - K u nn | oe | on | Bn
G o3 K " me | on | Bn | B8
aingr T K U |m|sm ee oo oo |onem| fce|cs|es| o) e
PREr ™ K u
wizgr 124 K u
Iy I K u
pazpr 2 K " e | m s | oo oo s
DITHF ™ K u B
papF ™ K u o5 | oo oa| s
B Fepl P K u o5 | oo oa| s
[ ™ K u | oo oofoo|oe|m| |oo|os|os|os |0
Dk pr P K " 05| oo | oo | o o#| 0* | e | me | me
ptapr - K u s | 06| 0G| o o¢| o» | e | me | Be
o pF s K u €5 | oo | oo | o o | or |or |oF | r
L e K u be | be | mm | Bm m(m|m|m|e| |owf |||
Lagr bs K u o | 0% | D% | Dw
LEgr B K " 0w v | D | s
Lagr - K u 2| 0° |0 | 0P
e = K u oo | me o o5 | oo oo o os| 06 |96 |06 | e
e e K u oo m
ug = K u b s | o oo o |ee
1agr e K " &/ 56 | e | e
] e K u o | o o6 | g oe| 06 |06 | Bs |0
L P K u o&| ne e
g [ K u e e e
Ly b= K |||
gk e K ] | o o' | @ 26| 06 |6 |06 | s
13gF i K |||
12pr 1% K N
18 gr T K u
e T K u e/ e |mer
oy e K ] e e
DpdVolge (WD) | = (3|2 ([ F|= ([ Z(E|Z(H|E|(=|Z|E|Z2|0|E]|=|2 2|28 |2
Copucitunce | Ctpachumce I w|w W g|a|e|w|wfafa|s]a|n]|n]a]a]s
Cas SicaSerian paiE T =TT, 1 T
e Awadabie andy by M roksn s
& KENET Becronics Corpaarson - PO, Box S02E - Creemiie, 3039606 - 354-963 5300 - www emit.oom CIMEXE SMD- 1SS0 5
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b
VISHAY.

K Series

wanwr. visharg oom

Vishay BCcomponents

Radial Leaded Multilayer Ceramic Capacitors for General Purpose
Class 1, Class 2 and Class 3, 50 Vp¢, 100 Vpe, 200 Vo, 500 Voo

FEATURES
) ' -~ + High capachancs with smal sizs @'
& [High rallabilty
& Crimp and stralght leadstyles 'fa_:i"l
« Maloral calegoizadon: o’
Tor defritions of complance plkasa see  RaHS
W et hm o I!:"”i‘f! saan
APPLICATIONS
= Tomparatura companstion
& Coupling and deooupling
GUICK REFERENCE DATA
DEECHIFTION WALUE
Coramic Class 2 3
Coramio Diclacirio Coo A v
Volmge fnc) =0 v K} =00 =0 vl K} =0 =0 vl
Wiin. Caacianoe B 0 il 3% I 100 i plie 100 10000 | T
Wi Caparitancspf] | 10 600 ] ] TR0 |7 000 | SED0 000 | 3000 | 00 |7 000 000 | 0 000
Kiounting Fadal
MARKING CAPACITANCE RAMNGE
Marking InCicaios walua  and I:-:-I:rm In 10pF 1o 1 pF

Wi SEIA TR g woltana mark

OPERATING TEMPERATURE RANGE
coa, ¥R - 55 "Clo+ 125 °C
YR -3 "Cio+85°C

TEMPERATURE CHARACTERISTICS
Class 12 003
Class 2 XA
Class 3: YEW

SECTIONAL SPECIFICATIONS
Climatic catagany (acc. 1o EN BO0SE-1)
Class 1 and 2 S5MEEE1

TOLERAMCE ON CAPACITANCE
2 5 9, £ 10 %, 230 %, + 80 %20 X

RATED VOLTAGE
E'Vpe. 100 Wi, 200 Ve, 500 Vo,

TEST VOLTAGE

# 50 g and 100 ipg- 250 % of rated voltage
* B0 Vp: 150 % of ried wolage + 100 Vg,
500 Vp: $30 % of red wolage + 100 Vg,

IMSULATION RESERSTAMCE AT S04 Voo

& 50 Vin @] 100 W 1100035 or 1000 OF whichower IS loss
at rated voliage within 2 min of charging

Class 3: BVEESZ

» 200 Vs and 500 Vigz: 10 G0 or 100 £F whichewer b lass
APPROVALS at rated voltage within 2 min of charging
A e DISSIPATION FACTOR
EC- 0032 Clams 1 0.1 % max. when C x 30 pF

fat 1 MHz 1 ¥ whare C < 1000 pF, ang at
DESIGN § kHz; 1 ¥ whare C » 1000 pF)
# Tha capachors consist of a genaral purposs MLDC For G « 30 pF: DF = DO0AH00 + 20 1 5
& Tha laad wires ar 0.5 mm and ars mada of 100 % trred OF = Dessipaion factor In 3
coppar ciad sieal wira C = Capac vals In pF
* Tha capacons may bo supplod Wit sraight or kinksd Clmes 2 2.5 % ma fat 1 RHE 1)
leas Faving a kad spadng of 25 mm and 5.0 mm Clgrse 3 5 % ma jat 1 k14
# Coating Is made of yeliow colorad Sams ratardant apay
rasin ini aoccomianos with UL O£ .0
Fﬁﬂmi'l-»‘l.ﬂ-'lﬂ i DU Mumbsr, 45171
For toohnical questons, conkact Jmisgivishrg oom

THE DDCUMENT E
ARE

BURLECT T CHAMGE WITHOLT KOTICE. THE PRODUCTS DESCREIED HEFEIK AND THIS DOCUMENT
SUBECT TD EFECIAC DISCLAIKERE, ZET FORTH AT s dstmy cnm SocSa s
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——
VISHAY. K Serles
werwe. visharg oom Vishay BCcomponents

LEAD CONFIGURATION AND DIMEMSMINS (in milimeters|
— B ' it f——= ‘—“":—_\Fj T
L _—j —— L - =
H w H
# =
L
i
ill-l.‘l'I:_ el —y [S-H B ] |Il—
Lz HE KX KE
Cornpersan culline for Comeorent oulire o Compomant: cutine for Comporart cutine fo
] i 75 P i DU Fen e .00 oo e /‘ELE oo | apmang T4 mm o« LEmm ol wpacing L0 e & DH
g e i mracH k| proEdn g
MAXIMUM SEATIRG HEIGHT [5H
BFE COODE Wh Faix T
- uax = HE [ WE
10 & & 23 LE 26 in -
13 4.0 4.0 268 1.8 26 is is
ra| =0 i} a3 L8 26 in is
Moia

%
= Bl paciad " 3 s kead langih L= S0mem . s mm
L mﬁummlmﬁhhmﬂmﬂ

= L2 and He & prolomad syicn

HIE 10 AHD 15 CAFACITANCE WELUIE < FOeF  SIEE 33 AMD 15 CAPRCITARCE WAL LUE » 330 pF HIE I

- Vb b o 5L kg iakumy g o B kg

= T o oo

| W00 Capacrierce oo —— 00 Carmciisres cods

nncap-rmﬂ-:-:dnn:lcaha-rh.uk;:irﬂrﬁnf whan paci noe walus = 100 pF.
Twe skgrificant digils. olowed by one or

L * i murtiplion 35 givan folowireg 1 = " B0, 2= 100, 3= 7 pDn, £ = 0D 000, 5 = 10000
»  The inkeanne A J=n %, K=10%, M=% and I = 4 Bl 00 %

K 10 K 1 XA F a a k 5
1 234 = BT ] 11 12 13 14 -]
Product Capacitanca slan T.C. Falad Laad Pac I | Laad Laad
Tiygs 5] w Coda o Vol Diamedar | Lead Bhys | Epacing
E-Fofdal |Trafsitwodigis | J-oas% Flalsa | Fiaass

leared MLEC nmgﬂr"l-:-llr relar i | i

F I=dsmm
1| EzwTd® H=100% « ‘Du{m mm T:Tlﬁ amp |2 ==0mm
M= 2% | covant | roovan | K-Sy and L=
L= and | 2=+ B0 % |drinstoc! | dateshont | L = sl Wy U = Ammo | Sarmighl
lastdigh s a - 20% K=
—uitipla &= Cusics
IIZ'EI'H: aimp
B="1
1="10
2=" v
=" 10K
4= " 10 O]
5 = " i 00
Fawizion 21-Mg-13 2 Dooumant Numsbar 4171

For iochnical quesdors, conbant Cmilivishry pom

THIE DDCUMENT B BURECT TO CHAMGEE WITHOLT KOTICE. THE FRODUCTS DESCRBH] HEFEIM AKD THIS DOOUMERT
ARE SUEJECT TD EFECIFAIC SCLAIMERE, BET FORTH AT i s s
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FERROXCUBE

DATA SIHEET

3F3
Material specification

Supersedes data of September 2004 2008 Sep 01

¥ FERROXCUBE

A TAGED COHFANY
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Famcuba

Matarial specification IF3
3F3 SFECIFICATIONS
& madum fequanoy powar malenal for uss In powar
and ganeral pUposs mnsicomans al requencias of - el
0.2 - 0.5 WMHZ. ===z === ==
dg By —ri =T
EYMBIL COMDITHOME WALUE URIT
ih 25 "G =0 kHz 2 000 £330 2]
025 mT : f
Ma 100 °C; 25 kHx 2000 =
200 mT }
a BT 10 kHE FrT mT e :
12040 &'m
100 °C; 10 EHx am -
12040 &'m
Fly 100 °C; 100 kHz =51 KAiem 1 10
100 T o 1 0| pa W7
100 °C; 400 kHz =150
S0 mT
4 DC; 25 %% 2 {m
T 22100 C
= - Fig1  Gomplex parmeablity as
dansky AT g 8 noiion of frequancy
SUEE . [ ol 50
i EI " i.-\.".' :; __ :-I':_
£ lII =]
00 1 — 1
= [
A
Wi m 5
00 m AL
| & -l{-rl-lll' llll-l
jooa w0 —E—4
i
1 \ i
= m [F—_ = 1 = m ey
Fig?  Iniflal parmaahility as a
Amction of Iempamiurs Fig.3 Typical B-H loops

2008 Eap M 77
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Fairmscuba

Matarial specification aFa
SIEFad
i pp——
el o b o]
Fu — - - = Tr
fi 3F3
0 B
I
L Il
i % il il N i
=] e ‘1\.
5
!
o ~
\ ?
' 1 o Wl ;D
H mT)
i
! " H Lty
Fipd Ampiascdo pormaabiiiy as Fig.5 Fovorsbio pomoabilty = o
function of peaik Tux donsity. furclion ol magnaiic eld strangih
il ] = i
o E " B ¥1 e ¥1
= Py =
' PTIE § 1|k
WAy i ! |t
n o0 L
10 EH
] H .. BEEIE
n b e
[ S
O i ) S
: = 1 [t  — = | A
7 [~=d—rftm | 4m
Pl [
10 .
[ ] d jmEj D a * f T[C 1
Fig-T  Spocific posor loss. for sovom
FigE  Speafic powor koas & 8 uniction of pask Irequenoyfiux donssty combinations
fiun density with froquonoy os o paramaier as o funciion ol lemporsm
2008 Eop i7a
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Famoscuba

Material specification aFz

CATA SHEET ETATUS CEFIMITIONS

DATA BHEET PRODUCT MoK
STATUS STATUS CEFIN =

Prodminary Dawclopmant | This daln shacl comaine priliminary dafn. Foermoubs nescnas the ight 1o

spacilicaion misks: changes al sy dms withoul nolica In ondor io Impaoss: doesion and
supply tha best possibla product.

Produd spacificalon | Producion Thits dats sheet contains final specificalions. Fomosmubs meanes tha righl
Io makn changes &1 any ima withoul nodios In ordar io Improve deskgn and
supply tha bost possio product.

DISCLAIMER

LHg suppor spplications — Thess products ara niol designed 1or usa in 56 suppod appliances, dovicas, o Sysicms
whare matfurction of Feess produds can ressonably b aipeciad o rsul in porsonal injury. Faroimubs ousiomans

using ior sailing thasa pmducts forusa in such appilcations &0 so o thelr mem sk ond s bo fiully ndemnly Formanhe
for By damaoes mesiing from such applcation.

FRUCT STATUS CEFNITHIME

ETATUS | INDECATIOH DEFIHITIOH
o Thessa are procucis thal have boon mads &5 dovaiopmanl sampios loriha purposes of

Prodobypa Inchinical evnlusdon only The dala for thesa hypss |5 provisional and is subject 1o
ohange.

Dusign-In hes | Thesa proaudls an monmmanded for now deskons

Frof i Thessa products o moommaended for uss Inounenl designs and am avalabio wia ow
mkes ohannas

5 ' = Thesa proaucts are nok recommenoed or new designs and may nol be avallabic
Ewmagh &l of or sales channgls. Cusiomars R advisod o chack Tor erealiabiliy.

2008 Esp iTo
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MUR405, MUR410, MUR415,
MUR420, MUR440, MUR460

SWITCHMODE
Power Rectifiers

Thass ztwss—of—the—m devizes wow o mene: daziened for s o
roisching pooer rupplise, Sorecters and ax fwe whealing dicdas.
Femures
® Tl=adazi 25 me, 30 mx amad 75 mx Racormry Tomaz
# 1T5°C Opwrxting Function Tampacabers
® [ oo Foomard Voliagm
® Lo Laakeags Cuswes
* Fogh Tammpasarers Tless Pazsivussd Fancsion
® Bavucza Veloags to 800 W
® Shippad o Flastic Eag, 500 par Bag
® Feepilatls in Taps and Faal 15300 par Baal, by Addng o “RLG"

Suffx o the Part Bhoelbar

® MURAED wrxilabls o Fan Fold Savonc: Pak, 1000 paz Box,
ooy medkingg & “FEG" muffix io S part nuomibar

#® Thacs ars Fo—Fres Pachagust
Wechanical Characiersics:
® Caze: Epoory, Maldad
® Waigks: 1.1 Tmam [Approximamly)
# Fimizh: All Eriarrol Surfaces Coreorsies Recwtent and
#® [ aad Tarmpacabore for Soldermg Purpcass:
TE0°C Max. for 10 Secoods
® Folacity: Cathods indicased by Polasioy Bamd

dowmniosd the O Ssmwoncucior Scloenng srd Mouring  Techregues
Fefsrsncs Hemusl. SOLOERRRATL

0O Eemiconductor™
hiip: oneemi.com
LULTRAFAST RECTIFIERS
4.0 AMPERES, 50-600 VOLTS

o

M

OASE o7
ETYLET

MUR

T

A = Azcmmibdy Locwdon
WL = Dwaicw Humizer

z= D8 M0 13 50, &0, 50
r = Year
L = R
- = Fo="res Snckmge
[P Wicrocie? rmary b in srhar lecadion|

CROCAING IMFORBATION

S deiniar] oroeang sn shoang roTrason n e peckags

diTErmcTs Becion o7 pags 0o Hhis cirks e

p ot Lafs 3o 1
Moy, 201 - R 15

90



MUR405, MUR410, MUR415, MUR420, MUR440, MUR4ED

MAKINLUN AATIHGE

HUF

Ratisg Sarnibed & | &0 | 215 | S50 | 40 | 45D Uni
Epak; Fipcetiies Fworse Vofage "W ;| 190 | ven | 200 | 403 | o080 W
ioriong Feak Fwemms Vofmgw o oA
O Blociong Woisge 13-
Sopruge Fecriec Morswrs Cument [Sousrs Waee| L 4.0 i Ty = BFG 000 &
[elourarg KMethas 52 Paer Mols I T =G
Weurepriies Senk Sorgw Cumen . (LT ] ] 114 &
[Srge mopieed wf ratec oms concronc. el e s ongle chece 20
Cpsraang Juncicon Tempsature & Sorags Temosrmrs T Tag =g+ 17T s

Ceproas pooHEding MEdmom Sebngs T ey GREge e ceeace Neamore Rebngs are oTes tmbngs ot Puncional poaewion asoow s
ERcorre#nodl CORNETg SOmorRETS I Nt ITEE S, | TEe O B SDL T 0 ETRLIRE BIO R T# RS IT BN Do SOnIEInG ik BHes

swvice ey

THERMAL CHARACTORIZTICE
HUF

Buting Symet | 20m 410 [ 215 | 220 [ 420 | 200 | unin
e Thermal Fecicmncs. Junchon—o- Ambe: = Spw Heote 2 Ao
ELECTRICAL CHARACTORETICE

HLUR

Ratrg gymat | %08 | 410 | 418 [ am0 [ a0 [ 200 | i
LEFE, ] ncaT recus Morswrd Volage ot T L W
fim =20 A T = 18055 a.m 1.0m
=200 AT = BEA LE-..} 1=
= 4D ATy = BEAG [ ] 1
bl Incwntsneous Fieswoe Sume [Hols 1) = pA
[Ptk g Woltege. T = 18075 i1} 1}
[Futwed dic ‘Wolage. T, = 2590 = 151]
LT SeverTe Bwoo vy T e ne
[i= = 1.0 A ik = B0 Al = r
= =08 A = 10 A Igpo = 0L &) = 30
e Morawd Secoresny Times - = . ] e
= = 1.0 A o= 100 Sjps. Rsomsywry io 1.0 V)
Cosrrodec Sonlerche Eraegy SlaormessT) LT - mal
Typscsd Pwak Ewverte Feoowy CumeT i os 1.7 =
= = 1.0 A ciick = 30 Adar)

1. Pulcs Teck Fules Wakh = 300ipe. Duty Crde = 2FR.

nitp:vEEmiLoom
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MUR120 Series

SWITCHMODE
Power Rectifiers

MUR105. MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160 ON Semiconductor

nEp:onEEmi.com

Tha MIUTRII) parca: of SWITEFDMODE powrar ceccifac ace

whasling Sodaz.
1.0 AMPERE, 50 - &0 VOLTS
Femures
® Ul=adfazt 25, 50 amd 75 Manozscond Recorsay Timaz:
e 1755 l:lEml:in! fI.I.I'H:I:.I:I'I.THT-m .I

® Lomr Foreracd Violiags

® L owe Laakagw Cumwes

® Fogh Terspecancrs Tlazs Fazsvussd Fanoscn

* Ravusze Vologs to 800 W

® Jhippad o Flastic Eage: 1,000 pas Bax

* Seeilaisls Taps and Raal; m#:ﬁnl.'b:,-.ﬂﬁ-!;“ﬂl"mw
tta Part Mumbac

# Thacs aow Fb—Foew Dwicac®

Wechanical Chanciensbcs:

® Casge Epeory, Meldad ANAL LERD:
.. . . DARE =0
® Pighs: 0.4 Cmam [ Appeoximanly| T
® Frrizh: All Exincral Surfaces Corveasics: Racsréent and Tacraz=al
Lasde wrw Raxsly Joldarabls

* [ sad Terspamarers for Joldenmy Purscase::
TE0°C Max, for 10 Secomds

® Polaciy: Caibods Inducsind by Polecsy: Eand

- = Fi="res Euciage
[Fotm: Kicrogked sy be in srhar ocaSon

FRERING INFORMATION
e, detnier oroeany s shooy oo I e peckogs
diTerEcTs secaon o7 page i o Hhe ey st

“Mor pokidorml imformaion on cur Po—res crrdegy mod coldenng detsic. slasce
dosnioed e DN Semsoncucior Sodenng snd Moumbng Technepusc
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MUR120 Series

LA RN AATINGE
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Eigting Symbct | 102 [T [ mm [ m [ e [ [ me | i
Ewak Fiscatrien Fwosrte Yobmge (=t} 50| O3 | 18D | SO | MO0 | 403 | 8O0 W
Woriong Seak Feesme Vobmge R
Oi= Blociong Vioisge i)
Soprage Fwcisd Porswes Dumest Imagry L0 T = 130°G 100§ Ty = 120°G &
|5m-l1ﬂlrrunmqh'dmdm_=|-'-b:ﬁ
Honrepariies Fenk Surge Cumem Img L b1 &
[Srurge mopies] o raec sl cond fone. haFswse.
cngis phace. 850 =)
Sy Jonsson THTSHIOU S BN rRgE TETSHTNSE T Timg - 1T .

LerppEs BrTHEGING WEITUm SEENGD T SRTEZE T Swice Wkdmorr FiEEngs Bre STEID TEENGC oy, Puncional oo4ewEon as0-w
Ewcommanced Dpsaring Concitons ic no? mplied. Evisndec axoooss o cinsccec sooss s Fiscommended Dosnding Conddons may sflec
#ACE THmEdT

THERMEL CHARACTORIZTICE
Dheracteriztic Eymbod Wax unit
LT Them—a BRSismncE, Junrhoe - "o SINEHT: Foay ot T

ELECTAKCAL CRARACTERETICE

Cherocterizhc Symbod "ol Unit
LT mnl-::l.l:l'md'.l":h-}n"mj ® W
= 1.0 Amp. Ty = 190°G) ama 1.0
fim= 1.0 Amp. Ty = 29°G) amTe 1.2
el Incurianecus Fiessrse Sume [Hots 1) n p&
[Pzl DG Violtmge. Ty = T20°C =0 153
[Fmimed DHC- Vol mge. T = B2A5) -] =0
Slasrres Sweete Fecnvwy T i n
fim = 1.0 A ik = 50 Adac) m ™
fn = ELS ALy = 10 A gy = DL A =] B0
sl Porwmrd Secoveny Times i fre- | |- 5] ne
== 1.0 A ciidl = 100 Ak, Iz 3o 1.0V
Trpscsl Feak EwveTs Recs#y SumET ] [ =

i = 103 A i = B0 e
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International
IGR Rectifier

PH.E Sheat Ho. POSI3Es

IRS2183/IRS21834(S)PbF

Features
= Fioating channal designed for bootsrap operation

& [Fully opssrafonal o =200 W

= Tolerant 1o negatve ransient wokage, OWid

Immunz

= Gale drive supply emge fom 10 Vio 20V
w UnderaoEape lockowt for both channels

® 33V and 5 W Inpat iogic compadbie

= Mabched propagabion delay for bofh chanmeis

w Liogic @ power groand +F S W offsed

w Lower dicl gaie driver for beSer nolse immunity

& Duiput sourcefsink cumend capabify 1.4 A8 A
w F0HE oomplant

Descrption

The= IRE21H39RE521834 are high volaps,

higih speeed power BOSFET and 13T
drivers wifhi de=psndent high-side amd
low-side referenced oulpet channeds.
Propristary HVIC ard Iaich Immums
CRCE echmologies smable rugpedized
monolthic corstruciion. The logic Input
|5 pompaiible wih skandand CRMOE or
LETTL output, down b 3.3 W logle. The
oulput drivers feature & high pulse cur-
rent bufTer stagpe designed for minimum

driver cross~conduction. The foaing chanms! can be wsed o drive an B-channe] posser MOSFET or BSET
In the Righ-side oonfigurafon which operaies up io E00 .

HALF-BRIDGE DRIVER

Packages
@am FOIF
IRET1E3

S

14-Lead FDIF
IRE2183L
!
B-Lead 04T dd-l =ad SOIC
IRSZ{EIE IREZNE3LE
Faature Comparkson
e
e T
Fw ﬁ "‘:w‘:““"" yrai e Sk e
[
::: e ra o u.-- il
Tl — T A (=] R
e B j P s
T — FEeTa AL =] _—
Vi sl e P d A

Typical Connection
h »
= Ver * =
M HO
= ™ w =
Ol LD
—l—\‘k—@ e -4
IREHES 1 ]
- IR B 4
) = L EB +
Ve —- = A - ¥
. 1 W il =]
™ ] 3 1]
=
|Neksr bz Leac Aamigerent k1 cores: pin ' r v, s :F. E
configursiion), Thass disg-aTm show sischics s i ] i [
correcions only. Paass reler ko oo Aociiceon | ~]

Fclan snd CasignTips: b propes diroell bos—d eyoad

S irf.oom
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Intermational

TR Fectifier
Absolute Maximum Ratings

Abmahte il §alings fedoebe susbelfed ievh Deyond which darmage b e devion ray ocrar . S wollage parE -

alats are absslule vollages rebeiarced o SO The it iesstairn and povel deslpatien mings are Semmuned
Ufdeed B ouriled @l Gl @y SSnaiodE

IRS2183/IRS21834(5)PbF

Symio Dafnittien Min. Max_ Units
k1] Higtikte foating alueshte volage 13 &3 (e 1)
Wy Higg bt Pesaling wuppdy o voelnge W -3 v+ 03
o High-ikte foating outeul vlige Wy -03 WgeOd
oo Livweabtm el linge fhosdl mupply vollage 13 M [Melw 1]
W Lirwektin outel wolti g 03 Yoo+ v
OT Frogramrabls S pin sohege [IR2TASS only] Ve -0 3 W #08
Yy Lisgie: it woltage (Hiki & LM} Wag 03 Wi + 03
sn Lisgie ground (IR2E3 anly) Vg -3 oo + 03
i icht Edvreratan offuel susply vollag armsen! — 50 Wirm
i baad PP —_ 1.0
_ o | (B EDNC —_ il AL
Pg Packme possi dimpabon @ Ty © +35 °C Fiad FOF) — — W
|14 bl S0HC) —_ 1.8
(E-lmad FDIF) —_  F]
At g Thaitral fircilaies, jufdich & afleahl B8 nad BONC) — .. o il
[1d-dmid POIF] —_ TS
[1a-damd S0HC) —_ LF.E
Ta Jifedieh T pad Eliite —_— 15
Tg Skeiagh baFiaiabuin &0 150 i
T Lt impeialuie (aoldeing, 10 o] —_— 3060

Mole 1. Al susple aie ol lesled al 25 % aid ah ileral 20 ' diefng ekl fof aich Supsly

Recommended Operating Conditions
The hpiboslpid gk Bnifg dediam b dbewh i By 1 R piopai operibonh T divics ahoiild ba died willif e
rertrrmenied condbonk Tha Ve afd Ve ofial nitg o sl wi% ol supobes Shsed @l 15V difleiental

Symbaod Diafinition M. M. Linit=

U] Hugh-akde Pealineg Siippdy @ biol de vl Wy + 10 W+ 20

L] High-tihe eabing siipply oFset walage Fota 2 Bl

Yia Hugh-tihe Poaling sutpal visligs g ¥a

Yoo Lk afud bengec Paidd siisply wollaga i0 i

Vo Lt i i, wesilingm a Voo ¥
Wi L it veellige (HIK & LN Wam Yoo

oT Fregammaie denlice o vollese [IR2TH o) van W

imm Lengie gioasred (IRENE3 aily) - ]

Ta, Amisadl S irpaiailie =40 I =

Mole 2. Lisgc ofwnnbonal fof W of -5 % D +800 V. Log abebe hld fof Vg o -5 Y 10 Vs (Passs relen 12 e Dailgh Te
DTET-3 Tor mons i)

s . oom
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Intematianal
TR Pectifier

Dyniamibz: Elecirical Characteristics

Wmas Voo, Wes) = 15 Y, Vigy = SO, ©) = 9000 pF, Te, = 25°C, OT = Vigs urti o harwies &Pl

FE521 83/IR521834(S)PbF

Symbol Diafinition Min. | Typ. | Max. | Uniis] Test Condiflons
Lis TuiTn proagmthed Sy —_ il & i} W =
Ly # Tuim-ofl proeditien by —_ Fa 0 W= W of BO5
T Doy mat=hing | Ly, - o | — ] =1 - ]
i Tum-on T S5 —_ &l &3
WgalW
(] Tuim-ofl Tall Gire —_ 28 =
. Damiime LO lwn-off b HO win-on DT oqacy o] 80 400 i} Rgr= 0
B HIO: Wiim-al 18 L0 miif-on {DTHO-LO) 4 5 B = R = 200 3 niiag
. . ~ _ e i 53 - i [*]
WOT Deadtise Satehing = | DTLOge0 - OTHo-Lo | — . - PR —

Static Electrical Characteristics
W Vioo Vel = 158V, Vige = OO, DT= Wey and Ty =25 50 ol ofseisiie speciied Tha W, Vi and by
paraelin aie rebsieend 1o VesiC Ol and aie appicalde 1o Be empedia ol eeds I e LN Thae Yo, Ig and
Ron padaimebes ais ideienosd be S0 afd ae apsicable 15 e mseciee culpll e HO and LD

symbod Dafinition min. | Typ. | Max | units [Test conaitions
Wi Lisgi= 1" it wollige for HIM & loge “0° for LM 35 _ _
— Wog =10V iy
Wi L= 0" Il woltige for HIMN & bagis “1" for LIN —_— —_— ia ’ ==
Woe Piegh el Sulpadl v ollige, Ymas - W0 _— _ 1.4 o=04&
oL Liswt bl cnilen il widlingea, Wig _ _ i ) g = 20 =mA
LK Ot e puy e oo T _ _ E3] W= s = B Y
loas Oubmicanl Ve, Supply clifient n [11] kD | BA
V=0 Ver sy
koo Chibimicsid Wioo sapply Gt 0. 1.0 1.8 ma,
Ip Lesgi “1° il Bk ciirfid _ i Bl HMN=EY LM =0V
e Lisgih= “IF ifpul Bk cLimal —_— —_— i | BA M=oy M=y
Woome | Vipo el Vs i pariB "
e I oo el W suspdy urdedvolege porwlve geang &8 aD b
Ypmns. T rrabeme
T - - i s .
vl L el Ve susely urervollege regatiee gong 74 a2 oo T
L AT Triratend
W
b il ] i _
VEsLV
e - a "Iﬂ-t .F.
b Ll Fegh el aisl Pl ClEfenl 4 ] — N P 2 1
o i - 3 Mo 15N,
- LD e el croul Pulieed Surmedl -] = — P 5 10 s
W IS 3
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TGR Fect fic

Functional Block Diagrmams

2183 %’ §I h”ﬁlj_lg
4= TH

T > =3l
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LT I
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Intermet i:_rli]l

IRS2183/IRS21834(S)PbF

TR Fectifier
Lead Definitions
'Symbol| Description
Loghkc input for Righ-sde gabs driver cutput (400, In prase (referenced fo SO for IRS2183
HIN and WES for IRE21834]
Logic inpes for loe-side gate diver owtput (LO), out of prexse (refarenoed io SO for IREZ123
= and WES for IRE21834]
OT Programmable deadime lead, relerenced o V3E (IREZ 1234 only |
=T Logic ground [IRSZ183L anly)
Wi Highside foadng suppiy
HO Highrside pabe driver oulput
g Higi-side fioating suppiy Fetum
L Low-side and logic fhred suppty
L Low-side gaie deiwer output
SO Low-zide metum

Lead Assignments

[o] mm — e[ @] (v | vm - ve[ &
2| g 2| d Kl
1 | cow L IR | 2] com va [ e ]

[ 4] 1o Voo [ = [#] 1o - IER

B-Lewd FOF E-Lmad SN0
IRSHESPhF IREXE3EPOF
] S i
1 | aw ] o] voms 14|
[=]ow Vi |13 1 va [ 13]
[=7] vas b [ 12 [3] ves o |4z
2| ot we [ 11 4+ | oT v | 11|
[=] com 10 | [=] com [10]
|_l- LDy P: & ] Lo 3 |
[7] vee (=] 7| v : |
1Ll PO TaLaad SOIC
IRS1E34PDF RS2 16345 PDF
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IRF520, SIHF520

VISHAY.
"' Vishay Siliconix
Power MOSFET
FEATURES
PRODUCT SUMMARY -
Vo Y] 00 « Oyramic dWidt Rating
11 - . [t
CI— Vg = 10W T H:q:-firlh-i Eovalancha Fased Hotie®
5, e - # 175 "C Oparaling Temperatuns P
] ¥, » Fast Swiching
,:: e — » Easc ol Faralding
= Eimpls Drive Requiremans
Caomiguration =gk
& Compliant io RoHE Directive 2002705EC
o
TOUZIAR DEZCRIPTION
Third ganeration Fower MOSFETS from Vishay provide tha
il cesigner with the basi combination of fast swiching,
G .DJ npgedined  desica  design, low  onresistance  and
cost-ate eness.
o Tha TO-Z20AS package |s univorsaly profemed for al
D commscil-indusna applcations o power dissipadion
S s levails to approdmately 50 W. The lowr tharmal resistance
F<Charred MCESFET and iow paciaga cost of the TOL220A48 coniribuia fo s

wida acooplancs throughout e IndusTy.

ORDERING INFORMATION
| Paciage T e
FF0FhF
L (PhjHrea Bl
AR
= I
ABSOLUTE MAXIMUM RATINGS (T = 25 “C, unless othenwise noted)
PEAAMETER SYMBOL LIMIT UNIT
Cieain -Sourta Mokaga Vs 1 W
Gatn-Souros Vol Vi w20
Toc==a"C 2
Conruous Drain Cussnt Vigs b 10W Too 00T b s A
Pulsnd Deain Cumani® [+ 1] ir
Lincar Dordng Faoiy 0,40 Wi=C
Singis Pulss: Avalandna Enangy™ Euz 200 =
Racstrthva Avaiariche Cuans [ (] [
Fagive Avalarcha Enargy® Ean B0 =
Mmimum Posar Dissipation [ T = 20 B i ]
Paai Dinde Recorany cVdr v LL] Wna
Oparating Junction and Siomos Tanosratus Range Tz Tagg - 55 0 + 178 -
Soiderng Recommandations Peak Tamparaies)] o 205 HF -
10 . I
Mounting To E-3F or N soeaw
3 e 1.1 M -m
ol s
1 Fepciive mang, pulss widih imisd by =admum mparata fsea ig. 11
o ¥Wop=2aV, HEng Ty= 20 L= 38mH, Ry =38 0, e =900 4 (500 8g. 13
o, lgp @ik A, dvat < 110 ¥ £ Vo, Ty 1Ts T
d 1 e o casa A
" P coniaining fasinations ara not RoHE complant, eeamplions. may appdy
Document Kumbar &7 WK STINCD

511-{m11-Fex. B, In-War-11

This i zheat 5 b oo o nofice,
THE PROCIUCT DESCRER] HERBM MO THES ERASHEET ARE BURIETT TDSPECIAC DISCLANERS, BET FOATH AT mrams vishay oo 75
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IRF520, SIHF520

Vishay Siliconix

THERMAL RESISTANCE RATINGS

PARANETER EYMBOL TR BN UMIT
MU= Junction-in-f=biant Aam 2
Case-n-Eink, Fior, Graased sartica Pl om0 “CW
Kecimus Junciion-in-Coess [Drain P L
SPECIFICATIONS (T = 25 “C, unless othersiss noted)
PARANIET ER | srmeoL | TEST COMDITIONS [ s | TYR. | max | umm
Satic
Drain-Sourcs: Ercaliown Woiane Y Wiz =0V, p =m0 A 100 W
Vg, Tamparatre Cosffoikent AN, Raleranog 10 3= °C, o= 1M 113 WD
e Soume Thnasnod oiage Womey Vo = Vigg, Ip = 230 P& a0 ) W
Gmia-Soune Laakaga a5 Wpm = a0V & i né&
Ziam Gata'Volage Dran Cusam [ Mom = W, Mo = AW = pa

. Vog - B0 W Yo -0V, Ty =190 °C e
Drain-Sours On-Siin Rossianos Fnsiri Yom =DV h=aa 8T I
Fonexrd TearsoondUianDs =Y Vo = 50N, -8 80 ar g
Dyriamic
Imput Capacianog Com Wam =0V, S
Dutput Capartanog Come V=2V, 150 B
Ferarss Transfor Capapitance Crm I'= 1.0 MHr, 530 fig. 5 M
Tokl Gain Chame o o

— ) izl & Yom =0V, B
Gain-Soune Charma Cimy W = W0V o g, & and 13 44 nc
Gais-Orin Crama Gip Iy
Tum-On Dy Tima b BB
Fisa Tima 5 Vm==0V, b=02A, x -
Tham-OF Duiny o ) Fi = 18 £, Fig = =2 13, 500 fig. 10° =
Fall Tima k 0
intamai Drain inductncs Lo ik iz

& =T L= bom @ -
_ package and canr of :

Iniamal Source Inductancs: Lg ks comact ] 7
Drain-Sourco Body Dicda Characianstics
Confnuous Sourca-Orain Diods Curan: b :_ﬁ"‘;; L_’:_"‘:' [Ej uz |
Pulsad Dicada Forssard Cumsanm™ ] ;n?mm . a7
Eody Dicda Volmge Wen Ti=C k=02 & gy =0 LB W
Mm?‘wﬁmr 1' Ty= i3 0, lp - 2 A, dlick = 100 A AL =
Eody Dicds Fevarss Feoovary Charga == {5 3 |LE
Fonsard Tum-On Tims Lor ririnsic furm-on Sme s reigibs ftam-on s dominadad by Ly and L)

Holzs

4. Fepative sting pulso wicth lmited by masdmom junction Emperaars jseofig 1)
b Puss width 30 p duly ople s 2

WK VST Do Dooumant Mumber 91017
2 E1t-m1n-Few. B, n-Ma-11
'ﬂim*lﬂnuﬂr.tdgmm nolcs.

THE PRODUCT DESCARED HEREIN AND THES DETASHEET ARE SUERIECT TO-EPECIAC DESCLANERS, SET FORTH & wyww wishay oooyie i
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