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Parte 1 (19h até 20h):
 Esposicao inicial sobre introdugcao a eletrbnica de
poténcia.

Intervalo

Parte 2 (20h20min até 22h):
 Ferramentas de projeto em eletronica de poténcia;
« Tecnologias de componentes eletronicos.

Parte 3 (22h até 22h20min):
 Acesso ao moodle e trabalho individual.
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Parte 1 (19h até 20h):
 Esposicao inicial sobre introdugcao a eletrbnica de
poténcia.



Conversao de energia

Finalidade da conversao de energia:

Aplicacbes diferentes conforme a forma;
Dificuldades de armazenamento;
Dificuldades de transmissao;

Alteracdo/adaptacao de amplitudes, formas e quantidades;

Reaproveitamento de energia.
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Convergores estaticos

Definigao:
« Conversor rotativo: aquele converte energia usando
mecanismos moveis (gerador-motor-gerador);

« Conversor estatico. dispositivo eletrénico que converte
energia sem usar componentes moveis (giratorios).

S —

o

Conversor estatico
Inversor de freqliéncia

Conversor rotativo
Motor + gerador



Eletronica de poténcia

Definigoes:

Eletrénica de Poténcia € a tecnologia associada com conversao
eficiente, controle e condicionamento de poténcia elétrica através
de interruptores estaticos de uma fonte disponivel na entrada
numa saida desejada;

Eletrbnica de Poténcia pode ser definida como uma ciéncia
aplicada dedicada ao estudo dos conversores estaticos de energia
elétrica. Este ultimo pode ser definido com um sistema, constituido
por elementos passivos (resistores, capacitores e indutores) e
elementos ativos (interruptores), tais como Diodos, Tiristores,
Transistores, GTO’s, Triacs, IGBT s e MOSFET s, associados
segundo uma lei pré-estabelecida.

Entende-se que Eletrénica de Poténcia é uma area da
Engenharia Elétrica que tem a finalidade de estudar e
construir conversores de poténcia visando o controle de
energia elétrica.
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Eletronica de poténcia
Principio:
 Os circuitos em eletrébnica de poténcia sdo denominados nao-
lineares, pois utilizam os semicondutores como chaves, ligadas ou

desligadas.
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Eletronica de poténcia

Objetivo maior:
Busca da maxima eficiéncia.
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Eletronica de poténcia
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Primeiro computador Apple
(1976)

Notebook Apple atual
(2015)



Eletronica de poténcia
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Counterfeit

http:/7Zwww -righto-com/2074/05/a-look-inside-ipad-chargers-pricey -html



Tek Stop

5V linear

"M T0ops A Chl s-1.80mV

Eletronica de poténcia

Fonte linear versus comutada

Tek Stop
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5V switch-mode

R T T | OUUTUUUEOU SOV OO NUUC VOO NOSLTOORTIOO
Linear Switch-mode | Comments
Size x v Typically 80% smaller
Weight x v Typically 80% lighter
Input Voltage Range x v 10% vs. up to 300% range
Efficiency x v Calculate it long term!
Reliability v %/ Component count method, demonstrated probably equal
Ripple & Noise v L 34 Up to 10,000 times - often possible to overcome though
Transient Response v x Up to 100 times - necessary in specialized areas
Low leakage Current v %/ Often used in medical systems, switch-mode gaining share

https:/Zwww -valuetronics-com/Manuals/Lambda_2%20linear_versus_switching-pdf



Interdisciplinaridade da eletronica de poténcia
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Breve higtorico da eletronica de poténcia

.... 1880

Estudo de métodos de retificagao

1880

George Stanley implementou o
transformador

1883

Diodo de selenium por C. T. Fritts

1883

Efeito termidnico

1888

Motor de inducao por Tesla

1891

Geragao hidrelétrica por Siemens

1900

Lampadas de vapor de mercurio por P.
Cooper-Hewitt

1901

[ Explicagao do efeito termiénico por O.

W. Richardson

1903

Diodo de tubo de vacuo

1903

" Previsao de controlar o retificador de

mercurio por Cooper-Hewitt

1904

Retificagao com o efeito termidnico por
J. A. Fleming
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Breve higtorico da eletronica de poténcia

1905

Uso dos tubos de mercurio para
retificacdo por Steinmetz

1907

Tubo de vacuo termionico de trés
elementos por L. DeForest

1910

Adocao do sistema alternado frifasico
nos EUA

1912

Amplificador magnético por E. F. W.
Alexanderson

1916

Uso do amplificador magnético com
poténcia de 70 kW

Década de 20

Desenvolvimento dos tubos de vacuo

Circuitos passivos com diodos de vacuo
implementando inversores

1928

Retificador a arco com terceiro elemento
por Langmuir e Prince

1928 a 1933

Desenvolvimento dos retificadores
controlados a gas e vapor

Década de 30

Fabricagdo de diodos de selenium, 6xido
de cobre entre outros materiais

Controle da grade de diodos de vacuo e
mercurio objetivando inversores

Melhorias nos amplificadores
magnéticos por Frank G. Logan

Tubos de gas, ignitrons e thyratrons

Desenvolvimento dos retificadores

INSTITUTO FEDERAL
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Breve higtorico da eletronica de poténcia

1931

Surgimento dos cicloconversores

1933

Ignitron por Slepian e Ludwig

1940

Diodos de jungdao PN

Década de 40

Desenvolvimento dos amplificadores
magnéticos e elementos saturaveis

Novos materiais com melhorias nos
amplificadores magnéticos

1948

Transistor de contato por Barden,
Brattain e Schokley

1950

Tiristores a controle de fase

Oscilador de Hertz, predecessor do
inversor de onda quadrada

1951

Transistor de jungao na Bell
Laboratories

1952

Semicondutor de poténcia significante

por Hall

1954

Transistor de silicio comercialmente

disponivel

1956

Invengdo do SCR pela Bell Laboratories

INSTITUTO FEDERAL
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Breve histérico da eletronica de poténcia

1957

Fabricacao do SCR pela General Electric

1960 e 1961

Comercializacdo do SCR

1958 a 1975

Dominio dos tiristores

1961

GTO

1964

TRIAC

1967

Fonte CC linear

1970

MOSFET de poténcia

Técnicas de controle vetorial

RCT

Década de 70

Transistores Darlington

Desenvolvimento intenso das aplicagdes

1983

IGBT

1987

SIT

1988

SITHe MCT

INSTITUTO FEDERAL
SANTA CATARINA

Artigo Prof. Ewaldo L. M. Mehl
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http:/7Zwww -eletr -ufpr-br/mehl/te O40O/historia_transistor -pdf



Breve higtorico da eletronica de poténcia
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by Bimal K. Bose —
The Past, Present, and Future of Power Electronics
started my career as 2 powt
neer in India in the mid 1 R IEEE TRANSACTIONS ON INDUSTIIAL ELECTRONICS, VOL. 80, NO. 7, JULY 2003

was an engineer in a hydroe
power company in the early
and then | started teaching
generation, transmission,
tion, and electric machines
undergraduate college. The so
power electronics fleld was
cally unknown in those day
fass-buld and steebtank o
arc and ignitron rectiflers ar
tube electronies (thyratrons a
trons) were known long befo
andd widely used in Industry
Interesting to note that the sy
In New York installed grid-con
mercuryare rectifiers (3 MW)
motor traction in 1930, and ¢
rallways introduced mercy
cycloconverters for universal
traction drives almost at the
time (1931). The first thyratror
converter-based varfablevolta
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Global Energy Scenario and Impact of
Power Electronics in 21st Century

Bimal K. Bose, Life Fellow, IEEE

Abstract—Power vlectronics techbology s gained. signii-
cant maturity after several decades of dyamic evolution of
power semicondector devices, converters, pulse widd

systems, home appliances, peper and textile mills, purps and
compresors. rolling and cement mils, mactine ool snd

mw) tecklque, clctrcnl ncecs, moter dnm. advanced
and simulation techniques. According to the estimate of
he Electric Power Research Tastitute, roaghty 70% of tlectrical
energy in the USA pow flaws Uhevegh power electronics, which
will eventunlly grow to 1005, In the 215t century, we expect (o
see the tremendous impact of power electronics not only in global
Indestralzaton and general energy sy, but akeo In energy
saving, rencwable energy systems, and clectrichybrid vehicles.
The resulting impact in mitigating climate change problems is
xpected o b coarmous. This peper i te bginaiog, wildiscue
the global energy sovnario, climate chunge problems, snd
m;amﬂrwmmu-mmmnwd

drive (400 hp) was installed
US. Logan power station In 1!
induced draft (ID) fan drive. It
days, power electronics was
as industrial electronics beca
gas tubes were mainly used in
trial applications, whereas v
tubes were used in signal proc
and communication.

power in epergy saving, renewable energy systems,
bulk energy storage. mammﬁmwwm it will
review several example applications before coming to conclusion
and future prognosis.

Index Terms—Climate change, electrichybrid vebicles, energy,
energy storage, future of power electronics, global warming, motor
drives, power ehectronics, resewable energy systems,

L INTRODUCTION

T IS well known thal power elecironics is based on high
efliciency and fist-swilching silicon power semiconducior
switches, such as diode, thyristor, tnac, gate turn-off thyris-
tor (GTO), power MOSFET, insulated gate bipolar transistoe
(IGBT), and integrated gate-commatated thyristoe (IGCT), and

time at my college. In those
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Bimal K. Bose, 2009, 2013, 2014 e 2105.

their applications include de and sc reguisted power supplies,
uninterruptible power supply (UPS) systems, electrochemical
processes (such & electroplating, electrolysis, anodizing, and
metal relining), heating and lighting control, electronic weld-
ing, power line static volt ampere reactive (VAR) compensatars
[SVC, static var generator, or stalic synchronous compensaior
(STATCOM)] and flexible ac transmission systems (FACTS]
active harmonic fillers (AHFs), HVde systems, pl

robotics, hle-sped frequency systems, etc. The

) £ power ics in global industri-
alization sre bringing 4 kind of industrial revolution in the 215t
century which has been somewhat unprecedented in history. We
have already seen how computer, communication, and infor-
mation technology advancements have turmed geographically
remote countries as close neighbors. In particalar, the Internet
communication has brought revolutiva in our sociely, bringing
the whole world close together into s globel vilisge. Truly,
we now live in a global society, where the nations in the
world are being increasingly interdependent. What happens
wday in India or Egypt, for example, affects the USA and
vice versa. In the preseat trend, it is expected that future wars
in the world will be fought in economic fronl rather than
in military front. In the global marketplace, free from trade
barriers, all the nations in the world will face fierce indusirial
competitiveness for survival and prosperity of living standard.
In such an environmenl, power electronics with motion coatrol
will play a dominant role in the 21st cemtury. Moreover, as
the emergy price incresses and environmental regulations ane
tghlened, power electronics l'pp!muun: mll spread in every
corner of industrial,
aerospace, military, and wility systems. The role of power
electronics in this era will be &5 important a5 thal of computers,

and i ies, if not more.

It may be relevant to mention here that the suthor recently
published two survey papers [1], [2] of which the first paper
has no relevance 1 the content of this paper. This paper is
comprenensive and mainly deals with the discussion of energy
systems. The technology advancement and trends are briefly
rzvlt-td in the “Fulure Scenario” of Section VI which can be

(PV) and fuel cell (FC) converiers, dc and #c circuit break-
ers, high-frequency healing, energy storage, and dofac molor
drives. Motar drive sres may include applications in comput-
ers and peripherals, solid-stale motor slarters, Lransportation

Masuserigt receivad Occber 17, 2011, sevised Jasusey 3, 2012 and
March 28, 2012, scospted May 25, 2012 Date of pablicatices Juse & 2012; dute
of cuteeet vession Felewry 28, 013, This paper wis preiented in put & 2
imvited Reyeon: addres in Qatar Woekshop oo Power Electonics 1 Industrial
Applications snd Resewible Energy (PEIA2011), Duba, Novermiser 34,201 1

Science, Unversity of Ternessee, Kzowville, TN 7996- 210 USA (o
bhose @ utkeds ).

Clke versioes of te
ot bezpiceexplore.jece.o

Digia et Iesiier 10.L1OWTIE 2012 2203771

NP

= y 1o the second paper [2].

1I. ENERGY SCENARIO

Let us discuss, in the beginning, with the global energy
scenrio [6]-{9]. We have come a long way in the history of
our industrial civilization. Prior to industrial revolution, which
sarted in 1785, we were essentially in the muscle age when
our energy primarily came from human snd animel muscles.
In those days, world population was small, life was simple and
unsophisticated, and the environment was relatively clean. The
mechanical age, or the age of steam and heal engines, started
with industrial revolution. Then, the electrical age started in
the lse nineleenth century by the commercial svailsbility of
electricity and, particularly, by the imvention of commercial

02TBL0S6811.00 © 2012 IEEE
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Power Electronics—Historical
Perspective and My Experience
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Doing Research in Power Electronics

o you do research in power

electronics? Are you a profes:

sor or graduate student in a uni-
versity or an engineer in an industrial
research laboratory? Pawer electron.
ics research is not different from any
other area of engineering or scientific
research. For doing research, we dis-
cipline and dedicate our mind 1o make
Inventions or generate new knawledge
that helps to soive our problems and

property of each cell. The intelligence
of the beain is thus distributed in the
cells of the whole neural network. The
supervised learning from our educa
tion canditions the junction impedanc-
s 1o acquire knowledge in a specitic
domair, such as power electroeics. It
is interesting to note that cur brain
does not have a central

electronscs? B is a complex and inter.
disciplinary technology that basically
deals with the conversian and control of
electrical power using switchingmode
power semicanductor devices. The ap-
plications of power electronics inchade
regulated dc and ac power supplies,
electrochemical  processes,  heating

memory. The neural network has the
ability to mterpolate or extrapolate this

10 the of our
civilization in 2 broad perspective. The
sincerity, purity, and tranguility of cur
mind, possibly blended with same spir-
ituality, help us concentrate our mind
for doing research. Research accom.
plishment gives supreme satistaction
of mind. Note that doing research and
learning always go together. Learning
is essentially a lifelong process. Albert
Einstein said that we cease to learn
oely when we die.

How does our beain function for
doing research? The human brain, the
thirking machine with a biclogical new-
ral netwark that gives us natural intelli-
gence, is the most complex machine on
earth, Neurohiologists have attempted
to understand the structure of the
brain and its functioning over a pro-
lorged period of time, but

1o create new knowledge.
The brain has the additional cognitive
capability to invent, which we do nct
really understand.

The creative capability of the hu-
man brain & tremendous. We use hardly
mare than 5% of our creative capability
for doing research, and the remaining is.
mastly “wasted” ir: the trivisity of our
daily thoughts. The research can be de-
fined as fundamental ce basic type and
applied or application ariented. Thomas.
Edison, the wizard of applied experimen-
tal research 1 dectrical engoeering, de-
fined genius as 1% inspiration and 95%
perspiration. Edison had 1,043 US. pat-
ents even theegh he did not complete
his high school education. However,
accoeding to Charks Steinmetz, the wiz-
ard of basic research, gentus is defined
as % and 1%

extremely inadequate even today, The
nevral network [1] in cur brain corsists
of the mterconnection of bilbons of neu-
rons or nerve cells, where the synaptic
junction of exch input dendrite is filled
with neurctrarsmitter fluid. The im-
pedance of this junction contributes to
the intelligence or assoclativememory

e gt M A0 IATE XV L¥047)
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These are, of course, extreme exampks.
in the early days of engheering re
search. A modern research project typi-
cally requires idea formulation—system

analysis-design-simulation study—and
validation by experiment. Finally, suflice

and  electronic wekding,
power Ine voltampere reactive (VAR)
and  harmonic  compensation,  high-
voltage de (HVDXC), flexible ac trans-
mission systems (FACTS), photovaltaic
(PV) systems, fuel cell power conver-
sions, high-frequency (HF) heating, and
motor drives. After several decades of
technology evolution, power electron-
ics applications have recently become
extremely important for energy saving,
electric/hybeid vehicles, the smart grid,
renewable energy systems, and bulk
energy storage, besides the usual ap-
plications in industrial automation and

electronics requires expertise in power
semiconductor and peripheral devices,
corverter circuits, control theorles,
electrical machines, digital signal pro-
cessors  (DSPs), field peogrammable
gate arrays, power systems. aad com-
puter-aided design and simulation tech-
niques. Recently, artificial intelligence
(A) techmiques, such as fuzzy logic
and artificial nevral networks (ANNs),
are advancing the froatier of power
electroescs. Each of these component
disciplines is advancing rapidly, thus

it to say that a good researcher should  presenting greater challenges to power
also be a good i both A thorough
wrRing and speaking. knowledge of the application emviron-

Now, Jet me fall back 10 power elec-
tronics. What is special about power

6 ILEE INDSTRIAL ELICTRONICS MAGATIN B WARC) 2015

ment is essential lor doing research in a
power electronics project.

http://www -ieee-org

INSTITUTO FEDERAL




Qilicon Carbide - SiC

How silicon carbide could help in the development of electri
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Memrigtor
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Eletronica

Memristor: cientistas comprovam existéncia do quarto
componente eletronico fundamental

Redac3o do Site Inovac3o Tecnoldgica - 02/05/2008

Cientistas da HP anunciaram que
um novo componente eletrénico,
construido por eles em 2005, € na
verdade um memristor, o quarto
componente eletrénico basico,
teorizado pelo cientista Leon
Chua, em 1971.

Até agora os cientistas da HP
chamavam seu componente de
crossbar latch - veja a descrigdo
completa de sua estrutura e
funcionamento em Cientistas criam
novo componente que podera
substituir o transistor. Eles deram
outro passo importante em sua

. pesquisa em 2007 (veja Fonte Chaveada Tecnotrafo
http://WWW ‘leee 'Org Descoberta avanca trés geracbes Fabrica,Projeto:Fontes,Carregadores

t 3o d hi .
na construgdo de chips) Conversores.Inversores(11)5563-4303

http:/7/www -inovacaotecnologica-com-br

Y h‘ University of California, Berkeley
0 u u e Memristor and Memristive Systems

Symposium

http://www.youtube.com

Ver
Parte 1,2,3e4 November 21, 2008

Part |

http:/7/www -youtube -com/watch?v=QFdDPzcZwbs



Memristor
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- - -
Current-Voltage Characteristics of a Memristor
period T of the AC voltage applied across the memristor «
initial fraction wg of low-resistivity region in the memristor « k_/ > [ 0.5
Current—voltage characteristics of a Memristor: period —dependent hysteresis
— —
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g 000 [
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www ‘demonstrations ‘wolfram-com



Trangistores de grafeno

Materiais Avancados

Nobel de Fisica vai para estudos com o grafeno

Redacao do Site Inovacao Tecnoldgica - 05/10/2010

Andre Geim e Konstantin
Novoselov, ambos da Universidade
de Manchester, no Reino Unido,
vao dividir o Prémio Nobel de Fisica
de 2010 pelos seus trabalhos com
o grafeno.

A premiacao, de certa forma
inesperada - o grafeno foi
descoberto por eles em 2004 -
mostra o reconhecimento do
potencial desse novo material, que
possui uma infinidade de usos
possiveis, da eletronica ao
sequenciamento de DNA.

Konstantin Novoselov tem 3

tem 51. Ambos nasceramn
Unido. [Imagem: Univ.Manch

http:/7/www -inovacaotecnologica-com-br

http:/7Zwww -youtube -com/watch?v=KgrEIRhMCg&feature=related
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Understanding Graphene and Graphene Nanostructures

keiouniversity 405 videos (¥
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Capacidade dos Transistores atualmente
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Divisao da eletronica de poténcia
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Divisao da eletronica de poténcia
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Conversores CA-CC:

« Denominados de retificadores: convertemm a tensao
alternada da rede de energia elétrica em uma tensao
continua;

Conversores CC-CC:

« Denominados de choppers: convertem tensao continua em

tensdo continua;
Conversores CC-CA:

« Denominados de inversores: convertem tensao continua em

alternada, muito usados em acionamento;
Conversores CA-CA:

« Denominados de choppers CA: convertem a tensao
alternada da rede de energia elétrica em tensao alternada
estabilizada, por exemplo.
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Aplicagoes:
* Fontes chaveadas:;
 Controle de motores de corrente continua e alternada;
« Conversores para soldagem;
« Alimentacao de emergéncia;
« Carregadores de bateria;
» Retificadores para eletroquimica;
 Transmissao em corrente continua;
 Reatores eletrénicos:
* Filtros ativos;
« Compensadores estaticos;
 Processamento de energias alternativas;
« Amplificadores de poténcia;
« Controles de temperatura;
 Entre outras.
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Aplicagoes:
 Fontes chaveadas:
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Aplicagoes:
« Sistema de alimentacao de avioes;
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Aplicagdes da eletronica de poténcia

Aplicagoes:
Sistema Elétrico de Satélite;

Dissipative
shunt regulator
| J
Solar
array Vius
[ [ T [ [
Battery Dc-dc Dec-de
charge/discharge converter converter
controllers
Batteries I 1} I (N |
Payload Payload

INSTITUTO FEDERAL
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Aplicacoes:
« Nano Satélites;
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Aplicacgoes:
 Acionamento de motores CA;

variable-frequency
T variable-voltage ac

3oac line Rectifier Inverter
v i I
Ik e——

50/60H=

Ac machine

Dc link

A
e

P
s

dLB L8840
zzr77777 4l
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Aplicagdes da eletronica de potencia

Aplicagoes:
« Microgeragdoes — Interface com a rede elétrica;

Rotor Eolico

Gerador Filtro Retificador Inversor Filtro Transformador

Rede Elétrica

Rede Elétrica

Velecidade

Arranjo Fotovoltaico Conversor CC-CC Conversor CC-CA

[T7777 | [= =

(/] ]/ §
[T d / 5 - e

------------------------------------------------------------------------------------------------------------------------------------------

http:/7/www -sma-com
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Parte 2 (20h20min até 22h):
 Ferramentas de projeto em eletronica de poténcia;



[ntroducao

Razoes para usar softwares especificos:

a)
b)
c)
d)
e)
f)

()

[u—ﬂ;&

Complexidade dos circuitos eletronicos;
Dificuldade de representar o mundo real,
Possibilidade de uso inumeras vezes;
Diminuicao do custo de projeto;
Aprendizagem via software;

Outras...

INSTITUTO FEDERAL



Introdugao
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Qual a necessidade de se realizar uma simulagao computacional:

« Averiguacao do funcionamento do circuito projetado
« Comprovagao com a teoria
« Evitar gastos desnecessarios
« Tempo
« Compra de componentes
« Seguranga
« EX: Aviacao, Aeroespacial

Como funcionam os simuladores de circuitos:

« Os componentes elétricos/eletrénicos sdo modelados
matematicamente

* |deal

« Considerando os parametros do componente
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ARDUINO |

v
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=1 Arduino
=" Diecimila
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http:/7/www -arduino-cc

[2] Arduins - 0011 Alpha

t ledPin = 13;
setup()
{
pINN (YesPin, OUTPUT);
}

loop ()

te(ledPin, HICH);

te(ledPin, LOW);

INSTITUTO FEDERAL
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Crossed Dipole Antenna

Solar Panel

ArduSat payload board:
Arduinos + sensor suite
/ with cameras

1U CubeSat Structure

Electrical Power System

UHF Transceiver

Flight Control Computer ——
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Parte 2 (20h20min até 22h):

« Tecnologias de componentes eletronicos.



Semicondutores de potencia

Capacity (W)

10" [ Power Confrol i
HVDC, FACT ! Motor Control
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105 e e e el e e —y—g == ————
SCR Robot, Welder
IGBT <— Automotive
104 e e
10’ . :
Bipolar Audio
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Air—conditioner
10" — - X
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Operation Frequency (Hz)
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Exemplo: Diodo SKN20/08
i VRRM =800 V,;
i V(TO) =0,85V;

Diodo ideal e real
iF
+ Vg -
ii.
Ae | —wwC
Vito) IT
-+ VE -

 rr=11mQ;
»'F * lpmea =20 A;
« |g=0,15 mA.

Caracteristica estatica



Diodo real - comutagao
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Bloqueio Li

I\

]

Circuito para estudo da comutagao

L . v L1
_______.______ D Y'Y Y\ >
Qrr ;::C' IF I Z\ ILl ; L V]Z; Zg 1IRM ILl § L
E°- 7777 - -
lSl [S ET IrMm [ I

Primeira etapa de comutacao Segunda etapa de comutacao
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Diodo real - comutagio

Bloqueio




Diodo real - comutag¢ao

] ] . o Bloqueio
No bloqueio do diodo (comutacao critica):

di — _E Derivada da corrente depende da induténcia
d L
( )
3QI"I”
[, = di Tempo de recuperacgao reversa
lF
W,

\/(EQ dﬁ Corrente maxima devido a recuperacao reversa
377 dt



Diodo real - comutagao

Diodos de carbeto de silicio (silicon carbide):
Diminuem acentuadamente o fendbmeno da recuperagao reversa.

A

Change of state (on — off)
 P— / required at ¢ = 7, /_

Desired response

s

!I'E‘k'lﬂl‘ﬂli

&
)
Y
' 9
.
Y

http://www -infineon-com
http:/7/www -cree-com

Y
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Diodo real - comutagio

2001/85/725 10:68:88 - 3w Normal
Stopped M 73 S00MS/s  Sonsgiy
|F1 w“«""‘»f’Wa T Mains 250 ) - : : :
) : : \: : : :
IF2 A PGP : : :

......... ol e

0“1-1. : : ] : : ] : ,ém

10.0mUd iv futo
BCSO Full 2208

Fig. 5. Typical reverse recovery waveforms of the Si pn and SiC Schottlky
diode for three different forward currents (2 A/div).

http://powerelec-ece-utk-edu/pubs/pels_letters_SiC_june 2003 -pdf
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Diodo real - comutagao

File Vertical Timsbass Trigger Display Cursors Measure Math Analysi Ufiliies Halp M3 Setup
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Silicodr - - c|c e -
- - Timebase 184 us Trigger  C1
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Fig.4. Low-line diode recovery currents in PFC front-end converter.

http://www -cree -com/Products/pdf/Power_Article 7-pdf

Fig.8.A size comparison of an 80-kHz PFC front-end built with Si
rectifiers (left) and a 200-kHz PFC front-end with SiC rectifiers.
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Classificacao das perdas:
1. Conducao;

_ 2
P= V(TO) ']Dmed T ']Def

2. Comutacgao:
 Entrada em conducao;

P =0,5(V —VF)IO b f

« Bloqueio.

B=0, -k f



Diodosg

Tipos de diodos de poténcia:
1. Standard and fast recovery;
2. Ultrafast rectifiers;
3. Ultrasoft rectifers;
4. Silicon carbide (zero recovery). Rectifiers (227)

Standard and Fast Recovery
Rectifiers (55)

UltraFast Rectifiers (165)
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NPN BJT — Transistor bipolar de jungao
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The SiC BJT: Most Efficient 1200 V Power Conversion Switch Ever Made
A growing assortment of power switch technologies are on the market and in development today, including several
that leverage the features of silicon carbide. Most promising among these choices are SiC bipolar junction transistors
(BITs). They offer very fost switching speed; the industry's lowest conduction losses; easy high temperature operation;
very good robustness; and ease of manufacturing. Working in conjunction with a properly designed gate driver, SiC
BJTs also offer safe operation with high ruggedness and reliability.
SiC BJT vs Si IGBT
v | V., E.,. E_.

Si IGBT 1200 40 3 2500 1800

SICBJT 1200 40 1.6 1000 600

Improvement (lowered by) 47% 60% 67%

SiC BJT Features

Lowest Losses on the Market Robust and Reliable

+ lowest conduction losses (R, <2.2 mQcm? @ RT) « Normally OFF device

* Very low switching losses * Highest rated operating temperature; T = 175°C

+ Lowest fofal losses; including driver losses * Positive temperature coefficient (R, ); Easy paralleling

« High gain; SiC BJT DC current gain >70 » No secondary breakdown for SiC BJT

Fast Switching * No SiO, gate oxide reliability issue

« Approximately 20 ns for turn-on and turn-off * Short circuit resistant

+ Switching behavior is not temperature dependent Low leakage current

* No current tailing for SiC BJT www “fairchildsemi-com



BIT xFET
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BJT — Transistor bipolar de jungcao FET — Transistor de efeito de campo
Ie Ip
(Control current) I l i
—
o BIT & o FET
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(Control voltage) Vg
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JFET: Operacao basica.
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FET

JFET canal n e canal p

2N2844

CASE 22-03, STYLE 12
TO-18 (TO-206AA)

1 Source

JFETs
GENERAL PURPOSE
P-CHANNEL

Positivo da Fonte Auxiliar
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2N5457

CASE 29-04, STYLE S
TO-92 (TO-226AA)

1 Denin
1
Ciate
1
>3

2 Source

JFETs
GENERAL PURPOSE
N-CHANNEL—DEPLETION

+ Vaux

3524

R9
AN
WV

Aplicagao do
JFET

RS S2

R10

I7L

R7

ok




MOSFET
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor



MOSFET
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MOSFET tipo Deplecao
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MOSFET
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MOSFET tipo Intensificagao

Locus of Vs

Vos =+8V
Vos=+7V
VGS = +6 V
Ves=+5V
Vos=+4V
: i p Vs =43V _
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MOSFET de poténcia
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MOSFET de poténcia
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Classificacao das perdas:
1. Conducao;

_ o, g2
cond T rds(on) ld(on)

2. Comutacgao:
 Entrada em conducao e bloqueio;

p _/

com 2 (tr +tf) id(on) . Vds(off)

e Onde:



MOSFET de poténcia

Quando usar MOSFET:
1. Frequéncias altas (acima d

e 50 kHz);

2. Tensdes muito baixas (< 500 V);

3. Poténcias baixas (< 1 kW).

10 Power Control !
HVDC, FACT | Motor Control
- \ /
10° A : :
GTO | 1EGT |
10° Press Pack IGBT [/
—_ UPS
:%, 10 5 / ______________________
% SCR N\ Robot, Welder
g IGBT <— Automotive
S 100 NN T
~ SMPS
Pe— A
10’ ‘4\
Bipolar S Audio
po | “ VCR
. ; MOSEET \\
1o" """ kb / """""""""
Air—conditioner
10 l 1 : 2 3 4 5
10 10° 10 10 10 10

Operation Frequency (Hz)
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Caracteristicas de BJT e MOSFET

TO-247AC

IGBT — Insulated Gate Bipolar Transistor



GBT
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Classificacao das perdas:
1. Conducao;

chond — (ZC ’ VCEsaz‘ + iB . T.BEsat ) ) ton | f

0

2. Comutacao:
 Entrada em conducao e bloqueio;

P =l(tr+tf)-]-E-f

com 2
O TRANSISTOR IGBT
APLICADO
EM ELETRONICA
DE POTENC|

|

Detalhamento do calculo de perdas

René P. Tomico Bascopé s
Amaldo José Perin -



GBT

Quando usar IGBT:
1. Frequéncias baixas (menor que 50 kHz);
2. Tensoes altas (> 500 V);
3. Poténcias altas (> 1 kW).

Capacity (W)

Family

Package

Circuit
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Switching Speed

IRG4PH30K

av

av

IGBT Discretes|TO-247AC

av

Discrete|ULTRAFAST 4-20 kHz

av

IRG4PC20U

IGBT Discretes

TO-247AC

Discrete

ULTRAFAST 8-60 kHz

IRG4PC305

IGBT Discretes

TO-247AC

Discrete

DC-1 kHz (STANDARD)

IRG4PC60U

IGBT Discretes

TO-247AC

Discrete

ULTRAFAST 8-60 kHz

IRG4BC30W

IGBT Discretes

TO-220AB

Discrete

WARP 60-150 kHz

IRGB30B60K|

IGBT Discretes

TO-220AB

Discrete

ULTRAFAST 10-30 kHz

IRGB8B60K

IGBT Discretes

TO-220AB

Discrete

ULTRAFAST 10-30 kHz

IRGS6B60K

IGBT Discretes

D2-Pak

Discrete

ULTRAFAST 10-30 kHz

IRGS14C40L

IGBT Discretes

D2-Pak

Discrete

Low-Vceon

IRGP4050

IGBT Discretes

TO-247AC

Discrete

Low-Vceon

10

10

10

10°

10*

10

Power Control

HVDC, FACT
S
N

ﬁy Motor Control

GTO

SCR

o'

of L L

Air—conditioner W

10

3 4

10 10
Operation Frequency (Hz)



GBT
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] ]
[
]|
Package/Switching
300V
IGBT SINGLE / Soft Ultrafast <30kHz 600V
1200V
600V
Standard <1kHz
1200V
Fast 1-8kHz 600V
300V
IGBT SINGLE / Hard S—
Ultra Fast 8-30kHz 600V
1200V
600V
Warp 30-150kHz
S0ov
IGBT Co-Pack / Soft Ultrafast <30kHz 1200V
Standard <1kHz 600V
Fast 1-8kHz 600V
300V
IGBT Co-Pack / Hard Ultra Fast 8-30kHz 600V
1200V
600V
Warp 30-150kHz
900V

WWW “irf-com
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IGBT o
0oo
0
IRG4PF50W
80 A | Al 1L A | 1 1 1 |
Eacboth Tri W ——
Duty cycle: 50%
50 Ty=125'C 1' o
Tsink* 20°C
Gate drive as specified
- Power Dissipaton = 40W J\ Clamp voltage
< 40 B0% of rated
5 T —— N
3 301 601% of ated \
- == Vawe - .- \
o J - — » —
3 20 = —'0 T B e
10 J" Ided dioces
0 | ) | |
0.1 1 10

E
n-channel

VCES =900V

VcE(on) typ. = 2.25V

@Vee = 15V, Ic = 28A

f, Frequency (kHz)

TO-247AC

WWW irf-com

100



GBT

Encapsulamentos:

»

D-PAK
TO-252AA

»
“
Ei N

N

TO-220AB
IRGB6B60K

D2Pak
IRGS6B60K

TO-262
IRGSL6B60K

TO-220 FULLPAK

TO-220AR

TO-247AC
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TO-247AC

SUPER - 247




BJT x MOSFET x [GBT

Tipo de comando Tenséao Tensio
Poténcia do Minima Minima
comando
Complexidade _ _
do comando Simples Simples
Elevada em

Densidade de baixas tensoes e

Muito elevada

corrente Baixa em altas
tensoes
FELCRER OF Muito baixa Baixa para Média

comutacao

INSTITUTO FEDERAL

Corrente

Grande

Média

Média

Média para Alta



Capacitores
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Capacitancia depende de:
« Dielétrico (permissividade);
« Area das placas; ° °
« Distancia entre as placas.

O(+) d = 1.5 mm




Capacitores
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C RSE LSE

— W\ —

Modelo equivalente do capacitor

Onde:
» C = Capacitancia;
 RSE = Resisténcia série equivalente;
« LSE = Indutancia série equivalente.

Perdas devido a RSE:

P=RSE-1,’



RSE

Capacitores

Ondulacao da tensao:

IuTS_ @\




Capacitores
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Tecnologias de capacitores:
* Filtro do retificador de entrada — Sao empregados capacitores eletroliticos
de alta tensao e grandes capacitancias;

* Filtro de saida dos conversores — Empregam-se capacitores eletroliticos
aluminio com baixa RSE;

» Circuitos de grampeamento (snubber) — Sao utilizados capacitores com
dielétricos de polipropileno para regime intermitente de funcionamento.

A
-_

EPcos LL

B41505-A8338-M
3300pF (M) 63V
10.04 040/105/56




Fusiveis
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Fusiveis de acao lenta:

e Vidro(— /'\

* Areia; \

« Ceramica.
Fusiveis de acao rapida:

« Vidro;

* Areia;

« Ceramica.
Resistores fusiveis (fusistor).

|




Fusiveis

103
t
(s)
102
10 e
A
22 VL L
Y
1
77
10-1
0 4 B 12
povodood (W)

NR25-1Q<R<15Q
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Como sair daqui e chegar ali?




Prdxima aula
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Conversores ca-cc:
1. Principais topologias e tecnologias envolvidas;
2. Estudo de caso.

FSQ500L
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