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Nesta aula

Semicondutores aplicados a conversores CA-CA:
1. Introducao;
2. Revisao dos principais componentes semicondutores de
poténcia;
3. MOSFET de poténcia,

4. IGBT;
. Comparativo BJT x MOSFET x IGBT.
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Quadrantes de conducao de semicondutores

Operacio em um guadrante

+ Diodos (bloguelo reverso)
+ SCER (blogueio direto)

#+ Tranzistor Bipolar

+ IGET

Operacio em dois quadrantes
com tensio hidirecional

+ SCE (blegueio direto 2
Teverso)

+ Transistor Bipolar + diedo
em 38Tle

Ll ¥ L]

Operacio em dois quadrantes

com corrente bidirecional

*
*

*

*

MOSFET

SCR + diodo em anti-
paralelo

IGET + diodo em anti-
paralelo

Transistor Bipolar + diedo
em anti-paralelo

Operacio em quatro

guadrantes

+ Arranjo de diedos com

transistores bipolares

http://www.dee.feis.unesp.br/gradua/elepot/principal.html




Semicondutores para eletronica de poténcia

Semicondutores utilizados em eletronica de poténcia:

* Diode
* Thyristor or silicon-controlled rectifier (SCR)

" TI-”.H: | Power semiconductor devices |

* Gate turn-off thyristor (GTO) j
2-terminal devices 3-terminal devices

* Bipolar junction transistor (BJT or BPT)

L [ | | I |
* Power MOSFET [Trtow | [ v | [romiser]| [“rer |[ e |[ s | [ e
. E[ﬂ[": |I1dUCIiG]1 r]'ﬂl'l"ill"’r[ﬂf [S[I) Minority carrier devices Majorily(:;;;rdevices Minority-c\a%rdevices

* Insulated gate bipolar transistor (IGBT)
* MOS-controlled thyristor (MCT)
* Integrated gate-commutated thyristor (IGCT)



Semicondutores para eletronica de poténcia
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Semicondutores para eletronica de poténcia
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Revisao - Diodos
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Revisao - Diodos




Revisao - Tiristores

Gate
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Latching
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Revisao - Tiristores
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Revisao - BJT
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Revisao - BJT

"> Electronique - Internet lorer provided by Dell
q P .l

File Edit View Favorites Tools Help

A& hitp:/ fww.univ-lemans.fr/enseignements/ physique/02/electro/mnueltro.html

8 dif | Electronique

&~

»
kTools »

Oscilloscope cathodigue

Principe
Svnchronisation
Fonctionnement en bicourhe
Figures de Lissajous
Mesure de déphasage
Mesure de fréquences
Balavage télévision

Circuits simples

Amplificatenr opérationnel
Diviseur de tension

Circunits RC. Filtres Dérivateur
Intégrateur

Circuits R. L.C série et //
Relaxateur 2 néon
Déphaseur passif
Déphaseur 3 AQOP

Générateur de courant constant

Adaptation d'impédances

Divers

Electronique

Diodes et transistors

Pont de Graetz

Filtrage (animation)
Redressement et filirage
Régulatenr i diode Zener
Transistor (principe
Transistor en régime variable

Commutation

Astable

Astable a comparateur
Monostable

Comparateur de Schmitt

Divers

Filtres

« Filtres passifs (exemples)
« Filtres passifs (général)

s FiltresenL T et Pi

s Filtres en T et T ponté

+ Filtres de Sallen et Kav

+ Filtres de Rauch

Convertisseurs

o Convertisseur N/A R-2R

+ Convertisseur A/N simple
rampe

+ Convertisseur A/N a
approximations

@ Internet | Protected Mode: On

Logique

Portes logiques
Associations de NANDs
Associations de NORs
Bascules R-S et D
Bascules J-K
Additionneur binaire

m

Capteurs

Thermistance
Thermomeétre a diode
Thermomeétre PtS00
Impédance d'un guartz

#100% ~

% Amplificateur

" Commitation

http://www.univ-lemans.fr/enseignements/physique/02/electro/mnueltro.html




Revisao - BJT
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BJT XFET

FET — Transistor de efeito de campo
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FET

Drain (D)

Ohmic

contacts n-channel

Gate (G)
o
Depletion Depletion
region region

Source (§)

JFET: Operacao basica.
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FET

/:' Semiconductor Applet Services - Internet Explorer provided by Dell

@ @ & http://jas.eng.buffalo.edu/

v | +2 | X J Live Search P -
Eile Edit Yiew Favorites Tools Help @:H -
T,-;? 4 | @ Semiconductor Applet Services | | ,’ﬁﬁ > B ~ @ v |::kPage v {(F Tools »
[ The Semiconductor Applet Service |
About
- (Supporesd in pare by the National Seisnce Foundation)
Educ Applets
[nfo List of Simulation Applets
Java-related 1. Crystal Structure

Semicond

Web sites

Education

Higher Ed.
Resources

Semiconductor
Links
Java API

Research
XRD Sites
Mater. Res

Fed Agency
Done

1

2

3.

Zinchlende and Diamond structures { GaAs, Si. etc.) : unitcell with a list of material propertv. It gives you the
3D views of the unitcell and the covalent bonds.

Hexagonal Closed Packed structures (ZnS, GalN, SiC, etc.). An interactive 3D view of the crystal unitcell.
Crystal Structure and the 14 Bravais Lattices (javal.3): you can add various Basis atoms, rotate the crystal
with one or multiple unitcells for a 3D view. It has many example crystals. You can also view the lattice
planes and directions. Crystal Structure in Java 3D | (Java3D phigin maybe needed: use link in page)

. Energy Bands and Charge Carriers
1

Visualization of diffusion, drift and recombination of excess minority carriers in a semiconductor.
Indirect recombination via an energy state in the band gap. It also introduces the four basic processes in the
Shockley-Read-Hall statistics.
Energy Band Diagram and E-k Diagram
s AlGals
= SiGe

Charge Carriers and Fermi Level [Semiconductor Statistics]

1

~

Fermi Function and Localized Energy States and the Temperature effect.

o = ‘T 1 144 - )

& Internet | Protected Mode: On
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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

2N5457

CASE 29-04, STYLE 5
TO-92 (TO-226AA)

1 Demin

y 1 & Source

JFETs
GENERAL PURPOSE
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MOSFET

(Drain) : ~
D $io MOSFET tipo Deplecéo
? / Z n-channel
i
n
Metal contacts //
{Gatﬂ)\ / p Substrate
G S8
n Substrate
n
A\
s \ n-doped
I:SGI.ITCE} regions

MOSFET — Metal Oxide Semiconductor Field Effect Transistor



MOSFET
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MOSFET

MOSFET tipo Deplecéo

b fp (mA) L [ (mA)
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MOSFET: Operacéao basica.



MOSFET
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MOSFET

510,
D / n-doped MOSFET tipo Intensificagéo
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MOSFET de poténcia
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MOSFET de poténcia
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Comutacado do MOSFET com carga resistiva



MOSFET de poténcia

VbD
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Comutacédo do MOSFET com carga indutiva



MOSFET de poténcia

Classificacao das perdas:
1. Conducao;

ton : 2
I:)cond = T ) rdS(on) ' Id(on)

2. Comutacao:
 Entrada em conducéao e bloqueio;

f .
Pcom — E(tr +1 )"d(on) * Vs (off )
 Onde:
t, =
t ~

r — “off

on



MOSFET de poténcia
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MOSFET de poténcia

Quando usar MOSFET:
1. Frequéncias altas (acima de 50 kHz);
2. TensOes muito baixas (< 500 V);
3. Poténcias baixas (< 1 kW).

0 Eﬁﬁcﬁm : iotor Contrel

10" 0 10 '
Operation Frequency (Hz)



IGBT
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Caracteristicas de BJT e MOSFET

IGBT — Insulated Gate Bipolar Transistor
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IGBT

Classificacao das perdas:
1. Conducao;

I:)cond — (IC 'VCEsat + iB 'VBEsat ) °ton - f

2. Comutacao:

Entrada em conducéao e bloqueio;

P :%(trﬂf)-l-E-f

com

Detalhamento do calculo de perdas

O TRANSISTOR IGBT
APLICADQ
EM ELETRONICA
DE POTENC]

René P. Tomico Bastopé L
Amalds Jose Pevin - -




IGBT

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

111111111

Family

av
IGBT Discre

es

Package Circuit Switching Speed

aw

TO-247AC|Discrete

-

[=]
@

-

aw

ULTRAFAST 4-20 kHz.

IIIIIIIII

IGBT Discre

es

TO-247AC|Discrete

ULTRAFAST 8-60 kHz.

SSSSSSSSS

IGBT Discre

es

TO-247AC|Discrete

DC-1 kHz (STANDARD)

111111111

IGBT Discre

es

TO-247AC crete

ULTRAFAST 8-60 kHz.

IGBT Discre

es

TO-220AB | Discrete

WARP 60-150 kHz

nnnnnnnnn

IGBT Discre

es

TO-220AB crete

ULTRAFAST 10-20 kHz

BBBBBBBBB

IGET Discref

es

TO-220AB cr

e |ULTRAFAST 10-30 kHz

GGGGGGGGG

IGBT Discre

es

D2-Pak

crete| ULTRAFAST 10-30 kHz

1111111

IGBT Discre
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D2-Pak
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IGBT

Quando usar IGBT:

1. Frequéncias baixas (menor que 50 kHz);

2. Tensoes altas (> 500 V);
3. Poténcias altas (> 1 kW).

K372 Recl »Eo_w:lﬁ:.:u
N boe

Family Package Circuit Switching Speed  VCES (V) VCE(ON) (V) IC @ 25C (A) IC @ 100C (A) PD @25C (W)

IRG4PHZ0K |IGBT Discretes | TO-247AC |Discrete [ULTRAFAST 4-20 kHz (1200 4 20 20 10 100
IRG4PCZoU ||GBT Discretes | TO-247AC | Discrete [ULTRAFAST 8-60 kHz (600 2.1 13 6.5 G0

IRG4PCI05 |IGET Discretes | TO-247AC | Discrete |DC-1 kHz (STAMDARD) (600 1.60 34 18 100
IRG4PCE0U |IGBT Discretes [TO-247AC|Discrete LLTRAEAST 2 B0 LMy (600 2.00 75 40 520
IRG4BCIOW |IGBT Discretes [TO-220A8 |Discrete |WARFP 60-150 kHz GO0 270 23 12 100
IRGBE30B60KE|IGET Discretes | TO-220ARB |Discrete O TRAFAST10=50+Hz [600 2.35 78 50 70
IRGBEB&OK |IGBT Discretes |TO-22048 |Discrete [ULTRAFAST 10-30 kHz (600 2.2 17 8.0 140
IRGS6B60K |IGET Discretes|D2-Pak  |Discrete |ULTRAFAST 10-30 kHz (600 1.80 13 7 a0

IRGS14C40L (IGBT Discretes |D2-Pak  |Discrete|Low-Vceon 430 1.40 20 14 125
IRGP4050 |IGBT Discretes [TO-247AC| Discrete |Low-Voeon 250 1.90 104 alil 330




IGBT
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IGBT

Encapsulamentos:

AN

NN
% " b
D-PAK v
TO-252A4 TO-220AB D?Pak TO-262
IRGBEBE0K IRGSEBEOK  IRGSLEBEOK

TO-220 FULLPAK

TO-220AR

TO-24TAC

TO-24TAC

SUPER - 247




IGBT

Dados de catalogo:

PD - 4443

FD S 48570

International Infernational
TSR Rectifier IRG4PCE0U TSR Rectifier IRG4PC40UD

= INSULATED GATE BIPOLAR TRANSISTOR WITH UliraFast CoPack IGBT
MSULATED GATE BIPOLAR TRANSISTOR traFast Sp A i e e
UltraFast Speed IGBT ULTRAFAST SOFT RECOVERY DICDE
Featuras ; m!“ o -+
* UlraFast Cptimized for high operating II/-" Vegs = GO0V
* UltraFast Opfimized for kigh operatng " I trequencies 540 kHZ IR hard swilching, >200
frequencies up o 50 K-z I kand swilching ../} Viegs = 500V EHZ N rescnant mode - | i o e
*200 kHz In rezonant mods, [ = | + Ganeration 4 3T cesign providas tighter . /.' VBt = 1.72V
» Generafon 4 WGET design provkces Aghier . VieEjas be, = 1.6V zeramefer distbuton and migher effcdency than |
paraTeler dsTbution and highsr =Hciancy. ? "\.,__ ) Gareralion 3 1T BV = 15V, | = 20A
* Indesty sanzan: TO-24TAG package. . g =121, Lo w2 * |GET co-mackaged wih HEXFRED™ ufratast Lk
apmoEeE Uira-sot-recovery ani-oarailsl diodes for wse n n-charns
n-zhannel bridge configurations
* Industy stanzand TC-247AC packags
Ganeflta Eenefits
- Gene oS -
» Generaticn 4 IGET's offer highest effclercy avallabie J ;::;._:‘:" HIGETS ater gheat ncencle:
* |GET's optimized for specified apoilcafion condBons. i [ _— caticn
* Diezigned for best performance when used wih IR ! g?ﬁgﬁlmtgﬁﬂm#&ﬂgs
mewred & (R Fred comzankon dodes 1GETS . Minimizss reoovery characlersses raquine
leszing smubibing
» Diewignes {0 e @ “dnop-in” replacament for equlsaient ToLMTAC
e Indusing-siandard Generation 3 IR IGET:
Absplute Maximum Ratings
Absolute Maximum Ratings - — P:_L" H"'L ‘::z “T‘"
e -Err e v
Paramater Max. UnH e Te= 280C | Conbrasun Colecns Gumanl T
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L] Ll B Ll Cuitenld 3":.:' ™ hroe Mackrair Forsaes Culient 180
Vi G Erthn Volags 13 [ ™ Ot Bl Vel ~ 5 ,‘.
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BJT x MOSFET x IGBT

Tipo de comando

Poténcia do
comando

Co mpie‘"a
do

Densidade de

corrente

Perdas de
comutacao

Tensao
Minima
Simples

Elevada em
baixas tensoes e
Baixa em altas
tensoes

Muito baixa

Tensao
Minima

Simples

Muito elevada

Baixa para Média

Corrente

Grande

Media

Media

Média para Alta



Proxima aula

Conversores CA-CA:
1. Gradadores.

Eﬁrﬁnica

E ¥~ i
Poténcia Power =
Electronics

[1.--.5- E!af]'-t

www.cefetsc.edu.br/~petry

Eletronica
de Poténcia

MOoDERN POWER
ELE(‘::T_R(')NI(':S
AND AC DRIVES
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