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Semicondutores para eletronica de poténcia

Semicondutores utilizados em eletronica de poténcia:

| Power semiconductor devices |

l

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

* Bipolar junction transistor (BJT or BPT)

B | | | | |
* Power MOSFET [Triaoe | [ | [romecsm | [ rer | [Cer [ e | [ o
. H“’i[": |“dUC11f}]'I trﬂ.n";lqlﬂr (S['I) Minority carrier devices Majorily;a\r;;rdevices Minority;;;;erdevices

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



Semicondutores para eletronica de poténcia

Capacity (W)

10 Power Control |
HVDC, FACT : Motor Control
™~ .
10" - 4% -
GTO ;
10°
10° /
SCR
10*
10’
o[- roomes \ 7
Air—conditioner
10" —
10 107

Operation Frequency (Hz)



Diodos semicondutores

1F

Exemplo: Diodo SKN20/08
* V40 =0,85YV;

Ae € v « ;=11 mQ;
T * IDmed =20A;
« 15=0,15 mA.
iF
As I b M—sC >
ViToy IT
+ VF -

Caracteristica estatica



Diodos semicondutores

Bloqueio

1‘1‘.-1' co




Diodos semicondutores

Diodos de carbeto de silicio (silicon carbide):
Diminuem acentuadamente o fendmeno da recuperacao reversa.

A
Change of state (on — off)
Iorward / required at t = 1,

Desired response

2

lreverse —_——— = =

P + > o
http://www.infineon.com

A



Diodos semicondutores
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Fig.4. Low-line diode recovery currents in PFC front-end converter.

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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Perdas nos diodos

Classificacao das perdas:
1. Conducéao;

P=V 2

0y omea T 17 - |

Dmed T Def

2. Comutacao:
« Entrada em conducao;

P =0,5Vep Vi )1, -t - f

0

« Bloqueio.

PZZer'E°f



Caracteristicas importantes dos diodos

MAXIMUM RATINGS

P . . . t ’ t . Rating Symbol Value Unit
rnci p als caracteristicas. Peak Repetitive Reverse Voltage VRRM 200 v
A I . ‘Working Peak Reverse Voltage Vewm
1. Tensao de pico reversa, 00 Blocking Voltans o
2 . Queda de tensao d | reta, Average Rectified Forward Current IFan 3.0 A
d . (Rated Vg, T = 158°C)
3 . Corrente € pIC01 Feak Repetitive Forward Current lFRm 6.0 A
LA~ (Rated Vg, Square Wave,
4. Corrente média; A v
5_ Corre nte ef|CaZ’ Non-Repetitive Peak Surge Current leam 75 A
- (Surge Applied at Rated Load
6. Tempo de recuperacao reversa. | Condiions Halwave, 60 Hz)
Cperating Junction and Storage Ty Ty | -65t0 +175 “C
M u RD 3 2 o Temperature Range
THEEMAL CHARACTERISTICS
Rating Symbol Value nit
Thermal Resistance — Junction-to—-Case Raic G CIW
Thermal Resistance — Junction—to-Ambient (Note 1) Raga a0 SN
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage Drop (Mote 2) Ve Yolts
lig = 3 Amps, T, = 25°C) 0.95
(ip=3 Amps, T;=125°C) 0.75
Maximum Instantaneous Reverse Current (Mote 2) =] A
(T, =25C, Rated dc Voltage) 5
(T, =125"C, Rated dc Voltage) 500
Maximum Reverse Recovery Time tr ns
i(l= =1 Amp, difdt = 50 Ampsius, Vg =30V, T = 25°C) 35
(le=05Amp, ig=1Amp, lgec =025 A, Vg =30V, T = 25°C) 25




Caracteristicas de diodos comerciais

Tipos de diodos de poténcia:

Standard and fast recovery;
Ultrafast rectifiers;
Ultrasoft rectifers;
Silicon carbide (zero recovery).

1.
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Electrical Compone:

LS. @ hitp://www.onsemi.com/

File

— - . 5
W I@ Semiconductors - Integrated Circuits - Electrical .. I B~ v % v [ Page v i Tools «

nternet Explorer provided by Dell

Edit  View

Favorites  Tools

Help

ON Semiconductor®

Power Management (2860) Bipolar Transistors (1555)

Off-Line Controllers (232)

Off-Line Regulators (108)
PBower Factor Correction
(23)

Battery Management (34)
DC-DC Svitching (370)

Hot Swap Controllers (2)

Linear Voltage Regulaters
(1527)
Voltage References (113)

Voltage Supervisors (335)

Thermal Managers (59)

Remote Thermal
Sensors (;

Remote Thermal Sensars
vith Fan Control (28)

System Monitors (3)

Drivers (182)
Display / LED Drivers (32)
Load / Relay Drivers (40)
MOSFET / 1GBT Drivers (71)

Motor Drivers (39)

Selection. Service. Support.

Power Solutions from ON Semiconductor

Audio Transistors (121)
Bias Resistor Transistors
(BRTz) (210)

Darlington Transistors (221)

General Purpose
Transistors (910)

Insulated Gate Bipolar
Transistors (IGETs) (19)
(s8)

Low V, Transistors

RF Transistors (up to 2
GHz) (18]

FETs (646)
IFETs (31)
MOSFETs (598)
Protected MOSFETs (17)

Analog Switches (245)
Audio Switches (26)
9)

General Purpose
Svitches (206)

Video Switches (4)

Data Switches

Amplifiers &

EMI / RFI Filters (44)
)

Data Filters (39)

Audio Filter:

Diodes (2158)
ESD Protection Diodes (100)

Schottky Diodes B
Rectifiers (355)

Small Signal Switching
Diodes (1

Transient Voltage
Suppressors (Ty3) (642)

Tuning Diodss (14)

Standard
Rectifiers

UltraFast Rectifiers (
UltraSoft Rectifie

Thyristors (429)

Programmable Unijunction
Transistors (PUTs) (13)

SIDACs (10)

on Controlled Rectifiers

Contact Us | Company | Investor:

Clock Managers (492)
Clock Distributors (261)
Clock/fedules (5)

Clpfek Synthesizars (65)
£MI Suppression Clocks (24)

Phase / Frequency Datactors
(PLL) (20)

Skew Managers (38)
vCo (PLL) (29)

Zero Delay Buffers (50}

Differential Logic
(ECL) (17125
Arithmatic Functions (217)
Buffars (60)
Crosspaint Switches (14)
Flip Flops (213)
Gates (288)

Latches & Registers (100)

Multiplesxers (201)
Receivers [ Drivers (276)

Serial / Parallel
Converters (29)

Translators (234)

& Intemet | Protected Mode: On

http://www.onsemi.com

Carears H#kX B#EH

a Search

» Automotive
# Circuit Protection

Environmental Programs
»» Pb-free Program
» China RoHS
s Halogen Free Mold
‘Compounds
* Green Partner Certificates

Product Services
»» Check Availability

Rectifiers (227)

Standard
Rectifiers

UltraFast

and Fast Recovery
(55)
Rectifiers (165)

UltraSoft Rectifiers (7)




Caracteristicas de diodos comerciais

1N5400 thru 1N5408

1H5404 and 1N5406 are Preferred Devices

Axial-Lead Standard
Recovery Rectifiers
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Capacitores

Capacitancia depende de:
« Dielétrico (permissividade);
 Areadas placas;
« Distancia entre as placas.

O+) d = 1.5 mm




Capacitores

C RSE LSE

— —  W\——— o

Modelo equivalente do capacitor

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

Perdas devido a RSE:

P=RSE-I,?



Capacitores

RSE

Ondulacao da tenséo:

AV =RSE - Al




Capacitores

Tecnologias de capacitores:
» Filtro do retificador de entrada — Sao empregados capacitores eletroliticos
de alta tenséo e grandes capacitancias;

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

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



Capacitores

Tipos de capacitores: Capacitores de
disco de

Pa - ~
d ceramica. yZ
Lead wire soldered / /Y
@ to silver electrode . // /5
2 = 7 ‘“‘77 @‘ Dipped phenolic coating
A Solder / {[
)
| //

Silver electrodes deposited on
|~ top and bottom of ceramic disc




Capacitores

Tipos de capacitores: Capacitores

eletroliticos. 3 E—#




Capacitores

Tipos de capacitores: Capacitores de




Capacitores

Tipos de capacitores: Super capacitores

..instant energy anywhere..

Small capacitance 3F, 2.3V - 300F, back-up power,

2.3V on-board UPS, etc.
Medium 300F, 2.3V - peak power, UPS,
capacitance 5000F, 2.7V etc.

peak power, low

. 5000F, 2.7V - maintenance
Large capacitance 80.000F, 1.8 V energy storage,
etc.
5Vv- 700V,

Supercapacitor
modules

Higher voltage

capacitance on .
P applications

request.




Capacitores

Exemplo: capacitores para UPS

http://www.epcos.com >> Publications


Capacitors_UPS_PB.pdf

Fusivels

Fusiveis de acao lenta:

 Vidro—
 Areia;

« Ceramica.

Fusiveis de acao rapida:

* Vidro;

 Areia;

 Ceramica.
Resistores fusiveis.




Fusivels
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Termistores

Termistor:

 Resistor cuja resisténcia € sensivel a variacdo da
temperatura.

R

108
6
10 N

102 <
N
]()O T~ Ll (b)

2

3

Specific resistance (£2-cm)

1074

—100 O 100 200 300 400
Temperature (°C)

(a)



Termistores

Termistor NTC.:
» Coeficiente negativo de temperatura;
» Resisténcia diminui com o0 aumento da temperatura.

Termistor PTC:
» Coeficiente positivo de temperatura;
» Resisténcia aumenta com o0 aumento da temperatura.




Retificadores e filtros capacitivos

310 v 0OC -

3 ==C5
D¢ - DC
*—anﬁ-—- COMVERTER
TH (Constant
LINK Power Load)
—n L6
Ll ommaCd Ep2 204
G B | |

Estagio de entrada de uma fonte chaveada



Retificadores e filtros capacitivos

Carga resistiva:

Dy D2
Circuito do retificador s AN
T[ﬂ]’[}& iL]' ER VR
D3 Dy
ZF zZs
(a)

D Do QSD 1 IDJ
+ - -
v(eat) 1 I_l SR v n'f:mtj(ﬁ?
Z|SD3 *__1.1 - TII:]' 3 Dy

(b

Etapas de operacao

fc)



Retificadores e filtros capacitivos

Carga resistiva:

Tensao e corrente média na carga:

2J§-v220 9.V
~0,9-V,
T

VLmed —

| 242V, 0,9V,
Lmed 7Z'R R

|12




Retificadores e filtros capacitivos

Analise simplificada:

".-'C
]
1
Y D1 S DE
VAC o1
: 220V
(~0) o2
-y S 110V
< D S D,

13

Conversor

oot




Retificadores e filtros capacitivos

Analise simplificada:

c=c,//c, =%
C, +C,
Win 1 2 2
2 :EC (Vpk _VCmin )
Win :i
f
Ve min =V -€0S(27 - -t

(V. .
COS 1 Cmin
( %pkj

: 27 f

AQ=1, -t =C-AV

C_cav (Ve Vo)
S t

C°(Vpk2 _VCminZ):%

C — Pin




Retificadores e filtros capacitivos

Analise simplificada:

ZS Dy

VAC

Z< D;

S

< Dy

Conversor

|, = valor eficaz da componente alternada de |;

|, = Vvalor medio de i;

|, =Vvaloreficazdei. -

C

cof




Retificadores e filtros capacitivos

Analise simplificada:

in C min

IClef2:|med2+|ef2

T
I — I 2_| 2 D:ﬂ
ef Clef med T
P g | =T
med p- T pk chin.D

2.1,

IClef :Ip T Pin — __out

7
Ief :Ip\/Zth_(Zth)z [pk [ — - [re——

Ton




Retificadores e filtros capacitivos

Analise simplificada:

_ 2 2
ICef _\/IZef + Ief

~ __PR

Dmed Z.chin
1:c

IDef = Ip ?

17

Ipk |

Ton




Retificadores e filtros capacitivos

Analise simplificada (exemplo numeérico):

Retificador de entrada de uma fonte chaveada:

Voo =117V Vo, =99V V... =135V

f=60Hz V., =100V 7=0,7 P, =70W
a) P = Pou = 70 =100W
n 0,7
b) Vi, =v2V,cpn =+/2-99 =140V C,=C, =406 uF
AV =V, —V, ., =135-100 =35V
C= i 100 =~ 203 uF

Cmin

(Vo2 —Vem’)  60-(1352 —100)



Retificadores e filtros capacitivos

Analise simplificada:

1 Ve min
° t—COSl( C/j il (0/35) =1,954ms

¢ 2 f

| _CAV _203u35 o
P t 1,954m

C

e) 2-t-f=2.1954m-60=0,2345

ly = 1,321, - f—(2-t,- F)° =3,64,/0,2345—(0,2345) =1,54 A



Retificadores e filtros capacitivos

Analise simplificada:

p o ——n 190 _4p
V. . 100

Cmin

0) Doy =4/ lp” + 1" =17 +1,54°

M1 =1 [ =364 (204N g o5
T 16,67m
D PR _ 100 _
Dmed Z.chin 2100 |

D Vomse =Voemax = V2 Ve = V2 -135=191V

) 1, =1,=364A



Retificadores e filtros capacitivos

Analise simplificada:

10A

"V |I
\

sad

:l J.. | 7 I II' 1 T

-10A



Retificadores e filtros capacitivos

Dobrador de tensao:

L'
I ——p I —h
1 17
25 Dy 25 D5 - €y
VAC I
- 220N
| [%} | / iy | Conversor
S 110V
Z5 Dy 25 Dy —




Retificadores e filtros capacitivos

Descricéo do funcionamento:

Dy <D, VCl==C, -
VAC -
TN Conversor | v
T
Ry
+
Z5 Dy Z=Dy Vo2 ==C; i
1+
25 Dy 25 Do VOl =—=Cq
VAC -
- + Cony
(m} ‘onversor
+
T o2 =Dy T TC::_

Ve



Ty
-

Retificadores e filtros capacitivos

Descricao do funcionamento:



Retificadores e filtros capacitivos

Descricéo do funcionamento:

92.5%
83.2%
T4.0%
B4, 7%
bb.5%
46.2%
37.0%
27.7%
18.5%

9.2%

0.0%

L —

35 7 91131571921 23 25 27 2931333537 3941434547495




Retificadores e filtros capacitivos

Exemplo:

* Projetar um filtro capacitivo, dobrador de tensao para:

Operacao em 110/220 V;,

Frequéncia da rede de 60 Hz;

Corrente média na carga de 5 A;

Ondulacéo de tensao permitida na carga = 5%.

Tarefa



Reguladores lineares

Control

Vi ~  element Vo
(unregulated (regulated
input) 4 output)
Sampling
circuit

Reference Cnn_‘lpar_ator
voltage circuit

Principio da regulacao serie.

—




Reguladores lineares

0,

V. |4

i 0
(unregulated u (regulated
9

voltage) R voltage)

Ry

Tenséao regulada.

Tensao sem regulacao.



Reguladores lineares

Q,
\v/, O * ‘/n
(unregulated \_{ (regulated
voltage) R, voltage)
% Rl

= T Vz +VBE2)



Reguladores lineares

Q,
Vi v()
(unregulated \_‘_{ (regulated
voltage) R, voltage)
+ .
% Y
R,
- =
V. =



Reguladores lineares

Rsc

V;

~—

—

-

Q
Le_

Limitac&o de corrente.

R;




Reguladores lineares

T
V.
' =,
1— —

1 -
v
=C; °

Codigo do CI | Tensio de saida (V) | Vj minilno (V)
7805 +5 7.3
78006 +5 8,3
7808 +8 10.5
7810 +10 11,5
7812 +12 14.6
7815 +15 17.7
7818 +18 21.0
7824 +24 27.1




Reguladores lineares

&Nationa! Semiconductor

LM79XX Series 3-Terminal Negative Regulators

General Description

The LM78XX seres of 3-teminal regulators is available with
fixed output woltages of —5V, —BY, —12V, and —15V.
Thase devices nead only one external component—a com-
pensation capaditor at the output. The LM7EXX series is
packaged in the TO-220 power package and is capable of
supplying 1.54 of output current,

Thase regulators employ intemal cument limiting safe area
protection and thermal shutdown for protection against wir-
tually all overioad conditions,

Low ground pin curment of the LM 78X series allows output
voltage to be easily boosted above tha preset valua with a
resistor divider, The low guiescent cument drain of

these dewices with a spedified maximum change with |
and load ensures good regulation in the voltage boosi

mode,

For applications reguiring other voltages, see LM137 4

sheet,

Features

B Thermal, short circuit and safe area protection

B High ripple rejection
m 1.5A output current
B 4% tolerance on preset output voltage

Mowember 1584

Connection Diagrams
TO-220 Package

INFUT
[ ———— outPuT
@) —
O ———— GROUND
TLH A0 12
Front View

Order Number LM7905CT, LM7912CT or LM7915CT
See NS Package Number TO3B

Typical Applications
Fboed Regulator

e ] Lt
g cymy > o

= — 2.2:F — .F
GHD
®
INPUT et J2 ouTRUT

*Reguired if regulator is separated from filter c
more than 3", For value given, capacitor mu
tantalum. 25 pF aluminum slectrolytic may be ¢

TRequired for stability, For value given, capacit

solid tantalum. 25 pF aluminum electrolytic ma
tuted. Values given may be increased without |
For cutput capacitance in excess of 100 wF, al
diode from input to output (1N4001, etz.) will
regulator from momentary input shorts,

Fixed Regulator

Codigo do CI

Tensao

de saida (V)

Vi minimo (V)

7905 -5 -7.3
7906 -0 -8.4
7008 -5 -10.5
7900 -0 -11.5
7012 -12 -14.6
7015 -15 -17.7
7018 -15 -20.8
7924 -2 -17.1




Reguladores lineares

IN ouT
/
LM 317 ] ll V. 1,25V
VREF Rl
ADJ
Vin | | l Vo 1., =500u100 A

IADJ

R,




Reguladores lineares

/2 Power Management ICs, Power Semiconductors, Signal Path ICs, Lighting and Display, Logic, Optoe - Internet Explorer provided by
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AC-DC: Power Factor Correction (@

H
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=

Megative Voltage Linear Regulators

H

Power Drivers

H
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Shunt Regulators

o

Voltage Regulators
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Positive Voltage Linear Regulators
Megative Voltage Linear Regulators

Shunt Regulators
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Solid State Relay
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Reguladores lineares

I
FAIRCHILD
]

SEM'DDNDUETDQQ Www.fairchildsemi.com TD'220F"4L

KA78RXXC-Series ”
1A Output Low Dropout Voltage Regulators

1

. (- =] vo 1. Vin 2. Vo 3. GND 4. Vdis
THERMAL SHUTDOWN RO T It provides constant voltage power source with TO-220-4
lead full mold package. Dropout voltage of KATERXXC 1s
below 0.5V 1n full rated current(1A).

BANDGAF REFERENCE

AT

N
V §R1

LM7805 = R$ 1,05

S0A PROTECTION

> oy : KA78RO05 = R$ 1,71

e SHORT-CIRCUIT
e PROTECTION

»

l.I".\‘.!
A

GMND



Inrush

O problema:

7.

@ VAC

11:21 —1

Carga




Inrush

5 200
—a . Py :

0,0ms 1,0ms 2,0ms 3,0ms 4,0ms 5,0ms

1




Inrush

T5uH 0,050 5 4]
40uH Vc
. ]
0,10
TouH 0,050 20uH
Vaclt)=311sen(377t) — 1000 uF
& .



Inrush

40V t t ' t t
00V ;/ 1
f
¥
J
Iln'
/
1004 - - . , .
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Inrush

Exemplo:
« Projetar um circuito de limitacdo de corrente para:
* Diodos retificadores 1N4007;
« Capacitor de filtro de 4700 pF;
« Considerar resisténcia da rede nula.
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Circuitos de partida
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Circuitos de partida
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Proxima aula

Parte 1 — Fontes lineares:
1. Projeto de magnéticos;
2. Projeto térmico;
3. PCBs e layout;
4. Protecoes.
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