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Semicondutores de poténcia:
- Semicondutores para eletronica de poténcia;
- Diodos ideais;
- Diodos reais;
-+ Comutagdo de diodos;
* Perdas em diodos;
- Caracteristicas importantes de diodos;
- Tiristores;
- Tiristores ideais e reais;
-+ Comutacdo de tiristores;
+ Perdas nos tiristores;
- Caracteristicas importantes de tiristores;
+ Acionamento de tiristores.
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Semicondutores aplicados a eletronica de poténcia:
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Exemplo Diodo SKN20/08

. VRRM = 800 V;
o F - V(TO)=0,85V;
- rT =11 mQ);
iF - IDmed = 20 A;
A N_.C - IR = 0,15 mA.
V1 » VF
e \’F -
1
Ae] b—win=et
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+ VF -

Caracteristica estdtica
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Demonstracgao

Curve Tracer | Instructions I NI myDAQ Connection Diagram| Plotting Tips

Diode Curve Tracer

RD [ohm]

1} 100

Demo
- Curva de diodos: jomn 5o

- Diodo zener; )ﬁ _

- Diodo de sinal;

- Diodo de POTénCiG. %20 0b0 010 030 030 040 050 0&0
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Circuito para estudo da comutagdo
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Segunda etapa de comutagdo
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e 0OMUTACA0 de Diodos

Diodos de carbeto de silicio (silicon carbide):
+ Diminuem acentuadamente o fenémeno da recuperagdo reversa.

A p

Change of state (on— off)
ey / required at ¢ =

| w— e . W

!I'E\’EI'F-E

Desired response - =%

o ===
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ANTA CATARINA
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Fig. 5. Typical reverse recovery waveforms of the Si pn and SiC Schottky
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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File Vertical Timshase Trigger Dieplay Cursors Mexsure Math Analysis Liliies Halp M3 Sstup
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Fig.4. Low-line diode recovery currents in PFC front-end conver

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.

http://www.cree.com/Products/pdf/Power Article 1.pdf
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oo PEYAAS NOS Piodos

Classificagdo das perdas:
1. Conducgado;

P=V__-I  +pr -] 7

(10) * Dmed "7 Def

2. Comutagdo:
+ Entrada em conducdo;

Por simulagado
- Bloqueio.

Por simulagdo
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Principais caracteristicas:

MAXIMUM RATINGS

~ . Rating Symbol Value Unit
- Tensdo de pico reversa; — _ ,
N . Peak Repetitive Reverse Voltage VarMm 200 V
* Queda de tensdo direta; Working Peak Reverse Voltage Vewm
. DC Blocking Voltage Ve
- Corrente de pico;
’oa. Average Rectified Forward Current [ 3.0 A
-+ Corrente média; (Rated Vg, T = 158°C)
+ Corrente eficaz; Peak Repetitive Forward Current - 6.0 A
. T d ~ (Rated Vg, Square Wave,
empo e r'ecuper'agao reversa. 20 kHz, T = 158°C)
Non-Repetitive Peak Surge Current lesm 75 A
(Surge Applied at Rated Load
Conditions Halfwave, 60 Hz)
Operating Junction and Storage Ty Tstg | -65t0+175 | °C
M U RD 320 Temperature Range
THERMAL CHARACTERISTICS
Rating Symbol Value Unit
Thermal Resistance - Junction-to-Case Rauc 6 °C/IW
Thermal Resistance - Junction—-to-Ambient (Note 1) Raua 80 °CIW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage Drop (Note 2) Ve Volts
(i = 3 Amps, T, = 25°C) 0.95
(i =3 Amps, T, =125°C) 0.75
Maximum Instantaneous Reverse Current (Note 2) IR WA
(T, =25°C, Rated dc Voltage) 5
(T, =125°C, Rated dc Voltage) 500
Maximum Reverse Recovery Time tr ns
(I= =1 Amp, di/dt = 50 Ampsfus, Vg =30V, T; = 25°C) 35
(l;: =0.5 Amp, iR =1 Amp, IREC =025A. VR =30V, TJ = 25'-'C) 25
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SANTA CATARINA

Tipos de diodos:
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)
UltraSoft Rectifiers (7)
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C2D20120D-silicon Carbide Schottky Diode 1200 V

/ERO RECOVERY® RECTIFIER I =20A
Q. =122nC

<

RRM

-

Features Package

1200-Volt Schottky Rectifier

Zero Reverse Recovery

Zero Forward Recovery

High-Frequency Operation
Temperature-Independent Switching Behavior
Extremely Fast Swtitching

Positive Temperature Coefficient on V,

www.cree.com

i/

24
TO-247-3
Benefits

Replace Bipolar with Unipolar Rectifiers PIN 1O ){
Essentially No Switching Losses

Higher Efficiency PIN 20O QO CASE
Reduction of Heat Sink Requirements PIN 30 >J|
Parallel Devices Without Thermal Runaway o
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Demonstragao

Demo
- Testes de diodos com

multimetro.
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ATARINA
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VARM

VT

Curvas 1 e 2 - sem corrente de gatilho
Curvas 1 e 3 - com corrente de gatilho



o FUNCIONAMENTO do Tiristor

Anodo

J1

Vee

Rc (carga)

J3

VAVAVAN

N+

C’bM |
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Catodo
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Estrutura interna e analogia com BJT
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Ia N
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Curva caracteristicaV x I
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Funcionawmento do Tiristor

| |
I
®
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|

Circuitos para auxiliar na protegdo de tiristores e
evitar disparos intempestivos




oo FUNCIONAWENTO dO Tiristor

Demonstracgao

Curve Tracer | Instructions | NI myDAQ Connection Diagram | Plotting Tips

Diode Curve Tracer

_RD [ohm]

1’) 100

De mo V_Dstart[V] —_- 12:00—

o B

* Curva de tiristores: I

'V_D step [V]

- Sem corrente de gatilho; oo

+ Com corrente de gatilho. | EEE
- e

i 1 [ [ [ 1 [ [ 1 [ I
-0,10 0,00 0,10 020 030 040 050 060 0,70 0,80 0,90

) v_D [volts]
step time [ms)] Cuﬂ’;;llu"_l_
; v Cursor
2 100 . wa
7, oJ V-lplot -0,04 | -0,00 ® |
Cu:reernt v B8 Cursor 2 -
Progress V-Iplot -0,04 -0,00
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Disparo:



oo 0OMUTAEAO de Tiristores

Disparo:

* ton - tempo de fechamento;

* 14 - tempo de retardo; t =1,+1

on
- tr - tempo de descida da tensdo anodo-catodo.

. A
1G

@

t
| >

Influéncia da corrente de gatilho no tempo de retardo
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Blogqueio:

IrM

* 1, - Tempo de aplicagdo da tensdo reversa para bloquear o tiristor;
Para tiristores rdpidos é da ordem de 10 ps a 200 ps.

E>+AV




o PRFAAS NOS Tiristores

Classificagdo das perdas:
1. Conducdo;

P=V_ -1 +r -1 7?

(TO) “Tmed ' T " Tef

2. Comutagdo:
- Entrada em conducdo;

Por simulagdo
- Blogueio.

Por simulagdo
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Principais caracteristicas:
1. Tensdo de pico reversa;
Queda de tensdo direta;
Corrente de pico;
Corrente média;
Corrente eficaz;
Tempo de recuperagdo reversa.

S e



Tipos
1

2.
3.
4,

o QAracteristicas de Tiristores Comerciais

SANTA CATARINA

de tiristores de poténcia:
SCR;

Triac;
. . Programmable Unijunction
SldClC, Transistors (PUTs) (13)

SIDACs (10)

Thyristors (449)

Para protecdo, etc.

Silicon Controlled Rectifiers
(SCRs) (187)

Thyristor Surge Protection
Devices (TSPDs) (66)

Triacs (173)
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MCR12DCM, MCR12DCN

Preferred Device

Silicon Controlled Rectifiers
Reverse Blocking Thyristors

Designed for high volume. low cost, industrial and consumer
applications such as motor control: process control; temperature. light
and speed control.

Features

® Small Size

Passivated Die for Reliability and Uniformity

Low Level Triggering and Holding Characteristics

Epoxy Meets UL 94 V-0 @ 0.1251n

ESD Ratings: Human Body Model, 3B > 8000V
Machine Model. C = 400V

® Pb—Free Packages are Available

ON Semiconductor®

http://onsemi.com

SCRs
12 AMPERES RMS
600 - 800 VOLTS

G
Ao n/o o K
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ANTA CAT/

2N6344A, 2N6348A,
2N6349A

Prafarred Davice

Triacs
Silicon Bidirectional Thyristors

ON Semiconductor”

Designed primanly for full-wave AC control applications. such as htip:llonsemicom

light dimmers, motor controls. heating controls and power supplies; or
wherever full-wave silicon gate controlled solid-state devices are

needed. Triac type thynstors switch from a blocking to a conducting TRIACS
state for either polanty of applied anode voltage with positive or 12 AMPERES RMS
negative gate triggenng. 600 thru 800 VOLTS
Features
® Blocking Voltage to 800 V

. : ! _ MT2 © o NT1
¢ All Diffuzed and Glass Passivated Junctions for Greater Parameter H_é ﬁ

Uniformity and Stability

¢ Small Rugzged. Thermowatt Construction for Low Thermal

Rezistance, High Heat Diszsipation and Durability MARKING
® Gate Trigzgeninz Guaranteed 1n all Fouwr Quadrants DIAGRAM

¢ For 400 Hz Operation, Consult Factory

¢ 3.0 A Devices Available as 2N6344 thiu 2N6346

® Pb-Free Packages are Available®

O

TO-220AB ———
CASE 221A “
STYLE 4 AYWW

it
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SANTA CATARINA

/> SEMIKRON, leading manufacturer of diode thyristor power semiconductor modules, (IGBT, Mosfet, ¢ - Internet Explorer provided by

gl it/ semikcon comintemet/indexjsplsekid= 2008 sekav=228  ~ || fu
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Bridge Rectifier e, N
~
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_ 0 _
Diode > S 4 6‘ e
Leaded Surface Mount Stud Screw Fit Capsule
)."‘
Thyristor A § @
,/ v
Stud Screw Fit Capsule
y A
Leaded Faston
{ (9
Chips O
Freewheeling Diodes Rectifiers Thyristors
; —
@ copyright 2004 SEMIKRON INTERNATIONAL GmbH Deutschiand Germany Ad

R10% ~

& Internet | Protected Mode: On

www.semikron.com
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CATARINA

FAIRCHILD
[scunsuneLnn i sl

SEMICONDUCTOR

COUPLER SCHEMATIC

£ e ot @ “@. ® ® @ ® @
Bt oo |« can | el | meuen | ceven | newen | s Mocm1

6-Pin DIP Zero-Cross MOC3062

Optoisolators Triac Driver Output
(600 Volts Peak) MOC3063

The MOC2051, MOC3052 and MOC3CE2 cevices corsist of galium arsenide
Infrared em=ing clcdes opticaly coupled to mencikthic slicon detectors
parforming Te functiors of Zero \oltage Croszing bialeral triac drivers.

They are cesipnec for use with 2 triac In e nterface of logic systems to

equipment powerad from 115240 Vac ines, such as sold-siate relays,
rdusyial confrols, motors, sclencids and consumer agplances, etc. @
¢ 1

¢ Smpies Logic Control of 115240 vac Power
« Zero Voltage Crozsicg

« dwoat of 1500 Vius Tyocy, 500 Vs Guaraniesc STANDARD THIL MOLE
-

To orger devioes that ars tagted and marked per VDE (884 requiramants, the
cufix v~ muet be Inoludad o and of part number. VDE 0284 ic a tast option.

Recommended for 118240 Viao{rme) Applioatione:

¢ Solendlddaive Controls e Temperafure Cortrols COUPLER SCHEMATIC
¢ Lighting Contro's ¢ EM Comaclors
¢ Siafc Power Safiche: e AC Mctor Starters 1 8
¢ AC Mctor Drives * Solld State Relays
MAXIMUM RATINGS o | gk o 1. ANODE
| Raung | symoet | vane | ven | —
- o
NPRARED ENITTING DIODE *0 oy 4 2, CATHODE
Herrarse Voltege Va s Voits
Formmid Cutient — Coslneous 1§ 82 A 1. ANCOE 3 . N C
- 2. CATsCE
Total Powe: Dasizaten @@ Ta « 24°C "o 20 el 3 NE
O B 4. MAIN TERMINAL
Desule above 24°C 141 mWEC 5 GUBSTRATE . v V
QUTPUT DRIVER DOMNIT COMMECT
¢ WAN TessmA 5. SUBSTRATE
OF=-State Outpu! Teorirml Volege vVioeum L)) Yol .
Posus Repeline Suige Curest 158 1 <
DO NOT CONNECT
Total Power Dasizaten @ Ta « 24°C "o o e
Dwtale sbove 25°C s mWEC 6 I\'1AIN TER[\AINAL
TOTAL DEVICE ' ‘
oheion Suige Voltegel ') Viso %o Vedlzh)
[Fosh wc Wollege, 20 M 1 Seccrd Duwion)
Total Powe: Dasiceton @ T4 « 258°C o 2580 e
Durale sbove 25°C 254 WG
Juncton Tenpesalae Range T -0 % 2100 L -
Anbeent Ogewing Tenpesulue Range Ta -40 o 25 b~
Skerage Tergensdse Rusge l.a -42 % 2150 L~
Sokkering Tenpewiom [0 ) T 280 &
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ANTA CATARINA

Vee  Rin

O—— W\~
D

3

o,_

1

Ve o——

MOC2061-63

6 a0 Q
— AN\—@ 9 O HOT
mocast-s3Fo WA 'g "
A 240 Vac
o
A —= 0.01
®—@— _0AD (O NEUTRAL

*
N ok

360 Q

R2

D2

240 v;\-/

Suggested method of firing two, back-to-back SCR’s,
with a Motorola triac driver. Diodes can be 1N4001; resis-
tors, R1 and R2, are optional 330 ohms.

SCR

NOTE: This optoisolator should not be used to drive a load directly.

Itis intended to be a trigger device only.

LOAD

—U
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Demonstracgao

Demo
- Testes de tiristores com
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CATARINA

Componentes Semicondutores:
- BJT, MOSFET e IGBT.

www.ProfessorPetry.com.br
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