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Bibliografia para esta aula

Capitulo 4: Dispositivos tiristores
1. Semicondutores aplicados aos conversores CA-CC

(tiristores).
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Nesta aula

Semicondutores aplicados a conversores CA-CC (tiristores):
Introducao;

Caracteristicas dos componentes ideais;

Caracteristicas dos componentes reais;

Perdas no tiristor;

Calculo de dissipador de calor.
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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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Tiristor ideal e real
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Curvas 1 e 2 — sem corrente de gatilho
Curvas 1 e 3 — com corrente de gatilho

Caracteristica estatica



Comutacao — Caracteristicas dinamicas

Disparo
vt




Comutacao — Caracteristicas dinamicas

Disparo

* t,, — tempo de fechamento;

* t4 — tempo de retardo;
« t — tempo de descida da ten

(D

t, =t +t 'G o

t

.
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I
Influéncia da corrente de gatilho no tempo de retardo



Comutacao — Caracteristicas dinamicas

Bloqueio

1T

Ipn

E1—

Ex+AV

* t, — tempo de aplicagao da tensao reversa para bloquear o tiristor;

 Para tiristores rapidos € da ordem de 10 ys a 200 ps.



Perdas nos tiristores

Classificacao das perdas:
1. Conducao;

2
P :V(TO) ' ITmed + 1 ITef

2. Comutacao:
« Entrada em conducao;

Simulacéao

« Bloqueio.

Simulacéao



Caracteristicas importantes

Principais caracteristicas:

O o s wN o

Tensao de pico reversa,;

Queda de tensao direta;
Corrente de pico;

Corrente média;

Corrente eficaz;

Tempo de recuperacao reversa.



Caracteristicas de tiristores comerciais

1. SCR;
. Triac;
. Sidac;

A WN

/2 Semiconducto

. Para protecao,

Integrated Circuits - Electrical Components - Intemet Explorer provided by Dell

"‘:—" - @ http:/ fwww.onsemi.com/

Tipos de tiristores de poténcia:

etc.

Eile Edit View Favorites Tools

Help

W I@Semimnductms-IntagratadCir(u'ris-Electrica\u.I ]

Off-Line Controllers (232)

Off-Line Regulators (108)

Power Factor Corraction
(33)

Battery Management (34)
DC-DC Switching (369)
Hot Swap Controllers (2)

Linear Voltage Regulators
(1635)

Voltags Refersnces (119)

Voltage Supervisors (325)

Thermal Managers (82)

Remote Thermal
Sensors (34)

Remots Thermal Sensors
with Fan Control (45)

System Monitors (3)

Drivers (184)
Display / LED Drivers (22)
Lozd / Relay Drivers (42)
MOSFET / IGET Drivars (71)

Motor Drivers (39)

Interfaces (121)

Data Transmitters (62)

Modulators /
Demodulators (14)

Sensor Interfaces (4)

Smart and SIM Card
Interfaces (12)

Timers (29)

Audic Transisters (121) Audic Filters ()

tor Transistors Data Filters (29)
(BRTs) (210)

Darlington Transistors (221)

Diodes (2150)
ESD Protection Diodes (100)

Schottky Diodes &
Rectifiers (347)

Small Signal Svitching
Diodes (184)

General Purpose
Transistors (910)
Insulat=d Gate Bipolar
Transistors (IGETs) (19)

Low v, Transistors (58)

Transient Voltage
Supprassors (TVS) (642)

Tuning Diedes (14)

RF Transistors (up to 2
GHz) (16)

FETs (648) Zener Diodes (863)
IFETs (31)
MOSFETs (599)

Protected MOSFETs (18)

Rectifiers (226)
Standard and Fast Recovety
Rectifiers (55)
Analog Switches (245) UltraFast Ractifiers ({64)
Audio Switches (26) UltraSoft Rectifinfs (7)
Data Svitches (9)

General Purpose
Switches (206)

Video Svitchas (4)

on Controlled Racti
(187)

Comparators (595)
Audio Amplifiers (17)
Compandors (23)
Comparators (103)
Operational Amplifiers (420)

Transconductance
Amplifiers (3)

video Amplifiers (17)

mputing and Peripher;

Clock Distributors (261) cumer ond Portable

Clock Modules ()
Clock Synthesizers (65)

EMI Suppression Clocks (24)
Phase / Frequency Datectsfs
(PLL) (20)

Skew Managers (38)

VCO (PLL) (29)

Zero Delay Bdffers (50)

Differe:itial Logic
(ECL (1723)

Arithmetic Functions (217)
Buffers (66)

Crosspoint Switches (14)
Flip Flops (212)

Gates [274)

Latches B Ragistars (100)

-onmental Programs

» Pb-free Program

» China RoHS

* Halogen Free Mold
Compounds

» Green Partner Certificates

Multiplexers (201}
Recaivars / Bfivars (276) Y o

Serial / Farallel . i
Conydrters (29) Product Services
» Check Availability
» Order Samples
» Reliability Data
» Competitor Cross
Reference
» Product Change
Notifications
# Find/Replace Obsolete/EOL
Products
» Automotive Process
Documentation

Tfanslators (334)

standard Logic (2266)

Arithmetic Functions (172)
Buffers (404)

Flip Flops (238)

Gates [518)

Inverters (298)

Latches & Registers (244)

Multiplexers (238)

@ Internet | Protected Mode: On

http://www.onsemi.com

Thyristors (449)

Programmable Unijunction
Transistors (PUTs) (13)

SIDACs (10)

Silicon Controlled Rectifiers
(SCR=s) (187)

Thyristor Surge Protection
Devices (TSPDs) (66)

Triacs (173)



Caracteristicas de tiristores comerciais

MCR12DCM, MCR12DCN

Preferred Device

Silicon Controlled Rectifiers

Reverse Blocking Thyristors

Dezigned for high volume, low cost, industrial and consumer ON Semiconductor®
applications such as motor control; process control; temperature, light
and speed control. http://lonsemi.com
Features s C RS
® Small Size 12 AMPERES RMS
® Passivated Die for Reliability and Uniformaty 600 - 800 VOLTS

® Low Level Tnggenng and Holding Characteristics

® Epoxy Meets UL 94 V-0 @ 0.125 1

® ESD Ratings: Human Body Model, 3B = 8000V H/D
MMachine Model, C = 400V oK

® Ph-TFree Packages are Available




Caracteristicas de tiristores comerciais

2N6344A, 2N6348A,
2N6349A

Prafarred Davice

Triacs
Silicon Bidirectional Thyristors

Deasigned primarily for full-wave AC control applications, such as
light dunmers, metor controls, heating controls and power supplies; or
wherever full-wave silicon gate controlled solid-state devices are
needed. Triac type thyvnistors switch from a blecking to a conducting
state for either polarnty of applied anode wvoltaze with positive or
negative gate friggering.

Features

# Blockmgz Voltags to 800V

# All Dnffused and Glass Passivated Junctions for Greater Farameter
Uniformity and Stabality

#* Small Bugged, Thermowatt Construction for Low Thermal

Fesistance, High Heat Dissipatien and Durability

Gate Triggering Guaranteed in all Four Quadrants

For 400 Hz Operation, Consult Factory

3.0 A Devices Available as 216344 thoa 26345

Pb—Free Packages are Available®

ON Semiconductor”

hitp:ifonsemi.com

TRIACS

12 AMPERES RMS
€00 thru 800 VOLTS

MT2 D—H:JJD MT1

TO-220AB
CASE 221A

i STYLE 4

MARKING
DlAGRAM

O

2ME34xAL
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Caracteristicas de tiristores comerciais

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

Tools

Help

-

@ 7 A géa Vleagev’é}Tgolsv ?

File Edit View Favorites
W ISS]-]aniconccntrmledﬁectiﬁer... SEMIKRON.Ieadingma...x] ]
= > o
MiniSKiiP* SEMITOP®
i
o .
MOSFET o L
SEMITRANS™ SEMITOP®

Thyristor/Diode

- -
-

”" s =
g!mmcx'
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Bridge Rectifier

SEMIPACK" Fast SEMISTART SEMiX" SEMITOP® SEMIPONT"
e #
. s i o P
e 2k
~i -~
SEMIPONT o SEMITOP®
. ") _

~a.

> b 4

Diode
Leaded Surface Mount Stud Screw Fit Capsule
’v"‘ e
=V
Thyristor \§ (ht',,,-)
&7
Stud Screw Fit Capsule
Miniature Bridge Rectifier 0
Leaded
cres D »
Freewheeling Diodes Rectifiers Thyristors
¥ p—
yright 2004 SEMIKRON INTERNATIONAL GmbH Deutschland Germany hd
& Intemet | Protected Mode: On H100% -

http://www.semikron.com



Caracteristicas de tiristores comerciais

Modules - Thyristor / Diode

Type

SKKT 15
SKEKT 20
SKKT 27
SKKT 42
SKKT 57
SKKT 72
SKKT 92
SKKT 106
SKKT 122
SKKT 132
SKKT 162
SKET 172
SKKT 250
SKET 273
SKET 280
SKET 322
SKKT 330
#*SKKT 430
*SKKT 500
SKKT &70

SKKT 1068
SKET 208
SKKT 278
SKET 428
SKKT 578
SKKT 72B
SKKT 92B

VarmVorm avleay To brsm@T;=25C legy

v

600-1600
800-1600
800-1300
2001800
a00-2200
a00-2200
80012800
20012800
8001800
2001800
800-1800
1400-1500
800-1800
1200-1500
2000-2200
1200-1600
800-1800
1600-2200
8001800
1200-1800

SKKET 132 H4 2000-2200
SKET 162 H4 2000-2200

800-1300
800-1600
800-1800
800-1300
800-2200
800-2200
800-1800

A

15
20
27
40
55
70
a5
106
122
120
160
172
250
273
280
323
330
430
500
570
132
162
106
20
27
40
a5
70
a5

°C

75
a0
82
85
a0
85
85
85
88
a7
83
a6
85
85
79
a4
80
86
89
85
84
i
85
a0
82
85
a0
85
85

A

320

320

550
1000
1500
1600
2000
2250
3600
4700
5400
5400
8000
8000
8500
8500
8500

15000
17000
19000

4500
5200
2250

320

550
1000
1500
1600
2000

-40 .
-40 .
-40 ..
-40 .
-40..
-40 ..
-40 .
-40 .
-40 .
-40 .
-40 .
-40 ..
-40 ..
-40 ..
-40 .
-40 ..
-40 .
-40 .
-40 .
-40 .
-40 .
-40 .
-40 .
-40 ..
-40 ..
-40 ..
-40 ..
-40 .
-40 .

T

v

.+125
L+125
+125
+125
+125
L1285
+125
.+130
+125
+125
.+125
+125
+130
.+130
+ 125
+130
+130
+125
.+130
+135
+125
.+ 125
+130
+125
.+ 125
+125
+125
.+ 125
+125

Rﬁ,ﬁ_cloont. Cases Circuit
KW
1,6 A
12 A4l
0.9 A 46
0,65 A 46
0,57 A4l
0,35 Adg
0,28 A 46
0,28 A 4B
0z A21
0,18 A21
0,17 A21
0,16 A21
0,14 AT3D
01 Ad3a
0,11 AT3D
0,09 Ad3a
0,11 AT3b
006 AGB0a
006 AG0a
0,07 AGOD
0,17 A21
0,16 A2
0,28 A 46
1.2 A 46
0.9 A 46
0,65 A 4B .
057 A48 http://www.semikron.com
0,35 A 4B
0,28 A 4B



SKKT 15, SKKH 15

sEMIPACK® 0

Thyristor § Diode Modules

IEET1E
EEEH 16

Features

« Hoa? tansdar through aluminium
aoeldn coramic isalaned miotal
Basaplas

« Hard soidered joints for igh

raiiabiiey
= UL moogrioed, e no. E 63 53

Caracteristicas de tiristores comerciais
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Acionamento de tiristores

V1




Acionamento de tiristores

k)

BTG By

1. Sincronisme e Geracdo da dente de semra.
2. Comparador.
3. Oscilador.

4. Porta Logica "E".

5. Amplificacio, 1solamento e atague.



Acionamento de tiristores
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Acionamento de tiristores
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Acionamento de tiristores
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Acionamento de tiristores
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Acionamento de tiristores

I
FAIRCHILD

e
SEMICOMDUCTOR

COUPLER SCHEMATIC

&ang ®0ee®

i o wn ST wer] | esuen | eeama | sevaen | aur “uﬂm.‘
6-Pin DIP Zero-Cross MOC3062

Optoisolators Triac Driver Output
{600 Volts Peak) MOC3063

The M3CI051, MOCGI0ET and MOTI0E3 Cevioes consistof galkum 2
Indrared emiting clodes optically coupled to menelihic siicon def
performing T funchions of Zaro voliage Crossing bialzral iriac drivers.

They are cesignsd for use with 2 trac In S nterface of logic 5

2 05
equipment powersd trom 115/240 Vac lnes, such as sold-state relays, @
L 1

IndusTial conirols, molors, soiencids and consumer applances, et
# Eimpiies Logic Sontrol of 115240 Wac Power

# Zero Volage Crossing EE FE-:I
dwidt of 1500 Wius Tyolcal, 500 Wus Guaranisas STANDARD THIL HOLE

" it e nctaaed 5 onof Pt metnbes VDA 0864 1.3 oetopton 30| crossinG
CIRCUIT

-

Recommended for 115240 vasinme) Applieations:

# Solenoldiisive Conirols ® Termperalure Cortrols COUFLES SCHEMATIC
# Lighting Conirois = EAL Comaclors
+ ESiadc Power Saiiches * A Motor Starisrs
& AC Motor Drives = Solld Siate Aelays
MAKIMUM FATINGE 1 . ,J'E\NODE
el I 2. CATHODE
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Acionamento de tiristores

Voo R g
O——MA— o HOT
—j[,i. MOC3061-52
3 240 Vac
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Acionamento de tiristores

' ’ “U
2400 Vac

R1 o
Suggested method of firing two, back—to-back SCR's,
. 1 B with a Motorola triac driver. Diodes can be 1N4001; resis-
cco N tors, R1 and R2, are optional 330 ohms.
mn = = |:
D:—w«.i MOC3061-63 o 4 SCR SCR
. A 360 02 o _ _ _ _
o | AhA NOTE: This optoisclator should not be used to drive a load directly.
It iz intended to be a trigger device only.
D2
RZ

e—|L0AD %




Proxima aula

Conversores CA-CC:
1. Laboratdrio de retificadores nao-controlados.
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