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Nesta aula

Seqgiuéncia de conteudos:

1. Parte A — Resistores:
« Resistores;
« Termistores;
 LDRs;
« Varistores;

2. Parte B — Capacitores:
« Capacitores;

3. Parte C — Diodos:
« Zener;
« Diodos de barreira Schottky;
« Varicap;
« Diodos tunel,;
« Diodos Shockley;
« Diac;
 Retificador controlado de silicio (SCR);
« Triac.



Nesta aula

Seqgiéncia de conteudos:

4. Parte C — Diodos:
« LEDs;
 Fotodiodos;

5. Parte D — Transistores:
« Fototransistores;
« Optoacopladores;

6. Parte E — Outros dispositivos:
« (Células solares.

7. Parte F — Semicondutores de Carbeto

de Silicio (Silicon Carbide).



Parte A

Resistores



Resistores

Resisténcia depende de:
« Material;
« Comprimento;
 Areada secio reta;
 Temperatura.




Resistores

Tipos de resistores:
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Leads ' T Igiilation
Color bands material

Resistance material
(Carbon composition)

Resistor fixo de carbono.



Resistores

Tipos de resistores:

Resistores fixos de
carbono com poténcias
diferentes.
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Resistores

Tipos de resistores:

Tinned
alloy Vitreous  Even High-strength
termmals enamel uniform welded terminal
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mounting - ceramic wire junction
brackets e

(a) Vitreous-enameled wire-wound resistor
App: All types of equipment

Resistores de
poténcia de fio.
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(b) High-voltage cermet film resistors (on  (¢) Metal-film precision resistors

a high grade ceramic body). App: Where high stability. low
App: For high-voltage applications up temperature coefficient. and low

to 10 kV requiring high levels of stability.  noise level desired

Resistores para Resistores de

altas tensoes. precisao de filme
metalico.



Resistores

Resistores de

Tipos de resistores:

poténcia.
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Resistores

Tipos de resistores:

Flexible J-bend
Recessed

@« foot mount

-
Standard
pedestal mount

(a) Surface mount power resistor ideal for
printed circuit boards. Patented J-bends
eliminate need for solder connections.
(0.8 W to 3 W in wire-wound, film, or
power film construction)

Resistores de
poténcia de fio.

(b) Precision power wire-wound resistors
with ratings as high as 2 W and
tolerances as low as 0.05%.
Temperature coefficients as low as
20 ppm/°C are also available.

Resistores de
precisao de fio.

(¢) Thick-film chip resistors for design
flexibility with hybrid circuitry. Pre-
tinned, gold or silver electrodes
available. Operating temperature range
—55°C to +150°C.

Resistores de
filme em chip.



Resistores

Tipos de resistores:




Resistores

Tipos de resistores:

& R
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Resistores .

. Trimpots e

variaveis e
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NN potencidmetros.
ajustaveis.




Resistores

Tipos de resistores:

Rotating shaft

. (controls position

A of sliding contact)
b a

(a) External view

Carbon
element

Sliding contact
(wiper arm)

(b) Internal view

Insulator

Carbon element

Insulator
and support .
structure ¢

\

(¢) Carbon element




Resistores

Tipos de resistores: Resistores
variaveis e
ajustaveis.




Resistores

Tipos de resistores:

Resistores
variaveis e
ajustaveis.



Resistores

Tipos de resistores:

(a) (b)

Potencibmetros
de precisao ou
multivoltas.



Termistores

Termistor:

 Resistor cuja resisténcia € sensivel a variacdo da
temperatura.

R ,
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Specific resistance (£2-cm)
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Temperature (°C)
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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.




Célula fotocondutora ou LDR

LDR (Light dependent resistor) ou célula fotocondutora:
A resisténcia € determinada pela intensidade da luz
incidente em sua superficie.

R A

100 k€2 >
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10 AN

KQ R
L KO P
N

Cell resistance

0.1 k) b (b)

0.1 1.0 10 100 1000
[1lumination (foot-candles)

(a)




Célula fotocondutora ou LDR




Varistores

Varistores:
« SA&o0 resistores nao-lineares, cuja resisténcia depende da
tensdo aplicada, usados para suprimir transientes de alta

tensao.
4 I (mA) ’
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Resistores e similares

Testando resistores e similares:

Usando multimetro (Q):

Aplicando a Lei de Ohm:




Parte B

Capacitores



Capacitores

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

O+) d = 1.5mm

A = 0.0l m?
0 Q(_) % *

l

€




Capacitores

Tipos de capacitores:

Capacitores fixos
de mica.




Capacitores

Tipos de capacitores:

Capacitores de
disco de
ceramica.

Lead wire soldered
10 silver electrode




Capacitores

Tipos de capacitores: Capacitores
integrados.

Monolithic
chips

/N

(a)



Capacitores

Tipos de capacitores: Capacitores

eletroliticos. 3 E—




Capacitores

Tipos de capacitores: Capacitores de
tantalo.

MnO t
Cathode (=) e

Carbon

Solder

Solder < Tantalum

Anode ( +)



Capacitores

Tipos de capacitores: Capacitores de
filme de poliéster.




Capacitores

Tipos de capacitores: Capacitores variaveis # #
e ajustaveis.




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

Tipos de capacitores, re

Type: Mmuature Axal Electrolytic
Typical Valwes: 0.1 =F 10 15,000
Typical Voltage Ronge: 5V 10 450V
Capacitor telerance: =20'%
Applicationy: Polurized, weed in DC
power supplies, bypass filless, DC
blocking

Type: Minmture Radial Blectrolyte
Typical Valwex: 0.1 =F 1o 15,000 &
Typical Voltage Range: SN 10450V
Capmcitor telerance: « 208
Applications: Polarized, wed n DC
power supplics, bypass filters, DC
blocking.

Type: Cenmmic Disc

Typical Valwes: 10 pF 10 0.047 oF
Typical Voltage Range: 100V w06 kV
Capacitor tolerance: =5% 210k
Applications: Non-polacized, NPO
type, stable for a wide mage of
temperstures. Used in oscil lasors, noise
filters, circuit coupling. tank cirewits.

Type: Dipped Tuntalum (solid and wet)
Typical Valwes: 0.047 =¥ 20 470 o
Typical Voliage Range: 6.3V 1050V
Capacitor telerance: =)0, 20%
Applicatinns: Polarized, low leaknge
current, used in power supplics, high
frequency noise filvers, bypass filsee

Type: Sutfoce Mount Type (SMT)
Typical Valwes: 10 pk 1o 10 =F
Typical Voltuge Range: 6.3V 10 16V
Capacitor telerance: »10%
Applications: Polarized and non-
polarized, med in all types of carcuits,
reguares & miolmum amount of PC
board real estate,

sSumo.

&/
74

Type: Silver Mica

Typical Valuwe: 10 pF w 0,00 =
Typical Voltage Range: SOV 10 500V
Capaocitor tolerance: =5%
Applications: Non-polansed, used in
Onci katoes, 10 Circuils thedt resuine a
stable companent over a range of
temperaures and voltages,

Type: Mylar Paper

Typical Value: 0.001 =F 10 (L68 &
Typical Voltage Range: 50V w 600V
Capacitor tolerance: =229
Applications: Non polanred, used in
all types of circwits, molsture resistunt,

Type: ACTDC Motor Rus

Typical Value: 023 =F 1o | 200 oF
Typical Yoltage Range: 230V 10 660 V
Capacitor tolerance; =10%
Applications: Noo-polarized, used in
motor run-start, high imensity lighting
suppliex. AC notse filiering.

Type: Trimmer Variable

Typical Vaalwe: 1.5 pF 10 600 pF
Typical Voltge Range: SV 10 100V
Capavitor telerance: =|0%
Applications; Non-polarized, wsed in
ooctlltoes, tuning circuits, AC filsers,

Type: Tuming vatioble

Typical Valwe: 10 pF to 600 pF
Typicad Voltage Rasge: SV w0 100V
Capacitor tolerance: »10%
Applications: Noa-polarized, used 1n
oncilkmtoes, radio tumng arcuit,




Capacitores

Tipos de capacitores:

Type: Miniature Axial Electrolytic
Typical Values: 0.1 oF to 15,000 oF
Typical Voltage Range: 5V to 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.




Capacitores

Tipos de capacitores:

Type: Miniature Radial Electrolyte
Typical Values: 0.1 oF to 15,000 oF
Typical Voltage Range: 5V to 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.




Capacitores

Tipos de capacitores:

Type: Ceramic Disc

Typical Values: 10 pF to 0.047 oF
Typical Voltage Range: 100V to 6 kV /
Capacitor tolerance: 5%, £10%
Applications: Non-polarized, NPO
type, stable for a wide range of
temperatures. Used in oscillators, noise
filters, circuit coupling, tank circuits.




Capacitores

Tipos de capacitores:

Type: Dipped Tantalum (solid and wet)
Typical Values: 0.047 «F to 470 oF
Typical Voltage Range: 6.3V to 50V
Capacitor tolerance: +=10%, +20%
Applications: Polarized, low leakage
current, used in power supplies, high
frequency noise filters, bypass filter.




Capacitores

Tipos de capacitores:

Type: Surface Mount Type (SMT)
Typical Values: 10 pF to 10 oF
Typical Voltage Range: 6.3V to 16 V
Capacitor tolerance: =10%
Applications: Polarized and non-
polarized, used in all types of circuits,
requires a minimum amount of PC
board real estate.




Capacitores

Tipos de capacitores:

Type: Silver Mica

Typical Value: 10 pF to 0.001 «F
Typical Voltage Range: 50V to 500 V
Capacitor tolerance: +5%
Applications: Non-polarized, used in
oscillators, in circuits that require a
stable component over a range of
temperatures and voltages.




Capacitores

Tipos de capacitores:

Type: Mylar Paper

Typical Value: 0.001 oF to 0.68 oF
Typical Voltage Range: 50V to 600V
Capacitor tolerance: +22%
Applications: Non-polarized, used in
all types of circuits, moisture resistant.




Capacitores

Tipos de capacitores:

Type: AC/DC Motor Run

Typical Value: 0.25 «F to 1200 oF
Typical Voltage Range: 240V to 660 V
Capacitor tolerance: +10%
Applications: Non-polarized, used in
motor run-start, high-intensity lighting
supplies, AC noise filtering.

MADE IN USI&

; 61[.1019
; = X)C
'@VAC&)HZ

B T0000AFC
16-10000




Capacitores

Tipos de capacitores:

Type: Trimmer Variable

Typical Value: 1.5 pF to 600 pF
Typical Voltage Range: 5V to 100 V
Capacitor tolerance: +10%
Applications: Non-polarized, used in
oscillators, tuning circuits, AC filters.




Capacitores

Tipos de capacitores:

Type: Tuning variable

Typical Value: 10 pF to 600 pF
Typical Voltage Range: 5V to 100V
Capacitor tolerance: +10%
Applications: Non-polarized, used in
oscillators, radio tuning circuit.




Capacitores

Testando capacitores:




Parte C

Diodos



Diodos zener

A

Curva Iy X Vp

Diodo zener

B .

Diodo convencional



Diodos zener

O I O
Vz
~ V _L_'
T — F7 = L
o O

Circuitos equivalentes do diodo zener



Diodos zener

Alz

— . ——— —— — —— ———— — — — — — — —

b ——— o —w— = w— o — = w— - =

-
Tiopa=1, v,
‘uO.ZS mA = IZK

s €

l[!'z 12.5 mA

<

Iz.v = 32 mA

Curva Iy x Vp



Diodos zener

Aspectos de diodos zener:

— Cathode —

—
N\

<




Diodos de barreira Schottky

Gold leaf
metal contact

Anode (+)

e Metal

- Silicon dioxide screen

Metal semiconductor junction

o P

Metal contact

Cathode (—)




Diodos de barreira Schottky

Al |
/
Hot | p-n
carrier | junction
diode I diode
|
/
l
/
il
e >

p-n
junction
diode

Hot
carrier
diode




Diodos de barreira Schottky

t'}‘“: "

O5A 10A
Case 5100 S99
DO-T) Plastic
GIJ\\
I‘/ '/
Vi |, '
{Volts)
20 MBROZ0 [INSRIT [ MBR 1208
0 MBROIO [INSSIS | MBRI30OP
38 | MBR135P
40 INSRIO | MBR 408
| Lisar 3N 100 )
CAMPs )
l-@ Rated !, ;
(") ‘
T, Max 125°C 125°C 1259%
' s &
Max ¥y @ 050V |60V 065V

AN | AN | 1N | IN | 1IN
Symb.| 4001 | 4002 | 4003 | 4004 | 4005
VRRM| 50 | 100 | 200 | 400 | 600
VRws | 35 | 70 | 140 | 280 | 420
Voc | 50 | 100 | 200 | 400 | 600
IFiav) 1.0
IFsM 30
IR(AVY 30
ReJA 50
RauL 25
A +150
TJ, TsTG 50 to +175
VF 11

Diodo retificador normal

<= Diodo Schottky




Diodos varactor (varicap)

Varicap:
« Sao diodos gue variam sua capacitancia com a tenséo aplicada
Nos seus terminais.

5 o o A C (pF)
C 0
80 .
t ! 60 —~\
\
\ %
40 N
o (o) b N,
20 - R T
~ >
RS > i’
. . 2k N [ [ N W N >
\ Q« - 0l 2 -4 -6 -8 -10-12-14 vy, (V)

- V\ (Vg = applied reverse bias)



Diodos tunel

A I (mA)
T T 7 :
Iy =
+ ‘
6 —
P Ip Wi Negative
Vr n ¥ A 4 3 T resistance
44! region
- 1 1! (-R)
|
i) o 30 :
2l
(@ : 7/  Superimposed semiconductor
? Iy '1 ’ " /— diode characteristic
{ e
S .
0 To.z 04 06 08 1 v
¥ y L i
[ P Vo
—8
s 5 Usado em aplicacGes que Tambem usgdo em
requerem alta velocidade de circuitos osciladores.

comutacao.



Diodo Shockley

Anode

— 3| ||

Cathode

o Cathode

Entra em conducéao
quando € atingida a
tensao de ruptura
(avalanche).



Diac

. . . A/
Diac — Diode for alternating current
(Diodo para corrente alternada)
oAnode1 Anode |
Vi, Tur,
AV - A‘hm,
s Anode 2 AGGdE D
TAnode ]
my P
s
P2 Ny

lAnodc 2




Retificador controlado de silicio (SCR)

IGT ‘0 Gate Igr ‘T Gate




Retificador controlado de silicio (SCR)

Vs
+ .
Ao O K
I
! 1 I¢;

Reverse breakdown
voltage \

Holding
current

H

Forward conduction
region

7

Reverse blocking
region

. | >
E Vry / Vie VigriFe Ve
Forward
Forward blocking breakover
region voltage



Retificador controlado de silicio (SCR)

* —t
o AAA—1 o ANt
R A R, = Ki + l A R,

/\ ) { \
“I
Mechanical, electrical g
or electromechanical
- switch >
K G - R T G
1

O o

Retificadores de meia onda controlados.

A //
0° 90°
. Y.J
/ 907 conduction
Ko ~




Triac

O

Anode 2 A+ p

[

i
)

| Anode 2 positive

i
[
| |
VBR IH _‘X‘-—T_'_——-—:-:_ﬁl' -
}iﬁf ********* ~?~ Ver V
!




Triac




Parte C

Diodos



LEDS

Diodos emissores de luz (LEDs):
* Eletroluminescéncia — processo de emissdo de luz pela
aplicacao de uma fonte elétrica de energia.

Metal / ’\S\) \ Metal
contact contact
~Tr



LEDS

Comprimentos de onda dos leds:

1.0

_~GaAsP Red

Green =~=r: _~Yellow
|
‘ High efficiency

1" Red

=
n

Relative intensity

e~ N

0
500 550 600 650 700
Wavelength-nm

750



LEDS

Corrente direta versus tensao direta para leds miniatura:

20
« TA=25°C
=
|15
=
=
= 10
=
z
o
& &
|

0
0 05 1.0 15 20 25 30

Vi — Forward voltage — V



LLEDsS

Exercicios:

 Dimensionar circuitos com LED conforme especificacoes de

fabricantes.

LED Polarity

Side View Top View

0

http://www.ledsupply.com

Spec Value
Product ID L4-0-Y5TH30-1
Lngle a0
Pacleage Stnim
Color .
FPeal: Wawvelength m tum S50
Lurunous Intensity S000med typ. @ 20mA

Mlax Forward Current A0md
Mam Forward Current Pulse 100mA for <= 10ms, duty <= 1/10

Forward Voltage 2. 25V typ. 2.6V max @ 20mdb
Ml Eeverse Woltage st

Power Dizstpation

Operating Temp 30 to HBS O

=oldenng Temp 260 C for 5 Sec.

Maz Eeverse Current 10ud @ 5V



LEDs

SPECIFICATIONS FOR UPEC POWER LIGHT SOURCE TYPE LED
Absolute Maximum Ratings at Ta=25T

Parameter Symbol Max
Power Dissipation PD 3
Pulse Forward Current IPF 1000
Forward Current IF 700
Reverse Voltage VR 5
Operating Temperature Range Topr -40 to +85
Storage Temperature Range Tstg -40 to + 85
1000 — 125
H H 2
3 i =
—_— g [ —
= -
T800 ' " @ 100
e m
= Yeljow/Ref | = /'/
©600 % 75 /
g / 3
= b' k= /
O400 E 50 /
B 3
o
= Blup/Green 4 /
5200 Whijte = 29
- o
s s v
0
0 0 1.0 2.0 3.0 4.0 5.0 0 200 400 600 800 1000
Forward Voltage(VF) -Volts Forward Current IF (mA)

http://www.u-pec.com




LEDS

SPECIFICATIONS FOR UPEC LTCC LIGHT SOURCE LED

MAXIMUM RATINGS

Parameter Symbol Values Unit
Operating temperature range Top B 40 ...+ 85 B | C
Storage temperature range Tstg -40 ... +100 T
Power dissipation (Max) Pd 2 W
Pulse forward current per chip Ipf 250 300 250 mA
Forward current (R,G,B) If 150 200 150 mA
Test current (White mixed) It 100 200 50 mA
Reverse voltage e 5 W

_CHARACTERISTICS (Ts=25C)

Parameter Symbol Values Unit
Dominant wavelength Adom 620~630 520~530 455~465 nm
Spectral bandwidth at 50 % (Typ) DA 20 30 20 nm
Viewing angle at 50% Iv 2842 120 120 120 deg.
Forward voltage Vi 2.0 2.8 2.8 v

3.0 3.6 3.6

Reverse current Ir 100 A

http://www.u-pec.com




LEDS

SPECIFICATIONS FOR UPEC LED LIGHT SOURCE TYPE SYSTEM

Absolute Maximum Ratings at Ta=25"C

Parameter Symbol Max Unit
Power Dissipation PD 6 w
Pulse Forward Current IPF 500 mA
Forward Current IF 350 mA
Operating Temperature Range Topr -40to+120 T
Storage Temperature Range Tstg -40to+120 T
500 I I — 125
1] 2
£400 r . 2 100 /
S m
L Yellow/Red Blue/Greer E /
=300 ite v 75 /
z 2
5 ’ I= /
200 E 50
o = {
LI,'E =l
: o e |/
100 = 25
o
T v
j1b]
a 0
a 1.0 2.0 3.0 4.0 5.0 200 400 G600 BOO

Forward Voltage(VF) -Volts

http://www.u-pec.com

Forward Current IF (mA)

1000



Fotodiodos

Fotodiodos:
« S&o diodos que operam na regiao reversa e sao sensiveis a luz.
» Optoeletrénica — campo de estudo dos dispositivos sensiveis a
luz.




Fotodiodos

Curvas caracteristicas dos fotodiodos:

A Iy (UA)
Dark current
1000 fc
2000 fc
3000 fc
4000 fc

5000 fc




Fotodiodos

Resposta espectral de fotodiodos:

100 /";§~ ., s ~
i ’ \ /
o0 R / \ Z
/ ) -
80 \ A
\ 72N
\ JV' Germanium
70 .
V
g ‘- "’ \
~ w -'/
X . 4,
§ Selenium " ‘Silicon
g ~ \
; \
3 4 :
2 \
30 e \
&
20 4 :
i \
y \
IO :, .. ‘
/ \_ . \
2000 3000 4000 5000 6000 7000 | 8000 9000 10,000 11,000 12,000 13,000 14,000
% e £ & Wavelength
Ultraviolet | 3 ERR: % g 3 Infrared
> M0 > ©C
Visible range



Fotodiodos

Exemplo de aplicacéo:

f\\ h*—“"'"‘*“;"
[ M/ |
l g |
I | |
| [ |
| ; |
Light \’r | '
source | ":\\d! Photodiode
/
‘ I detector
: | Light beam |
| I
I | |
| 1 '
I | !
i 1 |
i ~ |
T S '
Doorway |
~




Parte D

Transistores



Fototransistor

Fototransistor:
Sao transistores sensiveis a luz.

-

-




Optoacopladores

Optoacoplador:
« Sao dispositivos que possuem no mesmo encapsulamento um
fotodiodo e um fototransistor (ou tiristor), montados de maneira
a permitirem o acoplamento optico entre os dois.
« Usados para isolacdo entre circuitos, pois nao ocorre ligacao
elétrica entre 0s circuitos, por exemplo para transmissao de
dados.

» -




Optoacopladores

Lo e
FAIRCHILD
FIIECIRSITUTOON R [ — —

SEAMCONUILC T ORe March 2007 1 E

4N25M, 4N26M, 4N27M, 4N28M, 4N35M, 4N36M, 4N37M,

H11A1TM, H11A2M, H11A3M, H11A4M, H11A5M \
General Purpose 6-Pin Phototransistor Optocouplers 2 O \ (—(“ 5
30— NC | O o4
u
'{ PIN 1. ANODE
6 { l 2. CATHODE
3. NO CONMNECTION
1 4. EMITTER
5. COLLECTOR
6. BASE
TEST CIRCUIT WAVE FORMS

IMPUT PULSE

IF -~ Iz g RL I
o—N /3 |
o 10% T r
INPUT —_ e OUTPUT I L OUTPLUT PULSE
i 90% — — g =——— -
REE 7 e I i
|

Adjust IF to produce IC = 2 m& ! :




Optoacopladores

Optoacoplador com saida tiristorizada:

30

AR R

N

PIN 2

———116

r}l s

ZERO
CROSSING
CIRCUIT

o—{ 14

ANCDE

CATHODE

NC

MAIN TERMINAL
SUBSTRATE

DO NOT CONNECT
MAIN TERMINAL

330

1

| IS |

QPTO

4

CARGA
47100
— 0 —¢ $ @
4
1K
¥ FLISIBLE
Eﬂ
B TRIAC
G; MT2
100nF L )
400y T 2200
1
(o




Parte E

Outros Dispositivos



Células solares

Células solares:
« Sao dispositivos

construidos

partir de

semicondutores e gue sao sensiveis a luz.
« (Geram poténcias da ordem de mW quando iluminados.

Incident sunlight

Outer ring
contact e
\ ) 4 D) q/ ass
rd 3\ Fd
+ Y Y Py
v ~Junction
ocC n

Metallic contact

L

materiais

Dark curve
no incident
light

Voc,

[SC|
Light intensity, f¢,
Isc,

Light intensity.fc2 = ch.‘,
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Células solares

Células solares:
« S&o0 dispositivos construidos a partir de materiais
semicondutores e gue sao sensiveis a luz.
« (Geram poténcias da ordem de mW quando iluminados.
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Diodos de silicon carbide

Principal caracteristica:

« Diminuem acentuadamente o fenbmeno da

reversa.
A

I forward
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7/

Change of state (on — off)

required at ¢ = 1

7

Desired response

recuperacao

A — — -

http://www.infineon.com

http://www.cree.com



Diodos de silicon carbide x silicio (SiC x Si)

2001/05/25 10:88:38 ¢ , Jm  Normal
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BCSO Full 22000

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



Diodos de silicon carbide x silicio (SiC x Si)
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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 buift with Si
rectifiers (left) and a 200-kHz PFC front-end with SiC rectifiers.

http://www.cree.com/Products/pdf/Power_Article 1.pdf



Diodos de silicon carbide

C2D20120D-silicon Carbide Schottky Diode
ZERO RECOVERY® RECTIFIER

Features Package

Q. =122nC

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,

1 ‘

2 3

TO-247-3
Benefits

Replace Bipolar with Unipolar Rectifiers PIN 10—}|——
Essentially No Switching Losses

Reduction of Heat Sink Requirements PIN 30O .l
Parallel Devices Without Thermal Runaway

Higher Efficiency PIN 20 (O CASE

http://www.cree.com



LLEDs de silicon carbide

The Real Color DisplayT,

a moving sign which is —\njo\y Products: Blue LEDs and Silicon Carbide Wafers

ble of displ th
capan’e ol Cispraying *ie IThe ATP project has been highly productive for Cree and the economy at large. The company has used the new technology to produc:

full range of colors, made " . o P~ . . " .
possible by the use of larger silicon carbide wafers to use in its fabrication process for blue LEDs. It is also offering the larger silicon carbide wafers for sale t

blue LEDs. companies.

Cree is using the ATP-funded technology to reduce the cost of producing blue LEDs, and their sales have increased substantially. Production cost is primarily a func
the number of wafers processed. If wafer size can be increased dramatically, the cost per device will decrease dramatically because so many more devices can be n
on a wafer. The silicon carbide wafer technology is also aimed at markets for other blue light-emitting optoelectronic dewces optlcal disk storage, microwave
communications, and blue and ultraviolet laser diodes, as well as high-temperature, high-power, and high-frequencigzs o

Benefits for the Economy
Benefits from the new silicon carbide technology are already accruing to customers who have bought large volume
carbide wafers to use in their own production. Performance measures (resistance, power output, sensitivity to light
for silicon carbide devices are frequently large, relative to available alternatives. Economic benefits from these perfg
spill over to other producers involved in fabrication and assembly before a wafer-based product reaches the end usd
incremental benefits is expected to be much larger than the profits Cree receives for selling the silicon carbide wafd

Cree's private success has led to public benefit, which is expected to grow as the number of applications for larger
increases. Westinghouse, for example, used Cree's silicon carbide wafers in fabricating components for the trans
commercial-level HDTV broadcast in the United States, in 1996. Westinghouse said its transmitter can deliver thre
longer life and costs less to produce than conventional silicon-based transmitters. Although the number of HDTV tr
silicon carbide wafers is unknown at this time, widespread use of this technology in HDTV broadcasting could prod
economic benefits if it speeds commercialization of HDTV.

ATP Advantages

Cree reports it was attracted to the ATP as a funding source for the development of the bulk crystal and epitaxial g
because the company could retain its process technology knowledge. The ATP award also helped Cree form allian
work, enabling the company to get results about 18 months sooner than it would otherwise have been able to do. [

http://www.atp.nist.gov/eao/sp950-2/chapt4-5.htm



IGBTSs de silicon carbide

SIC SED @ 2570 and 125°C

T |
g0 '
Power Loss per IGBT/FWD (Watts) -\ J
Si Ulrafast Dicde & 2570
5i Litrafast Dioge & 125°C
OFWD Switching loss fe
(Watts) 0 &0 0 50 100 150 200 250
OIGBT Switching loss Timo (ne)
(Watts)
B FWD Conduction loss
(Watts)
O IGET Conduction loss
(Watts)

w/ Si FWD w/ SiC FWD

http://www.cree.com/products/pdf/CPWR-ANO03.B.pdf



Na proxima aula

Seqgiuéncia de conteudos:
1. AplicacOes de diodos — Parte 1.
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