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Parte A
—I—

Resistores
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Resistores
_

Resisténcia depende de: R
« Material;
« Comprimento; O W O
« Area da secao reta;
 Temperatura.
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Resistores
#

Tipos de resistores:

Insulation
Color bands material

Resistance material
(Carbon composition)

Resistor fixo de carbono. ELETRICIDADE - 3/58.
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Resistores
#

Tipos de resistores:

Resistores fixos de
carbono com poténcias
diferentes.

2W

;

1 W

I w

4 W

/s W
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Resistores
#

Tipos de resistores:

Tinned

alloy Vitreous  Even High-strength

terminals enamel uniform welded terminal
- coating winding o/

.......:.1‘5 ........ -

... l., i - il ‘
T e
...... s —— '
¥
)

) Sy . ) f w—
E-]eslﬂ:ﬁfr"‘t Strong  Welded resistance
0 €  ceramic wire junction
brackets core

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

Resistores de
poténcia de fio.

T

(b) High-voltage cermet film resistors (on
a high grade ceramic body).
App: For high-voltage applications up
to 10 kV requiring high levels of stability.

Resistores para
altas tensoes.

BHMITE
861E-1

RNTSE2004F

(¢) Metal-film precision resistors
App: Where high stability, low
temperature coefficient, and low
noise level desired

Resistores de
precisao de filme
metalico.
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I Resistores

Tipos de resistores: Resistores de

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.
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Resistores

—I—

Tipos de resistores: Resistores

integrados e
smd.
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Resistores

Tipos de resistores:

& R R
ab ab
RS<+—o0b ao—AW—oc a O—M—o
R R bec
c
(a) (b) (c) (d)
Resistores :
. Trimpots e
variaveis e > n
NN potenciometros.
ajustaveis.
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Resistores

+——

Tipos de resistores:

Rotating shaft
i (controls position
c U M of shiding contact)

(a) External view

Carbon
element

Shding contact
(wiper arm}

(b) Internal view

Resistores
variaveis e
ajustaveis.

Insulator

Carbon element

Insulator
and support
structure

{¢) Carbon element
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Resistores
_
Tipos de resistores: Resistores
variaveis e
ajustaveis.
250 k()

a

| MQ b

C

(a) (b) ELETRICIDADE - 11/58.
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| Resistores

Tipos de resistores:

Resistores
variaveis e
ajustaveis.
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Resistores

Tipos de resistores:

(a) (b)

Potencidbmetros
de precisao ou
multivoltas. ELETRICIDADE - 13/58.
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Termistores
?

Termistor:

 Resistor cuja resisténcia € sensivel a variacao da
temperatura.

R,

108
6

10 \

SN (b)

=
2 o

Specific resistance (£2-cm)
S
[ o]
/

=
I

—100 0 100 200 300 400
Temperature (°C)
(a)
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Termistores

e

Termistor NTC:
« Coeficiente negativo de temperatura;
* Resisténcia diminui com o aumento da temperatura.

Termistor PTC:
» Coeficiente positivo de temperatura;
* Resisténcia aumenta com o aumento da temperatura.
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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
N\

3

= 10 \

z kQ)

S 1kQ \\

G N\

“ 0.1kQ (b)

0.1 1.0 10 100 1000

[1lumination (foot-candles)
(a)
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Célula fotocondutora ou LDR
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Varistores
h

Varistores:
« Sao resistores nao-lineares, cuja resisténcia depende da
tensao aplicada, usados para suprimir transientes de alta

tensao.
4/ (mA) )
5
2l
Z
2 4 Fixed
3 L I> resistor
5 / R = 40 Q)
/ ’ g \'/aristor
!./ y
0 50 100 150200250 V

(b)
(a) ELETRICIDADE - 18/58.
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Resistores e similares

?

Testando resistores e similares:

Usando multimetro (Q):

ELETRICIDADE - 19/58.



Parte B

Capacitores
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Capacitores
?
Capacitancia depende de: o °
* Dieleétrico (permissividade);
 Area das placas;
« Distancia entre as placas. _—
TN T
o [

| O(+) d = 1.5 nm
A = 0.01 m?
€,/ 0-) €y

|
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I Capacitores

Tipos de capacitores:

Capacitores fixos
de mica.
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I Capacitores

Tipos de capacitores: Capacitores de
disco de

ceramica.

Lead wire soldered
to silver electrode

Dipped phenolic coating

Silver electrodes deposited on
[~ top and bottom of ceramic disc
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Capacitores

“——

Tipos de capacitores: Capacitores
integrados.

Monolithic
chips

/N

(a)
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Capacitores

"

Tipos de capacitores: Capacitores

eletroliticos. S E—

il
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Capacitores
Tipos de capacitores: Capacitores de
tantalo.
MnO, coat
Cathode (-)
Carbon
Solder
Solder Tantalum

Anode (+)
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Capacitores

S

Tipos de capacitores: Capacitores de
filme de poliéster.

Polyester (plastic) film

Metal foils
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Capacitores
Tipos de capacitores: Capacitores variaveis # #
e ajustaveis.
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Capacitores

g

Tipos de capacitores: Super capacitores

instant energy anywhere..

small capacitance 3F, 2.3V — 300F, back-up power,
P 2.3V on-board UPS, etc.
Medium 300F, 2.3V — peak power, UPS,
capacitance 5000F, 2.7V etc.

peak power, low

Large capacitance S000F, 2.7V — maintenance
J P 80.000F, 1.8V energy storage,
etc.
5V- 700V,

Supercapacitor
modules

Higher voltage

capacitance on .
applications

request.
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Capacitores

Tipos de capacitores, resumo:

Type: Miniature Axial Electrolytic
Typical Values: 0.1 =F 1o 15,000 oF
Typical Voltage Range: 5V to 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.

Type: Miniature Radial Electrolyte
Typical Values: 0.1 oF to 15,000 oF
Typical Voltage Range: 5V 10450V
Capacitor tolerance: =20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.

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.

Type: Dipped Tantalum (solid and wet)
Typical Values: 0.047 =F to 470 o
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.

Type: Surface Mount Type (SMT)
Typical Values: 10 pF to 10 =F
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.

Type: Silver Mica

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

Type: Mylar Paper

Typical Value: 0.001 =F to 0.68 oF
Typical Voltage Range: 50V 1o 600V
Capacitor tolerance: =22%
Applications: Non-polarized, used in
all types of circuits, moisture resistant.

Type: AC/DC Motor Run

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

Type: Trimmer Variable

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

Type: Tuning variable

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

ELETRICIDADE - 30/58.



ELETROTECNICA - 31 /58.

Capacitores
_

Tipos de capacitores:

Type: Miniature Axial Electrolytic
Typical Values: 0.1 o& to 15,000 oF
Typical Voltage Range: 5V t0 450V
Capacitor tolerance: +20%
Applications: Polarized, used in DC
power supplies, bypass filters, DC
blocking.
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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.
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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.
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Capacitores

—I—

Tipos de capacitores:

Type: Dipped Tantalum (solid and wet)
Typical Values: 0.047 o«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.
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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.
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Capacitores
—I—

Tipos de capacitores:

Type: Silver Mica

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

g

Tipos de capacitores:

Type: AC/DC Motor Run
Typical Value: 0.25 oF to 1200 oF
Typical Voltage Range: 240V to 660 V

No PCB'S

Capacitor tolerance: +10% A
] 1 1 : HILI01Y
Applications: Non-polarized, used in e,
motor run-start, high-intensity lighting parcseR

supplies, AC noise filtering.
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Capacitores
_

Tipos de capacitores:

Type: Trimmer Variable

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

Testando capacitores:
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Parte C
_l_

Di10dos
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Diodos zener

A I,"J
: il
Vy T
: . B .
0 Vo
— 0 — 0
Curva Iy x V Diodo zener Diodo convencional
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Diodos zener
?

o
.
oL
.

—’-

1

r'z

Circuitos equivalentes do diodo zener
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I Diodos zener

Al

-

Curva I x V,

L

1].25 I‘I'IFL = .I?j"

'!ET= 12.5 ITIA

.'l.;_'Mz 32 m-‘ﬁk

-
Vi
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| Diodos zener

Aspectos de diodos zener:

— Anode — I

T

Yy v ¥ A
— Cathode — ]

ELETRICIDADE - 46/58.




ELETROTECNICA - 47 /58.

I Diodos de barreira Schottky

Gold leaf
metal contact

Anode (+)

Metal

’—',”-’-‘.-
(i Silicon dioxide screen

Metal semiconductor junction

Metal contact

Cathode (—) 5 H‘ 5
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Diodos de barreira Schottky

‘—

LI |
|
Hot | p-n
carrier | junction
diode diode
|
|
|

|
/

|

I

I p-n Hot
junction carrier

: diods diodks

|

ELETRICIDADE - 48/58.



ELETROTECNICA - 49 /58.

Diodos de barreira Schottky

-4

0.5 A 10 A
Case 51-02 S04
{3-T) Plasaic
(ilass
X
. !
Vg |,
{ Wolts)
21 MBROZ0 [INS®17 | MBE 1208
3 MBROI0D (INSRIE | MBER |30
35 | MDRI35P
40 INSR19 | MBR |40
Fanr s
g 50 Iy )
T~ @& Rated [,
(°C)
Ty Max 125°C 125°C 125%C
M Ye® | asiv |s0s0v| ossv
o

IN | IN | AN | 1N | 1N
Symb.| 4001 | 4002 | 4003 | 4004 | 4005
VRRM| 50 | 100 | 200 | 400 | 600
VRms | 35 | 70 | 140 | 280 | 420
Voc | 50 | 100 | 200 | 400 | 600
IF(av) 1.0
IFSM 30
IR(AW) 30
ReJA 50
RedL 25
TA +150
TJ, Ts1g —50to +175
VE 11

<= Diodo Schottky

Diodo retificador normal
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Diodos varactor (varicap)

—I—

Varicap:

« Sao diodos que variam sua capacitancia com a tensao aplicada

NnosS seus terminais.

o o

A C (pF)
ol
60
40 —
20 — e ———
N R O I N >
ol 2 -4 -6 -8 -10-12-14 v, (V)

(Vg = applied reverse bias)
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Diodos tunel

ﬁ =
/& i Negative
Vr n v ) resistance
region
- l 4 (-R)
o} 3
2 i
o o Superimposed semiconductor
Iy oy /— diode characteristic
L1 "
Yy ¥ | "
[ee.
-
o 5 Usado em aplicagdes que Tam_bem us_ado em
requerem alta velocidade de circuitos osciladores.
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I Diodo Shockley

Cathode o Cathode /

Entra em conducao
quando € atingida a
tensao de ruptura
(avalanche).
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I Diac

Diac — Diode for alternating current
(Diodo para corrente alternada)

t‘.h"!'h['ll.'}dﬂ 1 Anode |
AY
& Anode 2 ki
Tﬁ.node 1
Ty el
L]
P Ay
lﬁmnde 2
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Retificador controlado de silicio (SCR)

h
IgT ‘t? Gate
Iy
r—e
o o)
Anode Cathode
Vg —

I ‘c[ Gate

n

p

n
Cathode
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Retificador controlado de silicio (SCR)

Al

Reverse breakdown
voltage

Holding

!
\ current ' H

Forward conduction

,,-/'J region

7 i :

~

/

Reverse blocking
region

Forward blocking

region

7] ViariFs Vi
Forward
breakover
voltage
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Retificador controlado de silicio (SCR)

Ry, A R,

A
Mechanical, electrical
or electromechanical
switch

Retificadores de meia onda controlados.

L.T i
H 90" conduction

Ko
o T, ELETRICIDADE - 56/58.
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Triac
© Anode 2 pe
Anode 2 positive
Var Iy e e o
— -
F mmmmmmmmmm X Ver V
Anode 2 negative
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Triac

—_—

O
+ ,:\
R, ]
:

)
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