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O material do curso esta disponivel em:
1. SIGAA para os alunos matriculados na disciplina;
2. Pdgina do professor:;
3. Canal no youtube do professor.
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Outubro, 2020
gina ¢ a divulgagao de informagdes sobre eletronica, em especial eletronica de poténcia. Todos os SNCT 2020
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Esta aula estad organizada em:

1. Introdugdo;
Construcdo dos transistores;
Funcionamento dos transistores;
Configuragdo emissor-comum;
Polarizacdo;
Limites de operagdo;
Transistores Darlington;
Encapsulamento de transistores;
. Principais caracteristicas de catdlogo;
10 Tipos de transistores.

Agenda
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Transistor bipolar de jungdo (BJT)

INSTITUTO FEDERAL

Transistor bipolar de jungdo (BJT):
- Dispositivos controlados, permitem a amplificagdo de sinais; —
- Possuem inimeras aplicagdes em eletronica;
- Aplicados em fontes, amplificadores, portas ldgicas, etc.;
+ Podem operar desde miliwatts até centenas de watts; Simbolo
- Disponiveis em diferentes encapsulamentos, tensdes e correntes.
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Aspectos fisicos
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Transistor bipolar de jungdo (historia):
+ Inicialmente foi desenvolvido o diodo a vdlvula em 1904 por J. A. Fleming;
* Posteriormente o triodo a valvula em 1906 por Lee De Forest;
- O transistor foi desenvolvido em 1947 por Walter H. Brattain e John Bardeen nos
laboratorios da Bell Labs da AT&T em Murray Hill, Nova Jersey, nos Estados Unidos;
- Posteriormente surgiram os transistores Mosfet, Igbt, Silicon Carbide, etc.

Transistor bipolar de jungao (BJT)

Primeiro transistor bipolar de jungdo e sua réplica



Transistor bipolar de jungdo (BJT)
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Escalas de integragdo de transistores em circuitos integrados:

Ano Nivel de Integracao Numero de Transistores
1963 Small scale integration (SSI) <100

1970 Medium scale integration (MSI) 100 - 300

1975 Large scale integration (LSI) 300 - 30.000

1980 Very large scale integration (VLSI) 30.000 a 1 milhao
1990 Ultra large scale integration (ULSI) > 1 milh&o

2010 Giga scale integration (GSI) > 1 bilh&o
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Evolugdo dos circuitos integrados:
O primeiro circuito integrado (CI) foi criado por Jack Kilby da Texas Instruments em 1958,
tinha cinco componentes. Era feito de germadnio e continha um transistor, um capacitor e
trés resistores. No mesmo ano, Robert Noyce da Fairchild Semiconductor desenvolveu um
circuito integrado usando silicio;
O computador Apple I, langcado em 1976, possuia dezenas de circuitos integrados, sendo que
o processador 6502 tinha 4.528 transistores;
O amplificador operacional LM741 de 1968 da Fairchild Semiconductor tem 20 transistores.
Ja o primeiro CI para fontes chaveadas foi 0 SG1524 de 1976;
Um Iphone 17, do ano de 2025, possui em torno de 30 bilhoes de transistores

Transistor bipolar de jungao (BJT)

Placa do Apple I

561524

LM741 Placa de um Iphone 17
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Transistor bipolar de jungao (BJT)
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Transistor bipolar de jungdo (aplicagoes):

SLIM 1000

Aux m»mu

BLUETOOTH | ysg | o

Fontes

SHARP

Bluetooth

Televisores
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Transistor bipolar de jungdo (aplicagoes):

Transistor bipolar de jungao (BJT)

1Ll ||
| e S
j TS L2
L MO e
" I';\:-I“‘,é LQ;‘?"‘" 2
Wi \; —
\ I R
- 40 AY TN
_— ., & - n
4 1 N
i ,a’“", 0 xl]
— =

Linha branca

Reatores eletronicos
Inversores de frequéncia

Computadores Telefones Carregadores de baterias



Transistor bipolar de jungdo (BJT)
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Transistor bipolar de jungdo (aplicagoes):

I
Rc C
Rp 2,2 kQ C,
240 kQ
| v / o Saida de sinal
+ \ (CA)
1

Entrada de sinaIC \ | | ' |/ Ver

(CA) - / | +
10 p=50 )

uF

Amplificador com transistor bipolar



Transistor bipolar de jungdo (BJT)
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Transistor bipolar de jungdo (aplicagoes):

R,
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Oscilador controlado a cristal



Transistor bipolar de jungdo (BJT)
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Transistor bipolar de jungdo (aplicagoes):

Qq
(B=50) )
+ N X +
Rs
Vi=20V 220 0 R, v,
(tensao nao tens3o requlada
regulada) ! (carga) ( g )
Vz
12V

Regulador de tensdo com transistor bipolar



==. Construgdo dos transistores
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Camadas internas do transistor bipolar de jungado:

Contatos metalicos
P /

~

) Emissor S~ Coletor
(B) - V_(E) s (©)




Construgdo dos transistores
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Construgdo planar de um transistor bipolar de jungdo:

Contato metalico

Base do tipo p da base

(muito fina) Base Emissor

\ (B) (E) !
\ (o) (@] L, /
\ Contato metalico /

. \ )
Coletor do tipo n \ do emissor /
/

(fracamente dopado) \

~N

Emissor do tipo n

NG \ N P - -~" (fortemente dopado)
=~ N /

Coletor do tipo n
(fortemente dopado)

N

\ r .
>~ . _ Contato metalico
do coletor

o}
Coletor

(C)

Fonte: https://learnabout-electronics.org/Semiconductors/bjt 02.php


https://learnabout-electronics.org/Semiconductors/bjt_02.php

Construgdo dos transistores
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Dimensdes caracteristicas de um transistor bipolar de jungdo:

Transistor PNP Transistor NPN

0,15" 015"
—»| (0381 cm) |4— —»| (0381 cm) |4—
0,001 " 0,001 "
(0,00254 cm) (0,00254 cm)

—> |e— —>| |

B] B
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Funcionamento dos transistores
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Relembrando o funcionamento do diodo de jungdo PN:
- Sem polarizagdo (Vp = 0 V).

Barreira de potencial

N
/7 \

Tipo p v \ Tipo n
- =4+ _ _ _
+ + + + + + - ++ - .
Anodo _ + = + - =4+ - - - _ Catodo
-+ -7 - -EEE . -
+ - - ++ - -
+ 7+ To- -t



Funcionamento dos transistores
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Relembrando o funcionamento do diodo de jungdo PN:
- Sem polarizagdo (Vp = 0 V).

Barreira de potencial

v \\J Tipo n

- =+

- -+ - -
- =+
- = 4+

- - 4+
- - 4+




Funcionamento dos transistores
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Relembrando o funcionamento do diodo de jungdo PN:
* Polarizagdo reversa (Vp < O V).

<

Ig > fluxo de portares minoritarios

I'ry = 0 (fluxo de portares majoritdrios)

Tipo n
+4+4+ _ _ _
+44 - -
4+ S - - Catodo

+++
+++ - _
+++




Funcionamento dos transistores
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Relembrando o funcionamento do diodo de jungdo PN:
+ Polarizagdo direta (Vp > O V).

<

L= 0 (fluxo de portares minoritarios)

Iy > 0 (fluxo de portares majoritdrios)

—p
Tipo n

Catodo

++++++




Funcionamento dos transistores
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Transistor PNP:

Fluxo de portadores majoritarios

Emissor tipo p
(E) P :
+ g+ o4 IE
- - E
- - - |4
++ + 4+ +i- 3
g

Regiao de deplecao
entre base e emissor

Base tipo n Coletor tipo p

(B) :--_-l;-_-l-_--------- 5 (C)

= _-++ oo + + + +
- = ++ - - T+ + 5

- =ttt -

A T

- §++ - -4+ + -

________ C

Régiéo de deplecao
entre base e coletor

|
||
+ Vg -

Jungdo base - emissor diretamente polarizada



Funcionamento dos transistores
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Transistor PNP:

—

Emissor tipo p

(E) o

+ +_|_++::
_+ + 4+ T
+ - i

++ + 4+ +

Regiao de deplecao
entre base e emissor

Fluxo de portadores minoritarios

Base tipo n Coletor tipo p
[ — ©)
- r-- T+ T
FHZ g -- o+ g
2
++ e - T+ 4
oy T

Regido de deplecgdo
entre base e coletor

+ Voo -

Jungdo base - coletor reversamente polarizada




Funcionamento dos transistores
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Transistor PNP:

Fluxo de portadores majoritarios Fluxo de portadores minoritarios
PN N p
S T S N P
++_|_+_|__+ '§++--5++++
E -+ + + & - [ ] [ ] l_ +
N SRR SR A e e
+1 + 4+ +i-paEgg -+ T 4
¢ ..... vB ’///7 .........
Regides de deple;a:lc;_ l I
|

|
||
+ Vg -

Correntes no transistor bipolar de jungdo




Configuragdo emissor-comum
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Identificagdo do transistor pelo seu simbolo:
A seta do simbolo grafico define o sentido da corrente de emissor (fluxo convencional)
através do dispositivo.

1
el e
NPN c PNP C
n
Iy + Iy P
— —— < ] 14
B P — ’cc B n — Ycc
+ n _ _ )
) p— Vpp _——
_ [E¢ E + ]ET E
Coletor Coletor
(C) (C)
lfc T[C
C C
Base o B Base o B
(B) —> (B) <+

1 1

B B
E E

l Ig T I

Emissor Emissor

(E) (E)
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Configuragdo emissor-comum

Curvas caracteristicas dos transistores bipolares de jungdo:
Na regido ativa, a jungdo base-coletor é polarizada reversamente, enquanto a jungdo
base-emissor € polarizada diretamente.

o
ip (14)

100
90
80
70
60
50
40
30
20
10

VCEZIOV

0,2

0,4

0,6

0,8

1,0

vg (V)

. A
8
. - 90 uA
// _ 80u4
/ 70 uA
6 _ “
__— 60ud
/
Regiéo de saturacéo 5 - 50 uA
~\\\ /
N /
— 30 ud
]
Regiao ativa
20 uA
2
’/ 10 uA
1 HA— |
AN |
~ >
0 ‘ | 5 20 vep (V)

10 \\ 15
ﬁegiéo de corte

ICE(op) =p- ICB(op)



Configuragdo emissor-comum
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Curvas caracteristicas dos transistores bipolares de jungdo:
+ Aproximagdo linear das caracteristicas de base.

, A
'B (uA)

100 —
90 —
80 —
70 —
Ve > 0V 60 —
o0 —
40 —
30
20
10 —

0,2

0,4

0,6 0,8
0,7V

1,0

vpg (V)



Configuragado
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IC
Pec = A
Ganho CC
Ganho CA

Al
Pea = AL

emissor-comum
i (mA)
8
. - 90 uA
/ 7L o
/ 70 ud
6 - -
/ 60/,614
/
/ — 50 uAd
// I — 40 uA
C2---~~_ / B2 30 ud
____5 .'
3 1 _ 1 L5
Al - -4+ = =©& PontoQ |
s 20 uA
[CI—::::_Z_ -1
Bl
10 ud
1 HA—
' >
0 5 10 15 20 veg (V)

VCE :7,5 \%
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Configuragdo emissor-comum

Correntes e ganhos de um transistor:

- Exemplo:
8
] 90 ud
///’/' - 80ud
///// 70 uA
6 _ -
/ 60/4/1
/
. — L 50u4
— 40 ud
// u
I — | I
C2---~~_ //" B2 30 ud
____A_ .'
AIC - _i_ — = @& Ponto Q |
a 20 uA
Iy __--Y| Y — '_ I}
Cl 2 Bl
r/' 10 uAd
1 HA—
ﬁ ip=0ud
]
0 5 10 15 20 vep (V)

Veg =75V

= — = = 108
cc I 25u
_Ale g =g
CA — —
Alp  Ipy — Ip
B 32m—2.2m 100
AT 30u—20u



Polarizagao dos transistores bipolares de jungdo
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Configuragdo emissor-comum:
- Principais correntes e tensdo de polarizagdo entre base e emissor.

‘ ge Ie=p1Ip
C [ = 1) -1
/ N E (ﬁ"‘ ) B

B S
— 'cc Ve = 0,7V




Limites de operagdo dos transistores
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Operagdo segura de transistores:

PC(max) — VCE ) IC

Iegoy < e < Legnax

Veesan < Vee £ Verumay

Vee  Ie < Pegnax




Transistores conectados em cascata
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Conexao em cascata de transistores:
Aumento do ganho do conjunto (Giotal = 61 X G2). 5
Coletor Coletor
(C)
Vi
E

Emissor Emissor

(E) (E)




Principais encapsulamentos de transistores
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..................................................................................................................................................................................................................................

..................................................................................................................................................................................................................................

SOT-93 / TO-218 ISOTOP SEMITRANS



Transistores bipolares de jungdo
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Principais informagoes técnicas do catalogo:
Tensdo entre coletor e emissor;

Corrente continua de coletor;
Corrente mdxima de coletor:

Tensdo entre coletor e emissor de saturacdo;

Ganho do transistor.

Tensdo coletor-emissor —>

Corrente continua de coletor =il

MAXIMUM RATINGS

Amplifier Transistors
NPN Silicon

BC337,
BC337-16,
BC337-25,
BC337-40,
BC338-25

1

%3

CASE 29-04, STYLE 17
TO-92 (TO-226AA)

Rating Symbol BC337 | BC338 Unit
Collector—Emitter Voltage VCEO 45 25 Vdc
Collector—Base Voltage VcBO 50 30 Vdc
Emitter—Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 800 mAdc
Total Device Dissipation @ Tp =25°C PD 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C PD 1.5 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty: Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 200 °C/W
Thermal Resistance, Junction to Case ReJc 83.3 °C/W

COLLECTOR
1

BASE

3
EMITTER




Transistores bipolares de jungdo
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Principais informagoes técnicas do catalogo:
Tensdo entre coletor e emissor;
Tensdo entre coletor e emissor de saturacdo;

Tensdo entre base e emissor:;
Corrente continua de coletor;
Ganho do transistor.

Ganho do transistor =i

Tensdo base-emissor —>
Tensdo coletor-emissor sat. —>

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)

Characteristic Symbol Min Typ Max Unit
ON CHARACTERISTICS
DC Current Gain hFe -
(Ic=100mA, Vcg=1.0V) BC337 100 - 630
BC337-16 100 - 250
BC337-25/BC338-25 160 - 400
BC337-40 250 - 630
(Ic=300mA, Vcg=1.0V) 60 - -
Base—Emitter On Voltage VBE(on) - - 1.2 Vdc
(Ic=300mA, Vcg=1.0V)
Collector—Emitter Saturation Voltage VCE(sat) - - 0.7 Vdc
(Ic =500 mA, Ig =50 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob - 15 - pF
(Vcg=10V,Ig=0,f=1.0 MHz)
Current—Gain — Bandwidth Product fT - 210 - MHz

(Ic =10 mA, VGE =5.0 V, f = 100 MHz)




Tipos de transistores
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Transistores de uso geral:

PN2222A MMBT2222A PZT2222A

E
e SOT-223

NPN General Purpose Amplifier

This device is for use as a medium power amplifier and

switch requiring collector currents up to 500 mA. Sourced

from Process 19.

Absolute Maximum Ratings™ 1, =25 unkess othenwise noted
Symbol Parameter Value Units
Veeo Codllector-Emitter Voltage 40 V
Veao Collector-Base Valtage 75 V
Vero Emitter-Base Voltage 6.0 Vv
le Collector Current - Continuous 1.0 A
Ty, Tstg Operating and Storage Junction Temperature Range -55to +150 °C
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Transistores de uso geral: Pares complementares
BC546/547/548/549/550 / / //, /
Switching and Applications : { |
High Voltagg: BC546. vfi:esv 4 7 [ -

« Low Noise: BC549, BC550 ‘ ”’ 4 y
« Complement to BC556 ... BC560 ,

1 TO-92
1. Collector 2. Base 3. Emitter

Tipos de transistores

NPN Epitaxial Silicon Transistor

BC3356/537/358/359/560

Switching and Amplifier £ ?
» High Voltage: BC556, Vogo= -65V -
» Low Noise: BC559, BC560 ’

+ Complement to BC546 ... BC 550

1 TO-92
1. Collector 2.Base 3. Emitter



Tipos de transistores
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Transistores de uso geral:

BC337/338

Switching and Amplifier Applications

« Suitable for AF-Driver stages and low power output stages
« Complement to BC327/BC328

1 TO-92
1. Collector 2. Base 3. Emitter

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.=25°C unless otherwise noted

Symbol Parameter Value Units

Vees Collector-Emitter Voltage

- BC337 50 Vv

- BC338 30 \
Veeo Collector-Emitter Voltage

- BC337 45 Vv

-BC338 25 \Y
Veso Emitter-Base Voltage 5 \Y
lo Collector Current (DC) 800 mA
Pe Collector Power Dissipation 625 mw
T, Junction Temperature 150 °C
Tsta Storage Temperature -55 ~ 150 °C




Tipos de transistores
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Transistores de média poténcia:

BD135/137/139

Medium Power Linear and Switching f ’

Applications
* Complement to BD136, BD 138 and BD 140 respectively : -

. TO-126
1. Emitter 2 Collector 3.Base

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings T1.=25°C unless otherwise noted

Symbol Parameter Value Units

Veso Collector-Base Voltage :BD135 45 Vv
-BD137 60

-BD13S 80

Vezo Collector-Emitter Voitage :BD135 45 V
-BD137 60

-BD13S 80

_Veso Emitter-Base \Voitage 5 V
I Collector Current (DC) 15 A
len Collector Current (Pulse) 3.0 A
I3 Base Current 0.5 A
Pe Collector Dissipation (T.=25°C) 125 W
Pc Collector Dissipation (T,=25°C) 125 W
T, Junction Temperature 150 °C
Ta1a Storage Temperature -55~150 °C




Tipos de transistores
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Transistores de média poténcia:

TIP31 Series(TIP31/31A/31B/31C)

Medium Power Linear Switching Applications /

* Complementary to TIP32/32A/32B/32C
|

1 TO-220 \ /

1.Base 2 Collector 3.Emitter

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings 1.=25°C uniess otherwise noted

Symbol Parameter Value Units
Veso Collector-Base \oitage : TIP31 40 V
CTIP21A 60 V
- TIP21B 30 V
- TIP21C 100 V
Veeo Collector-Emitter \Voltage : TIP31 40 V
S TIP21A 60 V
- TIP21B a0 V
- TIP21C 100 V
Veso Emitter-Base \oltage S v
Ic Collector Current (DC) 3 A
lcp Collector Current (Pulse) S A
e Base Current 1 A
Pc Collector Digsipation (To=25°C) 40 W
Pe Collector Digsipation (T3=25°C) 2 W
T, Junction Temperature 150 °C
Tste Storage Temperature -65~150 °C




Tipos de transistores
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Transistores SMD (Surface Mounted Device):

BC846 to BC849

Vishay Semiconductors

Absolute Maximum Ratings
Tamb = 25 °C, unless otherwise specified

Parameter Test condiion Part Symbol | Value Unit

Collector - base voltage BC846 Vceo 80 vV

BC847 Vceo 50 vV

BC848 | Vceo 30 Vv

BC849 | Vceo 30 Vv

Collector - amitter voltage BC846 VcEs 80 vV

BC847 | Vces 50 Vv

BC848 | Vigs 30 v

BC849 | Vces 30 v

BC846 | Viogo 65 v

BC847 | Veeo 45 Vv

BC848 | Vioeo 30 Vv

BC849 | Viego 30 v

Emitter - base voltage BC846 VeBo 6 Vv

BC847 | Vgmo 6 Vv

BC848 | Vggo 5 v

BC849 | Vggo 5 v
Collector cument Ic 100 mA
Collector peak current lcm 200 mA
Peak base current lem 200 mA
Peak emitter current -lem 200 mA
Power dissipation Tamb =25 °C Piot 310" mwW




Tipos de transistores
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Transistores de alta poténcia:

onsem
‘,M www.onsemi.com

Complementary Silicon 15 AMPERE
Power Transistors POWER TRANSISTORS
COMPLEMENTARY SILICON

2N3055(NPN), MJ2955(PNP) 60 VOLTS, 115 WATTS

Complementary silicon power transistors are designed for
general—purpose switching and amplifier applications.

Features

® DC Current Gain — hgg = 20-70 @ Ic = 4 Adc

¢ Collector-Emitter Saturation Voltage —
VCE(sat) = 1.1 Vdc (Max) @ Ic = 4 Adc

® Excellent Safe Operating Area

TO-204AA (TO-3)
CASE 1-07
STYLE 1

® Pb-Free Packages are Available*
MARKING DIAGRAM

MAXIMUM RATINGS

Rating Symbol Value Unit ©
Collector-Emitter Voltage Vceo 60 Vdc
Collector-Emitter Voltage VGER 70 Vdc
Collector-Base Voltage Ve 100 Vdc
Emitter-Base Voltage Ve 7 Vdc ©
Collector Current — Continuous Ic 15 Adc
xxxx55 = Device Code
Base Current Ig 7 Adc 000X = 2N30 or MJ20
Total Power Dissipation @ Tg = 25°C Pp 115 w G = Pb-Free Package
Derate Above 25°C 0.657 W/°C A = Location Code
- - - YY = Year
Operating and Storage Junction Ty, Tstg | -65 to +200 C WW - Work Week
Temperature Range - .
MEX = Country of Orgin

Stresses exceeding those listed in the Maximum Ratings table may damage the
device. If any of these limits are exceeded, device functionality should not be
assumed, damage may occur and reliability may be affected. ORDERING INFORMATION
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Transistores para radio-frequéncia:

Tipos de transistores

BF959
VHF Transistor

NPN Silicon
FRSSS.. ON Semiconductor”
® Pb—Free Packages are Available* hitp:/ion .
COLLECTOR
MAXIMUM RATINGS \
Rating Symbol value Unit .
Collector -Emittsr Voltage Veceo 20 Vac BASE
Collector -Base Voltage Veeo 30 Voo
Emittar - Bass Volkags Veso 30 vac 2
Collector Currant - Coatinuous Il 100 mAads
Total Device Dissipation Po
@ Ta=25°C &5 J— MARKING
3= abows 25°C 5.0 MWFC D'AGRAM
Total Device Dissipation Po
@ T =25°C 15 Ve 7/ =~
Derats abows 25°C 12 MW AC To-82 1 BF
o5
erating and Storags Junclion Ty, Tat -55W0+15 *C CASE 29 .
%nwa?m Rang= ? 1 STYLE 21 A
THERMAL CHARACTERISTICS 3 {l ,Ll,]l
Characteristic Symbol Max uUnit
Thermal Rasistanos, RaJa 200 TV BFE59 = Devics Coos
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Tipos de transistores

INSTITUTO FEDERAL

ANTA CATARINA

Transistores integrados:

(Top View)
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NC — No internal connection
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SANTA CATARINA

o
- Transistores bipolares de jungdo
__

Demo:
» Teste de transistores.




Proxima Aula

INSTITUTO FEDERAL

Polarizagdo de transistores bipolares de jungdo

Vee Vee
20V
e r
Ry
2.4 kQ
C 510 kQ 1
In + N
o VCE
B + B o B =100
Vee = <f E - of

- 1.5 kQ



