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Introducao

Historico:
« Diodo a valvula — 1904 por J. A. Fleming;
« Triodo a valvula — 1906 por Lee De Forest;
« Transistor — 1947 por Walter H. Brattain e John Bardeen.
« Posteriormente: Mosfet, Igbt, Silicon Carbide, etc.
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Introducao

Voo =+12V
Rc
R 2.2 kQ
Bi IC C2
240 kQ ac
I + 4( output
Cl IB \ 10 "LF
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input VCE ﬁ =)

Amplificador com transistor bipolar.



Introducao
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- Output
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Oscilador controlado a cristal.




Introducao
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V, V,
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(unregulated) 90 O

\ 4
LIE
A 12V

Regulador de tensdo com transistor bipolar.



Construcao do transistor

w={], 1530 In, == —{), 1 50 in,—=
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BJT — Transistor Bipolar de Junc&o: Lacunas e elétrons formam as correntes.



Construcao do transistor

Emitter +

.

- Collector




Construcao do transistor

FET BJT

Orain Source Alurminum Base Collector
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The last step is to pattern aluminum =
into appropriate shapes. After
annealing(baking) at 475 degrees
Zelcius to improve the aluminum
contacts with the silicon, the devices

are ready to be tested. animation_next |
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http://jas.eng.buffalo.edu/education/fab/BjtFet/index.html
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Operacao do transistor

Relembrando os diodos:

V, =0V

l Ip=0mA

o+

V=0V
(no bias)

/‘ Minority carrier flow

‘—i;_’)l

Majority camrier flow




Operacao do transistor

Relembrando os diodos:

V, <0V

P

~¢— | Minority-carrier flow
/ majority — 0

N >
= n

Depletion region




Operacao do transistor

Relembrando os diodos:

Vy >0V

h I
s)— / Ip = lmajorily ~ I
majority :




Operacao do transistor

Transistor PNP: 4 Majority carriers
=
+— [+
EFre p+_
9 + ++
|:I-_+—+ +_
Yal
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+ l -
L :

VEE

Juncéo Base — emissor polarizada diretamente.




Operacao do transistor

Transistor PNP: . . .
+ Minority carriers

Juncao Base — coletor polarizada reversamente.



Operacao do transistor

Transistor PNP:  + Majority carriers * Minority carriers

B

Depletion regions

V”’

[ ' I
Vi Vee

Correntes no transistor bipolar de juncao.



Configuracao Emissor-Comum

A seta do simbolo grafico define o sentido da corrente de
emissor (fluxo convencional) através do dispositivo.
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Configuracao Emissor-Comum

6

(Saturation region) 5

Na regido ativa, a juncao base-coletor é polarizada
reversamente, engquanto a juncao base-emissor é

polarizada diretamente.
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Configuracao Emissor-Comum

Aproximacao linear das
caracteristicas de base:
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Configuracao Emissor-Comum

I =15+ 1.
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Configuracao Emissor-Comum

Exemplo:

t Joo (mA)
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Configuracao Emissor-Comum

_\ 500 \\\ e

\ Rb=10 kO
25 \ B=150

[

b 04 P 5 10 15 Vee  Whb
() () |
Vbe = 0,60V
T 0s Ib = 0,280 mA
lc = 42,0 mA , , ! Whh=34V
-+ Vhe =
i m Vee =45V el Vo= 15,0V
P =189 mW =  Re=2500

Fonctionnement en régime LINEAIRE |  Puissance dissipée dans le transistor

http://hebergement.ac-poitiers.fr/l-cc-angouleme/coulomb-exos-phy/applets/transist_fonct/transist_fonct.htm


http://hebergement.ac-poitiers.fr/l-cc-angouleme/coulomb-exos-phy/applets/transist_fonct/transist_fonct.htm

Polarizacéao

Ic =p- IB
| =(,B+l)- |

V. 0,7V



Limites de operacao

P

Cmax

:VCE ' Ic

ICEO S IC S ICmax




Transistores Darlington

_>

iBE hfe iB




Encapsulamento de transistores

ENCAPSULADOS

10-105/10-106  TO-18/T0-5 1071 T0-50
25 B
114 s
0 252 XMap  s0T223 10-126
Q3 @ %} 3 %
1 2 = TO-92
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Tipos de transistores

Transistores de uso geral:

PN2222A MMBT2222A

G ': @

TO-92

Mark: 1P

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 unless otherwise noted

PZT2222A

SOT-223

Symbol Parameter Value Units

Wiego Collector-Emitter Violtage 40 W

Wipo Collector-Base Woltage Th W

Yepo Emitter-Base Voltage 6.0 W

I Collector Current - Continuous 1.0 A
Operating and Storage Junction Temperature Range -55 to +150 °C

Tu, Taig




Tipos de transistores

Transistores de uso geral: |
BC546/547/548/549/550 ” .

Switching and Applications
+ High Voltage: BC546, Vopo=65Y

« Low Moise: BC549, BCAA0

+ Complement to BC5EE ... BCEED

] TO-92
1. Collector 2. Base 2. Emitter
NPN Epitaxial Silicon Transistor

BC356/5357/558/359/560 [//

Switching and Amplifier ” .

= High Voltage: BC556, Vogq= -65Y
+ Low Moise: BCEESG, BCHE0
« Complement to BCB46 . BC 550

Pares complementares

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



Tipos de transistores

Transistores de uso geral:

BC337/338

Switching and Amplifier Applications
= Suitable for AF-Driver stages and low power autput stages
« Complement to BC327/BC328

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

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

Symbaol Parameter Value Units

VoEs Collector-Emitter Voltage

CBC33T 50 v

'BC338 30 v
Veeo Collector-Emitter Voltage

- BC337 45 v

'BC338 25 v
Vean Emitter-Base Voltage 4] W
Ic Collector Current (DC) 800 mA,
Pe Collector Power Dissipation 625 mw
T, Junction Temperature 150 “C
Tere Storage Temperature -85 ~ 150 "C




Tipos de transistores

Transistores de média poténcia:
BD135/137/139

Medium Power Linear and Switching Vs ’
Applications

* Complement to B35, BD138 and BD140 respectively

TO-128
1. Emitter 2.Collector 3 Base

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

Symbol Parameter Value Units

Vieso Collecior-Gase Voltage SBD13S 45 W

C BT 60

:BD13% B0
Veso Collector-Emitier “oltags :BO135 45

tBDM3T G0

:BO13E B0
Wesg Emitter-Bases ‘/oltage 3
o Collector Current (DC) 1.5 A
lep Collector Current (Fulse) 3.0 A
Iz Base Current 0.5 A
Pe Collector Dissipation (T.=25"C) 12.5 W
Pe Collector Dissipation (T,=257C) 125 W
T, Junction Temperature 130 “C
Tore Storage Temperature - 95~ 150 “C




Tipos de transistores

Transistores de média poténcia:
TIP31 Series(TIP31/31A/31B/31C) \‘

Medium Power Linear Switching Applications
 Complementary to TIP3222A0528/220

1 TO-220

1.Base 2 Collector 2 .Emitter

NPN Epitaxial Silicon Transistor

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

Symbol Parameter Value Units
Vieso Collector-Base Voltage - TIP3 40 W
CTIF214A G0 W
- TIF21B a0 W
" TIF21C 100 W
Ve Collector-Emitter Voltage - TIP31 40 W
“TIF214 G0 W
" TIF21B al W
- TIF31C 100 W
VERD Emitier-Base Yoltage 5 W
I Collector Current {DC) 3 A
Icp Collector Current (Pulse) 5 A
e Basze Current 1 A
Pc Collector Dizsipation (To=257C} 40 W
Pe Collector Dissipation (Tz=25°C) 2 W
LK Junction Temperature 130 i
Ts1 Storage Temperature -85 ~130 “C




Tipos de transistores

Transistores SMD: C|3

Small Signal Transistors (NPN)

El2
Features

* These transistors are subdivided into three groups
(A, B, and C) according to their current gain. The
type BCB46 is available in groups A and B, how-
ever, the types BCB47 and BC848 can be supplied
in all three groups. The BC849 is a low noise type
available in groups B and C. As complementary

types, the PNP transistors BC856...BCB59 are
recommended.

+ NPN Silicon Epitaxial Planar Transistors for
switching and AF amplifier applications.

18a22




Tipos de transistores

Transistores SMD:
BC846 to BC849

Vishay Semiconductors

Absolute Maximum Ratings

Tamb = 25 °C, unless otharwise spacified

Parameter Test condition Part Symbol Value Unit

Cuollactor - base voltage BCO4E Viepo 20 v

BCA47 Voo a0 v

BCa48 Voo a0 v

BCa49 Vepo a0 v

Collector - amitter voltage BCO46 ViEs a0 v

BCa47 ViEs &0 v

BCa48 Vies 30 v

BCa49 ViEs 30 v

BCA46 Vero 65 V

BCa47 Vero 45 Vv

BCa48 Vero a0 v

BCa49 Vero a0 v

Emitter - basa voltage BCo4e Vepo & v

BCA47 Vepo G v

BCa48 VeBD 5 v

Ba49 VEBD & v

Collector cumant I 100 A,
Collector peak cumant I 200 A,
Poak base currant lem 200 A,
Poak emitter current -lep 200 A,
Power dissipation Tapp =256 °C Pt 101 m




Tipos de transistores

Transistores SMD:

PNP Darlington Transistor

BCV26

Mark: FD

This device is designed for applications requiring extremely high
current gain at currents to 800 mA. Sourced from Process 61.

Absolute Maximum Ratings®  7a=25c uniess sthenwiss noted

Symbol Parameter Value Units
Wen Collector-Emitter Voltage a0 W
Viepo Collector-Base Voltage 40 W
Yepn Emitter-Base Voltage 10 W
Iz Callector Current - Continuous 1.2 A
Ty Tatg Operating and Storage Junction Temperature Range -55 to +150 °C




Tipos de transistores

Transistores de alta poténcia:

NPMN
- 2N3055*
Complementary Silicon Power PNP o
Transistors MJ2955
.. . designed for general-purpose switching and armplifier applicaticns. *Hotorols Prefemed Devkoe
« DG Current Gain — hpp = 20706 o= 4 Adc
+ Caollectar—Emitter Saturation Voltages — 15 AMPERE
VicEisat) = 1.1 Vido (Max) @ Io= 4 Ade POWER TRANSISTORS
+ Excallant Safe Oparating &rea COMPLEMENTARY
SILICON
&0 VOLTS
MAKIMUM RATINGS 115 WATTS
Rating Symbol valug unlt
Collector-Emittsr valtags VieEn i vt
Collechor—Emittsr Voltags VeER 0 wide
Collechy—Ease Vallags Vg 10 Wdc
Emittar—Bass viokage VER T e
Collector Curmant — Continuous li 15 Adc
Base Cument In T Adr
Total Powsr Dlssipation i T = 25°C Fo 115 wialls
Dierats abows 25°C QEST WG
Operating and Storags Junclion Tempsraturs T4 Tatg - n+200 | G
Ranga

THERMAL CHARACTERISTICS
Characteristic Symbal Max unit

Thermal Reslslancs, Jundtion to Cass R 1.82 TN




Tipos de transistores

Transistores de alta poténcia:

MJ 11028, MJ11030,
MJ11032 (NPN)
MJ11029, MJ11033 (PNP)

High-=Current
Complementary Silicon
Power Transistors

High—Current Complemeniary Silicon Power Tensistors are for use
as output devices n complmentry general purpose amplifier
apphcations.

Features
# High DO Current Gain — hpg = 10060 (bm) (@ I = 25 Ade
hrg =400 (Min) i@ 1 = 50 Ade
® Curves to 100 A (Pulsed)
# Dnode Protection to Rabed -
# Moo hthic Construction with Buili-In Base—Emitter Shunt Resistor
# Juncticn Ternpemire to +200%C
# Phb—Fres Packages are Available®

MAXIMUM RATINGS (Tu= 25C unluzs ctharsisa noled)

Rating Syl Vaue Unit
Cellecior-Emiter Volsga MINIO2822 | W 1] Ve
WMJ11030 cEo a0
MII032EE 120
Cellecior-Bass Vo MIIO2822 | W, 3] Ve
o WMJ 11030 e a0
MII0EE3 120
Emiter-Eaze Vollage Veen a0 Ve
Caobector Cumsnt - Conlinios I =0 Aidc
- Paak Mata 1] o
Baze Current - Continuous [I:} 20 Bde
Tortal Power Diszipation (@ Te = 25°C Fo 30 W
Derate Abowa 25°C iF Te = 100°C 171 WirC
O peratirg ard Storage Jundion Ts Tag | -S5t0 4200 [ =G
Tampsraiure Range

ON Semiconductor™
hitp: fonseml.com

50 AMPERE
COMPLEMENTARY

DARLINGTON POWER

TRANSISTORS
60 - 120 VOLTS
300 WATTS

TO-204 {TO-3)
CASE 1074
STYLE 1

MARKING DIAGRAM

&

{ M3
|.. BOOW |



Tipos de transistores

Transistores de radio frequéncia:
BF959 yFay

VHF Transistor
NPN Sillcon

Features ON Semiconductor®

— - i *
* Pb—Free Packages are Available hitp:/ionsemi.com

COLLECTOR
MAKXIMUMN RATINGS L
Rating Symbal Valug Unit . e _J\
Collechor —Ernlttar vollage Negn 20 Vi a.v.sc-_'_\
Collechor -Base Voltags NVeao 30 Vi \—‘1/
Emithar- Bass wkags Vepo 3.0 ik 2
EMTTER
Collechor Current — Contirucus I 100 rde
Totdl Deies Dissipation P
@ Ta= 250 i f25 i MARKING
Toldl Deics Disslpation Po 5
i T = 2EFC 15 v -
Dierae abows 2EFC W BF
12 MV — e
Cperating and Starags Junction Ty, Taig | -5500+150 b ¥ CASE 28 AW
Temparaurs Rangs 12 STYLE 21 o
THERMAL CHARACTERISTICS 3 Jl {lJl
Characterlstlc Symhbal Max Unit
Thermal Reskstancs, Raus 200 AN BFE50 = Dewlos Cods
Junction-to—Arnbiant A = Agsambly Locakian
¥ = Year
Thermal Reskstancs, Ry B33 AN . . .
Junchon-te-Cass W = Wrk Waek
L] = Pb-Fres Packags




Tipos de transistores

Transistores integrados:

(Top View)
C B E NC E B
14 _I < 20 I O - O O L O
/R A4\
\ ¥ N/
IAIZAIH_-'I_SAI{H
C B E NC E B

NC — No internal connection




Proxima aula

Seqgiéncia de conteudos:
1. Polarizacao de transistores;
2. Operacao do transistor como chave,
3. Aplicacoes.

www.ifsc.edu.br/~petry



