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Resisténcia e condutividade elétrica



Condutividade elétrica dos elementos

Tabela periddica dos elementos
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Estrutura eletronica e condutividade elétrica

Copper Orbit structure

Electron
S

k=2, |I=8, m= 18, Last =1



Estrutura eletronica e condutividade elétrica

Sea of Electrons Model
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Estrutura eletronica e condutividade elétrica

A conductor allows free electrons to pass readily through it.
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OUTER SHELL ELECTRON
JUMPING FROM ATOM TO FREE ELECTRON
ATOM (HOLE TO HOLE) \ ELECTRON HOLE
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\ ELECTRON FLOW/ /

COPPER CONDUCTOR




Estrutura eletronica e condutividade elétrica

THE SMOOTHER TOP PATH

SHOwWS A GOOD CONDUCTODIR.
THE BOTTOM 1S PODIZ.



Resistor

]
Resistor limita a corrente

Cano de agua Cano de agua
sem resisténcia permite com resisténcia que
corrente maxima. limita a corrente!

Resisténcia

ELETRICA




Resistor

.|
Exemplo de valor de resistor

4 faixas de cores

12 faixa: MARROM = 1
22 faixa: PRETO =0

Cor 1?2 Faixa 22 Faixa N°* de zeros/multiplicador Tolerdncia

1 1 32 faixa (multiplicador): VERMELHO = x100
. . 4? faixa (tolerancia): DOURADO: 5%
Amarelo q a :ﬁJ(_il,’iXEE -
Verde 5 5 10 x 100 = 1000 ohms
6 6 x1.000.000
7 7 x10.000.000
L m Resistor de 1000 Ohms com 5% de
m’?co SN | 1 ﬁm‘?*u —— - tolerancia

Prata X070 £ 10%

VWWAINDO oa
ELETRICA




If - Forward current - mi

Curvatensao vs. corrente de resistor

0 1.0 20 30 40 30 8.0
V- Forward voltage - V

V =Rl
| =V /R
R=AV /Al
1/R=AlTAV



Usos do resistor

* Limitacao de corrente
e Dissipacao de poténcia (eletricidade)
e Polarizacao de circuito (eletronica)

Eletricidade: aplicacoes de poténcia (I > 1 A)
Tecnologia de energia

EletrOonica: aplicacOes de baixa corrente (I <1A)

Tecnologia de informacao



Resistor

Simbolos de um resistor
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Condutividade elétrica dos elementos

Elementos semicondutores
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Ementos semicondutores intrinsecos: silicio e germanio
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Silicio semicondutor intrinseco

Shared electrons
of a covalent
bond.



Condutividade elétrica dos elementos

Elementos doadores de elﬁ’tron
e

Elementos aceitadores de elétron
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Elementos Boro, Silicio e Fosforo

Boron: ap Bn ae Silicon: 14p 14n 14e  Phosphorus: 15p 148n 15e

J valence electrons 4 wvalence electrons A valence electrons



Silicio semicondutor extrinseco

P-Type N-Type
; impurnity . A

3 " Donor impurity
® Si ° fﬁ:’” u ‘ Si ‘ﬁ contnbutes
% A - i __..‘.. LIS * ‘

4 free electrons

impurity ) impurity

= The P- has a « The N- has a surplus
surplus of holes. of negative electrons.



Silicio semicondutor extrinseco tipo P

p-type Extrinsic Semiconductor Energy of electrons

M
® e L J

Elantrnn hole

Conduction Band

empty or parially filled

acceptor added
as impurity L
(boron) e i Bap

Valence Band

Fermi level
fully or parially filled



Silicio semicondutor extrinseco tipo N

n-type Extrinsic Semiconductor

free mauan

Energy of electrons
N\

donor added

as impurity
(phosphorus)

Conduction Band

_ Fermi level
empty or parially

filled /

Valence Band
fully or parially filled



N-Type Material
(Majority of Electrons)

SemicondutorestipoNeP

Minority carrier

P-Type Material
(Majority of Holes)
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€D Holes (positive charge)

--= Electrons (nagative charge)

circuitspedia.com



Juncao de semicondutores tipo Ne P

~
Depletion
Region
N-Type P-Type
® |G @
- @ @ @ . ®+ @ @ @ - @ ;
+ o
+ Q) 5 O o) = n O, °
Majority Carriers © + ) O, - &) Majority Carriers
(Electrons) v =) © o | ® | @ - ) i (Holes)
© L0, 99| 4 S
® @ ©

Silicon Crystal Doped with N-Type & P-Type Impurities

v.rv.r'm.r.TheEngineeringProjects.ccu‘nj




Polarizacao de diodo de juncao PN

Polarizacao direta: conducao de corrente

— Sentido da corrente
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Polarizacao de diodo de juncao PN

Polarizacao reversa: bloqueio da corrente

depletion region

electrons «— __.__ = —» holes
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Curva de polarizacao de diodo de juncao PN

electrons —» -+— holes

-1 |IF
'

Simbolo

Tipo N Tipo P
cathode anode

Curva corrente vs. tensao |-V

I

Polarizacao Polarizagao
reversa direta
i \Y%
07V
Ruptura




Diodo emissor de luz (LED)

Fotons

Polarizacao
direta




Diodo emissor de luz (LED)

Reflective cup

Emitted light
Molded
epoxy lens
Anoded wire
Photon
Anode lead Hole
Electron

Cathode lead




Diodo emissor de luz (LED)
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Anodo

+

Catodo +
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Diodo emissor de luz (LED)

high
N_@
conduction
% —L band
L?Cj ’ “ :l band gap
V
low é ® valence band

InGaN InGaN AlGaAS semiconductor



Espectro de emissao do LED

Ordinary LED sunLike =

Powered by =0

Sunlight

----------------------------
.........

LED branco comum LED branco de largo espectro

Sunlight
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Célula fotovoltaica

p-n junction solar cell

Electric current generated !!

n-type Si p-type Si
o 0 4 - o O O O O
o O
00’0 0’ °o e 0%,
o o0 o 0C o ©
neutral neutral
e o 4 ~ O 0O O |some holes
] O neutralized by
.0.0 & Og OO electrons
e oo O o O
Positively Negatively
charged charged
* e .4_. o et ® Exposure to light
#® = O
#® o ® © creates electron-hole
o® ¢ omn o 2 O pairs
® oo O



Transistores bipolares

Um pouco de histdria
Principio de funcionamento
Tipos: NPN e PNP



Transistor Ponto de Contato




Os inventores do transistor:
Bardeen, Shockley e Brattain




Patente do transistor de ponto de contato (Bardeen & Brattain)

Oct. 3, 1950 BARDEEN 24,035
! THREE - ELECTRO N, Rt Eresalr UTILIZING 2,524,
SENICONDLCTIVE MATERIALS
Filed June 17, 1948 5 Sheets-Sheet 1

FIG. 2 FiG. 10
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Patente do transistor sanduiche (Shockley)

Sept. 25, 1951 W. SHOCKLEY 2,560,347
GIRCUIT ELEMENT UTILIZING SSMICONDUCTIVE MATERTAL

Filed June 28, 1948 I Sheetls-Sheat 1
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O “pai” do Vale do Silicio:
William Shockley




ropaganda

Yesterday a dream..

fji:“[///ﬁ//

~ the miracle

. k?&\\\;? the electronic world
g%\\ has waited for. ..
here at last. ..

brought to you first by FEDERATED!

Radis & Television News

Jure, 1952

JUNCTION TYPE (No. RD2517)

TRANSISTORS

(crystal amplifiers)

»/FO IMMEDIATE DELIVERY

SEMI-CONDUC'!OR €0,
EXCLug)y,

GERMANmM plES AGENT; ro

RODUCTS copp.

5 COAST-TO-COAST SOURCES OF SUPPLY

66 Dey Street 911§, Grand Ave. %25 Northampton St 1115 Hamiltgn Street 114 Hudson Stree!
New York 7, N. Y. Los Angeles 15, Cal Easton, Penn. Allentown, Peana. Newark 4, N. ).
Dighy 93050 TRinity 1761 Allentown 37441 ALlentown 37841 MArket 39035

Monufactured by the Sermaniuen Products Corp ~  subsidiary of Racio Development Corp. L'Lindsr Westerm Electic Co. aod . 1 Werst Patents



Propaganda

TAKE THIS
ACTUAL SAMPLE o ' ,
CF AN ELECTRONIC :

NO TUBES!

Nothing to Plug inl

A RAYTHEON 5 iag!
TRANSISTOR Over 500 Hours on Flashlight Battaries!

Thiz is & mechanlcal sample : Gpeaker Grilles Front and Back for 360°
only - an electrizsal "reject”. Df Rich IlLi'ell Sol.lndl

It will nat werk.
Tiny transislars replace bulky radio tubes —
Raptheon . . . Eleel > Mlreete l\

Maker for Over & Querter of }

A Cemtory ... Fresents You with Far more convenient and actually costs less
Thia Sample of a Tranzister.

withstand hard knecks — use almosi no current.

to operate than conventional AC-DC radic =zetse.

Here's WHY it's wonderful: Genuine |leather case. Luggapge brass conlrel
& Never wears aut. knobs. Lonpg shoulder sirap ar shart

a Can't burn aut. carrying handle.

o i
& Won't deteriorate. [ -
LAY La-‘t(}’l-—-—-

& |mpervicus to maoisture. RADIO

* Resistant to jars and jolts. world's largest producers of transistors
= Uses almost no current.

# Gives greater undistorted volume.

Here's what it means to YOU . . .

Form Mno_ 1025 — 20M-P Lilho. in U.&.4. — 9-55



Transistor bipolar

Principio de funcionamento:

Os portadores majoritarios bem como 0s
portadores minoritarios participam do processo
de conducéo elétrica, dai 0 nome transistor
bipolar.



Corrente convencional (+)

Corrente de elétrons

Transistor bipolar NPN

Corrente de elétrons

_ W
Corrente convencional (+)
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Corrente de lacunas (+)

-

-

Transistor bipolar PNP

Corrente de lacunas (+)
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IC alta
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Estrutura de um transistor bipolar NPN

Levemente dopada.

Estaregidao“coleta”os =—>|N Coletor

portadores de corrente :
Junc¢ao

Levemente dopada.

Estaregiao “controla”  =—>| P Base

o fluxo de corrente i

Altamente dopada.
Esta regiao “emite” = N Emissor
os portadores de corrente




Transistores bipolar NPN e PNP




Transistores bipolar NPN e PNP

PNP Transistor | |, NPN Transistor l |

Base Baze

® - . -
Collector Emitter



Transistor NPN epitaxial planar

Terminal do emissor Terminal da base B
L HR .
N
P
Terminal do Coletor epitaxial tipo N
coletor \ Substrato N+ E




Circuito de polarizacao do transistor bipolar




Curva |-V do transistor bipolar

iC A iB4
(Regiéo de saturacao
> - i
' B3
]
]
]
! i
1 B2
% Regido ativa
Lot leeT — IB1
"‘4‘: ,—¢"’___-' ------ Regido de
RIS corte ) in=0
oW EES S oo o n oo A
-V 0 Vv

A CE



Curvas caracteristicas |-V do transistor bipolar NPN:
configuracao emissor comum

Ic (mA)
8
7 .................
W 1a ) V=1V
(Saturation region) 5 —t— 90 - Vep=20V
80 =
4 - .
30 pA 70
6() b
3 ......
20 pa 50
) | 40 =
10 uA | 0=
, e 20 -
10 —
Iy =
' | R 2= O HA N i I
= ,
Olv(.,.. 5 10 \ 15 20 V. (V) 0f 02 04 06 08 10 vy, (v
“sat (CutofT region)

Ieeo= Blepo

(a) (b)



Datasheet do transistor 2N4123

2N4123, 2N4124

General Purpose
Transistors

NPN Silicon

ON Semiconductor®

hittp:/'onsemi.com

Features
- - 3 *
Pb—Free Packages are Awailable COLLECTOR
3
MAXIMUM RATINGS
Ritin Symbol | Value Unit 2
- d BASE
Caollector— Emitter Voltage Veen Vdo
2N4123 30
2ZN4124 25 1
Collector—Base Volage Vomo Vi EMITTER
2N4123 40
2N4124 30
Emitter-Base Voltage Vego 50 Vdo
Collector Current — Continuous Iz 200 misde TO-52
Totzl Device Dissipation @ Ta = 25°C Po 525 ey g%ﬁ’
Derate above 25°C 50 mm G
Totsl Device Dissipation & Tp = 25°C Po 15 W " & 4
Derate above 25°C 12 G 2
Operating and Storage Junction Ty Tog | =35t0 4130 C STRAIGHT LEAD BENT LEAD
Temperature Range BULK PACK TAPE & REEL
AMMOD PACK
THERMAL CHARACGTERISTICZS
Characteristic Symbod Mg Unit MARKING DIAGRAM
Thermal Resistance, Junciion-to—Ambient | Rays 200 TV
Thermal Resistance, Junction-to-Case Reye B3.3 T
Streszes excesding Maximum Ratings may damage the device. Maximum 2N
Ratings are stress ratings only. Functional operation above the Recommended 412k
DOperating Canditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

T



Tipos de encapsulamento de transistores

(d)

BENT LEAD
TAFE & REEL
AMMO PACK
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Construcao interna de transistores

Axial molding
compound injection
Passivated die

Copper frame Epoxy p:

Locking

(b)

(a)



Esqguema de um amplificador de sinal

Sinal de entrada Sinal de saida

— - = 4

— -

Amplificador

b FoONtede
alimentacao CC

1|




Transistor bipolar como amplificador
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