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History 

Bipolar Junction Transistor 
(BJT)  



1904 The vacuum tube was introduced by J A Fleming. 

1906 Lee De Forest added a third element, the control grid, to the vacuum 

diode, resulting in the first amplifier, the triode. 

1922 - 1936 The tube industry production rose from about 1 million in 1922 to 

100 million in 1937. 

Early 30´s The tretode and pentode gained prominence in the electron-tube 

industry. In the years to follow, rapid advances were made in 

design, manufacturing techniques, high-power and high-

frequency applications and miniaturization. 

1904 - 1947 
The vacuum tube was the electronic device of interest and 

development.  



Fig. 3.1 

O 1º transistor: cortesia da AT&T 
Archives and History Center 

Fig. 3.2 

1947 

S William Schockley, Walter H Brittain 
and John Barden devoleped a smaller, 
lightweight device with no heater 
requirement or heater loss. 



baixa potência média potência média / alta potência 

Identificação  

dos terminais 

Q2T2905, pnp quad 

 Texas Instruments 

Estrutura Interna  

Encapsulamento TO-92 

Exemplos de Encapsulamento do BJT 



Moore´s Law (1965): 

 The transistor count of an IC will double every 2 years ! 

Intel core I7 

Quad Core: 

over 730 

million 

transistors 

 

Tukvilla 

processor: 

over 2 billion 

transistor 

 

crescimento 

exponencial 
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BJT  

Contruction and Operation 



 Transistor Construction 

npn 

Fig. 3.3 

3.3 



There are two types of transistors:  pnp  and  npn. 
The terminals are labeled:  
 

     E - Emitter 
     B - Base 
     C - Collector 

pnp 

npn 

 Transistor Construction 



Transistor Operation 

diretamente 

polarizado 

reversamente 

polarizado 



Transistor Operation 

Fig. 3.5 



The collector current is comprised of 

two currents:  

B
I

C
I

E
I 

(minority) CO
I

majority C
I

C
I 

)(

Emitter current is the sum of the 

collector and base currents: 

mA nA - μA 

Currents in a Transistor 

Fig. 3.6b 



Transistor Tester 



Common Base 

Common Emitter 

Common Colector 

Configurations: 



Configuração 

Base Comum 



The base is common to both input (emitter–base) junction 

and output (collector–base) junction of the transistor. 

EC II 

Silicon) (for V  .VBE 70

Fig. 3.6 



Input Characteristics 

Fig. 3.6 

Fig. 3.7 



Output  

Characteristics 

Fig. 3.8 



Output Characteristics 

The amplifier is basically off. There is voltage, but little current. 

Most common region of  

operation of the amplifier. 

   The amplifier is fully on.  

There is current,  

but little voltage. 



Output Characteristics 



Output  

Characteristics 

Fig. 3.8 

3.8
. 



Fig. 3.9 



Output  

Characteristics 

Fig. 3.8 



Output  

Characteristics 

Fig. 3.8 



Output  

Characteristics 

Fig. 3.8 



Output  

Characteristics 

Fig. 3.8 



Input Characteristics 

Fig. 3.7 

Fig. 3.10 



Output Characteristics Exercício: 

Fig. 3.8 

Fig. 3.10 



Alpha DC (CC) 

Output Characteristics 

Fig. 3.8 



Alpha AC (CA) 



Polarização 

Fig. 3.11 



Região de Ruptura 

Fig. 3.8 



Ação Amplificadora da 

Configuração Base Comum 



Fig. 3.7 

Fig. 3.8 





Configuração 

Emissor Comum 



Fig. 3.12 



(a) 

Fig. 3.13 - a) base characteristic; b) collector characteristic 

(b) 



Fig. 3.13a 



Fig. 3.13a 



Fig. 3.13a 



IE = IC + IB          IC =  IE  

Actual Currents 

When IB = 0 A the transistor is in 

cutoff, but there is some minority 

current flowing called ICEO. 
μA0 I

CBO
CEO Bα

I
I 




1

where ICBO = minority 

collector current 

ICBO is usually so small that it can be ignored, except in high 

power transistors and in high temperature environments. 

Ideal Currents 

IC =  IE + ICBO 

Common-Emitter Amplifier Currents 



In DC mode: 

In AC mode:  

ac is sometimes referred to as hfe, a term used in transistor 

modeling calculations 

B

C
dc

I

I
β 

constantV
B

C

ac CEI

I







  represents the amplification factor of a transistor.  

Beta () 
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Example 1:  Determining  AC and  DC from a Graph  

Fig. 3.16 
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Example 2:  Determining  AC and  DC in ideal conditions from a Graph 

Fig. 3.17 



Determining   from a Graph 

Example 3: Determinação dc  do transistor Q2N2222 no PSPice 



Determining   from a Graph 

Características de coletor do transistor Q2N222 

Example 3: Determinação dc  do transistor Q2N2222 no PSPice 



Relationships 

If IB=0 and      = 0.996   

= 

If ICEO = 1uA, Ic = 0,25mA   

Fig. 3.16 
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Região de Ruptura 

há 
Fig. 3.19 



Proper biasing for an npn transistor 



Exercício no LTSpice 

Acessar o Moodle www.moodle.eesc.usp.br 

 

Resolvar “LTSpice - Exercicio 1 – BJT”  

http://www.moodle.eesc.usp.br/


O circuito da figura 1 é uma montagem simples, 
em análise .DC, que plota a corrente de coletor em 
função da tensão na base. A tensão de coletor é 
fixa em 10V pela fonte V2 e a fonte de base V1 
será excursionada pela análise. A varredura em V1 
será feita entre 0 e 2V com o passo de 0.01 para 
uma boa resolução. 
 
 A figura 2 mostra a corrente medida no terminal 
de base.  
 
A figura 3 mostra a corrente de coletor.  VBE 

IB 

Fig. 2 

VBE 

Ic 

Fig. 3 

Fig. 1 



Uma aplicação muito interessante da análise 
.DC utilizada em conjunto com o comando 
.step param é a visualização da família de 
curvas de um transistor.  
 
Essas curvas são a relação da corrente de 
coletor em função da tensão de coletor 
parametrizada para vários valores de tensão 
na base. O circuito ao lado é utilizado.  
 
A análise .DC é realizada com a excursão de 
0 à 15V da tensão de coletor (V2=VCE).  
 
O valor da fonte V1 será {v} e o comando 
“.step param v 0 2 0.2” deve ser utilizado na 
simulação. Este comando irá plotar uma 
curva em função de V1 para cada valor de v 
definido pelo .step, criando assim a família 
de curvas.  

IC 

VCE 



Configuração 

Coletor Comum 



The input is on the 

base and the 

output is on the 

emitter. 

The characteristics 

are similar to those 

of the common-

emitter amplifier, 

except the vertical 

axis is IC. 
Fig. 3.20 



The transistor operates in the active region between saturation and cutoff. 

VCE is maximum and IC is 

minimum in the cutoff 

region.  

 

 

 

IC is maximum and VCE is 

minimum in the saturation 

region. 

 

CEOC II (max)

CEOsatCECE VVV  )((max)

Operating Limits 
 

Fig. 3.22 



Limites de Operação 

Fig. 3.22 



Fig. 3.22 

Limites de Operação 



Operating Limits 
 



Common-collector: 

CCBCmax IVP 

CCECmax IVP 

ECECmax IVP 

Common-base: 

Common-emitter: 

Power Dissipation 



Fig. 3.24 

Traçador de Curvas 
 

Some DMMs measure DC or hFE 



Fig. 3.22 



Transistor Datasheet 



Transistor Specification Sheet 

Fig. 3.23 



Transistor Specification Sheet 

Fig. 3.23 



Transistor Specification Sheet 

Fig. 3.23 



Transistor Specification Sheet 

hFE – DC Current Gain 

hfe – AC Current Gain hre – Voltage Feedback Ratio hoe - Output Admittance 

Fig. 3.23 


