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Introduction to Bipolar Junction Transistors (BJTs)  

 
Very High Level Overview of how a transistor works: 

 

• A small amount of base current controls a large emitter (collector) current 

 

Analogy: 

• Think of the transistor as an “electronic” tap able to control a large flow of electrons (from 

collector to emitter) with only a small variation in the “handle” (base) 

• Water Tap Analogy:  (water spigot) 

� Large amounts of H2O controlled by very small movement of the tap 

BJT Operation 
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Summary of BJT Current-Voltage Relationships in the Active Mode: 

TBE Vv
Sc eIi =  (n=1 always for BJT)  {Ebers-Moll equation} 
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Note:  For the pnp transistor, replace vBE with vEB 
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VT=thermal voltage ≅ ~25mV at room temperature 

 

 
 

Method for solving DC voltages and currents of a BJT circuit: 

1).  Start by assuming transistor is in active mode 

 Either use given values for base-emitter voltage, or use 

 VBE = 0.7V (npn) 

 VEB = 0.7V (pnp) 

2).  Solve for the BJT node voltages and currents 

• Voltages:  sometimes can read off directly, otherwise use loop equation 

• Once you have one current, you can get the other two from the active mode 

equations 

3).  Check to see if the solution is consistent! 

 VC ≥ VB > VE  npn active more explicitly:  VCB ≥ 0, VBE ≥ 0.7V 

 VE > VB ≥ VC  pnp active more explicitly:  VCB ≥ 0, VEB ≥ 0.7V 

4).  If the solution is consistent, stop � you are done 

      If not, the transistor is either in saturation or cutoff 

 � go to 2) however active mode equations do not apply! 

� Now use:   saturation:  vBE ≈ 0.7V and vCE ≈ 0.3V for npn  

(vEB ≈ 0.7V and vEC ≈ 0.3V for pnp) 

 cutoff:  set all currents to 

 approximately 0:   

iC = 0 iE = 0  iB = 0 

 

 

NPN ACTIVE AND ON when: 

BEonBE Vv ≥  (VBEon 0.4 )V≅  

VC ≥ VB > VE and VCE>0.3V 

 

PNP ACTIVE AND ON when: 

EBonEB Vv ≥  

VE > VB ≥ VC and VEC>0.3V 
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Example 29: 

Find VE and Ic for each circuit.  Assume that |VBE| = 0.7V and 40=β .  Both transistors are being 

operated in the active mode. 

(a)  NPN         (b)  PNP 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 31 

100=β  

 
   

 

 

 

 

 

 

 

Temperature Effects:  

NPN Transistor Characteristic 

 

 

 

 

 

 

 

 

 

 

Thermal runaway:  L↑→↑→↑→↑→↑→↑→ DCDC PITPIT  

Thevenin: 

RBB=100k||50k=33.3k 

Voltage divider for 

VBB=5V 

IC 

IE 

+ 

  0.7 -  

        

IE 

IC 

       + 

-   0.7 

       

IC 

VBE 

T3 T2 T1 T3>T2>T1 

As ↑↑ IT , for fixed VBE 
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DESIGN 

 

Bias BJT in the ACTIVE region 

Goals: 

• Stable ��for any temperature. (Does not go into saturation region - similar to triode 

region for MosFet) 

• Not dependant on the value of �.   

• Not dependant on ���. 

 

Configurations: 

 

 

 

 

 

 

 

 

 

 

 

Rules of Thumb: 

• ��� > ��� 

 
OR   

Use Current Mirror: 
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BJT basic amplifier: 

 

 

 

 

 

 

 

 

 

 

 

Look at signal component only: 
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Dynamic forward resistance of BE junction 

 

 

 

Input Resistance: 

 

 

 

 

 

 

 

 

 

 

 

Summary of ac parameters: 
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a.  Input resistance looking in to base (in terms of 

ib) – from base to emitter 

From above:  
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Dynamic forward resistance of BE junction  
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cI  

for x<<1   (Vbe<<VT) 
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Small-signal equivalent circuit models 

 

Same concept as that of the MOSFET.   

 

 

 

 
 

 
 

The actual equation:  

	
 = �
�
����� �� + �
�

��
�  

This means that the output resistance between the collector and emitter is not infinite!   

 

 

 

 

 

 

• Hybrid-ππππ model is used for the BJT: • T-model – uses re instead of rπ  

This is equivalent to Hybrid-π:

  

re (1 + β) = rπ  
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Method for analyzing transistor 

1). Determine dc operating point, specifically I

(Set ac sources to 0!!)

 Note:  Use method for analyzing BJT circuits at DC

2).  Calculate small-signal parameters:  g

3).  Set dc sources to 0 

4).  Replace the transistor with one of the equivalent small

5).  Analyze the circuit as usual 

  

Example 

Circuit:  

β =100, VBB=3V, RC=3k 

RB=100k, VCC=10V  

 

 

Find the voltage gain, vo/vi 

 

1).  DC analysis:  set v

Redraw circuit with just dc part: 

 

 

 

 

 

 

 

 

 

 

2).  Calculate small-signal parameters:

VmA
V

I
g

T

C
m /92

25

3.2
===   

 

3). And 4).  Set dc sources to 0 and repla

Model: 

    

 

 

 

 

 

 

5).  Find requested gain:  vo/vi=[

i

c

v

v

  

 

 

 

+ 

- 
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Method for analyzing transistor amplifier circuits: 

1). Determine dc operating point, specifically IC   

(Set ac sources to 0!!) 

Note:  Use method for analyzing BJT circuits at DC 

signal parameters:  gm , rπ, and/or re 

stor with one of the equivalent small-signal models 

5).  Analyze the circuit as usual � linear circuit analysis 

set vi to 0 Assume VBE = 0.7V Assume active

signal parameters: 

Ω=== 8.10
)99.03.2(

25

E

T
e

I

V
r          ==

g
r

m 92

100β
π

Set dc sources to 0 and replace transistor with equivalent model 

i

c ]    

IC 

VC 

Vcc grounded for 

ac! 
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Assume active 

Ω= k09.1
92

100  
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Resistance-Reflection Rule Between Base and Emitter: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a simple resistive network remains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Same problem, but look into base instead: 
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RE

RB2Ri Rc

via simultaneous equations: 
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1.  Eliminate VCCS 

2. Scale all resistors with ib 

through Thevenin by 

)1(

1

+β
 and 
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Example: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary of Resistance-Reflection Rule between 

base and emitter: 

Applies only when you want to reflect a resistor 

from emitter to base or base to emitter circuit

 

Review of rule:   

1).  Temporarily remove dependent source 

bemvg  

2).  When looking into base:  Replace resistors on 

emitter side with  

“R” x (β + 1) or     

      When looking into emitter:  Replace resistors on 

base side with “R”  / (β + 1) 

3).  Treat circuit as a resistive network and find 

equivalent resistance 

This works because ib =

1+β
ei  

 

In a nutshell:  To reflect a resistor from: 

E� B  multiply by (β + 1) 

B�E  divide by (β + 1) 

 

UNDAMENTALS OF ELECTRICAL ENGINEERING 

Dr. Rasmussen                                      

 

 

 

 

Reflection Rule between 

Applies only when you want to reflect a resistor 

from emitter to base or base to emitter circuit 

1).  Temporarily remove dependent source biβ or 

2).  When looking into base:  Replace resistors on 

When looking into emitter:  Replace resistors on 

3).  Treat circuit as a resistive network and find 

Things to keep in mind: 

• Rule does NOT work for impedance looking into 

• collector – it is a reflection rule between base and emitter

• It works because ib =
1+β

ei which is a relationship 

• between the base and emitter current!

• Finding Rin or Rout � this is just finding Thevenin 

• equivalent resistance, RTh 

Possible methods now that you can use:

1).  Using the resistance Reflection Rule

2).  Using Thevenin equivalent methods

these to double check homework, but on exam 

will not likely have time

• Rin or Rout is always between a node and ground 

all paths to ground from that node

Applying the Reflection Rule is like turning off 

dependent sources and multiplying resistances by (

or dividing resistance by (β + 1) and treating circuit as

 just a resistive network � Note that this only works 

because the dependent source is being accounted for 

through the (β + 1) factor! 
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Rule does NOT work for impedance looking into  

it is a reflection rule between base and emitter 

which is a relationship  

between the base and emitter current! 

this is just finding Thevenin  

Possible methods now that you can use: 

1).  Using the resistance Reflection Rule 

2).  Using Thevenin equivalent methods– use  

ble check homework, but on exam  

will not likely have time 

is always between a node and ground – follow  

all paths to ground from that node 

Applying the Reflection Rule is like turning off  

dependent sources and multiplying resistances by (β + 1)  

+ 1) and treating circuit as 

Note that this only works  

because the dependent source is being accounted for  
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Common-Base 
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2 Stage ⇒⇒⇒⇒Common Collector/Common Base 
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2 Stage ⇒⇒⇒⇒Common-Emitter/Common-Collector 
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Example: 
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