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Why study bipolar transistors ?

MOSFETs are now much more common, being completely dominant in digital

ICs, and probably 99.5% of analog ICs.  Bipolar transistors are however still

used in high-performance instruments, and in some radio-frequency and 

optical communications ICs. 

But, quality mosfets are very  difficult to obtain in the discrete form needed for the 

lab projects.  Insofar as they are available, the data sheets give very limited design

information.  It is therefore very difficult to design satisfactory lab projects using 

MOSFETs. Quality discrete bjts are widely available, and their charactersitics

are such that only limited information is needed from the data sheets.

Given that the lab design projects are a key part of this class, we therefore study 

both MOSFETs and BJTs.
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Terminal Characteristics: NPN bipolar transistor

 

Coulomb )10(6022.1charge electron

re temperatuabsolute

inJoule/Kelv )10(38.1constant sBoltzmann'

 voltage"thermal"  thecalled is          

re) temperatu(room  Kelvin300at  mV 8.25/

where

 /

1

 biased) reverse junction base (collector

  0for 

19

23

/

 



















q

T

k

V

qkTV

II

eII

V

T

T

Eb

VV

esE

cb

Tbe



Vbe

Vcb

Ic

Ib

Ie



ECE137A class notes, UCSB, Mark Rodwell, copyright 2019

Terminal Characteristics: PNP bipolar transistor
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Voltage Polarities and Notation
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Polarities of voltages: NPN and PNP
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Polarities of voltages: NPN and PNP
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Common-emitter current gain   or HFE
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Common-base current gain  a
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Typical values of  DC  current gain
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Common-base DC characteristics 
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Common-base DC characteristics 
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Base-emitter voltage 
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Common-base curves measured on a microwave BJT
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PNP Transistor: common-base DC characteristics 
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Common-Emitter DC characteristics 
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Common-emitter curves measured on a microwave BJT
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Modes of operation: Linear Active 
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Modes of operation: Saturation 
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Modes of operation: Cutoff 
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DC model for bias analysis

stages.similar  and pull-push in

currents biasfor  and mirrorscurrent 

fornecessary  is  iprelationsh 2nd the

accurate) (more   )/ln(

(quick)   

either Use

)(

ESETbe

onbebe

IIVV

VV





(Ib)

B

E

C

Ib



ECE137A class notes, UCSB, Mark Rodwell, copyright 2019

AC small-signal model
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AC small-signal model
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Template slide

template math 1+1=2


