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Modern Transistors
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A transistor allows you to control the current, not just block it in one direction.

A good analogy for a transistor is a pipe with an adjustable gate.

Transistor Diode
Flow-control valve One-way valve

Gate almost closed *
low flow

High resistance Current flows sl

Gate full open :m
High flow

Low resistance Current is blocked |
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The basic amplifying action was produced by transferring a current I from a low-to a high-resistance circuit.

The combination of the two terms results in the label transistor

TRANSISTOR = TRANSfer resISTOR -

Bipolar Junction Transistor BIT d.Jz4l L;U D B -

Unipolar Junction Transistor UJT oz L§>L>-‘ o 9y g P g -

Field Effect Transistor FET J\-é-‘ ;;5 U BB j—” S




Bipolar Junction Transistor BJT dtodl) e L D PF

The term “bipolar” was tagged onto the name to distinguish the fact that both carrier types
play important roles in the operation
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BJT structure ) 5w 3!l CoS 5

heavily doped ~ 10"15 the ratio of the total
lightly doped ~ 1076 width to that of the
center layer is 150:1

provides the carriers lightly doped ~ 10"8
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Collector
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E:pjtter—base Collector—base
junction junction
(EBJ) (CBJ)
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BJT structure ) s 3! ) CoS g

pnp

Emitter Collector
E + C
+ p p +

Emitter “emits™ holes Collector “collects™ holes
emitted by the emitter

Narrow Base controls
number of holes emitted

npn

C

Emitter “emits™ clecirons Collector “collects™ clectrons
+ + emitted by the emitter

Narrow Base controls
number of clectrons emitted
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Mode EB]J CBJ

Cutoff Reverse Reverse

Forward active Forward Reverse

Saturation Forward Forward

Reverse active Reverse Forward
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Operation of npn transistor in The Active Mode

Forward-biased Reverse-biased

T 8.,\.9\.3.5‘) C,.QU\ e Z\.L,ajj‘
Ul 5LE) B EBJ

o o 93ty saeldl 1) el e by SN LS o 0555 W €

sl &l sl
n>>p el s

lp



Forward-biased Reverse-biased
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B=100, ...200 <.

current gain L) S
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Most of the electrons (a fraction a which is close to
1, e.g. 0.98) flowing from the emitter into the base

reach the collector-base (CB) junction.

B = Common-emitter current gain
(10-1000; typical 50-200)




Summary of the BJT Current-Voltage Relationships in the Active Mode
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: For the pnp transistor, replace vge with ugs.

I

B+1

ip = (1- )i =

ip = (B + 1)ig

a=5£'—1

V= thermal voltage = E‘:“Eﬁ mY al room lemperature
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The npn transistor has beta=100 and exhibits an
[.=TmA at V=0.7V.

Design the circuit so that :

1- a current of 2mA flows through collector.

2- a voltage of +5V appears at the collector.
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Voltage polarities and current flow in transistor biased in the active mode
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BJT circuit configurations BJT  siw 51 3l feo 5 8 b
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Common-base Configuration | Common-collector Configuration| Common-Emitter Configuration

CC CE

Is fis output : Vi - I

‘ﬂi input : Vi - I fct f:l input : Vg - Iy

_E Output : VCB - I( ! Output: VCE - IC
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