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What is:a Transistor?

' Semiconductors: ablility to change | |
from conductor to insulator ( |

1 Can either allow current or | |
prohibit current to flow

1 Useful as a switch, but also as an
amplifier

" Essential part of many /
technological advances
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A Brief Histony

WLTIITITIONS

' Guglielmo Marconi invents radio In
1895

~Problem: For long distancetravel,
sighal must be amplified

~Lee De Forest improves onFleming'’s
original vacuum tube to amplify
signals

' Made use of third electrode
~Too bulky for mostapplications
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~

~»

T TIONS

.

" Bell Labs (1947): Bardeen,
Brattain, and Shockley

71 Originally made of
germanium

1 Current transistors made of
doped silicon

12/06/2024  Bipolar Junction Transistor /23ECB101- Circuit Analysis & Devices/K.Suriya/ECE/SNSCT



HTrorons

| The first transistor was a point-contact transistor

i~

The first point-contact transistor
John Bardeen, Walter Brattain, and William Shockley
Bell Laboratories, Murray Hill, New Jersey (1947)

Bardeen Brattain

Collector

! X A
Aoy
» - - ,» e, _- .

Shockley
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WLTTITITIONS

" Doping: adding small amounts of other
elements to create additional protons or
electrons

~P-Type: dopants lack a fourthvalence
electron (Boron, Aluminum)

" N-Type: dopants have an additional (5t)
valence electron (Phosphorus, Arsenic)

~Importance: Current only flows from P to N
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Diodes and Bias

WLTIITITIONS

" Diode: simple P-N junction.
1 Forward Bias: allows current to
flow from P to N.

1 Reverse Bias: no current
allowed to flow from N to P.

" Breakdown Voltage: sufficient
N to P voltage of a Zener
Diode will allow for current to . -
flow in this direction. -T Ll

+

| +

)
T
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LETITUTIONS

Bipolar Junction transistor

~ T~

les and electrons Three terminal device
termine device characteristics n—— >
Control or two terminal currents

Amplification and switching through 3rd contact
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ST TIONS

. Take pn diode

« Remember reverse bias
| characteristics

A 4

* Reverse saturationcurrent: |,
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The BJT — Bipolar Junction Transistor

The Two Types of BJT Transistors:

npn Pnp
Cross Section C Cross Section
B B
B B
Schematic Schematic
Symbol E Symbol

» Collector doping is usually ~ 108
« Base doping is slightly higher ~ 107 — 108
« Emitter doping is much higher ~ 10°



Bipolar Junction Transistor (BJT)

3 adjacent regions of doped w &
SI (each connected to a Iead): Twuecmr(c) I +
> Base. (thin layer, less doped). o c® [ o o—1 e :CE>2
- Collector. . Vor )
o Emltter lemitler(E} ¢ ¢E
[ 2 tvpes Of B‘JT npn bipolar junction transistor
° npn
Ich Vo
p " p Tcollecmr © T
- Most common: npn . Iy o
base (B) —-— CE
o—— [ VB Vce
p - Vgg < 0
VBE
lemitler (E) +l T Ig

Developed by - |
Shock|ey (]_949) pnp bipolar junction transistor



Carrier flow in BJTs
E B C

| |

E p+ n P C

- . holes | k. —
/7 :\\

e-loss, forward bias




Transistor currents

-The arrow is always drawn
on the emitter

C
4 C
e Ve -The arrow always point
B B toward the n-type
IE 5 i IE IB E | IE

-The arrow indicates the
direction of the emitter
oep L current:
pnp:E[l B

I=the collector current npn: B E

Iz= the base current
I= the emitter current



“= construct like two diodes that connectedtogether,

- It can be conclude that the work of transistor is base on
work of diode.

#R43y imaging the analogy of diode, transistor can b;m
Nk
LISTITUTIONS

B
(al
E. '.\‘I_F/u' l @ .C
B
(h)
Fig 4 2: () pnp transistor (b) npn transistor
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BIT npn Transistor

~ 1 thinlayer of p-type, sandwiched between 2 layers of n-type.
7 N-type of emitter: more heavily doped than collector.
0 WithVe>Ve>Ve:

(e]

(e]

(e]

Ve

Base-Emitter junction forward biased, Base-Collector reverse biased.
Electrons diffuse from Emitter to Base (from n top).

There’s a depletion layer on the Base-Collector junction TIno flow ofe-
allowed.

BUT the Base is thin and Emitter region is n* (heavily doped) ]
electrons have enough momentum to cross the Base into the Collector.

The small base current Ig controls a large current I

1c¢ Ve
Tcollecmr (C)

Ig +

B N i —_— VCE >0
I_E - J.r[:“ Ll IB om D VB VCE
H o Vi 0
~ VE -~ pE VEE = VE — VE n + i BE -~
VBE I
VC.E — VC'_ VE le]]]illﬁf(E-} ¢ -
I.= Bl Ve



BJT Relationships - Equations

le le le
- Vee * e E + Vg
5 i +
Vee I Vec Veg o
+ + -
B B
non pnp
e =g + | e =lg + o
Vee = -Vee *+ Vi Vec = Ves - Vs

Note: The equations seen above are for the
transistor, not the circuit.



Transistor Operation

- The basic operation will be described using the pnp
transistor. The operation of the pnp transistor is

exactly the same if the roles played bythe electron
and hole are interchanged.

One p-n junction of a transistor isreverse-biased,
whereas the other is forward-biased.

* Majority carriers + Minority carriers
—b

=
e +_+ +:
+ B

Depletion region

+
L

|
|

L ]

Vi

Forward-biased junction Reverse-biased junction
of a pnp transistor of a pnp transistor



+ Majority carriers * Minority carriers
p n p "

- Both biasing potentials have been applied to a pnp
transistor and resulting majority and minority carrier
flows indicated.

- Majority carriers (+) will diffuse across the forward-
biased p-n junction into the n-type material.

- A very small number of carriers (+) will through n-tyge
material to the base terminal. Resulting IB is typicallyjin
order of microamperes.

- The large number of majority carriers will diffuse acrogs
the reverse-biased junction into the p-type material
connected to the collectorterminal.
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. . . . LIS(ITITIONS
1 Majority carriers can cross the reverse-biase

junction because the injected majority carrierswill
appear as minority carriers in the n-type material.

1 Applying KCL to the transistor:
Ie= 1+ Ig
1 The comprises of two components - themajority
and minority carriers

Ic=1 Cmajority T I COminority
1 Ico - I-current with emitter terminal open and is
called leakage current.
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Modes of Operation

Most important mode of operation

Active: « Central to amplifier operation
« The region where current curves are practically flat
Saturation: ° Barrier potential of the junctions cancel each other out causing a
virtual short
Cutoff: » Current reduced to zero

Ideal transistor behaves like an open switch

* Note: There is also a mode of operation called inverse active, but it is
rarely used.




d

egions of Operation

HTIrons

(m A) Saturation Region

When Vg =0 (transistor "fully - ON")
Ic -~ ."_CE_
RL
60
50
Q - point
40 (active region)
30
\ Cut - off Region
(transistor "fully - OFF")
20 1
| I;=0
10 o
0 //:’///////////// i
1 2 3 4 5 6
Vergsd When I-=0
Vee= Ve
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Operation region summary

lgOr Vce Mode

Char.

Iz = Very Reverse & |Open

small Reverse Switch
Saturation [Vee = Small |Forward & |Closed

~orward Switch

Active Veg = Reverse & |Linear
Linear Moderate “orward Amplifier
Break- Vg = Beyond Overload
down Large Limits
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