Lecture-0|
Basic Electronics-Introduction

Topics to be covered:
v'What is electricity
v'Voltage, Current, Resistance
vOhm'’s Law

v'Capacitors, Inductors

v'Semiconductors



What is Electricity?

> Everything is made of atoms
> There are |18 elements, an atom is a single part of an element

> Atom consists of electrons, protons, and neutrons

Electron

Nucleus




Electrons (- charge) are attracted to protons (+ charge), this holds the
atom together

Some materials have strong attraction and refuse to loss electrons, these
are called insulators (air, glass, rubber, most plastics)

Some materials have weak attractions and allow electrons to be lost,
these are called conductors (copper, silver, gold, aluminum)

Electrons can be made to move from one atom to another, this is called
a current or electricity.

ELECTRON




Voltage:

\?\i

A battery has positive terminal (+) and a negative terminal (-). The
difference in charge between each terminal is the potential energy
the battery can provide.This is labeled in units of volts.

Voltage is like differential pressure always measure between two
points.

Measure voltage between two points or across a component in a
circuit.

When measuring DC voltage make sure polarity of meter is
correct, positive (+) red, negative (-) black.



Voltage sources:

Symbols Cell . Battery
: +5
UniPolar H+ A+ HI|F | @
BiPolar (AC) @ Power supplies
Properties

Constant Voltage, independent of the amount of current
Usually 1deal

Examples
Batteries
Power Supplies

Signal Generators



Ground

Provides a reference point

- Purely a reference point

—
§ Does not participate in
current flow

I

An integral path in the current flow

VWA

llﬁ

Symbols

—4—/);€7

Earth Analog Gnd
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Current

Flow of Water Flow of Charge

> Uniform flow of electrons thru a circuit is called current.

Electron flow notation Conventional flow notation

iﬂ—-{—q—

T Electric charge moves i, Electric charge moves
= from the negative (surplus) — from the positive (surplus)

p— side of the battery to the - side of the battery to the
- T positive (deficiency) side. i negative (deficiency) side.

MYcsvtu Notes www.mycsvtunotes.in RCET,Bhilai



Measuring current:

L —

MULTIMETER

>To measure current, must break circuit and install meter in
line.

> Measurement is imperfect because of voltage drop created
by meter.



Resistance

Constriction Resistor creates
creates Resistance to current
Resistance to water flow flow

£ ™
= ——

»All materials have a resistance that is dependent on cross-
sectional area, material type and temperature.

> A resistor dissipates power in the form of heat.



Measuring a resistance

DMM

@

- ——

= o
-

Will this work like we expect it to?

When measuring resistance, remove
NO! don’t do this! component from the circuit.
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Ohm’s Law

E=RI E E=IR
oltage

current  |Resistance

=g\ I | R /e




Electric Circuit Components

Passive: Active:

>Resistors >Voltage Sources

»Capacitors »Current Sources

>Inductors »>Amplifiers



Insulators,metals & semiconductors

Energy Electrons Energy
Conduction band "frec” 10
establish

Conduction band
-9 e o

1 conduction __

E,>5cV E,
Valence -~ ® ® o ©
/ electrons X
'.‘ T Sound th Vilence band
'Valehc:e band the atomic

stucture
E¢=1.1¢eV (Si)
E, =0.67 eV (Ge)
E, =141 ¢V (GaAs)

Insulator Semiconductor

The bands
overlap —

Energy

Conduction band

Conductor
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Properties:

>

vV VYV VY VY

Insulators have larger values of Eg so that it takes more energy
to excite e- into the conduction band.

Semiconductors are partially conducting under typical.

conditions since the energy required to lift electrons is not so
much larger than thermal energies at room  temperatures.

Their conductivity is a strong function of T.
Freeze-out at low T.
Conduction at highT.

Metals has  higher conductivity than insulators &
semiconductors as the conduction band & valence band are
overlapped.



Expected questions:

|.Define  semiconductors, metals &
insulators. Explain with the help of energy
band diagrames.



Lecture-02
Basic Electronics:Unit-0 |

Topics to be covered:

v'Commonly used semiconductors.
v'Electronic configuration of Ge & Si.
v'The energy band theory of crystals.
v'The eV unit of energy.



Commonly used semiconductors:

The two most commonly used semiconductors are:
» Germanium,

> Silicon.


Why.doc

Electronic configuration of Ge & Si:

The atomic number if Si is 14 & Ge is 32, thus has 4 valence electrons, so that atom is
tetravalent.

Si = Is22s22p®3s?3p2.

Ge = |s22s22p®3s?3p® 3d'0 4s2 4p2,

Each valence electron of germanium/silicon is shared by one of its four nearest
neighbours.

A covalent bond is represented by dashed lines.

Each valence electron is thus tightly bounded to nucleus & hence inspite of availability of
four valence electrons the crystal has low conductivity.



Crystal structure of silicon:

—ESi — —si - -y —
| |



Energy band theory of crystals:

/

¢

'

Wz wo o>

DISTANCE BETWEEN ATOMS —»



The eV unit of energy:

» The unit of work or energy, called electron volt (eV) is
defined as follows

» The name electron volt arises from the fact that if an
electrons falls through a potential of one volt, its K.E
will increase by decrease in PE or by
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Expected questions:

. Why si & ge are most widely used
semiconductors !

2. Explain why a semiconductors behave
like insulators at O degree kelvin ?

3. Define an electron volt.

Explain the effect of temperature on
conductivity of insulator, s/c & metal.



Lecture-03
Basic Electronics:Unit-0

Topics to be covered:

v'Electron gas description of metal.
v'Mean free path.

v Drift velocity.

v'Mobility.

v'Current density.

v'Conductivity.



Electron gas description of metal:

@ Valence or
Free
electrons

B
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Mean free path:

Refer the fig in last slide:
<lons are almost stationary.
<Electrons are in continuous motion.

< Thus electrons collide with this ions &
their direction changes on each collision.



Drift velocity:

Electric Field [V/cm]

Current Density J
[A/cm?]

v
AN

0+ Hole —

Motion

—©
- Electron
Motion

Area A

Holes move in the direction of the electric field (from + to -).

Electrons move in the opposite direction of the electric field (from - to +).
Average net motion is described by the drift velocity, v4 with units cm/second.
Net motion of charged particles gives rise to a current called as

hABEG, (DD TS JEnE 72



Drift velocity versus E:

‘|i|rJ'

5at

Silicon and similar materials

Drift Velocity [em/Sec]

E [V/cm]



Mobility:

In , electron mobility (or simply,
mobility), is a quantity relating the of
(V,4) to the applied (E) across

a material, according to the formula:

Here | is theme semiconductor and
measures the h carriers can move

through the crystal. [u]= cm?/V-Second.



http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Electrons
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_field

Current density:

J is current per unit area:
J=VA - - (1)
Let the time taken by electrons to travel distance
LmisT sec.
Thus | =Total charge/sec A=area
=Nq/T=NgqvVl/lL.
v = drift speed in m/s.
Finally from (1):
J=N q v/LA ------ (2)
Also the electron concentration n is defined as

n = electrons per volume i.e (e*/m?3)
= N/LA

Thus from (3 J=nav=pv

Here p = n qis called charge density in Coulombs/m3.

N electrons

P
<«

v




Conductivity:

< Conductivity is defined as ability of a conductor to
conduct.

< Current density

----- )
is called c_he metal in (ohm-meter)

|

< From eq" (l) it is clear that conduction current is
proportional to applied voltage as stated by Ohm’s
Law.



Expected questions:

>In a certain wire charge moves past a
point in 0.5 second. Find the current in
amperes. (Answer: 8 amp).

> Give the electron gas description of
metal.

» Define mobility & conductivity & give
their dimensions.

> Define mean free path.



Lecture-04
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Lecture-05
Electronics:Unit-0|

Topics to be covered:
v'Electrons & holes (Review).
v'Contribution of hole in conductivity.
vIntrinsic semiconductors.

v Extrinsic semiconductors.

v'Doping & dopants (Impurities).
v'Donors (pentavalent impurities).
v'Acceptors (Trivalent impurities).
v'Mass action law.

Basic



Electrons &

Cova.lent Va_lence
bond Ge electrons
) °
Ge ® g .‘ /R.Ge
( } ! e
X \o,Gg__ \® /
Ge® [5) 0‘. ] ® Ge
ey Je\ e\
PR
\®;, \e/  \ej
Ge@® ® ® ] 1) ®Ge
Ge

Fig:Crystal structure of Ge

holes in pure s/c:

Free electron

Fig: Crystal structure of Ge with
broken covalent bond



Contribution of hole to conductivity:

(ﬂ.““@@&@.
(b)OO‘COOOOQG

< Any broken bond (hole) makes easier for a valence electron to
leave its covalent bond & fill this hole.

< The vacant hole can be further occupied by some other
electron.

< Thus the hole moves in a direction opposite to that of
electron.



Intrinsic & Extrinsic semiconductors:

< Intrinsic or pure semiconductor:

n. = intrinsic concentration.
< Extrinsic semiconductors:

< Extrinsic s/c are further classified as n-type & p-type
semiconductor ( depending upon doping ).




Doping:

» The doping is the process of adding impurity atoms to intrinsic
silicon or germanium to improve the conductivity of the
semiconductor.

> of a semiconductor by adding a small
amount of another material called a dopant (instead of heating it!)

» By substituting a semiconductor atom with a special impurity atom
(Column V or Column Ill element), a conduction electron or hole is
created.

» Column V — Pentavalent impurity - as they have five valence
electrons they create a conduction electron & are called

» Column Il — Trivalent impurity as - they have three valence
electrons they create a conduction hole & are called



Extra
electron

Donor impurities (Pentavalent atoms):

Extra electron (b)

[ TN,
F,  Donor energy level

Energy
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Fnergy
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P-type & n-type semiconductors:

> p-type semiconductor is created by adding trivalent atoms
to an intrinsic semiconductor.

Majority carriers: Holes.
Minority Carriers: Electrons.

> n-type semiconductor is created by adding pentavalent
atoms to an intrinsic semiconductor.

Majority carriers: Holes.
Minority Carriers: Electrons.
» Commonly used trivalent impurities:

Aluminum (Al) Gallium (Ga)
Boron (B) Indium (In)

» Commonly used pentavalent impurities:
Phosphorus (P) Arsenic (As)

Antimony (Sb) Bismuth (Bi)



Mass action law:

Statement: Under thermal equilibrium, the
product of free -ve & +tve
concentrations is constant independent of
amount of donor & acceptor impurity

doping i.e

n,= intrinsic concentration.



Expected questions:

. Define a electron & hole in 2 semiconductors.

2. Explain how holes contributes to the process of conductivity
?

3.  Define intrinsic concentration of holes. What is the
relationship between this density of & intrinsic concentration
of electrons ! What do these equal at 0 degree kelvin.

4. Write shortnotes on donor & accptor impurities.

5. State mass action law.



Lecture-06
Basic Electronics:Unit-0 |

Topics to be covered:

v'Charge densities in s/c

v'Electrical properties of Ge & Si:
|. Conductivity .

2. Intrinsic concentration.

3.The energy gap.
4. Mobility.



Charge density in semiconductor:

Np: ionized donor concentration (cm-3)
N,: ionized acceptor concentration (cm-)

Charge neutrality condition: Np+p=Ny+n

At thermal equilibrium, np = n? (“Law of Mass Action”)

No.-N N —-N 2
"= 1}1 A_I_J( ﬂz ..-I) +nf

Note: Carrier concentrations depend
on net dopant concentration (Ny- N,) !

Ny—Np Ny—Npyv: o



N-type material:

»In an n-type material the free
electron concentration is approximately
equal to the density of donor atoms i.e

> Thus c-f holes in n-type s/c

using mass action law is:




P-type material:

»>In an p-type material the free hole
concentration is approximately equal to
the density of acceptor atoms i.e

> Thus conce- electrons in p-type

s/c using mass action law:




Electrical properties of si & ge:

Electric Field [V/cm]

Current Density J
[A/cm?]

—

0—!— Hole —

Motion

«—©

- Electron

Area A MMotion

On application of electric field E the electrons & holes move in opposite
directions but since they are of opposite sign the net current is in same
direction.

Hence ] is given by:

where is the conductivity.



Electrical properties of si & ge:

With increase in temperature
the density of hole-electron pair increases & thus
conductivity increases. It has been found that n, varies
with temperature T as

n2=A_T3 e(EGo/kT)
Where
< Eg, is the energy gap at O degree kelvin.

< K is Boltzman constant in eV/K & A, is constant.



Electrical properties of si & ge:

The forbidden energy gap depends on temperature.
Experimentally it is found that

2 Eg=1.21 —3.60 x 10T for silicon.

At room temperature Ec= |.| eV.

% Ec =0.785 - 223 x 10T for germanium.

At room temperature E;= 0.72 eV.



Electrical properties of si & ge:

u m

L

3 For silicon m = 2.5 (2.7) for electrons (holes).

3 For germanium m= 1.66 (2.33) for electrons (holes).



properties of silicon & germanium.

Property Ge Si
ALOII0 BREBHEE .. . . s v W T s 32 14
AUV WBIEHE. i e s i v ns i o 72.6 28.1
PICnEIty. £/0Mm%. i e Shiienie s anienres 5.32 2.33
Dielectric constamt (relative).......... 16 12
AEORORTOINY .. is © womnis & somms wa e 4.4 X 1022 5.0 X 10+
Boo 8% 00 R: icovvu sovamps s diums 0.785 ; L |
B V-8B IS, . ¢ vivsiaine se i dui 0.72 1.1
fii 0k SOOTE, @IATE 0 e s v esemn v s 2.5 X 1012 1.5 X 1019
Intrinsic resistivity at 300°K, @-ecm....| 45 230,000
iy CIRSINGR AL BOOTIC , oo s pamws v iy 3,800 1,300
iy, eV &t 300°K. ... convmnieos o 1,800 500
Bl DTS . PV R 257 ay sow warem wA 99 34
Do, BIOY/E w8 Vv, oo vovunoesn ananisnars 47 13
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Expected questions:

I. A semiconductor is doped with donor &
acceptor concentration Ny & N,

respectively. Write the equations to
determine n & p.

2. Explain the electrical properties of
silicon & germanium.



Lecture-07
Basic Electronics:Unit-0 |

Topics to be covered:
v'Factors on which conductivity depends.
v'Conductivity modulation.

v'Generation of charge carriers.
v'Recombination of charge carriers.



Conductivity depends on:

» Conductivity is given by the equation:

» Conductivity of a s/c is proportional to the
concentration of free carriers ‘n’ & ‘p’.

» Conductivity can thus be increased by varying ‘n’ or ‘p’ (
conductivity modulation).



Conductivity modulation:

»  The conductivity of a ge(si) increases approximately
6(8) percent per degree rise in temperature.

»  This feature can be limitation or advantage depending
upon application.

> Due to this property of s/c, it is also called (or used)
as thermistors.



Conductivity modulation:

v llluminating the s/c supplies radiant energy to the s/c &
thus few covalent bonds are broken resulting in
generation of new electron hole pairs.

v" Conductivity increases or the resistance decreases.

v Are called photoresistors or photoconductors.



Generation & recombination:

> Generation (G):

How e and h™ are
produced or created.

AEe
G R
» Recombination (R): How e e ®
and h™ are destroyed or
hv AN —\A\~hv
removed e
) g




Mean life time of charge carrier:

> In pure s/c concentration of electrons is equal to concentration
of holes. Due to increase in temperature some new electron-
hole pairs are generated. This process is called generation of
charge carriers.

> Recombination is a process in where a electron moves from
conduction band to valence band & get combined with holes.

» On an average a e or a hole exists for T, or T, seconds. This
time is called mean life time of carrier.



Related derivation:

Consider a bar of n-type silicon containing thermal
equilibrium concentration p, & n_, The process is
illustrated below:

&l

1 p = p,+ p'(0)e—*/7p
p — p, = p'(0)

A ‘ l Do

|

! 0 4

Light Light
turned on turned off



Derivation contd.......

At t = t’ the specimen is illuminated & new e - hole pairs are
generated.

Since electron-hole pairs are generated thus excess concentration
of charge carriers is same.

Percentage increase in majority carrier concentration is very less
& hence only minority carrier concentration is considered.

At t=0, the radiation is removed. It can be shown that hole

(minority) concentration decreases exponentially to zero for t > 0
l.e

p = p,+ p'(0)e=*/7>



Expected questions:

> Define conductivity modulation.

> Given a intrinsic semiconductor specimen, state two physical
process to increase the conductivity.

» Define mean life time of carrier.

> Explain physically the meaning of the following statement: An
electron & hole recombine & disappear.

> Radiation falls on a s/c specimen which is uniformily illuminated
& a steady state is reached. At t=0, the light is turned off:

a) Sketch the minority carrier concentration as a function of
time for t 20.

b) Define all symbols in the equation describing your sketch.



Lecture-08
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Topics to be covered:
v Diffusion.

v'Diffusion current.
v'Einstein relationship.

v'Equations of total current.



Diffusion

Current Flow:

'l

> Drift: charged particle

motion in response to

an electric field.

. .
® .
' . Y4 ® >
- -
. e oao ° . -'"'a
. - » -
™ - - . -e
os ~0|® 04 % o . .
T e e 3 -
..o.o'..o......-...o.-
- yieop iRy g .-.o
e Lle a8 kg tee
AR T T L LR o X R
. . e ‘o-.-o e .-O .
. > o..o‘ono

» Diffusion:Particles tend

()
)
-}
0
L
)
R
5
()
L
L
(@)
s
-}
(@)
=
(qv]
()
|
(ol
(7))
@)
t

(7))
«
(O]
o
(4]
=
O
o
G

to

concentration

-
.20
-
Y
@)

c
0
)
4]
(G
)
C
()
O
C
@)
O
[
3
O
(-
@)
(79)]
«
()
|
(4]

- é . -
. ® "o
.
®--9 .
. TR
-
. - -
.
. . o¥a\"
-
.
e .. o' s o
. ‘e .
Y- ‘e o?
. e,
. Pl SN
0 N -o.o .
....4.. o
* ML

63

www.mycsvtunotes.in RCET,Bhilai

MYcsvtu Notes



Diffusion current:

In semiconductors, “flow of carriers” from one region of higher
concentration to lower concentration results in a “

)

Thus diffusion hole current density
Jo -dp/dx
*J, =-qD, dp/dx amp/m?

\///

Where D (m*/sec) is the diffusion constant for holes.Negative sign
shows that p decreases with increasing x as shown in figure(slide

2).

> The diffusion electron current density
J, =qD,, dn/dx amp/m?



Einstein relationship

* According to the Einstein’s relation for a
s/c, the ratio of diffusion constant
(DpD,)to the mobility (w,, 1) of the
charge carriers is constant and equal to
volt equivalent of the temperature (V).



.s
©
.s
-

where,

DP= Diffusion constant for holes in m2/sec’

Dn= Diffusion constant for electrons in m?%/sec,
MP= Holes mobility in m%/sec,
U, — Electrons mobility in m?%/sec,

VT = Volt equivent of temperature.



Equations of total current

* The total current is the sum of drift
current and diffusion current.  Thus, for
a P- type s/c the total current per unit
area,

Jp = q. u,. p- E+( -q .Dp.dp/dx)
= q. W, p- E-q .Dp. dp/dx



e Similarly, for an N-type s/c

Jn=gq.n,.n.E-( -q .Dn.dn/dx)
=q.u,.n.E+q.Dn.dn/dx



Lecture-09
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Problems:



_H_

O Semiconductor Diode

Lecture-10
Basic Electronics:Unit-

Topics to be covered:
Diode -introduction.

Open circuited p-n junction.



Why diodes!?

> R, C,L are linear circuit elements.

> Many signal processing functions need nonlinear
elements.

» Diode is the most fundamental nonlinear circuit
element.

> Basic function: to allow current to flow only in one
direction

> Diode Di + Electrode

v



Diode symbol & operation:

Anode

j

Cathode

sl




Open circuited p-n junction (formation of
depletion region):

h(T)Ies ” . electrons
o 100000000000
S eﬁefeﬁe"e cJoXC, @,@’g
0000000

> Being free particles, electrons start diffusing from n-type material into
p-material.

» Being free particles, holes, too, start diffusing from p-type material into
n-material.

> However, every electrons transfers a negative charge (-q) onto the p-side and also
leaves an uncompensated (+q) charge of the donor on the n-side. Every hole
creates one positive charge (q) on the n-side and (-q) on the p-side.



Formation of depletion region:

YV V VYV

Negative charge stops electrons from further diffusion.

Positive charge stops holes from further diffusion.

The diffusion forms a dipole charge layer at the p-n junction
interface.

There is a “built-in”” VOLTAGE at the p-n junction
interface that prevents penetration of electrons into the p-
side and holes into the n-side.

» Immobile ions

p-type p-type

TRRRN
++++




Defining depletion region:

Thus at eqilibrium there exists a layer
of —ve charges in p region & layer of

+ve charges in n region near the junction
which do not contain any free electron or
hole & consist only of immobile ions . This
region is called depletion region or space

charge region. Its width is generally 0.5 to
| micron.



8 w= —

Space-charge

region \ Charge density, p

0.5 um

at v

e
I

axr = — &

|
|
|
|
|
!
1
1
|
|

Electric field
lntapnity. &

aV »
dx =J Edx

Y

l‘
I

I
k
I

N

|
:
|
:'

I
Elec'trostat.ic potential V'

I Distance from junction

f P W m
V= —) Edx
vV =0——" S | | Distance from junction

oy

! n side

|
Pote‘ntlnl-onorgy barrier for electrons

Distance from junction

Plots of charge density, electric field intensity
& potential energy barriers at the junction
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Diode applications:

> Rectifiers.

» Clippers.

» Clampers.

............ To be studied later.



Expected questions:

)

2)

3)

Define diode. Draw its symbol & explain
Its operation.

Define depletion region. Explain how it is
formed.

Draw & explain the waveforms of charge
density, Electric field intensity & potential
energy barriers of n & p side.



LECTURE 12 :

e TOPICTO BE COVERED :
> Voltage-current characteristics:



Voltage-current characteristics:

Forward
bia=s

Breakdown region

'3
Reverze
current

J

OH voltage
~0L65Y for Si
~0.2Y for Ge

o

~J0pA
Naote: The reverse current
REVErse shaowh is bypical of bipe
bias TNLO0Y, For other bipes refer

to the respective datasheet,

image not to scale.



|-V characteristics of P-N diode

Diode Current —

|

@)

Reverse bias Forward bias

Diode Voltage ——>

Observation :-

* Cut-in voltage for Si & Ge diodes are 0.6 and 0.2v
respectevely.

* Breakdown voltage of silicon diode is higher that that
of the Ge diode. So SI. Diodes can withstand to a
higher reverse voltage.

*The reverse saturation current lo for a Ge diode is
few pA at room tempreture.



Temperature dependency of reverse saturation

current.

e The Shockley ideal diode equation or the diode law

(named after co-inventor
, not to be confused with
inventor ) is the |-V

characteristic of an ideal diode in either forward or
reverse bias (or no bias). The equation is:

e Where

o s ] = g ¢/ 1),


http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/Tetrode
http://en.wikipedia.org/wiki/Walter_H._Schottky

* For even rather small forward bias voltages
the exponential is very large because the
thermal voltage is very small, so the
subtracted ‘|’ in the diode equation is
negligible and the forward diode current
is often approximated as

I — IE: £ Vi ."'I (n Vi :l



Lecture |3:

* Topic to be covered :

> Diode Resistance

> The piecewise Linear VI characteristic of a pn
diode.



Diode Resistance

Using the Shockley equation, the small-signal diode
resistance rD of the diode can be derived about some
operating point ( ) where the DC bias current
is IQ and the Q-point applied voltage is VQ.To begin,
the diode small-signal conductance is found, gD,
that is, the change in current in the diode caused by a
small change in voltage across the diode, divided by
this voltage change, namely:

_dl| _ L VolVr o lo
90 = v 0 AT


http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point

* The latter approximation assumes that the
bias current IQ is large enough so that the
factor of | in the parentheses of the
Shockley diode equation can be ignored. This
approximation is accurate even at rather
small voltages, because the
VT = 26 mV at 300K, so VQ/VT tends to be
large, meaning that the exponential is very
large


http://en.wikipedia.org/wiki/Thermal_voltage

* Noting that the small-signal resistance rD
is the reciprocal of the small-signal
conductance just found, the diode
resistance is independent of the ac
current, but depends on the dc current,
and is given as:

'Ii__,’_L
I

N'm —



The piecewise Linear VI characteristic of a
pn diode.

* Firstly, let us consider a mathematically
idealized diode. In such an ideal diode, if
the diode is reverse biased, the current
flowing through it zero. This ideal diode
starts conducting at OV and for any
positive voltage an infinite current flows
and the diode acts like a short circuit. The
|-V characteristics of an ideal diode are
shown below:



The piecewise Linear VI characteristic of a pn diode.

e

' ' 1 ' 1 ' 1 ' 1 1 ' L ' ' ' ' ' ' ' )

v

|-V characteristic of an ideal diode.



* Ideal diode in series with voltage
source

Now let us consider the case when we
add a voltage source in series with the
diode in the form shown below:

— —— ;@f—o

|deal diode with a series voltage source.



* .In order to get the diode to conduct, the
voltage at the anode will need to be taken
to Vt. This circuit approximates the cut-in
voltage present in real diodes.The
combined |-V characteristic of this circuit
is shown below:



U L | l | L | l | L ' | ' | ' | ' T |

|-V characteristic of and ideal diode with a series voltage source.



* Diode with voltage source and
current-limiting resistor

e The last thing needed is a resistor to limit
the current, as shown below:

Y o
Ce— . ,/. \" A -"‘-' —)
\ . \ i
S

Wi Rd

|Ideal diode with a series voltage source and resistor.



The |-V characteristic of the final circuit
looks like this:

1

Gradient= R_d

IIIIIIIIIIIIIIIIIIII

|-V characteristic of and ideal diode with a series voltage source and resistor.



Lecture |5

* Topic to be covered :
> Diffusion


http://en.wikipedia.org/wiki/Capacitance

Capacitance

e The charge in the diode carrying current IQ is known to be
Q=IQTF+ QJ
e where TF is the forward transit time of charge carriers:|2| The
first term in the charge is the charge in transit across the diode
when the current IQ flows.The second term is the charge
stored in the junction itself when it is viewed as a simple
;that is, as a pair of electrodes with opposite charges

on them. It is the charge stored on the diode by virtue of simply
having a voltage across it, regardless of any current it conducts.

 In a similar fashion as before, the diode capacitance is the
change in diode charge with diode voltage:


http://en.wikipedia.org/wiki/Diode_modelling
http://en.wikipedia.org/wiki/Capacitance

0 by
GD:dp tTF‘ J“‘iTFW

where

gy
G,jf — d.i";;.d'

is the junction capacitance and the first term is called the
because it is related to the current diffusing through the junction.


http://en.wikipedia.org/wiki/Diffusion_capacitance

Diffusion

Diffusion is the capacitance due to transport of

between two terminals of a device, for example,
the diffusion of carriers from anode to cathode in forward bias
mode of a or from emitter to base (forward biased
junction in active region) for a .In a semiconductor
device with a current flowing through it (for example, an
ongoing transport of charge by diffusion) at a particular
moment there is necessarily some charge in the process of
transit through the device. If the applied voltage changes to a
different value and the current changes to a different value, a
different amount of charge will be in transit in the new
circumstances.



http://en.wikipedia.org/wiki/Capacitance
http://en.wikipedia.org/wiki/Capacitance
http://en.wikipedia.org/wiki/Charge_carrier
http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Transistor

e The change in the amount of transiting
charge divided by the change in the
voltage causing it is the diffusion
capacitance.The adjective "diffusion” is
used because the original use of this term
was for junction , Where the charge
transport was via the diffusion
mechanism.


http://en.wikipedia.org/wiki/Diode

the amount of charge in transit through the
device at this particular moment, denoted Q, Is
given by

= I(V)TF.
Consequently, the corresponding diffusion
apacitance:Cdiff.is

_dg _diy)
iff =3 v~



Depletion Capacitance

PA

+eN;
f4| — i
- x’
—dQ"

-V,

—————— With applied 1,

With applied ¥y + by,

D.A. Neaman. Semiconductor Physics &
Devices, 2% Ed., Irwin

Reverse bias I'=- 17,

C.=

J

Per unit area

dQ gN dx, gN dx, dx,
] == r = > = - = Q*ND e
v dl dV dv
1/2
- |28V N, 1
" q Ny AN, +N,
C- — qgslVA‘ND - = ﬁ
" 2v,-VIN,+N,) | W

Similar to a parallel-
plate capacitor

1/2

(]83 EVA *ND
2( % TVz )(NA + N )
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PN-junction diodes: Applications

¢ Diode applications:

-

Frosalowanelan x.‘,-é 1111111 T -------
e_iw
= #
T

w0

¢ Photodiodes a;mm*lmln:xrm]n'o.lfll|||1n}ltlyuulll:|llIl$1 I

B

¢ Solar Cells ,/(E(‘
« Light Emitting Diodes \_\\z

e Lasers



PN-junction diodes: Applications

» Solid state lighting, photovoltaic,

» photo detection, radio
demodulation

* over-voltage protection, Logic gates
°* temperature measurement, etc.



Lecture |6

* Topic to be covered:
> Avalanche & Zener Breakdown



Avalanche & Zener Breakdown :

Avalanche breakdown can occur within insulating or
semiconducting solids, liquids, or gases when the

in the material is great enough to
accelerate free to the point that, when they
strike in the material, they can knock other
electrons free: the number of free electrons is thus
increased rapidly as newly generated become
part of the process.


http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Nuclear_particle

e This phenomenon is usefully employed in
special purpose
such as the , the
and the :
as well as in some


http://en.wikipedia.org/wiki/Semiconductor_device
http://en.wikipedia.org/wiki/Avalanche_diode
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Avalanche_transistor
http://en.wikipedia.org/wiki/Gas_filled_tube

The avalanche process

* Avalanche breakdown is a current
multiplication process that occurs only in
strong , Which can be caused
either by the presence of very high

voltages, such as in
, or by more moderate voltages

which occur over very short distances,
such as within semiconductor devices.


http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_power_transmission
http://en.wikipedia.org/wiki/Electric_power_transmission

* As avalanche breakdown begins, free electrons are
accelerated by the electric field to very high speeds.
As these high-speed electrons move through the
material they inevitably strike atoms. If their
velocity is not sufficient for avalanche breakdown
(because the electric field is not strong enough)
they are absorbed by the atoms and the process
halts. However, if their velocity is high enough, when
they strike an atom, they knock an electron free
from it, ionizing it



Applications

In and , this effect is
used to multiply normally tiny currents, thus increasing the

of the devices: in avalanche photodiodes, current gains of over a
million can be achieved

Also, the phenomenon is very fast, meaning that avalanche
current quickly follows avalanche voltage variations or starting
charge (number of free electrons available to start the process)
variations, and this gives to avalanche transistors and avalanche
photodiodes the capability of working in the

frequency range and in


http://en.wikipedia.org/wiki/Avalanche_transistor
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Gain
http://en.wikipedia.org/wiki/Microwaves
http://en.wikipedia.org/w/index.php?title=Pulse_circuits&action=edit&redlink=1

PROBLEMS:



PROBLEMS :



UNIT -2
RECTIFIER AND FILTER
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LECTURE I:

« TOPIC TO BE COVERED :
» LOAD LINE ANALYSIS
» HALF WAVE RECTIFIER



Load line Analysis :

e Consider basic diode ckt

O— —o—{}—o0—
D
O
From KVL

V=Vi_IRL



In order to determine the v & | is not sufficient. The other

relation between v & | is given by the static characteristics
of diode ,given as below :

/

load line

—— Staticcurve




Rectifier :

e A rectifier is an electrical device that

converts

(AC) to

(DC), a process known as
rectification. Rectifiers have many uses
including as components of

and as of signals.
Rectifiers may be made of
, diodes,

,and other com

ponents.


http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Detector_%28radio%29
http://en.wikipedia.org/wiki/Radio
http://en.wikipedia.org/wiki/Solid_state_%28electronics%29
http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Vacuum_tube
http://en.wikipedia.org/wiki/Mercury_arc_valve
http://en.wikipedia.org/wiki/Mercury_arc_valve

Half-wave rectification

* In half wave rectification, either the
positive or negative half of the AC wave is
passed, while the other half is blocked.
Because only one half of the input
waveform reaches the output, it is very
inefficient if used for power transfer. Half-
wave rectification can be achieved with a
single diode in a one phase supply, or with
three diodes in a three-phase supply.



Half-wave rectifire :

U a

I

11
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oufputvoliage =——

Average values of output voltage and
current in HWR

0318V
| Vi

Load current —
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V,. =Area under the curve over full cycle

Base







Rectifier characteristics

| \Voltage regulation-

7 R= Vnoload _Vload * 100
Vioad
2. Efficiency :
N = I:)dc

P

acC




3.Peak inverse voltage : (PIV)

The maximum voltage which can be
subjected to the diode in reverse bias in
rectifier circuit is called Peak inverse
voltage.

4. Ripple factor :
y=RMS value of ac component

Avg or dc component



Y = |

Idc

5. Transformer utilization factor (TUF):
TUF= DC power delivered to load
AC power delivered of xformer
=124 R
[V

rms rms




=2/ 2R,
11,

I Tl /ZMrTnS

=] *2*R *2

_2ky
=4 =0.287

2
.



Disadvantages

I. Ripple factor is 1.21,thus output
contains lots of varying components.

2. The max theoritical efficiency is
40.6 % but practically the value will
be less.

3.The rectification is done only for half

cycle.
4.Load X-former utilization factor is 0.287.



LECTURE 2:

« TOPIC TO BE COVERED :
» FULL WAVE RECTIFIER



Full-wave rectification

 Full-wave rectification converts both polarities of the input
waveform to DC(direct current), and is more efficient. However,
in a circuit with a non- transformer, four diodes
are required instead of the one needed for half-wave
rectification. This is due to each output polarity requiring two
rectifiers each, for example, one for when AC terminal X' is
positive and one for when AC terminal "Y' is positive.The other
DC output requires exactly the same, resulting in four individual
junctions (See , ). Four rectifiers arranged

this way are called a or bridge rectifier:


http://en.wikipedia.org/wiki/Center_tap
http://en.wikipedia.org/wiki/Semiconductor
http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Diode_bridge

Full-wave rectifier :




AT

2
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Charateristics :

 Ripple Factor

The ripple factor for a Full Wave Rectifier
is given by




* RMS value of the voltage at the load
resistance is

Ay
= lf st widmel| =2
; 7

F/ —
e 1= E] -1=0482
F \ zaf/ La]




Efficiency

* Efficiency, h is the ratio of the dc output
power to ac input power

- deoutpuipowesr  F,

??_
el
g - 2
E{E/ Eﬂ/
i
. =43 = 0.812=212%

R,
W/ 'Fy
R, |7

aeinpul power  F




Transformer Utilization Factor

Transformer Utilization Factor, TUF can be used to
determine the rating of a transformer secondary. It is
determined by considering the primary and the
secondary winding separately and it gives a value of
0.693.

Form Factor
Form factor is defined as the ratio of the rms value of the
output voltage to the average value of the output voltage.




rmevalueaf outpubvoliage

Farm factor=
averagevaluanf the outputvaliage




Average values of output voltage and
current in FWR :

* the average voltage or the dc voltage
available across the load resistance is

A A |,

£ _ St
.= and |

R, &, =« "m0

1 |
V.= — | I osin @b o Vg
& F.:T\Et M



Applications :

e The primary application of rectifiers is to
derive DC power from an AC supply.

o Rectifiers also find a use in of
radio signals.

» Rectifiers are also used to supply
polarised voltage for


http://en.wikipedia.org/wiki/Detector_%28radio%29
http://en.wikipedia.org/wiki/Amplitude_modulation
http://en.wikipedia.org/wiki/Welding

LECTURE 3:

« TOPIC TO BE COVERED :
»>BRIDGE RECTIFIER & PROBLEM



Bridge rectifier

* A bridge rectifier makes use of four
diodes in a bridge arrangement to achieve
full-wave rectification. This is a widely
used configuration, both with individual
diodes wired as shown and with single
component bridges where the diode
bridge is wired internally.



Bridge rectifier :

 Four rectifiers arranged this way are
called a diode bridge or bridge rectifier:

UA S

14
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http://en.wikipedia.org/wiki/Diode_bridge
http://upload.wikimedia.org/wikipedia/commons/c/cc/Gratz.rectifier.en.png

Here's what the circuit looks like to the signal as it alternates:

In In

So, if we feed our AC signal into a full wave rectifier, we'll see both halves
of the wave above 0 Volts.

Since the signal passes through two diodes, the voltage out will be lower
by two diode drops, or 1.2 Volts.



Current Flow in the Bridge Rectifier

* For both positive and negative swings of
the transformer, there is a forward path
through the diode bridge. Both
conduction paths cause current to flow in
the same direction through the load

resistor, accomplishing full-wave
rectification



* While one set of diodes is
the other set is and
effectively eliminated from the circuit.

lllll-.l



http://hyperphysics.phy-astr.gsu.edu/Hbase/solids/diod.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/solids/diod.html
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AC Wave In:

+5V 4

ANVA

ov

- CU —

VARV

AC Wave Out (Full-Wave Rectified):

+5V

+3.8V -

AVAVAVA

ov

- —



Applications :

e The primary application of rectifiers is to
derive DC power from an AC supply.

o Rectifiers also find a use in of
radio signals.

» Rectifiers are also used to supply
polarised voltage for


http://en.wikipedia.org/wiki/Detector_%28radio%29
http://en.wikipedia.org/wiki/Amplitude_modulation
http://en.wikipedia.org/wiki/Welding

LECTURE 4:

Problems :



LECTURE 5 :

TOPIC TO BE COVERED :
»FILTERS : INDUCTOR FILTER



Filters

The output of the Full Wave Rectifier contains
both ac and dc components. A majority of the
applications, which cannot tolerate a high value
ripple, necessitates further processing of the
rectified output. The undesirable ac components
i.e. the ripple, can be minimized using filters.



FullWave Rectifier with Filter

E II 1 BpsF
=1 - ]
& +
2k 0Ohm= auT
SUPPLY -TW—-

fauaHn|

11 ¥

¥
Hwanal

Oz




e The output of the rectifier is fed as input
to the filter. The output of the filter is not
a perfect dc, but it also contains small ac
components. Some important filters are
° Inductor Filter

o Capacitor Filter
o LC Filter
o CLC or p Filter



INDUCTOR FILTERS :

* INDUCTOR FILTERS use an inductor
called a choke to filter the pulsating dc
input. Because of the impedance offered
to circuit current, the output of the filter
is at a lower amplitude than the input.



The figure shows an inductor filter. When
the output of the rectifier passes through
an inductor, it blocks the ac component

and allows only the dc component to
reach the load.

Inductor Filter

Full weave
rectified
input

"




* Ripple factor of the inductor filter is given
by

e,
y =
22 m I




* The operation of the inductor filter
depends on its property to oppose any
change of current passing through it. To
analyze this filter for full wave, the Fourier
series can be written as

A A
= —r - = lEi}SEEjf+lcﬂ54ﬂjﬁ+%ﬂﬂsﬁﬂjﬁ+-"

s

I I



. 25
The dc componentis —*
Assuming the third and higher terms contribute little output, the output voltage

= 2V W Cos 2 @i
T A7

The impedance of series combination of L and RL at 2w is

7= R+ 2wl ? = R +40tld



e Therefore for the ac component

I, = £
JR +dat I

Therefore, the resulting current j is given by

I

2V, A, codlwmi- gl 4l 2a L
= - where @ = tan
Ry 3m N{REE + 4 @ [



* The ripple factor which can be defined as
the ratio of the rms value of the ripple to
the dc value of the wave, is

A5,
Ef.rﬁqjﬁf + 4 m® IF 2 1
3 = =
EE};: 3".1"'5 \jl_l_-ﬂmj_ﬂg
FE."EE B 2
L



'F 2 532
4&35}}1

R mplified expression for y is

‘EE
Y =
22w 7




LECTURE 6:

 TOPIC TO BE COVERED:
» CAPACITOR FILTER



capacitor filter :

* A Single Capacitor : If we place a capacitor
at the output of the full-wave rectifier as
shown to the left, the capacitor will charge to
the peak voltage each half-cycle, and then
will discharge more slowly through the load
while the rectified voltage drops back to zero
before beginning the next half-cycle.Thus,
the capacitor helps to fill in the gaps
between the peaks, as shown in red in the
first figure to the right.




Capacitor Filter

Full weave C |+ R
rectified L
input o =




Bridge Rectifier, RC Filter




* A capacitor filter connected directly
across the load is shown above.The
property of a capacitor is that it allows ac
component and blocks dc component.
The operation of the capacitor filter is to
short the ripple to ground but leave the
dc to appear at output when it is
connected across the pulsating dc voltage.



e The charge it has acquired _ T
o

The charge it has lost =7, =T,

Ripple Voliage Triangular Waveform

b &
Cut in oirt .
i P -

-—TE—F— —g— ||

D output weith ripple

V EC:I&’:.ETE

FE—F



If the value of the capacitor is fairly large, or
the value of the load resistance is very large,
then it can be assumed that the time T2 is equal
to half the periodic time of the waveform.

T,=L- Ll hen v, -t

2 2f PETE o

From the above assumptions, the ripple
waveform will be triangular and its rms value is

given by



o

I'!;_.r " — FFF
" Dl 3
!

F — d.c.

R W s,

_ F:ir:.
435 R,
¥ 1

L

S Ripple v =

V.. 4ffCR,




LECTURE 7:

e TOPIC TO BE COVERED :
»>LC Filter



LC Filter

LC Filter: - The ripple factor is directly proportional to
the load resistance RL in the inductor filter and
inversely proportional to RL in the capacitor filter.
Therefore if these two filters are combined as LC filter
or L section filter as shown in figure the ripple factor
will be independent of RL.



LC Filter

?—W 3

Full weawe

rectified
impLt ¥ =
E
L

'




Bridge Rectifier, LC Filter

&




* From Fourier series, the output voltage
can be expressed as

2, 4,
= — CoS & f
T AT

o

i

The dc output voltage

7. =

g
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LECTURE 8 :

 TOPIC TO BE COVERED:
»CLC FILTER



eThe capacitor-input filter, also called
"Pi" filter due to its shape that looks like

the , IS a type of
. Filter circuits are used to

remove unwanted or ungesied
frequencies from a sighal.:
c1__ 2 %HL



http://en.wikipedia.org/wiki/Greek_alphabet
http://en.wikipedia.org/wiki/Pi_%28letter%29
http://en.wikipedia.org/wiki/Electronic_filter

* A typical capacitor input filter consists of
a filter Cl, connected across
the rectifier output, a ,in series
and another filter capacitor connected
across the load.


http://en.wikipedia.org/wiki/Capacitor
http://en.wikipedia.org/wiki/Choke_%28electronics%29

CLC or p Filter

CLC Filter
» L L B R
? ] -
Full vwave C +
ERl
; 3




* The above figure shows CLC or p type
filter, which basically consists of a
capacitor filter, followed by LC section.
This filter offers a fairly smooth output
and is characterized by highly peaked
diode currents and poor regulation.As in

L section filter the analysis is obtained as
follows.



p =

ﬁxm.xm
R.z i}f.z



LECTURE 9:

« TOPIC TO BE COVERED :

»Zener diode : CHARACTERISTICS &
SPECIFICATION



Zener diode

Anode D I: Cathode

Zener diode schematic symbol



Current-voltage characteristic of a Zener diode
with a breakdown voltage of 17 volt.



* A Zener diode is a type of that
permits to flow in the forward
direction like a normal diode, but also in
the reverse direction if the voltage is
larger than the known
as "Zener knee voltage" or "Zener
voltage"


http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Breakdown_voltage

* A Zener diode exhibits almost the same
properties, except the device is specially designed
so as to have a greatly reduced breakdown voltage,
the so-called Zener voltage.

* A Zener diode contains a heavily
allowing to from the
valence band of the p-type material to the
conduction band of the n-type material


http://en.wikipedia.org/wiki/Doping_%28semiconductor%29
http://en.wikipedia.org/wiki/P-n_junction
http://en.wikipedia.org/wiki/P-n_junction
http://en.wikipedia.org/wiki/P-n_junction
http://en.wikipedia.org/wiki/P-n_junction
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Quantum_tunneling

* A reverse-biased Zener diode will exhibit
a controlled breakdown and let the
current flow to keep the voltage across
the Zener diode at the Zener voltage.

» the Zener diode is typically used to
generate a reference voltage for an
stage, or as a voltage stabilizer
for low-current applications.


http://en.wikipedia.org/wiki/Amplifier

* The breakdown voltage can be controlled
quite accurately in the doping process.
While tolerances within 0.05% are
available, the most widely used tolerances

are 5% and 10%.



Uses

» Zener diodes are widely used to regulate
the voltage across a circuit.

* When connected in parallel with a
variable voltage source so that it is
reverse biased, a zener diode conducts
when the voltage reaches the diode's
reverse breakdown voltage. From that
point it keeps the voltage at that value.




LECTURE 10:

« TOPIC TO BE COVERED :
»Zener Diode As Voltage Regulator



Zener Diode As Voltage Regulator

A is an electronic component which can be
used to make a very simple voltage regulator circuit.

This circuit enables a fixed stable voltage to be taken from
an unstable voltage source such as the of a
renewable energy system which will fluctuate
depending on the state of charge of the bank.


http://www.reuk.co.uk/What-is-a-Zener-Diode.htm
http://www.reuk.co.uk/Interconnecting-Batteries-for-Battery-Bank.htm

Zener Diode Voltage Regulator Circuit

v I
Unstable - Stable
Uc:-ltagem 1 D vgltageGUT

fictured above is a very simple voltage regulator
circuit requiring just one zener diode and one


http://www.reuk.co.uk/Resistor-Colour-Codes.htm

e As the input voltage increases the current through
the Zener diode increases but the voltage drop
remains constant - a feature of zener diodes.

e Therefore since the current in the circuit has
increased the voltage drop across the resistor
increases by an amount equal to the difference

between the input voltage and the zener voltage of
the diode.



e The constant reverse voltage of the
makes it a valuable component for the regulation of
the output voltage against both variations in the
input voltage from an unregulated power supply or
variations in the load resistance. The current
through the zener will change to keep the voltage
at within the limits of the threshold of
and the maximum power it can dissipate


http://hyperphysics.phy-astr.gsu.edu/hbase/solids/zener.html
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/zener.html

The remainder of the unregulated The zener diode holds the
woltage drops across the resistor, voltage constant regardless

including the Fipple part.

of the current (within Timits).

R

Unregulated
power

supply

load resistor sees a constant

Within the design limits, the
voltage, regardless of current.

Z RL

i

D L0




—

" Problems:
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UNIT 3

TRANSISTOR



LECTURE I:

e TOPICTO BE COVERED :
> Transistor :Introduction



Transistor

The first solid-state device discussed was the two-element semiconductor
diode. The next device on our list is even more unique. It not only has one
more element than the diode but it can amplify as well. Semiconductor
devices that have-three or more elements are called TRANSISTORS. The
term transistor was derived from the words TRANSfer and resISTOR. This
term was adopted because it best describes the operation of the transistor
- the transfer of an input signal current from a low-resistance circuit to a
high- resistance circuit.



The three elements of the two-junction
transistor are :

» The EMITTER, which gives off, or emits,"
current carriers (electrons or holes).

e The BASE, which controls the flow of
current carriers.

e The COLLECTOR, which collects the
current carriers.



Introducing Transistors

» Transistors are process devices.

4 A




Transistor Terminals

- Transistors have three terminals:

/ Collector

Base

\ Emitter




Transistor family

° BJT FET (UJT)
! { }
* p-n-p n-p-n . JFET MOSFET
’ ;
o n-channel p-channel

l

depletion enhancement

Transistors are three-terminal semiconductor devices



Figure—Transistor block diagrams
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Construction :




TRANSISTORTHEORY

* NPN Transistor Operation

Just as in the case of the PN junction
diode, the N material comprising the two
end sections of the NP_N transistor
contains a number of free electrons, while
the center P section contains an excess

number of holes.




B

COLLECTOR |

)

BASE

_—| P
s A t
E‘ R EMITTER

' - : N

L FORWARD ~BIAS |




* The emitter, which is the first letter in the NPN sequence, is
connected to the negative side of the battery while the
base, which is the second letter (NPN), is connected to the
positive side.

* However, since the second PN junction is required to be
reverse biased for proper transistor operation, the collector
must be connected to an opposite polarity voltage (positive)
than that indicated by its letter designation(NPN). The
voltage on the collector must also be more positive than

the base, as shown below:



L

COLLECTOR

BASE

=

=

FORWARD| BIAS

EMITTER

b

| +

REVERSH

BIAS




Open ckted Transistor

e Consider the xsistor with no external
biasing voltages,

. I minor..rity .
potential concentration ||
v base - base
n-type L Ddype 11po
o Ilector p-
emitter VOI collector p-type erittor p ----- PIIO L co ec or p _type
p-type p-type '

. JFbtential b’LCrier at the junc” minority carrier density



* Under te open ckt condition , the
minority carrier concentration in each
section of xsistor is constant & is equal to
the thermal equilibrium value .

* Thus n-type base has minority carrier
concentration of P, _ while p-type emitter
& collector regions have minority carrier

electron conc™ n_,



Regions of operation

Bipolar transistors have five distinct regions of operation, defined mostly by
applied bias:
Forward-active (or simply, active):The emitter-base junction is forward
biased and the base-collector junction is reverse biased..

Reverse-active (or inverse-active or inverted): By reversing the biasing
conditions of the forward-active region, a bipolar transistor goes into reverse-
active mode. In this mode, the emitter and collector regions switch roles.

Saturation:With both junctions forward-biased, a BT is in saturation mode
and facilitates high current conduction from the emitter to the collector.

Cutoff: In cutoff, biasing conditions opposite of saturation (both junctions
reverse biased) are present.There is very little current flow, which corresponds
to a logical "off", or an open switch.

region


http://en.wikipedia.org/wiki/Avalanche_breakdown

LECTURE 2:

« TOPIC TO BE COVERED :
» Transistor current component



Transistor current component



http://en.wikipedia.org/wiki/Image:NPN_BJT_Basic_Operation_%28Active%29.svg

Transistors in circuits

Vae

i

N

P

+

B

Structure and use of npn transistor


http://en.wikipedia.org/wiki/Image:Npn-structure.png

e Because of the electric field existing between base
and collector (caused by VCE), the majority of these
electrons cross the upper p-n junction into the
collector to form the collector current, IC.

e The remainder of the electrons recombine with
holes, the majority carriers in the base, making a
current through the base connection to form the
base current, IB



* As shown in the diagram, the emitter
current, IE, is the total transistor current
which is the sum of the other terminal
currents. That is:

Ig=1Ip+ 1



The basic transistor amplifier
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* With QI properly biased, direct current
flows continuously, with or without an
input signal, throughout the entire circuit

e It is introduced into the circuit by the
coupling capacitor and is applied between
the base and emitter.



* As the input signal goes positive, the
voltage across the emitter-base junction
becomes more positive.

* This in effect increases forward bias,
which causes base current to increase at
the same rate as that of the input sine
wave.



LECTURE 3:

» TOPICTO BE COVERED :
» TRANSISTOR CONFIGURATIONS



TRANSISTOR
CONFIGURATIONS

A transistor may be connected in any one of three basic
configurations :

common emitter (CE), common base (CB), and common
collector (CC).The term common is used to denote the
element that is common to both input and output circuits.

Because the common element is often grounded, these
configurations are frequently referred to as grounded
emitter, grounded base, and grounded collector




Transistor configurations.
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e An easy way to identify a specific transistor
configuration is to follow three simple steps:

* |dentify the element (emitter, base, or collector)
to which the input signal is applied.

¢ Identify the element (emitter, base, or collector)
from which the output signal is taken.

e The remaining element is the common element,
and gives the configuration its name.



Common Base

* In the common-base configuration, the
input signal is applied to the emitter, the
output is taken from the collector, and the
base is the element common to both
input and output. Since the input is
applied to the emitter, it causes the
emitter-base junction to react in the same
manner as it did in the common-emitter
circuit.



Appiand Mochuizocecs - ADE

Common - base C[\./ DK

Pip transistor npn transistor

Current direcbon changes in the above two configuration
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Applind Modiatrimias - ADE = ChenE |
Common - base L‘\./ D

Base is commen o input and output.

Emitter-base junction is forward biased. Collector-base junction is
reverse biased

Biasing remans same imespactive of npn or pnp.

Input charactenstics for a o
commoen base silicon s
fransistor . v Taaw Y
-fke a pn junction .’ Voo ¥
- Viey Not having major 0
influence o 8

"

-

ok

3 Al
( 03 A La ™)
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e The current gain in the common-base
circuit is calculated in a method similar to
that of the common emitter except that
the input current is | ¢ not I and the term
ALPHA (a) is used in place of beta for
gain .

* Alpha is calculated using the formula:

_ Al
Sl

[



* To find alpha (a) when given beta (b), use
the following formula to convert b to a
for use with the common-base
configuration:




Apphiad Madhatomis - ADE

Common - base

=~k
Currentin base is neggible. It m
Currentin emiter and collector is -.a J
amost same. —
Cument gain less than unty

o=I/Iz (0.90 - 0.998)

Cument |, can be changed by Vi
and this wil change the .
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Common Collector

* In the common-collector circuit, the input signal is
applied to the base, the output is taken from the
emitter, and the collector is the element common
to both input and output.

* The common collector is also referred to as an

emitter-follower because the output developed on
the emitter follows the input signal applied to the

base.




* The common-collector current gain,
gamma (g), is defined as

Sy

"N,

: E
* and is reiaccu wo collector-to-base current
gain, beta (b), of the common-emitter
circuit by the formula:

y=0+1



LECTURE 4:

e TOPICTO BE COVERED :
» Common Emitter



Common Emitter

The common-emitter configuration (CE) is the
arrangement most frequently used in practical
amplifier circuits, since it provides good voltage,
current,and power gain.

Since the input signal is applied to the base-emitter
circuit and the output is taken from the collector-
emitter circuit, the emitter is the element common to
both input and output.



Asgiied Meclstronics - ADE =TT

Common - emitter LA/ DE

Emitter is common to input and cutput

Base-emitter junction is forward biased. Colector-emitter junction is reverse
biased

Biasing remains same irrespectve of non or pnp
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* The common-emitter is the most popular
of the three transistor configurations
because it has the best combination of
current and voltage gain



* The current gain in the common-emitter
circuit is called BETA (b).

 Beta is the relationship of collector
current (output current) to base current
(input current). To calculate beta, use the
following formula:

_Al¢

ﬁ&IE



* The current gain in the common-emitter
circuit is called BETA (b).

 Beta is the relationship of collector
current (output current) to base current
(input current).

* To calculate beta, use the following
formula:



* The resistance gain of the common
emitter can be found in a method similar
to the one used for finding beta:




Transistor Configuration Comparison Chart

AMPLIFIER TYPE COMMON COMMON COMMON
BASE EMITTER COLLECTOR

Input/Output Phase | 0° 180° 0°

Relationship

Voltage Gain High Medium Low

Current Gain Low(a) Medium(b) High(g)

Power Gain Low High Medium

Input Resistance Low Medium High

Output Resistance High Medium Low




LECTURE 5:

» TOPICTO BE COVERED :
» Typical transistor junction voltages



Typical transistor junction
voltages

CCCCCCCCC

A properly biased PNP transistor.



PNP JUNCTION
INTERACTION.—

* The interaction between the forward-
and reverse-biased junctions in a PNP
transistor is very similar to that in an
NPN transistor, except that in the PNP
transistor, the majority current carriers
are holes.

* In the PNP transistor shown in figure the
positive voltage on the emitter repels the
holes toward the base



|
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e Once in the base, the holes combine with
base electrons.

* The base region is made very thin to
prevent the recombination of holes with
electrons. Therefore, well over 90 percent
of the holes that enter the base become
attracted to the large negative collector
voltage and pass right through the base.



 for each electron and hole that combine in the base
region, another electron leaves the negative
terminal of the base battery (V BB) and enters the
base as base current (IB).

e At the same time an electron leaves the negative
terminal of the battery, another electron leaves the
emitter as |E (creating a new hole) and enters the
positive terminal of VBB.



e At the same time an electron leaves the negative
terminal of the battery, another electron leaves the

emitter as |E (creating a new hole) and enters the
positive terminal of VBB.

e Meanwhile, in the collector circuit, electrons from
the collector battery (VCC) enter the collector as

lc and combine with the excess holes from the
base.



* For each hole that is neutralized in the
collector by an electron, another electron
leaves the emitter and starts its way back
to the positive terminal of VCC.

e The combination of the current in both of
these loops (IB + IC) results in total
transistor current (IE).



* The most important thing to remember
about the two different types of
transistors is that the emitter-base voltage
of the PNP transistor has the same
controlling effect on collector current as
that of the NPN transistor.



LECTURE 6:

e TOPICTO BE COVERED :
» Ebers—Moll model



Ebers—-Moll model

The DC emitter and collector currents in active
mode are well modeled by an approximation to
the Ebers—Moll model:

Ug || D Urlw

F.l'ttl ¢ r —l I ." "tl(

l
> €l ln,—) &1,
() |¢)
B’ T1s

Ebers-Moll Model for NPN Transistor


http://en.wikipedia.org/wiki/Image:Ebers-Moll_Model_NPN.PNG
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Ebers-Moll Model for PNP Transistor
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The base internal current is mainly by diffusion and

M aqgll,n F‘L?"H
v, [:BIISE) = 1 ﬁ, bo o VT imately 26
mV dlL JVUV I\ ™ 1 0O0I11 LCIllIJCl. dalul C}.

IE is the emitter current
IC is the collector current



http://en.wikipedia.org/wiki/Thermal_voltage

e AT is the common base forward short
circuit current gain (0.98 to 0.998)

* [ES is the reverse saturation current of
the base—emitter diode (on the order of
|0—15 to 10—12 amperes)

* VBE is the base—emitter voltage

e Dn is the diffusion constant for electrons
in the p-type base

e Wis the base width



* In a typical configuration, a very small
signal current flows through the base—
emitter junction to control the emitter—
collector current. 3 is related to O
through the following relations:

I[Z
Ig

(¥ —



e
Iy

o ar s o — .ﬁF
l —ar ! Or+1
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OF

Emitter Efficiency :




» Ebers-Moll equations used to describe
the three currents in any operating region
are given below.



* Where

¢ iC is the collector current
* iB is the base current

e iE is the emitter current

 BF is the forward common emitter
current gain (20 to 500)

* BR is the reverse common emitter
current gain (0 to 20)



* IS is the reverse saturation current (on
the order of 10—15 to 10—12 amperes)

* VT is the (approximately
26 mV at 300 K = room temperature).

* VBE is the base—emitter voltage
» VBC is the base—collector voltage


http://en.wikipedia.org/wiki/Thermal_voltage

LECTURE 7:

« TOPIC TO BE COVERED :
> Early effect



Early effect

* The Early effect is the variation in the
width of the base in a due to a
variation in the applied base-to-collector
voltage, named after its discoverer

A greater across the
collector—base junction, for example,
increases the collector—base

, decreasing the width of the charge
neutral portion of the base.


http://en.wikipedia.org/wiki/Bipolar_junction_transistor
http://en.wikipedia.org/wiki/James_M._Early
http://en.wikipedia.org/wiki/James_M._Early
http://en.wikipedia.org/wiki/Reverse_bias
http://en.wikipedia.org/wiki/Depletion_width
http://en.wikipedia.org/wiki/Depletion_width

E C

_..I

l— wWidth
—s| |— Width

E P L e

Figure 1. Top: pnp base width for low collector-base reverse
bias;

Bottom: narrower pnp base width for large collector-base
reverse bias. Light colors are



http://en.wikipedia.org/wiki/Depletion_width

* As the applied collector—base voltage (VBC) varies,
the collector—base depletion region varies in size.

* An increase in the collector—base voltage, for
example, causes a greater reverse bias across the
collector—base junction, increasing the collector—

base depletion region width, and decreasing the
width of the base.



e This variation in base width often is called the
" " .Narrowing of the base width has two
consequences:

e There is a lesser chance for recombination within
the "smaller” base region.

e The charge gradient is increased across the base,
and consequently, the current of minority carriers
injected across the emitter junction increases.


http://en.wikipedia.org/wiki/Early_effect

* In the the Early

effect modifies the collector current (iC)
and the forward common emitter current

gain (BF) as given by the following
equations:

.
- —oe 'CB
Lo — ..ITE:E' YT (1 *r:,L )

e = Oro (1 E-B)
A



http://en.wikipedia.org/wiki/Bipolar_junction_transistor

Where,
» VCB is the collector—base voltage
e VA is the Early voltage (I5V to 150V)

e BFO is forward common-emitter current
gain when VCB =0V



Punchthrough

* When the base—collector voltage reaches
a certain (device specific) value, the base—
collector depletion region boundary
meets the base—emitter depletion region
boundary.When in this state the
transistor effectively has no base.The
device thus loses all gain when in this
state.
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UNIT 4

TRANSISTOR BIASING



LECTURE I:

e TOPIC TO BE COVERED :
> Transistor Bias Stabilization



Transistor Bias Stabilization

- Used to compensate for
temperature effects which affects
semiconductor operation. As
temperature increases, free
electrons gain energy and leave
their lattice structures which causes
current to increase.



Transistor biasing :

Requirements upon biasing circuit :

The operating point of a device, also known as bias point
or quiescent point (or simply ), is the DC
voltage and/or current which, when applied to a device,
causes it to operate in a certain desired fashion.


http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point

For analog circuit operation, the Q-point is placed
so the transistor stays in (does not
shift to operation in the saturation region or cut-
off region) when input is applied. For digital
operation, the Q-point is placed so the transistor
does the contrary - switches from "on" to "off"
state. Often, Q-point is established near the
center of active region of transistor characteristic
to allow similar signal swings in positive and
negative directions.


http://en.wikipedia.org/wiki/Bipolar_junction_transistor

Q-point should be stable. In particular, it should
be insensitive to variations in transistor
parameters (for example, should not shift if
transistor is replaced by another of the same
type), variations in temperature, variations in
power supply voltage and so forth.

The circuit must be practical: easily implemented
and cost-effective.



Q-POINT

e The Q-point or operating point is established by
the DC analysis which establishes the DC load line.
The AC load line has a different slope then the DC
load line and the two load lines intersect at the Q-
point. In the common emitter amplifier, as you
increase the frequency,the gain to go down and the
phase shift to move away from -180 degrees. The
Q-point remains unchanged.



DC & AC load line Analysis

» Load Lines

A
; Active ragion, Transigtor
Saturation | coliector current values
Paint ! proportional fo determined
| base cumren!, useful for from
. Amplifier spplications, Charactenstic
ir Curyes
€|
g
H Base Current values,
.| When in the active
£l ragion, the current and N
3| voltage will follow the
G| Load Line
U-?._. ........................................................................... Hise
» Current = coflector
Cutrent = 0
| | | | | | | | |
] ] i 1 ] i ] ] ] B

Collector - Emitter Voltage



Every amplifier has two loads: a dc Load and an ac
load.

The dc load line represents all possible combinations
of |_and V¢

The ac load line represents all possible ac
combinations of and i & V.

The dc load line will not follow the path of the ac
load line as shown to the left. This is because the ac
signal “sees” the ac equivalent circuit that includes r

Note that the Q point is shared by both lines.
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e The ac Load Line

* The ac load line uses R ||R, in its determination,
and consequently, the ac load line will be than the
dc load line.

e The ends of the ac load line are found using the
formulas:

ic(sat) =ICQ +VCEQ
rc
v ce(off) =VCEQ + ICQ
rC




* Note that the Q point is in the centre of
the dc loadline but not in the centre of
the ac load line.

* The ac load line tells us what the
maximum output voltage swing will be for
the given amplifier.



LECTURE 2:

e TOPIC TO BE COVERED :
> Bias stability



Bias stability

One of the basic problems with transistor amplifiers is
establishing and maintaining the proper values of
quiescent current and voltage in the circuit.

This is accomplished by selecting the proper circuit-
biasing conditions and ensuring these conditions are
maintained despite variations in ambient (surrounding)
temperature, which cause changes in amplification and
even distortion (an unwanted change in a signal).



* Thus a need arises for a method to
properly bias the transistor amplifier and
at the same time stabilize its dc operating
point (the no signal values of collector
voltage and collector current).



Stabilty factor

* The Stabilty factor may be defined as the
rate of change of collector current with
respect to the revere saturation current
keeping the CE current gain and base
current as constant,

S=dl_
—di

co

=Al

Al

co



* In defination of s,[3, & Ve are assumed to
be constant while they vary with temp.

Hence we define two other stabilty
constant :Sg & Sv

.Sg=dl. = Al
dB AP
2.5v=dl, = Al



LECTURE 3:

 TOPIC TO BE COVERED :
> Types of bias circuit : Emitter bias



Types of bias circuit

* The following discussion treats four
common biasing circuits used with bipolar
transistors:

* Fixed bias

» Collector-to-base bias
* Voltage divider bias

* Emitter bias



Types of Bias Stabilization

e Self Bias
This negative feedback will reduce overall
amplifier gain.

e Fixed Bias

e Combination Bias

e Emitter Resister Bias



Emitter bias



http://en.wikipedia.org/wiki/Image:Emitter_bias.PNG

* When a split supply (dual power supply)
is available, this biasing circuit is the most
effective. The negative supply VEE is used

to forward-bias the emitter junction
through RE.

* The positive supply VCC is used to
reverse-bias the collector junction. Only
three resistors are necessary



* We know that,
VB -VE =Vbe
o If RB is small enough, base voltage will be

approximately zero. Therefore emitter
current is,

IE = (VEE - Vbe)/RE

The operating point is independent of 3 if
RE >> RB/[3



e Merit:

* Good stability of operating point similar
to voltage divider bias.

 Demerit:

* This type can only be used when a split
(dual) power supply is available.



LECTURE 4:

e TOPICTO BE COVERED :
» Collector-to-base bias



Collector-to-base bias



http://en.wikipedia.org/wiki/Image:Collector_to_base_bias.PNG

* In this form of biasing, the base resistor
RB is connected to the collector instead
of connecting it to the battery VCC.

* That means this circuit employs
to stabilize the operating point.


http://en.wikipedia.org/wiki/Negative_feedback
http://en.wikipedia.org/wiki/Negative_feedback

* From , the voltage
across the base resistor is

VRb =VCC - (IC + Ib)RC -Vbe.
From , the base current is
Ib =VRb / Rb.
* For the given circuit,

IB = (VCC -Vbe) / (RB+BRC).


http://en.wikipedia.org/wiki/Kirchhoff%27s_voltage_law
http://en.wikipedia.org/wiki/Ohm%27s_law

 Merits:

* Circuit stabilizes the operating point
against variations in temperature and 3
(ie. replacement of transistor)

e Demerits:

* In this circuit, to keep IC independent of
B the following condition must be met:



BlVee — Vee) (Ve — Vie)

le=8le="p 3R~ R

which is approximately the case if
B RC >> RB.



» As [-value is fixed for a given transistor, this
relation can be satisfied either by keeping RC fairly
large, or making RB very low.

o If RC is of large value, high VCC is necessary. This
increases cost as well as precautions necessary
while handling.

 If RB is low, the reverse bias of the collector-base is
small, which limits the range of collector voltage
swing that leaves the transistor in active mode.



o The resistor RB causes an ac feedback,
reducing the voltage gain of the amplifier.
This undesirable effect is a trade-off for
greater Q-point stability.



» Usage: The feedback also decreases the
input impedance of the amplifier as seen
from the base, which can be advantageous.
Due to the gain reduction from feedback,
this biasing form is used only when the
trade-off for stability is warranted.



LECTURE 5:

« TOPIC TO BE COVERED :
> Voltage divider bias



Voltage divider bias




* In this form of biasing, the base resistor
RB is connected to the collector instead
of connecting it to the battery VCC.

* That means this circuit employs
to stabilize the operating point.


http://en.wikipedia.org/wiki/Negative_feedback
http://en.wikipedia.org/wiki/Negative_feedback

* From , the voltage
across the base resistor is

VRb =VCC - (IC + Ib)RC -Vbe.
* From , the base current is
Ib =VRb / Rb.
* For the given circuit,

IB = (VCC -Vbe) / (RB+BRC).


http://en.wikipedia.org/wiki/Kirchhoff%27s_voltage_law
http://en.wikipedia.org/wiki/Ohm%27s_law

 Merits:

* Circuit stabilizes the operating point
against variations in temperature and 3
(ie. replacement of transistor)

e Demerits:

* In this circuit, to keep IC independent of
B the following condition must be met:



Voo =Vee) (Voo = Vi
Kp + 0K, R

which is approximately the case if

B RC >> RB.
As B-value is fixed for a given transistor, this relation can be
satisfied either by keeping RC fairly large, or making RB very
low.
If RC is of large value, high VCC is necessary. This increases cost
as well as precautions necessary while handling.
If RB is low, the reverse bias of the collector-base is small, which

limits the range of collector voltage swing that leaves the
transistor in active mode.

[o=0lg=



o The resistor RB causes an ac feedback,
reducing the voltage gain of the amplifier.
This undesirable effect is a trade-off for
greater Q-point stability.



» Usage: The feedback also decreases the
input impedance of the amplifier as seen
from the base, which can be advantageous.
Due to the gain reduction from feedback,
this biasing form is used only when the
trade-off for stability is warranted.



LECTURE 6:

e TOPIC TO BE COVERED :
» Thermal runaway



Thermal runaway

Thermal runaway refers to a situation where an
increase in temperature changes the conditions in a
way that causes a further increase in temperature
leading to a destructive result. It is a kind of


http://en.wikipedia.org/wiki/Positive_feedback
http://en.wikipedia.org/wiki/Positive_feedback

e Some (notably
based bipolar transistors)

increase significantly in leakage current as
they increase in temperature. Depending
on the design of the circuit, this increase
in leakage current can increase the
current flowing through the transistor
and with it the power dissipation.


http://en.wikipedia.org/wiki/Bipolar_transistor
http://en.wikipedia.org/wiki/Germanium

e This causes a further increase in C-E current.This is
frequently seen in a push-pull stage of a class AB
amplifier. If the transistors are biased to have
minimal crossover distortion at room temperature,
and the biasing is not made temperature-
dependent, as the temperature rises, both
transistors will be increasingly turned on, causing
current and power to further increase, eventually
destroying one or both devices.



e If multiple bipolar transistors are
connected in parallel (which is typical in
high current applications) one device will
enter thermal runaway first, taking the
current which originally was distributed
across all the devices and exacerbating
the problem.



 This effect is called current hogging.
Eventually one of two things will happen,
either the circuit will stabilize or the
transistor in thermal runaway will be
destroyed by the heat. Hence current
hogging term is related to thermal
runaway.
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UNIT 5
FET & MOSFET



LECTURE I:

« TOPIC TO BE COVERED :

> Fleld Effect transistors — FETs :
Introduction



First, why are we using still another transistor? BJTs had a
small problem - the input signal was a current I which
was small but not that small. This was the control signal.

Typically we would prefer that we control with a voltage
directly.

This has an added benefit. If the device control only
depends on a voltage signal we can design it so it draws
little or NO current! This means that when we attach it to
something like a thermocouple, it will not disturb the input
since it is drawing no power. In other words the input
Impedance of the circuit is large.



Comparison :

o FET BJT

o Gate Base

e Drain Collector

e Source Emitter

e Gate Voltage Base current

e Drain current Collector current

e Drain-source voltage  Collector-Emitter
Voltage



»Log I

PMOS
I
Ve NJFET
{ *FET ¢ Vos
I : Vg
The basic way to think of an FET is that Ve Vi Vi Vi

there is a current I = Ig that is flowing  The above shows difference between
through a channel that is controlled by a  {ifferent types of FETs. The

voltage Vs. Since the channel offers important thing to note is that the
resistance to the flow it has a voltage shapes are the same! We will focus

drop Vpps. These three parameters on the blue curves, where electrons
completely characterize the device. are the carriers.



2N5458
2N5459 GATE

DRAIN

GATE

SOURCE SOURCE

N-CHANNEL JFET P-CHANNEL JFET



DRAIN GATE

SOURCE SOURCE

CHANNEL

CHANNEL LENGTH



Source Drain Source

The arrows show current flow from the drain to
source.

33
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Junction Field Effect Transistors - JFET (’/\-/ DE

Maor part is ntype matenal channel,
embedded between two p-type material
Two ends of th n- type materia’ channs!
are Dran (D) and source (S)

Two p-type material are connected
together and referred as Gate (G)

Two pn junctions, depletion region at each
poss

33
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Agplaed Mochwtroceos - ADE

Junction Field Effect Transistors - JFE'ILA/ DH

Ve = 0 vand V,, some positve value

Gate and Source are same potential

Electrons will flow from scurce 1o dran 35 in
n type semiconducior

L=ly

Resistance of n-channal acts between drain
and source

Depletion region is wider n=ar the top of p-
region

A
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Apphiad Machetonia - ADE AN

Junction Field Effect Transistors - JFE‘IL ”\/ DY

Inttially = folows Ohm's 'aw (almost srraight Ine)
Later depletion layer widens

Finch off leve! - depletion layer cannot mcrease more &0 N
(very high resistance)

Give a fzeling |, will te zero. This is not possible

MYcsvtu Notes www.mycsvtunotes.in RCET,Bhilai

4



fow < O v and Vg, S0me positive value

Gate o source voltage non zero

Ve < O v more reverse dias ano hence
recucas saturation level for i, This will
TUTTnEr reduce wih raduction In Ve

Junction Field Effect Transistors - JEET
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LECTURE 2:

« TOPIC TO BE COVERED :

>Junction FETs - characteristic
curves



o

T T
| VGS(off) = -58V

N

z
= . /
i /
= Vpg=15V
&)
=
= 4
5
a /
0 e
7 6 -5 -4 -3 -2 0

Vs, GATE-SOURCE VOLTAGE (VOLTS)
Here we see the results of make the GS junction more reverse

biased. This is a parabola given by

lp = k(VGS —Vp )2



where k is a constant and VP is the pinch-off or
threshold voltage. Note that the curve extends only
to zero volts. This is because the junction is normally
only reverse-biased to prevent damage if large current
flow through the GS junction.



Regions of JFET operation:

o Cut-off region: The transistor is off. There is no
conduction between the drain and the source when
the gate-source voltage is greater than the cut-off
voltage. (I = 0 for V¢ > Vs,0ff)

* Active region (also called the Saturation
region): The transistor is on.The drain current is
controlled by the gate-source voltage (V) and
relatively insensitive to V.. In this region the
transistor can be an amplifier.



* Ohmic region: The transistor is on, but
behaves as a voltage controlled resistor.
When V¢ is less than in the active region,
the drain current is roughly proportional
to the source-drain voltage and is
controlled by the gate voltage.



VDD

—| R Load

=5

MYcsvtu Notes

www.mycsvtunotes.in RCET,Bhilai

34
1



Ip, DRAIN CURRENT (mA)

(-]

I I
| VGS(off) = -58V

oo

7 -6 -5 -4 -3 -2
VS, GATE - SOURCE VOLTAGE (VOLTS)

-1




e The curve is not effected much by the value of VDS unless it
gets too small. This means that we can apply a voltage to the
gate and get exactly the same current for very different voltage
drops across DS channel. The circuit above is a self-biased
voltage controlled current source. If RS is 4k, then from the
plot above | mA will flow resulting in VGS = -4V. Regardless of
the value of Rload (within the limits of the power supply VDD)
exactly | mA will be delivered.

e The only downside of this circuit is that the load is not
grounded on either end, but that can be fixed.



Common Specifications.

e IDSS is the drain current in the active
region for VGS = 0. (/D source shorted
to gate)

* VGS,off is the minimum VGS where ID =

0. VGS,off is negative for n-channel and
positive for p-channel..

* gm is the transconductance, the change
in ID with VGS and constant VDS.



* WhenVgs = 0, the relation between Vds and Ids is
shown in Fig below.From this figure we can clearly
view that |d will be increased with Vds until it
maintains at a constant value. This constant value is
called ldss, wherein the footnote “ds” means the
current from drain to source, and the last “‘s”
means it is under the status that drain-gate are
short-circuit (Vgs = 0).



When the depletion region is
filled with the channel, the
channel is pinched off

Depletion region
under reverse bias

the current flowing
through channel



Pinch off voltage :

The constant current flowing
D through n-channel

n-channel is pinched off
the slope caused by the resistance of n-channel

o \/D5




LECTURE 3:

e TOPIC TO BE COVERED :
> Transfer Characteristic Curve

> Drain-Source Characteristic Curve



Linear

Linear

10
ESae[
=
] 6
(s
o
o |
(&)
-
z 4
o
(]
o
2
0

T ]
/-""""* T | VGs=0V |
Irationf| Vasiof) =-58V
: -1V
/]/:' -2V _
[
o -3V
oA' ¢ —1
o | -4V
-5V
0 5 10 15 20 25

Vps, DRAIN-SOURCE VOLTAGE (VOLTS)

ID — k(VGS _VP )2



Like the BJT there are two regions of operation -
saturation and linear (also called triode). Amplifier
applications live in the saturation region; switching and
variable resistor applications live in the linear region.

Although we will not discuss amplifiers, note that the drain
current is dependent on VGS in a linear fashion and could
be used to make a circuit with voltage gain.



Transfer Characteristic Curve

o

before pinch-off f

) I " !
saluration I'Eglﬂnj

(mA)
!
lpss = =10
2
o=Ipss(1- B8
Ve T 5
the curve
experessed by:
——— VGE

¥

-4 - 0

Ve

[volts)

|Vos|=|Ve| =| Vag

D
I (MA) already pinched off

[

e

Ves=(

Vds is a constant

voltage avalanche

4

aclive region
Sl avalanche region
-2\
Q’ -3V
4 } 4 - VD5
5 10 15 | {valts)
BVeDs



* Another characteristic curve for |FET is transfer characteristic
curve.This is a variation curve of drain current Id
corresponding to gate-source voltage Vgs while the drain-
source voltage Vds is constant.

e Two points, I[dss and Vp are the most important points in this
transfer characteristic curve.When these two points are fixed
in the coordinate axes, the remaining points can be looked up
from this transfer characteristic curve or can be solved from
the formula



Ild = Idss(|-Vgs/Vp)2.
* From this formula,we can calculate
Vgs = 0, Id = Idss,
ld = 0,Vgs =Vp.
* The design of JFET is typically designed in

the middle between Vp and Idss of the
transfer curve .



Drain-Source Characteristic Curve

lo - lo o
A p e
s s
n-channel
1.7 Wit Ves=0V - L_p;channel Ves=0V
-1V
_+1V
-2V
+2V
0 = \/ps 0 - \/Ds
{voits) (volts)

Drain-Source Characteristic Curve of JFET.



» IfVgs is increased (it's more negative to n-channel), depletion will be
immediately generated in the channel so that the current required to
pinch off the channel will be decreased.The curve corresponding to
Vgs = -1V is shown in Fig .

e From this result we can find out that the gate voltage functions as a
controller capable of decreasing the drain current (at a specific voltage
Vds). If Vgs is more positive for p-channel JFET, the drain current will be
decreased from ldss .If Vgs is continuously increased, the drain current
will be decreased correspondingly.VWhen Vgs reaches a certain value,
the drain current will be decreased to zero and will be independent of
the value of Vds.

» The gate-source voltage at this time is called pinch-off voltage which is
usually denoted as Vp orVgs (cutoff). From Fig we can find out thatVp
is a negative voltage for n-channel FET and a positive voltage for p-
channel FET.



LECTURE 4:

 TOPIC TO BE COVERED :
»MOSFET : Introduction ,types & symbols



MOSFET

* The metal-oxide-semiconductor field-effect
transistor (MOSFET, MOS-FET, or MOS
FET) is a device used to amplify or switch
electronic signals. It is by far the most common

in both and
circuits. The MOSFET is composed of a channel of
or semiconductor material (see
article on ), and is

accordingly called an NMOSFET or a PMOSFET
(also commonly nMOSFET, pMOSFET).


http://en.wikipedia.org/wiki/Field-effect_transistor
http://en.wikipedia.org/wiki/Field-effect_transistor
http://en.wikipedia.org/wiki/Field-effect_transistor
http://en.wikipedia.org/wiki/Digital_circuit
http://en.wikipedia.org/wiki/Analog_circuit
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/N-type_semiconductor
http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/Semiconductor_device

Gl

(]

JFET

u D

D O

GEHi)

S 5
MOSFET enh

G E) P-channel

f_@) N-channel

MOSFET dep


http://en.wikipedia.org/wiki/Image:IGFET_P-Ch_Enh_Labelled.svg
http://en.wikipedia.org/wiki/Image:IGFET_P-Ch_Enh_Labelled.svg
http://en.wikipedia.org/wiki/Image:IGFET_P-Ch_Enh_Labelled.svg
http://en.wikipedia.org/wiki/Image:IGFET_P-Ch_Dep_Labelled.svg
http://en.wikipedia.org/wiki/Image:IGFET_N-Ch_Enh_Labelled.svg
http://en.wikipedia.org/wiki/Image:JFET_N-Channel_Labelled.svg
http://en.wikipedia.org/wiki/Image:IGFET_N-Ch_Enh_Labelled_simplified.svg
http://en.wikipedia.org/wiki/Image:IGFET_N-Ch_Dep_Labelled.svg

MOSFET operation

e Metal-oxide-semiconductor
structure

Gate: +We

Depletion Laver N.

Body: Gnd




DRAIN DRAIN

GATE GATE
SUBSTRATE

SUBSTRATE

SOURCE SOURCE

N-CHANNEL MOSFET P-CHANNEL MOSFET

This device is the reason that there are warning labels on almost all computer
hardware - “static-sensitive device; handle with care”. Memory in most cases
turn out to be MOSFET switches, as is most of the circuitry on the CPU
(incidentally the change in operating voltage for the CPU was a result of
changing from BJTs to MOSFETS).

As with the JFET there is an additional layer (literally the wafer that it was
grown on) that is normally not an external contact - it is internally connected to
the source.



AA/s Herzxzrres
///; '/.EXXXZXXXX

INDUCED
CHANNEL

P (SUBSTRATE)

We are only going to talk about the “enhancement” mode, which as
the nice feature that as you apply a more and more positive control
voltage Vg the current increases. There is also a threshold voltage
V.



How does it work? There is no conduction
between the source and drain normally (VGS = 0)
because regardless of what voltage VDS you apply
there is a reverse biased PN junction. Even apply a
voltage VGS does not appear from the structure to
have an obvious effect since it is not even attached
- there is a thin SiO2 insulating layer in between!
This gate oxide incidentally is very important - it is
one of the current limitations on how fast
computers run!



SOURCE  GATE (+) DRAIN
0 0

ALUMINUM .

SizNg

S tEE T Tt
/Y /. EEXZZXZZXX:

INDUCED
CHANNEL

P (SUBSTRATE)




* This charge must come from the substrate. Since it is P-type
there are not many electrons but those that are present are all
sucked up to the gate oxide. This creates a region that is very
thin, but very rich in electrons, converting P-type to N-type
locally. This “channel” is enhanced by applying higher positive
biases.

e While there are many applications for MOSFETs (remember
they are just like JFETs with the threshold voltage shifted
higher) The dominant application is a switch. Most of digital
electronics is based on low power switches and most DC
power supplies are based on high power switches.



MOSFET structure and channel

formation
' Ovals (D)
I P Shoon & Oxide
aidvade
B ATIR T

Sewce Sadunte

Gate 7] SS)

. P Al cormaces
. S«x:c S

Cross section of an NMOS without channel formed: OFF state -
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Cre )

> Meral consecns

" Sawee S

Cross section of an NMOS with channel formed: ON state
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Modes of operation

e For an enhancement-mode, n-channel MOSFET the three operational
modes are:

o Cut-off or Sub-threshold or Weak Inversion Mode
e When V GS <Vth:
e where Vth is the of the device.

e According to the basic threshold model, the transistor is turned off, and there
is no conduction between drain and source.

e where IDO = current at VGS = Vth and the slope factor n is given by
n=1+CD/ COX,

e with CD = capacitance of the and COX = capacitance of the
oxide layer. In a long-channel device, there is no drain voltage dependence of
the current once VDS > > VT, but as channel length is reduced


http://en.wikipedia.org/wiki/Threshold_Voltage
http://en.wikipedia.org/wiki/Depletion_layer
http://en.wikipedia.org/wiki/DIBL
http://en.wikipedia.org/wiki/DIBL
http://en.wikipedia.org/wiki/DIBL
http://en.wikipedia.org/wiki/DIBL

LECTURE 5:

 TOPIC TO BE COVERED :
» Depletion-mode MOSFET
» Enhancement type MOSFET



Depletion-mode MOSFET

With an appropriate voltage applied between source and drain, current will
flow through the channel, as a semiconductor resistance. However, if we now
apply a negative voltage to the gate, as shown to the right, it will amount to a
small negative static charge on the gate.This negative voltage will repel
electrons, with their negative charge, away from the gate. But free electrons
are the majority current carriers in the n-type silicon channel. By repelling
them away from the gate region, the applied gate voltage creates a depletion
region around the gate area, thus restricting the usable width of the channel
just as the pn junction did.

Because this type of FET operates by creating a depletion region within an
existing channel, it is called a depletion-mode MOSFET.



oo‘o‘o’ooon’nn’ooniooo’n

Depletion type MOSFET-Basic operatiéhf Y UL

VQ’ =0v, V“ =0

Operation simiar to JFET

Current flows tnrough n-channel Free
electrons are attracted ¢ positive

terminal of drain. Channel onmic
regisiance is offered.
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Depletion type MOSFET-Basic operatiéh! Yn

'Wnen V. I8 negative, Me elzciric fisid will pressure elecirans towards p-type
substrate, nence reducs free carrler In n-channal or depieting the majority
carrier

Wnen V,, Is posiliva It ennances the current. it Is imied oy the maximum
current capacty of the device

ik

=
¥ oo

’
Vastam ay

(v aor? sandrt Spserernten S 00 ocarmed g ie VAN |
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Enhancement type MOSFET :

Appliad Mataromos - ALK

n-channel

Many tmes subslrate and source ara
connacted internaly and % Is 3 three
terminal cevice

n-doped ragion

insulator SIO, layer (dislectric)

Enhancement type MOSFET

L-lype substrate 1 form of slab atth ro

Source and drain are connectad 10 o MR -

el

Gate and p-suUbstrate are separated by

ek

CA/DH

o
E

\
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CA/JDE
Enhancement type MOSFET ./
Wnen Vi, = Cand Vi, > 0 Eloirust churiad 56 praitvg gaic
No fink between two n-dopad reglon g e T e
and nence no curent [ v dwdet -

Vg3 3N V,; > 0 This wal push the noies
away from [h2 SIC, 2oge and atiracts
elecirons from the p-subsirate. When
smumlmnageisappoedncreaeesa
n-channgl, this is cabied threehold

voitage V',

It V5 8 Cr2ased beyono
voltage. |p wit increase

If Vs 5 K2t consiant bayond

thrasnoid voltage. and V.,

Increasad then Iomnmmm
Jeve: smiar fo JFET (pizh off)

nreshold

Is
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CA
Enhancement type MOSFET ¢
Values %255 Ihan treshold vaus |, 15 220

Yy, Increases V,, .,

M=oty

S - v s u e

N Y vy
ehuacrmersaew

Dy chascurmns of a1 mebuaet
MOGTET wilh ¥ = I ol b= 22T W 1077 AN
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Lecture 7 :

* Topics to be covered:
» CS Amplifier
» CD Amplifier



CS & CD Amplifier :

MOSFET amplifiers, have the characteristic of high input impedance. The value of the
mput impedance for both amplifiers is limited only by the biasing resistors Rgp and Rey.
Values of Ry and Ry are usually chosen as high as possible to keep the mput impedance
high. High tnput tmpedance is desirable to keep the amplifier from loading the signal
soutce, One popular biasing scheme for the CS and CD configurations consists of the
voltage divider Rgy and Rep. This voltage divider supplies the MOSFET gate with a
constant de voltage. This 15 very similar to the BIT biasing arrangement described in
Common Emitter amplifier. The main difference with the BIT biasing scheme i that
tdzally no current flows trom the voltage divider tnfo the MOSFET.



The CS and CD MOSFET amplifiers can be compared to the CE and CC BIT
amplifiers respectively. Like the CE amplifier, the CS amplitier has a negative voltage
gatn and an output impedance approximately equal to the drain resistor (collector resistor

for the CE amplifier). The CD amplitier 1s comparable to the CC amplitier with the
characteristics of high input tmpedance, low output impedance, and less than unity

voltage gam. The comer frequencies of the CS and CD frequency response can also be

approximated using the short circuit and open circuit time constant methods described m
the Common Collector amplifter,



\dd
. ~ £
Diw by 10 Rd :-;
470
g Low pass Win é:: Rg1
Rl 2M7T000
a2t Wy I I '
Egel‘l - 51 —- L%
L, : ET T 2 Re2
0 Cfit 1 Cft 2
-
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Functio -'1_-:‘| s 5
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= Rin =

Figure 1: Common Source MOSFET Amplifier
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Figure 2: Common Drain MOSFET Amplifier
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_H_

O Semiconductor Diode

Lecture-10
Basic Electronics:Unit-

Topics to be covered:
Diode -introduction.

Open circuited p-n junction.



Why diodes!?

> R, C,L are linear circuit elements.

> Many signal processing functions need nonlinear
elements.

» Diode is the most fundamental nonlinear circuit
element.

> Basic function: to allow current to flow only in one
direction

> Diode Di + Electrode

v



Diode symbol & operation:

Anode

j

Cathode

sl




Open circuited p-n junction (formation of
depletion region):

h(T)Ies ” . electrons
o 100000000000
S eﬁefeﬁe"e cJoXC, @,@’g
0000000

> Being free particles, electrons start diffusing from n-type material into
p-material.

» Being free particles, holes, too, start diffusing from p-type material into
n-material.

> However, every electrons transfers a negative charge (-q) onto the p-side and also
leaves an uncompensated (+q) charge of the donor on the n-side. Every hole
creates one positive charge (q) on the n-side and (-q) on the p-side.



Formation of depletion region:

YV V VYV

Negative charge stops electrons from further diffusion.

Positive charge stops holes from further diffusion.

The diffusion forms a dipole charge layer at the p-n junction
interface.

There is a “built-in”” VOLTAGE at the p-n junction
interface that prevents penetration of electrons into the p-
side and holes into the n-side.

» Immobile ions

p-type p-type

TRRRN
++++




Defining depletion region:

Thus at eqilibrium there exists a layer
of —ve charges in p region & layer of

+ve charges in n region near the junction
which do not contain any free electron or
hole & consist only of immobile ions . This
region is called depletion region or space

charge region. Its width is generally 0.5 to
| micron.



Space-charge

l(')esgion I Char_ge density, p
| I
I |
@V _ _ p | I
dx € I' :Distance from junction
|
i l
l |
: Electric field
| intef)slty. &
) L | !
R sl i ]
.
1\ /
| |
1 1
| I
! Electrostatic potential V
|
p side :
=0 SN | Distance from junction

l 0.5 um l

Distance from junction

Plots of charge density, electric field intensity
& potential energy barriers at the junction



Diode applications:

> Rectifiers.

» Clippers.

» Clampers.

............ To be studied later.



Expected questions:

)

2)

3)

Define diode. Draw its symbol & explain
Its operation.

Define depletion region. Explain how it is
formed.

Draw & explain the waveforms of charge
density,Electric field intensity & potential
energy barriers of n & p side.



LECTURE 12 :

e TOPICTO BE COVERED :
> Voltage-current characteristics:



Voltage-current characteristics:

If
Forward
bias
Breakdown region
IF'I'u'
I
Vi P OH voltage vy
Reverse ~0.65V for Si
current ~0.2¥ for Ge
~30pA
Nate: The reverse clrrent
Reverse shawh Is beplcal of e
bias ANLODY. For other ypes refer
Iy to the respective datashest.
Image not to scale.




|-V characteristics of P-N diode

Diode Current —

|

@)

Reverse bias Forward bias

Diode Voltage ——>

Observation :-

* Cut-in voltage for Si & Ge diodes are 0.6 and 0.2v
respectevely.

* Breakdown voltage of silicon diode is higher that that
of the Ge diode. So SI. Diodes can withstand to a
higher reverse voltage.

*The reverse saturation current lo for a Ge diode is
few pA at room tempreture.



Temperature dependency of reverse saturation

current.

e The Shockley ideal diode equation or the diode law

(named after co-inventor
, not to be confused with
inventor ) is the |-V

characteristic of an ideal diode in either forward or
reverse bias (or no bias). The equation is:

e Where

o lis [ =I5 (Ev”mﬂﬁl') - 1) .~


http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/Tetrode
http://en.wikipedia.org/wiki/Walter_H._Schottky

* For even rather small forward bias voltages
the exponential is very large because the
thermal voltage is very small, so the
subtracted ‘|’ in the diode equation is
negligible and the forward diode current
is often approximated as

I — IE: £ Vi ."'I (n Vi :l



Lecture |3:

* Topic to be covered :

> Diode Resistance

> The piecewise Linear VI characteristic of a pn
diode.



Diode Resistance

Using the Shockley equation, the small-signal diode
resistance rD of the diode can be derived about some
operating point ( ) where the DC bias current
is IQ and the Q-point applied voltage is VQ.To begin,
the diode small-signal conductance is found, gD,
that is, the change in current in the diode caused by a
small change in voltage across the diode, divided by
this voltage change, namely:

_dl| _hVpVr o lg
90 = v 0 AT


http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point
http://en.wikipedia.org/wiki/Q-point

* The latter approximation assumes that
the bias current IQ is large enough so that
the factor of | in the parentheses of the
Shockley diode equation can be ignored.
This approximation is accurate even at
rather small voltages, because the

VT = 26 mV at 300K, so VQ/VT
tends to be large, meaning that the
exponential is very larg


http://en.wikipedia.org/wiki/Thermal_voltage
http://en.wikipedia.org/wiki/Thermal_voltage

* Noting that the small-signal resistance rD
is the reciprocal of the small-signal
conductance just found, the diode
resistance is independent of the ac
current, but depends on the dc current,
and is given as:

'Ii__,’_L
I

N'm —



The piecewise Linear VI characteristic of a
pn diode.

* Firstly, let us consider a mathematically
idealized diode. In such an ideal diode, if
the diode is reverse biased, the current
flowing through it zero. This ideal diode
starts conducting at OV and for any
positive voltage an infinite current flows
and the diode acts like a short circuit. The
|-V characteristics of an ideal diode are
shown below:



The piecewise Linear VI characteristic of a pn diode.

e

' ' 1 ' 1 ' 1 ' 1 1 ' L ' ' ' ' ' ' ' )

v

|-V characteristic of an ideal diode.



* Ideal diode in series with voltage
source

Now let us consider the case when we
add a voltage source in series with the
diode in the form shown below:

— —— ;@f—o

|deal diode with a series voltage source.



* .In order to get the diode to conduct, the
voltage at the anode will need to be taken
to Vt. This circuit approximates the cut-in
voltage present in real diodes.The
combined |-V characteristic of this circuit
is shown below:



U L | l | L | l | L ' | ' | ' | ' T |

|-V characteristic of and ideal diode with a series voltage source.



* Diode with voltage source and
current-limiting resistor

e The last thing needed is a resistor to limit
the current, as shown below:

Y o
Ce— . ,/. \" A -"‘-' —)
\ . \ i
S

Wi Rd

|Ideal diode with a series voltage source and resistor.



The |-V characteristic of the final circuit
looks like this:

1

Gradient= R_d

IIIIIIIIIIIIIIIIIIII

|-V characteristic of and ideal diode with a series voltage source and resistor.



Capacitance

e The charge in the diode carrying current IQ is known to be
Q=IQTF+ QJ
e where TF is the forward transit time of charge carriers:|2| The
first term in the charge is the charge in transit across the diode
when the current IQ flows.The second term is the charge
stored in the junction itself when it is viewed as a simple
;that is, as a pair of electrodes with opposite charges

on them. It is the charge stored on the diode by virtue of simply
having a voltage across it, regardless of any current it conducts.

 In a similar fashion as before, the diode capacitance is the
change in diode charge with diode voltage:


http://en.wikipedia.org/wiki/Diode_modelling
http://en.wikipedia.org/wiki/Capacitance

L .. T
(D ; —fﬂfTF | ﬂ I; Tr 1 (s',F

I.-

where

<J T dvg

IS the junction capacitance and the first term is called the
because it is related to the current diffusing through the junction.


http://en.wikipedia.org/wiki/Diffusion_capacitance

Diffusion

Diffusion is the capacitance due to transport of

between two terminals of a device, for example,
the diffusion of carriers from anode to cathode in forward bias
mode of a or from emitter to base (forward biased
junction in active region) for a .In a semiconductor
device with a current flowing through it (for example, an
ongoing transport of charge by diffusion) at a particular
moment there is necessarily some charge in the process of
transit through the device. If the applied voltage changes to a
different value and the current changes to a different value, a
different amount of charge will be in transit in the new
circumstances.



http://en.wikipedia.org/wiki/Capacitance
http://en.wikipedia.org/wiki/Capacitance
http://en.wikipedia.org/wiki/Charge_carrier
http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Transistor

e The change in the amount of transiting
charge divided by the change in the
voltage causing it is the diffusion
capacitance.The adjective "diffusion” is
used because the original use of this term
was for junction , Where the charge
transport was via the diffusion
mechanism.


http://en.wikipedia.org/wiki/Diode

the amount of charge in transit through the
device at this particular moment, denoted Q, Is
given by

= I(V)TF.
Consequently, the corresponding diffusion
apacitance:Cdiff.is

_dg _diy)
iff =3 v~



Depletion Capacitance

Py .
' Per unit area
P n g
[ 4 , - 5
vev, C - dQ gN dx, gN dx, N dx,
da T - - 2D
il ! v dav drv v
1 1/2
+x, |
do Lo 26, (T =V)( N, |1
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| ' g N, AN,+N,
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PN-junction diodes: Applications

¢ Diode applications:

-

Frosalowanelan x.‘,-é 1111111 T -------
e_iw
= #
T

w0

¢ Photodiodes a;mm*lmln:xrm]n'o.lfll|||1n}ltlyuulll:|llIl$1 I

B

¢ Solar Cells ,/(E(‘
« Light Emitting Diodes \_\\z

e Lasers



PN-junction diodes: Applications

» Solid state lighting, photovoltaic,

» photo detection, radio
demodulation

* over-voltage protection, Logic gates
°* temperature measurement, etc.



Lecture |6

* Topic to be covered:
> Avalanche & Zener Breakdown



Avalanche & Zener Breakdown :

Avalanche breakdown can occur within insulating or
semiconducting solids, liquids, or gases when the in
the material is great enough to accelerate free to the
point that, when they strike in the material, they can knock
other electrons free: the number of free electrons is thus

increased rapidly as newly generated become part of the
process.


http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Nuclear_particle

e This phenomenon is usefully employed in
special purpose
such as the , the
and the :
as well as in some


http://en.wikipedia.org/wiki/Semiconductor_device
http://en.wikipedia.org/wiki/Avalanche_diode
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Avalanche_transistor
http://en.wikipedia.org/wiki/Gas_filled_tube

The avalanche process

* Avalanche breakdown is a current
multiplication process that occurs only in
strong , Which can be caused
either by the presence of very high

voltages, such as in
, or by more moderate voltages

which occur over very short distances,
such as within semiconductor devices.


http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_power_transmission
http://en.wikipedia.org/wiki/Electric_power_transmission

* As avalanche breakdown begins, free electrons are
accelerated by the electric field to very high speeds.
As these high-speed electrons move through the
material they inevitably strike atoms. If their
velocity is not sufficient for avalanche breakdown
(because the electric field is not strong enough)
they are absorbed by the atoms and the process
halts. However, if their velocity is high enough, when
they strike an atom, they knock an electron free
from it, ionizing it



Applications

In and , this effect is
used to multiply normally tiny currents, thus increasing the

of the devices: in avalanche photodiodes, current gains of over a
million can be achieved

Also, the phenomenon is very fast, meaning that avalanche
current quickly follows avalanche voltage variations or starting
charge (number of free electrons available to start the process)
variations, and this gives to avalanche transistors and avalanche
photodiodes the capability of working in the

frequency range and in


http://en.wikipedia.org/wiki/Avalanche_transistor
http://en.wikipedia.org/wiki/Avalanche_photodiode
http://en.wikipedia.org/wiki/Gain
http://en.wikipedia.org/wiki/Microwaves
http://en.wikipedia.org/w/index.php?title=Pulse_circuits&action=edit&redlink=1

Lecture-02
Basic Electronics:Unit-0 |

Topics to be covered:

v'Commonly used semiconductors.
v'Electronic configuration of Ge & Si.
v'The energy band theory of crystals.
v'The eV unit of energy.



Commonly used semiconductors:

The two most commonly used semiconductors are:
» Germanium,

> Silicon.


Why.doc

Electronic configuration of Ge & Si:

The atomic number if Si is 14 & Ge is 32, thus has 4 valence electrons, so that atom is
tetravalent.

Si = Is22s22p®3s?3p2.

Ge = |s22s22p®3s?3p® 3d'0 4s2 4p2,

Each valence electron of germanium/silicon is shared by one of its four nearest
neighbours.

A covalent bond is represented by dashed lines.

Each valence electron is thus tightly bounded to nucleus & hence inspite of availability of
four valence electrons the crystal has low conductivity.



Crystal structure of silicon:

—ESi — —si - -y —
| |



Energy band theory of crystals:

/

¢

'

Wz wo o>

DISTANCE BETWEEN ATOMS —»



The eV unit of energy:

» The unit of work or energy, called electron volt (eV) is
defined as follows

» The name electron volt arises from the fact that if an
electrons falls through a potential of one volt, its K.E
will increase by decrease in PE or by
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Expected questions:

. Why si & ge are most widely used
semiconductors !

2. Explain why a semiconductors behave
like insulators at O degree kelvin ?

3. Define an electron volt.

Explain the effect of temperature on
conductivity of insulator, s/c & metal.



Lecture-03
Basic Electronics:Unit-0

Topics to be covered:

v'Electron gas description of metal.
v'Mean free path.

v Drift velocity.

v'Mobility.

v'Current density.

v'Conductivity.



Electron gas description of metal:

@ Valence or
Free
electron

B
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Mean free path:

Refer the fig in last slide:
<lons are almost stationary.
<Electrons are in continuous motion.

< Thus electrons collide with this ions &
their direction changes on each collision.



Drift velocity:

Electric Field [V/cm]

Current Density J
[A/cm?]

v
AN

0+ Hole —

Motion

—©
- Electron
Motion

Area A

Holes move in the direction of the electric field (from + to -).

Electrons move in the opposite direction of the electric field (from - to +).
Average net motion is described by the drift velocity, v4 with units cm/second.
Net motion of charged particles gives rise to a current called as

hABEG, (DD TS JEnE 72



Drift velocity versus E:

‘|i|rJ'

5at

Silicon and similar materials

Drift Velocity [em/Sec]

E [V/cm]



Mobility:

In , electron mobility (or simply,
mobility), is a quantity relating the of
(V,4) to the applied (E) across

a material, according to the formula:

Here | is theme semiconductor and
measures the h carriers can move

through the crystal. [u]= cm?/V-Second.



http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Electrons
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Electric_field

Current density:

J is current per unit area:

J=lUA - - (1) L
Let the time taken by electrons to travel distance h >
L misT sec. '
Thus | =Total charge/sec A=area
=Ngq /T = Nqv/L. Ry D \ S
v = drift speed in m/s. N electrons e \
Finally from (1):

J=Ngv/LA ------ (2)
Also the electron concentration n is defined as

n = electrons per volume i.e (e /m?3)
= N/LA

Thus from (2)

Here p = nq is called charge denm



Conductivity:

< Conductivity is defined as ability of a conductor to
conduct.

< Current density

----- )
is called c_he metal in (ohm-meter)

|

< From eq" (I) it is clear that conduction current is
proportional to applied voltage as stated by Ohm’s
Law.



Expected questions:

>In a certain wire charge moves past a
point in 0.5 second. Find the current in
amperes. (Answer: 8 amp).

> Give the electron gas description of
metal.

» Define mobility & conductivity & give
their dimensions.

> Define mean free path.



Lecture-05
Electronics:Unit-0|

Topics to be covered:
v'Electrons & holes (Review).
v'Contribution of hole in conductivity.
vIntrinsic semiconductors.

v Extrinsic semiconductors.

v'Doping & dopants (Impurities).
v'Donors (pentavalent impurities).
v'Acceptors (Trivalent impurities).
v'Mass action law.

Basic



Electrons &

Cova.lent Va_lence
bond Ge electrons
) °
Ge ® g .‘ /R.Ge
( } ! e
X \o,Gg__ \® /
Ge® [5) 0‘. ] ® Ge
ey Je\ e\
PR
\®;, \e/  \ej
Ge@® ® ® ] 1) ®Ge
Ge

Fig:Crystal structure of Ge

holes in pure s/c:

Free electron

Fig: Crystal structure of Ge with
broken covalent bond



Contribution of hole to conductivity:

(ﬂ.““@@&@.
(b)OO‘COOOOQG

< Any broken bond (hole) makes easier for a valence electron to
leave its covalent bond & fill this hole.

< The vacant hole can be further occupied by some other
electron.

< Thus the hole moves in a direction opposite to that of
electron.



Intrinsic & Extrinsic semiconductors:

< Intrinsic or pure semiconductor:

n. = intrinsic concentration.
< Extrinsic semiconductors:

< Extrinsic s/c are further classified as n-type & p-type
semiconductor ( depending upon doping ).




Doping:

» The doping is the process of adding impurity atoms to intrinsic
silicon or germanium to improve the conductivity of the
semiconductor.

> of a semiconductor by adding a small
amount of another material called a dopant (instead of heating it!)

» By substituting a semiconductor atom with a special impurity atom
(Column V or Column Ill element), a conduction electron or hole is
created.

» Column V — Pentavalent impurity - as they have five valence
electrons they create a conduction electron & are called

» Column Il — Trivalent impurity as - they have three valence
electrons they create a conduction hole & are called



Extra
electron

Donor impurities (Pentavalent atoms):

Extra electron (b)

[ TN,
F,  Donor energy level

Energy
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Acceptor impurities (Trivalent atoms):

5y

B

I/Acceptor energy level

——--——-————i—-q
A AT ¥ ‘ BT P (YRANRE o
i v bt N 2

Fnergy
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P-type & n-type semiconductors:

> p-type semiconductor is created by adding trivalent atoms
to an intrinsic semiconductor.

Majority carriers: Holes.
Minority Carriers: Electrons.

> n-type semiconductor is created by adding pentavalent
atoms to an intrinsic semiconductor.

Majority carriers: Holes.
Minority Carriers: Electrons.
» Commonly used trivalent impurities:

Aluminum (Al) Gallium (Ga)
Boron (B) Indium (In)

» Commonly used pentavalent impurities:
Phosphorus (P) Arsenic (As)

Antimony (Sb) Bismuth (Bi)



Mass action law:

Statement: Under thermal equilibrium, the
product of free -ve & +tve
concentrations is constant independent of
amount of donor & acceptor impurity

doping i.e

n,= intrinsic concentration.



Expected questions:

. Define a electron & hole in 2 semiconductors.

2. Explain how holes contributes to the process of conductivity
?

3.  Define intrinsic concentration of holes. What is the
relationship between this density of & intrinsic concentration
of electrons ! What do these equal at 0 degree kelvin.

4. Write shortnotes on donor & accptor impurities.

5. State mass action law.



Lecture-06
Basic Electronics:Unit-0 |

Topics to be covered:

v'Charge densities in s/c

v'Electrical properties of Ge & Si:
|. Conductivity .

2. Intrinsic concentration.

3.The energy gap.
4. Mobility.



Charge density in semiconductor:

Np: ionized donor concentration (cm-3)
N,: ionized acceptor concentration (cm-)

Charge neutrality condition: Np+p=Ny+n

At thermal equilibrium, np = n? (“Law of Mass Action”)

No.-N N —-N 2
"= 1}1 A_I_J( ﬂz ..-I) +nf

Note: Carrier concentrations depend
on net dopant concentration (Ny- N,) !

Ny—Np Ny—Npyv: o



N-type material:

»In an n-type material the free
electron concentration is approximately
equal to the density of donor atoms i.e

> Thus c-f holes in n-type s/c

using mass action law is:




P-type material:

»>In an p-type material the free hole
concentration is approximately equal to
the density of acceptor atoms i.e

> Thus conce- electrons in p-type

s/c using mass action law:




Electrical properties of si & ge:

Electric Field [V/cm]

Current Density J
[A/cm?]

—

0—!— Hole —

Motion

«—©

- Electron

Area A MMotion

On application of electric field E the electrons & holes move in opposite
girections but since they are of opposite sign the net current is in same
irection.

Hence ] is given by:

where is the conductivity.



Electrical properties of si & ge:

With increase in temperature
the density of hole-electron pair increases & thus
conductivity increases. It has been found that n, varies
with temperature T as

n2=A_T3 e(EGo/kT)
Where
< Eg, is the energy gap at O degree kelvin.

< K is Boltzman constant in eV/K & A, is constant.



Electrical properties of si & ge:

The forbidden energy gap depends on temperature.
Experimentally it is found that

2 Eg=1.21 —3.60 x 10T for silicon.

At room temperature Ec= |.| eV.

% Ec =0.785 - 223 x 10T for germanium.

At room temperature E;= 0.72 eV.



Electrical properties of si & ge:

u m

L

3 For silicon m = 2.5 (2.7) for electrons (holes).

3 For germanium m= 1.66 (2.33) for electrons (holes).



properties of silicon & germanium.

Property Ge Si
ALODI0 BUIBBEBE. . . o v s e 32 14
AUV WBIEHE. i e s i v ns i o 72.6 28.1
PICnEIty. £/0Mm%. i e Shiienie s anienres 5.32 2.33
Dielectric constamt (relative).......... 16 12
AEORORTOINY .. is © womnis & somms wa e 4.4 X 1022 5.0 X 10+
Boo 8% 00 R: icovvu sovamps s diums 0.785 ; L |
B V-8B IS, . ¢ vivsiaine se i dui 0.72 1.1
fii 0k SOOTE, @IATE 0 e s v esemn v s 2.5 X 1012 1.5 X 1019
Intrinsic resistivity at 300°K, @-ecm....| 45 230,000
iy CIRSINGR AL BOOTIC , oo s pamws v iy 3,800 1,300
iy, eV &t 300°K. ... convmnieos o 1,800 500
Bl DTS . PV R 257 ay sow warem wA 99 34
Do, BIOY/E w8 Vv, oo vovunoesn ananisnars 47 13
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Expected questions:

I. A semiconductor is doped with donor &
acceptor concentration Ny & N,

respectively. Write the equations to
determine n & p.

2. Explain the electrical properties of
silicon & germanium.



Lecture-07
Basic Electronics:Unit-0 |

Topics to be covered:
v'Factors on which conductivity depends.
v'Conductivity modulation.

v'Generation of charge carriers.
v'Recombination of charge carriers.



Conductivity depends on:

» Conductivity is given by the equation:

» Conductivity of a s/c is proportional to the
concentration of free carriers ‘n’ & ‘p’.

» Conductivity can thus be increased by varying ‘n’ or ‘p’ (
conductivity modulation).



Conductivity modulation:

»  The conductivity of a ge(si) increases approximately
6(8) percent per degree rise in temperature.

»  This feature can be limitation or advantage depending
upon application.

> Due to this property of s/c, it is also called (or used)
as thermistors.



Conductivity modulation:

v llluminating the s/c supplies radiant energy to the s/c &
thus few covalent bonds are broken resulting in
generation of new electron hole pairs.

v" Conductivity increases or the resistance decreases.

v Are called photoresistors or photoconductors.



Generation & recombination:

> Generation (G):

How e and h™ are
produced or created.

AEe
G R
» Recombination (R): How e e ®
and h™ are destroyed or
hv AN —\A\~hv
removed e
) g




Mean life time of charge carrier:

> In pure s/c concentration of electrons is equal to concentration
of holes. Due to increase in temperature some new electron-
hole pairs are generated. This process is called generation of
charge carriers.

> Recombination is a process in where a electron moves from
conduction band to valence band & get combined with holes.

» On an average a e or a hole exists for T, or T, seconds. This
time is called mean life time of carrier.



Related derivation:

Consider a bar of n-type silicon containing thermal
equilibrium concentration p, & n_, The process is
illustrated below:

&l

1 p = p,+ p'(0)e—*/7p
p — p, = p'(0)

A ‘ l Do

|

! 0 4

Light Light
turned on turned off



Derivation contd.......

At t = t’ the specimen is illuminated & new e - hole pairs are
generated.

Since electron-hole pairs are generated thus excess concentration
of charge carriers is same.

Percentage increase in majority carrier concentration is very less
& hence only minority carrier concentration is considered.

At t=0, the radiation is removed. It can be shown that hole

(minority) concentration decreases exponentially to zero for t > 0
l.e

p = p,+ p'(0)e=*/7>



Expected questions:

> Define conductivity modulation.

> Given a intrinsic semiconductor specimen, state two physical
process to increase the conductivity.

» Define mean life time of carrier.

> Explain physically the meaning of the following statement: An
electron & hole recombine & disappear.

> Radiation falls on a s/c specimen which is uniformily illuminated
& a steady state is reached. At t=0, the light is turned off:

a) Sketch the minority carrier concentration as a function of
time for t 20.

b) Define all symbols in the equation describing your sketch.



Lecture-08
Basic Electronics:Unit-0 |

Topics to be covered:
v Diffusion.

v'Diffusion current.
v'Einstein relationship.

v'Equations of total current.



Diffusion

Current Flow:

'l

> Drift: charged particle

motion in response to

an electric field.
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Diffusion current:

In semiconductors, “flow of carriers” from one region of higher
concentration to lower concentration results in a “

)

Thus diffusion hole current density
Jo -dp/dx
*J, =-qD, dp/dx amp/m?

\///

Where D (m*/sec) is the diffusion constant for holes.Negative sign
shows that p decreases with increasing x as shown in figure(slide

2).

> The diffusion electron current density
J, =qD,, dn/dx amp/m?



Einstein relationship

* According to the Einstein’s relation for a
s/c, the ratio of diffusion constant
(DpD,)to the mobility (w,, 1) of the
charge carriers is constant and equal to
volt equivalent of the temperature (V).



.s
©
.s
-

where,

DP= Diffusion constant for holes in m2/sec’

Dn= Diffusion constant for electrons in m?%/sec,
MP= Holes mobility in m%/sec,
U, — Electrons mobility in m?%/sec,

VT = Volt equivent of temperature.



Equations of total current

* The total current is the sum of drift
current and diffusion current.  Thus, for
a P- type s/c the total current per unit
area,

Jp = q. u,. p- E+( -q .Dp.dp/dx)
= q. W, p- E-q .Dp. dp/dx



e Similarly, for an N-type s/c

Jn=gq.n,.n. E+( -q .Dn.dn/dx)
= g. U,. n. E-q .Dn. dn/dx



