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Electromaagnetic Spectrum Of EM-Radiation

e The EM spectrum of EM radiation is the range of all EM radiations in the
terms of its wavelength and frequency.

e EM spectrum includes:- ~Flank Zquation for €11- rndkhon 7 -
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Inverse Square Law

e The intensity of EM radiation is inversely proportional to the square of
the distance from the source is called inverse square law.
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Inverse Square Law
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« Assumptions for inverse Square Law :-

1. The source of radiation is a point source.

2. The radiation travels in straight line.

3. The radiation is emitted equally in all directions.
1 4. Radiation emitted at constant rate.
08 . 5. No radiation energy loss from the
0y | source to the point of measurement.




Types of Electromagnetic Radiation

wavelength

radio infrared visible light ultraviolet
microwaves
used to used in transmits makes things | absorbed by | used to view used In
broadcast | cooking, radar,| heat from able to be the skin, inside of medicine for
radio and telephone and sun, fires, seen used in bodies and killing cancer
television other signals radiators fluorescent objects cells
tubes




Luminescence

» When EM radiation fall on certain materials (ex - Phosphor materials)
then they emits visible or UV-light photons, this property of these
materials is called luminescence.

e The EM radiation gives energy to the valence electrons, after then these
electrons are jumped into the conduction band.

e Later the electrons return to the valence band to fill up the holes then
they falls through the luminescence centers, they emits extra absorbed
enerqgy in the form of flashes of light this phenomenon is called as
luminiscence.
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Examples :-
Phosphor materials/Fluorescent phosphors
Like:-

1. Nal : Tl (Thalium activated Sodium iodide | g ——
in Gamma camera)

2. Gd202S : Tb (Terbium activated
gadolinium oxysulphide in Intensifying
Screen)

3. Csl : Na (Sodium activated cesium iodide
in Image intensifier)

Qo
A i

STE

=]
fe-=]
I

Normalized intensity (a.u.)

=]
r

o
(=]
o

330 340 350 360 370 450 500 550 600 650 700 750 800
Wavelength (nm)

All are use in diagnostic radiology



Types of Luminiscence

e On the basis of time of light emission luminiscence is two
type :-

1. Fluorescence 2. Phosphorescence



1. Fluorescence

e In the luminescence process the emission of light is instantaneous, within
10-8 sec (< 10-8sec), it is called fluorescence.

Examples :-
Phosphor materials/Fluorescent phosphors Like:-

1. Nal : Tl (Thalium activated Sodium iodide in Gamma camera)

2. Gd202S : Tb (Terbium activated gadolinium oxysulphide in Intensifying
Screen)

3. Csl : Na (Sodium activated cesium iodide in Image intensifier)
» All are use in diagnostic radiology



2.Phosphorescence

* In the luminescence process the emission of light is delayed after then
10-8 sec (> 10-%sec), it is called phosphorescence.

e /tis also called after glow or delayed emission bcz emission of light
delayed in this process.

e [t is random process.
e /tis responsible for film fog in Screen-film radiography.
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Atomic Orbitals 8 S i

1. s-orbital
Z

y

X
5

2. p-orbital

£ Z
P. X Py X

3. d-orbital

£
\Aﬂ Y
g (:

| st

4. f-orbital

Z £ Z Z Z Z Z
ek £, " T e o f, X £%




Band theory of Conduction

e According to the band theory of conduction:-
3Energy bands presents In matters :- 1. Filled band
2. Valence band
3. Conduction band

1. Filled band : - Present below the Valence band in atoms.
- No contribution in electrical conduction.
- Hence, it is normally not included in energy band diagram.

2. Valence band: - Present below the conduction band in atoms.
- In this band electrons are tied (41 g31T) up to individual atoms.
-— - Have lower eneray than conduction band and partiall filled by the e-s.
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3. Conduction band: - Highest energy band in atoms.
- In this band electrons are free to move bcz electrons are not
tied to individual atom.
- Hence, electrical conduction occurs in this band.

Note :- The gap between valence band & conduction band is called
forbidden gap.
- On the basis of forbidden gap width materials classified into :-

1. Conductornncer
2. Insulatorcruoto:
3. Semiconductor
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1.Con ¢
* In conductors the forbidden gap or band width between valence band

and conduction band is zero =(0).

* Hence, there are electrons are easily move from valence band to
conduction band.

e Ex :- Metals suchas - Ag (Silver)
- Cu (Copper)
- Al (Aluminium) are good electrical conductor
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2.Insulator

* In insulator forbidden gap or band width is very large = >9eV.

* Therefore, electrons are unable to flow from valence band to conduction
band due to high energy differance.

* Hence, there is no flow of electric current.
e Ex: Non metals such as- Oil, glass, wood, plastic and rubber.

* Note- At very high temperature few electrons may move from valence
band to conduction band but the material undergo breakdown.

N




e Width of forbidden gap or band width = ~ 1eV

e At low temperature there is no electrons flow from valence band to
conduction band and they have behave like a insulator.

* At room temperature they are gain >1eV energy but limited electrons flow
from V.B. to C.B.

At high temperature electrons move from V.B. to C.B. and they are show
higher electrical conductivity because also

holes are created which responsible for higher -onaueion bang

Energy

conductivity.
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micon r

* This type of conduction take place in pure semiconductor which is calle
intrinsic semiconductor.

Example :- 14th group elements like Germanium (Ge) & Silicon (Si).

Note :-The conducting property of intrinsic semiconductor can be
modified by adding impurities to it which is called doping.

- After doping they called extrinsic semiconductor.

* On the basis of doping extrinsic semiconductor is two type -
1. P-type Semiconductor
2. N-type Semiconductor
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1. P-type Semiconductor

» [tis atype of extrinsic semiconductor.

 How to made :- Intrinsic semiconductor (14th group elements) Ex-Si & Ge
+

Doping with small amount of trivalent impurity (13th group elements) Ex- B, Al & Ga

Si : B
14th group element 13th group element
4 valence e- 3 valence e-

» 3valence e- of each atom form 3 covalent bonds and 4th covalent bond cannot be completed, hence
the missing e- is known as hole, which are the positive charge career, hence these are called P-type
Semiconductor, where'P’' stand for Positive.

* Majority careers = Holes
* Minority careers = electrons
» Density of holes > Density of electrons



1. P-type Semiconductor
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2. N-type Semiconductor

It is a type of extrinsic semiconductor.
How to made :- Intrinsic semiconductor (14th group elements) Ex-Si & Ge
+
Doping with small amount of pentavalent impurity (15th group elements) Ex- N, P As & S
Si : P
14th group element 15th group element
4 valence e- 5 valence e-

4 valence e- of each atom form 4 covalent bonds and 5th e- is not bonded with any Silicon atom,
therefore each pentavalent atom donate one e- which is negative charge career, hence it is called N
type Semiconductor where 'N' stand for Negative.

Majority careers = electrons
Minority careers = holes
Density of electrons > Density of holes



2. N-type Semiconductor
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