Semiconductor Materials, Energy Level Diagrams and p-n Junction

— Small gaps - Big possibilities! =

1. Semiconductor Materials

Semiconductors are materials whose
conductivity is between that of insulators
and conductors. Their conductivity can be
controlled by temperature, light or impurities.

Common Semiconductor Materials

o Silicon (Si) = most widely used

o« Germanium (Ge) - high speed, high sensitivity

o Gallium Arsenide (GaAs) — used in LEDs, solar cells
o Indium Phosphide (InP) - high frequency devices

Why are they special?

v They have a small energy gap (band gap).

« They can be made more conductive by adding
impurities (doping).

« They are the building blocks of devices like
diodes, transistors, solar cells, LEDs etc.

Intrinsic vs Extrinsic

Extrinsic (Doped)
» Impurities added
(e.g. Boron or Phosphorus).
» More free charge carriers.
+ Higher conductivity.

Intrinsic (Pure)

« No impurity added

+ Few free electrons
and holes.

» Lower conductivity.
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2. Energy Level Diagrams

In a solid, atoms come ¢lose together and their
energy levels form bands.

(a) Conductor
] Example:
Conduction band
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s Electrans can easily move from valence band

3. p-n Junction

A p-n junction is formed by joining a p-type
and an n-type semiconductor. It is the basic
building block of diodes, transistors and many
electronic devices.

(a) Formation of p-n Junction
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(b) Built-in Electric Field
() Insulator Due to the uncovered ions, an electric field is
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« Very few electrons can jump to conduction band,
so conductivity is very low,

)@f. Key Point:

“©"  The size of the band gap decides how easily

electrons can move and thus the material's conductivity.

[ Remember

» Moredoping =+ higher conductivity.

« Temperature T -+ mare carriers in semiconductors.
« Light = can also create electron-hole pairs

| (photoconductivity).

= p-n junction - forms the heart of a diode.

(c) What happens?

Forward bias
(pto+.nto-)
+ Reduces barrier.
+ Allows current to flow,
+ Diode conducts.

%

Reverse bias
[pto-nto+)
+ Increases barrier.
+ Blocks current.
+ Diode does not conduct
(only small leakage).

Erom atomns to devices...
Semiconducters make
modern technology poss;bl'e-'




Semiconductor Materials

— Energy Level Diagrams and p-n Junction —

1. Introduction

« Semicorductors are materials whose electrical
conductivity lies between that of conductors
and insulators.

& Their conductivity can be controlled by
adding impurities, temperature or light

s They are tha bacic bullding blacke of medern
electronic devices Ike diodes. transistors, solar cells,
LEDs etc.

‘Why are they important?

+ They have o small enargy goo (band gap).

" They can be made more conductive by doping
{adding impurities).

+' They form the heart of modern electronics
and renewable energy devies.

Key Properties

+ Imermeciate conductivity (atween metals and nslators),
+ Negative temperature soefficknt of resistence.

+ Can be daped to make ntype o potype.

* Sensitie to light, heat and electric fisks.

2. Semiconductor Materials

Common samiconductors (elemental and compound):

* Elemental: Silicon [Si), Germanium (Ge)

* Compound: Gallium Arsenide (GaAs), Indium Phesphide (InP),
Gallium Nitride (GaN), Cadmium Telluride (CdTe) etc.

Typical band gap values Crystal Structure (Example: Silicon)
Material Band gap (eV)
(apprex.]
Si (Silicon) 11
Ge [Garmaniur) 066
Gahs 142
InP 134
o 34 Diamond cubic structure
CdTe 15 {azh $i atom is covalintly bonded
to 4 neighbours)
Types of Semiconductors
+ Elementak  Si, Ge {Group IV)

+/ Compound:  Gads (Group 0-V), InP {Group 14},
GaN (Grown T1-V), Cale [Group [V} ete

3. Energy Level Diagrams

3.1 Energy Bands in Solids

In a solid, atoms are very close to each other and their individual energy
levels split into large numbers of closely spaced |evels, forming energy bands
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3.2 Energy Band Diagram (Detailed)

+ Conduction band — figher energy, erpty (or partially filled),
+ Nalence band = lower energy, full

heaning holas in the valence band,
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T, Condestion band Concuctontend | | N i
[partiallyillad) fempty] (empty) £ Farmi ket [E,) L fenergy difference
k3 B B Lot == va‘:h’dj between conduction
E Valanea band (=1ev) lt» ey | i and valence band)
T - e
| i Valence band s |
e — (Ful) (hull) | 3.3 Fermi Level
I o Tt i the ensrgy level at which the probabiity
Bands overlap Smail band gap Larga band gap of finding an electron is 1/2 at absolute zere.
or are very closs. {= 0.5 - 1.5 eV}, (=3 ev), » Inintringic sermicanductors, the Fermi level
Mo band gap. lies near the middle of the bard gap.
* Dioping shifts the Fermi bevel towards the
condiction band (n-type) or valence band (p-type).
Q- Key Points

* Band gap (Eg) - energy reguired ta mave an electron from valence to eenduction band
& At rosm temperaturs, same electrons gaim ercugh anesgy te jump to canduction band,

4. Intrinsic and Extrinsic Semiconductors

4.1 Intrinsic Semiconductor

icond: (no fonal impurities).
At 0 K. valence band is full and conduction band is empty.
At roam temperaturs, same slectrons galn energy and
create electron-hole pairs.
Electron concentration (n] = hale concentration {p)
Exarnple: Pure 55, Ge,

Energy band diagram (Intrinsic)

* Pure

i o M=n=p
SRR {at cquilibrium)
L
Comparision of n-type and p-type
Propecty hrpe Frtrpe
Tnpusity {dopant] | Domer (Growp Y} Acceptar {Grous 11
Majority carrier Elactrong Heles
Minarity carnge | Hales Eleetrans

Conductivity Higher

Fermi level Closes [o conduction  Closer 10 abence basd
bared

Laower (than n-type) |

4.2 Extrinsic Semiconductor (Doped)
Small amourt of impurity atoms are added fo increase
conduetivity and contral the type of charge carriers

{a) n-type (Panor impurity) (b) p-type (Acceptor impurity)
= Pentavalent impurity (Croup V) = Trivalent impurity (Group I}
(a.g. Phespharus, Arcenic, Antemony) {e.3. Boron, Aluminium, Galilum)
» Bedrls extra electron (danat level), = Craates 2 hole {accaptar level)
» Electrons are majoricy carriers; ® Hodes are majority catriers;
hales are minonty carrers. | electrons are mincrity camiers
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f:. p-n Junction

5.1 Formatien of p-n Junction
= A p-type and an n-type semiconductor are jeined
togother to form @ pon junction,
= Duets the concentration gradient, electrons and holes
diffuse acrass the juncrion.

= Thic creates a depletion region (no mobile charge carriors)
and an intarnal electric field

Formation of p-n junction (before and after)
Elnctric ok (£)
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T e + Natrows the dopletion ragien. + Widens The depletion region.
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o D loaeage currant)
r.‘uu--:uluoo_ 5 & i
L L R VE ’i -
[ ind e pletin pegish t——:
(e magrity]  felectens majieited [t immabile i} Cusrrent flans Very enall currart
(a0 Safere contac @ = bele B - negtive ion (larye), {leakage]
o < elsckon © = poskive ken
5.4 1V Charactarictics of 3 p-n Junction Applications j Remember
/ F."_‘;‘:_“:f_‘ w Clades (ractification] G F'{'n';""“.':‘::;‘m‘mlm"
i ' LECs fhght emission) . = The depletion region and electric
Reverss b ' Salar calli (phatoveltaic effect) P e key 72 Iis operation
Lomadl lesieage o Transticors (ampiifeation and switching) = By contreiling the his. me can
allow o step current flow.
- hale Q = negatie ioe

@ From atems ta devices. .

N
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5.2 Potential Barrier and Depleticn Region

= The uncovered ions create an alectric fisld from n to p.
This field cpposes further diffusion of charge carriers.
A potential barrier is formaed [about 0.3 V for Ga, fr.
a7 for sy

= The dapletion region is typically &1 - 1 pm.

5.3 p-nJunction in Forward and Reverse Bias

(a) Forward Bias (b) Reverse Bias
{pto+ nta=) {pto=nto=)
* Heduces the bamar. Ingreases the barar

make modern technotagy possible! @
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