Homework #3 solutions:

PROBLEM No 1:

(a} Explain the difference between a direct and indirect bandgap material.
(b} Which tvpe of material (direct or indirect) result in applu.mmm in Light
emuiting Diodes?

(¢} A piece of GaAs emits red light at room temperature due to
recombination of electrons and holes. If the bandgap of GaAs is 143 eV,
calculate the wavelength of emitted light.

Solutions:

(a) A direct bandgap material conserves the momentum during transition, i.e.
the k-value of the electron does not change as it makes the transition,
Usually this happens when the conduction band minimum and the valence
band maximum are at the same k-value.

For indirect bandgap material, the transition takes place between
conduction band minimum and valence band maximum that are at different
k-values, and hence thev change their momentum with the help of lattice
oscillations {phonons). This makes the transition probability really low. So
these materials are not good for optoelectronic devices that require efficient
transitions.

{b) Direct bandgap materials are suitable for optoelectronic applications for
reasons mentioned above.

(¢} The energy of the emitted light will have the same energy as the bandgap
1.e. 1.43 ¢V. The wavelength is then given as

—

246
143

Problem No. 2
(a) Explain the formation of band when N atoms are together and their
orbitals interact. How many orbitals will there be in each band?
{b) What basic principle 15 being followed when equal energy orbitals of
two interacting atoms split into bonding and antibonding orbitals?
(¢) If the latace constant of a semiconductor A is bigger than another
semiconductor B, then which one has the larger bandgap?

A= aoe = X671 3nm

(d) Fill the gaps: A bandstructure 1s basically a map of electron energy vs.
electron .......

(¢) You are given two direct bandgap material and a flashlight which can
have continuously variable photon coming out at vour will, How can
vou find out which one of the semiconductors has a lower bandgap?



(f)

How do vou explain that in an intrinsic material the electron and hole
concentrafions have to be the same, but in an extrinsic material they
are always different?

Solution:

(a)

(b)
(€

(d}
(e}

(f)

When N atoms are close enough for their orbitals to interact, the
degenerate {equal energy) energy states of the orbitals are forced to
change slightly due to Pauli’s exclusion principle. which savs that no
two electrons can have the exact same state (defined by 4 quantum
numbers). Thus the split energy levels form a band of allowable
energies for the electrons to occupy.

There will N orbitals in each band.

The basic principle Tollowed is Pauli’s exclusion principle

The semiconductor B with smaller lattice constant will have the
farger bandgap

Momentum

By applving a voltage across the semiconductors, and slowly
increasing the energy of light, we can find out which one starts
conducting at lower photon energies. That will have the lower
bandgap.

In intrinsic material, electrons and holes are created in pairs {(called
electron-hole pair) whether thev are created by light or thermal
energy. However, in exirinsic material, they originate from the
dopant atoms, and hence the concentrations are different.
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