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Answer all questions
Answer of all parts of a question should be at one place
Wherever it is necessary, you may use assumption(s) with reasonable justification.

0.1 For a 10 lattice, the periodic crystal potential is given as : v(x) = Ao(Sin(Kox) + O.2Sin2(Kox)). Here Korepresents
the primary reciprocal lattice vector magnitude. Express V(x) in the form of a harmonic series, where the nth
harmonic is given by exp(j (n Ko)x). The Schrodinger Equation (SE)can be represented in the form of series expansion
of periodic potential and Bloch's function, resulting in a Hamiltonian matrix, with elements:
H(i,j) = (h/2n)2/2m (k + Ki)2<5(i,j)+ V;_j
Where, V; denotes the coefficient of ith harmonic in the series expansion of v(x) and K; is the ith reciprocal lattice
vector. Using this information, derive the Hamiltonian matrix for the given v(x), to solve for the series coefficients of
the Bloch function, for index n=O,+/-1 and +/-2. [8]
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02. Figure 02 depicts the distribution of electrons in the conduction bands of a 10 nano-wire of length L=100nm.

Effective mass of electrons are depicted for the three energy minima in the plot (rn, = free electron mass) for an

approximate parabolic E-K relationship. Identify the electrons contributing to over all current. Find the total current

magnitude due to electrons, using location specific group velocity of each electron. Express your answer in terms of

mo, electron charge e and any other standard numerical constants.

[5]

03 Derive and draw the reciprocal lattice space corresponding to the real space lattice given in fig. 03. Mark the first
Brillouin zone on your drawing. [5]

04. Figure 4 depicts E-k plots for two arbitrary semiconductor material (with standard directional notation used). In
both the plots, minima are obtained at the r point as well as at a point ko along the r-x direction. For the
approximate parabolic relation, valid near the minima point, the values of effective mass along the three coordinates
are given below the figure. (a) Draw the equi-energy surfaces in3-D k-space corresponding to these two cases
(approximate shapes), (b) Which case can apparently provide higher current density for a given applied field
magnitude along x-direction (justify). [5+2]
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Fig. Q4 (a) rn, = my = mz= 0.6mo at r point
my = mz = O.lmo, rn, = 0.25mo at ko point

Fig. Q4 (b) rn, = my = mz = O.lmo at r point

my = mz =0.8 mo, rn, = 0.4mo at ko point

Q.5 Consider a 2-D material of dimensions L x L x d (where d«L), for which the E-k relation can be expressed as :
E = Ec + (h/2n)2(1/2m)((kx-kxo)2 + (ky-kyo)2+ (k,-kzo)2),where kx, k, and kzvalues are quantized as per the x, y, z
dimensions of the material, Ec is the minima point corresponding to (kxo, kyo, kzo)' around which the parabolic
relation is approximately valid. For such a 2-D material, the density of states can be expressed as :

m*(2n/h)2 LnU(E-(Ec+ Ez(n))) (n is an non-negative integer), where U is a step function and Ez(n) denotes the Evalue
corresponding to kx= kxo, ky= kyoand kz= n*kzo. Use the aforementioned E-k relation to plot the 2-D DOSexpression,
with step points along the x and y axis clearly marked. Using the expression for Fermi function, F(E) = (l+exp((E-
EF)/Kn\ and assuming Boltzmann approximation to be valid, derive the expression for electron density for the 2-D
material. [2 + 5]

Q6. For a compensated semiconductor, determine the electron concentration using charge neutrality condition:

no + Na' = Po+Nd,
Where, noand Poare electron and hole concentrations in conduction and valance bands respectively, given by : no =
Ncexp((EF-Ecl/KT); Po= Nvexp((Ev-Ed/KT). Assume complete ionization for dopants, for Na = 1016cm·3, Nd =
3x1016cm·3, nj = 1.5 x 1010 ern". Assuming Boltzmann approximation to be valid, find the location of the Fermi-level.

[5]
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Q.7 Fig. Q7 depicts a 2D infinite potential well, discretised into 4 special
locations. The potential value at each location is also specified in the figure.
Using the information given in the following equations, write down
the Schrodinger equations, for solving wave-functions at the four points.
Derive the 4x4 H-matrix corresponding to the system of equations.

2-D SE :

2-D Laplacian:

2
-1l2/2rfJ tV (X,Y) + V(X,Y) l!J (X,Y) = E l!J (X,Y)

U2tV = (d2/dx2+ d2/dy2)(.l!J(x,y))
FEM for 2-DLaplacian : d2/dx2 (t/J(i,j)) = l/a2{t/J(i+l, j) + t/J(i-l, j) -2 t/J(i, j)}

d2/dy2 (t/J(i,j)) = l/a2{t/J(i, j-l) + t/J(i, j+l) -2 t/J(i, j)}

! lj.!{l,l) 4)(1,2)
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