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BSCP 1207
Third Semester Examination — 2012-13

PHYSICS OF SEMICONDUCTOR DEVICES
Full Marks -70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(@)
(b)

What is effective mass ? Write expression for it.

What is difference between direct band gap semiconductor and indirect
band gap semiconductors ?

Calculate the temperature at which there is a 102 probability that an energy
state 0.53eV above Fermi energy level is occupied by electron.

What is Quasi equilibrium boundary condition ?
What is base-width modulation ?

Sketch the C-V characteristics of an MOS capacitor with an n-type
substrate under low frequency condition. Show the individual capacitance
component.

What is meant by metal-semiconductor work function difference and
discuss why this value is different between aluminium, n* polysilicon and p*
polysilicon gates ?
Sketch the cross section of CMOS structure.
Define enhancement mode and depletion mode for n- channel MOSFET.
What is Punch - through breakdown phenomenon ?
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4.” (@)
(b)
(c)
5. (a)
(b)
(c)
6. (a)

(b)

What is density of states function ? Derive an expression for density of

quantum states for semiconductors. 6

Determine the total number of energy states in GaAs between E andE_+ kT
at 300 K. 4

The Fermi energy is 0.25eV above the valence band energy in Silicon. The
value of N for silicon at T= 300K is N, =1.04 x10'® cm~3. Calculate the

thermal equilibrium hole concentration in Silicon at T=400K. 5

Write the expression for the probability function of electrons and holes in
the donor and acceptor states. Discuss complete jonisation and freeze out

conditions with suitable energy band diagram. : 5

What do you mean by carrier diffusion ? Derive an expression for diffusion
current density of electrons and hole. 3

Derive the Einstein relation. 4
Discuss Latch up condition in CMOS structure. How can it be avoided ? 3

Discuss capacitance — voltage characteristics of a pn junction. Derive

expression for junction capacitance. 3

Asilicon pn junction at T=300K has doping concentration of N,=3x10'%cm™®
and N_= 8x10'5cm and has a cross sectional area of A= 5x107%cm?.
Determine the junction capacitance at V= 2V. 3

What is junction breakdown ? Discuss different breakdown that is

associated with a pn junction. 4

Derive expression for excess minority carrier concentrationina pn junction.
How the minority carrier concentration vary with distance away from the

junction ? 5]

Derive the ideal -diode equation of the pn junction. Draw and explain the
V- characteristics. 5
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7. a) Sketchthe minority carrier concentration throughout the transistor under
the various operating modes. 3

(b) Sketch a basic Eber’s-Moll equivalent circuit and derive the Eber’s Moll
Equation. 4

(c) Consider a Silicon npn bipolar transistor with emitter and base regions
uniformly doped at concentration of 10'®cm= and 106 cm=2 respectively.
Aforward bias B-E voltage of Vge=0.610V is applied. The neutral emitter
width is x_=4pm and the minority carrier diffusion length in the emitter is
L=4pm. Calculate the excess minority carrier concentration in the emitter
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8. a) Define the threshold voltage. Derive expression for threshold voltage of a
MOS capacitor. 4

(b) Discuss the I-V characteristics of the MOSFET when biased in the non
saturation and saturation region. 3

(¢) An MOS device has the following parameters aluminium gate, P-type
substrate with N_= 3 x10"® cm™2, t =250 A and Q, =10"cm™ and
Q,.=—0.981V. Determine the threshold voltage. 3

ms~

BSCP 1207 3 -C




