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k = 1.38E-23 J/K ...Boltzmann constant g0 = 8.854E-12 F/m ...dielectric constant ¢ = 1.602E-1% C
...clementary charge g = 11.9...dielectric constant for silicon ni = 1L5E10 em™...intrinsic carrier

concentration for silicon

Question #1: (20 Mark) -

(a) Draw the band diagram of schottky diode, indicating the valence band, the
conduction band, the Fermi energy, and the built-in potential, Vi, assuming that so
- voltage is applied across. the junction. Indicate on tlm diagram dpprox:matcly where the
" depletion region would be..

(b) Then draw the band dlagram in forward and reverse bias.

(c) The doping is Na= 5x10" 1/em® and N, = 1x10"7 Vem?. At 300 K, what is the
concentration of holes on the p-side and the concentration of holes (iminerity carriers) on
the n-side? For silicon, n; ='1.5x10' Veny®,

(d) How could you calculate the depletion width for this diode

Question #2: (20 Mark)
1-There are four currents t0 consider at the interface between two materials (like at a P -
! junction or a Schottky C(mtact) These four currents caused by thermmm( emission,
diffusion, drift, and tunne ixg
a) In which cases is the tw el current important?
~b) What kinds of curren'tr e most important for a pn-junction and for a bch()ttky diode?
¢) What is a diffusion cuirent?

d) Usually the thermioni imssmn current in a pn—;unctlon is ignored becawse it is smail.
How would it be calcula
2- Calculate the theogetical barrier height and the built-in potential in a metal-
semiconductor diode for zero applied bias. Assume the metal work function is 4.92eV, the
electron affinity is 3.51eV and Nd = 3*10 5¢m-3, Ne¢ = Nv = 10”m-3 and Eg = 1leV af
300K.

Ouestion#3: (20 Mark
1- Explain the follow
- voltage, and inversion
2- Sketch MOSFET st
parameters? 2
' 3- Draw an-channel
the channel when the satur;
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T. Explain how it works. Then draw the charge density in
ion voltage is applied.
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4-An N-type silicon sample has a uniform density Ng = 10"7cm™ of arsenic, and a P-type
i sample has N, = 10'%cm™. A third sample has both 1mpur1t1es present at the same time.
 a- Find the equilibrium minority carrier concentrations at 300 K i m each sample.

b- Find the conductivity of each sample at 300 K.

¢- Find the Fermi level in each material at 300 K with respect to either the conduction
band edge (F¢) or the valence band edge (Ev).

Cuestion #4: (20 Mark)

1-Assume a diode described by ID= 10 (e V4™ T —1) . Answer the following questions.

a- Assume that the diode is forward biased moderately (i.e. VA is large enough so that the
-i term can be neglected). Derive a general expression for the increase, A VA in VA
needed to increase the diode current by a factor of 10.

b- Evaluate AVA assuming room temperature andn=1. Express your answer in mmv.

' 2- Why can you make ohmic contact to a lightly doped n region? Drive an expression for
the specified resistance Re.

3-Describe how charge is transported through all interfaces. (like if tunneling is involved).

4- Draw the band diagram (valence band, conduction band, Fermi energy) for a Schottky
“diode with a n doped semiconductor and a p doped semiconductor at zero bias. Assume
that interface states pin the Fermi energy t0 the middle of the semiconducting gap at the
interface.

" Ouestion 5; (20 Mark) | o F“

1- Answer the following questions about the energy |
band diagram sketched below. Assume that the zero for
electrostatic potential is in the semiconductor bulk, at T
Jarge x and that there is no metal semiconductor’ B R R S
workfunction difference. Also assume thatthe relative | |
dielectric constant of the oxide is Ko=3.9.
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a- What it the surface potential, ©s?

b-What gate voltage, VG, is applied?

¢-What is the voltage across the oxide AD o?

d-What is the doping density, Nd?

- e-What is the width of the depletion region, W? .

- f-Whalt is the thickness of the oxide?

2- In an MOS capacitor, everything depends on the band bending in the semleonduetor
If @S is the potential at the surface, and ®= 0 is the potential in the bulk, then —q®s is

the total band bending in the semiconductor. A negative ®s means the bands bend up,

and a positive ®s means the bands bend down. This question helps familiarize you with

surface potential and band bending.
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