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Please note that all calculation answers must include the unit and calculation process.

Dielectric permittivity of Si: gsi = 11.7 x 8.85 x 107 F/cm

Dielectric permittivity of $iO2: esioz = 3.9 x 8.85 x 107 F/em

Energy bandgap of Si: Ez =1.12 eV.

Charge q= 1.6 x 107 C.

Thermal energy kT =259 meV at T =300 K

Electron affinity of Si: qy =4.01 eV.

Intrinsic concentration of Si at T =300 K: nj = 1.5 x 101% em™.

1. (10%) Please explain what a degenerate semiconductor is and the freeze-out effect.

2. (5%) How to achieve ohmic contact for a metal/semiconductor junction? Please provide two methods.

3. (20%) The values of effective density of states function in the conduction band N. and valence band
Ny for a semiconductor at T =300 K are 3 x 10" cm™ and 2 x 10'? em?, respectively.

(a) Calculate the intrinsic concentration of the semiconductor at T = 300 K and 400K, respectively.
Assume the bandgap energy of the semiconductor is 1 eV and does not vary over this temperature
range. (10%) ‘

(b) Based on the previous question, if this semiconductor is doped with both donor Ny = 10" ¢cm™ and
acceptor Na = 3 x 10" em™, What are the carrier concentrations of electrons and holes at T = 400 K?
(10%)

4. (15%) A semiconductor Hall device at T = 300 K has following geometry as shown in Fig. 1: d = 107
cm, W=10.1 cm, and L = 1 cm. The following parameters are measured: I = 5mA, Vyx =10V, Vg =
~5mV, and B; = 0.1 tesla. Determine (a) conductivity type (please explain whether this semiconductor
is of n-type or p-type) (5%), (b) majority concentration (5%), and {(¢) majority carrier mobility. (5%)

5. {30%) Consider a uniformly doped silicon pn junction at T = 300 K. At zero bias, 20 percent of the
total space charge region is in the n-region. The built-in potential barrier is Vi = 0.75 V.

(a) Determine dopant concentration and depletion width in p-region and n-region, respectively. (i.e.
determine N, N, Xn, Xp) (20%)
(b) Determine the maximum electric field (Emax) and junction capacitance density Cj. (10%)

6. (20%) A MOS-Capacitor with metal work function 4.6 eV, gate insulator SiOz with thickness 15 nm,
silicon substrate with boron doped (p-type) to 1 x 10'7 cm™ at T= 300 K. Please find out (a) the ideal
flat-band voltage Vep (5%), (b) flat-band capacitance density (5%), (c) ideal threshold voltage Vru
(5%), and (d) saturated depletion. width (5%). The Vu means the MOC-Cap is biased into strong
inversion.
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