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1. For a MOS capacitor fabricated on p-type silicon substrate and with a SiOz
thickness of d, draw the schematic diagrams of the following items under the
condition of strong inversion: (1} energy band diagram of the three materials
(metal, Si0,, and S81) and mark the conduction band edge E¢, valence band edge
Ly, intrinsic Fermi level E;, and Fermi level Ep of the semiconductor, (2)
schematic diagram of the charge distribution, (3) schematic diagram of the electric
field distribution, (4) schematic diagram of the electrostatic potential distribution.
Use x as the horizontal axis for all the four diagrams. (20%)

2. The threshold voltage of a metal-oxide-semiconductor field effect transistor
(MOSFET) 1s usually expressed as the sum of four terms. (1) Write down the
expression of the threshold voltage of a MOSIET. Explain the meaning of each
term. (2) For typical n-channel and p-channel MOSFETs, what is the polarity of

each term (i.e., whether they are positive or negative)? (15%)

3. A npn BJT with doping level label in the Figure shown below . Let n=1x10"%m",
Vilnl0=60mYV, W=0.1um, Wp=0.2pum, Wc=0.5nm. Assume ohmic contact at the
metal/semiconductor interface. (a) Plot the energy-band diagram, minority carrier
densities, r(x) and pfx) and electric field, E(x), at thermal equilibrium when
Vae=Vcr=0. Label the position of the fermi level and values of n(x), p(x) at the
boundaries. {([0%) (b) Plot the energy-band diagram, minorily carrer densities,
n(x) and pfx) and electric field F¢x) at thermal equilibrium when Vgg=0.6V,
Vep=1.5V. Label the position of the fermi level and values of n(x), p(x)at the
boundaries. (10%) (¢) Discuss respectively how the current gain, 3, of this device

changes when Ngi: increases/ Wr: incrcases? (3%)
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4. JFET

(a) Plot the cross-section of a JFET device that can be realized in CMOS
single-well technology on p-type substrate. (5%)
(b) How will the substrate bias affect the pinch-off voltage, Vp? (5%)

5. Plot (5%) and explain briefly (10%) the temperature dependence of carrier mobility
in semiconductor materials.

6. What is a (a) one-sided junction {5%); (b) linear graded junction {5%): and {c)
hyper-abrupt junction (5%)?




