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Exam #2 — EE 482
Winter 2009

The test is open book/open notes. Show all work. Be sure to state all assumptions made and
check them when possible. The number of points per problem are indicated in parentheses.

1. A contact is made between silicon (χs = 4.05eV) doped with Na = 1018cm−3 and alu-
minum (φm = 4.1eV). A high density of surface states pins the Fermi level at 0.4eV above
the valence band maxima. Calculate φs, φB and φi (ignoring any narrow tunnelable
barrier associated with interface dipole layer) and sketch the band diagram (including
vacuum level and with barriers indicated) and the charge density versus position for the
contact in equilibrium. (20)



2. If xn = 100nm, what is the voltage dropped across the depletion region in pn junction
with doping shown below (you may assume that width of heavily doped p-type depletion
region is negligible)? (15)



3. In an abrupt silicon p-n junction, Na = 5 × 1018cm−3, Nd = 2 × 1017cm−3, τn = 0.25μs,
τp = 0.16μs, Dn = 4 cm2/s and Dp = 2 cm2/s in the p-region and τn = 0.25μs, τp = 0.16μs,
Dn = 25 cm2/s and Dp = 9 cm2/s in the n-region, Wp = 100nm and Wn = 500μm.
T = 300K. The applied voltage is 0.7 V. Assume recombination in depletion region can
be neglected.

(a) Calculate the hole current density in n-region at edge of depletion region. (10)

(b) Calculate electron current density at contact to p-region contact. (10)

(c) Calculate electron current density at contact to n-region. (10)



4. In a silicon (χs = 4.15 V) MOS capacitor with an n-type substrate and a heavily p-doped
polysilicon gate (Ef = Ev), the substrate doping is Nd = 1017cm−3 and the oxide thickness
is 5nm. The charge on the gate of Qg = −10−7 C/cm2.

(a) Determine the state of the channel region (accumulation, flat-band, depletion, strong
inversion, etc.). (10)

(b) Sketch the charge density, electric field and energy band diagram for the system.
(10)

(c) Determine the applied gate to substrate voltage. (15)


