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Exam #1 — EE 482
Winter 2011

The test is open book/open notes. Show all work (use back if needed). Be sure to state all
assumptions made and check them when possible. There are 4 problems on 4 pages. The
number of points per problem are indicated in parentheses. Assume 7' = 300K unless otherwise
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1. Consider semiconductors -

with the band structures
shown to the right. T
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(a) Which material would have the larger conduction band effective density of states?
Explain. ( )
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(b) Which material would have the largey hole mobility 1f the scatterlng lifetimes are
equal? Explam (6)
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Wthh material would have the larger intrinsic carrier concentration (n;)? Explain.
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2. A silicon wafer is uniformly doped with 5 x 1017cm™3 of boron. A region near the surface
is doped nearly uniformly to a depth of 100 nm with 1.5 x 10'8¢cm=3 of arsenic (in addition
to the B), with negligible As doping deeper in the wafer (“box-shaped” doping profile).

Recombination lifetimes are 7, = 2us and 7, = 1us in the As-doped region and 7, = 6us
and 7, = 3us in the bulk of the wafer with only B doping. Assume traps dominating
lifetime are near midgap.

(a) What are the carrier concentrations and resistivity of the As-doped region in equi-
librium? (8)

A= . f g
f\[0l~f\[a_ = /le()'g» O‘S"»q()E ﬁ,/of Gia™ * = .

_ N2 I A . /nZ. -3
Ps = (/V)D = [0 m/@ﬁ’w-'&»!’ﬁ?w

)\WMEQX/()[?@/H’?} o M, gﬂz%&m%%j (/MWW{MMVM J
/

/
- g * 7 - = 0,030
ot f {/”MOW{;/),) 7 AN, (161 e Ym0 2 ) (9% ﬁM/JfJ;_

(b) If ideal ohmic contacts were made to the As-doped region, what sheet resistance
would be measured? (6)
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(c) If light incident on the wafer generates 102° carriers/ (cm®s), unifrmly, what would
be the steady-state carrier concentrations in the As-doped region? (8)
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(d) Would the resistivity increase, decrease, or stay about the same under conditions of
(c)? Explain. (5)
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3. A Si wafer is doped with Ny(z) = 10'® exp(—xz/a)cm™3, where a = 20nm.

(a) Assuming charge neutrality, what are the majority carrier drift and diffusion current
densities in equilibrium at = aln 107 (20)
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(b) What is the net charge density at = = aIn10? (5)
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4. Contact is made between Pt (¢ = 5.3eV) and Si doped with both 107cm=3 of B and
also 107ecm™* of Co (a deep acceptor with ionization level located 0. 39 eV above the
valence band maximum). There is a large density of states near the metal-semiconductor
interface which pin the Fermi level 0.35eV above the valence band maximum.

(a) What is the semiconductor work function? (IO)
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(b) Sketch the band diagram for the metal-semiconductor junction in equilibrium. Label
all bands and show Fermi level, (10)

(c) What is the barrier (if any) for majority carriers to go from the semiconductor to
the metal? Is the junction ohmic or rectifying (Explain)? (8)
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