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Engineering 45
Exam #1 (75 pts.)
1) Short answer.
a) (6 pts.) Name the three primary bond types. Indicate if each bond type involves electron
sharing or electron transfer and if the bond is directional or non-directional.
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b) (10 pts) Using the two cubes provided, sketch the directions and planes listed below each.
Be sure to clearly label your sketches (directions and planes). Gron
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C) (4 pts.) Give a direction within the family of <411> dlrectlons that is orthogongl to both [110]
and [221].
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d) (6 pts.) Chromium (Cr) and nickel (Ni) have the same atomic radius of 1.25 A but differ in
structure, Ni being fcc and Cr being bce. Calculate the atomic density for Cr and Ni. Your

answer should be in units of atoms/cm®.
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e) (6 pts.) Beryllium (Be) has a hexagonal close packed (hcp) structure with a c/a ratio of 1.58.
Calculate the atomic packing factor (APF) for Be. Assume that the lattice parameter a is

equal to twice the atomic radius of Be, rge.
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__2) BaO has the NaCl crystal structure with a lattice parameter of 5.50 A. O has an ionic
radius of 1.32 A.
a) (2 pts.) What is the Bravais lattice associated with BaO? 2
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b) (4 pts.) What is the ionic radius of Ba®*? lf r]
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¢) (5 pts.) What is the ionic packing factor (IPF) of BaO?
& 3 3
43 T(Mge®+ )

a3

1p

Lnloas)?ac 1-32)%)

\5.50 )3

= O.ég_él




3) You have discovered an unknown crystalline substance whose external morphology

indicates that it is a cubic material. A diffraction pattern of this material, using radiation of

wavelength 1.54 A, provides the following data for the first six reflections:
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a) (8 pts.) Is this material simple cubic (sc), body-centered cubic (bcc), or_face-centered cubic
(fcc)? Recall that diffraction occurs for all planar indic
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b) (4 pts.) What is its lattice parameter?
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4) Ge and GaAs are semiconductors with energy band gaps of 0.66 eV and 1.4 eV, «
respectively. At 300 K the intrinsic resistivity p; of Ge and GaAs IS 50 ohm-cm and 3x1Q8 ohm-
cm, respectively. Copper (Cu) is a metal with a resistivity of 8x10 ¥ ohm-cm at 300 K.in its pure

form.

a) (5 pts.) Explain why the resistivities of Ge, GaAs, and Cu differ so much at this

temperature. A, game temp
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b) (5pts.) What is the resistivity of pure copper at 1000 K? Assume that its resistivity
approaches zero at 0 K.
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c) (5 pts.) What is the resistivity of Ge at 1000 K. Recall that the intrinsic carrier

concentration in a semiconductor n; is given by n;= noexp[ Ec/(2kT)}, where ng is a constant, Eg
is the energy band gap and k is equal to 8. 62x10°° eVIK.
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O\ (5 pts.) In an intrinsic semiconductor the Fermi energy, E, is located in the middle of the
rgy band gap, Es. However, the introduction of donor impurities moves the Fermi energy

D d the conduction band and at a particular temperature Eg comcndes wnh the donor energy
l Eo. If the sulfur donor concentration Np in a GaAs crystal is 2x10'® ecm™, at what
temperature will E¢ coincide with Ep? In the extrinsic region the carrier concentratnon nis
given by n=Npexp[-(Es-Ep)/kT], where Es-Ep is equal to 0.007 eV for sulfur donors. ..o~
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