
Exam1 – EE528
Fall 2010

The test is take home and is due at the beginning of class on Monday 11/15. If you have any
questions or comments, contact me; do not discuss problems with other people. I encourage you to
use GoPost for questions. I will check it regularly, and will post comments/corrections/hints there.

Show all work. Be sure to state all assumptions made and check them when possible. Please limit
your active working time (which includes looking up material in text, etc.) to 12 hours total.

1. Investigations were undertaken on an unknown substitutional impurity “A” in silicon. Its be-
havior was characterized by measuring diffusion of marker layers of “A” and Sb (donor with
fI = 0.02) at a constant temperature simultaneously as point defect injection/extraction was
varied in samples with various uniform background doping levels. Assume that CICV = C∗I C

∗
V .

All diffusivity values are normalized to Sb diffusivity in intrinsic silicon (Di∗
Sb). Note that the

first five rows in the table are for inert annealing conditions.

(a) State what you know about “A”. Where on the periodic table would you expect to find
the element “A?” Suggest likely candidate(s) for the identity of “A”.

(b) If n/ni = 0.1 and DSb/D
i∗
Sb = 2, what would the diffusivity of impurity “A” be?

n/ni DSb/D
i∗
Sb DA/D

i∗
Sb

0.02 0.53 152
0.1 0.57 32
1.0 1.0 5.0
4.0 2.44 2.75
20.0 10.1 2.15
1.0 0.30 40.1
1.0 0.30 20.2
1.0 1.97 4.0
10.0 1.16 6.7

2. In boron-doped Czochralski Si, BO2 complexes form and act as recombination centers, degrad-
ing the performance of Si solar cells. O in Si normally sits as neutral atom in bond-centered
interstitial sites (Oi), and the BO2 complexes contain one B substitutional and 2 interstitial O
atoms (also called BO2i). The BO2 can either be neutral or negatively-charged, with a charge
state at E0/− = EFi−0.1 eV. Oi is much more mobile than B, so assume that at temperatures of
interest, B is immobile and the concentrations of native point defects (I and V) are insignificant.

(a) Derive an expression for the total equilibrium concentration of BO2 complexes as function
of concentrations of Oi and Bs and the formation enthalpies and entropies (separate out
configuration energies and specify your assumptions regarding structure of BO2i). Assume
Boltzmann statistics.

(b) If the formation entropies are 2k for Bs, BO, BO2, and Oi, give an algebraic relation between
the formation enthalpies if the equilibrium concentration of BO2 at room T is 1012cm−3

when the total B and O concentrations are 1016 and 1018cm−3, respectively.

(c) Write a set of reactions and associated continuity equations describing this system. Use kf
i

and kr
i as reaction rate constants, and Ki as equilibrium constants.
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(d) Assuming that the B/O pairing reactions is near equilibrium, reduce the system to three
continuity equations in terms of three solution variables (e.g., concentrations of unpaired B,
unpaired O and BO2). Apply approximations appropriate based on parameters calculated
above.

(e) If reactions are diffusion limited with capture radius a, give an expression for the rate of
formation of BO2 complexes in terms of your solution variables. The result should be a full
set of continuity equations that are ready to solve once parameter values are specified.

3. One model developed for thin oxidation kinetics assumes the formation of a compressively
strained region near the SiO2/Si interface. Consider oxidation in dry O2 in which O2 domi-
nates the diffusion and interface reaction. In the strained region, the O2 diffusivity is reduced
by a factor α < 1 and the solubility by a factor β < 1. The concentration of O2 in SiO2 near
the gas/oxide interface is given by its solubility C∗O2

. Assume that there is first order reaction
(linearly proportional to the concentration of O2) with rates ki at silicon interface forming SiO2.
The oxide has a molecular density of NSiO2 .

(a) Determine an expression for the rate of growth of the oxide as function of the overall oxide
thickness and the thickness of the strained layer. Assume quasi-steady-state conditions
(film thickness varying slowly enough that oxidant distribution is given by steady-state
distribution for that film thickness).

(b) If the thickness of the strained layer is given by a [1− exp(−t/τ)], derive an expression for
growth rate as a function of time. Compare your result to the Deal-Grove model.

4. Silicon is implanted at an energy of 10keV. Assume that damage is generated uniformly along the
the path of each ion and that all of the ion energy is lost to nuclear collisions (S = Sn =constant).
Include self-annealing such that 40% of generated I/V pairs recombine during the implant pro-
cess.

(a) Assuming a Gaussian distribution with Rp = 15 nm and σ = 10 nm, a threshold damage of
10% of Si atom density, and a dissociation energy of 15 eV within Kinchin-Pease model,
what would be the range of the amorphous-crystalline layer (if any) for a dose of 1015 cm−2?

(b) Estimate the excess diffusion (Dt) due to damage from this implant for a buried lightly-
doped B layer after 1s RTA anneal at 1000◦C. Use parameters from the text as needed
(cite page).
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