Exercise 0519 for ‘“Semiconductors”

Problem setting: 28/04/2021 Hi# 2021 4 A 28 H
Solution submission deadline:  19/05/2021 f#&RHMKR 2021 £S5 H 19 H

I General notes / —fgHIE=

The text part in the answer should be typed (not handwriting) in English or Japanese. The scoring does not depend on
the language. It doesn’t matter if you are good at grammar, vocabulary, or sentences, but if I cannot catch the meaning,
the scoring will get deducted regardless of English or Japanese. The answer sheet should be in small-sized (hopefully
less than 1 MB) PDF format, which can be appropriately displayed by Adobe Reader. The file of the answer should be
submitted through ITC-LSM.
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I As for these problems / SEIDEEICD W T

We have three problems this week as the time for submitting the solutions is three weeks. For your answers, you can
select two of them. Giving the solutions for all of the three is of course OK. In that case, I take the top two scores from

the results.
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0519-1 Effective mass

Vo

a. Consider the Kronig-Penny potential drawn above. Numerically calculate the lowest four bands in energy and
obtain the effective masses. You can assume the ratios between L, W, and 1} at your convenience.
b. Explain why the effective mass of the electrons in crystals can be lighter than that of electrons in vacuum. Use the

equation of motion for the explanation.



0519-2 Carrier statistics

In the conduction band, Si has six valleys, each position of which places
5_2 ( k2 + ki N k_g ) the point slightly inside the first Brillouin zone edge from an X-point to
I'-point (see the figure). They are degenerate having a spheroid shape.
k, The anisotropic effective mass is determined form the cyclotron reso-
nance to be 0.19m for transverse mass m; and 0.97mg for longitudinal
mass m;.
The top of the valence band is at I'-point. The constant energy sur-
T faces have warping and the averaged effective mass for heavy hole is

k mpp=0.49m¢, and for light hole m;;=0.16m.
y

fex a. Obtain the conduction band effective density of states N, for the
temperature 7.
b. Obtain the same (symbol V,)) for the valence band.
c. Si has the energy gap of 1.1 eV at 300 K. Find the np product at
300 K.

0519-3 Exciton

a. Calculate the binding energy and radius of the n = 1 and n = 2 free excitons in ZnS, which has m}=0.28m,
mj=0.5m¢ and €,=7.8. Would you expect these excitons to be stable at room temperature?

b. Calculate the difference in the optical wavelengths for the absorption peaks of the n = 1 and n = 2 excitons in InP,
which has Eg = 1.424 eV, m}=0.077mg, mj=0.2m¢ and €,=12.4.

(optical wavelength: wavelength of light in the vacuum)



