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ECSE-2210 Microelectronics Technology
Class Activity 8 — Solution

Name three generation and three recombination processes. Which one is more
common in Si and Ge? Which one is more common in GaAs?

Carrier generation by Band-to-band transitions, carrier generation through R-G
centers, and carrier generation via impact ionization.

Recombination process from Band-to-band, recombination process through R-G
center and Auger recombination.

In Si and Ge, R-G center recombination-generation is more common or dominant.

In GaAs, band-to-band generation and recombination is the dominant mechanism

Explain what “direct band-gap” and “indirect band-gap” semiconductor mean. (One
sentence each)

In direct band-gap semiconductors, the electron-hole (EH) pairs recombine via band-
to-band recombination emitting the energy as radiation. The momentum of electrons
and holes are the same.

In indirect semiconductors, the EH pairs recombine via an R-G center, and the energy
is given out as heat to the lattice. Both a change in momentum and change in energy
are involved in these transitions.

An n-type silicon sample is doped such that the doping concentration decreases
exponentially from 10" em™ to 10" cm™ as x increases from zero to x; (see the figure
below). The sample is in thermal equilibrium. The magnitude of the electric field
inside Si between x = 0 to x = x; is: (Choose one). Explain your choice.

(a) Linearly decreasing
(b) Linearly increasing
(c) Constant

(e) Exponentially decreasing Np (cm™)
(f) Zero -
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The direction of E-field is in the

(positive x, negative x: choose 10"
one) direction. i
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The magnitude of the electric field is constant since E = (1/q) dEi/dx. Since n varies

exponentially, the band diagram should vary in a linear fashion, so the slope dEi/dx is
constant. The direction is in the positive x direction.



4. In question 4, indicate the direction of the electron diffusion current density, and
electron drift current density. What is the sum of these two currents? Explain.
The electrons will diffuse in the positive x direction since we have more of them on
the left side (see figure). So, the electron diffusion current will be in the negative x
direction since each electron has negative charge. The drift current will be opposite to
this since the total electron current has to be zero under thermal equilibrium.

5. In question 4, indicate the direction of hole drift current density and hole diffusion
current density. What is the sum of these two currents? Explain.
Since the electron concentration decrease with positive x, the hole concentration
should increase with positive x (remember np = n;®). So, hole diffusion will be in the
negative x direction since we have more of them at increasing x position. The hole
diffusion current will also be in the negative x direction since holes have positive
charge. The drift current will be opposite to this, i.e., in positive x direction since total
hole current should be zero under equilibrium.
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6. The electron mobility in an n-type Si sample is 1200 cm?/Vs. Calculate the electron
diffusion coefficient in cm?/s.
Einstein’s Equation gives D/u = kT/q
D =1200 cm’/Vs x 0.026 V =31 cm’/s
Note: k7/q=0.026 V; use proper units for &, T and g.

7. Show that Dy/u, = kT/q.
See pages 101 and 102 in the textbook for detailed proof.



