Semiconductors for Al, Practice Questions

Consider a thin semiconductor crystal with two different metal contacts of equal area on
either side. Let’s assume the semiconductor is uniformly electron donor doped, and the two
contacts make Schottky junctions. This is a metal-semiconductor-metal device detailed by
researchers at Bell Labs over 50 years ago. Such devices are of great interest in conventional
electronics, opto-electronics as well as emerging Al hardware such as photodetectors for
autonomous vehicles (see discussions on LIDAR in popular literature for example). We are
going to break down the physics of this device in the following set of questions.

Draw the band diagram at equilibrium for this device. Mark all the relevant regions
including the depletion widths. Indicate how the junction is distinct on either side due
to the two different metal contacts.

What happens to the device when a voltage is applied across the device? Indicate how
the band diagram is modified. Note there are two Schottky junctions in this problem.
Indicate the condition under which we reach flat band condition. What happens to the
device when the voltage far exceeds this limit?

Derive an expression for the critical voltage at which the entire slab is depleted.
Derive an expression for the flat band voltage condition

Derive an expression for the hole current at voltages exceeding the critical voltage for
the slab to be fully depleted. Assume thermionic emission model.

Derive an expression for the capacitance of this device as function of voltage. Explain
your results intuitively in addition to what you get mathematically.

What happens to the capacitance when the slab is fully depleted?

Compare your analysis with the seminal Loya et al 1971 paper we have discussed in
class.



