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MTLE-6120: Spring 2023
Due: March 17, 2023

. Kasap 5.11: Ionization at low temperatures in doped semiconductors

Note that there are effectively three questions in that problem, listed out below for clarity:

(a) Show equation 5.85 for n-doping.
(b) Show that 5.85 reduces to 5.19 at low temperatures.

(c) Estimate 90% ionization temperature for Ga p-doping in Si.

. Kasap 5.18: Hall effect in semiconductors

Hint: maybe do part (b) first to get some intuition.
. Kasap 5.20: Compound semiconductor devices

. Semiconductor hall probe

We want to design a sensitive microscopic magnetic field sensor using the Hall effect in an n-type
semiconductor. Assume that we work with a doping level Ny > n; (so that hole contributions are
negligible), and in the rectangular geometry shown below.

Further, assume that we need 1 pym spatial resolution, so that we set L = W =1 pym. We also need
to operate using a voltage source with V' =1 V. The parameters we need to design are the thickness
d and the doping level Ny. Assume for simplicity that the electron mobility is pe = 1000 cm?/(Vs),
independent of Ny.
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(a) Express the sensitivity of measured Hall voltage to magnetic field, dVy /dB in terms of the device
geometry, voltage and mobility. Do not substitute any values yet.

(b) How does the sensitivity depend on the undetermined design parameters Nz and d? Which
material properties most affect this sensitivity?

(c) What is the condition on Ny - d such that the power dissipated in the semiconductor is less than
1 mW? Substitute values and express result in cm™2 units.

(d) These Hall probes are intended to be used in an array to map magnetic fields, and should ideally
all exhibit the same electrical characteristics. One issue is that if there are N dopants on average
per device, statictical fluctuations produce variations on the order of v/N. What is the condition
on Ny - d such that the variability of electrical characteristics is less than 1%? Substitute values
and express result in cm™ units.



(e) Set Ny - d to be the geometric mean of the minimum and maximum values determined in the
previous two parts. Calculate the sensitivity dV/dB of the Hall voltage to magnetic field in
V/T units.



