
Quiz 3 ELEC 4705
Tuesday, Nov. 10, 2015

1. (10 marks) Diodes

(a) Show the physical structure of the PN junction, including the depletion region and
exposed dopants.

(b) Draw the band structure of the diode under the following conditions clearly showing
the applied voltage V (bias) and Fermi levels:

i. In equilibrium (no bias)

ii. Under forward bias

iii. Under reverse bias

(c) Explain the physical reason for the non-linear I-V relationship in a diode?

The primary reason for the exponential increase in the current as the
voltage is changed is that the current is due to minority carrier injection
over the barrier created by the mismatch in the band structures of the
n and p regions. The probability of an electron having enough energy
to diffuse over this barrier is exponentially related to its height.
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2. (8 marks) Transistors

Using an NPN transistor and an n-channel MOSFET, contrast the BJT and MOSFET.
Specifically:

(a) Sketch physical devices labelling the terminals and semiconductor type.

Figure 1: left: BJT. right: MOSFET

(b) For the BJT during normal operation what is the carrier transport mechanism
across:

i. The EB junction?
diffusion due to carrier concentration difference

ii. The CB junction?
drift due to large E field sweeping minority carriers to collector

(c) Are the BJT junctions forward or reverse biased?

i. EB: forward biased

ii. CB: reverse biased

(d) For the MOSFET are the source/substrate and drain/substrate junctions forward
or reverse biased in normal operation?

both reverse biased

(e) For the MOSFET what is the carrier transport mechanism between the source and
drain during normal operation?

Drift due to the voltage across the source and drain.

(f) Explain pinch-off. Which device is this relevant for?

For a MOSFET, if the drain voltage is raised above VDS,sat, the voltage
across the gate at the drain end becomes less than Vth and the inversion
layer becomes very thin (low electron density).
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3. (7 marks) Optics

(a) Give two advantages of optical transmission with respect to electrical transmission.

Two of: Greater bandwidth, faster, no EMI, glass cheaper, smaller,
lighter, less attenuation

(b) Give one disadvantage of optical transmission with respect to electrical transmis-
sion.

One of: Glass more fragile, signal must be converted to and from elec-
trical.

(c) For a waveguide, what are modes? Why do they exist? What are their implications?

i. Maxwell’s equations show that light can only propagate at certain
frequencies with certain forms inside a waveguide. These are called
the modes.

ii. Each mode travels at its own velocity, there will be dispersion,..

(d) What is a ridge waveguide? What systems use them?

A ridge waveguide is an on-chip waveguide made with a raised rectan-
gular section, typically silicon on insulator.
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