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1. (10 marks) MOSFETs

(a) Sketch the basic structure of a MOSFET (p-type substrate) in 4 states, making
sure to show the channel shape if it exists:

i. “Off” state

ii. “Triode Region”

iii. “Pinch-off”

iv. “Saturation”
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(b) Describe how a channel is formed. Which state does this correspond to?
i. The channel is formed by applying a positive voltage to the gate. This

voltage repels holes in the p substrate and attracts electrons to the
surface of the semiconductor under the gate. For large voltages the
surface becomes n-type and as n becomes larger than p, a channel is
formed.

ii. “Triode” state.

(c) Explain the difference between Depletion and Inversion. Which states do these
correspond to?

i. When forming a channel as described above, for voltages less than
V
th

the number of electrons attracted to the surface is moderate and
the primary effect is the repulsion of the holes creating a depletion
region under the gate and between the source and drain. Once the
channel is formed (n > p) as described above, inversion has occurred.

ii. Depletion)“Off” and Inversion)“Triode” state

(d) Sketch a typical I
D

vs V
DS

plot, and a typical I
D

vs V
GS

plot.
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2. (5 marks) Optics

(a) What confines light to the inside of an optical fiber? Explain.
i. Total internal reflection.
ii. We create an optical waveguide with a core and cladding with differ-

ent n’s. Choose n
clad

< n
core

.
(b) Give an advantage and disadvantage for both multimode and single mode optic

fiber.
i. Single mode has low dispersion but is expensive
ii. Multimode is inexpensive but has mode dispersion

(c) What is WDM and describe how it works. Do the same for TDM.
i. WDM: Wave Division Multiplexing. Divides the bandwidth in the

frequency domain. Uses more than one frequency (wavelength) of
light for transmission. Can use same fiber because the two light
beams won’t interfere with each other.

ii. TDM: Time Division Multiplexing. Divides the bandwidth in the
time domain. ie divides the clock period into timeslots. Each channel
has it’s own timeslot.

3. (10 marks) IC Fabrication and MEMS

(a) What is the difference between dry and wet etching?
• Dry etching: ions of a neutral material are accelerated toward the

surface and cause ejection of atoms of all materials
• Wet etching: chemical etchant is used to remove materail via a chem-

ical reaction
(b) Identify and describe two methods of doping a substrate.

• Dopant diffusion: Substrate is heated and particles driven down a
concentration gradient into the substrate.

• Ion implantation: Dopant atoms are accelerated toward the substrate
and enter due to their kinetic energy.

(c) How would we create an oxide layer on a wafer?
One of:
• thermal oxidation
• physical deposition (sputtering)
• chemical deposition (CVD)

(d) Describe a micromachining process to create a sacrificial layer. What would this
be used for?

i. Process:
• deposit a temporary layer of material (sacrificial layer that will

later be removed)
• deposit the structure material
• remove the temporary layer by selective etching

ii. Used to create parts that are “free” to move
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