ECE Written Qualifying Examination, Circuits Spring 2018
1. 7 points
The following NMOS circuit is biased for drain current Ib=1mA using the battery of
voltage Vpp=9V. Assume the transistor is described by
Ip=k(Vgs-Vth)*(1+AVps)
with
k=107, Vth=1 and A=0.2 (use output conductance g,=Alp)
a) Determine Vps at bias.
b) Determine Vgs and Rb at bias.
c¢) With frequencies such that all capacitors shown act as shorts, give the small signal
voltage gain, vo/vi.
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2.7 points

An Operational Transconductance Amplifier (OTA) is described by the property that no
current flows into the input (+ & - terminals) and has output current (directed into the
OTA) as io=gm(v+ - v.) where gm is the transconductance.

For the following OTA circuit find the open circuit voltage gain, vo(s)/vi(s), and discuss
the possibility of this forming an oscillator. [note that the node voltage V1 is labelled for
convenience and should not be part of the answer].
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3. 6 points
A tunnel diode is described by its current ig versus voltage vq by the equation

ia=0.1va(va® - 10.5va + 30)

for which the derivative is diag/dve=0.3(v4-2)(ve-5). It has a load current y given by
y=m.vqd + YO

These curves are plotted below [followed by the bottom figure giving detail near the
intersect points.

a) Determine m and Yo for the load line (given that it passes through the local minimum
of i at vq=5).

b) Give the current and voltage values at the middle intersect point.

c¢) Determine the small signal conductance at the middle intersect point.
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