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Consider the following circuit. We want to amplify the signal, V,ig, which
we can assume is a 1 mV sine wave at 880Hz. The problem is that the wires
connecting the signal to our amplifier are susceptible to picking up stray volt-
age signals radiated by power wires at 400 Hz, a power frequency commonly
used on aircraft. We model this unwanted contamination of the signal as
a voltage source, V,.pmmon, With an amplitude of 5 mV. This very symmet-
ric configuration provides a differential gain which we hope will remove this
voltage that is common to both wires.

a. Start with a circuit that contains one transistor and two voltage
sources, and plot the characteristic curves of these transistors for Vpg or
Vsp from 0 to 15 V, and Vgg or Vg from 0 to 5 V in steps of 1 V.

b. Identify the function of each transistor in the circuit.

c. Now design the circuit so that the four transistors, M; through M,
have DC currents of 125 pA. Add resistors to the circuit specifically to
simulate the ry associated with M; and M,. Assume ro = 200 k€2 for both.
Why are these resistors needed to make the circuit work?

d. Test your design by plotting (1) the input signal (2) the voltage at
the gate of Mj (the negative input), (3) the voltage at the gate of My (the
positive input), and (4) the output voltage across the load resistor.

e. What is the voltage gain? What is the gain in dB?

f. The current through Mj5 is shared by both M3 and M. Why is this a
good idea? What would happen if there were a separate M5 for each of the



two paths?

g. Explore what happens if the transistors are not perfectly matched.
For example, try playing with W and L for one of the transistors, and try

playing with the ry values.
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