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Problem 2

Because of the non-linear characteristics of MOS transistors, it is difficult to analyze their
operation. Therefore, a minute range in the vicinity of the bias pdint is analyzed. This is referred to
as the small-signal analysis method. Figure 1 shows the small-signal model of a short-channel MOS
transistor. Here, the substrate bias effect is neglected, and let g, be the transconductance, 1, be the
output resistance, and vgs be the small signal component of the gate-to-source voltage. Symbols in

the figures can be found in the legend. Answer the following questions.

(1) Draw the small-signal equivalent circuit of the common-source circuit with a load resistance Rp
as shown in Fig. 2. In addition, express the voltage gain Ay, the input resistance Ry, and the
output resistance Rgy¢.

(2) Figure 3 shows the common-source circuit after replacing Rp in Fig. 2 with a constant current
source. Draw the small-signal equivalent circuit for it. In addition, find a formula for the voltage
gain Ay.

(3) A constant current source can be realized by a circuit shown in Fig. 4. Draw its small-signal
equivalent circuit. In addition, find a formula for the voltage gain Ay.

(4) The circuit shown in Fig. 5 is used to provide a gate bias V}, of the MOS transistor as a constant
current source in Fig, 4. In this circuit, the current I, is always equal to I,. Taking this inio.
account, show the differential gain of the differential amplifier circuit shown in Fig. 6.

(5) As shown in Fig. 7, feedback is applied to the differential amplifier circuit by using the

capacitors. Find the closed-loop gain of this differential amplifier circuit.
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