ECEN 4228: ProblemA.15 1

In the CMOS circuit shown in Fig. 1, the device parameters are: 11,Co = 50uA/V?, ppCoz =
16pA/V2 vy =5, = 0, Ay = Ay, = X = 0.02 (WV), Vi, = =V}, = V; = 1V. The supply voltage is
Vpp = 5V. Thetwo input voltages have DC bias components V1, Vi2, and the signal components v;1, v;2.
The device sizesW/L in um/um are shown in Fig. 1. State the approximations you made in solving the
problem.

a) For Vj; = Vi, = 1.4V, resistance R is selected so that all devices operate in the active mode. Find
the DC bias currents I, I, I3, Ir, and the DC bias voltages V,, V;,. Find R.

b) ForV;; = Vi, = 1.4V and Rfoundin (a), find the range of the output voltages Vomin < Vo < Vomaz:
such that all devices operate in the active mode.

In parts (c) and (d) of the problem, you can assume that the circuit operates at the point found in (a),
and that V, is such that all devices are active.

¢) Find the parameters g.n1, Tas1, gm2, Tas2, iN the small-signal models of the devicesM1 and M 2.

d) Find the small-signal output v, as a function of the small-signal inputs v;1, v;2. Find the output
resistance R,,;.

e) If Vi1 =5V andV;, = 0V, and R isasfoundin (a), determine operating modes of all devices. Justify

your answers.
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