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1. The inversion of an inverter occurs in the saturation region of both p- and n-transistors. In the saturation region, IDSn = n (VGS-Vtn)2/2 for an n-transistor with a positive Vtn, and IDSp = -p (VGS-Vtp)2/2 for a p-transistor with a negative VGS and a negative Vtp, where n = noxWn/toxLn and p = poxWp/toxLp. Also define the “inverter size” as S = n /p. Derive the inversion voltage as a function of S, Wn, Ln, Wp, Lp, and other possible parameters. (25%)
2. The left figure shows the characteristic curves of an nMOS and a CMOS inverter respectively. They can be approximated by piece-wise lines, PWL(0 3 0.5 2.9 0.6 1.1 3 1) and PWL(0 3 1.3 2.9 1.7 0.1 3 0). Please redraw them to the middle and right figures to find the static noise margins (SNM) with respect to the interconnections shown in the associative schemetics. (25%)
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3. Define the legend and draw the stick diagram of CMOS gate aoi31,
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, according to the Euler-path-oriented single-diffusion-line standard-cell layout style. (25%)
4. Draw the waveforms of the input and the output of an inverter to illustrate the rise time, fall time, output-rise delay time and output-fall delay time. Remember to denote the required key parameters or numbers. Also give the .MEAS directives for measuring the four parameters. (25%)
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