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1. Plot the transfer characteristics vp as a function of v, for the circuits as shown in Fig. [(a), (b), (c), and (d).
Use the constant-voltage-drop model, 1.e. 0.7-V model, for all diodes in the figures. (20%)

2. Assume all op amps are ideal in Fig. 2. (20%)
{(2) Find v, in Fig, 2, where R, = 10k}, R;= 20k}, R ;= 30k, R,= 40kQ, Rs= 10k, R,=20kQ,
R;=10kQ, R.= 30k, Ry= 10kQ, R, = 40kQ.
(b) Use only two ideal op amps to re-design a weighted summer which has the same function found in (a).
The smallest resistor used in this weighted summer should be 10kQ.

3. Describe the negative feedback action of Rz to stabilize the bias current in Fig. 3 by considering that the
ernitter current increases for some reason. (10%)

4. Tig. 4 is a typical structure of the enhancement-type NMOS transistor. Assume =016 £m, L=0.13 e m,
and 1 =2 nm, The permittivity of the silicon dioxide is 3.9&,, and &, = 8.854x1("*F/m. The overlap length
from the extension of the source and drain diffusions under the gate oxide is Ly, and L,y = 0.05 L. (30%)

(a) Find the approximate gate capacitances, Cy, Cgq, and Cyy, as the MOSFET operates in the triede region
for small vps.

(b) Find the approximate gate capacitances, Cy;, Cgq, and Cyy, as the MOSFET operates in saturation
region.

(c} Find the approximate gate capacitances, Cg, Cgg, 8nd Cgp as the MOSFET is cut off.

(d) Write down a brief run sheet and draw the cross sections of important steps 10 make the NMOS
transistor in Fig. 4 from a bulk silicon wafer by standard VLSI fabrication technology.

5. The transistors in Fig. 5 have Vg =0.7 Vand 5=100. (20%)

(a) Do the DC analysis in Fig. 5, and determine which modes do (, and Q; operate?
(b) Find i, goeq, vo/vi, and Rin.
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