Midterm - ESE 355 

Instructor: Alex Doboli, Ph.D.

Friday March 8, 2002

1) Is it possible to layout the CMOS gate shown in the following figure such that the p- and n- diffusions follow the “line of diffusion” rule (such as the transistors in the p- and n- regions form an unbroken row in which abutting source-drain connection are made) when one poly wire per each input is used. If so, draw a sketch of the layout (stick diagram). If not, is it possible to redesign the n-block, keeping the same functionality of the gate, such that continuous diffusion abutment is possible. If so, draw the modified circuit, prove that the modified circuit has the same function as the original circuit, and draw the stick diagram of the layout of the modified circuit. (15 points)
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2) The CMOS inverter shown in the figure has a rise time of 3ns and a fall time of 1 ns.

a) Using the same technology design a minority-of-three circuit driving the same load C such that its worst-case rise and fall times are 1 ns. The minority-of-three circuit has three inputs and one output such that the output is high (low) whenever one of its inputs is high (low). Clearly show the dimensions of all transistors in your circuit (15 points).
b) Using the same technology design a majority-of-three circuit driving the same load C. The majority-of-three circuit has three inputs and one output such that the output is high (low) whenever at least two inputs are high (low). Assuming all PMOS transistors are made  times larger than the NMOS transistors, determine the expression of  that minimizes the propagation delay through the majority-of-three circuit (15 points). 


3) Design a bit-sliced circuit that compares two bit-strings an, an-1, …, a0 and bn, bn-1, …, b0 and returns the bigger one. Show the transistor level design of a bit-slice using complementary MOS circuits. Draw the stick diagram for the layout of one bit-slice. What disadvantages do you predict for this circuit? (35 points) 

4) Explain the voltage-transfer characteristics (VTC) of a static CMOS inverter if its output switches from VH to VL. What are the different operation modes of the PMOS and NMOS transistors? (20 points)   
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