ESE 355: VLSI System Design

Midterm1 – Spring 2003

Instructor: Alex Doboli, PhD

1) Design a static CMOS circuit for adding two 2-bit numbers (10 points). Describe two ways of minimizing the number of transistors in the circuit (10 points). 

2) Consider the static CMOS circuit for a 3 input NOR gate. 

a) Size the NMOS & PMOS transistors of the NOR gate such that the NOR gate has the same tpHL and tpLH as a CMOS inverter with following dimensions Wp = 9 and Wn = 3. Under what assumptions is the sizing correct? (10 points)
b) Draw the stick diagram of the gate layout. (10 points) 

c) Considering the transistor dimensions calculated at 2.a) and the gate layout designed at 2.b) estimate the propagation delays tpHL and tpLH for the NOR gate assuming distributed layout parasitics. (20 points)
Useful Constants: 

i. Overlap capacitance: NMOS = 0.31fF/um, PMOS=0.27fF/um.

ii. Bottom junction capacitance: NMOS = 2fF/um2, PMOS=1.9fF/um2 .

iii. Sidewall junction capacitance: NMOS=0.28fF/um, PMOS=0.22fF/um.

iv. Gate capacitance: NMOS=PMOS=6fF/um2 .    

3) a) Design a static CMOS circuit for a 4-bit palindrom recognizer. A 4 bit bitstring b3b2b1b0 is a palindrom, if and only if b3b2b1b0= b0b1b2b3. For example the bitstring 0110 is a palindrom, but the string 1011 is not a palindrom. (10 points).  

b) Size the transistors of the palindrom recognizer circuit, such that it has the same propagation delays tpHL and tpLH as a 2 input NAND gate with following dimensions: PMOS transistors: Wp = 18 and NMOS transistors: Wn = 6 (20 points). 

c) Show the pseudo NMOS circuit for the palindrom recognizer (10 points). 

