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Part-I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) Does the body effect of a process limit the number of transistors that can be placed in 

series in a CMOS gate at low frequencies? 
 

 b) What is channel resistance? Discuss how it varies with the gate-to-source voltage.  
 c) What is the LOCOS and Shallow trench isolation process during IC fabrication?  
 d) What is design rule and what is the need for design rule.  
 e) What is twin-tub process? Why it is called so?  
 f) Explain Critical path delay.  
 g) You are considering lowering VDD to try to save power in a static CMOS gate. You will 

also scale Vt proportionally. Will dynamic power consumption go up or down? Will 
static powerconsumption go up or down? 

 

 h) Why is CMOS NAND logic better compared to CMOS NOR logic? Explain with the help 
of transistor sizes. 

 

 i) What is glitchingtransitionsin CMOS implementation?  
 j) What is thetransition probability of a 2-input static CMOS NOR gate?  
    
  Part-II  

Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 
 a) Discuss the MOSFET modeling with level-1 and level-2 model parameters.  
 b) What do you mean by threshold voltage in a MOSFET? Derive an expression for the 

same. 
 

 c) What are the purposes of metallization in IC fabrication? What are the 
desiredproperties of the metallization process integrated circuits? What are the 
materialsused for metallization? 

 

 d) Explain the fabrication of SiO2 using the wet oxidation technique. Discuss its relative 
merits and demerits over the dry one. 

 

 e) What are the different MOSFET capacitances? Discuss each of them with their origins.  
 f) Design a 3-input NOR gate with transistor widths chosen to achieve effective rise and 

fall resistance equal to that of a unit inverter. 
 

 g) Calculate the delay of a FO4 (fan-out-of-4) inverter. Assume that the minimum size 
inverter with no load is 15 ps. 

 

 h) Design of AND/NAND gate using complementary pass transistor logic (CPL).  
 i) Calculate the dynamic power dissipation of a CMOS inverter operating at 200 MHz. 

The power supply voltage is 2.0 V and the load capacitance is 10 fF. If the delay 
through the inverter is 10ps then calculate the power delay product (PDP). 

 

 j) Assuming the inputs to an N-input XOR gate are uncorrelated and uniformly 
distributed, derive the expression for the switching activity factor. 
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 k) Design a 4:1 MUX by using pass transistor logic.  
 l) Implement F = ABC + ACD(and F) in Differential Cascode Voltage Switch 

Logic(DCVSL). Assume A, B, C, D, and theircomplements are available as inputs. Use 
the minimum number of transistors. 

 

    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3 a) Define switching threshold voltage and derive an expression for threshold voltage of a 
CMOS inverter. 

(8) 

 b) Calculate the threshold voltage VTO at VSB=0 V, for a polysilicon gate n-channel MOS 
transistor, with the following parameters: substrate doping density NA = 1016 cm-3, poly-
silicon gate doping density ND = 2× 1020 cm-3,gate oxide thickness tox = 500 Angstrom, 
and oxide-interface fixed charge density Nox= 4× 1010 cm-2. 

(8) 

    
Q4 a) Identify the different types of exposure techniques used in lithography processes? A 

proximity printer operateswith a 10 µm mask-wafer gap, and a wavelength of 430 nm. 
Another printer uses a40 µm gap with wavelength 250 nm. Which offers higher 
resolution? Describe themask generation process. 

(8) 

 b) Develop layout for a CMOS NAND gate in an n-well process that has active, p-select, 
n-select, polysilicon, contact, and metal1 masks. Include the well contact to VDD, 
consider Lambda ( ) - based design rules. 

(8) 

    
Q5 a) In a CMOS inverter, assume that K’n=20µA/V2,(W/L)n=10/1, K’p=0.4 K’n,(W/L)n=10/1 

and VDD=5V.The inverter drives a load capacitance of 150fF. 
(i) Find high -to -low propagation delay? 
(ii) Find low –to-high propagation delay? 
What should be the dimension of the PMOS transistor such that both are to be equal? 
Ignore the effect of PMOS transistor’s size on the load capacitance of the Inverter. 

(8) 

 b) A CMOS metal layer with resistivity, ρ, 3x10
–6 
Ω-cm is 0.6 µm thick. It is used to draw a 

signal trace that is 100 µm long and 0.75 µm wide.  
(i) Calculate the sheet resistance, Rs, of this metal layer.  
(ii) How many “squares”, n, are in the signal trace? 
(iii) Use the results in (i) and (ii) to determine the resistance of the trace. 

(8) 

    
Q6 a) Design a CMOS circuit to implement the function 푓 = 푥 ∙ (푦 ∙ 푧 + 푧 ∙ 푤). Construct the 

schematic for the circuit using the minimum number of transistors. Also sketch the 
layout for this circuit. 

(8) 

 b) What is Pass Transistor Logic? What are its limitations? Implement a 2-to-1 MUX using 
pass transistor logic and compare this implementation with the transmission gate 
implementation in terms of number of transistors used in each implementation. 
 

(8) 
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