VLSI 100 Questions
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1. State Moore’s law.

2. Design the 4:1 multiplexer circuit using TG switches.

3. Design a 4:1 mux using three 2:1 TG multiplexers.

4. Consider the 2-input XOR function. 
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a) Design an XOR gate using a 4:1 mux.

b) Modify the circuit in a) to produce a 2-input XNOR

5. Design a CMOS logic gate for the function   f= a.b+a.c+b.d
6. Design a NAND3 gate using an 8:1 mux
7. Design a NOR3 gate using an 8:1 mux as a basis.

8. An  interconnect line is made from a material that has a    resisitivity of  
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 The interconnect is 1200 Å thick, where 1 Angstrom is 10-8 
[image: image6.wmf]cm. The line has a width of 0.6 
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m long.Calculate the sheet resistance Rs of the line and also find the line resistance for a line that is 125
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m long.
9. A sample of silicon is doped with arsenic with Nd = 4 x 1017 cm3. Find the majority carrier density, minority carrier density and calculate the electron and hole mobilities and then find the conductivity of the sample.

10. A  region of silicon is doped with both phosphorus and boron. The p-doping is Nd = 2 x 1016 cm-3 while the B-doping level is Na =6 x 1018 cm-3. Determine the polarity(n or p) of the region, and find the carrier densities.

11. A CMOS inverter is built in a process where
K’n = 100 
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2                     VTn = +0.70 V

K’p = 42 
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2                       VTp = -0.80 V

and a power supply of Vdd = 3.3 V is used. Find the midpoint voltage if (W/L)n = 10 and (W/L)p = 14.

12. Four nFETs are used as pass transistor . The input voltage is set to Vin=Vdd=5V and it is given that Vth= 0.75V. Suppose that the signals are initially at (1,1,0,0) and are then switched to (0,1,1,1). Find the value of Vout.
13. Design a tri-state circuit that is in a high-impedance state when the control signal T=1, and acts as a non-inverting buffer when T=0.

      A CMOS inverter circuit has the following characteristics. 
CL  =100fF.        tr= 123.75 ps.


            CL  =115fF.        tr= 138.60 ps.  

     The inverter is designed to  be symmetric with 
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p and  VTn =| VTp|

a) Find the FET resistance Rn=Rp and then internal FET capacitance CFET
b) Find the expression for tf= tr for the circuit.
14. Design a driver chain that will drive a load capacitance of CL  =40pF , if the initial stage has an input capacitance of Cin  =50fF.Use ideal scaling to determine the number of stages and the relative sizes.
15. Draw and explain the DCcharacteristics of CMOS inverter
16. Give the five regions of operation of CMOS inverter and explain the modes of PMOS and NMOS in these regions of operations. Derive the expression for Vm

17. Explain the effect of variation in ratio of dimensions of nMOS and pMOS on DC characteristics of CMOS inverter

18. Derive the expression for 

a) Rise and fall time of CMOS inverter

b) Extend the results to any complex static CMOS gate

19. Explain the conduction of
a) Logic 1 and Logic 0 through NMOS

b) Derive the expressions for rise time and fall time for the given pass transistor logic

c) Draw and explain the working of BICMOS Inverter

d) Two inputs NOR gate

20. Explain the terms logical effort,electrical effort, path electrical effort and path logical effort
21. Derive the scaling factor and number of stages for minimum delay in case of cascaded inverters

22. An inverter uses FETs with 
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n =2.1 mA/V2 ,
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p= 1.8 mA/V2. The threshold voltages are given by VTh= +0.60V and VTp= -0.70V,Vdd = 5V. The parasitic capacitances at the output node is CFET= 74fF. Find the

a) midpoint voltage

b) values of Rn and Rp

c) the rise and fall times at the output node when CL=0

d) the rise and fall times when an external load  CL=110fF.

e) Plot tr and tf as a function of CL
f) 
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23. Design a BiCMOS circuit that has VOH=VDD and VOL=0V by keeping the basic structure discussed , but modifying the output circuit.
24. Two series-connected pFETs have a common capacitance of 48 pF. The transistors have 
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p= 2501.8 
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A/V2 and VDD-|VTp| = 2.65 V. The transistors are used in both a standard AOI XOR circuit and a mirror-type circuit., with a total output capacitances of Cout= 175fF at the output node. Find the values of tLH for both designs.

25. Consider a CMOS process that is characterized by VDD=5V,VTh=0.7V, VTp= -0.85V, K’n = 120 
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2  , K’p = 55 
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2. A pseudo-nMOS inverter is designed using an NFET aspect ratio of 4.Find the pFET aspect ratio needed to achieve VOL=0.3V. Suppose that we select a pFET aspect ratio of (W/L)p = 3. Find VOL for this case.
26. Consider the problem 25. Design a NAND2 gate and a NAND3 gate that both have VOL=0.4V. The pFET is specified to have an aspect ratio of 2. Then compare the transistor area of the two gates.
27. A CPU clock Ø
[image: image20.wmf]has a frequency 2:1 Ghz. What is the period of T?
28. The output of an nFET is used to drive the gate of another nFET. Find the output voltage Vout when the input voltages a) both 3.3V   b) 0.5V and 3.0Vc) 3.3V and 1.8V

29. A full adder accepts inputs a,b and c and calculates the sum bit

                                     s=a
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            Use the mux based gates to design a circuit with this output

30. Construct an MODL circuit that provides the two outputs

               F=a.b      G=(a.b).(c+d)

31. Find the CVSL gate for the function table below  by constructing an nFET logic tree 

	f
	11010011

	c
	01010101

	b
	00110011

	a
	00001111


VDD





Cout= 84fF





Vin








_1217838330.unknown

_1217839333.unknown

_1217839992.unknown

_1217849865.unknown

_1217851136.unknown

_1217851708.unknown

_1217840013.unknown

_1217839375.unknown

_1217838658.unknown

_1217839306.unknown

_1217838565.unknown

_1217837952.unknown

_1217837973.unknown

_1217837870.unknown

