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CPEC 5403/BCSE 3407 (Old)

Special Examination — 2012
VLSI DESIGN / VLSI SYSTEM DESIGN
Full Marks - 70

Time -3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions in brief : 2x10

Find the parasitic capacitance of a 100x100 pm pad that is realized with a
0.5 um thick metallization layer thatis 2 pm above the substrate.

Explain briefly the VLSI design flow by plotting Gajski’'s Y chart.

What is the difference between concurrent and sequential statements in
VHDL ?

What is need of scaling ? Explain the limitations of constant voltage
scaling.

Draw the circuit schematic of a (2x 1)-multiplexer using CMOS Transmis-
sion gates.

Make pseudo-nMOS implementation of any AOI gate and its corresponding
pull-down net.

Consider the logic expression out = a-b+c-d. Convert this to a suitable
electrically equivalent transistor-level schematic diagram using CMOS logic.

Define the noise margins for MOS inverters showing a graphical illustration.

Consider the design of a 16-input AND gate in static CMOS. Explain why
the 2-input design could not simply be scaled up ?

Using an FPGA discuss the programming required for implementation of a
2-input NOR gate.
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2. (a)

(b)

(b)

With the help of a suitable diagram explain a typical CLB available in the
FPGAs. 6

Draw a neat sketch of the cross-sectional view of an n-channel MOSFET
with all details. 4

Write the VHDL code for a 4-bit multiplexer where the selectlines s and s,
chose either input “a, b, cord” to appear on the output “x”, 5

Write the VHDL code for a positive edge triggered d-type flip-flop. 5

Sketch the circuit of a dynamic CMOS gate controlled by a clock ¢ that
pre-charges when ¢ = 0 and evaluates the function A+ B+ Cwhen ¢ =1.
5

Explain how the circuit of part (a) above works and describe two advantages
and two disadvantages when compared with static CMOS. 5

Discuss the operation of CMOS inverter by drawing its VTC and derive the
expression for its switching threshold voltage and show that for a symmetric
inverter (W/L)p =25 (WL),. 5

Implementation of the Boolean expression, Z = (A+B + C) (D + E) using
CMOS and find an equivalent CMOS inverter circuit for simultaneous
switching of all inputs, assuming that (W/L)p =15 for all pMOS transistors
and (W/L), = 10 for all N(MOS transistors. 5

Calculate the zero-bias threshold voltage (i.e., for Vgg = 0) foran NMOS
silicon-gate transistor that has well doping N, = 3 x 10" cm~3, gate doping
Np=102° cm™3, gate oxide thickness {,, =22 A, and 2 x 10'°cm2singly
charged positive ions per unit area at the oxide-silicon interface. Assume
that the gate doping is n*and explain why it is appropriate. Calculate the
ion-implant doses N, (in unit of ions/cm?) needed to achieve a threshold
voltage of 0.4 V. 5

State and explain in brief various limitations imposed by small-device
geometries in MOSFET chips. 5
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7.

(a)

Explain the working of a MOS system with p-type substrate with the help of
energy band diagram (i) at equilibrium and (ii) after application of gate bias.
5

Find the logic equation realized by the circuit shown in the Figure Q. 7(b)
below. 2
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Refer to Figure Q. 7(c) above. The waveform at S is shown. For t<0,Q=0.
Sketch the waveform at Q for t> 0. The NOR gates have a propagation
delay of T, 3

Answer any two of the followings : 5x2

(@)

Represent the CMOS Process Flow schematically with a very brief note on
each step.

Implementa 4x16 decoder using two 2x 4 decoder modules.
State various layout design rules.

State two CAD Tools and describe their use in brief.
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