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INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR
Department of Electronics and Electrical Communication Engineering

Code: EC31004 Subject: VLSI ENGINEERING Exam: END SEMESTER APRIL 2018

TIME: 3 HOURS Total marks: 90

Notes: 1. Group all the sub-parts of your answers together for a given question number.
2. Assume suitable data (if necessary), write the assumptions clearly and explain its basis.
3. The numbers indicated inside the right-side brackets are the assigned marks.
4. A good presentation and a neat hand-writing are expected, while rough work and scratch-outs must be

clearly indicated or isolated from the main answers.

1. a. Draw and explain the generic circuits/ block diagrams of a PLLand acurrent starved ring oscillator. [6]
b. Explain clock skew and jitter with the help oftiming waveforms. [4]

2. a. Draw a detailed schematic of a 6-transistor (6T) SRAM along with a sense amplifier. [4]
b. Draw and label the timing diagram for 1 bit read and write operation by using such circuit. [3]
c. Calculate gmof the NMOS amplifying transistor in a differential sense amplifier, if gain of the same amplifier is 50

and output resistance of the upper arm (PMOS) transistors is 0.2 O. [3]

3. a. Draw and explain the cross-section of a floating gate (FG) avalanche injection n-channel MOSFET. [4]
b. Show its lo-VGScharacteristics. [2]
c. Consider a 90 nm process technology based FG NOR flash memory unit that utilizes Si3N4as its gate dielectric.

Calculate stored charge in the FG if t:Nr=O.sV, inter-gate separation is 10 nm (gap between the control gate and the
FG), W/L=4 and reiative permittivity of Si3N4is 7.2. [4]

4. Consider the schematic as shown below, where A is the input node, B is the output node, and C is the capacitance.
Find the minimum delay for this circuit path. Also, find the size of the transistors to achieve minimum delay and draw
the transistor level schematic of anyone of the stages. Ignore the difference in mobility between electrons and holes.
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5. a. State the block level schematic of an np-CMOS and domino logic configurations. [4]
b. State and explain the signal integrity issues of dynamic circuits. [3]
c. Consider an NMOS dynamic inverter that was fabricated by using a 180 nm technology. Calculate the load

capacitor (Cd, if the intermediate node capacitor (Ca) value is 12 fF. Ensure the voltage drop (lW) is less than or equal
to 20 mV due to charge sharing. [3]

6. a. Consider a 10 input static NAND gate is driving 20 identical gate inputs Simultaneously. Only one of the inputs of
the second stage gates (20 nos.) is connected to the output of the first stage. Calculate normalized delay in the
driving gate, while assuming parasitic/ intrinsic delay is 10. [4)



b. Can you cascade two dynamic NAND gates in order to construct a digital signal path? Why? Show timing
characteristics. [3]

c. Depict the leakage model (equivalent circuit) of a dynamic inverter along with its timing characteristics. [3]

7. a. A 22nm I-T DRAM is subjected to destructive read operation (no refreshing circuit is connected). What is the
change in bit line voltage? Consider the storage capacitor value is 100 fF, which was previously charged to logic 1.
Assume, the bit line capacitor is 20x larger than that of the storage capacitor. [4]

b. What is latch-up in CMOS circuits? Why it happens? [4]
c. Compare static and dynamic logic circuits. [2]

8. a. State the types of wire bonds and how they are different.
b. Describe the steps of a wire bonding process.
c. Compare NAND and NOR flash memories.

[2]
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9. State true/false [5]

a. A dynamic RAM is faster than a static RAM.
b. A static logic gate is always depending up on a clock signal.
c. The concept of logical effort is useful to minimize both size and power in digital circuits.
d. Static power is proportional to the input/ output capacitance being offered by an analog/ digital circuit.
e. Dynamic power is expressed as a product of DC power supply voltage and current.
f. An inverter with W/L=l (NMOS) and W/L=l (PMOS) is slower than another inverter with W/L=2 (PMOS) and

W/L=l (NMOS).
g. Clock skew and jitter are caused due to manufacturing defects and interconnect parameter variations.
h. A PLLcan be used as a frequency divider.
i. A BiCMOS circuit helps in preventing latch-up condition.
j. UART is-a synchronous communication protocol, whereas 12Cis an asynchronous communication protocol.

10. Fill-in the blanks: [5]

a. __ capacitors are used to reduce short duration power supply voltage drop.
b. Synchronous communication protocols help in synchronizing a transmitter and a receiver by means of a __

signal.
c. FIFO is abbreviated as __
d. EEPROM is abbreviated as
e. A digital phase detector may be realized by using a/an __ (logic) gate.
f. VCO is used at the __ of a PLL (input or output side).
g. Logical effort was first published by __ .
h. CVD stands for
i. Normalized effort for a cascaded chain of logic gates is expressed as __ .
j. A bleeder transistor is used to avoid __ in a dynamic circuit.

END OF QUESTION PAPER


