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Unit – I: Introduction and Basic Electrical Properties 

 

Important Points / Definitions:  

 A miniature, low cost, complete electronic circuit consisting of active and passive 

components on a small chip of semiconductor is called Integrated Circuit(IC). 

 The integrated circuits which are fabricated entirely on a single chip of a semiconductor 

are called ‘Monolithic Integrated Circuits (MICs). 

 The technique to increase number of devices per chip is called ‘level of integration’. 

 During the process of IC fabrication when silicon is exposed to oxygen or water vapour at 

high temperature, silicon rating with oxygen to form a continuous layer of silicon dioxide, 

this process is called thermal or a wet oxidation. 

 Lithography is a process of transferring patterns of geometric shapes in a mask to a layer 

of radiation sensitive material for covering surface of semiconductor wafer. 

 The process of introducing controlled amounts of dopants into semiconductors is called 

diffusion. 

 The process of introducing high energy charged particles into the substrate is called Ion 

implantation. 

 Metallization is the process of formation of metal films for interconnections, ohmic 

contacts and rectifying metal semiconductor contacts. 

 The time taken by the charge carrier (electrons) to move from source to drain or drain to 

source is called as transit time. 

 The velocity with which electron moves when an electric field is applied is known as drift 

velocity. 

 A voltage on the gate to induce charge in the channel between source and drain is called 

as Threshold voltage. 

 A low impedance path in CMOS chips between power supply rail and ground rail because 

of interaction of parasitic pnp and npn transistors is called as latch-up. 

 The different modes of pull-ups are Load resistance, nMOS depletion mode transistor 

pull-up, nMOS enhancement mode pull-up, Complementary transistor pull-up(CMOS). 

 Figure of Merit is defined as the ratio of trans-conductance to the gate capacitance. 

 Bi-CMOS is a combination of CMOS and BJT. 

 CMOS technology has bidirectional capability whereas bi-polar technology has 

unidirectional capability. 

 



 

Questions 

1. With neat sketches explain the nMOS fabrication procedure. 

2. With neat sketches explain CMOS fabrication using p-well process. 

3. With neat sketches explain the pMOS fabrication procedure. 

4. What are the advantages of Bi-CMOS technology over CMOS technology? 

5.  Derive the relation between Ids Vs Vds relation of MOSFET. 

6. Explain the terms figure of merit of MOSFET and output conductance using necessary 

equations. 

7. Plot the transfer characteristics of an nMOS inverter as a function of Vds. 

8. Draw the circuit of nMOS inverter and explain its operation. 

 

Fill in the blanks / choose the Best: 

1. VLSI technology uses transistors to form integrated circuit. 

2. System Level Technique is used to deal with effect of variation. 

3. System on a chip architecture is used to design VLSI 

4. In MOS transistors, polysilicon  is used for their gate. 

5. In n channel MOSFET, channel length is constant. 

6. nMOS fabrication process is carried out in thin wafer of a single crystal. 

7. CMOS has high packing density. 

8. In CMOS fabrication, the photoresist layer is exposed to ultraviolet light. 

9. The doping impurity is used to reduce the resistivity of poly silicon. 

10. The dopants are introduced in the active areas of silicon by either diffusion or ion 

implantation process. 

11. Transit time can be given by  L / V . 

12. The condition for saturation is Vds = Vgs – Vt . 

13. When threshold voltage is more, leakage current will be less . 

14. Trans-conductance can be increased by increasing the width . 

15. Ids is inversely proportional to length L of the channel. 

16. The MOS transistor is non-conducting when Zero Gate Bias . 

 

 

Unit –2: VLSI Circuit Design Processes 

 

Important Points / Definitions:  

 The process where logic in the design is checked before user implements it in a device 

is called as Functional simulation. 

 The process of dividing a large and complex system into smaller modules is known as 

System partitioning. 

 Stick diagrams are used to convey layer information through the use of colour code. 

 NMOS offers good performance, yield and reliability over pMOS and bipolar process. 

 NMOS fabrication process is less expensive compared to CMOS fabrication process. 

 Electrical connection can be established between layers by special structures called 

contact cuts. 

 VLSI fabrication processes are being aimed at achieving smaller line widths and 

size(chip area) for higher packing density. 



 Increasing or decreasing the values of variables is referred as scaling. 

 Due to diffusion of n+ electrons, there may be some expanded area into the channel. 

 Connecting between different blocks is known as Routing. 

 If the length of the channel is reduced then the supply voltage also should be reduced, 

this is to avoid Breakdown Mechanism. 

 In lateral scaling only gate length is scaled called gate shrink. 

 Scaling improves the figure of merit by shrinking the dimensions of transistors and 

interconnection between them. 

 Even though overall power consumption reduces but power consumption per unit area 

increases due to scaling. 

 Power dissipation per gate is defined as the ratio of switching energy per gate to the 

time delay. 

 

Questions 

1. Explain the various steps in VLSI design flow. 

2. Explain about the rules for drawing a stick diagram 

3. What are design rules? What are the different types of design rules? 

4. Draw the circuit for 2-input NAND gate and draw the layout diagram for the same. 

5. Discuss the limits of scaling. Why scaling is necessary for VLSI circuits? 

6. Draw the stick diagram and mask layout for CMOS two input NOR gate. 

 

Fill in the blanks / choose the Best: 

1. n and p transistors are separated by using demarcation line . 

2. Polysilicon layer should be over N-TYPE  layer. 

3. Contact cuts should be 2λapart. 

4. Green color is used for n-diffusion. 

5. Implant is represented using yellow, dotted line. 

6. The width of n-diffusion and p-diffusion layer should be 2λ. 

7. Minimum diffusion space is 3λ . 

8. Blackcolor is used for contact areas. 

9. The BJT in Bi-CMOS works as a  Voltage Controlled Current Source . 

10. In latch-up condition, parasitic component gives rise to low resistance conducting path. 

11. Latch-up is the generation of low impedance path . 

12. BJT gain should be decreased to avoid latch-up effect. 

 

Unit –3:Gate Level Design 

 

Important Points / Definitions:  

 A pMOS or nMOS transistor alone is an imperfect switch called as pass transistor. 

 A parallel combination of nMOS and pMOS transistor is called as transmission gate or 

pass gate. 

 The switch logic is built on pass transistors or on transmission gates. It is fast for small 

arrays and draws no static current from the supply rails and thus power dissipation of 

such circuits is small because current flows only on switching. 

 A delay which separates the occurrence of two events is called as time delay. 



 The time taken for a gate output to reach 10% of final value (logic 0) and 90% of its 

final value (logic 1) is known as transition time. 

 Four (4) nMOS transistors in series is known as Super buffer. 

 When one layer is present on another layer, there exists a parallel plate effect between 

the layers known as Interlayer Capacitance. 

 Interlayer capacitance is layout dependent. 

 Each diode has peripheral (side-wall) capacitance in picofarads (pF) and this is called as 

Peripheral capacitance. 

 Due to increase in number of transistors there is increase in power consumption, so we 

are using other technologies like pseudo nMOS, pseudo pMOS, nMOS depletion, 

pMOS depletion, CMOS. 

 Fan-in is defined as the maximum number of digital inputs that a single logic gate can 

accept. 

 The maximum number of digital inputs that the output of a single logic can feed is 

known as Fan-out. 

 The metal layer should have good current capability without large voltage drop so that 

it can be used for power distribution and global signals. 

 The sheet resistance is a measure of resistance of a thin film that has a uniform 

thickness and is used to evaluate the outcome of semiconductor doping, metal 

deposition and resistive paste printing. 

 The advantage of pseudonMOS over CMOS is, each input must be connected to the 

gate of only ON transistor or alternatively only one additional transistor (nMOS) will be 

needed for additional gate input.  

 

Questions 

1. Explain the working of a CMOS switch with appropriate characteristics curves. 

2. Explain the requirement and operation of pass transistors and transmission gates. 

3. Explain clocked CMOS logic, domino logic. 

4. Describe three sources of wiring capacitances. Explain the effect of wiring capacitance 

of the performance of a VLSI circuit. 

5. What are the issues involved in driving large capacitance loads in VLSI circuits? 

Explain. 

6. Draw the model for derivation of the time delay and explain it. 

 

Fill in the blanks / choose the Best:  

1. The number of pass transistors connected in series can be increased if buffer is 

connected . 

2. The overall delay is directly proportional to the relative resistance r . 

3. Total wire capacitance is equal to area capacitance + fringing field capacitance . 

4. Interlayer capacitance occurs due to parallel plate effect . 

5. Diffusion capacitance is equal to area capacitance + peripheral capacitance . 

6. Gate logic is also called as restoring logic . 

7. As the number of inputs increases, the NAND gate delay increases . 

8. In CMOS NAND gate, p transistors are connected in parallel . 

9. Bi-CMOS is used for more fan-out. 



10. Bi-CMOS NAND can handle high capacitance load. 

11. For a pseudo nMOS design the impedance of pull up and pull down ratio is 3:1 . 

12. In Pseudo-nMOS logic, n transistor operates in saturation region . 

13. In clocked CMOS logic, rise time and fall time are slower . 

14. In CMOS domino logic  one phase clock is used. 

15. CMOS domino logic is same as dynamic CMOS logic with inverter at the output line. 

16. CMOS domino logic occupies smaller area . 

17. Power dissipation in switch logic is less . 

18. When one pass transistor is driven using another, threshold voltage affects. 

19. Switch logic is designed using complementary switches . 

20. The power dissipation in Pseudo-nMOS is reduced to about 60% compared to nMOS 

device . 

 

Unit –4: Data Path Subsystems and Array Subsystems 

 

Important Points / Definitions:  

 A shifter is mainly used for arithmetic operations. Shifting is equivalent to 

multiplication by powers of two. 

 Barrel shifter can perform n-bit shift in a single combination function and can rotate, 

extend signs as well. 

 N-bit parallel adder can be constructed by cascade connection of N 1-bit adders and it is 

called as ripple carry adder. 

 The adders where both the carry and sum are registered on each cycle are called carry-

save adders (CSA). 

 Multipliers are employed in various digital signal processing operations such as 

convolution, correlations, frequency analysis and filtering. Multiplication of two binary 

numbers uses traditional technique of successive additions and shifts. 

 The binary multiplication is equivalent to logical AND operation. Hence, the evaluation 

of partial products involves logical ANDing of multiplicand and relevant multiplier bit. 

 In serial/parallel multiplier, the multiplication is performed by successive additions of 

columns of the shifted partial products matrix. 

 Parity generator detects whether the number of ones in an input word is odd or even. 

 A magnitude comparator is used to compare the magnitude of two binary numbers. A 

comparator can be built by using an adder and a complimenter. 

 A zero/one detector is used for the detection of all zeros or all ones and uses AND or 

OR gates with large fan-in.  

 The output of asynchronous counters changes at varying times with respect to the clock 

edge, whereas the output of synchronous counters changes at same time. 

 Memory cells can be accessed for information transfer to or from any desired random 

location, hence the name Random Access Memory or RAM. 

 A memory unit stores binary information in groups of bits called words. A word in 

memory is an entity of bits that move in and out of storage as a unit. A group of 8 bits is 

known as a byte. 

 SRAM means Static Random Access Memory which is widely used in Integrated 

Circuits and each SRAM cell has 3 different states- standby or hold, reading and 

writing. 



 Dynamic RAM is a type of RAM that only holds its data if it is continuously accessed 

by special logic called a refresh circuit. 

 

Questions  

1. Draw the circuit diagram for 4*4 barrel shifter using complementary transmission gates 

and explain its shifting operation. 

2. Implement and explain the working of ripple carry adder using transmission gates. 

3. Give the schematic for a 4*4 carry-save multiplier and explain its operation. 

4. Design and implement a magnitude comparator using XNOR logic. 

5. What is a zero/one detector? Implement a zero/one detector circuit. 

6. Design a 4-bit synchronous up counter using transmission gates and explain its 

working. 

7. Draw the read and write cycles of SRAM and DRAM and explain them. 

 

Fill in the blanks / choose the Best:  

1. Regularity is the ratio of total transistors in the chip to total transistors that must be 

designed in detail. 

2. Good design system has regularity in the range of 50-100. 

3. The shifter must be connected to 4-shift control line. 

4. Multipliers are built using binary adders. 

5. Baugh-Wooley Algorithm is very well suited for twos complement numbers. 

6. The completion time for multiplication time in Baugh-Wooley method is 2n. 

7. Two phase non overlapping clocksignal is preferred in storage devices. 

8. A bit is read at T1 when RD is LOW, WR  is HIGH . 

9. A bit can be stored when RD is LOW, WR is LOW . 

10. RAM is a Pseudo Static cell. 

11. Pseudo static RAM cell is built using two inverters. 

12. Realization of JK flip-flop is based on N-Pass Transistor. 

13. Static RAM uses 6 transistors. 

14. A n-bit counter produces  2
n
number of total input combinations. 

15. Flash memory is a non-volatile storage device in which data can be erased electrically. 

 

 

Unit –5: Programmable Logic Devices and CMOS Testing 

 

Important Points / Definitions:  

 PLA can be mask-programmable or field-programmable. For a mask-programmable 

PLA, the user must provide a PLA program table to manufacturer. For a Field 

Programmable Logic Array (FPGA), the user can program by simple programming 

device. 

 FPGA offers a number of configurable logic blocks (CLBs) which contains 

programmable combinational logic and registers for sequential circuits. 

 A look-up table (LUT) contains storage cells that are used to implement a small logic 

function. 

 When a circuit is implemented in an FPGA, the logic blocks are programmed to realize 

the necessary functions and the routing channels are programmed to make the required 

interconnections between logic blocks. 



 Flash based FPGAs utilize switches to connect and disconnect intersecting metal lines. 

 Complex Programmable Logic Device (CPLD) is an erasable programmable logic 

device which can be programmed with a schematic or behavioural design. 

 CPLD provide highest performance but they also contain fewer registers than FPGAs.  

 Predesigned logic cells like gates, multipliers, flip-flop known as standard cells are used 

in standard-cell based ASICs. 

 A test bench generates stimulus for testing the hardware block, applies the stimulus and 

compares the generated outputs against the expected outputs. 

 Fraction (or percentage) of good chips produced in a manufacturing process is called 

the yield (Y). 

 A defect in an electronic system is the unintended difference between the implemented 

hardware and its intended design. 

 Reject ratio is fraction of manufactured parts that fail test. The reject ratio is used to 

determine the Yield (Y). 

 Functionality tests ensure that all the gates in the chip achieve a desired function to 

verify the functionality of the circuit whereas manufacturing tests are used to verify that 

every gate operates as expected. 

 Stuck-at fault model assigns a fixed value (0 or 1) to single line in the circuit, which is 

an input or output of a gate/flip-flop. 

 Observability is a degree to which it can be observed that node at output operates 

correctly and Controllability is the ability of an internal circuit within a chip for the ease 

of setting the node to logic 1 or 0 state. 

 Boundary Scan Check is a test technique which uses scan methodology involving shift 

registers. 

 Built-In-Self-Test (BIST) is mainly focused at reducing- the volume of test data, costs 

involved in test pattern generation and test time. 

 

Questions  

1. Draw the architecture of PLA and explain its operation along with the drawbacks. 

2. Explain about the principle and operation of FPGAs. What are its applications? 

3. Compare CPLDs, PLAs, PALs and FPGAs in all respects. 

4. Explain the need for testing and the steps involved in testing. 

5. Explain the different fault models in VLSI testing with examples. 

6. What is BIST? Explain in detail. 

7. Give the architecture of Boundary Scan Test and explain the same.  

 

Fill in the blanks / choose the Best:  

1. Algorithmic Test Pattern uses finite state machine for developing the test pattern. 

2. The circuit which incorporates preset can be tested with weighted pseudo-random test 

pattern. 

3. The pseudo-random testing has less development time. 

4.  The fault coverage in a pseudo random test is determined using Fault Simulation. 

5.  The test pattern generator which uses a shift register along with LFSR is of N+M bits. 

6. Addersare used along with flip-flops to build accumulators. 

7. Test patterns produced by countershave both high and least toggle rates. 

8. The automatic test pattern generator method has 2 phases. 

9. The process of removing equivalent faults is called as Fault Collapsing. 

10. ‘n’ signal lines can potentially have 2n stuck-at faults. 


