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	Course Overview



Student will learn fundamentals of VLSI design from this 40-hour course. In this course, student will study the fundamental concepts and structures of designing digital VLSI systems include CMOS devices and circuits, standard CMOS fabrication processes, CMOS design rules, static and dynamic logic structures, interconnect analysis, CMOS chip layout, simulation and testing, low power techniques, design tools and methodologies, VLSI architecture.
	Course Outcomes: 



	CO.NO.
	Cognitive Level
	Course Outcome 

	1
	Analysis
	Analyse and Simulate MOS Inverter characteristics.

	2
	Analysis
	Analyse the various design parameters of CMOS circuits.

	3
	Synthesis
	Design CMOS circuit & Layout.

	4
	Synthesis
	Comprehend and design dynamic CMOS & Semiconductor Memories.

	5
	Synthesis
	Design digital circuits using HDL



	Pre-requisites:



1. Fundamentals of semiconductor devices.
2. Must have completed the course on Digital and Analog Electronics.
3. Student should be able to design any digital circuit for given requirements.

	Course Outcome Mapping with Program Outcome: 



	Course Outcome 
	Program Outcomes (PO’s)

	CO. NO.
	Domain Specific 
	Domain Independent 

	
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	2
	1
	1
	0
	2
	0
	0
	0
	0
	0
	0
	0

	CO2
	2
	2
	2
	2
	2
	1
	0
	0
	0
	0
	0
	0

	CO3
	2
	2
	2
	2
	2
	1
	0
	0
	0
	0
	0
	0

	CO4
	2
	1
	2
	1
	1
	0
	0
	0
	0
	0
	0
	0

	CO5
	2
	2
	2
	2
	2
	0
	1
	0
	1
	0
	1
	0

	1: Slight (Low) , 2: Moderate (Medium), 3: Substantial (High) 




	Course Coverage Module Wise: 



	Lecture No.
	Unit
	Topic

	1 
	1
	INTRODUCTION TO MOSFET

	2 
	1
	Basic MOS transistors, Enhancement Mode transistor action, Depletion Mode transistor action.

	3 
	1
	NMOS and CMOS fabrication.

	4 
	1
	Aspects of threshold voltage, threshold voltage with body effect.

	5 
	1
	Ids versus Vds relationship, channel length modulation, Transistor Trans-conductance gm

	6 
	1
	MOS transistor circuit Model.

	7 
	1
	Model parameter (oxide and junction capacitor, channel resistance) variation with scaling and biasing.

	8 
	1
	High order effects

	9 
	1
	Sub-threshold conduction & hot electron effect,

	10 
	1
	Narrow channel effect and punch through effect.

	11 
	2
	CMOS LOGIC CIRCUITS

	12 
	2
	nMOS inverter (resistive and active load)

	13 
	2
	Pull up to Pull-down ratio for a NMOS Inverter

	14 
	2
	CMOS Inverter & Pull up to Pull-down ratio (Bn/Bp).

	15 
	2
	determination of inverter parameter (VIL, VIH VOL VOH)

	16 
	2
	Noise Margin. Speed and power dissipation analysis of CMOS inverter

	17 
	2
	Combinational Logic, NAND Gate, NOR gate, XOR gate, Compound Gates, 2 input CMOS Multiplexer, Memory latches and registers.

	18 
	2
	Transmission Gate, estimation of Gate delays, Power dissipation and Transistor sizing.

	19 
	3
	BASIC PHYSICAL DESIGN OF SIMPLE GATES AND LAYOUT ISSUES

	20 
	3
	Layout issues for CMOS inverter

	21 
	3
	Layout for NAND, NOR and Complex Logic gates

	22 
	3
	Layout of TG.

	23 
	3
	Layout optimization using Eular path.

	24 
	3
	DRC rules for layout

	25 
	3
	issues of interconnects

	26 
	3
	Latch up problem.

	27 
	4
	DYNAMIC CMOS CIRCUITS

	28 
	4
	Clocked CMOS (C2MOS) logic

	29 
	4
	DOMINO logic

	30 
	4
	NORA logic.

	31 
	4
	NP(ZIPPER) logic

	32 
	4
	PE(pre-charge and Evaluation) Logic

	33 
	4
	Basic Memory circuits

	34 
	4
	SRAM and DRAM

	35 
	5
	PHYSICAL DESIGN

	36 
	5
	Introduction to ECAD tools for front and back end design

	37 
	5
	Custom /ASIC design

	38 
	5
	Design using FPGA & VHDL 

	39 
	5
	VHDL Code for simple Logic gates

	40 
	5
	VHDL Code for flip-flops, shift registers



	Text/Reference Books  



[image: ]
	NPTEL Courses Link  

	https://onlinecourses.nptel.ac.in/noc22_ee125/preview



	Faculty Notes Link

	https://drive.google.com/drive/u/1/folders/1gnVLDFQR9wezs-W31ZnmKN0dIh8nt5Rn



	Quiz Link  	

	https://www.sanfoundry.com/vlsi-questions-answers-vlsi-design/




	Assessment Methodology: 



1. Practical exam using Microwind VLSI design software. 
2. Two Midterm exams where student have to showcase subjective learning.
3. Final Exam (subjective paper) at the end of the semester. 



	ASSIGMENT#1



Q.1 Explain enhancement mode transistor action.
Q.2 Explain fabrication of NMOS transistor.
Q.3 Explain fabrication of CMOS transistor with suitable diagrams.
Q.4 Derive the expression of threshold voltage of MOS transistor.
Q.5 Explain the relationship between Ids and Vds of MOS transistor.
Q.6 What do you understand by channel length modulation? Explain in detail.
Q.7 Explain resistive and active load nMOS inverter in detail.
Q.8 Determine the inverter parameters: VIL, VIH, VOL and VOH.

	ASSIGMENT#1



Q.1 Explain Clocked CMOS (C2MOS) logic.
Q.2 Explain NORA logic in detail.
Q.3 Explain SRAM and DRAM memory circuits.
Q.4 Write VHDL code for simple logic gates.
[bookmark: _GoBack]Q.4 Write VHDL code for flip-flops
Q.5 Explain Domino Logc circuit.
Q.6 Explain memory latched and registers.
Q.7 Explain PE(pre-charge and evaluation) logic circuit.
Q.8 Discuss about power dissipation and transistor sizing.




	VIVA Questions



Q.1 Why does the present VLSI circuits use MOSFETs instead of BJTs?
Q.2 What are the various regions of operation of MOSFET? How are those regions used?
Q.3 What is threshold voltage?
Q.4 What does it means “the channel is pinched off”?
Q.5 What is channel-length modulation?
Q.6 Explain depletion region?
Q.7 What is body effect?
Q.8 Give various factors on which threshold voltage depends.
Q.9 Give the Cross-sectional diagram of the CMOS.
Q.10 What is CMOS Technology?
Q.11 What is depletion mode device?
Q.12 What are the steps involved in manufacturing of IC?
Q.13 What are the processes involved in photolithography?
Q.14 Why NMOS technology is preferred more than PMOS technology?
Q.15 What is meant by epitaxy?
Q.16 What is the purpose of masking in fabrication of IC?
Q.17 What are the types of Photo etching?
Q.18 What is Ion-Implantation process?
Q.19 What is Isolation?
Q.20 What is Channel-stop Implantation?
Q.21 What is Twin-tub process? Why it is called so?
Q.22 What are the advantages of Twin-tub process?
Q.23 What is meant by interconnect? What are the types are of interconnect?
Q.24 What is Stick diagram? Give the various color coding used in stick diagram?
QUIZ
Q.1 VLSI technology uses ________ to form integrated circuit.
a) transistors
b) switches
c) diodes
d) buffers
Q.2  Medium scale integration has ____________
a) ten logic gates
b) fifty logic gates
c) hundred logic gates
d) thousands logic gates
Q.3 The difficulty in achieving high doping concentration leads to ____________
a) error in concentration
b) error in variation
c) error in doping
d) distribution error
Q.4 As die size shrinks, the complexity of making the photomasks ____________
a) increases
b) decreases
c) remains the same
d) cannot be determined
 Q.5 ______ architecture is used to design VLSI.
a) system on a device
b) single open circuit
c) system on a chip
d) system on a circuit
Q.6 What is the design flow of VLSI system?
i. architecture design
ii. market requirement
iii. logic design
iv. HDL coding 

a) ii-i-iii-iv
b) iv-i-iii-ii
c) iii-ii-i-iv
d) i-ii-iii-iv
Q.7  ______ is used in logic design of VLSI.
a) LIFO
b) FIFO
c) FILO
d) LILO
Q.8  Physical and electrical specification is given in ____________
a) architectural design
b) logic design
c) system design
d) functional design
Q.9 In negative logic convention, the Boolean Logic [1] is equivalent to:
a) +VDD
b) 0 V
c) -VDD
d) None of the mentioned
Q.10  In positive logic convention, the true state is represented as:
a) 1
b) 0
c) -1
d) -0
 Q.11 The CMOS gate circuit of NOT gate is:
[image: CMOS gate circuit of NOT gate - option a]     [image: CMOS gate circuit of NOT gate - option b]   [image: CMOS gate circuit of NOT gate - option c]    [image: CMOS gate circuit of NOT gate - option d]
               a)                               b)                        c)                                 d)
Q.12  In CMOS logic circuit the n-MOS transistor acts as:
a) Load
b) Pull up network
c) Pull down network
d) Not used in CMOS circuits

Q.13 In CMOS logic circuit the p-MOS transistor acts as:
a) Pull down network
b) Pull up network
c) Load
d) Short to ground
Q.14 When both nMOS and pMOS transistors of CMOS logic design are in OFF condition, the output is:
a) 1 or Vdd or HIGH state
b) 0 or ground or LOW state
c) High impedance or floating(Z)
d) None of the mentioned
Q.15 When both nMOS and pMOS transistors of CMOS logic gates are ON, the output is:
a) 1 or Vdd or HIGH state
b) 0 or ground or LOW state
c) Crowbarred or Contention(X)
d) None of the mentioned
Q.16 In dynamic CMOS logic _____ is used.
a) two phase clock
b) three phase clock
c) one phase clock
d) four phase clock
Q.17 In clocked CMOS logic, output in evaluated in
a) on period
b) off period
c) both periods
d) half of on period
Q.18 In CMOS domino logic _____ is used.
a) two phase clock
b) three phase clock
c) one phase clock
d) four phase clock
Q.19 CMOS domino logic has
a) smaller parasitic capacitance
b) larger parasitic capacitance
c) low operating speed
d) very large parasitic capacitance
1.a  2.c  3.b  4.a 5.c  6.a  7.b  8.d  9.b 10.a  11.d  Q.12 c 13.b  14.c  15.c 16.d 17.a 18.c 19.a
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B. Tech. VII - Sem. (Vjgin) Exam., Feb.- March - 2021
PEC Electronics & Communication Engineering
7ECS - 11 VLS Design

7E1727

‘Time: 2 Hours

[To be converted as per scheme]
Max. Marks: 82
Min, Marks: 29
Instructions 10 Candidares:
Attempt all ten questions from Part A, four questions out of seven questions
Jrom Part B and two questions outoffive from Part C.
Schematic diagrams must be shown wherever necessary. Ay data,you feel
missing may suitably be assumed and stated clearly. Units of quantites
used fcalculated must be stated clearty.
Use of following supporting meteial is permited during. examination
(Mentioned in form No. 205)
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Q10 Mention diferent clocking mechanisms.
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Min. Passing Marks: 26
Instructions o Candidates:
Attempt any five questions, clectng one question from each unit. All questions
carry equal marks. Schemaric diagrams must be shown wherever necessary. Any
data ou feelmissing suitably be assuned and sated cleary
Units of quaniiies usedealculared must be statd clarly:

Use of following supporing material is permitied during examination.
(Mentioned in form No. 205)
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RAJASTHAN TECHNICAL UNIVERSITY, KOTA

Scheme & Syllabus

IV Year VII & VIII Semester: B. Tach. (Electronics & Communication Engineering)

7ECS-11: VLSI Desiga (program elective-3)

Credit: 3 ‘Max. Marks: 150(1A:30, ETE:120)
3L+0T+0P ‘End Term Exam: 3 Hours
SN Contents Hours

1 [Introduction: Objective, scope and outcome of the course.

o1

2 | INTRODUCTION TO MOSFET- Basic MOS transistors, Enhancement
Mode transistor action, Depletion Mode transistor action, NMOS and
CMOS fabrication. Aspects of threshold voltage, threshold voltage with
body effect.

L versus Vi relationship, channel length modulation. Transistor
Trans-conductance g=. MOS transistor circuit Model, Model parameter
(oxide and junction capacitor, channel resistance) variation with
scaling and biasing.

High order effects (i.e. sub threshold conduction, hot electron effect,
narrow channel effect and punch through effect.

12

3 | CMOS LOGIC CIRCUITS- NMOS inverter (resistive and active load),
Pull up to Pull-down ratio(Bs/P=) for a NMOS Inverter and CMOS
Inverter, determination of inverter parameter (VIL, VIH VOL VOH) and
Noice Margin.
‘Speed and power dissipation analysis of CMOS inverter. Combinational
Logic, NAND Gate, NOR gate, XOR gate, Compound Gates, 2 input
CMOS Multiplexer, Memory latches and registers, Transmission Gate
(TG), estimation of Gate delays, Power dissipation and Transistor
sizing.
Basic physical design of simple Gates and Layout issues. Layout issues.
for CMOS inverter, Layout for NAND, NOR and Complex Logic gates,
Layout of TG, Layout optimization using Eular path. DRC rules for
Iayout and issues of interconnects, Latch up problem.

1

2| Dynamic CMOS circuits- Clocked CMOS (C2MOS) logic, DOMINO logic, | 08
NORA logic, NP(ZIPPER) logic, PE (pre-charge and Evaluation) Logic.

Basic Memory circuits, SRAM and DRAM.

5 | Physical Design- Introduction to ECAD tools for front and back end | 08
design of VLS circuits. Custom /ASIC design, Design using FPGA and.
VHDL. VHDL Code for simple Logic gates, flip-flops. shift registers.

Total| 40





