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About the Department: 

 

Department of ECE established in 2002 with an intake of 60 students to undergraduate 

(B.Tech) programme and enhanced to an intake of 120 students from 2006. 

The department offers two Postgraduates(M.Tech) programmes in “Electronics”. 

“Applied Electronics & Communication System” from 2011 with an intake of 18 

students and “ VLSI Design” from 2012 with an intake of 18.Highly qualified, 

experienced and dedicated staff members are the backbone of the Department. 

The Department always strive hard to satisfy the knowledge thirst of both 

students and faculties by organizing workshops / technical talks / conferences 

etc. The faculty members are actively involved in research work and regularly 

present/ publish their work in various national and international conferences / 

journals. The ECE Department is proud to host state-of- the art Laboratories in 

the area of VLSI, Embedded Systems, Microprocessor and Microcontrollers, 

Circuits, Analog and Digital Communication and Microwave and Optical 

communication.The ECE department formally inaugurated the ECHOS (The 

ECE Association) in 2009 and under this banner many extra-academic 

activities have been conducted such as paper presentation, quiz competition, 

workshops and seminars. Also the department has two magazines that have 

been developed on the basis of the creative skills of our imaginative students. 

There is an Embedded Club that meets on monthly basis to discuss innovative 

projects and publication based activities. Department is closely associated with 

INSTITUTE OF ELECTRONICS & TELECOMMUNICATION ENGINEERS (IETE) 

Palakkad Centre to organize technical events like guest lecture, seminars and 

conferences. 



 

Vision of the institute: 

To mould true citizens who are millennium leaders and catalysts of change 

through excellence in education. 

 

Mission of the institute: 

NCERC is committed to transform itself into a center of excellence in Learning 

and Research in Engineering and Frontier Technology and to impart quality 

education to mould technically competent citizens with moral integrity, social 

commitment and ethical values. We intend to facilitate our students to 

assimilate the latest technological know-how and to imbibe discipline, culture 

and spiritually, and to mould them in to technological giants, dedicated 

research scientists and intellectual leaders of the country who can spread the 

beams of light and happiness among the poor and the underprivileged. 

 

Vision of the department: 

Providing Universal Communicative Electronics Engineers with corporate and 

social relevance towards sustainable developments through quality education. 

 

Mission of the department: 

1) Imparting Quality education by providing excellent teaching, learning 

environment. 

2) Transforming and adopting students in this knowledgeable era, where 

the electronic gadgets (things) are getting obsolete in short span. 

3) To initiate multi-disciplinary activities to students at earliest and apply 

in their respective fields of interest later. 

4) Promoting leading edge Research & Development through collaboration 

with academia & industry. 

 

 



Program Educational Objectives (PEOs)  

I. To prepare students to excel in postgraduate programmes or to succeed 

in industry / technical profession through global, rigorous education and 

prepare the students to practice and innovate recent fields in the specified 

program/ industry environment. 

II. To provide students with a solid foundation in mathematical, Scientific 

and engineering fundamentals required to solve engineering problems and to 

have strong practical knowledge required to design and test the system. 

III. To train students with good scientific and engineering breadth so as to 

comprehend, analyze, design, and create novel products and solutions for the 

real life problems. 

IV.     To provide student with an academic environment aware of excellence, 

effective communication skills, leadership, multidisciplinary approach,  written 

ethical codes and the life-long learning needed for a successful professional 

career. 

 

Program Outcomes (Pos): 

1. Engineering Knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the solution of 

complex engineering problems. 

2. Problem Analysis: Identify, formulate, research literature, and analyze 

complex engineering problems reaching substantiated conclusions using first 

principles of mathematics, natural sciences, and engineering sciences. 

3. Design/development of Solutions: Design solutions for complex 

engineering problems and design system components or processes that meet t 

h e specified needs with appropriate consideration for the public health and 

safety, and the cultural, societal, and environmental considerations. 

4. Conduct Investigations of Complex Problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data, and synthesis of the information to provide valid 

conclusions. 

5. Modern Tool usage: Create, select, and apply appropriate techniques, 

resources, and modern engineering and IT tools including prediction and 

modeling to complex engineering activities with an understanding of the 

limitations. 



6. The Engineer and Society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal, and cultural issues and the 

consequent responsibilities relevant to the professional engineering practice. 

7. Environment and Sustainability: Understand the impact of the 

professional engineering solutions in societal and environmental contexts, and 

demonstrate the knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

9. Individual and Team Work: Function effectively as an individual, and as a 

member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering 

activities with the engineering community and with society at large, such as, 

being able to comprehend and write effective reports and design 

documentation, make effective presentations, and give and receive clear 

instructions. 

11. Project Management and Finance: Demonstrate knowledge and 

understanding of t h e engineering and management principles and apply these 

to one’s own work, as a member and leader in a team, to manage projects and 

in multidisciplinary environments. 

12. Life-long Learning: Recognize the need for, and have the preparation and 

ability to engage in independent and life-long learning in the broadest context 

of technological change. 

 

Program Specific Outcomes (PSO): 

1.      Facility to apply the concepts of Electronics, Communications, Signal 

processing, VLSI, Control systems etc., in the design and implementation of 

engineering systems. 

 

2.      Facility to solve complex Electronics and communication Engineering 

problems, using latest hardware and software tools, either independently or in 

team. 

 

 



Mapping of PEOs with the Program Outcomes (POs): 

The Electronics and Communication Engineering Program outcomes leading to 

the achievement of the objectives can be summarized in the following Table. 

 Program Outcomes 

 a  b c d e f g  h i  j k 

PEOs 

1
  

X  X  X        X 

2
  

X X X   X  X     X 

3
  

 X X X X       X  

4

  

    X X X X X X X X 

 

Course Outcome: 

 After completion of this course the students will be able to  

01. Understand and describe material preparation, diffusion, oxidation and ion 

implantation. 

02. Knowing the epitaxial and lithography process in the IC Fabrication with 

the isolation methods.  

03. Describe, analyze, formulate and construct CMOS Inverters with layout 

design rules 

04. Understand and explain MOSFET logic design in the bank end process 

05. Demonstrate basics of Different Type of Memory and Sensing Circuits. 

06. Demonstrate the function of Adders and Multiplier techniques 

 

CO-PO Mapping 

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

CO1 3 2 1       1 2  

CO2  3   2     1 2  

CO3  3 2  1     1 2  

CO4 2 3        1 2  

CO5  3   2     1 2  

CO6  2 2  3     1 2  

 



COURSE PLAN: 

 

1 Introduction to VLSI   

2 Material Preparation - Production of EGS   

3 Crystal Growth - CZ Process and FZ Process   

4 Wafer Preparation   

5 Thermal Oxidation - Growth Mechanism   

6 Dry - Wet Oxidation - Deal & Grove Model   

7 Diffusion - Ficks laws - Diffusion with constant surface   

8 Ion Implantation - Range Theory - Annealing   

9 Epitaxy - VPE & MBE   

10 Lithography - Photo lithography - Steps    

11 Electron beam lithography - Etching & Metal deposition   

12 Component fabrication - Transistor   

13 Fabrication - Diode - Resistor - Capacitor   

14 N Well CMOS IC fabrication   

15 CMOS Invertors - DC Characteristics   

16 Switching Chara of CMOS Invertor   

17 Power dissipation of CMOS Invertor   

18 Layout Design rules - Stick diagram    

19 Layout of CMOS Invertor   

20 Layout of 2 input NAND & NOR gates   

21 Pass transistor Logic   

22 Complementary Pass Transistor Logic   

23 Transmission gate logic   

24 Realization of functions   



25 Realization of functions   

26 4 x 4 MOS ROM Cell array(OR - NOR - NAND)   

27 SRAM Six transistor   

28 DRAM - Three transistor & One Transistor Dynamic Memory Cell   

29 Sense Amplifiers - Inroduction   

30 Differential Voltage Sensing Amplifiers   

31 Introduction to PLDs & FPGAs   

32 Design of PLAs   

33 Adders - Static adder - Carry By pass adder   

34 Linear carry select adder   

35 Square root carry select adder    

36 Multiplier - Array multiplier   

 

 



 

 

COURSE 

CODE COURSE NAME L-T-P-C 

YEAR OF 

INTRODUCTION 

EC304 VLSI 3-0-0-3 2016 

Prerequisite: EC203 Solid State Devices, EC204 Analog Integrated Circuit. 

Course objectives: 

 To give the knowledge about IC Fabrication Techniques  

 To impart the skill of analysis and design of MOSFET and CMOS logic circuits. 

Syllabus: 

IC Fabrication Technology, CMOS IC Fabrication Sequence, CMOS inverters, Design rules, 

Static CMOS Design, Dynamic CMOS circuits, Pass transistor, Read Only Memory, 

Random Access Memory, Sense amplifiers, Adders, multipliers, Testing of VLSI circuits. 

Expected outcome:   

The students will be able to design and analyse  various MOSFET and CMOS logic circuits. 

Text Books: 

1. John P  Uyemura, Introduction to VLSI Circuits and Systems, Wiley India, 2006 

2. S.M. SZE, VLSI Technology, 2/e, Indian Edition, McGraw-Hill,2003 

References: 

1. Jan M.Rabaey, Digital Integrated Circuits- A Design Perspective, Prentice Hall, Second 

Edition, 2005. 

2. Neil H.E. Weste, Kamran Eshraghian, Principles of CMOS VLSI Design- A Systems 

Perspective, Second Edition. Pearson Publication, 2005  

3. Razavi - Design of Analog CMOS Integrated Circuits,1e,  McGraw Hill Education India 

Education, New Delhi, 2003. 

4. Sung –Mo Kang & Yusuf Leblebici, CMOS Digital Integrated Circuits- Analysis & 

Design, McGraw-Hill, Third Ed., 2003. 

5. Yuan Taur & Ning, Fundamentals of Modern VLSI Devices, Cambridge University 

Press, 2008 

Course Plan 

Module Course content  

Hours 

End 

Sem. 

Exam 

Marks 

 

I 

Material Preparation- Purification, Crystal growth (CZ and 

FZ process), wafer preparation 

Thermal Oxidation- Growth mechanisms, Dry and Wet 

oxidation, Deal Grove model. 

4 

15 

Diffusion- Fick‘s Laws, Diffusion with constant surface 

concentration and from a constant source, diffusion techniques. 

Ion implantation-Technique, Range Theory, annealing. 

3 

II 

Epitaxy : Vapour phase epitaxy and molecular beam epitaxy  

Lithography- Photo lithographic sequence, Electron Beam 

Lithography, Etching and metal deposition 

4 

15 
Methods of isolation Circuit component fabrication: 

transistor, diodes, resistors, capacitors, N-well CMOS IC 

Fabrication Sequence 

3 

FIRST INTERNAL EXAM 

III 
CMOS inverters- DC characteristics, switching characteristics, 

power dissipation 
4 15 

KTUNOTES.IN

To get more study materails visit www.ktunotes.in

http://ktunotes.in/


 

 

Layout Design rules, Stick Diagram and layout of CMOS 

Inverter, two input  NAND and NOR gates 
4 

IV 

MOSFET  Logic Design -Pass transistor logic, 

Complementary pass transistor logic and transmission gate 

logic , realization of functions 

6 15 

SECOND INTERNAL EXAM 

V 

Read Only Memory-4x4 MOS ROM Cell 

Arrays(OR,NOR,NAND) 

Random Access Memory –SRAM-Six transistor CMOS 

SRAM cell,   DRAM –Three transistor and One transistor 

Dynamic Memory Cell 

4 

20 

Sense amplifiers –Differential Voltage Sensing Amplifiers 

Introduction to PLDs and FPGAs, Design of PLAs. 
3 

VI 

Adders- Static adder,  Carry-By pass adder, Linear Carry- 

Select adder, Square- root carry- select adder 

Multipliers-Array multiplier 

4 20 

END SEMESTER EXAM 
 

Question Paper Pattern ( End Semester Exam) 

 

Maximum Marks : 100      Time : 3 hours 

 

The question paper shall consist of three parts. Part A covers modules I and II, Part B covers 

modules III and IV, and Part C covers modules V and VI. Each part has three questions 

uniformly covering the two modules and each question can have maximum four subdivisions. 

In each part, any two questions are to be answered.  Mark patterns are as per the syllabus with 

70% for theory and 30% for logical/numerical problems, derivation and proof. KTUNOTES.IN

To get more study materails visit www.ktunotes.in

http://ktunotes.in/


 

               

 

MODULE 1 

 

 
 

I. What is the need of SiOi layer in MOS fabrication process? 

2. State the laws governing the diffusion process. 

3. Compare wet and dry oxidation. 

4. Write down the range equation for ion implantation and explain each term in it. 

s. What are oxides related capacitance and junction capacitance? 

6. Explain float zone process of crystal growth. What are its advantages and 

disadvantages over Czochralski growth? 

7. What are the different processes involved in silicon wafer preparation? 

8. Explain Czochralski technique of crystal growth. 

9. Explain the slicing and polishing of silicon wafers and the purpose of notch on the 

wafer. 

10. Explain the essential steps in IC fabrication. 

i 1. Derive the Deal-Grove model of oxidation. 

12. With neat sketch, explain ion implantation process. 

13. Draw the limited source and constant source diffusion profiles and distinguish them in 

terms of relevant modelling equations. 

14. Explain the oxidation growth mechanism with a neat diagram. 

15. Explain the CZ and FZ process for crystal growth and compare them. 

16. What is oxidation induced stacking fault and how it can be eliminated? 

17. Write the difference between pre-deposition and drive-in processes. 

18. What are the different diffusion mechanisms, explain? 

19. Explain the different types of ion stopping mechanisms. 

20. What is called annealing and how it differs from rapid thermal annealing. 

21. Write the equation of projected range and define each term in it. 
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MODULE 2 
 

 

 
 

1. Mention the types of resistor fabricated in IC environment. 

2. What is lithography? 

3. With the help of neat diagrams, explain the steps involved in i) Photolithography 

ii)X-ray lithography. 

4. List the n well IC fabrication sequence. 

s. Comment briefly on the characteristics of an exposure tool used for lithographic 

process. 

6. What are the properties of metals used for metallization? 

7. What are the undesirable capacitances formed in MOS fabrication? 

8. Assuming Gaussian distribution for the ion implantation, find the distance from the 

surface at which the ion concentration falls to half the peak value, for arrange of 

0.1q.The straggle value is 0.02s. 

9. Explain how resistors and capacitors are fabricated on an IC chip. 

10. What are positive and negative photoreists, explain. 

i1. What are the important criterions for hetero epitaxy of material A to be possible on a 

single crystal substrate of material B? 

12. What is boundary layer problem? How can it be minimised in a horizontal epitaxy 

system? 

13. Explain any one method of epitaxial growth, with diagram. 

14. With diagrams, explain the steps involved in the fabrication of a n-well CMOS IC. 

15. What is electron beam lithography? 

16. Explain the different types of etching techniques. 

17. Explain CVD system for epitaxial growth. 

i8. Explain the molecular beam epitaxy, with neat diagrams. 

19. Explain the different types of metal deposition techniques. 

20. What is the difference between diffusion and epitaxy7 
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MODULE 3 

 

 
1. Compare the features of CMOS and bipolar technologies. 

2. Define threshold voltage for a MOS transistor. What are the parameters on which it 

depends on? 

3. PMOS is perfect switches for transmission of logic 1 while NMOS is perfects for 

transmission of logic 0.Justify the statement. 

4. Draw the structure of CMOS p-well inverter. 

5. Why NMOS technology is preferred more than PMOS technology? 

6. Draw the Stick diagram, circuit diagram, of i)NMOS inverter ii)CMOS inverter 

7. Realize the equation Y=(AB+CD)’ in i)NMOS technology ii)CMOS technology 

8. Draw the stick diagram of the function, F=(AB+E+CD)’ 

9. Define the noise margin for CMOS inverter. 

10. Derive expression for switching threshold of a CMOS inverter. 

11. Derive graphically, the CMOS inverter characteristics. 

12. What is meant by charge leakage in dynamic CMOS logic? Explain a method to 

prevent it. 

13. Explain static power dissipation and short circuit power dissipation with reference to 

CMOS logic. 

14. What are the different regions of operation of MOS transistor? How are they related 

to Vgs, Vds and Vt for nmos and pmos transistors? 

Calculate the dynamic power dissipation in a chip operating with Vdd of SV at 

100MHz with an internal switched capacitance of 300pF. 

16. Explain the CMOS inverter DC characteristics with the region of operation in detail. 

17. Draw the circuit diagram and stick diagram for implementing the logic function 

F=A. (B+C)’ in static p well CMOS logic. 

18. Draw the stick diagram and layout of 2 input NAND gate. 

19. Draw the stick diagram and layout of 2 inputs NOR gate. 

20. Derive the expression for dynamic power dissipation in a static CMOS inverter. 

21. For a CMOS circuit CL =15fF/gate, ADD =2•5V Rd tp'35ps.If there are lo‘ 

gates/chip, determine the dynamic power dissipation at the maximum frequency of 

operation. 

http://www.ktuassist.in/
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MODULE 4 

1. What is meant by charge leakage in dynamic logic? How it is prevented? 

2. DraW the layout of a 4 input AND/NAND gate in complementary pass transistor 

logic. 

3. Draw the circuit schematic of 2 input multiplexer using transmission gates. 

4. What is np-domino logic? 

5. How is charge leakage and sharing problems rectified in dynamic logic? 

6. Write down the basic principle of dynamic CMOS logic with circuit diagram. 

7. Draw the circuit diagram of transmission gate XOR logic and explain its operation. 

8. Draw the circuit of a 4 input NOR gate in domino logic. What are the advantages of 

domino logic? 

9. Design pass transistor logic for 2 input XNOR gate. 

10. Implement a 2x1 mux using transmission gates. 

11. Implement a 4x1 mux using transmission gates. 

12. Draw a 2 input XNOR using transmission gates. 

13. Explain the operation of NMOS and PMOS transistor operation in transmission gates. 

14. Explain the function of complementary pass transistor. 

i5. Draw 2 input NAND gate in static CMOS. 

16. Implement the function F—AB(C+D)+DE using static CMOS technology. 

17. Compare pass transistor logic and complementary pass transistor logic. 

18. Draw a 2 input XOR using transmission gates. 

19. What are the advantages and disadvantages of domino logic? 

20. Design a multiplexer using CMOs pass transistor logic and explain its operation with 

its truth table. 

21. Give the different symbols for transmission gates. 

http://www.ktuassist.in/
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MODULE 5 

i. With the help of a circuit diagram give proper explanation for the confi guration of 4x4 

NOR-Rom array. 

2. Write short note on FPGA. 

3. Draw the circuit diagram of s sense amplifier and give explanation on how the sensing of 

operation is carried out in SRAM cell. 

4. Draw a 6T SRAM cell. 

3. What is the function of CLB in FPGA? 
6. Design an AND-OR PLA with putputs,Fl= m0+m2+m6, P2=m0+m5+m6, 

F3= m3+m4+m7. 

7. Draw and explain the schematic and physical structure of a DRAM cell using a trench 

capacitor 

8. Design an FET programmable ROM with the following data. 

Address 0 1 2 3 4 5 6 7 

Data 0100 1111 1010 0001 1011 0111 1110 1001 

 

9. What are the functions of sense amplifier? 
10. Draw the circuit diagram of a 3 transistor dynamic RAM cell and explain its operation. 

11. Show the CMOS implementation of a OR-ROM cell to store 8 words of 8 bits. 
12. With cross sectional view, explain the principle of an EPROM cell. 

13. Show the CMOS implementation of a NOR ROM cell to store 4 words of 4 bits which 

are as follows 1011,0110,1001 and 1100. 

14. Draw a Master slave MUX based latch pair using transmission gates and inverters and 

explain its operation. 

15. Design a PLA for realizing the following outputs. 

f l 'Z ,2,6,7, f2 =Z 3,5,7, 9 , f 3=l,3,8,l2 
16. Draw and explain multiplexer based positive edge- triggered register using master slave 

configuration. 

17. What are the advantage and disadvantages of dynamic latches and registers over static 

implementations? 

18. Compare dynamic RAM and static RAM. 

19. Using a suitable PLA, design and implement a 4 bit binary to gray code. 
20. What is the purpose of sense amplifier? Describe the working of a single ended sense 

amplifier. 

21. Draw a DRAM memory cell. 

22. Draw a ROM array to store a set of eight 8 bit data using MOS based ROM. Explain how
 

they are written and read. 

23. Design an AND-OR PLA with outputs Fl=ml +m6, F2=m0+m5+m6+ in7 

F3=m3+m4+m7 
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MODULE 6 
 

l.  lmplement a linear 16 blt carry select adder using 4 bit carry Select adder blocks. How 

does a square root carry select improve the performance? 

2. Discuss the principle of Wallace Tree Multiplier. How is the propagation delay reduced 

as compared to simple array multlplier? 

3. Design a 14 bit square root carry select adder. Calculate the worst case delay. 

4. Show the design of a 32 bit carry select adder based on 4 bit or similar ripple carry adder. 

Find the total gate delay for your design. 

5. Explain the operation of carry bypass adder. 

6. Draw the logic circuit for a 4 bit carry look ahead adder. 

7. De5ign a 4x4 array multiplier. 

8. Design an 8 bit carry select adder. 

9. With the help of suitable diagrams, explain how delay computation time is reduced in 

carry look ahead adder. 

10. Explain the partial product accumulation in a Wallace tree multiplier. 

11. Explain the operation of NxM bit array multiplier. 

12. Show the critical path in a linear carry select adder scheme and give the expression for 

critical path delay involved. 

13. Explain the principle of a register based multiplier. 

14. How is booth encoding used to speed up multiplication process? 

15. How are carry look ahead adder module interconnected to get higher order adders? 

16. Explain the working of carry bypass adder. 

17. Explain square root carry select adder and derive the expression for time delay and 

compare its performance with other adders. 

18. With diagram explain the implementation of 4 bit carry look ahead generato r iR dynarn» 

CMOS logic. 

19. Compare the performance of linear carry select adder and square root carry select adds. 

20. Explain the working of static adders. 

http://www.ktuassist.in/
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Learning Outcomes,

Student will be able to explain the Static, dynamic, Short circuit power
consumption and sources of power consumption



CONTENTS

•

•

•

•

INTRODUCTION

STATIC POWER CONSUMPTION

DYNAMIC POWER CONSUMPTION

SOURCES OF POWER CONSUMPTION



INTRODUCTION
•

•

I. Static power consumption : due to leakage current drawn from the supply

Leakage currents

Subthreshold current

tunnelling current

reverse biased diode leakage currents

II. Dynamic power consumption

Charging and discharging ( switching) power dissipation

Short circuit power dissipation



CMOS inverter mode for static
power consumption

In static condition CMOS is either in ON or OFF , they are not switching from one to other
V or I =0 in these two states, power dissipated is “0”



STATIC POWER CONSUMPTION

• Static power is defined as the power consumption due to constant current from
Vdd to Ground in the absence of the switching activity.

•
•

•

Static Power dissipation not related to clock frequency or switching activity.

It occurs when PMOS and NMOS transistors are operating in quiescent mode

Reasons for static power consumptions

1

2

3

.reduction in transistors channel length

.reduced gate oxide thickness

.reverse biased diode leakage currents



Sources of Leakage current



These are the 6 short channel mechanisms causes static power dissipation

1.Reverse bias pn junction leakage

2

3

4

5

6

1

3

6

.Subthreshold leakage

.Gate oxide leakage( tunnelling)

.Gate induced Drain leakage

.Channel punch through tunnelling

.Gate current due to hot carrier injection

,2,4,5 are off state leakage mechanisms

- tunnelling occurs both in off and on states

- can occur in off state , but more typically due to high electric field during
active mode of operation.



• 1.PN JUNCTION REVERSE BIASED LEAKAGE CURRENT

➢Source and drain junctions are normally reverse-biased , so they will leak
current

➢

➢

increase with scaling since doping levels are very high

breakdown voltage decreases as doping increases



• 2. SUBTHRESHOLD LEAKAGE CURRENT

➢

➢

Subthreshold or weak inversion conduction current between source and drain

It occurs when the gate voltage is below the threshold voltage,Vth.

➢Subthreshold leakage is the most important contributor to static power in
CMOS

➢

➢

Note that it is primarily a function of VT

Higher VT, exponentially less current!



• 3.GATE OXIDE LEAKAGE (OXIDE TUNNELLING)

➢
➢

tox has been scaling with each technology generation

We have reached the point where tox is so small the direct tunneling occurs
(tox < 2nm)

➢
➢

Gate leakage = f(tox, VG)

The downscaling of the gate oxide thickness increases the field across the
oxide.

➢ Results in electron tunnelling from gate to substrate or from substrate to
gate.

➢
➢

NMOS leakage is 3-10X PMOS leakage (electrons vs. holes).

Below 20 Angstrom, the leakage increases by 10X for every 2Angstrom in
gate thickness reduction



• 4.GATE INDUCED DRAIN LEAKAGE (GIDL)

➢Drain-to-substrate leakage due to band-to-band tunneling current in very high
field depletion region in gate-drain overlap region

➢

➢

When gate biased to cause an accumulation layer to form the silicon surface,
silicon surface under the gate has same potential as the p substrate.

This accumulated holes acts like the P region more heavily doped than the
substrate.

➢

➢

➢

Thus the depletion layer narrowed causes field crowding, peak field increases.

Results in Band –Band tunneling

Thinner oxides, lightly-doped drains and high VDD



• 5.CHANNEL PUNCH THROUGH TUNELLING

➢ In short channel devices, due to the drain source proximity, depletion regions at
drain- substrate, substrate to source extend in to the channel

➢

➢
Depletion boundaries decreases with channel length reduction.

Reverse bias increases with the increase in Vds, results pushing the boundaries from
junction

➢

➢

Combination of channel length and reverse bias causes the depletion region to
merge, this is called punch through

The drain voltage beyond the punch through , lowers potential barrier for majority
carriers.

➢

•
These increases the subthreshold leakage current.

VPT is proportional to NB(L-Wj)

• L is the channel length, Wj is the Junction width, VPT is the punch through voltage., NB doping concentration at the
bulk



• 6. GATE CURRENT DUE TO HOT CARRIER INJECTION

➢Due to high electrical field near Si/SiO2 interface, electrons or holes can gain
sufficient energy to cross the potential barrier

➢

➢

➢

These carriers enter in to the oxide layer

This is known as hot carrier injection.

These hot carriers create leakage current instead of flowing through the
channel region.

➢Affects the subthreshold value, changes the switching characterestics.



• Static power dissipation is given by,

• P(stat)= VDD . IDD(stat)

• IDD(stat) is the sum of all leakage currents contributes static power
consumption

• IDD(stat)=subthreshold current+reverse biased diode leakage
current+tunnelling current+other leakage currents



DYNAMIC POWER CONSUMPTION

•
•

Dynamic power is the energy consumed during switching, ie; on logic transitions

Consists of two components – Switching power and internal power

•

•

•

•

Switching power results from the charging and discharging of external capacitive load on the
output

Internal power (transient power) results from the short circuit current flows through the
NMOS and PMOS stack during logic transition.

Internal power is consumed during the short period of time when the input is at intermediate
voltage level, during which both transistors can be conducting

Short circuit current between supply rails is also called crowbar current



DYNAMIC & STATIC POWER
CONSUMPTION



DYNAMIC POWER CONSUMPTION



CMOS POWER DISSIPATION
Pdyn=α.f.CL.VD푫ퟐ

•

•

•

Dynamic power dissipation is a factor of switching frequency f of gate

Activity factor of inverter α

Pstat= VDD.IDDsat



Power dissipation in CMOS

• Power dissipation in CMOS is the sum of dynamic and static power cosumption
components

•
•

P total = P( dynamic)+P (static)

Dynamic power consumption depends upon clock frequency(f) , capacitive load (C)
, supply voltage( Vdd)

•

•
Static power consumption depends upon the supply voltage and leakage currents

Power consumption of the CMOS is proportional to the square of the supply
voltage.



REFERENCE

•

•

Principle of CMOS VLSI Design , Neil Weste, Pearson Education

http://www.inf.ufrgs.br/logics/docman/book_emicro_butzen.pdf  
















































































































































