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• Course Objective & Outcomes

• Syllabus

• Evaluation Procedure

• Integrated Circuit – An Overview & Evolution

• VLSI- Device Perspective

• VLSI-System Perspective

• Typical IC Design Flow

• Integrated Circuit Food Chain

• Discussion
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VLSI- Device Perspective
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Different scales inside a chip

2x2 cm²

10x10 mm²

4x4 µm²

500x500 nm²

contact

M1
M1 M1

contact

M1
M1 M1

Silicon channel
NiSiNiSi

Source Drain

Gate

Introduction 5FPGA BASED SYSTEM DESIGN



Technology is getting complex
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Intel’s Transistor
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PMOS channel 
under the gate

S/D region showing the 
SiGe epitaxy

A fin width of 8nm to balance SCE and Rext

A fin height of 34nm to balance drive current vs. capacitance

C. Auth et al., pp.131, VLSI2012 (Intel)
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Intel’s Transistor



3D Transistor
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VG

VS VD

Molecular transistors.

Future - nanoFET devices

• Extensive modeling and comprehensive understanding are mandatory.

Ion- Sensitive Transistors



Emerging nanotechnology 
drivers

Emerging nanotechnology 
solutions
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Alternatives to existing electronic systems
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How can we categorize a MOSFET “good” or “bad”? 

Threshold voltage (Vth)
Off-state leakage current (Ioff)
On-state current (Ion)
Transconductance (gm)
Channel conductance (gd)
Sub-threshold slope (S)
Drain voltage (Vdd)
Channel mobility (µ)
S/D resistance (Rs and Rd)
DIBL  

Lower
Lower
Higher

Higher

Higher
Higher
Smaller
Lower

Lower
Lower

Performance parameters of a MOSFET 
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VLSI-System Perspective
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ASIC 

• Application Specific Integrated Circuit

• E.g. Chip designed solely for use in cell phone

• A chip that can be designed by an engineer with no particular 

knowledge of semiconductor physics or semiconductor 

processes.
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What is an FPGA?What is an FPGA?
 Field Programmable Gate Array
 Gate Array

 Two-dimensional array of logic 
gates

 Traditionally connected with 
customized metal

 Field Programmable
Field programmability is 
achieved through switches 
(Transistors controlled by memory 
elements or fuses)
 One FPGA can serve every 

customer
 FPGA:  re-programmable hardware

I/O

I/O

Logic 
block

Interconnection switches

I/O
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FPGA vs. ASIC

ASIC = Application Specific Integrated Circuits

FPGA = Field Programmable Gate Array
flexibility of software  +  speed of hardware
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Next Step...
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Typical Design Flow
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Design Abstraction Levels
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Impact of device variability on circuit performance
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