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Overview of the Full Process
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Fab and Foundry

• Fabs (Fabrication plants) are expensive to develop 
and operate

• Some Fabs operate on a foundry model, selling space 
on the fab lines to fabless IC companies
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Cleanroom
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Wafer Formation-Czochralski Method

• Wafer diameter 100-300 mm (4’-12’)

• Wafer thickness 525-775 μm
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From Wafer to Transistors
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Well Formation

• n-well CMOS

• p-well CMOS

• Twin-well/dual-well CMOS

• Triple-well CMOS
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n-well CMOS
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Tripe-well CMOS
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n-well CMOS Process
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n-well CMOS Process 2
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n-well CMOS Process 3
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Micrographs
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Key Proccesses

• Patterning – Lithography

• Etching

• Oxidation

• Isolation

• Implantation
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Patterning-Photolithography

2019-10-14 16TSTE 86/Deyu Tu

pitch: 2b

numerical 
aperture: NA

refractive index: n

Currently: 193 nm UV immersion lithography
13.5 nm EUV for 7nm and 5nm technology



Optical Proximity Correction (OPC)
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The Real Thing
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SiO2 - Oxidation
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Isolation – Shallow Trench Isolation (STI)
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Gate Oxide
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Gate stack:
SiO2/SiON

EOT (effective oxide thickness) is ~10.5-15 for 65 nm process



Gate, Source and Drain Formation
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Doping by Ion Implantation
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Lightly Doped Drain (LDD) and Deep Diffusion
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Metallization and Contacts
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Packaging – Die to Chip

• Electrical: Low parasitics

• Mechanical: Reliable and robust

• Thermal: Efficient heat removal

• Economical: Cheap
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Packaging Techniques
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Wire Bonding
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Tape Automated Bonding
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Flip-Chip Bonding and BGA
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Package Types
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Package Parameters
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Heat Dissipation
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CMOS Process Enhancements

• Silicon on Insulator (SOI)

• High-k dielectrics

• Strained Silicon

• FinFETs
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Silicon on Insulator (SOI)
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Advantages:
elimination of the capacitance between the S/D and body for high-speed circuits
low subthreshod leakage
Disadvantage:
threshold variation caused by floating body



High-k Gate Dielectrics

• SiON k=4.1-4.2 for 130 nm process

• Hafnium oxide (HfO2)  k = 20 for 45 nm process
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thicker dielectrics and less leakage



High Mobility – Strained Silicon
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strained nMOS and pMOS transistors 40% and 100% higher 
mobility than unstrained transistors (Intel 65 nm process)



FinFETs
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Summary

• Fabrication process is complex and expensive

• Understanding the process helps us to design chips 
with the performance expected from simulation

• Analog and mixed-signal designs need special care

• New techniques enhance performance of high-speed 
circuits
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