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The hyperlinks to the video streams in this virtual lecture are marked by the Video Campus Sachsen Logo.      
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Outline

http://www.computerhistory.org/siliconengine/timeline/

0.  Introduction/ Lab organization/DMA /SCT1/Motivation
1. Process integration

1.MOS Structure, MOS Capacitor
2.Structure of a MOSFET
3.I/V behavior

2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter to memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET

1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the   N-MOS E/D Process

3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology

1.Example: Process flow of   E/D SiGate LOCOS Inverter 
2.LOCOS Variation
3.Shallow Trench Isolation

3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming

4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter

1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter

3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations

1.Scaling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

SC-
Basics

Review: 
- SCT Basics
- MOS-Cap-CV
- MOS-FET (N-FET enh.)
- Al-Gate FET
- SRAM product (E/E) 
- VT adjust => Depl.
- E/D Logic
- Self aligned process
- ~180 nm CMOS Process
- Further Scaling

Today: Further Concepts
and summary

L14

http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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https://www.youtube.com/watch?v=uvV7jcpQ7UY
file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/An introduction to FD SOI.mp4
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https://www.sciencedirect.com/science/article/abs/pii/S0167931715000751
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Continue
“SCT_SS20_14.02”  38:14
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Further scaling approaches
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https://www.youtube.com/watch?v=uvV7jcpQ7UY
file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/An introduction to FD SOI.mp4
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3 basic types of double gate FET‘s

IBM JRD
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Horizontal Double Gate MOSFET

Wong, Chan & Taur, IBM 1997
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Vertical structure:
Definition of the 
Gate length via the 
thickness of an 
epitaxial layer



L. Risch, Infineon 96


Vertical Replacement-Gate 

(VRG) MOSFET
J.M. Hergenrother et al., Bell Labs, Lucent Techn.

IEDM 99

L14
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FinFET double-gate Transistor

Kedzierski et. al IBM 2001L14
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Floor space: 
540 units2
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Significantly 
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and 
much better 
electrostatic 
control of the 
body
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MuGFET = Multiple gate FET
MuCFET = Multiple channel FET

L14
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MuGFET = Multiple gate FET
MuCFET = Multiple channel FET
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P FinFET 03:47

L14

file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/New FinFet Semiconductor Structure and Function.mp4


Page:   32 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html

L14

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html


Page:   33 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html

PMOS NMOS

L14

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html
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NMOS

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html
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PMOS

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html
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NMOS

http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html
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http://chipworksrealchips.blogspot.com/2012/04/intels-22-nm-trigate-transistors.html
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What’s next?

L14
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What’s next?

L14

https://www.overclock3d.net/news/misc_hardware/samsung_has_created_its_first_3nm_gaafet_prototypes_-_transistors_beyond_finfet/1
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What’s next?

L14

file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/SEMulator3D_GAANWCMOS.mp4
https://www.overclock3d.net/news/misc_hardware/samsung_has_created_its_first_3nm_gaafet_prototypes_-_transistors_beyond_finfet/1
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From Fin 
via Gate all arround 
to Nanowires resp. 
Nanosheets

What’s next?

L14

file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/SEMulator3D_GAANWCMOS.mp4
https://www.overclock3d.net/news/misc_hardware/samsung_has_created_its_first_3nm_gaafet_prototypes_-_transistors_beyond_finfet/1
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From Fin 
via Gate all arround 
to Nanowires resp. 
Nanosheets

What’s next?

L14
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FDSOI 8:07
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https://www.youtube.com/watch?v=uvV7jcpQ7UY
https://www.youtube.com/watch?v=uvV7jcpQ7UY
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FDSOI 8:07
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https://www.youtube.com/watch?v=uvV7jcpQ7UY
https://www.youtube.com/watch?v=uvV7jcpQ7UY
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FDSOI 8:07
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https://www.youtube.com/watch?v=uvV7jcpQ7UY
https://www.youtube.com/watch?v=uvV7jcpQ7UY
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Chaper 5 - Summary:  FEOL Scaling & Limits

- Sub threshold slope does not scale 
-Degrades Ion / Ioff

- DIBL = Drain induced Barrier Lowering
-Shallow Junctions
-Retrograde Wells
-Halo Implants
-SOI = Silicon on Insulator -> FDSOI
-or FinFET resp. GAA FET

- Gate Leakage 
-High k Dielectrics
-Poly Depletion > Metal Gate

- Mobility Engineering 
-Stress Layers
-SiGe FETS

- Vt Variability -> Intrinsic Si in FD FETs

L14
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Continue
“SCT_SS21_14.03”  18:22

https://videocampus.sachsen.de/m/cfc6c3aac8eeedfa7503e2677be0e3e4d4aab497bfb5cab7875fd2fad33c2c15d7e0c5803ac436b34c5059a8c081144fb6e4b03e72e3ed3f56963d797222fda6
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Outline

http://www.computerhistory.org/siliconengine/timeline/

0.  Introduction/ Lab organization/DMA /SCT1/Motivation
1. Process integration

1.MOS Structure, MOS Capacitor
2.Structure of a MOSFET
3.I/V behavior

2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter to memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET

1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the   N-MOS E/D Process

3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology

1.Example: Process flow of   E/D SiGate LOCOS Inverter 
2.LOCOS Variation
3.Shallow Trench Isolation

3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming

4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter

1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter

3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations

1.Scaling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

SC-
Basics
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http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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An outlook:

Future 14:29
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file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/The World After Silicon   From Vacuum Tubes to QUANTUM.mp4
https://www.youtube.com/watch?v=maZnwuGxAA8
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Thank you very much for your attention!

All the very best for the upcomming 
exams!

L14
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