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The hyperlinks to the video streams in this virtual lecture are marked by the Video Campus Sachsen Logo.      
To watch them you need to be logged on at the host: VCS. Please click on: https://videocampus.sachsen.de/login
select TU-Dresden in the selection mask and than logon with the same ID and password as you use for OPAL or 
ZIH.                   Stay logged on as long as you work with the lecture slides.
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Lecture evaluation

Please participate in the lecture evaluation!

https://befragung.zqa.tu-dresden.de/uz/b/YDCOAFZIVFCAS;jsessionid=8B1B147B98B07FDE50F89FBC1048F9E6?0
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Written exam

https://tu-
dresden.de/ing/elektrotechnik/ressourcen/dateien/studium/pruefunge
n/pruefungsplaene/pruefungsplaene-sose2021/2nes.pdf?lang=de

https://tu-dresden.de/ing/elektrotechnik/ressourcen/dateien/studium/pruefungen/pruefungsplaene/pruefungsplaene-sose2021/2nes.pdf?lang=de
https://tu-dresden.de/ing/elektrotechnik/ressourcen/dateien/studium/pruefungen/pruefungsplaene/pruefungsplaene-sose2021/2nes.pdf?lang=de
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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 Capacitor
- MOS-Cap-CV
- MOS-FET (N-FET enh.)
- Al-Gate FET
- SRAM product (E/E) 
- VT adjust => Depl.
- E/D Logic
- Si Gate Process
- LOCOS => STI
Today: Further self aligned

L11

http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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Continue 
“SCT_SS20_11.2“  25:10

http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
https://videocampus.sachsen.de/m/b29377fe0a32b695233d23fb59b59ba5e588b9fc50155374731c8c5cb6fe2a20cc12e3c5e555ca13a9c594d9521126ca660683f5d5bea9da1e6b9efee0f24e38
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Blackboard: Evolution of fieldox
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3.3 Lightly Doped Drain LDD
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Where do we find the highest 
fieldstrength? ( E=-dΦ/dx )

Φ

L11
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Double Diffused Drain, DDD and 
Lightly Doped Drain, LDD

High electric field strength 
at the channel/drain edge!

L11
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Relaxation of the field strength by lowering n-doping

L11
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Relaxation of the field strength by lowering n-doping

Compare the edge in Φ(x) for strong
and lightly doped n at the junction

L11
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Double Diffused Drain, DDD and 
Lightly Doped Drain, LDD

High electric field strength 
at the channel/drain edge!
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Double Diffused Drain, DDD and 
Lightly Doped Drain, LDD

High electric field strength 
at the channel/drain edge!

DDD:

LDD:

L11
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Lightly Doped Drain, LDD

L11
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Lightly Doped Drain LDD

The junction at the Drain side creates a peak in the electric field strength, 
creating “hot electrons”, which may gain enough energy to penetrate into the 
gate oxide and degrade the device. A smooth junction relaxes this effect.

L11
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Lightly Doped Drain LDD

The junction at the Drain side creates a peak in the electric field strength, 
creating “hot electrons”, which may gain enough energy to penetrate into the 
gate oxide and degrade the device. A smooth junction relaxes this effect.

To create this smooth junction (LDD) with the required accuracy, no photo 
alignment is necessary. It is done in a self aligned way utilizing the 
anisotropic behavior of reactive ion etching.
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Lightly Doped Drain LDD

The junction at the Drain side creates a peak in the electric field strength, 
creating “hot electrons”, which may gain enough energy to penetrate into the 
gate oxide and degrade the device. A smooth junction relaxes this effect.

To create this smooth junction (LDD) with the required accuracy, no photo 
alignment is necessary. It is done in a self aligned way utilizing the 
anisotropic behavior of reactive ion etching.

Term used Today:
Source Drain Extensions

L11
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Lightly Doped Drain LDD

The junction at the Drain side creates a peak in the electric field strength, 
creating “hot electrons”, which may gain enough energy to penetrate into the 
gate oxide and degrade the device. A smooth junction relaxes this effect.

To create this smooth junction (LDD) with the required accuracy, no photo 
alignment is necessary. It is done in a self aligned way utilizing the 
anisotropic behavior of reactive ion etching.

Term used Today:
Source Drain Extensions
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Continue
“SCT_SS20_11.03”  19:38

https://videocampus.sachsen.de/m/d10de3d180f259a335185a1b5f6670748c46201fc1e6f3223f1c963329b387e20237681fa6ff484f8968e973dfccf4c9253cac897e2e6050f9944d54d4adf4db
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3.4. Self aligned Silicide = SALICIDE

Poly Si Gate Process boosted scaling but the decreasing 
dimensions generated new problems associated with 

a) the line resistance of the poly Si gate 
b) the contact resistance to S/D

L11
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3.4. Self aligned Silicide = SALICIDE

Poly Si Gate Process boosted scaling but the decreasing 
dimensions generated new problems associated with 

a) the line resistance of the poly Si gate 
b) the contact resistance to S/D

A class of materials 
combining low resistance and 
thermal stability are 
“silicides”, which are binary 
compounds of metals and 
silicide. 

L11
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3.4. Self aligned Silicide = SALICIDE

To optimize the performance of the MOSFET the resistivity of the gate 
line, as well as the resistivity of the source/drain contact should be as low 
as possible. This is obtained by using silicides (WSi2, TiSi2, CoSi2). 

L11
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3.4. Self aligned Silicide = SALICIDE

To optimize the performance of the MOSFET the resistivity of the gate 
line, as well as the resistivity of the source/drain contact should be as low 
as possible. This is obtained by using silicides (WSi2, TiSi2, CoSi2). 

Again this is done in a self aligned way utilizing the selective wet etch 
behavior between the refractive metal and the silicide.

Taken from S. M. Sze, VLSI Technology McGraw-Hill 1988 →

L11
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Source/Drain contact

Rac: R(Accumulation layer)
Rsp: R(spreading Resistance)
Rdiff: R(Diffusion well)
Rco: R(Contact)

L11
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LDD / SALICIDE

LDD Implant 1

LDD Implant 2

Anneal 1

Anneal 2

L11
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LDD / SALICIDE

LDD Implant 1

LDD Implant 2

Anneal 1

Anneal 2
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Continue
“SCT_SS20_11.04”  12:43

https://videocampus.sachsen.de/m/30a6cc97f1e6dcd14d7e7a37404ad1baed16c41ca4f20aeacb43793b532460f4e9cb7550f4a55068f7a674281d371cdd5b45e1fd8e8e7b5deded73b766db99a9


Page:   45 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

3.5. Self aligned contacts (SAC)
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3.5. Self aligned contacts (SAC)
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Shrinking (Trimming) of a structure:

Isotropic etch!

3.6. Resist trimming

L11
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