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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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Lecture evaluation open until July 08!

Please participate in the lecture evaluation!

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

Si-Gate, LOCOS, STI, LDD, 
SALICIDE, SAC, Resist Trimming

Today: CMOS

L12

http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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SALICIDE, SAC, Resist Trimming

Today: CMOS

L12

Continue 
“SCT_SS20_12.2“  21:00

http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
https://videocampus.sachsen.de/m/54793bf464b6b7fc411a8d3c66c81a3c7ac682ff2b79329c7728183c4d2cb42dc87fda7468955e251346a6ed4206c86c6c75c6f6ede0a93783e0773a88c5fbaf
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Blackboard 12.1
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4. Transition to CMOS Technology

L12
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4.1 Different Types of MOSFET

L12
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4.2 Transition to the CMOS inverter 
4.2.1 Remember: E/E inverter

Remember 
the N-MOS  Inverter!

L12
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4.2 Transition to the CMOS inverter 
4.2.1 Remember: E/E inverter

Remember 
the N-MOS  Inverter!

When Vi is increased from zero to VD, a
current flows through the load transistor 
for Vi > VT and reaches a saturation value 
controlled by the load transistor.

L12
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4.2 Transition to the CMOS inverter 
4.2.1 Remember: E/E inverter

Remember 
the N-MOS  Inverter!

 When the input is high, the inverter 
consumes continuously power!

When Vi is increased from zero to VD, a
current flows through the load transistor 
for Vi > VT and reaches a saturation value 
controlled by the load transistor.

L12
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4.2.2. Hydrodynamic analogy: CMOS Inverter

Instead of the load device it would be much nicer to have a switching device
that operates complementary!

L12
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4.2.2. Hydrodynamic analogy: CMOS Inverter

Instead of the load device it would be much nicer to have a switching device
that operates complementary! Like the two valves controlled by the piston.

Operation state 1

L12
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4.2.2. Hydrodynamic analogy: CMOS Inverter

Instead of the load device it would be much nicer to have a switching device
that operates complementary! Like the two valves controlled by the piston.

Operation state 1 Operation state 2

L12
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4.2.2. Hydrodynamic analogy: CMOS Inverter

Instead of the load device it would be much nicer to have a switching device
that operates complementary!

Something like this can be done by combining a N-MOS and a P-MOS FET:

Like the two valves controlled by the piston.
Operation state 1 Operation state 2

L12
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Process - integration

Application example:
Ring Oscillator

L12
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Process - integration

Application example:
Ring Oscillator

L12
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Process - integration

Application example:
Ring Oscillator

Multiple stage ring oscillator can be nicely used to determine the switching 
speed of a circuit technology. The more stages the more easy to measure.

L12
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Application example: Ring Oscillator

L12
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Application example: Ring Oscillator

Feeding back last output to first input:

L12
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Does this circuit 
oscillate ? 

Application example: Ring Oscillator

Feeding back last output to first input:

L12
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Does this circuit 
oscillate ? 

No! Last output and first input are both on high. 
No reason to change the state! 

Application example: Ring Oscillator

Feeding back last output to first input:

L12
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And now?

L12
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Odd number of inverters required!

And now?

L12
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Back to realization of an inverter with an 
active load by using N-MOS and P-MOS FET

Odd number of inverters required!

And now?

L12
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Back to realization of an inverter with an 
active load by using N-MOS and P-MOS FET

Odd number of inverters required!

And now?

L12

Continue
“SCT_SS20_12.03”  31:01

https://videocampus.sachsen.de/m/58d9f8f7a6a4fd4b0e19404cad609d201b7a1a3de2afc9909b1b321d12ff4ff6477383144e1277c64c73e163ab8922763b5d95dfcafc85e0341bc2f66c316f75
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Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

L12



Page:   29 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

Remember the P-MOS characteristic.

L12
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Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

Remember the P-MOS characteristic.

L12
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Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

Remember the P-MOS characteristic. Let’s turn the transistor around
and plot IS instead of ID.

L12
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Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

Remember the P-MOS characteristic.

Now we shift each 
terminal by VD!

Let’s turn the transistor around
and plot IS instead of ID.

L12
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Functioning of the  CMOS Inverter

Remember the N-MOS characteristic.

Remember the P-MOS characteristic.

Now we shift each 
terminal by VD!

Let’s turn the transistor around
and plot IS instead of ID.

We assemble this to the CMOS inverter:

L12
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Process - integration
Perfect transfer curve

L12
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Process - integration

Transfer curve: ☺ Very steep
☺ Vo max = VD, Vo min = 0
☺ Static power consumption = 0

Perfect transfer curve

L12
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Process - integration

Higher process complexity necessary!

Transfer curve: ☺ Very steep
☺ Vo max = VD, Vo min = 0
☺ Static power consumption = 0

Perfect transfer curve

L12
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VDS = -VDD … 0

VGS = 

-VDD … 0

VDS = 0 …+VDD

VGS = 

0 …+VDD

CMOS Concept discovered by IDS=f(VDS)

L12
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VDS = -VDD … 0

VGS = 

-VDD … 0

VDS = 0 …+VDD

VGS = 

0 …+VDD

VGS = 

-VDD … 0

VDS = -VDD … 0 VDS

CMOS Concept discovered by IDS=f(VDS)

L12
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VDS = -VDD … 0

VGS = 

-VDD … 0

VDS = 0 …+VDD

VGS = 

0 …+VDD

VGS = 

-VDD … 0

VDS = -VDD … 0 VDS

VGS = 

0 … VDD

VDS = 0 … VDD

VDS

VGS=0

VDD

VGS

CMOS Concept discovered by IDS=f(VDS)

L12
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VDS = -VDD … 0

VGS = 

-VDD … 0

VDS = 0 …+VDD

VGS = 

0 …+VDD

VGS = 

-VDD … 0

VDS = -VDD … 0 VDS

VGS = 

0 … VDD

VDS = 0 … VDD

VDS

VGS=0

VDD

VGS

CMOS Concept discovered by IDS=f(VDS)

L12
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Vout=VDD

No Current!

Concept of the CMOS Inverter
Input = low

L12
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Vout=0.95V 

Concept of the CMOS Inverter

L12
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Vout=0.8V 

Concept of the CMOS Inverter

L12
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Vout=0.2V 

Concept of the CMOS Inverter

L12
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Vout=0.05V 

Concept of the CMOS Inverter

L12
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Vout=0V 

No Current!

Concept of the CMOS Inverter
Input = high

V12
L12
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Ideal: long channel & IDsat(N)=IDsat(P)

Real: short channel & IDsat(N)>IDsat(P)

To get closer to ideal, design of FET width W(P) > W(N) !
L12
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CMOS 
Complementary
MOS
(Utilizing
NMOS & 
PMOS) 

Inverter

L12
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CMOS 
Complementary
MOS
(Utilizing
NMOS & 
PMOS) 

Inverter

L12
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CMOS Inverter

Aus: Schumiki, Seegebrecht „Prozeßtechnologie“ Springer 1991

L12



Page:   51 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

CMOS Inverter

Aus: Schumiki, Seegebrecht „Prozeßtechnologie“ Springer 1991

L12

Continue
“HLT_SS20_12.04”  36:28

https://videocampus.sachsen.de/m/d05f0fc926e000ffd7c03dec25c9173e031490cf0dfb8ffa1cebeaadfce9142de748711bd61601b59511caf8d659ea6c5455632204e90f2832d2c1bb496a9c10
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4.3. CMOS Prozessablauf

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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4.3. CMOS Prozessablauf

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

CMOS Inverter: 

Epi Wafer-
Dual well-
STI-
SiGate-
LDD (S/D extensions)-
SALICIDE-
SAC-
Dielecric CMP

L12
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CMOS Inverter-STI

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12



Page:   55 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

CMOS Inverter-STI

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-wells

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-wells

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-Si Gate & S/D extensions

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-Si Gate & S/D extensions

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-S/D formation

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-S/D formation

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-SALICIDE & SAC contact etch

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12



Page:   63 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

CMOS Inverter-SALICIDE & SAC contact etch

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter- Metal 1

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter- Metal 1

Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

L12
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CMOS Inverter-Metal 2 +

L12
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CMOS Inverter-Metal 2 +

L12
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CMOS Inverter-Metal 2 +

In this scheme: 
Metal is etched and Oxide is polished!

L12
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Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

Alternative 
Metallization 

Scheme

L12
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Taken from IC Knowledge 2008
http://www.icknowledge.com/misc_
technology/Overview%20Post.pdf

Alternative 
Metallization 

Scheme

L12
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CMOS SRAM

L12
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Integrated Circuit 
of a Logic Adder

Example for a logic circuit: CMOS Adder

L12



Page:   73 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

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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