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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 behaviour

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: 
- SC-Basics
- DRAM Device
- POLYCIDE
- RIE
- MOS Capacitor
- Feld/Gate Oxide
- EOT 
- MOS-Cap-CV ..

Today: MOSFET +
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D = pos. charged donor

A = neg. charged acceptor

+ = pos. charge (hole)

e = neg. charge (electron)
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Transistor Behavior 

Sima Dimitrijev, Understanding Semiconductor Devices, Oxford University Press 2000

Start: 
FETsimE
.pdf

The MOS FET

Terms:
- accumulation
- depletion
- inversion
-threshold voltage
- pinch off
- saturation current
- triode mode
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Derivation 

– Gate Capacity:

– Capacity within:

– Charge between 

x; :

– El. Field in x-Direction:

– Velocity of the Elec-

trons in the channel

– Charge carrier density 
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Drivation (3)

Pinch off at

It follows
TGD VVV −=

( )( ) ( ) 2
TG2

1
TGTG

ox

r0
D VVVVVV

L

W

d
I −−−−


=

( )2TG
ox

r0
D VV

L

W

d2
I −


= Independent of

DV
UD =

0.1V

0.3V

0.6V

1.0V

1.5V

2.0+V

UG =

5.0V

4.0V

3.0V

2.0V

1.0V

Transfer curveMOSFET Characteristic

L06



Page:   21 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Drivation (3)

Pinch off at

It follows
TGD VVV −=

( )( ) ( ) 2
TG2

1
TGTG

ox

r0
D VVVVVV

L

W

d
I −−−−


=

( )2TG
ox

r0
D VV

L

W

d2
I −


= Independent of

DV
UD =

0.1V

0.3V

0.6V

1.0V

1.5V

2.0+V

No pinch-off

UG =

5.0V

4.0V

3.0V

2.0V

1.0V

Transfer curveMOSFET Characteristic

L06



Page:   22 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Drivation (3)

Pinch off at

It follows
TGD VVV −=

( )( ) ( ) 2
TG2

1
TGTG

ox

r0
D VVVVVV

L

W

d
I −−−−


=

( )2TG
ox

r0
D VV

L

W

d2
I −


= Independent of

DV
UD =

0.1V

0.3V

0.6V

1.0V

1.5V

2.0+V

With pinch-off

No pinch-off

UG =

5.0V

4.0V

3.0V

2.0V

1.0V

Transfer curveMOSFET Characteristic

L06



Page:   23 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Drivation (3)

Pinch off at

It follows
TGD VVV −=

( )( ) ( ) 2
TG2

1
TGTG

ox

r0
D VVVVVV

L

W

d
I −−−−


=

( )2TG
ox

r0
D VV

L

W

d2
I −


= Independent of

DV
UD =

0.1V

0.3V

0.6V

1.0V

1.5V

2.0+V

With pinch-off

No pinch-off

UG =

5.0V

4.0V

3.0V

2.0V

1.0V

Transfer curveMOSFET Characteristic

L06

Continue
“SCT_SS20_06.06“  04:00

https://videocampus.sachsen.de/m/f7ac4fab5b366de80c60432f4f2df1e61ef6c9727b8d10fe162928309b0072fafc30a2d1a273345c07e39d697e4ef40955f1180bf2b4c988c098d5677b7f62e3


Page:   24 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Drain Current vs. Drain Voltage

ID = (0r /dox)·W/L·((VG – VT) – ½VD)VD

VT ~ dox  NA and Material
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Size Effects:
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