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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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Generic simulation of a MOS FET process flow
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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
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1.1 MOS Structure – MOS Capacitor
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1.1 MOS Structure – MOS Capacitor
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Aspects of process integration

Process Integration means:
Compilation of process steps to generate a Chip
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Process - integration

Question: If the substrate is grounded, is there a certain polarity required? 

MOS Capacitor
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Process - integration

Question: If the substrate is grounded, is there a certain polarity required? 

- +

The substrate contact
has to be minus
otherwise the 
p+/n junction is 
in forward direction!

If the p+ terminal
is connected to + 
we have a short to
ground through the
p+/n substrate
diode

MOS Capacitor
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Process - integration

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C = Q/U; C = 0r A/d; 0 = 8.85 10-12 F/m
r(SiO2) = 3.9

MOS Capacitor

L04



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

Process - integration

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C = Q/U; C = 0r A/d; 0 = 8.85 10-12 F/m
r(SiO2) = 3.9

charges at U = 2.5 V: Q = CU = 30 10-15 F  2.5 V = 75 10-15 As 
(e = 1.6  10-19 C) or 469000 Electrons ( Noise)

MOS Capacitor

L04



Page:   34 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Process - integration

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C = Q/U; C = 0r A/d; 0 = 8.85 10-12 F/m
r(SiO2) = 3.9

charges at U = 2.5 V: Q = CU = 30 10-15 F  2.5 V = 75 10-15 As 
(e = 1.6  10-19 C) or 469000 Electrons ( Noise)

Can this be realized with a cell size of 1µm2 ?

MOS Capacitor

L04



Page:   35 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Process - integration

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C = Q/U; C = 0r A/d; 0 = 8.85 10-12 F/m
r(SiO2) = 3.9

charges at U = 2.5 V: Q = CU = 30 10-15 F  2.5 V = 75 10-15 As 
(e = 1.6  10-19 C) or 469000 Electrons ( Noise)

Can this be realized with a cell size of 1µm2 ?
Required oxide thickness: d = 0r A/C = 1.1 nm

MOS Capacitor

L04



Page:   36 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Process - integration

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C = Q/U; C = 0r A/d; 0 = 8.85 10-12 F/m
r(SiO2) = 3.9

charges at U = 2.5 V: Q = CU = 30 10-15 F  2.5 V = 75 10-15 As 
(e = 1.6  10-19 C) or 469000 Electrons ( Noise)

Can this be realized with a cell size of 1µm2 ?
Required oxide thickness: d = 0r A/C = 1.1 nm

(Break Down Voltage of SiO2 is 7 MV/cm, Further problem – tunnel current!)
U/d = 2.5V/1.1 nm = 22 MV/cm !!   Therefore minimum oxide thickness d = 3.3 nm
This requires A = 3 µm2 or a different dielectric material (for example high k)!

IBM Journal of Res. & Dev. 1999

MOS Capacitor
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High K - EOT
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MOS capacitor
CV behavior
-Accumulation
-Depletion
-Inversion

1.2 Transition to the MOSFET
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MOS capacitor
CV behavior
-Accumulation
-Depletion
-Inversion

1.2 Transition to the MOSFET

Let’s look to the MOS structure first!
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