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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
Triode- Saturation-
Subthreshold range

- Al-Gate FET
- Inverter to SRAM

Today: 
SRAM fabrication + VT
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2.3 SRAM Cell

Two Inverters make a Flip-Flop
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2.3 SRAM Cell

Two Inverters make a Flip-Flop

With two stable
states like this one:

1

1

0

0
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2.3 SRAM Cell

Two Inverters make a Flip-Flop

1

Or this one:

1 0

0
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2.3 SRAM Cell

Two Inverters make a Flip-FlopUsing two additional Transistors a SRAM cell is created

L08
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2.3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels.
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2.3 SRAM in metal gate enhancement NMOS

n+ diffusion / p substrateThe layout consist of the 4 mask levels.
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2.3 SRAM in metal gate enhancement NMOS

Gate OxideThe layout consist of the 4 mask levels.
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2.3 SRAM in metal gate enhancement NMOS

Contact openThe layout consist of the 4 mask levels.

L08



Page:   13 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

2.3 SRAM in metal gate enhancement NMOS

Metal LinesThe layout consist of the 4 mask levels.
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2.3 SRAM in metal gate enhancement NMOS

Metal LinesThe layout consist of the 4 mask levels.
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SRAM in metal gate enhancement NMOS
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Notice the W/L Ratio of  the different Transistors!

SRAM in metal gate enhancement NMOS
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Notice the W/L Ratio of  the different Transistors!
n+ Diffusion not only used for Source/Drain but also as conductor line!

SRAM in metal gate enhancement NMOS

L08
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SRAM in metal gate enhancement NMOS
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The process flow

https://videocampus.sachsen.de/m/33f2b4431097bb92e4cb1920e460bb5e5430ecee83dc37cc2df4d53287706adda1c7d3ce790109b3376a76d58c92542383a641243764c314c6b14ff089a10238
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BEOL:
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Prozess - Integration

Metal Gate N-MOS Enhancement Process:

☺ simple (only 4 Mask Levels)
☺ conductor level in the substrate (through n+ region)

L08



Page:   25 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Prozess - Integration

Metal Gate N-MOS Enhancement Process:

☺ simple (only 4 Mask Levels)
☺ conductor level in the substrate (through n+ region)

 requires much space
 limitations of the transfer curve
 slow
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The threshold voltage
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2.4 The threshold voltage at MOSFET

Parameters to turn knobs:

- Oxide Thickness 
- Substrate Doping
- Oxide Charges
- Work function difference 
- Substrate Bias 

L08
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p

Meaning of the Threshold Voltage VT

Terms:
- accumulation
- depletion
- inversion

L08

Try also pdf file “MOScapAnim” in OPAL folder

https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/29483499535/menu/MENU_FOLDER
https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/29483499535/menu/MENU_FOLDER
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Blackboard 8.1
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Situation at band diagrams
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ΦF
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ΦF
Φs

Ei
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ΦF
Φs

Φs = ΦF

Ei
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ΦF
Ei
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ΦFΦs
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ΦFΦs

ΦF

Φs = 2ΦF :Strong inversion or threshold Vt

Ei
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ΦFΦs

ΦF

Φs = 2ΦF :Strong inversion or threshold Vt

Ei
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Derivation of Vt

https://videocampus.sachsen.de/m/3abd594c8d6ba6bba33a392594e9c32f14da88d8c6ecaf1d26edb6a22f2234dca90a40d911cee6e87d580c6bfb946177680bb0a1f5aae8724e520cde9e00f0a6
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Blackboard 8.2
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Blackoard 8.3
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Blackboard 8.4
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Threshold voltage at MOS-FET /1
Idealized!
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2.Integration delivers
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Threshold voltage at MOS-FET /2
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Threshold voltage at MOS-FET /2
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Condition for threshold: UGS=UT when
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Condition for threshold: UGS=UT when
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p

Demonstration: VT = f(dox und NA )

Try also pdf file “MOScapAnim” in OPAL folder
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