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1. Process integration

0. Introduction/ Lab organization/DMA /SCTl/Mo’riva’rio<: SC-

Review:

- SCT Basics

- MOS-Cap-CV
MOS-FET (N-FET enk
Al-Gate FET

- SRAM product (E/E)
- V1 adjust => Depl.

- E/D Logic

- Self aligned process
- ~180 nm CMOS Proce!
- Further Scaling

Today: Further Concepts

and summary

1.MOS Structure, MOS Capacitor BGS I CS

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 o 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
S S4 Transition o 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
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts
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https://www.sciencedirect.com/science/article/abs/pii/S0167931715000751
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25 nm suspended

Silicon substrate silicon bridge

Grow selective epitaxial Si from one side of the tunnel Remove nitride mold
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Wong, Chan & Taur, IBM 1997 Drain voltage (V)
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Definition of the -
Gate length via the o ,,?

thickness of an » Episi
epitaxial layer B ©"anne!

Channel

Drain

T

Vertical Replacement-Gate

Poly- .

Stiiom, " Sill (VRG) MOSFET
J.M. Hergenrother et al., Bell Labs, Lucent Techn.
IEDM 99

L. Risch, Infineon 96
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Source
pad

Poly-Si

P Crystal-Si
(a)

Si fin (30 nm ~ 150 nin)

Current-carrying
surfaces

Fin height =
devlce w:dth

 Fin width ::jvbody thickness

*» Etch §i fin using a hard mask
(c)

Nitride spacer ~80 nm ()

p' poly Sip ,Ge ¢

150 nm ~ 215 nm

* Deposit doped poly-Si « Nitride deposition and * Sacrificial oxidation (15 nm)

as source/drain spacer etch » Gate oxidation (2.5 nm)
* Pattern source/drain fan-out *» SiGe gate deposition {200 nm)
* Pattern and etch gate
(d) (e) ()
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PP = . H H H 9
Equivalent Scaling Process Technologies Timing New for 2009

[PIDS/FEP — “Simplif 1ed Transistor Roadmap™] = [Examples of “Equivalent Scaling” from ITRS PIDS/FEP TWGs (ENIAC Graphic))

Gate ) [ SoN e -.p m
stack

[[09: 2 co’s [[11: 2co’s
(15t co: 2007)] | (1+ co: 2009)]

Electrostatic
control <

Channel
material .
+ high p SiGe r-din i
materials Channel Mat'ls
2009 ITWG Table Timing: 2007 2010 2013 2016 2019]

Source: 2009 ITRS - Exec. Summary Fig 7c
[Orig. Source: ITRS, European Nanoelectronics Initiative Advisory Council] (ENLAC)

MuGFET = Multiple gate FET
MUCFET = Multiple channel FET

Page: 29 L14©J. W.Bartha 2021 TUD INTERNAL USE ONLY!



TECHNISCHE
@ UNIVERSITAT
DRESDEN

i i i i i i ”
Equivalent Scaling Process Technologies Timing New for 2009

[PIDS/FEP — “Simplif 1ed Transistor Roadmap™] = [Examples of “Equivalent Scaling” from ITRS PIDS/FEP TWGs (ENIAC Graphic))

Gate ) [ Son e -p m‘n
stack

[[09: 2 co’s [[11: 2co’s
(15t co: 2007)] | (1+ co: 2009)]

Electrostatic
control <

Channel

material + WAV High p

+ high p SiGe Alternative
materials Channel Mat'ls

$ * ' g >

2009 ITWG Table Timing: 2007 2013 2016 2019]

Source: 2009 ITRS - Exec.
[Orig. Source: ITRS, Europe.
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€he New Pork Times May 5, 2011

New Transistor Grows in the Third Dimension

The new Intel transistor provides higher performance by increasing the
conductive area between the source and drain regions of the chip,
allowing more current to flow through.

TRADITIONAL TRANSISTOR NEW INTEL TRANSISTOR

Planar conducti\_/e area Conductive area is expanded
i on three sides of a raised fin

SOURCE -,

Source: Intel THE NEW YORK TIMES

The new transistor with its raised fin requires a smaller footprint, allowing
more of them to fit in a computer chip. The new design can also reduce
power consumption, yielding better battery life on devices.

P FinFET 03:47
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Si Substrate

Samsung has created its first 3nm GAAFET prototypes - Transistors beyond FinFET
il should TSMC be worried? [

Published: 4th January 2020 | Source: Maeil Economy - Via Tom's Hardware | Author: Mark Campbell
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Si Substrate

Samsung has created its first 3nm GAAFET prototypes - Transistors beyond FinFET
i Should TSMC be worried? [

Published: 4th January 2020 | Source: Maeil Economy - Via Tom's Hardware | Author: Mark Campbell
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Samsung has created its first 3nm GAAFET prototypes - Transistors beyond FinFET
l Should TSMC be worried? [

Published: 4th January 2020 | Source: Maeil Economy - Via Tom's Hardware | Author: Mark Campbell
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Chaper 5 - Summary: FEOL Scaling & Limits

- Sub threshold slope does not scale
-Degrades I, / I ¢
- DIBL = Drain induced Barrier Lowering
-Shallow Junctions
-Retrograde Wells
-Halo Implants
-SOI = Silicon on Insulator -> FDSOI
-or FinFET resp. GAA FET
- Gate Leakage
-High k Dielectrics
-Poly Depletion > Metal Gate
- Mobility Engineering
-Stress Layers
-SiGe FETS
- V, Variability -> Intrinsic Siin FD FETs
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Chaper 5 - Summary: FEOL Scaling & Limits

- Sub threshold slope does not scale
-Degrades I, / I ¢
- DIBL = Drain induced Barrier Lowering
-Shallow Junctions
-Retrograde Wells
-Halo Implants
-SOI = Silicon on Insulator -> FDSOI
-or FinFET resp. GAA FET
- Gate Leakage
-High k Dielectrics
-Poly Depletion > Metal Gate
- Mobility Engineering
-Stress Layers
-SiGe FETS
- V, Variability -> Intrinsic Siin FD FETs
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1. Process integration

1.MOS Structure, MOS Capacitor BGS I CS

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 o 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
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts
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An outlook:

Future 14:29
3D

Stacking

2021

3nm TSMC / SAMSUNG
7nm Intel

aka Nanowire
: Transistor replaces
FinFET

>

#Transistors #Moore #Quantum

L4 Cache
4GB HBM
on-chip

L4 Cache
1GB HBM
on-chip

2023 2024 2025

2.50m TSMC / SAMSUNG
Sam Intel

MBCFET
Nanosheet
Transistor replaces
GAAFET

WP A
FinFET GAAFET MBCFET

nanowire 18

The World After Silicon - From Vacuum Tubes to QUANTUM
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Mobile
Frequency
Wall ~4GHz

2029

1.5nm TSMC / SAMSUNG
3nm Intel

2026 2028

2nm TSMC / SAMSUNG
Sam+ Intel

Stacked Carbon

Nanotube Transistor
~ )

1nm TSMC / SAMSUNG
3om Intel+

Stacked Carbon
Nanotube +

Photonics



file:///D:/LVsWS+SS/SS20/aSCT2/SCT2.14.200716/SCT2.14.USB/The World After Silicon   From Vacuum Tubes to QUANTUM.mp4
https://www.youtube.com/watch?v=maZnwuGxAA8
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Thank you very much for your attentionl

All the very best for the upcomming
exams!
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Thank you very much for your attentionl

All the very best for the upcomming
exams!

Relaxing vaccation!
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»Wissen schafft Briicken.«
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