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Customers flagship products are powered with 7nm+ EUV ASML W

7nm EUV

Performance and efficiency
reimagined

Powerefficiency and performance come first with the Exynos 9825, the industry's first mobile processor built with

HUAWEI Kirin 990 Series’

Rethink Evolution

World's 1st Flagship 5G SoC powered with 7nm+ EUV®

7nm EUV processing technology. EUV, or extreme ultraviolet lithography, allows Samsung to leverage extreme

ultraviolet wavelengths to print finer circuits and develop a faster and more power efficient processor.

Source: https://www.samsung.com/semiconductor/m e/exynos/products/mobilepros exynos-9825/ , hitps:/iconsumer huawei. com/en/campaign/kirin-990-series/

Carl Zeiss SMT GmbH, L. Wischmeier, P. Graupner, P. Kirz, W. Kaiser, J. v. Schoot, J. Malimann, J. d. Pee, J. Stoeldrager 202002-24
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X EUV BERE (NA

03 D5 0.557N)

EATHEHVRES LM (250 RN EEHETE)

Wafer stocker

NA : Numerical Aperture (BECIZ0)
Next-generation 0.55NA system architecture finalized

To support optimized FF throughput

Mask Stage

Lens & illuminator
.
4x increase in acceleration

NA 0.55 for high contrast
High transmission
7 :

Horizontal Source

(improved Transmission)
Compatible with future 0.33
NA sources, power
iD

provements over time

Improved metrology

2~3x improvement in overlay/focus

Wafer Stage

2x increase in acceleration
Jan van Schoot et al., SPIE AL 2020

Cooling hood N Fraitr
Mitigate wafer heating

Improved thermal and dynamic

control with larger optics
2020 Symposia on VLS| Technology and Circuits

Slide 41
H#2 © Anthony Yen, ASML, “EUV Lithography and Its Application to Logic and Memory Devices”, VLSI 2020, SC1.5 77
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2022 IEDM Presentation 9.1 Scalable Ultrahigh Voltage SiC Superjunction Device Technologies for Power Electronics Applications (Invited),
R. Ghandi, C. Hitchcock, S. Kennerly, M. Torky*, P. Chow*, GE Research, *Rensselaer Polytechnic Institute
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Fig. 1. Schematic view (left) and SEM cross sectional view (right) of 3.3kV SiC & s 9
% our 3.3kV SiC CB JBS diode.
Charge-Balanced (CB) JBS diodes.
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Fig. 3. Tradeoff of measured on-resistance versus Fig. 4. Schematic view (left) and SEM cross sectional view (right) of 4.5kV SiC
switching loss (forward recovery) of 3kV SiC CB-IBS Charge-Balanced (CB) MOSFET.
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DMD (Digital Micromirror Device)
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2022 IEDM Tutorials < Innovations and Technologies for 2nm CMOS and Beyond, Tenko Yamashita, IBM

Innovations to Continue CMOS scaling

Tech node 90 / 65/ 45 32/ 28/ 20 14/10/7/5/ 4 3/2 17/ 0.7 ooe

Tr. Architecture Planar FinFET NS GAA VTFET, Stacked FET
Gate Stack Poly/SiON HKMG RMG/HKMG

Channel Strain DSL eSiGe (Doping & Strain) eSiGe / cSiGe >
Advanced Junction lon Implantation Advanced Doping

Advanced Activation RTA + mLSA mLSA + nLSA

FEOL Ceff Reduction SiN Spacer (k=7) > Low-k Spacer (k<s) air Spacer (k=1)

BEOL RC Cu + low-k dielectric New metals / BSPDN

GAA : Gate All Around. RTA : Rapid Thermal Aneal. HKMG : High-K Metal Gate. NS : Nano SHeet.
FEOL(Front End Of Line) : E#&kT#E (F/31 XE). BEOL(Back End Of Line) : B T2 (A 2S5 1 XJB)

95
2022 IEDM Tutorials - Innovations and Technologies for 2nm CMOS and Beyond, Tenko Yamashita, IBM
Transistor Architecture Innovations
Architecture m FinFET Nanosheet VTFET Stacked FET
Intrinsic Lg scaling Tinv Thin body(Dfin) FD Thinner body(Tsi) FD  Relax CPP Scaling Tinner Body FD
knobs Shallow Junction Partial GAA Full GAA Full GAA
Channel doping New channel material
Lg Scaling limitations ~ Lyin ~ (tox, 1/Na, Xj) *Lmin ~ (tox, Dfin) Linin ™ (tox, Tsi) Linin ™ (tox, Dfin) Linin ™ (tox, Dfin)
RDF Dfin ~ 5nm Tsi ~ 4nm Tsi ~ 5nm Tsi ~ 4nm
Performance SCE + SCE ++ SCE + SCE ++
advantages channel mobility + Channel mobility + MOL resistance  ++ Channel Mobility + +
Weff / FP + Weff / FP ++  Weff /FP +  Weff/FP +++
*D. Frank et al, IEDM 1992 W. Haenschet al, IBM J of R&D July 2
96
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2022 IEDM Tutorials - Innovations and Technologies for 2nm CMOS and Beyond, Tenko Yamashita, IBM

Nanosheet Process flow

NS stack Epitaxy (a)

NS “Fin” & STI formation (b)

NS “Fin” reveal (c)

Dummy Gate patterning (d)

Gate Spacer deposition (e)

Fin Recess &{Inner Spacer (f)

Dual S/D Epitaxy (g9)

Channel Release (h)

RMG deposition (i)

MOL/BEOL (j)
N. Loubet et al, VLSI2017 1. Frougier et al, SSDM2021
97
2022 IEDM Tutorials - Innovations and Technologies for 2nm CMOS and Beyond, Tenko Yamashita, IBM
he key i ffici '
The key Is Energy-Efficient CMOS Device
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2022 IEDM Tutorials - Innovations and Technologies for 2nm CMOS and Beyond, Tenko Yamashita, IBM

Candidates for Energy Efficient CMOS Devices

“Innovations in structures, materials & processes to shrink standard cell area
without decreasing effective device width & minimum metal width ”
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