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The Angstrom Era Challenge
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1 Sub-3nm nodes require atomic-scale precision etching

2 TradiJonal RIE causes damage & variability issues

3 ConvenJonal ALE: coupled cycles → "pseudo-ALE" behavior

4 Low throughput and parJcle generaJon 

Decouple modificaJon & removal steps 
for self-limiJng ALE for semiconductor 
chip manufacturing

Paradigm Shi+: RIE → ALE; Recipe-Based → Adap:ve Algorithmic Control
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About AAT — Company Mission & Founder Team

Applied Angstrom Technology (AAT) — Singapore

Deep-tech equipment startup building the world's 
first AI-naJve atomic layer etching plaXorm for 
advanced semiconductor manufacturing.

Our Mission

🎯  Enable true atomic-precision etching for sub-3nm nodes
and 3D devices
🤖  Integrate AI naFvely into equipment — not bolt-on 
soIware
⚡  Deliver 10× faster ALE cycle Fme for HVM readiness

🔬  DemocraFze angstrom-scale process control via PEDSL

Founder Team — 20+ Years Combined Industry Experience

⚙  Equipment Design (10 yrs)
Applied Materials & Lam Research
•  ALE & etch chamber design and process development
•  Plasma source engineering & gas delivery systems
•  Led cross-funcFonal next-gen plaHorm teams

🏭  Fab Process Module (10 yrs)
Intel CorporaJon & TSMC & GlobalFoundries
•  Directed etch integraFon for advanced nodes in both memory 
and logic
•  Managed process roadmap and tool selecFon for technology 
development (TD) nodes
•  Equipment-process co-opFmizaFon for HVM
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SiN ALE: Process Significance, Prior Art & AAT Approach

Why SiN ALE MaNers

🔹 3D NAND: Fer nitride recess in 300+ layer stacks

🔹 GAA Nanosheet: Inner spacer selecFve recess of SiN
🔹 DRAM: Capacitor isolaFon & landing pad etch

🔹 PaZerning: SiN hardmask trim for sub-3nm CD control

Shared Chemistry: H₂ Modifica5on + Fluorine Removal

Step 1:  H₂ plasma → H radicals modify Si–N bonds (surface hydrogenaFon)

Step 2:  NF₃/fluorine plasma → F radicals selecFvely remove modified layer
Product:  VolaFle (NH₄)₂SiF₆ (AFS) → desorbs as SiF₄ + NH₃ + N₂

Prior Art & AAT: Same Chemistry, Different Architecture

Sherpa et al. (TEL) — JVSTA 2017

Pla$orm: CCP (coupled RF)

Chemistry: H₂ mod. + NF₃ removal

EPC: ~61 Å/cycle

Synergy: >80%

Cycle Time: ~30 s

Limita8on: Coupled source → limited
step-level opImizaIon

Rui et al. (Micron) — JVSTA 2023

Pla$orm: ICP (convenIonal)

Chemistry: H₂ mod. + NF₃ removal

EPC: ~90 Å/cycle

Synergy: >80%

Cycle Time: 5–30 s

Limita8on: SequenIal pulsing in
single chamber

AAT (This Work) — SPIE 2026

Pla$orm: Decoupled AI-NaIve

Chemistry: H₂ mod. + NF₃ removal

EPC: 2.3–90 Å/cycle (tunable)

Synergy: >80–90%

Cycle Time: ~2 s  (10× faster)

Advantage: Independent step control
via PEDSL + AI opImizer

→ →
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AI-Na7ve ALE: Process Steps & System Architecture
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Process Engineering DSL (PEDSL)
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Process Scorecard Input

AI Agent (ML Op-mizer)

ModificaJon
Parameters

Gas Purging
& Timing

Removal
Parameters

ALE Tool ExecuCon

EPC Control
2–90 Å/cycle
(tunable)

Synergy Factor
>=80%

SaturaJon Curve
<=1s

↺ Feedback Loop: Real-Time Sensors + In-Line Metrology
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Two Process Condi7ons (Best Known Methods)
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BKM1: High Throughput

• EPC: ~90 Å/cycle

• Synergy: >90%

• R² > 0.99 linearity

• Cycle Jme (mod. + rem.): ~2 s

• Use: Bulk removal

BKM2: Atomic Precision

• EPC: ~2.3 Å/cycle

• Synergy: >80%

• R² > 0.99 linearity

• Cycle Jme (mod. + rem.): ~2 s

• Use: Surface smoothing

Key Advantage: 10× faster cycle Jme (~2 s vs. ~30 s) — Algorithmic selecJon of opJmal process window
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Etch Linearity Results
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Figure 2: BKM1 (~90 Å/cycle) and BKM2 (~2.3 Å/cycle) both demonstrate R² > 0.99 linearity

BKM1: EPC = 93.4 Å/cycle BKM2: EPC = 2.34 Å/cycle
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Modifica7on & Removal Satura7on
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Figure 3: ModificaGon saturates at ~2.0 Å (1s); Removal saturates at ~2.1 Å (1s) → Self-limiGng confirmed

Modifica(on: saturates ~2.0 Å @ 1s Removal: saturates ~2.1 Å @ 1s
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Synergy Factor Analysis
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SF = (EPC − M − R) / EPC × 100%
where M = modificaGon-only etch, R = removal-only etch

BKM1 Synergy

>90%
BKM2 Synergy

>80%

ModificaFon sat.

~2.0 Å @ 1s

Removal sat.

~2.1 Å @ 1s

Results

• >80% synergy confirms ALE behavior

• Minimal physical spuGering contribuIon

• Both steps show self-limiIng saturaIon

• Independent opImizaIon enabled by PEDSL
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Comparison with State-of-the-Art
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Process EPC Synergy Cycle Time Ref

BKM1 (This work) 90 Å >90% ~2s This work

BKM2 (This work) 2.3 Å >80% ~2s This work

CCP H₂/NF₃ 61 Å >80% ~30s Sherpa, JVSTA 2017

ICP H₂/NF₃ ~90 Å >80% 5–30s Rui, JVSTA 2023

Thermal TMA/HF 1.06 Å ~40% ~90s Junige, Chem. 
Mater. 2024

FC Plasma C₄F₈ 5–8 Å ~75% 20–60s Li, JVSTA 2016

Key DifferenCator: 10× faster cycle Cme vs. convenConal ICP ALE (~2 s vs. ~30 s) with comparable synergy — PEDSL enables 
independent step opCmizaCon
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Conclusions
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AI-naJve ALE achieves true self-limiJng behavior (>80% synergy)

Decoupled modificaJon/removal enables rapid process iteraJon

BKM1: High throughput (~90 Å/cycle) for bulk removal

BKM2: Atomic precision (~2.3 Å/cycle) for surface smoothing

10× faster cycle Jme (~2 s vs. ~30 s convenJonal ICP ALE)

Viable pathway for sub-3nm nodes & complex 3D architectures
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Join Us in Singapore's Deep-Tech Ecosystem

one-north — Singapore's Innova(on District

▸  200-hectare R&D hub: Fusionopolis, Biopolis, Mediapolis
▸  Home to A*STAR research insFtutes & global tech labs

▸  Deep-tech startup ecosystem with world-class cleanrooms
▸  Strategic gateway connecFng Asia-Pacific semiconductor 
markets

We're Hiring — Open Roles

▪  Plasma / Etch Process Engineer
   ALE process dev, chamber tuning, recipe opFmizaFon

▪  AI / ML Engineer
   Real-Fme process control, PEDSL, sensor fusion

▪  Hardware Design Engineer
Plasma source engineering, gas delivery

🌏  Global Hub

Asia-Pacific semiconductor
market gateway

🎓  Talent Pool

NTU, NUS, SUTD, SIT
A*STAR insFtutes

💰  Backed By

iGlobe Partners, EDBi
Enterprise Singapore

🔬  Infrastructure

one-north R&D hub
World-class cleanrooms
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