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Table FEP 1 Front End Processes Difficult Challenges
Difficult Challenges > 11nm Summary of Issues

Strain Engineering
- continued improvement for increasing device performance
- application to FDSOI and Multi-gate technologies
Achieving low parasitics (resistance and capacitance) and
continued scaling of gate pitch
Achieving DRAM cell capacitance with dimensional scaling
- finding robust dielectric with dielectric constant of ~60
- finding electrode material with high work function
Achieving clean surfaces free of killer defects
- with no pattern damage
- with low material loss (<0.1 A)

450mm wafers — meeting production level quality and quantity

Difficult Challenges < 11nm Summary of Issues

Continued scaling of HP multigate device in all aspects:

EOT, junctions, mobility enhancement, new channel materials,
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parasitic series resistance, contact silicidation.

Introduction of high mobility channels (based on III-V and Ge)

to replace strained Si

Lowering required DRAM capacitance by 4F2 cell scheme or

like, while continuing to address materials challenges

Continued achievement of clean surfaces while eliminating
material loss and surface damage and sub-critical dimension

particle defects

Continued EOT scaling below 0.7nm with appropriate metal

gates

Continued charge rention with dimensional scaling and

introduction of new non-charged based NVM technologies

AB VA — N ME TV = high-k 7 — MBSOV TIE, T TIOEASH, BREEDYERET v 7725
(A HEME A HERFL 72235, 0.6nm L0\ EOT (Equivalent Oxide Thickness) DOHIMEIZE & Bl s
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Table FEP2 High Performance Device Technical Requirements

Table FEP3 Low Operating Power Device Technical Requirements

Table FEP4 Low Standby Power Devices Technical Requirements
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Figure FEP2 CMOS Scaling Enabled through Novel Architecture (Planar To Non-Planar) and Associated
Module Level Challenge
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First Year of IC Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
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Top Electrode TiN Ru, RuO2, Ir, IrO2
Capacitor Dielectric Material Zr0O2, Hf02, Ta205 TiO2, STO, BST
Bottom Electrode TiN Ru, RuO2, Ir, Ir02 SrRuO3
Figure FEP4 DRAM Potential Solutions

"'N. Fukushima, et al., “Epitaxial (Ba, Sr) TiO3 Capacitors with Extremely High Dielectric Constant for DRAM Applications,”
IEDM 1997, Technical Digest, Dec. 1997, pages 257-260.
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Table FEP6 Floating Gate FLASH Non-volatile Memory Technology Requirements
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Figure FEP6 Minimum Feature Size of NOR Flash Memory
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Figure FEP7 Flash Memory Interpoly Dielectric Thickness Scaling at <25nm for NAND Flash
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Figure FEP8 Schematics of STI Isolation Trenches
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Figure FEP9 Evolution of the STI Aspect Ratio for NAND Flash with the Minimum Feature Size
First Year of IC Production 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

FLASH TUNNEL DIELECTRIC
Nitrided Oxide
Barrier Engineered Oxynitride

FLASH INTERPOLY DIELECTRIC
ONO (Oxide-Nitride-Oxide)
Oxynitride / high-k stack

FLASH STI FILLING TECHNOLOGY|
High Density Plasma
CVvD
Spin-On-Dielectric

Selective Trench Fill

FLASH FLOATING GATE
Nano-grain Poly-Si
Poly-Si/Metal Stack
Mono-Si/Metal Stack

FLASH GATE ELECTRODE
Poly-Si
Poly-Si / Metal
Metal

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement



Figure FEP10 Flash Non-Volatile Memory Floating Gate Potential Solutions
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Table FEP7 Charge Trapping FLASH Non-volatile Memory Technology Requirements
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This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
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Figure FEP11 Charge Trap Memories Potential Solutions
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architectures

T X RIS THY T — b [ T DhEE T, JelR LTS A LIRERIC, FEfEkE 1 Blova
N CRERIZIRICTT HZ LM TE, MM Z IR LS T el L T Y 2 —— i bh eV Da X%
MR AHZENTED, HAL B/ A RIHET NI T v RNV ERLE LGS SR L NS 722800, 2O
TR B2 SR EELNEDODUNEDEE 25,

FEJE AT ZAE IMET DI E R | BB /L ORI B LBV TR ORI LS | ZLDBHITT vy /)8
/IPD JE&LL T high-k MEHTHAVSN2 Y, ZHUT high-k MEIOSA | BEAER )2 ) a2 R LI Z H TR
FEE AV EELINDELIT, iR COBEN SR LTV E L SNDDDTHD, ZOFEFRELTELD 3D T
—HEEHEEI BT, SV BB EIES DU NI E IS O DTV,

TR DD DM B IO TR TELBARMEEAFDT20D Db i B2 51513, —#%IC wrap-around-gate
YIBIEL S ONOEDE M Tho, ZORARRE ZTTT, b RIS S ER 2 &, 7
1y 7 AU FUNS N D BREREN T 5L Ib D TH D, Ziud, fiREEN MBI LE TRARD B T
FHLTED, b RVHEFIEE ZFINS LD B A 5605 (B DVWIERIERIZ 7 vy 7B E SIS D
g9 %) ZEid, b xoviinig 7 my s i E o RO Lo THRET 2L TED,

Ideal conductor (channel and gate)
- - - Tunnel layer center circle (r)

- - -- Blocking layer center (R)

Eol_R
E(R)| r

Figure FEP13 Scheme of the wrap-around-gate cell architecture
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" Chalcogenides are alloys based on the VI group elements that have the interesting characteristic to be stable at room
temperature both in the amorphous and in the crystalline phase. In particular, the most promising are the GeSbTe alloys which
follow a pseudobinary composition (between GeTe and Sb,Tes), often referred as GST.

*S.Lai and T.Lowrey, “OUM — A 180nm NVM cell element technology for stand alone and embedded applications”, [IEDM
Tech. Dig., 2001.

* F. Pellizzer et al., “Novel utrench Phase-Change Memory Cell for Embedded and Stand-Alone Non-Volatile Memory
Applications,” Symp. on VLSI Tech., pp. 18-19, 2004.
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* A. Pirovano et al., “Scaling analysis of phase-change memory technology”, IEDM Tech. Dig., p.699-702, 2003.
> S.J.Ahn et al., “Highly manufacturable high density Phase Change Memory of 64Mb and beyond”, 2004 IEDM, 37.3, pp.

911-914.

®S.J.Ahn et al., ”Highly reliable 50nm contact cell technology for 256Mb PRAM”, Dig. of 2005 Symp. on VLSI Tech., p.98,

2005.
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Table FEP8 Phase Change Memory (PCM) Technology Requirements
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Figure FEP19 Thermal/Thin Film Potential Solutions
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Figure FEP21 Etch Potential Solutions
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First Year of IC Production 201 202 2013 2014 205 2016 207 2018 2019 2020 2021 2022 2023 2024 2025 2026

Critical scratch length, s, (nm) 200 178 159 3 Pad development

Critical scratch count, S, (#wafer) 401 401 401 1505 | 1046 | 104.6 1046 1046 | 1046 | 1046 | 1046 | 1046 | 1046 | 1046 | 1046 | 1046 |Abrasive-free shurry
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i i,

Post-CMP clean (reduced material loss)

Formulamd cleaning product

This legend indicates the time during which research, and should be taking place for the solution.

Research Required

Development Undenvay -

Quaiification / Pre-Froduction [ ]

Continuous Improvement m

Table Notes:

4] for ing i tches at OEMs and specified in fool sales: Blanket Oxide polished through all CMP steps, dipped in dilute HF for 253, and measured using oblique opfical
with defined mini size i All visual count. Dishing and erosion are measured on §0nm test features.

Figure FEP22 Difficult Challenges and Potential Solutions for STI CMP
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