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* Intel Corporation

e Semiconductor manufacturer Bl Client Computing (CCG)

e Founded: 1968 Data Center and Al (DCAI)

* Founders: Gordon Moore, Bobert Noyce, Arthur Rock B Networkand Edge (NEX)

* Number of employees: 85,000 Mobileye
B Intel Foundry Services (IFS)

 Headquarters: Santa Clara, California, US
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Intel
Worldwide
Headquarters

Geographically Diverse Manufacturing Capacity
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Being an IDM makes us better at IFS.....and
IFS makes us a better IDM
Manufacturing
Improved asset utilization
Using Econamies of scale
assels Lirvracys RED irveestrrusnt
longer
IP & Architecture
Broader IP portfolio
Riobust PDIK and design ease-ol-use
Customer Engagement
Co-innowabion
Dernanding cusiomias nscquinsments
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Intel Process Technology

Angstrom era

Tulr,—._'

EUV Litho,

Performance Per Watt

B et

Every major transistor innovation in the past 20 years delivered by Intel
and we are driving the next with RibbonFet & PowerVia

Investor Meeting 2022  *Graphicisfor llustrative purposes only andIs not to scale
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Frontside Power Delivery vs Backside Power Delivery

Frontside Power Delivery Backside Power Delivery
Signal wires and Signal wires and
Vit for the are decoupled and
same resources at every optimized separately.

metal layer.

Value Proposition

* Higher Performance
* LowerCost
Requires aggressive
scaling of metal layer

pitches: Risks:
» High cost * Yield
* Higher voltage droop * Reliability

* Higher RC delay + Thermal Dissipation

* Debug Capability




Intel’s vision .
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Process cross-sections with frontside metals, transistors and backside metals.
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Semiconductor Process Flow
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New type of Etching
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Dielectric material Metal area

Uncertainty in the pattern
Bad line width roughness

. Scumming at the bottom of
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open area
Large gap between patterns




New type of Etching

Ribbon-Beam for Pattern Shape Engineering @ﬂ

APPLIED
MATERIALS

= Aribbon beam is extracted
from an inductively coupled
plasma.

= The beam contains plasma
radicals and ions.

= |ons are steered to the
desired off-normal angle.

= 1-dimensional scanning
ensures uniform processing.

= Wafer is rotated to choose the
direction of pattern shaping.

Adjustable beam angle and wafer orientation enable flexible pattern shaping.

Gas Cluster lon Beam

ISource
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Analysis Mechanically
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In both methods,

1. Doing directional etching

2. The Angle of the wafer and the
plasma or ion beam is adjusted
to the desired direction.

The difference between two metho
ds,

1. Shape of Beam (Line vs Dot)

2. Scan speed

Applied Surface Science
Volume 310, 15 August 2014, Pages 77-88



New type of Etching

Pattern Shaping Alternative to EUV Double Patterning: Interconnect Lines

Double Patterning Today’'s NEWS: Pattern Shaping
Lr——— 1 §

EUV 1
Fatleen ina

EUV LE 1 segmants with
relned petodp
Patterm

EUV LE 2 Saping.

rRoUCES 1p-20-1If
spacing

R

PPACt benefit: delivers the density of EUV double patterning with only one EUV step,
simplifying the patterning process flow and optimizing chip area and cost



New type of Etching

Pattern-Shaping Alternative to EUV Double Patterning: Vias

Double Pattering Today's NEWS: Pattern Shaping

EUV 1

EUV LE 1 PR mhd v

g EUY

spacing
Pattern

EUV LE 2 ol P
vims with tight

spatng

PPACt benefit: delivers high-density elliptical vias with only one EUV step, simplifying
the patterning process flow — and optimizing chip power, performance, area and cost
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New type of Etching

Pattern-Shaping Process Flow

Sinpified Process Flows

EUVLE 1 EUV LE 2

MO tn - frogeapty  Nebrodogy fam Coan Maryorogy Pattermy Nae

: Gon : = Shaping =
EUV LE 1 Mo alignmeant errars Energy and matenals saved Cost saved per patterm-shaping laver
=15kWh per wafer E :
bl %5 ~$250M capital cost

- = per 100K WSPM fab
iy *(0.35kg CO; eq. per wafer
S % ~$50 per wafer
\f}l ~15L per wafe

Pattern shaping replaces one EUV LE process loop,
saving design and process complexity, time, energy, matenals usage and cost
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- Assembly and Test process (Back-end)

I I. I . Wafer Process (Front-end)
Etching Cleaning

Deposition Lithography
(Photoresist coating, Development)
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Intel Foundry Process Roadmap

Leading and extending process roadmap beyond five nodes in four years (SN4Y) 1o iInclude new

el 1A and several node evoiutions 1o address customerns’ viarving requirements

cCoMMLATY 2024 LEAD A EXPAND 2037

FOustry st wéet "ol
Intel MA Ty

Py INA BN 14A MAf

SN4Y

e ' e el voul
Intel IBA PowerVia | 20A 8A 8A
:

Continuous

"y f wveves Dwwer W :
P— ——L : innovation
-
el reel ree vhed - roe
IMO‘ 3 4 - } (W 3
‘e . - . -

Mature oot vt || Tower ™
Nodes 7 ¢ Vo o

L Mirew

P » patiormmance mprdovemerd, T+ vough shoon viem for 3D staciong. £+ Inature sxdtermon

gty eyveee o ~ e

intel found:




New type of Etching

Previous approach

SIDE VIEW

TOP VIEW

EUV pattern 1 EUV pattern 2 Final pattern
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Potential roadmap extension
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Continued dimensional scaling
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