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Semiconductor demand is intensifying as electronics are
iIncreasingly integrated into every aspect of our lives

We are only in the early stages of what is possible, as industries and >10>x
consumers leverage the power of semiconductors. We are proud to create
the tools and technology that help build the connected future of tomorrow.
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We are leading the way
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At the heart of every Each chip contains thousands Lambés equi pmer
electronic product is a of miniature components to manufacture these
that require advanced semiconductor devices

complex microchip
technologies to create

Our wafer fabrication equipment is behind virtually every chip on the market.
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We play a crucial role in the wafer fabrication process

Addressed by Lam Research technology
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Wafer Deposition Patterning Etch Strip Clean Deposition
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There are >700 processing steps \
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Film placed to Pattern Film selectively Photoresist Residues and Next materials
be patterned mask created removed to mask particles deposited
define features removed removed
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3D NAND as an example of technology inflections

& AAAAAAAAAAA Lam Researc h: 3D NAND - Key Process Steps



https://www.youtube.com/watch?v=hglK1cf3meM

Aspect Ratio is VERY high

Aspect thio =9:1 Aspect Ratio = >60:1 Challenges

selectivity

Bowing

Twisting /
Distortions

The Burj Khalifa, tallest Channel hole etched for 90+

structure in the world layer 3D NAND CD delta bow vs. bottom
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RF Power Scaling for High Aspect Ratio Etching

Memory Channel Etch in 3D NAND requires etching through 100s of layers of silicon dioxide and silicon nitride. A single wafer can have over a
trillion channels that have to be etched with near perfect precision

RF Power Scaling for Memory cell etching in 3D NAND
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The advancement to a 1000-layer NAND demands break through etch technologies. With scalable high-power solutions, unique pulsed
plasma technology and Cryogenic etching, Lam is ideally positioned to lead the industry on this critical journey
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Challenges in RF Power Scaling for HAR Etching

Meeting the power scaling demands of 3D architectures places significant limitations on the RF design of critical power delivery subsystems.
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Achieving Profile Control in High Aspect Ratio Etch

Maintaining consistent etch profiles and minimizing charging damage in 1000 -layer 3D NAND will demand advanced pulsed RF techniques capable of
delivering unprecedented precision in pulse shaping and timing control throughout the entire etch process.
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https://www.sciencedirect.com/science/article/abs/pii/S0169433222011564

Addressing Profile Control Challenges with Advanced Pulsing

Schemes

As semiconductor etching technology advances to meet the demands of smaller nodes, higher aspect ratios and stricter processontrol, RF pulsing

techniques have become increasingly sophisticated

Multi-state Pulsing

— lePulse widths <10us to >500us

! Pulse states 1 to 6
1\
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RF Power

Timein us

Complex waveform generation and
control
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Ultra-fast and wide-band

Advanced RF power amplifier design and
impedance matching networks

Sophisticated high- speed digital and
feedback control loops

analog control circuitry
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Uniformity & Repeatablility Challenges in Advanced Etch

In advanced semi conductor etching, achieving exceptional uniformity and repeatability across the wafer is paramount to ensure consistent
device performance and yield at nanoscale dimensions.
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Challenges in Dual Frequency Plasma Systems

While dual-frequency plasma etch systems offer enhanced control over ion energy and plasma density, they also introduce unique challenges
related to plasma non-linearities which can degrade efficiency and process performance
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Unwanted frequencies generated due to non-linear mixing of input frequencies in dual
frequency CCP plasma chambers can lead to :

A Etch Non-Uniformity
A Inefficient Power Delivery

A Thermal Overload

Raw HF Signal Voltage

time

Cross modulation due to Plasma sheath non-linearities

Signal Amplitude (norm.)

A Reduced process repeatability
A Narrower process window

A Increased risk of Hardware failure

——Forward Signal
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Frequency

Unwanted frequency by products in Dual Freq CCPs

Sophisticated real-time feedback, powered by advanced sensing technologies is
crucial to minimize the effects of these unwanted frequency components through
dynamic frequency and power adjustment
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Wafer Edge Uniformity

Wafer edge uniformity is not just a technical challenge; it is a direct and significant driver of semiconductor manufacturing cost and profitability

Outer 8 mm: ~10% of die
Outer 12 mm: ~20% of die

Edge non-uniformity and variability is primarily due to discontinuities at the edge
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While a separate bias source can be
employed for edge uniformity tuning,
achieving truly independent control is
very challenging due to the tight EM
coupling at the wafer
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https://semiengineering.com/controlling-uniformity-at-the-edge/
https://sst.semiconductor-digest.com/2016/08/evolution-of-across-wafer-uniformity-control-in-plasma-etch/

