Improving thermal performance In

semiconductor process chambers

Eurotherm.

Atomic layer deposition

Eurotherm™ provides a range of products, digital
engineered solutions and services throughout the
world. Our expertise in semiconductor applications
allows us to supply solutions that help improve the
quality and throughput of both wafers and chips.

Our solutions support process efficiency and
Data Integrity to help create a safer and more
sustainable world.

We help our customers to meet material property
specifications and reduce regulatory costs.

We help global foundries and fabs to meet
energy targets and reduce manufacturing costs
by providing scalable, high reliability, power and
control solutions.
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We have application expertise in:

Temperature control:

Wafer processing
Chemical vapor deposition (CVD)
Atomic layer deposition (ALD)

Equipment front-end module (EFEM)

EtherCAT® communications:

— Process control
— Power control

— Member of the EtherCAT
Technology Group (ETG)
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ALD solutions

Increasing demand for more powerful devices in smaller sizes (for example in computation, data storage, communication,
energy storage, and sensing technologies) has resulted in the development of semiconductor manufacturing tools for more
precise control of thin films. Critical film layers in today’s transistors are only a few atoms thick. ALD, also known as atomic layer
epitaxy (ALE), is a vapor-phase deposition technique used to grow these ultrathin films.

ALD process overview

Chemical reactions are used to grow films one atomic layer at a time. By managing the cycle stages, it is possible to achieve
precise control of the quantity and composition of the layers. Uniform coverage is possible on any topology or 3D structure.
These chemical reactions are thermally driven, most frequently by heating a substrate, and can be further enhanced during the
gas-phase by applying plasma assistance during the deposition process.

Self-limiting uniform growth can only be achieved within an ideal temperature range. If outside this, the ALD process could be
impaired by one of the detrimental effects shown in the diagram below.
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Atmospheric contamination in the chamber can lead to An ALD reactor heats the samples to the desired
undesirable growth defects in the film layers, impacting the deposition temperature. Pulses of precursors and

surface chemistry and ultimately reducing the performance
characteristics. Controlling the environment within the
chamber is critical to avoid this contamination.

co-reactants are injected into the reactor chamber. An
inert gas is typically used to purge the reactor between the
steps. Filling and purging of the reactor chamber should be
All chamber temperatures are monitored outside the chamber. efficiently controlled to achieve reasonable cycle times.
Temperature control is generally provided via precise control

of the energy input. The timing of individual cycle steps needs to be accurately

controlled.
Temperature control of the ALD process is key to prevent the

A typical cycl ists of f teps:
following detrimental effects: YpIcal Cycle ConsiSts ot our Steps

e Precursor dosing
e Purge/pump
e Co-reactant
e Purge/pump

e | ow reactivity within the chamber due to low process
temperature

e Condensation of precursors impacting effective purging

e Decomposition of precursors adding an undesirable
component

e Desorption of the film or precursor

Growth control becomes even more important on large
substrates (large wafers etc.) to achieve uniformity of the fim.
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Expertise supporting precise atomic layer deposition

Eurotherm solutions:

e Precision multiloop temperature control available with
DeviceNet or EtherCAT communications — Mini8™
loop controller

e OEM Security option for guarding valuable IP
e Process hi-limit — EPC3000 programmable controller

e Power control — EPack™ compact SCR power
controller range

e Power monitoring software

e Integrated PLC/data management — E+PLC400
e Batch/recipe management

e Digital data management

e | ocal HMIs to full SCADA solutions

® Reporting

e Environmental condition monitoring

* Remote condition monitoring

e Calibration, compliance, asset management

loT advisors

Al Remote access
Data Reviewer (Enterprise) I .
option

Ethernet communication network

Instrument SCADA HMI (47-19")
Data Recorders: 6000 series/
nanodac recorder/controller

Control and data communication network

Historian server:
Data Reviewer
(local install)

E+PLC400

Panel mount PID control:
controller EPC3000 controller
nanodac recorder/controller

EPack Mini8 loop

power controller

Industry 4.0 ready technology
Eurotherm control and data recording solutions are loT ready,

providing a data integrity layer within open loT platform system

architectures and aiding the digital transformation to Industry
4.0 technology.

eurotherm.com/semicon

Specific industry requirements

The EtherCAT Technology Group ETG (www.ethercat.org)
was created to keep EtherCAT technology open for all users.
SEMI™ (formerly Semiconductor Equipment and Materials
International) has accepted EtherCAT as a communication
standard (E54.20) for the semiconductor industry.

Highlight: Eurotherm EtherCAT enabled
products

Mini8 loop controller

Thermal stability
EtherCAT connectivity
e Precision control

e Compact size
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Eurotherm *%' ° EtherCAT. ™ minis

EPack compact SCR power controller

e True power control
e Advanced load diagnostics
e EtherCAT connectivity

e Configurable via front panel
and remotely via iTools
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Eurotherm

Faraday Close, Worthing,
West Sussex, BN13 3PL
United Kingdom

Phone: + 44 (0)1903 268500

www.eurotherm.com
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Watlow, Eurotherm, EurothermSuite, EFit, EPack, EPower, Eycon, Chessell, Mini8, nanodac,

piccolo and versadac are trademarks and property of Watlow, its subsidiaries and affiliated
companies. All other trademarks are the property of their respective owners.

©Watlow Electric Manufacturing Company. All rights reserved.

Contact your local sales representative
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