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Introduction
Next generation lithography tools designed to pattern critical dimensions at <45nm will require extreme ultraviolet (EUV) light sources. Xenon is currently a strong candidate for the source medium for 
production of EUV light at 13.5nm.
A consistent supply of ultra high purity xenon is required for efficient light source production. Several factors must be considered in the overall operating costs of the EUV tool.
• The high cost of xenon (typically ~$4/litre).
• The quantities required for EUV source production, which are typically:
• 4slpm for Laser Produced Plasma (LPP)
• 300sccm for Gas Discharge Produced Plasma (GDPP)

On the basis of these figures:
• The annual xenon cost would typically be approximately:
• $11M/year for LPP,
• $1M/year for GDPP, and 
• Recycling of xenon offers a significant operating cost reduction.
This type of re-circulation system is not restricted to high xenon throughput applications, but can be scaled in size, and hence cost, for application to lower throughput process applications.
Additional applications in mainstream silicon processing including a new development in Dielectric Etch using xenon could also benefit from re-circulation. Present research indicates that for a typical recipe,
675sccm xenon is required per wafer pass, this equates to an annual cost of $0.6M.
BOC Edwards has designed & built a series of five fully integrated xenon re-circulation systems for lithography applications. Each system has been custom designed to exact application requirements,
including liquid/solid xenon filament production.Additionally, an important footprint reduction has been achieved during the design evolution, which ideally suits dielectric etch applications.
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Overall System Features

• The system delivers ultra high purity xenon 
(contaminants to < 1ppb levels) 
for efficient EUV source production.

• Xenon can be delivered in gaseous, liquid or 
solid forms at a flow rate of up to 10slpm, at 
pressures up to 50bar.

• The system also provides the backing vacuum 
required for the EUV source production 
chamber, which operates under high vacuum.

2 Technical Challenges

The fully integrated system design required expertise in high vacuum, cryogenic and ultra high
purity gas technologies to overcome the 
significant technical challenges:

• Controlled, stable delivery of xenon at 
high pressure to the source chamber

• Maintenance of ultra high purity and 
minimisation of contamination

• Thermal management
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Cryogenic Liquefaction of Xenon

• Maximising xenon density in the source 
chamber is beneficial for increasing source 
conversion efficiency.

• The benefit of delivering liquid xenon to 
the nozzle is illustrated by comparing the 
density; gas 5.54kg/m3, and liquid3057kg/m3.

Xenon liquefaction is achieved using a patented 
lance design based on a thermosyphon heat 
exchanger. Incoming gaseous xenon is completely 
isolated from the outside and exposed to an isothermal environment
produced by a surrounding Halocarbon-14 (Carbon Tetrafluoride) bath.

The H-14 is controlled in a two-phase (liquid-vapour) state by 
indirect cooling with liquid nitrogen.As the liquid xenon is delivered
from the lance into the clean vacuum atmosphere, it changes phase 
to solid as its density increases.
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Dry Pump Backing Vacuum System

The dry pump system backs the high vacuum turbo molecular pumps used to
maintain the environment in the EUV source chamber.The choice of dry pump
technology used in the system is driven by the xenon throughput and pressures
required.The low thermal conductivity of xenon (4.5 x lower than N2) presents
significant thermal issues to pump mechanisms. Full characterisation of all BOC
Edwards dry pumps has been carried out to establish maximum xenon inlet
pressures and optimise the flow rate of xenon through the pump, including the
effects of adding lighter gases.
• Both high vacuum and backing pumps are fully characterised and optimised for xenon 

application.
• Patented pump technology allows integration of the pump exhaust directly to the inlet of

the compressor, without the need for additional devices at the exhaust of the dry pumps.
• Positive inlet pressure will ensure the longevity of the compressor in this application.
• Minimisation of hydrocarbon migration into the “exhaust” stream through selection of 

proven seal technology.

6 Compression System

The gas returns from the EUV source chamber through the
dry pumps. It needs to be re-compressed to high pressure
before purification and return to the system.This can be
achieved using:

• a diaphragm compressor as shown,

• or using unique reciprocating compressor designs,
which can be configured to the application.

Further development of cryogenic compression of liquid
xenon will provide significant reductions in footprint size.
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Gas Distribution System

The gas distribution system combines:
• purification 
• gas flow control 
• pressure regulation and thermal management.

The gas purity specifications of the recirculated xenon
within the system are achieved using a combination of:
• molecular sieve 
• activated charcoal filters at the inlets and exhaust 

of the backing pumps 
• Getter based purification technology to remove 

O2, H2, N2, CO, CO2, H2O and hydrocarbons 
including CH4 to < 1 ppb levels, and particulate.
The Getter based purifier includes safe 
technology to protect the purifier in the event of 
an air leak. In-line moisture sensors can also be 
integrated into the system.

Control System

The entire system is 
controlled by PLC and an 
industrial PC is used to 
provide the user with 
a real time system status 
display.

Visual basic programmes 
allow manipulation of the 
system while maintaining 
the integrity of the system
interlocks.
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8 Conclusions & Future Development

Xenon recirculation will be a critical aspect of production worthy EUV Source systems.
Production based EUV tools will require xenon re-circulation systems with minimal footprint.
The BOC Edwards design and development of the XRS has already reduced the footprint by
>60% and further footprint reduction is anticipated with alternative compression technologies.
BOC Edwards has to date produced application specific xenon recirculation systems for EUV
source development and is committed to working with EUV Source manufacturers to 
develop production solutions.

For more information about 
BOC Edwards Lithography 
Subsystems visit the 
Lithography 
Subsystems website at 
www.bocedwards.com
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