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ABSTRACT 

TNO is building EBL2 as a publicly accessible test facility for EUV lithography related development of photomasks, 
pellicles, optics, and other components. EBL2 will consist of a Beam Line, an XPS system, and sample handling 
infrastructure. EBL2 will accept a wide range of sample sizes, including EUV masks with or without pellicles. All types 
of samples will be loaded using a standard dual pod interface. EUV masks returned from EBL2 will retain their NXE 
compatibility. The Beam Line provides high intensity EUV irradiation from a Sn-fueled EUV source. EUV intensity, 
pupil, spectrum, and repetition rate are all adjustable. In-situ measurements by ellipsometry will enable real time 
monitoring of the sample condition. The XPS will be capable of analyzing the full surface area of EUV masks and 
pellicles, as well as performing angle resolved analysis on smaller samples. Sample transfer between the XPS and the 
Beam Line will be possible without breaking vacuum. 
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1. INTRODUCTION 
 
EUV is approaching its insertion point for high volume manufacturing as EUV sources and EUV lithography 
tools become increasingly mature products. This entails a need for development of both EUV mask and 
pellicle infrastructure, as well as continuing the EUV scanner product and source power roadmap. Many 
issues remain to be addressed in these fields, and testing will play an indispensable part in resolving these 
issues. 
 
TNO International Centre for Contamination Control (ICCC) is dedicated to developing the highest standards 
and practices in contamination control, for preventing and eliminating both particle contamination and 
molecular contamination. In 2005, TNO and Carl Zeiss SMT GmbH jointly established the unique EBL test 
facility to further the development of EUV technology. EBL contains an EUV Beam Line, in which samples 
can be exposed to EUV irradiation in a controlled environment. Attached to the Beam Line is an XPS system, 
which can be reached via an in-vacuum sample transfer system. This enables surface analysis of exposed 
samples without breaking vacuum. The compound instrument is used to develop and validate optics lifetime 
strategies for ASML EUV scanners1.  
 
EBL was not designed for exposures of EUV masks, pellicles, and the intensities currently foreseen in EUV 
product roadmaps. As it became clear that EBL was no longer fully satisfying industry demand, and the need 
for a publicly accessible EUV exposure facility grew, TNO decided to invest in a successor system, called 
EBL2. The concept study was described in Ref.[2]. The present paper gives an overview of the EBL 2 system 
design, and provides more detailed information on accepted samples, the sample handling system and XPS 
modules.  
 
During the design process, TNO entered into two strategic technology partnerships with companies that share 
TNO’s vision to speed up the development of next-generation lithography systems, masks, and pellicles. 
Ushio Inc. is the technology partner in the EUV source, and ASYS Automatic Systems GmbH & Co. KG 
contributes its mask handling technology. 
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4. SAMPLE HANDLER 
 
The sample handler consists of two parts: an atmospheric handler (shown in the bottom left of area d in Figure 
1), and a vacuum handler (the rest of the handler). Both are provided by technology partner ASYS. The 
automated sample handling infrastructure accepts SEMI standard dual pods, and maintains NXE compatibility 
for backside particle contamination. This need translates into a requirement that 600 loading cycles will result 
in addition of no more than 2 particles with a diameter of bigger than 10 micron, and no more than 48 
particles with a diameter between 3 and 10 micron.  
 
EBL2 will be located in an ISO 8 clean room; the atmospheric handler will provide a locally cleaner mini-
environment to meet the particle cleanliness requirement. All sample holders are provided in a SEMI standard 
outer pod for generic interfacing; only the outer pod will come into contact with the ISO 8 environment.  
 
Figure 3 shows the atmospheric and vacuum handlers. The atmospheric handler unloads the custom sample 
holder from the outer pod, after which it can be loaded into and unloaded from the load lock. For reticles, 
several options are available. Depending on user preference, reticles can be loaded onto a dedicated EBL2 
inner pod base plate, or remain on their ‘own’ baseplate. A storage unit (shown right of the robot in Figure 3) 
provides the EBL2 inner pod base plate. A rotation and flip unit (left of the robot in the Figure) can rotate the 
reticle in 180 degree steps to orient the reticle appropriately for the planned experiment.  When configured as 
desired, the reticle can be loaded into the vacuum system. 

    

Figure 3: Left: atmospheric handler and load lock. Right: vacuum handler overview. 
 
The sample holder is loaded into the load lock, where it rests on a kinematic mount. To ensure low particle 
addition during pump down and venting, laminar flows are required at all times. The load lock vacuum 
hardware has been designed to this specification using the particle transport modelling described in Ref. [5]. 
The vacuum handler robot can pick up the sample from the load lock once it is under vacuum. The vacuum 
handler robot lifts both sample holders and inner pod base plates at the red planes indicated at the bottom side 
of the sample holder in Figure 2a. 
 
The vacuum handler is shown in the right hand part of Figure 3. It supports a base vacuum pressure of 10-8 
mbar to provide a clean handling environment. The vacuum handling robot transfers the sample holder 
between the vacuum chambers attached to the vacuum handler. In a generic process, the robot moves under 
the sample holder and lifts it. It then retracts into the vacuum handler chamber, and rotates to face the 
destination chamber. When the valve to the original location has been closed, and that to the destination 
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All major components have been ordered, and system integration will take place in the second half of 2016. 
EBL2 will become accessible for users in the first quarter of 2017.  
 
TNO would like thank its technology partners Ushio, Inc. and ASYS Automatic Systems GmbH & Co. KG 
for the open and constructive collaboration in designing EBL2. 
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