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Abstract 

EUV lithography for high volume manufacturing requires rigorous control of the front side reticle defectivity to avoid systematic defect printing. 
The EUV reticle contamination control specification of 0.0001 added particles per reticle pass at 16 nm resolution is extremely challenging. An 
industry solution that is currently being pursued consists in using a suspended thin membrane - pellicle - mounted at a fixed distance in front of the 
reticle as a physical barrier.  

Although the manufacturing of  11 cm x 14 cm,  50 nm thick polySi (pSi) based pellicle films has been demonstrated and imaging runs with 
pellicles have been performed successfully in EUV wafer scanners, research continues to develop solutions dealing with the temperature rise due to 
the power absorbed in the thin materials. In the view of extreme requirements on EUV transmission of over 90 %, chemical stability and thermo-
mechanical resistance under EUV and hydrogen conditions, the ultrathin film architecture will consist of multiple functionality layers. This paper will 
focus on multilayer film fabrication, both silicon and carbon based, including few nanometer metal coatings that increase IR absorption and thus 
enhance emissivity, and prevent potential degradation mechanisms such as oxidation and etching for application in high power EUV systems.  
 
Keywords: EUV Lithography, multilayer thin film architecture and fabrication        

 
1. Introduction 
 

EUV lithography is considered the next generation patterning 
technology that will make the high volume manufacturing of 
nanometer resolution circuitry possible. EUV lithography 
scanners employ light at 13.5 nm wavelength to image the 
patterns from the mask – reticle – onto the wafer. Even if all 
scanner components are operated under ultrahigh vacuum 
conditions, control of particle contamination of the EUV reticle 
to a level of 0.0001 particles per reticle pass is challenging. 
Particle prevention is currently envisaged by suspending an 
ultrathin membrane – pellicle – in front of the reticle. Although 

the manufacturing of  11 cm x 14 cm,  50 nm thick pSi based 
pellicle films has been demonstrated [1] and imaging runs with 
full-size pellicles have been performed successfully on EUV 
wafer scanners [2] additional research is needed to develop 
pellicles that will survive high temperatures (> 800 °C) induced 
at EUV source powers of 350 W and beyond and at the same 
time to fulfil strict requirements on EUV transmission (> 90 % 
single pass), thermo-mechanical strength (minimum 
deformation and sagging) and chemical lifetime (exposure to 
EUV/H2). In this paper we present our results on the 
manufacturing of ultrathin free standing membranes based on 
silicon nitride and multilayer graphene and the results on 
testing such films for EUV transmission, emissivity and 
behaviour in conditions mimicking EUV scanner environment.  

2. Silicon nitride based pellicles  

An alternative material to the currently considered pSi is 
silicon nitride (SiN). SiN is more easily manufactured than pSi 
and compared to pSi has better mechanical and thermal 
performance and better chemical resistance. Due to the high 
absorption at 13.5 nm of N compared to Si, however, SiN 
membranes need to be made even thinner in order to fulfil the 
EUV transmission requirements, which presents engineering 
and manufacturing challenges. Figure 1 shows an 11 mm x 11 
mm SiN membrane with a thickness of 13 nm supported on a 

24 mm x 24 mm frame manufactured using back etch process 
technology and related EUV transmission of 90 %.  

 

 
Figure 1. Left: 13 nm thick 11 mm x 11 mm SiN membrane supported 
on a 24 mm x 24 mm frame; right: EUVT recorded on the membrane 
showing 90 % transmission at 13.5 nm 
 

For very thin dielectric films such as pSi and SiN, however, the 

emissivity was found to be by far insufficient (  0.001) for the 
membrane to release sufficient heat, especially under vacuum 
conditions. We have demonstrated experimentally using 
Fourier Transform Infrared (FTIR) spectroscopy that a thin 
metal layer (Ru) of a few nm thickness enhances the 
absorption, and as a result also the emissivity of thin pSi and 
SiN membranes by more than two orders of magnitude 
bringing it close to the theoretical limit of 0.5. Ru was chosen as 
it is relatively resistant to oxidation, has limited inter-diffusion 
in SiN and is known to form closed films around 1 nm thickness 
[3]. Results for SiN films are shown in Figure 2 [3]. Improved 
emissivity was demonstrated by exposing 22 nm thick SiN 
membranes coated with thin Ru (0.5 nm to 4 nm) to a heat 
load of 5 W/cm

2
 (1.5 W/cm

2
 absorbed) using an EUV source. 

Uncoated SiN membranes were glowing hot and broke in a few 
seconds (Figure 3, left), while the Ru coated membranes 
showed a red glow for Ru thicknesses up to 1 nm (Figure 3, 
right). For larger Ru thicknesses no glow was observed. 
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Figure 2. A few nm Ru enhances absorption/emissivity of a 22 nm thick 
SiN membrane from 0.001 to 0.4 (dashed line corresponds to theory, 
solid line is measured) 

 

 
 

Figure 3. 22 nm thick 5 mm x 5 mm SiN membranes on a 10 mm x 10 
mm frame exposed to EUV (left: uncoated SiN; right: SiN coated with 1 
nm Ru) 
 

Furthermore, XPS analysis on Ru coated SiN membranes 
exposed to EUV/H2

 
showed decreased oxidation compared to 

uncoated samples indicating the potential of Ru as protective 
cap besides emissivity enhancer. 
  
3. Multilayer graphene pellicles   

 

Another pellicle concept pursued is based on multilayer 
graphene, a graphitic type material [4]. Graphene has many 
interesting properties, which makes it an interesting candidate 
for EUV pellicle application. Graphene (a) has the highest 
ultimate tensile strength ever reported (130 GPa), allowing to 
be stretched up to 20 % of its length without plastic 
deformation; (b) does not wrinkle under heat load due to its 
high thermal conductivity and low CTE; (c) has relatively high 
emissivity without additional capping layer; (d) has a high 
chemical resistance, and (d) can be stacked to up to 50 layers 
still allowing an EUV transmission of 90 %. The maximum 
temperature of a 50 layer graphitic pellicle at 250W EUV source 
power is expected to remain below 500 °C in contrast to the 
near 1000 °C of pSi. Unlike Si-based manufacturing, the 
challenge of manufacturing large free standing multilayer 
graphitic membranes still stands.  

Very recently, graphite pellicles were reported in literature 
with thicknesses down to 18 nm and a calculated EUV 
transmission of 92 % [5]. In this paper we present the feasibility 
of multilayer graphene pellicle with the thickness as low as 8 
nm and measured EUV transmission of > 95 % as a next 
generation pellicle material (Figure 4). FTIR spectroscopy 
revealed that such an ultrathin graphitic membrane has an 

emissivity of  0.3 and the temperature dependence of this 
value is minimal. Dynamic heat load test performed in 
hydrogen atmosphere using an IR laser at 810 nm wavelength 
showed that such very thin membranes were capable to 
withstand temperature shocks above 1000 °C. 

 

 
Figure 4. Left: 8 nm thick 11 mm x 11 mm multilayer graphene 
membrane supported on a 24 mm x 24 mm Si frame; right: EUVT image 
showing 95 % transmission of the multilayer membrane at 13.5 nm 

 

To study the potential degradation under EUV scanner 
conditions, a freestanding graphene film was exposed to EUV 
photons in a hydrogen environment for 68 hours. The 
membrane survived the exposure at an estimated source 
power of 7 W/cm

2
 which corresponds roughly to 0.5 W/cm

2
 

absorbed power. EUV transmission measurement before and 
after EUV/H2 exposure revealed a negligible change in EUVT, 
demonstrating the stability and potential of multilayer 
graphene for EUV pellicle application. 

 

4. Conclusions  
 

In this paper we present our results on the development of 
ultrathin freestanding silicon and carbon based membranes for 
EUV pellicle application. The manufacturing of 11 mm x 11 mm

 

SiN membranes as thin as 13 nm is demonstrated showing an 
EUV transmission of 90 % at 13.5 nm. The use of a few nm thick 
Ru coating enhances the emissivity of pSi and SiN membranes 
by two orders of magnitude, thus providing acceptable 
resistance to heat and the same time protection against 
oxidation under EUV/H2. Multilayer graphene pellicles are 
promising candidates due to their strength, thermal resistance 
and chemical inertness; however, manufacturing large area 
free standing films is very challenging. We show that 8 nm thick 

11 mm x 11 mm multilayer graphene with an EUVT of  95 % 
can be successfully manufactured. Exposure of such 
membranes to EUV/H2 conditions show minor change in EUV 
transmission indicating good resistance under EUV scanner 
environment and the potential to be further explored as EUV 
pellicle. 
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