
2006 EUVL Symposium
1 / 20 EUV Process Technology

Shinpei Tamura1,  Koichiro Kanayama1, Yasushi Nishiyama1,  
Tadashi Matsuo1, Akira Tamura1, Masashi Kawashita1, Susumu Nagashige2

Kenji Hiruma3, Doohoon Goo3, Iwao Nishiyama3

1Toppan Printing Co., Ltd., Technical Research Institute         

Evaluation of TaSix Absorber Stack
with a Novel Buffer for EUV Mask 

Evaluation of TaSix Absorber Stack
with a Novel Buffer for EUV Mask 

2Toppan Printing Co., Ltd., Semiconductor Solutions Division 
3Association of Super-Advanced Electronics Technologies (ASET),

EUV Process Technologies Research Laboratory   



2006 EUVL Symposium
2 / 20 EUV Process Technology

ContentsContents

● Introduction

● Evaluation of TaSix absorber on ZrSi-based buffer

About TaSix-based bi-layer absorber 
Motivation of this study

Basic dry-etching property of  ZrSi-based buffer

Mask making for printing test 

Optical property of  ZrSi-based buffer

Repair performances 

● Summary

AFM machining repair and printing evaluation 
FIB repair and printing evaluation 
FIB scan damage evaluation 



2006 EUVL Symposium
3 / 20 EUV Process Technology

About TaSix-based absorber About TaSix-based absorber 

LTEM

TaSix
Buffer

TaSiO(N)Note) Here, ñxò implies Si little addition to Ta.

ー Introduction ーー Introduction ー

We optimized TaSix absorber. 
Consequently, followings were confirmed; 
(Ref; SPIE6283, pp.0J)

It has amorphous structure with smooth surface, 
and high dry-etching rate for Cl-based gas. 

It satisfies high inspection contrast by TaSix bi-layer absorber    
stack with optimized anti-reflective layer . 

We confirmed experimentally that TaSix has comparative β value  
(absorption factor @EUV) with other Ta-based materials.

Motivation of this study
Need to practical evaluation with buffer layer resistant to Cl etching,

such as mask accuracy, repair ability, printing performance 

Capping
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EB writing
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Absorber etching

Resist stripping 
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Repair

Buffer etching
(New defect may 

produce.)
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Buffer
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Defect（absorber）

ＥＵＶ Mask process flowＥＵＶ Mask process flow ー Introduction ーー Introduction ー
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ZrSi-based films have high dry-etching resistance to 
both chlorine-based and fluorine-based gases. 

Especially, ZrSi-based films has possibility to become
good buffer film for Cl-based etching of Ta-based absorber. 

Dry-etching property of  ZrSi-based bufferDry-etching property of  ZrSi-based buffer
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Optical property@EUV of  ZrSi-based bufferOptical property@EUV of  ZrSi-based buffer
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ZrSi-based film is  comparably transparent to Mo, Si, 
therefore its defect productivity is low.

ZrSi-based film has potentiality to work as a buffer
needless to be stripped after absorber repair.
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TaSix patterning example on ZrSi-based bufferTaSix patterning example on ZrSi-based buffer
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Buffer

Mask making for printing test Mask making for printing test 

TaSiON ; 27 nm

TaSix ; 71 nm

ZrSi-based buffer ; 10 nm

Qz-sub

<Blanks structure> <Spectroscopic reflectance>

<CD-SEM image of patterned TaSiｘ bi-layer absorber>
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Process flow of repair evaluation Process flow of repair evaluation 
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(on mask)

Repair
AFM machining
or  FIB(10keV)

EUV printing
Tool; SEMATECH MET (x1/5)

in Berkeley ALS

Buffer

Bi-layer
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Remark) EUV printing was performed without ZrSi-based buffer stripping
for evaluating its possibility as a buffer needless to be stripped .  
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Repaired area

Repair bias to X-direction
is about 50nm.

450nmRepair to Z-direction is almost 
stoppedon the surface of buffer.

Absorber

AFM profile SEM image
Absorber

AFM machining 90nm Opaque repair (1)AFM machining 90nm Opaque repair (1)
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AFM machining 90nm Opaque repair (2)AFM machining 90nm Opaque repair (2)

Repair bias to Z-direction
is about 10nm.   Which is 
nearly equal to buffer thickness.

Repair bias to X-direction
is about 80nm.
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Note)
Dose deviation from center dose (25.0mJ)

is due to light intensity distribution. 




