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Critical issues of EUVLCritical issues of EUVL                            

１） High power EUV source 115 W～180 W

２） Defect free Mask・Inspection
number of defects：0 003/cm2 ＠25 nmnumber of defects：0.003/cm2 ＠25 nm

３） High speed and low LER/LW Rresist３） High speed and low LER/LW Rresist
5‐10 mJ/cm2, LER 1.5 nm



Roadmap of the Mask Requirements

2006 2007 2010 2013 2016
Year of Production

2006
70 nm

2007
65 nm

2010
45 nm

2013
32 nm

2016
22 nm

Wafer minimum half pitch (nm) 70 65 45 32 22

Mask Magnification 4 4 4 4 4

Mask minimum image size (nm) 160 140 100 72 52

Pattern Defect size (nm) 55 50 35 25 15
Substrate defect size (nm) 39 37 32 27 23

Absorber LER (3 nm) 5 4 3 3 3

Solution are known

Solution are NOT known ITRS: 2001

Requirements of the Mask defect inspection
1) Detection of <25 nm size defect
2) i h l i f 0 03 b h i f2) Height resolution of <0.03 nm by Phase contrast interferometer



Mask Defects

Amplitude defect

Phase defect



EUV microscope for mask defect inspectionEUV microscope for mask defect inspection
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EUV Microscope

SR(EUV) →

X‐ray Zooming Tube
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Finished EUVL mask observation
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Formation of programmed phase defects

ESPACERZEP520A

g

(20 nm)(150 nm) Electron beam

1 Resist coating 2 Electron beam exposure 3 Resist development

Glass substrate 

1. Resist coating 2. Electron beam exposure 3. Resist development

4. Dry etching5. Resist removing6. Multilayer deposition



AFM image of substrate surface (1)

Width:40nm,60nm,80nm,100nm,120nm,200nm

～Before the coating of Mo/Si multilayer～

30um

Width：40nm,Depth：10nm



Observation results by EUV Microscope (1)

40nm,60nm,80nm,100nm,120nm,200nm
～After the coating of Mo/Si multilayer～



AFM image of substrate surface (2)

～Before the coating of Mo/Si multilayer～
Width:75nm,100nm,150nm,250nm,350nm,450nm,550nm

Width：250nm,Depth：3.6nm

Width：150nm,Depth：2.6nm Width：75nm,Depth：1.5nm



Observation results by EUV Microscope (2)

550nm,450nm,350nm,250nm,150nm,100nm,75nm

～After the coating of Mo/Si multilayer～

×1800

30um ×1800

×1800



AFM image of dot pattern on substrate surface (2)

1m～100nm

Pattern depth 
4nm for 1m～

P tt d th200nm Pattern depth：

3nm for 100nm

200 50200nm～50nm

P tt d thPattern depth：
2nm@50nm



Observation results by EUV Microscope (3)

unprintable

printablep



170nm～115nmのホールパタンAFM測定結果
Depth:2.5 nm

① ② ③ ④ ⑤ ⑥ ⑦

基板表面の測定
Ｗｉｄｔｈ（nm） 170 150 140 130 115 110 100

Depth (nm) 2.5 2.5 2.5 2.5 2.5 2.5 2.5

⑧ ⑨ ⑩ ⑪ ⑫ ⑬ ⑭

基板表面の測定

Ｗｉｄｔｈ（nm） 85 75 65 55 45 35 20

Depth (nm) 2.5 2.5 2.5 2.2 2.2 2.2 1.5Depth:2.0nm以上

110nm～65nmのホールパタン 55nm～20nmのホールパタン

Depth:2.5 nm Depth:2.2nm 1.5nm



EUVMObservation Results②

X450

⑥ ⑦ ⑧ ⑨ ⑩ ⑪ ⑫ ⑬ ⑭

Ｗｉｄｔｈ（nm） 110 100 85 75 65 55 45 35 20

Depth (nm) 2 5 2 5 2 5 2 5 2 5 2 2 2 2 2 2 1 5Depth (nm) 2.5 2.5 2.5 2.5 2.5 2.2 2.2 2.2 1.5



Summary of pit typed phase defect

Printable line defect:
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Summary
1. We have constructed an EUV microscope for observing    

an aerial image of an EUV mask.

2. Using the EUV microscope, images of a finished mask    
and blank were observed clearlyand blank were observed clearly. 

3.  Pattern  resolution of finished mask was estimated to  
b 50be 50 nm

4. For a programmed pit defect of 75-nm width and 1.5-nm4. For a programmed pit defect of 75 nm width and 1.5 nm
depth could not be observed.  Also, dot defect of 20 nm 
wide and 1.5 nm depth could not observed. 
W l d th iti l di i f it lWe conclude the critical dimension of pit on glass
substrate is 2 nm in depth. 

5. Resolution has been improved by cooling CCD,   
scanning mirror mechanism.


