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Introduction
• Defect-free EUV mask blanks remain one of the 

greatest challenges for the 
commercialization of EUVL

• Defect inspection capability is 
essential for defect-free mask 
blank development 

• The M7360 inspection tool is critical for SEMATECH in
– Incoming Qz inspection for defect reduction at the supplier site
– Post-deposition ML blank inspection for the ML defect reduction 

program at SEMATECH
– Qz and ML mask blank cleaning process development
– Improved effectiveness of defect failure analysis to classify and 

mark specified defects for defect composition analysis

− 25 nm sensitivity is required for 
the 22 nm hp node

M7360 EUVL Mask Blanks 
Inspection System
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Inspection Tool Set at SEMATECH: 
Lasertec

M7360 (2G)
M7360 EUVL Mask Blanks 

Inspection System

M1350 (1G)

M1350 EUVL Mask Blanks 
Inspection System

M1350 M7360

488 nm 266nm

200 mW on QZ
120 mW on ML

710mW on QZ
200mW on ML

Single detector system Dual detector system

20 minutes on QZ, 
45 minutes on ML- dense scan mode 90 minutes on both QZ and ML

QZ: 65nm
ML: 73nm

QZ: 40nm
ML: 45nm

Detection system

Scan speed

Laser Wavelength

Inspection capability

Inspection Power
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M7360 Inspection Capability Improved 
Through Major PM (phase II) in Jan. 2010

• Obtained good performance on the M7360 after the major PM (phase
II) , software and the temperature enclosure work in Jan. 2010.
– Inspection sensitivity improvement

Qz: 55 nm to 45 nm
ML: 60 nm to 50 nm 

• Hardware PM
– Replaced the laser unit and a few deteriorated optics in the tool

• Software upgrade
– Low power calibration and defect review for ML blank inspection
– Modification of shutter timing for inspection and review
– Improved mask tilt control

• Improved temperature uniformity for temperature enclosure
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Beam Spacing

Beam Spacing

M7360 Inspection Capability Improved 
Through Phase III Software Upgrade &
Process Optimization (April 2010)

Process optimization
• Dense scan on

– to improve defect merging to 
reduce false defect rate (no false 
defects on pixels >1) and enable the 
use of a more aggressive sensitivity 
setting to minimize inspection 
variation

• Reduce slice level setting for more  
sensitive inspection
– to maintain sensitivity at >95% 
capture rate at a specified pixel count

• Sensitivity improved
– Qz: 45 nm to 40 nm
– ML: 50 nm to 45 nm

Dense on
Scan speed 0.6

Dense off
Scan speed 1.0



Oct. 18, 2010 72010 EUVL Symposium  Kobe Japan

M7360 Inspection Sensitivity 
Improvement on QZPDM

Col. # 1 2 3 4 5 6 7 8 9 10 11 12 13
Defect width
(nm FWHM) 1050 810 580 430 325 270 250 220 200 150 130 110 90

Defect height
(nm) 2.8

#10 (75%)- phase II

#10 (85%)- phase III

QZPDM Capture Rate 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 Col. 8 Col. 9 Col.
10

Col.
11

Col.
12

Col.
13

Defect Pattern Size

C
ap

tu
re

 R
at

e 
(%

)

M7360-phaseII
M7360-phaseIII

Improved 75% to 85% 



Oct. 18, 2010 82010 EUVL Symposium  Kobe Japan

M7360 Inspection Sensitivity 
Improvement on MLPDM

#12 (61%)- phase II

#12 (71%)- phase III

# 1 2 3 4 5 6 7 8 9 10 11 12 13
Defect width
(nm FHWM) 300 195 170 155 145 140 120 100 95 90 85 75 70

Defectheight
(nm) 3.5 3.5 3.5 3.5 3.5 3.4 3.2 3.1 3 2.9 2.7 2.3 1.5

MLPDM Capture Rate 
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40nm Inspection Capability Achieved on 
Quartz (capture rate 96%)

60nm70nm90nm

45nm50nm55nm

30nm35nm40nm

M7360 SiO2 Particle on QZ Capture Rate
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Improved 76% to 96%
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45nm Inspection Capability Achieved 
on ML Blank (capture rate 96%)

90nm 70nm 

55nm

40 nm 35nm 30nm 

60nm

50nm 45nm

M7360
SiO2 Particle on ML Capture Rate
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ML Defect Inspection Matching 
Between M7360 vs M1350 on 
014DRP35

M1350 inspection M7360 inspection
M7360 – M1350

(ADD- LWB)
M1350- M7360
(SUB- LWB)

P4+ (70+nm) : 20 P15+ (70+nm): 18
P8+ (50+nm): 70

P15+ (70+nm): 4
P8+ (50+nm): 36

P1+ (~48nm): 1

70+nm

70+nm

50+nm

70+nm

50+nm

• M7360 can detect all M1350-detected defects during ML blank 
inspection
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ADD (M7360 – M1350) 4 Defects
(defects were not detected at 
M1350 inspection)

# 354# 352

# 351# 350

• Four scratch defects were not detected at M1350 
inspection because they were too shallow.

70+nm
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M7360 Defect Inspection Matching 
Between Qz vs. ML on 014DRP35

M7360 QZ inspection M7360 ML inspection
ML– QZ

(ADD- LWB)
QZ- ML

(SUB- LWB)

P4+ (40+nm) : 38 P15+ (70+nm): 18
P8+ (50+nm): 70

P15+ (70+nm): 12 (all Par.)
P8+ (50+nm): 32 (par-15, pits-17)
- ML induced defects

P6+ (45nm): 0

40+nm

70+nm

50+nm

• M7360 ML inspection can detect all M7360-detected defects on a Qz substrate 
above the inspection threshold

• Decoration effect is seen with M7360 inspection, particularly with pit defects

70+nm

50+nm 45+nm
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ADD (ML- QZ) 12 Defects 
(all added defect are particle defects 
after ML deposition)

# 66 # 54 # 228

# 338# 339# 342

# 348

# 343

# 326# 349 # 23# 347

70+nm
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Mask Blank Defect Inspection 
Requirements & Risk Assessment

Next generation inspection tools 
are needed to meet the 25 nm 
defect inspection sensitivity 
requirement

Specified item Spec 2009 2011 2013

Mask Substrate Defect cut-off size 25 nm 40 25 20

Defect Density 0 (< 0.005) 0.02 0.005 0.005

M7360Defect Inspection capability 45 40 40 3G tool 3G tool

Specified item Spec 2009 2011 2013

Multiliers Defect cut-off size < 30 45 25 20

Defect Density 0.0005 0.009 0.0005 0.0005

M7360 Defect Inspection capability 50 45 45 3G tool 3G tool

2008 2010

45 35

0.09 0.01

35

0.04 0.002

3G tool

2008 2010

50 35

ML Blank Inspection Tool Capability/RM
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 M1350
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3G tool  : Gap

 : Current Capability

 : Process Improvement
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Future Plan

• Further improvement of the M7360 inspection sensitivity
– Reduce the stage speed from 0.6 to 0.5 or even 0.4 to improve 

sensitivity on both Qz and ML blanks: 30 nm on Qz and 35 nm on 
ML blank.

– Improve surface roughness (0.08 nm < 0.06 nm, rms, λ: 100 nm 
to 1 μm) on ML blanks.

more aggressive setting can be used on the slice level and a 
spatial filter on smoother ML blanks.

• A joint task working group has been formed at 
SEMATECH and currently is working with potential 
suppliers to develop an actinic ML blank inspection tool 
(3G), expected to be ready by 2014.
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Summary
• SEMATECH M7360 inspection sensitivity has been 

improved to have QZ from 55nm 40nm (SiO2 particle 
size), and ML 60nm 45nm (SiO2 particle size).

• Demonstrated the M7360 inspection can detect all defects 
detected on M1350 on ML blank and confirmed with LWB 
(Lasertec work bench) software application.

• Demonstrated the “ADC-auto defect classification” and 
“LWB” software application for identifying the ML 
deposition added “particle defects” and decoration defect 
on “pit defects”.

• 3rd generation Qz and ML blank inspection tool is needed 
to bridge the gap for 25 nm inspection capability.


