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Motivation Motivation 

Mask manufacturing remains challenges 
for the implementation of EUVL into HVM

Pattern resolution 
CD quality

• Uniformity
• Linearity

Defect quality
• Defect inspection
• Defect repair

etc.

DNP presented new 
patterning process results 
for 3x-2x nm node in last 
EUVL symposium

This presentation 

ITRS2007 : EUV mask requirements

In addition to Generic mask requirement, 
EUVL specific mask requirements are 
listed on ITRS
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EUV reticle inspection EUV reticle inspection 

Optical mask

Reflected light

Transmitted light
Inspection light 

dose not transmit 
into EUV mask

EUV mask

Reflected light

DUV reticle inspection EB reticle inspection

Inspection resolution is limited by light diffraction
Need AR layer optimized for inspection wave length

e-
e-

E-beam

Secondary electron

Inspection resolution is potentially 
high due to smaller beam spot size

Inspection speed is issue 

E-detector
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Evaluation samplesEvaluation samples

2: w/ AR-layer  w/o buffer

1: w/ AR-layer  w/ buffer 3: w/o AR-layer  w/ buffer

4: w/o AR-layer  w/o buffer

•Anti-reflective layer of No3 
& No4 were removed after 
absorber patterning 
•EUV blank supplier: HOYA

TaBN 50nm

LR-TaBN 70nm

CrN buffer 10nm
Si cap 11nm
Mo/Si 40pair

4 different structure of Si capping & CrN buffer samples were prepared 

Without buffer layer

W
ithout A

R
-layer
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Evaluation pattern Evaluation pattern 

Line pattern
L:S = 1:1

Type: Line pattern 
Size(4x): 88nm, 108nm, 128nm 

Type: Hole pattern 
Size(4x): 128nm, 152nm 

Line pattern
L:S = 1:4

Hole pattern
H:S = 1:1

Hole pattern
H:S = 1:4

Blue color: etching region
White color: absorber region
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Designed defect categoryDesigned defect category
SEM images of programmed 
defect 
Main pattern size :

•Hole 152nm HP 
•Line 128nm HP

Pin hole Pin Dot Miss CD : large Miss CD : small

Corner  intrusion Corner protrusion Miss size : Large Miss size : small Hole connect

Pin hole Pin Dot Line cut Bridge 1x1 clear extension

1x1 opaque extension 1x2 clear extension 1x2 opaque extension Line CD error : small Line CD error : large

Defect size was defined as square root of defect area 
Line CD error was measured by CD-SEM measurement function

Etching region

Absorber region

Etching region

Absorber region
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EB reticle inspection toolEB reticle inspection tool
HMI’s eXploreTM 5200:

The 1st Mask EB Inspection (EBI) system

Inspection resolution :

10nm of leap and scan mode

20nm of continuous scan mode

CS for EUV mask and higher throughput time

Inspection conditions:
Pixel size: 20 nm

Landing energy: 2800 V 

Inspection mode: Die to Die
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Sensitivity chart for 88nm L/S Sensitivity chart for 88nm L/S (Type 1 structure)(Type 1 structure)

25nm defect size

(ITRS 32nm HP)
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T4-8 T5-13 T7-10

Minimum captured PDs: Minimum captured PDs: 
SEM images and inspection images SEM images and inspection images 

1x1 clear extension
Defect size: 26nm

SEM

Images

Inspection

Images

1x1 opaque extension
Defect size: 32nm

1x2 clear extension
Defect size: 33nm

1x2 opaque extension
Defect size: 24nm

T6-6
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25nm defect size

(ITRS 32nm HP)

Sensitivity chart for 128nm Hole Sensitivity chart for 128nm Hole (Type 1 structure)(Type 1 structure)
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Minimum captured PDs: Minimum captured PDs: 
SEM images and inspection images SEM images and inspection images 

Pin hole
Defect size: 55nm

SEM

Images

Inspection

Images

Corner protrusion
Defect size: 37nm

Corner intrusion
Defect size: 32

T4-10T0-17 T5-10
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Minimum captured PD size with different  Minimum captured PD size with different  
mask structure: Line pattern  mask structure: Line pattern  
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There is no significant difference in sensitivity between each mask structure
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Minimum captured PD size with different  Minimum captured PD size with different  
mask structure: Hole pattern  mask structure: Hole pattern  
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Review images on each surfacesReview images on each surfaces

Absorber 
(w/ AR-layer)

Absorber 
(w/o AR-layer)

Si capping layer CrN buffer layer

Highest material contrast expected on the type 4 structure :
Type 4: w/o AR-layer and w/o buffer
Might lead to improvement of inspectability (fewer false defect, etc) 

Mean GL: 110 Mean GL: 129 Mean GL: 13 Mean GL: 18

Type 1 & 2 Type 3 & 4 Type 2 & 4 Type 1 & 3



EUVL symposium 2009 16

Throughput time for EB inspectionThroughput time for EB inspection

Ways to improve throughput:

Reduce averaging number

Increasing scan speed 

• ~50cm2/hour @ 100nm pixel size

• Inspection area, pixel size and number of averages are the main 
factors. 

• Catch killer defects first, then try to do it faster. 
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SummarySummary

EBI is capable of detecting 25 nm defects on 88 nm L/S 
pattern with sufficient image contrast

No significant difference in sensitivity between each mask 
structure

Higher image contrast obtained without AR-layer on 
absorber layer which might lead to fewer false defect counts

Throughput time is the biggest challenge for implement EBI 
in high volume manufacturing


