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Compar ison of defect pattern fidelity for  
different inspection wavelength O

 

O=365nm O=257nm O=198.5nm O=193nm
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500u
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nm

Intensity profile at X-X cross section and parameters for simulations
T: transmittance, R: reflectance, RI: Refractive index (real part, imaginary part)

Inspection optics: NA=0.75, V =1.0

RI(I)=0.190RI(I)=0.553RI(I)=0.299RI(I)=0.190
RI(R)=2.300RI(R)=2.483RI(R)=2.373RI(R)=2.300
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Overview of advanced mask inspection optical system (AMOS)
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Objective imaging lens

Die camera

Optical block diagram of AMOS

198.5nm CW laser

Transmission illuminator

Reflection illuminator

Magnification change optics 
for selectable pixel size

TDI imaging sensor

Illumination optics

Sensor image processing and 
buffering circuit

Ripple sensor

Ripple sensor
Mask

ABIS Speckle reduction optics

imaging optics
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198.5nm wavelength mask inspection optics of AMOS
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I０２ pattern

Magnified defect pattern

Upper left: Top-down view of  simulation area
Upper right: 3D image of defect signal
Lower right/left: X and Y side view of defect signal 

29nm length defect of detection by D-to-D inspection 
15%  ArF-HT PSM with 420nm wire, 70nm pixel, 400M pixel/s



2005 International Conference on Characterization and Metrology for ULSI Technology

March, 16, 2005 10

Magnified defect pattern

F０６ pattern

Upper left: Top-down view of  simulation area
Upper right: 3D image of defect signal
Lower right/left: X and Y side view of defect signal 

22nm corner  defect detection by D-to-D inspection 
15%  ArF-HT PSM with 420nm wire, 70nm pixel, 400M pixel/s
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Standard algorithm (transmitted light)

Die-to-die inspection sensitivity of 15%  ArF-HT PSM 
with 420nm wire pattern, 70nm pixel, 400M pixel/s 

Standard algorithm (reflected light)
CD algorithm (transmitted light)
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TREND 
optics

Detection 
algorithm

Inspection 
methods

TREFOIL
TREFOIL:Transmitted light and REFlected light cOncurrent Inspection Logistics

TREND: Transmitted light and REflected light coNcurrent Detection
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An example of TREND optics:
Reflected light optics using spatially divided focal plane method

Objective
lens

Laser

Reflected light

Transmitted light

A

Mask

Cross-sectional view

A Reflected light

Transmitted
light

Front view

Spatially divided focal plane method
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Die-to-wafer  image 
database

(D/WI-DB) inspection

Stepper  image 
calculation

Die-to-database 
(D/DB) inspection

Die-to-wafer  image
die 

(D/WI-D) inspection

Die-to-die (D/D) 
inspection

Mask pattern image Design data

With OPC data

W or  W/O OPC data

Concept of Die-to-wafer  image inspection and this dataflow

Mask inspection system CAD data

Stepper  image 
optical transform

Stepper  image 
calculation



2005 International Conference on Characterization and Metrology for ULSI Technology

March, 16, 2005 17

Wafer

Mask

Exposure 
optics

Light

Condenser
CAD data

Simulation
Scanner recipe

Wafer image of 
193nm scanner

(Direct calculation)

Objective 
lens

Mask

Sensor

Laser

198.5nm inspection system

Inspection 
mask image

Simulation

Simulation

Inspection recipe

Wafer image derived 
from inspection image 
(Two-step calculation)

193nm scanner

Inspection 
mask image

Simulation

Wafer image derived 
from inspection image 
(Measured data cal.)

Ver ification  of Die-to-wafer  image inspection method

Compare

O=198.5nm
NA=0.75
V=1.0

Calculation condition: O=193nm, NA=0.75 / 0.9, V=1.0, 2/3 annular  illumination 
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193nm wafer image 
from pattern data

193nm wafer image
from inspection image

300nm wire pattern with
125nm pin-dot defect

X X

Intensity profile at X-X cross section Enlarged intensity profile with correction 
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Data�193nm wafer image

Data�198.53nm inspection image
� 193nm wafer image

Wafer -like image compar ison of direct calculation 
with two-step calculation

O=193nm, 
NA=0.75 , 
2/3 annular  
illumination 

6%  ArF-
HT PSM



2005 International Conference on Characterization and Metrology for ULSI Technology

March, 16, 2005 19

X X

420nm wire pattern with
64nm edge defect

193nm wafer image 
from pattern data

193nm wafer image
from inspection image
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Data�193nm wafer image
198.5nm inspection image
� 193nm wafer image

Data�193nm wafer image w/o defect

Intensity profile at X-X cross section 

Wafer -like image compar ison of direct calculation 
with calculation from measured data

O=198.5nm
NA=0.75
V=1.0

O=193nm, 
NA=0.75 , 
2/3 annular  
illumination 

198.5nm AMOS
inspection image

15%  
ArF-HT 
PSM
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420nm wire 
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64nm edge

defect

420nm wire 
pattern with
44nm edge

defect

198.5nm AMOS inspection image

CD var iation of wafer  image due to defect 
when intensity level is set at 0.2

O=193nm,
NA=0.75 ,

2/3 annular  
illumination 

Design data

Measured data calculation

Direct calculation 
without defect

15%  
ArF-HT 
PSM
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CAD data
Direct Cal.
w/o OPC
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Direct Cal. 
w. OPC
Two-step cal
. w. OPC

CD var iation of wafer  image for  binary OPC mask (assist bar ) 
when intensity level is set at 0.41

CAD data Wafer image by direct Cal.

with OPC Wafer image by direct Cal.

Wafer image by two-step Cal.

Mask pattern size:  Primary feature=360nm,
Assist bar=34nm

O=193nm, 
NA=0.75 , 
2/3 annular  
illumination 
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120q Edge 
bump defect

Wafer -like image compar ison of direct calculation with 
two-step calculation for  alternative phase shift mask

Inspection image 
@O=198.5nm

Two-step cal.
Assumption A

Two-step cal.
Assumption B

Direct cal. from 
CAD data

255nm size

200nm size

140nm size

280nm 420nm

O=193nm, 
NA=0.75 , 
V=0.43
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Summary

1) Wavelength consistency between exposure system and mask inspection system 
is strongly required so as to obtain high defect detection sensitivity.

2) A novel high-resolution mask inspection platform using 198.5nm wavelength 
has been developed for 65nm node and beyond.  The initial state D-to-D/D-to-
DB inspection performances of 20-60nm defect sensitivity are certified. 

3) For 45nm node inspection, the possibility of transmitted light and reflected 
light concurrent inspection is shown.  A novel TREND optics is demonstrated.

4) The D-to-WI inspection method using measured mask pattern images is 
presented.  Although accuracy of assumption and applicable limits should be 
investigated, this method is considered to be effective for industrial use.

A part of this work was supported by NEDO
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Thank you for  your  attention


