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Outline

Inspection systems with
Projection Electron Microscopy (PEM)

New inspection system with novel PEM

Improvements
- Optical conditions on novel PEM
- TDI image acquisition on new inspection system
- Image processing in sensitivity

Summary
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Current PEM* inspection system

“PEM = Projection Electron Microscopy
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Inspection speed: 600MPPS

Satake et al., SPIE vol.5375
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Conventional EB System (SEM* type)

* SEM = Scanning Electron Microscopy

Electron gun

[llumination Optics

Detector
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(Scan)

Inspection speed 100MPPS

Satake et al., EBARA ENGINEERING REVIEW No.207
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Requirements for hpllnm EUVL mask inspection

Target
Sensitivity: 11nm<15nm in size

1) EUVL mask requirements (ITRS2013 edition)

Year of Production 13| 204 | 205 | 216 | 2007 | 208 | 209 | 220 | 21 | A2
DRAM /2 pitch(nm) (contacted) B| | 2| 2| 20| B| 17| B| 4| B
Hash 2/2pitch (nm) (un-contacted poly) B | 7| 5| B | B| 2| 2| 12| 2| DR
VPUASCMA 1(MI) 12pitch (nm) (contacted) | 40 K2 K2 28 5 23 2 18 16 14
Mbsk megnification 4 4 4 4 4 4 8 8 8 8
Mesk minimumprimery feeture size (nm) B 70 2 5 Vi) M S°) 2 vivg Vi)
Defect size (nn) B|l2a|w| 7| .|| 7|5 B2

2) Estimated requirement (Hirano et.al., SPIE 2014 Photomask Technology) .
<13nm size defects are necessary to be detected by hpllnm
EUVL mask inspection
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Assembled new inspection system for 1X EUV mask
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Model EBEYE-V30 mspectlogﬁ
system has high resolution
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TS : air-bearing stage
Assembled system o AP E N

enables 19 hours mﬁg%gﬁ d :i;" chamber with load-lock
throughput by 600MPPS Chamber ]

data processing rate and 16

nm /pixel size. - “Model EBEYE” is EBARA’s model code

Hatakeyama et al., SPIE vol.8880
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Assembled new inspection system for 1X EUV mask

Imaging E

— e ey R

B Va
Assembled with new optics

Hatakeyama et al., SPIE vol.8880

New inspection system |
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Improvement : optical conditions on novel PEM

Optical conditions were improved to
obtain higher contrast in hp64nm L/S pattern

Hp64nm
L/S pattern

Hatakeyama et al., SPIE vol.8880
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Improvement:
TDI image acquisition on new inspection system

TDI image acquisition operation is
successfully demonstrated

Schematic of acquisition operation

TDI Sensor
\

Projection Optics

TDI image

Electron
Source

Hpl180nm
L/S pattern
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Defect detection signal intensity map analysis
-Actual image-

45 nm intrusion defect
SEM image in hp 64 nm

defect surrounding
area

{ Signal deviation of a

Signal enhancement & ]

- II subtraction

Defect detection signal
Intensity map

The signal intensity increases
at the position of the defect.
]
The signal intensity value
exceeds a threshold of level set
for the defect detection.

- =

| The defect is identified.
\ "/

[ PEM image in hp 64 nm ]

Defect detection signal
intensity map

R. Hirano et.al.,SPIE vol.9235
11
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Improvement: Defect detection capability enhancement

Defect detection sensitivity evaluations are executed with and

without 12U correction.

32 nm extrusion defect
SEM image in hp 64 nm
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false defects defect

[ Defect detection with J [ Defect detection w/o false J

\—l Image difference (binary) and Inspection Image (superimposled—)(

Intra-field image intensity unevenness leads to the generation

of false defects.

—J—

By applying the 12U correction to the captured image, the targeted
defects are clearly identified without false defects.
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Improvement:Defect detection sensitivity evaluation results

Defect size
&
configuration

13 nm extrusion

12nm intrusion

TaBN(52 nm) TaBO(14 nm)

Multi-layer(40 pairs)
Ru(2.5 nm)

TaBN(52 nm) TaBO(14 nm)

| Multi-layer(40 pairs)
Ru(2.5 nm)

Defect SEM image
in hp 64 nm

Image difference
(binary) and
captured PEM image
(superimposed)

-
~
" n

Applying the die-to-die defect inspection to the captured image, the
targeted defects are clearly identified.

Data processing rate:17MPPS
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Summary

We have developed the new inspection system
with novel PEM for EUV pattern masks

Improvement on optical conditions of novel PEM was
made to distinguish PD16nm of hp64nm L/S pattern

It was confirmed the image acquisition operation, i.e.,
still and TDI images, of the new inspection system is
In capable and feasible for 1Xnm EUV mask inspection

Next, we will improve the resolution on image acquisition
of the new inspection system for pattern defects 16nm
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