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Background & Purpose

＜Background＞
・Rectangular patterns are necessary for the
isolation layer and other layers of the ULSI
fabrication process.

・In optical lithography, fine rectangular
patterns tend to deform. This requires
complex correction for mask patterns.

＜Purpose of this research＞
・To evaluate the pattern fidelity of the rectangular patterns
printed with EUV lithography.

・To investigate the cause of the pattern deformation
if the fidelity was not good.
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Experimental Conditions
＜Mask＞

Reflective mask fabricated by DNP & ASET （5x, 6025）

＜Resist＞
MET-1K (120 nmt) （Positive-tone CA resist developed by Rohm & Haas）
・SB/PEB: 130゜C  60s / 120゜C  90s (Standard condition)
・Development: TMAH 45s 

＜Exposure Tool＞
Berkeley MET （Micro Exposure Tool）
・Light source: Synchrotron （ALS）
・Illumination: Annular (σ=0.3-0.8)
・Focus step： 50 nm (Standard condition)

＜Simulator＞
SOLID-EUV （Sigma-C）
・Mask structure: 2D mask
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Wavelength (nm)

Peak reflectivity: 62.8%
Centroid wavelength: 13.44 nm

(a) Bird’s-eye view of the mask (b) EUV reflectivity

TaGeN(65nm)/Cr(10nm)/ML(40pairs)/Quarz
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Rectangular pattern A
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Shapes of the Mask Patterns

W（hp：half pitch）=
45, 50, 60, 70, 80, 90 nm （on wafer）

Examples of mask pattern
shape （hp 45 nm）

AbsorberMultilayer

Rectangular pattern B
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Berkeley MET
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Fidelity of Rectangular Pattern A

hp 70 nm hp 80 nm hp 90 nmhp 45 nm hp 50 nm hp 60 nm
Half pitch （on wafer）

Illumination: Annular（σ= 0.3-0.8） Resist: MET-1K (120 nmt , PEB:120゜C 90s)

Shortening was observed in the lengthwise direction.
The shortening increased with the pattern size reduction.

Mask patternsMask patternsMask patterns

Printed patternsPrinted patternsPrinted patterns
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Half pitch （on wafer）

Shortening was also observed in the lengthwise direction.
It is difficult to prevent shortening only by layout optimization.

hp 70 nm hp 80 nmhp 45 nm hp 60 nm

Mask patternsMask patternsMask patterns

Printed patternsPrinted patternsPrinted patterns

hp 90 nmhp 50 nm

Fidelity of Rectangular Pattern B

Illumination: Annular（σ= 0.3-0.8） Resist: MET-1K (120 nmt , PEB:120゜C 90s)
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（6） Printed resist
pattern shape

（2） Aerial image
（WFE=0.7nmRMS,Flare=10%）

（5） Calculated resist 
pattern shape

（1） Mask shapes （3） Acid concentration
after exposure

Calculated aerial image was almost good. The cause of
the shortening might be the acid diffusion in the PEB process.

Simulation results of hp 45-nm pattern A

（4） Acid concentration
after PEB

（Diffusion length of acid=20 nm）
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（6） Printed resist
pattern shape

（2） Aerial image
（WFE=0.7nmRMS,Flare=10%）

（5） Calculated resist 
pattern shape

（1） Mask shapes （3） Acid concentration
after exposure

（4） Acid concentration
after PEB

（Diffusion length of acid=20 nm）

Simulation results of hp 45-nm pattern B
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（2）Diffusion length：10 nm（1）Diffusion length：1 nm

The simulation results indicate that the shortening
increased with the diffusion length of acid.

（3）Diffusion length：20 nm

Acid
concentration

after PEB

Calculated
resist

pattern shape

Effect of acid diffusion on the shape of hp 45-nm pattern A
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（2）Diffusion length：10 nm（1）Diffusion length：1 nm （3）Diffusion length：20 nm

Effect of acid diffusion on the shape of hp 45-nm pattern B

Acid
concentration

after PEB

Calculated
resist

pattern shape
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（1） After exposure

（2） After PEB

hp 45-nm pattern A
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hp 70 nm hp 80 nm hp 90 nmhp 45 nm hp 50 nm hp 60 nm
◆Simulation conditions◆ Aberration：0.7nmRMS, Flare：10%, Diffusion length of acid：20nm

Aerial imagesAerial imagesAerial images

Acid concentration after PEBAcid concentration after PEBAcid concentration after PEB

Calculated resist patternsCalculated resist patternsCalculated resist patterns

Printed patternsPrinted patternsPrinted patterns

Calculated shapes of resist patterns agreed well with the 
experimental results for various sizes of pattern A.

Simulation results of various sizes of pattern A
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Aerial imagesAerial imagesAerial images

Acid concentration after PEBAcid concentration after PEBAcid concentration after PEB

Calculated resist patternsCalculated resist patternsCalculated resist patterns

Printed patternsPrinted patternsPrinted patterns

◆Simulation conditions◆ Aberration：0.7nmRMS, Flare：10%, Diffusion length of acid：20nm
Calculated shapes of resist patterns also agreed well with
the experimental results for pattern B.

Simulation results of various sizes of pattern B

hp 70 nm hp 80 nm hp 90 nmhp 45 nm hp 50 nm hp 60 nm
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Line-end shortening for various sizes of patterns

（a） Rectangular pattern A
Half Pitch (nm)
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（b） Rectangular pattern B
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Line-end shortening

※D.L. = Diffusion length
of acid
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Effect of PEB temperature on pattern fidelity

120゜C
90s

110゜C
90s

100゜C
90s

23mJ/cm2

33mJ/cm2

33mJ/cm2

Sensitivityhp 45 nm hp 90 nmhp 60 nm

Pattern fidelity was improved by lowering PEB temperature.
This should be due to the shorter diffusion length of acid.

PEB
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（a） Rectangular pattern A
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Li
ne

-e
nd

 s
ho

rte
ni

ng
 (n

m
)

（b） Rectangular pattern B
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Effect of PEB temperature on line-end shortening

Line-end shortening decreased by lowering PEB temperature.
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・The pattern fidelity of hp 90-nm rectangular patterns 
printed with EUV lithography was fairly good. However, 
hp 45-nm patterns exhibited considerable shortening 
in the lengthwise direction.

・When a diffusion length of 20 nm was used for acid 
diffusion, the calculated resist pattern shapes agreed 
well with the experimental results for various sizes.

・Pattern fidelity was improved by lowering PEB
temperature. This should be due to the shorter diffusion 
length of acid.

・Diffusion length of acid should be reduced with the 
pattern size reduction.

Conclusions
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