Focus monitor application to EUV exposure tool
using asymmetric diffraction rays
by off-axis monopole illumination
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Principle of focus monitor using off-axis illumination  Selete )
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Diffraction ray generated by slit (1) _ngzgt@
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The diffraction ray generated by right figure.
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A: wavelength, f :distance from slit to screen, M : the number of slit 2a

The 1st term ; the diffraction light of the Fraunhofer diffraction
generated in one slit. It is zero at the following point:

The 2nd tem ; the interference pattern of the diffraction rays in the NA f
number of M slits. It is local maximal at the following point: XN=

2a
When X, =Xy , N= If 2 is integer,

m— .
é:O 50
the maximal value of Xy , which is the intensity of N-th order diffraction ray,

will be zero.
If a = 2§, the 2"d order
diffraction ray is disappeared.
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Diffraction ray generated by slit (2) Selete )

If the ratio of @:&, is varied, any order of diffraction
rays can be disappeared.
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The 2nd order diffraction ray
IS NOT generated at 1:1 L/S.
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Requirement of monopole illumination  setete)

For Ot order,

NAG <NAuax—NAL (1) NA; | 2xNA;

For -1st and 3 order, offset
2NA . > NA+ NA, . (2)

NA

NAilIMAX
From (1) and (2)
. Pupil plane
E(NA"‘ NA,; ) < NAy < NAuax — NA,,
Here, Therefore,
1 P 2/ A
NA . A ~ P> (3)
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TOSHIBA

Leading Innovation >>> EUVL Sympo K.Tawarayama 6



Outline

Selzt@

* Principle of focus monitor

« Experimental condition and simulation
on EUV exposure tool

e Measurement result
e Summary

TOSHIBA

Leading Innovation >>> EUVL Sympo K.Tawarayama

2



Specifications of Small Field Exposure Tool Selete )

Purposes
€ Optimize mask structure

€ Develop resist materials
€ Evaluate optics & source lifetime

ltems Specification
ki > 5 % @ chamber
Field size 0.2 x 0.6 mm " i

Souree .-

=

Magnification | 1/5
Source type Xe GDPP

. A
W\ wafer track
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Experimental conditions (na=0.30, EUV SFET)
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NA=0.30
sigma ,,,=0.63
sigma ;,.,=0.33

Open aperture angle 45 degrees .1

Pitch [nm]
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Actual Experimental condition

77777777777777777777777777777777777777777777777777

0 0.1 0.2 0.3
Monopole sigma

>

Measurement pattern:
p=112nm (56NmML&S)

Reference pattern:
p=56nm (28nmL&S)
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Measurement pattern for EUV Selete )

relative shift measurement

The reference pattern and the measurement pattern are
exposed simultaneously.

Then bars-in-bars pattern are transferred for focus monitoring.

24 um | |
:< > Outer bar: 17 lines
| 56 nmLS | Inner bar: 35 lines
28 nmLS
56 nm LS pattern is moved
at defocus position.
12 um
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Simulation result -pattern shift- Selete )
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Experimental result on SFET Selete )

Relative pattern shift of (L-R)
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Relative pattern shift [nm]
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Focus sensitivity around 60nm / 100nm-Defocus

(Overlay error indicates half of that)

Iﬂs g!ga?ﬂ > EUVL sympo K. Tawarayama 13



Summary Selete )

 We applied focus monitoring method using
asymmetric diffraction rays to EUV
exposure tool.

* Experimental result shows focus sensitivity
for 60nm/100nm-Defocus

* We showed this focus monitoring method
Is available & useful for EUV tool
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Experlmental conditions (Na=0.25. EUV1)
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Defocus [nm]

Actual Experimental condition
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Measurement pattern:
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Result : ArF-1 case

T. Sato, et al.,
Jpn. J. Appl. Phys. 48 (2009) 06FAQ03

Experimental (NA=1.30, ArF immersion tool)

NA=1.300 h
o outer=0.970
o inner=0.708

Open aperture angle 30 degrees

]

Y-polarization is adopted here. i

Measured pattern pitch pm:
172 nm (on-wafer) (=86 nm LS)

Reference pattern pitch po:
345.346 (on-mask)
86 nm (on-wafer)(= 43 nm LS)

[0

)

These pattern features are
determined from the optics and
diffraction angles.

fe)

Pattern shift at defocus by optical simulation

——43nm hp
—#—-86nm hp

Pattern shift (nm)
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The 86 nm pattern is shifted at defocus,

TODEHIBA

Oct 28, 2008, MNC2008 at Fukuota
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but the 43 nm pattern is almost zero shifted.

| Measurement result through focus

TOU

Focus (nm)

This was measured by an overlay inspection tool.
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Measured relative pattern shift between 86 nm LS and 43 nm LS.
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