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Abstract A high-order aberration measurement method for hyper-NA lithographic projection lens based on a test
target with eight angles is proposed. A linear model between aerial image intensity distribution of the hyper-NA
lithographic projection lens and high-order aberrations is built by principal component analysis (PCA) and
multivariate linear regression analysis for binary target with eight angles of aerial image. And the high-order
aberration measurement is achieved based on the proposed model. Compared with the binary target with six angles
in the conventional method, the proposed method improves the efficiency of pupil wavefront sampling, expands the
measuring range of the wavefront aberrations, and achieves the high precision measurement of high-order
aberrations(Z; ~ Z, ) of the hyper-NA lithographic projection lens. Simulations with the lithographic simulator
PROLITH show that the proposed method can realize the measurement for 60 terms of Zernike coefficients (Z; ~
Z) with measurement accuracy better than 1.03X10 °2.
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Fig. 1 Two kinds of test targets with six angles
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Fig. 2 (a) Effect of pupil sampling by the test target with six angles to Zs ;

(b) effect of pupil sampling by the test target with six angles to Zs;
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Fig. 4 (a) Effect of pupil sampling by the test target with eight angles to Zs ;
(b) effect of pupil sampling by the test target with eight angles to Z;;
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Fig. 5 Linear relationship between the aerial image intensity distribution of the hyper-NA

lithographic projection lens and Zernike coefficient Z,;
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Table 1 Simulation condition

Source
Wavelength A 193 nm
Illumination type Quadrupole illumination
Polarization type X-polarized
Partial coherence factors o s 6. 0.8, 0.3

Detected target

Pattern of the target Binary target with eight angles
Line width of the target 250 nm
Pitch of the target 3000 nm
Orientation 0°,30°.45°,60°,90°,120°,135°,150°
Projection lens
NA 1.35
Input aberration type Zs~Zs

Zs~Zs: —0.021~0.022
Zsy~Zs: —0.01A~0.01A
Re[a(JNRe[ag]; —0.15~0.15

Polarization aberration Imla, =0
Im[a, ]~Im[as;]: —0.024~0.02A

Input single aberration value

Lithographic image model

Lithographic image model Vector imaging model

Aerial image sampling

X /Y direction; —2000~2000 nm
Z direction: —900~900 nm

X /Y direction: 30 nm
Z direction: 125 nm

AR5 5 B 6 IR R T 2R Al PRAR A 1 6 B s Ol TR R I R P g il R Y e g D 0 TR T EGES 3 AH
TR0 s 00al=[0.8,0.3 ] SCIR AP RARE A XI5 10 e 41k .

Sampling range

Sampling interval
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Fig. 6 Illumination type and polarization state of the proposed method
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Fig. 7 High-order wavefront aberration measurement results. (a) Proposed method; (b) conventional method
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Fig. 8 Schematic diagram of illumination type. (a) Radial polarization; (b) azimuthal polarization
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Fig. 9 High-order wavefront aberration measurement results by use of different illumination types.

(a) Radial polarization; (b) azimuthal polarization
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Table 2 High-order wavefront aberration measurement results under different illumination conditions

Condition of illumination Maximum mean error Maximum standard error Accuracy
Conventional illumination 0.2260 nm 0.1259 nm 0.4760 nm
Annular illumination 0.0140 nm 0.0759 nm 0.2335 nm
Dipole illumination 0.0154 nm 0.0547 nm 0.1723 nm
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Table 3 High-order wavefront aberration measurement results under the conditions of different

manufacturing errors of the test target

Manufacturing error Maximum mean error Maximum standard error Accuracy
Width error: —3 nm 0.0343 nm 0.0950 nm 0.3124 nm
Width error: +3 nm 0.0398 nm 0.1509 nm 0.4708 nm
Angle error: —1° 0.0188 nm 0.0725 nm 0.2205 nm
Angle error: +1° 0.0310 nm 0.0828 nm 0.2594 nm
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