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INTRODUCTION

With the current critical dimension (CD) in patterned
wafers approaching sub-10 nm in the next few years, it
has become quite challenging to accurately detect killer
defects without sacrificing the inspection speed needed by
the high-volume manufacturing semiconductor industry.
Consider that optical methods are nondestructive and can
inspect a large pattern area in a single shot, they
automatically fulfill most of the rigid industrial
requirements. However, the signal strength from
Rayleigh scattering scales as D%/A4 where D is the
defect size and A is the illumination wavelength.
Consequently, when the transverse dimensions
are smaller than 10 nm, light can only stimulate
an extremely weak signal that will be easily
submerged by numerous noise sources such as
imperfections in the optical system or on-wafer
roughness [1, 2]. This bottleneck, to date, remains
unsolvable in the scope of far-field optical inspection.
Hence, it is vital to develop an optical system that can
balance enhance the signal strength in order to meet most
of the rigid requirements in semiconductor inspection.

In this article, we introduce the near-field metalens
array into a conventional bright-field optical system to
meet the grand challenge of patterned wafer inspection.

ALLENGES

Backgrounds and Challenges:

a) Shrinkage in the lateral pitch and critical dimensions
of patterned features
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b) Extremely weak signal of killer defects (sub-10 nm)
stimulated by lasers with wavelength above 193 nm
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Fig. 2. Sensitivity map (in log scale) associated with
equation of Rayleigh scattering cross-section.

c) Detection and classification of killer defects

i
TR

Fig. 3. SEM images Iillustrate various defect types on
patterned wafer. The bottosubfigures are front3].

BRIGHT-FIELD INSPECTION MODELING

(1) light-matter interaction (2) field resampling
(3) wave propagation (4) Debye-Wolfintegral
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Fig. 4. Principles of defect detection on a patterned wéfigure is  Fig. 5. Diagrammatic description of the systematic simatatmodel
from [4] . for computing the image of an arbitrary object in an epirlination
coherent optical microscope. The wavelength is fixed at A@b
throughout the paper.
The First Patterned Wafer :

a) 40 X9 unit cells; critical dimension = 28 nm; A, = 240 nm, A, = 330 nm

b) incident angle& = 0 deg. ; azimuthal angle = 0 deg. ; polarization anghe= 0 or 90 deg. SRR
e paralle
U\ bridge defect

40X 600 nm

/x =240 nm

Fig. 6. The patterned wafer and the defects unet&ction.

Extremely weak signal even for a defect with a 28 nm CD!

Fig. 7. (&) Amplitude image with respect to the entire wafantaining a parallel bridge defect under perpendiculaapzation illumination.
Differential intensity maps associated with the paralletigpe defect under (b) parallel and (c) perpendicular poddion illumination. (d)
and (e) corresponding figures for the perpendicular brakfect.

ENHANCED DEFECT INSPECTION
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Design of the Metalens:
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Fig. 8. The (a) maximal intensity and (b) length parametergig. 9. (a) Geometries of the second patterned wafer ancetpdar
(FWHM/WD/PNJ length) of the focused beams corresponding tbne as well as the parallel bridge defect. (b) Measurementpsof
different radiuses of a microfiber. The bottomxes of all the sub- the metalens based defect inspection systdare the radius of the
figures have been normalized by the illumination wavelbngt microfiber is fixed at 3.
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Fig. 10. Simulated in-focus images for the conventionajltrfield microscope for the sub-10 nnanostructure (a) with and (b) without the
parallel bridge defect. The polarization of tedield of the normally incident plane wave is alorglirection. (c) Differential image obtained by
subtracting Fig. 10(a) froriO(b). Through-focus differential images (TFDI) correspmg to the (dx-polarization and (eYy-polarization.
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CCD captures the absolute magnitude of the scattering field MaXrep; x potar  1.30 X 10 23
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Fig. 11. The in-focus images for the metalens assisfec
microscope for the 7nmode patterned wafer corresponding fo
the cases (a) without and (b) with the parallel bridge def@gt
Differential image obtained by subtracting Fig. 11(a) fram{b).
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Fig. 12. The far-field signatures associated with the dafader
x-polarization normal illumination using (a) a conventiong
coherent optical microscope and (b) the metalens assigte

optical systemSubfigures 12(a) and 12(b) are the same as Figs
10(c) and 11(c), respectively.
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Fig. 13. Through-focus images of the patterned waje
corresponding to the cases (a) without and (b) with the |
bridge defect for the metalens assisted microscope. (c)l TFD
obtained by subtracting Fig. 13(a) froh3(b).

Fig. 14. Comparison for showing the signal enhancement &y |th
proposed inspection syster@ubfigures 14(a) and 14(b) are the
same as Figs. 10(d) and (e), respectively. Fig. 14(c) isimdxa
by changing Fig. 13(c) into absolute values.
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MaxMeta_TFDl_x_polar _ 4.25x10

= — = 326.9
MaxConv_TFDI_x_polar 1.30x 10 23

21
MaXMeta_TFDI_x_polar . 4.25x 10

= —= = 80.2
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The peak defect signaturefor the proposed system istwo

orders of magnitude greater than that associated with the

conventional setup! Moreover, the metalensisan add-on
and thus backwar ds compatible with conventional systems.
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