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Enhanced Optical Critical Dimension Metrology for the 7 nm 

Node and Beyond Using a Near-field Metalens

INTRODUCTION

Optical scatterometry, which is a far-field based technique
inherently, can be regarded as the most promising
candidate technique to meet most of the rigid
requirements of process control in the semiconductor
industry1, 2. The critical dimension (CD) of the features of
interest are presently below 20 nm and given current
trends will likely reach the atomic scale in the mid-2020s.
The downward scaling of the CDs and the increased
structural complexity as well as the application of novel
materials in semiconductor devices, brings up many
grand challenges to the optical CD metrology, such as
decreased sensitivity, varying optical properties of
materials, tighter process specs, high correlations among
fitting parameters, and faster metrology throughput
demands.

In this article, we introduce the concept of the near-field
metalens into conventional optical scatterometry and
through-focus optical microscopy to meet two specific
challenges in OCD metrology:

1) ultra-narrow focusing of the beam to do metrology
using a 1 μm× 1 μm scatterometry target, and
2) enhancing the signal associated with the 7 nm node
patterned wafer.

ULTRA-SMALL TARGET DESIGN

Challenges:

a) Reduced scatterometry target size, with some recent
projections of targets as small as 10 μm× 10 μm3.

b) Reducing the size of a focused beam spot for a multi-
wavelengths source remains as a challenging
engineering issue4.

Goals:

a) Realizing the metrology of a scatterometry target with 
a size down to 1 μm ×1 μm and even smaller;

b) In support of multi-wavelengths source for one-shot 
measurement;

c) In support of angle-resolved metrology for decoupling 
the correlations among fitting parameters

Fig. 1. Illustrated diagram
showing the multi-line
arrays in the scatterometry
target outside of the active
areas on a wafer

68 μm

Fig. 2. Typical microspot
generation setup in an
optical scatterometer for
small target metrology.
The inset is a simulated
focused spot (68μm
long) on the wafer plane.

Fig. 3. (a) Schematic (not to scale) of the placement of (CD)
scatterometry targets relative to the active area in semiconductor
manufacturing. (b) Dimensions of the target and the buffer area.
(c) Cross-section geometry of the multi-line array.

DESIGN OF MICROLENS

Conclusions:

a) The fundamental eigenmodes of the SiO2 supporting
stage govern the focusing property of the microlens.

b) The half-cylinder produces a longer beam than the
hemisphere, which indicates a wider adjustable range
for the incident angle in consideration of collision.

c) For a fixed geometry, the length of the focused beam
on the shadow side of the microlens increases with the
decrease of wavelength.

Fig. 4. Microlens with different end structures. The material is
SiO2 and the unit of measurement is µm.

Fig. 5. (left) Eigenmode excitation profile (intensity of electric
field) and (right) resulting shadowside field distribution for the
half-cylinder asymmetrical microstructure shown in Fig. 4(a).
Here,neff = β×λ/(2π), whereλ is the free-space wavelength, i.e.,
405 nm. Parts of the figures are taken fromRef. 5.

Fig. 6. (bottom) Dispersion of SiO2 for 210-1064 nmand (top)
focused beams generated on the shadowside of the microlens
under the activation of the TE01 eigenmode of the supporting
stage at the three wavelengths marked bya, b, c, respectively.

BEAM SPOT MODELING

Fig. 7. (a) The azimuthal angle-resolved and (b) incident angle-
resolved working modes of the microlens assisted scatterometer
for the metrology of scattering target.

Note: Shrinking the working wavelength enables the
reduction of the size of the illumination beam spot.

HIGH NA IMAGING MODELING

Conclusions:

For the multi-line array with a top CD (4 nm) that is 100x
smaller than the wavelength of the light (λ = 405 nm), 1 nm
of bias results in an extremely weak change, which will be
easily overwhelmed by the system errors6.
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Fig. 9. Diagrammatic description of the systematic simulation model
for computing the image of an arbitrary object in epi-illumination
coherent optical microscope. OBJ, objective; BS, beamsplitter; CCD,
charge coupled device. The NA of the objective is set as 0.9 and the
magnification factor of the systemis fixed at 206.

Fig. 10. In-focus images of the scatterometry targets with the
top CD D2 set as (a) 4 nmand (b) 5 nm, respectively. (c)
Intensity curves corresponding to the dotted lines as marked in
Figs. 10 (a) and (b). The other geometrical parametersD1, W,
H1, H2, and the pitchΛ are fixed at 14 nm, 8 nm, 20 nm, 10 nm,
and 20 nm, respectively. The wavelength is set as 405 nm.

Fig. 8. Simulated beamspot on the surface of the patterned area.
The incident and azimuthal angles are set as 45 and 0 degrees,
respectively. The microlens is activated by the fundamental
mode of the supporting stage.
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ENHANCED THROUGH-FOCUS IMAGES

We propose a near-field metalens based methodology for
improving the through-focus differential signal (TFDS)
associated with the critical dimension of the 7 nmnode (and
even below) pattern on the scatterometry target.

Fig. 11. (a) Measurement setup of the metalens assisted OCD
metrology. The materials of the cover layer and the core
(microsphere) are air and SiO2, respectively. Other parameters,
W, H1, H2, D1, Λ, G, R, andT, are fixed at 8 nm, 20 nm, 10 nm,
14 nm, 20 nm, 10 nm, 2430 nm, and 4860 nm, respectively.
Simulated through-focus images (TFIs) for the sub-10 nm
nanostructure with a top CD(D2) of (b) 4 nmand (c) 5 nmand
(d) TFDS from subtracting Fig. 11(b) from11(c) for the
conventional microscope. (e-g) corresponding figures forthe
metalens assisted setup. Thex andy ranges for Fig. 11(b-g) are
shown in Fig. 11(g). Normal incidence with unit amplitude is
utilized for all the simulations.
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