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Fig. 1. (color online) Schematic of the TEq waveguide

modes interference lithography based on asymmetric

metal-cladding dielectric waveguiding structure.
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Fig. 2. (color online) (a) Dispersion curve for different
exciting light; (b) relationship between the period of sub-
wavelength grating and thickness of photoresist for differ-

ent exciting light.
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Fig. 3. (color online) Simulated electric field (|Ey|) of
TEp modes interference in the multilayer film. Excit-
ing light wavelength are 442 nm (a) and 325 nm (b).
Thickness of photoresist is 110 nm. The white lines
indicate the interfaces of the glass, metal, photoresist,

and air from top to the bottom.
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Fig. 4. (color online) For different refractive index of pho-

toresist condition, dispersion curve of TEg mode (a), re-
lationship between the period of sub-wavelength grating

and photoresist thickness (b).
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Fig. 5. (color online) Simulated electric field (|Ey|) of
TEo modes interference in the multilayer film. The
refractive index and thickness of photoresist are 1.5
and 205 nm (a), 1.5 and 95 nm (b), 1.8 and 95 nm (c),
respectively. The white lines indicate the interfaces of
the glass, metal, photoresist, and air from top to the

bottom.
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Fig. 6. (color online) (a) Simulated electric field (|Ey|)
of TEg waveguide modes interference for 150 nm thick-
ness photoresist; (b) simulated magnetic-field (|Hy|) of
TMo waveguide modes interference for 20 nm thick-
ness photoresist. The white lines indicate the inter-
faces of the glass, metal, photoresist, and air from top
to the bottom.
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Abstract

Sub-wavelength grating is a critical element in micro and nano-photonics. So its fabrication and application have
attracted a great deal of research attention. While the existing lithography technologies of sub-wavelength grating
fabrication have some insufficient points, such as high cost, low output, technical complexity, or difficult to change the
period of the sub-wavelength grating. In this paper, an adjustable period and large area sub-wavelength grating with
low cost and maskless is proposed and theoretically realized. The sub-wavelength grating is inscribed by the interference
between two TEq waveguide modes, where the TEq waveguide mode is existent in an asymmetric metal-cladding dielectric
waveguide structure excited by the prism coupling method. The dispersion curve of TEo waveguide mode, the relationship
between the period of the sub-wavelength grating and the exciting light source, the refractive index of the prism and
the photoresist, especially the thickness of the photoresist are theoretically analyzed in detail. The distribution of the
interference optical field of TEo waveguide mode in the multilayer structure including metal film, photoresist and air layer
is numerically simulated using the finite element method. The shorter the exciting light wavelength with the identical
photoresist condition, the smaller the period of sub-wavelength grating inscribed by TEo waveguide modes interference
lithography is. For further studying the influences of refractive index and thickness of photoresist and the refractive
index of the prism on the period of sub-wavelength grating, the exciting light with 442 nm wavelength and the Ag matel
film are used. The period of sub-wavelength grating is smaller with thicker photoresist film, when the refractive indexes
of photoresist and prism are the same. The larger refractive index of photoresist is beneficial to inscribing the sub-
wavelength grating with smaller period when the refractive index of prism and the thickness of photoresist are identical.
The prism with higher refractive index can provide wave vector-matching condition with lager propagation constant,
and can inscribe sub-wavelength grating with smaller period. Compared with surface plasmons interference lithography
which needs the thicker photoresist film due to the finite penetration depth of SPs, TEq waveguide modes interference
can realize adjustable period sub-wavelength grating writing for thicker photoresist condition by changing exciting light
source, the refractive index of prism, the refractive index of photoresist and especially the thickness of photoresist. The
realization of adjustable period sub-wavelength grating inscribed by TEq waveguide modes interference lithography will
provide important theoretical support for reducing the fabrication cost of sub-wavelength gratings and broadening the

application scope of sub-wavelength grating.
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