
Impact of pattern profile on surface plasmon polaritons 

in computational lithography  
 

S.-K. Kim
*
 

Department of Applied Physics, Hanyang University, Ansan, South Korea 

sangkona@hanyang.ac.kr 

 

When the resonance frequency of laser light falls within the sensitivity range of a 

photoresist for the plasmonic nanolithography, the extraordinary optical 

transmission beyond the conventional diffraction limitations is observed at 

wavelengths as large as ten times the mask patterns in a metal film [1-3]. The 

enhanced optical field close to the metal surface can locally cause increased 

exposure of resist thin layer directly below the mask. The physical origin of this 

enhanced transmission is the excitation of the surface plasmon polariton (SPP), 

which is the coupled mode excitation of an electromagnetic wave and free 

charges on a metal surface. Understanding the mechanism of the plasmonic 

lithography is interested to know plasmonic phenomena and expected to show 

novel concepts and methods to solve challenging problems of this lithography.  

 

In this study, plasmonic phenomenon is described in simulation with the basis of 

experiment. SPP effects on pattern formation inside resist will be discussed on 

basis of simulation results.  

 

Figure 1 shows simulation results for the TE and TM diffraction efficiencies in a 

commercial mask structure by using a RCWA method. When a mask pattern is 

smaller than an incident wavelength, the effects of diffractive directions can’t be 

ignored. When this pitch ratio is smaller than 1, the TE polarizations of Figs. 1(c), 

(d), and (e) become different with the TM polarizations of Figs. 1(f), (g), and (h), 

and the diffraction efficiencies of the diffracted orders become small [4]. 

 

Figure 2 shows experiment results of Figs. 2(a)-(d) and simulation results of Figs. 

2(e)-(h) for SPP effects.  

 
REFERENCES 
[1] X. Luoa and T. Ishihara, “Surface plasmon resonant interference nanolithography 

technique,” Appl. Phys. Lett. 84 (2004) 4780-4782.  

[2] E. Ozbay, “Plasmonics: merging photonics and electronics at nanoscale dimensions,” 

Science 311 (2006) 189-193. 

[3] B. Lee, S. Kim, H. Kim, Y. Lim, “The use of plasmonics in light beaming and 

focusing,” Prog. Quantum Electron. 34 (2010 ) 47–87.  

[4] S.-K. Kim, "Aerial image formation of quantum lithography for diffraction limit," 

Current Applied Physics 12 (2012) 1566–1574.  

 

 

                                                 
*
  E-mail: sangkona@hotmail.com, http:www.sangkon.info 



 

 
Pitch /  = 3 Pitch /  = 1 Pitch /  = 0.85

Grating Depth [Arb. Unit]

T
M

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(f)

Grating Depth [Arb. Unit]

T
M

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(h)

Grating Depth [Arb. Unit]

T
M

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(g)

Grating Depth [Arb. Unit]

T
E

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(c)

Grating Depth [Arb. Unit]

T
E

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(d)

Grating Depth [Arb. Unit]

T
E

 D
if

fr
a
c
ti

o
n

 E
ff

ic
ie

n
c
y

(e)

Plane of 

Incidence

Incident

Wave

3

1

(x,y,z)

 1k


x

y

z



incE
 

Plane of 

Incidence

Incident

Wave

3

1

(x,y,z)

 1k


x

y

z



incE
 

 1 order
 0 order

pitch

+1. order

0. order
-1. order

y x

z

φ

pitch

+1. order

0. order
-1. order

y x

z

φ
(b)

(a)

 
 

Figure 1: Mask structure of (a) three-dimensions and (b) the simplified three 

regions of the mask, and simulation results for the TE and TM diffraction 

efficiencies: (c)-(e) TE at pitch (p) / wavelength () = 3, 1, and 0.85, (f)-(h) TM 

at p/ = 3, 1, and 0.85. 

 

 

 
 

Figure 2: Mask structure of (a) three-dimensions, (b)-(d) experiment results for 

transmittance due to the mask size, and simulation results: (e) poynting vector 

due to pattern size, schematic mask structure of (f) perpendicular-to-slit E filed 

(TE) and (g) perpendicular-to-slit H filed (TM) with nanoslit ( ha  ), and (h) 

various shapes of nano-aperture.  

 

 


