
PROCEEDINGS OF ISAP '92, SAPPORO, JAPAN 

BOUNDARY-ELEME~, METHOD ANALYSIS OF THE INTENSITY DISTRIBUTION 
OF A LIGHT BEAM IN A PHOTORESIST LAYER IN MASTERING 

PROCESS OF OPTICAL DISCS 

TOSHITAKA KOJIMA' AND HIDEKAZU ITO" 
'DEPARTMENT OF ELECTRO-COMMUNICATION ENGINEERING, OSAKA ELECTRO

COMMUNICATION UN IVERSITY, 18-8 HATSU-CHO, NEYAGAWA- SH I 572, JAPAN 
"KAO CORPORATION, TOCHIGI, 321-34 , JAPAN 

INTRODUCTION Various types of optical discs have been proposed and put 
to practica l use as a medium with ~hich to rea lize high-dens ity and high
speed recording of information . I n order to realize a high- density version 
of the co nventi ona l opti ca l disc, we have analyzed the light - beam 
scattering from various pit models on the conducting plane, at the 
interface between t wo dielectric media , or at the interface of the three
layered dielectric media by using the boundary element method(1)-(3l. The 
results obtained from these analyses show that it is possible to achieve 
higher information density by optimiz ing the sizes of the groove and the 
beam spot. On the other hand, in order to realize such models. it is 
required to cut the desirable surface relief pattern on the so-called 
master disc in master ing process. The master is a flat glass substrate 
coated with a thin phtosensitive material(resist) . The surface relief 
pattern is recorded by exposing the photo res ist using a focused laser beam 
whose intensity is modulated in accordance with the information. In the 
exposed areas light is absorbed which has the effect of locally changi ng 
the solubility of the layer(4 ) . The local solubility depends on the 
absorbed l ight power. 

The purpose of the present paper is to analyze the intensity distribution 
of the l ight in the photoresist layer illuminated by the focused laser 
beam. The boundary- element method based on the integral equation is 
applied to the present problem . Several numerically simulated results of 
the intensity distribution are presented for different values of the layer 
width and med ium constants. 

FORMULAT ION The model for analysis in this paper is shown i n Fig . 1. The 
regions nl nz and n3 are three different dielectric media whose 
permittivity and per meabi lity are (£I . ll]), (EZ. 11 2 ) and (E3 . 113 ). 
The regions 01 °2 • and n3 are assumed to be a glass substrate. a 
photoresist layer and free space, respectively. The focused laser iight 
beam wave. which is init ially described in the coordinate system (xI ,YI), 
is i ncident from the region 03 . The origin of the coordin ate system (Xl. 
Yl) is l ocated at x=xo and Y=YQ and the beam axis coincides with the Yl 
axis. Let the angle $ between the YI and y axes be an incident angle 
of the beam. We assume that a scalar function u satisfies the two
dimensional Helmholtz equation in each region and represents the electric 
or magnetiC field component in the z direction for E- or H-polarized wave. 
Applying Green'S theorem to the sca lar function, ~e obtain the integral 
expression for each u at an arbitrary pOint of observation r i n each 
region as follow: 

-53 -

a U 1 (r' ) ) d r 
a n\2 (1 ) 



[3] r E O, 

u , (r) = _j( (,) J G,, (r,r') 
u 3 r a' n 21 

" 
G ( ') a u 3 ( r') 

- 1(3 1',1' a' 
02 ~ 

{2 ) 

} dI"+ U3'~C ( r) 

( 3 ) 

where r' is the position vector subject to the boundary integral and n' is 
the normal vector component at r ' . U3 inC (r ) is the incident beam. 
Gki (r,r' ) represents a two-dimensional Green's function in each region as 

G,;( r, r') =-(j/4) H," (k , I r' - r I ) , i =1,2, 3 
( 4 ) 

where kj is the wave number in n and Hoe2l is the Hankel function of the 
second kind of order zero. i 
After laking the limit such that the observation point r approaches each 

boundary and considering both the singularity of the Green's function and 
the boundary condition. the following integral equations are obtained : 
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where u12 and u23 stand for u on the boundaries f12 and r23 ,and q12 
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and q23 the nOlma l denvaltves of them, The con stants ' 12' '12', C23, and 
C23' are gi ven by 

""here 612 or 6 2 3 is the angle of corner ;.'here the 
is I oca ted a t t he corner l)f each boundary, -f 

principal value of integration, The co nstants 'Y12 

pOint of 
means 

and Y23 

for E-polarization 

for H-polarization 

observation r 
the Cauchy's 
are given by 

(10) 

in order to carry out the integrals in (5) through (8) and obtain the 
solutions of the simultaneous integra! equations, discreization of the 
lntegrais is required. Each element of the resultant matrix equation can 
be obtai ned from numerical i ntegrations of the Hankel function 3S Green 's 
function and the i nterpolatio n functions of u and q. In this analysis, we 
us e linea,· interpolation functions, The solutions o f the matrix equations 
represent the surface current densl ty on each boundary, By using those 
solutions in (2 ) , we obtai n the fie ld compo nent in the photoresist l ayer. 

NUMERICAL RESULTS Numerical examples of the intenSity dist ribu tion of 
the I ight beam in the photoresist layer are shown in Fig, 2 for the case 
\I.'here the E-polarized focused beam is normally incident on the layer, The 
relative permittivlt les of the photoresist layer and the glass substrate 
are chosen t o be 2 , 56 and 2 , 31, respectively, and the layer width to be a 
quarter of the waveleng t h in free space , The numeri cal aperture o f the 
object lens is chosen to be 0.8 in Fig 2(a) and 0.6 in Fig,2(b), 
Therefore, the corresponding values of the beam diameter at i ts focal 
plane become 1.2 and 1.6 times of the ... 'avelength, respectively. The area 
of a black circle LS pr oportional to the intenSity of the transmitted 
light. The reflection at the interface between the photoresist layer and 
the glass substrate is con siderable small, and so the i nterference between 
the for .... ard and backward waves in the layer is very .... eak, However, it can 
be observed that a stand ing-wave behavior occurs slightly in the y 
direction. On the o the r hand, ... hen the light beam is incident from the 
glass region, a strong standing-wave can occur in the layer, 
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Fig . l. Geometry of the problem. 
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Fig.2. Intensity distribution of light beam in photoresist l ayer. 
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