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Abstract
Combing the practical situation of nondestructive

examination, an improved analysis of the scattering
properties to the multiple defect particles for optical
surface are shown, such as the sphere, column or
ellipsoidal particle in/below/inlay the optical surface.
Based on the Finite Difference Time Domain(FDTD)
method, the Generalized Perfectly Matched Lays (GPML)
can work very well against the half-space problem about
the optical surface and defect particles. The connect
boundary condition is educed by three waves method. The
reciprocity theorem is applied to near-far field
extrapolation. The results are compared with Method of
Moment (MOM) method firstly, both of which are
identical very well. It proves the reliability of the method
in this paper. Secondly, the angle distributions of double
particles with different positions are shown. Some selected
calculations on the effects of the size parameter and the
sphere separation distance are described. The position
factor as the most important factor is discussed particular.
The theory and the model are valuable to inspect materials
such as optical surface. In the optical nondestructive
examination project, the defect position and shape can be
diagnosed by the way.

1 Introduction
The optical system performance is directly influenced

by the optical surface quality. Extracting effectively the
defect characterization has important realistic value to
improve the optical system efficiency. In order to meet the
increasing requirements of high-quality optical system, the
pure and roughness of optical surface has to be improved.

Light scattering is a powerful tool in optical surface
quality control. The scattering sources such as particles
above the surface or defects below the surface give rise to
polarizations and scattering intensity that differ from those
predicted by microroughness. It can help to derive some
information about the defect particle such as sizes,
materials, shapes and so on. With this goal in mind, a
number of theories have been developed to predict the
scattering by defects on or inlay surfaces:BV theory[1],
null-field method(NFM) [2], discrete dipole approximation
(DDA) [3], discrete sources method (DSM) [4]. Validation
of those theories, however, has been carried out only in a
limited number of cases, and the composite scattering field
among the particles and the factor influence rules are not

simulation and analysis. For this researchers from our
group studied by the Finite Difference Time
Domain(FDTD) method[5].Because the FDTD is applied
directly to Maxwell equations, there has been a strong
trend towards it in the last few decades. FDTD is a simple
technique, because it does not require profound
knowledge of Maxwell theory. It is based on simple
mathematical operations, which can be handled even by
very simple computers.

It is worthwhile to note that the theory and the
numerical arithmetic described in this paper are applicable
to the randomly distributed aggregated spherical particles
whose radii are comparable to the incident wavelength,
including aggregation particles statistically distributed in
spatial coordinate such as soot aggregation particles.

2 Scattering model and half space FDTD method

2.1 Scattering model
In the optical system manufacture industry, many

steps have been experienced such as deposit, polish and so
on. During the procedures, multi-body defect particles
with different position may be leaded-in. The multi-body
defect particles are regarded as sphere in the paper for the
length liminted(see Figure1.).

Figure 1 Schematic view of defect particle with many shapes
in different position

2.2 Half space FDTD method
There are some half space problems in optics and

electromagnetics which is based on upon or down space
with different mediums. In the half space problem of the
optical system manufacture, incident wave will produce
reflectance and transmission wave. There are incident field
and reflectance field in upon space. Transmission filed
exist in down space. The method above is called three
wave approach. Figure.2 shows the schematic of incident
angle and azimuth angle geometry. The incident angle of
wave is i and  .
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Figure 2 Schematic of incident angle and zone
azimuth angle geometry
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Figure 3 Schematic of half-space scattering zone and field
about s polarization light

Fig.3 shows schematic of half-space scattering zone and
field about s polarization light. The incident electric field
can be written as ,inc incE H

 
; the reflectance electric field as

,ref refE H
 

;the transmission electric field as ,t tE H
 

; the
scattering electric field as ,s sE H

 
.The upon field can be

obtained: inc ref sE E E E  
   

and inc ref sH H H H  
   

.The
down field can be obtained: t sE E E 

  
and

t sH H H 
  

.In the subsequent depiction, a time
dependence of the form  exp i t is assumed and

suppressed, where  is the circular frequency. The
incident field can be written as follows:

     ˆ ˆincE r E r s E r p   

    (1)

The s polarization light will be analyzed in detail. The
electric field and electromagnetic field will be decomposed
along x,y,z axis. The decomposition variable can be
expended as follows:

   ( )i p
y xi ziE r E exp i k x k z t     
 (2)

   ( )r p p
y xr zrE r R E exp i k x k z t     
 (3)

   ( )t p p
y xt ztE r T E exp i k x k z t     
 (4)

Where pR and pT represent the Fresnel reflection and
transmission coefficient individually.

3 Numerical simulation and discussion
In this section, the results are compared with Method of

Moment (MOM) method firstly, both of which are
identical very well. It proves the reliability of the method
in this paper.
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Figure 4 Distribution of DSCS compared with

that obtained by MOM method

In addition, the angle distributions of double particles
with different positions are shown. Some selected
calculations on the effects of the size parameter and the
sphere separation distance are described. The effect of size
parameter will be derived. And the effective distance of
composite scattering between two spheres will be
researched.
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