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Measurement and analysis of surface profiles
by optical scattering method”

CHEN Shu-yan*?, QI Li-hong, CHEN Bo

(1.Changchun Institute of Optics, Fine Mechanics and Physics, Changchun 130033, China;
2.Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Evaluation and measurement of surface profiles are very important especially to short -
wavelength optical research. A linear system treatment of short-wavelength surface scattering theory is in-
troduced, and based on this, a new inverse scattering mathematical model of soft X-ray grazing incidence
optics is established. By using these scattered light distributions of super-smooth surfaces measured by a
soft X-ray reflectometer, the surface profiles of super-smooth surfaces are computed by means of inverse
scattering mathematical model of soft X-ray grazing incidence optics. The calculating results are in ac-
cordance with those measured by WYKO. It can be concluded that the soft X-ray grazing incidence opti-
cal scattering method can calculate micro-roughness and surface auto correlation function of smooth sur-
face accurately, and can give optical surface profiles intuitively.

Key words: Surface scattering phenomenon;  Soft X-ray;  Grazing incidence optics;  Surface

profiles

: 2005- 05- 12; : 2005- 06- 20
* : (10333010)
(1975-),



83

20

[13]

70

(ACF) _—
(PSD)
ACF PSD o

[4 6]

(6.7]-
Hs(i,)?; 0)=exp
2 A [ " ¢ \ ~
{' {4nsin¢85] [1‘ C, ()If IAJsir/E)/GSZ
(1)
H, (X,y)=A+BQ(x.y)
R 2
A:exp{_ |4msingo, | ]
R 2
B=1- A=1-exp { |4Tsinda, | }
[ A A \ 2
exp C(L %)(4nsin¢&s)2/65 -1
Q)= sino [
exp[_ | 47isindo, | } 1
C. .0,
o
A B

=x/\, y=y/\, z=2/\,
ca=x/r, B=y/r,y=z/t, &,=0,/\, i=l/A
(1)

(1)

(2)

(3)

(4)



84 35

, 1 Monitor CEM, ,
[71
S(a, B; 1) Hx 1 M %
y) .o , , ;
S(a, B 1) =F[H, (x,y)]=A8(a, B; 1) +s(a, B; 1) (5) :
S((X, B; I') Monochromator Sample table
~ A Target chamber * Sample chamber
S(G, B’ r):BF[Q(X'y)] (6) Spherical mirror |
Sample
(1)
Lens
! A ~ \ 2
A y \ A A S . Monitor CEM  CEM
Cs(%‘ “ ):C L' -y ): - |I’][HS(Xl Spherical mirror
I Ising | ( | " lsin (4n5|nd> ) ~<— Nd:YAG laser
9)]+0_32 |>A<:xl)\,)7=yl)\,&szusl)\‘ I=1/a (7) 1 X
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