Fabrication of varied line space grating by elastic
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Abstract: We demonstrate a method to fabricate varied-line-spacing
grating by employing elastic medium with variable verticd section. The
advantages of this technique include continuous diversity of variation of
line-space, high fabrication efficiency and low cost, etc. It is very difficult
or unrealizable to produce this variation of line-space by traditional
interference lithography. This kind of grating can be used in the optical
position sensor and it can improve the precision of the sensor.
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1. Introduction

Plane varied-line-spacing grating have applications in monochromator of the third-generation
synchrotron radiation and in high-resolution tunable spectrograph for x-ray laser linewidth
measurements [1,2,3]. Traditionarily, the plane varied-line-spacing grating is fabricated
mainly by holograph lithography and mechanical ruling [1]. For the holograph lithography, its
advantage is high efficiency of fabrication, and its disadvantage is that it cannot generate
some computer designed pattern or gratings with specia line-space variaion. Therefore,
interference lithography is introduced to generate plane varied-line-spacing grating in MIT
Microsystems Technology Laboratories [11]. However, the line space produced by this
method varied with segment or the variation is not continues. Mechanical ruling also produces
the same segment variation. The low fabrication efficiency and some errors introduced by
environment are also its disadvantages comparing with holograph lithography and
interference lithography. We also have tried to get varied line space grating on plane surface
by laser writer, but the process control is very difficult [4,5,6,7].

Recently, elastic optics or soft lithography present many characteristics in the fabrication
of optical elements[8,9,10]. G. M. Whitesides use elastic membrane to generate gratings with
variable uniform line-space [9]. Lorne A. Whitehead generates the Variable-spacing
diffraction grating employing dastomeic surface waves [10]. In order to get continuous
diversity variation, in this letter, we demonstrate a method, which combine interference
lithography with soft lithography, to fabricate plane varied-line-spacing grating by employing
elastic medium with variable section. The advantages of this technique include continuous
diversity of variation of line-space, high fabrication efficiency and low cost, etc.

2. Fabrication and Characterization

Fabrication begins with preparation of the compound of Polydimethylsiloxane(PDMS, which
comes in two parts: a base and a curing agent) and montmorillonite(which is mineral, Na
MMT, on the market). To improve the physical characteristic of PDMS, the montmorillonite
is introduced in the PDMS, and it will be more appropriate to produce varied line space
grating with fine pattern. In our experiment, 8% of montmorillonite is introduced in the
PDMS. When the prepolymer of PDM S and montmorillonite is mixed, they should be agitated
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adequately. Then they are put in the vacuum container for about 10 minutes to reduce the gas
bubbles in the compound.
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Fig.1 The schematic of the fabrication of variable line space grating.

A grating of silicon can be produced by interference lithography or electron beam direct
writing with ion beam etching. After the grating of silicon is steamed by

CF,(CF,)4(CH ), SCI, for about 20 minutes (Fig.1 (g)), pour the compound of PDMS

and montmorillonite on the grating. Then put them in the oven at sixty degrees centigrade for
about one hour (Fig.1 (b). Thirdly, cure and peel off PDMS form the grating of silicon and the
pattern on the silicon substrate will be transferred on the PDMS (Fig.1(c)). Fourthly, cut the
PDMS and let its vertical section varies according to the line space variation of the grating.
When there has a balance force on the two ends of the PDMS, the grating with constant line
space will form a varied line space grating according to PDMS vertical section variation
(Fig.1 (d)).
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It can be explained in theory:

Fig.2 The dagtic cubelike substance with force.

According to the theory of the deformation produced by the force on an elastic cubelike
substance (fig.2), the strain in force direction will be (on one vertica section):

- F
o=—
S
Here, F ----- the force on the vertica section;

S the area of the vertical section;

ag ----- the strain of the vertical section;

Considering the variable area vertical section with a constant force:

F

S(x)

a(x) =

Here, F ----- the force of the vertica section;

S(X) ------ the variable area of the vertica section, which is a function of the
length coordinate: X ;

U(X) ----- the variable strain of the vertical section, which is also a function of the
length coordinate: X ;
Theline space of period of N will be:

d, = j:%dx

Here, dn ----- the line space of period of N;
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Xq ====- the length coordinate of the start point of the period of N ;
Xp ====- the length coordinate of the end point of the period of N;

E ----- strain coefficient of the substance;
0, ----the variable strain of the vertica section in the horizontal direction.

It is obvioudy that the line space is the function of the area of the vertical section.
Therefore the variation of line-space can be obtained by according to the variation of the area
of the vertical section of the substance, the sameis diversity of variation of line space.

3.Conclusion

Here, we demonstrate a new method to fabricate plane varied-line-spacing grating by
employing eastic medium with variable vertical section. The advantages of this technique
include continues diversity of variation of line-space, high fabrication efficiency and low cost,
etc. The diversity of variation of line-space can be obtained by according to the diversity of
variation of area of the vertical section of the substance. The variation of the line space is
obviously or significantly and it is very difficult or unrealizable to be produced by traditional
interference lithography. For the elastic medium is flectional, the curved variable line space
grating can also be produced or transfer the plane variable line space grating pattern to the
curved surface. Thisgrating will be used in the optical position sensor in aviationin plan.

Acknowledgements

This study is supported by the National Natural Science Foundation (10272098), Nationa
Natura Science Foundation (10402039) and 21t century education development program of
china(YL1357).

References:

1. Masato Moike and Takeshi Namioka, “ Plane grating for highrresolution grazing-inci dence monochromators
hol ographic grating versus mechanically ruled varied-line-gpacing grating,” Applied Optics 36, 6308-6318(1997).

2. Masaaki Itou, Tatsuo Harada, and Toshiaki Kita, “ Soft x-ray monochromtor with avaried-space plane grating for
synchrotron radiation: desgn and evaluation”, Applied Optics28, 146-153(1989).

3.JamesH. Undewood and Jeffrey A. Koch “ High-resol ution tunabl e spectrograph for x-ray laser linewidth
measurementswith a plane varied-line-pacing grating,” Applied Optics 36, 4913-4921(1997).

4.Y.Xie Z. Lu, F.Li, J. Zhao, and Z. Weng, “ Lithographic fabrication of large diffractive optical elements
on aconcave lenssurface,” Opt. Express 10, 1043-1047 (2002),
http://www.opti csexpress.org/abstract.cfm?URI=0OPEX-10-20-1043.

5.Y.Xie, Z.Lu, and F. Li, "Fabrication of large diffractive optica elementsinthick film ona concave lenssurface,”
Opt. Express 11, 992-995 (2003),_http://www.opti ceexpress org/abgract. Fm?URI=OPEX -11-9-992.

6.Y.Xie, Z.Lu, and F. Li, "Method for correcting thejoint error of alaser writer," Opt. Express 11, 975-979
(2003), http://www .opti ceexpress.org/abgract.cfm?URI=OPEX -11-9-975

7Y.Xie, Z.Lu,andF. Li, "Lithogrgphic fabrication of large curved hologram by laser writer,” Opt. Express 12,
1810-1814 (2004),_http://www .opti csexpress.org/abgract. fm?URI=OPEX -12-9-1810

8. R. J. Jackman, S. T. Brittain, A. Adams, M. G. Prentiss and G. M. Whitesdes, “ Design and fabrication of
topologicaly complex, three-dimensiona microstructures,” Science 280, 2091-2098 (1998).

9. JamesL. Wilbur, RebeccaJ. Jackman, and G. M. Whitesdes, “ Elasomeric Optics” Chem. Mater 8, 1380
1385(1996).

10.Lorne A. Whitehead and Alison J. Clark, “Variable-spacing diffraction grating employing elastomeic surface
waves,” Applied Optics 37, 5063-5069(1998).

11. C. Chen, C.-H. Chang, C. Joo, P. Konkola, J. Mortoya, and R. Hellmann, “ Interference Lithography for
Patterning Variable-Period Gratings” MIT Micrasysems Technol ogy L aboratories annual research report
2003,175-176, http://www-mtl.mit.eduw/mtlhome/.

498 Proc. of SPIE Vol. 5636



	SPIE Proceedings
	MAIN MENU
	Conferences
	Search
	Close


