24 4 Vol. 24 No. 4
2016 4 Optics and Precision Engineering Apr. 2016

1004-924X(2016)04-0740-07

1.2% 1 1,2 1 1
’ ’ ’ ’
(1. , 130033
2. , 100049)
45 nm , 193 nm (NA)
(NA) 1.30 NA 1.35
9 b o NA
s 1 nm, 1 nm; NA 0.85~1. 35
5.83~17.57 mrad 0.26~3.21 mrad, 45 nm
: ; (NA) ; 5 H
: TN305.7; TH703 A doi:10. 3788/0OPE. 20162404. 0740

Optical design of high-numerical aperture lithographic lenses
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Abstract: For the manufacture of a lithographic lens with a 45 nm node, this paper focuses on the de-
velopment of high numerical aperture (NA), deep ultraviolet (DUV) immersion lithographic lenses.
Firstly, an off-axis three mirror projection lithographic objective with the NA of 1. 30 and a coaxial
two mirror projection lithographic objective with the NA of 1. 35 were designed. Two design methods
and results were compared and the latter was chosen to be used final design. Then, the relationship
between variable stop aperture and telecentricity under different NAs was analyzed. A scheme of dual
variable curved apertures was proposed to reduce the image telecentricity of a lithographic lens. The
final results show that both wavefront errors(Root Mean Square ,RMS) and distortion of the litho-
graphic lens are less than 1 nm by using the proposed scheme. The new scheme with dual variable
curved apertures makes the maximum telecentricity decreases from 5. 83—17.57 mrad to 0. 26 —3. 21

mrad when NA varies from 0. 85 to 1. 35. This scheme provides an advantageous theoretical guidance
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and basis for research and development of the lithographic lens with 45 nm node.
Key words: optical system design; high Numerical Aperture (NA)lithographic lens; Deep Ultraviolet

(DUV)lithographic lens; telecentricity; curved stop aperture
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i 1 NA Tab. 1 Parameters of in-line and off-axis lithographic lenses
N o NA 1.35 1. 30
, / (mm X mm) 26 X5.5 26 X5.5
—0.25 —0.25
9 /mm 1 300 1 300
° /mm 35 35
° /mm 3.1 3.1
’ /nm <<0. 65 <0. 57
1:1, R /nm <0. 87 <1.51
s /mrad <4.2 <2.7
NA < +0.001 8 <40.002 3
27 28
/mm 311.6 288.9
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Tab. 2 Ideal aperture parameters under different NAs
NA R
A Y
1.35 256 43.76 143. 14
~ 1. 30 332 27.74 132. 85
o 7 ‘ _ . 1. 25 113 18. 94 123. 64
Fig.5 Scheme of inverse tracing rays from image field 120 494 13. 66 115, 37
1.15 571 10. 28 107. 84
) NA
Seidel 1.10 642 7.98 100. 92
© cde 1.05 704 6. 37 94. 48
’ - GF.D 1.00 754 5.20 88. 43
’ ’ 0.95 790 4. 34 82.71
o , Seidel ’ AA 0. 90 811 3.69 77.27
, C.D 0.85 816 3.19 72. 06
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Fig. 7 Trajectories of stop apertures under different NAs
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Fig. 6 Flow chart of ideal aperture parameter calculation
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