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Abstract In a scanning beam interference lithography (SBIL) system, the exposure spot size has significant
influence on the stitching accuracy of interference fringes, efficiency of grating fabrication and quality of interference
field. In order to obtain a reasonable exposure spot size, the influence of exposure spot size on nonlinear error of
interference fringe, line stitching error and exposure contrast is discussed by numerical simulation based on the
transmission law of Gaussian beam and scanning stitching mathematical model. Results show that, compared with
the large-sized spot, the small exposure spot is more conducive to controlling nonlinear error of interference fringe.
Because there exists periodic measurement error, a small exposure spot helps to reduce the line error after stitching
and enhance the exposure contrast. The exposure optical path of SBIL system is designed and optimized. The left
and right spot morphologies of interference field and the nonlinear error of interference fringe phase are measured.
Results show that the waist radius of exposure spot is about 0. 9 mm, and the nonlinear error peak-valley value of
interference fringe phase is 21. 8 nm.
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Fig. 2 Schematic of interference of double Gauss beams
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Fig. 3 Nonlinear error of interference field with different waist radii in ideal condition.
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Fig. 4 Nonlinear error of interference fringe with misalignment of 20 pm. (a) 0.5 mm; (b) 1.0 mm; (¢) 2.0 mm; (d) 5.0 mm
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Fig. 5 Nonlinear error of interference fringe with misalignment of 100 pm. (a) 0.5 mm; (b) 1.0 mm; (¢) 2.0 mm; (d) 5.0 mm
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10,20,50,100,500 pm o
1
Table 1 Effect of misalignment on nonlinear error of interference {ringe nm

Nonlinear error

Waist radius /mm

Ideally 10 pm 20 pm 50 pm 100 pm
0.5 <1 <1 <1 <1 <1
1.0 0.09 0. 39 0.70 1.46 9. 60
1.5 0. 20 0.79 1. 41 2.99 18. 34
2.0 0.48 1. 96 3.50 7.38 36. 30
5.0 0. 96 3.92 10. 09 14. 28 44.19

0905002-4



2.2

(L. (2)
I(x,y) = LI (x,y) + Ix(x,y) +2 IL(I,y)IR(z',y)cos(sz+goo), 7
I, = ‘EL‘z’IR: ‘ER‘Z’EL\ER sp=2A/(2sin®), 0 5o
. SBIL , ,
SBIL ’ v y ’
oo 1 (=
D,(x) :J rl(x,y)dzf = ;J 7 I(x,y)dy, (8)
1) ] S
N , N ,
N
D(x) = >D,(2), €))
n=1
SBIL .
, SBIL .
Ds s b p.=p1+5p),
0p.
@8 , n
D,(z) = AD,I(I)[Iercos(ZfﬁLgom,)], 10
Y s Ap () = E, < [Texp|—2 [z — (nj Dew [ }, w E,
v 2 w
2n(n — Dew
Qe —— 0P
® b P
N s
o DA(I> Zl
D(a) fDB{1+DB(I)COS[px+q'>c(x>M, (11)

N N N
tan @.(x) = 2 Ap, (z)sin gam/ E Ap, (2)cos @, Dy (2) = )’N/[ 2 Ap, (2)sin g, ]2 +[Ap, (x)cos ¢, I 5
n=1 n=1 n—1

N
Dy(2) = DA, () 2nx/ p+@.(2) ;@ (2)
n=1
° (De<1) Lz ’
8g (1)9 oDA (I) DB(-T) ] ( )
o Dj\(l')
I'n(x) = Dy () ° (12)
, 5X107°, Oq
w ) 6 o 9 ’
. Littrow P, = (umd,/d)*(d
YL 107° 0. 559 nm,
1.15 mm,

0905002-5



[\]
[@4
T

g

Do
[=]
T

Grating line error 6, /nm
[ [
(=) T

0 1 2 3 4 5
Waist radius o /mm

Fig. 6 Variation of grating line error with waist radius of interference field

2.3
1.z s s N o
5X10°7°, 7 R
7(a) 0.5,1.0,2.0,3.0,4.0,5.0 mm . 8
. x s , ,
7 0.1~5. 0 mm D
N o 7(a) 7(b) s 7(a)
3 mm 7(b) o
]— wi(llg mm LO— — maximum value
1) :3; :Oﬁﬁ « 0.9F — —minimum value
g : :5228$$ g 08l —average value
p ! |[— ®=5.0mm !
o ‘ & 0.7r
E & o6}
=) 05}
£ 2 04 it
§ £ 03f [
o] |
o )
"0 051.01.52.02.53.0 3.54.04.55.0
Waist radius o /mm
7 (a) (b)
Fig. 7 Variation of exposure contrast with (a) step interval and (b) waist radius of interference field at certain period error
7 ’ ’ ’ w 1 mm 3
mm 0.96 0.67,
’ w 1 mm , 0. 958~0.963; w 3 mm R 0.67~
0.725; w 5mm , 0.481~0. 259, SBIL ,
0.9, s 1 mm o
’ ’ 1 mm °
3
° 1) ;2)
;3) ’

0905002-6



34)

b b

Spectra-Physics BeamLok 2080 Kr , 413.1 nm,
0.8 mm, . 1800 lp/mm (555. 6 nm),
21. 8%,
3.1
R 5 s
, 10 m ; 4 .
o ’ 3286 mm.,
130 mm, 192 mm, 452 mm, 8 o
relaying lens —
laser | |
| i ' |
N\ . N L
7 T 7 1 |
‘ |
| V7
d,=3720 mm " 4=3182mm 4 d=773 mmd —— — -
o, 1 s
W fmmy:3286 mm 7
__________________ L _ ___ _
:_ focusing lens  pinhole collimating lens substrate I
s |
T T i
I ‘ , 7 4 |
I | | l
: la,~132 mma|)d4:192.35 ! d,=452.5 mm ! :
P 3
| roeusng=130 mm : J o timatng=192 MM |
8
Fig. 8 Schematic diagram of lens distribution distance
8  wo , , 0.8 mm;w,
d, 3720 mm, SRelay 3286 mm, w ,
0.54 mm, , d, 3482 mm, .
f‘focusmg 130 mm ., w; dZ 773 mim ., w: D)
30. 4 y.m, ’ ’ ’ o W3
’ fcollimating 130 mm, ’
s d, 773 mm,
w3 0.83 mm, ’ wa/
cos 0=0.9 mm,
3.2
’ 9 Code \Y%
) JGS1 o
Code V ] ° [}
( ) L 0. 8449 mm,y 0.9100 mm,
4
4.1
Ophir-Spiricon BeamGage .

b

0905002-7



’ 9 o 9(8)

., 9(b) o s s s o
x
0.94 mm,y
9 . (a) ; (b)
Fig. 9 Morphologies of left and right exposure spots. (a) Left side; (b) right side
4.2
s [15]
s 10 , : s
Littrow o 0
—1 , CCD . 2 mm,
o s 5 n/2 s CCD
5 s ) o
SBIL >
[16-17] s .
laser
DII,I, grating beam
/M splitter
6552\ . J/- -..\« P x mirror
z:;:gp nﬂzﬁ? /
CCD T ~& metrology
% it <§59 W/ grating_substrate
o oage I EE—
10
Fig. 10 Schematic of interference fringe phase measurement
, ) O0vn/2ym,
3n/2,27 ,CCD 11 R s
s s
, 12 o 12Ca)
,  12(b) o
(PV) 21.8 nm,
s s
o , s
s o o

0905002-8



Fig.

11 . (@) 05(b) n/2;5(c) m;(d) 3n/2;5(e) 27
Fig. 11 Interference patterns of five-step phase shifting. (a) 0; (b) n/2; (¢) =n; (d) 3n/2; (e) 2x

1.0{(a) Nonlinear error /nm (b) _ .. Nonlinear error /nm
08 - 15 e BRI S 15
0.6 . : L
0.4 il 10 10
0.2
é 0 5 5
> -02
-04 0 0
iy ™ -5 8 -5
~08 : Py . i
10 05 0 05 10 1010 7 xhot
X /mm
12 . (@) ;(b)

12 Nonlinear error distributions of interference fringe phase. (a) Two-dimensional figure; (b) three-dimensional figure

o

SBIL , N o

, 0. 9 mm s PV

21.8 nm, , o

(1]

(2]

[3]

(4]

(5]

[6]

Montoya J. Towardnano-accuracy in scanning beam interference lithography[ D]. Boston: Massachusetts Institute of
Technology, 2006.
Paul T K. Design andanalysis of a scanning beam interference lithography system for patterning gratings with
nanometer-level distortions[ D]. Boston: Massachusetts Institute of Technology, 2005.
Cheng Weilin, Zhu Jing, Zhang Yunbo, ez al. Status and development of scanning beam interference lithography system
[J]. Laser & Optoelectronics Progress, 2015, 52(10): 100001.

, , .. Lyl . 2015, 52
(10): 100001.
Han Jian. The research on the lithography system optimization and the grating mask profile parameters controlling in
the fabrication of the holographic grating[ D]. Changchun: Changchun Institute of Optics, Fine Mechanics and Physics.,
Chinese Academy of Sciences, 2012.

[D].

, 2012.
Montoya J C, Chang C H, Heilmann R K. ez al. Doppler writing and linewidth control for scanning beam interference
lithography[J]. Journal of Vacuum Science &. Technology B, 2005, 23(6): 2640-2645.

Li Xiaotian, Bayanheshig, Qi Xiangdong, ez al. Influence and revising method of machine-ruling grating line’s curve

0905002-9



7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

error, location error on plane grating performance[ J]. Chinese J Lasers, 2013, 40(3): 0308009.

; , . L.

, 2013, 40(3): 0308009

Cai Jinda, Wang Ying, Yan Tingmeng, et al. Closed-loop control system for diffraction grating ruling machine[ J].
Optical and Precision Engineering, 2012, 20(11) . 2417-2423.

, , . [l . 2012, 20(11); 2417-2423.
Song Nan, Feng Shulong., Yu Haili, et al. Design and analysis of diamond carrier aerostatic guideway in large
diffraction grating ruling engine[ J]. Chinese J Lasers, 2015, 42(4); 0408007.

. . . (1l » 2015, 42(4): 0408007.
Chen G C. Beam alignment and image metrology for scanning beam interference lithography: Fabricating gratings with
nanometer phase accuracy[ D]. Boston: Massachusetts Institute of Technology, 2003.
Jiang Shan, Bayanheshig, Li Wenhao, et al. Effect of period setting value on printed phase in scanning beam
interference lithography system[J]. Acta Optica Sinica, 2014, 34(9); 0905003.

) ) . [Jl. , 2014, 34
(9): 0905003.
Zhou Bingkun, Gao Yizhi, Chen Tirong, et al. Laser principlel M]. 6" ed. Beijing: Nation Defense Industry Press,
2009 70-78.

. . . [M]. 6 . : » 2009 70-78.
Jiang Shan, Bayanheshig, Song Ying, et al. Effect of measured interference fringe period error on groove profile of
grating masks in scanning beam interference lithography system[J]. Acta Optica Sinica, 2014, 34(4): 0405003.

, , . [J1.

, 2014, 34(4) . 0405003.
Yu Haili. Research on larger stroke nan-positioning technology and application based on dual-frequency laser
interferometer[ D]. Changchun: Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, 2011.
[D].
, 2011.

Zhu Shaoqi, Zou Haixing., Bao Xingcheng. et al. Diffraction gratingl M]. Beijing: China Machine Press, 1986 112.

s s . [M]. : , 1986, 112
Hariharan P, Oreb B F, Eiju T. Digital phase shifting interferometry: A simple error-compensating phase calculation
algorithm[J]. Applied Optics, 1987, 26 2504-2506.
Chen G C. Beam alignment and image metrology for scanning beam interference lithography: Fabricating gratings with
nanometer phase accuracy[ D]. Boston: Massachusetts Institute of Technology, 2003.
Jiang Shan. Study on measurement and adjustment of interference fringes for scanning beam interference lithography
system[ D]. Changchun: Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
2015.
. [D].
, 2015.

0905002-10



