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Abstract Scanning beam interference lithography (SBIL) is advantageous to produce large—area linear diffraction

gratings that are phase—accuracy to nanometer level. In order to comprehend the merits of SBIL, the research
progress on SBIL both in China and abroad are introduced, and the key technologies in SBIL are summarized from
of the key technologies in SBIL are presented. The (.ievelopment of SBIL is forecasted
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the merits and limitation of the scheme and principle. And then for the application of the specific grating, parameters
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Table 1 Parameter of 920 mmX600 mm multilayer coated dielectric (MLD) gratings

Parameter Index

Active area 920 mmx600 mm
Spatial frequency /(line/mm) 1740
Grating type MLD
Diffraction efficiency /% 90~96
Wavefront distortion <A/4
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Fig.2 Principle diagram of VP-SBIL
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Fig.3 Prototype of SBIL by Changchun Institute of Optics Fine Mechanics and Physics, Chinese Academy of Sciences

4 REEHAR

SBIL 2 | i =i A B 1) 432 30 °F 5 4l 5 25 308 ok 58 iR T ARG | g — YR MO 0 2 76 3h A8 i AR op o
FRCER) BRI 32 s 0 200 L 4% e R B s o R e DA B R B I R, LR RO AL A - O R E R
T O I R B DA M ks BT 4
4.1 HRXTHE

O TR ¥ 2 ot G SR LAY 2 0 A7 R, P 32 B RO TR A R X o RO SR X o T A A S B e
BRI A TE— Y, DRI RO U 2R 5 1 M s 7E TR AR O o 0 b I Ll 20

TE SBIL H, hy 1 4R 15 3 0 19 - T8 0 DAIE BUZR 1k 0 95 3, JHOOG o) 1 28 498 2 552 300 G A 1'% 2R 1% o T
RAEJCM LR FIE T . Konkola %" "% it T — & LA X R G, FLFE BN A 4 R o Iz SCHREE ST T &
e BCF BT IR VRN A0 BT T PSD 1A % B 15 25 5 6 o Ay I 55 07 S 1 I B 5 SR A S e . A M 4 SR R A A
50 B PSD 9 2 B¢ i 2 %) HL 8 235 SR 1) 52 e ] D 20 AN T BRI D 45 S CUn 1 B BT ) AT, O R A g 22
B2 10 pum, YEH A B 22 (H 294 2 prad.

(a) —position decoupling plane
( \ position PSD

—f s

position T s

decoupling decoupling
lens (f) lens (f)

L, I L I S I

1

4 SR HER G BLE . () A EAFFEIET; (b) F1 L AR #E 5]
Fig.4 Principle diagram of beam alignment. (a) Position decoupling topology; (b) angle decoupling topology
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Fig.5 Beam alignment results. (a) Position; (b) angle
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Table 2 Experimental homodyne period measurement results

Theory value /nm Measurement value /nm Repeatability /nm
20°+1° 926+44 911.8 1.1
35°+1° 552+14 541.1 0.9
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Fig.9 Experimental heterodyne period measurement results
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Table 3 Comparison of period measurement methods

Period measurement with beamsplitter Period measurement with FZP

Measurement result

(nominal period of 400 nm) /nm 401246 403.789
Adaptability for period change No Yes
Adaptability for fringe orientation change No Yes
Requirement of beamsplitter High -
Requirement of FZP - High

1RV {1 ]

Kl 10 %'lﬁﬁéj‘)‘l’:‘fﬂwmﬂﬂﬂﬁ{ﬁﬁﬁﬁﬁﬁﬁz (@) & @Cﬁﬁﬁék*ﬂc (b) LA I/ R A A

Fig.10 Limitation of the beamsplitter scheme. (a) Rotating beams; (b) varing image period
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Table 4 Comparison of wavefront measurement methods

Hartmann-Shack wavefront Curvature Shear Point diffraction
sensor wavefront sensor interference interference
Resolution Low Low High High
Reference wavefront No No No No

Real-time

Yes No No Yes

measurement
Requirement of
Low Low Low High

environment
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Table 5 Comparison of performance among phase-shifting equipments

OEM PZT AOM
Adjustment range 2w 2 nr (finite) 2 nr (infinite)
Response speed Slow Slow Quick
Nonlinearity error No Yes No
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Fig.13 Schematic of the digital heterodyne fringe locking system
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Fig.14 Results of the comparison of typicalfringe locker system. Without locker system (dotted line), with the analog
fringe locker by PZT (gray line ), and with the digital heterodyne fringelocker (solid black line ) over 40 ms
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Fig.15 Motion form of two—dimension stage. (a) Parallel scanning; (b) Doppler scanning
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Table 6 Requirement of two—dimension stage in SBIL

Parameter Index
Travelrang 1200 mmx500 mm
Accuracy /nm 30
Straightness & flatness /nm 30
Stability /nm 5
Maximum load capacity /kg =200
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Table 7 Parameter of pulse compression gratings

Parameter Index
Active area 300 mmx300 mm
Spatial frequency /mm 17401
Wave length /nm 1053
Diffraction efficiency >92% @1053 nm
Wavefront distortion <A/4
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