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Influence Study of Inhomogeneous Beam Intensity and Polarization
to Holographic Interference Structure by Computer Simulation
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(College of Mathematics and Physics, Qingdao University of Science and Technology
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Abstract In order to optimize the beam parameters further of holographic lithography experiment, based on multi-
beam interference theory, the influences of inhomogeneous beam intensity and polarization to the interference
patterns are simulated by the two and three linear polarization beams interference quantitatively and qualitatively,
respectively. Results show that the structure contrast decreases gradually with the increase of beam polarization
difference and intensity heterogeneity. Furthermore, this influence diminishes as the incident angle increasing. The
variation of beam polarization and intensity in three beam interference influences wave vector difference, and then
alters the lattice shape and structure contrast. Theory guidance is provided to control beam polarization and intensity
of holographic interference experiments, which paves a way for the fabrication and optimization of optical micro-
structures.
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Fig. 1 Schematic of changing polarization angle of two linearly polarized beams
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Fig. 2 Double beam interference results influenced by polarization angles
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Table 1 I,. and I, of the interference field
o=10° o= 20° 9=30° o= 40°
02/ (9 J S Lin Lo Loin Lo Loin Lo Lo
0 3.88 0.12 3.53 0.47 2.99 1. 00 2.35 1.65
15 3.81 0.19 3.48 0.52 2.95 1. 04 2.34 1. 66
30 3.63 1.13 3.33 0. 67 2. 86 1.13 2. 30 1.70
45 3.32 0.67 3.09 0.91 2.70 1. 29 2.25 1.75
60 2.94 1. 06 2.77 1.23 2.50 1. 50 2.17 1.83
65 2. 80 1. 20 2. 65 1.35 2.42 1.57 2.15 1. 85
75 2.49 1.51 2.40 1. 60 2.25 1. 74 2.09 1.91
90 2. 00 2.00 2.00 2.00 2.00 2. 00 2.00 2.00
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Table 2V variations with different parameters

6./ (" V /(p= 10" V /(=20 V /(p= 30" V /(g= 40°)

0 0. 940 0.765 0. 500 0.175
15 0. 905 0. 740 0.479 0.170
30 0. 815 0. 665 0.433 0.150
45 0. 663 0.545 0.410 0.125
60 0.470 0.385 0. 250 0. 085
65 0. 400 0.325 0.210 0.075
75 0.245 0. 200 0.123 0. 045
90 0 0 0 0

WG 2 VAR AL 2 B 3 B i il
2o M ZR AT LA Mt i i A7 0 o 28 X 25 4 4
PUEEAT EE 2R . i PR A AR O 07 I A EE de K
SR DL 5250 3R AT 1) 45 A4 S doe 0 Ak 45 4L - BB
R A0 25 09 38 O A8 BURE 2 B3 Dok 1) A A . A AR AR

1.0p
— _._100
0.8} et
)
0.6F
SN \A\ .\
0.4} — -
0.2} —
V- V\v\v
0

0 10 20 30 40 50 60 70 80 90

3 BOLH T3 AN RS A b o B B i I A 15 O iy
mAEfL . MBLLLLVE BB, o= 107,20°,30°F1 40°

Fig. 3 V variations with different polarization angles
under different incident angles of two beam
interference, while ¢ is 10°, 20°, 30° and 40° in

black, red, blue and pink line, respectively
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Fig. 4 Influence of beam intensity to two beams interference. (a) Light intensity ratio of two beams is 1;

(b) ligt intensity ratio of two beams is 1. 1; (¢) light intensity ratio of two beams is 1. 3
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Fig. 5 Diagram of three beams interference
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Fig. 6 Influence of polarization angles to three beams
interference patterns, while the polarization angle
from (a) to (d) is (0°,0°,0°) (0%, —30°,30°)(0°,
45°,45°)(30°,90°,30) , respectively
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Fig. 7 Influence of beam intensity to wave vector
difference of three beams interference. (a)
Uniform intensity distribution; (b) non-uniform
with one beam intensity enlarging
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Fig. 8 Influence of beam intensity to three beams

interference patterns. (a) All the beam intensity

values are 1; (b) intensity of A, is 1. 3 times to

original; (c¢) intensity of %, is 1. 5 times to original;

(d) intensity of k; is 1. 7 times to original

1009001-5



# ot

4 4 e

S oK B U 5 388 X T 0 5 e B A TR KB
0 R P SEAURE 35 B4 BT T U 5 3 o O 4
TR 38 4 705 Al 3k 5 K e L B 1 0 R BB 75 TR 9
61 E 2 (15 K b FEJE 52 B O 9 38 L ELOE A 5
Fe K BRI IR BN . AT T RO T
R T8 205l 245 g L T 0 25 4 4 2 g
AR L S [ B O 0 05 8 2 0V 5 D 28 2%
B T W S O AR AR LB . R P A T
2 Tl 3 R R 54 15 O X 33 9 I 5
BOAE S 0 45 P 1O B AL Bl — 5 O35 37

& F X

1S John. Strong localization of photons in certain disordered
dielectricsuperlattice[ J]. Phys Rev Lett, 1987, 58(23);: 2486 —
2489.

2 E Yablonovitch. Inhibited spontaneous emission in solid state
physics and electronics [ J]. Phys Rev Lett, 1987, 58 (20):
2059—2061.

3 Ai Taotao. Preparation and application of photonic crystals[ J].
Laser and Infrared, 2008, 38(7): 633—637.

SCBEBE. ST AR E & Oy SR LT WOk 5404k, 2008, 38
(7). 633—637.

4 J Sajeev, F Marian. Photonic bandgap materials: towards an all-
optical micro-transistor[J]. ] Opt A: Pure Appl Opt, 2001, 3
(6): 103—120.

5 ] Limpert, T Schreiber, S Nolte, et al.. The Rising power of
fiber lasers and amplifiers[J]. Opt Express, 2003, 11(7);: 818—
823.

6 A Q Lius A K Asundi. Photonic bandgap crystals: a
breakthrough for new generation integrated optical device[ C]J.
SPIE, 2003, 5145; 98—106.

7 E Yablonovitch, T Gmitter, K M Leung. Photonic band
structure; the face-centered-cubic case employing nonspherical
atoms[ J]. Phys Rev Lett, 1991, 67(17) . 2295—2298.

8 X Wang, J Xu, WY Tam, e al.. Realization of optical periodic
quasicrystals using holographic lithography[J]. Appl Phys Lett,
2006, 88(5): 051901.

9Y K Pang, ] C W Lee, H F Lee, et al.. Chiral microstructures
(spirals ) fabrication by holographic lithography [ J ]. Opt
Express, 2005,13(19): 7615—7620.

10 S'S Zhang, Q P Wang, X Y Zhang, et al.. Fabrication of

holographic 3D polymeric photonic crystals in near-infrared band
and the study for optical property[J]. Opto-Electronics Letters,
2008, 19(5): 640—643.

11 Lit Hao, Wang Zixia, Ma Jing, et al.. Numerical simulation of
optical lattice using holographic interference [ J]. Journal of
Qingdao University of Science and Technology (Natural Science
Edition), 2011, 32(2): 216—220.

B, FAE. S #. % BOLE R T W A BUE
L. SRR 2 4R CHARBE 2D » 2011, 32(2): 216 —220.

12 He Chao, Huang Sujuan, Gu Tingting, et al.. Study of optical
ring lattice array based on computer-generated holography[]].
Chinese J Lasers, 2014, 41(3): 0309003.

PO, WEE, NEE. LTI A 80 R IR Wk BE 5 BT
5517, dEEOE. 2014, 41(3): 0309003,

13 G Zito, B Piccirillo, E Santamato, et al.. FDTD analysis of
photonic quasicrystals with different tiling geometries and
fabrication by single-beam computer-generated holography[J]. J
Opt A: Pure Appl Opt, 2009, 11(2): 024007.

14 G Zito, B Piccirillo, E Santamato. Two-dimensional photonic
quasicrystals by single beam computer-generated holography[]J].
Opt Express, 2008, 16(8): 5164—5170.

15 M Miyake, Y C Chen, P V Braun. et al.. Fabrication of three-
dimensional photonic crystals using multi-beam interference
lithography and lectrodeposition [ J]. Adv Mater, 2009, 21.
3012—3015.

16 Liu Qineng. Interference theory of the defect mode in one-
dimensional doped photonic crystal[ J]. Chinese J Lasers, 2013,
40(8): 0806001.

Xs e, DOy T ARG A T e (1] b E Ok,
2013, 40(8) . 0806001.

17 Niu Dongjie, Liit Hao, Zhang Qingyue, et al.. Study of computer
simulation on chiral spiral based on multi-beam holographic
lithography[ J]. Chinese J Lasers, 2012, 39(s2): s209011.
SRA, B W, RIEE, . ET 2R T WAL
WEFE F RS (], P 0L, 2012, 39(s2): s209011.

18 Hu Jie, Qin Yanli, Li Ting. Measuring small displacement of
objects by using double-exposure hologram interference field[ J].
Laser & Optoelectronics Progress, 2012, 49(3): 030902.
WA BHA, A M. ORI FIOOB LA S T 5 T W iR U
B, Hot56H FaFde R, 2012, 49(3): 030902,

19 Han Jian, Bayanheshig, Li Wenhao, et al.. Profile revolution of
grating masks according to exposure dose and interference fringe
contrast in the fabrication of holographic grating[J]. Acta Optica
Sinica, 2012, 32(3): 0305001.
oA, DERAR. F30R. F 2 ROUMHRAE B OEHHEBOE
AR B SE t Je T8 3 S B0 L AR A LT ] Sk R s AR,
2012, 32(3): 0305001.

EERE AT

1009001-6



